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TECHNICAL MEMORANDUM X-64820 

AYSFC SKYLAB CORCLLARY EXPERIMENTS SYSTEMS 
MISSION EVALUATION REPORT 

SECTION I. S';IMMARY 

Tke p e r f o r m n c e  o f  c o r o l l a r y  expe r lmen t  hardware developed by 
t h e  George C. M a r s h a l l  Space F l i g h t  C e n t e r  and operatrtd d u r i n g  t h e  
t h r e e  manned Sky-lab m i s s i o n s  i s  e v a l u a t e d ,  and a s s e s s m e n t s  a r e  made 
o f  t h e  f u n c t i o n a l  adequacy o i  t h e  experiment  hardwar2 and i t s  s u p p o r t -  
i n g  systems.  Hardware e v a l u a t i o n s  are l i m i t e d  t o  d i s c u s s i o n s  O K  
expe r imea t  o p e r a t i o n s ,  ,is i n f l u e n c e d  by experiment  and ca r r i e r  sys t ems ,  
and i n d i c a t i o n s  a r e  g i v e n  as t o  t h e  d e g r e e s  by which expe r imen t  con- 
s t r a i n t s  and i r l t e r f a c e s  were met. O p e r a t i o n a l  anomal i e s  a r e  a l s o  
i d e n t i f i e d ,  and i m p a c t  a s s e s s m e n t s  are g i v e n  as t h e y  a f f e c t e a  e x p e r i -  
men t o b j e c t i v e s  . 

As i n d i c a t e d  i n  t h i s  r e p o r t ,  most o f  the c o r o l l a r y  
experiment  hardware performed s a t i s f s c t n r i l y  and w i t h i n  d e s i g n  s p e c i -  
f i c a t i o n s .  F o r  t h e  most p a r t ,  e a c h  c c r o i k i i ~  experiment  a c h i e v e d  
p r a c t i c a l l y  a l l  of i t s  f u n c t i o n a l  o b j e c t i v e s  and ,  i n  tLie c a s c  o f  a 
l a r g e  number of t h e s e  e x p e r i m e n t s ,  a d d i t i o n a l  of- j e c t i v e s  were ach ieved  
r e s u l t i n g  i n  supplementary experiment  s c i e n t i f i c  d a t a .  O p e r a t i o n a l  
m o d i f i c a t i o n s  and work-arounds were made to  :hose f e w  c o r o l l a r y  e x p e r i -  
ments des igned  t o  o p e r a t e  through t h e  s o l a r  s c i e - i t i f i c  a i i l o c k .  These 
m o d i f i c a t i o n s  were n e c e s s a r y  because of t h e  i n i t i a l  l o s s  of a p o r t i o n  
of t h e  workshop meteoroid s h i e l d  and t h e  subsequen t  deployment of a 
p r o t e c t i v e  "parasol" cove r i i l g  through t h i s  a i r l o c k .  D i s c u s s i o n s  of 
t h e  n e c e s s a r y  experiment  w o r k - a r o u d s  a r e  p r e s e n t e d .  

No a t t e m p t  has  been made i n  t h i s  r e p o r t  t o  p r e s e n t  i n d i c a t i o n s  
of :he q u a l i t y  of experiment  s c i e n t i i i c  d a t a  r e t u r n e d  Lrom S k y l a b  f o r  
p o s t f l i g h t  a n a l y s i s ,  and GO i n d i c a t i o n s  are g iven  as t o  p r e l i m i n a r y  
i n t e r p r e t a t i o n s  of the d a t a .  Experiment f i r rd ings  and c o n c l u s i o n s  w i l l  
be p u b l i s h e d  by t h e  r e s p e c t i v e  c o r o l l a r y  expe r imen t  P r i n c i p a l  i n v e s t i -  
g a t o r s  a t  l a t e r  d a t e s .  
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SECTION 11. INTRODUCTION 

A. Purpose 

This document provides desc r ip t ions  of those Skylab c o r o l l a r y  
experiments f o r  which the  George C. Marshall  Space F l i g h t  Center (NSFC) 
had prime or proxy devrlopmrnt r e s p x s i b i l i c y  , a d  presents  assessments 
of t he  func-ional  adequacy of experiment f l i g h t  hardware and supporting 
systems during i n - f l i g h t  operations. Also presented are ind ica t ions  of 
the degrees  to  which experiment c o n s t r a i n t s  and i n t e r f a c e s  were m e t ,  
and i d e n t i f i c a t i o n s  are made of t he  types and q u a n t i t i e s  of experiment 
s c i e n t i f i c  data obtained and returned to e a r t h  f o r  p o s t f l i g h t  i i i a ly s i s .  
Data a n a l y s i s  is present ly  i n  progress and comprehensive r e p o r t s  of 
experiment f indings and conclusions w i l l  be published by the  experislent 
P r inc ipa l  Inves t iga to r s  (PI) a t  later dates.  

B. Scope 

Of 94 experiments approved f c r  Skylab, USFC had prime o r  proxy 
development r e s p o n s i b i l i t y  f o r  51, inclading 11 Student P rc j ec t  expe r i -  
ments f o r  which f l i g h t  hardware was required.  For the purposes of tiiis 
repor:, "MSFC developed'' esperimeats incldde the  experiments developed 
by the  Langley Research C e n t e r ,  as  w e l l  as those from the Ames Research 
Center,  t he  Department of Transportation and the  Department of Defense 
f o r  which MSFC vas designated "proxy development center." The 51 MSFC- 
developed c o r o l l a r y  experimenis a r e  discussed i n  Sect ions I11 through V I  
of t h i s  repl;r.t, where eacii experiment is  evaluated i n  accordance Kith 
a common 3rganizat ional  ou t l i ne .  The o u t l i n e  used i s  sumnarizez as 
f 01 lows : 

Experiment Eiumber and T i t l e :  I d e n t i f i c a t i o n s  are made of the  
PI ,  Experiment Developer, and t h e i r  organizat ion a f f i l i a t i o n s  and 
respect ive loca t ions .  

Experiment Description; Brief d e s c r i p t i o n s  of experiment oo- 
j e c t i v e s  and concept are presented, a lcng with i d e n t i f i c a t i o n s  and 
funct ions of experiment hard&-re elements. 

Experiment Operation: For each mission on which the  r e spec t ive  
experiments were performed, comparisons are made between planned versus 
a c t u a l  operat ions.  

Constraints :  A l l  v i o l a t i o n s  of operatior.sl and scheduling 
c o n s t r a i n t s  e s t ab l i shed  i n  the  Mission Requirements Document (MRD), 
Operational Data Book (ODB), Mission Rules, e t c .  a re  i d e n t i f i e d  and 
t h e i r  impact discussed. 
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Hardware Performance: Descriptions a r e  provided of hardware 
performances of each element. Where appl icable ,  opera t iona l  anomalies 
are iden t i f i ed .  

In t e r f aces :  A l l  I n t e r f a c e  Control Drawing (ICD) requrrement 
v i o l a t i o n s  are i d e n t i f i e d  and t h e i r  impact discusstd.  

Return Data: I d e n t i f i c a t i o n s  a r e  made of the types and quant i -  
t i e s  of experiment s c i e n t i f i c  d a t a  re turned t o  e a r t h  and d e l i v e r t d  t o  
the  respec t ive  PIS fo r  p o s t f l i g h t  analysis .  

Anomalies: Detai led descr ip t ions  and analyses of  experiment 
anomalies noted during t h e  s i s s i o n s  are presented. 

One experiment and s i x  science demonstrations were not performed 
due t o  launch c r  crew t i m e  l imi t a t ions .  
is  included, but s ince  they were not performed, t he  las t  f i v e  paragraphs 
i n  the preceding o u t l i n e  a r e  omitted. 

A b r i e f  descr ip t ion  of these 

It should be emphasized t h a t  t h i s  document covers the evalua- 
t i o n s  and assessments of MSFC-developed experiment hardware only,  and 
t h a t  no attempt is made t o  analyze or draw conclusions from the  experi-  
ment s c i e n t i f i c  da t a  obtained from Skylab. Propr ie ta ry  r i g h t s  t o  the 
s c i e n t i f i c  d a t a  have been granted t o  the  P r i n c i p a l  Inves t iga to r s ,  and 
r epor t s  of  t h e i r  f indings w i l l  become a v a i l a b l e  i n  accordance with 
previously agreed upon publ icat ion schedules. 

It should a l s o  be noted chat the coro l la ry  experiments made 
use of  support equipment which, i n  general ,  is not discussed herein.  
Several  experiments used opera t iona l  photographic equipment and f i lm 
provided by Lyndon B. Johzson Space Center (JSC) t o  record t h e i r  data.  
Performances of t h i s  equipment is  covered i n  the  JSC Skylab Mission 
Reports ( F i r s t  V i s i t ,  JSC-08414; Second V i s i t ,  JSC-08662; and Third 
V i s i t ,  JSC-08963.) and i s  discussed here in  o n l y  a s  necessary to  
descr ibe operat ions and anomalies impacting the MSFC developed 
experiments. The period of high temperatures during the  seve ra l  days 
a f t e r  SL-1 launch had a p o t e n t i a l  impact on a l l  E i l m .  This anomaly 
and the radinr ion pro tec t ion  afforded by the OWS f i lm v a u l t  a r e  discussed 
i n  Appendix h. 

The S c i e n t i f i c  Airlocks (SAL) located i n  the O r b i t a l  dork Shop 
(OWS) supported seve ra l  experiments. 
deployment of t h e  paraso l  s o l a r  s h i e l d  e a r l y  i n  SL-2 precluded normal 
operat ion of t he  experiments scheduled t o  use t h i s  SAL. 
of the SALS, and the desiccant  and f i l t e r  systems, is presented along 
with an assessment of  t h e i r  performances i n  the MSFC Skylab Orbi ta l  
Workshop F ina l  Technical Report (Tlrix-64813). A number of experiments 
u t i l i z e d  the Art iculated Mirror System (AMs) which was developed fo r  
JSC i n  conjunction with Experiment S019, W S t e l l a r  Astronomy, and 
aided viewing of des i red  t a r g e t s  (e.g., Comet Kohoutek) with minimal 
spacecraf t  maneuvers. 

The use of the s o l a r  SAL f o r  

A descr ip t ion  
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C. Mission His tory  

The mission opera t ions  phase af the Skylab Program began 3n 
May 14, 1973 (1:30 pm EDT) with the launch of the unmanned Saturn 
Workshop aboard a Saturn V launch vehic le  from Kennedy Space Center,  
Florida.  As shown i n  f igure  11-1, the mission opera t ions  phase 
continued with three  subsequent launches of three-man crews aboard 
Saturn I B  launch veh ic l e s ,  who rendezvoused with Skylab and occupied 
i t  f o r  extended periods us t o  84 days. The mission opera t ions  phase 
continued through February 9 ,  1974, as i l l u s t r a t e d  i n  f igure  11-1. 

During the  three  manned v i s i t s  t o  Skylab, each three-man crew 
i n i t i a l l y  s e t  up housekeeping and proceeded t o  perform numerous scien-  
t i f i c  experiments and inves t iga t ions  throughout the remainder of the i r  
v i s i t .  Experiments performed were categorized within the following 
d i sc ip l ines :  biomedical; e a r t h  resources;  s o l a r  physics;  and coro l la ry .  
This l a t t e r  d i s c i p l i n e  of  MSFC-developed experiments i s  ccvered i n  
t h i s  mission evaluat ion report .  

Pre-mission planning scheduled o r b i t a l  i n se r t ion  of the  Work- 
shop approximately 10 minutes following l i f t c f f  (SL-1 mission) on May 
14, 1973. Planning a l s o  provided fo r  ac t iva t ion  of  c e r t a i n  on-board 
systems and deployment of the massive Apollo Telescope Mount (ATM) and 

-- S.,:urii Workshop 

Apcllo Telescope Mount 
solar array system ' 

Orbit..i Workshop solar 

FIGURE 11-2 SKYLAB ORBLTAL ASSEMBLY 
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two Workshop s o l a r  a r ray  wings p r i o r  t o  the  launch of the f i r s t  v i s i t  
crew (SL-2 mission) scheduled f o r  the following day (May 15, 1973). 
The planned configurat ion of the Skylab o r b i t a l  assembly is shown i n  
f igure  11-2. 

An unexpected ind ica t ion  of problems involving meteoroid s h i e l d  
and s o l a r  a r ray  deployment was received approximately one minute follow- 
ing  l i f t - o f f  of the  SL-1 launch vehicle.  Ground inves t iga t ions  revealed 
t h a t  the Workshop had sustained damage during the launch phase which 
r e su l t ed  i n  the  Loss of the meteroid s h i e l d  and one of the s o l a r  a r ray  
wings. Inves t iga t ions  a l s o  revealed t h a t  the second s o l a r  a r ray  wing 
had sustained damege and had only been p a r t i a l l y  deployed. Immediate 
e f f e c t s  of these  condi t ions were reduced power and higher-than-expected 
i n t e r n a l  temperature l eve l s  within the Workshop. Launch of t he  SL-2 
manned vehic le  was postponed u n t i l  May 25, 1973, t o  allow more time 
fo r  assess ing  Workshop damage and t o  develop appropriate  f ixes .  

Following a normal launch of the manned SL-2 launch vehic le  on 
Yay 25, 1973, the f i rs t  three-man crew docked t o  the Workshop a f t e r  
v i s u a l l y  inspect ing the damaged sec t ions ,  and ec te red  the  c l u s t e r  t o  
begin a 28-day v i s i t .  During the e a r l y  days of the SL-2 v i s i t  the 
crew w a s  successful  i n  deploying a thermal s h i e l d  over the exposed 
Workshop sk in ,  and i n  f rce ing  the  p a r t i a l l y  deployed s o l a r  a r ray  wing. 
The immediate r e s u l t s  were a slow reduct ion of i n t e r n a l  temperatures 
t o  spec i f ied  values  and an increase i n  the ava i l ab le  power leve l .  The 
remainder of the SL-2 mission was  accomplished as planned. Subsequent 
v i s i t s  by the second and t h i r d  crews (SL-3 and SL-4 v i s i t s )  were 
performed nominally. 

Throughout the three  v i s i t s ,  planned experiments and inves t i -  
gat ions were ca r r i ed  out with r e l a t i v e l y  minor modifications required.  
Discussions of the  required experiment modif icat ions and "work-arounds" 
a r e  presented i n  Section I11 through V I  of t h i s  repor t .  

D. Cmversion Data 

Throughout t h i s  r epor t .  experiment performance times and events  
a r e  expressed as "days of year" o r  "mission days". 
provides the reader  with a means f o r  comparing calendar and mission 
days, and fo r  converting these days t o  the appropriate  days of the  
year. 

Figure 11-3 
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SECTION 111. ASTRONOMY AND SCIENCE EXPERIMENTS 

A. Experiment S009-Nuclear Emulsion 

The P r inc ipa l  Inves t iga tor  f o r  Experiment SO09 is D r .  Maurice M. 
Shapiro, Chief S c i e n t i s t ,  Laboratory fo r  Cosmic-Ray Physics, Naval 
Research Laboratory (NRL), Washington, D.C. 
Division, NRL, was the  Experiment Developer. 

The Engineering Services  

1. Experiment 3cscr ip t ion .  Nucleogenesis theor ies  p red ic t  
the r e l a t i v e  abundances of nuc le i  t h a t  would be produced i n  thermonuclear 
reac t ions  occurr ing i n  such poss ib le  sources  as neutron stars. 
g rea t  i n t e r e s t  t o  study these extremely high ve loc i ty  nuc le i  (cosmic 
rays)  approaching the  ear th .  
with an adequate exposure i n  space t o  determine s t a c i s t i c a l l y  the  
abundances and energy spec t ra  of  the heavy, primary cosmic-ray 
nuclei .  

It is of 

The Skylab mission provided the experiment 

a. Objectives. The objec t ive  was t o  record the primary 
cosmic ray  f lux  inc ident  upon the top  of the ea r th ' s  atmosphere, 
e spec ia l ly  the r e l a t i v e  abundances and energy spec t r a  of heavy nucle i  
i n  the range of atomic numbers from 16 t o  28. 

b. wncept .  The experiment was t o  be ca r r i ed  inco space 
t o  de t ec t  the pc.-t!cles before they in t e rac t ed  with the ea r th ' s  atmosphere 
t o  generate secondary p a r t i c l e s  and t o  obta in  an accurate  measure of the  
primary cosmic ray  flux. 

The experiment was t o  be composed of a multi- layered nuclear  
emulsion package which would provide d a t a  through p a r t i c l e  impact, 
penetrat ion and d i rec t ion .  The abundances, energies  and charges of the 
cosmic-ray nuclei  can be determined by measuring the  v a r i a t i o n s  i n  
thickness and d i r ec t ion  of the  tracks l e f t  by the cosmic rays  i n  the  
layers  of  the returned emulsion package. 

From the  numbers of p a r t i c l e s  recorded a t  each value of energy 
and charge, the abundance r a t io so f  p a r t i c u l a r  nuc le i ,  and the d i f f e rences  
i n  abundance of nuc le i  with even and odd atomic numbers, some da ta  can 
be obtained about the physical condi t ions where the nuc le i  were formed, 
the time tha t  has elapsed s ince  they were formed, and the nature  of 
t h e i r  i n t e rac t ions  with i n t e r s t e l l a r  mater ia l  i n  t r a n s i t .  

c. Hardware Description. The experiment equipment included 
two artjacent s t acks  cL nuclear emulsion s t r i p s  ( see  f igure  111-1). 
The s tacks  were covered with th in  t e f lon  and aluminum f o i l  t o  make them 
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l i g h t - t i g h t  and preserve t h e i r  moisture content.  The emulsions 
d i f f e r e d  from regular  photographic emulsions, being considerably 
th icker  and containing a much higher  dens'ty of s i l v e r  ha l ide ,  t o  improve 
the de tec t ion  of t racks  l e f t  by charged p a r t i c l e s .  
hinged together  l i k e  two s ides  of an  open book and contained severa l  
l aye r s  of  d i f f e r e n t  emulsion types. 

The s tacks  were 

During operation the de t ec to r  package was deployed within the 
MDA aga ins t  the wall on the +Y axis where the MDA aluminum skin  had 
been chem-milled t o  a thickness of 0.2 centimeters ( see  f igure  111-2). 

The de tec tor  package had a conical  f ield-of-view of 0.38 
radians.  Experiment po in t ing  could be changed p lus  and minus 1.3 
radians i n  increments of 0.13 radians;  however, the experiment housing 
s t r u c t u r a l  members tegan t o  in t rude  i n t o  the field-of-view a f t e r  
approximately p lus  o r  minus one radian from the viewing axis .  
experiment housing, cont ro l  panel and BETA ANGLE ADJUST knob ( located)  
a t  the bottom) are shown i n  f i gu re  111-3. The manual point ing 
adjustment permitted per iodic  compensation f o r  be t a  angle changes. 

The 

2. Experiment Operations. Experiment i n i t i a t i o n  
was performed by a crewman on a time reference from the ground when 
Skylab passed 30 degrees N l a t i t u d e  while t r ave l ing  i n  a souther ly  
d i r ec t ion .  Thereaf ter ,  the  opening and c los ing  was automatical ly  
performed by the experiment. 
crew coments ,  and the Skylab o r b i t  t r ack  was followed by the ground 
t o  de t ec t  any accumulative e r r o r s  i n  the  emulsion package opening/ 
c los ing  times. Large timing e r r o r s  were corrected onboard by the 
crewman's r e s e t t i n g  the  PERIOD ADJUST potentiometer t o  the new value 
computed on the ground. 
i n i t i a t e s  a t  a southward crossing of  30 degrees N l a t i t u d e .  The exact 
times ( t o  the second) fo r  these operat ions were provided the  crew each 
morning; the new BETA ANGLE ADJUST s e t t i n g  was uplinked a t  the same 
t ime . 

The experiment timing was monitored from 

Small e r r o r s  were removed by d a i l y  re-  

The de tec tor  package was opened t o  c o l l e c t  da t a  whenever Skylab 
was i n  the  equator ia l  zone between 30 degrees N and 25 S l a t i t u d e ;  
i t  was closed a t  a l l  o ther  times during che o r b i t .  I n  the  equa to r i a l  
region only the h ighes t -ve loc i ty  ( r e l a t i v i s t i c )  cosmic-ray nuc le i  of 
i n t e r e s t  to  the SO09 study p e n e t r d e d  the  e a r t h ' s  magnetic f i e l d  t o  
Skylab's a l t i t u d e  and l e f t  t racks  i n  the de t ec to r  package. 
higher  l a t i t u d e s  (both N and S) where the e a r t h ' s  magnetic f i e l d  
bends c lose r  t o  the ea r th ,  heavy-but-slower nuc le i  (of l e s s e r  i n t e r o s t  
t o  t h i s  etudy) a l s o  penetrated t o  Skylab's a l t i t u d e  and l e f t  t racks  i n  the 
de tec tor  package. By design, however, the package was closed i n  chose 
regions and therefore  a l l  t racks  recorded a t  those l a t i t u d e s  were 
recogniza3le by the  f a c t  t h a t  they crossed two exposure faces  ar.d 
could br; discourlted during analysis .  

A t  tile 
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Package closure a t  25 degree S l a t i t u d e  a l s o  provided p a r t i a l  
sh ie ld ing  of the exposure faces  from the trapped p a r t i c l e  (Van Allen) 
r ad ia t ion  i n  the South At l an t i c  Anomaly. 

a. SL-l/SL-2 Experimerlt Operation. The w c l e a r  emulsion 
de tzc to r  package was launched i n  the OWS f i l m  v a u l t  and war exposed t o  
the  high-temperature environment occasioned by the  meteoroid s h i e l d  
f a i lu re .  
da t a  gas poss ib le  with the probably degraded emulsion. 
from the f i lm  vau l t  t o  the experiment housing i n  the MDA on DOY 149. The 
P i l o t  reported d i f f i c u l t y  i n s t a l l i n g  the package because of  an extremely 
tight f i t  between i t  and the  experiment housing. Nevertheless he 
accomplished the i n s t a l l a t i o n  and init!.ated the automatic sequerlcing 
l a t e r  t h a t  day. 

The decis ion was made t o  deploy the  package t o  obta in  whatever 
It was t r ans fe r r ed  

Operation appeared normal f o r  t he  next severa l  days, although 
one t iming check gave an ind ica t ion  of  trouble.  It indica ted  t h a t  the 
opening/closing cycle  was out  of synchronism by a considerable amount. 
The PERIOD ADJUST potentiometer was reset t o  co r rec t  the e r ro r .  
The crew was  advised to  observe SO09 occas iona l ly  f o r  malfunction 
ind ica t ions  due t o  the  p o w i b i l i t y  of  i n t e rmi t t en t  motor s ta1 l i r .g  
r e s u l t i n g  from the i n s t a l l a t i o n  d i f f i c u l t i e s .  

The emulsion package was observed t o  be c los ing  h e s i t a n t l y  with 
occasional  motor s ta l l  per iods on DOY 161. Fol laJ ing  t h i s  ind ica t ion ,  
the SO09 ground teams defined s i x  ques t ions  to be answered by the  crew. 
These were designed t o  e labora te  on s p e c i f i c  symptoms t o  narrow the 
problem t o  a motor s ta l l  o r  l i m i t  switch malfunction. The crew answers 
ind ica ted  t h a t  an apparent motor f a i l u r e  had occurred. However, as a 
f i n a l  check a malfunction procedure was uplinked, d e t a i l i n g  an opera t ing  
mode (without the de t ec to r  package i n s t a l l e d )  using manual operatioi:  of 
the fully-opened, fu l ly-c losed  l i m i t  switches. The PLT performed 
the malfunction procedure and i t  was concluded t h a t  the motor had 
weakened t o  the point  of  failure. 

The PI decided t o  proceed with the  experiment t o  gain the 
maximum s c i e n t i f i c  da t a  during the mission even though the automatic 
opening/closing cycle  was no longer operable. The experiment was 
deployed without power i n  the opened pos i t i on  fo r  the ri.mriindt?r of 
SL-2. 
the discr iminat ion mechanism was inoperable.  Manual repoin t ing  fo r  
be t a  angle changes was continued during t h i s  per iod,  however. 

This  opera t iona l  method was obviously not as des i r ab le  bacause 

The de tec tor  package was removed from the experiment housing, 
folded, and stowed i n  the  CM on DOY 170 f o r  re turn .  
ana lys i s  a t  NRL quickly confirmed t h a t  the  emulsion had beer. I r r e p w a b l y  
damaged by the exposure t o  the excessively high temperatures. A request  
was made f o r  approval of a new de tec tor  package and a replacement motor 
fo r  the experiment housing fo r  SL-3. 

Subsequent 
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b. SL-3 Experiment Operation. No experiment operat ion was 
poss ib le  because the detec tor  package, although approved f o r  SL-3, was 
replaced by h igher -pr ior i ty  items. 
supplied but not i n s t a l l e d  on t h i s  mission. 

However a replacement motor waA 

C. SL-4 Experiment Operation. The new de tec to r  package 
w a s  resuppl ied f o r  SL-4. Since i t  would remain a l o f t  fo r  84 days 
( r a the r  than 28 days) i n  a high-radiat ion environment i t  was purposely 
bui l t -up  using a g rea t e r  percentage of l e s s - sens i t i ve  emulsions than 
the o r i g i n a l  de t ec to r  package. 

The motor resuppl ied on SL-3 was i n s t a l l e d  5y the CDR on DOY 330. 

The new 
Normal performance was i m e d i a t e l y  res tored  as evidenced by r e s to ra t ion  
of  motor dr ive  operat ion when the  l i m i t  switches were actuated. 
de t ec to r  package was i n s t a l l e d  and experiment operat ion w a s  continuous 
f rob  3oY 330 to DOY 003. 
detec tor  package fo r  r e tu rn  s ince  s u f f i c i e n t  data- taking time had been 
logeed. 
c los ing  cycle synchronization was f a i l i n g ,  based upon timing checks 
on DOYs 360 and 365. 
d r i f t  was suspected. 
DOY 009 i n  any case because Skylab was moving i n t o  a period of be t a  angles 
i n  excess of  one radian. 
t he  use of t he  stepwise BETA ANGLE ADUST s e t t i n g s  t o  compensate Lor 
chenging be ta  angle a re  shown i n  f igu re  111-4. 

A t  t h i s  time the PI prefer red  stowing the 

Another reason was the  ind ica t ion  t h a t  the package opening/ 

The motor was not s t a l l i n g  but timing system 
The experiment would have been terminated on 

The be ta  angle h i s t o r y  during the  mission and 

2. Experiment Constrainta.  The experiment cons t r a in t s  were 
successfu l ly  met during the mission except t h a t  the temperature was 
exceeded un SL-l /SEZ as noted e a r l i e r  due t o  the  meteoroid s h i e l d  loss .  
The experiment operat ing cons t r a in t  ( tak ing  da ta  between 30 degrees N 
l a t i t u d e  t o  25 degrees S l a t i t u d e )  was v io l a t ed  during SL-2 operat ions 
when the  notor  f a i l e d  and the package was placed i n  an open pos i t ion  u n t i l  
r e t r i e v a l .  This cons t r a in t  was met during SL-4. 

4. Hardware Performance. The heat-damaged de tec to r  package 
exhibi ted a p roh ib i t i ve ly  t i g h t  f i t  upon i n s t a l l a t i o n  and during subse- 
quent operation. 
s a t i s f a c t o r i l y .  

The SL-4 resuppl ied de t ec to r  package performed 

The manual be t a  angle adjustmect functioned properly to  permit 
per iodic  compensation for  changes i n  t he  be t a  angle. 

The experiment timing system performed s a t j e f a c t o r i l y  u n t i l  a 
The timing system provided the r e l a t e d  problem occurred during SL-2. 

s igna l  fo r  t h e  mutor t o  open and c lose  the de t ec to r  package a t  the  proper 
l a t i t u d e s .  
timer did not receive the f u l l y  opened/closed l i m i t  Awitch s igna l s  
from the experiment and therefore  l o s t  i t s  event reference.  
system rerumed normal operat ion during SL-4 a f t e r  the f a i l e d  motor was 
replaced. 

When the motor began t o  h e s i t a t e  and s t d l ,  however, the 

The timing 
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The motor/ariwe t r a i n  was observed t o  be closing the  detector 
package w i t h  d i f f i c u l t y  and occasional s t a l l i n g  on DOY 161. A 
surlfrmction procedure (imrolviag manual actuation of the l i m i t  
switches) vas perfowed by the crew and its r e s u l t s  indicated that 
the motor had fa i led,  A replacement emtor was sen t  w i t h  the SL-3 
crew but was not i n s t a l l ed  untgl DOY 330 during SL-4. 
eKmt motor restored the package opeplng/closing function. 

The replace- 

5. Exneriereat Interfaces.  The elperisleat in te r faces  performed 
s a t i s f a c t o r i l y  daring the mission except i o r  the de tec tor  peckage 
stowage temperature i n  the OWS f i lm wault during SL-1EL-2. This  
temperature exceeded its maximm limits rendering the emulsion material 
unsat isfactory f o r  da ta  analysis. 

6. Return D a t a ,  Both detector  packages w e r e  returned t o  the 

Its individual emulsion layers had melted and then fused 
PI. The sE2 detector package had been damaged severely by exposure 
t o  heat. 
i n t o  a -l id block preventing separation for  analysis. The SL-4 
detector package was not subjected t o  saomalous emironmeats and 
perfowed as scheduled. It is being analyzed a t  NlU. 

The following supplementary data  was provided: 

Periodic timing checks t o  corroborate the synchronism of 
the detector  package opeping/clooing cycle, 

Spacecraft pointing da ta  to deterrsine off-nominal pointing 
time, 

Temperature his tory of the OWS fi lm vaul t  during SL-l/SL-P 
stowage and the MIIB i n t e r i o r  during SG4 Operation, 

Voice t ransc ip ts  a d  post-f l ight  crew debriefing c-ents. 

The following post-fl ight crew debriefing couments a r e  of 
i n t e re s t ,  especial ly  as concerns in f l igh t  maintenance: 

CBBB SO09 - Nuclear Brilulsion: Stowage and Unstowage. Bill 
unstowed and I stowed the un i t  without any problems. Motor 
replacement was no problem. The procedures went well. That 
w a s  a good demonstration of how a man can get i n  there  and 
cut  wires and do spl ic ing,  and do a good job. I w a s  rea l ly  
pleased t o  be able  t o  do that. 
tools t ha t  were avai lable  fo r  that prodded me t o  make some 
observations on H487, i n  the area of maintainabili ty and 
maintenance. To r e i t e r a t e ,  the too ls  on a spacecraft  should 
include the pzoper tools  for  crimping and sp l ic ing  wires. 

The motor replacement and the 
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7. Anmlies. The SL-2 detector  package encountered two 
problems during the SL-l/SL-2 missions, but the resupplied package 
perfom.4 well during the SL-4 mission, 

a. SLLISL-2 Anomalies. SL-l/SL-2 detector  package w a s  
subjected t o  abnormally high temperatures. 
enmlsion stack's individual layers  softening and s t ick ing  together 
to the extent t ha t  they could not be separated f o r  post-f l ight  analysis. 
Further, the emulsion background fogging level had increased by a 
factor of at least two. These e f f e c t s  were predicted (based ; * p n  
laboratory tests conducted at  NRL) as soon as the temperature anomaly 
became known, T e s t  samples, from the same emulsion batch p t ha t  i n  
the f l i g h t  nuclear emulsion package, were subjected to 120 F f o r  
24 hours. A s t ick ing  and fogging problem was evident i n  tha t  t i m e  
period. Before parasol dcployraent, the temperatures a l o f t  were over 
90°F f o r  13 days which included f ive  days between 12OoF and 12!i0F. 

This resu l ted  i n  the 

A fresh nuclear emulsion package was requested fo r  the f i r s t  
maciied launch (SL-2) but was not possible because of  higher p r io r i ty  
it-. Resupply on SL-3 was requested and w a s  i n i t i a l l y  approved. 
However, i t  w a s  offloaded for  higher p r io r i ty  items. Resupply was  
accaaqlished by SL-4. 

The opening/closing mechanism s t a l l i n g  was probably caused 
by a too-tight f i t  between the detector  package and the experiment 
housing resu l t ing  i n  an excessive loading of the motor when opening 
and closing the package. Another contr ibut ing fac tor  to  the t i  
f i t  on in s t a l l a t ion  w a s  chat the detector  package w a s  warm (100 F) 
when removed from the OWS f i l m  vaul t ,  and the experiment housing w a s  
r e l a t ive ly  cold (60'F). 

Pt 

The solut ion w a s  the mil l ing of those resupplied detector  
package portions which were t t e  probable cause of the t i g h t  f i t  during 
SLl/SL-2, These areas were ident i f ied  by carefu l ly  conducted ground 
tests i n  the Lraining un i t  experiment housing at  ML. The resupplied 
package never experienced tire s ta l l  problem during the SL-4 operation 
with a new metor. 

b. SL-4 Anomalies. No anomalies were encountered. 
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B. Experiment S150 - Galactic X-Ray Mapping 
The Principal Investigator for Experiment S150 is Dr. William 

Kraushaar, Physics Department, University of Wisconsin, Madison, 
Wisconsin. The University of Wisconsin, International Business 
Machines and the Astronautics and Astrionics Laboratories, George C. 
Harshall Space Flight Center, were responsible for the experiment 
hardware development. 

Information in this section was obtained from the following 
reports : 

D. Smitherman, S150 Galactic X-Ray Experiment (S-IU-208/SL-3) 
Final Flight Events Summary and Anomaly Report, Astrionics 
Laboratory, George C. Marshall Space Flight Center, Huntsville, 
Alabama, October 15, 1973. 

A. bmner, Preliminary Report, S150 X-Ray Astronomy Experiment, 
University of Wisconsin, Madison Wisconsin, November, 1973. 

1. Experiment Description 

a. Objectives. The objectives were tc survey a portion 
of the sky for X-rays in the 200 to 10,000 electron-volt energy range, 
to determine the intensity, location and spectrum of each observed 
source and to measure the continuous X-ray background. The experiment 
results were to help answer questions concerning emission mechanisms 
in X-ray sources, the distan.:e to the sources, and the nature of the 
interstellar medium. 

b. Concept. The thin-window soft X-ray detector was 
to be launched cn the SL-4 S-IVB IU. 
would orbit in an earth oriented mode and be rolled to attitudes 
that would permit the instrument to scan successive portions of the 
sky. 
was to be recorded on magnetic tape and played back when the IU was 
in ground coaarmnication. 

After CSM separation, the S-IVB 

Data from proportional counters with pulse height analyzers 

c. Hardware Description. The experiment sensor and 
supporting flight hardware were installed on S-IC-208/SL-3 (see figure 
111-5). The experiment flight hardware subsystems are s h ~ w n  in 
figure 111-6, and are described in the following paragraphs: 

(1) Experiment Senior. The experiment sensor was 
basically a continuous-flow gas proportional counter assembly. 
assembly included nine viewing counters, thirteen veto counters, 
charge amplifiers, low and high voltage supplies, and a constant 
density P-10 gas (90% argon, 10% methane) regulator. The assembly 

The 
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output  was processed by the sensors  d a t a  processing system f o r  output 
to the a u x i l i a r y  s torage and playback assembly andior  the  IU telemetry 
system. The experiment sensor contained an analog s i g n a l  condi t ioner  
which conditioned 25 analog housekeeping measurements f o r  presenta t ion  
t o  the  15 i n t e r f ace .  
the  IU suppl ied +28 VDC power. 

Required i n t e r n a l  vo l tages  were developed from 

Two star sensors  ( see  f igu re  111-5) were provided to  supplement 
the N launch vehic le  d i g i t a l  computer t o  provide a more accurate  
X-ray source loca t ion  i n  space than could be determined by r e ly ing  on 
t h e  IIJ data alone. 

The x-ray counters  were pressur ized  with P-10 gas  a t  about one 
atmosphere of  pressure (14.5 ps ia) .  
i s t ics  as an x-ray counter gas and i n  the  S150 experiment i t  provided 
the  pressure  required t o  keep the t h i n  x-ray inc ident  window properly 
pos i t ioned  aga ins t  i ts aluminum mesh support. This window, assoc ia ted  
with t h e  counter assembly, was made of "kimfol", an u l t r a - t h i n  (0.3 
m i l s )  polycarbonate mator ial  which allows passage of low energy x-rays. 
The K i m f o l  window was c h a r a c t e r i s t i c a l l y  leaky and necess i t a t ed  the  
use o f  a constant-densi ty  gas system to rep lace  the l o s t  gas. 

P-10 gas has  well-known character-  

Mechanical co l l imators  were loca ted  over the Kimfol window and 
gas counters. A smooth aluminum mesh was  located between t h e  mechanical 
collimators and the  window naterial. 
sur face  than the  co l l imators  for the window t o  rest aga ins t  and provided 
more sur face  area support. 
stress and reduce the  p robab i l i t y  of increased leakage rate. 

The mesh provided a smoother 

The mesh was added t o  he lp  reduce window 

( 2 )  Deployment Bracket. The deployment bracket  
provided mechanical support  €or the experiment sensor  during the 
prelaunch and l i f t o f f  environment and provided a top cover to a i d  
i n  sensor  window pro tec t ion  aga ins t  contamination. 
separa t ion ,  the assembly deployed the  segsor  v i a  hydraul ic  ac tua to r s  
( a f t e r  pyrotechnic ac t iva t ion )  t o  the 55 viewing pos i t ion .  Switches 
mounted on the deployment bracket ind ica ted  the  i n i t i a t i o n  and completion 
of deployment. 

After  CSM 

An analog t ransducer  ind icz ted  the degree of deployment. 

(3) P-10 Gas Panel. A P-10 gas supply system 
provided the  necessary gas for x-ray counter operat ion during the 
experiment. The gas supply system w a s  cont ro l led  by the P-10 Gas 
Panel and included a two-cubic-foot sphere,  solenoid valves ,  a 
pressure r egu la to r  and an o r i f i c e  regula tor .  The hardware was 
e s s e n t i a l l y  the  same as t h a t  used i n  the N - S T - 1 2 4  GN2 supply system. 

( 4 )  Auxil iary Storage and Playback Assembly (ASAP). 
ASAP was e s s e n t i a l l y  a programmed tape recorder.  
ment sensor  and o ther  co r re l a t ion  da ta  f o r  approximately 90 minutes. 
ASAP recorded da ta  playback by ground command required f ive  minu tes  
over a ground s t a t ion .  

It recorded experi-  
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(5) Experiment Distributer.  The experiment d i s t r ibu tor  
was basical ly  an ILJ  control d i s t r ibu tor .  It routed prime power (28 
VDC) , measurements (analog and d ig i t a l )  , measurement power (5 VDC) , 
l i n e s  and other  experiment controls (e.8.) P-10 Gas Panel) t o  the 
required components. 

2. Experiment ODerations. Original plans to survey approxi- 
mately 87% of the sky during f ive  S-IVB o r b i t s  had t o  be modified 
fo r  three reasons: 

F i r s t ,  a decision was  made t o  de-orbit the S-IVB in to  the 
(In fac t ,  the last  data received Pac i f ic  Ocean a f t e r  three orb i t s .  

i n  f l i g h t  was  reduced to 2.5 o rb i t s ,  a f t e r  experiment turn-oiqbecause 
of l imited ground s t a t ion  coverage.) 

Second, a change i n  mission assignment from SL-4 t o  SL-3 and 
the decision t o  f l y  the S-IVB vehicle i n  a retrograde posit ion,  
would cause the experiment look d i rec t ion  to  point d i r ec t ly  a t  the 
sun, posing the r i s k  of thin window damage. To avoid t h i s ,  the maneuver 
program was modified so tha t  the  sensor would look belcw the horizon 
for  475 seconds following deployment, thus avoiding the sun. 

Third, following the SL-1 launch, the S150 launch w a s  again 
rescheduled to  an e a r l i e r  date, placing the sun i n  i ts  field-of-view 
ear ly  i n  the f l igh t .  
been established, a vehicle up-link connuand to  delay the f i r s t  r o l l  
maneuver u n t i l  1415 seconds a f t e r  experiment deployment was necessary 
t o  avoid the sun. 
horizon. 
storage prevented evasive maneuvers t o  avoid the sun during the 
later orb i t s .  

Since the in- f l igh t  maneuver piogram had already 

This maneuver poi.nted the experiment above the 
Limitations i n  ground s ta t ion  coverage and vehicle  couuaand 

The Skylab 3 l i f t o f f  took place on July 28, 1973 a t  approximately 

The CSM separated, 
1 1 : l O  GPE. 
the unwanted air from the sensor counting chamber. 
the detector  f i l l e d  with counting gas, power was applied and the sensor 
deployed as scheduled. Three tape recorder playbacks were successfully 
executed. The data  received covered 1133:46 GMl' to 1243:22 GMT from 
Texas, 1239:42 GMT t o  1412:OO GMT from Goldstone, and 1343:21 GMT 
t o  1516:19 c;MT from Honeysuckle. 

During vehicle ascent the programed comnand sequence vented 

The S-IVB orbi t  was as planned and the vehicle guidance system 
operated successfully throughout the mission. 
were normal u n t i l  two hours and ten minutes a f t e r  launch. 
was gathered from the time the experiment became operational a t  30 
minutes a f t e r  launch u n t i l  t h i s  time. 
the experiment look vector passed within 3/4 of a degree of the sun ,  
allowing the sun  t o  be i n  the f i e ld  of view of the sensor for  up to  
13 minutes. This was a longer time than ground t e s t s  had indicated 

Experiment operations 
X-ray data 

A t  approximately 1313 GMT 
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t h a t  the  K i m h l  window could withstand, By approximately 1324 GM'I 
the  gas pressure had f a l l e n  t o  14 p s i a ,  below the  sensor operat ing 
l eve l  of 14.5 ps ia ,  and no fu r the r  v a l i d  X-ray da ta  could be obtained. 
The experiment continued t o  provide star sensor and housekeeping 
data  f o r  the  remainder of the  time t h a t  telemetry was ava i lab le .  
A t  t h e  same point on the following o r b i t ,  the  experiment look 
d i r ec t ion  again viewed the sun and the supply pressure and counter 
pressure again decreased (as the  gas flow r a t e  through the sensor 
again increased). 

Considerable da t a  was l o s t  from the  Goldstone tape playback; 
apparent ly  due t o  a weak telemetry s igna l .  This da t a  l o s s  did not 
a f f e c t  the primary experiment X-ray da ta  s ince  most of the  Goldstone 
da ta  l o s s  occurred a f t e r  t he  l o s s  of operat ing gas pressure i n  the 
sensor. 

3. Emeriment Constraints.  The experiment cons t r a in t s  were 
successful ly  met during the  mission. The hardware l i m i t a t i o n  t o  not 
view the sun, was not a documented cons t ra in t .  
r i s k  of l imi ted  sun viewing a f t e r  the f i r s t  o r b i t  based upon the 
o r i g i n a l l y  planned launch time. 

The PI accepted the  

4. Hardware Performance. The Auxiliary Storage and Playback 

The Sensor and Gas Supply 
Unit ,  the  Experiment D i s t r ibu to r  and the  Deployment Bracket a l l  
performed a s  planned with no malfunctions. 
System performed well  u n t i l  the  sun came within the f i e l d  of  view 
and caused the  proport ional  counter window t o  leak too  much gas. 
Due t o  t h e  increased leak  r:.te, the  Gas Supply System did not supply 
s u f f i c i e n t  gas and reguLi-.ion was l o s t ;  thus prematurely ending usefu l  
x-ray data.  Aside from t h i s  anomaly (see paragraph 7) the experiment 
hardware performed a s  planned f o r  the  durat ion of the  f l i g h t .  

5. Experiment In te r faces .  .?he experiment i n t e r f a c e s  were 
s a t i s f a c t o r i l y  met during the  mission, except for  the i n a b i l i t y  t o  
program maneuvers t h a t  would keep the sensor from viewing the  sun. 

6. Return Data. The magnetic tape da ta  from th ree  ASAP 
recorder  dumps and from two launch vehic le  d i g i t a l  computer (LVDC) 
dumps containing point ing and a t t i t u d e  information was successfu l ly  
processed and del ivered t o  the  PI .  

7. Anomalies. A t  approximately 1313 GMT, the  S150 star sensor 
da ta  and the  reconstructed sun angles from launch vehic le  d i g i t a l  
computer gimbal angle da ta  indicated t h a t  the  experiment sensor was 
exposed t o  d i r e c t  sunl ight .  
and col l imater  temperatures a l s o  began t o  r i s e .  
within the col l imator  1.5O x 180 field-of-view f o r  up t o  13 minutes; 
a longer time than p re - f l i gh t  t e s t s  had ind ica ted  the  th in  polycarbonate 
window could sa fe ly  withstand. 
t h i s  c lose  an approach of the  sun t o  t h e  programed scan path for  
random launch time i s  l e s s  than one i n  ten. 

The experiment housing, reference volume 
The sun stayed 

According t o  the PI, the  chance of 
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As a r e s u l t  of s o l a r  hea t ing ,  the pressure i n  the proport ional  
counter tended t o  increase requi r ing  l e s s  gaa from the ex terna l  P-LO 
gas supply t o  maintain a constant counter pressure i n  the  experiment 
sensor.  
the cont ro l  solenoid valve and the simultansous small upward d r i f t  
i n  the supply low pressure reading. 
1318 GMT when the  c o n t r l  solenoid valve ceased cycl ing,  i nd ica t ing  
the i n t e r n a l  counter pressure was such t h a t  no gas needed t o  be 
suppl ied,  even with a leaking window. 

Thie was indica ted  by the decreasipg frequency of cycl ing of  

This t rend continued u n t i l  about 

A t  approximately 1320 W the  con t ro l  solenoid suddenly 
s t a r t e d  cyc l ing  again a t  a very high frequency and the  supply pressure 
began t o  f a l l  a t  a 5 l b  per  minute rate. The valve cycl ing frequency 
slowed a t  about 1322 GMT and the  r a t e  of decay i n  the  supply pressure 
decreased as the regula t ion  system attempted t o  recover. During t h i s  
time the counter pressure remained ccrrstant a t  i t s  nominal value u n t i l  
the  supply pressure d i f f e r e n t i a l  above the  counter pressure reached 
one ps i ,  The i n l e t  valve t o  the experiment sensor then went f u l l  
open and the  counter pressure began to decrease. With the decrease 
i n  pressure,  experiment sensor da t a  was no longer va l id .  
mately 1332 GMI the counter pressure dropped s l i g h t l y  below 12 p s i a  
and the sensor high vol tage was automatical ly  powered down by a b u i l t -  
i n  pressure transducer.  
with fu r the r  pressure decay, as well  as completely e l imina t ing  any 
sensor  data.  

A t  approxi- 

This ac t ion  prevznted the  p o s s i b i l i t y  of corona 

The behavior described above ind ica t e s  an increased leak 
rate i n  the  window s t a r t i n g  a t  1320 GMT which was g rea t e r  than the  
P-10 gas supply systeln could follow and maintain counter pressure of 
14.5 psia.  
a t  1540 GMT. 
time. 

The experiment sensor was again exposed t o  s o l a r  r ad ia t ion  
Additional counter pressure l o s s  was observed a f t e r  t h a t  

Perhaps the most l i k e l y  physical  explanation of the leakage 
i n  the  experiment window i s  tha t  t he  v a r i a t i o n  i n  solar hea t ing  on 
the  window sur face  which may have caused deformation of existing: 
holes  i n  the porous mater ia l  or the c rea t ion  of new holes.  
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C. Experiment S183-Ultraviolet  Panorama 

The Pr inc ipa l  Inves t iga tor  fo r  Experiment S183 i s  Dr. George 
- Courtes, Laboratoire d 'htronomie Spat ia le ,  Marsei l le  , France. The 

Hardware Developer was the  Centre National d'Etudes Spat ia le ,  Labora- 
t o i r e  d 'h t ronomie  Spa t i a l e ,  Marsei l le ,  France. 

1. Experiment Description 

a. Objectives. The objec t ive  was  t o  obta in  the  co lor  
index of s t e l l a r  ob jec t s  i n  three  bands, two a r e  35 Angstroms (g) 
wide centered a t  1878g and 2970g, and another wide centered a t  

The stellar ob jec t s  t o  be s tud ied  were ind iv idua l  ho t  stars 256011. 
d i s t r i b u t e d  i n  d i f f e r e n t  regions of t he  sky i n  r e l a t i o n  t o  the  Milky 
Way, and c o l l e c t i v e  groups of  s t a r s  such as  c l u s t e r s ,  galaxy nuc le i ,  
and the  s t e l l a r  clouds i n  the  Milky Way. 

The data  obtained from t h i s  experiment were t o  be used i n  the  
broad sense t o  determine g a l a c t i c  s t r u c t u r e  and g a l a c t i c  evolution. 
Spec i f ica l ly ,  t he  u l t r a v i o l e t  (W) da ta  was t o  be combined with pre- 
viously gathered x-ray, v i s i b l e ,  i n f r a r e d  and r ad io  s p e c t r a l  d a t a  t o  
accomplish t h i s  object ive.  Correlat ion was t o  be made with the  da ta  
of Experiment SO!9, U l t r av io l e t  S t e l l a r  Astronomy, so t h a t  comparisons 
of the  spec t ra  and co lor  ind ices  of c e r t a i n  s t a r f i e l d s  could be accom- 
plished. 

b. Concept. The S183 W Panorama experiment was. to  photo- 
graph s p e c i f i c a l l y  se lec ted  s t a r f i e l d s  i n  the  W spectrum. The o p t i c a l  
instrument, o r  t h e  spectrograph asepzbly (SA), was t o  be e s s e n t i a l l y  a 
wide field-of-view spectrograph which would c rea t e  two near ly  super- 
imposed images of the se l ec t ed  s t a r f i e l d  on a s i n g l e  photo raphic  p la te .  
One image was t o  be centered i n  a s p e c t r a l  band about 1878 P wavelength 
and the  second image about 29708. 
from 20 seconds t o  1260 seconds t o  allow two-bandpass photography of 
both b r igh t  and dim sources. 
camera (DAC) , at tached t o  t h e  spectrograph, was t o  simultaneously 
pho ograph the  s t a r f i e l d  being phot graphed by the spectrograph i n  s 

a ted  through the  an t i - so l a r  s c i e n t i f i c  a i r lock  (SAL) by u t i l i z i n g  the  
SO19 a r t i c u l a t e d  mirror system (AMs). 

The exposure durat ions 'were t o  range 

An opera t iona l  1 6 m  da ta  acqu i s i t i on  

360 s bandwidth centered around 2560 f . The experiment was t o  be oper- 

C. Hardware Description. The experiment equipltent con- 

The SA (with accessories)  was stowed on the  support f i x t u r e  
s i s t e d  of two major assemblies; the  SA with accessor ies ,  and the f i lm 
carrousel .  
and operated while a t tached t o  the  SO19 AMs. The support f i x t u r e  was 
at tached t o  the OWS f loor .  It formed an a i r t i g h t  .ea1 with the SA 
f ron t  f lange, and protected the SA from launch and o r b i t a l  environments 
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when the  equipment was not mounted i n  i ts  opera t iona l  locat ion.  
f i l m  car rouse l  was stowed i n  the f i l m  storage container  i n  the  OWS 
f i l m  v a u l t  and operated i n  the SA. 
f o r  lows : 

The 

The hardware i s  described as 

Experiment Hardware Function 

S183 Spectrograph This u n i t  (see f igures  I I I -7 , -8 , -9 ,  
Assembly -10,-11) produced the des i red  t a r g e t  

W image i n  the  f i l m  p l a t e  plane and 
operated the photographing sequence. 
The un i t  contained the o p t i c s ,  e l ec -  
t ron ic s ,  and electromechanical parts. 
Included were: con t ro l s  f a r  the 
operat ing sequence; a f inde r  t e l e -  
scope; a 16mm DAC mount; a 16mm DAC 
lens;  an evacuation valve; and power, 
con t ro l  and telemetry connectors.  It 
at tached t o  the SO19 AM and t o  the 
stipport f i x t u r e  with an a i r t i g h t  f i t .  

Film Carrousel 

Film Storage 
Container 

Film Carrousel 
Hand le 

Blank Film Door 

This u n i t  (see f igure  111-12) pro- 
vided a l i g h t - t i g h t  casing f o r  36 
photographic p l a t e s  used i n  the  SA. 
One o r  more ca l ib ra t ed  p l a t e s  were 
included among the  t h i r t y - s i x  f o r  
cont ro l .  The uni t  was at tached 
with a pressure- t igh t  s e a l  t o  the  
SA during experiment operat ion and 
t o  the f i l m  s torage  container  during 
launch and s torage  periods. 

This u n i t  (see f igu re  111-13) pro- 
t ec t ed  the  f i l m  car rouse l  when i t  
was not i n  the  SA. The un i t  was 
a i r t i g h t  when i t  contained the f i l m  
car rouse l  and had a valve f o r  evacu- 
a t  ion. 

This handle (see f igu re  111-13) was 
used t o  a t t a c h ,  remove, and t r ans -  
port  the f i l m  car rouse l  t o  and from 
the  f i l m  s torage  container  and the 
SA. It was at tached t o  the SA when 
not i n  use. 

This door (see f igu re  111-13) was 
used t o  seal the opening i n  the  SA 
f o r  the f i l m  car rouse l  when the f i l m  
car rouse l  was not inser ted .  The 
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Experiment Hardware Fuuc t ion  

Blank Film Door 
(c ont inued) 

s e a l  was a i r t i g h t .  
f i l m  s torage  conta iner .  

It f i t  i n t o  the  

SO19 Ar t i cu la t ed  This u n i t  (see f i g u r e  111-14) pro- 
Mirror System vided SA t a r g e t  access  and provided 

con t ro l s  and d i sp lays  f o r  pointing 
t h e  r e f l e c t i v e  surface to  t h e  tar- 
ge t .  It sea led  to  the  SAL and the 
SA. 

16nm Data Acquisit ion This camera, complete with a f i lm  
C a m e r a  magazine which contained 140-f t of 

16mm f i lm ,  provided 16mn exposures 
on 103aO Kodak UV-sensitive film. 
Exposures were synchronized f o r  
t he  same dura t ions  as the  f i l m  
ca r rcuse l  plates. Its f i e l d - o f -  
view overlapped but was  o f f s e t  by 
2.5 degrees from t h a t  seen by t he  
SA. 

2. Experiment Operations. 

a. SL-1/2. One f i l m  ca r rouse l  (SN 1-1) and one f i l m  maga- 
z ine  were launched on SL-1; however, because of concern t h a t  t he  high 
temperatures experienced due t o  the  meteoroid s h i e l d  loss may have 
damaged the  f i lm ,  an add i t iona l  ca r rouse l  (SN 1-2) and an a d d i t i o n a l  
f i l m  magazine were launched on the  SL-2 CM. Thus, two ca r rouse l s  and 
two 16mn f i l m  magazines were a v a i l a b l e  f o r  use on SL-2. 

Experiment opera t ions  on SL-1/2 began on DOY 153, ca r rouse l  1-2 was 
i n s t a l l e d  and th ree  exposures were success fu l ly  completed. On DOY 154, 
t w o  exposures were accomplished and a malfunction of the  SA occurred. 
A malfunction procedure w a s  s e n t  t o  the  crew v t I r h  c l ea red  tSe u n i t  
f o r  f u r t h e r  opera t ions  and ca r rouse l  1-2 w a s  ;towed for re turn .  On 
DOY 155, the  u n i t  took photographs with the  DAC only. Carrousel 1-1 
was i n s t a l l e d  i n  the  spectrograph on DOY 170 and seven exposures were 
accomplished. A photographic d a t a  summary is presented i n  t a b l e  111-1. 

The crew discovered t h a t  the n ight  s ide  of t he  o r b i t  was not 
dark for as long as the  schedule s t a t ed .  This required the exposures 
t o  be s t a r t e d  approximatelv one minute l a t e r  and terminated approxi- 
mately one minute earlier t o  prevent r e f l e c t e d  sun l igh t  from en te r ing  
the instrument. The planning was ad jus ted  t o  accommodate the s h o r t e r  
night cycle and experiment opera t ions  were changed accordingly.  
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b. SL-3. Unresolved SL-l/SL-2 f i lm  fogging problems (see 
paragraph 7.a.), necess i ta ted  operat ing t h e  SA using oc ly  the  DAC during 
t h e  SL-3 mission. The operat ions are l i s t e d  i n  t a b l e  111-2. 

Additional d a t a  was obtained f o r  S183 by u t i l i z i n g  the SO19 W 
S t e l l a r  Astronomy experiment and f i lm  t o  o b t a i n  S183 t a r g e t  photographs. 
The operat ions are l i s t e d  i n  t a b l e  111-3. 

On DOY 240, the  SO19 equipment w a s  used t o  expose eleven frames 
of  seven separa te  s t a r f i e l d s .  
t o  expose th ree  frames of  s t a r f i e l d  SSC t h e  las t  two of which should 
have been of  t he  s t a r f i e l d  PLD. On WY's 246, 248 and 249, SO19 f i l m  
c a n i s t e r  (SN-003) frames 128 t h ru  143 were used. Frame 139 mirror  
s e t t i n g  was i n  e r r o r  by 10 degrees i n  r o t a t i o n  giving a 10 degree e r r o r  
i n  dec l ina t ion  for s t a r f i e l d  N7. 
minutes l a t e  due t o  lack of  s e tup  t i n e .  The next exposure on DOY 141 
of s t a r f i e l d  SMC w a s  stopped e a r l y  due t o  sunrise .  

Or, DOY 243, t he  S183 equipment was used 

Frame 140 exposure w a s  started 12 

The S183 DAC ?perat ions were s t a r t e d  again on DOY 255 obtaining 
two exposures. On WY 260, one exposure each was obtained f o r  s t a r f i e l d s  
CHI(h and XPER) and CMG (LMC). On DOY 261, one exposure each was obtained 
f o r  s t a r f i e l d s  OAB (PER) and PMC (SMC). The PMC (AMC) s t a r f i e l d  exposure 
was terminated e a r l y  t o  avoid sunrise .  
DCX 262 of an unknown f i e l d  and M57 and M42. 
was due t o  an e r r o r  i n  the mirror  r o t a t i o n  s e t t i n g .  The last M62 
exposure w a s  terminated e a r l y  due to  sunrise .  

Three exposures were made on 
The unknown f i e l d  exposure 

3-28 



m m 
d 
cn 

m m m  
al 

cl 
U 

% 

ir 

* 
0 
4 
0 

ld 
00 a a 
cg 
d 

5 
& 
0 cu 
c 
0 

a al 
C 
& 

U 

& 
0 
C 

P 
4 
3 
& 
al 
Q 
& 

01 
& 

0) a 
(D 
U 

a 

8 

t! . 
VI 

OD 
4 
3 
9) 
& a 
P 

i w 

M 
C 
d 
c, 
U 
al 
00 

C 
0 
d 
U 
(D 
U 
0 
& 

& 
0 

cl 

G 
d 

k 
0 s4 
& 
0) 

0 
U 

al 
1 a 
a 
Fl 
al 
rl 
W 

t: 
a 



-- 
1 ! 

m m d  
h ( d d  

m m *  
O O d  

. . . . . .  

. . . . . .  
2 2 2  
0 
3 



n a al 
5 
C 
d 
U 
E 
0 
L -. 
W 

3 n 
H 
H 

C 
0 

4 .. 
00 m .. 
b 
\o 

0 
rl 

0 
rp 

.. 00 
4 .. 
8 

8 
3 
.. a0 cn 

hl 
0 

.. 

al 
al 
VI 

0 
0 
a 
hl 
I 

W 

.. 
n 
hl 

al 
U 

i2 

0 
0 
a 
4 
I 

.. 0 m .. 
i? 
I 

m 
r( 

h( 
I- 

.. O 
m .. 
4 

C 
4 

a a 
U 
r( 
1 m 
al 
k C  
4 

.k 
O M  

-- 

!G aJ 
. . . . . . . . . . . .  
O h l b O o a 0 *  
N t - r r l r l o  

v l m h l m  
r l r n o c n  
e o 0 0 0  
A 0 0 0  

. . . . . . . .  

! 

, i *  h 
r l d  

t- 

a a l  
a J a J  
v 1 m  
v v  

v1 
m 
4 

Q 
E: m 

01 

f 
k w 
c 
0 

U 

C 
0 
.I4 

. . . . . . . .  r( 
0 vc 

C 
0 

A d s -  0 
h l N O O  

g 3 : r l  . . . . . . . .  

d 

aJ 
l 4  
k 
C 
5 

0) 
k 
0 ru 
aJ 
*1 

0 
E 
4 
U 

vc 
0 

m 

m 

% a 
rl 

0 
Y 

al 
1 
'c1 

h 
rl 
k 
Q 
al 
Q 
4) a a 
0 
CI 
m 
aJ 
M 
3 

aJ d 
u 
5 
. 

*J 

h 
Q aJ 
OD 
1 
U 
0 
G 
a 
m 
3 
a\ 
r( 
0 
VI 

h en 
a 
al 
'EI 
4 
3 
0 
k a 
a 
k 
1 
U 
a 
aJ cu 
M 
C 
d 
C aJ 
m 
d 
3 
rl a 
k 

0 
aJ a 

aJ 

U 

a 

e 
Q: 

m . 
d 
W 

aJ 
k 
5 m 

& 
aJ 

a aJ 
C 
01 a 
'd E 
P 

P 
I 

v1 



c. SL-4.  One f i lm  magazine and two f i lm car rouse ls  with 
a t o t a l  of 72 photographic p l a t e s  were launched on SL-4.  
( S N  2-2) contained 36 p l a t e s  of 101-05 f i lm type. One car rouse l  (SN 1-1) 
contained 101-06, SC-5, 103a0, and 101-05 f i lm  types. The SA was 
operated t o  expose 4 3  frames, 11 from car rouse l  1-1 and 32 from car rouse l  
2-2. However, post-mission f i lm  development ind ica ted  t h a t  due t o  
mechanical f a i l u r e ,  only p l a t e  19 i n  car rouse l  1-1 had a c t u a l l y  been 
exposed. 

One car rouse l  

The exposure d e t a i l s  are shown i n  t a b l e s  111-4 and 111-5. 

The DAC was mounted on the SA t o  simultaneously photograph 
35 DAG exposures were the s t a r f i e l d  being photographed by the SA. 

obtained,  however, 11 showed evidence of fogging from l i g h t  leaks. The 
SA replacement o p t i c s  used by t he  DAC were i n s t a l l e d  to  solve the focus 
problems encountered on SL-2 and SL-3 (see paragraphs 4 a d  7) .  

On DOY 3 3 3 ,  two exposures from car rouse l  2-2 vere  planned, f o r  
1260 seconds and 300 seconds durat ion.  Due t o  an unexplained spec t ro-  
graph opera t ion  anomaly, a 20-second exposure occurred j u s t  before  the  
1260 second exposure. 
terminated a t  1080 seconds due t o  sunr i se .  During removal of car rouse l  
2-2 the as t ronaut  repor ted  a f i lm  p l a t e  protruding from the  carrousel .  

The 1260 second exposure was 

On DOY 334 ,  two car rouse l  1-1 pla tes  were exposed, but  an 
anomaly was reported when the car rouse l  was removed from the SA, 
CDR repor ted  a piece of  f i lm p l a t e  g l a s s  w a s  ho ld i rg  the car rouse l  f i lm 
ga te  open. 

The 

On DOY 3 3 9 ,  car rouse l  2-2 was synchronized, 
t o  co r rec t  t he  misalignment incurred from the anomaly on DOY 3 3 4 ,  
alignment was apparent ly  successfu l ,  Carrousel 2-2 was used on DOYs 
340 and 341 f o r  e igh t  exposures,  which were accomplished except  t h a t  
four were cu t  shor t  due t o  sunr i se .  While removing the car rouse l  from 
the SA, another  anomaly occurred which misaligned the ca r rouse l ,  

The 

On DOY 3 4 5 ,  an alignment procedure was accomplished t o  properly 
index car rouse l  1 - 1 0  
13  and 14 were exposed i n  car rouse l  1-1 ins tead  of the planned frames 
21 and 22 because the SA was not r e s e t  a f t e r  i t s  l a s t  use. Another 
piece of g l a s s  was found upon r e t r a c t i n g  car rouse l  1-1 from the spectro-  
graph. 

On DOYs 347 and 3 4 8 ,  p l a t e s  

On DOY 3 5 2 ,  car rouse l  2-2 was synchronized and four  exposures 
completed. 
exposures 

The SA was operated on DOY 365 with  car rouse l  2 - 2  f o r  four  
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On DOY 003 four exposures were made i n  car rouse l  1-1. The 
crew commented t h a t ,  dur ing car rouse l  1-1 synchronizing the "E" c l i p  
used t o  laad the car rouse l  de ten t  mechanism had broken and the spr ing  
had come out. A malfunction procedure w a s  attem?ted on car rouse l  1-1 
t o  retract p l a t e  29, but  fa i led .  

Two frames of car rouse l  2-2 were exposed on each of WY's 004, 
005, 010, and 011 and one on  DOY 014. 

On DOY 021, the crew reported a n  S A  e l e c t r i c a l  malfunction, 
rendering the  u n i t  inopera t i re .  
performed on W Y  027. 
not be connected t o  the SA,  el iminat ing any poss ib le  automatic opera- 
t i on  with the DAC. 
DAC f i l m  magazi.:c. on board w a s  jammed and no o the r  u l t r a v i o l e t  s e n s i t i v e  
1 6 m  f i lm w a s  avai lzble .  

A r e p a i r  procedure w a s  successfu l ly  
However the  DAC cable  could 

This w a s  not a s i g n i f i c a n t  l o s s  a s  the oc ly  S183 

On YJY 025, two exposures w e r e  made using the SO19 experiment 
hardyare (see t ab le  111-6 ) . 

On DOY 028, with the e l ec t . - i ca l  problem solved f o r  the  S183 
SA, ca r rouse l  2-2 was i n s t a l l e d  and two exposures were made. Operations 
continued on car rouse l  2-2 i n t o  WY 029 when three  frames were exposed. 
On b Y  029, car rouse l  1-1 was i n s t a l l e d  and th ree  exposures w e r e  made. 
Thera were no S183 operat ions a f t e r  M Y  029. 

3. Constraints .  The experiment cons t r a in t s  kcre successfu l ly  
m e t  during the  mission except: 

a. The requirement t o  avoid S183 operation i n  b r igh t  
inoonlight (moon more than h a l f  i l luminated)  w a s  waived a f t e r  consul ta t ion  
with the PI. I n  f a c t ,  p i c tu re s  were taken on SL-2, DOY 170, four  days 
a f t e r  a f u l l  moon because of the a n t i - s o l a r  S A L  a v a i l a b i l i t y .  The DAC 
103a0 p i c t u r e s  taken on DOY 170 show sca t t e red  l i g h t  from contaminant 
p a r t i c l e s  i n  the field-of-view. 
f i l u  a s  o r i g i n a l l y  feared,  but did c rea t e  the minor problem of dis t inguish-  
ing  the s t a r s  from the  contaminant p a r t i c l e s .  
pass was postponed when the ATM s t a r - t r a c k e r  followed a contaminant 
p a r t i c l e  ins tead  o f  a star. 

This d id  not obscure s t a r s  nor fog the 

I n  one ins tance ,  the S183 

b. The t a r g e t  point ing requirement within one-half  degree 
was not met. Photograph afialysis,  i n  some ins tances ,  showed the  e r r o r  
was a s  much as two degrees. Factors which may have contr ibuted to  
point ing inaccuracies  were: crew motion, t h r u s t e r  a t t i t u d e  cont ro l  
subsystem f i r i n g s ,  unscheduled vent ing,  thermal bending of the veh ic l e s ,  
inaccuracies  i n  the mirror  t i l e  or r o t a t i o n  cont ro l  and inaccuracies  i n  
NuZ ca lcu la t ion  or misin te rpre ta t ion  and the r e s u l t a n t  rotaLion calcu- 
l a t i o n  u t i l i z i n g  the  NuZ. 
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TABLE 111-6 SL-4 SO19 PHOTOGRAPIE FOR S183 
(SO19 F i l m  Canister SN-002) 

1. 

2. 

Both frames were exposed with prism i n ,  unwidened. 

Start t i m e  and exposure duration were obtained from crew 
voice transcriptions. 

! 
! 

1 
~ _ - . - -  - ------- -.- -.-_._- 1 . .  
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NOTE: Nu2 was ground ca lcu la ted  and included on the  uplinked 
PAD w i t h  the ground ca lcu la ted  t i l t  and r u t a t i o n  
cont ro l  s e t t i n g s  f o r  the t a r g e t  s t a r f i e l d .  The crew 
checked the NuZ, u t i l i z i n g  on-board readouts ,  and i f  t h i s  
value d i f f - r e d  from the  PAD by more than 0 - 5  degree,  
the crew made a ca l cu la t ion  to co r rec t  t he  PAD r o t a t i o n  
se t t i ng .  

c. The requirement to u s e  two crewmen f o r  experiment 
s e tup  and stowage due t o  the  SA miss w a s  e l iminated a f t e r  the  SL-2 
crewmen demonstrated (on TV) t he  ease with which i t  could be t r ans fe r r ed  
and i n s t a l l e d  i n  the  SAL and i t s  stowage p a l l e t .  

d. During the  SL-4 opera t ion  i t  became evident  that the 
crew w a s  having prclblems csmpleting exposures before sunrise .  The 
PADS contained adequate t i m e  f o r  the requested exposures, including 
approximately one minute f o r  the  instrument t o  move the  s l i d e  i n t o  
pos i t i on  before  the exposure time began. However, i t  was  sometimes 
necessary t o  terminate the  exposures approximately one minute e a r l y  
when exac t ly  enough t i m e  f o r  the exposure w a s  allowed p r i o r  t o  sunrise .  

4. Hardware Per forman~e 

a, SL-1/2. The hardware performed as planned with s i x  
exceptions. 

The f i lm  p l a t e  holder  which jammed i n  the  SA (see paragraph 7.a). 

A focusing problem with the  DAC w a s  discovered after the  SL-2 
Some s ta r  images appeared as small circles,  mission f i lm w a s  developed. 

r a t h e r  than point  sources. This problem inves t iga t ion  w a s  continued 
during SL-3 and w a s  resolved on SL-4 (see paragraph 4.c). 

An anomalous exposure sequence occurred with the  DAC (see 
paragraph 7. a). 

Three DAC frames p a r t i a l l y  fogged due t o  l i g h t  leakage. This 
w a s  caused by the s h u t t e r  not c los ing  t o  a l i g h t  t i g h t  condition. 

Light  leaks a l s o  caused p a r t i a l  fogging on four DAC frames. 

The IlAC s h u t t e r  gas not  
The l i g h t  leaks  occurred when the exposure was terminated prematurely 
by s e t t i n g  the  sequence swi-ch t o  STANDBY. 
designed t o  c lose  on the  STANDBY switch se t t i ng .  

The s i x t h  exception w a s  SC-5 f i lm  emulsion degradation on p l a t e s  
contained i n  the carrousels .  F i l m  from both the car rouse ls  exhib i ted  
a s e n s i t i v i t y  l o s s  and had image fade. The problem cause has never 
been adequately sxplained. 
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b. SL-3. The SA operated as scheduled without exception. 
Operating problems were minintieed because no f i lm  car rouse ls  vere used 
during t h i s  mission, due to unresolved problems w i t h  f i lm  degradation 
wi th in  the  carrousel uni t s .  

f io tographs  from the  WC f i lm returned from SL-1/2 had evidenced 
defocusing, the s tar  images resembled smoke r i n g s  r a t h e r  than p o i n t s  
of  l i g h t .  
to d r ive  the  16am magazine t o  test the  theory t h a t  t h e  camera w a s  
causing the defocused s tar  images. However, the  SL-3 f i l m  showed 
similar imagery which proved t h a t  t he  problem was on the  SA s i d e  of 
the  in t e r f ace .  
(See paragraph 4.c.) 
SL-1/2 exposures occurred on SL-3 (see paragraph 4.a). 

The SL-3 c r e w  used d i f f e r e n t  cameras on the spectrograph 

The DAC o p t i c s  s ec t ion  of the  SA w a s  replaced on SL-4. 
DAC f i lm  fogging due t o  l i g h t  l eaks  similar to  t h e  

c. SL-4. The DAC o p t i c s  s ec t ion  of t he  SA w a s  replaced 
with the  backup u n i t  o p t i c s  on DOY 329. 
scope sec t ion  w a s  i n s t a l l e d  by the crew.  The t o o l s  and replacement 
o p t i c s  were supplied on the  SL-4 launch. 
f u l l y  solved the  focus problems encountered on SL-2 and SL-3. Both 
o p t i c s  were re turned  t o  e a r t h  f o r  test. 

This Schmidt cassegra in  tele- 

The o p t i c s  replacement success- 

The SA and DAC were operated simultaneously u n t i l  W Y  21, 
when the  DAC f i l m  magazine (UA04) jammed. 

Carrousel 1-1 opera t iona l  usage was  plagued by broken g l a s s  
from SC-5 f i l z  p l a t e s  which, apparently,  were i n  or near ca r rouse l  
pos i t i on  33. The cause of breakage could not be determined, but the 
g l a s s  fragments r e s u l t e d  i n  i nc iden t s  of jamning t h e  f i lm ca r rouse l  
s l i d e  door open and inc iden t s  o f  jaraning the  ca r rouse l  so t b a t  i t  would 
not r o t a t e  t o  the  correct s l i d e  f o r  removal. S l i d e  00 was the only 
car rouse l  s l i d e  withoilt a t ab  t o  p u l l  i t  from the  carrousel.  The 
car rouse l  d r ive  mechanism incorporated a s a f e t y  f e a t u r e  which would 
enable the d r i v e  mechanism c lu t ch  t o  s l i p  i f  ca r rouse l  f r i c t i o n  
fo rces  were too  high preventing damage t o  the  motor. 
the  s l i d e  number i n d i c a t o r  was not l inked  t o  the  ca r rouse l  d i r e c t l y  
and t h e  ind ica to r  advanced even though the ca r rouse l  d i d  not move. 
This f ea tu re  l e f t  the ca r rouse l  indexed t o  the  wrong pos i t i on  f o r  
removal, and caused a s l i d e  t o  be p a r t i a l l y  removed from t he  ca r rouse l  
upon r e t r a c t i o n  from t h e  SA. 

Unfortunately,  

Carrousel 2-2 problems were caused by not indexing the  SA 
counter t o  01 before  ca r rouse l  i z s e r t i o n  or r e t r a c t i o n .  
was coIpppon t o  car rouse l  1-1. The e r r o r  would cause the wrong f i lm 
p l a t e  t o  be exposed and ca r rouse l  f i lm p l a t e s  t o  be pul led  upon the  
car rouse l ' s  ex t r ac t ion  from the  SA. 
r e su l t ed  from SL-3 opera t ions  without a car rouse l .  
was used on SL-3, the  ca r rouse l  i nd ica t ions  were ignored. SL-4 
opera t ions  inco r rec t ly  presumed t h a t  t he  SA had been re turned  t o  
pos i t i on  01 a f t e r  the last SL-3 operation. 
g l a s s  assoc ia ted  with ca r rouse l  2-2. 

The problem 

The f i r s t  improper indexing 
Since only the  DAC 

There w a s  never Rny broken 
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The SA made two known unprogrammed exposures. The f i r s t ,  on 
DOY 333, w a s  a 20-secorld e q o s u r e  j u s t  p r i o r  t o  a 1260-second planned 
exposure. This  anomaly cou!jled with another anonaly on the  same day 
r e l a t e d  t o  the inco r rec t  spectrograph frame indica t ion  p r i o r  t o  
s t a r t i n g  operat ions.  T t  i s  n o t  evident  t ha t  t:*.e two problems were 
re la ted .  The second ur,progrsnmed exposure occurred when the  SA d r ive  
mechanism advanced one pos i t i on  from frame 12 t o  frame 13 before  s ta r t -  
ing an exposure on  DOY 352. This crea ted  no problem s ince  a l l  the  f i lm  
within car rouse l  2-2 was the  same type and no double exposures occurred. 
A t  a l l  o ther  times, the  operat ion w a s  per  design and the mechanism would 
advance only to the  frame indica ted  before  the exposure. 

The blown fuse within the SA on W Y  021 w a s  apparent ly  caused 
bv the DAC f i lm  jananing the d r ive  mechanism. The DAC i n t e r n a l  fuse 
accommodated the DAC normal s t a r t i n g  power xhich was a surge of approxi- 
mately 2.3 amperes masirnun, decaying t o  a normal r u n  current o f  0.5 
ampere i n  70 milliseconds.  DAC power was suppl ied v i a  the SA. 
vas protected by a two ampere f u s e  i n  the SA with the same r a t i n g  as the 
DAC fuse. The SA fuse,  i n  addi t ion ,  supplied p o w r  t o  the  SA'S i n t e r n a l  
e l e c t r o n i c  c i r c u i t r y .  It w a s  thought t h a t  (when t h e  f i lm jammed i n  
the DAC) the  r e s u l t i n g  prolonged cur ren t  surge overloaded both fuses ,  
however, the SA fuse blew f i r s t  s ince  i t  c a r r i e d  the greater lead 
i.e.,  both DAC and Spectrograph e l ec t ron ic s  cur ren t .  The SA operat ion 
was  re turned co normiil, without the  DAC by bui ld ing  a jsmper cable  from 
vol tmeter  t e s t  l eads  ava i l ab le  from a k i t  aboard Slylab.  

This  c i r c u i t  

Procedural problems were l imi ted  to  improperly SE : t i ng  the 
SA frame counter index readout before f i lm  car rouse l  i n s t a l l a t i o n  o r  
removal. 
reposi t ioned t o  the  co r rec t  frame number t o  permit proper i n s t a i l a t i o n .  
The un i t  required a s l i d e  without a n  index t a b  t o  f a c i l i t a t e  i n se r t ion  
and ex t r ac t ion  and the only s l i d e  i n  t h e  car rouse l  meeting t h a t  requi re -  
ment was i n  the 00 posi t ion.  

The r e s u l t a n t  misaligned car rouse ls  had t o  be manuai.;y 

An E c l i p  was broken cin car rouse l  1-1, This  c l i p  w a s  used t o  
retain a spr ing  which forced the  car rouse l  i n t o  indexing de ten t s  and 
assured a p o s i t i v e  lock. This d id  not e l imina te  operat ion with t t i s  
carrousel. However, i t  made i t  d i f f i c u l t  to  ensure proper ins ta l la , ion .  

DAC f i lm  fogging due t o  l i g h t  leaks i d e n t i c a l  t o  the  SL-1/2 aiid 
SL-3 experiences occurred on SL-4. (See paragraph 4.a.) 

Post-mission development of  the  photographic p l a t e s  revealed 
t h a t  mosc of  the  exposures contained no data.  
car rouse l  1-1 had a c t u a l l y  been exposed. This ind ica ted  t h a t  the  
carrousel had been desynchronized i n  the e a r l y  p a r t  o f  the  mission 
and, therefore ,  no exposures could be taken. It was speculated,  t h a t  
t he  broken g l a s s  could have l e d  to  t h i s  mechanical f a i l u r e ,  

Only p l a t e  19  i n  
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5. In t e r f aces .  The experiment i n t e r f a c e s  performed s a t i s -  
f a c t o r i l y  during the mission except the  OWS f i lm  vaul t  tgmperature. 
This  temperature reached a computed maximum of 51°C (125 F) and was 
i n  excess of 38OC (100'F) f o r  13 days e a r l y  i n  the mission. 
t h i s  temperature was i n  excess of the an t i c ipa t ed  maximum o f  32OC 
(90°F), i t  has  been discounted as a primary f a c t o r  i n  the  SC-5 f i lm  
degradation in ca-rousel 1-1. 

Although 

6. Return Data. SL-1/2 r e tu rn  d a t a  cons is ted  oi: two f i lm  
car rouse l  containers ;  one 16mm f i lm magazine containing 15 exposures 
f o r  S183; and, car rouse l  1-2 e j ec t ed  p l a t e  08. 

SL-3 r e t u r n  da ta  consis ted of one 16mm f i l m  magazine containing 
1 2  exposures f o r  S183 and 27 SO19 exposures of S183 s t a r f i e l d  targets. 

SL-4 r e tu rn  da ta  cons is ted  of:  one 16mm f i l m  magazine 
containing 35 exposures f o r  S183; two f i lm car rouse ls ;  both SA o p t i c  
sec t ions ;  and, two SO19 exposures of S183 s t a r f i e l d s .  

7. Anomalies. 

a. SL-112. A carrousel  1-2 f i lm  p la teholder  was jammed 
I n i t i a l l y  i t  was bel ieved t h a t  the sequence 

The crew 
New 

i n  the SA on DOY 154. 
switch had been operated before  the  sequence w a s  comp?ete. 
performed the on-boar2 aa l func t ion  procedures unsuccessfully.  
malfunction procedures requested the crewman to  remove the f i lm  
car rouse l ,  reach i n t o  the SA and remove the f i lm  p l a t e  with h i s  
f ingers .  When t h i s  w a s  unsuccessful,  t he  power w a s  appl ied and the  SA 
e jec t ed  the  f i lm  p la t e .  
motors were not q u a l i f i c a t i o n  t e s t ed  f o r  opera t ion  i n  an oxygen atr.. s- 
phere,  no damage resu l ted .  On subsequent SL-1/2 opera t ions  no f u r t h e r  
problems were reported with e i t h e r  carrousel .  Post-mission inspec t ion  
showed t h a t  t he  f i lm  p l a t e  holder  was wi th in  spec i f i ca t ion  and the re  
is cur ren t ly  no explanat ion f o r  this  problem. 

Power was appl ied b r i e f l y .  Although the  SA 

The DAC s h u t t e r  got out-of-phase with the SA s h u t t e r  when the  
SA sequence switch was cycled t o  STANDBY t o  end an expoc--re sequence. 
When t h i s  happened the  3AC s h u t t e r  was lef:  open and remained 180 
degrees out-of-phase with the SA shut te r .  
open when the SA was  moving f i lm  plates t o  and from the  f i lm  car rouse l  
and the s h u t t e r  was closed when the SA was exposing a f i lm p la te .  
r e s u l t e d  i n  the  l o s s  of many o f  the  DAC frames, i n  f a c t ,  only 4 ou t  of  
the 15 exposed proved t o  be useful.  

Thus, the DAC s h u t t e r  was 

This  

AR add i t iona l  f i lm carrousel  was launched on SL-2 s ince  i t  was 
assumed the high OWS f i lm v a u l t  temperature had damaged the car rouse l  
f i lm which was launched i n  the  OWS f i lm vaul t .  F i l m  f o r  both car rouse ls  
showed la ten t - image  degradation, 
were degraded, post  SL-1/2 f i lm  p l a t e  tests were performed by the 
French experimenters and MSFC. 
i nd ica t ing  t h a t  t he  high temperature, alone,  was not responsible.  

Since both f i l m  car rouse l ' s  contents  

The problem could not be reporduced, 
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Post-mission eva lua t ion  of t he  DAC photographs revealed a 
focusing problem which was f u r t h e r  i nves t iga t ed  during SL-3 (see 
paragraph 4.b.) and resolved on SL-4 (see paragraph 4.c.). 

a l l  
not 

P a r t  
missions 
c los ing  

i a l  fogging of DAC photographs was a common problem on . Fogging occurred due t o  l i g h t  leakage from the  s h u t t e r  
t o  a complete l i g h t  t i g h t  configurat ion o r  cont inuing the  

exposure i n t o  the daytime p a r t  of t he  o r b i t .  
f i lm car rouse l  exposure was terminated prematurely by s e t t i n g  the  
switch t o  STANDBY. The DAC s h u t t e r  w a s  not  c losed  on a STANDBY 
switch se t t i ng .  

This  occurred when the 

b. SL-3. Tile f i lm emulsion type was changed from SC-5  
t o  101-05 t o  make p l a t e s  ava i l ab le  f o r  SL-3. These p l a t e s  fogged a f t e r  
a sho r t  per iod i n  the car rouse ls  before  launch. Within days before  
launch, new 101-05 f i lm w a s  loaded i n  the  car rouse ls  but  completely 
fogged wi th in  72 hours. Hence, no f i lm  ca r rouse l s  were launcned on 
SL-3. Subsequent t e s t i n g  ind ica ted  t h a t  1 major cause o f  t he  fogging 
was probably outgassing of  some chemical product used i n  the  Delr in  
f i lm  holders '  gold-coating process. The French manufactured s i l v e r -  
coated Del r in  holders  f o r  SL-4 launch. 

P a r t i a l  fogging due t o  l i g h t  leaks  occurred as on SL-1/2 
(see paragraph 7. a. 1. 

The SL-3 DAC photograph p o s t - f l i g h t  evaluat ion r w e a l e d  the 
same defocusing experienced in SL-1/2 data .  
the DAC requi red  rep lac ing  during SL-4, before  S183 SA operations.  

Hence the  S A  o p t i c s  f o r  

C. SL-4. Several  problems occurred, many of then i n t e r -  
r e l a t ed .  They are i n  chronological order  below. 

Due t o  S183 operat ion during SL-3 without a car rouse l ,  the  SL-3 crew 
had l e f t  the  u n i t  i n  the  04 pos i t ion ,  as ind ica ted  on t h e  panel d i sp lay ,  
without r e s e t t i n g  i t  t o  an 01 indica t ion  as normally required per  the  
check l i s t  when operat ing with a carrousel .  Ttierefore, when car rouse l  
2-2 w a s  i n s t a l l e d  on DOY 333, the  01 s l i d e  was indica ted  as s l i d e  04 
by the uni t .  The crew then se l ec t ed  p l a t e  01 (per  PAD) f o r  exposure, 
but due t o  the  three-p la te  o f f s e t  e r r o r  they ac tua l ly  se l ec t ed  and 
exposed p l a t e  34. However, f o r  unexplained reasons the spectrograph 
jumped ahead t o  p l a t e  35,  a f t e r  34 was exposed fo r  approximately 20 seconds 
ins tead  of  exposing fo r  the planned 1260 se:or.ds, P l a t e  35 a con- 
t r o l  p l a t e  with p r e f l i g h t  sensi tometry da ta ,  was then exposed f o r  the  balance 
of  the exposure. 
300-second exposure was not performed f o r  l ack  of time. 

This  was v e r i f i e d  v i a  telemetry.  The second planned 
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Per procedure, the car rouse l  was then advanced t o  the 01 
ind ica ted  pos i t i on  fo r  removal, -%is normally would have placed p l a t e  
00 i n  the  car rouse l  f i lm  gate.  Upoil removal, the crew reported 
t h a t  a s l i d e  w a s  protruding from the  car rouse l  and t h a t  i t  w a s  pushed 
i n  without Ldentifying the s l i d e  by number. Assuming the  information 
on the  three-p la te  o f f s e t  was co r rec t ,  then p l a t e  33 was the  p i a t e  tha t  
had pro jec ted  from the carrousel .  I f  p l a t e  00 had been i n  the  f i lm  
ga te ,  i t  would not have been removed from the carrousel .  P l a t e  00, 
by design, lacked the index t a b  t h a t  the o the r  p l a t e s  had f o r  p u l l i n g  
by the SA f i lm transpc:. ,  mechanism. 

The second SA opera t ion  during SL-4 w a s  t o  expose car rouse l  1-1 

Upon car rouse l  removal from the  spectrograph a piece of g l a s s  
p l a t e s  19 and 20 for  1260 seconds and 300 seconds, respec t ive ly ,  on 
DOY 334. 
p l a t e  f loa t ed  out.  It was l a t e r  i d e n t i f i e d  as an SC-5 f i lm  p l a t e  
fragment, from crew descr ip t ions .  The SC-5 p l a t e s  had been loaded i n  
pos i t i ons  29 through 34 i n  the  carrousel .  The crew reported t h a t  the  
car rouse l  w a s  mtsaligned 45 degrees from the 00 pos i t i on ,  i nd ica t ing  
t h a t  p l a t e  33 o r  34 w a s  a l igned w i t h  the  f i lm  ga te ,  r a t h e r  than p l a t e  
19 o r  20, as had been planned t o  be exposed. A p l a t e  was protruding 
and the crew pushed i t  i n t o  the  carrousel  and stowed the  car rouse l .  
On DOY 335 a t  1515, the crew repor ted  the SA stowage was completed 
and no g l a s s  w a s  observed i n  the uni t .  Apparently the broken g l a s s  
had impeded the car rouse l  movement t o  the  proper posi t ion.  

On DOY 339, a procedure w a s  sen t  t o  the crew f o r  car rouse l  2-2 
realignment t o  co r rec t  fo r  the repor ted  45-degree misalignment. The 
procedure c a l l e d  f o r  manually ro tac ing  the car rouse l  so t h a t  t he  00 
p l a t e  w a s  posi t ioned t o  the f i lm  gate  €or normal operat ion.  The 
procedure w a s  performed without any problems. 

S183 was operated a t h i r d  time on DOY 340. The f i r s t  
e igh t  p l a t e s  of car rouse l  2-2 were exposed, per PAD, and upon 
car rouse l  removal the crew repor ted  t h a t  the ca r rouse l ' s  hub w a s  
o f f s e t  90 degrees from the 00 posi t ion.  This  meant t h e t  the SA 
P l a t e  ind ica to r  had not been r e s e t  t o  the 31 pos i t i on  before  
car rouse l  removal (see note  below). This  w a s  confirmed during the  
next  operation. Such a f a i l u r e  t o  reset t o  
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zero before removal should have caused p l a t e  08 t o  be pul led from the 
car rouse l  and l e f t  i n  the SA. The crew was in s t ruc t ed  t o  search f o r  
a p l a t e  i n  the SA but none was found. 
car rouse l  was returned t o  e a r t h  t h a t  p l a t e  08 w a s  s t i l l  i n  the 
carrousel .  

It was learned a f t e r  the  

NOTE: The check l i s t  w a s  vague i n  t h i s  area;  i .e . ,  the  s t e p  i n  
the  S183 operat ion sec t ion  which r equ i r e s  the advance of the 
f i lm  car rouse l  t o  the 01 d isp lay  pos i t ion  was only appl icable  
i f  the carrousel  was t o  be removed a t  the  next operat ion;  and, 
i n  addi t ion ,  t h i s  s t e p  had not been cross-referenced o r  repeated 
i n  the S183 stow sec t ion  of the  check l i s t .  
took place a t  a d i f f e r e n t  t i m e  than operation. 

Stowage usua l ly  

An alignment procedure was sen t  t o  the crew on DOY 345 t o  asslire t ha t  the 
car rouse l  was i n  the  00 pos i t i on  f o r  t he  next operat ion.  
was accomplished. However, p l i e r s  had t o  be used t o  r o t a i e  the sa r rouse l  
hub about 45 degrees t o  the 00 pos i t i on  (outs ide  the SA). No loose 
g l a s s  fragments were reported ( see  Anomaly No. 3).  The 4 5 - d e g i ~ .  
o f f s e t  roughly corresponds t G  p l a t e  32 on the car rouse l .  The broken 
g l a s s  l e f t  within the car rouse l  i n  pos i t ion  33 o r  34 could have been 
the cause of the 45-degree offset .  as the car rouse l  dr ive  mechanism 
would continue t o  advance without dr iv ing  the car rouse l  i f  f r i c t i o n  
was higi. enough. 
dr ive  mechanism. 

This procedvrt  

The u n i t  was designed i n  t h i s  manner t o  p r o t e c t  the  

On DOY 347 the fourth SA operat ion was performed, 
the second operation f o r  car rouse l  1-1. The PAD scheduled frames 21  
and 22, and the crew stepped the car rouse l  t o  21  and made an exposure. 
They reported ge t t i ng  a l a t e  s t a r t  on the planned 1260-seco~d exposure, 
then reported exposing p l a t e  22 and terminating i t  e a r l y  due t o  s u n r i s e ,  
thereby obtaining a 240-second exposure ins tead  of the scheduled 300 
seconds. It was discovered a t  t h i s  time t h a t  the SA had not been reset 
t o  01 but t o  09 i n i t i a l l y ,  and they had a c t u a l l y  exposed car rouse l  
p l a t e s  13 and 14. Per ground i n s t r u c t i o n s ,  the crew then advanced 
the SA i nd ica to r  t o  09 t o  r e s e t  the car rouse l  t o  p l a t e  L3 f o r  removal, 
Upon removal i t  was reported t h a t  a s l i d e  was s t i c k i n g  out. The s l i d e  
was i n t a c t  and the crew pushed i t  back i n  the carrotisel  without 
i den t i fy ing  i t s  number. A t  t h i s  time, another piece of the SC-5 
p l a t e  g l a s s  (bel ieved t o  be a corner) was found (SC-5 type p l a t e s  were 
i d e n t i f i a b l e  by the emulsion-free barder on the g l a s s  and the yellowish 
emulsion). 
carrousel .  

It was concluded t h a t  t he  broken g l a s s  was jamming the  

The crew was requested t o  a sce r t a in  the carrousel  alignment. 
The ATM point ing overlay was used t o  es t imate  the alignment mark, 
a d r i l l  ho le  placed on the cen te r  hub face of car rouse l  1 -1 ,o f f se t  

3-45 



angle fron! the  f i lm gate.  The crew reported t h a t  the  d r i l l  ho le  was 
located a t  appzoximately 1150; i.e.,  clocked about 5 t o  10 degrees 
CCW from the  f i lm  ga te  pos i t i on  (1200 o'clock pos i t ion) .  

The crew repor ted  d i f f i c u l t y  i n s e r t i n g  car rouse l  1-1 i n t o  the SA on 
DOY 003. Upon car rouse l  removal t o  inves t iga t e  the  in t e r f e rence ,  the 
crew repor ted  t h a t  a "par t  of the  plate" f loa t ed  ou t  of  the  SA and t h a t  
the car rouse l  index marks were not a t  1200, but  1 l O O  ( i .e . ,  p l a t e  35), 
He r e i n s t a l l e d  the car rouse l  and exposed p l a t e  15 per  PAD. He then 
exposed p l a t e s  21, 22, and 23 and performed the malfunction procedure. 
This  procedure was supposed t o  remove p l a t e  29 from the  carrmsel by 
in t e r rup t ing  an exposure and removing the  car rouse l  while p l a t e  29 
was s t i l l  i n  the SA f i lm  plane. This  blank slot. (which would r e s u l t  
from the removal of  p l a t e  29) was planned t o  be used f o r  fu tu re  
car rouse l  1-1 removals and prevent the  broken p l a t e s  i n  the  higher  
number p o s i t i o a s  from r o t a t i n g  past the f i l m  ga te  and poss ib ly  jamming 
the  car rouse l  ro t a t ion .  
29 as expected. 
car rouse l  when i t  was removed, nor w a s  i t  e j ec t ed  from the  SA when he 
reappl ied power. I n  add i t ion ,  when he put  h i s  f i nge r  i n t o  the car rouse l  
t o  depress  the  ?lunger t o  r e a l i g n  it ,  he  repor ted  t h a t  the  "E" c l i p  
t h a t  r e t a ined  the sp r ing  w a s  broken and the  spr ing  came out .  This  
spr ing  was used t o  force the  car rouse l  i n t o  the  indexing de ten ts .  
Since there  were no spa r s  "E" c l i p s  onboard Skylab, the  spr ing  was 
not replaced. This d id  not e l imina te  the  car rouse l  use. However, i t  
d id  r equ i r e  t h a t  the crew check the  o r i e n t a t i o n  marks p r i o r  t o  each 
usage and use extreme care  when i n s e r t i n g  the car rouse l  i n t o  the  SA. 
Any sudden torquing aroi.md the c y l i n d r i c a l  a x i s  would have misaligned 
the u n i t  and caused a d i f f i c u l t ,  i f  not  an impossible,  i n s t a l l a t i o n .  

The malfunction procedure d id  not remove p l a t e  
The crewman repor ted  t h a t  no p l a t e  was pul led  from the  

On DOY 021 the  crew reported t h a t  the f i lm  had j a m e d  i n  the  DAC a t  about 
the 79 percent  remaining pos i t ion .  The crew checked i t  because they 
remembered t h a t  i t  had read  t h i s  value e a r l i e r  and were curious as t o  
why i t  had not changed, An e l e J i r i c a 1  malfunction had j u s t  occurred 
and no  power w a s  being suppl ied t o  the M C  by the SA power cable .  
was v e r i f i e d  by a t t ach ing  another  DAC t o  the  cable  and attempting t o  
operate  i t  without success.  It was determined, through an SA mal- 
funct ion procedure opera t ion  by the crew, t h a t  a DAC camera c i r c u i t  
fuse within the  SA was blown. 
of the f i lm jam and caused the e n t i r e  SA t o  t inoperable.  This  
malfunction was dupl ica ted  on the  q u a l i f i c a t i o n  u n i t  i n  Marseilles, 
France, by the  developers and a f i x  was suggested t o  r e t u r n  SA opera- 
t i o n  t o  normal without the DAC. The f i x  bypassed the i n t e r n a l  fuse 
providing 28 VDC power t o  the camera c i r c u i t  v i a  a jumper wire which 
connected pin 1 of the  SA DAC connestor t o  pin 7 of the  adjacent  t es t  
connector. The jumper wire was made by s p l i c i n g  two m u l t i m e t e r  adapter  
leads together  and plugging them d i r e c t l y  to  the  SA male connector 
pins ,  The f i x  was accomplished on DOY 027 and SA opera t ions  continued. 

This 

The fuse apparent ly  had blown as a r e s u l t  
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After  SL-4, post  mission development of' SA 
photographic p l a t e s  revealed t h a t  most of the p l a t e s  contained no da ta ,  
i n  f a c t ,  only p l a t e  1 9  i n  car rouse l  1-1 had been exposed and no p l a t e s  
i n  carrousel  2-2 were exposed. It was speculated t h a t  the spectro-  
graph had been desynchronized. 

The car rouse l  w a s  ro t a t ed  by a grooved a x i s  t h a t  had as  many 
The ax i s  was cont ro l led  by grooves as there  a re  p l a t e s  (36 p l a t e s ) .  

a motor. 
provide one t u r n  of the motor. 
( i . e , ,  h a l f  the d is tance  between two p l a t e s )  consequently, there  was 
a desynchronization r i s k  when an uneven number of  pulses  were produced 
by an e l e c t r i c a l  mishap, or i f  the  car rouse l  was mechanically prevented 
from ro ta t ing .  
r o t a t i o n  which l ed  t o  desynchronization o r  mechanical f a i l u r e  of the SA. 

Thc motor was geared so t h a t  two pulses  were required t o  
One pulse  corresponded t o  1 / 2  a groove, 

Broken g l a s s  was bel ieved t o  have i n t e r f e r r e d  wiLh 

During the mission, i t  was not evident t ha t  t h e  un i t  was 
desynchronized. It was thought t ha t ,  when desynchronized, the car rouse l  
could not be remounted once i t  had been withdrawn. This had been 
v e r i f i e d  on the ground with the q u a l i f i c a t i o n  and t r a i n i n g  carrousels .  
However, post  mission inves t iga t ion  revealed tha t  the f l i g h t  car rouse ls  
had been modified so tha t  there  were no sharp r idges  i n  the grooves. 
This allowed the f l i g h t  magazines t o  be mounted very e a s i l y  eve3 though 
the camera was desynchronized. 

I n  addi t ion .  no ind ica t ion  of a desynchronization problem was 
evident  on the ground v i a  the  telemetry. The d i s c r e t e  s igna l s  telemetered 
t o  the ground by the SA were named: 
2 .  p l a t e  i n  foca l  plane,  and 3. s h u t t e r  open. This da ta ,  i f  received 
a s  named, was s u f f i c i e n t  t o  obtain an exposure h i s t o r y  or SA status.  
However, these s i g n a l s  were not of the  d i r e c t  ind ica t ion  type. Rather, 
the p l a t e  s t a t u s  (pos i t i on )  was in fe r r ed  by the SA f i l m  t ranspor t  
mechanism operat ions which actuated the telemetry s i g n a l s  without 
requi r ing  a p l a t e  t o  be a c t u a l l y  present ,  Therefore,  telemetry s i g n a l s  
were received without a p l a t e  a c t u a l l y  being t r ans fe r r ed  t o  the  foca l  
plane and the ground was unaware of a problem. 

1. p l a t e  r e t u r n  t o  car rouse l ,  
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D. Experiment S228 - Trans-Uranic Cosmic Rays 

The P r inc ipa l  Inves t iga to r  f o r  Experiment S228 is  D r .  P. Buford 
Pr ice ,  Physics Department, Universi ty  of Cal i forn ia ,  Berkeley, Cal i forn ia .  
The experiment hardware was developed by the Space Sciences Laboratory, 
Universi ty  of Californi-a,  Berkeley, Cal i forn ia .  

1. Experiment Descr ipt ion 

a. Objectives.  The ob jec t ive  was t o  provide a d e t a i l e d  
knowledge of the re la t ive abundances of nuc le i  with atomic number ( Z )  
g r e a t e r  than 26 i n  the  cosmic r ad ia t ion ,  and s p e c i f i c a l l y  t o  observe 
and i d e n t i f y  as many t rans-uranic  nuc le i  as possible .  
w i l l  he lp  determine upper limits on the super-heavy cosmic ray  f l u x  
with Z g r e a t e r  than 110, and the  cosmic r ay  energy spectrum (from about 
150 t o  1500 MeV/nucleon) with Z = 26, Z g r e a t e r  than 60, and Z g r e a t e r  
than 83. 

The da ta  obtained 

b. Concept. This experiment was t o  u t i l i z e  mult i -sheet  
p l a s t i c  de t ec to r s  mounted i n  the OWS f o r  exposure t o  cosmic r ad ia t ion .  
The cosmic rays would penet ra te  the de t ec to i  packages, thereby s t r eak ing  
the  p l a s t i c  shee ts .  Upon r e t u r n  t o  e a r t h ,  these p l a s t i c  shee t s  would 
be chemically e tched and the  cosmic r ay  t ra- ' -  
of the  etched t r a c k  lengths  a t  the  top and iottom of  each shee t  where 
the cosmic r a y  has  penetrated.  This :rack length is propor t iona l  t o  
the  square of t he  ion iza t ion  r a t e  of  the  p a r t i c l e ;  measurements o f  t r ack  
s i z e  i n  many successive shee ts  provide accurate  va lues  f o r  atomic number 
and energy of t h a t  pa r t i c l e .  

analyzed by measurement 

C. Hardware Description. The experiment cons is ted  of  two 
:iarness assemblies,  each containing eighteen de tec to r  modules. Each 
de tec to r  module contained thir ty- two shee t s  of Lexan polycarbonate,  
each 7. x 8" x 0.010" th i ck ,  wrapped i n  aluminum f o i l  tape.  These two 
harness  assemblies were located near t he  OWS ou te r  w a l l  and suspended 
between f l o o r s  near the  wardroom compartment (see f igu re  111-15). TEe 
de tec to r  modules (see f igu re  111-16) were exposed t o  cosmic rays  t h a t  
penetrated the  walls of  the OWS. 
o t h e r s  passed through them. 

Some r a y s  stopped wi th in  t h e  de t ec to r s ;  

One add i t iona l  de tec tor  was launched on SL-4 and deployed on an 
ex te rna l  c l ipboard during the f i r s t  EVA, 
t o  one end of t he  de t ec to r  t o  f a c i l i t a t e  clamping t o  the  cl.ipboard. 

An aluminum angle  was added 

2. Experiment Operation. This  experiment was completely 
Dassive, requi r ing  only de tec tor  module deployment r e t r i e v a l .  A bas i c  
requirement was t o  expose the de t ec to r  modules t o  cosmic rays for  a 
minimum of  100 square-foot-days,  Af te r  t h i s  exposure, the  modules were 
re turned  t o  e a r t h  f o r  analysis .  
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FIGURE 111-16 5228 DETECTOR MODULE 
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.Tine two experimeiit harness  assemblies were deployed on DOY 149 
during SL-2 and remained passive,  with no fu r the r  crew invdLvement, 
u n t i l  the e:id of SL-3, when one de tec to r  module was removed and returned 
t o  ea r th ,  The remaining 35 modules were r e t r i eved  on DOY 35 during SL-4. 
During t h i s  mission, a decis ion was made t o  leave one module aboard f o r  
r e t r i e v a l  on any fu ture  v i s i t  t o  Skylab. This  module was deployed i n  
the  MDA on the Experiment SO09 c a r r i e r  frame, using tape p u l l  tabs.  
This  l oca t ion  w a s  chosen f o r  convenient access by a s u i t e d  astronaut .  

During the f i r s t  SL-4 EVA on DOY 3 2 6 ,  one modified de t ec to r  
module ( resuppl ied on SL-4 launch) was deployed on an ex te rna l  c l ipbosrd  
at tached t o  a cn ive r sa l  mount located on the  SlO handra i l .  This  module 
was exposed t o  cosmic r ad ia t ion  u n t i l  re t r ieval  during the  l as t  EVA, 
on DOY 34. 

3. Experiment Constraints .  The experiment c o n s t r a i n t s  were 
r .wcessfu l ly  met during the  mission. 

4. Hardware Performance, The S228 experiment hardware was 
zxtremely simple and performed as  designed, i .e. ,  contained and exposed 
thir ty-seven de tec to r  modules t o  cosmic rad ia t ion .  

5. Experiment In te r faces .  The experiment i n t e r f a c e s  performed 
s a t i s f a c t o r i l y  during the mission. 

Three Gperational changes were made during the mission which 
requi red  addi t iona l  mechanical in te r fac ing .  These were: the e a r l y  
r e tu rn  of one de tec to r  module i n  the SL-3 Command Module, deployment 
of one ex terna l  module, and deployment of one de tec tor  mcdule on the  
Experiment SO09 c a r r i e r  framc assembly. No problems were encountered 
as a r e s u l t  of these changes. 

6 .  Return Data. One de tec to r  module was returned a t  the e n d  
of SL-3 and t h i r t y - f i v e  a t  the end of SL-4, These modules were re leased  
t o  the  P I  at the  Univessi ty  of Cal i fo rn ia ,  Berkeley, Cal i forn ia .  

7. Anomalies. There were no resorted S228 anomalies during 
the  mission. 

3-50 



E. Experiment S230 - Magnetospheric P a r t i c l e  Composition 

The P r inc ipa l  Inves t iga to r s  f o r  Experiment S230 are D r .  Don L. 
Lind, Lyndon B.  Johnson Space Center, douston, Texas, and Dr. Johannes 
Geiss, University of Bern, Bern, Switzerland. The experiment was 
i ab r i ca t ed  bl- the Johnson Space Center, Houston, Texas, and the Univer- 
s i t y  of Bern, Bern, Switzerland. 

1. Experimeqt Description. The magnetospheric p a r t i c l e  compo- 
z i t i o n  experiment employs the  technique of captur ing particles i n  l aye r s  
of f o i l .  Tile f o i l s  a r e  then returned f o r  ana lys i s .  This was t h e  tech- 
nique appl ied t o  solar wind composition measurements (SWC) i n  t h e  Apollo 
Slr’C experiments. 

a. Objectives.  The ob jec t ives  were: to  measure the  f luxes  
and i so topic  composition of the  noble gas components of p r e c i p i t a t i n g  
magnetospheric ions ;  t o  ob ta in  a n  ind ica t ion  of t h e i r  r e l a t i v e  energies;  
and t o  determine the  p a r t i c l e  source. The experiment &as t o  ob ta in  
ove ra l l  informatior, on the f luxes  of p a r t i c l e  F r e c i p i t a t i o n  and t o  ob- 
t a i n  long-term averages f o r  t h e  f l u e s  of particles pzcc ip i t a t ing  i n t o  
t h e  atmosphere. Such averages have no t  previously been ae:erainzd and 
i t  i s  not  known whether the  bulk of global  p r e c i p i t a t i o n  takes place i n  
the aurorae region, o r  whether qu ie t  p r e c i p i t a t i o n  covering a i a r g e r  
f r a c t i o n  of t h e  globe i s  dominant. 

b. Concept. An entrgy absorpt ion technique i s  used t o  
c o l l e c t  magnetospheric ions and p a r t i c l e s .  Mul t ikye red  aluminum, 
aluminum oxide,  and platinum f o i i s  are to  be exposed t o  the  r a d i a t i o n  
envi-  ’nment wherzby the  p a r t i c l e s  w i l l  implant themselves wi th in  the  
f o i l s .  The f o i l s  are then returned t o  e a r t h  f o r  laburatory a c a l y s i s .  
The ana lys i s ,  employing a n  ul t ra-high vacuum mass spectrometer w i l l  
determine tile i so top ic  abundances. By using multi layered f o i l s  and 
stepwise heating est imates  can be mad- >f the  o r i g i n a l  energy of the 
entrapped partictes. The source of t h e  p a r t i c l e s  i s  determined from 
both the abundance d a t a  and the  ener  y. The i so top ic  abundances of 

t he  s o l a r  wind and the terrestr ia l  atmos,Jhere d i f f e r  by such a l a rge  
f a c t o r  t ha t  they can serve t o  i d e n t i f y  the  source of the  p a r t i c l e s  en- 
trapped i n  thc  f o i l  c o l l e c t o r s  or t o  e s t a b l i s h  the r e l a t i v e  source 
s t r eng ths  i n  an admixture of p a r t i c l e s .  The energy r e so lu t ion  w i l l  
al low a d i s t i n c t i o n  between ions  stemming from the  hot plasmas (-10 
e V )  i n  the magnetosphere and p a r t i c l e s  p r e c i p i t a t i n g  from the  inne r  
parts of the  Van Allen b e l t s  (-lo6 e V ) ,  i f  the  f luxes  of the  latter 
are high enough t o  be detectable .  

the  noble gases ( H e 3 ,  He4, N e 2 0 ,  N e  29 , Nez2, A r 3 6 ,  and A r 4 0 )  i n  

4 

The f o i l  method of captur ing ions  i a  the  k i l o  e l e c t r o n  v o l t  
(KeV) range has been su-.t.ssfully appl ied t o  s o l a r  wind composition 
measurements i n  tne  Apoilo program, and i n  sounding rocket experiments 
t o  study t h e  composition and na tu re  of primary a u r o r a l  p a r t i c l e s .  The 
capture  p r o b a b i l i t i e s  of aluminum, aluminum oxide,  and platinum su r faces  
have previously been determined. Above one KeV tbe  capture p robab i l i t y  
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i s  high and very near ly  constant  over a wide energy range. 
KeV the  trapping e f f i c i ency  decreases  but the particles are sl-iii 

de t ec t ab le  above the  experiments threshold of a few hundred eV. 

B e l o w  one 

c .  Hardware Description. The equipment cons is ted  of 
shee ts  of aluminum and platinum c o l l e c t i n g  f o i l s  mounted on a f l e x i b l e  
backing material. 
deployment assembly before SL-1 launch as shown i n  f igu res  111-17 and 
111-18. Or ig i2a l ly  there  were four  c u f f s  mounted on two SPOOL assem- 
b l i e s  clamped around the t r u s s  tube assembly which ran  from the Fixed 
XFrlock Shroud EVA work s t a t i o n  t o  the  ATM support  s t r u c t u r e  
poin t .  The two mounting spools  are shown i n s t a l l e d  before SL-1 launch 
i n  f i g u r e  111-19. The spoo;s were mounted ad jacent  beneath the  D2 EVA 
handra i l  i n  the second and t h i r d  openings i n  the handra i l  supports from 
the  t r u s s  FAS end as depicted i n  f i g u r e  111-20. 
chosen because: handra i l s  a l ready  ex i s t ed  i n  t h i s  area which s impl i f ied  
EVA operat ions;  the  area had a reasonably unobstructed view i n  the a n t i -  
s o l a r  d i r ec t ion ;  and the  shadinf from the  ATM panel located b~_l . -z  t h e  
t r u s s  would reduce the  f o i l  temperature. 

These c o l l e c t o r s  were mounted i n  cuff  form on the  AM 

This loca t ion  w a s  

The types of c o l l e c t o r s  used included two outer  c o l l e c t o r s ,  
two inner  c o l l e c t o r s ,  and one modified c o l l e c t o r  f o r  deployment during 
EVA. The two outer  c o l l e c t o r s  were 16% x 21 inches,  the two inner  co l -  
l e c t o r s  were 15% x 21.t i r ches  and the  modified co1-lector w a s  164 x 22 
inches.  A l l  c o l l e c t o r s  cons is ted  of a -backing layer  of Armalon sup- 
por t ing  the f o i l s  which served as the co l l ec t ing  surface.  The f o i l s  
were a t tached  t o  the Armalon by an  adhesive tape. Each c o l l e c t o r  had 
a f a b r i c  handle s u i t a b l e  f o r  the  EVA operat ions.  

2. Experiment Operation. The experiment w a s  launched on SL-1 
with two c o l l e c t o r  c u f f s  t o  be r e t r i eved  both on SL-3 and S L - 4 .  Three 
c o l l e c t o r s  were returned on SL-3 because of surface contamination de- 
pos i ted  on the  two outer  c o l l e c t o r s  during SL-2 fly-arounds. One new 
c o l l e c t o r  w a s  launched on SL-4 and deployed during the  f i r s t  SL-4 EVA 
wi th  two c o l l e c t o r s  r e t r i eved  during the last EVA and returned.  
111-7 sumnarizes these c o l l e c t o r  events.  Tabie 111-8 s u m a r i z e s  the  
exposures of the co l l ec to r s .  

Table 

W L E  111- 7 .  COL'SCTOR SEQUEKCE OF EVENTS 
I .---- .~ 

I 
Col lec tor  Deployed ! Retrieved I 

Mounted ' SL-7 ,  DOY 265 

Before 1 S L - 4 ,  DOY 34 

SL-1 1 5L-3, WY 213 

Inner ,  A f t  Spool 

Inner ,  Forward Spool 

Outer , A f t  Spool 

Outer , Forward Spool 

Modified, A f t  Spool 

1 Launch i SL-3, DOY 213 

S L - 4 ,  DOY 326 1 S L - 4 ,  DOY 34 
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f o i  1 
cuff 

FIGURE 111-17. S230 CSUECTOK CLFFS L)EPZX)'iED 

FIGURE S.1.I.-18. COLLECTOR CUFF 
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I 

3. Experiment Cons t ra in ts .  The experiment c o n s t r a i n t s  were 
successfu l ly  m e t  dur ing the  mission. 

i Col lec tor  Begin Exposure 

i Inner ,  Af t  Spool 

f Inner ,  Forward Spool 

1 

DOY 218, 2341 

DOY 218, 2344 

DOY 134, 17$5 Outer. Af t  Spool 

Outer,  Forward Spool DOY 134, 1745 

Modified A f t  Spool 1 DOY 326, 2023 

1 

I 

i 
I 

4. Hardware Performance. The experiment hardware w a s  success- 
The outer  c o l l e c t o r  c u f f s  on both f u l l y  launched and deployed on SL-1. 

End Exposure ' Tota :7Ti . i  

DOY 265, 1335 

DOY 034, 1943 181 

DOY 218, 2341 84 

DOY 218, 2344 1 8L( 

DOY 034, 1951 
i ' 73 I 1 

spools  were exposed t o  the  desi-red environment. There were no s i g n i f i -  
can t  hardware problems from i n s t a l l a t i o n  through launch ana deployment. 

The experiment operated i n  a passive conf igura t ion  during SL-112 
with no crew involvement. 

The two outer c o l l e c t o r s  were r e t r i eved  during the  f i r s t  SL-3 
EVA. These c o l l e c t o r s  w i l l  conta in  usefiil da t a  but a l s o  have sur face  
contaminants depo-ited on the f o i l s  from the SL-2 and SL-3 docking and ' 
fly-around maneuvers. Such depos i t s  may complicate da t a  ana lys i s .  The 
inner  c o l l e c t o r s  were protected up t o  t h i s  t i m e  and s t a r t e d  c o l l e c t i n g  
p a r t i c l e s  upon removal of the outer  c o l l e c t o r s .  During the  l a s t  EVA of 
SL-3, the  inner c o l l e c t o r  of t he  a f t  spool was re t r ieved .  
c o l l e c t o r s  were returned i n  the  SL-3 CM. 

A 1 1  t h ree  

Temporary stowage of the th ree  c o l l e c t o r s  was required from 
r e t r i e v a l  u n t i l  the end of the  mission. These c o l l e c t o r s  were stowtd 
i n  one of the Skylab food f r eeze r s ,  thus reducing the  chance f o r  loss 
of captured p a r t i c l e s  from the f o i l  by d i f fus ion ,  p a r t i c u l a r l y  on the  
outer  c o l l e c t o r s  which were i n  temporary stowage approx imte ly  50 days. 
Tine c u f f s  r e t r i eved  during the  last EVA w e r e  stowed approximately 4 
days. 

A new c o l l e c t o r  assembly was deployed on the a f t  spooi during 
the  f i r s t  SL-4 EVA on DOY 325. During the  last  EVA, on DOY 34, co l -  
l e c t o r  assemblies on both the forward and a f t  spools  were r e t r i eved  
and returned i n  the  CM on DOY 39. 

Subsequent t o  r e t r i e v a l  both c o l l e c t o r  c u f f s  were te thered i n  
the  AM. 
311 t o r e  two f o i l  s t r i p s  of t h e  c o l l e c t o r s  deployed during the  f i r s t  
EVA on t h e  a f t  spool. 

During r ep res su r i za t ion  the rush of a i r  from equal iza t ion  valve 
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On one s t r i p  there  were no pieces of f o i l  completely torn 
loose and the geometry of the panel w a s  completely reconstructed.  
On the second s t r i p  some f o i l  was completely detached. Although the 
g r e a t e s t  port ion of t h i s  f o i l  was recovered, some or i en ta t ion  in fo r -  
mation was l o s t .  
d a t a  ana lys i s .  

This i s  expected t o  have only a minor e f f e c t  on 

The damage t o  the a f t  c o l l e c t o r  cuff is shown i n  f i g u r e  111-21. 

5. Experime 2 In t e r f aces .  The experiment i n t e r f aces  performed 
s a t i s f a c t o r i l y  during the mission. 

6. Return Data. Three c o l l e c t o r  c u f f s  were returned on SL-3 

These c u f f s  were 
and two c o l l e c t o r  cu f f s  were returned on SL-4. These consis ted of two 
outer  c u f f s ,  two inner c u f f s  and one modified c u f f .  
returned t o  Dr. Johannes Geiss, Universi ty  of Bern, Switzerland. 

7. Anomalies. No a n o m l i e s  were reported during the  mission. 
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SECTION I V .  ENGINEERING AND TECHNOLOGY EXPERIMENTS 

A. Experiment DO24 - Thermal Control Coatings 

The Pr inc ipa l  Inves t iga tor  f o r  Experiment DO24 i s  D r .  William 
Lehn, the A i r  Force Mater ia l s  Laboratory, A i r  Force Systems Command, 
Wright-Patterson A i r  Force Base (W-PAFB) . The thermal cont ro l  coat ings 
t rays  and mater ia l  r e tu rn  container  were developed by Goodyear 
Aerospace Corporation, Akron, Ohio, under cont rac t  t o  W-PAFB. The 
polymeric f i lm s t r i p  t rdys  were developed a t  W-PAFB. 

1. Experiment Description. It i s  noteworthy t h a t  experiments 
DO24 arid M415j both e n t i t l e d  "Thermal Control Coatings,' ' complemented 
each other .  M415 inves t iga ted  degradation e f f e c t s  during the iaunch 
phase (using telemetry) and DO24 inves t iga ted  e f f e c t s  of the o r b i t a l  
phases. Experiment DO24 was the f i r s t  U . S .  opportuni ty  t o  perform de- 
t a i l e d  examination of exposed coat ing samples  t h a t  wcrc chemically and 
physical ly  unal tered following r e t r i e v a l  from the vacuum of space. 

a. Objectives.  The objec t ives  were to: evaluate  near- 
ea r th  space environment exposure e f f e c t s  on se lec ted  thermal cont ro l  
coatings and polymeric f i lm s t r i p s ;  and e s t a b l i s h  c a l i b r a t i o n  values  
fo r  fu r the r  ground s imulat ions.  The returned specimen ana lys i s  would 
enable more accurace in s igh t s  i n t o  the mechanism of long-duration degra- 
dat ion,  and would provide improved damage theor ies .  

b. Concept. The environmental e f f e c t s  a r e  t o  be measured 
by taking spec t r a l  re f lec tance  da t a  on a cont ro l  group of thermal con- 
t r o l  coat ing specimens 5efore  and a f t e r  exposure to  cont ro l led  cnviron- 
ments i n  ground labora tor ies .  These d a t a  a re  t o  be used fox comparison 
with s imi l a r  da ta  obtained from i d e n t i c a l  samples exposed to  the Skylab 
space environments. Since recombination with normal atmosphere would 
occur for  ce r t a in  of the f l i g h t  specimens, i t  would be necessary tha t  
r e t r i e v a l  and r e tu rn  t o  e a r t h  be i n  an evacuated, scaled container  and 
placed i n  a spec ia l ly  prepared vacuum chamber. The container  i s  t o  be 
remotely opened a f t e r  the chamber i s  evacuated and then the sample t r a y  
removed. Each specimen i s  t o  be removed from the t r a y  and subjected t o  
spec t r a l  re f lec tance  measurements. The spectrum of i n t e r e s t  covers the 
v i s i b l e  and extends i n t o  the near I R  and UV ranges. Upon t e s t  completion, 
the chamber is t o  be repressurized with clean,  dry gas ,  a n d  the conta iner  
removed fo r  polymeric f i l m  s t r i p  ana lys i s .  
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Mechanical, e l e c t r i c a l  and o p t i c a l  p rope r t i e s  of the polymeric 
f i lm  s t r i p s  a re  t o  be measured on both the con t ro l  samples and ' the  
f l i g h t  samples. Control s t r i p s  a r e  t o  be subjected t o  measured, simu- 
l a t e d  r ad ia t ion  t o  provide . a i i b r a t i o n  and comparison data. Long-term 
u l t r a v i o l e t  exposure is of x imary  i n t e r e s t ,  s ince  i t  i s  the main  f a c t o r  
i n  polymeric f i lm  degrada t im.  Mechanical c h a r a c t e r i s t i c  evaluat ion w i l l  
be through measurement of t e n s i l e  s t r eng th ,  modulus of e l a s t i c i t y ,  and 
percent  elongation. Dieleci r i c  s t r eng th ,  d i e l e c t r i c  constant , r e s i s t i v i t y  
and d i s s ipa t ion  f a c t o r  w i l l  comprise the e l e c t r i c a l  measurements. Both 
percent  transmission and f r u s t r a t e d  mul t ip le  i n t e r n a l  r e f l e c t i o n  spec t r a  
w i l l  be recorded t o  obta in  o p t i c a l  data.  

c. Hardware Description. The experiment hardware i s  shown 
i n  f igure  IV-1 .  The experiment f l i g h t  package ( f igu re  IV-2) consis ted 
of four panels and two re tu rn  containers .  Two panels held 36 thermal 
cont ro l  coat ing samples each. The samples were 2.54 cm diameter d i s c s  
coated with var ious se l ec t ed  thermal con t ro l  coat ings.  The o ther  two 
panels contained 32 s t r i p  samples each of e igh t  d i f f e r e n t  types of poly- 
meric film. The polymeric s t r i p s  were 7.62 cm long by 0.635 cm wide a n d  
1.27 cm wide. 
0.6 cm thick.  Each had a f l e x i b l e  handle t o  a s s i s t  i n  handling. The 
panels  were a t tached  to  the  a i r l o c k  t r u s s  assembly p r i o r  to  launch, using 
snap f a s t ene r s  and p ip  p ins  ( f igu re  IV-3). The samples were protected 
from the launch environment by the payload shroud. 

A l l  panels were squase p l a t e s ,  about 1 7  cm on a s i d e  and 

L. Experiment Operation 

a. Summary. Mater ia l  sample exposure was accomplished as  
planned on SL-1/SL-2 and SL-3. However, c a l i b r a t i o n  values  f o r  ground 
s imulat ion of space environment could not be obtained due t o  an unexpected 
l aye r  of contamination covering a l l  exposed hardware. 
d i r ec t ed  from ana lys i s  of r ad ia t ion  e f f e c t s  t o  ana lys i s  of contamination 
e f f e c t s  and add i t iona l  samples were resii.pplied for  t e s t  on SL-4. 

E f f o r t s  were r e -  

I 

b. Experiment Operation SL-l/SL-2 and SL-3. The f i r s t  two 
s e t s  of DO24 thermal cont ro l  coat ings and polymeric f i lm s t r i p s  were ex- 
posed t o  the outer  space environment commencing DOY 134 a t  1845 GKT. 
posure was i n i t i a t e d  when the payload shroud was j e t t i soned  from the  
Saturn Workshop. The samples were subsequently r e t r i eved  by the crewmen 
during space t,alks on DOY 170 (during the  f i r s t  manned phase) and DOY 265 
(during the  second manned phase). The f i r s t  s e t  of samples was therefore  
exl ;xed f o r  36 days and the second s e t  fo r  131 days. 
of two panels ,  one each of  thermal cont ro l  coat ings and polymeric f i lm 
s t r i p s .  

Ex- 

E x h  s e t  cons is ted  

Sample r e t r i e v a l  was accomplished a s  planned and no problems 
were encountered with the hardware o r  procedures. The crewman removed 
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the panels and inser ted  them i n  the  r e t u r n  conta iners ,  which were stowed 
adjacent  to  the experiment, and sea led  them while i n  the space vacuum. 
The r e tu rn  conta iners  were then stowed f o r  r e tu rn  t o  e a r t h  and subse- 
q u e n t  de l ivery  t o  the PI within four days o f  Cominani 'hdule  recovery. 
Thr sample panels were not exposed t o  the  atmosphere during del ivery.  

C. Additional Operations on SL-4. As a r e s u l t  of contami- 
nat ion da ta  obtained on SL-l/SL-2 aaJ  SL-3, approval was obtained t o  
launch one back-up thermal cont ro l  sample panel,  one back-up polymeric 
f i lm s t r i p  panel and one back-up material r e t u r n  container  on SL-4. 
Hardware deployme ;c was accomplished during EVA on DOY 326. D i f f i c u l t y  
was experienced i n s t a l l i n g  the sample t rays  because the hardware design 
had not considered i n s t a l l a t i o n  i n  o ,b i t  by a s u i t e d  crewman. Neverthe- 
l e s s ,  the i n s t a l l a t i o n  was successful .  The r e tu rn  container  l i d  was not 
closed, thus ailowing the Skylab ex te rna l  enkironment and s o l a r  r ad ia t ion  
to  impinge upon the seals and the i n t e r i o r .  Ret r ieva l  was accomplished 
on DOY 034 a f t e r  a t o t a l  of  73  days exposure. The SL-4 samples avoided 
cont ro l  rocket  exhaust contamination from the Command Module during the 
fly-around, docking and undocking maneuvers. The co. i ta iner ,  with samples, 
was returned and de l ivered  to  the PI  within four  days. A t  t h a t  time, i t  
was found t h a t  atmospheric pressure ex i s t ed  ip s ide  the  conta iner ,  a n d  
the thermal cont ro l  coat',lg t r ay  had been inser tpd  with the samples fac- 
ing away from, r a t h e r  Lhan toward, the hinge. The in s t ruc t ions  on the 
in s ide  of the matcr ' a l  re turn  container  l i d  s t a t e d  t h a t  the t r a y  be in-  
s e r t ed  with the samples facin? the hinge. 

3. ExpeTiment  Constraints .  The experiment cons t r a in t s  were 
successfu l ly  met during the mission, with the exceptio,i t h a t  atmospheric 
pressure was present ins idc  the SL-4 mater ia l  r e t u r n  container upon de-  
l i v e r y  t o  the PI. 

4, Hardware Performance 

a. SL-l/SL-2 and SL-3 Performance. Thc cxperImcnt hardware 
performed s a t i s f a c t o r i l y  and no problems i:erc encountered during normal 
operation. The conta iners  performed the funct ions of  holding sample 
t r ays  and excluding the atmosphere on these n.ission7. The thermal c I- 

t r o l  coat ings t r ays  adequately hcld the samples p r i o r  to ,  during, and 
a f t e r  f l i g h t ,  and enabled proper sample t e s t i n g  i n  the ground-bascd 
laboratory a f t e r  rc turn  t o  ea r th .  S imi la r ly ,  s u i t a b l e  performance was 
achieved ~ i t h  the polymeric f i l m  s ' . r ip  trays.  

The crew did repor t  t ha t  some samples appeared t o  be corni.ig de- 
bonded. This was not observed i n  thc  ground-based laboratory.  The crew 
fu r the r  s tn t ed  t h a t  the material r e tu rn  conta iners  worked wel l  and tha t  
the experiment stowage fo r  rc turn  was simple. 
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b. SL-4 Perfoimance. Some d i f f i c u l t y  w a s  experienced in-  
s t a l l i n g  the  d i s c  t r a y  during EVA on SL-4, but s ince  that w a s  not  
o r i g i n a l l y  planned i t  was not considered as a se r ious  problem o r  a hard- 
ware malfunction. Atmospheric pressure  was  noted in s ide  Lhe conta iner  
re turned from t h i s  mission. Tine presence of t h i s  pressure  is cu r ren t ly  
unexplained. 

5 .  Experiment Interfaces .  The experiment i n t e r f a c e s  performed 
s a t i s f a c t o r i l y  during the mission except some d i f f i c u l t y  w a s  experienced 
during the SL-4 EVA i n s t a l l a t i o n .  

6. Return Data. Data returned to  the  PI cons is ted  oE one ther -  
mal c m t r o l  coa t ing  t r a y  and c-ne polymeric f i lm  s t r i p  t r a y  i n  a material 
returr.  container  a f t e r  each mission. A l l  Leturned hardware showed evi-  
dencr 9f a yellowish-brown contaninat ion t h a t  w a s  apparent ly  R funct ion 
of exposure t i m e  and sunl ight .  This  contamination e f f e c t  obsccred the  
expected sample degradation due t o  sclar rad ia t ion .  It also obscured 
any atrhospheric recombination which could have a f f ec t ed  the OL-4 samples 
due t o  loss o f  vacuum on return.  This  contamination source is now under 
invcs t iga i ion .  

7. Anomalies 

a. SL-1/SL-2. None. 

b. SL-3. Some sample deboiding was noted by the  crew. 
However, t h i s  condi t ion w a s  i.ot evident  dpon examination of the  returned 
samples. 

C .  SL-4.  The r e tu rn  container  d ld  not  maintain the  samples i n  
a vacuLm-tight environment fo r  reasons which have not been detezmined. 
The thermal cont ro l  coa t ing  t r a y  had been inser tod  with the samples fac- 
ing  away from, r a t h e r  than toward, the hinge. The des i red  o r i e n t a t i o n  
was descr ibed by a decal located in s ide  L f  the  material r e tv rn  conta iner  
l i d .  
t e s t i n g  in s ide  the vacuum chamber a t  t h e  PI'S laboratory.  Even though 
the samples were not maintained i n  a vacuum-tight environment, they are 
considered usable for  contarninatior ana lys i s .  

Thcse i n s t ruc t ions  were required to  n-na5le sample handl ing and 
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B. Experiment W15 - Thermal Control Coatings 

The Pr inc ipa l  Inves t iga tor  fo r  Experiment M415 is M r .  Eugene C. 
McKannan, Mater ia ls  Division, Astronautics Laboratory, Marshall Space 
F l ight  Center (MSFC/S&F.-ASTN-MM). 
and b u i l t  by MSFC. 

The experiment equipment was developed 

1. Experiment Description 

a. Objectives.  The objec t ive  was t o  determine :he degra- 
dat ion brought about by prelaunch, launch, and space environmenks on the 
thermal absorption and emission c h a r a c t e r i s t i c s  of var ious coat ings com- 
mcnly used for  passive thermal control.  

Data ana lys i s  was t o  provide general  information for  thermal de- 
s ign of fu tvre  spacecraf t  and s p e c i f i c a l l y  i n  the se l ec t ion  and develop- 
ment of thermal coatings which w i l l  b e t t e r  me;ntain t h e i r  "whiteness" 
(high r e f l e c t i v i t y )  through the launch environment. 

b. Concept. The experiment ob jec t ive  was s a t i s f i e d  by sdb- 
j ec t ing  three d i f f e r e n t  types of thermal c m t r o l  coat ing mater ia l s  (and 
a black cont ro l  specimen) sequent ia l ly  t o  four exposure condi t ions on 
the SL-2 Instrument Unit ( I U )  e x t e r i o r  during prelaunch, launch, and or -  
b i t a l  operation. 

The coatings'degradations were determined by the change i n  ther -  
mal proper t ies .  The specimen samples were mounted on temperature sen- 
sors which were thermally i so l a t ed  from the surrounding s t r u c t u r e .  The 
specimens' temperatures ulere monitored and telemetered when i n  contact  
with se lec ted  ground s t a t ions .  

c. Hardware Description. The specimens were arranged on 
panels i n  four rows of th ree  each, as sketched i n  f igure  IV-4 .  Two 
panels were placed on the IU i n  d i f f e r e n t  o r i en ta t ions  r e l a t i v e  tr, the 
launch vehic le  re t rorocket  f i r i n g s .  (One i n  l i n e ,  one not i n  l i n e  - see 
f igure  IV-5.) 

L e  thermal control  coatings were: 

S-13g zinc-oxide pigment i n  methyl s i l i c o n e  binder ,  rough 
sur f  ace. 
2-93, zinc-oxide pigment i n  sodium s i l i c a t e  binder,  medium 
rough sur f  ace. 
IIWX, MSFC composite of synthe t ic  mica, potassium s i l i c a t e  
and zir,--oxide. 
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FIGUP2 IV-4 M415 THERMAL CONTROL COATINGS FOR PANELS 1 AND 2 

iltlon !U I Potltlon I1 

FIGURE IV-5 M415 SENSOR PANEL UICATIONS 
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BC, black cont ro l ,  CAT-ALAC black,  medium rough surface.  

4 

2. Experiment Operation. The experiment w a s  launched and op- 
e ra ted  at tached to the  I U  e x t e r i o r  of t he  SL-2 launch vehic le  which 
ca r r i ed  the  f i r s t  Skylab crew i n t o  e a r t h  o r b i t  on W-y 25, 1973. There 
was no crew pa r t i c ipa t ion  required i n  t he  experiment deployment, opera- 
t i on ,  o r  da ta  co l lec t ion ;  i n - f l i g h t  performance was accomplished auto- 
matical ly  by the launch vehic le  computer and da ta  systems. 

The covers were removed, two a t  a time, (one from each panel) ex- 
posing the samples i n  t he  sequence shown i n  the following table:  

TABU IV-1 SAMPLE EXPOSURX SEQUENCE 

Exposure 
Sequence 

- -  
Cover No. 
Opening 

Sequence 

Sequence 
Event 

J u s t  p r i o r  t o  launch 

J u s t  p r i o r  LO r e t r o  
f i r i n g  

J u s t  p r io r  t o  LES 
tower j e t t i son 

After spacecraf t  
separa t ion  

Event Time (W) 

Scheduled 

-24 h r s  GET 

13: 02: 22.2 

13 : 02: 39.6 

13:55:42.1 

Actual 

13: 02: 23 

13: O2:4O 

13:55:41 

A l l  openings were acceptably c lose  t o  the  scheduied tin-es. 

The protec t ive  covers were removed by sealed pyrotechnic actua- 
tors .  By exposiiig the  
samples a t  d i f f e ren t  i n t e r v a l s ,  i t  was poss ib le  t o  c o r r e l a t e  the e i f e c t s  
of the individual  environments experienced. 
launch through three  o r b i t s  and p a r t  of a f m r t h ,  a durat ion of 20,760 
secords. 

Removal of each cover exposed th ree  new samples. 

Data were co l l ec t ed  from 

3. Experiment Constraints.  The experiment cons t r a in t s ,  a l l  
opera t iona l ,  were successfu l ly  met during the mission. 

4. Hardware Performance. The experiment hardware performed 
s a t i s f a c t o r i l y .  
launch a t  the  scheduled times i n  accordmce with the  f l i g h t  plan. 

The s ix  remaining pro tec t ive  covers were deployed a f t e r  
This 

?, 
* *  . 
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w a s  confirmed by telemetry records of the cover r e l ease  event s i g n a l s  and 
t h i  corresponding s t e p  changes i n  the  relevant  specimen temperatures as 
shown i n  t ab le  IV-1. 
panel sensors)  wor!ced properly Yithin the c a l i b r a t e d  ranges,  and usable  
da t a  was obtained from each of them. 

A l l  26 temperature sensors  (24 specimen and two 

5 .  Experiment In te r faces .  The experiment i n t e r f a c e s  performed 
s a t i s f a c t o r i l y  during the mission. 

6.  Return Data. Return d a t a  cons is ted  e n t i r e l y  of telemetry. 
In s u m r y , t h e  experiment d a t a  was comprised of the following: 

a. Event s igna l s  v e r i f i e d  the deployment o f  the covers. 
These properly coincided with the programmed event 
sequence. 

b. Temperatures of the 12 specimens i n  each panel (and 
the  panel; themselves) were monitored a t  the  r a t e  o f  
12 samples per  second over s e l ec t ed  ground s t a t ions .  
These were H a w a i i ,  Honeys*ickle, Madrid, Texas and 
Goldstone. Equilibrium temperatures were reached on 
the  dayl ight  por t ion  of two o rb i t s .  This  condition 
provided a l l  the necessary information fo r  ca l cu la t ing  
the absorp t iv i ty /emiss iv i ty  r a t i o s  for  a l l  specintens, 
from which t h e i r  sur face  condi t ions could then be de- 
termined. 

7. Anomalies. None were encountered. 

e 
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C. Experiment M487 - Habitabil i ty/Crew Quarters 

The P r inc ipa l  Inves t iga to r  f o r  Experiment M487 is M r .  Caldwell 
C. Johnson, Chief of the Spacecraf t  Design Divis ion a t  the  Lyndon B. 
Johnson Space Center,  Houston, Texas. The M487 Experiment Instrumen- 
t a t i o n  Developer was McDonnell Douglas Ast ronaut ics  Company - Western 
Division, Huntington Beach, Cal i forn ia .  This repor t  i s  intended t o  
provide a b r i e f  overview of the experiment and to  document the  func- 
t i o n a l  adequacy of the  f l i g h t  hardware assoc ia ied  with the  experiment. 
A comprehensive r epor t  of the  experiment f ind ings  w i l l  be published 
under sepaTate cover by the P r inc ipa l  Inves t iga tor .  

1. Experiment Description. 

a .  Objectives.  The primary ob jec t ive  was t o  provide use- 
f u l  h a b i t a b i l i t y  eva lua t ion  data f o r  f u t u r e  manned spacecraf t  design. 
The d a t a  was ta include a s t ronau t s '  eva lua t ions  of :  rou t ine  d a i l y  
a c t i v i t i e s  and self-sustenance chores ( i .e. ,  work t a sks ,  s leep ing ,  
ea t ing ,  hygiene t a sks ,  et, .); the ease o r  d i f f i c u l t y  experienced 
when moving about the O r b i t a l  Assembly (OA); and the adequacy of 
var ious h a b i t a b i l i t y  f ea tu res  and on-board provisions.  

b. Concept. Subject ive d a t a  were pe r iod ica l ly  obtained 
from each crewman on QA environment, i n t e r n a l  a r c h i t e c t u r e ,  adequacy 
of mobil i ty  a i d s  and r e s t r a i n t s ,  food and water, garments and personal 
accouterments, personal hygiene, housekeeping, i n t e r n a l  communications, 
and the adequacy of off-duty a c t i v i t y  provis ions.  Film sequences of 
se l ec t ed  a c t i v i ; i e s  which demonstrated crew a d a p t a b i l i t y  to zero gravi -  
t y ,  and measurements of environmental parameters wi th in  the OA, were 
also ot-ained t o  supplement the subjec t ive  eva lua t ion  da ta .  

c. HarJware Descr ipt ion.  Portable  measuring instruments 
used by the crew t o  supplement subjec t ive  comments and shown i n  f igu re  
IV-6, are: 

Instrument A p p l  icat  ion  

V e  lome t er (Port ab le) For measuring a i r  movement ve loc i ty  
withiq the QA. 

Measuring Tcpe 
(Port a blo 

For measuring d i s t ances  t o  eva lua te  
per t inent  s i z e s  and locat ions.  

Sound Level i'leter For measuring sound pressure l eve l s  
(Portable) i n  che OA. 

Frequency Analyzer For analyzing the  sound spectrum 
(Portable) wi th in  the  Oe 
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2. Experiment Operation. C r e w  t a sks  and a c t i v i t i e s  assoc ia ted  
with the  h a b i t a b i l i t y  eva lua t ion  were arranged and categorized i n t o  
Functional Objectives (FOs). 
f l i g h t  plans a t  moments of opportunity,  and a t  o ther  times when a c t i v i -  
t ies to be photographed were being performed. 
t i v e s  are summarized i n  Tables I V - 2 ,  I V - 3 ,  and IV-4. 

They were scheduled i n t o  the crew d a i l y  

The func t iona l  objec- 

Nineteen (19) of twenty (20) baselined func t iona l  ob jec t ives  
vere performed during the SL-1/2.mission represent ing  100% of the  
fl ight-planned objec t ives  and 97% of the basel ined objec t ives  (see 
t ab le  IV-2). 

A l l  e ighteen (18) basel ined func t iona l  ob jec t ives  were p e r -  
formed during the SL-3 mission, represent ing 100% of both f l i g h t -  
placned and baselined objec t ives  (see t a b l e  I V - 3 ) .  

A l l  n ineteen (19) baselined func t iona l  ob jec t ives  were pe r -  
formed during the SL-4 mission, represent ing 100% of both f l i g h t -  
planned and baselined objec t ives  (see t a b l e  I V - 4 ) .  Two a d d i t i o n a l  
FOs (20 and 21) were approved during the SL-4 mission, and were per- 
ftrmed l a t e  i n  the  mission. These objec t ives  ( spec ia l  eva lua t ion  of 
"mushroom"-type shoe r e s t r a i n t s ,  and a photographic sequence showing 
the crew up-dating check l i s t s )  were proposed by the PI. 

No d i f f i c u l t i e s  were reported by the crew concerning the use 
of check l i s t s  and procedures during the SL-1/2, SL-3, and SL-4 mis- 
s ions ,  except with the  portable  sound l e v e l  meter/frequency analyzer .  
The reported d i f f i c u l t y  during SL-1/2 i s  discussed i n  paragraph 4c. 

3. Constraints .  The experiment c o n s t r a i n t s  were success- 
f u l l y  met during the missions. 

4. tiarduare Performsnce. Summaries of experiment and o ther  
opera t iona l  usdges of the M487 portable  measuring instruments through- 
out the three mmned missions a r e  presented i n  paragraph5 4a through 
4e. 

a .  D i g i t a l  Thermomrttr. Durina a c t t v a t i o n  (DOY i47) on 
the SL-1/2 mission, the crew used the d i g i t a l  thermometer t o  obta in  
random, @pot measureme ts of sur face  temperaturzs i n  the OWS. The 
following temperature measurements compared c lcse ly  
and telemetcred v a l u e s  received during th, p rehabi ta t ion  F2riod: 

i t h  the estimated 

Locker W747 (M487 Stowage) 1 0 4 3  
Locker F555 (IMSS) 1 060F 
- x k e r  F555 (Food) llOoF 
Locker F562 (Fnod) 1 160F 
Film V a u l t  106 F 
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No d i f f i c u l t i e s  were reported while using the d i g i t a l  ther -  
mometer. 
mometer response t i m e  was too lengthy. 
s p e c i a l  i nves t iga t ion  was conducted t o  determine whether estimated 
temperatures i n  excess of 125°F would have any e f f e c t  on the  s e l f -  
contained ba t t e ry  i n  the unit.. Experiment Developer and vendor invas- 
t i g a t i o n  results indicated t h a t  temperatures ranging between t h e  spec i -  
f i e d  limit of 1 4 0 9  and 160% could be experienced before ba t t e ry  o u t -  
put and l i f e  would be influenced. 

However, crew debr ie f ing  comments indicated t h a t  the ther -  
P r i o r  t o  i n i t i a l  usage, a 

Throughout the  SL-3 and SL-4 missions,  the crew used the  d i g i -  
ta l  thermometers t o  obta in  opera t iona l  measurem?nts of sur face  tempera- 
tures i n  the OWS. 
the  measuring of b a t t e r y  pack and rate gyro surface temperatures t o  
de t ec t  any increase i n  the temperature gradien ts .  The thermometers 
were used ex tens ive ly  t3 obta in  random, spot  measurements of sur face  
temperatures aL se l ec t ed  loca t ions  throughout the OA. The d i g i t a l  
thermometers operated s a t i s f a c t o r i l y  throughout the SL-3 and SL-4 
missions.  

Extensive use was made of the thermometers during 

The d i g i t a l  thermometers were used a t  the conclus i tns  cf the 
SL-4 EVAs when temperatures of f i l m  c a n i s t e r s  and c the r  items being 
brought i n t o  the  AM were desired.  No opera t iona l  d i f f i c u l t i e s  or 
problems were reported by the SL-4 crew r e l a t i v e  t o  the  d i g i t a l  
thermometers. 

b. '.'elometer. The velometer,  used t o  ob ta in  random, spot  
measurements of a i r  flows throughout the 04, operated s a t i s f a c t o r i l y  
throughout the SL-3 and SL-4 missions with no d i f f i c u l t i e s  o r  problems 
reported by the  crews. Airflow measurements obtained indicated a i r  
f l o w  r a t e s  of less than two feet  per  minute within the G4 i n t e r i o r ,  
and g rea t e r  than 95 f e e t  pe r  minute immediately adjacent  t o  a i r  
d i f f u s e r  o u t l e t s .  

c .  Sound Level Meter/Frequency Analyzer. On Mission Day 
7 (DOY 151) of the  SL-1/2 missions the  Skylab Comrrinder obtained the  
M487 sound l eve l  meter, the  frequency analyzer  , t h ree  b a t t e r i e s ,  and 
connecti:lg hardware from Locker W749 and commenced the  performance of 
FO No. 7 (per Checkl is t  Item IA). A f t e r  i n s e r t i n g  the batteries and 
m c i n g  the  sound l eve l  meter and the  frequency ana lyzer ,  the Commander 
reported t h a t  he had experienced d i f f i c u l t y  c a l i b r a t i n g  the assembled 
un i t .  He reported t h a t  he was unable t o  obta in  the co r rec t  "K" f a c t o r  
adjustment (0.9). The maximum reading obtained was 0.7. Upon ground 
d i r e c t i o n  he obtained sound l e v e l  measurements througttuut the  OA; a 
constant  reading of 20 dec ibe ls  was obtained. 

The following day (DOY 152) the crew reviewed the M487 c a l i -  
b ra t ion  check l i s t  i t e m  an.! performe? a second c a l i b r a t i o n  attempt. 
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That t i m e ,  the c o r r e c t  "K" f a c t o r  adjustment v a l u e  (0.9) was obtained. 
Measurements obtained throughout the  OA ind ica ted  sound l eve l s  a t  o r  
near 55 dec ibe ls .  The d i f f i c u l t )  experienced on the previous day was 
a t t r i b u t e d  t o  a procedural error. 

lo l lowing  assembly and c a l i b r a t i o n  of the  sound l e v e l  meter 
and frequency analyzer  by the SL-3 and SL-4 crews, the combined i n s t r u -  
ments were again used t o  obta in  measuremeqts of the OA sound l e v e l s  
within varying sound frequency bands. 
average sound l eve l  of 50 dec ibe ls  a t  se lec ted  locat ions.  The sound 
l eve l  meterlfrequency analyzer  assembly operated s a t i s f a c t o r i l y  with 
no d i f f i c u l t i e s  o r  problems reported by e i t h z r  the SL-3 or  SL-4 crews. 

Measurements indicated an  

d. Ambient Thermometers. The ambient thermometers were 
used throughout the SL-3 and SL-4 missions t o  obta in  opera t iona l  
measurements of the ambient temperatures ar: selected loca t ions  throu%.i- 
ou t  the OA. 
thermometers were reported by the crews. 

No d i f f i - u l t i e s  ut problems assoc ia ted  with the ambient 

e. Force Gauge Assembly. The N487 force gauge assembly, 
used t o  obta in  measurements of "push-pull" fo rces ,  was used during the 
SL-3 mission i n  an a t t e m p t  t o  c a l i b r a t e  the Experiment TO13 force 
measuring un i t  (FMU) No. 2. The force gauge assembly was used during 
the SL-4 mission t o  obta in  "push-pull" fo rces  required t o  actuate and 
rctract the  advance/shutter lever  on the ExperimcRt SO19 spectrograph 
assembly. No problems o r  d i f f i c u l t i e s  w p r e  reported by e i t h e r  crew 
during use  of the M487 force gaugd. 

5. Experiment In t e r f aces .  The experiment i n t e r f aces  performed 
s a t i s f a c t o r i l y  during the missions.  

6. &turn Data. Data returned f o r  pos t f l i gh t  eva lua t ion  
included on-board tape-recorded crew comments and responses t o  qdes- 
t i onna i r e s  and were per iodica l ly  "dumped" t o  ground s t a t i  - f o r  sub- 
sequent de l ivery  t o  the PI. The 1.:487 experiment photogr.; was 
in tegra ted  throughout the 400-ft .  f i l m  c a s s e t t e s  returned followtng 
each , , ission. Appropriate scenes were r e t r i eved  through e d i t i n g  of 
each mission 's  t o t a l  f i l m  r e tu rn .  

7. Anomalies. No anomalies were i d e n t i f i e d  dur 
Skylab s i s s i o n s .  

ng the three  
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D. Experiment Po02 - Manual &migation Sightings 

Instrument Used 

Sextant 
Sextant 

Sextant 

Stadfmcter 

Sextant 
, StadimeterjSextant 

i 

a0 Principal Investigators are responsible for Experiment 
T002. 
cerned vith the mid-course navigational aspects, aod Lt. Col. Stanley 
U. M r s ,  0,s. Air Force Academy, was concerned with orbital nawiga- 
tion. 
Corporation, Syosset, New Pork, under contract to ARC. 

Ih. Bobert J. Bandle, NASA &s Research Center (ARC), was con- 

The experieent hardware was developed by ARC and by the lbllsmao 

Planned Number 
Observation of Performances 

Type (each mission*) 
U d -  b u r  s e 6 
Mid-Course 12 

Hid-Course 6 

Orbital 2 
Orbital 3 
Orbital 5 

1. Exper iment Description 

a. Objectives. h e  M o 2  objective was to determirw the 
c r ~ @ s  reliability to obtain data from a harrd-held sextant during 
extended we&@tless periods u s h g  mid-course navigation sightings. 
other objective va6 to evaluate an orbital navigation m e t M  using a 
band-held stadimeter and the sextant. 
extrapolated to estimate crewen's general ability for l o w  weightless 
periods to perform tasks that require dexterity and judgment. 

W e  

Data from this experiment can be 

b. Concept. A sories of 34 celestial o*Oi)erv&tiriub uil ~ a c h  
mission were to be performed to accomplish these objectives, (see table 
IV-5). Each performance was to consist of 10 to 15 sightings. 
course sightings uould consist of measuring the angles between stars, 
betueen a star and the won, and between opposite w o n  edges. These 
last t w  measurements would provide navigational information because 
the angles measured are dependent upon spacecraft position. Orbital 
sightings uould include two types: one using a stadimeter to measure 
the curvature of the earth's horizon as an indication of spacecraft 
altitude, and the other using a sextant to measure chr angle between a 
star and the earth's horizon. These orbital si&tings bere to be com- 
bined into an operational sequence. 

The mid- 

TABIS IV-5 TYPES OF Tori2 OBSERVATIONS 

Targets Used 

Star to star 

star to HO0I.l 

Across Moon 

Earth Horizon 
S t s  to Horizon 
Combined Operational 

(Horizon, and Star 

* Note: performance 

Sigtrtings 

to Horizon) 

two missions 
4 
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C. Hantvare Description. The tuo op t i ca l  instruments used 
during the experiment were a sextant  (figure! IV-8) and a stadisleter 
(f€gur@ IV-9)- 

The sextant  vas sieilar to a ccmmcm marine sextant,  and vas tc'  
smae type as used in the  Gemini progl-cpa, d t h  minor modifications. 
was used to measure angles betveen celestial bodies vfth resadout markings 
every thousandth of a degree. 

It 

'we stadimeter vas used to observe a segment of the earth 's  hori-  
zon curvature and measure the angle betweea the l i n e s  of s igh t  from the 
obsemt to the arc center and the  chord center. 
vas provided whereby reference points  could be located on the observed 
horizon and op t i ca l ly  aligned by a manual control. 
concentric control  knob pera i t ted  readout of the measured angle. 
spacecraft  a l t i t u d e  c o d d  then be determined from the angle measured and 
the planet 's  dibllseter. 

A s p l i t  op t i ca l  display 

The manually operated 
The 

Three addi t ional  components ass i s ted  i n  experiment performance. 
These were: a col laps ib le  hood for arrangement aver the wardroom window 
preventiog fztcmal Lighiily re f Iec t ions  (figure E-:$; a stazzgc Iacker 
cushion ( f igure IV-11) protected the instruments from launch loads and 
provided in-orbi t  storage; and a ba t te ry  t ransfer  case f a c i l i t a t e d  re- 
supply of the ins t rwaen t  i l lumination ba t te r ies .  

2. l3xRe rimen t Ope r a t  ion 

a. Summy. TOO2 was not planned or operated on SL-l/SL-2. 
It was planned fo r  operation on SI,-3 and SL-4, at the convenience of the 
crew and on a aoo-ioterference basis  with the other  experiments. During 
!&3, the experiaaent w a s  performed 32 times and during SL-4 it  was per- 
formed b times. 
IV-6. 

An experiment performance suamary is shown i n  t ab le  

b. SL-3 Operation. Experiment performances were fewer 
than planned, because of low experimect pr ior i ty .  Hid-course s igh t ing  
da ta  Lndicated sa t i s f ac to ry  hardware performance through the 49th day 
(IiUY 2571, the last TOO2 operation during -3. Orbital  s igh t ing  data 
indicated sa t i s f ac to ry  hardware operation although the ear th 's  d i f  fuse 
and non-uniform horizon resu l ted  i n  lower qua l i ty  data  than desfred. 
These horizon charac te r i s t ics  resul ted i n  delet ing the combined SL-4 
operational sightings.  

c. S t - 4  Operation. High negative beta  mgles  i imited the 
o r b i t a l  s ight ing opportunities from the wardroom window. 
only one period (7 days long) occurred when the n i a t  ear th  horizon was  
v i s i b l e  from the wardroom window. 
large beta angles and by the viewing opportuni t ies  avai lable  during the 
mission span. 

For example, 

&on sight ings were limited by the 

Specif ical ly ,  launch occurred j u s t  a f t e r  an opportunity 
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3 
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Planned 1 Accomplished f 
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cnd re-entry occurred a t  the  start ol another  opportunity.  
t w o  lunar  viewiag periods exis ted  during almost th ree  months i n  o r b i t .  
C r e w  assignments to o ther  t a sks  r e s u l t e d  i n  25 experiment performances. 

Thus only 

A l l  SL-4 mid-course s i g h t i n g s  (except t he  last t w o  sessions)  
produced unusable d a t a  because of a procedural devia t lon .  
i t e m  reqcired remwal of the  wardroom window transparent  pro tec t ive  
s h i e l d  p r i o i  t o  performing T002. Sight ings through t h i s  s h i e l d  r e s u l -  
ted i n  l a rge  b i a sas  and l a rge  standard devia t ions ,  demonstrating the 
need f o r  a high-quality o p t i c a l  aindow. The last t w o  mid-course 
s igh t ings ,  performed with the  pro tec t ive  rihield remoued, did show t h a t  
nominal b i a ses  and nominal s t a d a - d  devia t ions  could be achieved. The 
last TG02 operat ion was on the  69th day (DOY 02.3). Stadimeter measure- 
ments were p a r t i a l l y  degraded t y  t he  aardroom window pro tec t ive  s h i e l d ;  
however, most of t h i s  e f f e c t  was masked by the d i f f u s e ,  non-uniform 
horizo3 c h a r a c t e r i s t i c s .  

This 

3. Experiment ConstrainLs. A l l  experiment c o n s t r a i n t s  were 
s a t i s f i e d  except that during SL-4 a l l  performances occurred i n  the 
last half  of t he  mission. MRD Performance Conditions s t a t e d  t h a t  
they were t o  be d i s t r i b u t e d  equal ly  i n  time throughout t he  mission or 
half  the "perations were t o  be i n  the  f i r s t  ha l f  of t he  mission and 
the  remainder i n  t h e  second h a l f .  This d i s t r i b u t i o n  w a s  to provide a 
measure of t he  crewman's proficiency change. This c o n s t r a i n t  was not 
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met due t o  crew a c t i v i t y  on o the r  t a sks  and r e s u l t e d  i n  l o s s  of 
stat is  t ical  proficiency v a r i a  t iort d a t a  . 

4. Hardware Performance. Experiment hardware performed 
s a t i s f a c t o r i l y  on Skylab and is s u i t a b l e  f o r  laborator17 type, experi- 
mental missions. For example, i t  is usable f o r  a n  o r b i t a l  test of 
i r r ad iance  ( t h a t  is, the  tendency of a b r i g h t ,  extended sur face ,  
against a dark background to appear l a r g e r  than ac tua l ) .  However, 
S!cylab opera t ions  ind ica ted  t h a t  improvements i n  experiment hardware 
would pe rmi t  easier manual opera t ion  and greater p rec i s ion  (measurement 
r e l i a b i l i t y )  for emergency and long-duration in t e rp l ane ta ry  missions,  
These improvements are : 

a. It isas reported during both missions t h a t  t he  i n s t r u -  
ment adjustment knobs could be bumped or j a r r e d  upon release, causing 
a measurement ind ica t ion  s h i f t .  
or new approaches, *ich could inclitde a technique f o r  r ap id ly  and 
p rec i se ly  r e s e t t i n g  the instrument t o  a new angle,  while providing 
f o r  f i n e  adjustments. 

This could be minimized by redesign 

b, During both missions the crew reported d i f f i c u l t y  i n  
loca t ing  a s p e c i f i c  star i n  the  sex tan t  field-of-view (POV). A v a r i -  
ab le  FOV could a l l e v i a t e  t h i s  d i f f i c u l t y ,  provided o the r  c o n s t r a i n t s  
of a hand-held instrument such as s i z e  and weight could be met. A 
wide FOV eases star i d e n t i f i c a t i o n  a.:d a ?arrow FOV improves precision. 

c. SL-3 crewman reported stadimeter s t ray  l i g h t  leakage. 
P o s t f l i g h t  crew debr ie f ing  e s t ab l i shed  t h a t  the l i g h t  source was ex te r -  
nal t o  the  instrument. This w a s  not pursued f u r t h e r  f o r  Skylab, 

d. It was reported during SL-3 t h a t  a ba t t e ry  d ischarge  
occurred when instruments were s to red  with the  re t ic le  l i g h t  on. 
Power should be obtained from the  spacecraf t  and disconnected dur ing  
s torage ,  thus  e l imina t ing  a l l  problems of s p e c i a l  b a t t e r i e s .  

e. While the  voice recording technique f o r  recording 
timing measurements proved accura t e ,  naviga t iona l  app l i ca t ions  could 
use  d i r e c t  input to  a computer. 
app l i ca t ions ,  a mechanical s t o p a t c h  and wristwatch timing technique 
(as proposed f o r  opera t iona l  s igh t ings )  could be used. One crewman 
suggested a d i g i t a l  time d i sp lay  i n  the  FOV t o  be frozen a t  the  in -  
s t a n t  of measurement. A l s o  suggested was a modification t o  include 
t h e  da t a  d i sp l ay  i n  the instrument FOV t o  avoid readaption of the  
ope ra to r ' s  v i s i o n  f o r  subsequent s igh t ings  and readings.  

For manual emergency o r  back-up 

f .  Tine wardroom window hood was reported t o  be e f f e c t i v e  
and necessary i n  reducing r e f l e c t e d  glare, but awkward t o  handle, 
s h i e l d  o r  p a r t i t i o n  in t eg ra t ed  i n t o  the  spacecraf t  could provide a 
b e t t e r  ope ra t iona l  s i t u a t i o n .  

A 
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5. Experiment In t e r f ace .  A l l  i n t e r f aces  proved sa t i s f ac to ry .  

6. Return Data. No physical da t a  was returned t o  ear th .  A l l  
experiment da t a  was contained i n  voice r e c o r d i q s .  
cordings and voice t r a n s c r i p t s  have been supplied to  t h e  PIS. These 
voice t r a n s c r i p t s  proved adequate, although 9 mre complete experimen; 
performance could have been obtained with r a l - t i m e  dialogue between 
the  experimenter and the operator.  
data have been supplied t o  the  PIS. 

Magnetic tape re- 

Housekeeping telemetry and SKYBET 

7. Anomalies. No anomalies occurred i n  hardware operation. 
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E. Experiment TO03 - In-Plight Aerosol Analysis 
The Principal Investigator for Experiment TO03 is Dr. William 

2. Leavitt, U. S. Department of Transportation, Transportation Systems 
Center, Cambridge, Mass., which was the Hardware Developer. 

1. Experiment Description 

a. Objectives. The objectives were to: measure the space- 
craft aerosol particulate matter concentration and distribution during 
each Skylab mission as a function of time Lnd location; and return the 
collected aerosol particles and the logged data for postflight analysis. 

b, Concept. Numerous investigations have been made into 
various optical methods of counting and sizing small aerosol particles 
having unknown indices of refraction. Th, Skylab instrument was to 
utilize an optical detection system which would identify particles 
essentially by size alone. 

The instrument was to detect and count minute particles and iden- 
tify particle size in ranges. The detector output signals were to con- 
sist of electronic pulses, related in amplitude to particle size. Each 
signal was to be directed into one of three registers, depcnding on the 
pulse amplitude. 
particles in a selected size rmge. 
the instrument and a fixed countfng time,' each register's accumulated 
count could be calibrated to give the volumetric particle concentration 
of the corresponding size interval in the sampled atmosphere. 

Each register was to icdicate the number of accumulated 
With a fixed known air flow through 

c. Hardware Descriptim. The aerosol analyzer (AA), (see 
figure IV-12) a multi-channel, battery-Dperateb, particle counter, was 
capqble of sorting aerosol particles la-ger chan one micron into three 
size groups: 1 to 2 microns, 3 to 9 microns, and 9 to 100 microns. The 
counter results were displayed at &second incervals for each of the three 
channels. The instrument contained a particulate collection system, so 
that postflight analysis could ascertain particle shape and composition. 

The experiment equipment (figure IV-13) and functions are: 

Experiment: Hardware Function 

Aerosol analyzer To house the AA, the filter insert 
stowage container container assembly, log cards and 

clips. 
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All dlunsions in  Inches 

th dovetail (which 
interfaces with 
r l ib  ass M 
rrbrtor  launch 
container) i s  
mwnted on this 
s i b  of aerosol 
mlytrr 

Log card ta k 
inserted a t  this 
location for data 
collection 

FIGURE IV-12 AEROSOL AlULYZER 
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Experiment Hardware Function 

Aerosol analyzer  The AA consis ted of four subsystems; 
the  pneumatic subsystem, the o p t i c a l  
subsystem, the f i l t e r  subsystem, and 
the e l e c t r i c a l / e l e c t r o n i c  subsystem. 
L i r  drawn i n t o  the AA by the  pump 
passed f i r s t  through an  i l luminated 
sampling volume. A s e l ec t ed  por t ion  
of the l i g h t  s ca t t e r ed  By each aero- 
sol p a r t i c l e  (30° t o  5.3 angle,  con- 
p l e t e  cone around the o p t i c a l  ax i s )  
was detected by a photomult ipl ier  
tube (PM), causing a PM pulse  s igna l  
which is  r e l a t ed  i n  amplitude t o  the 
sca t t e red  p a r t i c l e  size.  The pulses  
were sor ted  i n t o  three  d i s c r e t e  ampli- 
t u d e  i n t e r v a l s  and the count accumu- 
l a t ed  i n  each i n t e r v a l  during the 
sampling time, which commenced auto- 
mat ica l ly  a f t e r  an i n i t i a l  purging 
period. A t  the  end of the d isp lay  
period, the AA shut i t s e l f  o f f .  The 
AA was designed t o  operate 'without  
s a tu ra t ion  i n  atmosphere containing 
severa l  mi l l ion  p a r t i c l e s  per cubic 
foot ,  which was f a r  g rea t e r  than the 
p a r t i c u l a t e  concentrat ion i n  the 
spacecraf t .  There were no inputs  
o ther  than the a i r  intake.  The AA 
output was a d isp lay  iden t i fy ing  the 
channel ind ica t ing  p a r t i c l e  s i z e  
range, the number of counts,  and the 
occurrence of an overrun i f  the count 
exceeded 9999 on a channel. 

F i l t e r  insert To house the f i l t e r  insert pro tec t ive  
container  frame Yziitainer assemblies. 

F i l t e r  i n s e r t  pro- To house the AA f i l t e r  insert assemb- 
t e c t i v e  container  
assemblies 

l i e s  and the dummy f i l t e r  i n s e r t  
a s  semb 1 y . 
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Experiment Hardware Function 

F i l t e r  i n s e r t  
assemblies 

Dummy f i l t e r  
i n s e r t  assembly 

NOTE: The f i l t e r  i n s e r t s  ( i l l  t h e i r  
p ro t ec t ive  containers)  were 
returned t o  ea r th  a t  the con- 
c lus ion  of each mission. 

To c o l l e c t  the measured aerosol  par- 
t i c l e s  f o r  p o s t f l i g h t  ana lys i s .  

To keep the empty f i l t e r  i n s e r t  pro- 
t e c t i v e  container  assembly f r e e  from 
poss ib le  contamination p r i o r  t o  and 
during launch, during experiment 
operat ion,  and a l s o  between f l i g h t s .  
Was i n s t a l l e d  i n  AA a t  the conclu- 
s ion  of SL-4 .  

Log cards  and c l i p s  Log card t o  be placed on face o f  AA 
and used t o  record the following 
e xper imen t da t a: 

F i l t e r  pos i t ion ,  GMT (day, hour, 
min) and the number of p a r t i c l e s  
counted (as displayed i n  each chan- 
ne l ) .  

NOTE: The log cards  and c l i p s  were 
rdturned t o  ea r th  a t  the con- 
c lusion of each mission. 

2. Experiment Operation. The AA was operated on a l l  Skylab 
missions. Daily measurements were made a t  the stowage loca t ion  as well  
as o ther  per iodic  measurements taken a t  designated loca t ions  throcghout 
the spacecraf t .  (Refer t o  f igu re  IV-14.) Table IV-7 lists a l l  experi-  
ment operat ing loca t ions  and associated crew s t a t i o n  numbers, as wel l  as 
the corresponding f i l t e r  s e l e c t o r  numbers r e l a t e d  t o  these opsra t ing  loca- 
t ions.  

Crew tasks  assoc ia ted  with the  measurements were arranged and 
categorized i n t o  Functional Objectives (FOs). The FOs were scheduled 
i n t o  the crew's d a i l y  f l i g h t  plan. The number assignment, desc r ip t ion ,  
and s t a t u s  of each FO are  shown i n  t ab le s  N-8, IV-9, and IV-10 f o r  each 
mispion. A l l  measurement r e s u l t s  were recorded OF the experiment log cards. 
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FIGURE IV-14 MEAS- STATIONS FOR AJ3-L ANAL- 
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The crew experienced no d i f f i c u l t i e s  i n  performing the experiment objec- 
tives during any skylab mission. 

skylab Measurements Measurcnen ts 
Mission aheduled Taken 

1 1 

SL-112 114 73 
SL- 3 182 106 
SL-4 24 2 21 1 
SL-1/2, 3, & 4 538 390 

3. Experirent Con~ t ra in t s .  A l l  erperiment constraints  were 
s a t i s f i e d  

Mission 

SL-lj2 
SL-3 
SL-4 

4. Bardware Performanc. * '  - .  AA operated successfully on 
24 consecutive days of the schedulea 
of the scheduled 59-day mission (SL-3), .... :d on 80 consecutive days of  
the scheduled 85-day mission (SL-4). A total of 390 measurements (of 
the scheduled 538) were taken. 
aents  per t inent  t o  the operation, performance, and handling of the ex- 
periment hardware were consis tent ly  favorable. 

y mission (SL-1/2), on 49 days 

(Refer t o  table  IV-11.) The crew's com- 

Returned-to-Earth Data 
end Quem i t Ces 

Used Used Log 
F i l t e r s  Cards * 

1 : *  
1 5 *  
1 13 * 

5. Exwriment Interfaces. A l l  experiment in te r faces  were 
s a t i s f a c t o r i l y  met. 

6. Return Data. There were t w o  types of returned data: 
the fl ight-assigned f i l t e r  i n s e r t  assembly and the annotated log cards. 

(Refer t o  table XV-12.) 
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F. Experhen t  TO13 - C r e w  Vehicle Disturbances 

The P r inc ipa l  Inves t iga tor  f o r  Experiment f013 is M r .  Bruce A. 
Conway, NASA Langley Research Center ,  Hampton, Vi8:;inis. 
ware Developer was Nar t in  Marietta Aerospace. Deawr ,  Colorado. 

The Hard- 

1. Experiment Description. 

a. Object ives .  The ob jec t ives  were: t o  measure the 
e f f e c t s  of var ious crew motions on the amnneG spacecraf t  dynamics 
( spec i f i ca l ly  the torques,  fo rces ,  and vehic le  motions produced by 
the  a s t ronau t ' s  body motions); t o  v e r i f y  information obtained from 
ground s imulat ion experiments; and to  determine the  as t ronaut  m t i o n  
e f f e c t s  on the  veh ic l e  a t t i t u d e  and cont ro l .  

b. Concept. The concept was to  u t i l i z e  appl ied-force 
measuring devices  and continuous body-limb pos i t i on  ind ica to r s  
a t tached  to the  crewmen i n  conjunction with e x i s t i n g  spacecraf t  
point ing and a t t i t u d e  con t ro l  systems.  The crewmen were to  perform 
s p e c i f i c  and t ime-correlated t a sks  which w e r e  to  impact the space- 
c r a f t  point ing and a t t i t u d e  con t ro l  sys tems.  

c. Hardware Description. Astronaut body motion w a s  
measured by the  limb motion sensing assembly (LIEIS), which cons is ted  
of a s k e l e t a l  s t r u c t u r e  incorporated i n t o  a f l i g h t  t y p e  s u i t ,  wi th  
major body j o i n t  p ivots  (see f igu re  IW-15). 
by a l i n e a r  potentiometer which provided a continuous measurement of 
body limb pos i t ion  as  the subjec t  as t ronaut  performed thc  assigned 
task. Tvo 16mm d a t a  a c q u i s i t i o n  cameras (MC) provided on-board 
motion p i c tu re  photography. 

Each p ivot  was monitored 

A force  measuring system (FMS), cons i s t ing  of two force  
measuring u n i t s  (FMUs) at tached t o  the  OMS walls (see f igu re  I V - 1 6 ) ,  
was used t o  measure the  forces  and moments appl ied to the OWS s t r u c -  
t u r e  during the crewmen's assigned movements. Figure IV-17 shows the 
limb stowage conta iner  which protected the  LIMS from launch v ib ra t ion  
environment . 

The LIMS and FMS measurement d a t a  was processed and telemetered 
k i t h  ihe  retil-Liiw transxissioa of the appl icable  A1M point ing con t ro l  
systcm d a t a  to the ground. 

The experiment da ta  s y s t e m  (EDS) (see f igu re  IV-15) converted 
the  LIMS and FMS analog a igna le  t o  a serial d i g i t a l  wave t r a i n  and 
routed the da t a  to  the  Air lock Module (AM) experiment tape recorder.  
The AM timing s i g n a l  was routed t o  the EDS to  provide da ta  timing 
co r re l a t ion .  The EDS was mounted on the experiment compartment f l o o r  
between PMUs No. 1 and 2. 
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2 .  Experiment Operat ion. Experiment TO13 was not scheduled 
f o r  operat ion on SL-l/SL-2. Several groups des i red  the information 
from TO13 (i.e.,  ATM experiments; AIM a t t i t u d e  point ing and con t ro l  
systems; and ATM experiment point ing and con t ro l  cystems). 
were seve ra l  meetings and working sess ions  t o  assure performance 
ea r ly  during the SL-3 mission. 
successful .  
Experiment a c t i v i t i e s  are discussed below: 

There 

The experiment opera t ion  was genera l ly  
A complete operat ion summ&ry is presented i n  t a b l e  IV-13. 

a. Pre-operat ional  checkout. The experiment sys t ems  were 
checked out on DOY 226. A l l  sys tems (other  than the  limb motion sen- 
sor) were ac t iva t ed  and were nominal. 

b. Operation. The experiment was ac t iva t ed  and operated 
experiment set-up by the Commander; on DOY 228. 

conducting task  3 over ground s t a t i o n  Vanguard; conducting t a sks  1 
and 2; and repea t ing  t a s k s  3, 1 and 2. 
below: 

The tasks included: 

Task d e f i n i t i o n s  a r e  presented 

Task 1. Gross body motions - The following motions were per- 
formed while the subject  was constrained t o  FMU No. 1: r i g h t  and l e f t  
arm and leg  motions, t o r s o  motions, breathing,  z x e z i n g  and coughing. 

Task 2. Simulate console operat ions - The subject  simulated 
the f l i pp ing  and r o t a t i n g  of con t ro l  panel zwitches while r e s t r a ined  
to PEW No. 1. 

Task 3. Worst case inputs  - The Commander performed rapid 
arm and leg  movements, a1d soared between the FMUs. The P i l o t  joined 
the Commander i n  performing soar ing maneuvers i n  unison. ?\e P i l o t  
soared between the food locker and f i l m  vau l t .  

Crew comments indicated t h a t  the experiuent was s t r a i g h t -  
They d id  not forward and no opera t iona l  problem was encountertad. 

successfu l ly  operate  the DACs during the task  3 sequence. Their 
comment was tha t  they d id  have t h ?  t e l e v i s i o n  camel-a "ON" and they 
indicatcd they d id  rerun t a s k  3 with the W C s  on, but t h i s  sequence 
was not performed over a ground t racking  s t a t i o n .  The P I  propcsed 
running another task  3 without requi r ing  the as t ronaut  t o  don the 
limb motion sensor garment. This task  w a s  approved by the F l i g h t  
Management Team (FMT) and was performed on DOY 242. 
I h k  
2. The FMU load c e l l s  No. 4 and 5 went of f  sca le  high during the 
"worst case input .'# 

A review of down- 
telenetry i d i c a c e i  tilat an  anomaly had occurred on FMU No. 

c.  FMU No. 2 malfunction procedure. A malfunction pro- 
cedure vas performed by the crew on DOY 240 t o  ascer ta i l l  i f  the FNU 
No. 2 anomaly was purely mechanical. The procedure included a r e c a l i -  
b ra t ion  of FMU No. 2, u t i i i z i n g  che M487 force  gauge. The as t ronaut  
was ins t ruc ted  t o  push the gauge i n t o  the FMU sense p l a t e  center  and 
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t o  "mark" via voice cuununication whsn the gauge read 5 ,  10, 15, 20, 
25, 30, 35, and 40 pounds; a 15 pound force ,  both a push and a p u l l ,  
was appl ied t o  the sense p l a t e  edges. It may be possible  from t h i s  
t e s t  f o r  the PI t o  ob ta in  information from the remaining Four load 
c e l l s  t h a t  would enhance h i s  ove ra l l  capab i l i t y  of de l in ing  the 
a c t u a l  loads seen on tha t  un i t .  

d. CheLkout anu r eca l ib ra t ion .  The experiment was r e c a l i -  
brated on DOY 241 before operat ing t a sk  3 f o r  t h e  t h i r d  time. The 
Commander performed add i t iona l  ca l ib ra t ions .  This has  given ihe P I  
exce l len t  data fo r  ana lys i s .  

e. Re-run t a s k  3 due t o  DAC iiot being ac t iva t ed .  A r e -  
run of the "worst case iaputs"  (task 3) was t r i e d  on DOY 242 ,  but 
the TO13 experiment da ta  sys t em was inadve r t e r t l y  turned OFF. 
dump tape voice record indicated tha t  the EDS POKER switch was turned 
OFF and no d a t a  was received from the experiment. 
sen t  t o  tLe crew on t h i s  sub jec t ,  but t h e i r  response was t h a t  they 
were not sure.  A re-run was requested t o  ve;.ify t h e  problem was a 
procedural e r r o r .  

The 

A quest ion was 

f .  Re-run task  3 duc t o  experiment da ta  system i > O t  being 
ac t iva ted .  A f t e r  c a re fu l  and thorough inves t iga t ion  of t h e  experiment 
a c t i v a t i o n ,  the crew again performed t a s k  3 on DOY 2 4 7 ,  -411 systems 
worket: nominally, o ther  than the same two malfuncticniiig load c e l l s  on 
FMLI No. 2. The experiment and housekeeping da ta  were received a n d  a r e  
being analyzed a t  Langley Research Center. 

3. Experimept Constraints .  The experimi.nt cons t r a in t s  were 
successful ly  met during the mission. 

4.  Hardware Performance. The hardware performed c 'sccl lcnt  l y  
i n  accomplishing thc experiment ob jec t ives .  Although a malii-ncLion 
occurred on load c c l l s  4 and 5 of FMU No. 2 ,  a wdrk-around ulas per- 
formed t o  rcca l ibrace  thc u n i t  while i n  o r b i t .  Addi t ional  c a l i b r a t i o n  
da ta  was obtained and w i l l  be u t i l i z e d  during daLa 3nalysi.c I t  i s  
possible  t h a t  some q u a l i t y  da ta  cac be ob ta inc j  from t h c  dining 
four  load c e l l s .  

No probleins were iden t i f  icd w i t h  the rcmaining hattiwarc (FMU 

The experiment ' s  objec t ives  were completed although Ihc 
No. 1, limb motion sensor ,  LIMS stowage container  and experiment da ta  
system). 
experiment da ta  system was inadvertent ly  turned off during one run, 
and an "out of synchronization" timing s igna l  necessi ta ted obtaining 
one r u n  from the grcund s t a t i o n  raw experiment data tape 

C r e w  de t r i c f  ing commenis on TO13 operat ion included : "St.3wagc 
and iinstoware was simple and s t ra ightforward.  No comments. T!ie s u i t  
f i t  well .  No revarks there". And, " i t ' s  easy t o  run, i t ' s  easy t o  
r i g  ou t ,  and the cameras a r e  easy t o  put i n  pos i t ion  and i t  i s  q u i t c  
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easy  to move back and f o r t h  between the  FWs. I thought t h a t  was going 
t o  be one hard thing p re - f l i gh t  but i t  turned o u t  to  be one of the  
easier." 
opera t iona l  problems. 

The conclusion is t h a t  t1.e as t ronaut  experienced no major 

5.  Experiment Ic te r faces .  The experiment i n t e r f a c e s  performed 
s a t i s f a c t o r i l y  during the mission. 

6. Return Data. The daLa o the r  than telemetry, included 930 
f e e t  of SO168 colored f i lm,  voice t r a n s c r i p t s ,  and crew log books. 

7. Ar.omalies. The only anomaly t h a t  occurred w a s  the  F W  
load c e l l  malfunction. 
ana lys i s  and the  coix1::sions are discussed i n  the  followirkg: 

Langley Research Center conducted a f a i l u r e  

The F'XS was v e r i f i e d  on DOY 226 with a l l  sys t ems  nominal. 
FHU Sa. 2 load ce l l s  (4 and 5) were s t r e s sed  during the  DOY 228 
performance of t ask  3 ( w o r s t  case operat ions)  such t h a t  t h e i r  ampli- 
f i e d  output ex.eeded f i v e  v o l t s  a d  maintained t h i s  condi t ion  there-  
a f t e r .  

Possible  causes f o r  these permanent overscale  readings are: 

Mechanical binding o r  deformation of FHU component 
port ions,  such tha t  a compressive preload was main- 
ta ined on the  two a f f ec t ed  load c e l l s ;  

Damagelbond f a i l u r e  between the semiconductor s c r a i n  
gage and the load c e l l  beam. 

A malfunction procedure uas performed by the  crew t o  ascer -  
t a i n  bhether the problem was purely mechanical. 
inspec t ion  from :his malfunction tes t  ind ica ted  inconclusive r e s u l t s .  
The t w o  load ce l l s  remained i n  as  overscale  condi t ion a f t e r  the mal- 
funct ion procedure w a s  ca r r i ed  out.  The o ther  four  load ce l l9  on 
FMU No. 2 exhibi ted a s l i g h t  "zero" s h i f t  i n  t h e i r  amplitude outputs ,  
simultaneous with the o f f sca l e  s h i f t s  i n  load ce l l s  4 and 5 .  The 
"zero" s h i f t s  were permanent. The o the r  i ou r  load cel ls  continued t o  
respond i n  a nominal manner. 

Preliminary da ta  

Based on the da t a  s v a i l a b l e  from the TO13 runs, i t  appears 
t ha t  the l i k e l y  condi t ion producing the  load c e l l  anomalies cons is ted  
of the astronqut  applying a large bending torque t o  the  FMU No. 2 
sense p l a t e  during an impact, o r  landing from a free-soar ing maneuver. 
The 6 load c e l l  readings from FMU No. 2 ,  during the half-second p r io r  
t o  the o f f sca l e  values f o r  load ce l l s  4 and 5 ,  indicated tha t  a com- 
bined torque of approximately 24 f t / l b s  was being appl ied i n  conjunc- 
t i o n  with a net  force of 'O+ lbs. This pa r t i cu la r  input  could r e s u l t ,  
f o r  example, by a cotdlina: pushing on the  upper r i g h t  corner  and 
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pu l l ing  on the  lower l e f t  corner;  o r  i t  could be caused by a tw i s t ing  
input t o  the portable handnold mounted on PMU No. 2. 

Forces as high as 70 lbs .  were input to  t h e  sense p l a t e  during 
A fo rce  of t h i s  magnitude, i f  appl ied  o ther  por t ions  of tne TO13 run. 

t o  the  upper r i g h t  corner,  would cause o f f s c a l e  readings i n  the a f f ec t ed  
load c e l l s .  

The conclusion a t  t h i s  time, based on telemetry da t a ,  i s  that 
the  overscale readings from FMU No. 2 load c e l l s  4 and 5 were caused 
by appl ied  fo rces  and/or torques higher than the  des ign  measurement 
range f o r  the TO13 force  measuring system. It is  uncer ta in  whether 
the f a i l u r e  of the readings t o  r e t u r n  t o  nominal values following 
removal of t he  appl ied  loads w a s  caused by mechanical deformation, 
s t r a i n  gage bond f a i l u r e ,  o r  FMU signal condi t ioner  e l e c t r i c a l  
t a i l u r e s  ( the  latter being considered unl ike ly ,  s ince  a double 
f a i l u r e  would be required t o  render two load ce l l s  unusable). How- 
ever,  s ince  ze ro  s h i f t s  wre noted i n  load c e l l s  l ,  2,  3 and 6 ,  i nd i -  
ca t ions  are t h a t  mechnical deformation occurred. The r e t u r n  of one 
o r  both damaged load cel ls  tiould have been d e s i r a b l e  f o r  a more com- 
p l e t e  f a i l u r e  ana lys i s .  
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G .  Experiment T020-Foot-Controlled Maneuvering Unit 

The Pr inc ipa l  Inves t iga to r  f o r  Experiment TO20 i s  Mr. Donald 
E. Hewes, NASA Langley Research Center,  Hampton, Virginia .  
ware Developer was the  Martin Marietta Aerospace, Denver, Colorado. 

The Hard- 

1. Experiment Description. 

a. Objectives.  The ob jec t ive  was t o  provide information 
per ta in ing  t o  the  design and use of an  uns tab i l ized  experimental maneu- 
ver ing  device by conducting in f l ig l i t  and ground based evaluat ions.  The 
information was t o  determine: 1) maneuvering a b i l i t i e s ,  2) design 
parameters and o the r  da t a  appl icable  t o  f u t u r e  opera t iona l  s y s t e m s  and 
3) correlhtion between the f l i g h t  t es t  and the  ground s imulators .  

b. Concept. The concept w?is t o  provide a r e l a t i v e l y  
simple maneuvering system as an  experimental  test bed f o r  use wi th in  
the  OWS and was not  t o  be an  opera t iona l  prototype. The system was 
to  provide a foot-control led maneuvering un i t  leaving the  a s t ronau t s '  
hands ava i l ab le  f o r  o the r  tasks .  It was t o  u s e  coaprcssei! nit rogen 
as a propel lant  and have no provis ions f o r  automatic s t a b i l i z a t i o n .  

c. Hardware Description. The Foot-Controlled Maneuvering 
Unit  (FCMU) provided support ,  3 sea t  and crewman r e s t r a i n t s  and con- 
ta ined the  t h r u s t e r s  and the foot-operated con t ro l  devices.  The 
t h r u s t e r s  were located below and outboard of the  crewman's f ee t .  The 
propel lan t  e f f o r t  was provided by ambient-temperature-compressed n i -  
t rogen gas suppl ied t o  the th rus t e r s .  
contained wi th in  the  backpack strapped t o  the  crewman's back. 
hardware i s  shown i n  the  stowed and opera t iona l  modes i n  f igu res  
IV-18 and IV-19 respec t ive ly  . 

The propulsion gas  tank was 
The 

2. Experiment Operation. 

a. Sky1.b 1/2. Experiment 1020 was ne i the r  a c t i v a t e d  nor 
operated on SL-l/SL-2. The propel lant  supply subsystem (PSS), used as 
a ni t rogen gas source f o r  experiments TO20 and M509, was successfu l ly  
ac t iva t ed  or DOY 161. 

b. Skylab 3. Experiment TO20 was performed th ree  times 
on SL-3. The CDR flew the FCMU i n  the  s h i r t s l e e v e  mode on DOYs 231 
and 241, and i n  the pressure su i t ed  Eode on DOY 256. 

c. Skylab 4. A modif icat ion k i t ,  containing r i g i d i z i n g  
brackets  and a d d i t i o n a l  r e s t r a i n t  s t ra i .3 ,  was knnched on SL-4 fo i  
use i n  overcoming d i f f i c u l t i e s  encountered during the SL-3 test  runs.  
The f i r s t  s h i r t s l e e v e  mode was performed on DOY 15, using the  r i g i -  
dized system. A second s h i r t s l e e v e  mode was performed on DOY 24 and 
evaluated both the  r ig id i zed  and non-rigidized systems. The s * -ed 
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mode was not accomplished due to the performance of a second 5' irt- 
sleeve mode and the shortage of available crew time. 

The atmospheric management techniques employed prior to, dur- 
iug and following each operation were successful in controlling the 

FIGURE IV-18. FCMU AND BACKPACK - STOWED CONFIGURATION 
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Obis atmosphere p a r t i a l  pressure of oxygen l e v e l s  and airf low v e l o c i t i e s  
were within t h e  des i r ed  l i m i t s .  

3. Experiment Constraints .  A l l  experiment c o n s t r a i n t s  were 
successful ly  m e t  during the mission with the  following exceptions: 

a .  Mission Rule 14-1, p roh ib i t i ng  experiment i n s t a l l a t i o n  
i n  the  SAL duziog TO20 operat ions,  w a s  v io l a t ed .  
considered acceptable  based upon a JSC s a f e t y  s tudy and real-time 
rva luz t ion  of t h e  circumstances. No d i f f i c u l t i e s  were encountered and 
the  r u l e  was de le t ed  October 23, 1973. 

This v i o l a t i o n  was 

b. The 16mm and 35m-1, type S0168, f i b  used f o r  TO20 
photography w a s  exposed t o  higher-than-predicted temperatures during 
the  y rehab i t a t ion  and e a r l y  manned phases of  t he  SL-112 mission. The 
f i l m  returned on SL-4 showed very no t i ceab le  degradation but has been 
found usable from the  da t a  eva lua t ion  standpoint.  

4. Hardware Performance. Experiment and r e l a t e d  hardware 
performed adequately throughout the  var ious tes t  runs.  Res t r a in t  
harness loosening during the  f i r s t  run allowed r e l a t i v e  motion 
between t h e  sub jec t ,  backpack and FCMU. The c e n t e r  of mass s h i f t  
r e su l t ed  i n  cross-coupling during t r a n s l a t i o n  and r o t a t i o n  maneuvers. 
P rec i se  con t ro l  inputs  were d i f f i c u l t  to achieve due to  the  FCMU 
movement between the s u b j e c t ' s  legs .  These  d i f f i c u l t i e s  were moder- 
a t e d  by a n  on-orbit  modification d u r i r g  SL-3 and a modification k i t  
launched on SL-4. The pneumatic and c o n t r o l  systems performed with- 
out inc ident .  

The performance of the  component u n i t s  is discussed individu- 
al!y i n  the  following paragraphs. 

a .  Foot-controlled Maneuvering Unit .  The F C M  performed 
w e l l  dur ing the  f i v e  t e s t  sequences, with no malfunctions reported.  
Several  noteworthy items pe r t a in ing  t o  the  u n i t ' s  performance a re :  

The crewman had d i f f i c u l t i e s  keeping h i ?  f e e t  i n  the  foot  
r e s t r a i n t s  during the SL-3 s u i t e d  run. He experienced an inadequate 
field-of-view i n  the  foot  d i r e c t i o n .  Evaluation of the  returned 
photographs e s t ab l i shed  t h a t  these d i f f i c u l t i e s  were caused by i m -  
proper harness adjustment which r e su l t ed  i n  the  crewman leaning back 
f u r t h e r  than desired.  The SL-4 crewman was unable t o  provide evalua- 
t i o n  of t h i s  problem because the planned suiLed run could not be 
scheduled. 

The SL-3 crewman reported t h a t  t he  con t ro l  input fo rces  seemed 
excessive f o r  the  s i t u a t i o n .  H e  noted t h a t  the forces  were much higher  
than those used during normal day-to-day t r a n s l a t i o n s  wi th i -  the  OWS. 
However, the SL-4 crewman considered the input forces  s a t i c  c to ry  and 
within the  range expected. 
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The SL-4 crewman epgerienced minor d i f f i c u l t y  i n  commanding the 
l e f t  toe-up i n p u t s a n d  a t t r i b , i t ed  t h i s  to a coordinat ion problem, unique 
t o  himself,  and accentuated by muscle tone changes due t o  70 days i n  
o r b i t .  

b. Backpack. The backpack performed within i:s design 
limits and no problems were encountered. 
run the crew reported t h a t  the solenoid valve was hot tc the  touch. It was 
v e r i f i e d  on the ground t h a t  t h i s  was normal. 
were changed reducing the  a c t i v e  t i m e  of the  solenoid valve by expadi- 
t i o u s  manual shutoff valve use. 

During checkout f o r  the f i r s t  

Subsequently, t he  procedure 

c. Harness. A loosening tendency i n  the resLra in t  harness 
system securing the crewman t o  the hardware, caused d i f f i c u l t y  during 
the  first TO20 test run on DOY 231. Temporary improvements were made 
using onboard r e s t r a i n t  s t r a p s  t o  supplement the harness .  This i m -  
proved harness system was used on the remaining SL-3 test  runs on DOYs 
241 and 256.  

A modification k i t ,  containing add i t iona l  r e s t r a i n t  s t r a p s  and 
brackets  f o r  r i g i d i z i n g  the backpack t o  the  FCMU, was provided f o r  SL-4. 
The k i t  components were i n s t a l l e d  p r io r  t o  the f i r s t  SL-4 da ta  run i n  
the  s h i r t s l e e v e  mode. The r e su l t i ng  r ig id i zed  conf igura t ion ,  shown i n  
f igu re  I V - 2 0 ,  exhibi ted improved performance c h a r a c t e r i s t i c s .  

A second s h i r t s l e e v e  run on SL-4 w a s  performed to  obta in 'addi -  
t i o n a l  da t a  a t  the crewman's request.  (Modification k i t  i n s t a l l a t i o n ,  
preparat ion and checkout of the  un i t  had required approximately one 
hour and f i f t e e n  minutes longer than predicted.)  T h i s  second run 
included added data- take t i m e  with the  r ig id i zed  system, followed by 
r i g i d i z i n g  bracket removal and eva lua t ion  of the  r e s u l t i n g  non-rigid 
system shown i n  f igu res  I V - 2 1  and I V - 2 2 .  

d. Batteries. The rechargeable b a t t e r i e s  used f o r  TO20 
operat ions were exposed to excessive ambient temperatures during the 
pre-habi ta t ion phase of the SL-1/SL-2 mission. Subsequent t e s t i n g  and 
evaluat ion showed t h a t  the b a t t e r i e s  had not been degraded and t h e i r  
use  was approved. 
b a t t e r y  charging during TO20 operations.  This system was M509 hard- 
ware t h a t  was used by T020. 

No problems were encountered with the b a t t e r i e s  o r  

e. Propel lant  supply subsystem. The PSS, including PSS 
tanks,  stowage rack and resupply s t a t i o n ,  performed s a t i s f a c t o r i l y  with 
the  exception of minor d i f f i c u l i t e s  experienced by the SL-4 crew, 
during attachment and detachment of the  quick disconnect.  
c u l t y  was a t t r i b u t e d  t 3  temporary binding wi th in  the  disconnect ,  
caused by manual misalignment and the  assoc ia ted  c lose  to le rances .  
The SL-2 and SL-3 crews d id  not  repor t  any problems of t h i s  nature .  
This system was M509 hardware t h a t  was used by T020. 

This  d i f f i .  
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FIGURE IV-20. TO20 RIGID RESTRAINT SYSTEM 
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NOTES: 
11111111 EXISTING STRAP 
%W NEU STRAP 

E EXISTING STRAPS AFTER 
IGHTEMIG TO AVOID SLIPPAGE. 

Ts ABOUT Y(WLDERS, 
INSERT A SMALL SPACER WOE OUT O f  

IF DESfREO, AN EQUlPfPNT R€STAAlwI 
TEfHEP HAY BE ADOED CROM DOCKING 
C!7TI!iG TO S!i@ULDER STPAPS TO PULL 

IF EQUIPMEIIT 9ESTRAINT TETHERS ARE 
USED INSTEAD OF NEW 1020 STRAPS: 

2 SKAP E # M  GO TO WAISTBELT. 
T I E  STRAPS (SNAPS ALONE ARE 

fOR NO. 1 STRAPS. SNAP/TIE 
NOT AOEQUATE) . 
5 SNAP END AROUID THRUSTER 
A S S E W Y  HOUNTING BRACKET 
INBOARO OF THRUSTER ASSEMLI 
(AROUND GRAY BRACKET AND An 
LOADING HOSES AND FUD BLUE 
FITTING. HAKE SURE LOOSE E N S  
of STRAPS ARE SNAPPEO AN0 CAN- 
NOT FOUL FOOT PEDALACTION. 

BLUE amcw FITTING). AVOID 

F I G U R E  IV-21. TO20 NON-RIGID RESTRAINT SYSTEM - REAR VIEW 
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FCMU 
FITTI 

FIGURE IV-22. TO20 NON-RIGID RESTRAINT SYSTEM - FRONT VIEW 
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f .  Data Acquis i t ion Camera. A malfunction of t he  Data Acqui- 
s i t i o n  Camera (IZAC) was experienced during the p re f l igh t  checkout of 
TO20 on DOY 241. 
which had blown. 
during TO20 operat ions.  

The problem was corrected by replacing the DAC fuse ,  
No a d d i t i o n a l  problems were encountered with the DAC 

5. Experiment i n t e r f aces .  The experiment i n t e r f aces  performed 
s a t i s f a c t o r i l y  during the mission. 

6. Return Data. C r e w  voice comments made by the subjec t  and 
observer during each t e s t  run and the  following debr ie f ings  were re- 
corded on the  AM recorder  and subsequently dumped t o  the  ground. 
complete se t  of SL-3 and SL-4 Mission Voice Dump Transcr ip ts  has  been 
provided t o  the  P I .  

A 

The 16m color  f i l m s  taken during each t e s t  run were re turned ,  
Two DACs were run processed and copies have been de l ivered  t o  the P I .  

simultaneoimly during the maneuvering sequences. 
i n  the FCMU and used a spl i t - image mirror s y s t e m  t o  obta in  FCMU loca-  
t i o n  da ta .  The second DAC, mounted i n  the OWS dome, provided an over- 
view of TO20 maneuvers. 
SI.-3 and 375 feet  on SL-4) were used EO record the maneuvers. 

One was mounted with- 

Approximately 965 f e z t  of f i l s  (590 f e e t  on 

Ten 35mm s t i l l  photographs were taken on SL-3 t o  show the gen- 
e ra l  experiment set-up. Comparable photographs taken on SL-4 were 
unsuccessful due t o  f i lm  loading problems. 

Onboard TV coverage of *sleeted operat ions was provided by 
using the video tape recorder .  This coverage was subsequently dumped 
t o  ground f o r  quick look eva lua t ion  by ?he P I .  
ings  have been de l ivered  t o  the P I .  

Copies of these  record- 

7.  Anomalies. No ser ious  anomalies, t h a t  would requi re  t e r -  
mination of the experiment run, occurred during the  performance of the 
T020 experiment. However, severa l  minor anomalies d id  occur and these 
are ind iv idua l ly  discussed i n  the following paragraphs. 

a .  Harness. The SL-3 t e s t  subjec t  reported d i f f i c u l t i e s  
with r e s t r a i n t  harness loosening and inadequacy during the f irst  maneu- 
ver ing sequence on W Y  231. 
t o  cause e a r l y  termination of the tes t ,  and the prescr ibed maneuvers 
were s a t i s f a c t o r i l y  completed. However, the  r e s u l t s  were s i g n i f i c a n t l y  
influenced by the problem. 

These d i f f i c u l t i e s  were not severe enough 

During the pos t - tes t  comments, the CDR requested a method f o r  
improving the  r e s t r a i n t  harness e f f ec t iveness  and possibly a method of 
r i g i d i z i n g  the backpack t o  the  FCMU. 
was evolved by the PI and the Crew Systems and Procedures personnel,  
using the LaRC s imulators ,  MSFC high f i d e l i t y  mockup and the JSC 
t r a i n e r  hardware. The modif icat ion i n s t r u c t i o n s ,  making use of 

A successfu l  harness  modif icat ion 
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onboard s t r a p s  and mosite rubber,  were uplinked to  the  crew and 
successful ly  executed. 

An a d d i t i o n a l  s h i r t s l e e v e  maneuver t e s t  , not previously 
schediiled, was performed on DOY 241 to evaluate  the  modified r e s t r a inL  
harness system. The modified system proved adequate during t h i s  t e s t  
and performed w e l l  dur ing the  pressure-sui ted maneuver sequence accom- 
pl ished on DOY 256. 

A harness  modification k i t  which corrected these d i f f i c u l t i e s  
(see paragraph 4c),  was developed and launched on SL-4. 
were encountered with the  modified harness system during the  SL-4 
runs on DOYs 1 5  and 24. 

No problems 

I t  should be noted t h a t  bady r e s t r a i n t  s t r a p  and harness 
d i f f i c u l t i e s  were experienced in  s e v e r a l  o the r  areas,  i nd ica t ing  
t h a t  f u t u r e  programs should g ive  s p e c i a l  a t t e n t i o n  t o  t h i s  general  
problem. 

b. E a t e r i e s .  The TO20 and M509 l;ardware was exposed t o  
excessive temperatures during the SL-l!SL-2 prehabi ta t ion phase. The 
two M509 rechargeable b a t t e r i e s  had a su r face  temperature l i m i t a t i o n  
of 90°F maximum. An inves t iga t ion  and overtemperature t e s t  (128?? f o r  
10 days) w a s  i n i t i a t e d  a t  the  Hardware Developer's t o  determine the  
p o s s i b i l i t i e s  of i n t e r n a l  s h o r t s  , i n a b i l i t y  t o  recharge , contamination 
of the OWS ambient atmosphere and s a f e t y  concerns. A hold,  p roh ib i t i ng  
M509 ba t t e ry  use,  w a s  issued t o  t h e  crew on DOY 168 pending completion 
of the inves t iga t ion .  

Special  t es t  equipment and procedli,-es f o r  determining the 
b a t t e r i e s '  condi t ions,  by measuring individual  c e l l  voltage , w-re 
developed and launched on SL-3. Oriboard b a t t e r y  tes t s  performcd on 
DOYs 216, 217, 219, 253, and 254 found no ba t t e ry  degradation and the  
baLLeries were approved f o r  u se .  The b a t t e r i e s  operated success- 
f u l l y  and a s  predicted throughout .he f i v e  TO20 and eleven M509 t e s t  
runs. 

c .  Data Acquis i t ion Camera Fuse. The crew expcricnced 
d i f f i c u l t y  with the  FCN-mounted DAC during checkout procedures on 
DOY 241. They commented tha t  they were slow g e t t i n g  the run s t a r t e d  
because uf DAC d i f f i c i , l t i e s .  They had found the DAC f u s e  blown and 
had replaced i t .  The camera performed w e l l  throughout the T020-IA 
ruli.  

A sneak c i r c u i t  a n a l y s i s ,  performed a t  MSFC on the  T020/DAC: 
c i r c u i t ,  found no copdi t ions t o  warrant a d d i t i o n a l  precautions.  con- 
tinued use of the  system was recommended. Fuse f a i l u r e  was apparent ly  
caused by a Lemporary f i l m  hang-up. 
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The W C  was again successfu l ly  used f o r  the TO20 pressure- 
su i t ed  run on DOY 256. No a d d i t i c n a l  d i f f i c u l t i e s  were encountered 
during the TO20 operat  ions performed on S L - 4 .  

d. Secondary oxygen pack. The secondarq oxygen pack, SOP, 
required t o  accomplish TO20 Funct ional  Objective FO-3 was not launched, 
though approved, on e i t h e r  SL-3 o r  SL-4, due t o  h igher -pr ior i ty  requi re -  
ments t o  launch the "six-pack" r a t e  gyro package on SL-3 and Comet 
Kohoutek observation equipment on S L - 4 .  

A F l i g h t  Management Team dec is ion  permitted TO20 to  p a r t i a l l y  
u s e  an  onboard SOP following the SL-3 DOY 236 EVA. 
from 6000 p s i  to 2000 p s i ,  which provided approximately 11 minutes of 
operat ion,  compared t o  approximately 19 minutes f o r  f u l l  usage. 

SOP y12 was used 

This i t e m  i s  not considered a hardware anomaly, but r a t h e r  a 
successfu l  workaround which permitted near-nominal hardvare operat ions 
on SL-3. 

e .  Life  support  umbil ical .  The l i f e  support umbilical  

The onboard LSU was modified by the crew, per 
(LSU), used on SL-3 t o  accomplish TO20 FO-2, was a l ightweight  vers ion 
of the  standard LSU. 
uplinked procedures, t o  ob ta in  a l ightweight vers ion  with g rea t ly  re- 
duced dynamic e f f ec t s .  The LSU cover,  instrumentat ion l i n e s ,  communi- 
ca t ion  l i n e s ,  e t c . ,  were removed, leavin- only the oxygen supply l i n e .  

The modification effect  on T020-2 run obtained be:ter maneu- 
ver ing c h a r a c t e r i s t i c s  due t o  the reduced umbil ical  dynamic e f f e c t s .  
However, recording the t e s t  s u b j e c t ' s  comments and c o r n m i c a t i o n  with 
the observer dilring the su i t ed  run was liot poss ib le ,  due t o  communi- 
ca t ion  l i n e  removal. This l imi t a t ion  was acceptable  t o  the  PI ,  s ince  
the sub jec t s  Loments are considered supplementary t o  the prime da ta ,  
f i lm,  observer comments and subjec t  debr ie f ing .  However, severz l  
procedural problems were encountered due t o  the comaunication lack  
between the subjec t  and the observer.  

f .  Procedural. Several  procedtiral e r r o r s  occurred during 
the var ious TO20 runs. These devia t ions  from planned procedures r e -  
su l t ed  i n  t h e  p a r t i a l  l o s s  of both audio and phot0gr;rhi.c da ta .  
quate d a t a  was obtained t o  evaluate  the experiment performance. 

Ade- 
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H. Experiment TO27 - Contamination Measurement (Sample Array) 

The Pr inc ipa l  Inves t iga tor  for  Experiment TO27 i s  D r .  J. Muscari, 
Martin Mariet ta  Aprcspace, Denver, Colorado. The experiment hardware 
was developed by Martin Mariet ta  Aerospace. 

1. Experiment Description. Window contamination on previous 
Gemini and Apollo f l i g h t s  i n t e r f e r e d  with s tar  s igh t ings  and lunar  surface 
photography experiments. 
t h r u s t e r  f i r i n g s  and molecular evaporation from the  window sea l s .  

Major sources of contaminant deposi t ion were 

a. Objectives.  The primary objec t ive  of the  Sample Array 
por t ion  r f  the TO27 experinvnt was t o  obtain cont ro l led  da ta  on the 
degradation e f f e c t s  of Skvlab contaminants on the o p t i c a l  p rope r t i e s  of 
var iuus windows, mirrors  a d  d i f f r a c t i o n  gra t ings .  A secondary objec t ive  
was t o  obta in  near-real-t ime d a t a  on acsumulative contamination r a t e s  
during sample exposure. 

b. Concept. Careful ly  se lec ted  o p t i c a l  samples were t o  be 
measured p r e - i i i g h t  and then were t o  be exposed t o  the ex terna l  space 
environment fo r  cont ro l led  time periods.  The samples were t o  be deployed 
through the s o l a r  s c i e n t i f i c  a i r l o c k  (SAL) on a sample a r r ay  system fo r  
f ive  days. 
sample a r ray  system t o  me sure  accumulative deposi t ion r a t e s ;  one or ien ted  
toward the surt, the o ther  normal t o  sun l ine .  

Two quar tz -crys ta l  microbalances (QCMs) were included on the 

The TO27 sample a r ray  d a t a  was  t o  be used with d a t a  from Experiment 
T027/S073 Photometer ( r e f e r  t o  Subsection I), fo r  o v e r a l l  contamination 
evaluation by the PI. 

c. Hardware Description. The sample a r r ay  system ( f igu res  
i.'-23 through IV-26) was designed t o  expose o p t i c a l  samples to  the space 
environment fo r  cont ro l led  periods.  The sample a r r ay  (SA) vas deployed 
outs ide  the spacecraf t  on a rod; 248 samples of 16 d i f f e r e n t  types were 
exposed. The samples included window mater ia l s ,  mirrors ,  g ra t ings ,  .And 
o the r  o p t i c a l  sur faces  designed fo r  var ious wavelength regions.  The 
assembly consis ted of:  an upper face p l a t e ,  an upper box assembly 
immediately behind the face p l a t e ,  a waist pos t ,  and lower face p l a t e  
(see f igure  IV-23). Motordriven, automatically-sequenced car rouse ls  were 
located beneath the upper and lower face p l a t e s .  
the face p l a t e s  t o  allow sequent ia l  exposure of the carrousel-mounted 
o p t i c a l  samples f o r  predetermined time periods.  A valve,  o r  cover p l a t e ,  
was provided over the holes  i n  the forward face p l a t e  t o  s e a l  the upper 
car rouse l  when i n  the r e t r ac t ed  posi t ion.  
( loca ted  beneath the  upper f a t e  p l a t e )  contained 30 samples. Carrousel 
motor sequencing and the face p l a t e  hole  pa t t e rn  were designed t o  allow 
exposure t o  the space environment of 25 samples, f i v e  a t  a t i m e ,  f o r  
24 hours. The remaining f ive  samples, which were cont ro l  samples, were 
t o  be exposed t o  space €or the  sho r t  period from l a s t  car rouse l  indexing 
t o  SA r e t r a c t i o n ,  i f  che SA were exposed f o r  the planned i20 hours. The 
f i r s t  upper car rouse l  movement was designed t o  occur 24 hours a f t e i  the 

Holes were provided i n  

The upper (da i ly)  car rouse i  
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automatic sequence was s t a r t ed .  
beneath the  lower face p l a t e )  contained 78 samples arranged i n  th ree  
concentr ic  r ings.  
successively for  one-hour durat ions ( inner  two r ings)  and fo r  two-hour 
durat ions (outer  r ing)  during the f i r s t  =-hour period of experiment 
operation. 
t o  remain exposed during the balance of the  exposure t i m e .  
of 26 car rouse l  movements was designed t o  occur when the automatic 
sequence was i n i t i a t e d .  

The lower (hourly) car rouse l  ( located 

The lower car rouse l  w a s  designed t o  expose samples 

The four samples exposed a f t e r  25 hours of  operat ion were 
The f i r s t  

After the exposure period, the SAwas r e t r a c t e d  and sea led  i n  
space vacuum and returned t o  e a r t h  f o r  ana lys i s  and study. 

2. Experiment Operation. The SA was  launched on SL-1. Non- 
a v a i l a b i l i t y  of the so l a r  SAL (which w a s  used t o  deploy the parasol  sun 
sh ie ld) ,  made it  necessary to move the TO27 Sample Array experiment 
operat ions ta the  an t i - so l a r  SAL. 
s o l a r  s i d e  the experiment hardware would be exposed t o  much co lder  
operat ing temperatures than on the s o l a r  s ide.  For example, thermal 
ana lys i s  indicatedothat  he upper car rouse l  face p l a t e  would reach a 
temperature of +55 C a t  b = 50 degrees when deployed from the  s o l a r  SAL, 
whereas operat ion from the  an t i - so l a r  SAL would redtrce the  temperature of 
the face p l a t e  t o  approximately -62OC. 
carrousel  face p l a t e  would be t h e  h o t t e s t  o r  co ldes t  area, depending 
upon which SAL the experiment w a s  using. 
q u a l i f i c a t i o n  t e s t i n g  had been performed a t  a minimum temperature of 
-18 - + 3OC, which w a s  44OC above the probable operat ing point.  
inspect ion of the  experiment design and pas t  performance records indicated 
t h a t  operat ion from the  an t i - so l a r  SAL would be s a t i s f a c t o r y  even though 
the temperature l e v e l s  would be considerably colder  than desired.  The 
judgement a t  the  time was t h p t  the  worst t ha t  could happen would be 
t h a t  one or both of the  car rouse ls  o r  car rouse l  mechanisms would cold- 
s e i ze  and t h a t  the car rouse ls  would therefore  f a i l  to operate.  The PI 
s t a t e d  t h a t  t h i s  condition would be a degradation, but an acceptable 
one, a n d t h a t h e  could s t i l l  achieve 80% of the  o r i g i n a l  ob jec t ives  i f  
both car rouse ls  should f a i l  t o  index. Even with both car rouse ls  se ized  
149 samples of the 248 would s t i l l  be exposed. 
favor of performing the experiment during the  SL-l,'SL-2 mission. 

It was recognized t h a t  on the  a n t i -  

It was noted t h a t  the upper 

It w a s  a l s o  recognized t h a t  

However, 

He was  s t rongly  i n  

Anti-solar  SAL operat ion r e su l t ed  i n  no telemetry capab i l i t y  fo r  
the expo-riment because the  an t i - so l a r  SAL instrumentation o u t l e t  was  
not wired for any of the  s i x  sample a r ray  measurements. 

This fac tor  was discussed with the PI. The decis ion was t o  
operate the experiment during the SL-l/SL-2 mission, r a t h e r  than w a i t  
u n t i l  l a t e r  missions when spec ia l  adaptive telemetry cabl ing might have 
been psovided t o  allow t r ans fe r r ing  the s igna l s  t o  e x i s t i n g  T027/S073 
photometer telemetry channels. The PI f e l t  t h a t  operat ion on l a t e r  
missions would g rea t ly  reduce the chances of c o l l e c t i n g  s i g n i f i c a n t  
outgassed deposi t ion elements on the samples. 
sample deposit ion da ta  even a t  the s a c r i f i c e  of QCM and the car rouse l  dr ive  
data. 

He prefer red  t o  get  good 
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With only l imi ted  c l u s t e r  power ava i lab le  during the  e a r l y  p a r t  
of t he  mission, and only one SAL available f o r  experiment deployment, 
i t  was necessary t o  reschedule t h i s  experiment a c t i v i t y  t o  a later 
operat ing time and t o  reduce the planned exposure t i m e  as follows: 

Mission Operation Schedule 

Dep 1 o p e n  t 

Actual Planned Pre-Mission - 
DOY 148 DOY 168 

Retract ion W Y  152 DOY 170 

Exposure Time 120 Hours 46% Hours 

The la ter  deployment and shor t e r  exposure times undoubtedly 
r e s u l t e d  i n  operat ion during a lower outgassing rate per iod and produced 
lower deposi t ion leve ls .  

Table IV-14 r e f l e c t s  t he  opera t ing  t imes and assoc ia ted  operat ions 

When the  experiment had been removed from the  SAL and before 
for the  experiment. 
one anomaly. 
end p l a t e  i n s t a l l a t i o n ,  the crewman not iced t h a t  t he  upper car rouse l  
valve had not f u l l y  sea ted  and t h a t  the  cool  sur faces  were rap id ly  
c o l l e c t i n g  moisture  and forming ice due t o  cabin atmosphere humidity. 
He performed a complete c losure  when the un i t  warmed up. 
t h a t  he d id  not want the valve reopened when the end p l a t e  area was 
being evacuated to re-evacuate the  inner sample compartment areas. 
reasoning w a s  t h a t  i f  t he  valve was open, a l eak  path would be exposed 
tha t  would allow caoin a i r  and humidity t o  flow i n t o  the  evacuated inner 
sample compartment areas and poss ib ly  f u r t h e r  contaminate the samples. 

A l l  opera t ions  were reported t o  be normal except for 

The PI ind ica ted  

The 

One o ther  inc ident  involving rhe use of TO27 SA equipment occurred. 
On DOY 172 a f t e r  t h e  SA had been t r ans fe r r ed  t o  the SL-2 CM f o r  r e tu rn ,  
the  empty SA stowage box was used t o  store th ree  u r i n e  separators .  
there  was a des i r e  t o  store the separa tors  r a t h e r  than dump them through 
t h e  t r a s h  a i r l o c k  i n t o  the  t r a s h  stowage tank. 
evacuate the  stowage conta iner  t o  minimize b a c t e r i a l  g r a r t h  within the  
separa tors  and propagation of  the  u r a t i c  r e s idua l s  i n t o  the  cabin space. 
During the  stowage container  evacuation 0,-erations,  i t  was  found t h a t  t he  
crew could not p u l l  a vacuum on the  container.  Apparently, the  crew 
did not have a l l  four stowage container  cover l a t ches  engaged; only the 
two away from the hinge s i d e  of  the  cover. With a l l  four cover latches 
engaged, a vacuum was successfu l ly  pul led on the stowage container  
i n t e r i o r .  The crew had not reported any probiem with the evacuation of 
the  stowage container  during experiment stowage. 

Apparently 

It was necessary t o  
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3. Experiment Constraints .  The experiment cons t r a in t s  were 
successfu l ly  met during the  mission except one. This was an important 
opera t iona l  requirement s t a t i n g  t h a t  the SA system was t o  be scheduled 
a s  e a r l y  as poss ib le  i n  SL-2, when the Skylab outgassing was g rea t e s t .  

This cons t r a in t  was v io l a t ed  due t o  scheduling of higher p r i o r i t y  
experiments. Accordingly, the  combination of late deployment, s h o r t  
exposure, and a n t i - s o l a r  SAL uae reduced d a t a  e f f ec t iveness  by apFroxi- 
mately 50 percent. 

4. Hardware Performance. During the  SL-1/2 missioa, the  SA was 
i n s t a l l e d  i n  the  an t i - so l a r  SAL, extended and r e t r a c t e d ,  and samples 
were exposed to  the space environment. 
the r o t a t i o n  of t he  car rouse ls  during the  mission or t o  gather  QCM data ,  
due t o  the  lack of  telemetry capab i l i t y  from the  an t i - so l a r  SAL. 
experiment appeared t o  perform as planned, with the exception tha t  the 
upper car rouse l  valve d id  not f u l l y  seat while exposed t o  space vacuum, 
and w a s  c losed only a f t e r  removal from t h e  a n t i - s o l a r  SAL, i n s ide  the  
OWS . 

It was not possible  t o  confirm 

The 

The sealed SA, i n  its groiind s torage  container ,  was returned to 
Martin Mariet ta  Aerospace, Denver Division, on June 26, 1973. The SA 
was t r ans fe r r ed  t o  the Fa i lu re  Analysis Laboratory f o r  a pressure and 
r e s idua l  gas ena lys i s  of i ts var ious  chambers. 
was found t h a t  t he  f ron t  face plate and valve p l a t e  were not f u l l y  seated 
t o  insure proper s ea l ing  of the  upper car rouse l  chamber. 
r e s u l t s  of t h i s  ana lys i s  a r e  presented i n  t a b l e  IV-15. 

During t h i s  t e s t ,  i t  

Quan t i t a t ive  

--. -. .̂... -- 
SamDlins; Area 

Ground stowage container  

Electronic  cont ro l  panel 
cover p l a t e  

Sample cover p l a t e  

Upper c a r r o u s e l / a l l  
samples 

Pressure 

Above 600 t o r r  

Above 40 torr 

About 270 t o r r  

Estimate 270 
torr 

i High ni torgen 
l o w  i n  water & oxygen 

Oxygen 20% of ni t rogen peak 

i 
I 

I 
High ni t rogen & water 
low oxygen, sample a rea  
a t  awS pressure 

High ni t rogen & water 
low oxygen, no outstanding 
con taminan ts 1 
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Following the  pressure and gas ana lys i s ,  the  SA was moved to  
the  Research and Development Laboratory. 
under the  supervision of the PI. 
catalogued, photographed and examined f o r  contamination. 

Here the  SA was disassembled 
Each of the  samples was removed, 

During the disassembly of t he  SA, t he  valve ac tua tor  mechanism 
was removed and v i s u a l l y  oxamined f o r  any mechanical binding t h a t  might 
have prevented the  valve and face p l a t e  from f u l l y  c los ing  and seal ing.  
There was no evidence of any mechanical binding. It w a s  observed, 
however, t h a t  the  threads on the  end of  t he  rod sec t ion  of the  valve 
ac tua tor  mechanism were heavi ly  coated with a grease i d e n t i f i e d  a s  
Brayco 823.0 One of its c h a r a c t e r i s t i c s  i s  s o l i d i f i c a t i o n  a t  a tempera- 
t u r e  of -18 C. 
considerably below -18OC s ince  t h e  SA had been exposed to  space vacuum 
on the anti-solar side f o r  46% hours. 
hardened grease prevented the  valve ac tua tor  knob from being f u l l y  
t ightened while t he  u n i t  was cold and hence the  valve and the  face 
p l a t e  were not  sealed.  
re-emphasized t h a t  the SA was not intended t o  be used atothe an t i - so l a r  
SAL. 
use of t h i s  grease was acceptable f o r  these condi t ions,  and i n  f a c t  was 
c a l l e d  out  on the  appl icable  engineering drawings. 

The temperature of the threaded rod sec t ion  had been 

It was speculated t h a t  the  

In  reference t o  t h i s  conclusion, it should be 

It w a s  designed to  operate  at an environment of 70 F or higher.  The 

The post-mission contamination inves t iga t ion  r e s u l t s  ind ica ted  
t h a t  t h e  d a i l y  car rouse l  d i d  not index from i ts  prelaunch conditions.  
Since SA telemetry w a s  not ava i lab le ,  i t  could not be v e r i f i e d  that a 
conanand s igna l  was sen t  t o  the  dr ive  motor. The exact  SA temperature 
h i s t o r y  was not ava i l ab le  fo r  the  same reason. The cold operat ing 
temperature at the  an t i - so l a r  SAL (estimated t o  be -80°F) may have 
caused e mechanism binding a few hours a f t e r  deployment. 
car rouse l  had e i t h e r  not indexed o r  had completely indexed (i.e., 
the  i n i t i a l  and f i n a l  pos i t ions  were the  same). 
of t he  car rouse l  samples was inconclusive as t o  whether they were exposed 
o r  not. 

The hourly 

Contamination ana lys i s  

Discounting chermally induced mechanism se izure ,  t he re  were four  
o ther  possible  reasons f o r  the  car rouse ls  not  indexing: 

a. The c i r c u i t  breaker supplying 28 VDC power to  the a n t i -  
so l a r  SAL power o u t l e t  was no t  c losed by the crew as requi red  by the  
check l i s t ,  

b. The SA power switch was not placed i n  the  ON pos i t ion  
p r i o r  to i n i t i a t i n g  the automatic sequence as required by the  check l i s t ,  

C. The automatic sequence was not i n i t i a t e d  a f t e r  power 
was supplied as required by t h e  check l i s t ,  o r  

d. The SA i n t e r n a l  power supply o r  car rouse l  motor d r ive  
l o g i c  c i r c u i t  f a i l e d  t o  respond i n  a normal manner. 
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As a resul t  a funct ional  operat ion t e s t  of the SA was made 

The f i r s t  p a r t  was a 48-hour t e s t  with a 
under ambient conditions.  
a two-part test was run. 
telemetry cable attached. 
of t he  lower car rouse l  (once a t  i n i t i a t i o n  and once each hour f o r  t he  
f i r s t  25 hours) and two indexes of t hc  upper carrousel  ( a t  the  24th 
hour and the 48th hour). 
no te lemetry cable attached, and was l imi ted  to  24 hours. 
successfu l ly  f o r  both tests, showing no evidence of malfunction.* 

The SA w a s  reassembled without samples and 

This  allowed f o r  a complete 26-turn cycl ing 

The second p a r t  w a s  a rerun of the  f i r s t ,  with 
The SA worked 

The SA w a s  t e s t e d  i n  a thermal-vacuum chamber under condi t ions 
s imulat ing exposure from the an t i - so l a r  SAL. 
functioned properly;  however, the  da i ly  car rouse l  seized a t  the  
twenty-fourth hour of operat ion a f t e r  p a r t i a l l y  indexing (approximately 
30%) i n t o  posit ion.* 

The hourly car rouse l  

Post-r tes t  inspect ion of the upper car rouse l  dr ive  mechanisms 
showed t h a t  there  was no obvious s ign  of mechanism jamming o r  in te r fe rence .  
It is speculated t h a t  high f r i c t i o n  within the  motor gear t r a i n  and 
car rouse l  mechanism bearing sur faces  at  the  abnormally cold operat ing 
temperatures on the  upper car rouse l  d r ive  motor caused t h e  d r ive  motor 
t o  s ta l l  a f t e r  p a r t i a l l y  indexing the mechanism. It was  noted t h a t  
the upper car rouse l  Geneva dr ive  mechanism had a 1/3 smaller mechanical 
advantage than the  lower car rouse l  d r ive  mechanism. Therefore,  the 
upper car rouse l  w a s  the one more l i k e l y  t o  s t a l l  under equal loading 
conditions.  The p a r t i a l l y  indexed pos i t ion  of the upper car rouse l ,  
found i n  the t e s t ,  was not the returned-from-orbit pos i t ion  of the 
upper carrousel .  

The t e s t  r e s u l t s  did not  conclusively el iminate  the  p o s s i b i l i t y  
of an ac tua t ion  e r r o r  which did not s tart  the  automatic car rouse l  d r ive  
cycle. However, during the crew debrief ing,  the  crewman v e r i f i e d  t h a t  the 
check l i s t  had been followed; t h a t  the power switch had been turned on 
and the  start switch actuated. Assuming tha t  the SA had been actuated 
properly on o r b i t ,  i t  is possible  t h a t  the upper car rouse l  could have 
s t a l l e d  without any not iceable  car rouse l  movement. 

5. Experiment In te r faces .  The experiment i n t e r f a c e s  performed 
s a t i s f a c t o r i l y  during the mission except t h a t  the  operat ion at  the a n t i -  
s o l a r  SAL r e su l t ed  i n  the loss of telemetry capab i l i t y  t o  t ransmit  QCM 
data ,  t u  ve r i fy  car rouse l  operat ion,  and t o  monitor temperature. The 
abnormally low operat ing temperature had l i t t l e  e f f e c t  on the s c i e n t i f i c  
da ta ,  even though a problem occurred with the 01 t e r  car rouse l  valve and 
the car rouse ls  mcy not have ro ta ted .  

6. Return Data. The d a t a  cons is ted  of the SA sealed i n  its 
ground s torage  container  which was returned t o  the PI i n  June, 1973. 

7 

* Refer t o  Reference Section f o r  Test  Reports. 
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To subs t i t u t e  for  the data  l o s t  i n  being unable to expose 
samples on the OWS so la r  side,  the PI has obtained, and made contamination 
measurements on, portions of returned experiments DO24 and S230, and 
has made arrangements t o  obtain portions of Experiment S149. 
experiments were exposed OR the OW so la r  s ide  and re t r ieved  during EVA. 

These 

7. Anomalies. The experiment was operated from the an t i -  
so la r  SAL r a the r  than from the srolar SAt as planned. 
or ig ina l ly  t o  be i n i t i a t e d  on DOY 148 and operate f o r  120 hours, but 
was ac tua l ly  i n i t i a t e d  on DOY 168 and operated for 46% hours. 
upper carrousel  valve did not f u l l y  seat p r io r  t o  r e t r ac t ion ,  and the  
carrousels apparently did not rotate .  
could have been a t t r i bu tab le  t o  the unanticipated f l i g h t  planning changes 
necessitated by the s o l a r  SAL unavai labi l i ty ,  r s the r  than to  any 
def ic iencies  i n  the experiment i t s e l f  . 

The experiment was 

The 

It is noteworthy tha t  a l l  of them 
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I. Experiment T027-Con taminat ion Measurement and 

Experiment SO73-(legenschein/Zodiacal Light (T027/S073 Photometer System) 

The Principal Investigator for Experiment T027, is Dr. J. Muscari, 
Martin Marietta Aerospace, Denver, Colorado. 

The Principal Investigator for Experiment S073, is Dr. J. Weinberg, 
The State University of New York at Albany, Albany, New York. 

The Hardware Developer was Martin Marietta Aerospace, Denver, 
Colorado. 

1. Experiment Description. The objective overlap led to a 
photometer system which would permit use of the same hardware by both 
experiments. 
light in its.fie1d-of-view ('DV). 
around the OA must be separated from the total measurement to analyze the 
skyglow, which is primarily zodiacal light and starlight. 
quantitative study of ccntamination would not be possible without knowing 
the skyglow characteristics, 
require knowledge of contamination and zodiacal light led the PI'S to 
collaborate and combine the observations into a joint observing program. 

Each time the system would be used, it would measure all 
Scatrcred light from contaminant material 

Similarly, 

The fact that both SO73 and TO27 would 

a. Objectives The experiment TO27 (Photometer System) 
ob.jective was to measure the sky brightness background caused by solar 
illumination of the particulate contaminants found about the OA. 

The experiment SO73 objective was to measure the skyglow surface 
brightneps and polarization over as much of the celestial sphere as 
possib: at several visible spectrum wavelengths . 

b. Conce;?t. The photometer system was to measure three 
parameters which fully characterized the radiation from the skyglow 
and from the OA corona; i.e., total brightness, polarized component 
brightness, and the polarizatioq plane orientation. Skyglow (zodiacal 
light, Gegenschein, starlight, F-region airglow) measurements Were to 
be obtained on the dark side of the orbit. Measurements on the sunlit 
side and at the terminator were to characterize the contaminant cloud 
and to provide skyglow information. 

Particular importance was placed on measuring the amount of 
polarization, which increases in proportion to the amount of light 
scattered off particulate matter surrounding the OA. 
time for OA corona discrimination with respect to the nightglow 
(primarily zodiacal light) would occur just before the OA left, or 
entered the earth's shadow. 

The optimum 
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The p r inc ipa l  photometric da ta  co l l ec t ing  method was t o  scan the  
a reas  under study (e.g., e c l i p t i c  plane,  an t i - so l a r  d i r ec t ion ,  and o ther  
regions of t he  c e l e s t i a l  sphere) with a photoe lec t r ic  polarimeter.  
polarimeter was t o  u t i l i z e  Fabry op t i c s  fo r  measuring, a t  se lec ted  
wavelengths, the three  parameters. The system included a r o t a t i n g  
po la r i ze r  and a DC de t ec t ion  system with photomult ipl ier  tube (PMT). 
The da ta  obtained was subsequently to  be used i n  a computer program t o  
provide synchronous de tec t ion  by d i g i t a l  techniques. b i l i a r y  da ta  
would include photographs of the  observed areas ,  p lus  odequate timing 
and crew comments t o  c o r r e l a t e  the recorded photometric da t a  with the 
pos i t i on  information to be determined from the  photographs. 

The 

C. Hardware Description 

(1) Photometer c a n i s t e r  and extension mechaniom. 
This u n i t  was t h e  bas i c  s t r u c t u r a l  item of the  photometer system. 
It provided a mechanism f o r  extendir.g and point ing the photometer head, 
Experiment 5149 - P a r t i c l e  Collection, o r  the  por tab le  color  t e l ev i s ion  
system camera through the  SAL. 
pressure i n t e g r i t y  while the  photometer system w a s  extended through the  
SAL. The can i s t e r  had double s e a l s  which mated with the SAL, and O-ring 
s e a l s  i n  the  pressure 3ulkhead t o  s e a l  the extension rods. An e lec t ron ic s  
compartment was provided a t  the  c a n i s t e r  end opposi te  the  SAL mating 
surface.  
extension rods,  e j e c t  tube,  tube plug, demountable handle,  crank handle, 
dust  covers and shor t ing  plug. 

The can i s t e r  maintained the OWS cabin 

Bracketry was mounted on the c a n i s t e r  top fo r  stowing the  

The can i s t e r  contained the extension mechanism which was manualiy 
extended by the extension rods (see f igure  IV-27). ThLs mechanism could 
be deployed 18 f e e t  beyond the  OWS s k i n l i n e  when a l l  seven extension rods 
were used. The 18-foot deployment placed the photometer head beyond the  
plane of  ATM so la r  panels (when using the  solar SAL) which would have 
enabled observations with the  photometer head a t  a 90' trunnion pos i t ion  
without FOV in te r fe rence  from the ATM can i s t e r .  
ex te rna l  t o  the  SAL could bc e j ec t ed  using tne e j e c t  tube i f  t he  extension 
mechanism could not be re t rac ted .  

The e n t i r e  system 

Motors and encoders fo r  pos i t ion ing  the head (see f igure  W-28) 
i n  trunnion (elevat ion)  and s h a f t  (azimuth) were on the  extension mechanism 
end. 
t he  0' and 112.5' pos i t ion .  
between 0' and 354.4°. 
limits. Encoders provided o c t a l  d i sp lays  of pos i t ion  t o  the  crew and 
AM d a t a  system. 
axis, and the  s h a f t  axis was coincident with the SAL deployment sicis. 

The trunnion mechanism cont ro l led  scanning of the head between 
The s h a f t  mechanism cont ro l led  scanning 

Mechanical s tops  prevent scanning beyond these 

The trunnion axis was normal t o  the SAL deployment 

(2) Control panels. There were four cont ro l  panels 
(see f igu res  IV-29 through rV-32) on the  canis te r :  
on the  face opposite the  SAL mating surface;  a common panel and compartment 
which was removable and mounted alongside the  common panel; and an 

a mechanical panel 
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automatic programmer cont ro l  panel and compartment which was removable 
Bird was  mounted alongside the  manual panel. 
could be a t tached  i n  the p lace  of t he  manual panel when using the  TV 
camera on the extension mechanism. The mechanical panel contained the  
cont ro ls  f o r  extension and e jec t ion .  
and power con t ro l s  and displays.  a volt- 
meter t o  ind ica t e  i n t e n s i t y  of photometer oa tput ;  an experiment select 
switch; a switch fo r  Experiment S149; a switch to chsnge PMT gain; con t ro l s  
and d isp lays  f o r  f i l t e r  wheels; FOV wheel; PMT s h u t t e r ;  PMT cap; camera 
operat ion;  i n t e r n a l  automatic sequencing, and a switch io start 
automatic programmer operation. 

A t e l ev i s ion  con t ro l  panel 

The common panel contained point ing 
The mama1 panel contained: 

(3) Automatic programmer. The automatic programmer (AP) 

Camera sequencing was i n t e r r e l a t e d  wi th  the  poin t ing  
permitted the  automatic operat ion of  the photometer head and poin t ing  
system functions. 
system so t h a t  a photograph was taken evey 11.25 degrees i n  t runnion 
pos i t i on  and every 45 degrees i n  s h a f t  pos i t i on ,  o r ,  i€ the  mount w a s  
s t a t iona ry ,  (Mode 1) a t  each f i l t e r  change. Two d i f f e r e n t  exposure 
durat ions were uoerl, 2.375 seconds a d  0.625 second, Lo accommodate the 
an t i c ipa t ed  l i g h t  l e v e l s  versus  the  photometer FOV selected.  Automatically 
cont ro l led  exposures by the 16mm camera could be ha l t ed  at any time (and 
f o r  any length of time) during an automatic scanning sequence by moving 
the auto camera two-position switch t o  the  OFF posi t ion.  
scanning or sont ro i  modes could be selected.  
r e p e t i t i o n s  could a l s o  be selected.  

Seven d i f f e r e n t  
The nunber of con t ro l  mode 

An orbi ta l -per iod-adjus t  could be set t o  i n t e r r u p t  the scanning 
program a f t e r  each sequence i n  a multi-sequence scan s e r i e s .  A counter 
s t a r t e d  the  subsequent sequence one o r b i t  later,  and t h i s  procedure 
continued orb i t -by-orb i t  u n t i l  the  se l ec t ed  number of sequent ia l  obser- 
va t ions  was completed. The o r b i t a l  period counter d i g i t  s e t t i n g s  
enabled i n t e r n a l  timer adjustment (between 88 minu tes  8 seconds and 
96 minutes 24 seconds) i n  8-second increments t o  match the  o r b i t a l  
period. 

The cont ro l  mode number, the sequence ( r e p e t i t i o n )  numbers, 
and the  o r b i t  period numbers were entered through thr programmer control 
panel by manual forward-or-reverse, push but ton s tepping of r o t a t a b l e  
wheels with o c t a l  u n i t  indicat ions.  A panel i nd ica to r  l i g h t  was ON 
whenever the  experiment was cont ro l led  by the  AP. The upper and lower 
trunnion and s h a f t  l i m i t s  f o r  the scan mode pa t t e rns  were entered i n t o  
the  programmer by twelve push button wheels. 

(4) Extension rods. The photometer head was deployed 
through the SAL by extension rods which were at tached t o  the extension 
mechanism through the mechanical panel and manually pushed outward. 
There were three  d i f f e r e n t  extension rod types: an "A" rod; f i v e  "B" 
rods; and a "C' rod. The "A" rod was at tached f i r s t ,  t he  "B" rods 
next,  and the  "C" rod last. 
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( 5 )  Crank handle. A crank handle was used t o  stress 
the  "C" rod by a screw-type extension t o  tension the  e n t i r e  extension 
mechanism. 

(6) Carrying handle. The handle ( located at  the  can i s t e r  
center-of-gravity) w a s  used t o  l i f t  the  photometer system from the  stowage 
container  i n  zero-g. It was demounted and at tached t o  each extension 
rod f o r  handling during rod attachment and extension. 
mechanical s top  t o  prevent each rod from being extended too f a r  to  
permit attachment of  the next rod. 

It provided a 

(7) Ejec t  tube. An e j e c t  tube was provided f o r  use 
when the  extension mechanisu could not  be re t rac ted .  The e n t i r e  mechanism 
externa l  t o  the SAL could be ejected.  
of the  e j ec t ion  mechanisms on t h e  mechanical cont ro l  panel. 

The e j e c t  tube required t h e  use 

(8) Tube plug. A tube plug was provided f o r  use when 

The tube plug was  used t o  s e a l  t he  hole. 
an extension rod was inadvertent ly  pushed through the  O-ring seals i n  
the can i s t e r ,  causing a leak. 

(9) Short ing plug. An e l e c t r i c a l  plug was provided 
fo r  use a f t e r  an AP malfunction. The AP could be disconnected from the  
manual panel, and the  shor t ing  plug inser ted.  This  permitted manual 
photometric d a t a  gathering. 

(10) Cover p l a t e .  The cover p l a t e  sealed the  SAL end 
of t he  c a n i s t e r  during launch, and protected the head during stowage. 

(11) Dust Covers. Dusz cuvers were provided f o r  
protect ion of t he  e l e c t r i c a l  connectors on the  photometer head, AP, 
and manual panel whenever they were s t a r e d  sepa ra t e ly  on-orbi t .  

(12) Cables. Power and d a t a  cables  connected the  
photometer system t o  the OWS power and da ta  connectors on the  w a l l  
near the  SAL. 
System. 
S183 permit t ing both SAL'S to  be used simultaneously. 

These cables  were to be used fo r  the TO27 Sample Array 
An i d e n t i c a l  interchangeable s e t  was provided by experiment 

(13) Photometer head. The photometer head (see 
f igure  ITI-27) contained t h e  16mm DAC pho toe lec t r i c  polar imeter  and 
sunshields.  

The 16mm camera system provided sequent ia l  photographic images 
(of s t a r f i e l d s ,  etc.) of a FOV which was c o l l i n e a r  with and overlapped 
t h a t  of the photoe lec t r ic  polarimeter. It included a camera lens ,  a 
Model 308A 16mm Maurer camera body and sunshield. The camera l ens  
was an f/0.95 with a f ixed aperture  of 25mm and a f ixed  focus set a t  
i n f i n i t y .  The approximate FOV was 15 degrees. 
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The photoelectric polarimeter measured the integrated light of 
all sources which entered the FOV of the system. 
(containing calibration source), 2.5” primary lens, collimating lens, 
two six-position filter wheels, rotating polarizer, refocusing lens, 
PMT shutter, MIV wheel, field lens, detector package, and temperature 
sensors. The cap contained a promethium-activated, blended-phosphor 
standard light source for absolute calibration and for monitoring 
system performance. 
different interference filters and one open position. The filter 
characteristics are listed below. 

It included a cap 

The 6-position filter wheels each contained five 

Filter Characteristics 

Wavelength of 
Maximum Transmission 

(Angstroms) 

Half-Transmission 
Bandwidth 
(Angstroms) 

4000 116 10 

47 60 50 ,+ 5 

5080 
5 300 

54 ,+ 5 

58 ,+ 5 
5577 20 ,+ 3 

6080 88 ,+ 10 
6300 
6435 

7 100 

8200 

2 0 2 3  
108 ,+ 10 
150 ,+ 15 
250 25 

The FOV wheel contained six, three and one degree MIV openings 
with and without neutral density filters. 
a photomultiplier tube with automatically controlled thermoelectric 
cooling of its photocathode, a power supply, and an output voltage 
differential amplifier. 
dark current ead automatically protected against intense light sources 
(e.g., the .-u:,). The detector package output and polarizer wheel 
positioll were sampled by the AM data system at 320 samples per second. 
The polarizer wheel rotated at two revolutions per second. 

The detector package contained 

The PMT shutter permitted determination of PMT 

(14) Sunshield assembly. Removable sunshields were 
provided as a single assembly for the photoelectric polarimeter and the 
camera to permit observation near the sun when operating at the solar 
SAL. 
solar SAL. 

The sunshield assembly was removed when operating at the anti- 

4 -83 



(25) Sunshield dus t  covers. Two dust  covers were 
stowed on the  c a n i s t e r  exterior and at tached t o  the sunshield assembly 
when it  was  stowed. A t h i r d  cover was at tached to the  end of the  
sunshield a t  launch. 

(16) Stowage container.  The stowage container  provided: 
a launch/stowage loca t ion  i n  the  OWS f o r  the  photometer system; a stowage 
loca t ion  f o r  the  photometer head a.ild cover p l a t e  when experiment SI49 was 
using the  extension sys t ea  and c a n t s t e r  p a r t  of t he  photometer system; 
and a work area  t o  which the  photom%?ter system c a n i s t e r  was at tached 
during i n s t a l l a t i o n  and removal of f i lm,  and i n s t a l l a t i o n  and removal 
of the  photometer head. The stowage container  was vented through an 
a i r  f i l t e r  f o r  contamination protect ion.  

(17) Support equipment. A photometer system t r ipod  
(provided by the  O W  module) supported the  i n s t a l l e d  photometer c a n i s t e r  
t o  pro tec t  the SAL and spacecraf t  w a l l  from crew induced loads. 

1 6 m  f i lm magazines were provided f o r  the  photometer head DAC. 
This f i lm was stowed i n  t he  OWS f i lm  vau l t  when n o t  i n  use. 

2. Experiment Operation 

a. SL-1/2 Operations. The photometer system manual 
operat ions i n  general  were performed without s e r ious  problems. 
mission planning required a two-man operat ion t o  t ranspor t  the u n i t  t o  
t he  SAL and r e t u r n  t o  the  stowage container  because of t5e photometer 
system's mass and s ize .  
could handle the  u n i t  i n  zero-g as a one-man operation. 
been f a c i l i t a t e d  by the  carrying handle loca t ion  near the  u n i t  cen ter  
of  grav i ty  . 

Pre- 

However, t he  crew rap id ly  learned t h a t  they 
This may have 

The only manual operat ions problem was assoc ia ted  with the  
backup t r ipod  i n s t a l l a t i o n  (see subsection 1.7.a.(1)). The backup 
t r ipod  was launched with the  paraso l  sunshield in  the CM f o r  the  SL-2 
mission. The backup u n i t  had never been in t e r f ace - t e s t ed  with the  f l i g h t  
hardware. 
the aJs) t o  support the parasol  and used the  backup t r ipod  f o r  the  
photometer. 
can i s t e r  through the s o l a r  SAL to replace the  OWS meteoroid shield.  
The backup t r ipod  could not be i n s t a l l e d  i n  its proper pos i t ion  on 
the OW f loo r  a t  t h e  a n t i - s o l a r  SAL locat ion.  
t he  t r ipod  on the  f loo r  i n  a semi-permanent arrangement using b o l t s  
and nuts  t h a t  had been used as launch tiedowns for  o the r  equipment. 
The t r ipod  remained i n s t a l l e d  a t  t h i s  loca t ion  during the  SL-2 mission. 

The crew used the  f l i g h t  t r ipod  (-hick. had been launched i n  

The paraso l  had been Jeployed from the backup photometer 

The crew reposi t ioned 

The S E 2  MRD base l ine  requirement f o r  the T027/S073 j o i n t  
observing program was 23 scans with a minimum scheduling requirement of 
15 scans. 
MRD indicated t h a t  i f  time was ava i l ab le ,  addi t iona l  scans could be 

The f i n a l  pre-mission f l i g h t  plan scheduled 11 scans. The 
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performed near ly  as w e l l  from the  an t i - so l a r  SAL, biit had been planned 
from the s o i a r  SAL fo r  convenience of scheduling. However, there  were 
some v e r j  important scans,  including contamination measurement scans 
with a p p l i c a b i l i t y  t o  ATM experiments and scans t o  measure the  inner  
zodiacal l i g h t  (hopefully t o  the  point  a t  which it begins t o  blend i n t o  
the  outer  s o l a r  corona) which could only be performed from the  s o l a r  
SAL. 

When t h e  parasol  was deployed from the  s o l a r  SAL, a new T027/ 
SO73 j o i n t  observing program was developed based on the an t i - so l a r  SAL 
use only, on SL-2. 
with a base l ine  requirement of 13 scans and a minimum scheduling 
requirement of 9 scans. 

This new program had a p r i o r i t y  l i s t i n g  of 23 scans,  

The T027/S073 photometer was f i r s t  i n s t a l l e d  i n  t he  an t i - so l a r  
SAL on DOY 162. Table IV-16 r e f l e c t s  start times and i n i t i a l  panel 
condi t ions f o r  each mode performed.* A t o t a l  of 11 scans were performed, 
some were shor t e r  than nominal; one was extended s i g n i f i c a n t l y  ( the  
f i n a l  mode 3d); and some mode 1's inadver ten t ly  did not have a shor t  
ca l ib ra t ion  (mode 0) performed with them, as required.  The 11 scans 
d id  not agree on a one-to-one bas i s  with the rev ised  j o i n t  observing 
program p r i o r i t y  list s ince  performance w a s  not scheduled u n t i l  l a t e  
i n  the  mission and observing condi t ions of f u l l  Moon; J u p i t e r ,  Moon and 
Earth pos i t ion ;  and coordination with H a w a i i  r e su l t ed  i n  rev ised  
p r i o r i t i e s  a s  the  mission progressed. 

During the f i r s t  mode Oa operation, the  s h u t t e r  c losed when 
the photometer had the s u n l i t  Earth i n  i t s  FOV (see subsection I.4.a). 
16 trouble-shooting or  malfunction procedures were undertaken s ince  
t h i s  only a f f ec t ed  the c a l i b r a t i o n  modes and only those por t ions  t h a t  
included br ight  s(511rt2a in the  FOV. 
but did not a f f e c t  any of the primary da ta  modes (modes 1 thru 5) .  

This was observed throughwt SL-2, 

An operat ional  anomaly occurred near the scheduled end of the 
l a s t  photometer operat ion on SL-2, when a t r i m  burn was  performed 
( i n  v io l a t ion  of the  contamination mission r u l e  12-14 and MRD scheduling 
cons t r a in t s )  while t h e  photometer was extended 7 rods. 
the  u n i t  had been extended f o r  approximately 11.5 hours without trunnion 
motor operat ion and the PMT cap temperature was -42OC (approximately 
11 t o  14OC lower than predic ted) ,  When the crewman attempted t o  r e t r a c t  
the  u n i t ,  the  photometer system did not automatically pos i t ion  the head 
t o  the r e t r a c t  pos i t ion  (mode 6). He not iced tha t  the s h a f t  pos i t ion  
had increased from its i d l e  pos i t i on  of 174.4 degrees t o  the maximum 
l i m i t  of 354.4 degrees. 
trunnion switches,  the crewman was successful  i n  dr iv ing  the s h a f t  from 
its upper l i m i t  t o  the  s h a f t  r e t r a c t i o n  s e t t i n g  of 45 degrees. He 
could not appreciably change the  trunnion s e t t i n g  from i ts  112.5 degree 

A t  t h i s  time, 

Through unusual manipulation of the  s h a f t  and 

- ~ ~~ ~~~ 

*Refer t o  Reference Section for  Performance Analysis Report. 
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pos i t ion ,  t o  its retract posi t ion.  
shor t ing  plug put i n  place on the  manual panel. A t  t h i s  point  i t  was 
thought t h a t  the trunnion motor, having not operated f o r  over 11.5 hours,  
was extremely cold and exhib i t ing  "cold start" symptoms. 
t o  warm the trunnion motor, the crewman was d i r ec t ed  t o  retract  the 
u n i t  t o  a two-rod pos i t i on  where i t  would be nearer the r e l a t i v e l y  warm 
spacecraf t .  While doing t h i s ,  the crewman acc iden ta l ly  r e t r ac t ed  the 
u n i t  too f a r ,  and tapped the photometer head aga ins t  the spacecraf t  
ex t e r io r .  He then noted tha t  the trunnion had moved t o  the approximate 
013 pos i t ion  (which was a normal automatic s top  pos i t i oa )  whereupon 
he commanded it  t o  the  000 pos i t i on  and r e t r ac t ed  i t .  
sLowage operat ions appeared normal. See paragraph 7 fo r  fu r the r  
discussion of t h i s  anomaly. 

The AP was disconnected and the 

In  an e f f o r t  

Subsequent 

The experiment was operated on s i x  d i f f e r e n t  days; was exposed 
t o  space vacuum fo r  approximately 132 hours; and gathered da ta  fo r  14 
hours and 37 minutes, 

Experiment S149 was i n s t a l l e d  on the T027/S073 extension 
mechanism and extended through the  a n t i - s o l a r  SAL on DOY 171. 
was appl ied and the temperatures were telemetered t o  'he ground. 
The S149 was opened and closed by ground command t o  **-rify proper 
operat ion on DOYs 1 7 1  and 172. The S149 experiment c i  opened a f t e r  
t h e  SL-2 CM l e f t  the Skylab OA and remained exposed between missions 
SL-2 and SL-3. The T027/S073 extension mechanism operated normally 
f o r  experiment S149 operat ions.  

Power 

b. SL-3 Operations. The S149 P a r t i c l e  Col lect ion experi-  
ment was r e t r ac t ed  from the a n t i - s o l a r  SAL and removed from the  extension 
mechanism c i  DOY 213. 
malfunction procedure performed t o  v e r i f y  the photometer system opera- 
t i o n a l  i n t eg r i ty .  

The photometer head was r e - i n s t a l l e d  avd a 

The procedure consis ted of: a v i s u a l  inspect ion of the or ien-  
t a t i o n  dr ive mechanism and photometer head fo r  damage; a v e r i f i c a t i o n  
t h a t  the  cont ro l  panel cables  were a t tached  wit?. connectors f u l l y  
engaged; and a replacement of the couuncn-to-manud cont ro l  panel cab le ,  
i f  required.  
It was reported la ter  i n  the mission, however, t h a t  the connector on 
the manual panel s ide  of the common-to-manual cable ,  was 30 degrees 
away from the locked pos i t ion .  The crewman reported he f u l l y  locked 
the connector during t h i s  malfunction checkout. 

No damage was reported and the cable  was not  exchanged. 

The photometer was then r e - i n s t a l l e d  a t  the SAL. The f l i g h t  
t r rpod assambly ( loca ted  under the  parasol  c a n i s t e r )  das t r ans fe r r ed  
from the s o l a r  SAL pos i t ion  t o  the a n t i - s o l a r  SAL posi t ion.  
t r i pod  was relocated t o  the  s o l a r  SAL t o  support t he  back end of the 
parasol  canister. 
misalignment problem and permited ease of t r ipod  se tup  and takedown 
a t  the a n t i - s o l a r  SAL. 

The backup 

This interchange el iminated the  backup t r ipod  
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The SL-3 MRD f o r  a j o i n t  T0271S073 observing program was 
rev ised  based on the  a n t i - s o l a r  SAL use only,  s ince  the ?arasol  would 
0ccup.y the  s o l a r  SAL during a l l  Skylab missions. 
schedule of 30 basel ine scans with a m i n i m u m  requirement of 20 scans. 
The objec t ive  would be t o  obtain as many scans as poss ib le  i f  the minimum 
could not be accomplished. 

The MRD included a 

The photometer was extended two rod lengths  through the SAL 
Table IV-17 r e f l e c t s  i n i t i a l  panel condi t ions f o r  each on DOY 213. 

mode performed. 

During the  f i r s t  mode 4a performance, i t  was observed t h a t  t he  
s h a f t  pos i t ion  terminated a t  the 0 degrees lower l i m i t  s e t t i n g  ins tead  
of the 354 degrees upper l i m i t .  It i s  suspected tha t  the crewman 
entered  the  wrong i n i t i a l  trunnion s e t t i n g ,  en ter ing  2.8 degrees 
(oc t a l  02) ins tead  of 5.6 degrees (oc t a l  04). 
scan about the s h a f t  axis and r e su l t ed  i n  the photometer looking a t  a 
s l i g h t l y  d i f f e r e n t  port ion of t he  celestial  sphere. 

This caused an addi t iona l  

The mode Sa program was prematurely terminated a t  the  end 
of the second performance. The crewman inadver ten t ly  en tered  o c t a l  02 
i n  the REPS indicated ins tead  of 12 ( the  SL-3 check l i s t  value) .  Since 
the crew was i n  a s l eep  period a t  t h i s  time, i t  was not poss ib le  t o  
r e s t a r t  the program u n t i l  the following morning of MIY 214. 

The crewman attempted t o  change f i l t e r  wheel A t o  the 3 pos i t ion  
and r e s t a r t  program 4a a t  approximately 1130 GMT of MIY 214. 
reportcd t h a t  when he cycled power from OFF to  ON, the  panel l i g h t s  
would go off  a f t e r  about th ree  seconds ( see  s u b s e c t i m  I.7.b.). 
the panel l i g h t s  were off and the  power switch was ON, a l l  real- t ime 
telemetry was l o s t  excer t  hi- che pEI1', c a l i b r a t i o n  source and f i l t e r  
wheel temperatures. 

He 

While 

Malfunction procedures were performed i n  an attempt t o  r e s t o r e  
normal photometer operhtion. The AP was replaced with the  shor t ing  
plug, the trunnion was moved thre,  o r  four b i t s  and the  l i g h t s  w n t  
o f f  f o r  the las t  time. From t h i s  time on, the power s!.tuation 
appeared normal; however, the s h a f t  pos i t i on  of the head could not 
be changed from a s e t t i n g  of 354.4 degrees. 
meter r e t r a c t i o n  was t h a t  the s h a f t  pos i t ion  must be e i t h e r  45, 135, 
225, o r  315 degrees. 

A requirement for  photo- 

Numerms malfunction procedures were performed i n  an t t tewpt  
t o  r e s t o r e  normal s h a f t  operation. They were e l l  unsuccessful.  

It was decided t o  continue photometer operat ion during the 
troubleshooting period for  those modes t h a t  d id  not r equ i r e  a s h a f t  
scan capabi l i ty .  
time. It was ntxessary t o  re-synchronize f i l t e r  wheel A due t o  the 
many power on/off cyc les ,  i n  t h i s  time frame. 

Modes l a ,  l b  and 2b, were performed during t h i s  
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After  exhausting a l l  t roubleshoot ing schemes t o  r e s to re  normal 
s h a f t  d r ive  mechanism operat ion,  t he  extension mechanism and photometer 
head were e j ec t ed  from the  SAL a t  approximately 1402 GMT of  DOY 216. 
The photometer c a n i s t e r  and con t ro l  panels  were stowed. 

The 2hotometer w a s  operated on DoYs 213 through 216. Data 
w a s  gathered f o r  f i v e  hours and 48 minutes; f i v e  d i f f e r e n t  scans were 
perEormed; and d a t a  w a s  taken during nine o r b i t s .  

Later  i n  the SL-3 mission, seven frames of  SO63 f i lm were 
exposed t o  obta in  photographs of the Gegenschein f o r  the  SO73 PI. 
The hardware included the  TO25 c a n i s t e r  , with the  occu l t ing  d i s c s  
removed, mounted t o  the  a n t i - s o l a r  SAL and photographs taken with the  
SO63 35mm Nikon camera. 
base l in ing  of add i t iona l  similar photography on SL-4, on a l o w  p r i o r i t y  
basis .  (See sub-section J.) 

The success of this photographv l ed  t o  the  

3. Experiment Constraints.  All experiment cons t r a in t s  were 
successfu l ly  met during the  SL-1/2 and SL-3 missions except f o r  the  
one r equ i r ing  the  photometer t o  be i n s i d e  the  SAL with the  SAL door 
c losed-during,  and- f o r  a t  least 30 minutes 
f i r i n g .  The photometer w a s  deployed seven 
mentioned earlier. This was  done with the  
Control ler ' s  approval. 

a f t e r ,  any hot  gas t h r u s t e r  
rods during the  trim burn 
PI'S and Corollary F l igh t  

4. Hardware Performance . 
a. SL-1/2 Performance. The hardware performed s a t i s f a c t o r i l y  

on the  SL-2 mission with two major exceptions.  
t r i pod  mis f i t  a t  the an t i - so l a r  SAL loca t ion  and the  phocometer head 
f a i l u r e  t o  r e tu rn  t o  a retract pos i t ion .  There anomalies are discussed 
i n  paragraph 2. 

These were the backup 

Light leaks around the 
during c a l i b r a t i o n s  -&en the  head was pointed a t  the  s u n l i t  Ear th  or 
o the r  b r igh t  ob jec t  (see paragraph 2.). It was f i r s t  suspected t h a t  
co lder  than predicted temperatures might have caused minor binding i n  
the cap ac tua t ion  mechanism thus causing the  cap not  t o  c lose  completely 
l i g h t  t i gh t .  
temperature of 4-59 F. 

cap caused the PMT s h u t t e r  t o  c lose  

Thisowas re fu ted  when a l i g h t  leak  nccurred a t  a cap 

Inves t iga t ions  i n t o  the photometer head t e s t i n g  h i s t o r y  revealed 
t h a t  no l i g h t  leak tests were made with the s o l a r  sunshie ld  removed. 
This c o n f q p r a t i o n  was tha t  used f o r  the a n t i - s o l a r  SAL operat ions.  
Between SL-2 and SL-3, a l i g h t  leak test was performed i n  t h i s  configura- 
t i o n  on the f l i g h t  backup and engi-zerfng development model (EDM) heads. 
It was conclude3 from these tests t h a t  the  head was not l i g h t  t i g h t  
with the  PMT cap closed and PMT s h u t t e r  open when the head-to-source 
angle was less tha r  the  sunshield 's  e f f e c t i v i t y  angle. It was f u r t h e r  
shown tha t  there  wc.8 more l i g h t  leakage when the head was i n  the  a n t i -  
s o l a r  configuration. The PIG s h u t t e r  was designed t o  p ro tec t  the  PMT 
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by closing whenever a bright l i g h t  condition occurred, such as scanning 
the s u n l i t  ea r th  or spacecraft. 
Mode 0 ca l ibra t ion  sequences were normal performance and not due to  a 
f a i lu re  o r  anomaly, although they had not been expected pref l ight .  

Thus, the shut te r  closures during the 

b. SL-3 Performance. The shaf t  drive mechanism f a i l u r e  
was  the only major anomaly tha t  occurred on the SL-3 mission. 
a te ly ,  i t  resu l ted  i n  the eventual loss  of the experiment. 
discussion of t h i s  f a i lu re  is given i n  paragraph 2. 
became unsy xhronized during power on/of E cycles performed as pa r t  of 
the shaf t  troubleshooting procedures. A malfunction procedure was 
performed by the crew which successfully resynchronized the f i l t e r  
wheels. 

Unfortun- 
A deta i led  

The f i l t e r  wheels 

After the photometer was  ejected,  it was decided t o  inves t i -  
gate a re-supply of the backup photometer system f o r  SL-4. 
were considered because of the possible SL-3 rescue mission. 

Two approaches 

Concepts for  f shortened photometer boom were proposed, s ince 
the avai lable  space in the SL-4 CM was qu i t e  limited. 
were considered, but a l l  were basical ly  l imited to a 2 rod design, with 
a main canis te r  tha t  was hal f  the length of the or ig ina l  photometer 
canis ter .  This approach never advanced beyond the sketch stages,  due 
t o  the l o w  p r io r i ty  given the TO27 experiment on the SL-4 stowage list. 

Several ideas 

The second approach was t o  make whatever modificatioL-s were 
necessary t o  the photometer backup system, so t ha t  i t  could be stowed 
i n  the SL-3 rescue mission CM i f  i t  were flown. Since there  w a s  more 
space avai lable  on the rescue mission, it was decided t o  pursue t h i s  
course . 

The backup system refurbishment took place between August 9 and 
September 12, 1973. 
the backup f l i g h t  canis ter  had been removed and used for  the Skylab 
parasol. 
canis ter .  
i n t o  the system providing switches on the common control panel t o  
d i r ec t ly  power the shaf t  and trucmiou motors without going through logic  
and relay circui t ry .  
can is te r  top t o  reduce the launch volume and weight. 

It was necessary t o  obtain a new canis te r  s ince 

It was decided t o  reassemble the backup system using the EDM 
A drive motor c i r c u i t  by-pass modification was  incorporated 

The refurbishment removed the bracketry from the 

5. Emerlment Interfaces.  The experiment in te r faces  performed 
sa t i s foc to r i ly  during the mission with the  exception of the backup 
tripod in s t a l l a t ion  as discussed i n  paragraph 2. 

6. Return Data. Data returned t o  the PI'S consisted of users  
tapes (raw telemetry magnetic tapes), real time s t r i p  char t s ,  crew 
t ranscr ip ts ,  and motion pictures  of the photometer deployment. Some 
telemetry data  was losJt due EO improper configuration of switchee on 
panel 617. 
the data  channels from the photometer would be recorded. 
urat ions were used t o  record data  from the biomedical experiments.) 

This panel had to  be properly configured i n  order t ha t  a l l  
(Other config- 
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The 16mm DAC photographs (one 140 f t  magazine) were returned 
from the SL-2 mission; however, no 16mm f i lm was returned from the  SL-3 
mission as i t  was i n  the photometer head when the head was ejected.  
Seven frames of SO63 3 S m  f i lm (Kodak type 2485) with photographs of 
the Gegenschein were returned t o  the  SO73 PI  from SL-3. 

7. Anomalies. 

a. SL-1/2. The major anomalies were the backup t r ipod  
m i s f i t  at the  a n t i - s o l a r  SAL and photometer head f a i l u r e  t o  r e tu rn  t o  a 
r e t r a c t  pos i t ion ;  probably due t o  an open connection a t  the  P9 connector. 

(1) Tripod Problem. The i n s t a l l a t i o n  problem with the 
s e r i a l  number 2 t r ipod ,  was twofold. 

F i r s t ,  a t ilt  down and s h i f t  to  the r i g h t  ( reported by the  crew) 
w a s  apparently caused by interchanging legs  #2 (long) and #3 (intermediate 
length) t o  e f f e c t  such a tilt condition. 
designed tq be p a r a l l e l  t o  the  f l o o r  i f  a l l  th ree  l egs  were i n s t a l l e d  
i n  t h e i r  ,.roper receptacles .  
head assembly. 

The t r ipod  baseplate  wa8 

Figure IV-33 shows the l egs  and t r i p o d  

Second, the t r ipod  ad jus t ing  mechanism was improperly posi t ioned 
on the adapter p l a t e  a s  shown i n  closeout  photographs a t  KSC (compare 
the #1 l e g  pos i t ion  with t h e  p l a t e  cen te r l ine  i n  f i gu res  IV-33 and 
IV-34) .  The adjustment mechanism is  s h i f t e d  approximately two inches 
t o  the  r igh t  (looking i n t o  the  SAL). 

The problem was e f f i c i e n t l y  resolved when the c r e w  bol ted  
the legs  to  t he  OWS f loo r  i n  a new pos i t ion  and provided an  e f f e c t i v e  
semipermanent t r ipod  in t e r f ace  t o  t h e  experiment bracket  fo r  t he  
remainder of the  SL-2 mission. 

Subsequent ana lys i s  showed tha t  t h e  s e r i a l  number 2 t r ipod  
The SL-3 crew w a s  therefore  would work properly a t  the s o l a r  SAL. 

d i rec t ed  t o  incerchange the two t r ipods  t o  permit ease of t r ipod  
se tup  and takedown at the  a n t i - s o l a r  SAL. 

(2)  Retract ion Problem. The Mode 6 r e t r a c t i o n  problem 
encountered on SL-2 (See paragraph 2.) is believed t o  be the r e s u l t  
o f  a r e l ay  being actuated near the end of t he  t r i m  burn. 
have caused the  s h a f t  d r ive  t o  go t o  i t s  upper l i m i t  ( oc t a l  pos i t ion  374) 
when the s h a f t  and trunnion switches were i n  the  OFF posi t ion.  
ind ica t ion  t h a t  the  r e l ay  was actuated is evident by the  s h a f t  and 
trunnion switch pos i t ions  required t o  start and s top  s h a f t  movement. 
It was necessary t o  u t i l i z e  the switch in t e r lock  fea ture  (trunnion 
switch i n  DECR pos i t ion)  t o  keep the  s h a f t  s ta t ionary .  
s h a f t  would r e tu rn  to  i t s  upper l i m i t  of o c t a l  374. 
decreased from 120 t o  117 o c t a l ,  a trunnion switch s e t t i n g  of INCR o r  DECR 
would s top  sha f t  motion. 

This would 

The 

Otherwise the 
Later  a f t e r  trunnion 
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The r e l a y  could be ac tua ted  by two open c i r c u i t s  i n  tk.e gimbal 
dr ive logic .  
connector (on the common-to-manual jumpe- cable)  not being f u l l y  mated 
and locked, although the  problem could have been a t  o ther  c i r c u i t  
l o c a t l m s ,  such as the P8 connector on the  common panel end of t he  
same jumper cable  o r  c i r c u i t r y  in s ide  the manual panel. 

The two open c i r c u i t s  could have r e s u l t e d  from rhe P9 

The f a c t  t h a t  the  re lay  appeared t o  ac tua te  i m e d i a t e l y  a f t e r  
t r i m  burn termination cannot be overlooked. 
OWS v i b r a t i o n  caused by the burn could have loosened an already unlocked 
connector P9 which r e su l t ed  i n  the two open c i r c u i t s .  Later i n  the  
t rouble  shooting period, p r i o r  t o  or during the  r e t r a c t i o n  t o  the two- 
rod configurat ion,  and bumping aga ins t  the OWS s i d e ,  add i t iona l  v ib ra t ions  
may have closed the  open c i r c u i t s  f r ee ing  the  relay.  
reproduced by ground tests. 

It was poss ib le  t h a t  an 

These e f f e c t s  were 

A backup jumper cable  and a t o o l  ( t o  be used t o  e x t r a c t  t he  
f l i g h t  jumper cable  from the  common panel and remate the backup cable)  
were launched on SL-3 as a r e s u l t  of t h i s  analysis .  
was h s t r u c t e d  t o  inspect  the  connection when f i r s t  using the  photo- 
mster and to replace the jumper cable  i f  necessary. 
upon inspect ion,  t h a t  the  cable was  only p a r t i a l l y  mated. 
rematcd and locked the P9 connector. Subsequently, the  s h a f t  and 
trunnion operated normally u n t i l  the  f a i l u r e  of the s h a f t  d r i v e  
mechanism. 

The SL-3 crew 

It was discovered 
The crew 

b. SL-3. The major anomaly w a s  the power drop-out which 
led  u l t i m a t e l y  t o  a f a i l u r e  i n  the s h a f t  d r ive  mechanism and subsequent 
e j ec t ion  of the photometer head and boom. 
caused by a f a i l u r e  within the s h a f t  motor d r ive  l o g i c  c i r c u i t  o r  
sha f t  d r ive  r e l a y  d r ive r  c i r c u i t .  
hour t r ans i en t  period during which i t  overloaded the  5V power supply 
and caused 5V and 29.5V power t o  drop out approximately th ree  seconds 
a f t e r  each power recycle.  
d r ive  c i r c u i t ,  the  s h a f t  could not be dr iven  from i ts  high l i m i t  
pos i t  ion. 

Vds malfunction was probably 

The f a i l u r e  had an approximately six- 

A f t e r  the  f a i l u r e  had opened the  s h a f t  motor 

A d e t a i l e d  da t a  review conducted subsequent t o  pabl ica t ion  of 
a f a i l u r e  report* has not changed i ts  bas i c  f a i l u r e  ana lys i s  conclusions. 
Some addi t iona l  ground tests were performed as recomnended i n  t h e  
repor t  to  determine i f  the SL-2 mission anomaly would cause ove r s t r e s s  
(overvoltage o r  overcurrent condi t ions)  t h a t  could r e s u l t  i n  the SL-3 
mission anomaly. 
dr ive  r e l ay  d r ive r  c i r c u i t  components ex i s t ed  under simulated mission 
operat ion of  the  EDM. 

No such overstress on the  motor-drive log ic  o r  motor- 

*Refer t o  Reference Sect ion f o r  t e s t  repor t .  

4 -1 00 



Prior t o  the Sil-4 lavnch, a Comaon Panel and Relay Driver 
Assembly Removal Procedcre H".S generated, approved :or SL-4 data  package 
inc ludons ,  and launched ox. the SL-4 CM, The removal operation was not 
performed during the SL-4 mission due to  the crew time required and low 
p r i o r i t y  for  f a i l u r e  analysis  ac t iv i ty ,  

The exact f a i l ed  element and its f a i l u r e  mode w i l l  never be 
ident i f ied  s ince the two subassemblies ( e i the r  of which may have 
contained the f a i l ed  element) were not returned t o  ear th  f o r  faZlure 
analysis , 
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J. Zxperiment SO73 - Gegenschein/Zodiacal Light (SL-4) 

The Pr inc ipa l  Inves t iga tor  f o r  Experiment S073, Gegenschein/ 
Zodiacal Light,  is Dr. J. Weinberg, S t a t e  Universi ty  of New York a t  
Albany, Albany, New York. In  its configurat ion on SL-4, SO73 used 
equipment suppl ied by other  experiments. 

1. Emeriment DeSCriDtiOn. Low br ightness  t a r g e t  regions f o r  
t h i s  experiment were photographs from spacecraf t  beginning with the last 
Pro jec t  Mercury f l i g h t .  As emulsion s e n s i t i v i t i e s  were improved and 
f a s t e r - l ens  cameras qua l i f i ed  fo r  f l i g h t ,  r e s u l t s  improved. 
da t a  were obtained from l u n a r  o r b i t  on the l a s t  four Apollo f l i g h t s ;  
however, a l l  these attempts had to contend with Command Module window 
transmission l imi t a t ions  and changes i n  vehic le  a t t i t u d e s  during the 
long exposure tines. On S i - 3 ,  a procedure f o r  long-exposure photography 
of low-brightness sources had been developed using S063's 35mm Nikon 
camera togetner  with the  TO25 can i s t e r .  
the  an t i - so l a r  SAL t o  photograph the  Gegenscheir., which was al igned with 
the  an t i - so l a r  ax i s  whenever Skylab was i n  the  s o l a r - i n e r t i a l  a t t i t u d e .  

Very good 

This assembly was  mounted on 

a. Objectives.  The objec t ives  were t o  measure the  sur face  
br ightnesses  of f i v e  typea of extended astronomical sources i n  t h e i r  
v i s i b l e  and u l t r a v i o l e t  l i g h t  using photometric photography and t o  measure 
the  sca t t e red  l i g h t  background observed from the spacecraf t  
photography. 

by photometric 

The low-brightness sources t o  be s tudied  were the Gegenschein 
region, zodiacal  l i g h t  perpendicular t o  and i n  the  e c l i p t i c  between 90 
and 120' from the sun, regions i n  t he  plane of Comet Kohoutek's o r b i t ,  
the  earth-moon l i b r a t i o n  regions Lq and L5, and g a l a c t i c  regions.  These 
g a l a c t i c  regions included i n t e r s t e l l a r  l i g h t  i n  the  Milky Way galaxy and 
low brightness  extensions associated with ind iv idua l  and c lus te red  
galaxies.  The l i g h t  from the  Gegenschein, from zodiacal  l i g h t  and, 
possibly,  from p a r t i c l e  concentrat ions at  the Li.bration regions a r i s e s  
from sunl ight  s c a t t e r e d  by innumerable a icroscopic  p a r t i c l e s  of i n t e r -  
planetary dust. 
was t o  provide information on concentrat ions and loca t ions  of these 
pa r t i c l e s .  In  addi t ion,  the  co l l ec t ion  of da ta  over a span of many 
weeks was t o  confirm o r  deny the ex is tence  of shor t  term va r i a t ions  i n  
br+>tness.  The g a l a c t i c  photography took advantage of the dark night  
skj avai lab le  from the  Skylab o r b i t  t o  de t ec t  t: J f a i n t e s t  outer  l i m i t s  
of galaxies.  Ground photography of t h i s  nature ,  even f r m  the Palomar 
te lescope,  i s  l imi ted  by the br ightness  of the  e a r t h ' s  atmosphere a t  
night .  

The measurement of  sur face  br ightness  of these regions 

The determination of the sca t t e red  l i g h t  background a s  observed 
from manned spacecraf t  is c r i t i c a l  to observations planned f o r  fu tu re  
LST and Shut t le  Sor t i e  missions. Therefore, contamination photography 
was to  be undertaken t o  replace t h a t  l o s t  with the  lo s s  of the TO27 
photometer. Such photography was t o  meaaure the  t o t a l  s ca t t e r ed  l i g h t  
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background as well as d i s c r e t e  p a r t i c l e s  generated by spacecraf t  
operation. The only measurements of t h i s  type previously performed 
aboard Skylab had been made on separa te  passes by T027. The photo- 
graphic d a t a  was t o  d i f f e r e n t i a t e  between the bi i* ,htness  a t t r i b u t e d  
to  the generai  background and t h a t  due t o  d i s c r e t e  p a r t i c l e s .  

b. Concept. On SL-4, i n  addi t ion  t o  fo r the r  Gegenschein 
photography similar t o  the SL-3 photography, the same equipment as used 
on SL-3 was  t o  be used with the  SO19 Ar t icu la ted  Mirror System (AMs) 
t o  view regions i n  the  c e l e s t i a l  annulus between 90 and 120 degrees 
from t h e  sun. 

c. Hardware Descripiion. There was no dedicated experi-  
ment hardware assigned t o  the  SO73 operations.  

A rev ised  SL-4 MRD f o r  experiment SO73 r e f l e c t e d  the TO25 c a n i s t e r  
use (occul t ing  d i sc s  removed) mounted d i r e c t l y  t o  the an t i - so l a r  SAL 
t o  photograph the Gegenschein o r  mounted t o  the SO19 AMs t o  photograph 
the o ther  ta rge ts .  
r - iached with the SO63 adapter. 
35mm Nikon camera, sometimes using the W lens.  

When using the  SO19 AMS, the  TO25 c a n i s t e r  was 
The photography wab taken with a 

2. Expe-iment Operation. The MRD described 36 func t iona l  
ob jec t ives  (FO s) ,  each FO being one n ight  pass. 
were basel ined;  the other  10 being l i s t e d  as candidates.  The photographs 
f o r  the SO73 P I  were of m e  Gegenschein region, the zodiaca lo l igh t  
perpendicu1:- to and i n  the plane of the e c l i p t i c  between 90 and 120' 
from t h e  sun, regions i n  the  plane of Comet Kohoutek's o r b i t ,  and the 
earth-moon l i b r a t i o n  regions Lq and L5. 
from contamination p a r t i c l e s  and photographs of g a l a c t i c  regions were 
included i n  these FO's f o r  o the r  inves t iga tors .  

Only 17 of these  FO's 

Photographs of sca t t e red  l i g h t  

Experiment operat ions a r e  sumar i zed  i n  t ab le  IV-18. During each 
night  pass, photographs were normall; taken of more tlian one SO73 t a r g e t ,  
Since the  FO's were written on a bas i s  of only one o r  two t a r g e t s  being 
photographed per  pass ,  there  was not  an exact co r re l a t ion  of  ac tua l  FO's 
accomplished with the MRD FO's. 

A l l  photographs were taken with the 35mm Nikon s e r i a l  number 02 
camera, vs ing  Kodak type 2485 film. The experiment was run on a to ta l  
of 11 night  passes and a t o t a l  of 96 photographs were taken versus  an 
MRD base l ine  requirement of 1 7  night  passes and 85 photographs. 

3. Experiment Constraints.  The experiment cons t r a in t s  were 
successfu l ly  met during the SL-4 mission except t ha t  the CMG's were no: 
i nh ib i t ed  as required on DOY 030 during the operat ions beginning at 1910 
u n t i l  1944 GMT. 
t ~ q e t  region of zodiacal  l i g h t  was 80 broad and smearing might be 
accounted f o r  i n  the d a t a  reduction. 

This may not have been a se r ious  problem s ince  the  

4 -103 



TABLE IV-18 So73 PHOTOGRAPHY DURING SL-4 MISSION 

9 1 %  I 
9 I 356 I 

1 030 1 4 

SETUP !LESS 

I T025/AMS 

T025/AMS VIS 

To25/m W 

TOV/AMs =? 

1 
4 Contamination 
2 Lunar Librstioa 
3 Colaet Plane  

4 C<rntaaLnation 
2 Galaxy 
1 Corpet Plane 
1 LUUM Libration 
t Zodiacal Ligbt 

2 Coatamination 
1 Lunar Libration 
3 Galaxy 
2 Zodiacal Light 

3 Contamination 
2 Lunar Libration 
3 Galaxy 
2 Zodiacal Light  

- 

2 Contadnation 
2Galaxy . 

2 Galaxy 

6 Contamination 
2 Zodiacal Light 
3 Lunar Libration 

4 Contamination 
7 Gegenschein 

2 Contamination 
3 Gegenschein 

4 Contamination 
8 Gegenschein 

1 Galaxy 
.7 Lunar Libration 
3 Zodiacal Light 
1 Ecliptic Pole 

4 Galaxy - 
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4 .  Hardware Periormance. The hardware appeared to  perform 
nororally &ring the mission. 
developed they were a l l  found to be out of focus. 
a l l  photographs taken t d t h  the 35- Nikon camera serial number 02. 

However, when the  photographs were 
This was t rue  for  

5 ,  Interfaces. The experiment in te r faces  performed satis- 
fac tor i ly  during the mission. 

6.  Return Data. Ninety-six frames of 35mm Kodak type 2485 film 
were returned. 

7. Anomalies. The Nikon camera (serial number 02) used fo r  all 
the SO73 SL-4 photography was  used to  take operational photographs, 
t o  take some SO63 photographs, and fo r  a l l  TO25 photographs a f t e r  the 
f i r s t  EVA. 
exposed on SL-4 with t h i s  caaiera were i n  focus; however, a l l  subsequent 
photographs were out-of-focus. The out-of-focus condition appeared to  
vary from frame t o  frame, although a l l  frames were out of focus. 
From study of  the objects appearing i n  the photographs (e.&., the SO19 
AMs, i n t e r i o r  of the TO25 cznis te r  o r  the TO25 occulting discs)  the 
camera appeared t o  be focussed a t  approximately 3 t o  5 fee t  ra ther  than 
inf ini ty .  

The operational photographs on the  -iist r o l l  of f i lm 

Since t h i s  camera vas not returned from o r b i t ,  no f a i l u r e  analysis  

The c loses t  duplication of the r e su l t s  w a s  obtained 
could be performed. Ground t e s t s  were performed a t  JSC t o  attempt t o  
simulate the resul ts .  
by removing the pressure p la te  from the camera and allowing the fi lm to  
f loa t  i n  and out  of th: f i lm plane. 
plate  was missing from the Nikon 02 camera ar.d i f  r e v i s i t  t q  Skylab 
occurs i t  would be desirable to re t r ieve  t h i s  camera. The crew did 
got notice any missing pressure p la te ,  nor w a s  one found on-orbit. 
Normally, loose equipment of t h i s  type would be found on the screens 
over the air  ci rculat ion ducts. The crew d id  note tha t  the camera back 
did no t  completely close aid,  i n  fac t ,  they taped i t  shut t o  prevent 
any l i gh t  ieaks. I f  the camera is not returned, the exact cause of the 
problem w i l t  never be known. 

It is suspected tha t  the pressure 
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K. Proton Spectrometer - Operational Instrument 

The P r inc ipa l  Inves t iga tor  foy the  Proton Spectrosaeter is Dr. 
The 

The instrument was developed by the  Space Sciences 

Godehard Guenther, University of Alabama a t  Huntsv i l le ,  blabasla. 
Associate Pr inc ipa l  Inves t iga tor  is Dr. T. Parae l l ,  Space Sciecces 
Laboratory, SFC.  
Laboratory, with Hr. G. Detko as Engineering Manager. 
subsystem was b u i l t  by Spacetac Corporation, Bedford, Massachusetts. 

The e l e c t r o n i c s  

1. Instrument Description 

a. Objectives.  The objec t ive  was to place in o r b i t  a s e l f -  
c a l i b r a t i n g  instrument capable of measuring the  energy spectrum inten-  
s i t y  a d  p i t ch  angle  d i s t r i b u t i o n  of electrons and p r o t m s  trapped i n  
the  South A ~ l a n t i c  Anomaly r ad ia t ion  belts. This was intended to  pro- 
v i& accura te  mapping of t h i s  high r a d i a t i o n  area, and of t h e  northern 
and southern "horns", a l l  created by the  e a r t h ' s  magnetospheric t rapping 
of protons and electrons. 
long periods would he lp  i n  the  ana lys i s  of radiation belt solar d u l a -  
t ion .  This knowledge of t he  partLLes energy spectrum wwld a i d  f u t u r e  
space programs in: 
tilms and f i l m  developing procedures, and the determination of crew 
rad ia t ion  dosages. 

Time var i a t ions  of these  measurements over 

the  design of r a d i a t i o n  sh ie ld ing ,  the choice of 

b. Concept. The concept was to  momt a high-colmting-rate 
particle de tec to r  on t he  vehic le  e x t e r i o r  enabling on unobstructed view 
of space. The instrument would have a 45 degree acceptance cone, being 
posit ioned along the  vehic le  Y-axis allowing a particle p i tch  angle 
d i s t r i b u t i o n  t o  be determined. A combination of s o l i d - s t a t e  de t ec to r s  
and s c i n t i l l a t i o n  de tec tor?  would be used, i n  conjunction with in s t ru -  
ment e l ec t ron ic s ,  to  c l a s s i f y  the e l ec t rons  detected,  1.2 to  10 mi l l ion  
e l ec t ron  v o l t s  MeV: i n  t h ree  d i s c r e t e  energy levels. Likewise, the  
protons detected 18.5 t o  400 MeV w u l d  be d i s t r i b u t e d  i n t o  e igh t  energy 
levels .  The instrument would contain a unique closed-loop d i g i t a l  cali- 
b ra t ion  system t h a t  would automatical ly  maintain accura te  c a l i b r a t i o n  of 
the  boundaries between these energy leve ls .  Two analog therenrl monitors 
would ind ica t e  the instrument temperature so t h a t  appropr ia te  cor rec t ion  
f a c t o r s  could be appl ied,  i f  necessary. 

Data would be returned through the Skylab telemetry system. 
Real-time data would be combined with data recorded and dumped through 
the AM recorders.  
AM D i g i t a l  C a n m a d  System (DCS) v i a  RF compand and crew l o c a l  cont ro l .  

Instrument c a n t r o l  would be maintained through the  

c .  Hardware Description. The tnstrument was comprised of 
a det,ctor head assembly (see f igu re  IV-35) and an e l e c t r o n i c  subsystem 
i n s t a l l e d  i n  a thermal shroud. The instrument was shock-mounteu to  the  
S194 t r u s s  at the  MI# forward end, providing a c l e a r  field-of-view with- 
in a 45 degree window of the ex te rna l  Skylab r ad ia t ion  e n v i r m - n t .  
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The deteccur head was a d i r e c t i o n a l  device,  composed of four  
de tec tors .  Two s o l i d  state de tec to r s  (D1 and D2) and a s c i n t i l l a t i o n  
de tec to r  (D3) were used t o  de t ec t  the  particle's presence and energy. 
A c y l i n d r i c a l  s c i n t i l l a t i o n  de tec to r  (D4), o r  s h i e l d ,  surrounded these 
de tec tors  and was used pr imari ly  as an  an t i co inc ide r se  de t ec to r  to 
create a 45 degree acceptance cone (see f i g u r e  IV-35). 
D 4  provided a measurement of the r ad ia t ion  f i e l d  totai  f lux.  

Addi t iona l ly ,  

The e l ec t ron ic  subsystem processed the ue tec tor  data. 
processing determined whether o r  not  tne  particle en tered  the  in s t ru -  
ment through the 45 degree acceptance cone, and i f  the  particle had, 
then determined i f  i t  was an e l ec t ron  or a proton. The instrument 
determined the  particle's energy and c l a s s i f i e d  i t  within one of the  
energy bands, adding it  t o  the  appropr ia te  counter.  
read at 1.2-second i n t e r v a l s  and presented t o  the  te lemetry system. 
This  information was t ransmit ted d i r e c t l y  to the  ground s t a t i o n  i n  real- 
t i m e ,  or recorded on the  All recozder f o r  later cransmission, thus 
enabling eventual  recons t ruc t ion  of the  e n t i r e  o r b i t .  

This 

The counters  wers 

The instrument was designed to opera te  continuously throughout 
each complete Skylab o r b i t .  
l e v e l  i n  excess of a selected value,  the instrument i n i t i a t e d  a proton 
and e l e c t r c n  counting mode of operat ion.  
which the instrument switched was con t ro l l ed  from the ground by AIM 
DCS colrPmand. When the f l u x  l e v e l  decreased t o  a point  below the  
se l ec t ed  l e v e l  (typica!.ly as the Skylab emerged from the South A t l a n t i c  
Azlooraly) the  i n s t r u e n t  switched back to a c a l i b r a t e  (CAL) d e  of 
operation. I n  the  CAL m o d e ,  the  instrument continued t o  count the  
e l ec t rons  present ,  but used its proton energy measuring funct ion f o r  
se?. 2-ca l ibra t  ion. This c losed-loop d i g i t a l  c a i i b r a t  ioii technique wa 9 
unique to  t h i s  instrument.  
isotope Americium t o  provide a constant-energy particle f o r  c a l i b r a t i o n  

When the  D4 de tec to r  sensed a r a d i a t i o n  

The p a r t i c l e  f l u x  l e v e l  a t  

It incorporated the  use  of the rad ioac t ive  

The instrument output consis ted of analog and d i g i t a l  data. 
The analog data contained two temperature measurements ( the de t ec to r  
head and the e l ec t ron ic s  package) and two part ic le-count  measurements 
(M total  dose, an4 DlD2 acc iden ta l  coincidence, used t o  e l imina te  
erroneous da ta  when a particle e n t e r s  hie instrument through the s i d e  
co i t c iden t  with one en te r ing  through the 45 degree acceptance cons). 
The d i g i t a l  data w a s  a 12-b i t  word, updated 10 times per second. 
complete data [rame of 12 words (3 e l ec t ron  channels,  8 proton chan- 
ne l s ,  and the D3 count) was completed each 1.2 seconds. Real-time 
monitoring w a s  l imited to  the four  p.=cllog measurements. 

A 

Instrument con t ro l  was by ground command. It could b? com- 
manded on o r  o f f ,  o r  the f l u x  threshold level where the instrumenL 
would switch from c a l i b r a t e  t o  count could be changed, v i a  the AZM 
DCS system. 
ment t o  ON, O R  or CoIWAND. 

The crsw had the  c a p a b i l i t y  to  manually tu rn  the i n s i r u -  
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2. Instrument Operation 

a. SL-1/2 Mission. The instrument was i n i t i a l l y  turned on 
approximately 12 hours a f t e r  t he  SL-1 launch (approximately e i g h t  hours 
later than scheduled) on DOY 135 a t  0530 GMT. The delay was due t o  t h e  
emergency a c t i v i t i e s  assoc ia ted  with the  OWS meteoroid s h i e l d  loss. 
The delay request  was acceptable  because t h e  instrument tempezature was 
decaying slower than the  prelaunch predict ion.  
temperature a t  launch was 23OC. 
was -25OC, which was the  minimum temperature allowed with no power 
appl ied per a mission cons t r a in t .  

The i n i t i a l  instrument 
The instrument temperature a t  turn-on 

The f i rs t  ind ica t ion  of operat ion occurred approximately f i v e  
hours a f t e r  turn-on, a t  1030 GMT. The i n d i c a t i o n  was t h e  D4 to t a l  dose 
measarement peaking, as monitored i n  real t i m e  a t  t he  HOSC. 

The f i r s t  d i g i t a l  d a t a  were received 34.5 hours a f t e r  launch, 
on DOY 136 a t  1604 GM'I and were provided by KSC. 
required t o  obta in  processed d i g i t a l  d a t a  v i a  regular  channels,  KSC 
a s s i s t e d  by real-time monitoring of passes over t h e  KSC s t a t i o n  (MIL). 
ESC processed t h i s  d a t a  with the Quick-Look Data S t a t i o n  (QLDS) s o f t -  
ware programs used during prelaunch t e s t i n g .  The d a t a ,  f o r  s e v e r a l  
passes going i n t o  o r  coming out of the Northern Horn B e l t ,  showed 
e l e c t r o n  count d a t a  as expected. However, t h e  d a t a  showed abnormal 
operat ion i n  the  c a l i b r a t i o -  mode. A temperature-induced f a i l u r e  was 
determined to have caused the abnormal operation. 

Due to  the  t i m e  

On DOY 138 a t  1619 GMT, t he  instrument was forced i n t o  the  count 
mode by ground command. 
was sen t  t o  place the  instrument back i n  t h e  c a l i b r a t e  mode. 
a c t i o n s  were taken t o  in su re  operat ion through t h e  South A t l a n t i c  
Anomaly i n  t h e  count mode. Through t h i s  period t h e r e  was no d a t a  
ava i lab le  co show t h a t  t he  instrument was switching automatical ly  
from c a l i b r a t e  to  count. Ver i f ica t ion  of t h i s  automatic switching 
d id  occur on DOY 165. 

On DOY 142 a t  1325 @IT, a s i n g l e  s t e p  corrmand 
These 

b. SL-3 Missictn. The operat ion througnout SL-3 was 
unchanged from SL-1/2. 
graph 7) but the d a t a  were gathered and s to red  f o r  post-mission 
analysis. 

The proton channels were degraded (see para- 

c. SL-4 Mission. The instrument was cycled off  and then 
on, i n  the hope of r e s t o r i n g  the  proton channel d a t a ,  with no apparent 
success. The d a t a  were gathered and s to red  f o r  post-cnission ana lys i s .  
The AM s i g n a l  condi t ioner  f o r  the temperature measurements malfunc- 
tioned r e s u l t i n g  i n  the  loss of these measurements. 

3. Constraints .  The experiment c o n s t r a i n t s  were successfu l ly  
met during, the mission except t h a t  f o r  corona r e s t r a i n t .  The con- 
s t r a i n *  pot adhered t o  was i n t e n t i c n a l l y  overridden a f t e r  due con- 
s ide ra t ion .  It spec i f ied  t h a t  "operations of the Proton Spectrometer 
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w i l l  be in t e r rup ted  (by power turnof f )  during a l l  CSM RCS Operations 
( including docking and undocking). 
sooner than 15 minutes a f t e r  completion of BCS operat ions.  
a l l y ,  power should not be turned on wi th in  one minute of any in te r rup-  
t ion .  The requested number of DCS command (358) s h a l l  be sen t  a f t e r  
each power "turn on." 
approached the  thermal cons t r a in t  limit could have r e su l t ed  from removal 
of instrument power upon CSM undocking a t  the  SL-l/SL-2 completion 
requi r ing  t h a t  power be reappl ied  i n  v i o l a t i o n  of the  corona cons t r a in t .  
Laboratory tests with q u a l i f i c a t i o n  test hardware ind ica ted  t h a t  the 
p o t e n t i a l  f o r  corona w a s  less than the p o t e n t i a l  consequences assoc ia ted  
with lower temperatures. An Act ion Request, AR-348, was therefore  gen- 
e ra t ed  by MSFC t o  cancel  proton spectrometer cons t r a in t  069 r e l a t i n g  t o  
the experiment turn-off t o  preclude corona. 

Operation s h a l l  be i n i t i a t e d  no 
Addition- 

Lower-than-predicred operat ing temperatures t h a t  

4. Hardware Performance. The instrument was operated through- 
out  a l l  th ree  Skylab missions,  ga ther ing  d a t a  f o r  post-mission ana lys i s ,  
but the  lower-than-predicted temperatures a f f ec t ed  the primary d a t a  of 
the  instrument (see paragraph 7). Electron channel 1, D 4  analog ( total  
count) and the  D3 t o t a l  dose d a t a  w i l l  be evaluated.  
ment funct ion of the  D3 de tec to r  PM tube was s i g n i f i c a n t l y  a f f ec t ed  by 
the l o w  temperature, as was the  D2 coincidence c i r c u i t r y ;  thus e l e c t r o n  
channels 2 and 3 and a l l  e igh t  proton channels are considered inva l id .  

The energy measure- 

During SL-4 i t  was determined chat the proton spectrometer,  even 
i n  i t s  degraded state, was providing usefu l  information f o r  gamma-ray 
s t u d i e s  (as documented i n  a l e t te r  from the  Associate P r inc ipa l  Inves t i -  
ga to r ,  D r .  T. Parne l l  to  M r .  Jack Waite, MSFC/SL-DP, on J m u a r y  17, 
1974). It w a s  s t a t e d  t h a t  the  ouLput of the  D 3  de t ec to r  i n  the  CAL/ 
Count Modes could be usefu l  i n  the de t ec t ion  of t r ans i en t  cosmic gamma- 
r a y  events  ( g a m - r a y  burs t s ) .  

5. In te r faces .  The experiment incer faces  pcxformed s a t i s f a c -  
t o r i l y  during the mission. 

6. Returned Data. The tefemetered da ta  were compiled f o r  post-  
mission ana lys i s .  The da ta  were genera l ly  degraded due t o  the instrument 
f a i l u r e .  Only one low-level e l e c t r o n  channel,  the  D4 t o t a l  f l u  measure- 
ment, and the D 3  t o t a l  dose measurement were i n t a c t .  A l l  e i g h t  proton 
c h a m e l s  and the  two high-level  e l ec t ron  channels were degraded. 

7. Anomalies. A f a i l u r e  ana iys i s  r epor t  was prepared by the  
Engineering Manager, dated September 20, 1973. The repor t  summarizes 
che events  surrounding the instrument f a i l u r e ,  then presents  the f o l -  
lowing a n a l y s i s  of the probable f a i l u e  mechanism. 

The instrument 's  temperature h i s t o r y  has  played a s i g n i f i c a n t  
r o l e  i n  the ana lys i s  of the performance. 
included the following th ree  sigrbificant t i m e  periods: 

The SL-1/2 temperature h i s t o r y  
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The f i r s t  period was from launch through the  i n i t i a t i o n  of 
the  p i tch  and yaw maneuvers t o  c o n t r o l  the r i s i n g  tempera- 
tures i n  the  workshop (reference f i g u r e  IV-37).  
a t u r e  decayed a t  a rate slower than prelauncb predic t ions ,  
but was approachiilg the cons t r a in t  l i m i t  a t  instrument 
turn-  on. 

The temper- 

In  the second period the  vehic le  was taken out of the  solar 
i n e r t i a l  a t t i t u d e  t o  reduce the hea t ing  of the OWS. The 
pitcl-ing of the vehicle  placed the instrument i n  the sun 
and the  temperature rose  t o  and s t a b i l i z e d  at 4 O C  (40%), 
f o r  the  next 8 days. 

The t h i r d  period began with the r e tu rn  of the vehic le  t o  
s o l a r  i n e r t i a l  f o r  SL-2 docking (DOY 145) .  The tempera- 
t u re  dropped t o  -33OC ( - 2 8 9 )  i n  5 4  hours (see f i g u r e  IV-38). 
The t e m  r a t u r e s  remained within f 5' of -32' (-24%) (head) 
and -25 C (-14%) (e lec t ronics )  throughout the SL-3 and SL-4 
missions. 

ge 

It is  f e l t  t ha t  the lower-than-predicted operat ing temperature 
of the instrument r e su l t ed  i n  cont rac t ion  of the  RTV 615 mater ia l  used 
t o  couple l i g h t  from the D3 s c i n t i l l a t o r  de t ec to r  to the  photomult ipl ier  
rube. 
ment, so t h a t  high-energy p a r t i c l e s  s t r i k i n g  the de t ec to r  were uaable t o  
produce the required e l ec t ron ic s  input .  Also,  the D2 coincidence c i r -  
c u i t r y  was l o s t .  It was believed t h a t ,  i f  t he  instrument temperature 
was returned t o  the designed l e v e l ,  the gap would be closed and the  
instrument returned t o  operation. 

The gap thus created e f f e c t i v e l y  reduced the ga in  of the i n s t r u -  

Tbe cause of the low operat ing temperature w a s  t raced  t o  an 
e r r o r  in the  thermal ar ts lysis .  
of the thermal shroud i n t e r v a l  sur face  r e su l t ed  i n  the pred ic t ion  of a 
higher operat ing temperature. 
i n t e r n a l  heat  generrded by the  instrument as predi2ted. 

A la rge  e r r o r  i n  the emiss iv i ty  value 

The instrument d id  not r e t a i n  a s  much 

A thermal blanket was proposed f o r  i n s t a l l a t i o n  on an  SL-4 EVA, 
t o  raise the instrument 's  temperature, bu. due t o  SL-4 resupply space 
and weight cons idera t ions ,  these e f f o r t s  were terminated. 

Diring SL-4, ground testim was ,~erf-rsed t o  v e r i f y  the f a i l u r e  
mode. The information was hoped t o  be usefu l  i n  developing a procedure 
fo r  re turn ing  che f l i g h t  u n i t  t o  an opera t iona l  s ta te ,  and i n  a s s i s t i n g  
the post-mission ddta analysis. The test was performed on the backup 
a r t i c l e  rt Spacetu;. Bedford, Mass. ( the backup un i t  w s  removed from 
the jackup MIA in S t .  Louis and returned a f t e r  the t e s t ) .  The t e s t  
confirmed t,.e conclusi .  3s of the f a i l u r e  a n a l y s i s ,  i.e., t h a t  r a i s i n g  
ths temperature was the , i y  means of r e s t c :  !ng instrument performance. 
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SECTION V. bIATERIALS PROCESSINC EXPERIMENTS 

A. Materials Processing Facility Experiments 

1. M512 - Materials Processing Facility. The facility 
Technical ManagerIPrincipal Investigator is Mr. P. Gordon Parks, 
Process Engineering Laboratory, MSFC, Huntsville , Alabama. The 
Hardware Developer for all facility/experiment hardware was the 
Process Engineering Laboratory, MSFC, Huntsville, Alabama. 

a. Facility Description 

(1) Objective. The objective was to provide a basic 
apparatus and a cormon spacecraft interface for performance of metallic 
and non-metallic materials processing experiments, utilizing the advan- 
tages of the near-zero-g and vacuum conditions afforded by the Skylab 
workshop. 

(2) Concept. To fulfill this objective, a materials 
processing facility (MPF) was designed for the Skylab program. 
Obviously the near-zero-g conditions were readily available; however 
experiments requiring vacuum conditions had previously been constrained 
to EVA operations. 
performance under controlled vacuum conditions inside the Skylab space- 
craft. 

The M512 facility was designed to allow experiment 

The facility concept provided the flexibility to perform a 
series of experiments, investigating various areas of materials processing, 
utilizing one common piece of hardware--the M512 facility. 

Data from the experiments was obtained from analysis of  the 
returned samples and certuin returned experimentlfacility hardware, 
aotion picture 'records of the two electron beam experiments and M479, 
plus comments by the operating crewmen. The returned samples were to 
be studied in comparison with contrcl samples produced on Earth. 

(3) Hardware Description. The facility (see figures 
V-1 and V-2)  included the following major subsystemslassemblies: 
vacuum work chamber assembly, vacuum subsystem, control and display 
su'aystem, electron beam subsystem, electrical power subsystem, water 
que:dch subsystem and equipment storage assembly. The facility was 
hardmounted on two honeycomb mounting panels that were shock-mounted to 
the longerons running parallel to the MDA X-axis. The facility was 
located at position '11 in the forward MDA area (cee figure V - 3 ) .  
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The vacuum wrk chamber vas a 0.4 meter (16-inch) sphere, 
w i t h  a hinged access hatch, i n  which a l l  experiment operations were 
performed. 
that  accommdared the spa11 electric furnaces of the  IS18 and M555 
experiments. 
interfaced with the munt ing  bases of exper imnts  H551, k652 and 11553 
and the nSl8lrrrSS clamping ring. Auxiliary provisions iocluded ports 
for: 
i i l u s t r a t e s  the  work chamber i n  a "cut aw8f vieu. Figure V-5 is a 
photograph of the estpty mrk c h d e r  and f igure V-6 shows a typical 
experiatent (1653) slounted i n  the chamber. 
taken from essen t i a l ly  the same angle 80 that reiative locat ions of  
the hardware are c l ea r ly  i l lus t ra ted .  
the m r k  chamber with experiment PI553 installed is shown i n  f igure 8-7. 
This experilaent hardware vas attached to the heat  s ink  Outer flange 
(as contrasted to  the k618 furnace that wa8 inser ted i n t o  the heat  
sink cavity).. A vacuum cleaner port vas provided for cleaning the 
chzmber, and a repressurization l ine w i t h  valve was used to equalize 
chamber/HDA pressure a f t e r  each experiment operatioil. 

The chamber w a l l  ccmtaioed a cylindrical w e l l  (heat sink) 

"he heat-sink flange had three m o t i n t g  holes t h a t  

a floodlight, a 16ma DAC, and cr@unan observation. Figure V - 4  

These two photographs were 

A side-view i l l u s t r a t i o n  of  

The vacuum subsystem connected the  work &amber to the space 
enviroment. 
l i n e  with two bu t t e r f ly  poppet valves (see f igure V-3). 

The subsystem consisted of a 0.1 meter (4-inch) diameter 

The control  panel ( f igure V-8) iocorporated the cont ro ls  and 
displays required f o r  the expe rheo t s  u t i l i z i n g  the f ac i l i t y .  
were a vacuuei gauge and a thermocouple temperature indicator  fo r  the 
work chamber, and voltage and current meters fo r  the e lec t ron  beam 
subsystem. The panel controls  and displays were grouped in to  various 
sections,  with each sect ion devoted to a pa r t i cu la r  f a c i l i t y  function 
or experiment (e.g., e lectron beam sect ion or flammability section). 

Included 

Thc electron beam subsystem was exmated to the chamber eoabling 
the beam to  traverse the sphere along a diameter parallel to the hatch 
closure plane. The electron beam welder operated nominally a t  20 
ki lovol t s  and 80 milliamperes, and vas prodded with focusing and 
def lect ion coils tha t  could be operated from the control panel. 
e lectron beam gun port is shown i n  iigure V-6. 

The 

Electrical power (+28 VDC) f o r  the f a c i l i t y  and experiments 
was supplied by e i the r  the M512 ba t te ry  or the AM power system. 
zero-g receptacle i n  the work chamber provided power f o r  the I612 
series experiment, and can be seen to the l e f t  o f  the heat s ink cavi ty  
i n  f igure V-5. Figures V-6 and W-7 s h w  a typical experiment mechanically 
and e l e c t r i c a l l y  in s t a l l ed  i n  the chamber. The ba t te ry  power was used 
f o r  the electron beam operation and the  exothsnaic brazing ignition. 
The A# power was used f o r  a l l  other  experiment operations. 

A 
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(1) Skylab 1/2. The f a c i l i t y  v e r i f i c a t i o n  was 
performed a t  1353 GIW, DOY 152 before any experiment performances. 
The f a c i l i t y  v e r i f i c a t i o n  was performed once during a mission and 
was essentially a post-launch inspect ion of t he  f a c i l i t y  condition 
and switch configuration. 

The f i r s t  experiment performed w a s  -51 (Metals Melting) on 
DOYs 163 and 164. 
accomplished on M)ys 164 through 166. 
Brazing) was performed on DOYs 166 and 167. Following the  M552 
operat ion,  the M512 b a t t e r y  discharge was  i n i t i a t e d  3n DOY 167. 
More de t a i l ed  experiment t imeline information i s  presented i n  the  
ind iv idua l  experiment sect ions.  

Experiment M553 (Sphere Forming) performances were 
Experiment W52 (Exothermic 

Experiment M555 (GaAs Crystal  Growth) was planned t o  be 
performed during SL-1/2. However, the experiment was eventual ly  
cancel led from the  Skylab Program due t o  mission-level cons t r a in t s  
(see paragraph 6.b.). 

(2) Skylab 3. The f a c i l i t y  use was not plannec during 
the SL-3 mission. However, late i n  the  SL-3 mission, t i m e  became avail- 
able  and the M518 experiments, scheduled fo r  SL-4, were performed on 
SL-3. The M518 Multipurpose E l e c t r i c  Furnace and i t s  assoc ia ted  experi-  
ments  u t i l i z e  the M512 f a c i l i t y .  
f a c i l i t y  and is discussed i n  subsect ion B. 

The IS18 system is  considered a separa te  

(3) Skylab 4. Experiment M479 (Zero Gravity Flammability) 
was performed on DOYs 35, 36 and 38. 
sequence, r e f e r  t o  paragraph 2. 
and performed on SL-4 (see paragraph B.1.b.). 

For d e t a i l s  on tne M479 opera t iona l  
Several  M518 experiments were resuppl ied 

C. Constraints .  The experiment cons t r a in t s  were success- 
f u l l y  met during the mission. 

d. Hardware Performance. This paragraph includes the  
performance of f a c i l i t y  subsystems and f a c i l i t y  hardware items tha t  
were used during the operat ions of more than one experiment. As an 
example, the e lec t ron  beam subsystem was used f o r  M551 and W53 experi-  
ment operat ions and w i l l  be evaluated i n  the M512 f a c i l i t y  sect ion.  

( 1 )  SL-1/2 Performance. Experiment opera t ions  (M551, 
M552, M553) during the f i r s t  mission required the most extensive use 
of the M51: :ac i l i ty  subsystems and hardware during the Skylab Program. 

Experiments M551 and M553 operat ion r e su l t ed  i n  the only e l ec t ron  
beam subsystem use during the Skylab Program. 
ba t te ry  was u t i l i z e d  a s  a power source r a t h e r  than the  AM power system. 

On SL-1/2, the M512 
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Essen t i a l ly  a l l  the  hardware items (except the M479 items) s tored  i n  
the equipment s torage container  ( see  f igure  V-9) were used at least 
once during t h i s  mission. 

The f a c i l i t y  performed as designed with two exceptions.  

(a) Time t o  Vacuum. Pre-mission time estimates were 
bas i ca l ly  a n a l y t i c a l  i n  na ture ,  s ince  ac tua l  time-to-vacuum da ta  had 
never been obtained during a manned mission. 
minutes t o  reach the  des i red  pressure level of 1 x loo4 t o r r  was 
used t o  e s t a b l i s h  premission experiment t imelines.  During the  f i r s t  
chamber evacuation f o r  performance of  M551, approximately two and one- 
h a l f  hours were required t o  obta in  t h i s  vacuum leve l .  A s u b s t a n t i a l  
amount o f  outgassing was expected during the i n i t i a l  chamber evacua- 
t ion;  however, the increased time may ind ica t e  t h a t  the space vacuum 
pumping a b i l i t y  of  the  immediate Skylab environment was not as e f f i c i e n t  
as predicted.  The s i t u a t i o n  d id  not a f f e c t  the  performance of  M551 
and is not considered a f a c i l i t y  anomaly. 

An- est imate  of t h i r t y  

A t  1500 GMT on DOY 163, the crew s t a t e d  t h a t  they were 
"not g e t t i n g  any reading on t h e  fi lament chamber pressure meter", 
but the work chamber pressure gauge showed a zero reading. 
work chamber pressure gauge was  a gauge r e g i s t e r i n g  from 15 t o  zero 
p s i a  pressvre,  and the  crew later  r e l a t e d  t h a t  t h i s  gauge went t o  
zero inmediately a f t e r  the 4-inch vacuum vent valves  were opened. 
The fi lament chamber pressure gauge (vacuum gauge) r eg i s t e red  from 
5 x 10-3 t o r r  t o  1 x 10-5 t o r r ,  u t i l i z i n g  a sensor  located i n  the  
e l ec t ron  beam filament chamber, while the work chamber pressure 
sensor  was located i n  the work chamber i t s e l f .  The vacuum gauge 
sensor was located i n  tha t  pos i t i on  because the vacuum level was more 
c r i t i c a l  i n  the fi lament chamber fo r  the e l ec t ron  beam gun ac t iva t ion /  
operat ion than t o  experiment operat ions i n  t h e  work chamber. 

The 

The fi lament chamber was connected t o  the work chamber by a 
three-quarter-inch diameter l i n e  with a valve (fi lament chamber vent 
valve).  As a r e s u l t  of t h i s  configurat ion,  a time l a g  was expected 
between a zero pressure reading on the  work chamber pressure gauge and 
the  ac t iva t ion  of the  fi lament chamber pressure gauge. This proved 
t o  be the case i n  t h i s  s i t u a t i o n  because a t  1744 GMT on 1)oy 163, the 
crew s t a t e d  tha t  the fi lament chamber pressure gauge "was j u s t  very 
slow coming on l ine" ,  but t h a t  the  proper pressure l e v e l  was obtained 
and M551 operat ions had begun. 

Each of the  two subsequent pump-downs fo r  the remaining M551 
samples required approximately one hour. 
wheel was i n s t a l l e d  i n  t he  work chamber p r i 3 r  t o  the  DOY 165 s l eep  
period. 

The f i r s t  M553 specimen 

The work chamber was evacuated during the s l e e p  period 
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t o  e s t a b l i s h  a good vacuum fo r  the first M553 operat ion e a r l y  i n  the 
crew workday. As a s a f e t y  precaution, t he  vent valve configurat ion 
during s l eep  per iods was one valve i n  the f u l l y  OPEN pos i t i on  and 
the o ther  valve i n  the VENT pos i t i on  (90% closed).  On M Y  165, the 
O R  s t a t e d  t h a t  the vacuum gauge reading was 1. x 10-5 t o r r ,  which was 
the bes t  vacuum obtained i n  the  chamber during the  Skylab missions. - 

During the  M553 operat ions,  the vacuum problem continued, 
with e x t r a  evacuations i n  excess of one hour requi red  a f t e r  melting 
only one o r  two Mf53 samples. 
been formulated with the assumption t h a t  the pressure  increase  tha t  
occurred during sample melting would be e a s i l y  removed between sample 
operations.  However, i t  appeared t h a t  the pressure continued t o  
increase t o  a point  where the crewman had t o  i n t e r r u p t  opera t ions ,  
a f t e r  only a few samples, t o  allow the chamber vacuum t o  be re- 
es tab l i shed  before continuation. 
delays to  r ees t ab l i sh  the des i red  vacuum impacted the mission 
t imel ines ,  and u l t imate ly  l ed  t o  an ea r ly  terminat ion of t he  second M553 
specimen wheel t o  assure  s u f f i c i e n t  time f o r  the performance of M552. 

Crew check l i s t s  and t imel ines  had 

These longer and more frequent 

(b) Electron Beam Gun Operation. The M512 e lec t ron  beam 
gun f a i l e d  t o  turn o f f  ( see  paragrach 1.g. Anomalies) when the  ready/ 
r e s e t  switch was operated t o  terminate operat ions a f t e r  the t h i r d  
and l a s t  M551 sample (DOY 164). This anomaly a l s o  occurred in t e rmi t t en t ly  
during the 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  ana lys i s  performed, and seve ra l  work-around 
procedures formulated. These procedures enabled a successful  completion 
of a l l  X553 samples, except those not completed as a r e s u l t  of thc time 
cons t r a i n  t s j u s t  discus sed. 

(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. 
M518 system is  evaluated i n  subsect ion B; however, the M512 f a c i l i t y  
involvement i n  the M518 operat ions w i l l  be discussed a t  t h i s  time. 

The 

The M51e system operated e s s e n t i a l l y  independently of the 
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 ,  with the only requirements on the 
f a c i l i t y  being establishment of a proper vacuum and a c t i v a t i o n  of 
the  f a c i l i t y  vacuum gauge fo r  pressure v e r i f i c a t i o n .  

There was no requirement fo r  the crew t o  record the tirne-to- 
vacuum f o r  the M512 o r  M518 experiments. 
da ta  po in t ,  the crew was asked to  record the time-to-vacuum f o r  
experiment M562 ( the  second experiment i n  the M518 s e r i e s ) .  

t o r r  as compared t o  a premission est imate  of approximately t h i r t y  
minutes. 
outgassing would have occurred during the i n i t i a l  chamber evacuation 

However, t o  ob ta in  a second 

The 
crew reported t h a t  only nine minutes were required t o  reach 5 x 10' 4 . 

It should be noted t h a t  t he  g rea t e r  amount of hardware 
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( a f t e r  the  i n s t a l l a t i o n  of t he  M518 furnace) r a t h e r  than between experi-  
ment opera t ions  (when t h i s  da t a  poin t  was taken),  but t he  i n i t i a l  
evacuation times were not recorded. 

The vacuum gauge continued t o  perform properly during the  
Skylab 3 mission. 

(3) SI-4 Performance. The M512 f a c i l i t y  support  of  
M518 oFerat ions was the  same on t h i s  mission as on Skylab 3 and a l l  
support  requirements were met. It is i n t e r e s t i n g  t o  note  t h a t  when 
tim-to-vacuum was recorded on t h i s  mission, 45 t o  90 minutes was 
required.  

The las t  experiment operat ion performed was Mk79 Zero-Gravity 

The problems assoc ia ted  with the water quench nozzle are 
Flammability 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  during these 
operations.  
discussed with the M479 experiment i n  paragrsqh 2. 

e. Experiment In te r faces .  The experiinent i n t e r f a c e s  
performed s a t i s f a c t o r i l y  during the  mission. 

f. Return Data 

(1) Skylab 1/2. A l l  physical  hardware, r e l a t i v e  t o  the 
M512 f a c i l i t y ,  re turned on t h i s  m i s s b n  was assoc ia ted  with ind iv idua l  
experiments. However, the crew evaluat ion of the f a c i l i t y  design was 
voice-recorded dut ing the mission and was fu r the r  discussed dut ing  the 
SL-1/2 Crew Debwif ingheld a t  JSC on Ju ly  6, 1973. The M512 f a c i l i t y  
was shown during two t e l ev i s ion  episodes: TV-24 on DOY 174 during the 
M551 opera t ions  and TV-26,011 DOY 178 during the  MDA crew "tour". 

(2) Skylab 3. No M512 hardware was planned f o r  r e tu rn  
on SL-3; however, as a result of crew comments made during the  SL-2 
crew debr ie f ings ,  th ree  M512 items were approved f o r  r e t u r n  on SL-3. 
T L  SL-2 crew had discussed the metal deposi t ion o r  p l a t i n g  t h a t  occurred 
on hsrdware items i n s t a l l e d  i n  the chamber during performanpe of 
experiments I651 and M553. The following M512 accessory items were 
returned f o r  evaluation: 

Pro tec t ive  cover assembly - P/N 95Ml1637-1 

Camera port  s h i e l d  - P/N 95M10411-1 

Viewport cover assembly - P/N 95Ml.0475-1 

(3) Skylab 4. A l l  physical  da t a  :eturned on SL-4 
per ta ined t o  experiment M479 (see  paragraph 2.f.). 
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g. Anomalies. The M512 e l ec t ron  beam anomaly was f i r s t  
reported at 0038 GMl' OL DOY 164 a f i e r  the  "dwell" sequence (e lec t ron  
beam f ixed  on one point)  on the t h i r d  M551 sample, when the  CDR made 
the following voice transmission (with soate terminology cor rec t ions)  : 

"On t he  t h i r d  p l a t e ,  when I got to the cross and was doing 
the pooling (dwell), at the end of the  aomunt of time fo r  the  e l ec t ron  
beam gun to be on, I h i t  the r e a d y h e s e t  switch to turn  it o f f  and i t  
would not turn off. So I reached up and turned o f f  the fi l /beam power 
switch. This shut  the beam o f f ,  but I could hear  something c l i ck ing  
away back by the  ba t t e ry ,  the  XSKV meter w a s  s t i l l  on f o r  some reason. 
The only way I could ge t  t h i s  shu t  o f f  was to  p u l l  the  w a n  batt cb. 
Went through malfunction procedures - zero. Plugged main b a t t  cb  back 
on and sure  enough the SKVA was still on. 
switch and tha t  turned the XSKV meter of f .  
e lec t ron  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  
on something. I pul led the f i l  b x t  cb t h i s  time and r e s e t  it, and 
t h a t  ac t ion  reset everything t h a t  w a s  wrong i n  there.  
the specimen." 

Turn on the  fi l /beam power 
About t h a t  time, the  

I f in i shed  

Malfunction i s o l a t i o n  t o  one component could not be completed 
with the da t a  ava i lab le  from t h i s  voice comwlnication; however, alter 
ana lys i s  and t e s t i n g  on the  W512 Qual Unit a t  MSFC, t he  s i t u a t i o n  
w a s  reduced t o  four candidate f a i l u r e  modes. 

A work-around procedure and a malfunction i s o l a t i o n  procedure 
were developed a t  MSFC and t ransmit ted to JSC f o r  up l ink  t o  crew 
after t h e i r  s l e e p  period (DOY 264). 
specimen remained i n  the chamber (per f l i g h t  plan) ,  i t  was concluded 
t h a t  the e l ec t ron  beam gun condi t ion could be determined on MIY 164 
€or M551 termination and stowage. The fol lowins reconmendations were 
made concerning implementation of the  procedures: 

Assuming t h a t  the  t h i r d  M551 

Perform the procedures on the  M551 specimen s t i l l  i n  t h e  
chamber. 

If the electron beam gun operates normally, proceed with M553 
operat ions per crew checkl i s t ,  

I f  the  e lec t ron  beam gun malfunctions,  proceed with malfunction 
i s o l a t i o n  procedure. 
information required to  support  a proper decis ion on fu r the r  
operat ions of the M553 and M552 experiments. 

It should be performed t o  ob ta in  the  

However, when the crew was contacted,  the CDR repor ted  that 
he had already removed the  I651 sample and i n s t a l l e d  the  f i r s t  M553 
sample. 
a 5 3  operation. 

The procedures were rev ised  for implemerltation during the  
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The CDR stated that he bad already begun the M 5 3  alignment. 
The electron be- CUI operated normally and the crew vas informed 
that M 5 3  operations should be continued using the normal crew 
checklist. 
sticking K3 relay. 

It was concluded that the probable cause w a s  a PPoslentarily 

"be electron beam gun operated normally for the first fgve 
n553 samples on specimen wheel 1. 
this t h e  and maiEuncrion procedures werc again forpiulated. 
continued to perform the t653 operations, coeapleting the first speci-n 
wheel and seven of the 14 samples on the second wheeL. The malfunction 
occurred intermittently and the CDR used alternate procedures to shut 
off the beam at these times. 
this point, due to the increased time required per s q l e  operation 
(see paragraphs 1.d and 5.b.). 

'Phe malfunction reoccurred at 
T&e CDB 

The n553 operations were terminated at 

Tae answers to questions posed by experiment development 
perfomel at the Slrylab 1/2 Crew Debriefing (July 6, 1973) and the 
real-the information obtained during the mission were the basis 
for p. malfunction analysis report* OII this anomaly. The malfunction 
analysis concludes that the anomaly w a s  caused by an intermittent 
fast-cut-off circuit in combination with a sticking K3 relay. 

2. Experiment I4679 - Zero Gravity Flatmability. The Principal 
Investigator is Ihc. J. Howard Kisrezy of the Lyndon 8. Johnson Space 
Center, Houston, Texas. 
Engineering Laboratory, George C. Marshall Space Flight Center, 
Huntsvill:, Alabaoa. 

The experiment was developed by the Process 

a. Experiment Description. The I4512 facility presented 
the first hardware on a space mission capable of safely performing 
flammability tests. 

(1) Objective. The experiment objective was to 
ignite various materials in a 5 lsia spacecraft atmosphere (nominally 
70Z oxygen - 30% nitrogen) under zero-g conditions to obserwe the 
following: 

Extent of surface propagation flash-over to adjaccnt materials. 

Rates of suiface and bulk flame propagation under zero 
convect ion, 

Extinguishment by vacuum or water spray and self-extinguishment. 

(2) Concept. Elaterial samples were to be electrically 
ignited in the pressurized chamber (using cabin atmosphere). 
flammability test duration would be from a minimum of three seconds 
to a msximum of over a minute. 

Individual 

sefer to Reference Section f7r Test Report. 
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The flaamabili ty process was to be recorded on 16em f i lm i n  
the v i s i b l e  (color) and in f ra red  regions. 
be obtained from the recorded c r m ' s  voice cocpreenta while perform- 
ing the experbent .  The c r m  vould be invaluable i n  obsexving 
several test aspects tha t  could be missed by photography, such as: 
d r i f t  rates of  detackd fue l  specimens; sublimation prOducLs, overall 
energy prof i les ;  enviroasleatal changes i n  the chamber, and water- 
spray patterns. 
was t o  be included i n  the WDA Experiment Crew Procedures and Log. 

Additional da ta  would 

A detailed crew obserwation log form for each test 

(3) Eardware Description. The a 7 9  hardware 
consisted of the following: 

Experiment Hardware Function 

Fliiesabili ty sample A typ ica l  fl-bility sample is 
shown i n  f jgure V-10. 
material was supported by a metallic 
frame and the sample ident i f ied  by 
a number t ag  (hmber 7 i n  f igure V-10). 
The s q l e  was igni ted by an electri- 
c a l l y  heated filarsent which obtained 
parer through the connector shown 
on the r igh t  s ide  of the  figure. 
Power for  sample ign i t ion  was +28 
VDC from AM Bus 1, through the 
W512 control  panel f l h i l i t y  
section. 

The sample 

Six  d i f fe ren t  substances were used 
as sample materials: aluminized 
Mylar fi lm 6.7 c m  by 9.2 an ( 2  518 
in. by 3 518 in.), nylon sheet ,  2.5 
an by 2.5 cm (1 in. by 1 in.), 
neoprene-coated nylon fabric ,  6.7 cm 
by 9.2 c m  ( 2  518 in. by 3 518 in.), 
polyurethane fosmr, 0.6 c m  by 0.6 cm 
by 5 c m  (0.25 in. by 0.25 in. by 2 i n . ) ,  
bleached cellulose paper 6.7 c m  by 
9.2 cm ( 2  518 in. by 3 513 in.), and 
te f lon  fabric ,  6.7 c m  by 9.2 c m  
( 2  518 in. by 3 518 in.). 
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Function -- Experiment Hardware 

Specimen ho 1 der The flammability specimen holder 
(figures V-9  and V-11) was the 
mechanical ard lectrical interface 
between the flammability sample and 
the zero-g connector in the work 
chamber. The holder configuration 
positioned the specimen in the 
approximate center of the chamber, 
in the 1 6 m  DAC Fo1I. 

Flammability specimen The 37 flammability samples were 
container stored in separate specimen boxes 

(see figure V-10) and these boxes 
stored in the flammability specimen 
container in the upper left corner 
of the MS12 mounting panel (see 
figure V-2). 

Water spray nozzle The water spray nozzle was designed 
to attach to the work chamber 
interior and spray two ounces of 
water on each sample during six 
sample operations. The water was 
obtained from the OWS water system 
through the SO-foot water umbilical. 

b. Experiment Operation. A typical experiment operation 
involved the installation of a sample on the sample holder and this 
assembly iastalled onto the zero-g connector in the work chamber. 
The work chamber had been filled with cabin air and the chamber 
repressurization valve was closed. 
number was recorded on the film by activation of the sample ID switch. 
Sample ignition occurred when the data start switch was activated 
and the camera automatically ran for the time period preset on the 
control panel. 

The sample identification (ID) 

Sample extinguishment was accomplished by one of three 
methods: 
quench or opening of the vent line to space vacuum; or water quench 
(i.e., spraying) of the sample with two ounces of water. 
graph of the sample was taken after the burnout or exiinguishment 
was completed. 

self-extingiishment or sample burnout by itself; vacuum 

A photo- 

The M479 operations began on Mission SL-4, DOY 35 at 1340 
GMT. All thirty-seven operations were scheduled during one crew day 
(DOYs 35 and 36); however, due to other priority operations, the 
crew was able to finish only samples 1 through 30 during this time. 
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FIGURE V-11. M479 FLAMMABILITY SPECIMEN HOLDER WITH SAMPLE INSTALLED 

(OPERATIONAL CONFI CliRAT ION ) 
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Samples 1 through 12  cons is ted  of two samples of  each materia; 
t h a t  were allowed to  burn undisturbed to  test f o r  self-extinguishment. 
Samples 13 through 18 consis ted of one sample u f  each material t h a t  
t e s t e d  the  vacuum mode of extinguishment. Samples 19 through 24 
tested t h e  water quench extinguishment mode and the e f f e c t s  of water 
impingement on the sample. 
t h a t  t h e  CDR made t h e  fo l lok ing  report :  

It was during t h e  sample 21 operat ions 

"Okay, I ' m  t r y i n g  to do i t  right now. 
19 and 20, and t h e  water-quench system i s  not working 
properly...the lower nozzle appears t o  be completely plugged. 
And I j u s t  don't have t i m e  to mess with i t  to t r y  to unplug 
it. 
n i ce  spray. 
reserviced t h e  system again,  and w e ' l l  t r y  i t  over again." 

I've done samples 

The upper nozzle j u s t  sends ou t  a d r i b b l e  r a t h e r  than a 
So what I've &ne is I've gone back and completely 

TLat r epor t  w a s  made a t  0119 W, DOY 36, and was t h e  l as t  scheduled 
conversation with the crew tha r  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 umbilical  and reserv ic ing  should c o r r e c t  
t h i s  situa'ion. No malfunction a n a l y s i s  was  performed s ince  there  w a s  
no c r e w  contact  a f t e r  t h i s  r e p o r t  was  made. 

However, t h e  recorded t apes  received the following morning 
r e l a t e d  t h a t  t h e  CDR continued t o  experience t h i s  problem with t h e  
water system. 
19 through 24 and samples 25 through 30 before  re t i r l ing a t  approximately 
0300 GMT, DOY 36. 
by the mounts t o  observe the  paths  and rates of f l o a t  as t h e  sample 
material burned away from the specimen mount. 

The CDR reported t h a t  he f in i shed  water-quench samples 

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

There were no plans t o  complete t e s t i n g  t h e  remaining seven 
samples, however on DOY 38, the  CDR f in i shed  t e s t i n g  the last samples 
on h i s  own t i m e .  
over" between two  sample material s t r i p s  t h a t  were separated by gaps 
of various dimensions; 0.3 cm,  0.6 em, and 1.3 cm (1/8 in., 1/4 in., 
and 1/2 in.). 

These samples (samples 31 through 37) t e s t e d  "flash- 

The following list summarizes the sample operat ion times: 

Sample 1 - 1340 GMT, DOY 35 
2 - 1409 GMT, DUY 35 
3 - 1447 GMT, DOY 35 
4 - 1502 m, DOY 35 
5 - 1516 GMT, DOY 35 
6 - 1527 GMI', DOY 35 
7 - 1545 GMI', DOY 35 
8 - 1552 GMT, DOY 35 
9 - 1600 GMT, DOY 35 
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Sample 10 - 1927 GMT, DOY 35 
11 - 1942 GMl', DOY 35 
12 - 1952 a, DOY 35 
13 - 2021 GMT, Doy 35 
14 - 2028 GPE, DOY 35 
15 - 2035 QTIl, Doy 35 
16 - 2051 GMT, DOY 35 
17 - 2117 GMT, DOY 35 
18 - 2126 a, DOY 35 
19 - 0055 C%T, DOY 36 
20 - 0114 GMT, M)y 36 
21 - 0134 m, DOY 36 
22 - 0142 GMT, DO?l 36 
23 - 0155 GMT, Doy 36 
24 - 0214 GPLP, DOY 36 
25 - 0230 GMT, DOY 36 
26 - 0236 GMT, DOY 36 
27 - 0240 GMT, Doy 36 
28 - 0258 my DOY 36 
29 - 0301 GMT, DOY 36 
30 - 0306 GMl', DOY 36 
31 - 0258 GME, DOY 38 
32 - 0303 GMT, DOY 38 
33 - 0306 GEIT, DOY 38 
34 - 3010 GMI, Doy 38 
35 - 0314 GMT, DOY 38 
36 - 0319 (;MT, DOY 38 
37 - 0323 GMT, DOY 38 

C. Constraints. The experiment constraints  were 
successfully met  during the missiot, 

d. Hardware Performance. A l l  a 7 9  hardware performed 
as  designed with the exception of the water quench system. 
no opportunity t o  perform any water-quench malfunction isolat ion.  
However, the following morning at JSC, the problem was discussed 
with the water management personnel. 
indicated t h a t  the water tank t o  which the umbilical was attached 
had not been pressurized (with N2) s ince the SL-1/2 mission. The 
SE4 crew procedures did not require a check of t h i s  system because 
premisaion planning was based upon tha t  tank being pressurized. 
Therefore, i t  was concluded tha t  insuf f ic ien t  tank pressure 
caused the water-quench problem. 

There w a s  

They s t a t ed  tha t  the records 

The CDR was able t o  work around the problem to some extent  
by u t i l i z i n g  the s-Lymulator hand pump located on the water-quench 
accumulator top (see f igure V-2). This accumulator pump was 
designed to  assure tha t  the accumulator contained su f f i c i en t  w a t c  
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p r i o r  t o  the f i r s t  water-quench operat ion.  The CDR's hand pump use 
provided s u f f i r f e n t  water pressure t o  ob ta in  some water-quench d a t a  
on a t  least two samples. 
anomaly. 

This problem was not considered a hardware 

e. In te r faces .  The experiment i n t e r f aces  performed 
s a t i s f a c t o r i l y  during the  mission. 

f .  Return Data. The following M479 da ta  was returned 
on SL-4 f o r  evaluation: 

Four r o l l s  of 16r.n film da ta  (one IR, th ree  v is ib le -co lor ) .  

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

TV-66 coverage of sample 2 before and a f t e r  i gn i t i on  
and samples 16 and 1 7  test sequences. 

Extensive crew observat ions (voice-recorded during the 
miss ion)  and the  crew comments made a t  the SL-4 Crew 
Debriefing held a t  JSC on March 4, 1974. 

g. Anomalies. There were no anomalies assoc ia ted  with 
the M479 hardware. 

3. M551 - Metals Melting. The P r inc ipa l  Inves t iga to r  is 
M i - .  Richard M. Poonnan, As t ronau t i c s  Laboratory, George C. Marshall 
Space F l igh t  Center, Huntsvi l le ,  Alabama. The experiment was 
developed by the Process Engineering Laboratory, MSFC, Huntsvi l le ,  
Alabama. 

a. Experiment Description 

(1) Objective. The ab jec t ives  were t o  study the  
behavior of molten metals i n  f r e e  f a l l  a t  low acce lera t ion  l e v e l s ,  
t o  charac te r ize  the structures formed i n  metals melted and r ap id ly  
s o l i d i f i e d  i n  f r e e  f a l l ,  and t o  t e s t  the p o s s i b i l i t y  of  jo inrng  metals 
by e l ec t ron  beam welding i n  space. 

(2) Concept. The concept was t o  hea t  metal t o  i t s  
melting point  and then allow the molten metal t o  r e s o l i d i f y  under 
zero-g conditions.  Three metals (2219 aluminum a l l o y ,  type 304 
s t a i n l e s s  s t e e l  and pure tantalum) were t o  be melted. 

(3) Hardware Description. The M551 Experiment hard- 
ware consis ted of the  following: 
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(a) Samples. The M551 samples (see f igures  V-9 
and V-12) consis ted oE t h ree  metal d i sc s  - s t a i n l e s s  s t e e l ,  aluminum, 
and tantalum. The 2219 aluminum a l loy  and type 304 stainless s t e e l  
were se lec ted  because they a r e  c o m n  s t r u c t u r a l  mater ia l s  and represent  
a l loys  with metallurgy and metallographic c h a r a c t e r i s t i c s  t h a t  have 
been extensively studied. 
metal and i ts  s o l i d i f i c a t i o n  behavior would d i f f e r  s u b s t a n t i a l l y  from 
tha t  of the multiphase a l loy  2219 aluminum and 304 s t a i n l e s s  s t ee l .  
The c ross -sec t iona l  thickness  a t  the rad ius  of beam impingement 
var ied t o  acconmodate d i f f e r e n t  opera t iona l  aspects ;  i .e. ,  cu t t i ng ,  
complete pene t ra t ion ,  p a r t i a l  pene t ra t ion  and dwell. The s t a i n l e s s  
s t e e l  and aluminum samples were 16.5 c m  (6.5 in.) diameter d i sc s ,  
graduated i n  thickness  from 0.06 c m  (0.025 in.) t o  0.6 cm (0.25 in.). 
The tantalum sample w a s  a 16.5 cm (6.5 in.) diameter d i s c  with a 
graduated thickness  from 0.03 cm (0.01 in.) t o  0.15 cm (0.06 in.) .  

Tantalum was used because i t  is a pure 

(b) Drive assembly. The M551 d r ive  assembly 
cons is t ing  of  a t r i pod  mounting base and an e l e c t r i c  dr ive  mator, 
served severa l  major functions during the  experiment operation. 
Figure V-12 i l l u s t r a t e s  the  dr ive  assembly with a sample d i s c  
a t tached to the motor s h a f t  and f igu re  V-9 shows the d r ive  assembly 
stowage locat ion.  The assembly was at tached t o  the heat  s ink  outer  
f lange with three  Calfax fas teners ,  
chamber wall. 
when the  assembly w a s  placed i n  the  chamber, the  sample d i s c  pos i t ion  
was such tha t  the  tungsten t a r g e t  was approximately on the e l ec t ron  
beam axis. 
speed reducer t o  r o t a t e  the sample d i s c  a t  a l i n e a r  r a t e  of 89 cm 
per minute (35 inches per minute). The motor received power from 
the M512 ba t t e ry  through the zero-g connector ins ide  the  work 
chamber and was cont ro l led  by a three-posi t ion switch on the cont ro l  
pane 1 . 

thereby in t e r f ac ing  with the 
The sample d i s c  clamped t o  the d r ive  assembly and, 

The d r i v e  assembly included a 28 M C  motor and gear.-type 

(c) Deflect ion mirror. The de f l ec t ion  mirror 
( a l s o  ca l l ed  the view mirror assembly) i s  shown i n  f igu res  V-9 and 
V - 1 3  and was i n s t a l l e d  in s ide  the work chamber with two Calfax 
fasteners .  
enabled the  crewman t o  view the  experiment operat ions through the 
hatch viewport. 
the crewman t o  see the  e l ec t ron  beam s t r i k e  the  sample and t o  ad jus t  
the beam alignment and focus as necessary. 

The mirror ,  used with the hatch viewport mirror (i tem (d) ) ,  

The image presented by t h i s  mirror  system allowed 

(d) Hatch viewport mirror. The hatch viewport 
mirror was placed on the  i n t e r i o r  s i d e  of the  hatch viewport. 

(e) Camera mirror. The camera mirror (see f igu re  
V-9) was at tached t o  the chamber interior a t  the camera viewport t o  
allow the camera t o  view the  experiment operations.  
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MOUNTING BASE, 

. \  
DRIVE MOTOR 

FIGURE V-12. M551 METALS MELTING ASSEMBLY (OPERATIONAL CONFIGURATION) 
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b. Experiment Operation. Each experiment operat ion 
involved mounting a sample d i s c  t o  the M551 d r ive  assembly (see 
f igure  V-12) and i n s t a l l i n g  t h i s  i n  the M512 work chamber. 

Physical ly ,  the M551 experiment was performed i n  a conventional 
The melting process was accomplished by u t i l i z i n g  welding test manner. 

an e lec t ron  beam as a heat  source and r o t a t i n g  the  metal d i s c  through 
the beam path. The beam power was about 1.6 k i lowat t s  and the sample 
d i s c  was approximately 4 cm (1.5 inches) from the  e l ec t ron  beam port .  

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 small 
The d i s c  was 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 track. 
metal a t  the t-:ack center  became superheated with a s t e e p  temperature 
gradient  from the center t o  the edge of t he  molten metal pool. 
d i s c  moved through the beam, the melted metal l e f t  behind s o l i d i f i e d  
very rap id ly  s ince  the r e s t  of the p l a t e  evrved as an e f f e c t i v e  
heat sink. 

The molten 

As the  

Following t h i s  welding operat ion,  the  sample d i s c  was advanced 
t o  a prescr ibed pos i t i on  and the beam allowed t o  impinge on one spot  
(dwell) , without sample r o t a t i o n ,  for  a predetermined time period. 

Moticn p fc tu re s  were taken of t he  melting process. 

The I651 funct ional  ob jec t ive  performances a r e  s u m a r i z e d  below: 

FO1 (Sta in less  S tee l )  - DOY 163 a t  1740 GMT 
F02 (Aluminum) - DOY 163 a t  2223 GMT 
F03 (Tantalum) - DOY 164 a t  0030 GMl' 

These times a r e  approximate, based upon crew real- t ime comments, voice 
recorded d a t a  and the published f l i g h t  plan. 

c. Experiment Constraints.  The experiment cons t r a in t s  
were successfu l ly  m e t  Curing the mission. 

d. Hardware Performance. The I651  hardware operated as 
designed with one exception. 
the f i r s t  M551 operat ion,  he made the following repor t :  

As the  CDR prepared the chamber f o r  

"I can't  account f o r  t h i s  because I know t h a t  i t  was f i t  about 
ten  times, but the mirror (M551 Deflect ion Mirror) over the 
e lec t ron  beam gun would not f i t  today because the  e l ec t ron  
beam must have s h i f t e d  during launch, t h a t  is the  only thing 
tha t  I can th ink  of.  Now is  there  any way t h a t  th ing  can 
move around i n  there  o r  move on i t s  adjustments,  because the  
mirror ,  I got the mirror on it and you can see through i t  OK 
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by j u s t  using one screw (Calfax f a s t ene r ) ,  but i t  lacks  
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 lec t ron  gun...I welded the 
p l a t e  OK, i t 's a l l  r i g h t  ...we took photographs of it." 

Malfunction ana lys i s  was i m e d i a t e l y  performed on the  qual 
u n i t  a t  MSFC. 
any movement i n  the e l ec t ron  beam gun, but r a the r  t h a t  the  f l i g h t  u n i t  
de f l ec t ion  mirror frame was improperly assembled and t h i s  assumption 
proved co r rec t  by examination of the 35- photograph (see f igu re  V-13) 
taken by the  CDR t o  record t h i s  s i t ua t ion .  
assembly can be seen i n  the upper ? e f t  hand corner of the equipment 
s torage  container  ( f igu re  V-9) and is shown i n s t a l l e d  i n  the chamber 
a t  th ree  o'clock pos i t i on  i n  f igure  V-13. The photograph shows t h a t  
the  upper Calfax fas tener  i s  al igned as evideNed by the  block 
alignment marks: however, the lower Calfax fas tener  w i l l  not a l ign  
with i t s  mounting hole  as described by the CDR. The reason f o r  t h i s  
c learance problem is  t h a t  the l e f t  edge of the mirror f ranc assembly 
is r e s t i n g  aga ins t  the e l ec t ron  beam housing (center  of photograph); 
therefore ,  tho lower Calfax f a s t ene r  can not be posi t ioned f a r  enough 
t o  the  l e f t  t o  a l ign  with the hole. 
edge on the  mirror frame was designed t o  f i t  over the e l ec t ron  beam 
housing t o  avoid t h i s  in te r fe rence  problem. 

It was concluded tha t  the  problem did not involve 

The de f l ec t ion  mirror 

The notch machined i n t o  the r i g h t  

";he CDR was cor rec t  when he s t a t e d  tha t  severa l  f i t  checks 
had been performed; however, after the f i n a l  checkout a t  KSC the t e s t  
mirrors  werz replaced by the f l i g h t  mirrors.  The de f l ec t ion  mirror 
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 facing opposi te  
the e l ec t ron  beam gun housing. 
an anomaly, s ince  a l l  M551 operat ions were completed with no problem. 

This  s i t u a t i o n  was not considered 

e. Experiment In te r faces .  The expeziment i n t e r f a c e s  
performed s a t i s f a c t o r i l y  during the mission except f o r  the di i f lect ion 
mirror  -to-chamber i-.terface as discussed i n  paragraph d. 

f.  Retucn Data. The following M551 la ta  was rec.'r,:ed 
on SL-1/2: 

Three I651 sample discs .  

Approximately 200 f t  of l6mm type SO168 color  f i lm of the 
M551 operat ions (port ions of  magazines C I 3 1 ,  and CI03). 

One 35mm photograph of the de f l ec t ion  mirror  i n s t a l l a t i o n .  
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C r e w  observations of  t he  experiment performance were voice- 
recorded during the mission. In addi t ion,  crew comments on the  
experiment were made during the  SL-1/2 Crew Debriefing (June 6, 1973). 

g. Anomalies. There were no anomalies associated with 
the M551 hardware. 

4. Experiment MS52-hxothermic Brazing. The Pr inc ipa l  
Inves t iga tor  f o r  Experiment Xi52 is Bir. James R. W i l l i a m s ,  Process 
Engineering Laboratory, George C. Marshall Space F l igh t  Center, 
Huntsvil le,  Alabama. The experiment hardware was developed by t h e  
Process Engineering Laboratory, PIISIT,, Huntsvi l le ,  A labaa .  

a. :xperiment Descr ipt ion 

(1) Objective. The objec t ives  were t o  test  and demon- 
strate a method of  brazing components f o r  space assembly and r e p a i r /  
maintenance operations;  and s tudy sur face  wet t ing and c a p i l l a r y  flow 
e f f e c t s  i n  molten metals while i n  a weight less  environment. 

(2) Concept. The experiment w a s  to produce four  
simulated j o i n t s  by brazing sleeves of similar material over tubes 
t h a t  were slit through most of  t h e i r  cross section. The hea t  
required to melt the braze a l l o y  w a s  to be suppl ied by exothermic 
(heat-producing) materials. 
and tubes was t o  be var ied  t o  produce optimum and extreme brazing 
conditions. 

Tie clearance (gap) between t h e  sleeves 

(3) Hardware Description. The M552 exothermic package 
(see f i g t r e  V-14) w a s  t he  only IS52 hardware i t e m .  
a s t a i n l e s s  steel container  t h a t  contained the  four  braze samples 
(tubes) and w a s  e l e c t r i c a l l y  conne-ted to  the M512 b a t t e r y  through 
the  zero-g connector i n s i d e  the chamber. The package at tached to the  
chamber heat  s i n k  flange with two Calfax fasteners .  

This  package was 

A b r i e f  descr ip t ion  o f  t he  package construct ion is included 
t o  a i d  the understanding o f  the experiment function. Each sample 
was a metal tube 1.9 cm(O.75-in.) diameter by 0.12 c m  (0.049 in.) 
w a l l  thickness with two sample rubes constructed of  s t a i n l e s s  s teel  
and two  of nickel. 
tubes was i r r a d i a t e d  with a n  Ag-110 isotope €or pos t - f l igh t  evaluat ion 
o f  t he  .netal flow pat terns .  

A small segment of  the braze r i n g  i n  the n i cke l  

A sl i t  was cu t  around the  tube perimeter,  leaving enough of 
t he  perlmeter uncut t o  provide tube support  on each s i d e  o f  the slit .  
The slit purpose was t o  simulate two separa te  tubes but ted together.  
Surrounding the simulated j o i n t  was a s t a i n l e s s  s teel  o r  n i c k e l  sleeve 
t h a t  was t o  be brazed to the tubs. 
l i thium) was i n  t h e  form of  two preformed r i n g s  set i n  grooves around 
each specimen tube. 

The braze a l l o y  (si lver-copper- 

Each specimen tube assembly was i n s t a l l e d  in to  
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a cyl inder  t h a t  contained an exothermic (heat producing) material and 
an electrical i g n i t e r  which was  placed i n  one end of the cy l inder  
t o  i g n i t e  a chemical mixture which i n  t u r n  heated the exothermic 
mixture t o  its i g n i t i o n  point .  Subs tan t i a l ly  a l l  of the r eac t ion  
products were s o l i d ,  and no ex terna l  oxygen supply w a s  required f o r  
the react ion. 

The crewman handled only the  assembled container  and the 
i n t e r n a l  opera t ions  were not  v i s i b l e  t o  him. 

b. Experiment Operation. The M552 experiment opera t ions  
involved package i n s t a l l a t i a n  i n t o  the  H512 work chamber and chamber 
evacuation t o  space vacuum (zero pressure on the  work chamber vacuum 
gauge). 
panel t r i g g e r  switch. Approximately 90 seconds were requi red  f o r  the 
complete reac t ion  with ap?roximately t w o  hours and fo r ty - f ive  minutes 
required f o r  sample cooling. 
a separa te  funct ional  ob jec t ive  (M)). After  package i n s t a l l a t i o n  and 
M)1 i n i t i a t i o n ,  the  crewman w a s  only required t o  r e t u r n  a t  predetermined 
times t o  i n i t i a t e  the remaining FOs. 

The sample i g n i t i o n  w a s  i n i t i a t e d  by ac tua t ion  of  t he  cont ro l  

Each sample ign i t i oq  a d  cooldown w a s  

The H552 experiment operat ion w a s  performed by the  SL-2 
c r e w  as a shopping list i t e m  and not scheduled i n t o  the  SL-2 t imeline.  
A l l  four M552 samples were completed. 
times were a s  follows: 

The approximate completion 

FO1 - MIY 166 a t  1745 CDT 

F02 - DOY 167 a t  0300 CDT 

Fo3 - DOY 167 a t  0900 CDT 

FO4 - DOY 167 a t  1200 CDT 

(Times noted above are approximate based upon crew real- t ime voice 
connaents.) The crew s t a t e d  t h a t  the M552 terminate check l i s t  was 
complete and the M512 b a t t e r y  discharge i n i t i a t e d  a t  2010 GMT on 
DOY 167. 

c. Experiment Constraints.  The experiment cons t r a in t s  
were successfu l ly  met during the mission. 

d. Hardware Performance. The M552 Exothermic Package 
performed as designed with no discrepancies .  

e. Experiment In te r faces .  The experiment i n t e r f a c e s  
performed s a t i s f a c t o r i l y  during the mission. 
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f .  Return Data. The only physical  da t a  re turned  w a s  
Crew observat ions and coaunents were the  t4552 exothermic package. 

made during the  mission and a t  the SL-1/2 Crew Debriefing (June 6, 1@'3). 

g. Anomalies. There were no anomalies assoc ia ted  with 
the  M552 hardware performance. 

5 .  Experiment M553 - Sahere Formiag. The Pr inc ipa l  Inves t i -  
gator  fo r  Experiment M553 is Mr. E a r l  A. Easemeyer, Process Engineering 
Laboratory, George C. Marshall Space F l igh t  Center, Huntsvi l le ,  
Alabama. 
Laboratory, MSFC, Euntsv i l le ,  Alabama. 

The experiment was developed by the  Process Engineering 

a. Experiment Description 

(1) Objective. The objec t ive  w a s  to demonstrate 
zero-gand space vacuum e f f e c t s  upon s o l i d i f i c a t i o n  of: 
at undercooling not poss ib le  to achieve on ea r th ;  a n i cke l - t i n  a l loy  
having a wide f reez ing  range; a n i cke l - s i lve r  a l l o y  having a narrow 
melting range which cores  on s o l i d i f i c a t i o n ;  and a nickel-copper a l loy  
having a wide melting range but e s s e n t i a l l y  no d i f f e rence  i n  dens t ty  
between the two elements. 

a pure n icke l  

(2) Concept. The concept was  to m e l t  small metal 
samples and allow these samples t o  r e s o l i d i f y  under zero-g conditions.  
The metal sample w a s  t o  be re leased  from its holder t o  f r ee - f loa t  
during r e s o l i d i f i c a t i o n ,  allowing examination of sur face  tension 
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 ica l ly  the sur face  
tension forces  should cause the  molten metal t o  take a sphe r i ca l  
shape when s o l i d i f i e d .  

The M512 e lec t ron  beam gun w a s  t o  be used as the  hea t  source 
and each sample placed i n  the beam path fo r  heating. 

(3) Hardware Description. The hardware cons i s t ed  of 
t he  following: 

(a) Sphere forming assembly. The sphere forming 
dr ive  assembly posi t ioned and indexed the  speclmen wheel as required 
through the e l ec t ron  beam path for  melting. 
of the t r ipod  mounting base t h a t  a t tached t o  the hea t  s ink  flange and 
an "indexing" e l e c t r i c  motor. 
with a sample wheel a t tached to  the motor output s h a f t ,  and f igures  V-6 
and V-7 show t h i s  complete experiment assembly (d r ive  assembly and 
sample) i n s t a l l e d  i n  the chamber. The sample was approxlmiitely 
15 cm ( 6  inches) from the e lec t ron  beam port .  

The d r ive  assembly consis ted 

Figure V-15 i l l u s t r a t e s  the  dr ive  assembly 

The stowage pos i t ion  is shown i n  f igure  V-9. 
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FIGURE V- 1 5 .  M553 SPHERE FORMING ASSEMBLY (OPERATIONAL CONFIGURATION) 
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The indexing motor was a +28 VDC e l e c t r i c  motor with a gear- 
type speed reducer. 
operated a r a t c h e t  mechanism which advanced the  specimen t h e e l  
24 degrees ,+ 20 minutes r o t a t i o n  per  index cycle.  
was cont ro l led  by a three-posi t ion switch on t h e  M512 cont ro l  panel. 

A cam arrangement on the  output  motor s h a f t  

The motor operat ion 

(b) Specimen wheel assembly. The experiment 
samples were contained on two specimen wheels (see f igu res  V-9 and 
V-16). 
o r  pos i t ions  f o r  samples. 
t a rge t  (see f igure  V-16 a t  t h e  3 o'clock posi t ion)  used f o r  the 
e lec t ron  beam gun alignment. 
small c y l i n d r i c a l  samples a t tached t o  the wheel by t h i n  cy l ind r fca l  
metal rods (see f igure  V-l6)at the  four,  f i v e  and s i x  o'clock 
posi t ions) .  
u n t i l  cut  from the wheel by the crewman. 
removed i n  f igu re  V-16 t o  i l l u s t r a t e  the mounting rod. The remaining 
eleven pos i t ions  contained samples, each mounted to a ceramic post  by 
a small metal rod (ca l led  a s t ing) .  The s t i n g  was  r e t r a c t e d  from the  
molten sample by a spr ing,  allowing the sample t o  r e s o l i d i f y  i n  a 
f ree- f loa t ing  s t a t e .  Also, t h i s  s t i n g  r e t r a c t i o n  automatical ly  
removed power from the  e l ec t ron  beam gun r egu la to r  and de f l ec t ion  
co i l s .  

Each I553 specimen wheel was a pinwheel having f i f t e e n  spokes 
The f i r s t  pos i t ion  contained the  tungsten 

The next t h ree  pos i t i ons  contained 

These samples remained mounted a f t e r  r e s o l i d i f i c a t i o n  
The t h i r d  sample is shown 

Each sample wheel contained four pure nickel  samples, four 
n i c k e l / l Z  t i n  a l l o y  samples, four n icke l / l% s i l - m r  a l l o y  sanples ,  
and two nickel/30% copper a l l o y  samples. 

(c) Sphere catcher.  The sphere ca tchers  were 
small metal cups 3.8 cm (1.5 inches) i n  diameCer and 5 c m  (2  inches) 
long, with 144 small holes  d r i l l e d  i n  the  s i d e  and bottom. 
assemblies f i t  i n s ide  the  small vacuum cleaner  por t  located a t  the  
chamber bottom (see f igure  V-5). The cup assembly was i n se r t ed  i n  
the work chamber p r i o r  to the  experiment operation. 
c leaner  w a s  a t tached t o  the  por t  a f t e r  the  operat ion was completed 
and the  chamber had been repressurized.  The hatch was cracked and 
the vacuum cleaner  s t a r t e d ,  r e su l t i ng  i n  an  a i r f low from the  chamber 
top t o  bottom. Theore t ica l ly ,  t h i s  a i r f low would p u l l  the  small  
f l oa t ing  spheres t o  the  vacuum cleaner  po r t ,  where they would 
accumulate i n  the  sphere catcher  cups. 

The cup 

The vacuum 

(d) Sphere catcher  i n s t a l l a t i o n  tool .  The sphere 
catcher  i n s t a l l a t i o n  too l  was a machined i n s e r t  t ha t  a t tached  t o  the 
sphere ca tcher  assembly f o r  handling purposes. 

b. Experiment Operation. The f i r s t  specimen wheel (FO1) 
The was i n s t a l l e d  i n  the work chamber p r i o r  t o  DOY 164 s l eep  period. 

work chamber was evacuated t o  space vacuum (using the  VENT pos i t ion  of 
both vent valves) during the  s l eep  period t o  e s t a b l i s h  a proper 
vacuum fo r  the first operation. 
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A t  1500 GMT, DOY 164, the  CDR reported tha t  he had performed 
the  i n i t i a l  e l ec t ron  beam gun alignment f o r  operation. He s t a t e d  
tha t  the vacuum had reached 1 x 10-5 t o r r  i n  the work chamber, 
but t h a t  he had experienced d i f f i c u i r y  i n  performing proper alignment 
and tha t  outgassing w a s  causing the vacuum leve l  t o  degrade. The 
poss ib le  outgassing cauce was discussed and i t  w a s  concluded t o  be a 
normal s i t u a t i o n  due t o  the tungsten t a r g e t  outgassing level. I n  
addi t ion,  any contamination ion iza t ion  on the sphere forming assembly 
could a l s o  have caused vacuum degradation. 

The 16mm fi lm 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 there  is no f i lm  
coverage of the tungsten t a rge t  alignment and the f i r s t  two sample 
melting operations.  However, a f i l m  review of the f i r s t  specimen 
wheel did ind ica te  tha t  the  e l ec t ron  beam was aimed too c lose  t o  the 
sample mounting s t i n g  in t e r f ace .  

FO1 operat ions were s t a r t e d  a t  1615 m, DOY i64. The CDR 
repor t ing  (1701 GMT) on the f i r s t  specimen wheel operat ion described 
the successful  completion of the f i r s t  th ree  samples and s t a t e d  tha t  
tt.e e lec t ron  beam gun automatical ly  turned o f f  a f t e r  one second of 
the normally five-second melt time on the  fourth sample. The f l i g h t  
f i lms revealed tha t  the e l ec t ron  beam s t ruck  the ceramic post ,  which 
could have melted the nichrorne w i r e  i n s ide  the  post ,  r e s u l t i n g  i n  
automatic e lec t ron  beam cutoff .  The CDR r e i t e r a t e d  t h a t  the vacuum 
leve l  continued to  degrade during e l ec t ron  beam gun operation. 
s t a t e d  t h a t  whenever the Filament chamber pressure gauge reading 
approached 0.1 (1 x Torr ) ,  he would terminate e l ec t ron  beam gun 
operation i n  accordance with the check l i s t  and wait f o r  the pressure 
l eve l  t o  decrease. 

H e  

Experiment operat ions o n  specimen wheel 1 were completed a t  
approximately 1300 GHT (DOY 165) and specimen wheel 2 operat ions were 
begun at approximately 1749 GMT (MY 165). A f t e r  completion of seven 
samples, F02 operat ions were terminated a t  0022 GMT (DOY 166) f o r  
the reasons discussed i n  subsection 1.d. 

c. Experiment Constraints.  The experiment cons t r a in t s  
were successfu l ly  met during the mission. 

d. Hardware Performance. The hardware operated e s s e n t i a l l y  
as expected with two minor exceptions.  The f i rs t  exception involved 
the sample re lease  and e a r l y  beam cut-off  a l ready discussed i n  
paragraph 5.b. The second exception concernedthe sample r e t r i e v a l  
method. 
t ha t  did re lease  from the wheel were fomd at tached to  the mctor 
housing instead of  i n  the sphere catcher .  The ;racuum c leaner  
r e t r i e v a l  method d id  not p u l l  any samples i n t o  ti:e sphere catchers .  

The CDR reported during the crew debr ie f ing  t h a t  the samples 
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The CDR had t o  manually r e t r i e v e  a l l  t h e  samples and p lace  them i n t o  
the  sphere catchers. 
enough magnetism t o  s t t ract  the f l o a t i n g  metal spheres. 

The most l i k e l y  cause is t h a t  t he  motor c rea t ed  

e. Experiment In te r faces .  The experiment i n t e r f a c e s  
performed sat is f ac t o r i l y  during the mission. 

f. Return Data 

(1) Skylab 1/2. A l l  four teen  samples from specimen 
wheel 1 were re turned  fo r  evaluation. The fourteen samples (seven 
processed, seven unprocessed) inclurling specimen wheel 2 were re turned 
f o r  evaluation. 
of the  M553 opera t ions  were re turned  (por t ions  o f  magazines C I O 1 ,  
CI63 ,  CI07). Crew observations were voice recorded during the  mission 
and some crew comments were made during t h e  SL-1/2 Crew Debriefing 
(June 6, 197.3). 

Approximately 200 f e e t  of 16mm type SO168 co lo r  f i lm  

(2) Skylab 3. Specimen wheel 1 w a s  re turned  f o r  
evaluation. 

g. Anomalies. There were no anomalies associat.;? with 
the  M553 hardware. 

6 .  Experiment M555 - G a A s  Crystal Growth 

NOTE: Experiment M555 was no t  performed during the Skylab 
Program. 
the  experiment and documents the  reasons why i t  was not launched. 

This d i scuss ion  i s  included fo r  information pe r t a in ing  t o  

The P r inc ipa l  Inves t iga to r  fo- Experiment M555 i s  M r .  M i r t  C. 
Davidson, Space Science Laboratory, George C. Marshall Space F l igh t  
Center, Huntsv i l le ,  Alabama. The experiment was developed by the 
Process Engineering Laboratory, MSFC, Huntsv i l le ,  Alabama. 

a. Experiment Description. Growth of c r y s t a l s  from 
meta l l i c  so lu t ions  appears t o  o f f e r  a valuable method of producing 
high q u a l i t y  mater ia l ;  however, thermally-driven convection cu r ren t s  
had here tofore  introduced d i f f i c u l t i e s .  This  problem would, of 
course, be eliminated i n  zero-g conditions.  

(1) Objective. The ob jec t ive  was t o  grow s i n g l e  
c r y s t a l s  of gallium arsenide from so lu t ion  i n  near-zero-g, i n  a n t i c i -  
pa t ion  of producing mater ia l  of except iona l ly  high chemical and 
c r y s t a l  l i n e  p e r f e c t  ion. 

(2) Concept. The hea r t  o f  the experiment was t o  be 
the growth ampoule, a fused quar tz  tube conta in ing  the  source, so lvent ,  
s i l i c o n  dopant, and seed. In  general ,  the  source material, chunks 
of h igh-pur i ty  gallium arsenide  (GaAs) were t o  be dissolved i n  l i q u i d  
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gallium metal at the hot  end of  t he  elongated ampoule, then t rans-  
ported by d i f fus ion  down the  ampoule, and f i n a l l y  deposited on a seed 
at  the co lder  end of the ampoule. The experiment was t o  c o n r i s t  of  
a pure GaAs l ayer  grown on a pure seed (ampoule l), a pure GaAs l aye r  
grown on a doped seed (ampoule 2), and a doped GaAs l aye r  on a pure 
seed (ampoule 3). 

(3) Hardware Description. The three experiment 
ampoules were packaged i n  a c y l i n d r i c a l  conta iner  (furnace) 10 cm 
(4 inches) diameter by 29 c m  (11.5 inches) i n  length.  The furnace 
was s to red  i n  the  launch container  (see f igu re  V-17) a t  a l l  times 
except during the  actual experiment operation. 

The launch container  suppl ied the  heated environment requi red  
t o  maintain the ampoule contents  i n  the  l i q u i d  s ta t2  before and a f t e r  
the c r y s t a l  growth process. 
46 c m  (18 inches) by 20 c m  ( 8  inches) by 28 cm (11 inches) and 
weighed 9.1 kg (20 l b )  with the  furnace i n s t a l l e d .  
connector w a s  provided t o  i n t e r f a c e  with both the  CM and MDA. 
container  w a s  launched i n  the CM, where 3 w a t t s  (a t  +28 VDC) of  
continuous power were required.  After  docking, the container  was 
t ransfer red  t o  its s torage  pos i t i on  on the M512 mounting panel 
(see f igure  V-2), and e l e c t r i c a l l y  connected t o  the AM Power Bus 
u n t i l  experiment performance. 

The launch conta iner  had dimensions of 

An electrical  
The 

b. Experimant Operation. The opera t iona l  sequence would 
have involved the fwnace  removal from the launch container  and 
in se r t ion  i n t o  the M512 chamber hea t  s ink  cavi ty .  
t o  be connected u s h g  the zero-g connector, and experiment operat ion 
i n i t i a t e d  by ac t iva t ion  of a con t ro l  panel switch. 
operat ion time (115 hours) would not have required crew pa r t i c ipa t ion .  

The furnace was 

The subsequent 

(1) Skylab 1/2. The hardware was scheduled to  be 
launched on the  Skylab 2 CM and performed i n  the M512 chamber a w i n g  
t h i s  mission. However, due t o  the SL-1 launch anomaly, the lau tch  
container  w a s  removed from the SI.-2 CM t o  provide addi t iona l  launch 
space f o r  the  contingency equipment. 

(2) Skylab 3. Approval was obtained f o r  launch arid 
performance of M555 on the SL-3 mission, and the  launch container  was 
stowed i n  the  CM. However, at the SL-3 F l igh t  Readiness Review on 
Ju ly  24, 1973, NASA removed the container  t o  allow easier stowage of 
the  contingency r a t e  gyro "sLx  pack" hardware. 

(3) Skylab 4. The hardware was included on a p r i o r i t y  
l ist  fo r  launch on the  SL-4 CM; however, the hardware was not launched 
on SL-4. 
event t h a t  a fu ture  program may provide an opportunity fo r  performance, 

The experiment hardware is cur ren t ly  s to red  at MSFC i n  the  
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B. Multipurpose Electric Furnace Experiments 

1. M518 - Multipurpose Electric Furnace System. The P r i n c i p a l  
Inves t iga to r  f o r  the  M518 system is  M r .  Arthur Boese, Process Engineer- 
ing Laboratory, George C. Marshall Space F l i g h t  Center,  Huntsv i l le ,  
Alabama. The ElsFC had r e s p o n s i b i l i t y  f o r  program and technica l  manage- 
ment f o r  the Y518 system and eleven assoc ia ted  experiments. 

The system developer was Westinghouse Astronuclear Laboratory, 
Large, Pennsylvania. 

2 System Description. The Multipurpose Electric Furnace 
System (MEFS) was not  considered to be an  experiment, b i t  r a t h e r  a 
f a c i l i t y  i n  which o the r  experiments could be performed. These a re :  

Experiment M556--Vapor Growth of I V - V I  Compounds 
Experiment M557--Imariscible Alloy Compositions 
Experiment )1558--Radioactive Tracer Di f fus ion  
Experiment M559--Microsegregation i n  Germanium 
Experiment M56O--Growth of Spherical  Crys t a l s  
Experiment M561--Whisker-Reinforced Composites 
Experiment M562--Indium Antimonide Crys t a l s  
Experiment MS63--Mixed 1 x 1 - V  Crys t a l  Growth 
Experiment M564--Halide Eutec t ics  
Experiment M565--Silver Grids Melted i n  Space 
Experiment M566--Aluminum-Copper Eu tec t i c  

(1) Objective. The ob jec t ive  was t o  provide an  exten- 
s ion  of e x i s t i n g  Skylab hardware c a p a b i l i t i e s  which would enable a n  
experiment series to  be performed on s o l i d i f i c a t i o n ,  c r y s t a l  growth 
and o ther  processes involving material phase changes a t  elevated tem- 
pera tures  i n  a near zero-g envirorswnt. 

(2) Concept. The system was t o  be designed to  apply 
the widest poss ib le  prescribed hea c i n o  and cooling programs and/or con- 
t r o l l e d  temperature d i s t r i b u t i o n s  to chostn mater ia l  samples wi th in  the  
c o n s t r a i n t s  of t he  e x i s t i n g  Skylab in t e r f aces .  

(3) Hardware Description. The MEFS was comprised of 
the  following item: 

E l e c t r i c  furnace; 
Control package ; 
Power and cable ;  
Hermetic lead cable ;  
Car t r idge  container A;  
Car t r idge  conta iner  B; 
Thermal grease  tube; and 
Contingency c a r t r i d g e  hook. 
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The three  main system pa r t e  were: 
t ron ic  temperature con t ro l  package; and the  experiment ca r t r idges  
(see f igu res  V-18 through V-21). 

the  furnace; a programable e l ec -  

The furnace had three specimen c a v i t i e s  i n  which three  material 
sample ca r t r idges  were processed i n  a s ing le  run. The furnace construc- 
t i o n  provided three  d i f f e r e n t  temperature zones along each sample cavi ty  
length as follows: 

A programmable constant-temperature hot zone a t  the  sample 
cavi ty  end where temperatures up t o  lOSOOC were reac-.zd. 

A gradien t  zone adjacent  to the  hot zone where temperature 
gradient8 ranging from 2OoC t o  200% per centimeter were 
es tab l i shed  i n  t h e  samples. 

A cool  zone i n  which heat conducted along the samples was 
re jec ted  by r ad ia t ion  t o  a conducting path t h a t  removed 
heat  from the system. 

The cont ro l  package cont ro l led  the  furnace temperature t o  any 
spec i f ied  temperature wi th in  the furnace's capabi l i ty .  
c u i t s  i n  the  con t ro l  package permitted programming the  soak time spent  
a t  the  set temperature and t h e  furnace cool ing rate a t  the  end o€ the  
,oak period. (Active temperature cont ro l  continued during programed 
cooling.) 

Tu0 timing c i r -  

The experiment material samples were encloeed i n  s t e i n l e s s  s t e e l  
ca r t r idges  of similar size (2.1 c m  dia .  by 20.2 cm long) f o r  i n se r t ion  
i n t o  the  furnace. The ca r t r idge  thermal design f c r t h e r  cont ro l led  the 
a c t u a l  temperature d i s t r i b u t i o n  appl ied t o  the  sample. 

The two ca r t r idge  containers  provided stowage f o r  the  33 sample 
ca r t r idges  (11 experiment sets). In addi t ion ,  the  system included: 
cables  which interconnected the  system, and connected the  system to  
power and da ta  o u t l e t s ,  a tube of thermal grease and a contingency 
ca r t r idge  ex t r ac t ion  tool .  

b. Experiment Operation. The MeFS was launched on SL-1. 
No experiment operat ions were planned f o r  SL-2. 

(1) SL-3 Operation, The M518 experiments were o r i g i -  
n a l l y  scheduled to  be performed during. the  SL-4 mission, but as  mission 
time was ava i l ab le  and the crew requested add i t iona l  work, approval was 
granted t o  perform as many M518 experiments as possible  during the SL-3 
mission, Subsequently, a revised check l i s t  was sent t o  the  crew on DOY 
249. Although the  crew was not t ra ined  t o  performM518, the PLT was 
involved i n  i n i t i a l  hardware design and was t ra ined  t o  perform a s i m i -  
l a r  experiment, M555, GaAs Crystal Growth. 
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The i n i t i a l  MEFS i n s t a l l a t i o n  was scheduled and a c t u a l l y  per- 
formed on DOY 251 between 1657 and 1747 GMT. The i n s t a l l a t i o n  involved 
the following procedures : 

Transferr ing the t w o  ca r t r idge  conta iners  (with 11 experiment 
sets, grease tube end c a r t r i d g e  hook), two cables ,  and the 
con t ro l  package from the OWS locker D416 t o  the MDA. 

Attaching the con t ro l  package to  the  temporary motor stowage 
r ing  on the M479 f 1amrmabilLty conta iner  and the  c a r t r i d g e  
containers  t o  the M552 mounting bracket. 

Verif$ing the t w o  MIU vacuum valves and M512 con t ro l  switch 
pos i t ions  and i n s t a l l i n g  the  a u x i l i a r y  vacuum gauge power 
cable  (used to  measure M512 work chamber vacuum). 

I n s t a l l i n g  the hermetic lead cable  through the M512 vacuum 
cleaner  por t  and connecting t o  the  con t ro l  package. 

Opening the M512 work chamber hatch and applying a t h i n  
f i lm  of thermal grease to  the  heat  s ink  i n t e r f a c e  sur face  
of the work chamber heat s ink.  

Removing the  furnace from stowage on the  IS12 panel and 
i n s t a l l i n g  i n t o  the work chamber, connecting the hermetic 
cable  to  the  furnace and securing the furnace i n t o  the 
work chamber with the M555M518 clamp. 

Removing the three  furnace access port  caps,  i n s t a l l i n ?  the  
caps on the  M557, Inmiscible Alloy Composition, c a r t r i d g e s  
and i n s t a l l i n g  tho cap and c a r t r i d g e  assemblies i n t o  the 
furnace por t s .  

Closing and la tch ing  t h e  work chamber hatch and e s t ab l i sh ing  
vacuum i n  the chamber. 

The operat ion of the  f i r s t  experiment, M557, was a l s o  scheduled 
Actual experiment "start" to begin DOY 251, Setween 2039 and 2100 GMT. 

occurred a t  2105 GMT. 
'W557 OPS" included : 

The crew procedures required t o  perform the 

Reconfiguring the video tape recorder (VTR) t o  allow M518 
t o  use the M U  hi-power o u t l e t  115. (The VTR was powered 
from OWS o u t l e t  402 v ia  two high-power accessory o u t l e t  
cables.)  

Connecting the M518 power and TM cable  t o  the con t ro l  
package, MDA hi-power o u t l e t  115, and SIA 116 channel B. 
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Turning 'ON" t he  hi-power o u t l e t ,  t he  M512 c r y s t c l  gmwth 
hea t ing  pad AM Bus 1 c i r c u i t  breaker (power t o  t h e  M512 
vacuum gauge), and t h e  M518 con t ro l  package. 

Performing the  M518 lamp test  end s e t t i n g  the  soak tempera- 
tu re ,  soak period, cool-down rate, and proper hea te r s  for 
the  M557 experiment. 

Verifying t h a t  the  M522 vacuum chamber had reached the  
proper vacuum l e v e l  (5 x t o r r  max) and i n i t i a t i n g  
experiment Operation. 

The M557 experiment continued t o  operate automatically and 
unattended (except f o r  e a r l y  crew monitoring of furnace temperature 
and vacuum) and was successfu l ly  completed on W Y  252 a t  approximately 
2250 GpllT. 
f o r  M562, Indium Antimonide Crys t a l  Growth, was DOY 252, between 2230 
and 2250 CMT. 
w e r e  as follows: 

The actual scheduled time for M557 t e rmina t ion  and se t -up  

The procedures required t o  exchange experiment c a r t r i d g e s  

Verify t h e  furnace was a t  "touch temperature", i.e., less 
than 46OC ( d i g i t a l  d i sp l ay  and s t a t u s  ind ica to r  on con t ro l  
psckage) 

Closing the  two MDA vent va lves ,  r ep res su r i z ing  t h e  M512 
chamber, and opening the  chamber hatch. 

Removing t h e  t h r e e  c a r t r i d g e s  from the  furnace and 
rep lac ing  i n t o  t h e  c a r t r i d g e  conta iner ,  l a t ch ing  end 
f i r s t ,  and i n s t a l l i n g  the  next experiment set of car- 
t r i d g e s  i n t o  the  furnace. 

Closing and l a t ch ing  t h e  M512 chamber hatch and e s t ab -  
l i s h i n g  vacuum i n  the  work chamber. 

As the  M512 experiments had experienced problems i n  maintaining 
vacuum i n  the  chamber, (reference paragraph A. 1.d) , the  PLT w a s  ask  d 
t o  determine the  t i m e  required t o  achieve a vacuum l e v e l  of 5 x 10 
t o r r  i n  the  work chamber during the  M562 experiment preparations.  
PLT reported t h a t  i t  took nine minutes t o  achieve t h i s  vacuum leve l .  
(Subsequently, a t  the  SL-3 Experiment C r e w  Debriefing, the PLT, when 
asked t o  e l abora t e  on vacuum l e v e l s ,  s t a t e d  t h a t  t he  vacuum l e v e l  
ins tan tareous ly ,  a f t e r  opening the  vent va lves ,  reached 2 x torr. 
He reported t h a t  he only measured the time-to-vacuum once, as requested,  
but observed t h a t  the  time-to-vacuum was e s s e n t i a l l y  the  same each t i m e  
he drew vacuum on the system.) 

-8 
The 

The successfu l  opera t ion  of M62, as well as  t h e  balance of 
the  eleven M518 experiments was a8 follows: 

---- ' 
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M562 - DOYs 253 and 254 
H566 - Doys 2% and 255 
M564 - DOYs 255 and 256 
M559 - WlYs 256, 257, and 258 
M563 - DOYs 258 and 259 
M561 - DOYs 259 and 260 
M560 - DOYs 260 and 261 
I4565 - DOYs 261 and 262 
M558 - DOYs 262 and 263 
M556 - WYs 263, 264, and 265. 

For d e t a i l s  on the  operat ion times f o r  each experimeni r e f e r  
to paragraphs 2 t h r u  12. 

Following H556 completion on Doy 265, t he  M518 system reaained 
i n s t a l l e d  at  the  opera t iona l  loca t ion  except that t h e  power and 'i?l 
cable  was disconnected and stowed i n  t h e  M512 accessor ies  box. The 
thermal grease and the  contingency c a r t r i d g e  hook were stowed i n  the  
accessor ies  box a f t e r  removal from the  c a r t r i d g e  conta iners  r a t h e r  
than being discarded as required by the  on-board procedures. 
ca r t r idge  conta iners ,  with 33 ca r t r idges ,  were returned i n  the  SL-3 
CM f o r  evaluation. 

The two 

(2) SL-4 Operation. A f t e r  having successfu l ly  comb 
pleted a l l  eleven M518 experiments on SL-3, reques ts  were submitted 
f o r  approval t o  launch iind perform the M518 f l i g h t  backup experiments 
on SL-4. Approval was obtained t o  launch a s  many M518 ca r t r idge  sets 
as possible  cons i s t en t  with the  SL-4 CM w e i g h t  and volume cons t r a in t s .  
Seven backup ca r t r idge  sets without any c a r t r i d g e  conta iners  were 
launched i n  the  SL-4 CM. Each ca r t r idge  set was stowed f o r  launch i n  
a bag which i n  turn  was placed i n  a temporary stowage bag snapped to  
the M512 accessor ies  box. 

The i n i t i a l  operat ion of the  MEFS during SL-4 was on DOY 355, 
between 1340 and 1425 GMT. 
the  following procedures: 

During t h i s  time period the  crew performed 

Verif ied the  M M  vacuum valve and K512 con t ro l  switch pos i t ions  

Obtained and i n s t a l l e d  the  M518 power and IM cable  

Reconfigured the  VTR t o  allow M518 t o  use M M  hi-power 
o u t l e t  115 ( the  VTR was powered from WS o u t l e t  402 v i a  
two high power accessory cables)  

Opened the  M512 work chamber hatch and i n s t a l l e d  the  three  
M557 ca r t r idges  i n t o  the  furnace 

Turned ON the  hi-power out le t ,  M512 c r y s t a l  growth hea t ing  
pad AM Bus 1 c i r c u i t  breaker,  and M518 con t ro l  package 
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Performed the M518. lamp test and set the  soak temperature, 
soak  period, cool-down rate, and proper hea te r s  f o r  t he  
M557 experiment 

Ver i f ied  t h a t  the M512 vacuum chamber had reached the  proper 
vacuum level (5 x 10-4 t o r r  max) and i n i t i a t e d  experiment 
operation. 

The actualM557 experiment turn-on d id  not occur u n t i l  
1900 (;HT because of the  t i m e  necessary t o  vent t he  M512 work chamber 
t o  a vacuum l e v e l  of 5 x t o r r .  Once i u i t i a t e d ,  the  M557 exper i -  
ment continued t o  opera te  au tomat ica l ly  and was successfu l ly  completed 
on DOY 357 a t  2040 GMT. 

The successfu l  operation of the o the r  SL-4 M518 experiment was 
as follows: . 

M560 - DOY 361 
M561 - DOY 362 and 363 
M563 - DOY 364, 365 and 001 
M566 - DOY 004 and 005 
M562 - DOY 005 and 006 
M556 - WlYs 006, 007, 008 and 009 

For d e t a i l s  on the opera t ion  times f o r  each experiment r e f e r  t o  
paragraphs 2 t h r u  12. 

It was noticed during the opera t ion  of the f i r s t  few experiments 
t h a t  t he  i n i t i a t i o n  d i d  not occur when scheduled. The crew w a s  asked 
i f  they were having problems with the  experiment operation. 
responded t h a t  the  hardware worked f i n e ,  bu t  they were experiencing 
d i f f i c u l t y  obta in ing  t h e  proper vacuum leve l .  It was learned t h a t  t he  
time to  ob ta in  a vacuum l e v e l  of 5 x torr on the SL-4 mission was 
between 45 and 90 minutes r a t h e r  than the  nine minutes experiznced 
during SL-3 operation. With t h i s  information, t he  remaining exper i -  
ments were scheduled t o  allow s u f f i c i e n t  t i m e  t o  reach 5 x t o r r  
vacuum p r i o r  to the  i n i t i a t i o n  of a n  experiment. 

They 

Following M556 completion on DOY 009, the  MEFS was removed 
from i t s  opera t iona l  loca t ion  and returned t o  the  o r i g i n a l  stowage 
loca t ions .  The seven experiment c a r t r i d g e  sets (21 c a r t r i d g e s )  were 
placed i n  the SL-4 CM f o r  r e t u r n  t o  ea r th .  

c. Cons t ra in ts .  The experiment c o n s t r a i n t s  were success- 
f u l l y  met during the SL-3 mission except the  following MRD cons t r a in t :  

“It is highly  d e s i r a b l e  t h a t  the  i n i t i a t i o n  of Experimsnts 
M563, M561, MS66, M560, M559, M565 and M558 be scheduled 
wi th in  one hour preceding the start of crew s l e e p  periods 
to  minimize crew motion during experiment s o l i d i f i c a t i o n  
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and to maximize the AM Bus voltage for the experiments 
requiring the highest power. '' 

This constraint was intentionally not adhered to so that all eleven 
experiments could be scheduled and performed on the SL-3 mission. 

All experiment constraints were successfully met during the 
SL-4 mission. 

d. Hardware Performance. 

(1) SL-3 Performance. Each of the eleven experiments 
was comprised of three cartridges, each experiment set was processed 
under identical thermal conditions by the MBFS. The MEFS performed 
as designed with two exceptions, neither of which created a problem 
nor was considered an anomaly. 

The first exception was that the furnace heat-up times were 
The following table presents generally much shorter than expected. 

the expected and actual heat-up times for each experiment in order 
of performance. 

Actual R e f  light 
Estimate 

M557 
M562 
M566 
M564 
M559 
M563 
-61 
M560 
M565 
M558 
M556 

4.8 
2.8 
4.8 
3.8 
4.5 
3.0 
6.7 
1.5 
5.0 - 
2.0 
3.0 

4.6 
1.9 
2.7 
2.5 
3.3 
2.9 
3.6 
1.3 
3.6 
2.1 
2.3 

The faster heat-up time VBB explained by the AH Bus 1 voltage 
during the inflight operation being higher than the voltage used to 
estimate the furnace heat-up time. The bus voltage was monitored 
throughout system operation and averagod between 28.6 and 28.7 VDC, 
whereas preflight heat-up time estimates were based upon a maximum 
of 28 VDC. 
all eleven experimeilts on the SL-3 mission as a shorter total operation 
time was required. 

The fast2r heat-up times actually hclped in accomplishing 

The second exception EO the MBFS expected performance was an 
apparent slip or change in resibtance of the soak temp potentiometer. 
This phenomenon was observed durinz the performance of the first 
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t h r e  experiments (i.e., M557, MS62 and M566) when t h e  des i red  ak 
temperature was not achieved. The following t a b l e  presents  t h i s  da t a .  I 

Soak Temp Desired/Expected Actual  
S e t t i n g  Soak Temp (“c). Soak Temp (W) Experiment 

M557 725 
M562 795 
M566 855 

732 
804 
867 

7 24 
794 
849 

The decrease i n  the soak temperature d id  not s i g n i f i c a n t l y  

A f t e r  reviewing 
a f f e c t  t he  experiment performances s ince  i t  only shortened t h e  m e l t -  
back of t he  sample material by a few millimeters. 
the  data obta.ined from the th ree  experiments performed, i t  was decided 
t o  increase t h e  potentiometer s e t t i n g s  f o r  t h e  remaining experiments. 
This was accomplished by advis ing  t h e  crew t o  change the potentiometer 
s e t t i n g s  i n  the  on-board c h e c k l i s t  t o  the revised values. The follow- 
i n g  t a b l e  presents  t he  da t a  obtained f o r  t he  remaining experiments i n  
order of performance. . 

Actual  
Soak Desired Or i g  ina 1 Revised 

Experiment Soak-Temp Soak Temp Soak (oc. 
Set t ing- S e t  t inp Temp (OC) 

M564 
M559 
M563 
M561 
M 5  60 
M565 
M558 
M556 

895 
985 
950 
970 
655 
990 
775 
575 

915 
995 
960 
985 
665 

1000 
790 
585 

911 
1005 
966 
991 
658 

1010 
7 84 
581 

926 
1012 
976 

1007 
657 

1036 
796 
581 

Figure V-22 presents  a p l o t  of the  actual furnace temperature 
versus the potentiometer s e t t i n g  f o r  both p r e f l i g h t  c a l i b r a t i o n  and 
i n f l i g h t  data. The o v e r a l l  r e s u l t  of t he  d i f fe rence  between t h e  des i red  
and a c t u a l  soak temperatures achieved with the  furnace was considered 
inconsequential  and the re fo re  the  MEFS d id  accomplish i t s  o v e r a l l  objec- 
t i v e s .  

(2) SL-4 Performance. The MEFS performed as designed. 
Based on the da t a  obtained during t h e  SI,-3 operat ions,  the heat-up time 
est imates  and potentiometer s e t t i n g s  were adjusted t o  provide f o r  
b e t t e r  mission planning and system operation. 
times experienced during SL-4 were s l i g h t l y  longer than expected 
because of lower bus vol tage than experienced during SL-3 operation. 

The furnace heat-up 
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During SL-4 operat ion,  the AM Bus 1 vol tage averaged between 28.4 and 
28.6 VDC whereas the  bus vol tage during SL-3 was between 28.6 and 28.7 
VDC. 
times f o r  each experiment i n  order  of performance. 

The following t ab le  presents  t he  expected and a c t u a l  heat-up 

^--- - 

Heat-Up Time 
(Hour 8 )  

Experiment 
- 

M557 
M560 
M561 
M563 
M566, 
M562 
M556 

A c t u a l  P r e f l i g h t  
Es t ima t e 

4 . 8  5.3 
1.3 1.4 
3.3 4.5 
4.0 5.5 
3.0 I 3.3 
2.0 2.2 
1.5 1 1.5 

The s l i g h t l y  longer heat-up times had no e f f e c t  on experiment 
performance. 

The potentiometer d a t a  is presented i n  the following tab le .  

Soak Temp Desired Actual  
S e t t i n g  Soak Temp ("C) Soak Temp ( OC) 

Experiment 

M557 730 
M560 665 
M561 975 
M563 990 
M5 66 87 0 
M562 8051665 
M556 465 

725 
65 1 
99 1 

1010 
860 

804/650 
450 

726 
650 
99 1 

1011 
865 

8031655 
460 

AS seen by the da t a ,  the adjustments made t o  the potentiometer 
s e t t i n g s ,  using the data from SL-3, provided very accura te  s e t t i n g s  t o  
ob ta in  the des i red  soak temperatures. 

e. System In te r f aces .  The system i n t e r f a c e s  performed 
s a t i s f a c t o r i l y  during the  mission. 

f .  Return Data. The physical data returned from the SL-3 
mission were the 33 experiment ca r t r idges  (eleven experiments, t h ree  
c a r t r i d g e s  each) and from the SL-4 mission, the 21 experiment c a r t r i d g e s  
(r,even experiments, t h r e e  ca r t r idges  each). 
experiment samples f o r  eva lua t ion ,  
the following da ta  was obtained and provided t o  the  PIS and the  exper i -  
ment sys tern developer : 

Each PI was given h i s  
I n  addi t ion  t o  the physical d a t a ,  
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I masuremeat NO. 

COO55 - 807 I COO56 - 807 

M0155 - 513 
COO18 - 807 
KO382 - 702 

mlx 
PHDlY 
PED12 
PHD2x 
Pm2Y 
m 2 z  
m3x 
m3Y 
PIID32 

K7030 - 404 
117031 - 404 
K7032 - 404 
K7033 - 404 
K7034 - 404 
P.7035 - 404 

Mearuremsnt 

Furnace temperature, hea t  leveler 
Furnace temperature, hea t  

Voltage, AM Bus 1 

AIM d i g i t a l  computer word 
X-Axis r a t e  gyro 1 reading 
Y-Axis rate gyro 1 reading 
2-Axis rate gyro 1 reading 
X-Axis r a t e  gyro 2 reading 
Y-Axis r a t e  gyro 2 reading 
2-Axis r a t e  gyro 2 reading 
X-Axis rate gyro 3 reading 
Y-Axis rate gyro 3 reading 
Zdxis rate gyro 3 reading 
WCS t h r u s t e r  I - I V ,  on 

ex t r ac t ion  p l a t e  

temperature, atmospheric gas 1 

0 11 I-p, 
I O  1-11, 
I O  111-11 I' 
I O  'O 111-P, 
1- 111 -1v ,I' 

Sample Rate 

2 samples/min 
I1 

'0 

I# 
I1 

I O  

Event 
II 

0 

I O  

I' 

I1 

Copies of the  crew voice t r a n s c r i p t s  and experiment debr ie f ing  
t r a n s c r i p t s  were also obtained. 

g. Anomalies. There were no anomalies a f f e c t i n g  the MEFS 
perfo-uce. 

2. Experiment M556 - Vapor Growth of I V - V I  Compounds. The 
Pr inc ipa l  Inves t iga tor  f o r  Experiment MS56 is  Dr .  Heriber t  Wiedemeier, 
Rensselaer Polytechnic I n s t i t u t e ,  Troy, New York. 
Developer was Westinghouse Astronuclear Laboratory, Large, Pennsylvania. 

The Hardware 

a .  Description. 

(1) Objectives.  The objec t ive  was t o  determine the  
degree of improvement tha t  can be obtained i n  the  p e r f x t i o n  and chemi- 
c a l  homogeneity of c r y s t a l s  grown by chemical vapor t ranspor t  under 
weight less  condi t ions.  

(2) Description. Mixed c r y s t a l s  of compound semi- 
conductor germanium se len ide  (GeSe) and germanium t e l l u r i d e  (GeTe) 
were grown by chemical t ranspor t  through a temperature grad ien t  i n  a 
t ranspor t  agent (iodine vapor) from polycrys ta l l ine  sources of the two 
component mater ia ls .  The growth process was perforned i n  sealed quar tz  
ampoules contained i n  metal ca r t r idges  i n  the M518 Multipurpose Furnace 
S ys t em. 
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b. Experiment Opera t fm.  

(1) SL-3 Operation. The experiment was successfu l ly  
performed from DOY 263, 1005 GMT through DOY 265, approximately 0700 
GMT. The following t a b l e  ind ica t e s  a comparison of f l i g h t  d a t a  and 
data obtained from ground t e s t i n g  f o r  t he  experiment a d  w e l l  as the  
M518 c o n t r o l  package s e t t i n g s .  

Ground 
Test 

Rc ':u 1 t 8 

Desired Actual  
R e s u l t s  R e s u l t s  Package 

S e t t i n g  

Soak Temperature ('C) 585 581 581 575 
Soak Period (Hours) 32 32 33.2 64 
Cool-Down Rate (%/Min) Passive Passive Passive Passive 

A time-temperature p r o f i l e  f o r  the experiment is  shorn i n  
f igu re  V-23. 

(2) SL-4 Operation. Experiment M556 was successfu l ly  
performed from DOY 006, 2010 GMT through DGY 009, 0116 GMT. The follow- 
i n s  t a b l e  ind ica t e s  a comparison of f l i g h t  da ta  with expected r e s u l t s  
and M518 cott:rol package s e t t i n g s .  

Desired Actual  
Resu 1 t s R e s u l t s  

Control 
Package 
S e t t i n g  

Soak Temperature (OC) 465 450 460 
Soak Period (Hours) 32 31 33.1. 
Cool-Down Rate ('Chiin) Pa s s i ve  Passive Passive 

Figure V-24 i s  a time-temperature p r o f i l e  f o r  the experiment 
performance on SL-4. 

3. Experiment M557 - I m i s c i b l e  Alloy Compositions. The 
P r inc ipa l  Inves t iga tor  f o r  Experiment H557 is  M r .  Jo L. Reger, TRW 
Eystems Group, Redondo Beach, Ca l i fo rn ia .  The experiment hardware 
was developed bj? the Westinghouse Astronuclear  Laboratory, Large, 
Pennsylvania. 

a. Description. 

(1) Objective.  The ob jec t ive  was t o  determine the 
e f f e c t s  of near-zero-g on the  processing of material compositions which 
normally segregate  on e a r t h .  
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(2) Description. The experiment consisted of three 
sample materials: 

Ampoule A ?sothermal solidification of 45-45-'0 percent 

c-~ple which exhibits both liquid and solid 
state inmiscibility. 

- -  weight lead-zinc -8nt imony (Pb-Zn-Sb) ternary 

Ampoule B - Isothermal solidification of a 76.8-23.2 percent 
by weight of gold-germanium (Au-Ge) binary couple 
which exhibits essentially complete immiscibility 
in the solid state. 

Ampoule C - .Directional solidification of a 70-15-15 percent 
by weight lead-indium-tin (Pb-In-Sn) ternary couple 
which exhibits limited solubility in the solid 
state. 

Each of the three couples was individually packaged, ampoules A 
and B in stainless steel and ampoule C in quartz-tubing. 
cartridge contained an ampoule of each type and was processed in the 
H518 Multipurpose Furnace System. 

Each M557 

b. Experiment Operation 

(1) SL-3 Operation. The experiment was successfully 
performed f r m  DOY 251, 2105 GMT through 3 o Y  252, 2250 GMT. The follow- 
ing table indicates a comparison of flight data and 5ata obtained from 
ground testing for the experiment as well as the M518 control package 
settings . 

Ground Desired Actual Con t r ol 
Package Test Results Results Results Setting 

725 732 7 24 720 
0 Soak Temperature ( C) 

Soak Period (Hours) 4 4 4.1 3.9 
Cool-bown Rate (OC/Min) Passive Passive Passive Passive 

A time-temperature profile for the experiment is shown in 
figure V-25. 

(2) SL-4 Operation. The experiment was successfully 
performed from DOY 355, 1900 GMT through DOY 357, 2040 GMT. The 
following table indicates a comparison of flight data with expected 
results and M51S control package settings. 
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Soak 
Soak 

D e  s i  red A c t u a l  
ikimhs 

Con t ro 1 
Package 
S e t t i n g s  Res u 1 t s 

Temperature (OC) 730 725 726 
Period (Hours) 4 4 4 

Cool-Down Pate  ("Chin)  Passive Passive Passive 

Figure V-26 is a time-temperature p r o f i l e  f o r  t he  experiment 
performance on SL-4. 

4. Experiment M558 - Radioactive Tracer Diffusion. The Prin-  

The experiment hardware was developed by 
cipal Inves t iga tor  f o r  Experiment M558 i s  D r .  Anthony 0.  Ukanwa, Howard 
University,  Washington, D.C. 
the  Westinghouse Astronuclear Laboratory, Large, Pennsylvania. 

a. Description. 

(1) Objective. The objec t ive  w a s  t o  measure s e l f - d i f -  
fusion and impurity d i f f u s i o n  e f f e c t s  i n  l i q u i d  metals i n  space f l i g h t  
and t o  charac te r ize  the d i s t u r b i n g  e f f e c t s ,  i f  any, due t o  spacecraf t  
acce le ra t ion .  

(2) Description. Three z inc  metal rods w e r e  prepared 
with a s e c t i o n  of radioact ive z inc  (211-65) p la ted  t o  one end of each of 
t w o  rods and i n  the  midsection of t he  t h i r d  rod. The z inc  rods,  which 
were encased i n  tantalum and sealed i n  c a r t r i d g e s ,  were melted i n  the  
M518 Multipurpose Furnace System, held a t  a constant  temperature while 
the radioact ive atoms di f fused  i n t o  the l i qu id  metal, and then allowed 
to  s o l i d i f y .  

b. Experiment Operation. The experiment w a s  successfu l ly  
performed on t h e  SL-3 mission from WIY 262, 1640 GMT through DOY 263, 
0930 GMT. 
and da ta  obtained from ground t e s t i n g  f o r  the experiment as w e l l  as 
the M518 c o n t r o l  package s e t t i n g s .  

The following t a b l e  i n d i c a t e s  a comparison of f l i g h t  d a t a  

Ground 
Test Desired Actual 

Resul ts  Resul ts  Results Package 
S e t t i n g  

Soak Temperature ("C) 790 7 84 796 775 
Soak Period (Hours) 1 1 0.9 1 
Cool-Down Rate ('C/Min) Passive Passive Passive Passive 

A time-temperature p r o f i l e  f o r  t he  experiment i s  show. i n  
f i g u r e  V-27. 
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5. Experiaent M559 - Microsegregation in Germanium_. The 
Principal Investigators for Experiment M559 are Drs.F. Voltmer and 
J .  Yue, Texas Instruments, Xnc., Dallas, Texas. The experiment hard- 
ware was developed by the Westinghouse Astronuclear Laboratory, Large , 
Pennsylvania. 

a. Description. 

(1) Objective. The objective was to determine the 
degree of microsegregation of doping impurities i;l germanium cauqed 
by convectionless directional solidification under conditions of 
weightlessness and to determine whether the low-g environment materi- 
ally influenced the homogeneity of the impurity disdibution. 

(2) Description. Single-crystal rods of germacium 
doped with antimony (an electron donor, N. type), gallium bnd boron 
(electron acceptors, P-type) were placed in cartridges, positioned 
so that one end of each rod extended into the M518 furnace hot zone. 
When the furnace was heated, only the part of each rod within the hqt 
zone melted, leaving a solid part to serve as a seed for regrowth 0': 
the crystal when the melt resolidified. The rods were dirkctionally 
solidified at the slowest available cooling rate to promote formation 
of single crystals. 

b. Experiment Operation. The experiment was successfully 
performed on the SL-3 mission from DOY 256, 2055 GMT through DOY , - -S,  
0110 GMT. 
and data obtained for ground testing for the experiment as well as 
M518 control package settings. 

The following table indicates a con.parison of flight da: .A 
.e 

Ground 
Test Desired Actual 

Results Results Results Package 
Set t inq 

99 5 1005 1012 9s T 0 Soak Temperature ( C) 

Cool-Down Rate (OChin) 0.6 0 .6  0 .6  0.6 
Soak Pericd (Hours) 2 2 2.3 2.1 

A time-temperature profile for the experiment is shown in 
figure V-28. 

6. Experiment M560 - Growth of Spherical Crystals. The 
Principal Investigator for Experiment M560 is Dr. Hans U. Walter, 
University of Alabama, Huntsville , Alabama. 
was developed by the Westinghousz Astronuclear Laboratory, Large, 
Pennsylvania. 

The experiment hardware 
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a. Description 

(1) Objective.  The objec t ive  was t o  grow doped indium 
antimonide (InSb) c r y s t a l s  of high chemical homogeneity and s t r u c t u r a l  
per fec t ion  and study t h e i r  r e s u l t i n g  physical  p roper t ies  i n  comparison 
with t h e o r e t i c a l  values f o r  i d e a l  c r y s t a l s .  

(2) Concept. Prepartd samples of indium antimonide, 
encased i n  ca r t r idges ,  were melted i n  the M518 Multipurpose Furnace 
t o  produce suspended drops of molten material at tached t o  s o l i d  seed 
c r y s t a l s .  
c r y s t a l s  while hea t  losses  from the sur faces  of the l i qu id  drops was 
compensated. 
the seed grows ins ide  che drop with the l i qu id  on the drop surface 
being the  last t o  s o l i d i f y ,  thus e l imina t ing  mechanical s t r a i n  due 
t o  volume change on so l id i fy ing .  

The drops were s o l i d i f i e d  by removing hea t  through the seed 

I n  t h i s  manner the c r y s t a l l i n e  material i n  contact  with 

b. Experiment Operation 

(1) SL-3 Operation. The experiment was successfu l ly  
performed from DOY 260, 2100 GMT through DOY 261, 1743 GMT. The follow- 
ing t ab le  ind ica t e s  a comparison of f l i g h t  da ta  and da ta  obtained from 
ground t e s t i n g  f o r  the experiment as w e l l  as the  M518 con t ro l  package 
s e t t i n g s  . 

Ground 
Test 

R e s u l t  s 

Desired A c t u a l  Control 

Package R e s u l t s  R e s u l t s  S e t t i n g  

Soak Temperature (OC) 665 658 657 636 
Soak Period (Hours) 1 1 1 1 
Cool-Down Rate ('C/Min) 0.6 0.6 0.6 0.6 

A time-temperature p r o f i l e  fo r  the M560 experiment i s  shown 
i n  f igu re  V-29. 

(2) SL-4 Operation. The experiment was s u c c e s s f u l l y  
performed from DOY 361, 0015 GMT through l i o Y  261, 2245 GMT. The 
following t ab le  ind ica t e s  a comparison of f l i g h t  da ta  with expected 
r e s u l t s  and M518 con t ro l  package se t t i ngs .  

Desired Actual  
R e s u l t s  R e s u l t s  

Control 
Package 
Se t t i ng  

Soak Temperature (OC) 665 651 650 
Soak Period (Hours) 1 1 1.1 
Cool-Down Rate ('C/Min) 0.6 0.6 0.6 
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Figure V-30 is a time-temperature profile for the experiment 
performance on SL-4. 

7. Experiment M561 - Whisker-Reinforced Composites. The Prin- 
cipal Investigator for Experiment M561 is Dr. Tomoyoshi Kawada, Director, 
National Research Institute for Metals, Tok,o, Japan. The Hardware 
Developer was Westinghouse Astronuclear Laboratory, Large, Pennsylvania. 

a. Description. 

(1) Objective. The objective was to produce void-free 
samples of silver, reinforced with oriented silicon carbide whiskers. 

(2) Description. Sintered compacts of silver contain- 
ing distributions of unidire::t ional ly-oriented silicon carbide whiskers 
(1 micron diameter by 1 mm long) were melted in the M518 Multipurpose 
Furnace. Pressure, from a spriilg actuated piston, was used to furce 
voids from the melt and to promote wetting of the whiskers by the 
matrix material. 

b. Experiment Operation. 

(1) SL-3 Operation. The experiment was successfully 
performed from DOY 259, 2020 GMT, through DOY 260, 1800 GMT. The 
following table indicates a comparison of flight data and data obtained 
from ground testing for the experiment as well as the M518 control 
package settings . 

Ground 
Test 
Re sul t s 

Desired Actual 
Results Results 

Control 
Pac'cage 
S L t  ting --- 

Soak Temperature (OC) 985 99 1 1007 9 80 
Soak Period (Hours) 4 4 3.7 1 
Cool-Down Rate ('Chiin) Passive Passive Passive Passive 

A time-temperature profile for the experiment is shown in 
figure V-31. 

(2) SL-4 Operation. The experiment was successfully 
performed from DOY 362, 0225 GMT, through DOY 363, 1420 GMT. The 
following table indicates a comparison of flight data with expected 
results ard M518 control package settings. 
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Desired Actual 
Resu 1 t s 

Control 
Package 
Setting Results -- 

Soak Temperature ("C) 975 99 1 991 
Soak Period (Hours) 1 1 1 
Cool-Down Rate ('Chin) 0.6 0.6 0.6 

Figure V-32 is a time-temperature profile for the experiment 
performance on SL-4. 

8. Experiment M562 - Indium Antimonide Crystals. The Principal 
Investigators for Experiment M562 are W s .  Harry C. Gatos and August 
Witt, Massachusetts Institute of Technology, Cambridge, Massachusetts. 
The Hardware Developer was the Westinghouse Astronuclear Laboratory, 
Large, Pennsylvania. 

a .  Description 

(1) Objective. The objective was to produce doped 
semiconductor crystals of high chemical homogeneity and structural 
perfection and to evaluate the influence of weightlessness in attaining 
these properties. 

(2) Description. Eigh-quality singie crystpls of in- 
dium antimonide (InSb) were prepared in the laboratory, doped with 
tellurium, precision machined and etched to fit into heavy wall quartz 
ampoules, sealed, and enclosed in metal cartridges. Half of each crys- 
tal (about three inches in length) Gas melted in the M518 furnace and 
regrown at a rate of 1.3 cm (0.5 inches) per hour using the unmelted 
half as a seed. 

b. Experiment Operation. 

(1) SL-3 Operation. The experiment was successfully 
performed from DOY 253, 1300 GMT through LdY 254, 1600 GMT. The 
following table indicates a comparison of fiight data and data obtained 
from ground testing for the experiment as well as the M518 control 
package settings. 

Ground 
Test 
Results 

'Ont rol Des ired Ac t uh 1 
Package Results Resu?ts Setting 

Soak Temperature ("C) 795 804 792 800 
Soak Period (Hours) 1 1 0.9 0.9 
Cool-Down Rate ('Chin) 1.2 1.2 1.2 1.2 
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A time-temperature p r o f i l e  f o r  the experiment i s  shown i n  
f i g u r e  V-33.  

(2) SL-4 Operation. Experiment M.562 was successfu l ly  
performed from DOY 005, 1515 G#T through DOY 006, 1350 a. The P I  
requested two unique r-quirements f o r  the performance on SL-4. F i r s t ,  
t he  N512 work chamber w a s  physical ly  h i t  approximately two horns a f t e r  
t h e  start of cont ro l led  cool-down to apply a known-time dis turbance 
during the  r c - so l id i f i ca t ion  process to  assist i n  ground a n a l y s i s  of 
t h e  c r y s t a l s .  Second, at approximately three hours a f t e r  t ne  start 
of cont ro l led  cool-down, the  M518 c o n t r o l  package was r e c m f i g u r e d  to  
provide a second soak period (at approxirmtely 65OOC) f o r  one hour. 
The following t a b l e  i n d i c a t e s  a camparison of f l i g h t  data with expected 
r e s u l t s  and M518 c o n t r o l  package s e t t i n g s .  

Desired A c t u a l  
R e s  u 1 t s 

Control  
Package 
S e t t i n g s  b s u l t  s 

Soak Temperature ("C) 8051665 8061650 8031655 

Cool-Down Etate (%/Hin) 1.2lPassive 1.2lPassive 1.2lPassive 
Soak Period (Hours) 111 111 1/1 

9. Experiment M563 - Hixed 1 1 1 - V  C r y s t a l  Growth. The P r i n c i -  
p a l  Inlrcstigator f o r  Experiment N563 is  D r .  W i l l i a m  R. Uilcox, Univer- 
s i t y  of Southern Cal i forn ia ,  Los Angeles, Cal i forn ia .  The Hardware 
Developer w a s  t he  Westlnghouse Astro:iuclear Laboratory, Large, Pennsyl- 
vania - 

a .  Description. 

(1) Objective.  The objec t ive  w a s  t o  determine how 
weightlessi,ess a f f e c t s  d i r e c t i o n a l  s o l i d i f i c a t i o n  of binary seinicon- 
ductor  a l l o y s  and, i f  s i n g l e  c r y s t a l s  were obtained, to determine how 
t h e i r  semiconducting proper t ies  depended on a l l o y  composition. 

(2) Description. Alloys of indium antimonide (InSb) 
and gal l ium antimonide (GaSb) i n  proportions of In .1  to Ga.9, In.3 
to Ga.7 and 111.5 to  Ga.5 were placed i n  separate fused s i l i ca  ampoules, 
encased i n  c a r t r i d g e s ,  melted i n  the M518 Multipurpose Furnace, and 
d i r e c t i o n a l l y  s o l i d i f i e d  at the slowest a v a i l a b l e  rate. 

b. Experiment Operation. 

(1) SL-3 Operation. The experiment w a s  successfu l ly  
performed from DOY 258, 0200 GMT through DCY 259, 2000 GMT. The 
following t a b l e  i n d i c a t e s  a comparison of f i i g h t  d a t a  and da ta  obtained 
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from ground testing f o r  t he  experiment as w e l l  as the  M518 control 
package settings. 

Ground 
T e s t  Desired A c t u a l  Package 

S e t t i n g  Resul t s  Resul t s  Results 

Soak Temperature ("C) 9 60 966 976 960 
Soak Period (Hours) 16 16 16.3 1 5  
C O O L - D O ~ ~  Rate (OCmin) 0.6 0.6 0.6 0.6 

A time-temperature p r o f i l e  f o r  t h e  M563 experiment is shown 
i n  f i g u r e  V-35. 

(2) SL-4 Operation. The experiment was success fu l ly  
performed from DOY 364, 0335 GMT through DOY 001, 0000 GMT. The 
f o l l m i n g  t a b l e  ind ica t e s  a comparison of f l i g h t  da t a  with expected 
resul ts  and M518 con t ro l  package s e t t i n g s .  

Desired A c t u a l  
Results 

Control 
Package 
Se t t i ngs  R e s u l t s  

990 1010 1011 0 Soak Temperature ( C) 
Soak Period (Hours) 16 16 16.3 
Cool-Down Rate (%/Min) 0.6 0.6 0.6 

Figure V-36 is a time-temperature p r o f i l e  f o r  the experiment 
performance on SL-4. 

10. Experiment -64 - Halide Eutec t ics .  The P r inc ipa l  Inves- 
t i g a t o r  f o r  Experiment M564 i s  D r .  Al f red  S. Yue, University of C a l i -  
f o r n i a ,  Los Angeles, Ca l i fo rn ia .  
Westinghouse Astronuclear Laboratory, Large, Pennsylvania. 

The Hardware Developer was the  

a. Description. 

(1) Objective.  The ob jec t ive  w a s  t o  produce highly 
continuous con t ro l l ed  s t r u c t u r e s  i n  samples of f i b e r l i k e  sodium f luo- 
ride-sodium ch lo r ide  (NaF-NaC 1) e u t e c t i c ,  and t o  measure t h e i r  physical  
p roper t ies .  

(2) Description. Three ingots  of the  e u t e c t i c ,  1.3 cm 
(.4 inch) i n  diameter and 10.2 c m  (4 inches) long, were grown i n  the M518 
Multipurpose Furnace by melting the  a l l o y s  and then cooling .:hem d i r e c -  
t i o n a l l y  a t  the slowest a v a i l a b l e  rate. 

5 -77 





i 

. .  . .I' 

s -79 

t 
!' 



b. Experiment Operation. The experiment was successfu l ly  
performed on the  SL-3 mission from DOY 255, 1450 GMT through DOY 256, 
2022 GMT. 
d a t a  and d a t a  obtained from ground t e s t i n g  f o r  the experiment as w e l l  
as t h e  M518 c o n t r o l  package s e t t i n g s .  

The following t a b l e  i n d i c a t e s  a comparison of the f l i g h t  

Ground 
Test  

Re s u 1 t s 

Desired A c t u a l  
Package Resul ts  Resul ts  Se t  t i n s  

Soak Temperature ("C) 9 1,' 911 926 900 
Soak Period (Hours) 1 1 1 1 
Cool-Down Rate (OC/Min) 0.6 0.6 0.6 0.6 

A time-temperature proEile f o r  t h e  experiment i s  shown i n  
f i g u r e  V-37. 

11. Experiment M565 - Silver. Grids Melted i n  Space. The Prin-  
cipal Inves t iga tor  f o r  Experiment pi565 is D r .  A. Deruyt tere ,  Katholieke 
U n i v e r s i t e i t  Leuven, Heverlee, Belgium. 
Westinghouse Astronuclear Laboratory, Large, Pennsylvania. 

The Hardware Developer was 

a. Description. 

(1) 
pore s i z e s  and pore 
and r e s o l i d i f i e d  i n  

(2) 
d i f f e r e n t  ampoules: 

Ampoule A - 

Objective. The objec t ive  was to  determine how 
shapes changed i n  porous s t r u c t u r e s  when melted 
space. 

Description. The experiment consis ted of t h r e e  

Eight s i l v e r  d i s c s  of 14 mm diameter and 0.1 am 
t h i ck  i n  which one or more holes  had been spark 
c u t  o r  d r i l l e d  as follows, when counting from 
the  hot  end of t he  ampoule. 

P8: One c e n t r a l  hexagonal hole  of 3.5 m s i d e s  
P7: One c e n t r a l  hexagonal hole  of 3.5 m s i d e s  
P6: One c e n t r a l  square hole  of 3.5 nun s i d e s  
P5: Four square holes  of 1 mm s i d e s  and 6.4 w 

P4: Nine round holes  of 1 m diameter and 3.2 mm 
a p a r t  

a p a r t  

a p a r t  

a p a r t  

a p a r t  

P3: 21 round holes  of 1 mm diameter and 1.6 m 

P2: 14 round holes  of L mm diameter and 0.8 m 

P1: 21 round holes  of 2 am diameter and 0.4 mn 
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Ampoule B - Same as Ampoule A except d i s c  ihickness was 0.5 mm 

Ampoule C - Single  sb' .p?e of s i l v e r  f i b e r s  of 0.4 m diame:er 
and 10-15 rm long, compressed and s in t e red  t o  form 
a prism of 40 m x 14 ran x 4 am with a poros i ty  cf 
30% 

Each of the ampoule crmtents was packaged i n  s i l i c a  ampoules, 
encased i n  s t a i n l e s s  s t e e l  c a r t r i d g e s  and processed i n  the M518 M u l t i -  
purpose Furnace Syst  :m. 

b. Experiment Operation. The experiment was successfu l ly  
performed on the SL-3 mission from DOY 261, 1807 GMT through DOY 262, 
1523 GMT. The following t a b l e  ind ica t e s  a comparison of f l i g h t  da ta  
with da t a  obtained from ground testir:g f e r  the experiment as w e l l  as 
the M518 cont ro l  package s e t t i n g s .  

Ground 
Test Desired Actual  

Resul ts  Resul ts  Package 
Se t t i ng  R e s u l t s  

Soak Temperature ("C) 1000 1010 1036 960/1000 
Soak Period (Minutes) 60 60 6C 5/10 
Cool-Down Rate ('Chlin) Passive Passive Passive Passive 

A time-temperature p r o f i l e  f o r  the M565 experiment i s  shown i n  
f igLre V-38. 

12. Experiment M566 - Aluminum-Copper Eutec t ic .  The P r inc ipa l  
Inves t iga tor  f o r  Eqer iment  M566 i s  M r .  Earl A. Hasemeyer, Process 
Engineering Laboratory, Qun t sv i l l e ,  Alabama. The Hardware Developer 
was the Westinghouse Astronuclear Laboratory, Large, Pennsylvania. 

a. Description. 

(1) Objective.  The objec t ive  was t o  determine the 
e f f e c t s  of weightlessness on the s o l i d i f i c a t i o n  of lamellar s t r u c t u r e  
.- -. e u t e c t i c  a l l o y  when d i r e c t i o n a l l y  s o l i d i f i e d .  

(2) Description. Three 0.6 cm (h inch) rods of supe r  
p u r i t y  aluminum - 33% copper a l l o y  (Al-CuAl e u t e c t i c  a l l o y )  in i nd iv i -  
dual ca r t r idges  were p a r t i a l l y  melted and d e n  d i r e c t i o n a l l y  s o l i d i f i e d  
i n  the M518 Multipurpose Furnace using a l i n e a r  temperature gradient  of 
45O C/cm minimum. 
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b. Experiment Cp t r i t i on .  

(1) SL-3 Operation. The experiment was successfu l ly  
performed from DOY 254, 1625 GMT through DOY 255, 1420 GMT. The follow- 
ing t a b l e  ind ica t e s  a comparison of f l i g h t  da t a  and da ta  obtained from 
ground t e s t i n g  f o r  the experiment as w e l l  as the  M518 con t ro l  package 
s e t t i n g s  . 

Ground 
Test Desir td  A c t u a l  

Package Resul ts  Resul ts  Results Se t t i ng  

Soak Temperature ("C) 855 867 849 860 
Soak Period (Hours) 1 1 1 1 
Cool-Down Rate (OC/Min) 2.4 2.4 2.4 2.4 

A time-temperature p r o f i l e  f o r  the experiment i s  shown i n  
f igu re  V-39. 

(2)  SL-4 Operation. The experiment was successfu l ly  
perfor,ned from DOY 004, 1525 GMT through DOY 005, 1240 GMT. During 
the performance on SL-4, the PI  requested t h a t  approximately the f i rs t  
hour of cont ro l led  cool-down be when the  Skylab o r i e n t a t i o n  was Z-LV. 
This request  was made t o  determine d i f f e rences  i n  r e s o l i d i f c a t i o n  
pa t t e rns  between the  Z-LV a t t i t u d e  and s o l a r  i n e r t i a l  a t t i t u d e .  I n  
Z-L?, the  sample would remain a t  t h e  same a l t i t u d e  a l l  around Lhe 
e a r t h  whereas i n  s o l a r  i n e r t i a l  there  i s  a small c y c l i c a l  va r i a t ion  
a t  the sample loca t ion  i n  the spacecraf t .  The following t ab ie  ind i -  
c a t e s  a comparison of f l i g h t  da t a  with expected results and N518 con- 
t r o l  package se t t i ngs .  

Des i r ed  A c t u a l  
Res u 1 t s 

Control 
Package 
Se t t i ngs  R e s u l t s  

Soak Temperature (OC) 87 0 860 865 
Soak Period (Hours) 1 1 1.1 
Cool-Down Rate (OC/Mn) 2.4 2.4 2.4 

Figure V-40 i s  a time-temperature p r o f i l e  f o r  t he  experiment 
performance on ZL-4. 
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SECTION VI. STUDENT EXPERIMENTS 

A. Experiment ED31-Bacterin and Spores 

The Student Inves t iga tor  f o r  Experiment ED31 is Robert L. 
Staehle ,  Harley School, Rochester, Xew York. 
t M A  Ssiesce Advisor. 

He was a s s i s t e d  by a 
The hardware was developed and b u i l t  by MSFC. 

1. Exr r imen t  Dzsctiptior..  Resclts of previous space f l igh t s  
led  t o  t'ie h s o t h e s i s  tha t  microbia! s impl i f i ca t ion  ( the loss of com- 
p l e t e  species  of micro-organisms, am' changes i n  c h a r a c t e r i s t i c s  such 
as growth rate, form, s t ruc tu re ,  co lor ing  and tex ture)  occurs i n  c losed 
ecological  environments. 

a. Objective. The o b j e c t f w  was t o  determine the  e f f e c t s  
of i n t e r n a l  Skylab environment (pa r t i cu la r ly  a;eightlefsness) on the 
surv iva l ,  growth rates and mutatiofis of vegetat ive bac te r i a l  forms i n  
a closed ecologica l  cycle.  

b. Concept. Several  bacterial spec ies  were t o  be exposed 
t o  the Jkylab cnvironment, per iodica l ly  photographed, and returned for  
comparison with i d e n t i c a l  cont ra1  groups which were t o  be subjected to 
a normal lnboratory en-tironment . 

c. Hardware PescrIpt ion.  The basic experiment hardware 
-e< cwmerc ia l  equipment. 
experiment container ,  a p l a s t i c  bag, a petri d i sh  container ,  and a 
photographic bracket assembly. 
l i s t e d  Ln t ab l e  V I - 1 .  
i n  tab ie  VI-2. The hardmre  is shown i n  f igu re  51-1. 

Specifical 'y developed hardware included an 

Experimnt  equipPrent and funct ions are 
Slapporting equipment and fl nctiGns are l i s t e d  

2.  Experiment Operation. This  experiment was o r i g  .?ally 
planned f o r  per forwnce  during the last seven mission days of SL-2. 
The pt; tr i  d i shes  were t o  be innoculaLed with three  s t r a i n s  of the pure 
bacteria spccies .  Nine of t t  f i f t e e n  d h h e s  derc  t o  be incubated 
ir. the i n f l i g h t  medical support system ;IMSS) incubator a t  a nominal 
35% (95%)  and the remai.iicg s i x  p e t r i  d i shes  ware t o  be incubated 
a t  OWS ambient temperature. Per iodic  photograph8 were to  be made of 
each p e t r i  d i s 5  according t o  the  schedule of t a b l e  VI-3. 

LmdiatP-1)  following t h e  f i n a l  photographic sequence the p e t r i  
dirhes  were t o  be placed i n  the  LMSS re-supply container  and stowed i n  
the f ?,' c h i l l e r  t o  i n h i b i t  fu r the r  d c t E r i a l  growth. Transfer  to  the 
CM for -.sLch r e tu rn  was t o  take place as late i n  t t . 2  mission as f e a s i b l e  
t o  maintain the des i red  chf.11 temperature of 5% 2 3OC u n t i l  r ece ip t  a t  
the l a b r a t o r y  f r r  . ;alys:s. 
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TABLE V I - 1 .  ED31 EXPERIMENT EQUIPMENT 

Expr iment  Equipment I F unc t ion I 
Experiment conta iner  

P l a s t i c  bag 

P e t r i  d i s h  conta iner  

P e t r i  d i shes  with - e d i a  (15) 

Inoculum petri d i sh  (1) 

To pro tec t  t h e  conten ts  of t he  
petri d i s h  conta iner  dur ing  launch 
and s to rage  a t  5 p s i  

To preserve s t e r i l i t y  of p e t r i  
d i s h  holder and conten ts  

To r e s t r a i n  d i shes  and f a c i l i t a t e  
removal and i n s e r t i o n  of d i shes  
i n  conta iner  

To house t h e  se l ec t ed  bacteria 
during incubation, s;'owth, and 
r e t u r n  

To conta in  inoculum during pre- 
f l i g h t  s torage ,  launch and i n -  
f l i g h t  storage 

I 

S t e r i l e  forceps (2 pairs) I For handling of inoculum 

Photographic bracket a s sy  1 To hold petri d ishes  for photography 

TABLE VI-2. ED31 SUPPORTING EQUIPMENT 

Supporting Equipment 

Nikw F 3 h  camera 

55mm l ens  f o r  Nikon F camera 
(Visible,  f 2.8 1/125 sec) 

Lens adapter  (Nikon E-2) 

3 5 m  f i l m  cassette 
F i l o  type SO168 

ows f i l m  vau l t  

IMSS resupply contcfner 

Return c a n i s t e r  

OW9 food c h i l l e r  

Log Book 

Power cable  ( M S  
WSb incubator 

. sscr~ 

To photograph b a c t e r i a l  growth 

Standard camex l ens  

To permit close-up photography 

Photographic--f i l m  supply 

Function 

Film stowage 

To stow p e t r i  d i shes  for r e t u r n  

Bold p e t r i  d i shes  for r e t u r n  
t o  e a r t h  

To i n h i b i t  b a c t e r i a l  growth 
during post-operational stowage 

To record d a t a  of i n f l i g h t  
experiment progress 

To suppljj power t o  IMSS iacubator 

Incubation of petri d i shes  

Tc open p l a s t i c  bag - 
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TABLE VI-3 PWl3GBAHIIC SCIiEWLE 

_.. .- t Preparation t - .  0 I 
t 12 2 2 I 

Operation 2 i i 
Operation 1 

i 24 5 2 I 

36 2 4 i Operation 3 
Operation 4 48 2 4 

! 

__ . - - - - . . . .. . . 

a. L-2 Operat; :,s. Tke experiment results were c m -  
promised by : 

Decreased bacterial Liability due to: 

Abnormally high temperatures resulting from the OWS 
meteoroid shield loss. 

The 10-day delay between SL-1 and SL-2 launch. 

The deletion of the IMSS resupply module from SL-2 stowage 
for the experiment return. 

Potential data loss resulting from short supply of 35 mm 
SO168 film requiring a reduction from 75 LO 50 frames of 
film data. 

These factors caused much concern for the actaal ED31 operation. The 
experim It was removed from the scheduled experiments list and placed 
on a contingency shopping list. 

ED31 was initiated on DOY 166 at GO30 GMT. The SPT, Dr. Kerwin, 
innoculated the petri dishes, and placed nine in the IMSS incubator at 
29OC (849) and the remaining six in the OWS for ambient incubation. 

The photographic schedule was modified due to the SPT's connnent 
on the very slow growth rate. 

Deletion of the IMSS resupply module from stowage resulted in 
the 15 petri dishes being returned by improvised means. 
used an IMSS heat sink and chilled wash cloths as insulating material 
in a food overcan. The overcan was taped to a second chilled overcan 
(containing blood samples) and the two cans wrapped in towels. 
assembled overcans and towels were tied to a CM locker door exterior. 

This means 

The 
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TABLE V I - 4  SL-2 PHOTOGBAPHIC SCiiEDULE 

I-- 

Operat i o n  

Preparat ion 

Operation 1 
; Operation 2 

Operation 3 

Operation 4 

Stow 

I 

I = ,  

I 
0030 ' 

1132 : 

2108 

0932 

2116 

2126 : 

- 

t I ! 
Actual Scheduled 
Elapsed j E lapsed 

Time TfIlE 
DOY 

(9rs Min) i (hs) 
I 166 No Record of ; ---- 

Photography 

166 i132 12 2 2 

166 1938 24 -f- 2 

167 3302 36 3- 4 

168 6846 48 2 4 
168 ---- -e-- 

Examination of the  retui-ned p e t r i  d i shes  revealed t h a t  from an 
expected developmnt of 2500 colonies  only 75 showed growth. As a 
consequencz of these ininimal r e s u l t s ,  ED31 w a s  re-assigned f o r  re- 
supply and pcrformance on SL-4. 

b. SL-4 Operations. The ED31 prototype hardware was 
launched on SL-4. The operat ions were i n i t i a l l y  scheduled as planned 
f o r  SL-2 but were rescheduled f o r  earlier performance based on o ther  
mission considerat ions (see 3.b. SL-4). 

The preparation took place on DOY 003 at  2030 GMT. The photo- 
graphic observations proceeded according to  the  schedule i n  t a b l e  V I - 5 .  
The extended time f o r  operat ion 4 was approved s ince  the voice t r a n s -  
c r i p t  review i t d i c a t e d  a slower b a c t e r i a l  colcay development t i m e .  

The CDR reported a t  the experiment debr ie f ing  t h a t  a returned- 
photograph review indicated a focusing problem with the Nikon 3, E2 
camera adapter  used f o r  closeup photography. 
graphs with the returned p e t r i  d i shes  may provide usable d a t a  f rom the 
out-of -focus photographs. 

Corre la t ion  of the photo- 
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=LE V I - 5  SL-4 P H O l W m I C  SCHEDULE 

Operation 

Reparat ion 

Operation 1 

Operation 2 

Operation 3 

Operation 4 

Stow 

A c t u a l  Scheduled 
Elapsed Elapsed 
Time Time Gm DOY 

(Hrs Min) 

2200 003 0 0 

1230 004 1430 12 2 

2230 004 2430 24 f 2 

1200 005 3800 36 2 4 

1430 007 8830 48 f 4 

1500 007 ---- ---- 

3. Experiment Cons t ra in ts .  The experiment c o n s t r a i n t s  were 
success fu l ly  met during the  mission except: 

a. SL-2. The i n i t i a l  photographic observation was not 
made due t o  a shortage of 3 5 m  SO168 film. 

The apparent slow colony development rate caused the  t o t a l  
incubation t i m e  t o  be extended beyond the  nominal 48 hours. 

b. SL-4. Experiment performance was requested p r i o r  t o  
the  pianned opera t ions  during the  last 7 mission days. 
Advisor w a s  induced t o  make t h i s  request because of continuing r e p o r t s  
of a shortened mission r e s u l t i n g  i n  a p o t e n t i a l  d e l e t i o n  of t h i s  
experiment. 
pending f a i l u r e  of another.  

The Science 

These reports resulzed from one CMG f a i l u r e  and the  ia- 

Again the  reported slow development rate of the b a c t e r i a l  
co lonies  r e su l t ed  i n  an  ex tens ion  of the incubation period beyond the  
nominal 48 hours. 

4. Hardware Performance. The experiment hardware performed 
as planned. 

5. Experiment In t e r f aces .  The experiment i n t e r f a c e s  performed 
s a t i s f a c t o r i l y  during the  mission except f o r  the high temperatures 
experienced during SL-l/SL-2 experiment stowage. 
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3. Return Data. 

a .  SL-2. The return data consisted of 15 petri dishes 
with bacterial colonies and 50 frames of 35rmn film. 

b. SL-4. The return data consisted of 15 petri dishes 
with bacterial colonies and 75 frames of 35m film. 

7.  Anomalies. No anomalies occurred during hardmre perfor- 
marrce. 

6- 7 



B. Experiment ED32 - In-Vitro Immunology 
The Student Investigator for Experiment ED32 was Todd A. 

Meister, Bronx High School of Science, Jackson Heights, New York. 
He was assisted by a NASA Science Advisor. 
oped and built by MSFC. 

The hardware was devel- 

1. Experiment Description. In-vitro immunology is a study 
of immunity to disease "in glass" as opposed to "in a living organism." 
The immune system in man functions as a defense against any pathogenic 
organism introduced into his physiological system. 
having potential effects on man's immune response include radiation, 
oxygen enriched environments and prolonged exposure to weightlessness. 

The parameters 

a. Objective. The objective was to determine the effects 
of the Skylab internal environment on the antigen-antibody reaction in- 
vitro, a fundamental immune response mechanism. 

b. Concept. A precipitin reaction (radical immunodiffu- 
sion) was to be otserved under spacecraft conditions using human antigen 
reacting against a specific antibody suspended in agar. 
nique, the antigen is to be injected into and allowed to diffuse through 
the antibody-filled agar. 
of both antigen and antibody are optinum. This precipitate appears as a 
cloudy white ring surrounding the point at which the antigen was intro- 
duced. The diameter of the ring is a direct function of the concentra- 
tion of the antigen and antibody. 

In this tech- 

A precipitate will form wherever concentrations 

The results were to be observed and photographed periodically. 
Comparison of the zcro-g antigen-antibody sample photographs with iden- 
tical one-g controls run on the ground will lead to &he determination of 
any changes induced by the spacecraft environment. 

c. Hardware Ccscription. The basic experiment hardware con- 
sisted of three space-qualified immunodiffusion chambers patterned after 
commercial chambers and three syringes filled with serial dilutions of 
human antigens. 

A passive cooler (modified thermos bottle) was developed to 
preserve the antigens and antibody-filled agar in the immune diffusion 
chambers at a temperature of 4% 
activation phases. 
in figure IV-2 and listed in tables VI-6 and VI-7. 

l0C during the mission launch and 
The complete hardware complement is illustrated 

2. Experiment Operation. The ED3: passive cooler and conterts 
trrre transferred from the Command Module to the OWS food chiller on 
DbY 211. A total time of 51h hours elapsed from prelaunch installation 
of the passive cooler in the CM until transfer to the OWS food chiller. 
This was the m a x i m  permissible time (determined by test) to maintain 
the tenperature limit required to preserve the biologicals. 















(kr DOY 329 al l  three crewen performed the experiment 
sa t i s fp ing  the e a r l y  dssioe reqvireslsnt. 

On Dop 357 the  CiUt and PIS successfully performed the  experi- 
ment f o r  some dd-mission performances. 

011 DUY 363 the SPT successfully perfarmed the experhent 
completing the m t d d s s i o n  performance. 

011 DOY 032 t he  f i n a l  perfowaace of  ED41 fpas M e d  out by 
a l l  three crewmen with a video tape record of the performance. 

All performances wete carried Out w i t h  no slgnif ieant  problems, 

3. K- t h s t r a i n t s .  The experiaent constraints  were 
successfully met during the  missLon. 

4. Hardware Performace. mere were no upparent hardware 
anomalies other than a set up d i f f i c u l t y  reported before the f i r s t  
performance. 
i n  the t e l k t r y  data ePr@t exist due to t he  lack  of s e n s i t i P f t y  i n  
picking up the  s ty lus  in se r t ion  signal. 

We crew coslsrented duriug tbe debriefing that some &eps 

5. &me r a n t  Interfaces. 
s a t i s f a c t o r i l y  during the mission. 

6. Return Data. A l l  data 

7. Anomalies. There were 

A l l  experiment i n t e r f aces  performed 

was telemetered. 

no anomalies reported. 
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D. Experiment ED52 - Web Pormatioa 

We Stub%& Xnvestigator for ED52 is Hso Judith Miles, 
Ioldngtcw Eigh scirool, Lexingtcm, Hmsecbtrsetts, she r e c e i w e d  
guidance and assistance from a UASA Science Advisor. 
was developed d fabricated by USFC, 

The hadware 

1. bne  rhmt Descrimtioa, The orb-weming spider's web 
requires a weplerr,  sequence of acttom by the spider in its construc- 
t h n ,  
cular physiological condition. OertaLrr web pattern characteristics 
may be altered d i l e  others are not. The web is a useful record of 
the spider's functional motor sensory apparatus. This fact has 
pnrven useful i n  pharmacological investigations 4 it i s  hoped 
that they may be equally useful in the irnrestigations of the internal 
Skylab envimmmemt effects, 

menges in the web fora are a function of the spider's parti- 

a, Objectiwe. The objective i s  the coapar%son of the 
geo#tecry and structure of a crrnvrn Cross Spider's (Araaeus madepatns) 
webs built  under Skylab d t i c m s  and under n o d  amdftioos, 

b. Cmcept. Two Cross spiders were to be launched in the 
Q4 a d  released iadiwidually i n  a small cage in the OWS. 
rnotiao pictures of the web building process uere to be taken. 
completed webs were to  be photographed, 
webs built i n  orbit w i t h  all the test spider's pre-flight wbs were 
to be made on the bas€s of; diff&culties encountered, construction 
time, web structure and web staterial. 

Automatic 
Yhe 

Conparison of at  least three 

c, Hardware Description, The hardware conststed of 
equi-nt designed to protect khe spiders during launch and confine 
theta during experiment performance without affecting their activity 
i n  orbit. 
support hardwere and its functsoc. 
the hardware and its usage. 

Tables VI-8 and VI-9 list each €tem of experiment and 
Figures VI-5, 6,  and 7 illustrate 

2. Exoeriment Operation. On Dop 206, three days before the 
SL-3 launch, tuo araneus diadematus spiders rimed Arabella and Anita 
-re loaded into vials, placed i n  a carrying case, and stared i n  the 
M. 

Oa Dorp 212, four days after launch, the spider cage and 
automatic camera actuator were set up and tested. 
automatic camera actuator failed to function according to design 
specifications. A malfunction procedure -was developed for the crew's 
use (see paragraph 7). On DOY 217 the malfunction procedure was 
implemented, but to no avail. A manual mode for emtion picture 
acquisition w&8 instituted, and Arabella was released into the cage. 
she spent several hours Ln her vial and finally was forcibly shaken 
Into the cage. 
times before affixing herself to the screen coweriq. 

A t  th i s  time, the 

She bounced back and forth within her cage several 
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Experiment Bqrripaeot 

Enclosure 

Water Supply Vial 

Automatic b r a  
Actuator 

carryirrg -e 

Rlnctioa 

ptotrfde barsing for spider end water 
supply a d  permits observations of 
spider ictiwities. 
Pest subject. 

Rod& an initial source of food for 
the spider. 
Provide meam of transporting two 
spiders end t w o  flies. 

Frowide water Qriog experlmsnt. 
Detecr spider motion and startlstop 
motion picture camera. 

Hold two spider Bials and one water 
supply vial for BI launch. 

Eauiiment It- 

1 k a  Data Acquisition 
Camera (IIAC) 

3!kno 1 0 h  

ED Camere Mount 
Portable Utility tight 
(-1 MDAC 
1 h  Camera Power Cable 

Utility Cable Assembly 
(-1 
m e e t t e  with film, 16mn 
400 ft. 
35mm film cassette 
File Data 

OWS Film Vault 

h n c t i m  

Rdde sbort Sequences of motion 
picture photography of web building 
process . 
Provide record of web. 
Rowide camera support. 

Rdde supplemental ligfiting during 
filming seqamces . 
Conduct electrical power to 16rm camera, 

Provide utility light to receptacle 
extension cable. 

Provide photographic record. 

Provide photographic record. 
RWde voice or written record of 
experiment performance. 

Provide film storage. 
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The crew reported a t  1408 6MT on DOY 218 tha t  Arabella had 
constructed the initial framework f o r  her f i r s t  web. 
were made of the web which was completed the following day. 

Photographs 

As a r e s u l t  of a voice t ranscr ip t  review, an en t i r e ly  new 
e*:periaent protocol included feeding the  spiders  rare f i l e t  mignon 
and providing them water on a periodic basis to  keep them a l i v e  fo r  
re turn and complete laboratory analysis. 

Both spiders  were fed on DOY 222 and a video tape record of 
Arabella and her web vas made the next day. 
half  of Arabella's web was removed by the Crew. 
principal parts of the remainder and refused to rebuild the web. 
WY 226 t k  water supply was refurbished, and Arabella produced anotlrer 
web, c q l e t i n g  i t  by the  following day. 
had spun her &st web to  date. 

On DOY 225, approximately 
She then ingested the  

On 

The crew reported tha t  Arabella 

On DOY 233, Arabella's web w a s  completely removed and stored i n  
the spider carrying case f o r  return.  

On DOY 238 Arabella w a s  returned to  her launch v i a l  and a l l  
traces of her web removed from the cage. Anita was then t ransferred 
to  the cage and a video tape record and 1Gplra movies were made of her 
i n i t i a l  reactions to  freedom i n  a weightless environrnent. H e r  f i r s t  
night i n  the  cage she spun only a rudimentary web i n  one corner, wst 
l ike ly  the basic framework of a web. She also shared a small tab  of 
prime r i b  with Dr. Garriott and seemed t o  have consumed a t  least par t  
of it. 

The SPT reported on DOY 241 tha t  Anita had b u i l t  a web covering 
A video tape record was made of t h i s  com- 

On DOY 243 a second video tape record of Anita and her web 
about one th i rd  of the cage. 
pleted web. 
w a s  made. 

On DOY 259 the SPT reported finding Anita dead i n  her cage. 
H e r  body was transferred to  her launch v i a l  f o r  return.  

The revised protocol specified that  Arabella, i n  her launch 
v i a l ,  should be fed rare f i l e t  mignon on DOY 261 and provided water 
on DOY 262. While no fur ther  voice t rauscr ip ts  were received concerning 
the spiders,  the crew a t  debriefing implied tha t  t h i s  was done. 
launch v i a l s  and portions of each spiders '  web were stowed i n  the 
spider carrylng case, and subsequently t ransferred t o  the CM fo r  
return.  

The 

During the crew debriefing the Science P i lo t  commented that  
he f e l t  the  spiders took l i t t l e  or no cognizance of the water v i a l  
attached to  the cage. 
spiders to  u t i l i z e  the water contained therein cannot be construed 

This apparent omission on the  part of the 
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as a hardware or opera t iona l  f a i l u r e  but r a t h e r  an ind ica t ion  t h a t  
some other  means should be provided to  water the  sp ider  in any fu tu re  
space experiments. 

3. Experiment Constraints .  The experiment c o n s t r a i n t s  were 
successfu l ly  met during t h e  mission with t h e  exception of t he  f i r s t  
sp ider ' s  late release (3 days). 

4. Elardware Performance. The hardware performed as predicted 
with the  exception of t he  automatic camera ac tua to r  malfunction (see 
paragraph 7). 

5. Experiment In te r faces .  A l l  experiment i n t e r f aces  performed 
s a t i s f a c t o r i l y .  
an alternate loca t ion  when the  dec is ion  was made to  operate  t h e  experi-  
ment throughout t h e  e n t i r e  mission. 

The spider  cage was  moved .-ram its scheduled site to 

6. E r n  Data. TV and 16mm f i l m  records of Ani ta ' s  deployment 
were returned. 
A total of 43 3!junn frames of t he  var ious webs were returned. 

Both sp ide r s  and samples of t h e i r  webs were returned.  

7. Anomalies. On DOY 212 the  SPT reported d i f f i c u l t y  i n  oper- 
a t ing  the  Automatic Camera Actuator. 
s c r ib ing  h i s  d i f f i c u l t i e s  and subsequent events  revealed t h a t  t h e  manual 
mode of t he  actuator was operable but t h e  s i g n a l  flow in t he  Automatic 
Mode f a i l e d  to operate the camera. 

A lengthy voice t r a n s c r i p t  de- 

Since no provisions were awle f o r  i n f l i g h t  maintenance and qnly 
minor adjustments were poss ib le  the  malfunction procedure uplinked to  
the  crew was t a i l o r e d  t o  v e r i f i c a t i o n  of t he  adjustment procedures. 

On DOY 217 these adjustment procedures were implemented by the  
SPT to  no a v a i l  and the  manual mode was i n s t i t u t e d  r e s u l t i n g  i n  loss 
of capab i l i t y  to photograph t h e  sp iders  while bui lding a web. 

The automatic camera ac tua to r  device (MAD) operates  .m the  
same bas ic  p r inc ip l e  as an u l t r a son ic  in t rus ion  alarm system. 
u l t rasonic  f i e l d  pa t t e rn  is set up in the  sp ider  cage by an u l t r a son ic  
transducer.  
hold de t ec to r ,  with input  supplied by the u l t r a son ic  rece iver .  
3isturbance r e s u l t i n g  from e i t h e r  i n s e r t i o n  of a fore ign  objec t  or 
motion into the  "static" sonic  f i e l d  results in a change in t h e  s igna l  
l e v e l  received by the  u l t r a son ic  receiver. 
level is amplified and used r 3  energize a de tec to r  r e l a y ,  the  contac ts  
of which, when closed, permit pmer flow to  the  l i g h t s  d i r e c t l y  and t o  
t h e  camera remote con t ro l  ac tua t ing  system through a switching re lay .  
Upon cessa t ion  of motion within the  u l t r a son ic  f i e l d  pa t t e rn  (spider  
cage) the  second change i n  received s igna l  level de-energizes . t h e  
de tec tor  relay and d e l i v e r s  a t r a n s i e n t  s i g n a l  t o  the  switching 

AR 

The normal f i e l d  p a t t e r n  !E bensed by means of a thres -  
Any 

This change i n  s i g n a l  

6-22 



c i r cu i t ry ,  ac t iva t ing  the  time delay system delaying the  turn  off  of 
the camera by approximately 2 to  10 seconds, the l i gh t s  remaining on. 

In the manual mode the  l i gh t s  and camera are operated by 
manually w e r a t e d  switcher. 

me lack of a proper t r iggering s igna l  i n  the  automatic made 
can be a t t r i bu ted  t o  the  f a i l u r e  of any one or more 3f several key 
components. Without return of the f l i g h t  hardware f o r  detai led 
aaaalysie, Lieohtion of the actual cause of the  f a i l u r e  is impossible. 
T t  is p r e e d  that the cause of the f a i l u r e  waa a thermally induced 
problem r e m l t i n g  from the  abnormally high temperatrues experienced 
on a-1. 
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E. Bxperiment ED61/62 - Plant Growth/PLant Phototropism 

The Student Invest igators  for  Experiment EB61/62 are Joel 
Wordeltomper of Central Catholic High School, West Point, Nebraska 
and Donald Schlack, h e y  High School, Downey, California. They 
were as s i s t ed  by a NASA Science Advisor. 
and fabricated by MSFC. 

The hardware w a s  developed 

1. Em eriment Description. Plants grown i n  an ea r th  environ- 
ment exhib i t  apparent involuntary moPement of the roo t s  and stems 
(tropism) under the influence of gravi ty  (geotropism), water (hydro- 
tropism), and l i g h t  (phototropism). 
i n  space have been l imited t o  the b i o - s a t e l l i t e  program with the 
longest duration f l i @ t  being about 56 hours. 
provided an idea l  opportunity fo r  such a study. 

Iwes t iga t tons  of these phenomena 

The SL-4 56-day mission 

a. Objective. The f i r s t  object ive is t o  determine the 
difference i n  root  and stem growth and or ien ta t ion  between rice p lan ts  
germinated i n  zero-g and those germinated on ear th  under similar 
conditions. The second objectdve is t o  determine whether o r  not 
l i g h t  can subs t i t u t e  for gravi ty  (geotropism) i n  influencing plant 
growth i n  a par t icu lar  d i rec t ion  i n  a weightless environment and, i f  so, 
t o  determine the minimum required l i g h t  level. 
was represented by the f i r s t  objective and ED62 encompassed both 
objectives . 

The ED61 experiment 

b. Concept. Groups of three rice seeds each were 'to be 
implanted i n  a growth cell f i l l e d  with nutr ient  agar and subjected 
t o  d i f f e r ing  leve ls  of ambient illumination. Periodic photography 
was t o  p rwide  a record of the seed germination and development. 

C .  Hardware Description. The hardware required had 
su f f i c i en t  commonality tha t  one design served both experiments. 
seed growth c e l l s  were provided in a package with two photographic 
windows provided i n  each ce l l .  
of each c e l l  was closed and the other  providsd with an appropriate 
neutral  density f i l t e r  to  allow il lumination of the plants  t o  vary 
from sero t o  near spacecraft  ambient (see f igure VI-8). 

provided a launch and stowage container fo r  the seeds before planting. 
Hollow seeding tubes were inser ted i n t o  a set of three holes i n  
each growth cell and penetrated the agar - f i l l ed  cell  to deposit  three 
seeds near the center of the c e l l  (see f igure VI-9). 

Eight 

In the static growth mode, one window 

I v .c 

The seeds were implanted with an indexing seed p lan ter  which 

A camera bracket assembly was provided t o  assure uniform 
photographic parameters and t o  minimise crew e f f o r t  (see f igure VI-10) . 
The support hardware is l i s t e d  i n  table VI-IO. 
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TABU VI-10 KD61/62 RXFERIHERl 
I 

I Eauiment Item 

H i l u m  F, 3- c e r a  

SSIm f1.2 lens 

tens Adapter 

Portable high in t ens i ty  
photo lamp 

Cable assedtly,  u t i l i t y  
high power (15 f t )  

35rsm fi lm cassette 
Type SO168 

OWS Film Vault 

ED canera mount beam 

Camera end assy, ED 
camera a w n t  

Bracket assy, ED61/62 

Automatic spotmeter, 
1 degree 

Cover, food tab le  

h n c t i o n  

Photographed seed development. 

aaWal camera lens, 

Petlait close up photography. 

Illuminated seeds €or photography, 

Provided w r  to portable h i@ 
in t ens i ty  photo lamp. 

Used fo r  photography of  seed embryos. 

Provided fi lm storage, 

Assured proper camera exposure angle 
and focal distance during photography. 

Provided in te r faces  between H i l u m  F 
camera and camera mount beam, 

Provided in te r faces  between anapart- 
mented container and camera mount 
beam. 

Measured ac tua l  l i g h t  level of the  
. compartmented container operational 

location. 

Prodded mounting locarion fo r  ED 
camera mount t o  support experiment 
photography 
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2. Experislent Operation. A mechanical seeder with rice seeds 
w a s  launched on SL-1. 
during the SL-4 mission. However, the high temperatures encountered 
during SL-1/2 resul ted i n  supplying another mechanical seeder assembly 
and rice seeds on SL-3, 

Performance w a s  scheduied over a 12-day period 

A d i f fe ren t  camera/lens adapter r i ng  assembly was approved €or 
launch and use on SL-4, because an SL-4 t ra in ing  session subsequent to 
SL-1 launch showed a s igni f icant  photographic improvement. 

On DOY 005 the Science P i l o t  planted the rice seeds. A minor 

There w a s  some discussion a t  t h i s  
anomaly associated with the use of the  mechanical seeder resu l ted  i n  
no seeds planted i n  Compartment 2. 
t i m e  r e l a t ive  t o  the  uniformity of incident illumination on the seed 
container. A l l  seeds were exposed t o  less than desired illirmizatiao 
(see paragraph 7). 

Ihe photographic sassions proceeded per plan. An annotated 
event summary is given i n  t ab le  VI-11. 

A procedure (Lemoving the g l a s s  cover and f i l t e r  p l a t e s  
f r m  the container assembly) was added to permit plant exposure to 
the cabin atmosphere. 
used to record t h i s  exposure. 
removal occurred on DOY 025,  the remaining f i lm had been routinely 
used. 
increasing the t o t a l  numbers of frames above the planned level .  

Ihe f i lm remaining on DOY 017 could have been 
However, approval w a s  delayed and when 

An addi t ional  f i lm a l loca t ion  w a s  requested and approved, 

The requirement fo r  an illumination l eve l  of a t  least 30 foot  
candles impinging on the ce l l  windows w a s  not met. 
reduced from 5 to 20 foot candles due t o  incorrect  growth container 
locat ion as shown i n  f igure V I - 1 1 .  

Illumination was 

The photographic performance requirements schedule w a s  changed 
to match the plant growth rate and to cmserve f i lm for  recording 
plant growth i n  cabin atmosphcr. , 

4. Hardware Performancc. A l l  hardware performed as expecred 
except the unexplained f a i l u r e  to  implant seeds i n  Compartment 2. 
This apparent f a i l u r e  is probadly due t o  a misinterpretation of the  
checkl is t  (paragrapit 7). 

5.  Experiment Interfaces .  The experiment in te r faces  performed 
s a t i s f a c t o r i l y  during the mission. 
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TABLE VI-11 StlWARY OF HVEHTS 

2157-2230 

0124 

1848 

1911 

1254 

1248 

2348 
0100 

1713 

1701 

023s 

1221 

1742 

1754 

2252 

Experiment 
m 
00 

01 

01 

02 

03 

04 

04/05 

os 

06 

08 

12 

16 

22 

25 

b e n t  
~ ~~ 

SPT planted seeds 

TV 60 

Mscussioa of l i g h t  
levels 

First photo session 

Secord photo session 

Third mot0 session 

SPT requested method 
of d i f f e ren t i a t ion  
between stem and 
root 

Fourth photo session 

F i f t h  photo session 

Sixth photo session 
with TV 69 

Seventh photo 
session 

Eighth photo session 

Ninth photo session 

Glass cover p l a t e  
and f i l t e r s  removed 
from growth container 

~~ 

Notes 

Labeling explained, ann- 
partment 2 has no seeds 

Vra of espt performance 

Agar sh-d cracks, no 
obserwable seed develop- 
ment 

No observable growth 

Growth reported 

Support team reported 
root appears f i r s t .  Stem 
emerges as end ro l l ed  
leaf  i n  t h i n  membranes 
and should turn green a 
few hours a f t e r  subjected 
to l i g h t  

SPT reported on growth of 
each seed 

SPT reported on growth 
pat terns  

SPT reported on gruwth 
pat terns 

Green development 
reported 
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6. Return Data. The data returned consisted of  59 frames 
of 35mp film. The 59 frames of 35m f i lm returned include two frames 
exposed following the removal of the g lass  covers and f i l t e r  plates.  
The reatalning seven to f i f t e e n  frames of f i lm tha t  appear to  have been 
exposed based on the voice t r ansc r ip t  have not ye t  been located. 
Supplementary data recorded on l6mp f i lm frcw TV coverage of  errpcri- 
ment preparation and operation on TV68 on DOY 005 and TV69 on DOY 013 
is available. 

7. Anomalies. There were four anamalies associated with t h i s  
experiment. 
on SL-1. 
tests were performed to assess the high temperature e f fec ts .  
determined t h a t  the geminat ion probabi l i ty  was reduced from 0.87 
to less than 0.50. 
uechanical seeder assembly containing rice seeds on sL3. 

The f i r s t  was the abnormally high temperatures encomtered 
This caused concern f o r  the rice aeed v i ab i l i t y .  Ground 

It was  

A request was implemented to supply another 

The second anomaly concerned the l i g h t  levels at  the container 
assembly. 
no-1-uniform il lumination of the seed cantainer. 
the seed growth container to  a posit ion of  more uniform lighting. 
was not clear tha t  the ac tua l  location of the container was not as 
specif ied i n  the checklist. It w a s  recoamended t h a t  the co.itainer 
be l e f t  where it was. (See figure VI-11) .  
a t  the  crew debriefing and resolved that  the container was improperly 
located on the velcro tabs 
l igh t .  
to minimize checkl is t  verbage and crew t ra in ing  t i m e ,  and an inappro- 
p r i a t e  experiment l abe l  loca t ior  i n  the OWS. 

During plant ing of  the rice seeds, the Science P i l o t  reported 
Be suggested ming 

It 

This condition w a s  discussed 

tha t  were mounted adjacent to  the OWS 
This procedural error apparently resu l ted  from an effor't  

The th i rd  anomaly w a s  associated with the f a i l u r e  t o  implant 
seeds i n  compartment 2. 
tat ion.  The ZERO sil iaer posit ion w a s  intent ional ly  l e f t  empty to  
obviate seed loss by inadvertent plunger operation. 
suggest that  compartment 2 was f i l l e d  with the s l i d e r  i n  the  ZERO 
ps i  t ion. 

This w a s  p.robably a checkl is t  misinterpre- 

Voice t ranscr ip ts  

The fourth anomaly, as ye t  unresolved, is the  f a i lu re  t o  
re turn 64 frames of 35- f i lm per the basic  protocol plus  those 
addi t ional  frames resu l t ing  from the request of removing the cover 
p l a t e  and f i l t e r s  from the seed container. 
Indicates  t ha t  there  were between seven and f i f t een  frames of fi lm 
exposed i n  addition to the  59 frames received. 

A voice t ranscr ip t  review 
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F. Experiment ED63 - Cytoplasmic Streaming 
The student Investigator for ED63 is Cheryl Pelte, Arapahoe 

H i g h  School, Littleton, Colorado. She was assisted by a NASA 
Science Advisor. The hardware was designed and built by MSFC. 

1. Experiment Description. Cytoplasmic streaming (cyclosis) 
is  the movement of cytoplasm throughout a plant. 
a heterogeneous viscous material holding choroplasts (which provide 
plant nutrition) in suspension. The choroplast motion is the 
phenomena of interest and the small bodies about 10 microns in 
size are visible with the aid of a microscope. 

The cytoplasm is 

a. Objective. The objective was to perform microscopic 
observations of wet slides prepared from the elodea plant leaf to 
determine the difference, if any, in the intracellular cytoplasmic 
motion between plants in a weightless environment and on the ground. 

b, Concept. Thrae vials containing sprigs of elodea 
suspended in a nutrient agar solution were to be placed in the OWS 
under strong ambient illulnination for a period of up to three weeks. 
As early as possible within the mission, a wet slide was to be 
prepared, with microscopic observations and photomicrographs made of 
the cytoplasmic streaming in a single elodea leaf using 400 power 
magnification. This observation/recording was to be repeated twice 
at approximately one-week intervals. 

c. Hardware Description. The basic experiment hardware 
included commercial equipment. 
elements included an experiment container providing a 5 psi environment, 
elodea vials, tweezers, microscope slides and slip covers. Tables 
VI-12 and 13 list the experiment dual support hardware and their 
functions. Figures VI-12 and 13 illustrate the hardware. 

The specifically developed hardware 

2. Experiment Operation 

a. SL-3. The vials containing elodea sprigs were 
scheduled for deployment in the OWS within three days after the SL-3 
launch. The cytoplasmic streaming observations were to be made at 
seven to ten days, 15 to 18 days, and 23 to 30 days after the SL-3 
launch. 

Four days prior to launch six elodea vials were prepared at 
Three of these vials were placed in the experiment container MSFC. 

in total darkness, and the Container was sealed at 5 psia for flight. 
The other three vials were placed in total darkness in a normal 
earth environment to be used as ground control units. 
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TABLE V I - 1 2  ED63 E4RDWARE 

Experiment Equipment Function 

Microscope sli des (3) 

S l ip  covers (3) 

i 
! Wet s l i d e  preparation 

With microscope s l i d e  

Removal of leaf  from v i a l  

Elodea v i a l s  (3) Contained a sp r ig  of elodea within a 
n u t r i e n t  enriched agar medium. 

Contained a l l  experiment equipment . 1 Experiment container 

TABLE V I - 1 3  ED63 SUPPORT HARDWARE 

IMSS microscope 

IMSS microscope mod k i t  
(2  penlight ba t t e r i e s ,  
1 mirror assy, 1 GE 8243 
lamp) 

I t e m  

Microscope Adapter 

Data Acquisition Camera 

Remote control  system assy., 
16mm DAC 

Cable power, 16mm Camera 
OWSIMDA 

16mm film casse t te ,  
400 f t . ,  Type SO168 

OWS Film Vault 

IMSS incubator/work 
s t a t ion  

Automatic spotmeter, 
1 Degree 

Function 

Observe d e t a i l s  of elodea cells 

Modify IMSS microscope t o  allow photo- 
micrography 

Enable photography of cytoplasmic 
streaming 

Photograph cytoplasmic streaming 

Controls frame r a t e  and power appl i -  
cation for  DAC 

Provide power t o  DAC 

Photograph cytoplasmic streaming 

Film storage 

To support photomicrography 

To measure ac tua l  l i g h t  leve l  of the 
elodea v i a l  operational location 
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SECTIOR VLL. SCIENCE DEMONSTBATIONS 

The seventeen science demonstrations sponsored by the George C. 
Other sci- Marshall Space Flight :enter are discussed in this section. 

ence demonstrations prepared by the Lyndon B. Johnson Space Center are 
discussed in the Skylab Mission Reports, Second Visit (JSC-08662) and 
Third Visit (JSC-08963). 

The need for science demonstrations (SD) became evident during 
the mid-portion of SL-3 when the crew repeatedly requested additional 
activities. 
devoted to scientific activities. The SL-3 crew was acL2mDlishing 28 
to 30 man-hours per day after mid-mission. 
soared to over 100 percent in many cases and the crew stiil had time to 
perform the two MSFC science demonstrations on WIY 263. 

The pre-mission flight plan schedhled 22 man-hours per day 

Experiment accomplishments 

The MSFC was asked on DOY 242 to suggest fill-in activities 
that would produce useful scientific results and utilize the crews' 
innovative capabilities. The JSC Medical Directorate favored the 
science aemonstrations because they provided a change of pace for the 
crew while producing useful scientific or educational results. 

Their proposals were evaluated and procedures and support equip- 
ment defined for the most promising. Six proposals were reviewed with 
Dr. Parker, Skylab Mission Scientist, on DOY 260. Two demonstrations, 
Diffusion in Liquids and Ice Merting, were selected for implementation 
in the few remaining days of SL-3. These were approved on DOY 262 and 
performance was started during the next day. 

Anticipating tnat the SL-4 crew would have free time, as the 
SL-3 crew had, 17 demonstrations were prepared for SL-4 Performance. 
Supplies were prepared for 11 demonstrations. Supplies for seven were 
packaged in the SL-4 science demonstration kit, a can 4 inches in dia- 
meter by 2% inches high. Two demonstrations were packaged in standard 
large food cans. Another, the TV118 Charged Particle Mobility Device 
(CPMD), was launched in the Experiment ED31 food overcan. 
was ten minutes of tones recorded on one of the crew's entertainment 
tapes for TV114, Acoustic Positioning. All the hardware except the 
CPMD waq fabricated and assembled into flight configuration at JSC with 
the assistance of Mr. Charles Chassay of the Medical Directorate. Crew 
procedures were prepared, verified in the JSC trainer, assigned TV pro- 
cedure numbers and published in Addendum A to the W Operations Book 
for launch on SL-4. 

The eleventh 

The performance status of the 17 demonstrations is listed by 
television procedure number in table VII-1. The table includes the 
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=LE VII-1. NSFC SCIENCE DEMONSTRATIONS 

Tv O p a  
NO. 

T V l O l  

w102 

TV103 

TV104 

TV105 

TV106 

TV107 

TV108 

T V l l O  

Tvlll 

TV112 

TV113 

TV114 

1Tv115 

W116 

TV117 

TV118 

HRD 
No. 

SD20 

SD19 

SD22 

SD28 

SD33 

SD21 

SD9 

SD34 

SD30 

SD16 

SD17 

SD18 

SD24 

SD15 

SD23 

SD35 

SD2 9 

Demons t ra t f oc 
T i t l e  

Liquid Floating Zone 

Immiscible Liquids 

Liquid Fflms 
Gyroscope 

Rochelle Salt Growth 

Deposition of S i lver  Crystals 

Fluid Mechanics Ser ies  

Neutron Environment 

Orbit a1 Mechanics 

I ce  Melting 

Ice Formation 

Effervescence 

Acoustic Posit ionfng 

Diffusion i n  Liquids 

Lens Formation 

Charged Pa r t i c l e  Mobility 

Cloud Formation 

Perforolence 
S ta tus  

Completed 

Completed 

Comp 1 et ed 

Completed 

Completed , 

Couplet ed 

Completed 

Completed , 

Completed 

Performed on SL-3, 

c r y s t a l  returned 

samples returned 

not repeated on SLd 

Not performed 

Not performed 

Not performed 

Performed on SL-3, 

Not performed 

Comp le t ed 

Attempted but not 

not repeated on SL-l 

successfully 
perf orrued 
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HRD SD numbers for reference. 
were performed on SL-3. 
formed on SL-4 because of limited crew time. One other was unsuccess- 
fully attempted. TV109, Zarth Directed Nocturnal Photography, was 
cancelled before SL-4 launch and is omitted from the table. Since 
the science demonstrations were to be extra fill-in activities, the 
data obtained (particularly the zero-g fluid behavior) represented a 
valuable bonus from the Skylab mission. 

TVlll and TV115 (as SD-16 and SD-15) 
Only 10 of the 17 demonstrations were per- 

During a preflight briefing, Dr. E. Gibson, SL-4 SPT, asked 
that checklists be provided but stated that definition of the objec- 
tives was more important than a specific procedure because they would 
determine the best way to perform the demonstrations on-orbit. Since 
the demomtrations were left more to crew discretion than other experi 
ments that had specific detailed test objectives and procedures, the 
demonstration descriptions and method of performance presented in this 
section are somewhat more detailed. The Principal Investigators' sci- 
entific interpretations of and conclusions drawn from the demonstration 
observations are documented in NASA TM X-64835 Skylab 111 and IV Science 
Demonstrations Preliminary Report. 

7 -3 



A. TVlOl - Liquid Floating Zone 
The Primary Investigator for Science Demonstration TVlOl 

(SD20) is Dr. John R. Carruthers, Bell Laboratories, Murray Hill, 
New Jersey. The co-investigator is &..Tommy C. Bannister, Space 
Sciences Laboratory, MSFC, Huntsville, Alabama. 
vided the wetting discs, which were the only hardware launched in 
the SL-4 science demonstration kit for this demonstration. 

Dr. Carruthers pro- 

1. Demonstration Description. 

a. Objectives. The objectives were to examine liquid 
zone surface stability in low gravity under rotating conditions and 
axial accelerations, and to examine the liquid zone interior fluid 
dynamics under rotating conditions. 

b. Concept. The concept was to float a liquid globule 
between two circular wetting surfaces that could be rotated about an 
axis through their centers and examine the liquid zone behavior during: 
rotation of the discs singly, both in the same direction, in opposite 
directions, and at various rotational velocities; and axial accelera- 
tions and oscillations of one or both discs. The demonstration was to 
be recorded with the DAC or the TV system to permit ground-based analy- 
sis of tne liquid floating zone fluid dynamics. 

c. Hardware Description. Operational equipment available 
on Skylab was used except for the wetting discs. The setup is shown 
in figure VII-1. 
ment on the OWS forward compartment grid floor. The 12-inch extension 
from the 3/8-inch socket set was mounted through holes in the camera 
connectors of two UMs with the large (female) end toward the other two 
UMs. The extension's axial pdsition was maintained with two annular 
Mosite plugs that had provided launch protection to the M093 Body 
Temperature Measurement System probes. Similarly, the 8-inch and 4- 
inch extensions were connected and mounted facing the 12-inch extension. 
The wetting discs were attached with double-sided tape to the ends of 
the extension so the wetting surfaces faced each other. 

Four universal mounts (UMs) were installed in coalign- 

Lacing twine was wrapped around the axles and attached to a 
pinch bar. Rotation was produced as the bar was raised and the twine 
unwrapped. 
sockets near the wetting discs to permit rotational velocity calcula- 
tion. 

Small strips of silver tape were placed on the extension 

The TV camera was mounted normal to the axis of rotation to 
view the liquid zone, the discs and extension sockets. A white card- 
board sheet, used during launch as a spacer between the EREP tapes, 
provided the TV picture background. Rope particles, grape juice, 
strawberry drink and tea were used as tracers in the wate- so that 
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i n t e r n a l  f l u i d  motion could be observed. 
photo lamp provided i l luminat ion.  

The por tab le  high i n t e n s i t y  

2. Dzmonstration Operation. The SL-4 SPT reported on DOY 008 
t h a t  the demonstration w a s  set up and ready t o  start. 
information on t h e  DAC f i l m  a v a i l a b i l i t y .  
sho r t  supply,  TV was t o  be used. 
no f u r t h e r  e f f o r t s  to  use RAC f i lm,  although the  o r i g i n a l  plan had 
been t o  use the  r e s idua l  f i lm  a t  the end of 400 f t .  cassettes. The 
TV use permitted monitoring and ad jus t ing  the  field-of-view, focus 
and l i g h t i n g  and real-time d a t a  ana lys i s .  

H e  requested 
Since DAC f i l m  was i n  

The high 'ill q u a l i t y  r e su l t ed  i n  

The f i r s t  run was performed on DOY 11 and the last run com- 
pleted e a r l y  MIY 315. 
VII-2. The parameters var ied  during the  twenty-six runs were: the  
l i qu id  zone s i z e ,  the  f l u i d s  used and the  r o t a t i o n  d i r ec t ion .  Half 
the  t o t a l  zone globule volume w a s  a t tached  t o  each d i sc .  The rods 
were moved together  t o  j o i n  the  globules  i n t o  a s i n g l e  l i qu id  zone 
and the seps ra t ion  ad jus ted  to  form a cyl inder  (constant  diameter) a t  
the d is tance  l i s t e d  i n  the  table. Most runs involved f r e s h  f l u i d .  
I n s t a b i l i t i e s  developed and the  r o t a t i o n  w a s  stopped during a number 
of runs. The run was continued when motion had damped Gut. These 
runs have t w o ,  th ree  and more r o t a t i o n  sequences before the  twine w a s  
unwound from the  axles. The t i m e  l i s t e d  i n  the  table :or each run is  
the  time t h a t  the  f irst  r o t a t i o n  was started. Osc i l l a t ions  t h a t  were 
set up by the  SPT, both i n  the  ind iv idua l  globules  before J O i k i f F g ,  and 
i n  the  zone are i d e n t i f i e d  i n  the  remarks column of t he  table. 

The runs are sumar i zed  sequen t i a l ly  i n  t a b l e  

The TV recording of runs 10 through 15 was not accomplished 
and t h i s  d a t a  w a s  lost. This anomaly i s  discussed i n  paragraph 7. 

Actual r o t a t i o n a l  ve loc i ty  w i l l  be determined from the TV 
The SPT attempted t o  produce a constant  rate during each tapes. 

sequence. For the i n i t i a l  runs,  he t r i e d  t o  maintain t h e  rate 
requested i n  the  check l i s t  (16 inches i n  10 seconds). 
ing i n s t a b i l i t i e s ,  t he  SPT genera l ly  made the  f i r s t  sequence i n  a run 
a t  a lower rate, then increased the rate i n  later seque:-ces, t o  the  
l i m i t  imposed by zone i n s t a b i l i t y .  
bubbles o r  both went unstable  o r  separated a t  lower rates than water 
zones. 

Af te r  observ- 

F lu id  zones containing soap or  

The most coutmm i n s t a b i l i t y  observed was the l i qu id  zone 
taking on a jump rope (one ha l f  cycle) shape t h a t  swung around t h e  
axis of ro t a t ion .  
l a rge r  l i qu id  zones. During run 4, the  SPT observed a d i f f e r e n t  
shape as S shaped ( f u l l  cyc le) .  However, t h i s  mode of i n s t a b i l i t y  
quickly changed t o  the  jump rope shape each time i t  was observed. 
The SPT f e l t  t h a t ,  i n  p a r t ,  the  i n s t a b i l i t i e s  encountered might have 
r e su l t ed  from d i s c  misalignment. 

This  i n s t a b i l i t y  occurred a t  lower rates f o r  t he  



lWLE VII-2. T V l O l  LIQUID FLOATING ZONE - RUN SUMMARY 
(BASED ON CREW TRANSCRIPTS) 

I Removed br 

RUN DOY/GMT - I 

Remounted 

1 

2 

3 

10 
11 

12 

13 

14 
15 

011/1818 

01111834 
01111850 

ZONE 
VOL . (CC) 

5 

6 

7 

a 

9 

6 

6 

6 

6 

14 

14 

Rods 

14 

20 

20 

01111951 

011/1959 

Real ignec 

012/0132 

01210220 

01210250 

012/1908 

Unknown 

01212355 

01310134 
013/0154 
013/0221 

3 
14 

20 

20 

20 

20 

SIZE 
SEP. ( I N 1  

5/8 

518 

518 
518 

1 3/8 

1 3/8 

1 318 
2 

2 

Discs t o  

5/8 
1 318 
2 

2 

2 

2 

DISC 
ROTATION 

Same 

Same 

Counter 

Same 

Same 

Counter 

Same 

Counter 

Osc i l la ted  before  jo in -  
ing  & a f t e r  ro t a t ion ;  --7 zone separat ion.  I 

t 
f 
i 
f 

ing; 2 i n s t a b i l i t y  I 
Osci l la ted  before  jo in -  I 

modes during r o t a t i o n ;  , 

zone osc. & separa t ion  I 
i 
! 

I 

! 
Zone o s c i l l a t i o n  

1 
Osci l la ted  one s i d e  
before  jo in ing;  "jump , 
rope" i n s t a b i l i t y  
during ro t a t ion ;  zone 
osc i 1 lat  ion 

Noted t h a t  d i s c s  not  
p a r a l l e l ;  zone o s c i l -  
l a t e d  6 s t re tched  a f t e r  
r o t a t i o n  (necked down 
as symet r ica 1 l y  ) . 

i 

i 
I 

h p r o v e  Alignment Krytox on Disc 
I Lef t  Side 

Le f t  Side 

Lef t  Side 

Same 

Counter 

Same 

Increased length of 
s t r i n g  t o  ge t  more r o t a  
t i on ;  separated during 
ro t a t ion .  Runs 10 t h r u  
15 l o s t  due t o  another  
TV input  s t a t i o n  being 
l e f t  on while t h e  SPT 
thought he was record- 
ing. 
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- RUN 
_3_ 

16 
17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

- 

DfSC 
SU. ( I N 1  ROPATION 

TABU VII-2. T V l O l  LIQVID BIXJATING ZONE - RUN SUMMARY 
(BASED ON CREW TUNSCRIPTS) (CONTINUED) 

lmwuzs 

023/2140 
013/21J 7 
014/0208 

014/0222 

14 
6 

14 

14 

014/0240 

014/1735 

11 

14 

014/1739 

014/2121 

I4 
14 

OlSj 0034 14 
I 

015f 0224 14 

scs t o  Sml 

2 

1 318 

5 / 8  

1 3 / 8  

1 3/8 

1 3/8 

1 3 / 8  

1 3 / 8  

1 3/8 

1 3/8 

1 3/8 

me Alignment - Krytox on Disc Edges 

One Side 

One Side 

me Side 
Same 

Same 

Same 

Same 

One Side 
-- 

Sama 

Rt Side 

-- 

Same 

One Side  
-- 

Counter 
Le f t  Sfd- 

Baseline for  subsequent 
rues 
Bubbles coalesced & 
moved t o  axis of rota- 
t i o n  due t o  a r t i f i c i a l  

Ice went to  axis of 
rotation 

Observed i n t e r n a l  f l u i d  
motion during ax ia l  
o s c i l l a t i o n s  

"g" 

Oscilla e ions before  
joining-frequency of 
water soap,  soap 
damped out quicker; 
I n s t a b i l i t y  develops 
at  lower rates. 
Soap s i d e  oE z o m  
sheared off a t  low 
rates while water side 
not ro ta ted .  

Osc i l l a t ions  d i f f i c u l t  
t o  set up-fluid absorbe 
pulses. 
Bubbles moved t o  axis 
of ro t a t ion .  

Osc i Llated before 
jo in ing .  
Formed a Mushroom. 
Forcaed a Mushroom; 
observed r a d l a l  bc 
a x i a l  o s c i l l a t i o n  
modes. 
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The camera mounts were adjus ted  before run 7 t o  improve a l ign -  
ment. The d i s c s  were removed and reuoeunted af ter  the n in th  and f i f -  
t een th  runs i n  an e f f o r t  t o  achieve coalignment of the axes of ro t a -  
t i o n  and pa ra l l e l i sm of the d i sc s .  
last realignment w a s  as c lose  as he could achieve. 

The SPT was s a t i s f i e d  t h a t  the  

The SPT observed a t  times t h a t  the  d i s c  edges were being wetted, 
d i s t o r i n g  the  l i q u i d  zone shapz. He f e l t  t h a t  t h i s  asynrmetry might have 
contr ibuted t o  i n s t a b i l i t y .  To con t ro l  t h i s  e f f e c t ,  Krytox grease  was 
appl ied t o  the d i s c s '  edges when they were remounted a f t e r  the n in th  
run. The SPT noted 
t h a t  he had uniform coat ing a f t e r  remounting the d i s c s  following the 
f i f t e e n t h  run. 

A l l  subsequent runs had Krytox on the  d i s c  edges. 

The l i qu id  zone c h a r a c t e r i s t i c s  when s t re tched  t o  the point of 
separa t ion  were observed i n  seve ra l  runs. 
d i s c s  were separated,  causing the  water zone t o  assume an hour g l a s s  
shape. A t  the end of run 9 ,  the  water zone was s t re tched  but i t  necked 
down asymmetrically because one of the d i s c  edges was wetted during 
ro t a t ion .  The SPT observed zone separa t ion  caused by r o t a t i o n ,  r a the r  
than zone s t r e t ch ing .  This occurred during the  runs i n  which only one 
d i s c  was ro t a t ed  (runs 12 ,  16,  1 7  and 18). The SPT observed t h a t  the 
zone "always tends t o  neck down so t h a t  the  l a rge r  amount of f l u i d  is 
on the ro t a t ing  rod". 

A t  the  end of run 5 ,  the  

A r t i f i c i a l  g r a v i t a t i o n a l  f i e l d  e f f e c t s  due t o  c e n t r i f u g a l  force 
i n  the r o t a t i n g  l i qu id  zones were demonstrated i n  the  runs with sus-  
pended air  bubbles. 
S imi la r ly ,  the ice suspended i n  the run 21 l i qu id  zone was centered 
on the  axis of r o t a t i o n  during zone ro t a t ion .  

The bubbles migrated t o  the  axis of ro t a t ion .  

C i rcu la t ion  was observed when the l i qu id  zone f o r  run 22 was 
o s c i l l a t e d  ax ia l ly .  Rope p a r t i c l e s  were suspended i n  the l i qu id  zone 
t o  maka i n t e r n a l  f l u i d  motion v i s i b l e .  The SPT observed t h a t  the 
f l u i d  moved i n  one d i r ec t ion  on the outs ide  and returned i n  the  oppo- 
s i te  d i r e c t i o n  through the l i qu id  zone center  with the o s c i l l a t o r y  
input f ro= one s ide .  The SPT reversod the c i r c u l a t i o n  by o s c i l l a t o r y  
input  from the o ther  s ide .  

The soap so lu t ions  (runs 24 ,  25  and 26)  demonstrated the 
e f f e c t s  of reduced surface tension and increased v i scos i ty .  
t i o n  frequency of the  water globule on the l e f t  d i s c  (run 24)  was 
observed t o  bc g rea t e r  than t h a t  of the  soap so lu t ion  on the r i g h t  d i sc .  
Osc i l l a t ions  i n  the soap so lu t ion  damped out much more quickly than i n  
the water. Rotat ional  motion i n  the  mixed water/soap zone was observed 
t o  damp out much more quickly than i n  previous water zones. 
developed a t  lower r o t a t i o n  rates as a r e s u l t  of the reduced surface 
tension.  The soapy l iqu id  zone sheared off  abrupt ly  when only one d i s c  
was ro ta ted .  

Osc i l l a -  

I n s t a b i l i t y  
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3. dons t ra in ts .  The demonstration cons t r a in t s  were success- 
f u l l y  met during the mission. 

4. Hardware Performance. The hardware genera l ly  performed 
as expected. 
i n  and ch ip  away pa in t  from the  holes  i n  thc-e 
p o r t s  i n  order  t o  f i t  the  
them doh-." He %ad t o  put Krytox i n  the re  so t h a t  i t  would tu rn  a t  
a l l ,  t u rn  smoothly". 
the hardware f o r  t h i s  demonstration w a s  i n s t a l l e d  i n  the  JSC t r a i n e r .  
The d i f f e rence  may be a t t r i b u t a b l e  t o  the g r e a t e r  usage experienced by 
the t r a i n e r  un iversa l  mounts. 

The SPT repo-ted, hciwever, t h a t  he "actual ly  had t o  go 

extension rods through them, and then f i l e  
un iversa l  mount sup- 

No comparable t i g h t  f i t  had been encountered when 

Although the SPT f e l t  i t  w a s  necessary to  r ea l ign  the hardware 
on three  occasions,  t h i s  is not su rp r i s ing  s ince  no alignment a i d s  were 
ava i lab le .  V i s u a l  alignment of the  rods i n  each p a i r  of ad jus t ab le  
universa l  mounts introduced po ten t i a l  e r r o r s  I n  both axis d i r e c t i o n  
and locat ion.  The center ing  of each d i s c  on each rod was v isua l .  The 
SPT achieved very good alignment considering the  po ten t i a l  for e r ro r s .  

5 .  Demonstration In te r fnccs .  The demonstratiozl i n t e r f a c c s  
performed s a t i s f a c t o r i l y  during the mission. 

6. Return Data. A l l  the  d a t a  was returned i n  recorded TV 
transmissions and voice t r a n s c r i p t s .  

7. Anomalies. The only anomaly t h a t  occurred M a s  the  l o s s  on 
The SPT described the l o s s  on DOY 

"I put i n  around th ree  hours of work here  yesterday on 
recorded TV f o r  runs 10 through 15. 
013, 1652 GMT: 
T V l O l  and t h a t ' s  a l l  blown r i g h t  down the  d r a i n  because 
recorder (VTR) wam't switched a t  the f i rs t  input  s t a t i o n ,  because 
it  w a s  turned on earlier t h a t  'day and nnt turned of - - - you can c a l l  
i t  human e r r o r  i f  you l i k e ,  but i t ' s  j u s t  too darn many frapping 
switches t o  check." He recommended t h a t  " f i r s t  what we need at  each 
of t he  TV s t a t i o n s  i s  a l i g h t  t h a t  comes on t h a t  says d a t a  i s  going 
on the  tape second, you need a con t ro l  f o r  the VTR r i g h t  next 
t o  the  input  s ta t ions ."  The video d a t a  t i m e  l o s t  was 15 minutes but 
the SPT a l s o  l o s t  a l l  the  preparat ion time assoc ia ted  with these  runs. 

the video tape 

and 
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B. TV102 - Immiscible Liquids 
The Primary Investigator for TV102 (SD19) is Dr. Lewis Lacy, 

Co-investiga- Space Sciences Laboratory, MSFC, Huntsville, Alabama. 
tors are Dr. Guenther Otto, Physics Depart .ent, University of Alabama 
in Huntsville, Huntsville, Alabama, and Mr. I. C. Yates, Process Engi- 
neering Laboratory, MSFC, Huntsv:Lle, Alabama. Hardware for this de- 
monstration was developed by K%C, Huntsville, Alabama and packaged in 
the SL-4 science demonstration kit at JSC, Houston, Texas. 

1. Demonstration Description. 

a. Objectives. The objectives were to demonstrate immis- 
cible liquids' behavior in zero-g and determine their times of coales- 
cence. 

b. Concept. The concept was to mix immiscible liquids 
(clear oil and colored water) in three concentrations, observe and 
photograph their coalescence for 24 hours. 

c. Hardware Description. The imiscible liquids were 
contained in three transparent polycarbonate vials. 
filled 25, 50 and 75 percent full of a transparent oil (Krytox 143 
id). The remaining volume was filled with water, colored reddish 
oyange with recorder ink. 
to mix the liquids when the vials were shaken in zero-g. 

The vials were 

A small brass nut was included in each vial 

The vials were assembled in a frame so that they could be 
shaken and photographed simultaneously. The frame base was partially 
removable to permit assembly on-orbit. A card with diagonal lines was 
mounted in the €rame back to permit determination of the mixed liquids 
concentration from the Photographs. Instructions for assembling the 
card and vials into the frame were typed on the card back. A string 
was tied to the frame top permitting centrifugal separation of the 
liquids by swinging the entire assembly. (See Figure VII-2.) 

Handheld data photographs were taken with the 3 5 m  Nikon 
camera using a 5 5 m  lens and the E2 extension tube i n  ambient lighting. 
These photographs were underexposed as an apparent result of low ambi- 
ent light levels and improper exposure settings. Although underexposed, 
they are expected to yield useful data by using densitornet:-ic scanning 
techniques. The television camera with closeup lens was used to docu- 
ment the demonstration. 

2. Demonstration Operation. The demonstration was assembled 
discussed and performed on TV by PLT Pogue at approximately 1300 GMT, 
DOY 003. 
been completed. 
vials, he recorded several minutes of TV. 
centrifuge technique of separating the liquids and showed the 

The PLT reported at 1442 GMT ;hat the-initial operations had 
After assembling the frame with the card and all three 

First, he demonstrated the 
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boundaries between the liquids. Then he shook the assembly and showed 
closeups of the mixed liquids. 
assembly mounted on the lower right corner of wardroom locker W718 for 
the long-term coalescence photographs. 

The liquids were shaken again and the 

When the PLT recorned the demonstration on TV he did not have 
When qu.-,.ioned later by CAPCOM (DOY 004 at 1201 time to narrate it. 

GMT), the PLT said he woud do the narration after the mission. 

Nikon 3 5 m  photographs we.’e taken at increasing intervals for 
approximately ten hours. 
30-second intervals, five at two-minute intervals, and one each at the 
end of approximately 1, 2, 5 and 10 hours. The original plan was to 
take the final photograph after 24 hours, but a conflict developed in 
the use of Nikon 03 and a decision was made to terminate the coales- 
cent photographs after 10 hours. 
graph the separated liquids after centrifuging. 
should provide a baseline for determining the concentration of the 
mixtures from color variations in the coalescence photographs. 

Three photographs were taken at approximately 

The last frame was used to photo- 
This photograph 

3. Constraints. No constraints were requested for this 
demonstration. 

4. Hardware Performance. The hardware performed as expected. 
A &-inch diameter bubble was present in the center vial (25 percent 
oil) but was a result of the vial loading on the ground and presented 
no significant problem to the demonstration. The Nikon camera pre- 
sented no operational problems although the photographs were poor, as 
discussed in paragraph 2. 

5. Interfaces. The experiment interfaces performed satis- 
factorily during the mission. 

6. Return Data. The return data were the 3 5 m  photographs, 
video recordings and verbal comments. 

7. Anomalies. There were no anomalies encountered in perform- 
ing this demonstration. 
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C. TV103 - Liquid F i l m  

Tiic Inves t iga to r  f o r  Science Demonstration, TVlOb (SD22) i s  
Mr .  Wesley Darbro, Space Sciences Laboratory, MSFC, Huntsv i l le ,  Ala-  
bama. 

1. Demonstration Description. 

a. Objectives. The objec t ive  gas t o  form l iqu id  f i lms  i n  
zero-g and observe t h e i r  l i f e t ime .  

b. Concept. The concept was f i r s t ,  t o  form a l i q u i d  f i l m  
by enlarging a f l u i d  globule u n t i l  i t  became a t h i n  fi lm. The second 
conceot was t o  form f i lms  i n  planar and three-dimensional wire frames 
by Serking the  frame from a f l u i d  so lu t ion .  
the  frames on o r b i t ,  prepare water and soap so lu t ions ,  observe and 
photograph f i l m  c h a r a c t e r i s t i c s ,  with p a r t i c u l a r  emphasis on f i l m  
l i f e t ime .  

The crewman was t o  make 

c .  Hardware Description. The bas ic  hardware was s a f e t y  
wire from the Skylab t o o l  k i t  t h a t  was bent i n t o  the  following configu- 
r a t i o n s  (see f igu re  VII-3). 

1) An expandable loop made l i k e  a l a s so  from 15 inches of 
wire. 

2) A hoop about 1-inch i n  diameter. 

3) An expandable rec tangle  made by s l i d i n g  a wire up a U- 
shaped frame. 

4) An e q u i l a t e r a l  tetrahedron. 

5 )  A cube, 

The demonstration used wate:, and a 40-to-1 l i qu id  shower soap 
and water so lu t ion  as the  f l u i d s ,  Thc 40-to-1 so lu t ion  was used t o  
produce an acceptable r u p t u r e  time. 
l i q u i d  globule on the wire loop and a used food can was the  conta iner  
f o r  frame immersion i n  the l i q u i d s .  
ment the demonstrations. 

A syringe was used t o  place a 

The TV systemwas used t o  docu- 

2. Deuimstration Operation. CDR Carr s t a r t e d  bending ;he 
wires i n t o  the  shapes required f o r  t h i s  demonstration on DOY 005. 
He estimated t h a t  "i t 's  going t o  take a good hour and a ha l f  - - - 
j u s t  t o  ge t  the  equipment b u i l t  and ready t o  go." 
reported t h a t  he had "TV103 ready t o  go" whenever VTR t i m e  was a v a i l -  
able.  On DOY 011 CAPCOM offered  the  CDR VTR time but the  CDR sa id  
he needed more p rac t i ce  and t h a t  he " r ea l ly  d idn ' t  have a l l  the l i t t l e  

-- 
On DOY 009 he 
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wire goodies made ye t  ." On DOY 013 the CDR requested more %background 
information about TV103 and what some of t h e  c o r r e l a t i o n s  are." Re 
Inves t iga to r  prepared add i t iona l  information on h i s  t h i n  f i l m  rup tu ie  
research  and t h e  d 'fferences between one-g and zero-g f i l m  rupture.  
This information w a s  s e n t  a s  a t e l e p r i n t e r  message. 

;%e CDR prac t iced  t h e  demonstration at various unscheduled 
times u n t i l  on DOY 024 at 2119 (;NT he s t a r t e d  the  W demonstration. 
He performed seve ra l  runs of each f i l m  formation technique i n  a con- 
t inuous sequence u n t i l  the demonstration w a s  completed a t  2210 GMT on 
the  same day. 
runs with t h e  closeup lens on the TV but on DOY 029 a t  0120 M CAPCOM 
suggested t h a t  t he  crew move on t o  some o the r  science demonstrations 
and come back to  TV103 later, i f  t i m e  permitted. 

He reported later t h a t  he would l i k e  to  repeat some 

The CDR's observations during the  performance and the  crew 
debr i e f ing  follow. He a d e  the  genera l  conment t h a t  h i s  p r a c t i c e  scs- 
s ions  were b e t t e r  than the  runs he got on video tape. It is suspected 
t h a t  t he  wire may have been acc ident ly  contaminated with r e s i d u a l  soaa 
by t h e  t i m e  he performed the  runs f o r  t he  TV. 

The loop with p la in  water could be expanded t o  1.5 to 2 inches 
i n  diameter. With a s o l u t i o n  the loop could be expanded t o  about 6 to  
6.5 inches. H e  used one cc of f l u i d  i n  each  run  with the  loop. With 
the  so lu t ion ,  t h e  CDR reported having some d i f f i c u l t y  t r a n s f e r r i n g  the  
f l u i d  from t h e  syr inge  to  t h e  loop o r  t he  rec tangle .  

The CDR taped on? sequence with the  s l i d i n g  rec tangle  using 
about 1/8 cc. 
inches before the  f i l m  ruptured. 
used. 
mented, however, t h a t  the  s l i d i n g  rec tangle  w a s  "a much more con t ro l l ed  
method of drawing out a film" and t h a t  he could "keep redrawing the  
t h i n  film" by moving the  s l i d e  w i r e  back t o  the  base of t h e  U. 

He w a s  ab l e  t o  s t r e t c h  the  rec tangle  to about seven 

The CDR com- 
It is not  known which f l u i d  was 

A comparison run was  not recorded on the  VTR. 

With t h e  th ree  frames (loop, cube and tetrahedron),  the  j e r k  
technique of pu l l i ng  the  frame from the  f l u i d  r e su l t ed  i n  s p i l l i n g  
p a r t  of the  l i qu id .  
l i q u i d  with t h e  frame. 
frames, leaving t h i n  fi lms. 
frames used a s o l u t i o n  r e t a i n e d  i n  a used food can. 

Slow removal worked b e t t e r ,  but c a r r i e d  some 
Excess f l u i d  was removed by shaking t h e  

A l l  the  video taped runs with the  

The th ree  dimensional frames (cube and tetrahedron) produced 
f i lms  t h a t  were q u i t e  shor t - l ived .  The f i lms  connected the  snall 
inner globule t o  each of the  frame members. 
inner globule cr a no-globule conf igura t ion  was achieved, t he  f i lms  
would break r a t h e r  quickly. During the  TV runs they broke wi th in  
a few seconds. 
achieved l i f e t i m e s  f o r  fully-connected f i lms  of about one minute, 
maximum. 

Whenever a very small 

I n  the  deb r i e f ing ,  t he  CDR repor ted  t h a t  he had 
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When the f i lms broke the  f i r s t  t ie  i n  t h e  cube, three of t h e  
The sec,md break, which occurred f a i r l y  quickly,  s i x  s i d e s  remained. 

formed f i lms  on two s i d e s  which "seemed to  be i ts  most s t a b l e  configu- 
ration", l a s t i n g  f o r  more than two and a ha l f  minutes. 

It was more d i f f i c u l t  to  achieve a f u l l y  connected f i l m  confi- 
gura t ion  with the te t rahedron than with t h e  cube. 
t r a n s c r i p t  comments, i t  seemed to  break down more quickly,  genera l ly  
forming a two-sided configurat ion,  which would then break down having 
a l l  the  f l u i d  across a s i n g l e  f ace  i n  a th i ck  fi lm. 
t h e  f i lms  formed on the  te t rahedron as appearing l i k e  "a l i n e  w a s  
lrawn i n  from the  v e r t e x  of each of t he  corners  - - and i t  a l l  meets 
i n  t h e  middle." 

Based on voice 

The CDB described 

The planar loop frame w a s  run t w i c e  during the  TV taping 
sequence. The longest reported l i f e t i m e  vas a minute and a h a l f .  
The lifetime of a l l  t he  f i lms  formed by the  pull technique w a s  
s t rongly  dependent on t h e  amount of f l u i d  re ta ined  on t he  fracaes. 
The CDR concluded " that  t h e  s t a b i l i t y  has  t o  do with t h e  amount of 
f l u i d  t h a t  you can g e t ,  and the  th inner  t he  f l u i d  f i l m  , t he  less 
stable." He f u r t h e r  commented t h a t  "it appears ta me - - t h a t  i t ' s  
f e a s i b l e ,  i n  zero-g, to  make t h i n  f i lms.  You can do i t ,  r a t h e r  than 
j e rk  ing , by shaking. " 

Frame handling probably cont r ibc ted  to  shortening t h e i r  l i f e -  
L i m e s .  Af te r  pu l l i ng  a frame from t h e  so lu t ion ,  t he  CDR at tached t h e  
frame s t e m  to  the s t i c u y  s i d e  of a piece of tape. Attaching or re- 
moving each frame J i s t b r b e d  t h e  o ther  frames, breaking t h e i r  f i lm; .  

3. Constraints .  No c o n s t r a i n t s  were requested f o r  t h i s  
demonstration. 

4. Hardware Performance. The wire frames made by the CDR were 
q u i t e  s a t i s f a c t o r y .  The opera t iona l  support  equipment (syringe and 
TV) performed as expected. 
the f l v i d  from the syr inge to  the  uire indicated t h a t  t h e i r  wetting 
proper t ies  were near ly  equal. 

Tke d i f k i c u l t y  t h e  CDR had i n  t r a n s f e r r i n g  

5 .  In t e r f aces .  The demonstration i n t e r f a c e s  performed satis- 
f a c t o r i l y  during the  mission. 

6 .  Return Data. The r e t u r n  d a t a  were t h e  video recordings 
and t h e  verba l  descr ip t ion .  The TV coverage w a s  f a i r .  As the  CDR 
suggested, i t  could probably have been improved considerably by using 
the  closeup lens  f o r  much closer viewing of t he  f i lms.  
t a b l e  top,  i n  the background, also made it  d i f f i c u l t  to see the  f i lms.  

The wardroom 

7.  Anomalies. There were no anomalies encountered i n  per- 
forming t h i s  demonstration. 
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D. TV104 - Gyroscope 

The Inves t iga tor  f o r  Science Demonstration TV104 (SD28) is 
Nr. James Parker,  Space Sciences Laboratory, MSFC, Huntsvi l le ,  Alabama. 
The gyroscope w a s  purchased from t h e  Alabama Space Museum, Huntsvi l le ,  
Alabama and packaged i n  the  SL-4 science demonstration k i t  at JSC, 
Houston, Texas. 

1. Demonstration Description. 

a. Objectives.  The objec t ive  w a s  t o  demonstrate t he  
behavior of a gyroscope i n  zero-g. 

b. Concept. The concept w a s  t o  sp in  a gyroscope wheel 
and, while i t  was spinning, d i scuss  gyroscope uses i n  sp~ce  technology, 
and demonstrate precession. 

c. Hardware Description. The gyrscope w a s  a toy vers ion,  
modified a s  shown i n  f igu re  VII-4 t o  s u i t  the  demonstration objec t ives  
a d  t o  meet mater ia l s  and sa fe ty  requirements. 
wheel could be suspended f r e e l y  i n  Skylab, most of the frame was re- 
moved. A s ing le  a r c  of the  frame was retained t o  provide a handle 
f o r  t he  gyrosco-e whc 
re leas ing  the  spinn,.., wheel. A drop of Krytox o i l  was placed i n  
each axle hole  i n  the frame t o  reduce f r i c t i o n  during sp in  up. 
36-inch pieces  o f  number 60 Nomex thread were included i n  t h e  k k t  
for gyroscope sp in  up. A loop was t i e d  i n  each thread end to  mice 
i t  e a s i e r  t o  pu l l .  
gyroscope wheel. 

Since the gyroscope 

sp in  up, and f inge r  holds t o  bend the  frame 

Two 

Soda straws were used to  apply forces  t o  the  

To meet meter ia l s  s a f e t y  requirements, t he  frame and gyroscope 
wheel were s t r ipped  t o  the bare metal. 
e l e c t r o l e s s  n i cke l  and the  wheel was  f lash-coated with gold. 

The frame w a s  plated with 

The TV system was used t o  recctd the demonstration. 

2. Demonstration Operation. On DOY 006, t he  CDR requested 
tha t  add i t iona l  information on the  Skylab CMGB be t e l ep r in t ed  t o  him. 
H e  had apparent ly  pract iced TV104 and was preparing h i s  discussion.  
He asked f o r  information such as CPlG wheel speed, weight and diameter 
t o  b e t t e r  discuss  gyroscope use i n  con t ro l l i ng  Skylab. 

On DOY 009 at 2038 GMT, the  CDR s t a r t e d  the  TV demonstration 
H e  showed the  unstable and recorded about 12 minutes of video tape. 

motion of the  non-spinning gyroscope, demonstrating tha t  a f t e r  a 
force  was applied the  gyroscope t r ans l a t ed  and tumbled. He spun up 
the  gyroscope and demonstrated tha t  i t  t r ans l a t ed  a f t e r  R force  was 
appl ied,  but i t  did not tumble or d r i f t  i n  r o t a t i o n ,  and tha t  i t  
ro ta ted  only while the torque was applied.  
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Precession was demonstrated a t  th ree  wheel speeds. F i r s t ,  at 
high speed, it precessed a t  approximately 90 degrees from the  d i r e c t i o n  
of t he  applied fo rces ,  with l i t t l e  wobble. 
speed, a l i t t l e  more wobble was intr3duced. 
spokes could almost be seen going around) the  r e s u l t a n t  precession 
w a s  about 20 degrees from the  t h e o r e t i c a l  90 degrees. The CDR ex- 
plained t h i s  e f f e c t  w a s  "precession caused by f r i c t i o n "  and r e l a t e d  
t h i s  and the  g r e a t e r  s t a b i l i t y  of higher wheel speeds t o  p r a c t i c a l  
gyroscope design f o r  spacecraf t .  

A t  an  intermediate wheel 
A t  very slow speed ( the  

The CDR r e l a t e d  the .e p r i n c i p l e s  t o  the  rate gyroscopes used 
f o r  Apollo And Skylab a t t i *  ude reference.  He explained the  d i f f e rence  
i n  Apollo and Skylab a t t i t l d e  con t ro l  techniques, t he  use of t h r u s t e r s  
t o  apply con t ro l  torques .o t he  CSM, and l a rge  CMGs used t o  apply con- 
t r o l  torques t o  Skylab. Pe gave some of t h e  Skylab CMG statistics. 
He pointed out t h a t  the  dxperiment NO9 backpack used small gyroscopes 
and CMGs t o  provide a 
se s s ion  was conclude$ F.t 2050 GMT. 

ciible c o n t r o l  system. The f i r s t  video tap ing  

After revie-ring the  recorded video sequence, t he  t e l e v i s i o n  
group requested ad t i i t iona l  TV104 segments explaining t h a t  "usually we 
can e d i t  your TV 50 any length we r,eed, bu t  we  have not  been ab le  t o  
shor ten  t h i s  one without destr0yir.g its value", and 12 minutes was 
too  long f o r  the mission summary. 
a d d i t i o n a l  scent- requirements W P ~  sen t  a t  0115 GMT on DOY 026. 

A t e l e p r i n t e r  message d e t a i l i n g  the 

A t  2045 GMT on MIY 026, the  CDR s t a r t e d  a second video record- 
ing sess ion  with the PLT as cameraman. He repeated the  f r e e  f l o a t i n g  
(non-spinning) and precession demonstrations, r e l a t i n g ,  i n  a somewhat 
more d e t a i l e d  fashion, the  bc.havior of rhe t o y  gyroscope t o  Apollo 
and Skylab a t t i t u d e  cont ro l .  H e  completed t h i s  second TV sequence 
a t  about 2110 GMT. 
c u t  of the  f i r s t  sequence and t h e  f i r s t  c u t  of the  second sequence." 

H e  e x p r s s e d  h i s  preference f o r  using "the second 

3. Cons t ra in ts .  No c o n s t r a i n t s  were requested f o r  t h i s  
demonstration. 

4. Hardware Performance. The gyroscope used i n  t h i s  demon- 
The gold co lo r  showed up w e l l  on s t r a t i o n  performed as an t i c ipa t ed .  

TV. The TV sys tem performed normally. 

5 .  In t e r f aces .  The demonstration i n t e r f a c e s  performed 
s a t i s i a c t o r i l y  during the  mission. 

6 .  Return Data. The returned d a t a  was the  video recording 
and the  voice recording. 

7. Anomalies. There were no anomalies encountered. 
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E. TV105 - Rochelle Salt Growth 
The Primary Investigator for TV105 (SD33) is Dr. I. Xiyagawa 

of the University of Alabama at Tuscaloosa,.Tuscaloosa, Alabama. 
co-investigator is Mr. Tommy C. Bannister of the Space Sciences Labora- 
tory, MSFC, Huntsville, Alabama. The Rochelle salt crystals were grown 
and the solution prepared by Dr. Miyagawa. 
and Company, G-'c Brook, Illinois. 

The 

They were canned at Swift 

1. Demo;stration Description. 

a. Objecrives. The objective was to grow Rochelle salt 
This was to be crystals by precipitation from a saturated solution. 

the first crystal growth in space by precipitation. 

b. Concept. The concept was t6 heat a solution of water, 
a seed crystal and sacrificial Jrystals to approximately 150%, and to 
precipitate additional material 01. the seed crystal by slowly cooling 
the mixture. The solution, seed cryztal and sacrificial crystals were 
to be prepared to use thz Skylab food tray 150% capability. 

c .  Hardware Description. The RocheIle salt (sodium po- 
tassium tartrate) included a 26 gram seed crystal plus enough sacri- 
ficial crystals to maintain a saturated solution up to 160%. h i -  
tially the seed and sacrificial crystal mixture was placed in large 
Skylab food cans (4-inch diameter by It-inch height) with distiJled 
water and sealed at 5 psia. Lids with membranes were used to permit 
the crew to visually inspect the crystals beTore and after precipi- 
tat ion. 

The 35mm Nikon camera was used to potograph the crystal. The 
TV system was used to record the preparation and heating of the can and 
crystal. 

2.  Demonstraticn Operation. The Rochelle salt can was un- 
stowed, the pull top lid removed and the can placed in a food tray 
to heat from 1300 to 1440 (;MT on DOY 003 by the PLT. At 1201 GMT 
on DOY 004, the PLT reported that "the Rochelle salt is sitting in 
the locker per instruction, covered with wash cloths.'' !ie recorded 
on the VTR his preparation activities and the placing of the can in 
the food tray. 

After allowing time for gradual cooling of the insulated can, 
the PLT reported at 0202 GMT on DOY 006 that: "three 35m photographs 
w x e  taken. There was a nice size crystal in there; however, it was 
very, very difficult to get proper lighting" due to reflection off the 
membrane and the poor visibility of a clear crystal in a white can. 
He would "let it sit overnight - - and try to figure out a way of 
getting a photograph so that you can see the crystal." CAPCOM 
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later that day (1211 GMT) requested him "to leave the crystal where 
it is and let us take a look at our film.budget before you do that." 

On DOY 025 a teleprinter message was sent with instructions 
for breaking the membrane, draining the fluid, recording three ortho- 
gonal views of the crystal with the TV and preparing the crystal for 
return by wrapping it in a face cloth. The crystal was removed from 
the can and 35mm photographs were taken on DOY 036 or DOY 037. Dis- 
cussion of the crystal growth application to space manufacturing during 
a TV demonstration of the crystal was not performed because of lack of 
time. The returned crystal arrived in good condition and was delivered 
for ferroelectric hysteresis analysis of crystal quality. 

During the debriefing, the PLT described the crystal as a 
perfectly formed flat plate about 1/4 by 1 1/2 by 1 3/4 inches when 
it was first grown. When the crystal was removed, he said it seemed 
to be smaller than when the can was first unwrapped indicating the 
crystal had dissolved noti-eably during the 20 days it remained in 
the solution. 
like ice cream salt, in the can whf-a he drained the solution ori. 

He noted there were still small crystals, that looked 

3. Constraints. No constraints were requested for this 
demonstration. 

4. Hardware Performance. Experiment hardware and support 
equipment performed as expected. 
the PLT was to paint the can interior a dark color (mat black) to 
enhance clear crystal visibility. 

The only improvement suggested by 

5 .  Interfaces. The demonstration interface p2rformed satis- 
factorily during the mission. 

6. Return Data. The return data was the crystal shown in 
figure '111-5 photographs, recorded video and crew descriptions. 

7. Anomalies. There were. no anomalies encountered. 
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F. TV106 - Deposition of Silver Crystals 
The Investigatrrfi for TV106 (SD21) are Dr. Philomena Grodzka, 

Huntsville Research an.1 Engineering Center, Lockheed Missiles and 
Space Company, Huntsville, Alabama, and Ms. Barbara R. Facemire, 
Space Sciences Laboratory, MSIC, Huntsville, Alabama. The hardware 
was packaged in the SL-4 science demonstration kit at JSC, Houston, 
Texas . 

1. grmonstration Description. 

a. Objectives. The objectives were to demonstrate crystal 
growth by chemical reaction in zero-g and to compare crystals grown in 
zero-g with those grown in one-g. 

b. Concept. The concept was to place copper wire, with 
breaks in the insulation to provide reaction sites, in a dilute silver 
nitrate solution and observe growth of silver crystals on the wire. 

c. Hardware Description. 9.5 ml of a five percent solu- 
tion (by weight) of silver nitrate were loaded into a 10 ml polycar- 
bonate vial and sealed with an O-ring in the vial cap. 
Beldon number 8051, 22 gauge copper wire was coiled in the SL-4 Science 
Demonstration K1t;with the silver nitrate solution vial. 

One foot of 

The 35mm Nikon camera with the 54nmr lens and K-1 adapter was 
used to photograph the crystals. 
lamp provided illuminaiion. 

The portable high intensity photo 

2. Demonstration Operation. On DOY 24, CAPCOM told the CDR, 
TV106 operator, "to change the optional TV to, not desired" since %e 
don't feel it would show up sufficiently well." The impact of dropping 
TV coverage is discussed in paragraph 7. 

At 0051 GMT on DOY 025, the CDR asked whether he should initiate 
the demonstration that evening or wait unit1 the next day, since the 
first photograph would be delayed to about eight hours after initiation, 
instead of the planned six hours. 
that any time you want." The planned 6, 24 and 72 hour photographic 
times ;,rere approximate and selected to eiicompass the anticipated cry- 
stal growth period. 
time after 0159 GMT when he signed ot'f for the night. 

CAPCOM answered that he could "start 

The CDR probably initiated the demonstration some- 

At 1307 GMT on DOY 025, the CDR reported that he had taken tw9 
Nikon photographs of the crystals, about ten hours after initiation. 
The photographs were both taken at f-2.8, but one at 1/30 second, as 
called for in the procedure, and the second at 1/60 second. The CDR 
was concerned that 1/30 second was too slow for hand-held photography. 
He noted, Itthe light meter that ' 8  integral with the camera indicated 
that we probably ought to be using an f-stop of 5.6." 
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The second set of photographs was scheduled i n  t h e  DOY 025 
f l i g h t  plan a t  1937 GMI. 
de lay  them u n t i l  h i s  p re s l eep  a c t i v i t i e s  t o  get c l o s e r  to  the  des i r ed  
24 hours. The CDR agreed and commented t h a t  "those c r y s t a l s  are 
r e a l l y  growing - _ -  those a r e  r e a l l y  b e a u t i f u l  - - they seem to be 
forming i n  a p r e t t y  c lass ica l - looking  lattice stcucu,re." A t  0216 GMT 
DOY 026, he reported t h a t  t -  had taken two photographs, both at 1/25 
second, a t  f-2.8 and f-4. 

A t  1515 GMT, CAPCOM requested t h a t .  the CDR 

A t  0141 GMT on DOY 027, t he  CDR discussed the  Nikon s e t t i n g s ,  
t h a t  the  i n t e g r a l  l i g h t  meter ind ica ted  he shocld be using an f-5.6 a t  
1/30 second o r  an  f - 8  a t  1/250 second. The por tab le  l i g h t  meter ind i -  
ca t ed  an f-5.6 a t  1/25 second. 
s ince  the  camera was handheld and he had a 'Wgh i n t e n s i t y  l i g h t  t h a t ' s  
only two f e e t  away from the  vial." CAPCOM suggested t h a t  "we have 
p len ty  of t h a t  f i lm ,  why don't  you use your own judgment and bracket 
the f - s t o p  and speed sett ings. '@ 
reported t h a t  he took three 35mm photographs of t h e  c r y s t a l s ,  two a t  
an f -4  a t  1/60 second and the  t h i r d  a t  an f-5.6 at  1/125 second, frames 
65, 66, and 67 of magazine CI-115. 

He suggested a ' f a s t e r  s h u t t e r  speed 

A t  0219 GMT on DOY 028, the  CDR 

During the  t h i r d  photographic se s s ion ,  the  CDR observed t h a t  
"the wst phenomenal growth rate was the  f i r s t  24 hours". During 
the  p o s t f l i g h t  deb r i e f ing ,  he estimated t h a t  t he  growth rate was a 
maximum between 24 and 48 hours and was a l l  over a f t e r  about 72 hours. 
While looking a t  the  c r y s t a l s ,  he said they "look l i k e  a l i t t l e - -  s o r t  
of a s i l v e r  Christmas tree down there  at the  bottom find then up along 
the  copper, t h e r e ' s  q u i t e  a few areas of r a t h e r  d e n d r i t i c  growth". He 
observed t h a t  t he  so lu t ion  had "turned s o r t  of a l i g h t  green now" (the 
co lor  of copper n i t r a t e ) .  

OWS temperature during the  c r y s t a l  growth period ranged from 
71 t o  74OF and was 71 t o  72 P during the  peak growth rate period. 

3. Cons t ra in ts .  No c o n s t r a i n t s  were requested f o r  t h i s  
demonstration. 

4. Hardware Performance. The hardware used f o r  t h i s  demon- 
s t r a t i o n  performed as expected, except f o r  t h e  Nikon photography. The 
CDR found t h a t  camera s e t t i n g s  d i f f e r e n t  than c a l l e d  f o r  i n  the  check- 
l i s t  (f-2.8 a t  1/30 second) were ind ica ted  by the  i n t e g r a l  l i g h t  meter 
and the  por tab le  l i g h t  meter. The p r inc ipa l  d i f f e rences  between the  
ground tests and h i s  se tup ,  were h i s  use of t he  high i n t e n s i t y  l i g h t  
and d e s i r e  t o  use a f a s t e r  s h u t t e r  speed. 

5. In t e r f aces .  The demonstration i n t e r f a c e  performed sat is-  
f a c t o r i l y  during the  miS8iOn. 
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6, Return Da+& %e returned d a t a  were the  crystals shown 
i n  f igure  VII-6 Wlth crptcals grown on e a r t h ,  photographs, and crew 
t r ansc r ip t s .  The only uEaSle data of t he  c r y s t a l  d i s t r i b u t i o n  along 
the  wire and general  appearance is  t h e  CDR’s f l i g h t  and debr ie f ing  
t r a n s c r i p t s .  The v i a l  was acc iden ta l ly  .dropped while it was being 
unwrapped a t  MSPC and a l l  the  s i l v e r  c r y s t a l s  were broken o f f  t he  
copper wire. Some ind iv idua l  c r y s t a l s  may be recovered. 

7. Anomalies. The only anomaly t h a t  occurred during the 
performance of t h i s  demonstration was the  loss of t he  35mm f i lm.  
The e n t i r e  d a t a  port ion of the  TV106 amgaeine, CI-115 was blank. 
sensi tometr ic  s t r i p s  at each end were good and there  was no evidence 
of s l ippage in the  d r ive  slots. 
not been es tab l i shed .  
d a t a  based on t h e  exce l len t  r e s u l t s  of T V l O l  and TWO7 closeups.  

The 

The reason f o r  t h e  blank f i l m  has 
TV coverage might have yielded some use fu l  
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G .  TV107 - Fluid Mechanics Se r i e s  

The Inves t iga tors  f o r  TV107 (SD9) a r e  Brian Dunlop, (Student 
Inves t iga tor  f o r  Experiment ED78); Austintown F i t c h  High School,  Youngs- 
town, Ohio; D r .  S. Bourgeois, Huntsv i l le  Research -md Engineering Center ,  
Lockheed Missiles and Space Company, Huntsv i l le ,  Alabama; M s .  Barbara 
Facemire, Space Sciences Laboratory, MSFC, Huntsv i l le ,  Alabama; Mr. 
Otha Vaughn, Aero-Astrodynamics Lnboratory , MSFC, Hunrevi l le ,  Alabama; 
D r .  R. Fros t ,  General Electric,  Valley Forge, Pennsylvania; and D r .  Owen 
G a r r i o t t ,  SL-3 SPT, JSC, Houston, Texas. The blow tube was fabr ica ted  
and packaged i r .  the SL-4 science demonstration k i t  a t  JSC, Houston, Texas. 

1. Demonstration Descript& 

a -  Objectives.  The objecti-.-s were to  determine f l u i d  
benavior i n  zero-g by observing: o s c i l l a t i o n  damping times; sur face  
wet t ing  c h a r a c t e r i s t i c s ;  d rop le t  impact and coalescence; vortex forma- 
t i o n  and damping; and r o t a t i o n  of f r e e  f l o a t i n g  f l u i d  globules.  

b. Concept. 
t i g a t i o n s  with f r e e  f l o a t i n g  f l u i d s  and f l u i d s  a t tached t o  sur faces  t o  
meet the  objec t ives  (@ee f i g u r e  V I I - 7 ) .  Although check l i s t  procedures 
were provided, the  G r e w  was expected t o  use t h e i r  own d i s c r e t i o n  i n  de- 
termining the be .t methods of handling f l u i d s  i n  zero-g. 

The concept was t o  perform a series cif inves-  

c. Hardware D-. . r ip t ion :  The hardware was a l l  on-board Sky- 
l ab  operat ional  equipment except f o r  t he  blow tube usdd t o  sp in  a f r e e -  
f l o a t i n g  water globule. The crew used opera t iona l  cquipmLnt a t  t h e i r  own 
d i s c r e t i o n  and the  Experimenn ED52 sp ider  cage i n  performing TV107. 
Video recordings were made using t h e  TV camera wi th  the closeup lens .  An 
attempt was made to  photograph one sequence ; d t h  the  16mm DAC. 

2. Demonstration Operation. Cractice was s t a r t e d  by t h e  PLT a t  
On DOY 005, the  PLT asked the  ground to i d e n t i f y  an 

Since the  alcohol  i n  the  IMSS was i n  
1100 GMT on DOY 003. 
alcohol  source f o r  surface wet t ing.  
s h o r t  supply,  i n s t ruc t ions  t o  use a wet wipe t o  c lean  t h e  blood smear 
s l i d e  were sent .  

The PLT s t a r t e d  the TV sequence a t  2044 GMT on DOY 005. He made 
six runs,  i nves t iga t ing  o s c i l l a t i o n s  i n  f r ee - f loa t ing  water globules  
using "wire bent i n t o  a s o r t  of horseshoe shape'' t o  handle the  globules  
and induce o s c i l l a t i o n s .  
t i o n  of two syr inge needles from oppos i te  s ides  of t he  water globule  but  
t he  PLT reported a t  1654 GMT on DOY 010 t h a t  he " t r i ed  the  point  of t h e  
wire in the  bubble [and] you can pu l l  o u t  and very l i t t l e  happens a t  a l l  - - a l l  you g e t  is the  t i n i e s t  l i t t l e  vibration".  

The check l i s t  procedure suggested quick extrac- 

The PLT attempted the  impact and coalescence demonstration. He 
maneuvered two globules t o  c o l l i d e  but they did not  combine. H e  repor ted ,  
"actual ly  I think they ' re  touching and bouncing a p a r t ,  which i s  s o r t  of 
i n t e re s t i !  g". The next attempt Jhieved a higher ve loc i ty  between the  
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globules  and they combined i n t o  one l a rge  globule. 

me PLT worked u i t h  two l a rge  hemispherical water globules  
a t tached t o  a non-wettilag surface.  
induce r o t a t i o n ,  which caused it to  be asymmetrical. 
t h e  globule and reported t h a t  he could '*actually blow it i n t o  a donut". 
Short  puf fs  induce4 o s c i l l a t i o n s .  

He f i r s t  blew on the  globule  t o  
He blew down on 

'The next  demonstration was i n t e r n a l  vortex formation by i n j e c t -  
Onion ch ips  were added to t h e  globule  t o  

The water formed a hemi- 

ing water i n t o  the  globule. 
aneke internal flaw patterns v i s i b l e .  
on clear plastic, aluminum and paper surfaces.  
spher ica l  globule  011 t h e  plastic and metal sur faces  but  on the paper it 
"made a very low dome". 

He demonstrated w e t t i n g  of water 

The PLT described a zero-g dr inking cup he invented while prac- 
The cup w a s  formed by inve r t ing  t h e  food can jam in-  t i c i n g  for TV107. 

sert to  make an a a t s l a r  water cavi ty .  
water from t h e  hand gun onto the  cen te r  pedestal  (jam icsert). 
would flow i n t o  the  cavi ty  and be re ta ined  u n t i l  t h e  cen te r  pedestal  w a s  
covered, Water r e t en t ion  was q u i t e  s t a b l e ,  a s  lma a s  t h e  cen te r  pedes- 
t a l  was not  covered, permit t ing both l i n e a r  acce lera t ion  and water ro t a -  
t i o n  (i.e., stirrlng) by cup moveaent. He took t h e  f i r s t  d r ink  from an 
open cup i n  zero-g. During the p o s t f l i g h t  debrief ing,  t he  PLT noted a 
regular  empty food can could be over f i l l ed  u n t i l  t he  water formed a con- 
vex sur face  up to  o maximum edge angle  of about 20 degrees. 

The cup was f i l l e d  by s q u i r t i n g  
It 

. 

A demonstration recorded on TW without voice cOIllPent was the  a i r  
i n f l t t i o n  of a la rge  f r e e  f l o a t i n g  water globule. 
i n j e c t  t h ree  l a rge  syr inges of a i r  i n t o  the  bubble before it burst .  

The PLT was ab le  to  

A t  t h e  completion of the  TV recordtug, t he  PLT noted t h a t  " t h i s  
has h e n  a l o t  of fun f o r  m e  and I 've  got ten a b ig  kick ou t  of it - - 
I ' m  proud df my aew invention, the  zero-g dr inking cup -- cheers!" H i s  
camneat shows the underlying science demonstration program objec t ive  of 
providing a change of pace f o r  t h e  crew was achieved. 

Duriw this f i r s t  sequence, t he  PLT completed a l l  t h e  check l i s t  
objec;ivas except s l i d e  surface wettLng and f r ee - f loa t ing  globule ro t a -  
t i a n  wgth the blow tube. He "did not do the  s l i d e s  because I d idn ' t  
have the  zaphiran squeezed out" of 8 w e t  wipe. 
couldn ' t  develop the  s k i l l s  t o  do t h a t  [blow tube] a t  t he  the". 
t h e  poe t f l i gh t  debr ie f ing ,  he s a i d  he never could r o t a t e  a globule with 
the  blow tcbe because it was blaua away from the  tube before it gained 
any s ign i f  tcant r o t a t i o n a l  = loc i ty .  

The PLT reported ''I 
During 

On MIY 037, the PLT reported t h a t  "I vas  g e t t i n g  ready t o  photo- 
,--a@ TVl07 yesterday [end] I had two jams - - one of them was f ' . ia l ly  
diagnosed a s  a break and the other  one I wag ah le  t o  use a l i t t l e  too l  
and thread i t  through and g e t  j.t working again". 
plan was t o  record t h i s  decconstration on lGmm color f i lm,  TV was 

Although t h e  o r i a i n a l  
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success fu l ly  used for a l l  the d a t a  sequences. 
adjustment of t h e  field-of-view, focusing and l i g h t i n g ,  and real the 
Lata ana lys i s .  
on DOY 005 w a s  apparently used fixing t h e  camera. 

TV permitted numitoring, 

The t i m e  t h a t  t h e  PLT was to  devote to  TV107 photography 

On MIY 010, CAPCOH relayed the Icvestigetors' video recording 
review r e s u l t s  t o  the  crew and requested t h a t  surface wetting wi th  a lco-  
ho l  (zephiran),  g lobule  rotation, and a d d i t i o n a l  g lobule  o s c i l l a t i o n s  
be attempted. It was requested that o s c i l l a t i o n s  be i n i t i a t e d  in a com- 
p l e t e l y  s t i l l  globule,  and be observed u n t i l  completely damped out. 
CAWOM informed t h e  PLT that "your f l u i d  demonstration experiment hss  
been picked up 011 TV around t h e  country and we're g e t t i n g  ca l l s  frm 
phys ic i s t s  - - wanting to  t a l k  about - - that h-sphere part of the eg- 
p e t h e n t  you d id ,  - - i t  w a s ,  in  genera l ,  t e r r i f i c " .  

On DOY 022, t he  SPT s t a r t e d  a second f l u i d  demonstration sequeace. 
H e  r e s t r a ined  a "5Occ sphere of y . - - t e r ,  l i g h t l y  colored", on a thread and 
made seven o s c i l l a t i o n  runs ,  t h e  f i r s t  four were attempts to  achieve sym- 
metric (induced from both sides simultaneously) o s c i l l a t i o n s .  The SPT 
used an o r i g i n a l  technique. Large syr inge  p i s tons  were used to  squeeze 
t h e  globule. Their f r o n t  su r f ace  was coated with Krytox grease to  make 
i t  non-wetting, a technique learned during T V l O l  periormance. The tools 
were used t o  squeeze the  g lobule  and i n i t i a t e  osci1.lations by quickly 
withdrawing them. The recorded TV shaved t h i s  technique t o  be e f f e c t i v e .  

S t a r t i n g  a t  2339 GMT on DOY 022, the SPT s t a r t e d  a second set of 
o s c i l l a t i o n  runs w i t h  "big bro ther  - - 100 cc's of f l u i d ,  water s l i g h t l y  
colored". H e  made th ree  sympetrical runs and t h r e e  asymmetric runs. The 
shapes wer? described as:  
goes t o  an e l l i p t i ca l  shape i n  one d i r e c t i o n  and then moves i n t o  an 
e l l i p t i c a l  shape 90 degrees from tha t"  and "at extreme o s c i l l a t i o n  i t  
Looks l i k e  a square wi th  roundcd corners'*; "an i r r e g u l a r  (asynunetric 
o s c i l l a t i o n  formed) a t r i a n g l e  with rounded corners". 

a g e n t l e  symaetric o s c i l l a t i o n  "es sen t i a l ly  

The SPT i n j ec t ed  a i r  i n t o  a water g lobule  and made two oscilla- 
These runs were unsuccessful and t h e  SPT t r i e d  aga in  on DrlY t i o n  runs. 

023, s t a r t i n g  a t  2335 GMT. H e  accomplished two runs and observed t h a t  
" th i s  sphere d i d  not o s c i l l a t e  anywhere near to the  degree t h a t  i t  d id  
before! even though it  received t h e  same fo rces  i n i t i a l l y ;  -- it damped 
very quickly". 

A t  2355 GMT, the  SPT added soap t o  a water globule making about a 
one-percent solutior. .  He observed "the reduced su r face  tension makes it 
a lot harder t o  work with". H e  used the  syr inge  p is tons  to  i n i t i a t e  
o s c i l l a t i o n s  end observed t h a t  i t  " o s c i l l a t e s  a l i t t l e  b i t  slower and i t  
seems t o  damp quicker". 

The SPT suspended two globules of about 30 cc each, one dyed 
with grape and t h e  o ther  w i t h  strawberry dr ink ,  t o  i n v c s t i g a t e  impact  
and coalesccnce. 
and coalesced even though, "we had a p r e t t y  big impact parameter there, 

The g lcbules  xere impacted ( a t  about 0151 GMT, DOY 24: 
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- - which is the  distance between the l ine  of cent=rs". 

The th i rd  f l u i d  mechanics sequence performed by the  PLT s t a r t e d  
He made a tool of his own design cons is t ing  of 

His plan was to  

He acccnuplisLed four 

a t  1625 GMT 011 DOY 026. 
"two food cans -- between which I've stretched three threads [which') 
enables me to move the  bubble arouud and maneuver it". 
rotate the globule u n t i l  it separated a d  then maneuver the  r e su l t i ng  
globules i n t o  a c o l l i s i o n  t o  observe coalescence. 
ro t a t ion  runs and three collisions, l o s i n s  one pa i r  of globules after 
separation. 
pated by the investigators. The anticipated giobule ro t a t ion  r e s u l t s  
were "they ' l l  probably f l a t t e n  out, they may even f i s s i o n  l i k e  a cucleus, 
or they may PO donut shape on you". What happened cons is ten t ly  i n  a l l  
the pract ic t  and data  -ms, w a s  t he  globule "assumes more or less a 
peanut shape or a dog-i .i.e shape - - an hour glass shape, - - and a t  a 
more or less cri t ical  L, ed - - you can bee more or less two teardrop 
shapes forming". The PL" was concerned t h a t  acceleration w a s  breaking 
the globule but during the  four th  run he achieved an undisturbed separ- 
ation. 
there  they go - - it 's very d i f f i c u l t  to get them to  do t h a t  - - qu i t e  
happy I got  t h a t  recorded on television". Some globules contained a i r  
btLbles which moved to  the  ro ta t ion  axis due to  cent r i fuga l  force on the 
1 iquid . 

These MS were successful and produced r e s u l t s  unantici-  

He commented "I'd l i k e  t o  get thee t o  separate on t h e i r  own, and 

The impact runs were successful. During the  f i r s t  co l l i s ion ,  
the  PLT observed "this is very in t e re s t ing  because they did not 'go  
together - - they bounced off each other". 
i n  coalescence. 
impact. 

The second c o l l i s i o n  resul ted 
Subsequent runs resul ted i n  coalescence on the f i r s t  

During the  pos t f l igh t  debrief ing,  the  PLT and SPT added some 
general comments and suggestions about performing f lu id  experiments i n  
zero-g. 
f l u i d s  work be performed i n  an area where no damage can r e s u l t  from s p i l l s  
because the  water w i l l  be a l l  Over, especial ly  during the  ea r ly  prac t ice  
sessions. 
f l u i d  handling. They reconmiended t h a t  non-wetting surfaces  be used t o  
handle f l u i d s  because the  f l u i d  spreads a l l  over a wetting surface,  pre- 
venting release of f r e e  f loa t ing  globules. They noted t h a t  a i r  currents  
had a s ign i f icant  e f f e c t  on free f loa t ing  globules, making it d i f f i c u l t  
t o  ros i t ion  them. 

The PLT reconmended tha t  lots of towels be ava i lab le  and the 

H e  sa id  t h a t  a l o t  of t i m e  should be a l l w e d  f o r  learning 

3. Constraints. The demonstration cons t ra in ts  were successfully 
m e t  during the mission. 

4. Hardware Performance. Tile operational equipmer t performed a s  
expected except the  16mm DAT. It jauuned twice and no movies were made. 
The crew used onboard equipment t o  assembly a drinking cup, and tools  to  
compress, r o t a t e  and maneuver f r e e  f loa t ing  globules. 
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5. In te r faces .  The i n t e r f a c e s  performed s a t i s f a c t o r i l y  during 
Although numerous " sp i l l s "  occurred, t he  crew reported no the  mission. 

damage from g e t t i n g  things w e t .  

6. Return Data. The r e t u r n  d a t a  were the  video recordings and 
the  crew voice t r ansc r ip t s .  

7. Anomalies. No anomalies occurred duzing the performance of 
t h i s  demonstration o ther  than f l u i d  S p i l l s .  
any problems. 

S p i l l s  d i d  n o t  r e s u l t  i n  
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H. TVl08 - Neutron Environment 

The Inves t iga to r s  f o r  TV108 (SD34) a r e  D r .  G .  J. Fishman, Tele- 

The samples were 
dyne Brown Engineering, Huntsv i l le ,  Alabama; and D r .  T. A. Pa rne l l ,  
Space Sciences Laboratory, MSFC, Huntsv i l le ,  Alabama. 
prepared a t  MSFC and packaged i n  a food can a t  JSC, Houston, Texas. 

1. Demonstration Description 

a. Objectives.  The ob jec t ive  was t o  measure the  neutron 
energy spectrum and dens i ty  near massive and non-massive Skylab objec ts .  

b. Concept. The concept was t o  expose metal samples, sus- 
c e p t i b l e  t o  various energy levels of neutron a c t i v a t i o n ,  t o  the  i n t e r n a l  
Skylab environment near massive o b j e c t s  ( t h e  f i l m  v a l u t  and a water tank) 
and non-massive ob jec t s  ( t h e  OWS dome and s idewal l ) ,  and determine neutron 
f l u x  by p o s t f l i g h t  analyses.  The returned samples were t o  be analyzed i n  
the  MSFC low-level gama-ray spectroscopy f a c i l i t y .  This da t a  and known 
Ta te r i a l  c ros s  s e c t i o n  d a t a  would y i e l d  t ime-integrated measurements of 
t he  neutrori environment. 

c .  Hardware Description. Each a c t i v a t i o n  packet was made 
wi th  f i v e  metal samples sewn between two Beta c l o t h  shee t s  using nylon 
thread. Four i d e n t i c a l  a c t i v a t i o n  packets were packaged i n  a 4 inch 
diameter by 1-114 inch food can f o r  launch. 

The samples were hafnium, n i c k e l ,  t i t an ium,  tantalem and cadmium- 
covered tantalum. The f i r s t  four samples were 1.9 by 1.9 by 0.32 c m  and 
w e i  hed 10.25, 5.25, 15.25 and 19 gm, respec t ive ly .  The f i f t h  sample was 
made wi th  a tantalum core  i d e n t i c a l  t o  the  tantalum sample and wrapped 
wi th  0.06 c m  th l ck  cadmium shee t  :6  gm per  sample). The cadmium-covered 
tantalum sample was encapsulated i n  RTV-118 ( 5  gm per sample) t o  prevent 
cadmium outgassing. 

2. Demonstration Operation. The a c t i v a t i o n  packets were deployed 
durrng DOY 324. A t  0151 GMT on DOY 325, t he  CDR reported t h a t  "we've j u s t  
discovered t h a t  t he re  is  a new th ing  ca l l ed  the  neutron environaent - - 
i t s  some s o r t  of demonstration which none of us has even seen before  - - 
I ' v e  go t  the  s ink ing  f e e l i n g  t h a t  those four  photos I took l a s t  n igh t  
w i th  t h e  Nikon f o r  ED76 neutron d e t e c t o r s  was meant f o r  t h i s  one; - - a s  
p a r t  of t he  day 4 t r a n s f e r s ,  we discovered t h i s  demo, and w e  have de- 
ployed it". This  was the  f i r s t  mention of packet deployment so a p rec i se  
deployment time is not  ava i lab le .  The only t r a n s f e r s  recorded i n  thd as -  
flown f l i g h t  plan during DOY 324 were those performed by the  CDR between 
2130 and 2445 GMT. The packets were taped i n  the  following loca t ions :  

SN 001 - 1'1 f i l m  v a l u t  drawer J (drawer bottom) 
SN 002 - On water tank number 0 between ED76 d e t e c t o r s  

SN 003 - OWS dome approximately 6 inches from l i g h t  No. 8 
SN 004 - OWS s l e e p  compartment ( a f t  end on outboard wall)  

(between A-4 and end of tank) 
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Four photographs recording t h e  a c t i v a t i o n  packets l c c a t i o n s  and 
No mention was pus i t ions  were taken during DOY 327 on magazine CI-110.  

made of t h e  time t h e  photographs were taken. 
deployed in t h e  s l e e p  compartment. 

Figure VII-8 shows a packet 

The a c t i v a t i o n  packets were t ransfer red  to  t h e  CM for r e t u r n  
e a r l y  on DOY 036. 
when t h e  crew was awakened, and 1158 GMT when t h e  CDR reported packets 
stowage. 

The packets were r e t r i e v e d  sometime between 1055 GMT, 

The packets were deployed approximately 76-112 days. 

3. Constraints .  No c o n s t r a i n t s  were requested for t h i s  demon- 
s t r a t i o n .  

4. Hardware Performance. The crew reported no hardware problems. 

5. In t e r f aces .  A l l  demonstration i n t e r f a c e s  performed satisfac- 
t o r i l y  during t h e  mission. 

6. Return Data. The r e t u r n  da t a  was t h e  f o u r  a c t i v a t i o n  packets 
and f o u r  35mm photographs. 

7. Anomalies. No anomalies occurred during t h e  mission 
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I. T V l l O  - O r b i t a l  Mechanics 

The InveEtigator for T V l L O  (SD30) i s  Robert L. Holland, Space 
Science Laboratory, MSFC, Huntsvi l le ,  Alabama. 
t h i s  demonstration was supplied by W C  and packaged i n  t h e  SL-4 science 
demonstration k i t  a t  JSC, Bouston, Texas. 

A t ransparent  s h e e t  for 

1. Demonstration Descr ipt ion 

a. Objectives.  The objective was to  demonstrate t h e  inde- 
pendent relative motion between o b j e c t s  i n  similar o r b i t s .  

b. Concept. The concept was to  release two spheres  i n  t h e  
fields-of-view of two motion p i c t u r e  cameras, fac ing  90 degrees to  each 
o the r ,  t o  record spacecraf t  motion relative to  t h e  spheres. P l a s t i c  
shee t s  were t o  be used to  minimize air  movement forces .  The spheres 
were t o  be of d i f f e r e n t  d e n s i t i e s  ( d i f f e r e n t  b a l l i s t i c  c o e f f i c i e n t s )  t o  
permit normalizing a i r  f law e f f e c t s  during d a t a  ana lys i s .  

An a l t e r n a t e  concept, suggested by t h e  SL-3 SPT, was t h a t  spheres 
be released i n s i d e  a locker  covered with a t ransparent  s h e e t  to  el iminate  
a i r  movement. 

The concept implemented by t h e  SL-4 crew was to  observe t h e  appar- 
e n t  motion of f r e e  f l o a t i n g  s p h e r a  during a s h o r t  t r i m  burn. . 

c. Hardware Description. The spheres t o  be used were two 
b a l l s  from the  recrea t ion  k i t  and two aluminum spheres (1/2-inch and 1- 
inch d iameter )  from the  SL-3 sc ience  demonstration k i t .  The t ransparent  
shee t  for the a l t e r n a t e  concept was a 13 by 18-inch shee t  of 1 / 4 - m i l  FEP 
t e f lon .  

The demonstration was recorded wi th  TV. 

2. Demonatration Operation. A t  1309 GMT on DO1 021, t h e  PLT 
s t a r t e d  TV110. He introduced i t  by descr ib ing  the  trim burn used t o  ad- 
j u s t  t he  Skylsb o r b i t  t o  achieve ground t r acks  t h a t  permitted r e p e t i t i v e  
e a r t h  observations.  H e  pointed o u t  t h a t  ''we've noticed on previous man- 
euvers t h a t  even 400 pounds t h r u s t  on a 200,000 pound vehic le  causes 
ob jec t s  t o  move arouncr because of t h e  accelerat ion" The PLT suspended 
three b a l l s  ( t h e  two aluminum spheres and the .andUa11) i n  f r o n t  of t he  
TV camera a.id a t  1312 GMT t h e  10-9econd t r i m  burn was perr'ormed. The 
Skyl-3 and TV camera moved quickly away from the  b a l l s  while t h e  PLT 
cescrfbed the  demonstrat .on: "okay, now you see the  b a l k  s t a r t i n g  t o  
move up - - t he  b a l l s  a r c  f l o a t i n g  f r e e l y  but they appear to  xove rela- 

tve t o  the spadecraf t  because the  spacecraf t  I 8  moving". 

3. Constraints .  No cc , t r a i n t s  were app'Icable t o  T V l L O .  
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4. Hardware Performance. There were no hardware problems. 

5. Interfaces. A l l  demonstration interfaces performed sa t i s -  
factori ly  during the mission. 

6. Return Data. Return data was the video recording and the 
accompanying voice recording. 

7 .  Anomalies. No anomalies occurred during the mission. 
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These demped out i n  a few seconds. 
approach the globule very s lavly or the a i r  he pushed produced s i g n i f i -  
cant  globule movement. 
to  a i r  movement control  during zero-g f lu id  experiments. 

"he PLT observed t h a t  he had to  

Operating and locat ion constraints  a r e  essent ia l  

On his own i n i t i a t i v e ,  the PLT injected air  i n t o  the globule. 
Eis experhence with t h i s  globule w a s  d i f f e ren t  than the  SPT.'s previous 
acperience with pure water globules. 
j ec t ing  a i r  i n t o  a f r e e  f loa t ing  Alobule "it w i l l  form e i t h e r  one or two 
large bubbles i n  &he center" and "you can blow it up i n t o  a balloon as 
lerge a s  you l i ke ,  u n t i l  it explodes". 
t h i s  globule., r e l a t ive ly  small uniform bubbles were formed. 
was injected,  more bubbles formed unt i l  a l i m i t  was reached, producing 
the  appearance of a p l a s t i c  bag f i l l e d  w i t h  ping pong bal l s .  As =re 
air w a s  injected,  individual small bubbles broke through the globule 
surface-  "spi t t ing l i t t l e  b i t s  of the  l iquid i n t o  space". The PLT w i t h -  
drew f lu id  and air back i n t o  the syringe a d  ejected a stream against  
the globule t c  observe the  impact charac te r i s t ics  and the  resu l t ing  
osc i l la t ions .  

The SPT reported that when in-  

A s  the PLT injected a i r  i n t o  
As more a i r  

The ic* melting demonstration was to  be repeated during SL-4 to 
obtain focused photographs but w a s  not performed due to  insuf f ic ien t  
crew time. 

3. Constraints. No constraints  were requested f o r  t h i s  demon- 
s t r a t ion  . 

4. Hardware Performance. A l l  hardware performed as expected. 

5 .  Interfaces.  A l l  demonstration in te r faces  performed satis- 
f ac to r i ly  during the mission. 

6. Return Data. The r e e m  data was the l h  film, voice t ran-  
s c r ip t s  and the  pos t f l igh t  crew debriefing t ranscr ipts .  

i 
- 9  
V 

7. Anomalies. The only anomaly tha t  occurred was the procedural 
e r ror  i n  determining t h e  distance between the camera and the  ice cylinder.  
The dis tance should have been measured to  the camera's focal  plane but was 
actual ly  memured t o  the camera's lens. The SL-4 procedures were c l a r i -  
fied. Since the i c e  cylinder was mounted on a piece of Mosites., it  was 
i n  f ront  of t h e  forceps tube used f o r  diffusion and was nearly i n  focus. 
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K. ¶TI112 - Ice Pomatioa 

NOTE: Demonstration lyLl2 w a s  not performed duriag the 
Skylab program due to insuff ic ient  crew time. 
The following provides sane TU12 information. 

We Invest igator  f o r  ePl12 (SDL7) is t4s. Jsarbara R, F a c d r e ,  
Space Sciences Laboratory, #sFc, Huntsville, Ala-. 

1. Deakoastration Description 

a. Objectives. 'Phe object ives  wire to observe: the  freez-  
ing characteristics of water and aqueous-soluttm globules in zero-g 
(spec i f ica l ly ,  bubble d i s t r ibu t ion  resu l t ing  from dissolved gases c o d n g  
out of solut ion,  segregation of solute ,  effects of expansians, and t i m e  
of freezing), and a water drop freezing an an ice sphere, 

b. Concept. The concept was to suspend two globules am a 
piece of twine taped across a corner of a food freezer ,  and observe a d  
photagraph them periodically during freezing. 
pure w a t e r ,  and the otter dyed with an onboard solute.  
of water w a s  to  be placed on one frozen globule and observed and photo- 
graphed periodically. 

One globule w a s  to  be 
A small drop 

c. Hardware Description. The hardware was to  be avai lable  
Skylab equiperent. 
option. 
lamp were to be used f o r  photography. 

Selection of twine, syringe a d  so lu t e  w a s  a t  crew 
The 3 h  Nilcon camera and the  portable high in tens i ty  phcto 

2. Dearonstration Owration. TWl2 orocedures were ava i lab le  
during SL-4 but it was not performed because of insuf f ic ien t  crew t i m e .  
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5 .  TV113 - Effervescence 

B1D'IE: Desrmstratioa Ill113 w a s  no t  perforsred during the 
Skylab program due t o  i n s u f f i c i e n t  crew t i m e .  
The following provides same TVl13 information. 

The Inves t iga to r  f o r  TV113 (SD18) is Dr. A. R. Hibbs, Jet Pro- 
pulsion LaboratDry, Pasadena, Cal i fornia .  
packaged i n  the SL-4 science demonstration dt a t  JSC, Houston, Texas. 

The s e l t z e r  t a b l e t s  were 

1. D-straticn Description 

a. O b j e c t i w e s .  The ob jec t ives  w e r e  to observe bubble 
formation of an effervescent  reactica in zero-g and to deteredne whether 
or not the  rzac t ion  w a s  self-quenching as the  r e s u l t a n t  gas bubble grew. 

b. Concept. The concept w a s  to fill a transparent con- 
t a i n e r  with ua t e r ,  i n s e r t  a s e l t z e r  tablet, and observe the  react ion.  

c. Hardware Description. The t r anspa re r t  container  selec- 
t ion  w a s  l e f t  to  the  crew. 
the SL-4 science demonstration k i t .  me r eac t ion  was to be recoraed 
with Tv. 

'puo Alba-Seltzer tablets w e r e  packaged i n  

2. Demonstration Operation. TV113 procedures were ava i l ab le  
during st-4 but i t  was not performed because of i n s u f f i c i e n t  crew tie. 

7 4 5  



n. TU14 - Acoustic P o s i t i w i n g  

NO=: D m s t r a t i o n  mi14 w a s  no t  performed dur ing  t h e  
Skylab program due to i n s u f f i c i e n t  crew t i m e .  
The following provi ies  soew TV114 information. 

The Primary Inves t iga to r  for mll4 (sD24) is Dr. Taylor bteng, 
Jet Propulsion Laboratory, Pasadena, California. The Co-InvestLgator 
is pir. O t h a  Vaughan, Aero-Astrodynmnics Laboratory, S F C ,  Eunt sv i l l e ,  
Alabama. 

1. Demonstration Descriptioc 

a. Objectives.  The ob jec t ive  w a s  to demonstrate the  feas- 
i b i l i t y  of using the  pressure grad ien t  of acoustical s tanding  waves to 
pos i t ion  and con t ro l  the motion of -11 particles ( l i q u i d  and so l id )  
i n  a weight less  envirannent. 

b. Concept. The concept w a s  to croduce acoustical stand- 
ing  waves by a combination of radiated and r e f l ec t ed  sound. 
frequencies played oa a tape recorder were t o  provide t h e  r ad ia t ed  sound 
a d  a hemispherical reflector, the  r e f l ec t ed  sound. The reflector w a s  
to  be rpanually posit ioned t o  produce the  s tanding wave. 
d rop le t s  were t o  be re leased between t h e  tape recorder  and the reflector. 
ehey were expected to move to an anti-modal low pressure  point  where they 
were expected t o  coalesce i n t o  a l a r g e  constrained globule.  

Discrete 

A f eu  water 

c. Hardware Description. lbo  tones were recorded on t he  
SL-4 SPT's entertainment rape number 7, s i d e  2. 
3,000 h e r t z  and each l a s t ed  f ive minutes. 
a v a i l a b l e  f o r  ;laying. 
t a b l e  of. tope of two f u l l  food cms. 
and taped t o  the  back of  the  recorder  f o r  suppor t .  
t ape  was to  be used €or recorder  and r e f l e c t o r  assemblies. 

The tones were 2,000 and 
A Sony E 1 2 4  recorder  w a s  

The recordx w a s  t o  be taped to  thz  wardroaa 
The crew seat was to be ro t a t ed  up 

The 3/4-inch gray 

The r e f l e c t o r  w a s  t o  be assembled by t ap ing  8 l a rge ,  hemispheri- 
cal b l f s t e r  patch froin the  repair k i t  (lockers E620 or E1144) to  the  back 
of t he  E041 maze (eye-hand coordinat ion test f i x t u r e ) ,  using an empty 
food can as a spacer. 
pected t o  occur with t h e  r e f l e c t o r  about four  to  six inches from the  tape  
recorder.  A syringe was to  be used t o  release the  water drops. The €4487 
tape measure was t o  be placed i n  the  camera field-of-view to permit post-  
f l i g h t  se tup  sca l ing ,  drop s i z i n g  and pos i t ion  determination. 
be used f o r  recording. 

Based on ground tests, the s tanding wave w a s  ex- 

TV was t o  

2. Demonstration Operation. TV114 procedures were ava i l ab le  
during SL-4 but it was not  performed because of i n s u f f i c i e n t  crew t ime.  
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N. TIi115 - Diffusion i n  Liquids 

The primary Inves t iga to r  f o r  TVl15 (SD15) is Ms. Barbara R. 
F a c e d r e ,  Space Sciences Laboratory, S F C ,  Huntsvi l le ,  Alabama. 
co-investigator is Mr. To~rmy C. Bannister,  also of the  Space Sciences 
Iabora tory. 

The 

1. Demonstration Descr iPt ion 

a. Objectives.  The objec t ives  were t o  ob ta in  da t a  011 zero-g 
mass d i f fus ion  by photographically recording the d i f f u s i o n  rate of a dark 
l i qu id  i n t o  water, to d-strate the rate of molecular d i f f u s i o n  without 
convective mixing. 

b. Concept. A dark  l i qu id ,  such as tea, was t o  be brought 
in contac t  with water i n  a t ransparent  conta iner  without  introducing 
f l u i d  srotions. The i n t e r f a c e  between t h e  f l u i d s  w a s  to be observed. The 
i n t e r f a c e  t h r  and a scale w e r e  to be photographed per iodica l ly  to  per- 
m i t  poe t f l i gh t  d i f f u s i o n  rate evaluation. 

c. Hardware Description. The T V l l l  se tup,  shown in f i g u r e  
VII-9 w a s  t o  be used and u t i l i z e d  ava i l ab le  Skylab equipment. 

A t ransparent  p l a s t i c  forceps con ta inc t  w a s  used t o  hold t h e  
l i q u i d s  (by the end of SL-3, it w a s  no longer  qecessary to  preserve the  
s t e r i l i t y  of one forceps ccntained i n  t h e  IFSS). 
approximately 1/2-inch diameter by 6-inches long, and had a threaded 
s e a l i n g  cap with a syn the t i c  f i b e r  wad to absorb moisture. A second 
f i b e r  wad was used after the  i n i t i a l  demonstration was unsuccessful. 

The conta iner  w a s  

A p l a s t i c  accordion-type d r ink  mixerldispenser , pondered tea , 
and a 5cc syzinge comprised the  remaining equipment. The syr inge  was 
used to  t r a n s f e r  a concentrated tee so lu t ion  f r m  the  tea container  t o  
t h e  forceps  container .  

2. Demonstration OPeration. The d i f f u s i o n  demonstration w a s  
tried four  times dur icg  DOY 263 by the  PLT. 
r e s u l t &  i n  no con tac t  between t h e  tea and t he  water. 
t h e  f i b e r  wad without  d i f fus ing  i n t o  it. 
GWI, the  PLT withdrew t h e  tea i n t o  the  syr i3ge  and r e in j ec t ed  it d i r e c t l y  
i n t o  the  wad. Same t ea  was squi r ted  pas t  t h e  wad dcwn i n t o  the  water. 
Because of t h i s ,  t he  PLT i n i t i a t e d  the  demonstration a t h i r d  time a t  
1545 GMT. H e  sa tura ted  t h e  f i b e r  wad with  tea and pushed it, allowing 
the  trapped a i r  t o  escape, mtil  it contacted the  wster. The tea to  
water i n t e r f a c e  a t  t h i s  t i m e  was i n  the  wad and was nor f l a t .  The PLT 
described it a s  "mottled". The d i f f i c u l t y  i n  e s t a b l i s h i n g  t h e  i n t e r f a c e  
i n  the  f i b e r  wad caused the  PLT t o  suggest  t h a t  t he  f i b e r  wad be removed 
and t h a t  he j u s t  l ay  the  tea 011 the  water. 
doesn ' t  work by ton ight ,  w e ' l l  th ink  of a d i f f e r e n t  way". 

The f i r s t  t r y ,  a t  1236 GMT, 
The tea stayed on 

During t te  second t r y ,  a t  1324 

He comsented t h a t  " i f  it 
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The tea used i n  t h e  f i r s t  three at tempts  was f ro thy ,  w i th  small 
a i r  bubbles d i s t r i b u t e d  through the  tea when it was in j ec t ed  i n t o  the  
forceps container .  
"syrupy". It was presweetened and contained lemon f lavor ing ,  and was 
mixed wi th  one ounce of water instead of t he  normal 7-1/2 ounces. The 
PLT f e l t  t h a t  t he  so lu t ion  might have been too th ick  to d i f f u s e  through 
the  f i b e r  wad.  

The concentrated tea was described by t he  PLT as 

A t  1725 GM1 on DOY 263, t h e  CAPCQM asked the  PLT to r e i n i t i a r e  

The PLT 
t h e  demonstration uaing the  o r i g i n a l  procedure, and s t a t e d  t h a t  t h e  ex- 
pected d i f f u s i o n  rate w a s  approximately one inch i n  36 hours. 
had a p e c t e d  d i f fus ion  to  occur more rapidly.  

For t h e  fou r th  try, a t  1823 GMI, t he  PLT placed about 4 inches of 
water i n  the  conta iner  followed by a f r e s h  water sa tu ra t ed  wad about 1/2- 
inch thick.  He centr i fuged the  t e a  i n  the  d r i n k  mixeridispenser to  elim- 
i n a t e  bubbles, and in jec ted  about 7/8-inch of tea i n t o  the  container .  
The tea and water formed a good, bubble-free i n t e r f a c e  a t  t h e  tea s i d e  
of t he  wad. 

The PLT reported t h e  n s t  day on a t  least th ree  occassions t h a t  
no d i f f u s i o n  had occurred. A t  1544 
GKi', CAFCW requested the  crew "to  r e i n i t i a l i z e  t h a t  a p e r i e n t  us ing  
your awn ingenuity" and "let it d i f f u s e  on pas t  the EVA a d  see i f  w e  
can g e t  same data". 

The las t  r e p o r t  w a s  a t  1338 GMT. 

The r e s u l t s  of t h e  f i f t h  and f i n a l  s s t u p  werz reported during 

There was an a i r  bubble between the tea and 

Although theri? was no voice-recorded desc r ip t ion ,  

t h e  p o s t f l i g h t  debrief ing.  
tea on t op  of t h e  water, 
the water t h a t  t he  PLT recnoved wi th  the  syr inge,  producing a smooth, 
continuous in t e r f ace .  
t he  f i n a l  s e tup  was i n i t i a t e d  some t i m e  l a te  i n  DOY 264 and allowed to 
d i f f u s e  f o r  about th ree  days. E l a p s a  t i m e  is ava i l ab le  f o r  d i f fua ion  
rate evs lua t ion  from the  16mm photographs t h a t  were taker, a frames a t  a 
time. The PAC was not  focused on the  forceps containei  due t o  a proce- 
du ra l  e r ror .  

The F..T de le ted  the  f i b e r  wad and pieced the  

It was d i f f i c u l t ,  but  poss ib le ,  to  read the  t i m e r .  

D i f f u s i o n  d id  occur  i n  the  f i n a l  setup.  The d i f f u s i o n  f r o n t  
assumed an unexpected b u l l e t  shcpe, wi th  l i t t l e  o r  no d i f f u s i o n  occur- 
r i n g  a t  the  plastic tube wall. 
v i s i b l e  d i f fus ion  f r o n t  advanced 1.96 c m  along the tube c e n t e r l i n e  dur-  
i n g  thc  51-1/2 hours of t he  demonstration. 

Based on preliminary infcrmation,  the  

TV115 was t o  be repeated during SL-4 t o  ob ta in  in-focus photo- 
graphs and t o  t e a t  t h e  hypothesis t h a t  electrostatic repuls ion  between 
the  tea particlee and the  plastic w a l l  impeded d i f fus ion  along t h e  wall. 
SL-4 operat ion was not  achieved because of i n s u f f i c i e n t  crew t i m e .  
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3. Constraints .  No c o a s t r a i n t s  were requested f o r  this 
denmnstration. 

4. Eardware Performance. A l l  t he  opera t iona l  equipment used 
performed as expected. 
duce t h e  e j e c t i o n  ve loc i ty  and provide b e t t e r  con t ro l  i n  handling the 
tea. 
inadver ten t ly  squi r ted  i n t o  the  water. 
needle removed, t h e  PLT was a b l e  to p lace  the  tea on the water sur face  
w thout d i s tu rb ing  it. 

The syringe was used without the needle t o  re- 

During the second se tup  using t h e  syr inge with needle,  t ea  w a s  
I n  the f i n a l  se tup  wi th  the  

5 .  In te r faces .  Tfie demonstration in t e r f aces  p e r f o n d  satis- 
f a c t o r i l y  during the mission. 

6 .  Return Data. The r e t u r n  d a t a  was 1 h  fi lm. Voice t r an -  
: c r ip t s  p rokded  background information and a desc r ip t ion  of t he  se tup  
problems. 

7. Anomalies. The only anomaly t h a t  occurred during t h i s  
demonstration was a procedural error in determining t h e  d i s t ance  between 
the camera and t h e  container .  'Ihe d i s t ance  should hawe been measured to 
t h e  camera's f o c a l  plane but was ac tua l ly  measured to  the  camera's lens.  
The SL-4 procedures were c l a r i f i e d .  
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0. Tv116 - Lens Formation 

NOTE: Demonstration TV116 was not performed dur ing  t h e  
Skylab program due to  i n s u f f i c i e n t  crew time. 
The following provides some TVll6 information. 

The Inves t iga to r s  f o r  TVl16 (SD23) are Dr .  W. A. Oran, and Dr. 
Et. Kroes, Space Science Laboratory, MSFC, Eunt sv i l l e ,  Alabama. 

1. Demonstration Description 

a. Objectives.  The ob jec t ives  were to  demonstrate forma- 
t i o n  of lenses  shaped by l i q u i d  su r face  t m s i o n  i n  zero-g and t o  ob ta in  
p r e l i d n a r y  da t a  on the  o p t i c a l  p rope r t i e s  of such Lenses. 

b. Concept. The primary concept was to  take  edge-view 
photographs to  record t h e  maxiram and minimum s i zed  water-lenses formed 
on a w i r e  loop and t o  determine t h e  f o c a l  lengths  and o p t i c a l  p rope r t i e s  
by tak ing  photographs through the  lenses. 
water and soap so lu t ions  were t o  be used. 

Various loop s i z e s  and pure 

Time permitt ing,  t h e  concept was t o  be extended t o  observe cha r -  
acteristics of a water prism defined by a bent-wire shape, and t o  form a 
molten soap l ens  t o  be returned a f t e r  s o l i d i f i c a t i o n  f o r  p o s t f l i g h t  eva l -  
uation. 

c. Hardware Description. TV116 was t o  use available Tnboard 
Tool k i t  s a f e t y  wire ( locker  E623) was t o  be used to Skylab hardware. 

form the  loops and prism.  
t o  handle t h e  l i qu ids .  

An M 1 3 3  e l e c t r o l y t e  d ispenser  was to  be used 

A one cubic inch piece of bar soap was t o  be melted i n  t h e  food 
tray.  
soap to  form a lens about 1/2-inch thick. 
f o r  r e t u r n  a f t e r  s o l i d i f i c a t i o n .  

A one inch diameter wire loop was t o  be dipped i n t o  the  molten 
The lnes  was t o  be wrapped 

2. Demonstration Operation. TV116 procedures were ava i l ab le  
during SL-4 but i t  was no t  performed because of i n s u f f i c i e n t  crew t i m e .  
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P. TV117 - Charged P a r t i c l e  Mobility 

The Primary Inves t iga to r  f o r  TV117 (SD35) is D r .  Milan Bier, 
Co-Investigators Veterans Administration Hospi ta l ,  Tucson, Arizona. 

are D r .  R. S. Snyder and S. B, Wall, As t ronaut ics  Laboratory, MSFC, 
Huntsv i l le ,  Alabama. The samples were prepared by D r .  Bier and t h e  
charged particle mobi l i ty  device was assembled by the  Astronautics Lab- 
ora tory ,  MSFC, Huntsv i l le ,  Alabama. 

1. Demonstration Description 

a. Objectives. The ob jec t ive  was t o  observe and photograph 
separa t ion  of sedimenting and non-sedimenting p a r t i c l e s  i n  suspension i n  
an electric f i e l d  i n  a zero-g environment. 

b. Concept. The concept was t o  apply a 28-volt p o t e n t i a l  
ac ross  each of two f l u i d  columns, one f l u i d  being red blood cells and the  
second pro te in ;  and t o  observe p a r t i c l e  migration i n  the  tubes and the  
change i n  d i r e c t i o n  caused by p o l a r i t y  r eve r sa l .  

c. Hardware Description. The samples were contained i n  a 
charged particle mobi l t ty  device  (CPMD) cons i s t ing  of two cells. Each 
cel l  consisted of a sample tube with r e s e r v o i r s  and e l ec t rodes  a t  each 
end, and p. manually operated g a t e  valve between the  rnmple r e s e r v o i r s  and 
buf fer  so lu t ions .  An electrical connector provided 28-volt spacec ra f t  
parer  from a DAC power cable. 
ce l l  po la r i ty .  
during operation. 

Switches cont ro l led  power and reversed each 
The buf fer  so lu t ions  provided a uniform d i f f u s i o n  f r o n t  

A CPMD photngrarh i s  i n  f i g u r e  VII-11. 

The CPMD was launched i n  the  Exper, :ent ED31 food overcan. The 
OWS c h i l l e r  was t o  be used during stowage. 
IMSS resupply k i t .  

The CPMD was returned i n  the  

The CPMD was mounted i n  t h e  Experiment ED52 s p i d e r  cage. 
3 5 m  Nikon camera was mounted on t h e  ED52 bracket t o  f i x  the  d i s t ance  and 
prevent movement. Two high i n t e n s i t y  l i g h t s  were mounted on each s i d e  of 
t he  cage f o r  photograp!,ic i l lumination. 

The 

2. Demonstration Operation. A revised pracedure was t ransmi t ted  
t o  t h e  crew v i a  t h e  t e l e p r i n t e r  on DOY 332. 
quired i n  the  f i r s t  s t e p ,  changed t h e  performance loca t ion  to t h e  MDA and 
gave s p e c i f i c  photographic set up i n s t r u c t i o n s  and camera s e t t i n g s .  
MDA opera t iona l  l oca t ion  was selected t o  enable the  crew t o  perform TV117 
during ATM operations.  

It l i s t e d  the  equipment re- 

The 

A t  2326 GMI on DOY 334, t h e  SPT reported t h a t  the  CPMD "is not  i n  
the  food c h i l l e r " .  
CPMD must not have been t r ans fe r r ed  and would s t i l l  be i n  CM lo-ker A-4 .  

CAPCOM informed him t h a t  i f  not i n  t h e  c h i l l e r ,  t he  
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A t  0059 GMI on DOY 335, the  SPT reported "I found it - - it was i n  A-8". 
He remarked on DOY 341, OW9 GMT t h a t  although the  PLT's a c t i v a t i o n  pro- 
cedure was supposed t o  take  c a r e  of the t r a n s f e r  of t h e  CPMD, "the PLT 
was not  f e e l i n g  too  steamy the  first couple of days and somehow tha: 
item got  overlooked - - and f o r  t h a t  we're sorry". 
blood c e l l  and p ro te in  samples were exposed t o  room tenpera tures  f o r  
nearly two weeks longer than planned. 
between a c t i v a t i o n  and performance. 
bly degraded the  red blood cells and broke down t h e  pro te ins .  

As a r e s u l t ,  t he  red 

They were to have been c h i l l e d  
The high s to rage  temperature poss l -  

The SPT reported during DOY 335 (0059 GMT) t h a t  "I 've got  t he  
experiment being s e t  up now". 
stowed the  CPMD but t he  rest of t h e  equipment was l e f t  p a r t i a l l y  set up 
i n  the  MDA. 

A t  0343 GMT, he reported t h a t  he had 

On DOY 339, seven minutes were scheduled €or TV117 preparation. 
A t  0051 GMT, t he  SPT reported t h a t  "we never got  t h a t  t h ing  put toge ther  - - i t  was i n  the  MDA, [off the  EREP f o o t  platform and] I had t o  move it  
dawn t o  the  OWS, t he  parts a r e  over t h e r e  i n  the  corner with l o t s  of gray 
tape wrapped around them - - i t ' s  going t o  take  a l i t t l e  more t i m e  and 
gray tape t o  g e t  it a l l  p u t  together". He noted on DOY 390 a t  1304 GMT, 
t h a t  "it takes a f a i r  amount of doing t o  g e t  a l l  t h a t  s t u f f  put toge ther ,  
e spec ia l ly  the  f i r s t  time, and I 've never seen the  gear [and] t h e  proce- 
dures". 
gray tape" f o r  demonstration set up. 

He observed l a t e r  t h a t  i t  took the  "be t t e r  p a r t  of a r o l l  of 

A t  2359 GMT on DOY 340, the  SPT repoited t h a t  "I got  t he  fellow 
a l l  set up and ran  the  f i r s t  one" and t h a t  " I 'm j u s t  f i n i s h i n g  up running 
the  ops 2 on s i d e  number 2", and t h a t  t h e  f i r s t  run was made wi th  bubbles 
should have been removed, but they cannot be removed by tapping, as sug- 
gested - - it takes a very s k i l l f u l  shake". 
of the  procedure, he recommended t h a t  he Ogo back and run [ops 11 again". 

Since he missed t h a t  p a r t  

The SPT gave a d e t a i l e d  desc r i ? t ion  of t he  runs In  a dump tape ,  
s t a r t l n g  a t  0408 GMT on DOY 341. 
slow d r i f t  of the  bubbles" a t  t he  times he took t h e  second and t h i r d  
photographs. A f t e r  revers ing  the  vol tage ,  he observed t h a t  "the i n t e r -  
f ace  was f a i r l y  f l a t  and 6ome of the  bubbles were imbedded i n  the  red  
material". The ga te  on ce l l  one was closed a t  t he  end of the f l r s t  run 
and t h e  bubbles removed from the  tubes of both c e l l s .  

During t h e  f i r s t  run, he observed ''a 

Af t e r  I n i t i a t i n g  the  sscond run i n  ce l l  two, t he  p ro te in  sample, 
the SPT reported "a t  2258 [GMTJ I saw nothing -- a l l  t he  way through I 
saw a b ig  nothing - - I did  not  no t i ce  any d i f f e rences  i n  co lor  - - f o r  
me I was j u s t  proving t h e  i n t e r f a c e  between two similar substances 
doesn' t  show up no matter h o w  you moved it around - - but ,  I ca r r i ed  
out  the  photo program as ca l l ed  for". 
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I n  preparat ion f o r  run 3,  t he  second operat ion of c e l l  1 (red 
blood cel ls) ,  t he  SPT observed t h a t  "in the  process of t rv ing  t o  g e t  r i d  
of bubbles I had ag i t a t ed  i t  enough t o  spread the small amount of red 
which was trapped i n  the c y l i n d r i c a l  s ec t ion ,  I had e s s e n t i a l l y  d i f fused  
the  rest - - so t h a t  t he  f l u i d  barely shwed a trace of i t  - - uniform 
co lo r ,  very s l i g h t  pink", During t h i s  second run wi th  ce l l  1, the  SPT 
observed t h a t  "the i n t e r f a c e  was very c l e a r l y  def ined but the  cen te r  had 
moved out  a l i t t l e  b i t  - - i t  reminded m e  very much of t he  c ros s  sec t ion  
t h a t  they show f o r  flow through a pipe - - j u s t  a s l i g h t l y  e l l i p t i c a l  o r  
bowed i n t e r f a c e  t o  i t ,  with the  cen te r  p a r t  extending f a r t h e r  down the 
tube". He noted s p e c i f i c a l l y ,  a t  t he  time of the  t h i r d  photograph, t h a t  
"the i n t e r f a c e  - - had moved away from the  walls q u i t e  a b i t  - - a l l  t h e  
way up t o ,  I don ' t  know, 1.2 o r  1.3 [cm o r  so whzre i t  f i n a l l y  pot back 
t o  the  walls and the cen te r  por t ion  had t migratedJ a l l  the  way down t o  
1.74 cm". 

Af te r  revers ing  the  vol tage,  "the i n t e r f a c e  became not  as well 
defined and not  as sharp - - i t  was s t i l l  down t h e  tube i n  the  cen te r ,  
but  now i t  had become very jagged, and the  t r a n s i t i o n  was f a i r l y  grad- 
u a l  - - very d i f fused  i n t e r f a c e  - - t he  co lor  t r a n s i t i o n  was very grad- 
dual". A s  reverse migration progressed, " there  were streamers of d i f  - 
fused red material streaming down - - i n t c  the r e l a t i v e l y  c l e a r  f l u i d  
which had only a very trace amouiit of red i n  it". 

A t  the end of the  reverse migrat ion,  the  SDT repor ted ,  "then 
the  i n t e r e s t i n g  th ing  happened, which kind of surpr i sed  m e  - - the  sur -  
p r i s ing  par t  was ( the  in t e r f ace ]  s t a r t e d  t o  move back down t h e  tube". 
The migrat ion d i s t ance  reached a minimum of 0.3 c m  when he took the  
e ighth  photograph, and reversed again without  po la r i ty  change when he 
took the  n in th  and ten th  photographs. The three  runs are sumnarized i n  
Table VII-3, including the  times *he SPT reported taking photographs and 
some of h i s  observation. 

The demonsrration was completed on DOY 341 a t  0355 GMT. I n  con- 
c lus ion ,  the  SPT sa id :  
l i t t l e  more t r a i n i n g  on i t  t o  begin with,  so I understood what i t  was 
a l l  about,  and I would have gone about i t  i n  a much more e f f i c i e n t  and 
co r rec t  manner. 
get something from it". 

"It was a fun experiment t o  do. I wish I had a 

But thanks f o r  the  opportuni ty  of doing i t .  I hope you 

3. Constraints .  The CPMD was t o  be t ransfer red  from the  ED31 
food overcan t o  the  food c h i l l e r  during a c t i v a t i o n  and remalr. there  u n t i l  
performance. As descr ived i n  sub-sect ion 2,  t h e  CPMD was n o t  ch i l l ed  re- 
s u l t i n g  i n  a high probabi l i ty  t h a t  the  blood had been hemolyzed and the  
pro te in  had broken down. It was hoped t h a t  t he  samples would remain 
v i a b l e  f o r  up t o  oae week wi th  r e f r ige ra t ion .  The demonstration was 
performed a f t e r  th ree  weeks without r e f r ige ra t ion .  
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Table V I I - 3  

TV117 CHAKGED PARTICU MOBILITY-RUN SUMMARY (BASED ON CREW TaANSCRIPTSj 

E 

l 
I 
i 
l 2  

3 

irec t ion  

Forward 

Reverse 

Reverse 

Forward 

Rever eed 

340/2115 15 
2115 30 
2121 
2130 
2136 

34012137 
2145 
2 147 
2154 
2200 

34012253 15 

2309 
23 14 

I 340 /2319 
23 23 

2330 23 40 J 
341 /0200 

0215 

0226 

0233 

341/0243 30 
0254 

0303 
0317 
0336 

0355 

Mlgra t i on  
Distancdcm) 

0 

1.5 

1.3 
0.8 
0.5 
0.5 

I n t e r f a c e  
b could no t  

be seen. 

0.8 

1.7 t o  t i p  
of in te r facc  
2.3 t o  t i p  

3.0 to  t i p  
2.0 

1.5 t o  1.4 
0.3 
0.5 

0.5+ 

Rzmarks 1 
S t a r t  i 
1st photograph I 

2nd photo, slow bubble d r i f t  I 

3rd photo, slow bubble d r i f t  
4 th  photo 

Reversed , 5 th  photograph 
6 t h  photo, f l a t  i n t e r f a c e  
7 t h  photo 
8 t h  photo 
9 t h  photo 

C e l l  1 g a t e  c losed ,  CPMD 
shaken t o  move bubbles out  
of tubes 

S t a r t ,  1st photo 
2nd phot3 
3rd photo 
4 th  photo 

t 

i 

Reversed, 5 t h  photo 
6 t h  photo 
7 th  photo 
8 t h  photo 

S t a r t  
2nd photo, "center of i n t e r -  
f a c e  moved out  a l i t t l e  b i t "  
3rd photo, migration a t  wall 
1.2 t o  1.3 c m  
4 t h  photo 

5 t h  photo 
6 t h  photo, i n t e r f a c e  now 
very jagged, very diffueed 
7 th  photo 
8 t h  photo 
9 t h  photo, i n t e r f a c e  very 
d i f f v s e  & i nc l ined ,  Left  s i d e  
f u r t h e r  down tube; migration 
had reversed, i n t e r f a c e  moved 
beck down 
10th photo,"left  s i d e  2 t o  3 
c m  f u r t h e r  down ( than]  r igh t "  
demonstra t ion tesmineted . 
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4. Hardware Performance. The CPMD performed as expected except 
t h a t  t h e  pro te in  cel l  leaked as discussed i n  paragraph 7. Eiouating t h e  
Nikon cemera i n  a prde termined  loca t ion  produced t h e  bes t  closeup 35- 
photographs of the  sc ience  demonstrations. 

5 .  In te r face .  The only i n t e r f a c e  d i f f i c u l t y  encountered was 
with t h e  MDA l cca t ion  spec i f ied  i n  t h e  procedure. It spec i f i ed  mounting 
on MDA locker M157 but the  SPT reported t h a t  it was "al l  - w e r e d  up wi th  
A I M  gear and t h e r e  was j u s t  no p lace  tc move that". 
assembly on t h e  EREP f o o t  platform but  "it vas i n  t k  vay of a l l  t h e  EREP 
operations" se he f i n a l l y  moved it to  t h e  OWS. 

He mounted t h e  

6.  Return Data. The r e t u r n  da t a  was the  35mm photographs and 
The CPMD was re turned ,  primarily f o r  e-.raluation of the crew coments .  

hardware, but may a l s o  cont r fbute  t o  s c i e n t i f i c  da t a  ana lys i s .  

7. Anomalies. The anomaly t h a t  impacted TV117 was the  cor.- 
s t r a i n t  v i o l a t i o n  discussed i n  paragraph 4. 

The f l i g h t  hardware was disassembled by t h e  primary inves t iga to r  
and evidence of pro te in  leakage through t h e  sample ga t e  valve was found. 
The amount of pro te in  l e f t  i n  the g a t e  was extremely small (less than 0.1 
m i l ) .  The cause of the  leakage has not  been determined. 
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Q. TV118 - Cloud Formation 

The Inves t iga tor  for TV118 (SD29) is Hr. Otha Vaughn, Aero- 
Astrodynamics Labora' x y ,  S F C ,  Huntsvi l le ,  Alabama. 

1. Demonstration Descr ipt ion 

a. Objectives. The o b j e c t i v e  was to i n v e s t i g a t e  t h e  l i fe -  
time h i s to ry  and dynamics of an expansion cloud i n  zero-g. 

b. Concept. Thc concept was to compress cabin atmosphere 
i n  a closed t ransparent  chamber and, a f t e r  allowing t h e  gas to reach 
thermal equilibrium (a  few seconds), expand the  gas and observe the  form- 
a t i o n ,  motion, coalescence and lifetime of t h e  water d r o p l e t s  (cloud). 

c. Hardware Description. The H113 e l e c t r o l y t e  dispenser  was 
used as a cloud chamber. 
was to be mounted i n  t h e  portable  vise which w a s  t o  be mounted a t  a con- 
venient  loca t ion  i n  t h e  g r i d  floor. The r e s u l t a n t  cloud was to  be photo- 
graphed using the  lbmm M C  mounted on a universal  mount located seven 
g r i d s  from t h e  dispenser.  The por tab le  high i n t e n s i t y  photo lamp vas 
t o  be used t o  backl ight  the  cloud chamber to  make t h e  r e s u l t a n t  cloud 
v i s i b l e .  A t  crew option, t h e  demonstration could have been recorded 
wi th  t h e  TV system. 

It is shown in figure VII-12. The dis2enser  

2. Denwnstration Operation. On DOY 001, a science dem-stra- 
t i o n  opportunity arose - one hour w a s  a v a i l a b l e  but wi th  t h e  s t i p u l a t i o n  
t h a t  no follow-up act ivi ty  be required because it could not be scheduled 

t h e  establ ished timeline. MSFC reconmuended TV118 be performed with 
s t e p  3 of t h e  procedure (vacuum drying of t h e  M 1 1 3  e l e c t r o l y t e  dispenser) 
deleted.  
disposed of and the  one t h a t  t h e  SL-3 SPT had stuwed f o r  demonstration 
use had a l s o  been discarded. The CDR suggested emptying t h e  dispenser  
t h a t  was cur ren t ly  i n  use, but t h a t  idea was r e j ec t ed .  TV118 was 
scrubbed f o r  t h a t  day and the crew was requested t o  save t h e  next empty 
M133 e l e c t r o l y t e  dispenser.  

Unfortunately,  a l l  t h e  dispensers  used during SL-4 had been 

On MIY 019 a revised procedure was s e n t  v i a  t e l e p r i n t e r  message 
providing s p e c i f i c  DAC s e t t i n g s ,  and i n s t r u c t i n g  t h e  crew to  r e s t r a i n  
the  M133 e l e c t r o l y t e  dispenser i n  the  v i s e  e t  20-1/4 irlches fram t h e  
DAC f o c a l  plane and t o  i n s t a l l  t he  high i n t e n s i t y  l i g h t  7-1/2 irrches 
from the  dispenser  a t  150 degrees from the DAC l i n e  of s i g h t .  
vised procedure r e su i t ed  from ground t e s t i n g  which had demonstrated t h e  
need f o r  precisely control led backl ight ing of t h e  cloud to make i t  v i s i b l e .  

The re- 

No f u r t h e r  oppor tuni t ies  a rose  t o  schedule TV118. On DOY 022, 
TU18 was added t o  the  shopping list,  but i t  was the  l as t  i t e m ,  and dur-  
i ng  the balance of t he  mission t h e r e  was no f u r t h e r  discussion of it .  

7-57 





During t h e  p o s t f l i g h t  crew debr i e f ing  t h e  CDR and t h e  PLT, s a i d  
they had t r i e d  t o  make a cloud form a b w t  SO times but the r e s u l t s  were 
negative. 
cloud form in t h e  gas. 
of tke gas in t h e  d ispenser  and a wide range of compression hold times, 
but nothing worked f o r  him. 

Droplets formed on the chamber walls but  they never saw a 
The PLT reported t h a t  he t r i e d  supersa tura t ion  

3. Constraints.  No c o n s t r a i n t s  were requested for t h i s  demon- 
s tra tion. 

4. Hardware Performance. The only hardware used apparently w a s  
t h e  HI33 e l e c t r o l y t e  d ispenser  and t h e r e  were no reported problems in 
using it. 

5.  In t e r f aces .  No i n t e r f a c e s  were apparent ly  involved i n  t h e  
p rac t i ce  sess ions  f o r  t h i s  demonstration. The crew d id  not coement an 
w h a t  l i g h t i n g  was used during prac t ice .  

6 .  Return Data. Return d a t a  was to  be 1 6 ~ 1  photographs p lus  
crew comments. Hawever, no da ta  was obtained. 

7. Anomalies. The only anomaly encountered was t h e  i n a b i l i t y  
of the crew t o  form or to  see a cloud i n  t h e  chamber. A cloud may not 
have f o n d  because there may have been too feu  p a r t i c l e s  i n  t h e  cabin  
atmosphere to  serve as nuc le i  for drople ts .  Cloud foxmation r e q u i r e s  a 
minim-  of about 1,000 p a r t i c l e s / c c  of 0 . 0 4  to  1p s i z e  (0.01p to  0.lp 
particles are best) .  However, Skylab's atamsphere w a s  extremelj  clean. 
Although measurements i n  t h e  small particle s i z e  regime are not a v a i l -  
rbis, iijO3 r e c o n i d  about 3,000 p a r t i c l e s / f t 3  (0.10 particlesiccj of 
l p  t o  3r rize,  i n d i c a t i n g  t h a t  t he re  apparently were f a r  too few parti- 
cles t o  form a cloud. 
i t y  to be skin f l a k e s  whick ;;e son-hygroscopic and make poor d r o p l e t  
nuclei .  

The TOO3 pariicle a n a l y s i s  ind ica ted  the major- 

Another poss ib le  explanation f o r  t h e  crew n o t  see ing  a cloud is 
that t h e  proper backlighting may not have been achieved i n  the  p r a c t i c e  
rum. The Inves t iga to r  demonstrated cloud formation on numerous occas- 
s ions  and obtained good ground test photographs. However, the t i m e  
a v a i l a b l e  between SL-3 and SL-4 did  no t  permi t  a t r a i n i n g  se s s ion  i n  
which t h e  crew could have prac t iced  wi th  the M133 e l e c t r o l y t e  d ispenser  
and i n  which proper backlighting could have been demonstrated. 
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SECTION VIII. CONCLUSIONS AND REC(B@ENDATIONS 

The m s t  .ignificant hardware-related conclusions and recotmen- 
dation8 drawn from the corollary experiments inflight operations are 
prpsent-ci in the following paragraphs. General conclusions relating 
to the experiment development and integration program are presented 
in the MSFC Skylab Corollary Experiments Finai Technical &port, 
m x-64809. 

A. Desi- Philosophy and Guidelines 

Skylab corollary experiment operational experience deamnstrated 
the need for additional hardware design guidelines in several areas. 

1. Troubleshooting and Inflight Maintenance 

Conclusion - Skylab has demonstrated the ability of aqtronauts 
to perform inflight maintenance. Several experiment repairs were made 
during the Skylab missions (e.g., SO09 motor replacement, S183 connec- 
tor jumpering, etc.), although specific ground rules established early 
in the program prohibited designing hardware for inflight maintenance. 
3r. Oven Garriott, SL-3 Science Pilot, stated at the SL-3 debriefing: 
"I think you can do any job up there that you can do here if you have 
the right tools and a place to hold everything down and contain all 
the extra parts." Experiment troubleshooting was  ma& difficult by 
lack of telemetry or crew displays that directly indicated the desired 
function. 
but the plates were not being trmsferred by the mechanism. 
telemetry should have directly de-ected film plate presence in the 
focal plane rather than the transfer mechanism movement. 

For example, S183 film plate extraction was being idicated, 
The 

Recooanendations - Design manned space flight hardware to facili- 
tate inflight maintenance; 

Provide work stations and restraint aids for the performance of 
maintenance tasks on future manned space vehicles; 

Provide telemetry channels or crew status indicators which give 
direct readout of the specific parameters desired to aid in trouble- 
shooting hardware malfunctions and verifying proper operations; and 

Provide viewing capability for inflight observation of 
external experiments. I 
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2. Experiment Facilities 

Conclusion - The a12 Haterials Processing Facility was effec- 
tively used as a support facility for experiments M479, #351, M51 
-53 and the Ml8 series. 
it vas readily adapted to support these experiments. 
purpose Electric Furnace was designed from the Outset to be a facility 
for a series of materials processing experiments which it supported 
wtth excellent result s. 

Although not originally planned as a facility 
The MS18 hlti- 

17re SO19 A#s was designed to support only SO19 but S183 support 
was added and during the mission it was used, with an adapter launched 
on SL-4, for SO63 and T025. 
but would have been more flexible if the inboard interface had been the 
same as the SAL. 

The A I S  was successfully used as a facility 

The TO27 Photometer System urn originally designed as a single 
experiment, within SAL interiace cvnstraints, and then modified to 
support $073, S149, and the Portable Color Television System, and was 
considered for support of other proposed experiments. 
the TO27 hardware changed several times when new requirements were 
imposed- 
to directly power the motors without use of logic and relays, thus 
prowidiqg manual pointing capability. 
into the unit prepared for possiblc lacnc! OI? a?? S E 3  rescue vehicle 
at minimal cost. Rad this redundancy been in the flight unit it would 
not have been necessary to eject the photometer and extension mkchanism. 

As a result, 

Redundancy could have been built into the TO27 pointing system 

This redundancy was incorporated 

Recommendation - Hardware to be ased as a facility for multiple 
experiments should be so designated. 
maximum reliability and operational flexibility, and user8 should 
adhere to its interface prwisians. 

The design should incorporate 

3. SAL Experiment Contamination Protection 

Conclusion - Experiments extended through the anti-solar SAL 
If cool in a short time below the spacecraft atmospheric dew point. 

these experiments are repressurized with spacecraft atmosphere or 
demounted shortly after retraction, condensation forms on the cool 
surfaces. To preclude condensation on critical surfaces (e.g., the 
SO19 Articulated Mirror) a desiccant system was provided to dry the 
repressurizing gas and procedures were invoked requiring that, if the 
experiment bas demounted wtthin a specified time after retraction, the 
end caps be lamediately placed on the canister. This involved either 
an inordinate delay in demounting the experiment from the SAL or 
required two crewmen for thz normally one-man demount task. The TO27 
Sample Array System sealed as it wae retracted protecting the collector 
surfaces from exposure to condensation and leaving them in vacuum to 
preclude oxidation or other contamination of the surfaces. 
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Becomaendatfon - Provide remote sea l ing  capabi l i ty  in a i r lock  
experiments t!rat are contamination sens i t  A v e  to preclude exposure to 
spacecraft  atmosphere during mun t i ag  and demounting and, i f  required, 
maintain space vacuum ir. the  experiment canister.  

4. Photographic E m r i m e n t  Film Coog a t i b i l  i t y  

Conclusion - In mme cases, f i l m  fogging occurred when the  
emulsion was exposed to cer ta in  materials. 
inconclusive, f i lm p la t e  fogging may have been caused by chemical 
contamination from film container materials and associated equipment. 
Film handling and exposure mechanisms a f f ec t  the qua l i ty  of  the da t a  
recorded on the  emulsion. 
f l i g h t  because the f l i g h t  hardware configuration w a s  s l i g h t l y  d i f f e ren t  
than the u n i t  t ha t  was successfully t e s t ed  before f l igh t .  Also, the 
changing of f i lm from tha t  tes ted  to other  f i lm late i n  the  program 
precluded t e s t i i g  with the new f i lm and may have reduced the s c i e n t i f i c  
r e su i  t s . 

Althmgh test r e s u l t s  were 

F i l m  p l a t e s  were not a l w a y s  extracted i n  

Recommendation - Photographic experiments should be operation- 
a l l y  tes ted  with f l i g h t  f i lm t o  assure compatibil i ty of  hardware and 
f i lm and to  ve r i fy  tha t  the desired data can be recorded on the  eml- 
sion . 

5 .  F i b  b d i a t i o a  Protection 

Concltision - Passive dosimeters within the f i lm vaul t  imdicated 
radiat ion levels tha t  were inconsis tent  with those meass?lted outs ide 
the vaul t  ( indicating higher than would be expected). The opera- 
t iona l  f i lms do not exhibi t  the degradation tha t  would be an t i c i -  
pated at the indicated level.  

Recommendation - Further analysis  of t t e  rad ia t ion  indicated 
I f  higher levels are by the film and by the dosimeters is required. 

determined t o  have been present within the vault ,  then a p r o p a n  should 
be i n i t i a t e d  to  determine the reasons fo r  the higher rad ia t ion  level ,  
so t ha t  the necessary fi lm protection can be provided i n  future space 
f l i & t s .  

6 .  Hardware Safety Features 

Conclusion - Provision of safe ty  features  tha t  preclude hardware 
damage when more probable f a i lu re s  o r  procedural e r ro r s  occur could 
avoid equipment and data  loss. 
capabi l i ty  a f t e r  problem resolution. I f  fuses had been replaceable or 
had there been a c i r c u i t  breaker, complete experiment operational 
capabi l i ty  could have been restored. 
with appropriate l i m i t  switches, burnout could have been avoided 
when mechanisms bound. 

They would permit a return to  operational 

I f  a l l  motors had been equipped 
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Reco~mne.~dation - Build in safety features (e.&, fuses or 
circuit breakers, interlocks, limit switches) to protect the hardware. 

7. Crev Restraints 

Conclusion - Restraint harnesses loosened and did rot provide 
Harness modifications and a rigidizing kit were svfficient rigidity. 

developed and proved successful during later uses. 
restraint experience and the appropriate simulations (e.g.* air tables, 
3eutral buoyancy tank, etc) can minimize crew restraint problems on 
orbit and greatly increase the crev's capabilities. 

Use of Skylab 

Recommendation - G i v e  special consideration to crew restraints 
arrd verify designs with good simulations of zero-g operation. 

B. Crew Capabilities 

Conclusion - The Skylab crews demonstrated capabilities for 
handling equipment and performing tasks well beyona the preflight 
constraints and guide 1 ine s . 

Recommendation - For future prograns, the guideline capability 
of the cremen shsdd be expanded to reflect Skylab experience. 
Specif icallv: 

Hardware with a moment of inertia greater than 65 lb-in-sec' 
can be easlly handled by a single crewman; and 

Safety constraints (e.g., limitations on having equipment like 
scientific airlock experiments set-up during other operations) should 
be established recognizing the rianeuverability demonstrated by the 
Skylab crews. 
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APPENDIX A - PHOTOGRAPHY 

A .  Introduct ion 

Corol lary experiment f i l m  required environmental p ro tec t ion  
(i.e.,  r ad ia t ion  sh ie ld ing  and temperature and humidity cont ro l )  t o  
produce useable s c i e n t i f i c  resul ts  a f t e r  severa l  months i n  o r b i t .  
This pro tec t ion  was provided by s t o r i n g  the  f i l m  wi th in  the  OWS f i lm  
vau l t ,  which provided a cont ro l led  environment of r ad ia t ion  throughout 
the e n t i r e  mission and humidity con t ro l  during the unmanned s torage 
periods.  Temperature passively was cont ro l led  by the  OWS thermal 
con t ro l  sys tem.  S imi la r ly ,  humidity i n  the  f i l m  v a u l t  dur ing the 
manned v i s i t s  was whatever r e su l t ed  from mixing of cabin atmosphere 
i n t o  the vau l t  when the doors were open. Thus when the  meteoroid 
sh i e ld  was l o s t  and OWS temperatures went t o  over 120°F, the f i l m  was 
exposed t o  condi t ions Lonsiderably beyond the premission l i m i t s .  

This appendix summarizes the premission d e f i n i t i o n  of the Skylab 
environment, the  e f f e c t s  of the environment on f i lms ,  f i l m  vau l t  design, 
and o r b i t a l  operat ions r e l a t i v e  t o  co ro l l a ry  experiment f i lms.  

B. Skylab Environment 

1. Radiation. The environmental parameters t h a t  a f f e c t  f i l m  
are r ad ia t ion ,  temperature, and humidity. Radiation poses the  grea t -  
est hazard t o  the  f i lms.  The r a d i a t i o n  environment c o n s i s t s  of 
charged p a r t i c l e s  from th ree  sources:  1) cosmic rays from i n t e r -  
g a l a c t i c  space,  2) protons from solar f l a r e  proton events ,  and 3) 
e l ec t rons  and p ro tom trapped i n  the magnetic f i e l d  of the ea r th .  
Galac t ic  Cosmic Radiation (GCR) includes endrge t ic  charged p a r t i c l e s  
such as  protons,  a lphas ,  and o ther  s t r ipped  nuc le i  with ener ies t h a t  
range from 10 MeV (mill ion e l e c t r o n  v o l t s )  up  to  a t  least lop5 M e V .  
The d a i l y  dose rate ranges from 11.6 mi l l i r ad  pe r  day behind 1 g a m  
per square centimeter of aluminum t o  9.6 mrad/day behind 50gm/cm . 
The energy l eve l  is so high t h a t  there  i s  no p r a c t i c a l  method f o r  
e l imina t ing  the GCR daaage, and a value of about 10 mradlday was pre- 
d i c t ed  as  the  GCR dose. 

5 

Solar  f l a r e  proton events  t h a t  envelope the e a r t h  are i n f r e -  
quent and are of unpredictable  magnitude. 
sh ie ld ing  for such events  was not economical because of t he  low proba- 
b i l i t y  of a s i g n i f i c a n t  occurrence. Therefore,  e f f o r t s  were pr imari ly  
concerned with pro tec t ing  :he f i lms  from the e f f e c t s  of the e l ec t rons  
and protons trapped i n  the  e a r t h ' s  magnetic f i e l d .  The regiGns where 
these p a r t i c l e s  are trapped a r e  calleL che Van Al len  b e l t s .  

To attempt t o  provide 
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The f i e l d  t h a t  cxeates the  Van Al len  b e l t s  i s  ne i the r  uniform 
nor geometrically centered about t he  e a r t h ' s  sp in  axis. 
t h a t  a t  a constant  o r b i t a l  a l t i t u d e ,  such as Skylab's,  the  i n t e n s i t y  
of the  f i e l d  w i l l  vary. It is t h i s  type of va r i a t ion  t h a t  creates an  
area of high f i e l d  s t r eng th  and thus a high p a r t i c l e  dens i ty ,  c a l l e d  
the  South A t l a n t i c  Anomaly (SAA) .  It is i n  the SAA t ha t  the  f l u x  of 
ene rge t i c  protons and e l ec t rons  presented the  sh i e ld ing  requirements 
f o r  Skylab. 
a l l  r a d i a t i o n  caused by trapped e l ec t rons  i n t e r n a l  t o  the  Skylab. 
Figure A-1  i nd ica t e s  the e f f e c t  of t he  sh i e ld ing  of t h e  Skylab and 
i t s  f i l m  vau l t s  on the  r e l a t i v e  abundance of the var ious types of 
rad ia t ion .  I n  each case  the most predominant form of r ad ia t ion  i s  
l i s t e d  f i r s t .  

This  means 

The sk in  of the Skylab is s u f f i c i e n t  t o  near ly  eliminate 

FILM 
VAULT 

PROTONS 
COSMIC RAYS 
ELECTRONS 

SKYLAB J- WALL 

ELECTRONS 
PROTONS 
COSMIC RAYS 

I 
INTERNAL EXTERNAL 

FIGURE A - 1  SKYWLB RADIATION ENVIRONMENT 

The design of the f i lm  vaul t  was determined by the t rade  of f  
of launch weight, and the r ad ia t ion  pro tec t ion  t h a t  wodd keep  f i lm  
degradation t o  a leve l  t h a t  would not mask t he  da t a  on the  f i l m .  

2.  Temperature and Humidity. The predicted temperature and 

A ground cool ing sys t em maintained the  
During 

humidity var ied throughout the prelaunch, launch, o r b i t a l  hab i t a t ion ,  
and o r b i t a l  s torage  periods.  
OWS i n t e r i o r  between 40°F and 5 5 9  from close-out t o  launch. 
the manned periods the temperature was t o  be maintained between 65' 
and 809, with the lower l i m i t  dropping t o  45°F during the s torage 
period. The r e l a t i v e  humidity of the OWS i n t e r i o r  during prclaunch 
was predicted t o  be near zero  because it was pressurized with dry  
nitroger.. During hab i t a t ion ,  moisture was added by the as t ronauts  
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presence, and the  environmental con t ro l  system was t o  maintain the 
r e l a t i v e  humidity between 27 and 6 5  percent with 4 5  t o  5 5  percent 
expected during mcst of the  manned period. During o r b i t a l  s torage  
the OWS humidity was s t a r t i n g  between 27 and 100 percent and f a l l  
t o  between 4 and 16 Fercent near the  end of the period. 

C .  Effec t  of the Environment on Films 

With the  environment es tab l i shed ,  the next s t e p  was to  eva lua te  
its e f f e c t  on the f i lms ,  and determine i f  the  r e s u l t a n t  degradation was 
acceptable  t o  the p r inc ipa l  inves t iga tors .  To accomplish t h i s ,  s eve ra l  
test  programs were i n i t i a t e d .  
Degradation Tests, ED-2002-1109, were performed to  eva lua te  the e f f e c t s  
of. environmental s torage  f a c t o r s  of t i m e ,  temperature,  and r e l a t i v e  
humidity. S imi la r ly ,  Skylab Radiation Film Studies ,  ED-2002-1110, were 
performed t o  evaluate  the photographic degradat ion due t o  r a d i a t i o n  on 
Skylab experiment f i lms.  

Corol lary Experiment Film Environment 

The humidity and temperature t e s t i n g  involved placing a l a t e n t  
image on samples of the f i lms ,  then subjec t ing  them t o  temperatures 
ranging from 80%' t o  120% and humidity ranging from 20 percent t o  
90 percent.  
s i tometry of the  processed f i lm,  was used as the  judging c r i t e r i a .  All 
test environmental condi t ions operated a t  90 percent r e l a t i v e  hunid i ty  
were found t o  be unacceptable as was a s torage  temperature of 120%'. 
Storage temperatures as high as 100% were considered acceptable  f o r  
sho r t  per iods of t i m e ,  i f  low humidity was maintained. 
time, temperature and humidity on the f i lm  are f a c t o r s  t h a t  a r e  insep- 
a rab le  and can ocly be var ied i n  t h e i r  proport ional  e f f e c t s .  
e lapses  the speed and con t r a s t  of an  emulsion genera l ly  decreases ,  the  
fog l eve l  increases ,  and t h e  luaximum a t t a i n a b l e  dens i ty  decreases .  Low 
humidity pr imari ly  a f f e c t s  the physical c h a r a c t e r i s t i c s  of the f i l m  
ra the r  than i t s  photographic q u a l i t i e s .  Spec i f i ca l ly  the f i l m  may 
develop cracks o r  tears i n  the  emulsion, the base may become b r i t t l e  
and break, and s ta t ic  discharge may occur i f  the f i l m  is advanced i n  
the camera while i t  i s  dry.  High humidity may cause s t i c k i n g  of the 
layers o r  even separa t ion  of the emulsion from the base. 

The degradation of t h i s  l a t e n t  image, determined by den- 

The e f f e c t  of 

As t i m e  

The r ad ia t ion  t e s t s  cons is ted  of determining the degradat ion 
An photographic response caused by Cobalt 6 0  (C06O)  gamma rays. 
samples were i r r a d i a t e d  a t  the  JSC High Range Ca l ib ra t ion  Test  F a c i l i t y  
using a ten curie C06O gamma ray  source. Dosages var ied ,  based upon 
the  expected s e n s i t i v i t y  of the f i lm,  from 0.1 Rad to 48 Rad. The 
f i l m  was then exposed with a test  image a t  wavelengths s p e c t r a l l y  
representa t ive  of the Skylab f i l m  type (i.e., x-ray,  u l t r a v i o l e t ,  
v i s i b l e ,  and inf ra red) .  
produce the c h a r a c t e r i s t i c  curve or  t h e  H&D curve a f t e r  Hurter and 
Dr i f f i e ld .  This a l lows the determinat ion of :  
dens i ty  due t o  the base material plus the fog of the  f i l m ;  g a m  o r  
h e  s lope of the s t r a i g h t  l i n e  port ion of the H&D curve; and the  

Film 

The f i l m  was then processed and analyzed t o  

the  "gross fog" o r  the 
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r e so lu t ion  c h a r a c t e r i s t i c s .  
of f i l m  responses a f t e r  i r r a d i a t i o n  was based upon a subjec t ive  a s ses s -  
ment of the  f i lm  test samples by the experiment P r inc ipa l  Inves t iga to r s .  

The f i n a l  determination of accep tab i l i t y  

The general  e f f e c t  of a l l  high-energy r ad ia t ion  on a photogra- 
phic f i l m  is an increase i u  background dens i ty  (gross fog) ,  and a r e -  
duct ion i n  gamma and f i l m  speed. 
causes l o s s  of de t a i l ed  information i n  the  low l i g h t  l eve l  region 
because of masking by the fog. The t o t a l  range of con t ra s t  ava i l ab le  
on a f i l m  emulsion is  reduced by :he rise i n  background densi ty .  The 
reduction i n  gamma causes a decrease i n  con t r a s t  between areas of 
varying l i g h t  l e v e l  exposure t h a t  may, i n  some cases ,  cause a lo s s  of 
d e t a i l  i n  the recorded information. The reduct ion i n  f i l m  speed causes 
the  appearance of underexposure of the photograph. 

The increase i n  background dens i ty  

D. Film V a u l t  Design 

With the environment estab3ished and the l i m i t s  f o r  each f ac to r  
determined, the design of the i i l m  vaul t  became a trade-off between 
launch weight and the mass required t o  provide the necessary protec-  
t ion.  The allowable radiat ior .  dosc was es tab l i shed  by evaluat ing the 
r e s u l t s  of the Radiation Test Program arid add i t iona l  d i scuss ions  with 
some of the P I S .  From t h i s  value the Galac t ic  Cosmic R a y  dose was 
dcducted s ince  they would penet ra te ,  without s i g n i f i c a n t  l o s s  of 
energy, r.11~ sh ie ld ing  tha t  Skylab could o f f e r .  
f o r  the  per iods of t i m e  duing which the f i lm  was out of the f i lm  
vau l t ,  being t ransported i n  the  Command Module and i n  operat ion.  
resu l ted  i n  an  allowable r ad ia t ion  dose tha t  determined the sh ie ld ing  
requirement f o r  the f i lm  vau l t .  
liminary sh ie ld ing  thickness then determining the  r ad ia t ion  spec t ra  
within the vaul t  due t o  the environment resu l ted  i n  e s t ab l i sh ing  the 
f i n a l  sh i e ld  thickness ,  

Deductions were made 

This 

Several  i t e r a t i o n s  of assuming a pre- 

The f i n a l  design of the OWS f i l m  vaul t  employed one large 
aluminum cas t ing  with 12 drawers, 2 with 0.25 in .  of sh ie ld ing;  6 
with 1.9 in .  and 4 with 3.4 i n .  (see f igu re  A - 2 ) .  It occupied a 
t o t a l  envelope approximately 54 i n .  high, 40 in .  wide, and 26 I I .  

deep. I ts  weight, without f i l m ,  was approximately 2250 l b s ,  

The f ron t  of the vaul t  was closed by two doors hinged i n  the 
center  of the v a u l t  face.  During launch the doors were secured by 
bo l t s  t o  the main body of the v a u l t .  This e l iminated the need f o r  
massive hinges t h a t  would not be needed i n  the zero-g environment of 
space. 
t y p e  la tches .  

While on o r b i t  the v a u l t  doors were held closed by su i t case  

Tne  i n s ide  of the  doors had indentat ions,  both t o  provide :he 
proper amount of sh ie ld ing ,  and t o  provide room f o r  the mounting of 
poiassium thiocyanate s a l t  pads. The stilt pads possessed the property 
of absorbing o r  re leas ing  moisture t o  the surrounding atmosphere, 
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dependii,g upon i t s  r e l a t i v e  humidity. 
contained wi th in  the  vcu l t  along with a con t ro l l ed  Leakage of the 
doors was t o  maintain a r e l a t i v e  humidity of I 5X-J  15%. 

Thus the  quanLity of s a l t  pad!: 

E. O r b i t a l  Operations 

The Saturn Workshop was launched a t  17:30:00 GMT on DOY 134. 
A t  approximately 69 seconds a f t e r  l i f t - o f f  the meteoroid s h i e l d  on 
the  fZ s i d e  of t he  ceh ic l e  and one solar array wing separated from 
the  workshop. 
shop i n  the  des i red  235 n a u t i c a l  mile o r b i t .  The vehic ie  was then 
maneuvered i n t o  s o l a r  i n e r t i a l  a t t i t u d e  and the temperature rose  above 
operat ing l i m i t s .  A t  13 hours i n t o  the f l i g h t  the  vehic le  w a s  pitched 
up toward the  scn t o  redrlce the s o l a r  incidence angle  on the  workshop. 
A d e l i c a t e  balance between temperature and power was maintained by 
maneuvering the vehic le  u n t i l  th3 launch of SL-2, eleven days a f t e r  
the launch of SL-1. 
the  parasol  out  the s o l a r  SAL and the temperature begain t o  drop. 

A l l  o ther  systems operated nominally placing the work- 

On the  second manned mission day the crew deployed 

The temperature p r o f i l e  f o r  the OMS f i lm  vau l t  i s  shown i n  
f igu re  A-3. There w a s  no temperature sensor  wi th in  the f i l m  vaul t  
so an  approximately technique w a s  developed t h a t  averaged the tempera- 
i u re s  indicated by seve ra l  adjacent  sensors  and added a co r rec t ion  
f a c t o r  of 5%.  
M487 d i g i t a l  thermometer indicated good co r re l a t ion .  

On DOY 148 a check of t h i s  technique made using the  

This period of high temperature and low humidity w a s  cause 
f o r  concern €or many of the experiments employing f i l m  t ha t  w a s  stowed 
i n  the OWS f i l m  vaul t .  Rcsul ts  of the Film Degradation Tests wrre 
reviewzd aloiig with "glove box" da t a  provided by the f i l m  manzfact,.rer, 
Kodak. It was determined tha t  the l o w  humidity, low pressure,  n i t r o -  
gen atmosphere provided near optimal s torage  condi t ions  f o r  the ele- 
vated tern eratures. 

f i lms  was edvisable .  The r e s u l t s  of prcvious ttermal t e s t s  had shown 
e r r a t i c  r e s u l t s  f o r  SC-5 and 103a-0 f i lms  making t h e i r  resupply highly 
des i r ab le .  The experiment f i l m s  f i n a l l y  se lec ted  f o r  resupply werc 
SO19, S183, S19OA, and S190B. The SO09 Nuclear Emulsion was deter -  
mined t o  requi re  resupply,  but due t o  space and weight cons idera t ions  
was delayed u n t i l  SL-4. 
returned on SL-2 but the  heat  had fused the  l aye r s  of f i l m  rendering 
the da t a  unrecoverabie. 

The po ten t i a l  f o r  co lo r  s h i f t  due t o  temperatures 
above 120 4 indicated t h a t  resupply of the EREP color  v i s i b l e  and I R  

7 ,e  i n i t i a l  SO09 package was exposed and 

I t  was feared that. the  low humidity would dry out  the f i l m  to  
the point t ha t  emulsion cracking and s t a t i c  discharge might become a 
problem. It was suggested tha t  water might be introduced t o  the f i l m  
vau l t  through the use of a moist towel, thus r a i s i n g  the humidity 
al1ovir.L r econs t i t u t ion  of the f i l m .  Th-. f i n a l  dec is ion ,  aga in  based 
upon information from Kodak indica t ing  t h a t  any drying would be minimal 
and a n  edge phenomena, was tha t  the  rise i n  humidiry due t o  ac t iva t ion  
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of  t h e  c l u s t e r  and the period of time between a c t i v a t i o n  and a n t i c i -  
pated f i l m  usage would be adequate f o r  r econs t i t u t ion .  The e f f ec t  
on the  remaining f i l m  was exhib i ted  by the  lorn DAC f i lm.  It w a s  
found necessary to  remove the  lead 2 meters p r i o r  to threading t o  
prevent jamming. 

Several  co ro l l a ry  experiments experienced anomalies related 
t o  t h e i r  photography: SO19 experienced seve ra l  magazine jams, t he  
S183 ca r rouse l  launched on SL-1 was consideLed degraded by the h igh  
hea t  and the resuppl ied ca r rouse l s  (both SL-2 and SL-4)  jammed, and 
the  S183 16mm f i l m  magazine on SL-4 jammed. These were indiv idua l  
experiment anomalies , but one anomaly t h a t  plagued s e v r r a l  experiments 
w a s  the  oi t -of-focus condi t ion  of Nikon 02. The first  r o l l  of f i l m  
shot  OR SL 4 with iiikoil 02 was i n  focus,  but a l l  subsequent ro l l s  were 
out  of focus. Analys is  and t e s t i n g  showed t h a t  the closest  approxima- 
t i o n  t o  the  f l i g h t  cond i t io1  w 2 s  accomplished by removing the  i n t e r n a l  
f i l m  pressure p l a t e .  
both ozone and a i rg low studieh.  

This prablem degraded the  d a t a  f o r  SO73 and S063,  

Prel iminary eva lua t ion  of the r a d i a t i o n  p io t ec t ion  afforded by 
the  f i l m  v a u l t  has  r e su l t ed  i n  a degree of uncertainty. 
sets of passive dosimeters were placed i n  drawers B and F and a per- 
sona l  r a d i a t i o n  dosimeter bas placed i n  drawer A by the SL-2 crew. 
One set  of passive dosimeters and the P W  were returned by the SL-2 
crew, and the  o the r  2 passive dosimeters were re turned  a t  the end of 
SL-3. A l l  the  dosimeters i n  the  vault ind ica ted  a rad dose approxi-  
mately a f a c t o r  of 2 g r e a t e r  than the prc-mission pro jec t ions .  Sev- 
eral  explanacions have heen of fered .  On DOY 328, during a c t i v a t i o n  
by the SL-4 crew, the  PLT reported f ind ing  the  f i l m  vaul t  door a jar .  
The amount of opening was about one foo t  and the t i m e  of opening w a s  
not known. It i s  n a t u r a l  to assume t h a t  t h i s  opening (and any o the r  
s imi l a r  openings) may account f o r  the  discrepancy. However, the  doses 
are too cons i s t en t  to have been influenced by chance, and the addi-  
t i o n a l  dose would have required the  vau l t  doors to  be open on a near ly  
conLiuuous bas is .  

TWO 

AnoLitrr explanat ion is t h a t  the  energy spectrum oL the environ- 
ment nay be "harder" than predicted,  conta in ing  fewer low energy par- 
t i c les  and more high energy r ad ia t ion .  Thus the  proteczion afforded 
by the  vaul t  would not be as e f f e c t i v e  as an t i c ipa t ed ,  ye t  the dos i -  
meters outs ide  the  vaul t  would ind ica t e ,  as  they d id ,  a t o t a l  r ad ia -  
t i o n  level  on ihe  order  of what was predicted.  However, there  seems 
t o  be no bas i s  f o r  near ly  t r i p l i n g  the  cosmic ray  dose ra te  as ind i -  
cated by the vaul t  dosimeters. Present ly  there  appears t o  be no 
explaiiation f o r  t he  l a rge  under-estimate of the f i l m  vau l t  dose. 
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This appendix briefly summartees the environmental assessments 
performed prior to the Skylab miseions =d przseutcr the actual condi- 
tions encountered during the missions as they relate to the corollary 
experiments. 
pressure, atmospheric gas composition, vibration, shock, acceleration, 
and radiation. 

The environments considered include temperature, humidity, 

A. Premission Environmental Assessments 

Environmental design criteria for Skylab modules and experiments 
were identified in the Cluster Requirements Specification (CRS), 
RS003MO0003. 
the Ems. 
ments were continuously mnitored and significant discrepancies reported 

Experiment environmental requirements were documented in 
Compatibilities of experiment designs with the CRS requtre- 

in the Experiment Compatibility Status Reports, Martin Marietta 
Corporation Reports ED- 2002-47 1 - 1 through 32. Pot en t ial environmen t a1 
problems were identified in the areas of dynamic and acoustic testing, 
on-orbit radiat€on and acceleration levels, and temperatures of anti- 
solar SAL experiment hardware. 
completion of appropriate tests, design or requirement changes, 
appropriate analyses, or requests for deviations fron; the require- 
ments. 
CRS. 

These were resolved by successive 

Approved deviations were incorporated into Appendix K of the 

The loads criteria for all external and internal components, 
including experiments, mounted on the Skylab structure were identified 
in MSFC memorandum IN-ASTN-0-70-1 and were ixorporared in the CRS 
by reference. 
data modified by analysis of structural differences in Skylab. 
Vibration and acoustic testing of the OWS at JSC generally verified 
the originally specified loads. HOwever, exceptions were found where 
the test results exceeded specified loads, particularly for equipment 
mounted on the OWS wall or floor. 
experiment test requirements with the revised loads.. The only MSFC 
experiment with test levels lower than the new loads was the TO13 
Force Measurement Unit mounted on the O W  tank wall. Since the TO13 
qualification level was only 2 db below the new criteria below 70 Hz 
and the amplification factors estimated for the FMU mounting brackets 
were very conservative, the previous qualification test was accepted. 

The original criteria were based upon Saturn V launch 

An exceedance study compared 

A comprehensive assessment of environmental compatibility of 
thsr Skylab experiments integrated by MSFC (other than ATW) was performed 
in the spring of 1972. 
ment developers and responsible NASA organfzations to achieve an 
acceptable resolution. The potential problems identified for the 

The results were coordinated with the experi- 
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MSFC corollary experiments were ell resolved on the basis of additional 
analyses and rationale or approval of deviations prior to the Corollary 
Experiment DCR. 

An assessment of experiment acceleration limits resulted in 
(I) 
maneuvers, and (2) requests for acceleration data for experiments 
M679, M551, M553 and MS55. 
nace were approved, acceleration data for these was also requested. 

that hardware extended beyond the OWS skin (e.g., SO19 Articulated 
Mirror used by S183, TO27 Photometer, etc.) would cool rapidly arrd 
would require several hours to warm to above the cabin atmosphere 
dew point to permit demount without condensation. 
repressurization with nitrogen a less costly desiccant system was 
approved. This precluded condensation from the reptessurieing gas 
but left the potential for introducing cabin atmosphere into the 
canister during demount. To avoid condensation plans were established 
with the JSC flight planners to leave the experiments mounted for 
'-.he required warm-up time, or, if scheduling necessitated earlier 
removal, procedures were established for two crewmen to demount the 
experiment with the second crewman imediately installing the end 
cap to minimize entry of cabin atmosphere into the canister. 

a constraint not to perform Experiment TO20 during vehicle 

When the experiments using the I618 fur- 

Thermal analyses of the anti-solar SAL experiments showed 

After evaluating 

B. Mission Environments 

A comparison of CRS requirements to measured envinmmental 
values during the pre-habitation, habitation, and storage reriods 
is presented in table B-1. 
anomaly concerned the high OWS temperatures during the first few 
days of SL-1 which resulted from the loss of the meteoroid/thermal 
shield during launch. 
seriously degraded by the high temperature was film and the SO09 
Nuclear Emulsion, discussed in Appendix A. 

The most significant environcntal 

The only corollary experiment equipment 

Humidity was indicated as approaching 100% RH by local wall 
temperature measurements and measurements of the cabin atmosphere 
dewpoint as it passed through the purification system. The primary 
concern was the possibility of condensation on the Sl90A window, 
but the crew never observed condensation around the window, even at 
times when the measurements indicated 1009. relative humidity. 
variations apparently had no detrimental effects on the corollary 
experiments . 

Humidity 

OKs pressure was cycled down to 0.3 psia during the pre- 
habitation period to purge any possible toxic gasses from the over- 
heated polyurethane OWS insulation. Fressure for the remainder of 
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the missions was essen t i a l ly  nominal. The purge cycles, i n  par t icu lar  
the rate of pressure reduction, may have contributed to the rupture of 
the ED78 diaphragm but no other adverse e f f ec t s  of i n t e rna l  pressure 
are known. Atmosphere composition was essent ia l ly  nominal. 

Radiation dosage wag l e s s  th.m predicted i n  the OWS, but the 
dosimeters i n  the f i lm vaul t  recorded a higher-than-predicted dose, 
as discussed i n  Appendix A. 
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