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13.22 COROLLARY EXPERIMENTS 

13.22.  1  General  -  The corol lary experiments  involved three major  

i tegories  of  experimentat ion consis t ing of ;  the scient i f ic ,  with object ives  

> acquire  photographic  data  of  solar  and s te l lar  phenomena;  the technological ,  

with object ives  to  measure contaminat ion levels  surrounding the Orbi ta l  

Assembly;  and the operat ional ,  with object ives  to  assess  technological  

innovat ions which ass is t  the crew in performing space related tasks .  

Performance of  the corol lary experiments  during the three Skylab missions 

achieved most  of  the designed and planned funct ional  object ives .  The know

ledge obtained f rom their  operat ion and the acquired data  have provided 

insight  that  wil l  be  implemented into the design and operat ional  require

ments  of  future  manned spacecraf t .  

Signif icant  information has  been acquired as  a  resul t  of  the corol lary experi

ment  act ivi t ies  performed during Skylab.  Ihe fol lowing are  some conclusions 

der ived from the on-orbi t  corol lary experimentat ion that  is  appl icable  to  

future  spacecraf t  hardware designs and operat ions.  

•  An adequate  maintenance workstat ion with appropriate  

tools  and res t ra ints  should be included in  future  space

craf t  design.  

•  Crew manipulat ion of  large experiment  equipment  

caused no problems.  Mult iple ,  smal l  i tems were 



found to  be diff icul t  to  constrain and handle .  I t  i s  

recommended that  handles  be provis ioned on a l l  large 

mass  i tems to  faci l i ta te  their  manipulat ion.  Also,  a  

system is  required to control  the manipulat ion of  

mult iple ,  smal l  i tems.  

Of the experiments  requir ing extension/retract ion 

through the Scient i f ic  Air lock (SAL) to  space,  i t  was 

found that  the re t ract ion forces  were somewhat  higher ,  

as  ant ic ipated,  and that  a  warm-up period was required 

pr ior  to  f inal  re t ract ion and removal  of  experiments  

f rom the SAL to prevent  formation of  condensat ion/  

f rost .  

Through operat ions of  M509 and T020 the feasibi l i ty  of  

a  one-man maneuvering uni t  was successful ly  demonstrated.  

Corol lary experiment  T013 demonstrated that  crew 

motion within a  large spacecraf t  does impact  i ts  

s tabi l i ty  and guidance control  and should be considered 

in  future  designs.  



13.22.2  Scient i f ic  Exper iments  

13 .22.2 .1  S009 -  Nuclear  Emuls ion 

a .  Operat ions  -  Exper iment  S009 was  scheduled to  be  performed 

throughout  the  SL-2 miss ion to  inves t igate  aspects  of  cosmic  radia t ion.  

Pr ior  to  exper iment  in i t ia t ion ,  the  S009 detec tor  package was  to  be  removed 

f rom the  OWS f i lm vaul t ,  t ransferred  to  the  MDA and ins ta l led  in  the  S009 

exper iment  housing.  The crewman was  then to  in i t ia te  exper iment  opera t ion 

by se t t ing  the  proper  beta  angle  and ac t ivat ing the  open-close  cycle  for  the  

exper iment .  S009 was  to  opera te  automat ica l ly  throughout  SL-2 wi th  the  crew 

making per iodic  checks  and/or  correc t ions  to  the  exper iment  beta  angle  

and open-close  cycle .  At  the  complet ion of  the  exper iment ,  the  S009 

detec tor  package was  to  be  removed f rom the  exper iment  housing and s towed 

in  the  CM for  ear th  re turn .  

b .  Usage/Anomal ies  -  The S009 exper iment  was  conducted on 

SL-2 despi te  a  concern  of  poss ib le  S009 detec tor  emuls ion degradat ion due 

to  the  h igh OWS temperatures  present  dur ing the  beginning of  the  SL-2 

miss ion.  Dur ing the  S009 detec tor  package ins ta l la t ion  considerable  d i f f icul ty  

was  encountered.  I t  was  determined that  due  to  the  h igh OWS temperatures ,  

the  emuls ion package had expanded thereby reducing the  to lerances  between 

the  package and exper iment  housing.  

Af ter  two we ks  of  opera t ion the  door  on the  S009 exper iment  housing 

began to  b ind and f inal ly  would  not  c lose  proper ly .  The crew performed 



malfunct ion procedures  and concluded that  the motor/dr ive t ra in  for  the 

experiment  door  had fai led.  As a  resul t  the S009 door  was lef t  open,  

the automatic  open-close cycle  was inhibi ted and manual  point ing was 

maintained throughout  the durat ion of  the SL-2 mission for  data  col lect ion.  

At  the end of  SL-2 the S009 detector  package was s towed in  the CM and 

returned to  ear th .  On ground analysis  of  the package revealed that  the 

emulsion layers  had been fused together  due to  the high OWS temperatures  

and the data  was of  l i t t le  use.  

On SL-3 a  new S009 door  motor  was launched for  replacement  but  

replacement  was not  accomplished due to  schedul ing reasons.  

On SL-4 a  new emulsion package was launched.  During malfunct ion 

procedures  the crew replaced the defect ive door  motor  (an hour  operat ion)  

and instal led the resuppl ied detector  package.  S009 was then act ivated and 

performed sat isfactor i ly  throughout  the remainder  of  the SL-4 mission.  Up 

complet ion of  the experiment ,  the detector  package was s towed in  the 

CM and returned to ear th .  

c .  Assessments/Recommendat ions -  Experiment  S009 

operat ions,  including malfunct ion procedures ,  were s t ra ightforward and 

no crew interface problems were experienced.  The hardware unstowage 

and experiment  act ivat ion was a  one-man operat ion and the res t ra ints  



provided in  the MDA for  S009 operat ions were considered adequate .  No 

problems were encountered during the SL-4 S009 motor  replacement  and 

resupply of  the detector  package.  

13.22.22.2 S019 -  UV Stel lar  Astronomy 

a .  Operat ions -  The S019 UV Stel lar  Astronomy experiment  

was scheduled to  be performed during 12 selected night  orbi ts  in  each 

of  the f i rs t  two missions,  SL-2 and SL-3.  

The equipment  to  be used was an opt ical  canis ter  and the Art iculated 

Mirror  System (AMS),  launched in  individual  s towage containers ,  and 

the f i lm canis ter ,  launched in  the OWS f i lm vaul t .  One crewman was to  

be required to  set  up and operate  the experiment  hardware in  the Scient i f ic  

Air lock (SAL) to  obtain a  total  of  150 s l ides  of  data  f rom a minimum of 

36 s tarf ie lds .  Three s tarf ie lds ,  with three exposures  per  s tarf ie ld ,  

were to  be photographed during each operat ion.  To maximize the scient i f ic  

re turn of  S019,  the as t ronaut  was to  be a l lowed as  much f lexibi l i ty  in  the 

choice of  s tarf ie lds  and exposure t imes as  possible .  

b .  Usage/Anomalies  -  During the ini t ia l  act ivat ion of  the AMS 

a  problem occurred in  the operat ion of  the t i l t  mechanism.  As a  resul t ,  

th is  S019 operat ion was aborted and no data  was acquired.  Through 

extensive malfunct ion procedure checkout  and f inal ly ,  d isassembly of  the 

AMS t i l t  mechanism,  the crew discovered an Allen screw binding on a  



small  gear  of  the t i l t  mechanism.  This  was corrected and the uni t  

funct ioned properly during the remainder  of  the experiment 's  data  

acquis i t ion operat ions.  

During the repair  of  the  AMS t i l t  mechanism,  the mirror  was inadvertent ly  

touched leaving a  f inger  pr int  on the mirror .  At  the request  of  the 

Pr inciple  Invest igator  (PI) ,  no correct ive procedure was implemented,  

to  remove the f inger  pr int .  This  was to  prevent  possible  addi t ional  

damage to  the mirror  surface.  Trying to  c lean the mirror  could have 

been more degrading to the mirror 's  viewing funct ion than the imposed 

f inger  pr int .  

During SL-3 operat ions of  S019 i t  was reported that  the luminescence 

had come out  of  the digi ts  on one of  the  rotat ion dials .  However ,  by 

c lose inspect ion,  the operator  could s t i l l  dis t inguish the engraved 

impressions of  the digi ts  to  permit  proper  operat ion of  the rotat ional  dial .  

The S019 spectrometer  mechanism jammed during retract ion fol lowing 

a  SL-3 pass .  Retract ion was eventual ly  accomplished some 30 hours  

subsequent  to  the ini t ia l  fa i lure  and normal  operat ions were res tored.  

Due to  this  S019 experiment  re t ract ion fai lure ,  warm-up procedures  

for  a l l  experiments  placed in  the SAL were observed pr ior  to  exposure 

of  their  mechanism to OWS environment  for  a l l  subsequent  experiment  

operat ions.  



During a  SL-3 S019 pass  the crew reported that  the f i lm advance/  

shut ter  lever  s topped a t  the carr iage retracted posi t ion,  and could not  

be moved on to  the s l ide re t racted posi t ion.  This  f i lm canis ter  was 

replaced with the new canis ter  and the remaining exposures  were taken 

as  scheduled during SL-3.  The fai led canis ter  was taken to  an area of  

subdued l ight  ( the head,  with l ights  out  and door  c losed) ,  the cover  was 

removed,  and the s l iding f i lm hatch was opened.  Inspect ion by feel  was 

performed on par t  of  the carr iage and shut ter  mechanism.  The crew 

ident i f ied no apparent  damage or  discrepancy that  could be corrected by 

their  act ion.  Consequent ly ,  the f i lm canis ter  uni t  was re turned to  ear th  

for  malfunct ion analysis .  

I t  was found from the review of  acquired data  that  during performance of  

the S019 experiment ,  the system was extremely sensi t ive to  motion and 

some blurs  occurred on one S019 s l ide.  I t  was fel t  that  this  could have 

been caused when the canis ter  was used as  a  wri t ing surface.  The PI  

requested that  the S019 system not  be touched when taking data .  This  

was necessary to  the acquis i t ion of  c lear  photography.  The crew had 

no diff icul t ies  complying with this  request  except  when opening or  c losing 

the shut ter .  At  this  t ime momentary j iggl ing of  the S019 system could not  

be prevented.  

Although S019 operat ions were not  or iginal ly  scheduled for  SL-4,  the 



SL-4 mission extension created addi t ional  crew experiment  t ime and 

al lowed assignment  of  S019 to  SL-4.  New S019 f i lm canis ters  and a  

replacement  S019 mirror  were launched.  During replacement  of  the 

S019 AMS mirror  the crew reported the new mirror  was dusty and had 

three very narrow white  s t reaks.  The new mirror  was touched by the 

crewman leaving a  3/4 inch long smudge which extended 3/  16 inch in  

f rom the edge.  This  was caused by the gloves being packed under  the 

mirror  and the crewman having to  remove the mirror  bare  handed.  

Numerous problems were experienced with the S019 canis ters  jamming 

during SL-4.  The canis ter  would not  go into the s l ide re t ract  posi t ion and 

the problem was bel ieved to be with the nylon s leeve on the f i lm s l ides .  

The f i rs t  canis ter  to  jam was placed in  s towage however  when the second 

canis ter  jammed the crew decided to  use brut  force to  put  the lever  in  

the s l ide re t ract  posi t ion.  The canis ter  then operated normally 

except  higher  forces  were required on the operat ing mechanism.  This  

canis ter  eventual ly  jammed again and broke when the crewman forced 

i t  into the s l ide re t ract  posi t ion.  Malfunct ion procedures  were 

performed but  the canis ter  was considered completely broken.  The 

f i rs t  canis ter  was operated using excessive force but  the crew fel t  i t  

could jam at  any t ime.  Both canis ters  were returned for  evaluat ion.  



There was a  cont inual  gradual  degradat ion in  the indicator  on the rotat ion 

dials  of  the AMS. In addi t ion to  the luminescence coming out  of  the  uni ts  

digi t , the crew reported they were experiencing s l ippage between the mirror  

rotat ion at t i tude control  knob and the indicat ion dial .  The bel t  broke and 

the degree indicator  did not  move even though the crank was turning.  No 

repair  was at tempted due to  the radioact ivi ty  f rom the luminescence in  

the sealed dials .  For  a l l  subsequent  operat ions the crew had to  count  the 

number of  turns  of  the crank to determine the rotat ion set t ings.  The T002 

sextant  was used to  check misal ignment  of  the mirror .  

A fai lure  of  the S019 ret ic le  l ight  was ident i f ied on one S019 canis ter .  

The crew reported ear l ier  that  the re t ic le  l ight  was dim and i t  was assumed 

that  the bat tery charge was too low to  i l luminate  the bulb.  The bulb and 

bat tery were not  replaceable  but  the re t ic le  was for  reference only and 

no data  was lost  due to  the fa i lure .  No correct ive act ion was necessary 

except  the crew turned off  the re t ic le  l ight  when i t  was not  required to  

ver i fy  point ing accuracy.  

An addi t ional  S019 operat ion requirement  was incorporated during SL-4 

to  reduce possible  S019 data  degradat ion due to  OWS inf luenced dis turbances 

on the SO 19 point ing accuracy.  During SL-4 al l  ergometer  and Mark I  

exerciser  operat ions were prohibi ted during S019 operat ions.  



c.  Assessment/Recommendat ions -  The crew recommended 

that  the f i rs t  couple  of  S019 pads be re la t ively easy to give them a chance 

to  re-famil iar ize  themselves  with S019 operat ions.  The crew fel t  that  

80% of  a l l  crew errors  would probably occur  during the f i rs t  runs of  the 

experiment .  They a lso s ta ted that  S019 procedures  needed to  be updated 

with more exact  information concerning photography exposure t imes.  

Differences exis ted between the forces  required to  operate  the controls  

of  the different  S019 canis ters .  Some canis ter ' s  carr iage retract  systems 

operated easi ly  while  others  were qui te  s t i f f .  The PI  s ta ted that  this  was 

normal  as  they were not  a l l  the same.  The operat ing controls  should have 

been designed with appropriate  s top posi t ions to  e l iminate  the necessi ty  

of  count ing crank turns  to  the ful l  extended or  ful l  re t racted posi t ion.  

The crew also recommended not  using the locks on the shaf t  rotat ion or  

extension controls  as  they were no longer  required af ter  placing the 

controls  in  the unlocked posi t ion.  

The S019 t imel ines  were too c lose and the crew recommended that  30 

seconds to  1  minute  be a l located for  the operator  to  perform a change 

in  S019 point ing.  They also suggested al lowing 15 to  30 minutes  extra  

to  the t imel ine for  the f i rs t  running of  the experiment  to  a l low famil iar izat ion 

with the equipment .  



The crew requested that  the same crewman not  be as igned to  an ATM 

pass  and a  S019 pass  with no t ime in between.  Otherwise any fal l ing 

behind in  the ATM pass  immediately impacted the S019 operat ions.  The 

crewman should be al lowed to go into S019 with nothing e lse  on his  mind 

and not  c lut tered with what  he had just  f inished.  

The crew suggested having a  T-handle  on top of  the winding valve instead 

of  the knob.  The knob was very s l ippery when their  hands were moist  

and a  T-handle  would have been bet ter  for  winding the f i lm.  

Experiment  SO 19 handl ing was easy on orbi t  compared to  ground handl ing.  

The crew fel t  that  the carrying handle  for  the opt ical  canis ter  was a  

necessi ty .  

The procedures  for  changing the viewing coordinates  due to  the NTJZ  

were very sat isfactory but  there  was a  def ini te  source of  potent ia l  error  

with the s ign and albegraic  manipulat ions required to  compute the 

rotat ion.  The crew had never  t ra ined for  these calculat ions and fel t  

that  they should have had such t ra ining for  the calculat ions to  be apparent .  

There was no problem with dark adaptat ion when operat ing experiment  

S019.  The cr i t ical  adjustments  required to  prevent  dark adaptat ion 

problems were the posi t ion of  the eye to  the eye piece and the focus.  

The repair  work performed on the AMS t i l t  mechanism would have been 



aided by the addi t ion of  a  Skylab Inf l ight  Maintenance faci l i ty  composed 

of  a  work bench and a  high intensi ty  l ight .  An opt ics  c leaning ki t  would 

have been valuable  to  remove the f inger  pr int  contaminat ion f rom the 

AMS mirror  and should be provided on future  f l ights .  

13.  22.  2 .  3 S020 -  UV X-Ray Solar  Photography 

a .  Operat ions -  Experiment  S020 was scheduled to  be performed 

on SL-3 and SL-4 through the solar  Scient i f ic  Air lock (SAL) to  photograph 

x-ray and extreme ul t raviolet  spectrums of  the sun in  wavelength regions 

f rom 10 to 200 A.  

Two crewmen were to  perform the setup and checkout  of  the experiment  

in  the SAL. When not i f ied that  a  solar  f lare  might  occur ,  the crewmen 

were to  point  the equipment  a t  the solar  disc  and obtain quiet  on act ive sun 

f lare  exposures  as  required.  

b.  Usage/Anomalies  -  Due to  the parasol  thermal  shield 

occupying the solar  SAL, addi t ional  operat ing methods were devised.  A 

special  EVA bracket  was designed and launched on SL-3.  The EVA bracket  

was f i t  checked and an operat ional  decal  was instal led by the SL-3 crew.  

S020 was successful ly  performed on three SL-4 EVA's  with 

exposures  up to  one hour  being obtained.  

During deployment  of  the S020 camera the crew experienced some sl ight  

diff icul ty  in  a t taching the mount  to  the ATM truss .  In  screwing down 

the knob to  t ighten i t  the whole mount  twisted.  The bal l  joint  on the 

mount  was a lso diff icul t  to  adjust  and the crew fel t  a  larger  bal l  would 

have made i t  easier  to  adjust .  



During S020 preparat ion for  the f inal  SL-4 EVA the crew reported a  

number of  pin holes  in  each of  the two f i l ters .  Some were detected by 

the naked eye and others  were detected with a  f lashl ight  and magnifying 

glass .  I t  was fe l t  that  the s ize  of  the holes  as  descr ibed by the crew 

would not  a l low enough l ight  through to  cause any problems.  

c .  Assessment/Recommendat ions -  The interface between 

the S020 equipment  and the EVA bracket  was wel l  designed.  The experi

ment  hardware and procedures  were adequate  and experiment  operat ions 

were accomplished without  any anomalies  being reported.  

13.22.2.4 S063 -  UV Airglow Horizon Photography 

a .  Operat ions -  Experiment  S063 was scheduled to  be 

performed on SL-3 and SL-4 to  photograph in  the vis ible  and ul t raviolet  

(UV) spectra  the ear th 's  ozone layers  and twil ight  a i rglow.  

The equipment  to  be used included the vis ible  and UV cameras ,  with 

re la ted accessories ,  and the respect ive mounting s t ructures  for  the 

re la ted cameras  at  the Scient i f ic  Air lock (SAL) and wardroom windows.  

One crewman was to  a t tach the cameras  to the SAL or  wardroom window, 

make appropriate  exposure t ime and shut ter  set t ings,  and perform 

exposures  during approximately 28 selected orbi ts  of  the  mission.  



b.  Usage/Anomalies  -  Some diff icul ty  was experienced 

during the loading of  a  new Nikon camera for  S063 operat ions.  Upon 

invest igat ion i t  was found that  a  bi t  of  epoxy-l ike mater ia l  prevented 

the f i lm system from posi t ioning properly.  The crew removed this  

mater ia l  with a  knife  and the camera operated sat isfactor i ly  for  the 

remainder  of  the mission.  

Due to  solar  SAL obstruct ions by the parasol  thermal  shield,  the S019 

Art iculated Mirror  System (AMS) was ut i l ized to  obtain some of  the S063 

data .  



During ini t ia l  S063 operat ions there  was a  problem with a  t imer  mal

funct ioning.  Analysis  es tabl ished that  the motor  dr ive switch was out  

of  configurat ion and that  the t imer  was being operated incorrect ly .  This  

problem necessi ta ted the use of  the crewman's  wris twatch in  conjunct ion 

with the t imer  for  a l l  subsequent  S063 operat ions.  

Addit ional  l ight ing was required for  S063 operat ions as  the crewman had 

to  use a  f lashl ight  to  read the watch and t imer .  The crew also requested 

an addi t ional  45 seconds preparat ion t ime between S063 exposures .  At  the reque 

of  the crew,  information on how to interpret  the S063 opt ical  s ight  re t ic le  

was provided by the ground and posted next  to  the experiment  for  future  

reference by the crew.  

S063 operat ions cal led for  e ight  second exposure t imes but  due to  a  problem 

encountered in  set t ing the viewing equipment  some exposures  may have 

been 10 second exposures .  The marker  on the viewing equipment  had a  

br ight  edge and l ight  gl inted off  the leading edge of  the marker  through 

the window. The viewing equipment  was set  on this  leading edge rather  

than the white  mark.  This  added about  two seconds to  the exposure.  

One vis ible  photography port ion of  a  S063 run was not  obtained because 

a  bat tery powering the vis ible  camera had tape covering one terminal .  

This  tape was removed and no futher  problems were encountered with 

the bat tery.  



The crew reported that  during hand-held photography through the ward

room window they tended to point  the camera so as  not  to  view through 

any of  the contaminat ion on the window. 

During SL-3 i t  was noted that  an adapter  between the AMS and the S063 

window was missing a  bol t .  This  missing bol t  did not  interfere  with S063 

operat ions but  a  requirement  for  a  replacement  bol t  was provided for  SL-4.  

The crew also reported f ixing a  looseness  of  the interface between the 

mounting shear  and the opt ical  s ight  of  the  camera.  Tape was used to  

t ighten and thus reduce the wobble in  this  interface.  This  provided bet ter  

resolut ion than previously with the camera wiggle  in  the system. 

During the ini t ia l  SL-4 S063 operat ion the remote t imer  did not  operate .  

This  complicated the S063 operat ion in  that  the crewman had to  use manual  

t iming in  addi t ion to  t racking and control l ing the rotat ion and t i l t  se t t ings.  

The problem with the t imer  occurred when the crew mistakenly used a  

t imer  without  any bat ter ies .  A new bat tery in  the remote t imer  f ixed 

the problem. For  subsequent  operat ions the crew removed the bat ter ies  

af ter  each use and taped them to the t imer  to  insure nothing in  the t imer  

would drain the bat ter ies  down.  

The crew reported the r ing s i te  was looking in  the wrong direct ion and 

that  i t  should be looking more towards the axis .  Par t  of  the s ight  was 

obscured such that  you could not  see  the whole mirror .  The crewman 



assumed that  a l though his  s ight  was get t ing a  t runcated view the camera 

was get t ing the ful l  v iew,therefore  he centered i t  in  the c i rc le  and not  the 

t runcated port ion of  the f ie ld  of  v iew.  The crewman found that  by looking 

r ight  below everything,  s t ra ight  a t  the AMS mirror ,he could get  a  bet ter  

f ie ld  of  view than looking through the s ights .  

A problem was experienced with the S063 ret ic le  l ight  not  i l luminat ing.  

The crew checked the pr ime and backup bat ter ies  and they checked out  

a t  1.6 vol ts  compared to  a  3.  1  vol ts  pref l ight .  The bat tery contacts  were 

scraped however  nei ther  bat tery would i l luminate  the re t ic le  l ight .  A 

subst i tute  bat tery pack was fabricated from two (2)  spare  "C" cel ls ,  tape,  

and two (2)  mult imeter  leads.  The subst i tute  bat tery pack was instal led by 

inser t ing the probe ends of  the leads into the female terminals  of  the  

opt ical  s ight  housing and normal  re t ic le  operat ion was res tored.  

c .  Assessment/Recommendat ions -  The SO63 s towage and 

unstowage went  as  planned and the S063 procedures  re la ted to  the equip

ment  went  very wel l .  In  some instances the crew had to  hurry to get  

two photographs on the same target ,  but  the t racking task using the 

hardware was reasonable .  The t ime al located for  s towage and preparat ion 

for  S063 and AMS equipment  was adequate .  

The s towage locat ion of  the twin f i l ter  underneath the S063 s towage 

container  l id  was inadequate  because of  poor  l ight ing and vis ibi l i ty  in  



in  the area.  This  f i l ter  s towage inadequacy was ident i f ied in  t ra ining 

but  never  corrected.  

The crew stated that  they should have had one extra  Nikon camera body 

and a  minimum of s ix  extra  casset tes  of  2485 fast  f i lm for  photography 

of  targets  of  opportuni ty .  A great  opportuni ty  may have been missed 

to  properly photograph the Aurora because these i tems were not  on 

board.  The crew recommended replacing the Hasselblad in  the CM with 

a  Nikon.  

The crew recommended that  some type of  suct ion-cup type mount  be 

suppl ied for  cameras  used in  hand-held photography.  These cameras  

could then be res t ra ined at  any window. Such a  res t ra int  should be l ight ,  

have a  shut ter  re lease,  and so provis ioned that  i t  could be moved to any 

posi t ion.  

The crew recommended that  the Pr inciple  Invest igator  (PI)  provide a  

small  color  char t  ident i fying the different  shades of  gray or  white  that  

the night  a i rglow might  look l ike to  the crew.  This  would make ident i f icat ion 

easier  for  the crew and provide a  commonal i ty  point  between ground and 

on orbi t  data .  

Crew training for  experiment  S063 appeared to be inadequate  as  the t imer  

was operated incorrect ly  and the crew had to  request  information on how 

to  interpret  the S063 re t ic le .  The crewman stated that  the problem with 

the t imer  was 25% incorrect  configurat ion and 75% his  error .  



The SL-4 crew s t ressed that  due to  the lack of  a  s imulator  the f i rs t  

couple  of  runs with the S063 would have to  be accepted as  t ra ining sessions.  

Any operat ions that  cal led for  manual  dexter i ty  could not  be learned by 

ta lking through them. The crew stated they had more diff icul ty  with 

S063 than with other  more complicated experiments  which they had 

t ra ined for .  Even with a  re la t ively s imple task,  when you encounter  

something new,  a  couple  of  famil iar izat ion runs are  required before  

i t  goes smoothly.  

There was a  confusion factor  in  determining the f rame count  f rom the 

UV Nikon camera.  The frame count  on the top of  the Nikon read 

different ly  than the f rame count  on the bot tom of  the camera.  The crew 

decided to  use only the bot tom frame count  indicator .  There should be 

only one frame count  indicator  provided on a  camera.  



13.  22.  2 .  5  S073/T027 -  Gegenschein Zodiacal  Light  and ATM 
Contaminat ion Measurement  

a .  Operat ions -  Experiment  S073/T027 was scheduled for  

operat ion during SL-2 and SL-3.  The purpose of  S073 was to  measure 

surface br ightness  and polar izat ion of  n ight  glow in vis ible  spectrum. 

The purpose of  T027 was to  determine changes in  propert ies  of  opt ical  

samples  due to  deposi t ion of  contaminates  and to  measure sky br ightness  

background due to  solar  i l luminat ion of  contaminates .  

The experiment  employed the T027 Photometer  canis ter  with the automatic  

programmer.  The combined photometer  system and Data  Acquis i t ion 

Camera (DAC) system, which was at tached to  the T027 Universal  

Extension Mechanism (UXM),  was to  be mounted to  and deployed through 

the SAL into the space environment  for  acquis i t ion of  data .  S073/T027 

was to  require  one crewman for  operat ion.  

b .  Usage/A noma l ies  -  During SL-2,  the S073/T027 photometer  

system was act ivated and operated with no major  diff icul t ies .  No hard

ware anomalies  were ident i f ied.  During one T027 retract ion,  the photo

meter  system could not  be l ined up to  effect /permit  i ts  re t ract ion 

into the Scient i f ic  Air lock (SAL) and the T027 canis ter .  This  was a  T027 



systems operat ions problem in that  the system had been dr iven hard 

over ,  past  the desired al ignment .  After  being bumped against  the OWS 

and physical ly  forced,  the system was re t racted into the SAL and T027 

canis ter  as  required.  

During SL-3,  the f i rs t  crew operat ions with the T027 UXM system was 

to  re t ract  the S149 system which had been lef t  extended through the SAL 

during the unmanned per iod between SL-2 and SL-3.  This  was accomplished 

with some diff icul ty .  The f inal  extension rod lacked about  one inch from 

ful l  re t ract ion and engagement  of  the UXM capture  la tch.  At  this  point  

the SAL door  was closed to  permit  warm up of  the system. After  warm 

up,  the f inal  re t ract ion was accomplished.  The T027/S149 system was 

removed from the SAL and s towed as  required.  

The SL-3 crew had performed the T027 photometer  extension and data  

gather ing for  only a  short  t ime when during the re t ract ion mode i t  fa i led 

to  a l ign to  the required posi t ion to  permit  i ts  re t ract ion as  had previously 

occurred during the SL-2 mission.  All  malfunct ion operat ions performed 

on the system to effect  i ts  re t ract ion fai led.  Consequent ly ,  the UXM 

with the photometer  and S073 system at tached was je t t isoned on MD-8 

of  SL-3.  



The SL-3 and SL-4 crews ut i l ized the T025 hardware to  perform some 

S073 Gegenschein and Zodiacal  l ight  photography.  The equipment  was 

instal led upside-down in  the ant i -solar  SAL and the occul t ing disc  was 

moved out  of  the cameras  view.  No anomalies  were reported with this  

mode of  operat ion.  

c .  Assessment/Re commendat ions -  Experiment  T027 handl ing 

was a  one man operat ion and was faci l i ta ted by the canis ter  handle 's  proper  

locat ion through the center  of  gravi ty .  On movable  i tems of  large volume 

and mass ( i .e .  T027,  S183)  handles  were def ini te ly  required.  These 

handle(s)  should be located such that  the crewman would have complete  

control  of  the  object  during maneuvering operat ions.  

No problems exis ted during photometer  head changeout /maintenance even 

with the compressed operat ional  envelope caused by the parasol  canis ter /  

t r ipod protrusion.  Instead of  res towing T027 in  i ts  launch container  

between operat ions,  the crew recommended that  leaving the photometer  

a t tached to  the launch container  l id  become the nominal  s towage procedure.  

As T027 operat ions progressed,  the crew not iced that  the photometer  

UXM rods became increasingly diff icul t  to  screw together .  This  was 

thought  to  be caused by a  bui ldup of  moisture  and contaminat ion.  Also,  

during rod retract ion,  the crew reported that  the thermal  gloves were 

indeed required and did not  hinder  the crewman's  rod re t ract ion operat ions.  

The SL-3 crew indicated that  the T027 system should have been checked 

out  completely and possibly operated inside the OWS prior  to  i ts  use.  



13.22.2 .6  S149 -  Par t ic le  Col lec t ion 

a .  Operat ions  -  Exper iment  S149 was  scheduled to  be  

performed in  four  d i f ferent  exposure  per iods ;  dur ing SL-2,  the  unmanned 

per iod between SL-2 and SL-3,  dur ing SL-3,  and the  unmanned per iod 

between SL-3 and SL-4.  I t s  des ign object ive  was  to  acquire  data  to  ass is t  

the  determinat ion of  mass  dis t r ibut ion of  micrometeor i tes  in  near-ear th  space .  

On orbi t ,  the  S149 Motor  Dr ive/Casset te  Suppor t  Uni t  (MD/CSU) was  to  

be  unstowed,  f i t ted  wi th  the  detec tor  casse t tes ,  and a t tached to  the  1027 

Photometer  Universa l  Extens ion Mechanism (UXM).  The T027 canis ter  

was  to  then be  ins ta l led  in  the  ant i -solar  SAL and the  S149 MD/CSU 

extended in to  space .  Power  was  to  be  appl ied  to  the  exper iment  and 

swi tches  conf igured for  ground act ivat ion of  casse t te  exposure .  In  the  

event  of  a  ground command fa i lure ,  the  exper iment  had a  manual  control  

capabi l i ty  which could  be  opera ted  by the  crew.  

At  complet ion of  the  exposure  t ime,  the  crew was  to  be  not i f ied  and was  

to  re t rac t ,  remove,  and s tow the  hardware .  The S149 detec tor  casse t tes  

were  to  be  removed f rom the  MD/CSU and s towed in  the  CM for  ear th  

re turn .  

b .  Usage/Anomal ies  -  During SL-2 the  f i rs t  of  four  se ts  of  

S149 detec tor  casse t tes  was  deployed through the  ant i -solar  SAL.  Pr ior  

to  crew re turn  to  ear th ,  ground commanded the  MD/CSU to  "Open"  for  

casse t te  exposure  and subsequent  data  col lec t ion between miss ions .  

A problem was  repor ted  by the  SL-3 crew dur ing re t rac t ion of  the  SL-2 



deployed S149 MD/CSU.  During re t rac t ion opera t ions  by the  crew,  the  

UXM tended to  extend back out  to  space  by i t se l f .  The crew had to  

mainta in  a  cont inuous  re t rac t ion force  on the  UXM rod whi le  the  SAL 

door  was  c losed ( th is  involved a  two man effor t ) .  Once the  SAL door  was  

c losed the  sys tem s t i l l  lacked ful l  re t rac t ion.  The f inal  extens ion rod 

lacked about  one  inch f rom ful l  re t rac t ion and engagement  in  the  UXM 

capture  la tch .  Af ter  a l lowing the  sys tem to  warm up,  the  fu l l  re t rac t ion 

and engagement  of  the  capture  la tch  was  accompl ished.  The T027 UXM 

sys tem canis ter  conta in ing S149 was  then removed f rom the  SAL,  d is 

mant led  and s towed.  

Pr ior  to  the  SL-3 deployment  of  the  second se t  of  S149 detec tor  casse t tes ,  

the  T027 Photometer  /  UXM malfunct ioned and was  je t t i soned,  thereby 

los ing the  hardware  required  to  nominal ly  deploy and expose  the  S149 

detec tor  casse t tes .  As  a  back-up method for  S149 deployment ,  hardware  

had been fabr ica ted  and launched on SL-3 for  EVA deployment .  Therefore ,  

dur ing the  f i rs t  SL-3 EVA, the  c rew mounted the  S149 MD/CSU and 

bracket ry  on the  ATM thermal  shie ld  l ip  and manual ly  exposed the  detec tor  

casse t tes .  I t  was  la ter  re t r ieved by EVA on SL-3 and the  two se ts  of  

de tec tor  casse t tes  were  s towed and re turned to  ear th .  

On SL-4 the  th i rd  se t  of  casse t tes  was  deployed and la ter  re t r ieved by 

EVA. During re t r ieval  the  crew repor ted  that  the  smal l  d iscs  on S149 



were debonding and popping off .  Several  discs  were lost  and the others  

were peel ing up due to  their  bonding not  holding.  The experiment  was 

s towed and no fur ther  act ion was taken.  The fourth set  was deployed 

during the f inal  SL-4 EVA and has  been scheduled for  possible  re t r ieval  

during the Apollo-Soyuz Test  Program (ASTP) in  1975.  



c.  Assessments/  Recommendat ions -  S149 hardware,  for  both 

nominal  and cont ingency operat ions,  was wel l  designed and operated 

as  planned.  The cont ingency hardware used in  EVA deployment  

of  S149 funct ioned wel l  during EVA. The bracket  used in  mounting the 

MD/CSU on the ATM thermal  shield was a  l i t t le  loose but  caused no 

problems.  The ATM thermal  shield paint  was scratched as  the mounting 

c lamp was at tached but  this  was not  considered to  be detr imental .  

Concern was s ta ted that  proper  precaut ions be taken to  mark the re turn 

container  that  housed the exposed casset tes  to  assure  that  the CM 

returned casset tes  were those that  had been exposed.  

1 3 . 2 2 . 2 . 7  S183 -  Ultraviolet  Panorama 

a .  Operat ions -  The S183 experiment  was scheduled for  

performance during each of  the Skylab missions to  obtain photographs 

of  a  wide f ie ld  of  view of  individual  s tars  and extended s tar  f ie lds  in  the 

ul t raviolet .  

Pr ior  to  act ivat ion of  S183 for  operat ion,  the crewman was to  be required 

to  prepare the S183 support  hardware;  the Scient i f ic  Air lock (SAL) and 



the  S019 Art iculated Mirror  System (AMS).  Once the SAL was prepared,  

the S019 AMS, used for  S183 point ing,  was to  be inser ted.  The S183 

experiment  was to  be unstowed and at tached to the SO 19 AMS. The S183 

f i lm carrousel  was to  then be removed from the OWS f i lm vaul t  and 

instal led into S183 along with a  16mm Data Acquis i t ion Camera (DAC) 

for  comparison photographic  data .  The crewman was to  then power up 

S183,  open the SAL door  and extend the AMS mirror .  The S019 AMS 

mirror  was to  be a l igned to  the desired s tarf ie ld  and S183 photography 

was to  commence as  out l ined by the checkl is t .  Once this  photographic  

sequence had been completed,  the S183 experiment  was to  be deact ivated,  

the S019 AMS retracted and the SAL closed.  The experiment  hardware 

was to  be dismantled,  removed from the SAL and s towed.  

b .  Usage/Anomalies  -  Throughout  the ent i re  Skylab mission 

al l  crew comments  and other  re la ted data  to  on-orbi t  operat ions of  S183 

experiment  ident i f ied no operat ional /handl ing anomalies .  Problems 

experienced with the S183 system were of  a  mechanical  nature .  After  

two nominal  SL-2 performances with S183,  the f i lm plate  jammed and 

the operat ions were discont inued.  Malfunct ion procedures  were performed 

and the problem was isolated to  the f i lm carrousel .  Due to  this  problem 

al l  subsequent  photographic  data  for  the SL-2 and SL-3 performances 

was obtained through use of  the 16mm DAC. One other  anomaly was 



reported and involved a  focus problem with the 16mm DAC. Changing 

to  another  DAC did not  a l leviate  the problem but  indicated that  the S183 

DAC opt ic  system was the problem. 

On SL-4 a  replacement  DAC opt ic  system was launched and interchanged 

with the or iginal .  This  corrected the focus problem associated with the 

S183 DAC. In conjunct ion with the opt ics  replacement ,  the crew 

performed addi t ional  malfunct ion procedures  and were successful  

in  correct ing the S183 f i lm carrousel  anomaly.  This  permit ted the 

experiment  to  be operated as  scheduled throughout  the mission to acquire  

S183 photographic  data  as  or iginal ly  planned.  Both DAC opt ic  systems were 

re turned for  evaluat ion.  

Upon removal  of  the carrousel  f rom the spectrograph during the second 

S183 operat ion on SL-4,  a  fragment  of  the SC-5 glass  f i lm plate  was 

discovered.  I t  was reported that  the carrousel  was misal igned 45° f rom 

the "00" posi t ion.  A plate  was protruding and the crewman pushed i t  into 

the carrousel  and s towed the carrousel .  Pr ior  to  the next  operat ion an 

al ignment  procedure was performed with no problems or  loose glass  

being reported.  Pl iers  were used to  rotate  the carrousel  45° to  the "00" 

posi t ion.  During the fourth operat ion of  the spectrograph an addi t ional  

f ragment  of  the SC-5 plate  was discovered.  I t  was concluded that  the 

glass  was jamming the carrousel .  A malfunct ion procedure to  remove 

the plate  was unsuccessful .  In  addi t ion,  an "E" cl ip  re ta ining a  spr ing 



used to  force the carrousel  into the indexing detents  was lost .  This  did 

not  e l iminate  the use of  the carrousel  but  i t  did require  that  the crewman 

check the or ientat ion marks pr ior  to  each usage.  Extreme care  had to  

be used when inser t ing the carrousel  into the spectrograph as  any sudden 

torquing around the cyl indrical  axis  would misal ign the uni t  and cause 

diff icul t  i f  not  impossible  instal la t ion.  

The SL-4 crew experienced sequence problems with the logic  counter  

and the carrousel  index due to  hardware problems and procedural  mix-ups.  

The SL-3 crew had fai led to  reset  the logic  counter .  The SL-4 crew cycled the 

plate  advance reset  switch and returned the reading to  01.  However  the 

logic  counter  i s  completely independent  of  the  carrousel  indexing and 

the f i lm carrousel  rotated to  plate  33 and not  back to  plate  1 .  This  

resul ted in  plate  34 becoming detached from the carrousel  and thus being 

exposed to  cabin l ight .  The extent  of  the anomaly appeared to  be the loss  

of  one plate  and degradat ion of  two others .  The operat ion of  S183 spectro

graph and f i lm carrousel  was not  affected.  In  an effor t  to  e l iminate  the 

condi t ion which caused the f i lm plate  to  s l ip  out  of  place a  malfunct ion/  

synchronizat ion procedure was done to  sychronize the carrousel  with the 

logic  counter .  

The SL-4 crew experienced a  jamming problem with the DAC camera and 

S183 magazine 04.  After  performing t rouble  shoot ing procedures  the 



problem was isolated to  a  blown fuse inside the S183 spectrograph 

assembly.  The malfunct ion was dupl icated on the qual i ty  tes t  uni t  in  

France and the French experiment  developer  recommended a  workaround 

procedure which would bypass  the blown fuse by connect ing an exis t ing 

wire  f rom a DAC connector  on the spectrograph assembly to  an adjacent  

connector .  The procedure was successful  and S183 operat ions were 

resumed with the carrousel .  

c .  Assessment/Recommendat ions -  The S183 experiment  

act ivat ion and manipulat ion was easi ly  a  one-man operat ion.  The la tching 

technique and decals  on the experiment  launch s towage s t ructure  were 

adequate .  The crew stated that  for  maneuvering the large mass  of  S183,  

the handholds  suppl ied were a  def ini te  necessi ty .  In  addi t ion,  the crew 

recommended that  on large masses  ( i .e .  S183,  T027)  i t  would be best  

to  have handles  provided to  faci l i t ia te  two-handed manipulat ion for  bet ter  

control  during large mass  handl ing/maneuvering.  The maneuvering 

technique used was to  s tabi l ize  one 's  body and careful ly  push the mass  

in  front  of  oneself .  Then le t  the mass  and oneself  move to  the terminal  

locat ion making posi t ional  correct ions while  in  f l ight .  Braking was not  

considered a  problem. This  maneuvering technique was documented by 

experiment  M151,  Time and Motion Study.  

The S183 operat ions t imel ine did not  a l low enough t ime between exposures .  

One minute  was added to  these t imes to  al low for  crew adjustments  



in  point ing and t iming for  the upcoming exposure.  The crew also complained 

about  being rushed between an ATM pass  and S183 operat ions.  The t imel ine 

did not  a l low enough t ime to  debrief  the ATM pass  and then get  s tar ted on the 

S183 operat ions.  During S183 operat ions,  the crew reported no problems 

associated with the OWS l ight ing levels .  

13.22.2.8 S201 -  XUV Electronographic  Camera 

a .  Operat ions -  Experiment  S201 was scheduled to  be performed 

on SL-4 to photographical ly  col lect  Extreme Ultraviolet  (XUV) imagery 

data  on comet  Kohoutek.  

The experiment  consis ted of  a  canis ter-enclosed XUV electronographic  

camera (with f i lm-transport  box) ,  a  second f i lm-transport  box,  and an 

EVA bracket .  The experiment  was to  be used in  two operat ing configu^i t ions;  

(1)  through the ant i -solar  Scient i f ic  Air lock (SAL) ut i l iz ing the S019 

Art iculated Mirror  System (AMS) as  support  equipment  or  (2)  bracket-

mounted to  the ATM truss  for  EVA operat ions.  Power was to  be provided 

by the Data  Acquis i t ion Camera (DAC) cable  during the EVA and SAL 

operat ions.  Experiment  S201 data  was to  be recorded on special  NTB-3 

f i lm and returned to  the Photographic  Technological  Laboratory a t  JSC 

for  post-f l ight  processing.  

b .  Usage/Anomalies  -  While  performing a  S201 experiment  

operat ion through the ant i -solar  SAL the crew noted that  the green 

exposure sequence indicator  l ight  was actual ly  brownish red and very 

low in  br ightness  and would probably be diff icul t  to  read during the EVA 

operat ions.  During the second SL-4 EVA, three S201 data  takes  were 



performed even though the crew could not  see the comet .  I t  was hoped 

that  the comet  would be detectable  on the photographic  data .  

c .  Assessment/Recommendat ions -  S201 experiment  operat ions 

were performed as  scheduled through the ant i -solar  SAL and during the 

SL-4 EVA's .  The procedures  and equipment  were adequate  and the crew 

reported no s ignif icant  problems in  performing S201.  

13.22.2.9 S228 -  Trans-Uranic  Cosmic Rays 

a .  Operat ions -  Experiment  S228 was scheduled to  be performed 

on SL-2,  SL-3,  and SL-4 to  obtain knowledge of  the abundance of  nuclei  

with an atomic number greater  than 26 in  the cosmic radiat ion.  

A crewman was to  deploy the detector  module harness  on SL-2 from floor  

to  cei l ing in  the OWS experi inent  compartment  using velcro s t raps .  Thir ty-

six detector  modules  were to  be launched and deployed with the harness .  

At  the conclusion of  the SL-3 mission,  one module was to  be removed 

and returned.  One S228 detector  module was to  be launched on SL-4 

and deployed during the f i rs t  SL-4 EVA. I t  was to  be re t r ieved during 

the las t  SL-4 EVA and returned to  ear th  along with the remaining harness  

detector  modules .  

b .  Usage/Anomalies  -  Experiment  S228 was performed as  

scheduled and no anomalies  were reported.  During the SL-4 EVA deploy

ment ,  the crew observed some expansion of  the experiment  package which 

was an indicat ion of  outgassing.  This  bulging was expected and was within 

normal  l imits .  On the f inal  Skylab EVA, this  experiment  package was 



r e t r i e v e d  a n d  w a s  s t o w e d  w i t h  t h e  r e m a i n i n g  h a r n e s s  d e t e c t o r  m o d u l e s  

f o r  r e t u r n  t o  e a r t h .  

c .  A s s e s s m e n t / R e c o m m e n d a t i o n s  -  E x p e r i m e n t  S 2 2 8  d e p l o y 

m e n t  a n d  r e t r i e v a l  w e n t  a s  s c h e d u l e d  a n d  n o  c r e w  s y s t e m s  a s s e s s m e n t s  

w e r e  r e p o r t e d .  



13.22.2.10 S230 -  Magnetospheric  Par t ic le  Composi t ion 

a .  Operat ions -  Experiment  S230 was scheduled for  perfor

mance during SL-3 and SL-4 EVA's .  I ts  purpose was to  acquire  data  for  

measuring f luxes and composi t ion of  precipi ta t ing magnetospheric  ions 

and t rapped par t ic les  through the use of  a  foi l  col lect ion technique.  

The experiment  hardware was composed of  two (2)  col lector  spools ,  

two (2)  inner  col lector  assemblies ,  two (2)  outer  col lector  assemblies  

and two (2)  re turn pouches.  The col lector  spools ,  providing support  

for  the inner  and outer  col lector  assemblies ,  were to  be launched on SL-1 

at tached to  the ATM deployment  t russ  D2 handrai l .  During an EVA on 

both SL-3 and SL-4 the crew was to  re t r ieve one (1)  of  the  two remaining 

col lector  assemblies .  These col lector  assemblies  were to  be s towed 

and returned to  ear th  for  analysis .  

b .  Usage/Anomalies  -  On the f i rs t  SL-3 EVA the two (2)  outer  

col lector  assemblies  of  S230 were retr ieved and a  cal ibrat ion shield was 

instal led on the forward inner  col lector  spool .  During the f inal  SL-3 

EVA the crew retr ieved one of  the two remaining inner  col lector  

assemblies .  I t  was s towed in  the CM with the previously re t r ieved 

outer  col lector  assemblies  and re turned to  ear th .  

On SL-4 a  new inner  col lector  assembly was launched and on the f i rs t  



SL-4 EVA was at tached to  the empty col lector  spool .  During a  sub

sequent  EVA for  ATM fi lm resupply and Kouhotek photography the 

crew reported that  the S230 cal ibrat ion shield was missing.  Evident ly ,  

the shield had been brushed by one of  the crew during EVA operat ions 

and knocked loose.  On the f inal  SL-4 EVA the remaining two (2)  inner  

col lector  assemblies  were retr ieved.  During AM repressurizat ion 

operat ions,  one of  the two samples  was damaged by the rush of  a i r  f rom 

equal izat ion valve 311.  The crew reported the damage to  effect  approximately 

10% of  the sample.  The samples  were placed in  the CM stowage and 

returned to  ear th .  

c .  Assessment/Recommendat ions -  The EVA procedures  

for  the col lector  assembly retr ievals  were s t ra ightforward and no problems 

were reported.  The crew reported that  they were very careful  during 

re t r ieval  so as  not  to  touch and consequent ly  contaminate  the col lectors .  

The cal ibrat ion shield and the one (1)  col lector  assembly deployment  were 

performed without  any reported crew interface problems.  The res t ra int /  

s tabi l i ty  provis ions were considered adequate  for  performing the S230 

crew tasks.  



13.22.2.11 S232 -  Barium Plasma Observat ions 

a .  Operat ions -  Experiment  S232 was scheduled to  be per

formed on SL-4 to obtain data  necessary for  determining the effects  of  

p lasma conduct ivi ty  and geomagnet ic  act ivi ty  upon the motion of  bar ium 

plasma.  

The experiment  operat ions involved one crewman whose object ives  were 

to  photograph the bar ium cloud injected to  outer  space by a  ground launched 

rocket .  The crewman was not i f ied three hours  pr ior  to  the scheduled 

launch as  to  the photographic  set t ings and procedures .  A Nikon 35mm 

camera was at tached to  the universal  mount  and then mounted to  the OWS 

wardroom window to obtain the photographic  data .  A total  of  seven bar ium 

rocket  launches were scheduled during SD-4 with the crewman obtaining 

a  minimum of 40 photographs.  

b .  Usage/Anomalies  -  Experiment  S232 was performed as  

planned.  Due to  problems involved with the rocket  launches and resul t ing 

launch cancel la t ions a l l  premission planned photographic  data  was not  

obtained.  The crew reported that  the experiment  set-up was a  lengthy 

operat ion and took approximately two (2)  hours  to  complete .  The bar ium 

inject ion was vis ible  to  the naked eye and was photographed by the crew 

using numerous t ime exposures .  During these photographic  sessions the 

crew reported some diff icul t ies  with damping the osci l la t ions of  the 

camera/universal  mount  af ter  exposure actuat ion.  As the experiment  



progressed and the crew technique improved these osci l la t ions were 

reduced.  

c .  Assessment/Recommendat ions -  S232 experiment  photo

graphy was performed during SL-4 and photographs of  the bar ium plasma 

infect ion were obtained.  Other  than the ini t ia l  osci l la t ion problem with 

the camera/universal  mount  the hardware performed sat isfactor i ly .  

13.  22.  2 .  12 S233K -  Kohoutek Photometr ic  Photography 

a .  Operat ions -  Kohoutek Photometr ic  Photography,  experiment  

S233K, was scheduled to  be performed during SL-4 to  obtain a  ser ies  of  

vis ible  l ight  photograph 's  sui table  for  photometry and to  provide a  synopt ic  

his tory of  the comet  Kohoutek.  

Experiment  S223K used the Nikon 35mm camera and mounting braketry 

to  obtain photographs through the lef t  viewing window of  the CM and the STS 

window. The crewman was required to  take a  sequence of  photographs 

every 12 hours  throughout  the comet  acquis i t ion per iods.  

b .  Usage/Anomalies  -  S233K was performed throughout  the 

designated per iods of  SL-4 and photographs of  comet  Kohoutek were 

obtained.  All  pre-mission scheduled photographic  exposures  could not  

be obtained by the crew due to  window f ie ld  of  view l imitat ions and 

faintness  of  the comet .  

c .  Assessments/Recommendat ions -  The S233K operat ions 

were s t ra ightforward and were performed as  scheduled.  No hardware 

anomalies  were reported.  



13.22.3 Technology Experiments  

13.22.3.1 D024 -  Thermal  Control  Coat ings 

a .  Operat ions -  Experiment  D024 sample panels  re t r ieval  

was scheduled for  the SL-2 EVA and for  the las t  EVA of SL-4.  The 

equipment  for  experiment  D024,  consis t ing of  two thermal  control  coat ing 

sample and two polymeric  f i lm sample panels ,  was mounted and launched 



external ly  on the AM support  s t ructure .  

Experiment  D024 was not  to  require  a  specif ic  EVA for  i ts  performance 

as  i t  was to  be performed in  conjunct ion with the ATM experiments  

f i lm retr ieval .  D024 sample re t r ieval  was to  require  two crewman 

(designated EV1 and EV2).  EV2 was to  re t r ieve two sample panels ,  s tow 

them in the re turn container ,  then pass  the container  to  EV1 who was to  

temporar i ly  s tow i t  in  the AM. Upon complet ion of  the EVA act ivi t ies  

the sample re turn container  was to  be s towed in  the CM for  re turn to  

ear th .  

b .  Usage/Anomalies  -  Experiment  D024 sample panel  re t r ieval  

was performed as  scheduled on SL-2 with one thermal  control  coat ing 

sample panel  and one polymeric  f i lm s t r ip  sample panel  being re turned.  

Due to  the total  t ime in  orbi t  i t  was decided that  the remaining two sample 

panels  had received adequate  exposure by the end of  SL-3 and that  they 

should be re t r ieved on the las t  EVA of  SL-3 and returned to  ear th .  To 

al leviate  handl ing of  mult iple  i tems the crewman placed the sample into 

the re turn container  pr ior  to  removing the pip pin.  I t  was noted that  

some of  the samples  were becoming s l ight ly  debonded,  a l though none 

were actual ly  loose or  lost  as  the samples  were put  into the re turn 

containers .  After  the re turn of  the remaining two samples  on SL-3,  

two addi t ional  sample panels  with re turn container  were launched on SL-4 

for  deployment  on the f i rs t  EVA and retr ieval  a t  the end of  the mission.  



During deployment  of  the sample i t  was diff icul t  for  the crewman to 

a l ign the snaps due to  lack of  v is ibi l i ty  and lack of  dexter i ty  caused by 

the EVA glove.  However ,  he was eventual ly  able  to  a t tach the panel  by 

touching the center  samples  with his  f inger ,  possibly contaminat ing them. 

The samples  were ret r ieved on the f inal  SL-4 EVA and returned to  ear th .  

c .  Assessment  /Recommendat ions -  The problem the crew 

experienced with the deployment  of  the sample panels  could have possibly 

been el iminated with the addi t ion of  guide pins  and al ignment  marks on 

the mounting plates  and the sample panels .  However ,  the experiment  

as  i t  was or iginal ly  designed,  did not  cal l  for  the deployment  of  the sample 

on orbi t  as  they were launched in  place.  

The re t r ieval  of  the D024 samples  was qui te  easy to perform per  the 

checkl is t .  The crewman was able  to  fold the re t r ieved specimen and 

correct ly  s tow i t  in  the appropriate  re turn container  s lot .  The crew 

reported no problems in  re t r ieving and s towing the D024 samples  and 

s ta ted that  the overal l  design was adequate .  The crew voiced their  

opinion that  a  heel  res t ra int  would have been helpful  a t  the D024 locat ion 

to  ass is t  their  s tabi l izat ion when re t r ieving samples .  

1 3 . 2 2 . 3 . 2  M512 (M551,  M552,  M553,  M555) -  Mater ia ls  Processing 
In Space 
M479 -  Zero Gravi ty  Flammabil i ty  
M518 -  Mult ipurpose Electr ic  Furnace System 

a .  Operat ions -  The M512 experiment  faci l i ty  was designed 

to  ut i l ize  a  common spacecraf t  interface for  a  group of  experiments  in  



in  mater ia ls  science and technology.  I t  was scheduled to  be used 

on SL-2,  SL-3,  and SL-4.  

The faci l i ty  was to  permit  explorat ion of  space manufactur ing appl icat ions 

of  molten metal  phenomena such as  metal  f low,  f reezing pat terns ,  thermal  

s t i r r ing,  fusion across  gaps,  and surface tension.  One crewman was to  

be required to  perform the experiments .  The basic  funct ions performed 

were to  be instal la t ion of  the experiment  equipment  or  specimen in the 

work chamber ,  systems control  operat ion,  observat ion,  photography,  and 

monitor ing of  the experiment ,  and removal  and s towage of  the equipment  

and specimen af ter  experiment  complet ion.  Experiments  M551,  M552,  

M553,  M555,  M518,  and M479 were to  ut i l ize  the M512 faci l i t ies .  

b .  Usage/Anomalies  -  During ini t ia l  use of  the M512 faci l i ty  

i t  was bel ieved that  the e lectron beam gun had shif ted due to  loads 

experienced at  launch.  Upon la ter  analysis  the problem was found to  

be with a  new mirror  instal led a t  KSC. The mirror  was reversed so 

only one of  two retaining screws could be fas tened when mating i t  inside 

the faci l i ty .  

During a  performance of  the M553 experiment ,  diff icul ty  was experienced 

with the instal la t ion of  the shield over  the e lectron beam gun.  This  

problem was caused by a  hardware instal la t ion sequence error .  The 

shield should have been instal led f i rs t  instead of  las t  as  performed by 

the crewman.  



Due to M512 operat ional  problems the crew was asked to  use the main 

circui t  breaker  to  shut  off  the  M512 faci l i ty  power when performing 

experiment  M553 spherical  forming.  During cut t ing of  the M553 speci

men s t inger ,  the jaw of  the  cut t ing pl iers  broke.  Wheel  number one of  

the experiment  was completed and wheel  number two had two bal ls  that  

were not  re leased and three that  were re leased.  Wheel  two was re turned 

to  ear th  along with the re leased specimen bal ls  f rom wheels  one and two.  

A long per iod of  t ime was required to  obtain a  suff ic ient  vacuum in the 

faci l i ty  on orbi t .  To obtain the vacuum the crew had to  leave the vent  

valve in  the "Vent"  ra ther  than the "Open" posi t ion during their  s leep 

per iod.  

Experiment  M479 was performed at  the end of  SL-4 with the only anomaly 

reported being with the water  quench system. The lower nozzle  appeared 

to  be completely plugged and the upper  nozzle  emit ted only a  dr ibble .  The 

crewman completely reserviced the system but  i t  s t i l l  did not  funct ion 

properly.  In  order  to  get  any spray at  a l l  the crewman had to  grab the 

accumulator  knob and pul l  sharply on i t  to  force water  through the 

system. There was no t ime for  extensive t rouble  shoot ing but  the problem 

was bel ieved to  be with a  water  supply valve not  being turned on.  

While  burning sample number three the crewman stated there  was an 

operator  error  in  that  he lef t  the chamber  repress  valve in  the open 



posi t ion.  The only effect  was the sample burned s l ight ly  longer .  

c .  Assessment/Recommendat ions -  M512 experiment  perfor

mance on orbi t  was s imilar  to  on-ground t ra ining with except ion of  the 

t imes required to  heat  or  cool  the experiment  specimen and to  obtain 

a  suff ic ient  vacuum in the faci l i ty .  The crew stated that  the t ra ining uni t  

was excel lent ,  just  l ike the f l ight  uni t ,  but  they never  experienced 

pumping the faci l i ty  to  a  vacuum during their  t ra ining.  Consequent ly ,  

the f i rs t  t ime the vacuum gauge was used on orbi t  the crew thought  that  

the s low bleed down t ime indicated a  faul ty  gauge.  As experienced,a  

longer  t ime than expected was necessary to  obtain an acceptable  operat ional  

vacuum in the faci l i ty .  

During M553 operat ions in  the M512 faci l i ty  no problem developed with 

the faci l i ty  or  the accessory equipment .  However ,  pressure bui ld  up 

in  the faci l i ty  chamber  during the f i r ing of  the e lectron beam gun occurred 

more rapidly on orbi t  than experienced during t ra ining.  In  some instances 

the bal ls  on the M553 experiment  wheel  s t ings formed a  pear  shape or  did 

not  re lease.  The crew experienced no problems in  handl ing the specimens 

as  long as  they observed proper  cool  down t imes.  

The crew enjoyed performing the M518 Mult ipurpose Electr ic  Furnace 

experiment  because i t  was new and different .  The equipment  worked 

as  designed and was easi ly  instal led into the M512 faci l i ty  chamber .  

The specimen car t r idges were numbered ( ident i f ied)  in  an excel lent  

manner  to  permit  their  inser t ion and cooidinat ion.  The operat ions 



were clear ly  def ined and no problems were experienced performing 

the M518 ser ies  in  the M512 faci l i ty .  

The M551 experiment  welds  looked basical ly  the same as  during t ra ining 

with the except ion of  a  non-round dwell  pat tern on the s ta inless  s teel  

specimen.  The welds  bui l t  up quicker  in  f l ight  than on the ground.  No 

high external  chamber  temperatures  were experienced during any of  

the faci l i ty  operat ions.  

All  M479 specimen samples  were in  excel lent  condi t ion and the burning 

had no effect  on the view ports .  The view ports  remained clean throughout  

the experiment  performance.  

Restraints  associated with M512 were no problem. The foot  res t ra int  

gr id  was used only in  the beginning of  the experiment  and was la ter  

discarded.  Handholds  were adequate .  



The M512 chamber  hatch did not  appear  to  have proper  f r ic t ion hinges 

as  per  the experiment  design requirements .  No detr imental  crew 

comments  were received but  during video downlink of  M512 faci l i ty  

operat ions the hatch was observed to  be f loat ing free  

13.22.3.3 T002 -  Manual  Navigat ion Sight ings 

a .  Operat ions -  Experiment  T002 was scheduled to  be 

performed on SL-2,  SL-3,  and SL-4 with bat ter ies  for  the sextant  and 

s tadimeter  being resuppl ied on SL-3 and SL-4.  Sight ings were to  be 

dis t r ibuted uniformly throughout  the mission on a  non-interference basis .  

The crewmember performing the experiment  was to  remove and s tow 

the wardroom window shield,  obtain and instal l  the T002 hood over  the 

wardroom window and obtain the sextant  or  s tadimeter  f rom locker  W740.  

The bat ter ies  for  the sextant  and s tadimeter  were to  be instal led by the 

crewmember during experiment  act ivat ion.  Wardroom l ights  near  the 

wardroom window were to  be dimmed and the re t ic le  l ight  adjusted before  

the crewman proceeded with the experiment  s ight ings.  

b .  Usage/Anomalies  -  Experiment  T002 was performed on 

a l l  three Skylab missions and was sat isfactor i ly  completed.  Due to  a  

residue pat tern formed on the wardroom window during SL-3 and SL-4,  

the operator  had to  move around during his  s ight ings to  avoid viewing 

through this  res idue.  He was concerned that  his  moving may have 

affected his  s ight ings.  



The SL.-4 crew emphasized the importance of  body posi t ion and posture  

in  obtaining accurate  s ight ings with the T002 sextant .  During an ear ly  

operat ion the crewman developed muscle  cramps in  his  arms and legs .  

The crewman devised a  res t ra int  system to hold him over  to  the window 

using a  long s t rap hooked over  the S063 bar .  The crewman fel t  th is  

improved the accuracy of  h is  s ight ings.  The crewman also s ta ted that  

there  was a  dis t inct  difference in  ease,  abi l i ty  and accuracy you get  

whether  the s tars  were located up and down relat ive to  your  body posture  

or  lef t  to  r ight .  

c .  Assessment/Recommendat ions -  The T002 window hood 

which was used to  shield the wardroom window from internal  ref lect ion 

was considered a  def ini te  necessi ty .  The crewman found i t  dif f icul t  to  

hold the sextant  s teady during s ight ings and a lso fel t  i t  would be extremely 

helpful  to  have the sextant  readout  inside the re t ic le  so you would not  lose 

s ight  of  the s tar  while  taking readings.  The s towage configurat ion and 

locat ion in  locker  W740 was excel lent  and the foot  res t ra int  provis ions a t  

the wardroom window were considered adequate .  

The crew stated i t  was diff icul t  to  remove their  f ingers  f rom the point ing 

control  knobs on the sextant  without  moving i t .  They could get  a  good a l ign

ment  but  when they re leased their  f ingers  the knob would move s l ight ly .  

This  created some mediocre  scat ter  in  the system. The control  knobs 

should have been easy to move but  not  so  sensi t ive that  they could not  

remove their  f ingers  without  moving i t .  The crew also s ta ted the knobs 

on the f i l ters  were poorly designed in  that  they could not  te l l  whether  they 



were in.  or  out .  

The crew experienced point ing diff icul t ies  due to  the shape of  the case and 

the locat ion of  the s t rap.  This  made i t  d i f f icul t  to  hold the sextant  in  the 

proper  posi t ion a t  the window. The crew stated they needed phosf lorescent  

a l ignment  marks to  get  the l ine of  s ight  directed between two s tars .  They 

a lso suggested the use of  a  colored f i l ter  so  that  they would not  lose  t rack 

of  which s tar  they were s ight ing.  This  was a  problem when holding the 

sextant  a t  odd angles .  The system should have been designed so that  a l l  

controls  could be operated without  the crewman removing his  eyes  from 

the re t ic le  s ight .  

13.22.3.4 T003 -  In-Fl ight  Aerosol  Analysis  

a .  Operat ions -  Experiment  T003 was scheduled to  be 

performed on SL-2,  SL-3,  and SL-4.  Mult iple  measurements  were to  

be taken dai ly  to  determine the concentrat ion and s ize  dis t r ibut ion of  

par t ic les  suspended in  the OWS atmosphere.  

A crewman was to  t ransport  the portable  self-contained aerosol  analyzer  

throughout  the OWS observing the readout  and recording the data  on the 

T003 data  cards .  At  the complet ion of  each mission the data  cards  

and the f i l ter  impactor  uni t  f rom the aerosol  analyzer  were to  be 

re turned to  ear th .  

b .  Usage/Anomalies  -  Operat ion of  experiment  T003 went  

as  scheduled with a l l  funct ional  object ives  being accomplished.  Resul ts  



showed that  the OWS was cleaner  than most  hospi ta l  operat ing rooms 

with a  par t ic le  count  of  3000 per  cubic  foot .  The crew reported that  T003 

readout  t ime was adequate  for  recording the data  on the data  cards .  The 

only anomaly reported was a  f i l ter  change which was missed due to  a  

tardiness  of  the detai led pads up-l inked from the ground.  

c .  Assessment/Re commendat ions -  Experiment  T003 operat ions 

were s t ra ight  forward and no problems were experienced in  s tabi l iz ing 

a t  the var ious sample s ta t ions.  The crew did report  that  the data  cards  

were not  large enough to  a l low suff ic ient  area to  record al l  the information.  

13.22.3.5 T025 -  Coronagraph Contaminat ion Measurement  

a .  Operat ions -  Experiment  T025 was scheduled to  be performed 

on SL-2,  SL-3,  and SL-4 through the solar  Scient i f ic  Air lock (SAL) to  

determine the exis tence and presence of  any changes in  par t ic le  a tmosphere 

due to  t ransfer  f i r ings,  waste  dumps,  vehicle  or ientat ion,  and t ime decay 

of  such atmospheric  concentrat ions.  

The T025 experiment  equipment  to  be used was the coronagraph canis ter  

including the occul t ing discs  and extension boom assembly with the 

photographic  equipment .  One crewman was to  set  up the experiment  

apparatus  in  the SAL and complete  a  27 photographic  exposure sequence 

during f ive (5)  non-consecut ive orbi ts .  



b.  Usage/Anomalies  -  T025 was not  performed as  scheduled 

because the solar  SAL was occupied by the parasol  thermal  shield.  All  

T025 operat ions were cancel led for  SL-2 as  al ternate  performance 

methods had to  be developed.  The SL-3 crew ut i l ized the T025 hard

ware to  obtain some experiment  S073 Gegenschein and Zodiacal  l ight  

photography.  The equipment  was instal led upside-down in the ant i -

solar  SAL and the occul t ing disc  was moved out  of  the camera 's  view.  

During this  operat ion the crew used their  f inger  to  control  the Data  

Acquis i t ion Camera (DAC) shut ter  re lease.  This  was diff icul t  and 

fat iguing.  In  readiness  for  subsequent  operat ions the DAC was prepared 

for  operat ion with the DAC push but ton cable .  However ,  the SL-3 crew was 

not  asked to  repeat  the experiment .  

As an al ternate  method of  performing T025 and viewing the Kohoutek comet ,  

an EVA bracket  was designed and launched on SL-3.  The SL-3 crew fi t  

checked the bracket  to  the T025 experiment  and at tached operat ional  decals  

readiness  for  EVA deployment  on SL-4.  

Problems occurred during the f i rs t  SL-4 EVA operat ion of  T025 which 

prohibi ted the acquir ing of  a l l  planned data .  Five photographs out  of  a  

planned 40 were obtained.  The view f inder  on the camera was loose and 

the shut ter  speed knob came off  dur ing operat ion.  The crewman was able  

to  replace the knob but  i t  did not  engage enough to  permit  use.  During 



EVA trouble  shoot ing with the T025 equipment ,  the thermal  blanket  

cover  was removed.  The T025 hardware was s towed in  the AM to 

permit  fur ther  t rouble  shoot ing a t  a  more opportune t ime in  the OWS. 

After  complet ion of  the EVA, the crew successful ly  repaired the shut ter  

speed knob and the T025 hardware was ut i l ized during subsequent  EVA's  

to  obtain ul t raviolet  and vis ible  photographs of  the Kohoutek comet .  All  

subsequent  T025 experiment  performances were without  incident .  

c .  Assessment/Recommendat ions -  The T025 experiment  

was performed from the SAL without  any problems.  The T025 hookup 

with the extension rod worked very wel l  and the procedures/checkl is ts  

and hardware used for  night  photography were adequate .  Pad updates  

for  the experiment  should remind the crew to inhibi t  the f i re  sensors  

pr ior  to  experiment  ini t ia t ion.  The f i re  a larm was ini t ia ted on SL-3 

when the SAL was opened with T025 instal led.  

T025 was not  or iginal ly  designed for  EVA use but  with the addi t ion of  

the special ly  designed EVA bracket  ul t raviolet  and vis ible  photographs 

of  the Kohoutek comet  were obtained.  

13.22.3.6 T027 -  Sample Array 

a .  Operat ions -  The T027 Sample Array (SA) experiment  was 

scheduled to  be performed during SL-2 to  acquire  data  for  determining 

the change in  opt ical  propert ies  of  var ious t ransmissive windows,  mirrors ,  

and defract ion grat ings,  caused by deposi t ion of  contaminants  found 



about  the orbi ta l  assembly.  

The experiment  equipment  included a  canis ter  system with one extension 

rod,  an eject ion rod,  and a  launch s towage container .  One crewman was 

to  prepare the T027 SA experiment  and then instal l  i t  through the ant i -

solar  Scient i f ic  Air lock (SAL) for  exposure to  the space environment .  

Upon complet ion of  the exposure the SA was to  be re t racted,  removed 

from the SAL and re  s towed in  i ts  launch container  for  re turn to  ear th .  

b .  Usage/Anomalies  -  The T027 SA experiment  was instal led 

in  the SAL and deployed as  planned.  Due to  the parasol  deployment  and 

resul t ing requirements  for  usage of  the ant i -solar  SAL by other  experi

ments ,  the T027 SA exposure t ime was reduced.  I t  was then removed 

from the SAL, s towed in  i ts  launch container  and returned for  ear th  

analysis .  

The only problem ident i f ied during operat ion of  the T027 SA occurred 

during closing of  the array valve pr ior  to  re t ract ion and removal  of  

the SA system from the SAL. When the crewman closed the array 

valve,  by turning the vane control ,  the valve did not  seat  completely.  

Force in  excess  of  that  recommended during t ra ining was appl ied to  the 

vane control ,  and the valve was closed.  The problem was at t r ibuted 

to  the low temperature  of  the system, forming frost ,  prevent ing the 

normal  c losure of  the array valve.  



c.  Assessments/Recommendat ions -  For  some reason the 

requirement  to  le t  the T027 SA system warm up pr ior  to  i ts  removal  

f rom the SAL had been crossed out  of  the  checkl is t  and omit ted f rom 

the experiment  pad.  This  procedural  information concerning warm up 

pr ior  to  removal  was required,  and should not  have been omit ted,  as  

indicated by the minor  problem which occurred as  a  resul t  of  i t s  

omission.  

13.22.4 Operat ions Experiments  

1 3 . 2 2 . 4 . 1  M487 -  Habi tabi l i ty/Crew Quarters  

a .  Operat ions -  Experiment  M487 was scheduled for  operat ion 

on each of  the three Skylab missions and was charged with evaluat ing and 

report ing on the OWS habi tabi l i ty  provis ions.  

The methods of  M487 data  col lect ion were to depend pr imari ly  on the 

crewmen.  Where possible  the experiment  task was to  augment  or  coincide 

with the operat ional  act ivi ty  to  be observed.  When the act ivi ty  was not  

scheduled or  predictable ,  the e lements  of  the act ivi ty  were to  be grouped 

into a  s taged demonstrat ion to  opt imize t ime and effor t .  Firs t  the crew

man was to  obtain,  cal ibrate  as  required,  and posi t ion the var ious 

monitor ing devices  throughout  the OWS. The crewman was to  then 

obtain,  posi t ion,  and operate  the var ious equipment  that  was required 

for  photography and data  col lect ion.  



b.  Usage/Anomal ies  -  M487 was  performed as  planned through

out  each Skylab miss ion,  accompl ishing a l l  pre-miss ion requirements .  

One hardware  problem occurred dur ing the  SL-2 miss ion.  Dur ing the  

in i t ia l  ca l ibra t ion of  the  sound level  meter / f requency analyzer  the  crew

man could  not  obta in  the  correc t  ca l ibra t ion fac tor .  A second ca l ibra t ion 

was  a t tempted a t  a  la ter  t ime and the  correc t  fac tor  was  obta ined.  The 

cause  of  the  problem encountered dur ing the  f i rs t  ca l ibra t ion a t tempt  

was  undetermined.  

c .  Assessment /Re commendat ions  -  The hardware  suppl ied  

by th is  exper iment  to  supplement  the  crews '  observat ions  was  considered 

unnecessary  as  was  shown by i t s  lack of  use  throughout  the  Skylab miss ions .  

For  th is  reason,  few comments  concerning the  M487 hardware  were  

avai lable .  I t  was  repor ted  that  both  the  ambient  and digi ta l  thermometers  

required  a  lengthy t ime to  s tabi l ize  when measurements  were  made where  

a  large  change in  temperature  was  involved.  Both  the  d ig i ta l  and ambient  

thermometers  were  used over  the  three  Skylab miss ions  in  suppor t  of  

o ther  hardware  evaluat ion and the  10 '  tape  was  used in  severa l  sc ience  

demonst ra t ions .  These  i tems should  be  inc luded on fu ture  miss ions  as  

opera t ional  suppor t  hardware .  

Some crewmembers  expressed thei r  d is l ik ings  toward the  lengthy and 

t ime consuming cn-board  debr ief ings .  They fe l t  tha t  th is  orbi t  t ime 



could be bet ter  ut i l ized and that  the debrief ings could be conducted 

post-mis  s ion.  

I t  was fel t  that  the data  compiled from M487 would form the basis  for  

ver i fying exis t ing spacecraf t  habi tabi l i ty  cr i ter ia  and would es tabl ish 

requirements  for  more advanced spacecraf t .  

13.22.4.2 M509 -  Astronaut  Maneuvering Equipment  

a .  Operat ions -  Experiment  M509 was scheduled to  be 

performed on SL-2 and SL-3.  Each tes t  pi lot  was to  perform four  runs 

with the Automatical ly  Stabi l ized Maneuvering Unit  (ASMU) while  an 

observer  ass is ted.  Runs 1,  2 ,  and 4 were designated to  be performed 

unsui ted whereas  run 3 was to  be performed while  wearing the Skylab 

Extravehicular  Mobil i ty  Unit  (EMU).  

Pr ior  to  the experiment  performance,  the M509 hardware and support  

hardware was to  be unstowed and reconfigured for  operat ion,  including 

Propel lant  Supply System (PSS) bot t le  and bat tery charging.  Once the 

experiment  preparat ion was completed and the OWS forward experiment  

area was c leared of  equipment  not  required for  the experiment ,  the 

observer  was to  ass is t  the tes t  pi lot  in  donning the ASMU. The tes t  

pi lot  was to  then undock from the donning s ta t ion and perform the 

designated M509 maneuvers .  Upon complet ing these maneuvers ,  the 

subject  was to  re turn to  the donning s ta t ion and dock the ASMU, thereby 

concluding the experiment  performance.  



b.  Usage/Anomalies  -  The M509 experiment  performance 

for  SL-2 was l imited to  operat ional  configurat ion and checkout .  Due 

to  the OWS meteoroid shield problem and resul t ing high temperatures  

i t  was concluded that  a  hazardous condi t ion might  exis t  i f  the  M509 

bat ter ies  were discharged.  If  the  bat ter ies  were used an internal  short  

might  have occurred resul t ing in  a  possible  explosion.  The ASMU, PSS 

bot t le  rack and AM N£ recharge s ta t ion were reconfigured to  their  

inf l ight  usage configurat ions and the PSS bot t les  were recharged.  After  

reconfigurat ion/checkout  of  the  M509 ASMU and the PSS bot t le  instal la t ion,  

the uni t  was powered up f rom OWS power while  s t i l l  in  the docking s ta t ion 

and the backpack and Hand-Held Maneuvering Unit  (HHMU) thrusters  

were f i red.  

Between missions,  onground tes t ing determined that  the f l ight  M509 

bat ter ies  were acceptable  for  use and on SL.-3 and SL-4 the experiment  

was successful ly  operated.  The uni t  was f lown in  a l l  four  modes,  both 

sui ted and unsui ted.  

One modif icat ion was made to  the planned M509 act ivi t ies  af ter  the f i rs t  

sui ted performance.  During this  performance the tes t  pi lot  noted that  

the Life  Support  Umbil ical  (LSU) imparted undersirable  dynamic forces  

on the ASMU during maneuvering.  In  hopes of  reducing/el iminat ing 

these dynamic effects  the crew str ipped the LSU of  a l l  wir ing and 



insulat ion,  leaving only the 0 2  l ine .  This  modif ied LSU was then used 

on a l l  subsequent  M509 and T020 sui ted runs not  ut i l iz ing the Secondary 

Oxygen Packs (SOP).  

During a  SL-4 sui ted run bat tery problems arose causing the experiment  

run to  be shortened.  The bat ter ies  were being depleted much faster  than 

ant ic ipated due to  t ime consuming delays during the M509 run.  One delay 

was experienced when the crewman encountered problems at taching the 

AM recharge s ta t ion quick disconnect  to  the PSS bot t le  connector .  An 

addi t ional  delay was experienced when the SOP was depleted and had to  

be replaced by the LSU. During both these delays the ASMU was on 

bat tery power thus draining the bat tery.  These delays drained both M509 

bat ter ies  to  the 26 vol t  minimum and the M509 run was terminated af ter  

complet ing only 2/3 of  the  run 's  object ives .  M509 was performed through

out  the remainder  of  SL-4 and no anomalies  were reported.  

c .  Assessment/  Recommendat ions -  The M509 ASMU was 

wel l  designed and easy to f ly .  Intui t ive ski l ls ,  common to a l l  as t ronauts  

because of  their  f l ight  t ra ining,  was a l l  that  was required to  navigate  

M509.  Ground based t ra ining for  this  experiment  using the Denver  

s imulator  was not  necessary.  This  was ver i f ied during an unscheduled 

M509 performance by a  crewmember who had never  t ra ined for  M509 

nor  had ever  used the t ra ining s imulator .  His  f l ight  was performed with 

ease and was considered a  complete  success .  



During the M509 maneuvers  four  potent ia l  f lying modes were evaluated 

and,  in  order  of  preference,  were DIRECT, CMG, RATE GYRO and 

HHMU. The DIRECT mode was far  the easiest  and the more intui t ive 

to  control .  The CMG and RATE GYRO modes were very good but  the 

precesion inherent  to  these modes was unnecessary for  a  future  EVA 

maneuvering device.  The HHMU was given a  poor  ra t ing and was 

recommended by the crew to be deleted f rom considerat ion as  an EVA 

maneuvering mode.  The diff icul ty  with the HHMU was in  locat ing the 

center  of  gravi ty  which turned out  to  be an important  factor  in  this  

maneuvering mode.  In  future  tes t ing of  a  maneuvering uni t  the HHMU 

should be e l iminated from considerat ion because i t  was not  an intui t ive 

device to  operate ,  as  i t  required unique and undeveloped ski l ls .  

In  f lying M509 actual  EVA condi t ions were s imulated to  evaluate  a l l  

phases  of  maneuvering.  Sui ted operat ions were conducted using both 

the LSU and SOP.  The SOP configurat ion was preferred over  the LSU 

configurat ions because of  the  dynamic effects  present  with the LSU. 

The LSU, due to  i ts  mass  and e las t ic  character is t ics ,  imparted an 

iner t ia  on the M509 ASMU which proved to  be an annoyance to  the tes t  

pi lot ,  in  that  guidance correct ions to  the uni t  were constant ly  required.  

Safety was a  pr inciple  concern in  pre-mission design and planning of  

M509.  But  due to  the ease of  operat ions and maneuverbi l i ty  of  the 



ASMU the pre-mission concern of  inadvertant  and possible  catastrophic  

col l is ions was shown to be inval id .  The ASMU, though very large and 

heavy,  was not  bothersome or  incapable  of  being handled by the tes t  

pi lot .  The tes t  pi lots  were confident  that  even with the large ASMU 

mass and a  maximum maneuvering veloci ty  of  3-4 f t /sec that  they 

could,  in  the event  of  a  thruster  fa i lure ,  reposi t ion themselves  and 

absorb the energy of  an impact  without  bodi ly  or  hardware damage.  

The M509 hardware and support ing equipment  was wel l  designed both 

f rom a funct ional  and integrat ion s tandpoint  with one except ion.  The 

ASMU had too many controls  located in  too many diverse  and remote 

posi t ions.  If  possible  these controls  should be re located on a  common 

panel  to  faci l i ta te  crew operat ions.  The safety goggles  and ear  plugs 

were required and were used by al l  crewmen.  The unstowage/s towage 

of  the M509 hardware was s t ra ightforward with no problems occurr ing.  

PSS bot t le  charging required the crew to t ranslate  to  and f rom the AM 

recharge,  s ta t ion with the bot t les .  This  ent i re  procedure, including 

recharge,  took less  than 10 minutes  to  perform and i t  was reported that  

the bot t les  during recharging only reached a  temperature  of  approximately 

100°F.  Translat ion with the bot t le  was accomplished by the crewman holding 

the bot t le  ahead of  h im,  pushing off  and then fol lowing along behind the hardwar 

Pr ior  to  reaching his  dest inat ion,  through a  mental  integrat ive process ,  the 

crewmember could reposi t ion himself  between the hardware and contact  



point  for  a  safe  landing.  

The ASMU was a  good t ranslat ional  device but  was found to  be severly 

l imited in  i ts  use as  a  workstat ion/platform for  performing work related 

tasks .  In  performing relat ively easy tasks ,  the crewman's  body torques 

would over  saturate  the ASMU gyros and cause a  loss  of  s tabi l i ty .  To 

perform EVA tasks the ASMU, as  designed,  would have to  be docked/  • 

res t ra ined at  the designated work area to  achieve the necessary s tabi l i ty  

required to  perform the task.  

The next  generat ion EVA maneuvering device should be back mounted 

with the pi lot- to-backpack restraint  system providing a  t ight ,  secure 

and comfortable  (seat  padding recommended)  f i t .  Backpack donning/doff ing 

should be designed as  an one man funct ion.  The backpack must  have s ix  

degrees  of  f reedom, with the propuls ion thrusters  located around the 

center  of  gravi ty  of  the pi lot /backpack combinat ion,  and should be hand 

control led.  The hand control lers  should have the capabi l i ty  of  being 

relocated/moved during f l ight  to  a l low mult iple  working postures  for  the 

pi lot .  The DIRECT mode should be selected as  the maneuvering mode 

with a  capabi l i ty  of  a  3-4 f t /sec veloci ty .  Restraints /docking provis ions 

( i .  e .  manipulat ive arms)  must  be provided to  adequately s tabi l ize  the pi lot  

and permit  him to perform the designated task.  A backpack spot l ight  

should be incorporated to  provide the pi lot  with an i l luminat ion source 

at  his  work area.  Separate  isolat ion valves/circui t  breakers  for  each 



thruster  or  set  of  thrusters  should be provided to  insure against  a  s ingle  

point  fa i lure .  The backpack should contain a l l  systems required for  

EVA such that  no umbil ical  or  LSU is  required.  The uni t  should contain 

a  pressure control  system, oxygen system and maneuvering system with 

a l l  system monitor ing displays/readouts  being i l luminated.  With such a  

system the pi lot  could sui t  up,  don and plug in  the maneuvering uni t  and 

perform an EVA as  a  f ree  ent i ty .  



13.22.4.3 T013 -  Crew/Vehicle  Disturbances 

a .  Operat ions -  Experiment  T013 was scheduled to  be 

performed on SL-3 to  measure the effects  of  crew motions on the 

dynamics of  manned spacecraf t .  

Two crewmen were required for  T013 operat ions;  one designated as  the 

subject  and the other  as  the observer .  A third crewman was required 

during performance of  the worst  case control  system input  task.  Data  

was to  be col lected employing the 16mm Data Acquis i t ion Camera (DAC),  

mounted in  the OWS forward compartment .  The Limb Motion Sensor  

(LIMS) sui t  assembly including the LIMS data  cable  was to  be removed from 

stowage.  The subject  was to  don the LIMS sui t  and then connect  the experi

ment  data  cable  between the LIMS and the Experiment  Data  System (EDS).  

Pr ior  to  s tar t  of  the experiment  performance,  the observer  was to  don a  

communicat ions headset  and turn on the AM tape recorder  and cameras  

for  data  col lect ion.  The Force Measurement  Units  (FMU) were to  then be 

uncaged and cal ibrated.  During the experiment  performance of  body and 

l imb motions and f ree  soar ing act ivi t ies ,  the observer  was to  ass is t  in  

securing the subject  to  and re leasing him from FMU No.  1  a t  appropriate  



t imes during the experiment .  Upon conclusion of  the experiment  performance,  

the cameras ,  AM tape recorder  and the EDS were to  be turned off  and the 

FMU's  caged and pinned.  The EDS data  cable  was to  then be disconnected 

and s towed together  with LIMS sui t  assembly in  the T013 s towage container .  

b .  Usage/Anomalies  -  T013 was performed on SL-3 as  designated 

by the experiment  checkl is t .  Upon complet ion of  the experiment  performance 

the crew reported that  the experiment  had funct ioned as  planned.  

T013 was performed on SL-3 but  during the f i rs t  pushoff  of  the soar ing 

act ivi t ies  a  malfunct ion occurred in  the load cel ls  of  FMU No.  2  causing a  

par t ia l  loss  of  data .  Malfunct ion procedures  were performed on both 

FMU's  and deformation of  the load cel l  f lexures  was uncovered.  As par t  

of  the malfunct ion procedures  a  FMU cal ibrat ion was performed and the 

resul ts  indicated that  load cel ls  4 and 5 of  FMU No.  2  had fai led and were 

considered lost .  

To sat isfy the experiment  mission requirements ,  a  rerun of  the T013 

soar ing act ivi t ies  was performed,  but  the crew fai led to  act ivate  the 

T013 Experiment  Data  System (EDS) and no experiment  data  was received.  

Again,  in  a t tempt  to  sat isfy the experiment  requirements ,  a  third run 

of  T013 was performed by the SL-3 crew and al l  ATM and photography 

data  was successful ly  gathered.  This  performance sat isf ied a l l  T013 

requirements .  



During performance of  the T013 worst  case input  task only two crewmen 

part ic ipated instead of  the three required.  Since the third man,  designated 

as  observer ,  did not  contr ibute  to  the data  input  and was required only for  

safety reasons,  the omission of  his  par t ic ipat ion had no effect  on the 

experiment  resul ts .  

c .  Assessments/Recommendat ions -  Other  than the FMU 

anomaly,  experiment  T013 operat ions were s t ra ightforward and easy to 

perform.  Stowage/unstowage was s imple,  the LIMS sui t  f i t  wel l  and the 

camera posi t ioning was no problem. Soaring between the FMU's  was 

qui te  easy,  in  fact ,  the FMU's  could have been placed much far ther  apar t  

without  effect ing the crewman's  soar ing accuracy.  The FMU's  placed 

as  they were,  were so close that  i t  was diff icul t  for  the performing 

crewman to soar  between them and land feet  f i rs t .  

During the worst  case task,  the second performer could not  soar  between 

the f i lm vaul t  and the food lockers .  He had to  soar  between the food lockers  

and the lockers  adjacent  to  the f i lm vaul t .  During the s imultaneous 

soar ing both crewmen performed their  push-offs  together  but  due to  the 

differences in  soar ing dis tances  their  impacts  were not  s imultaneous.  



• « 
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13.22.4.4 T020 -  Foot  Control led Maneuvering Unit  

a .  Operat ions -  Experiment  T020 was scheduled to  be 

performed in  the OWS forward compartment  area during SL-3 and SL-4.  

A total  of  5  runs by each tes t  pi lot  was scheduled with the Foot  Control led 

Maneuvering Unit  (FCMU) while  a  second crewman acted as  observer ,  

OWS cameraman and safety man.  Of the 5 performances conducted by each 

tes t  pi lot  three were to  be operated in  shir ts leeves and two while  sui ted.  

Pr ior  to  the experiment  performance,  the T020 hardware and support  hardware 

were to be unstowed and reconfigured for operation, including M509 PSS 

bot t le  and bat tery charging.  Once experiment  preparat ion was completed 

and the OWS forward experiment  area was cleared according to  the T020 

checkl is t ,  the observer  was to  ass is t  the tes t  pi lot  in  donning the T020 

maneuvering equipment .  The tes t  pi lot  would then undock from the T020 

docking s ta t ion and perform the required maneuvers .  Upon complet ion of  

these maneuvers ,  the subject ,  with a id  f rom the observer ,  would re turn 

to  the docking s ta t ion and dock the FCMU, thereby concluding the experiment  

performance.  

b .  Usage/Anomalies  -  Experiment  T020 was performed as  

planned on SL-3 with the tes t  pi lots  operat ing the FCMU five t imes.  

The f i rs t  three runs were performed in  shir ts leeves while  the las t  two runs 

were f lown sui ted.  The two sui ted runs were conducted ut i l iz ing both the 

Life  Support  Umbil ical  (LSU) and Secondary Oxygen Pack (SOP) configurat ions.  

On SL-4,  T020 was performed twice.  The f i rs t  run was performed sui ted whereas  

the second was performed in  shir ts leeves.  



Two modif icat ions were added to  T020 during i ts  performance on SL-3.  After  

the f i rs t  maneuvering operat ion with T020 i t  was evident  that  a  bet ter  

res t ra int  system was needed.  A modif ied system was devised on ground 

and then information was upl inked to  the crew.  This  res t ra int  system 

provided the added s tabi l i ty  sought  by the tes t  pi lot  and was used through

out  the remaining SL-3 T020 performances.  

The second modif icat ion was performed by the SL-3 crew on the LSU in 

hopes of  reducing or  e l iminat ing the dynamic effects  i t  imparted on the 

maneuvering uni ts .  Using a  scapel  and s issors ,  the LSU was s t r ipped of  

a l l  wir ing and insulat ion,  leaving only the 0 2  l ine .  This  LSU was used on 

a l l  subsequent  M509 and T020 sui ted runs not  ut i l iz ing the SOP configurat ion.  

Because of  the lack of  r igidi ty  experienced with the T020 res t ra int  system 

during SL-3 a  new r igid res t ra int  system was designed and fabricated 

between missions.  This  r igid res t ra int  system was launched on SL-4 

and used by the crew in their  T020 operat ions.  

The f i rs t  SL-4 T020 run was performed sui ted and ut i l ized the new r igid 

res t ra int  system. The crew reported that  the system worked extremely 

wel l  and reduced pract ical ly  a l l  body/backpack motions.  

The second T020 performance was conducted in  shir ts leeves.  The crew 

operated T020 with both the r igid and or iginal  res t ra int  systems.  Again,  



the  r igid system was considered highly effect ive whereas  the non-r igid 

system was considered extremely poor .  

This  was the las t  evaluat ion of  experiment  T020 as  schedul ing considerat ions 

prohibi ted any addi t ional  performances.  

c .  Assessment/Recommendat ions -  T020 s towage/unstowage 

was fair ly  s imple,  a l though between operat ions i t  was lef t  s towed in  such 

a  manner  that  would not  require  much t ime to react ivate .  .  .  a  casual  type 

of  s towage.  

The T020 res t ra ints  and harness  were not  sat isfactory.  Also,  seat  padding 

was improvised and is  def ini te ly  required.  The res t ra ints  did not  give 

the operator  a  secure or  t ight  feel ing in  the uni t .  The harness ,  due 

to  i ts  unusual  design,  was diff icul t  to  don and connect .  The backpack 

assembly was not  contoured correct ly  and was too loose when donned.  

Incorporat ion of  the required rest raint  system removed most  of  the 

s loppiness  between the backpack and FCMU and gave the pi lot  a  more 

secure f i t  wi th  the T020 hardware.  

The shoe plates  seemed to work wel l  a l though i t  was easy to  kick your  

foot /shoe plate  out  of  the FCMU. Also the shoe plate  forces  for  the 

thrusters  were too high.  These seemingly high shoe plate  forces  could 

be a t t r ibuted to  a  possible  decondi t ioning of  the crew's  leg muscles  due 

to  the zero gravi ty  environment .  



T020 must  have s ix  (6)  degrees  of  f reedom to be fa i r ly  evaluated.  As 

designed,  i t  i s  completely unacceptable  as  a  maneuvering vehicle  and 

the crew sees  no advantage in  i ts  concept  of  foot-control led maneuvering.  

13.  22.  5  Student  Project  Experiments  

13.22.5.1 ED 23 -  Ultraviolet  f rom Quasars  

a .  Operat ions -  Student  experiment  ED 23 was scheduled 

to  be performed on SL-3 as  an addi t ional  data  pass  of  basel ine experi

ment  S019 to  obtain spectrographic  data  of  se lected quasars .  

The crew was to  use experiment  S019 as  support  equipment  for  ED 23.  

With S019 mounted in  the Scient i f ic  Air lock (SAL),  ul t raviolet  photographs 

were to  be taken of  pre-designated galaxies .  ED 23 data  was to  be 

recorded in  the S019 port ion of  the log book and photographs were to  

be re turned in  the S019 f i lm canis ter .  

b .  Usage/Anomalies  -  Student  experiment  ED 23 was 

performed as  scheduled and no anomalies  were reported.  

c .  Assessment/Recommendat ions -  The crew fel t  that  experi

ment  t ra ining was good but  that  a  decis ion needed to  be made as  to  experi

ment  operat ional  pr ior i ty  so as  to bet ter  appropriate  crew training 

requirements .  



13.  22.  5 .  2  ED 25 -  X-Rays From Jupi ter  

a .  Operat ions -  Student  experiment  ED 54 was scheduled to  

be performed on SL-3 to  detect  x-rays from Jupi ter .  

The experiment  was to  be performed with the use of  ATM experiment  

S054 under  Joint  Observat ion Program (JOP) 13.  The vehicle  was to  

be maneuvered so that  the ATM could observe celestr ia l  bodies  away from 

the sun.  

b .  Usage/Anomalies  -  Student  experiment  ED 25 was 

performed during the ATM performance of  JOP 13 as  scheduled and no 

anomalies  were reported.  

c .  Assessment/Recommendat ions -  The crew fel t  that  the 

procedures  were adequate  and that  the hardware performed sat isfactor i ly .  

13.22.5.3 ED 26 -  Ultraviolet  From Pulsars  

a .  Operat ions -  Student  experiment  ED 26 was scheduled to  be 

performed on SL-3 as  an addi t ional  data  pass  of  basel ine experiment  

S019 to  search for  pulsars  in  ul t raviolet  wavelengths .  

The crew was to  use experiment  S019 as  support  equipment  for  ED 26.  

With SO 19 mounted in  the SAL, ul t raviolet  photographs were to  be taken 

of  designated galaxies .  ED 26 data  were to  be recorded in  the S019 log 

book and the photographs were to  be re turned in  the SO 19 f i lm canis ter .  



b.  Usage/Anomalies  -  Student  experiment  ED 26 was 

performed as  planned and no anomalies  were reported.  

c .  Assessment/Re commendat ions -  Student  experiment  ED 26 

used only f i lm and S019 experiment  hardware,  therefore  a l l  crew inter

face assessments  are  included with the assessment  of  S019.  

13.22.5.4 ED 31 -  Bacter ia  and Spores  

a .  Operat ions -  Student  experiment  ED 31 was scheduled to  

be performed on SL-3 to  determine the effects  of  weight lessness  and 

space radiat ion on the survivabi l i ty ,  growth ra te ,  and mutat ion of  several  

vegetat ive bacter ia l  species .  

A crewman was to  inoculate  the 15 petr i  dishes  containing nutr ient  agar .  

Nine cul tures  were to  then be incubated in  the Inf l ight  Medical  Support  

System (IMSS) incubator  and the remaining s ix  a t  OWS ambient  temperatur  

Observat ion and photography of  these cul tures  were to  take place a t  12 

hour  intervals  unt i l  the  colony growth was at tenuated by cool ing in  the 

OWS and chi l ler .  The petr i  dishes  were to  be re turned a t  the end of  the 

mission for  laboratory s tudy.  

b.  Usage/Anomalies  -  Due to  the degradat ion caused by the 

SL-2 launch delay and the e levated OWS temperatures ,  ED 31 was 

invest igated and a  decis ion was made to  perform the experiment  on SL-2,  

assess  the data ,  and consider  performance on SL-4,  i f  necessary.  The 

15 ED 31 petr i  dishes  were inoculated,  incubated and photographed on 



SL-2.  Petr i  dishes  one through four  had water  drops but  no vis ible  

growth.  Photographs were not  taken of  d ishes  one through four  but  

were taken of  d ishes  f ive through f i f teen.  Only dishes  number 7 and 

number 9 showed any growth and they had three and one colonies  

respect ively.  The experiment  was completed using reduced mission 

protocol  and the 15 dishes  were returned on SL-2.  The 15 plates  were 

not  chi l led and they were returned in  a  food overcan because the IMSS 

resupply container  was not  on board SL-2.  Ground s tudies  indicated 

that  the high temperatures  experienced on SL-2 had possibly affected 

the experiment  resul ts  and i t  was decided to  repeat  the experiment  

on SL-4.  ED 31 was repeated on SL-4 as  planned and successful ly  

completed.  

c .  Assessment/Re commendat ions -  The crew was sat isf ied 

with the experiment  hardware performance and reported no diff icul ty  

in  inoculat ing the petr i  dishes  in  a  zero-gravi ty  environment .  

13.22.5.5 ED 32 -  Invi t ro  Immunology 

a .  Operat ions -  ED 32 was scheduled to  be performed on the 

SL-3 mission to  determine the effects  of  zero gravi ty  on the ant igenici ty .  

To perform ED 32,  a  crewman was to  inject  each of  the three (3)  immuno 

diffusion plates  with ant igen and was to  then per iodical ly  photograph the 

plates  throughout  the incubat ion per iod.  To photograph the plates ,  the 

crew was to  a t tach them to OWS l ight  number  1 using the photo c l ip  



suppl ied in  the ED 32 hardware.  

b .  Usage/Anomalies  -  Antigen inject ion of  the three diffusion 

plates  was accomplished ear ly  in  the SL-3 mission.  Ten days la ter ,  

the plates  were at tached to  the OWS l ight  and photographed with the 

35mm Nikon camera.  This  const i tuted complet ion of  the ED 32 experi

ment  requirements .  

c .  Assessment  /Recommendat ions -  No assessments  or  

recommendat ions were received from the crew concerning ED 32.  

Therefore  i t  was assumed that  the experiment  hardware,  procedures  

and interfaces  were wel l  designed and a l l  funct ioned as  planned.  

13.22.5.6 ED 41 -  Motor  Sensory Performance 

a .  Operat ions -  ED 41,  Motor  Sensory Performance,  was 

scheduled to  be performed on SL-4 to obtain motor  sensor  performance 

data  which could be used in  planning,  t ra ining,  and equipment  development  

for  future  manned space missions.  

The method of  measuring motor  sensory performance used in  ED 41 was 

a  s tandardized eye-hand coordinat ion tes t  using a  maze with a  119-hole  a iming 

pat tern,  s tylus ,  and cable  assembly.  During operat ion the uni t  was at tached 

to  the wardroom window shelf  by velcro s t r ips  and the cable  was connected 

to  the speaker  intercom assembly connector .  The experiment  was 

performed once ear ly  and again la te  in  the mission by the same astronaut  

and no act ivi t ies  imposing ei ther  intense physical  exer t ion or  mental /  



emotional  s t ra in  preceded performance of  the experiment .  Inf l ight  

performance was compared with pre-f l ight  and post-f l ight  tes ts  performed 

by the same subject .  

b .  Usage/Anomalies  -  Student  experiment  ED 41 was performed 

as  scheduled by a l l  three crewmen and no anomalies  were reported.  

c .  Assessment/Re commendat ions -  Procedures  for  ED 41 

were s t ra ightforward and the hardware performed sat isfactor i ly .  

13.22.5.7 ED 52 -  Web Formation 

a .  Operat ions -  Student  experiment  ED 52 was scheduled to  

be performed on SL-3 to  observe the web bui lding process  of  the Araneus 

diadematus (cross)  spider  in  a  zero-gravi ty  environment  and compare 

this  process  with one performed in  a  one "g" ear th  environment .  A 

pr ime and backup spider  were to  be launched.  

The crewman performing the experiment  was to  deploy the experiment  

enclosure which permits  observat ions of  spider  act ivi ty .  The spider  

was to  be re leased from her  vial  into the experiment  enclosure and 

al lowed to  spin her  web.  During the experiment  performance a  crew

man was to  per iodical ly  provide food and water  for  the spider .  St i l l  

photographs were to  be made with the 35mm Nikon camera and correlated 



to  Ground Elapsed Time (GET) by voice recorded comments .  Movie 

photographs were to  be made with the DAC 16mm camera ut i l iz ing the 

automatic  camera actuator  which detected spider  motion to  s tar t /s top 

the motion picture  camera.  Upon complet ion of  the experiment  the 

spiders  were to  be disposed of  through the t rash air lock.  

b .  Usage/Anomalies  -  Pr ior  to  re leasing the pr ime spider ,  

Arabel la ,  the crew reported a  problem with the automatic  camera 

actuator .  Malfunct ion procedures  were conducted on the automatic  

camera actuator  with no resul ts .  The actuator  was considered fai led 

and therefore  the web forming photography object ive was not  met .  

Photographs were taken per iodical ly  by the crew using the hand-held 

camera.  Due to  the actuator  fa i lure  some addi t ional  crew t ime was 

spent  taking hand-held photographs.  Both the pr ime and backup spiders  

died in  orbi t  and were returned to  ear th  along with web samples .  

c .  Assessment  -  Other  than the actuator  fa i lure  and resul t ing 

increased t ime requirement  for  the crewman the experiment  was performe 

as  scheduled.  

13.22.5.8 ED 61/62 -  Plant  Growth/Plant  Phototropism 

a .  Operat ions -  ED 61/62 was scheduled for  performance 

during SL-2 to observe difference in  root  and s tem growth of  r ice  

seeds germinated in  the Skylab environment .  



Eight  seed groups were to be implanted by the crewman with the seed 

planter  into a  compartmental  container  f i l led with c lear  agar .  This  

container  was to  be f i t ted with neutral  densi ty  f i l ters  to  enable  a  var ia t ion 

in  the total  l ight  impinging on the e ight  separate  seed groups.  Fol lowing 

implantat ion,  the crewman was to  photograph the seed groups dai ly  for  14 

days using the 35mm Nikon camera.  

b .  Usage /Anomalies  -  Due to  the high OWS temperatures  

af ter  launch,  and subsequent  on ground tes t ing,  the ED 61/62 performance 

was cancel led for  SL-2.  Resupply and performance of  ED 61/62 was 

accomplished during SL-4.  Pr ior  to  seed implantat ion the experiment  

was re located because exis t ing l ight  levels  were fel t  to  be too low for  

adequate  growth.  In  addi t ion,  the portable  l ight  was incorporated to  

provide addi t ional  l ight ing to  insure good growth.  Final ly  the seeds were 

implanted and photographed as  scheduled with no anomalies  reported.  

c .  Assessment/Recommendat ions -  No assessment  or  

recommendat ions were received from the crew concerning ED 61/62.  

Therefore  i t  was assumed that  the experiment  hardware,  procedures  

and interfaces  were wel l  designed and a l l  funct ioned as  planned.  

13.22.5.9 ED 63 -  Cytoplasmic Streaming 

a .  Operat ions -  Experiment  ED 63 was scheduled for  operat ion 

on the SL-3 mission to  observe the effects  of  zero gravi ty  on cytoplasmic 

s t reaming in  plants .  



Crew act ivat ion operat ions for  ED 63 were to  consis t  of  res t ra ining the 

ED 63 t ransparent  container ,  containing the elodea water  plants ,  near  

a  specif ic  l ight  in  the OWS wardroom to maintain photosynthesis  during 

the mission.  Then,  once ear ly  in  the mission and again la te  in  the 

mission,  the crew was to  detach a  leaf  f rom the e lodea plant  and,  with 

use of  the Inf l ight  Medical  Support  System (IMSS) microscope and 

associated hardware,  examine the leaf  for  cytoplasmic s t reaming.  The 

16mm Data Acquis i t ion Camera (DAC) was to  be used to  document  the 

data .  

b .  Usage/Anomalies  -  ED 63 was performed as  scheduled on 

SL-3.  During the f i rs t  performance the crewman reported that  a l l  three 

plant  vials  had a  sulphurous smell  and that  the leaves f rom the three 

plants  showed no res is tance when detached.  Two s l ides  were prepared 

from one of  the plants  and no cytoplasmic s t reaming was observed.  

In conjunct ion with this  in-f l ight  performance of  ED 63,  a  ground based 

performance was conducted.  A sample s l ide was prepared on each of  

the three plants  and observed under  a  microscope.  Two of  the three 

elodea plants  appeared to  be total ly  dead,  the third appeared normal  

and exhibi ted good cytoplasmic s t reaming.  The vials  containing the 

two dead plants  smelled of  hydrogen sulf ide and the leaves showed no 

resis tance when detached.  Based on this ,  i t  was considered probable  

that  one or  more of  the plants  in  orbi t  were dead.  



From a la ter  on ground performance of  ED 63 i t  was discovered that  

a  previously considered dead plant  had exhibi ted some cytoplasmic 

s t reaming.  Therefore ,  the crew were requested to  prepare s l ides  on 

a l l  three plants  and examine for  possible  s t reaming.  The crew complied 

and no s t reaming was observed.  This  resul ted in  a  terminat ion of  the 

experiment  for  SL-3 and an eventual  resupply for  a  SL-4 performance.  

During the SL-4 performance of  ED 63,  a  hardware anomaly was 

reported concerning the DAC camera/IMSS microscope adapter .  The 

crewman examining for  cytoplasmic s t reaming could not  acquire  a  ful l  

f ie ld  of  view.  I t  was his  assessment  that  the adapter  was the cause of  

the problem. 

The SL-4 performance of  this  experiment  approximated the resul ts  obtained 

f rom SL-3.  During the f i rs t  cytoplasmic s t reaming observat ion one plant  

provided some evidence of  s t reaming.  In subsequent  observat ions the elodea 

plant  leaves showed no resis tance when detached,  there  was a  sulphurous 

smell  present  and no cytoplasmic s t reaming was observed.  I t  was decided 

that  the plants  were dead and the experiment  was terminated.  The plants  

were removed from their  vials  and placed in  the t rash air lock.  

c .  Assessment/Recommendat ions -  Other  than the DAC 

camera/IMMS microscope adapter  anomaly,  the ED 63 performances 

were conducted as  planned.  The crew reported that  the experiment  



procedures  and hardware funct ioned wel l  and fel t  that  everything possible  

was done on their  par t  to  acquire  usable  data .  From the resul ts  of  th is  

experiment ,  i t  was concluded that  zero-gravi ty  has  an undesirable  

effect  on cytoplasmic s t reaming in  plants .  



13.22.5.10 ED 72 -  Capi l lary Study 

a .  Operat ions -  Student  experiment  ED 72,  Capi l lary Study,  

was scheduled to  be performed on SL-4 to demonstrate  capi l lary act ion 

as  a  l iquid pumping mechanism.  

The experiment  hardware consis ted of  two separate  capi l lary tube modules  

and an addi t ional  capi l lary wick module.  Each capi l lary tube module • 

contained a  reservoir ,  lever  valve system and three t ransparent  capi l lary 

tubes of  graduated s izes .  One module contained water ,  the other  Krytox 

oi l .  The capi l lary wick module contained three capi l lar ies  of  twi l l  and 

mesh screens.  The crewman was to  act ivate  the lever  valve of  the 

capi l lary tube modules  and photograph the capi l lary act ion of  the f luid.  

The ent i re  experimental  sequence was to  be photographed,  beginning with 

the actuat ion of  the capi l lary valve and ending with the t ime that  the s lowest  

f luid volume reached the end of  the capi l lary tube.  

b .  Usage/Anomalies  -  The wicking segment  of  s tudent  experiment  

ED 72 was successful ly  performed as  scheduled with photographic  data  and 

crew sketches being obtained for  data .  

The capi l lary segment  of  ED 72 was unsuccessful .  During preparat ion 

of  this  port ion the crewman observed that  both the oi l  and water  had 

leaked from their  reservoirs .  When the lever  valves  were operated no 

capi l lary act ion was observed.  The fai lure  was a t t r ibuted to  the reservoir  



leakage.  The ground la ter  suggested at tempting to  ref i l l  the reservoirs  

but  the crew had a l ready disposed of  the modules  through the t rash air lock.  

The leakage was documented on f i lm.  

c .  Assessment  /  Recommendat ions -  The wicking port ion of  ED 72 

was successful ly  completed with the hardware funct ioning as  designed.  

However ,  the capi l lary segment  was unsuccessful  due to  the hardware 

fai lure  resul t ing in  the leakage of  the capi l lary modules .  



13.22.5.11 ED 74 -  Mass Measurement  

a .  Operat ions -  Experiment  ED 74 was scheduled to  be 

performed on SL-3 to  demonstrate  the use of  harmonic motion to  

measure the mass  of  an object .  

To operate  ED 74,  a  crewman was to  f i rs t  remove ED 74 f rom launch 

s towage in  the OWS f i lm vaul t  and then bol t  i t  to  the f i lm vaul t .  The 

device was to  then be cal ibrated using the cal ibrat ion weights  included 

with the ED 74 hardware.  Next  the mass  of  four  (4)  smal l  objects  was 

to  be determined through use of  the ED 74 hardware.  This  was to  conclude 

the ED 74 performance.  

b .  Usage/Anomalies  -  During SL-3,  ED 74 was performed 

twice instead of  only once as  scheduled.  I t  was decided that  this  experi

ment  was a  good candidate  to  be downlinked by real  t ime TV coverage.  

c '  Assessment/Recommendat ion -  During both pgr  fnr  manioc 

the hardware funct ioned as  planned and no anomalies  were reported.  

The crew stated during the f inal  performance that  ED 74 worked very 

wel l .  

13.22.5.12 ED 76 -  Neutron Analysis  

a .  Operat ions -  Student  project  experiment  ED 76 was 

scheduled for  operat ion during al l  three Skylab missions.  I ts  purpose 

was to  acquire  data  for  measurement  of  the ambient  neutron f lux a t  

Skylab orbi ta l  a t t i tudes.  



The hardware for  ED 76 was comprised of  ten (10)  neutron detectors  

and s towage containers .  During SL-2 the ten neutron detectors ,  

consis t ing of  chemical ly  coated f i lms,  were to  be deployed on the 

inboard surfaces  of  the OWS. At  designated t imes during SL-2 and 

SL-4 the crew was to  deact ivate  cer ta in  detectors  and s tow them for  

ul t imate  re turn to  ear th .  

b .  Usage/Anomalies  -  During SL-2 the ten (10)  neutron f lux 

detectors  were deployed as  planned.  At  the end of  th is  mission four  (4)  

detectors  were deact ivated,  s towed and returned.  The remaining s ix  

detectors  cont inued data  col lect ion throughout  the Skylab missions and 

were deact ivated and s towed in  the CM by the SL-4 crew just  pr ior  to  

their  re turn.  

The SL-4 crew stated that  dector  Bravo 3 was poorly placed in  that  as  

they came through the hatch f rom the forward compartment  to  the experi

ment  compartment  i t  was in  a  very natural  place to  grab.  If  touching 

degraded i t ,  i t  was def ini te ly  degraded as  i t  was touched numerous t imes.  

c .  Assessment/Re commendat ions -  No assessments  or  

recommendat ions were reported by the Skylab crews concerning ED 76.  

Therefore  i t  was assumed that  the experiment  hardware,  procedures  and 

interfaces  were wel l  designed and al l  funct ioned as  planned.  

13.22.5.13 ED 78 -  Liquid Motion 

a .  Operat ions -  Experiment  ED 78 was scheduled to  be 



performed on SL-3 to  s tudy the  dynamic  response  of  a  l iquid/gas  in ter 

face  when subjected  to  an  impulse  in  zero  gravi ty .  

The crewman was  to  exci te  a  gas  bubble ,  surrounded by a  l iquid ,  by 

ac t ivat ion of  the  ca l ibra ted  force  suppl ied  by the  ED 78 p is ton/  spr ing 

mechanical  sys tem.  Photographs  were  to  be  suppl ied  to  the  s tudent  

inves t igator  to  provide  ED 78 data  in terpre ta t ion.  

b .  Usage/Anomal ies  -  Exper iment  ED 78 was  se t  up and 

in i t ia ted  dur ing SL-3 but  the  hardware  did  not  opera te  proper ly .  The 

p is ton/spr ing mechanism did  not  funct ion when ac t ivated .  Severa l  

correc t ive  procedures  were  a t tempted wi th  no success .  I t  was  de ter 

mined that  the  d iaphram in  the  p is ton/spr ing mechanism was  ruptured 

and that  no  correc t ive  ac t ions  were  poss ib le .  The ED 78 hardware  was  

terminated and s towed.  

Dur ing SL-3 and SL-4,  l iquid  mot ion sc ient i f ic  demonst ra t ions  were  

performed and data  f rom these  demonst ra t ions  were  provided to  the  

ED 78 s tudent  inves t igator .  This  data  provided suff ic ient  informat ion 

to  sa t i s fy  the  requirements  of  ED 78.  

c .  Assessment /Recommendat ions  -  Other  than informat ion 

concerning the  ED 78 hardware  anomaly,  the  crew made no comments  

concerning the  assessments / recommendat icns  for  th is  exper iment .  


