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SATURN I WORKSHOP EXPERIMENTS 

/// 

The Saturn I Workshop, the f i r s t  of the Apollo Applications miss ions ,  

will  offer the space agency the l a rges t  volume ever  placed into ea r th  orb i t  

in which to c a r r y  out exper iments .  

These exper iments  will  be in five major  groups:  scientif ic,  technological, 

Depar tment  of Defense,  engineering and medical .  

Candidate exper iments  a r e  being considered for  the workshop miss ion  a s  

wel l  a s  other  flights in the Apollo Applications c lus te r .  Five pr incipal  

invest igators  have been selected to  provide the so la r  measur ing  ins t ruments  

fo r  the  Apollo Telescope Mount. Pr inc ipa l  invest igators  represen t ing  

government and industry  a r e  developing the workshop exper iments .  

T h r e e  NASA Headquar ters  p rog ram offices,  Space Sciences and 

Applications, Advanced Resea rch  and Technology and Manned Space Flight 

plus the Depar tment  of Defense, a r e  contributing to the exper iment  pool. 

OMSF has  the overa l l  exper iment  management chore.  The NASA-Marshall 

Space Flight Center i s  the integrating center  for Saturn I workshop exper iments .  

While a l l  of the following descr ibed exper iments  will not fly on the Saturn 

I workshop, th is  l i s t  contains the principal  candidates and some  a l te rna te  

choices .  



Scientific Experime.nts 

SO27 - Galactic X-ray Mapping 

This experiment i s  designed to survey a large portion of the sky for  

X-ray  sources  of very low flux and gather spec t ra l  data of limited reso lu-  

tion. A collimated detection sys tem will be used to detect X-rays in the 

spec t ra l  range f rom 0. 5 to 8 A n g ~ t r o m s .  

SO61 - Potato Respiration 

The objective of this experiment is  to determine whether removal  f rom 

the ear th ' s  rythmic geophysical environment w i l l  effect a well known 

biorhythm, the daily uptake of oxygen. A potato, a simple organism with 

a well established biologic rhythm, w i l l  be placed into ear th orbi t  while 

maintaining the same organism on ear th under identical experimental con- 

ditions. The potato's oxygen consumption r a t e  both in orbit  and on ear th  

will be measured and compared. 

SO65 - Multi-band Ter ra in  Photography 

The objective of this experiment i s  to photograph the ear th ' s  surface 

using four boresighted cameras .  Simultaneous exposures will be made in 

four different spectral  regions to determine the extent to which multi-band 

photography f rom space may be effectively applied to ear th sciences.  

SO69 - X-ray  Astronomy 

The objective of this experiment i s  to continue the study of X-ray 

astronomy by locating and measuring the s ize of galactic X-ray sources.  



It is important to measure  locations accurately for comparisons with p r e -  

dictions f r o m  various production mechanisms; and to measure  spec t ra  to shed 

light on source distances. 

SO73 - ~ e ~ e n s c h e i n / ~ o d i a c a l  Light 

The objective of this experiment is  to measure  the surface brightness 

and polarization of the night sky light over a s  large a portion of the 

celest ia l  sphere a s  possible. The same measurements w i l l  be made on the 

sunshine reflected f rom the spacecraft  to determine the extent and nature 

of spacecraf t  corona. 

The niqhttime portion of the experiment will delineate the astronomical  

sources  of light without confusion f rom the airglow layer.  The spacecraf t  

corona measurements  will  define the optical environment for daytime 

astronomy and navigation in spacecraft  missions remote f rom the ear th .  

Technological Experiments 

Technological experiments a r e  designed to improve and apply scientific 

knowledge, methods or  r e sea rch  to the industrial  a r t s .  

TO03 - In-flight Nephelometer 

The objective of this experiment i s  to determine the aerosol  par t ic le  

concentration and s ize distribution in the spacecraft  atmosphere a s  a 

function of t ime. Air samples of the spacecraft  atmosphere will be analyzed 

twice daily and collection of measured aerosol  particles w i l l  be returned 

for post-flight analysis.  



TO13 - Crew -Vehicle Disturbance 

The objective of this experiment is  to measure the effects of various 

crew motions on the dynamics of manned spacecraft  to determine how these 

motions may effect  high accuracy pointing experiments such a s  Lunar Module / 

Apollo Telescope Mount experiments.  Crew tasks ranging from simple a r m  

motions to whole body motions w i l l  be measuredand the resul ts  compared to 

analytical studies of the same activity. 

TO17 - Meteoroid Impacf and Erosion 

The objective of this experiment i s  to obtain data on the frequency and 

density of micrometeoroids striking special  experiment samples of 

Vycor glass  sur faces .  This is one of the experiments that will be con- 

ducted over severa l  Apollo Applications P rogram missions with experiment 

samples  being exposed between missions and recovered on subsequent missions.  

TO18 - Prec is ion  Optical Tracking 

T h e  objective of this experiment is  to t rack  the Saturn launch vehicle 

with a laser  r ada r  system during the ear ly  launch phase to determine lift- 

off motion. An accurate  measurement of vehicle dynamics can be obtained 

to aid evaluation of guidance and propulsion system performance. 

TO20 - J e t  Shoes 

The objective of this experiment i s  to determine the feasibility of 

the jet shoe concept for astronaut locomotion in space. The astronauts 

will  perform a se r i e s  of tasks w jthin the Saturn I Workshop involving 

translation and rotational maneuvers typical of extra vehicular activity. 



TO2 1 - Meteoroid Velocity 

The objective of this experiment i s  to measure the impact velocity 

and penetration depth into soft aluminum of meteoroids having a minimum 

mass  of 0.1 billionth of a gram.  Soft aluminum impact plates and a 

velocity measuring device will be exposed during orbital  flight and 

returned for evaluation. 

TO23 - Surfaoe Adsorbed MateYbls 
v 

The objective of this experiment i s  to investigate the deposition of 

contaminants on spacecraft  surfaces during the launch phase to allow a 

determination of potential detrimental effects on spacecraft  windows and 

vehicle thermal  control surfaces.  

TO25 - Coronagraph and Contamfination Measurements 

The objective of this experiment i s  to determine'whether o r  not an 

induced atmosphere is  present  about the Apollo spacecraft  in flight. Such 

an atmosphere can cause light scattering and such scattering may have an 

influence on cer tain Lunar Module / ~ ~ o l l o  Telescope Mount solar  and other 

scientific instruments.  

TO27 - Contamination Measurement 

The objective of this experiment i s  to measure the sky brightness 

background caused by solar  illumination of contamination particles about 

a spacecraft .  A second objective i s  to measure the change in optical 

propert ies  of lenses ,  m i r r o r s  and gratings a s  a resul t  of sur face  contamina- 

tion. Ths contamination could affect the Lunar Module co pol lo Telescope 

Mount solar  telescopes.  



Department of Defense Experiments  

Department of Defense experiments a r e  designed and performed on 

Apollo Applications P r o g r a m  missions to obtain flight experience and data 

applicable to the Manned Orbiting Laboratory program.  

DO08 - Radiation in Spacecraft 

The objective of this experiment i s  to measure  and r eco rd  the absorbed 

radiation dose r a t e  and total  radiation dose inside the spacecraf t  to a s s u r e  

as t ronaut  protection against  excessive ambient space radiation. 

DO17 - Carbon Dioxide Reduction 

The objective of this experiment i s  to determine the operational 

capabil i t ies of a solid electrolyte CO reduction sys tem in a zero-G 
2 

environment. 

DO19 - Suit Donnine and Sleep Station Evaluation 

The objective of this experiment i s  to evaluate the t ime required and 

techniques of p r e s s u r e  suit  donning in a zero-G environment. Conduct of 

this experiment w i l l  pe rmi t  subjective and objective evaluation of the 

s leep  r e s t r a in t  itself and the effectiveness of the workshop r a i l s  a s  a 

body r e s t r a in t  in the donning of a space suit.  

DO20 - Alternate Restra ints  Evaluation 

The objective of this experiment i s  to evaluate various Manned 

Orbiting Laboratory crew re s t r a in t  devices under zero  gravity conditions 

by having the as t ronauts  per form operational o r  maintenance tasks  on 

selected equipments . 



DO21 - Expandable Airlock Technology 

The objecitve of this experiment i s  to  demonstrate the feasibility 

of employing expandable s t ruc tures  in an ear th  orbi ta l  environment and 

to evaluate the functional charac te r i s t ics  of a par t icular  a i r  lock design 

based upon this technology. Tes t  samples  of the ma te r i a l  will be 

re t r ieved  during an extravehicular activity and returned for analysis  

to determine the effect of exposure to the space environment. 

DO22 - Expandable Structures  

The objective of this experiment i s  to provide and evaluate the 

expansion and rigidization of a chemically rigidized expandable s t ruc tu re  

which has  experienced packaging, the launch environment and orb i ta l  s torage.  

F o r  this exper iment  i t  i s  necessary  only to deploy and rigidize sma l l  f la t  

t e s t  panels since this i s  p r imar i ly  a mater ia l s  development program.  Tes t  

panels will  be re t r ieved during Extravehicular Activity af ter  some 10 days 

exposure  to the space environment. Other panels w i l l  be left and re t r ieved  

during a rev is i t  miss ion in o r d e r  to obtain data on long t e r m  exposure to 

space.  

Engineering Experiments 

Engineering experiments a r e  designed to evaluate and demonstrate  

engineering principles o r  techniques and to apply this information to improved 

methods of accomplishing engineering tasks .  

M402 - Orbital  Workshop 

This  experiment i s  a p r imary  objective of the AAP-2 mission.  The 

objective i s  to demonstrate the feasibility of utilizing the S-IVB spent stage 



hydrogen tank which has  a l a rge  volume of some  10,000 cubic feet  to provide 

a habitable,  s h i r t  s leeve environment for use by the as t ronauts  a s  a living 

and working space for  periods initially up to 28  days duration a n d  extending 

the per iods  of continuous use  up to one yea r  o r  more  on subsequent rev is i t  

miss ions .  

M4 15 - Therma l  Control  Coatings 

The objective of this exper iment  i s  to evaluate and compare  the stabil i ty 

of the proper t ies  of t he rma l  control  coatings throughout exposure to 

manufacturing,  s to rage ,  t r anspo r t ,  prelaunch, cleaning, launch and space 

environment.  Several  thermal ly  insulated panels w i l l  be placed on the outside 

of the launch vehicle ins t rument  unit in unprotected posit ions.  Data collection 

wil l  begin during vehicle assembly  a t  the factory.  

M423 - Hydrostatic Gas Bear ing  

The objective of th is  exper iment  i s  to  evaluate a hydrosta t ic  gas  bear ing  

while i t  i s  subjected to extended per iods  of reduced gravity a t  var ious  gas 

p r e s s u r e s .  Measurements  w i l l  be made of the t rans ien t  and steady s ta te  

displacements  of the gyro wheel while it i s  supported by the gas bearing.  

M439 - Star -Horizon Automatic Tracking 

The objective of th is  exper iment  i s  to (1) validate,  while in  e a r t h  orb i t ,  

the definition of the horizon based on sca t te red  visual  light, ( 2 )  to  validate the 

measu remen t  techniques for  on-board autonomo~zs navigation sightings during 

miss ions ,  and ( 3 )  to provide a worldwide check of the ea r th  horizon model. 



M479 - Zero Gravity Flammability 

The objective of this experiment i s  to determine the effects of zero  

gravity on the flammability of non-metallic mater ials  in a spacecraf t  

environment. Information is  required on the ignition of various non-metallic 

mater ia l s ,  flame propagation and extinguishment character is t ics  so that 

design of future space equipment will provide for maximum crew safety and 

equipment reliability . 
M487 - ~ a b i t a b i l i t y l c r e w  Quarters  

The objective of this experiment is  to evaluate the capability of astronauts  

to live and per form experiments in an orbital workshop for extended periods 

of t ime. This evaluation includes s ize and arrangement  of crew quar t e r s ;  

advanced crew sys tems,  including food and waste management, s leep station 

design and orientation and personal  hygiene equipment. The crew will  be 

required to assemble  and construct the crew quar te rs  in the Saturia: I 

workshop subsequent to the passivation of the S-IVB stage hydrogen tank. 

M489 - Ideat Exchanger Service - 
The objective of this experiment i s  to evaluate various concepts of heat 

exchanger water servicing, to observe the mechanism. of heat  exchanger water  

wicking and boiling and to compare zero gravity' performance with one-G 

performance of these systems.  The resul ts  will be utilized in the design of 

lighter weight, higher performance heat exchangers for future spacecraft .  



M492 - Tube Joining Assemblies 

The objective of this experiment i s  to develop and demonstrate a 

capability for repairing tubing assemblies  in a space environment and 

obtain experience in orbital  assembly,  disassembly, maintenance and 

repa i r  techniques. The specimen will be returned to ear th  for evaluation 

of joint strength,  metallurgical propert ies ,  leakage, vacuum storage and 

physical flow of brazing alloy. 

M493 -Electron Beam Welding 

The objective of this experiment i s  to develop and demonstrate a 

capability for  welding in a space environment.   his experiment wi l l  

determine the effects of zero  gravity space environment on the complex 

electron beam metal  reactions and on the electron beam welding equipment. 

M508 - Extravehicular Activity Hardware Evaluation 

The purpose of this experiment i s  to evaluate extravehicular act ivi t ies ,  

hardware and crew equipment in a zero gravity environment. This evaluation 

will  be conducted within the Saturn I workshop over long periods of t ime under 

controlled laboratory-like conditions with relative safety to the astronaut.  

Major equipment to be evaluated include crew /equipment t ransfer  devices,  

tools,  r e s t r a in t s  and te thers ,  and suits,  

M509 - Astronaut Maneuvering Equipment 

The objective of this experiment i s  to conduct an evaluation of various 

astronaut  maneuvering techniques to a s s i s t  the astronaut to perform tasks 

which a r e  representative of future extra  vehicular activiby requirements .  



The experiment  will be performed inside the Saturn I workshop and the 

evaluation will be conducted using a hand held maneuvering unit and /o r  

a combined r a t e  gyro and control  moment gyro maneuvering unit. 

Medical Experiments  

Medical experiments a r e  being conducted to determine and enhance 

man's  abil i ty to  function in space without impairment  on very  long space 

flights of the future ,  and to advance man's scientific knowledge of human 

functions. 

NASA has  changed the numbering and designation of medical  exper iments  

f r o m  what was shown in the pas t  in o rde r  to more  proper ly  r ep re sen t  the 

components of  the overa l l  investigative effort  and to  es tabl ish governing 

protocols which represen t  the body function a r e a s .  The following a r e  the 

medical  exper iments  to be per formed on Apollo Applications missions.  

M070 - Nutrition and Musculoskeletal Function 

The purpose of this experiment i s  to determine the extend of skeleta l  

and muscular  al ternations which occur during space flight and to evaluate 

nutri t ive requirements  a s  they may differ f rom those in the ear th  environ- 

ment.  

M07 1 - Mineral  Balance (M007) 

Astronauts wil l  be maintained on a programmed minera l  diet for a 

specified period p r io r  to flight and during the flight. Mineral  balance will  

be determined f r o m  carefully controlled mineral  intake and output measu re -  

ments ,  and the r a t e  and amount of mater ia l  lost  by the body under space 

flight conditions will  be determined. 



M072 - Bone Densi tometry (M006) 

Densi tometr ic  comparison of p r e  and post  flight X-rays  of the o s  ca lc i s  

(hee l  bone) and t e rmina l  phalanx (end bone) of the fifth digit of r ight  hand will  

be the approach to es tabl ish  the occur rence  and degree  of bone deminera l -  

ization in prolonged weightles snes  s .  

M073 - Bioassay of Body Fluids (M005) 

P l a s m a  and ur ine  samples  will  be obtained, before and a f te r  flight and 

analyzed with urine samples  taken inflight, to evaluate changes in blood and 

ur ine  of as t ronauts  for objective data regarding physiological effects of space  

flight. 

M074 - Small  Mass  Measurement  (M056) 

Using a m a s s  pendulum and s tandard cal ibrated m a s s e s  and known m a s s e s ,  

a s  food packages,  the feasibil i ty of making a s e r i e s  of s m a l l  m a s s  determinat ions  

during orb i ta l  flight will be determined.  The technique will  be  utilized in 

conjunction with the mine ra l  balance investigation. 

M090 - Cardiovascular  Function 

The purpose of this exper iment  i s  to reevaluate changes in cardiovascular  

physiology and responsiveness  a s  a function of duration of flight and a s  

modified by cor rec t ive  procedures .  

M09 1 - LBNP (P re -and  Post-fl ight)  (M023) 

Negative p r e s s u r e  will  be  applied to lower half of as t ronaut ' s  body for  

a predetermined t ime p r e  - and post-flight. Simultaneous blood p r e s s u r e  and 

e lec t rocard iogram monitoring will  provide data to a sce r t a in  changes in 

cardiovascular  function a s  a resu l t  of th is  provocative t e s t  situation. 



M092 - LBNP (In-flight) 

H e a r t  r a t e ,  blood p r e s s u r e ,  and e lec t rocard iogram data in conjunction 

with negative p r e s s u r e  on the lower half of the body, will be recorded  on 

as t ronauts  during flight and will  be compared and evaluated with control  data.  

The objective i s  to evaluate space flight cardiovascular  deconditioning and to 

es tab l i sh  the t ime  course  of any changes.  

M093 - Vectorcardiogram (M018) 

Using senso r s  and signal conditioners during ea r th  orb i t ,  e lec t r ica l  actions 

of the h e a r t  will  be monitored.  The F r a n k  Lead System which consis ts  of s i x  

e lec t rodes  a s  s enso r s  at tached to the as t ronauts  will be used to obtain inflight 

spa t ia l  vec torcard iograms  on as t ronauts .  

M094 - Antideconditioning Garment  (M048) 

The objective of this exper iment  i s  to determine the effectiveness of a n  

e les t ic  lower vascular  support  garment  which the as t ronaut  will don p r io r  

to r e t ro f i r e .  The garment  will  be evaluated for  i t s  effectiveness in preventing 

o r  reducing c i rcu la tory  changes due to prolonged space flight. 

M130 - Neurophysiology 

The purpose of this exper iment  i s  to determine neurological  changes 

which might take place a s  a function of space flight. It  i s  expected that  the 

evaluation of human vestibular function wil l  be  supplemented by a t  l ease  an  

e lectroencephalogram study in the nea r  future.  
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M13 1 - Human Vestibular Function (M053) 

Using a l i t ter-chair ,  otolith goggle, and semi-circular  canal t e s t  equip- 

ment, evaluations will  be performed on the crew during flight to determine 

the angular acceleration comfort zone and to identify vestibular changes which 

may occur during space flight. The objective i s  to investigate the effects of 

weightlessness and subgravity s ta tes  on the perception and the organization 

of personal  and extrapersonal space; and to establish the integrity of the 

vestibular apparatus during the prolonged weightlessness . This includes the 

deter mination of susceptibility to canal sickness and various known vestibular 

illusions a s  may be affected by space. Data w i l l  be used to determine the 

requirement  for an ar t i f ic ial  gravitational force  for space flight and to compare 

vestibular response in space with preflight baseline data. 

M150 - Behavioral Effects 

The purpose of this experiment i s  to evaluate changes in the behavioral 

a r e a  which might be induced by space flight conditions a s  a function of t ime. 

This a r e a  a t  present  includes only the "time and motion" study shown but will 

be supplemented in the future by further studies of habitability a s  well  a s  

determination of sensory, perceptual,  memory, vigilance, and other 

behavioral functions. 

M15 1 - Time and Motion Study (M055) 

Using a Maurer camera  and fi lm magazines, the astronauts will be filmed 

periodically during the mission a s  they perform selected tasks ;  the flight 

activity will  be compared with preflight data. The objective i s  to evaluate the 

relative consistency between ground-based and inflight task performance a s  
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conducted by astronauts  and a s  measured by time and motion determinations.  

M170 - Pulmonarv Function and Ener gv Metabolism 

The purpose of this experiment is  to determine possible changes on 

pulmonary function and the metabolic cost of various activit ies in varying 

degrees during space flight. 

M171 - Metabolic Activity (M050) 

The metabolic cost  t o  the astronauts of completing a se t  of tasks under 

weightless conditions w i l l  be observed. The objective i s  to determine i f  

man's metabolic effectiveness in doing mechanical work i s  progressively 

a l te red  by exposure to the space environment. 

M172 - Body Mass Measurement (M058) 

Using a mechanical spring m a s s  oscil lator method, the body mass  

measurement  sy$tem and its applicability to determining body weight during 

weightless flight will be evaluated. 
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