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t"RECEDING ·PAGE BLANK NOT FILIVIED 

PREFACE 

The Materials Processing in Space (MPS) Bibliography is a 
comprehensive compilation of Government reports, contractor 
reports, conference proceedings, and journal articles dealing with 
flight experiments utilizing a low-gravity environment to elucidate 
and control various processes or with ground-based activities that 
provide supporting research. The bibliography is subdivided into 
various categories~ including: Crystal Growth; Metals, Alloys, and 
Composites; Fluids And Transport; Glasses and Ceramics; and Ultra
high Vacuum and Contairierless Processing Technologies. The 
catagory in some cases has be~n chosen rather arbitrarily, recog
nizing tha t i.~1 almo st all cases only the processes that occur in 
the fluid phase are subjected to the influence of gravity. 
Generally the choice was based on the E!mphasis of the experiment. 
Experiments that are primarily concern€~d with the growth of single 
crystals are classified under Crystal Growth. Toose that actually 
involve solidification of metals, metal models,. and various 
composites were catalogued under Metals, Alloys: and Composites. 
Those that primarily measure effects in fluids, heat flow and 
separation aId chemical processes Were eatalogued under Fluids, 
Transpc. rts and Chemical Processes. Somt: papers that deal with 
observed effects 0 f low gravity on living organisms that may 
pertain to materials processing are also included. Papers that 
pertain primarily to equipment and facilities for carrying out 
flight experimentation are placed in a sepa::ate category, as are 
those that summarize flight programs or give a general survey of 
materials processing in space. Euro pean) Soviet:, and Japanese 
docunents that deal with their respectiVE! flight: programs are 
listed according to the specific categories disc:ussed previously. 
Section II is a list of all pat~nts produced by scientists involved 
in the MPS program during the last eight years. Appendix A is a 
compilation of papers, symposium proceedings, industry reports, 
committee reports, etc., which are not authored. Appendix B is a 
cross reference index. 

It should be emphasized that this document represents an 
attempt to compile the current literature grmerated by the flight 
experiments and ground-based investigatioi1l:l dedieated to the study 
of processing materials in space. An annu,al edition of the biblio
graphy is planned in order to add current literature. All papers 
referenced are on file in the Space Proces~.ing Dj~vision at Marshall 
Space Flight Center. Copies can be made available to workers in 
the field upon request to the bibliographer. 

Any 0missions that might have occurred are sincerely regret
ted. Investigators are encouraged to submit information on any 
work that was inadvertently omitted or any new work to the biblio
grapher for inclusion in next year's edition of the bibliography. 
All corresponCance concerning correc tions, additions, or deletions 
to the Materials Processing in Sp2~e Bibliography should be directed 
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to: Ms. Elizabeth Pentecost, Bibllographer, Code ES71, NASA/MSFC, 
Marshall Space Flight Center, AL 35812. 

Robert J. Naunann 
Chief Scientist 
Materials Processing in Space Program 
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Kamimura, H., "The Stability of a Rc,tating Fluid Driven through 
a Rotating Liquid-Solid Interface," presented at Materials 
Processing in Space Symposium: EAperiment31 Space Scientist 
Congress, Tokyo, Japan, June 23-24,1980. 

Kohara, S., "~asurement of Interface Energy," presented at 
Materials Processing in Space Symposium: Experimental Space 
Sciei.tist Congress, Tokyo, Japan, June 23-24, 1980. 

Kohara, S., "Study on thp Hechanism of Liquid Phase Sintering," 
presented at Materials Processing in Space Symposium: 
Experimental Space Scientist Congress, Tokyo, Japan, June 23-24, 
1980. 

Sato, A., Sasaki, S., Ozawa, K., Kumei, Y., Noda, M., rmd 
Miyamoto, H., "Rearrangement of Intermediate Filaments <!"d 
Microfilamen ts in ~1ammal ian Ce lIs in CuI ture," presented at 
Materials Processing in Space Symposium: Experimental Space 
Scientist Congress, Tokyo, Japan, June 23-2~, 1980. 

Sezaki, K., Enya, S., Yamada, R., Sa to, S., t1>rio1a, M., 
Ochiai, J., Tanasawa, I., and Maekawa, T., "!leat Transfer under 
Marangoni Effect Induced Convection,' presented at Materials 
Processing in Space Symposium: Experimental Space Scientist 
Congress, Tokyo, Ja pa n, June 23-24, 1980. 

Takenaka, Y., Nio, S., and Imagawa. K., "Observation of Liquid/ 
Hydrogen Behavior under Microgralfity," presented at Material s 
Processing in Space: Experimental Space Scientist C0ngress, 
Tokyo, Japan, June 23-24, 1980. 
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Glasses and Ceramic8 

Kawasaki, T., Godai, T., Narasaki, T., Mori, H., Shimizu, M., 
Matsuzaki, R., Yamamoto, Y., Tanemura, T., Fujiwara, T., 
Ogiwara, S., Yoshihara, 5., and ttl), K., "Study of Bubble 
Behavior in Weightlessness - Etfects of Tempera,ture Gradient, 
M!crogravity and Ul trasonlc Wave Field,,' presented at Materials 
Processing in Space Symposium: Experimental Space Scientist 
Congress, Tokyo, Japan, Ju~e 23-24, 1980. 

Mo riya, Y., Komiyama, T., and Hayakwa, J., "Preparation of 
Optical l-bterials Used in Non-visible Region," presented at 
Materials Processing in Spa~e Symposium: Experimental Sp6~e 
Scientist Congress, Tokyo, Japan, June 23-24, 1980. 

Sezaki, K., Enya, S., Yamada, R., Ikegami, Y., and Morioka, M., 
"Flrint; Techntques of Glasses in Spac~," presented at Materials 
Processing in Space Symposium: Experimental Space Scientist 
Congress, Tokyo, Japan, June 23-24, 1980. 

Soga, N., Ota, R., Hanada~ T., Hirao, K., and Ko~ama, H., 
"Der 31ty and Expansivity of Glass at High Temperatures," 
presented at Materials Processing in Space Symposium: 
Experimental Space Scientist Congress, Tokyo, Japan, June 23-24, 
i 980. 

Ta kuk.e, S., Ma ki, H., Kumagai, Y., Ueda, S., Sa tomi, E., and 
Nishimura, T., "Polymer Composites with Inorganic Fillers," 
presented at Materials Processino in Space Symposium: 
Experimental Space Scientist Congress, Tokyo, Japan, June 23-24, 
1980 • 
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Ultrahigh Vacuum and Contalnerless 
Proc(~ssing Technologies 
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Araki, T., lrie, H., Uda, M., Kawabe, Y., Fujita, M .. , Ohno, S., 
and Tsukamoto, S., "Electron Beam Wleding Phenomena and 
Improvement of Electron Beam Welded Joint," presented at 
Materials Processing in Space Symposium: Experimental Space 
Scientist Congres~, Tokyo, Japan, June 23-24, 1980. 

Kan~ko, H., Homma, M., Kawakami, M., Sezaki, K., and Onoue, M., 
"Experiment on Pruduction of Highly Efficient R-Co t-lagnets," 
presented at Materials Processing in Space Symposium: 
Experimental Space Scientist Congres~, Tokyo, Japan, June 23-24, 
1980. 

Kawasaki, T., Nishimura, M., and Miyakawa, Y., "Effect of Space 
Environment on Friction and Wear of Several Materials," 
presented at Materials Processing in Space: Experimental Space 
Scientist Congress, Tokyo, Japan, June 23-24, 1980. 

Kawasaki, T., Shimizu, M., Niloka, T., Godai, T., Mitani, T., 
Ito, K., Tanemura, T., and Fujiwara, T., "Effects of Space 
Storage on the Characteristics of G..')mposite Solid Propellants," 
presented at Materials Processing in Space: Exper1 :l\e 'tal Space 
Scientist Congress, Tokyo, Japan, June 23-24, 1980:-" 

Kawasaki, T., Nagasu, H., Yamanaka, T., Okamoto, 0., Saito, M., 
and Kamimura, H., "Drop Dynamics in Space and Interference with 
Acoustic Field," presented at Materials Processing in Space 
§ymposium: Experimental Space Scientist Congress, Tokyo, Japan, 
June 23-24, 1980. 

Kimura, S., Sawaoka, A., Yasuda, E., and Kondo, K., "Formation 
of High Temperature Materials by CVD Method Under Microgravity 
Condition," presented at Materials Processing in Space 
Symposium: Experimental Space Scie~tist Congress, Tokyo, Japan, 
June 23-24, 1980 • 

Sasaki, Y., Ohsumi, M., Kono, M., Sakamoto, A., Hayakawa, Y., 
and Hasegawa, H., "Elec teon Beam Weld ing Under Zero-Gravity 
Conditions," presented at Materials Proceesing in Space 
Symposium: Experimental Space Scientist Congress, Tokyo, Japan, 
June 23-24, 1980. 

Wada, N., Ka to, M., Kumazawil, ~., and Uyeda, R., "Ga s-Evapora
tion in Low-Gravity Field," presented at Materials Processing in 
Space: Experimental Space .Scientist Congress, Tokyo, .Ia pan, June 
23-24, 1980. 
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Experimental Facll lties 

Kawasaki, T., Suzuki, T., otsuki, M •• and Enkyo, S., "Prefor
mance Test" for the Accelerometers Under Weightless Field," 
presented at Materials Frocessing in Space Symposium: Experimen
tal Space Scientist Congress, Tokyu, Japan, June 23-24, 1980. 

Nakanishi, H., [ida, C., Takiyama, T., Fnys, S., Kisaragi, T., 
Ishida, M., and Su~uki, H., .. Surface Tension Propellant Acquisi
tion Device," presented at Materials Processing in Space 
Symposium: Experimental Space Scientist Congress, Tokyo, Japan, 

June 23-24, 1980. 
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General St ud ies and Surveys 

Mlrita. A •• Kosaka. K •• and Ishikura. S •• "Space Fabrication of 
Satellite Structural Elements." presented at Materials 
Processing in Space Symposium: Experimental Space Scientist 
Congress. Tokyo. Japan. June 23-24.1980 • 
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Patents 

Barmatz, M. and Wang, T. G., "v)ntainerless Processing Chamber 
for Very High Temperatures and TClllperatlire Changes," Patent 
pend ing. 

Elleman, D. D., Croonquist, A. D., and W:1ng, T. (;., 
"Complementary Acoustic Phase r-k>dula t ion for wn trol 0 f 
L.evLtated Samples," Patent pending. 

r~lleman, D. D. and Wang, T. G., "AcousUc Energy Shaping of 
Matertals in the Plastic State," U.S. Patent 1/4,052,181, Issued 
October 4, 1977. 

10{nber, H., Rudnick, 1., and \~ang, T. G., "Torque Produced by 
Phase Displaced Two Source Acoustic: Energy Applied to a Rotor," 
U.S. Patent 1!4,13Q,806, Issued February 13,1979. 

Kendall, J. 1'1., "Drop Tower with 110 ,\erodynamic Drag," Patent 
pend ing. 

Kendall, J. M., Elleman, D. D., and Wang, T. C., "Prefilled 
Fusion Target F':lbric.'ltion Apparatus and Method Therefor," 
lJatent pending. 

Kornfeld, D. M., Vanderhoff, J. W., and Micale, F. J., "Process 
for Preparation of Large Particle llinodisperse l.,qtexes," U.S. 
Palent !t4,247,434, Issued January 27, 1981. 

kICY, L. L., Robinson, M. H., and NLsen, D. B., "Containerless 
High Temperature C'11orimeter Appar.:Jtll'l," U. S. Patent #4,248,038, 
Issued February 3, 1981. 

Lee, ~1. and Wang, T. G., "Contactless Coating FacUity," Patent 
pending. 

Oran, W. A., Berge, L. H., Reiss, D. A., and Johnson, J. L., 
"Mel hod and Apparatus for Shaping and Enhancing Acoustical 
Levitation Forces," U.S. Patent t/4,2111,921, Issued August 26, 
1980. 

~;affren, M. M. ,F.:~Lieman, D. D., and Wang, T. G., "AcoUl,tical 
Position Chamher," U.S. Patent 1!3,882,732, Issued May 13,1975. 

Trinh, E. and Wang, T. G., "Method and Means for In-Situ Dynamic 
M~.1sllrement of Chen.ieal Reactions," Pater.t pending. 

\~alter, H. U. :..lnd Snyder, R. S., "Methon of Crystallization," 
U.S. fJHtent 1t4,046,617, Issued September 6, 1977. 
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Wang, T. G., "Method and Apparatus for NucLear dlld Chemical 
Waste Dispo6al," Patent pending. 

Wang, T. G., Sa ff ren, M. M., and E] leman, D. D., "Ma ter ial Sus
pension Within an Aco\l"tically Excited Resonant Chamber," U. S. 
Patent 113,882,732, Issued May 13, 1975. 

Wang, T. G., Elleman, O. D., dnd Kendall, J. M., "Process for 
Producing Extremely Precise Hollow Spheres," Patent pending. 

Wang, T. G., !.R-ung, E" and Lee, C. P., "Acoustic Position Servo 
System," Patent pending. 
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Space Pro::essing Applicati.ons Bibliography - Prel iminary Draft, 
Also Crystal Growth and Fluids Experiments Bibliography. 

Sc ience Payload Il Test Project Report, NASA/MSFC. 

A New Hor-;'zon for Industry - Commercial Mater:1.als Processing in 
Space (Includes Experiments for Shuttle), NASA/MSFC. 

Materials Processing in Spa~e - Small Equipment Apparatus, 
NASA/MSFC, CMPS 300, Preliminary Re port. 

"Indue tion Furnaces," Hetals Handbook, Vol. 5, p. 348. 

Materials Processing in Space: A Marketing Strategy, Harvard 
Busi.ness School, Harvard Univ., Boston, MA, NAS8-33446. 

Systems Planning Corporati.on - Summary of Correspondence and 
fo'Jeetings - MPS. 

Experimental Developnent of Processes to Produce Homogenized 
Alloys of Immisdhle Metals, TRW, NAS8-27805, Final Report, 
Phase III, 50 pgs. 

Mat£!rials Processi.ng in Space, Summary of Fluid and Chemical 
Processing Techilology Applicable to Bioprocessing, NASA/MSFC, 
CMP~"-215. 

SumNary of Correspondence and Minutp.s of Meetings Between SPC 
and Contacted Authorities and Informational Brochure, 
Appl ication Analysis of Ma terial s Processing in Space (Addendum 
to Report 390), NAS8-32832. 

Ne\l Materials and New Fabrication Techniques for Optical Fibers, 
Electro-Optical Systems Design, p. 8. 

Zf:ro-G Liquid Studies: Critical State and Drop Dynamics," 
E"Lec tro-Optical Systems, Pasadena, CA, NAS8-21012, Quarterly 
Progress Report, August IS, 1%7, 25 pgs • 

• Zero-G Manufacturing Process Concepts," General Dynamics, July 
1968. 

"Manufacturing Technology Unique to Zero Gravity Environment," 
NASA/MSFC Conference, NASA TM-X-62504, November 1968, 234 pgs. 

Processes for Space Manufacturing - Definition of Criteria for 
Process Feasibility and Effectiveness, General Dynamics, 
DCN-I-X- 30-35387, June 1969, 48 pgs. 

Spherical Forming and Composite Casting in Zero-G, Arthur D. 
Little, Interim Report, NAS8-21402, July 20, 1969, 72 pgs. 
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Ma terial s Processing and Manufac turing in Space (Proposed 
Develo pnen t PIa n), NASA/MSFC, July 1969, 34 pgs. 

Space Processing and Manufacturing Meeting, NASA/MSFC 
Conference, NASA TM-X-62560, October 21,1%9,546 pgs. 

Sphere Forming and Composite Casting in Zero-G, Arthur O. 
Little, Final Report, NAS8-21402, January 1970, 122 pgs. 

"Preliminary Failure Effect Analysis for Experiment M512-
Materials Processing in Space and Experiment M479 - Zero Gravity 
Flammability Malfunction Analysis Section Astronautics Lab, 
MSFC, March 1970. 

Space Processing and Manufacturing, NASA TM-X-53993, February 5, 
1970, 538 pgs. 

.. Un ique Manufac turing Processes in Space Environment," Seventh 
Space Congress, NASA TM-X-67178, Cocoa Beach, FL, April 1970. 

Apollo 14 Flight Data, NASA, January 31,1971, prepared by Data 
Processing Branch Computation and Analysis Division. 

Holography and Optical Filtering, Conference held at MSFC, May 
1971, NASA SP-299, 202 pgs. 

Research Study on Composite Castings, Arthur D. Little, Final 
Re po r t, Ma Y 26, 1 97 1, 6 9 pg s • 

Technical Summary Report to Advanced Research Projects Agency on 
Materials Preparation and Characterization Research (July 1, 
1971- December 31, 1971), Materials Research Lab, Penn State 
University. 

Apollo 14 Composite Casting Demonstration, Final Report, Arthur 
D. Little, Cambridge, MA, NASA-CR-61639, August 20, 1971. 

Prelj~inary Requirement Review - Electromagnetic Levitation 
System Experiment Facility Description - For Use with M512 
Materials Processing Facility on Skylab, GE, February 1972. 

Skylab - Materials Processing in Space - Experiments M512, M551 , 
M552, M553, M554, and M555, May 1972. 

"Proceedings of the Space Shuttle Sortie Workshop, Vol. 2, 
Wo rking Group Re ports," NASA TM-X-68842, August 1972, 561 pgs. 

Engineering Develo (lTIen t and Test Plan for Multipurpose Elec tric 
Furnace Sy stem M-518, Westinghouse, NAS8-28271, August 1972, 
31 pgs. 
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Payload Analysis for Space Shuttle Applications, Vol. 4, Final 
Report, NASA CR-110025, October IS, 1972,25 pgs. 

Sortie Laboratory Preliminary Definition Study, Vols. 1-3, 
November 1972, 500 pgs. 

Data Package for Cartrtrlges for the Multipurpose Electric 
Furnace System M-518, NAS8-28271, Vol. II, November 1972, 
350 pgs. 

Drawing Package for ~lultipurpose Electric Furnace System M-518, 
NAS8-28271, We,slinghouse, November 1972, 200 pgs. 

Sortie Laboratory Preliminary Definition Study, Requirements and 
Concepts Report, Messer sc hmi t t-Boelkow-Blo hm GmBh, Ot tobr umm, 
Germany, Contrdctnr No. MrH-LS-72-04, November) 5, 1972, 707 
pgs. 

"Materials Science and Manufactl'ring in Space," Skylab News 
Reference, NASA Office of Puhlic Affairs, Washington, D.C., 
March 1973, 55 pgs. 

Directionally SoJidified Composites: Known also as In Situ 
Composites or Dirl'ctionally Solidified Eutectics, NMAB Ad Hoc 
Committee on Di rec tional Sol id ifica t ion, Fi nal Re port NMAB-301, 
April 1973. 

Final Report of the Space Shuttle PayJoad Planning Working 
Groups, Executive Summaries, NASA/GSFC, May 1973, 42 pgs. 

Skylab Experiments, VolLlTlc 3, Materials Science, NASA, May 1973, 
49 pgs. 

Low Cost Payload Design Concepts Study - Volumes 1 and 2, 
NAS8-2896 0, June 1973. 

Sh ut t Ie Or bita I Ap pI iCr! ti~ nsf Re qui remen ts (SOAR) Supplemen tar y 
Tasks, NASA CR-124431, Se ptember 1973, 365 pgs. 

Sortie Laboratory, Phase g, Technical Summary - Design and 
Operational Requirements, NASA TM-X-69942, November 1973, 200 
pgs. 

Seventh Conference on Space Simulation, Los Angeles, CA, 
November 12-14, 1973, NASA SP-336, 953 pgs. 

Preliminary Project Plan-Sounding Rocket Program for Space 
Processing Experiment Development Phase, NASA/MSFC, February 21, 
1974. 

Proceedings of Symposium on Processing and Manufacturing in 
Space, Frascati, Italy, ~iarch 25-27,1974, ESRO SF-IOI. 
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"Space Processing as Related to Five Discipline Areas," For use 
by Academy of Engineering 1974 Summer Panel, Universities Space 
Research Association, Charlottesville, VA, NGR-47-102-3, April 
15, 1974. 

The Space Applications Program, NASA, May 1974, 300 pgs. 

The Space Applications Program, Appendices, NASA, May 1974, 190 
pg!:!. 

the Third Space Processin lab 
May 1974, ~untsville, Al. 

Proceedings of the Third Space Processing Symposium~ Skylab 
l{esults, Vol. I, Huntsville, AL, June 1974, M-74-5. 

Proceedings of the Third Space Processing Symposium: Skylab 
Results, Vol. II, Huntsville, AL, June 1974, M-74-5. 

European Views on Processing and Manuracturing in Space, 
ESRO-CERS Applications Summer Study, U.S. National Academy of 
Engineer ing, June 1974. 

Spacelab - An Orbital Laboratory for Science Applications and 
TechncJogy, European Cbntributions to Applications SlIIIIIler Study, 
Na tional Academy of Engineering, SnolNl1lass, CO, June 30-July 13, 
1974. 

MSFC Skylab Cbrollary Experiments, Skylab Program Office, NASA 
TM-X-64809, July 1974. 

MSFC Skylab Student Project Report, Skylab Program Office, NASA 
TM-X-64866, August 1974. 

Feasibility Study for the Manufacture of Pharmaceuticals 
Immunological and Viral Agents," Arthur D. Little, NAS8-29874, 
Aug ust 1974. 

Proceedings of the International Colloquium on Drops and 
Bubbles, CIT & JPL, August 28-30, 1974, Vols. 1-2. 

"Ma terials Processing Experiments ," MSFC Skylab Corollary 
Experiment Systems Mission Evaluation Report, Section V, NASA 
TM-X-64820, September 1974. 

"Space Processing Rocket Experiment Project," NASA, Announcement 
of Opportunity No. OA-74-1, November 1974. 

"Ma terials Processing," MSFC Integrated Experiments Preliminary 
Repo~, Section III D, NASA TM-X-64881, November 1974, 145 pgs. 
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The Establishment of an Independent Institute as an Integral 
Part of the NASA Program in the Effect of the Space Environm,-nt 
on Ma terials and Processing, Final Report, submitted by USRA, 
December 13, 1974. 

Automated Space Processing Payloads Study, Bendix Corp., 
NAS8-30741, January 1975. 

Ha ndbook for Space Processing So und ing Rockets Sc ience Payloads, 
NASA/MSFC, Report No. M-EH-75-2, March 1975. 

Processing Ceramics in Space," Issued by the Ceramics Division 
of ITT Research Institute, May 1975. 
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Feasibility Study of Commercial Space Manufacturing Task I 
P roceS!:l Descri rt inn and Rate, M:Donnell Douglas, NAS8-31353, May 
1975, 50 pg s. 

Drop Tower Experiment Report (Performed December 12, 1974), 
NAS8-30797, M3y 213, 1975, 21 pgs. 

Space Processing - Solidification in Low-G, An Overview, Grumman 
Aerospace Corporrltion, June 20, 1975, 33 pgs. 

Feasibility Study of Commercial Manufacturing Task 1.3 and 1.4 
Yield and Quality Improvement Analysis, July 1975, NAS8-31353, 
43 pg s. 

Feasibility Study of Commercial Space Manufacturing - First 
Program Status Briefing, t1::n-mnell I:buglas, August 1975, 
NAS8-31353, 166 pgs. 

"Electrophoresis Experiment Design for Space," Beckman 
InstrllTlents, NAS8-28474, Final Report, September 1975, 19 pgs. 

Feasibility Study of Commercial Space Manufacturing, t1::Donnell 
Douglas, NAS8-31533, Final Ri!port, December 20,1975. 

"NASA Seeks Industry Space Processors," Aviation Week & Space 
Tech., January 26, 1976, pp. 46-64. 

Apollo-Soyuz Test Project - Preliminary Scienr.e Report, NASA 
TM-X58173, February 1976. 

"Materials Sciences in Space," Proceedings of Second E-'ropean 
Symposium on Material Sciences in Space, Frascati, Italy, April 
6-8, 1976, ESA SP-114. 

Abstracts of Papers Presented at Second Euro. Sym. on Mat. Sci. 
in Space, Frascati, Italy, April 6--8,1976. 
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Auxiliary Payload Power System Study for Space Processing 
Applications Payloads, Preliminary Requirements Review, 
Mdbnnell-l)o~laH, NAS8-31361, July 1976. 

Space Processing Pa yload Equi pment, NAS8-31498, Final 
Performance Review, General E:.ectric, August 1976. 

Space Processing Appl ications Bibliography, MSFC, Prellminllry 
Draft, August 1976, 167 pgs. 

Space Process:f ng Appl ica tions - STS/SPA Pa yloads, P::-oject 
Planning Repor~, October 1976. 

SPAR 1 Fin.:-ll I{eport, NASA-1'M-X-3458, December 1976. 

Space Processl.ng Payload Equipment, NAS8-31495, EquiiXDent 
Preliminary Design Update and Planniltg Oata, GE, February 1977. 

Apollo-Soyuz Test Project-Composite of MSFC Final Science 
Repor.t, NASA TM-X-73360, January 1977, 472 pgs. 

Feasibility Study of Commercial Space Manufacturing, McIbnnell-· 
IX> ~lcls Corpora tion, Phase I I Final Report:, Vol une I, Executive 
Summary, NAS8-31353, January IS, 1977. 

Feasibility Study of Commercial Space Manufacturing, McIbnnell
Douglas, Phase II Final Report, VollllJe II, Technical Analysis, 
NAS8-3J353, January 15, 1977. 

Feasibility, Study of Commercial Space Manufacturing, McIbnTlell
llillglas, Phase II Final Report, Vollllle III, Supporting Trade 
Studies, NAS8-31353, JanU£.ry 15, 1977. 

SPA Special Emphasis Study, Third and Fourth Interactive 
Meeting, TRW, Redondo Beach, CA, February 14,1977. 

SPA Pa yload Equi IEen t In tegra tion Support Svstems for Space 
Processing Appl ications Payloads, Fo urth Wc.. eking Group Meeting, 
McDonnell IX>uglas, NAS8-31361, February, 1977 • 

.. The Ut it iza t ion of Space Laboratories for Ma terial s Research 
and Process Engineering as well as for Commercial Purposes 
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