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FOREWORD 

The Space Station Needs, Attributes and Architectural Options Study (Contract NASW-3680) 

was initiated in August of 1982 and completed in April of 1983. This 'was one of eight 

parallel studies conducted by aerospace contractors for NASA Headquarters. The 

Contracting Officer's Representative and Study Technical Manager was Brian Pritchard. 

The Boeing study manager was Gordon R. Woodcock. 

The study was conducted by Boeing Aerospace Company and its team of subcontractors: 

Arthur D. Little, Inc. (AOL) . 

Battelle Columbus Laboratories 

ECON, Inc. 

Environmental Research Institute 
of Michigan (ERIM) 

Hamil ton Standard 

Intermetrics, Inc. 

Life Systems, Inc. (LSI) 

Microgravity Research Associates 
(MRA) 

National Behavioral Systems (NBS) 

RCA Astro-Electronics 

Science ApplicatiOns, Inc. 
(SAl) 

Materials Pr~essing in Space 

Materials Processing in Space 

Pricing Policies and Economic Benefits 

Earth Observation Missions 

Environmental Control and Life Support 
Equipment 

Software 

Environmental Control and Life Support 
Equipment 

Materials Processing in Space 

Crew Accommodations and Architectural 
Influences 

Communications Spacecraft 

Space Science 

This document is one of seven final report documents: 

0180-27477 -1 Volume 1, Executive Summary 

0180-27477-2 

0180-27477-3 

0180-27477 -4 

0180-27477 -5-1 

0180-27477 -.5-2 

0180-27477 -6 

Volume 2, Mission Analysis 

Volume 3, Requirements 

Volume 4, Architectural Options, Subsystems, Technology, 
and Programma tics 

Volume 5-1, National Defense Missions and Space Station 
Architectural Options Final Report (SECRET) 

Volume 5-2, National Defense Missions and Space Station 
Architectural Options, Final Briefing (SECRET) 

Volume 6, Final Briefing 
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0180-27477 -7-1 

0180-27477 -7-2 

0180-27477 -1-3 

0180 -27477 -7 -4 

0180-27477 -7-5 

'Volume 7 -1, Science and Applications Missions Data Book 

Volume 7 -2, Commerical Missions Data Book 

Volume 7-3, Technology Demonstration Missions Data Book 

Volume 7 -4, Architectural Options, lechnology, and 
Programmatics Data Book 

Volume 7-5, Mission Analysis Data ~?k 

Note: The volume 7 data books will be distributed to a limited number of 

requestors. 

The study task descriptions and a final report typical cross reference guide are found in 

Appendix 1. 

The Boeing and subcontractor team member are listed in Appendix 2. 

Acronyms and abbreviations are listed in Appendix 3. 
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I NTRODUCT ION 

This report responds to the Statement of Work del ineated under the Purchase 

Contract. It addresses 1) support requirem~nts for producing electronic 

crystals in space to meet market requirements, 2) orbital operations issues 

3) comparative evaluation of systems, and 4) resupply considerations. 

No industrial or tr~de secrets are included in this report. 

In order to determine support requirements it was first necessary to examine 

market needs for space-produced semiconductor crystal materials and project 

market requirements through the year 2000. It was also necessary to 

estimate expected costs of space production as these costs will largely 

determine the price at which the materials can be sold and thus the magnitude 
of the market. 

These projections are included in the report. 
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Part I MARKET PROJECTIONS 

1. Overv i ew 

This section reports the results of studies to evaluate the market 

requirements for space-produced electronic materials through the year 

2000. These studies took the form of: 

Literature search 

Evaluation of developments and trends 

Comparisons with other developing technologies 

Seeking out expert opinion from within industry, universities 
and government 

Commissl/oning special studies from tiighly qual ified sources 

Reviewing commercially available ma,'ket projections. 

Attention has been given to developments and trends within evolving 

electronic and electro-optical technQlogies and to areas of appl ication 

which promise to drive market demand for improved materials. Particular 

attention has ..been directed to gall ium arsenide (GaAs) integrated· 

circuit (IC) technology which has recently emerged from tlie laboratory 

into appl ications involving a wid~ variety of electronic equipm~nts. 

Other materials have also been investigated where enhancement from 

space-production can be expected to stimulate new market demands. 

Projections of world-wide market requirements for GaAs ICs have been 

made through the year 2000. Similar projections have been made for 

space-produced GaAs and other semiconductor crystals. 

As a general statement', it can be said with confidence that beyond the 

Si single crystal appl ications there are numerous areas of appi ications 

where high qual ity space-produced compound semiconductor single crystals 

can support and enhance emerging electronic, electro-optical, energy 

conversion, and perh~~s other, technologies and can be expected to open 

new opportunities beyond present technology. 

2. The Incentive for Space Processing of Electronic Materials 

As the broad base of technology expands, it generates increasing 

2 
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complexities and places ever-increasing demands upon supporting systems. 

This, in turn, places increasing demands upon the materials which 

support the systems. 

In electronics, sol id state technology based upon the semi-conductor 

characteristics of silicon has supported rapid technological advances 

over the past severa 1 decades. I n the decades ahead, the requ i rernent 

to support increased levels of complexity and to advance into new 

dimensions of speed and performance, including handl ing higher frequency 

ranges, will necessitate quantum advances in materials performance. 

Although sil icon based technology will continue to advance, these 

advances will have their limits and new material technologies will be 

required. The most promising of these appears, at present, to be 

gallium arsenide based technology. This is because of inherent 

advantages of this material In ~uch areas as high speed capabil ity, 

low power requirements and low heat generation, high temperature 

tolerance, radiation resistance, abil ity to process very high frequencies 

and light emitting capabil ity. These characteristics make GaAs a very 

attractive material for a broad range of appl ications. 

Processing difficulties in growing high qual ity GaAs crystals on earth, 

due in large part to the effects of gravity during the crystal growing 

process, have been a limiting factor in the development and acceptance 

of GaAs based technology. 

There is promIse that significantly enhanced GaAs crystals can be grown 

in space where the adverse effects of gravity are essentially el iminated. 

Encouragement in this direction is found in the success of previous 

experiments in growing crystals in space and in more recent process 

studies and evaluations in electronic materials laboratories, particularily 

at MIT. Near perfect space-produced materials will provide enhanced 

electrical characteristics and greater device reliability vs earth 

produced materials of lesser perfection. 

3. Major Market Segments 

The electronic materials market can be broken down into several general 
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categories. Applications and developments have been analyzed in each 

of the following: 

a. Bus i ness 

b. Communications 

c. Consumer 

d. Electronic Data Processing (EDP) 

e. Government/Mil itary 

f. I ndus,tr i a 1/ I nstrumentat ion 

The market projections of this report represent a summation of the 

projections of world-wide requirements in each of these categories. 

4. Status and D'irection of Gallium Arsenide Development 

GaAs has been studied as a promising electronic material for many years. 

Discrete GaAs transistors have been on the market for several years. 

Within the last few years the interest and development effort put into 

GaAs technology has expanded rapidly, encouraged largely by improvements 

in crystal growing techniques which have made more useful qual ities and 

quantities of GaAs material available to laboratories and to industry. 

There are at present at least fifteen suppl iers of GaAs material and 

numerous U.S. companies have active programs underway for pursuing GaAs 

technology. The technology is rapidly advancing both in complexity and 

in the diversification of product applications. This was particularly 

evident a the Fourth Annual Gall ium Arsenide Symposium held in New 

Orleans on November 9-11.1982 and attended by 372 people from around 

the world and where 48 papers were reaCt a number 1 for the first time. 

addressing production related topics. 

5. Appl ications and Development Trends 

Encouraged by the availability of better GaAs material from improved 

crystal growing techniques and better equipment. and supported in large 

degree by government/mil itary initiatives and funding. industry is moving 

quickly ahead in the pursuit of GaAs technology from the discrete 

transistor to components and circuits of ircreasing complexity. including 
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both ana I og and dig ita I I Cs. Th i s effort is encouraged by the 

recognition of increasing numbers of market appl ications. A review 

of company and government programs involving GaAs reveals that serious 

efforts are underway to develop GaAs technology in support of: 

a) Government/Mil itary 

Space based radar 

Wideband electronic warfare 

Command and control communications 

Weapons target acquisition, guidance and control 

Secure communications systems 

Military satell ite communications 

Expendable jammers 

Expendable decoys 

Phased array radar 

Missile seekers 

Wide band early warning 

Antijam data I inks 

b) Electronic data processing 

Faster, more powerful computers 

c) Communications 

Sate 11 i tes 

Fiber optics 

Secure communications 

d) Business 

Systems and equipment for "office of the future" 

e) Consumer 

Home information systems 

GaAs chips developed or under development include AID and D/A converters, 

gate arrays, multipl iers, high speed memory, digital logic, variable 

alternators, front end filter correlators, programmable filters, phase 
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'",- ,. shifters, tunable sources, receiver front ends, power ampl ifiers, 

charged couple devices and phased array transmit/receive modules. 

6. Quantitative Market Forescasts for Gallium Arsenide IC~ 
In consideration of the early stage of development of GaAs technology, 

and allowing for equipment development cycle times, it ts projected that 

equipment using GaAs ICs will not see volume production until 1985. 

Projections for emerging technologies and the growth of GaAs markets 

are given by general category of appl ication as follows: 

a) Government/Mil itary 

This segmerit is expected to consitute the largest element 

of the market for GaAs devices throughout the present decade. 

Mil itary weapons systems appl ications and government/military 

communcations and high speed signal and data processing 

requirements will be primary drivers of the market. GaAs 

Technology win be found of increasing importance to the 

advancement of sophisticated systems requiring small size, 

fast speeds, high frequency response, communications security, 

low power consumption and radiation hardness. 

This market segment tS expected to grow to a total market 

volume of about $108 million world-wide by 1985, $779 mill ion 

by 1990, $4.05 bill ion by 1995 and $16.5 billion by the 

year 2000. 

b) Electronic Data Processing (EDP) 

,0 

This market segment will be accellerated by a keen international' 

competition in advanced high performance main-frame computers 

based on GaAs technology. These developments will begin to 

significantly impact the GaAs Ie market in the last half of 

the present decade growing to a total sales volume in the order . 
of $13 million by 1985 and $394 million by 1990. Throughout 

the decade of the 1990s, developments in high-speed RAM, gate 

arrays and custom ICs will expand this market segment to reach 
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a volume of about $6.28 bill ion world wide by 1995 and $56.5 
bill ion by the year 2000. 

c) Communications 

Building upon the broad GaAs technology base funded by governments, 

this market segment is expected to see meaningful emergence 

and rapid growth during the second half of the present decade. 

Appl ications will include microwave communications, pay TV, 

CATV, digital microwave radio (DMR) and a number of other lower 

volume uses. Fiber optics communications and direct satell ite

to-home communications will grow into major market drivers in 
th i s segment .. 

Communications appl ications are expected to consume some $21 

million of GaAs devices by 1985, -$526 mill.ion by 1990, $4.64 

bill ion by 1995 and $12.4 bill ion by the year 2000. 

d) Business 

Business equipment applications util izing GaAs ICs will begin 

emerging in the mid 1980s, including fiber optic transmitter 

and receiver functions for the Office-of-the-Future. Voice 

recognition, coming on late in the decade, will require large 

numbers of GaAs ICs. European and Japanese systems will 

represent a significant portion of the business market requiring 

GaAs ICs. This market segment is expected to grow to about 

$11 mill ion by 1985, $342 million by 1990, $3.86 billion by 
1995 and $26.9 bill ion by the year 2000. 

e) Consumer 

Satellite-to-home appl ications, emerging in Europe and Japan 

in the mid 1980s will be a major market driver in the consumer 

segment of the GaAs market. World wide volume of GaAs based 

TV receivers operating in the 12 GHz range is expected to reach 
about 10 million by 1985. 
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This total consumer market segment for GaAs ICs world wide 

will grow to about 12 million by 1985, $411 million by 1990, 

$4.13 bill ion by 1995 and $15.2 billion by the year 2000. 

f) Instrumentat ion/lr:1dustrial 

GaAs ICs in microwave devices for this market segment will find 

early growth beginning in the mid 1980s and will experience steady 

growth thereafter. Also, the use of GaAs ICs in test equipment 

will represent a considerable and growing market through the 

year 2000. New generations of IC testers will include GaAs ICs 

1n functions such as comparator amplifiers, A to 0 converters 

and line drivers. Also GaAs ICs will find appl ications in high 

frequency oscillators and logic analysers. The total world wide 

market for this segment will reach $19 million by 1985, $565 

mill ion by 1990, $4.37 billion by 1995 and $10.3 bill ion by the 

year 2000. 

These worTd wide GaAs market projections are summarized on Chart 1. 

Quantitative Market Projections for Space-Produced G~llium Arsenide 

Case 1. Orbiter Only 

Significant quantities of GaAs materials from space production 

will not begin to appear until the last two years of the 

present decade. By that period GaAs based devices will have 

emerged for numerous appl ications. Some of these, especially 

in the government/military segment and in advanced main frame 

computers, will demand the best available material for optimum 

performance and re I i ab iIi ty. It is expected that these market 

demands will absorb all of the very high quality GaAs materials 

coming from Orbiter production, and that the ability of the 

Orbiter to support quantity production will be the limiting 

market factor. Quantities available from this source are 

expected to reach about 44Kg per year by 1990 and, lacking 

a space station, will expand at a compound average growth 

rate of 15% per year through 1995 and 6% thereafter. These 
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Case 2. 

projections are shown on Chart 2. 

~rbiter and Space Station/Free Flyers 

The availabil ity of a Space Station, with some form of attached 

or free-flying production facil ities, \~ith adequate and reasonably 

priced energy from solar arrays, will support the production in 

space of much greater quantities of materials than from on-board 

Orbiter production alone. In this case, it is important to 

investigate both the market demand and the capabil ity to expand 

production in space. Either of these factors might prove to 

be the limiting factor to the amount of space production to be 

expected through the decade of the 1990s. 

In this regard, early market forecasts provide a needed early 

olanning input with respect to accommodation requirements rorseen 

for Space Station design. Also, the economies of electronic 

materials production aboard the Space Station will impact on 

product price and thus on market demand. 

Initial studies of cost saving factors related to production with 1) free 

flyer only and 2) Space Station,vs. production on the Orbiter, indicate 

that the availability of a free flyer will reduce GaAs space production 

costs by at least a factor of three,and availabil ity of a Space Station 

by a factor of six. These cost reductions are in consideration of weight 

and space savings on Orbiter flights stemming from the fact that, once 

production facilities are in place on the Space Station, needs for 

Orbiter transportation will decline essentially to the del ivery of raw 

materials to the Space Station and the return of finished product, and 

possibly waste materials, to earth. Also, production costs will be 

reduced due to economies arising from the extended times available for 

the crystal growth process on the Space Station vs. the Orbiter and by 

more favorable electrical power availabil ity. 

In large part, the savings from free flyer and/or Space Station production 

can reflect in reduction of market price of the material. This will 
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encourage the use of space-produced GaAs in a broader range of appl ications, 

increasing overall market demand. 

Basing price projections on the expectation of Orbite~only operations 

through 1990, Orbiter plus free flyer by 1991 and Orbiter plus Space 

Station by 1992, the projected market price of space produced GaAs is as 

shown in' Chart 3. These price projections support the following market 

demands. 

a) Government/Military 

It is expected that appl ications for space-produced GaAs in 

this market segment will rapidly expand through-out the 1990s 

driven by needs to exploit the full potential of this enhanced

quality material. The market demand for space-produced GaAs will 

reach $116.8 million in thfs segment by 1990j $405.0 mill ion by 

1995 and $1,650 mill ion by the year 2000. 

b) Electronic Data Processing - Faster Computers. Spurred by inter

national competition and increasing demands for higher speeds 

and greater performance, especially in large main-frame computers, 

it is forecast that market demands in this segment for space

produced GaAs will reach $11.8 mill ion by 1990, $125.6 mill ion 

by 1995 and $1,130 million by the year 2000. 

c) Communications 

The quality of earth-produced GaAs is expected to support most 

app I i cat ions in th i s market segment throughQ!Jt most of thel·decade 

of the 1990s. By 1990, spurred by requirements for very high 

performance and reliability in support of satell ite and fiber 

optics communications,spaced-produced material is forecast for 

market demands of $5.3 million in 1990, $46.4 million by 1995 

and $124 million by the year 2000. 

d) Bus i ness 

Voice recognition, emerging toward the end of the 19805, will 
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prove to be an application requiring significant quantities of 

high qual ity, high performance spaced-produced GaAs. With this 

as the primary market driver, it is forecast that the market 

demand for spaced-produced GaAs in this segment will reach 

$34.2 mill iOn by 1990, $38.6 mill ion by 1995 and $134.5 million 

by the year 2000. 

e) Consumer 

Most appl ications in this market segment will probably be 

satisfied by available, less costly earth-produced GaAs material. 

Significant appl ications requiring space-produced GaAs have not 

been identified. 

f) Instrumentation/Industrial 

Most appl ications in this market segment will be satisfied by 

lower-cost earth-produced GaAs material. The total world-wide 

market for space produced GaAs for this segment will be $1.7 

million by 1990, $8.7 mill ion by 1995 and $20.6 million by 

the year 2000. 

These market projections for space-produced GaAs have been 

summarized and are shown on Chart 4 in terms of~kilograms per 

year of finished crystal ingot ready to be cut into wafers. 

8. Electronic Materials other than GaAs 

Market demands will emerge for space-produced electronic materials in 

addition to GaAs. For example, mercury cadmium telluride and indium 

phosphide are widely recognized candidates. While no other materials 

have yet been identified with the broad range of market appl ications 

and potential bulk requirements of GaAs, emerging demands for urgent 

specific requirements, such as detectors effective in particular 

frequency ranges, will lead to space-production of a growing number of 

crystal materials. It is expected that these other materials, in total, 

wi 11 represent no more than one or b:o percent of tota I of space 
" crystal production by 1992. However, increasing market demand is fore~ast 

to raise t~is percentage to 10% of total of space produced electronic 
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materials by 1995 and to 35% by the year 2000. 

These projections are shown on Chart 5 (finished ingot). Combined require

ments for space-produced GaAs and other crystals are shown on Chart 6 (Sulk). 

9. Rationale for Market Projections 

It should be recognized that projections of world wide market demand for 

space-produced electronic materials are based on a number of assumptions 

and related forecasts. A great deal of elasticity exists ~n the assumptions 

and methods of calculation. Reductions in material cost will increase 

potential market demand accordingly. On the other h~nd, substantial 

improvements in earth processing technologies or the emergence of 

alternate material combinations might soften demands for space-produced 

materials. 

For these reasons,projections have been made and reflected on Chart 5 
which present a conservative low market demand together with a more 

optimistic high market demand,as well as a medium level projection based 

upon assumptions and cafculations which appear to represent best present 

judgements. 

Requirements for fl ight accommodations as shown in Part I I of this 

report are based upon the higher market demand figures since these are 

well within the realm of possibility and,in the time frame considered, 

could easily become the more real istic portrayal of actual requirements 

for space station accommodations. 

Although accompl ishments in technology with semiconductor single crystals 

over the past several decades have been remarkable, fundamental research 

in bulk crystal growth has not kept pace with advances in solid state 

science. An urgent need is evolving for crystal growth with optimum 

perfection. 

. 
Crystal growth with optimum perfection is extremely complex and solutions 

to the problems encountered are made most difficult by the forces of 
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gravity always present with earth production. The microgravity conditions 

of space can accelerate Immensely the solution of the semiconductor 

single crystal problems. 

Some authorities eminently qual ified to evaluate and project electronic 

materials developments are saying that, if One considers the applications 

possibi I ities of near perfect GaAs ICs from space. production (as in areas 

suggested in this report) and considers an extrapolation to other alloy 

III-V material combinations,together with advanced circuit concepts, the 

possibil ity for improved performance and new devise-circuit interaction 

scenarios becomes virtually'eridless. In these directions we can look 

beyond the VHSIC era. 

The opportunity to produce bulk quantities of much improved semiconductor 

crystals in space as made possible by the Orbite~ and the opportunity 

to achieve reasonable production costs as made possible by the availabil ity 

of a Space Station, promises to open a major door for advances in the 

direction forseen by these highly qual ified authorities. There seems 

little question that the space-produced materials will find a ready and 

grow i ng market, and it is not beyond the· rea I m of pos sib il i ty that the 

market demand will be even greater than we can now foresee. 
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Part II SUPPORT REQUIREMENTS 

1. Projected Profile of Fl ights for GaAs Production, 1990-2000 

a. Introduction 

In the period for the years 1990 to 2000 commercial quantities of crystals 

will b~ grown in three flight modes: 1) Orbiter only; 2) Orbiter

serviced free-flying platforms; 3) Orbiter-serviced Space Station. 

The fl ight mode selected will be determined by availability of 
the flight modes, the need as indicated by projected market demands, the 

ability of each mode to meet the support requirements, and the economies 

of the different modes. Typical fl ight modes are: 

1990 

1991 

1992-1993 

1994-2000 

Orbiter sorties, or Orbiter-serviced free-flying 

platforms 

Orbiter-serviced free-flying platforms 

Space Station with attached dedicated modules 

Space Station with attached dedicated modules 

and Space Station-serviced free-flying platforms 

This profile of missions envisions that Orbiter sorties will be used 

until the free-flying platforms become available. The Orbiter-serviced 

free-flying platforms mode will be used until the Space station is 

available. Detailed analyses must be done later to det~rmine if the 

Space Station alone, Space Station with attached dedicated module, or 

Space Station-serviced free flyer platforms will be used. 

The growth requirements by year to meet the projected market demand is 

shown in Table 1, along with the diameter of the crystal to be grown. 

This assumes a factor of 1.25 over the requirements shown on Chart 5 to 

allow for ingot trim and wastage. 

TABLE 

Year Diameter (inches) 

1990 2 

1991 2 

14 

I~ass (Kg) 
Low Medium 

28 49 

58 85 

~ -. -:: .... 

High 

58 

115 
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1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 
2000 

2,-, 

2 

3 

3 

3 

5 

5 

5 

5 

b. Orbiter Sortie Flights, 1990 

99 
181 

306 

500 

785 

1156 

1688 

2194 

2700 

146 

250 

431 

646 

1 031 

1600 

2250 

3120 

3979 

· " '-"""-~jM 

213 

438 

713 

1194 

1988 

3125 

4500 

5938 

7975 

Fl ights using the Orbiter sortie mode for growing commercial quantities 

will begin in late 1988. Each fl ight should have the capabil ity of 

growing a minimum of 12 kg of crystal. A typical sequence will be for 

the growth cells to be loaded with the crystal seeds and source materials 

in a laboratory, integrated into the furnaces, and the furnaces loaded 

with the growth cells del ivered for integration with the carrier assembly. 

The carrier assembly will be similar to the MEA ~urrently envisioned 

by NASA, and will have the systems necessary to support the growth 

furnaces, with the exception of the power conversion equipment. For 

purposes of computing up and down mass~the supporting equipment has been 

included on the assumption that the user will pay the transportation cost 

even if the equipment is provided by someone else. 

The crystals grown will be 5.08 cm (2 inches) in diameter and 1 cm long. 

The seed crystal will be the same diameter and 1mm, or less, in length. 

A typical furnace will weigh about 500 kg and will support the growth 

of 20 kg of crystals. Each furnace will accommodate up to 200 growth 

cells. The exact number for each flight will most likely be determined 

by the power and energy available. 

Assumptions 

1) Fl ights will be on missions that deliver primary payloads, with 

6 days remaining available for crystal growth. 
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2) Power and energy is available to support growth of 12 kg of crystals 

on each mission. 

3) Grown crystals are 2-inches diameter o 

4) Furnace capable of growing 20 kg will be used. 

~ Furnace to crystal mass ratio 25/1. 

Growth requirements - up to 68 kg 

Number of Fl ights - 6 

Mass, up and down 

Furnace 

Structure 

Support Equip. 

Total 

500 kg (includes crystal material) 

500 kg 

300 kg 

1300 kg 

Electrical Power - 12 kw 

Structure Support - Bridge type similar to MEA 

Data/Communications Dat~ requirements include on-orbit accelerations, 

q 
\ 

'.~ 

) 
i 
\ 
\ 

'i 

temperature, current voltage, discrete events, and other normal housekeeping 

data to perm it I im i ted on-board and post:-f light assessment. The exact 

number of measurements and sampl ing frequency is to be determined with 

system design, however housekeeping data normally required for post-flight 

assessment should suffice. The fl ight crew will require access to limited 

parameters, however real-time access on the ground is not anticipated. 

'I 

Thermal/Environmental Control - Thermal control will be required for 

the heat losses in the electronic equipment and the power conversion 

equipment. The power conversion equipment will be the primary source 

amounting to about 35% of the applied power. The MEA type carrier should 

have an active cooling system to support this requirement. An objective 

of the design of the furnace will be to design the thermal system such 

that the' power input for crystal growth can sustain the operating 
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temperature, and the heat losses are manageable without active cooling. 

Flight Crew - The fl ight crew will be required to turn the furnaces on 

and provide some monitoring of certain para~eters to assure no anomalies 

have occurred. 

Crew Safety - Since the payload will be carried in the payload bay of 

the Orbiter there should not be any unusual safety concerns. 

c. Orbiter Serviced Free-Flying Platforms, 1991 

Since the Orbiter is power and energy I imited, the free-flying platforms 

will be utilized as soon as they are available. The ground procedure 

will be the same. The power and energy from the platform should not be 

I imiting, therefore a larger number of furnaces can be flown at once. 

It is anticipated that a minimum of 2~ kg will be grown in each furnace, 

with the number of furnaces per mission and the number of missions 

determined by the annual market needs. 

The loaded furnaces will be transported to the platform with the Orbiter 

and with a robotics device, or EVA, transferred to the platform, checked out, 

and activated. The system will be automatic from there through the 

growth period. After growth is complete the furnaces will be removed 

and returned to earth for removal of the grown crystals, refurbishment, 

and reloading for the next flight. 

In order to meet the market demands multiple furnaces will have to be 

used in the platform. If adquate power is available to run the furnaces 

simultaneously the mission can be accompl ished in one week. In this 

mode the Orbiter would load the furnaces in the platform at the beginning 

of the mission and then proceed with other mission activities. After 

the growth period of about a week the Orbiter would rendezvous with the 

platform, retrieve the furnaces, and return. 

If the power on the platform is limited such that only one furnace can 

operate at a timethe mode will be such that the furnaces are del ivered 

17 

~"'-.-, 

~dii'''_ :& =-."..J"",,,,,~ ..• _ 

;1 
j 



r 

W"~~ 
\~II~' 

lr~····· 

-~ ..... , T 

to the platform on one flight and returned on another. If power on the 

platform is not 1 imiting either mode may be selected depending on fljght 

opportunities and the economies offered. For the convenience of this 

studY,it is assumed that power on the platform is unl imited and the furnace 

will be del ivered and retrieved on the same mission. 

Growth requirement 

Number of flights 

Flight configurations: 

up to 115 kg 

2 

Fl ight 1 and 2 

Three furnaces 

Grow 60 kg'crystals 

Mass, up and down 

Furnaces 

Structure 

Support Equipment 

Total 

1500 kg 

500 kg 

600 kg 

2600 kg 

Electrical Power 20 kw/furnace, 60 kw total if operated simultaneously. 

Structure Support Bridge type similar to MEA 

Requirements Common to both Fl ights 

Data/Communications - Data requirements include on orbit accelerntions, 

temperature, current voltage, discrete events, and other normal 

housekeeping data to permit limited on-board and post-fl ight assessment. 

The exact number of measurements and sampl ing frequency is to be 

determined with system design, however housekeeping data normally 

required for post-flight assessment should suffice. The fl ight crew 

will require access to limited parameters, however real-time access on 

the ground is not anticipated. 

Thermal/Environmental Control - Thermal control will be required for 

the heat losses in the electronic equipment and the power conversion 

equipment. The power conversion equipment will be the primary source 
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amounting to about 35% of the appl ied power. The MEA type carrier should 

have an active cooling system to support this requirement. An objective 

of the design of the furnace will be to design the thermal system such that 

the power input for crystal growth can sustain the operating temperature, 

and the heat losses are manageable without active cooling. 

Flight Crew - The fl ight crew will be required to transfer the furnaces 

to the free-flying platform and activate them. After the activation is 

accomplished the process will be automatic, however it is anticipated 

that some parameters will be displayed to the crew on the Orbiter to alert 

them to anomal ies that are compatible with corrective action. At the 

end of the growth period, at the end of the Orbiter mission, th~ crew 

will be required to transfer the furnaces from the platform to the Orbiter 

payload bay for return to earth. 

Crew Safety - Crew safety concerns wi I I be those associ"ated with EVA and 

cargo tr~nsfer processes. There should be no unusual safety hazards 

since the payload is self-contained and operates automatically after 

act i vat ion. 

d. Space Stat ion 

It is expected that the Space Station will be available for commercial 

use beginning in 1992. In the Space Station mode the furnaces will be 

transported initially to the station, or built in as a part of the generic 

configuration. For the purpose of this study it is assumed that the 

.furnace is user provided. The growth cells will be loaded with the 

seed crystal and source material in a ground based laboratory and 

transported to the Space Station by the Orbiter. After.the growth period, 

the growth cells with the completed crystals will be removed from the 

furnaces and returned to earth for processing. The Space Station will 

serve as a supply depot where cartridges will be del ivered to support 

growth over a period of up to three months. At the end of the period a 

new supply of cartridges will be flown up and the cartridges with the 

grown crystals will be flown down. 
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Whether the production growth will occur in the Space Station, or in an 

attached dedicated module, or in a free-flying platform, will depend 

on the abil ity of the Space Station to satisfy all the requirements, 

scheduled utilization of the Space Station laboratories, and the availability 

of dedicated attached modules and free-flying platforms. Currently there 

is some uncertainty whether the Space Station can meet the low acceleration 

requirements, and the quantity of power available. 

In the attached dedicated module mode, and in the Space Station-serviced 

free-flying mode, the furnaces must be loaded in the space station and 

then transferred to the module or platform. Loading the furnaces with the 

large number of growth cells outside the Space Station is considered 

impract i ca I. 

In this study it is assumed that the crystal growth will occur either in 

an attached module, or in a free-flying platform. Also, it is assumed 

that routine Orbiter flights to the Space Station will occur every 90 

days. More frequent fl ights can be available on demand but at a premium 

cost. 

Year 1992 

The Space Station is available for commercial use with attached modules 

that can be dedicated to users for discrete periods of time, or time 

shared. At least 20 kw of power is available to the user. Three furnaces 

are available from the previous flights,each with a capabil ity of 

growing 20 kg of 2 inch diameter crystals. 

Growth requirements 

Crystal diameter 

Growth period 

Two miss ion 

M iss ion One 

up to 213 kg 

2 inches 

6 days 

100 kg each 

Take up two furnaces and cartridges with material to grow 100 kg of crystals. 

Only one furnace will be used,with the other designated as a spare. 
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One furnace will be used to grow 20 kg of crystals per week for five weeks. 

The cartridges with the grown crystals will be returned on the first 

return opportunity, or held in the Space Station for return when suppl ies 

for the next growth cycle are carried up. 

Mass up 

Cartridges 

Structure 

Support equipment 

Total 

Electrical PO\'Ier ... 20 kw 

Mission Two 

1000 kg 

500 kg 

450 kg 

1950 kg 

On this mission cartridges with crystal ine material to grow 100 kg of 

crystals will be carried up. On the return of that same Orbiter the 

cartridges with the crystals grown in mission one will be returned. As 

in mission one,a single furnace will be used to grow 20 kg per week for five 

weeks, a total growth of 100 kg. 

Mass up and down 

Electrical Power 

1000 kg of cartridges 

20 kw 

Year 1993 

Production will continue with the growth of 2 inch diameter crsytals. 

In addition,with the third flight,preparations will be made to start 

production of 3-inch diameter crystals during the first flight of 1994. 

Growth requirements 

Crystal diameter 

Groth per iod 

Three missions 

Mission One 

up to 438 kg 

2 inches 

6 days 

146 kg each, 438 kg total 

At the beginning of the mission take up cartridges loaded to support 

growth of 146 kg of crystals. "Return the cartridges with the 100 kg of 

2 inch crystals from the last growth cycle. 
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Mass up 

Cartridges 

Mass down 

Cartridges (2") 

Electrical Power 

Miss ion Two 

~- ~'- .,f .,-

1460 kg 

1000 kg 

20 kw 

On this mission 2 inch crystals will continue to be grown at 20 kg per 

week for a total of 146 kg. The crystals grown during the previous 

mission will be returned. 

Mass up 

Cartr i dges 

Mass down 

Cartridges 

Electrical Power 

Mission Three 

1460 kg 

1460 kg 

20 kw 

This mission will be the same as mission two except that a furnace for 

growing 3 inch diameter crystals will be taken up and a prototype run 

of one week dUration will be made. A power conversion unit will also 

be taken up. 

Mass up 

Cartridges 1460 kg 

Furnace 500 kg 

Power conversion 150 kg 

Total 2110 kg 

Mass down 

Cartridges (2") 1460 kg 

Electrical Power 20 kw 
Year 1994 
This year will see the growth of 3-inch crystals at 20 kg per week. At 

this time a second furnace will be required to meet the growth demands. 
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Growth requirements 

Crystal diameter 

Growth per i od 

Three missions 

Mission One 

up to 713 kg 

3 inches 

6 days 

3 at 238 kg each 

Take up one furnace to be used as a spare, and enough cartridges loaded 

with crystals to grow 238 kg of crystals. Take down the crystals 

grown during the previous growth cycle. Also take down the two furnaces 

for gr'owing 2 inch diameter crystals. 

Mass up 

Furnaces 

Cartridges 

Total 

Mass down 

Cartridges 

Furnaces 

Total 

Electrical Power 

Missions Two and Three 

500 kg 

2380 kg 

2880 kg 

1460 kg 

1000 kg 

2460 kg 

20 kw 

On these missions 20 kg per week will be grown for a total of 238 kg 

per mission. 

Mass up per mission 

Cartridges 

Mass down 

Cartridges 

Electrical Power 

Year 1995 

2380 kg 

2380 kg 

20 kw 

Production will continue for 3-inch diameter crystals. 

Growth requirement 

Crystal Diameter 

Growth period 

up to 1194 kg 

3 inches 

6 days 
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Th ree m iss ions 400 kg each, 1200 kg total 

Miss ion One 

Take up a third 3-inch furnace and cartridges to grow 400 kg. The 

cartridges with crystal grown in the last fl ight of 1994 will be 

returned. Two furnaces will operate to grow 40 kg. per week. 

Mass up 

Furnace 

Cartridges 

Total 

Mass down' 

Cartridges 

Electrical Power 

Mission Two and Three 

Mass up 

Cartridges 

Mass down 

Cartridges 

Electrical Power 

Year 1996 

500 kg 

4000 kg 

4500 kg 

2400 kg 

40 kw 

4000 kg 

4000 kg 

40 kw 

During this year three furnaces will be operating at 60 kg per week 

to continue to grow crystals at 3-inches in diameter. Since it is 

anticipated that by 1997, next year, the industry will be using GaAs 

crystals at 5-inches in diameter the furnace added in the third fl ight 

will be designed to grow 5-inch crystals. Crystals at 5-inch diameter 

and a current-density of 10 amps per cm2 require a constant current of 1267 

amps. Each 5-inch furnace carried up will also have with it a power 
convers ion un i t. 

Growth requirements 

Crystal diameter 

Growth per i od 

up to 1988 kg 

3 inch 

6 days 
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Three missions 

Mission One 

Mass up 

Cartridges 

Electrical Power 

Mission Two 

Mass up 

Cartridges 

Mass down 

Cartridges 

Electrical Power 

Mission Three 

- at 660 kg each 

4000 kg 

60 kw 

6600 kg 

6600 kg 

60 kw 

".t 1" 

A 5" crystal growth furnace will be taken up and tested, along with a 
power conversion unit. 

Mass up 

Furnace (5 11 
) 750 kg 

Cartridges 6600 kg 
Power conversion 150 kg 
Total 7500 kg 

Mass down 6600 kg 

Electrical Power 60 kw 

Year 1997 

This year production will convert to 5-inch crystals. To grow crystals 

, pq 

at this diameter will require a power conversion unit capable of providing 

1267 amps cOnstant current. Three 5-inch furnaces will be producing at 

20 kg each per week on the first flight and four 5-inch furnaces wull be 

producing at this amount on the second and third fl ights. Two additional 

5" furnaces wi 11 be taken up on the fi rst fl ight and two (one as a spat.e) 
will be taken up on the second flight. 
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Growth requirements 

Crystal diameter 

Growth period 

One miss ion 

Two missions 

Mission One 

up to 3125 kg 

5-inch 

6 days 

at 725 kg 

at 1200 kg 

The second and third 

will be carried up. 

each per week will be 

5-inch furnaces and supporting power conversion 

for the crystal- growth three 5-inch furnaces at 

employed. 

Mass up 

Furnaces 

Power conversion 

Cartr i dges (5") 

Total 

Mass down 

Cartr i dges. 

Furnaces (3") 

Electrical Power 

Mis.sion Two 

1500 kg 

300 kg 

7250 kg 

9050 kg 

6600 kg 

1000 kg 

60 kw 

The fourth and fifth 5-inch furnaces and supporting power conversion 

un i ts 

20 kg 

un its wi 11 be carried up. One of the furnaces will serve as a spare. 

Mass up 

Furnaces 1500 kg 

Power conversion 300 kg 

Cartridges 12000 kg 

Total 13500 kg 

Mass down 

Cartridges 7250 kg 

Electrical Power 80 kw 
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Mission Three 

Mass up 
Cartridges 

Mass down 

Cartridges 

Electrical Power 

Year 1998 

12000 kg 

12000 kg 

80 kw 

In this year there will be growth capabil ity of 100 kg per week provided 

by five furnaces. All diameters will be 5-inches. 

Growth requirement 

Crystal diameter 

Growth per i od 

Four missions 

Mission One 

Mass up 

Furnace 

Mass 

Power conversion 

Cartridges 

Total 

down 

Cartridges 

Electrical Power 

Mission Two 

Mass up 

Cartridges 

Mass down 

Cartridges 

Electrical Power 

up to 4500 kg 

5 inches 

6 days 

1125 kg each, total of 4500 kg 

500 kg 

150 kg 

11250 kg 

11900 kg 

12000 kg 

120 kw 

11250 kg 

11250 kg 

100 kw 

Mission Four same as Three but take up one furnace, mass 500 kg. 
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Year 1999 
This year will have six furnaces capable of growing 120 kg of 5-inch 

crystals per week. The six furnaces are on board. Another furnace 

will be carried up during the first mission as a spare. 

Growth requirement 

Crystal diameter 

Five miss ions 

Mission One 

up to 5938 kg 

5 inches 

1200 kg per mission, total 6000 kg 

On the first fl ight of this mission take up a sixth 511 furnace, with 

power conversion unit, as a spare. 

Mass up 

Furnace 

Power conversion 

Cartridges 

Total 

Mass down 

Cartridges 

Elect~ical Power 

500 kg 

150 kg 

12000 kg 

12650 kg 

11250 kg 

120 kw 

Mission Two, Three, Four and Five 

Mass up 

Cartridges 12000 kg 

Mass down 

Cartridges 12000 kg 

Electrical· Power 120 kw 

Year 2000 

During this year eight furnaces will be growing crystals ~ith,a 

capabil ity of 160 kg per week. 

Growth requirement 

Crystal diameter 

Growth period 

Five m iss ion s 

up to 7975 kg 
5 inches 

6 days 

16QO kg each, tota I of 8000 kg 
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Mission One 

On this mission take up ohree additional furnaces and power convers.ion units 

to meet the requirement for eight for the growth process plus one as a 

spare. 

Mass up 

Furnace 1500 kg 

Power conversion 450 kg 

Cartridges 16000 kg 

Mass down 

Cartridges 12000 kg 

Electrical Power 160kw 

Mission Two, Three, Four, Five, Six. 

Mass up 

Cartridges 

Mass down 

Cartridges 

Electrical Power 

16000 kg 

16000 kg 

160kw 

At the end of mission six there will be 1,330 kg of crystals to return 

for marketing. Also, there will be in orbit seven furnace systems. 

2. Crystal Growth Research and Development on a Space Station 

a. Scope 

There are two types of activities that require the identification of 

support requirements. First, it is anticipated that there will be a 

continuing need for flights for the purpose of conducting crystal growth 

process experimentation and development. These fl ights will be required 

for process improvements and for experimental and developmental work 

on crystals not yet in the production phase. Second, there are requirements 

to support the production runs of the crystal growth process to meet the 

projected market demands. The production runs are discussed elsewhere 

in the report. 
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b. Experimental Research and Development 

There should be a continuing need for support to experimental work 

in orbit, especially after the Space Station is available and a 

professional researcher can perform the work in a laboratory in the 

station. The laboratory must have standard research equipment for 

the process development, and for the characterization of the crystals. 

The equipment required for the laboratory is I isted in item 2 under 

requ i remen t s. 

It is expected that most of the experimental work will be done on 

crystals at production diameters, however the growth thickness can be 

considerably less. For this reason furnaces for the experimental 

work should be designed for laboratory use. 

c. Requirements 

1) Crew Skill 

The experimental work on board will require the same skills 

as that required for ground based crystal growth experimental 

work. A trained materials scientist with a terminal degree 

and the equivalent of several years of experience is the 

minimum requirement. Because of the I imited communication 

opportunities for collaboration with associates the 

researcher should have demonstrated efficiency in all phases 

of the crystal growth process development and characterization. 

2) Laboratory Equipment 

The laboratory should include the following equipment or 

capability: 

-Raw material storage 

-Raw material handling equipment 

-Raw material weighing equipment 

-Furnace(s) 

-Cutting machine 

-Polishing and etching equipment 

-Microscope 
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-Hall effect measurement equipment 

-Spreading resistance measurement equipment 

The above is considered the minimum capabil ity. A more elaborate 

laboratory could include a Scanning Electron Microscope and an 

X-Ray Defraction Machine. 

3) Util ity Services 

Electrical power requirements are in two categories. The basic 

laboratory equipment will require 60 hertz a-c power unless it is 

redesigned to be compatible with "normal" spacecraft power. It is 

anticipated that there will be numerous needs to use equipment 

usually found in research laboratories on board the space station, 

therefore it is recommended that consideration be given to providing 

60 hertz power on board. 

The crystal growth process requires d-c power at low voltage and 

high currents. This requirement is caused by the need for current 

densities up to 50 amps per cm squared. In the latter pait of the 

1990 ' s there will be a requirement for crystals up to six inches 

in diameter. The initial work will be done at two inches in 

diameter. This identifies a need for d-c power at five volts or less 

with current adjustable from 200 amps to 9000 amps. 

A supply of inert gas, such as nitrogen, argon or helium, is required 

at every low operating pressure, about one atmosphere. 

4) Structure/Physical Accommodations 

The laboratory must be large enough to accommodate the equipment 

lis~ed, be environmental contr~lled, and have space for two 

researchers. 

5) Duration of Process Runs 

It is anticipated that there will be a demand for use of the space 

station crystal growth laboratory for all of the different methods 

of crystal growth. The various methods require different amounts 
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of time varying from days to weeks. The experimental work will 

be done on crystals ranging from very small samples to production 

sizes which will also cause the growth periods to vary. The 

duration of a particular run can vary then trom one day to 

perhaps as much as months. 

6) Number and Frequency of Experiments 

It is anticipated that a research team will visit the space station 

for periods of from three to six months to conduct a set of 

experiments. A team, perhaps of two, working end to end shifts, 

will allow the laboratory to be used on a near full time basis, 

providing for a more efficient use of the facil ity and a greater 

return on the investment. While there they will be growing 

experimental crystals, performing characterization studies, and 

other analyses on a continuing basis. Because of the expected 

demand for use of the laboratory the research team for a particular 

mission period will perform work for a number of organizations on 

a cooperative basis. 

Considering the large number of organizations performing ground 

based research in crystal growth, and the expanding interest 

in growth in space~ it is expected that a well equipped laboratory 

will be in use full time, probably with the demand exceeding the 

capabil ity. The potential test candidates are almost endless. 

Space laboratory work will be complementary to that done in the 

ground based laboratories, with some work done concurrently with 

communication between the two laboratories. Since the space l-aboratory 

will have the capability of doing only a fraction of the work being 

performed in the ground laboratories it will be necessary to 

limit the space work to those experiments that require the space 

environment. 
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7) Data Acquisition and Recording 

The laboratory must have the capabil ity to acquire, record and 

display data from the experimental processes. This will ·include 

access to an on board computer. There will be a need for 

transmitting selected data to the ground, and voice and video 

communications to permit collaboration with associates in ground 

based laboratories. 

8) Thermal/Environmental Control 

The laboratory must be environmental controlled comparable to that 

normally experienced in ground based laboratories. Temperature 

should be 70-72 deg~ees F., with humidity not more than 60%. A 

standard clean laboratory should be adequate. 

9) Crew Safety Provisions 

Safety hazards can be categorized as those found in the ground 

based laboratories conducting crystal growth process development. 

These are working with electrical power, handl ing materials at 

high temperatures, and the potential of escaping toxic products. 

Standard safety procedures, and the professional experience of the 

researcher should beadequate to make these potential hazards 

acceptable. The potential of escaping toxic gases, such as 

arsenic from GaAs, will require special attention. 

Flight satefy has been and cont i nues to be a major concern of NASA. 

This is brought about, and rightly so, by the Apollo spacecraft fire 

on the pad at KSC, the failure on Apollo 13, and other events. The 

approach is to take safety precautions to assure that there is not 

loss of I ife of a crewman, or a loss of the mission. Some of the 

raw material used in crystal growth are toxic, and if flown today 

on the Orbiter would require containment that is two failure 

II 

tolerant and still safe. Because of these val id concerns, and because 

it is anticipated that these raw materials will need to be handled in 

the Space Station laboratory, it is recommended that the design of the 

l~boratory include a capability to cope with these potential safety hazards. 
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Part I I I ORBITAL OPERATIONS ISSUES 

1. Feasibil ity of Loading, Off-loading and Reloading Furna~!:~ 

Loading, off-loading and reloading of furnaces fall intG three categories, 

1) the handling of the furnace as a unit, i.e. installing the furnace on 

the spacecraft before flight and its removal afterwards, 2) loading of 

cartridges into the furnace and their removal, 3) loading of the seed crystal 

and the raw material into the cartridges. 

a. Orbiter Sortie Fl ights 

For the Orbiter sortie flights the cartridges will be loaded with the 

seed crystal and the raw material in a laboratory provided for this 

purpose. The laboratory will have a controlled environment to protect 

the seed and material from contamination. Quality control will be 

exercised during and at the end of the process to assure that fl ight 

standards are met. The qual ity inspection will include specified 

tests, for example a test to assure that proper electrical contact 

has been made in the cartridge. 

The furnace can be loaded with the cartridges at either the laboratory 

where the cartridges are loaded, at the furnace or integrating contractor 

facil ity, or at the launch site. Without benefit of a detailed analysis 

it appears that the furnace should be loaded at the laboratory where 

the cartridges are loaded. The advantages include 1) a controlled 

environment exists, 2) skilled personnel are available, 3) skilled 

personnel do not have to disperse to multi-sites, 4) the handl ing and 

shipment of the cartridges as individual units is minimized. After 

the furnace is loaded with the cartridges a test will be performed to 

assure that the loaded furnace is functioning properly. After the 

furnace is tested it is shipped for integration with the support 

structure. 

The next. level of integration is the installation of the furnace on the 

support structure. This can be done at the launch site or at a remote 

integration site. Since the flight, and most I ikely the support 
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structure, will be shared with another payload NASA will designate 

the site for this integration. Beyond this point the furnace will 

not be handled as a unit, rather it will treated as a part of' an 

integrated payload. 

After the fl ight the furnace will be removed from the support 

structure and returned to the laboratory for removal of the 

cartridges, and for removal of the grown crystals from the cartridges • 

The cartridges and the furnace will be cleaned, as required, and 

prepared for the next flight. 

All of the above loading and off-loading procedures should be straight

forward, therefore do not present any identif.iable significant issues. 

Orbiter-Serviced Free Flying Platforms 

The handling of the cartridges and furnaces for.the Orbiter part of 

these fl ights should be identical to that for Orbiter sorties. The 

interface between the Orbiter and the free-flyer presents a number 

of Issues that must be addressed. 

The first issued is how much of the support services will be provided 
c 

by the free-flyers and how much must be provided as a part of the 

crystal growth system. One must assume that the crystal growth system 

wi.ll include the furnace, and the power conditioning and conversion 

. equipment. The thermal/environmental control, and data and 

communications possibly will be provided by the free-flyer. In any 

case the task of transferring the crystal growth system to the free 

flyer may require that the system as an integrated package be moved 

rather tha~ individual components. This approa·ch would require the 

support structure r with the growth system integrated, be transferred. 

The mechanism for the transfer must be decided and will most certainly 

be influenced by the dexterity and capabil ity of the systems available. 

Currently, the systems available are the Remote Manupilator System 

(RMS) and by EVA. A number of flights planned by NASA with the 
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Orbiter should provide information on the capability of the two 

approaches. 

Return of the system from the free flyer to the Orbiter should be 

as simple as reversing the procedure for transfer over. 

2. Refurbishing Furnaces and Equipment 

¥ 

Indications are that the furnaces, operating at the temperatures planned, 

with a good design, proper selection of materials and protection against 

oxidation, should last from five to ten years. It will be noted from the 

projected flights profile that the crystal diameter increases such that a 

single diameter lasts for two to four years. In order to accommodate the 

increase in diameter it is anticipated that the furnaces will have to be 

modified, or replaced. Therefore, it is not, anticipated that there will 

be much need for refurbishing or repair of the furnaces due to failure. 

It should be noted that the flight profile makes provisions for spare 

furnaces at discrete times. This is to protect the production process 

against the consequences of a furnace failure, irre$pective of the 

projected 1 ifetime. 

As the crystal diameter increases, so does the current used in the growth 

process. This will require that the power conversion equipment be procured 

initially with a range of current outputs, or be modified or replaced as 

the diameter is increased. Because of the low efficiency of the power 

conversion equipment, and the desire to keep it as high as possible, it is 

anticipated that the equipment will be replaced as the crystal diameter 

increases. This replacement should be within the expected 1 ifetime of the 

equipment. 

The rest of the equipment should be standard space fl ight hardware with the 

expected I ife normally associated with it. After each fl ight~ all the 

equipment will be inspected and tested to confirm that it is still of fl ight 

quality. A spares program will need to b~ implemented to insure against 

loss of production time due to failure. During the Space Station era. 

some of the' spares will be kept on board the station. 
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3. Modifying Experiments or Processes 
As noted in Part I I there are two kinds of crystal growth, that for 
production and that for research and development. During the production 
of a particular crystal, I ike GaAs, it is anticipated there will be 
activity directed toward process improvements. These improvements will 
be developed in complementary ground and flight activities, and will 
be incorporated into the production process at the appropiate time. 

The fl ight profile in Part I I forecasts that even during the Space 
Station era the cartridges will be loaded on the ground, carried to the 
station and returned to the ground for unloading. An issue is whether 
it is more economical to leave the cartridges on the Space Station and 
use the Orbiter to transport the growth material and the grown crystal. 
There is no apparent reason that the cartridges cannot be loaded on 
orbit with a properly equipped laboratory and crew skills. 

Also, it is anticipated that there will be a continuing ground and flight 
activity in the development of growth processes for new crystals. After 
the Space Station is available, the flight development work will be done 
in the Space Station laboratory. It is projected that the R&D work will 
grow such that the Space Station laboratory will be in full time use in 
the latter part of the 1990's. 

4. Evaluating Results 
The Space Station laboratory should be equipped to provide some on board 
evaluation of the R&D ~ork'done there. This will permit real time 
assessment, adjustments in the experiment or process, another run and 
evaluation. There are very obvious savings in time by having this evaluation 
capabil ity on board. 

Although there will be an evaluation capability on board the Space Station, 
it is not anticipated that, due to practical limits, it will replace the 
need for evaluation of crystals in a ground based laboratory. In ground 
based evaluation there are opportunities to bring in the judgement of 
many experts, and to have the evaluation done in mUltiple facil ities if 
desired. There will probable not be more than two crystal experts on board 
the st~tion at anyone time. 
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It is expected that all production run evaluation will be done in ground 

based laboratories. This will be a part of the post fl ight quality 

control process to determine the qual ity of the crystals before they are 

marketed. 

5. Crew Skills to Support Operations 

For all of the Orbiter sortie fl ights, Orbiter-serviced free flyer fl ights, 

and the production runs in or supported by the Space Station, the crew skills 

should be compatible with that normally associated with the NASA astronaut 

corps. 

The R&D work to be done in the Space Station laboratory must be performed 

by someone especially skilled in crystal growth. He should have a number 

of years experience in a laboratory with crystal growth research and 

development, including crystal characterization, and probably will have 

an advanced degree in the field, most I ikely a terminal degree. Some of 

the work can be assisted by an astronaut-scientist. The degree of assistance 

will depend on the skills and training of the individual. 
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Part I V COMPARATIVE EVALUATION OF SYSTEMS 

1. Orbiter Sorties Fl ights 

a. Production Limrtations 

The quant i ty of crysta I s that can be grown on the Orb iter ina 

sortie mode is limited by the electrical power aVailable. The 

Orbiter electrical power is I imited to a maximum oUtput of 

12 kw, and it still has to be confirmed that 12 kw is available 

on a continuous basis. In addition, for a typical mission the 

Orbiter has 50 kwh electrical energy available for use by the 

payload. Additional energy is available by using extra cryo 

tank sets (energy kits) to supply reactants to the fuel cells. 

Each additional energy kit is advertised to provide 850 kwh 

of energy, however experience to date has shown that up to 

1100 kwh, or more can be provided, Analysis indicates that two 

extra energy kits are required for a mission of seven days. 

Even with the two extra energy kits about 12 kg is all that can 

be grown on a single mission. 

There are no production limitations from a mass and volume 

standpoint. On the contrary, the Orbiter has much more 

capacity in that respect than is needed, making crystal growth 

as an ideal payload for sharing a mission with a payload that 

is del ivered on initial arrival in orbit. 

b. Schedule Uncertainties 

Because of the cost of a dedicated mission in the late 1980 l s 
and early 1990 l s it is almost mandatory that crystals be grown 

on a fl ight that can be shared, especially one that has its mission 

performed immediately after arrival on orbit leaving the rest of 

the mission, with all available electrical power and energy, for 

crystal growth. The fl ight constraints will place considerable 

uncertainties on the flight schedule, and will require long lead-
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time commitments,.with little or no opportunities for schedule 

delays. 

c. Cost Considerations 

A cost analysis is provided elsewhere in the report. A review 

of that analysis shows that growing crystals by the Orbiter 

sortie mode costs much more per kg of crystal grown than any 

other mode. The major cost factors are the cost per mass of 

payload, the tost per day for extra stay time on orbit, and the 

cost for transporting the cryo reactants for the two extra 

energy kits that are chargeable to the payload. The cost for 

extra time on orbit is the dominant factor. 

d. Market Considerations 

The cost of space production will be the predominant determinant 

in market demand for space-produced semiconductor crystals. As 

the cost can be brought down, additional applications for the 

materials can be considered and market demand will grow. Chart 7 

reflects the dramatic reductions in space production costs 

expected from the aVdilability of free flyers and the Space 

Station. The market projections shown in this report reflect the 

anticipated availability of these systems. 

2. Orbiter-serviced Free Flyer 

a. Production Capabil ity 

The production capability using a free flyer such as the Lease

craft is I imited only by the electrical power available. The 

basic configuration is discussed as having 6 kw of power, with 

5 kw available to the payload. The electrical power is from a 

set of solar panels on the spacecraft. For the purposes of this 

report it is assumed that the solar panels will be expanded to 

provide 20 kw to the payload. Costs have been included in the 

cost analysis to compensate for this addition. 
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Since a typical growth period will be one week with about 20 kg 

output, and since most missions will need to grow for a number 

of weeks, a furnace loaded with raw material will be placed on 

the free flyer for each 20 kg of crystal to be grown. Provisions 

must be made for switching from one furnace to another as one 

growth period ends and another begins. 

b. Frequency of Service Visits 

The total growth period will be limited to the number of furnaces 

available for use and the space available on the spacecraft. 

For example,to grow 100 kg on a single mission five furnaces are 

required operating in sequence one week at a time. A fl ight is 

required by the Orbiter to place the furnaces on the spacecraft, 

and another to retrieve them. The retrieval time can be anytime 

after the growth cycle is completed and can be compatible with 

another visit needed by another payload on the spacecraft, or it 

can coincide with another f1 ight of the Orbiter for other 

purposes. The Leasecraft sponsors discuss visits to the space

craft every three to six months. 

c. Automation Requirements 

From a practical standpoint the electrical power available to 

the payload will probably be I imited to about 20 kw. A single 

furnace growing 20 kg of crystals takes one week. For larger 

quantities,multiple furnaces at 20 kg capacity must be operated 

in series. Another possibility is to have a single furnace with 

the furnace loaded and unloaded after each growth period. In 

either case,the operation must be automated to preclude weekly 

visits of the Orbiter. If multiple furnaces are used,an automatic 

method of switching from one furnace to the other at the end of 

each growth period is required. If a single furnace is used,then 

an automatic method must be provided for moving the raw material 

into the furnace and removing the grown crystal. At the end of 

the mission the furnace(s) with (or and) the grown crystal will 

41 

-~ 
.~ 

1 

1 
f 
I 
1 

.j 

I 
; 
\' 

I 
I 



;; 9 '!ii"" 

be removed and returned to earth. 

d. Reliability Considerations 

Operating in the free flyer mode requires a degree of demon

strated reI iability above that for missions where the crew has 

direct access to the system. This is brought about by the fact 

that the free flyer will be loaded with the growth system at the 

beginning of a iHission and removed at the end of the mission. Crew 

participation is I imited to the initial activation after the 

installation of the system with parameters monitered in the Orbiter 

or 'on the ground, or both. After initial activation,monitoring of 

the system will be by looking at a I imited number of parameters on 

the ground. Corrective action should a failure occur will be 

extremely I imited, probably to the extent of turning the system 

off to avoid damage. Should such an event occur early in a mission 

the entire mission could be a failure. 

e. Cost Considerations 

A cost analysis for this flight is provided elsewhere in the report. 

Assuming the basis for the cost analysis is reasonably accurate 

the Orbiter-serviced free flyer mode offers considerable cost 

advantage over the Orbiter sortie mode, by a factor of more than 
• three to one. There is some uncertainty in the free flyer cost 

numbers pending obtaining better information from Leasecraft, how

ever the overall cost advantage should not change. 

3. Space Statio~ 

There are three modes identified for use of the Space Station. 

First, there is a mode where the crystals are grown in a laboratory 

in the basic Space Station. Second, there is an attached dedicated 

module where materials processing activities requiring very low 

acceleration rates are performed. The attached module is physically 

a part of the Space Station with the provision for protection from 
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acceleration forces generated in the station. From an operational 

standpoint there are essentially no differences in these two 

modes. 

The third mode is Space Station-serviced free flyer which is 

discussed in paragraph 4 below. 

a. Production Capabil ity 

Within the market projections the only production limitation in 

this mode should be in the electrical power available. Taking 

into consideration equipment efficiencies, losses, etc. the crystal 

growth system requires about lkw of power for lkg of grown crystal 

at a current density of 10 amps per square centimeter. It should 

be noted that the power demand increases with the growth. With 

40kw of power available a system running full time could produce 

2000 kg of crystal in a year. If the high market projection of 

over 6,200kg per year material izes, then 180 to 240 of power will 

be required. 

b. Advantages of Free and Ready Access 

An obvious advantage of having the crystals grown in the Space 

Station is the ready access to the system by the crew. The crew 

can load and unload the f~rnaces at the beginning and end of the 

growth period, and can monitor the growth process for anomal ies 

and take corrective action. The monitoring should not be time 

consuming and should be I imited to periodic check of parameter 

displays for out of tolerance condition. The parameters could be 

connected to an audible alert system so that the periodic monitoring 

can be avoided. 

c. Cost Comparison 

A cost analysis of typical missions is shown elsewhere in the 

report. It shows a considerable advantage over tile Orbiter 

sortie mode and the Orbiter-serviced free flyer mode. 
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4. Space Station-serviced Free Flyer 

a. Production Capabil ity 

The comments for Orbiter-serviced free flyer are appl icable here. 

In addition it should be noted that there probable will be a practical 

limit to the quantity of crystal that can be grown on a single free 

flyer. To accommodate the high market projection for the late 1990 l s 

multiple free flyers probably would be required. 

b. Frequency of Service Visits 

The comments for Orbiter~serviced free flyers are applicable. For this 

mode the opportunities for service visits will be limited by the 

orbital parameters of the space station and the free flyer. It is 

anticipated that neither the Space Station nor the free flyer will 

have large propulsion systems for orbit adjustments for rendevous, 

nor would it be economical. 

It should be noted here that there does not appear to be any advantage 

to using a Space Station-serviced free flyer mode, while there seem to 

be a number of disadvantages. Some of these disadvantages might 

disappear, or be minimized, if the free flyer can fly continuously in 

a convoy mode with the Space Station such that it is accessible by the 

crew using a mobile maneuvering unit. 

c. Automation Requirements 

See comments under Orbiter-serviced free flyer. 

d. ReI iability Considerations 

See comment; under Orbiter-serviced free flyer. 

e. A cost analysis is shown in Part 5 of this report. For 

the cost analysis, a mission was costed using the Space Station only 

and the same mission in the Space Station-serviced free flyer mode. An 

increase of about 28% is shown when the free flyer is added. 
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Part V COST ESTIMATION AND COMPARISON 

1. Orbiter Sortie Mission 

a. Typical Fl ight (1990) 

1) Assumptions 

2) 

a) Hission is shared such that.a payload is delivered at the 

beginning of a 7-day mission with 6 days for crystal growth. 

Furnace warmup will begin on the first day. 

b) The fourth and fifth energy kits are available to provide 

electrical power to the payload to a peak of 12 kw at the 
end of the growth period. 

c) Payload mass is 1300 kg. 

d) Crystal grown - 12 kg 

e) Payload must pay for transportation of the fuel cell 

reactants for the two extra energy kits, 382 kg per kit. 

f) STS charges, real year dollars; 

$26521kg mass 

- $825,OO/extra day on orbit 

Cost calculation 

1300kg x $2652 = $3,447,600 
764kg x $2652 = $2,026.128 
6 days x $825,00 = $4,950,000 
Total Cost $10,423,728 

Cost per kg $ 868,644 

2. Free Flyer-serviced by Orbiter 

a • F 1 i g h t 1 ( 1 991 ) 

1) Assumptions 

a) Orbiter fl ight is shared such that the crystal growth 

payload is delivered to the free flyer. 

b) The free flyer is shared with another payload. 

c) Crystals in 20 kg lots will be grown over a six day period. 
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d) Electrical power up to 20 kw is available for crystal 
growth. 

e) Crystal grown - 60 kg. 

; ILL!"1'l 

f) Crystal growth payload mass delivered to and retrieved 

from the free flyer is 2600 kg. 

9) Cost for retrieval by the Orbiter is for extra orbit 

days only. based on shared fl ight and opportunity 
retrieval. 

h) Two days extra orbit time are allocated for transfer 
operat ions. 

i) STS charges, real year dollars: 

- $2785/kg mass 

$866,300/extra day on orbit 

EVA $288,610 

j) Free Flyer charges. real year dollars: 

Basic spacecraft with 5kw power is $3M/month, 
or $0. 75M/weel, 

Additional power at $6975/kw-day 

No charge for stay time while waiting retrieval. 

2) Cost calculation 

a) STS 

b) 

2600 kg x $2785 

2 days x $866,300 

2 days x $866,300 

2 x $288,610 

Free Fl yer 

3 weeks x $0.75M 

15kw >;.< 21 days x 

Total Cost 

= $7,241,000 

= $1.732,600 (transfer from 
= $1,732,600 (retrieval) 

= $ 577 ,220 (EVA) 

= $2,250,000 

$6975 = $2,197,125 

$15,730,545 
Cost per kg $262,175 

Fl ight 2 (1991) 

1) Assumptions, same as for Flight 1 except: 

a) Crystals grown - 100 kg 
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b) Crystal growth payload mass del ivered to and retrieved 

from the free flyer is 4400 kg. 

Cost calculation 0 

a) STS 

4400 kg x $2785 = $12,~.s4,000 

2 days x $866,300 = $ 1,732,600 (transfer from Orbiter) 
2 days x $866,300 = $ 1,732,600 (retrieval) 
2 x $288,610 = $ 755,220 (EVA) 

b) Free Flyer 

5 weeks x $0.75M = $ 3,750,000 

15kw x 35 x $6975 = $ 3,661,875 
Total cost $23,708,295 
Cost per kg $ 237,082 

Seace Station 

a) Flight 1 (Early mission-1992) 

1) Assumptions 

a) 20 kw power available for crystal growth. 

b) Take up two furnaces, use only one for growing 

20kg/week, for five weeks. 100 kg total. 

c) Orbiter flight is shared. 

d) Crystal growth mass carried up by the Orbiter is 

2550 kg. Volume del ivered to the Space Station is 

156 cubic feet. 

e) Crystals are grown in the Space Station. 

f) STS charges, real year dollars: 

-$2924/kg mass 

g) Space Station charges, real year dollars: 

-$7330/kw-day 

-$62,716/man";day for cr'ew time 

-$5700/day use of berthing port 

-$8/cubic foot/day internal volume 
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I 2) Cost calculation 

a) STS 

2550kg x $2924 = $7,456,200 

b) Space Station 

Berthing port - 1 day x $5700 = $5700 

Power - 35 days x 20kw x $7330 = $5,131,000 

Volume - 156 cu. ft. x $8 x 35 days = $43,680 

Crew time - 10 days x $62,716 - $627,160 

Total cost $13,263,740 

Cost per kg $132,637 

b. Fl ight 2 (mid-term mission~1995) 

1) Assumptions 
a) 40 kw power available for crystal growth. 

b) Take up one furnace, use another furnace carried up on 

previous mission for growing 40kg/week, for 12 weeks, 

480 kg total. 

c) Orbiter flight is shared. 

d) Crystal growth mass carried up by the Orbiter is 5250 kg. 

Volume delivered to the Space Station is 150 cubic feet, 

j B VP" 

with another 150 cubic feet on board, total of 300 cubic feet. 

e) Crystals are grown in the Space Station. 

f) STS charges, real year dollars: 

- $3385/kg mass 
g) Space Station charges, real year dollars: 

$8460/kw-day 

- $72380/man-day for crew time 

- $6580/day use of berthing port 

- $9/cubic foot/day internal volume 

2) Cost calculation 

a) STS 

5250kg x $3385 = $17,771,250 

b) Space Station 

Berthing port - 1 day x $6580 = $6580 
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Power - 84 days x 40kw x $8460 = $28,425,600 

Volume - 300 cu. ft. x $9 x 84 days = $226,800 

Crew time - 24 days x $72,380 = $1,737,120 

Total cost $48,167,350 

Cost per kg $ 100, 349 

c. Fl ight 3 (end of period - year 2000) 
For comparison purposes this is a repeat of the Flight 2 profile. 

1) Assumpt ions 
a) 40 kw power available for crystal growth. 

b) Take up one furnace, use another furnace carried up on 

previous mission for growing 40kg/week, for 12 weeks. 

480 kg tota I . 

c) Orbiter flight is shared. 
d) Crystal growth mass carried up by the Orbiter is 5250 kg. 

e) 

f) 

g) 

Volume del ivered to the Space Station is 150 cubic feet, 

with another 150 cubic feet on board, total of 300 cubic feet. 

Crystals are grown in the Space Station. 

STS charges, real year dollars: 

- $4320/kg mass 

Space Station charges, real year dollars: 

$10,800/kw-day 

$92,400/man-day for crew time 

- $8400/day use of berthing port 

$12/cubic foot/day internal v6lume 

2) Cost calculation 

a) STS 

b) 

5250kg x 4320 = $22,680,000 

Space Station 
Berthing port 1 day x $8400 = 8400 

Power - 84 days x 40kw x $10800 = #36,288,000 

Volume - 300 cu. ft. x $12 x 84 days - $302,400 

.Crew time - 24 days x $92400 = $2,217,600 
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Total cost $61,496,400 

Cost per kg $ 128,117 

4. Space Station with Attached Dedicated Module 

In this configuration there is a module dedicated to those activities 

that require very low accelerati'on rates. The module is attached to 

9 

the Space Station with a presurized tunnel to handle the crew and equipment 

traffic in a shirt sleeve environment. The connecting tunnel will be 

designed to absorb any acceleration forces originating in the basic 

Space Stat ion. 

In analyzing the cost of using the dedicated module it appears that the 

cost should be the same as for use of a laboratory in the basic station. 

Therefore, the missions cos ted under Space Station should be representative. 

5. Space Station-serviced Free Flyer 

a. Miss ion. 1995 

This mission is the same as Mission 2 under Space Station except that 

the growth occurs in the free flyer instead of the Space Station. 

1) Assumptions 

a) 40 kw power available on the free flyer for crystal growth. 

b) Take up one furnace, use another furnace carried up on 

previous mission for growing 40kg/week, for 12 weeks. 

480 kg tota!. 

c) Orbiter fl ight is shared. 

d) Crystal growth mass carried up by the Orbiter is 5250 kg. 

Volume delivered to the Space Station is 150 cubic feet, with 

another 150 cubic feet on board, total of 300 cubic feet. 

e) Crystals are grown in the free flyer 

f) STS charges, rea 1 year do 11 ars: 

- $3385/kg mass 

g) Space Station charges, real year dollars: 

- $8460/kw-day 

- $72380/man-day for crew time 
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- $6580/day use of berthing port 

- $9/cubic foot/day internal volume 

Free Flyer charges, real year dollars: 

- Basic spacecraft with 5kw power is $3M/month, or 

$0. 75M/week. 

- Additional power at $8460/kw-day 

i) Each EVA cost $350,000 

2) Cost calculation 

a) STS 

-5250kg x $3385 = $17,771,250 

b) Space Sat ion 

Berthing port - 1 day x $6580 = $6580 

Vo]ume - 300 cu. ft. x $9 x 84 days = $226,800 

Crew time - 24 days x $72,380 = $1,737,120 

c) Free Fl yer 

12 weeks x $0.75M = $9,000,000 

Power - 84 days x 40kw x $8460 = $28,425,600 

EVA - 13 x $350,000 = $4,550,000 

Total cost $61,717,350 

Cost per kg $ 128,577 

6. Additional Notes on Cost Data --a) Orbiter transportation cost from May 1982 STS Users Handbook, 

$718/1bm in 1980 dollars for shared flights of domestic commercial 

users. Inflation at 8% in 1981 and 5% thereafter. 

b) Extra' days on orbit for the Orbiter at $300,00/day 1975 dollars, or 

$558,600/day in 1982 dollars. 

c) Space Station cost rates are from Boeing, based on their mid-term 

report to NASA. Those rates included amortization of the cost of 

the Space Station, and were in 1982 dollars. The rates have been 

cut in half to el iminate the Space Station amortization and inflated 

to real year dollars for each case. 
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d) Free flyer cost rates for the basic spacecraft are based on telephone 

information on the planned leasecraft,and are not to be considered 

as official data from Fairchild. The electric power rates are the 

same as provided by Boeing for the Space Station. 

e) EVA cost rates are from the STS reimbursement guide, $60,000 to 

$100,000 in 1975 dollars. The higher number was used and inflated 

to real year. 

n Since the Orbiter rates are for a fl i,ght and return, the basic rate 

was used for those missions where return is on another flight, 

however no additional charges have been shown for the return fl ight. 

The following conversion factors were used for inflation to real 

year dollars. 

1975 $ x 1.862 = 1982 $ 

1982 $ x factor = year 

Factor Year 

1.477 1990 

1. 55 1991 

1.629 1992 

1. 71 1993 

1.79 1994 

1.88 1995 

1. 91 1996 

2.078 1997 
2.18 1998 

2.29 1999 
2.4 2000 
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1.0 COMMERCIAL COMMUNICATIONS SATELLITES 

1.1 Background and Summary 

Communications satellites at geostationary altitudes have been used commer
cially for approximately fifteen years. (A good brief summary appears in 
Reference 6) Most of these systems have been of the fixed service type where 
channels are provided between ground stations with large antennas to support 
the needs of specified customers. These channels may be operationally dedi
cated to specific customers full time or may be time shared among several 
customers. Generally, the coverage provided by the antennas on the satellite 
is over a large area rather than over small regions using fixed or steerable 
narrow beams. Since the only bands currently used are C(6/4 GHz) and K (14/12 
GHz) bands and there are severe limitations on the proximity of satellites 
using these frequencies, the total traffic handling capability of all poten
tial satellites of this type is beginning to be strained by desires of cus
tomers. Hence, there is considerable interest in investigating new approaches 
- which may require larger satellites. The availability of a space station to 
support the assembly and deployment of such large satellites is therefore of 
interest. Also of interest are the possibilities of more economical designs 
and longer life for the satellites as well as shorter replacement times by 
using space station services. 

Two other types of satellites are now becoming of more interest. The first 
are the direct broadcast satellites (DBS) which will provide direct service to 
homes of either wideband signels (e.g., television) or narrowband broadcasts 
(e.g., radio). Current plans for domestic DBS systems call for a dedicated 
satellite to broadcast to each time zone. Thus a system for the U.S. could 
have four operating satellites plus a number of spares for replacement at 
scheduled intervals or as needed so as to limit any interruption in commercial 
service. There are likely to be several such systems operating simultaneously 
each providing its own unique complement of programs. Potential for using the 
space station to simplify replacements of DBS satellites was also deemed worthy 
of further study. 

Satellites to provide service to mobile surface or airborne systems are now 
under investigation. Operational systems are not expected before the mid 
1990' s (Reference 1) and the number of such satellites will be limited. 
Specific requirements for such systems were not used in the considerations of 
this study. 

The purpose of this part of the Space Station Needs, Attributes and Architec
tural Options Study was to determine if the potential capabilities of a space 
station. could be applied to commercial communications satellite systems. 
Specifically the goals were: 

(1) To identify and evaluate space station functions which could be 
beneficial to communications satellite development and operations 

(2) To identify those communications satellite missions and systems 
concepts which could take best advantage of the station 

(3) To determine the impacts on spacecraft and payload design for the 
missions/systems in (2) above 
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(5) 

To estimate rough order-of-magnitude incremental costs to the com
munications satellites, and 

To determine the requirements imposed on the space station for these 
missions. 

RCA Astro-Electronics was selected to perform this study because it has been a 
major developer of commercial communications satellites for over 10 years and 
has been designing, building, testing and launching all types of satellites 
since 1958. RCA developed the Relay satellites for NASA in the 1960's, 
launched its first commerical communications satellite, RCA SATCOM 1 in 1975, 
and since then has built or is building advanced communications satellites for 
five different customers. Among them, RCA is now developing the first direct 
broadcast satellite for the Space Television Corporation, a division of Comsat
General. 

The results of this study are incorporated in the following four subsections 
of this report. The benefit studies, item (1) above, and the mission analysis, 
(2) above, are reported in Sections 1.2 and 1.3 respectively. The impacts on 
satellite design, cost estimates, and space station support needed are combined 
for reconfigurable satellite concepts in Section 1.4 and for large multibeam 
satellites, in Section 1.5. These two missions were evaluated to be those 
which could take best advantage of a space station. 

The major results of the study can be summarized as follows: Potentially 
beneficial functions of space stations to commercial communications satellite 
systems fall into five different categories. Thirty-four such functions were 
evaluated. Of these, twelve were classified as technology testing functions, 
i.e., proving out a function or measuring some phenomena which might be applic
able to many different communications satellites of the future. Four functions 
related to the assembly and/o1:" deployment of larger structures (e.g., antennas 
and arrays) then can be accommodated on current satellites. Eight functions 
demonstrate advantages of the station for pre-transfer orbit checkout, test and 
adjustment after launch to the station using the space shuttle. Finally, two 
categories of in-orbit servicing of communications satellites were examined. 
Four of these functions could be performed in low orbit at the station, while 
six functions should be performed at geostationary altitude where the satel
lites operate. The thirty-four functions were evaluated and placed into three 
ranking categories. 13.5 (allowing for borderline cases) functions were ranked 
a~' "good", 13.5 as "fair" and 7 as "poor" uses of a space station for commer
~ial communications satellites. The best of these were: 

Large angenna assembly and/or deployments 

Zero-G technology testing of several types 

Preparation of spacecraft for transfer from low to geostationary earth 
orbit 

Reconfiguring payloads of spare satellites in orbit, and 

OTV utiliz~tion for transfer or refueling 
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Three specific types of missions are representative of communications missions which might best use a space station. First, the space station would be useful for systems using several satellites simultaneously with less than one sparein-orbit for each satellite. The spare could be kept in orbit attached to Or near the station and could be reconfigured to meet the requirements of a specific satellite when needed. Manual feed manipulation, switching and testing at the station could simplify the design and permit rapid replacement. The second mission takes advantage of the most important capability of the station - the ability to be able to assemble or deploy very large structures. For communications satellites this opens up the possibility of antennas much larger than currently considered. Large antennas permit the use of many feeds to allow simultaneous service over many narrow beams, thus allowing a high level of frequency reuse. For example, a C-band system with 25 meter antennas (8-10 times current size) would be feasible in a natural evolution from today's systems. The third mission would not be an operational communications system, but rather the use of the station as a platform for testing new communications hardware and techniques for handling, deploying, and servicing spacecraft or their SUbsystems in space. This mission would naturally seem to be a NASA mission, but it might be supported by a consortium of communications satellite companies Or of contractors who build satellites •. The mission could consist of fully scheduled experiments or could take advantage of launch space when available to send up individual experiments. Only the first two mission types received detailed analysis in the study. 

The concept of reconfiguring a communications satellite antenna requires design changes to permit use of the interchangeable feed horn arrays and feed networks. These units would need precise positioning capability, locking mechanisms, and protection when not in use. Testing would initially take place on the ground, but verification of antenna patterns would be required in space. A limited near-field measurement program is proposed. On-board special purpose devices as well as modifications of existing station' hardware (e.g., spacecraft positioner) would be required to provide the test targets and scanning capabilities. Station manpower and hardware would be used for both the reconfiguration and test procedures. Estimates were made for the incremental costs of the satellite modifications, special space station hardware required, station manpower needs and unique test hardware. Assuming 6-8 DBS systems and 8 reconfigurable fixed service systems, Table 1.1-1 shows the estimates of recurring costs per satellite in 1983 dollars. Non-recurring costs are estimated at 3-4 M$ for the design of the interchangeable units per system. Tolerances on these costs are estimated at 25-50%. 

TABLE 1.1-1. RECURRING COST INCREMENT ESTIMATES FOR RECONFIGURING 
COMMUNICATION SATELLITE 

Item Cost Increment (M$) 

Satellite Antenna Assembly Modifications 4 Space Station Operations (Manpower) 3 
Manpower Training 0.15 Space Station Hardware (amortized) 0.1 Systems Test Target (amortized) 0.07 

Total (rounded up) 7.4 
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The large multibeam satellites are really new designs which can be considered 
economically and technically feasible because of the potential availability of 
the space station for assembly and/or deployment of large structures. A 
C-band satellite with a 25 meter antenna to cover the CONUS with 210 beams 0 f 
0.2 - 0.3 degrees beamwidth each has been selected as typical for this mission. 
Seven frequencies would be used, thus giving a frequency reuse factor of 30. 
Since such systems would be basically new, full program cost estimates were 
made rather than estimates of cost increments. TWo systems of two satellites 
each were assumed. Table 1.1-2 shows the cost estimates per satellite, again 
in 1983 dollars and with tolerances estimated at 25-50%. 

TABLE 1.].-2. COST ESTIMATES FOR MULTIBEAM COMMUNICATION SATELLITES 

Cost (M$) 
Item Non-recurring Recurring 

Spacecraft Bus 245 40 
Transponder System 50 25 
Antenna System 150 35 

Subtotal: Satell ite: 445 100 

System Unique Station Hardware 1.3 
Shared Space Station Hardware 1.9 
Space Station Operations (Manpower) • 35 
Manpower Training 0.1 

Subtotal: Space Station 38.3 

Total (Rounded off)* 445 140 

(Cost of using the OTV i~ not included) 

1. 2 PotF!ntial Benefits Available Using Space Stations 

1.2.L ~:e Station Capabilities 

F~r the purpose·s of this commercial communications satellite benefits study, 
only two orbits were considered for space stations: 28.5° inclination low 
altititude and geostationary. Even with this limitation, it was further 
recognized that the low altitude station would be implemented first and that 
there would undoubtedly be a long delay (perhaps, 10 years or more) between 
the first availability of a low altitude station and the availability of a 
geostationary station. With an estimate of the early to middle 1990's for the 
start of utilization of the first limited capability station, studies of bene
fits either at or initiated from low altitude were concentrated on. 
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To support commercial communications missions, the space station and its asso
ciated elements should provide capabilities for six general types of functions: 

(1) Long term equipment tests or development of operating prpcedures for 
new technology, either specific subsystems or new, general concepts 

(2) Deployment and/or assembly of large elements of a satellite and 
operations tests of those elements before transfer to geostationary 
orbit. 

(3) Transfer of the satellite and/or servicing tools to geostationary 
orbit. 

(4) Maintenance and servicing functions of operational or to-be-opera
tional satellites. 

(5) Refurbishing/reconfiguring of spare or old satellites 

(6) Facilities, utilities, data acquisition and handling) and manpower 
to suport these operations. 

Specific requirements for the space station capabilities available for these 
missions were assumed to be: 

A. Orbit - Initially a low inclination ( 28.5°), low altitude (300-500 
km) orbit with frequent or dedicated-load STS launches. Future geo
stationary platform could support more, regular on-orbit servicing. 

B. 

c. 

D. 

E. 

Work Areas or Docks - Mechanical operations need large volumes for 
deployments and assembly and associated handling, alignment, and 
distortion measuring equipm~nt. Electrical subsystem manipUlations 
(especially on RF equipment) need areas for more precise work with 
isolation from RFI/EMI as much as possible. Docks should be able to 
handle full spacecraft. 

On-Board Tools - Must include manipulators for remote operations with 
large modules as well as tools to support manual assembly and deploy
ment assistance activities. Vernier adjustment tools and measurement 
devices may be required for manual antenna feed adjustment. Tanks 
for liquid propellant plus plumbing, nozzles, etc. would be required 
if spacecraft fuel is to be loaded at the staion; equipment would 
also be required for dynamic balancing after loading. 

On-Board Test Equipment - Special test equipment for communications 
payload hardware test would probably be supplied with the payload to 
verify operability. Unique processing and display subsystems may be 
provided, but standard interfaces with station communications and 
data handling subsystems could also be required. 

Data Handling, Display and Communications - General purpose equipment 
should be available to reduce the needs for STE above (D). Communica
tions of test results to the ground or of test control parameters or 
procedures to the station would use station facilities". 
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G. 

Auxiliary Equipment - OTV's and teleoperators would be useful for 
transfer to geostationary orbit and for positioning other free-flyers, 
such as antenna targets, near the station (if they are to be used). 
The OTV would be equipped with fuel tanks and/or manipulators for 
module replacem~nt as necessary to service the spacecraft at GEO. 

Utilities and envi'ronmental controls and monitors for work stations. 

H. Manpower - Both payload specialists and support technicians would be 
required with EVA capability • 

I. Warehousing - Storage of replacement elements and fuel would be 
'f 

requirec!. 

1.2.2 Identification of Useful Functions 

Approximately fifty potentially useful functions of space station were iden
tified in all areas relating to communications satellites, 34 of which were 
considered of sufficient interest for evaluation. This group includes space
craft bus mechanical and housekeeping support subsystem assembly, servicing 
and testing functions, and also the benefits of new or improved communications 
payload concept testing, servicing and refurbishment. The functions were 
defined and evaluated by RCA Astro-Electronics systems engineers, communica
tions payload designers, and spacecraft and subsystem design and test engine
ers. Communications satellite program planners were also interrogated and 
particiated along with representatives from RCA Americom, a common carrier 
which purchases and uses communications satellites. The 34 difference benefits 
were categorized into five groups: technology testing, large structure as
sembly and deployment, pre-transfer checkout and assembly, in-orbit servicing 
at the space station, and remote in-orbit servicing at geostationary orbits. 

Definitions of the functions considered in each group are given below. 

1.2.2.1 Technology Testing Functions 

(1) Concept tests of designs for deployment of large structures - Space 
stations could be used to deploy much larger antennas and arrays 
than are currently in use on communications satellites. Deployment 
mechanisms of several different designs must be evaluated in space 
before they can be used on commercial programs. 

(2) Thermal distortion impacts on large antennas and testing of manually 
or automatically controlled adjustments - Here also, order-of
magnitude growth in antennas requires testing before use. Possibly 
a Iso significant could be the determination of the extent t::; which 
basic systems design is affected (e.g., beamwidth of spot beam could 
be changed, perhaps corrected by steerable array). 
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. , ., (3) - (6) Comparisons of operations and performance at zero-G with 
measurements and computer simulation modules used on the ground • 

(3) Fluid motion - Different shap~s and plumbing are anticipated 
for propellant tanks, pipes and nutation dampers for future 
spacecraft. All communications satellites require transfer to 
synchronous altitude with a number of different attitude and 
spin modes and different percentages of capacity utilized • 
Fluid motion observations may be needed to verify or correct 
the models. 

(4) Thruster plume shape and contamination measurements - 1.1onitor
ing of effects of different configurations to help in selection 
and in designing protective shields as necessary. 

(5) Thermal louver operations - Monitoring to assess performance. 
However, current design techniques and models are considered 
good. 

(6) Dynamic impacts of spin on different configurations - Current 
models and techniques have proven quite accurate; hence not a 
good application. 

(7) Testing of OTV servicing and handling functions - An orbital trans
fer vehicle will be a major new tool available to be used with the 
space station. It may have other capabilities besides the transfer 
of satellites to operational orbits, for example, on-orbit fuel 
loading or some functions of a limited remote manipulator. Hence, 
test of all its potential capabilities is necessary before use. 

(8) Recovery operations and hardware - Since recovery of satellites 
during nearby tests or from operational orbit is an integral part 0 f 
the STS/space station program, testing of operations and hardware 
(e.g., refolding and latching systems) is necessary. However, many 
of the concepts should already have been proven for the shuttle 
program. 

(9) - (11) Life tests on solar cells, external coatings, and resistance 
of electronics equipment to radiation - Subsequential data already 
exists in this field, especially for solar cells. For the other two 
items, there might be some limited benefit for new components or 
materials or to confirm accelerated tests conducted on earth. 

(12) Space charge/discharge effects - This is an important area that is 
still being heavily investigated. However, significant testing 
should be done at geostationary altitude. 
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1.2.2.2 Large Structure Assembly and Deployment 

(1) Manual assembly and deployment assistance for large antenna and 
arrays - Very large antennas (> 20 meters in diameter) are of 
increasing interest for obtaining spot beams and, in conjunction 
with an appropriate feed structure, for obtaining well-defined 
radiation contours. Deployment of antenna system could also include 
feed deployment in order to obtain long focal lerigth system. Larger 
solar arrays would be useful for more powerful direct broadcast 
satellites, for active array antennas. Space station support may be 
the most reasonable approach to incorporating such large elements in 
communications satellites. 

(2) Antenna system reconfigur'ltion - Beam switching and/or feed displace
ment could be performed manually in order to adapt satellite to 
operation in alternate orbital positions. Reconfiguration may be 
performed on satellite during initial ascent, or satellite may be 
re~urned from orbit by OTV. 

(3) Installation and adjustment of beams and weights to improve inertia 
- This could be useful for spin balancing, but there are potential 
safety problems. 

(4) External mounting of transfer propulsion system - If solid AKM 
continues to be used, it can be installed at the space station. If 
it cart be shipped separately from the spacecraft, it could be 
mounted externally (length is no longer a problem), and it could 
easily be jettisoned after it burns, thereby reducing on-orbit 
weight and hence, hydrazine weight. 

1.2.2.3 Pre-Transfer Checkout and Ass~mbly 

(1) Antenna Pattern Measurements and Adjustments - Primarily concerned 
with feed horn alignment which ~,.ould be adjusted manually to assure 
the desired pattern. This is becoming an increasingly critical 
problem as feed arrays increase in complexity. Use of remote tar
gets on an OTV or teleoperator would be complex to operate and 
control. Near-field measurements with targets attached to station 
with motion control for scanning and computer corrections of near
field data may be necessary. 

(2) Removal of auxiliary launch support structure - Large spacecraft may 
have to be provided with stiffeners to survive STS launch environ
ment. If properly designed these elements could be manually removed 
and the spacecraft made lighter at the space station. For commercial 
satellites, lower weight can mean longer life or margin for increased 
capability. 

(3) Loading of liquid fuel - With a space station, the potential exists 
~or carrying the fuel to the station separately and loading the fuel 
on the spacecraft there. Balance verification would be required 
after loading. Use of this concept for many spacecraft could result 
in substantial savings and could also open the possibility of later 
refuling. 
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(4) Spin table use for solid rocket systems - Spin up required for such 
systems could be provided at the station. 

(5) Attitude control system test - Same comments as for 1.2.2.1 (6). 

(6) Electrical ground path testing of array and thermal blankets - This 
probably can be done adequately on the ground. 

(7) Manual removal of protective covers - Astronaut technicians can 
remove or release protective devices, thus eliminating the weight 
and complexity of automatic controls. 

(8) Check and repair of thermal blankets - Visual inspection after the 
severe environment of launch and simple repairs seem quite reason
able to accomplish. 

1.2.2.4 In-Orbit Satellite Servicing at the Station 

(1) - (3) Reconditioning recovered satellite to become spare 

(1) Refueling - This is a necessary function to provide adequate 
capability for long life on orbit (Section 1.2.3 (3». 

(2) Replacing RF hardware and switches - Possibly replaceable RF 
hardwa're includes antenna feed horns and array networks, power 
amplifiers, associated power conditioners, receivers, and some 
signal processing equipment. However, the satellite must be 
designed to be modular, and the modules must be accessible. 
There would be some corresponding weight penalty, but it could 
be offset by reduction in on-board spares and switching. This 
function is probably useful for selected items. 

(3) Replacing batteries, solar panels and blankets - Current designs 
don't point to the need for this, but there is the possibility 
that some replacements (e.g.~ batteries) might be planned for 
in future designs. 

(4) Orbit transfer using an OTV - This is a basic concept that is 
expected to be available with the space station. It could permit 
larger communications payloads on the satellites and elimination of 
the need for some integrated propulsion capability. 

1.2.2.5 Remote Satellite Servicing at Geostation Orbits 

(1) - (4) Using an OTV 

(1) Refueling to extend life - This would permit initial ascent 
with limited stationkeeping fuel supply. The weight saving can 
be devoted to increased satellite performance. However, one 
must compare relative costs of launching the tanker directly 
from Earth vs. launch from low orbit. The satellite design 
must be compatible with refueling concept. 
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(2) Full fueling on orbit - This could substantially reduce weight 
(see comments for (1». However, system is completely dependent 
on the existance of a "tankersat". 

(3) Component replacement - This would have to be limited to rela
tively simple operations, even if a manned OTV is available. 
However, design could be planned to accommodate such operations. 
Redundancy reductions would be possible. 

(4) Cleaning and deployment aid operations - This concept (e.g. 
cleaning of arrays, optical elements and manually or "robot
ically" aiding deployments) would not offer enough savings to 
be worth the risk. 

(5) - (6) Remotely from LEO station 

(5) Control and/or periodic energy transfer for stationkeeping -
This "way-out" concept would take advantage of future energy 
transfer techniques (RF or laser-beam) to provide for low 
th'rust stationkeeping. Application of this technique requires 
too much future development to be considered worth-while now. 

(6) Telemetry, tracking and control functions (to supplement ground 
stations) - TT&C elements aboard satellite would allow reduc
tion in present ground facilities (one ground station instead 
of ~wo under present conditions). However, contacts would be 
limited, and the limited space station facilities should not be 
burdened with a task well done from the ground. 

1.2.3 Summary of Benefits Evaluations 

Table 1.2-1 summarizes the evolution of the benefits defined in Section 1.2.2 
into three categories - Good (G), Fair (F), and Poor (p). In addition some 
general comments can be made about the economics and other concerns of com
mercial communications satellite companies for using space stations. 

Communications satellite system costs could be affected by the availability of 
a space station, most clearly in the launch and stationkeeping activities. 
The use of an orbit transfer vehicle to carry the spacecraft to GEO and of 
reloadable liquid propellant tanks which could be smaller than those needed 
for a full 7-10 year mission could reduce long-term system costs. This would 
be especially so if these practices were used for many communications satel-, 
1 ites, enabling the cost of the operat10ns to be shared. On the other hand 
corresponding non-recurring, initial costs could be substantial. The same 
comments are valid for life-cycle costs for systems with very large antennas. 
In general, the increased capabilities of new communications satellites which 
are possible because of the availability of the station will require high, 
non-recurring investments, though over the long-term, they may provide lower 
costs for comparable traffic-handling capability. At this point, major 
investment by user companies is unlikely because of th,e uncertainties of the 
availability of the station and of the return of from the improved systems. 
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TABLE 1.2-1. EVALUATION OF SPACE STATION BENEFITS 

Function 

Technology Testing 

(1) 
(2) 
(3) 
(4) 
(5) 
( 6) 
0) 
(8) 
( 9) 

(lO) 
(11) 
(12) 

Deployment Techniques - Large Structures 
Thermal Distortions and Adjustments 
Zero-G Measurements - Fluid Motion 

- Thruster Plumes 
- Thermal Louvers 
- Spin Dynamics 

OTV Functions 
Recovery Operations/Hardware 
Life Tests - Solar Cells 

- External Coatings 
- Radiation Resistance 

Space Charge Effects 

Large Structure Assembly and Deployment 

(1) Antennas/Arrays 
(2) Antenna Reconfiguring 
(3) Booms/Weights to Improve Inertia 
(4) External Propulsion Mounting 

Pre-Transfer Checkout and Assembly 

(1) Antenna Pattern Measurement 
(2) Removal of Launch Supports 
(3) Loading of Liquid Fuel 
(4) Spin Table Use for Solids 
(5) Attitude Control Test 
(6) Ground Path Tests 
(7) Removal of Protective Covers 
(8) Checkout of Thermal Blankets 

In-Orbit Satellite Servicing at the Station 

Rating 

G 
G 
G 
G 
F 
P 
G 
F 
P 
F 
F 
F 

G 
G 
F 
F 

F 
G 
G 
F 
P 
P 
G 
G 

(1) Recondition by Refueling G 
(2) by Payload Hardware ,Replacement F 
'( 3) by Power Component Replacement P /F 
(4; Orbit Transfer Using OTV G 

Satellite Servicing at Geostation Orbit 

(1) Refueling to Extend Life 
(2;) Full Fueling on Orbit 
(3) Component Replacement 
(4) Cleaning and Deployment Aid 
(5) Remote Energy Transfer 
(6) TT6C Functions 
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The procedures and policies for using such a station must be worked out un
ambiguously for a commercial company to be willing to use it. Concerns are 
raised about: 

priorities and schedules in using the station 

the use of government or industrial employees for on-board technical 
activites 

safety and and industrial-security protection on-board the station or 
when using its associated facilities (e.g. a Teleoperator, Tankersat, 
or handling tixture) 

government incentives to use the station 

commitment to permanently maintain an operational station pIns 
ancillaries 

and other regulations or policies for this use 

All of the concerns associated with commercial use of the STS are greatly 
magnified for a space station because of its longer life, increased size and 
capabilities, and potential simultaneous use by many more users. 

Insurance requirements and contracts for system payments based on performance 
evaluations are also likely to be greatly modified. Again, this would be 
required because of schedule and performance risks due to the involvement or 
possible interferance of many user organizations .and people, both on the 
station and in-space but associated with the station. 

In general, commercial operations are conservative and have a clear require
ment to make a profit. Also there is no obvious, urgent need in current 
communications satellite plans for the improved capabilities potentially 
offered by space stations. Hence~ commitments to use such stations are likely 
to be made by commercial organizations only after it is more certain that 
space stations will be built and their use will be regulated in a defined 
manner. 

1.3 Business Opportunities and Missions 

Of the various possible uses for the space platform, those involving satellite 
reconfiguration and the erection of a multibeam satellite having a large 
antenna are retained as having the greatest promise. 

1.3.1 Reconfigurable Satellite 

Two types of satellites are considered: direct broadcast satellites (DBS) 
the more conventional communications satellites which p~ovide for a large 
number of both up and down links over a wide geographical area. 
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Typically a comprehensive DBS system can be assumed to consist of four satel
lites providing broadcast coverage to the four Conus time zones from four 
orbit locations. Satellite failure may be handled by maintaining a pair of 
sat.ellites in orbit, one satellite providing backup for the East~rn and 
Central time zones and the other providing for the Mountain and Pacific time 
zones. Each spare satellite is equipped with two sets of switchable feed 
horns and their corresponding feed networks required to assure the coverage 
pattern corresponding to a particular time zone. Two spare satellites are 
required rather than a single one because it is not possible to provide the 
four sets of horns that would be required to cover anyone of the four time 
zones. 

Rather than provide two satellites in orbit, it would be possible to maintain 
one spare satellite in storage on a manned, low-orbiting platform. This satel
lite would not be equipped with feed horns and their feed networks, which 
would be stored separately on the platform. There would be four differ~nt feed 
horn/network assemblies available, and the appropriate one would be installed 
on the spare satellite when failure or continuing degraded performance of an 
orbiting satellite occurred. Rapid replacement of a failed satellite can thus 
be assured by a single satellite stored on the space platform rather than two 
satellites in orbit. This saving would be approximately 50M$, to be offset by 
the increased costs incurred as described in Paragraph 1.4.2. 

As the year 2000 is approached, it appears likely that 6 to 8 DBS satellite 
distribution systems will be in place. There would thus be 24-32 satellites 
in orbit at a given time. While the present type satellite is designed for a 
seven year life, it can be assumed that considerations such as the possibility 
of refueling, upgrading or antenna pattern reconfiguration would make it 
attractive to replace in-orbit satellites every four years. The yearly 
replacement rate would then range ~omewhere between 6 and 8 satellites. 

For DBS systems we have seen above that one may gain the cost of one spacecraft 
for every four in orbit. For conventi.onal connnunication satellites the gain 
to be made is not discerned as easily. In order to assure a certain back-up 
capability in the event of failure, an operator will typically lease a number 
of channels on a preemptive basis at a lower rate than is charged for a prime 
channel ($75,OOO/mo. vs. $IOO,OOO/mo. for example). 

Assuming a typical comsat operator has four active spacecraft in orbit at a 
given instant, one quarter of his available capacity must be leased at the 
lower rate to guarantee prime channel users. This would amount to a revenue 
loss of 7.2M$ per year for 24 channel satellites. Assuming satellite replace
ment every eight years at a cost of 30MS/satellite and 28MS/launch leads to a 
financial standoff. However, the future value of the preemptible channel will 
probably diminish seriously as channel availability increases. Assuming it 
goes to half it present value, the financial advantage of having a ready 
replacement available would be on the order of 20-30MS over the eight year 
period. 
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Insofar as platform traffic is concerned, it can be noted that 2 degree spacing 
would allow for the positioning of approximately 80°C and K band satellites 
over the range of longitudes corresponding to Conus coverage. This does not 
include DBS satellites which have a separate downlink frequency band. It is 
assumed that 8 U.S. operators will occupy 32 positions. Assuming satellite 
replacement ev.ery six years leads to a replacement rate of 5.3 satellites/year 
to be handled by the platform. 

Total replacement rat,~ is thus concluded to be 11.3-13.3 satellites/year for 
the two types of ~ate11ites considered. 

1".3.2 Mu1tibeam Satellite 

The increased demand for in-orbit transponder capacity has already caused 
satellite operators to expand from C (6/4 GHz) to K (14/12 GHz) band operation. 
Foreseeing the eventual saturation of K band capacity, NASA is following the 
lead of other countries and has started experimental work necessary to commer
cial exploitation of the 30/20 GHz bands. The expansion to higher frequency 
bands is not without its cost, however, and one non-negligible aspect is the 
uncertainty in transmission .quality at these higher bands due to the effects 
of precipitation. It would, therefore, be highly desirable to increase sig
nificantlY the usable capacity of the 6/4 GHz band where such effects are neg
ligible for all practical purposes. Suc~ an increase (>10) may be obtained 
using a large multibeam satellite which would provide Conus coverage with a 
matrix of spot beams, each having a 3-dB beamwidth on the order of 0.2 - 0.3 
degree. Frequency reuse would be made possible by the spatial separation be
tween beams of like frequency. A repetition factor of seven may be considered 
feasible, where hexagonal clusters of beams having seven different frequencies 
would be repeated over the coverage area. Conus coverage by 210 beams for 
example, would correspond to 30 clusters and a frequency reuse factor of 30. 

A single such satellite could provide Conus coverage or, alternatively, a pair 
could provide East and West coverage with a laser or millimeter wave link 
crossconnecting the two satellites. While such a large satellite would nom
inally handle a correspondingly large traffic load, the ground installation 
needed to assure a satisfactory radioe1ectric link could be of quite modest 
proportions. Since the satellite would incorporate such features as message 
demodulation and baseband switching of its digital traffic, it would tend to 
approach the concept of the switchboard in the sky. It would be necessary of 
course that the level of switching carried out be reasonably compatible with 
existing terrestrial facilities, but it can be seen that the tendency would be 
to pass from the ground network to the space link at the earliest point 
possible. There would be a significant economic justification for developing 
the communications network in this sense. 

It would appear reasonable to assume that two such multibeam systems would 
exist in parallel for competitive reasons and to alleviate the effects of a 
possible, though improbable, catastrophic failure in one of the systems. This 
would result in two to four such satellites in orbit in the 2000 and immediate 
post 2000 time frame. Since experience has shown that communications satel
lites are unlikely to fail in a catastrophic fashion once they have been suc
cessfully put into operation on orbit, it would seem unlikely that an in-orbit 
back~p would be required. Such satellites provide a great deal of capacity 
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and the gradual failure of individual channels would, for example, tend to 
increase the waiting time for individual subscribers wishing to gain access to 
the channels. It would thus be reasonable to assume that the replacement 
satellite would be launched from the ground at a scheduled date and then 
stored for a moderate period of time (several weeks or months) before final 
ascent to geosynchronous orbit. 

1.4 Impacts of COllUllunications SatelLite Changes - Reconfigurable Satellites 

1.4.1 Satellite Concepts 

Design changes would not involve a fundamental change in satellite configur.a
tion. The feed horn array and the antenna feed networks would be designed and 
manufactured as a single package which would be mounted on the spacecraft in a 
predetermined position in the general vicinity of the satellite antenna focal 
point. The interchangeable horn/feed network unit WQuld require rela.tively 
precise positioning accuracy (on the order of 5 to 10 thousandths of an inch 
for a C-band satellite). This mechanical keying could be assured by pre loaded 
pins which would enter tapered holes in the installed unit. During storage, 
pins would be protected by a cover device which would also provide protection 
to open waveguide ports. The dimensions and weight of the interchangeable 
unit would vary somewhat depending on the particular spacecraft application; a 
typical set of values would be 300 x 200 x 500 ann. with a sea-level we~-lSht of 
30 lbs. A simply operated locking device would be provided to maintain the 
unit in its position On the satellite. 

It .is assumed that with the horn assembly locked in place, there will be 
little need for further position or alignment adjustment. This would be 
verified by appropriate ground tests during engineering development of this 
capability. In the event that some mechanical adjustment capability should be 
required, that would complicate the design of the spacecraft but not to an 
undue extent. 

In any case it llould be necessary to make some verification of the antenna 
pattern resulting after installation of the set of horns. For these purposes 
a limited near field measurement program would be carried out. The satellite, 
with its antenna assembly in operating configuration, would be placed on a 
positioning device functionally similar to those presently used for antenna 
pattern measurement on the ground, and the measurements would be made while 
mechanically sweeping the satellite before a calibrated transmit/receive sen
sor. A hybrid scan operation with the test target on a gantry for translation 
relative to the spacecraft would permit 2-dimensional scans. The procedure 
for placing and accurately aligning the satellite on the positioning device 
would-be adapted to the limited manipulative capabilities of space platform 
technicians. It would appear most desirable to avoid a precise positioning 
procedure by: 

(I) Providing the satellite, the test targets, and the positioners with 
appropriate reference surfaces and prepositioned keying devices 
which would assure fairly accurate initial alignment. 

(2) Providing a method for measuring the amount of residual misalign
ment, perhaps using accurately located laser beams on the test range 
and mirrors on the satellite. 
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(3) Introducing measured misalignment as a correction in processing of 
pattern measurement data. 

1.4.2 Satellite Cost Impacts 

It is assumed that use of the low-orbiting platform would be foreseen when a 
satellite family was still in a design phase.~ Thus, required modifications to 
typical design features would be incorporated from the start. The added costs 
incurred by inclusion of features described in 1.4.1 would not be a major item. 
As a maximum they may be estimated at one-half percent of the cost of the basic 
satellite. As an offset it should be noted that each satellite would be sim
plified by the elimination of the switchable beam coverage option. A second 
set of feed horns with its accompanying feed network and connnandable switcher 
would thus be removed. For present purposes it can be assumed that the net 
effect on the cost of the satellite itself could be neglected. This does not 
include the separate additional feed horn/network assemblies to be provided. 
Each one would cost approximately IMS. Assuming the cost of all four assem
blies to be attributed to a given 5atellite, its cost would increase by 4M$. 
To this must be adde~ the costs for special hardware for test and the co.sts 
incurred in use of the space platform. 

1.4.3 Space Station Needs 

The station will be used for acceptance and storage of the satellite from the 
STS as well as for test, actuation and launch. 

Costs atributable to use of the space platform depend on 
use of the platform's f2cilities and on personnel needs. 
periods may be foreseen: 

(1) Reception and Storage of Incoming Satellites 

the duration of active 
Two principal usage 

It is assumed that this operation will require three technicians 
over a one day period. 

(2) Activation and Launch of Stored Satellites 

Personnel (time) requirements may be estimated as follows: 

Personnel required to move satellite from storage position and 
place it on positioning device (1/2 day): 

1 Technician to operate manipulator device 

2 Technicians to secure manipulator to satellite and to assure 
satellite location on positioner. 

Personnel required to install horn/feed network assembly (1/2 
day) : 

1 Technician 
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Personnel required to carry out antenna range measurements and 
pre-launch satellite checkout (1 day): 

1 RF Technician 

1 Technician to operate positioners 

1 Data Processing Technician 

Personnel required to move satellite from positioning device to 
launch area (1/2 day): 

Same as the first item above. 

Personnel required to mate satellite with OTV and to effect 
launch to geosynchronoous orbit (1/2 day): 

3 Technicians 

Thus it would be seen that each satellite requires a total of about 3 tech
nicians over a period of 4 days for receiving, reconfiguring and relaunch 
activities. A total period of one week will be assumed to allow for possible 
contingencies such as possible periodic checks while the satellite is in 
storage. 

It is assumed that that maintenance costs for a 10 person platform would be on 
the order of 60MS/person/year. One week of activity by 3 technicians WQuld 
thus amount roughly to a cost of 3M$ per satellite. 

Training for the personnel to perform the special tasks associated with the 
reconfigurable satellites should require about 2-4 weeks per person or 6-12 
man-weeks total per team per satellite type.. Assuming 2-3 team changes per 
year, each team will require this training for each satellite. Even including 
instructor costs and amortized costs of writing procedures, the total addi
tional training cost per satellite should be less than lOOKS. 

Special equipment would be required on board the space station in order to 
test the reconfigured satellites. As noted above in Section 1.4.1, a hybrid 
scheme is suggested to provide two degrees of motion for scanning the test 
probe <receiver/transmitter) relative to the spacecraft. A space station 
3-axis positioner would be modified with, if necessary, additional control 
equipment and a superstructure to mount the communications satellite. A addi
tional gantry would be provided for mounting and controlling the RF target 
motion. The two devices provide scan control in orthogonal directions. The 
RF target or probe would be unique for each type of satellite; it is assumed 
that each probe is used four times and costs approximately 250K$. 

Table 1.4-1 summarizes the cost of the special equipment shared among recon
figurable communications satellites. 
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TABLE 1.4-1. SHARED SPECIAL EQUIPMENT COSTS (RECONFIGURABLE SATELLITES) 

Equipment Cost (M$ ) 

3-Axis Spacecraft Positioner* 2 

Manipu1ator* 1 
Gantry and Control Electronics 4 
Alignment Measurement Gear 0.5 

Computer* 0.5 

Software 0.25 

Total Shared Special Equipment 8.25 

*It is assumed that the platform would require these 

equipments for other purposes. The amount represents 

an incremental cost required to satisfy satellite 

.reconfiguration needs. 

Assuming a 5 year life, the yearly cost would amount to about 1.7Mt. 

graph 1.3.1 indicated that expected usage would be on the order of 13 

lites/year. Cost per satellite would round off roughly to lsOKt. 

Para
sate 1-

Insofar as initial investment in the platform is concerned, that has not been 

included. It is assumed that this would be considered as part of a many 

faceted national investment in space. 

1.4.4 Cost Summary 

The estimated costs for reconfiguring a communications satellite at a space 

station can be summarized by tabulating the data in Sections 1.4.2 and 1.4.3. 

Table 1.4-2 shows the recurring costs per satellite assuming that one recon

figuration takes place for each satellite. In addition, there are non

recurring costs for the design of the flexible system of network/feedhorn 

assemblies. Since each of the assemblies uses a similar concept, the design 

costs need really only be applied to one assembly. Using a factor of 3-4:1 as 

typica 1 for the ratio of non-recurring to recurring costs, one obtains non

recurring cost increments of 3 to 4 Mt per system. 

All costs are estimated in current (1~83) dollars. Tolerances should be added 

to the estimates since they are based on preliminary concepts. Reasonable 

tolerances are on the order of 25-50%. 

1.5 Impacts of Communications Satellite Changes - Mu!tibeam Satellite 

1.5.1 Satellite Design Concepts 

Initially it is assumed the satellite antenna will have a diameter of 25 m. 

This provides .a 4 GHz beam of approximately 0.2 degrees, which is consistent 

with an expected pointing error o~ 0.02 degrees. Larger antenna size and 

correspondingly narrower beams may be envisaged as expected pointing errors 

are decreased. 
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TABLE 1.4-2. RECURRING COST INCREMENT FOR RECONFIGURING COMMUNICATION 
SATELLITE 

ITEM COST INCREMENT{M~) 

Satellite Antenna Assembly Modifications 4 
Space Station Operations (Manpower) 3 
Manpower Training 0.15 
Space Station Hardware (amortized) 0.1 
System Test Target (amortized) 0.07 

Total (rounded up) 7.4 

The size of the antenna and the accompanying satellite structure requires that 
either automatic deployment, manual erection or a combination of the two be 
employed. It is felt that the last of these options is the most attractive. 
Automatic deployment would not require manual resources and would best be 
ca~ried out directly at geosynchronous altitude. However, any malfunction 
a.dmits no corrective action, and very extensive proofing of quite complicated 
mechanisms must be carried out. In view of the limited manipulative skills to 
be expected of platform personnel, it would appear most efficient to rely on 
the automatic or semiautomatic deployment of certain subassemblies such as the 
basic boom structure and the arttenna framework. These subassemblies would 
then be joined manually, these functions being of a simple, Prekeyed nature. 
Thermal barriers would then be applied to the assembled spacecraft in struc
tural areas shown to be sensitive to the effects of thermal distortion. 
Antenna measurements would then be carried out and final judgements made in 
the position of the feed assembly with respect to the antenna structure. 

With regard to power requirements~ it should be noted that Conus coverage 
using 210 beams has been estimateq in 1.3.2. It can be assumed that many 
beams would cover regions of low t~affic density and, consequently, would be 
used in a time-shared or scanned mode. Assuming that no more than 70 beams 
would be active at any given insta':if., and that each active satellite channel 
provided 20W output from a solid-st~te power amplifier, a total solar array 
output of 6 KW would be required. 1bis would correspond to an array area of 
approximately 700 sq. ft. 

1.5.2 Satellite Cost Impacts 

This sat~lli'te, because of its size, cal'). be considered to be a new system 
rather than a modification of existing c~mmunications satellite designs as was 
the case for the reconfigurable satellitt\s. The availability of a space sta
tion makes it possible to consider the development of such large satellites. 
Various other studies' (References 1-5) hav.e considered similar large communica
tions satellites and identified cost rangef; of 400MS to 500MS non-recurring 
and 100-l50M~ for the recurring costs per satellite. 
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In order to obtain estimates for the payload for the multibeam satellite, we 
have selected as typical the total costs of a large communications platform as 
presented in Reference 5. This study gave the following overall estimate: 

Nonrecurring Cost (M$) 
Recurring Cost (MS) 

Total Spacecraft 

445 
100 

Payload 

200 
60 

We then used the results of the other studies to arrive at the breakdown for 
the transponder system and antenna which are the key elements of the multibeam 
system. 

Transponder System Costs 

On the basis of the .30/20 GHz studies (References 1,2,.3) it can 
be seen that transponder system development costs fall in the 
range 35 to 50 MS. We will choose a value at the higher end, 
50MB, for this cost. Production (quantities of 3 or 4) costs 
seem to vary from 20 to 45M$. We will choose 25MS or a reason
able value, it being 1/2 the development cost 

Antenna Costs 

Assuming the payload (P/L) consists basically of antenna and 
transponder systems, and subtracting transponder system costs 
given above yields the following: 

Development Cost CMS): 150 
Production (MS): 35 

It should be noted that development costs are estimated to be 
substantially larger than for the transponder. This does not 
seem unreasonable since basic techniques to be used in the 
transponder system are known. The load carrying capacity in the 
shuttle is such that it would not appear that extraordinary 
efforts need be made in t,erms of weight economy in implementation 
functions (demodulation, switching). There are, thus, fewer 
uncertainties associated with development of the transponder. On 
the other hand, the antenna has many unknown factors. 

- Summary 

Table 1.5-1 thus summarizes the multibeam satellite costs. 

TABLE 1.5-1. MULTIBEAM SATELLITE COST ESTIMATES 

Costs (MS) 
Item Nonrecurring Recurring 

Spacecraft Bus 245 40 
Transponder System 50 25 
Antenna System 150 35 
Total Satellite 445 100 
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1.5.3 Space Station Needs 

It would be most effective if the space station were configured in a fashion 
such that antenna, boom and solar cell deployment could be carried out with 
these subassemblies in their final relative positions. This implies that the 
platform would be furnished with a reconfigurable structure which could be 
adapted to various such uses. 

In order to carry out antenna near-field measurements, it would be necessary 
to provide a sensor which moves in two orthogonal directions or set of sensors 
with only translational freedom. Moving the spacecraft is not suggested since 
it would not appear desirable to mount this large structure on a positioning 
device. It is estimated that the costs of a single degree-of-freedom gantry 
plus associated s~pport equipment for this program would break down as follows: 

ITEM 

Gantry 
Alignment Gear 
Computer Usage 
Software 
Superstructure (to support 

fixed spacecraft) 

Total 

COST (M$) 

4 
0.5 
0.5 
0.25 

1.25 

6.5 

All of these costs could be shared among the two multibeam systems (2 satel
lites each) which are assumed for the future • 

In addition, for each system it i~ essumed that there is a unique array of 
targets <estimated at ten, spaced linearly on a fixture to be moved along the 
gantry) for each system. At about; 0.25 MS pe'l' target, this array would cost 
2.5 M$ per system. 

An all-purpose manipulator which would position the various subassemblies 
prior to their manually-aided deployment would also be required. It is 
assumed that this capability exists on the station and that modifications 
necessary for these systems would be less than IMS. An orbital transfer 
vehicle (OTV) would be used for transfer to geostationary orbit. No estimates 
are includ~d here for the cost of its use. 

Thus, shared hardware costs of 7.5MS would be divided among four satellites, 
and unique system hardware costs of 2.5MS would be shared between two satel
lites, giving approxixmately 1.9M$ and 1.3M$ per satellite respectively. 

It is assumed that a 3 man crew could ~ccomplish assembly, test and launch of 
the spacecraft in the following periods of time: 

Antenna subassembly 
Boom subassembly 
Solar arrays 
Spacecraft assembly 
Application of thermal shields 
Test and adjustment 
Mate to OTV for launch 
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Assuming as before (Section 1.4.3) that manpower costs on the station are 60 M$/person/year, then the total in-flight manpower costs would be about 35 M$ per satellite. Similarly as before, training costs are estimated as less than 100 K$ per satellite. 

1.5.4 Cost SUlmnary 

The estimated costs for a large multibeam satellite which takes advantage of the capabilities of a space station can be summarized by tabulating the data of Section 1.5.2 and 1.5.3. These costs are in 1983 dollar.s, and as before reasonable tolerances are on the order of 25-50%. Table 1.5-2 summarizes the ·cost per satellite. 

TABLE 1.5-2. COST ESTIMATES FOR MULTI BEAM COMMUNICATION SATELLITE 

Cost (MS) 

Item Non-recurring Recurring 

Spacecraft Bl,ls 245 40 Transponder System 50 25 An tenna Ays tem 150 35 

Sub-total : Satellite 445 100 

System Unique Station Hardware 1.3 Shared Space Station Hardware 1.9 Space Station Operations (Manpower) 35 Manpower Training 0.1 

Sub-total: Space Station 38.3 

Total (Rounded off)* 445 140 

*Cost of using the OTV is not included. 

1.5.5 References 

(1) 1118 and 30 GHz Fixed Service Communication Satellite System Studyll, Hughes Aircraft CO., Apr. 1979, NASA CR 159627. 

(2) IIRequirements Determination to Demonstrate 30/20 GHz Communication System - Task I Completion Reportll Hughes Aircraft Co., 19 June 1980. 
(3) IIConcepts for 18/30 GHz Satellite Communcations System Study -Volume Final Report II , Ford Aerospace. 1 ·Nov. 1979, NASA CR 159627 (WDL-TR 8457) 
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(4) "Large Space Systems Technology - 1980, Volume I, Systems 
Technology", NASA Conference Publication 2168, Second Annual 
Technical Review, Hampton, VA, Nov. 1980. 

(5) "Geostationary Platform System Concepts Definition Study - Final 
Review", General Dynamics/Comsat, Report No. GDC-GPP-79-008, 15 July 
1980. 

(6) Growth and Status of Commercial Communications Satellites, NASA 
Lewis Research Center, October 5, 1982. 
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7.2.1.3 Space Station Needs, Attributes and Architectural Options 
Subtask on Bioprocessing 

(Battelle, Columbus Laboratories) 

1..1 
"1 

t ": 

IJ 
';I 
I 

I 

i 
~ 
1 

i) I, 

_ 04' ~·-~lr-:::w-~_~-. _ .. _c;;; ~ .1 



r· 
-.. ' 

t 

i 
! 

~, 
t f , 
I'f. 

'I 

I 
~ '> ! 
Fi<! 
t;. 
ffl 
In 
~';i 

~ 

~ 

~. 
"' ____ -$f' 

. -_ .. _- .- -.- ...... .......---.... ~~ ... --r\'~_..,~)_.,...._-.~ 
~ ~i 

FINAL REPORT 

on 

SPACE STATION NEEDS! ATTRIBUTES 
AND ARCHITECTURAL OPTIONS 

SUB~TASK ON BIOPROCESSING 

to 

BOEING AEROSPACE CO. 

December 23, 1982 

by 

Kenneth E. Hughes 

BATTELLE 
Columbus Laboratories 

505 King Avenue 
Columbus, Ohio 43201 

1 
I 

.(.j 
I 



, , 
l 
I ,. 
t 
• 

INTRODUCTION . • . . . 

Statement of Work 

BACKGROUND . 

METHODS 

RESULTS 

Industrial Contacts 

TABLE OF CONTENTS 

Equipment Needs for Bioprocessing 

Continuous Flow Electrophoresis 

Collagen Fibrillogenesis 

Pancreatic Cell Separation 

CONCLUSIONS 

Attitude of the Industry 

Additional Contacts 

REFERENCES 

APPENDIX A • 

LIST OF TABLES 

Table 1. Industrial Contacts . . . . . . . . . . . . . . . . . . 

c - 'd-. 

= 

Y;:AL 

Page 

1 

2 

2 

3 

4 

5 

8 

9 

10 

12 

12 

13 

13 

15 

A-l 

6 

r ! 

i 
j - .--

i 

i : 
i 

\ I, 

-'-' { - -J. 



FINAL REPORT 

on 

SPACE STATION NEEDS, ATTRIBUTES 
AND ARCHITECTURAL OPTIONS 

SUB-TASK ON BIOPROCESSING 

to 

BOEING AEROSPACE CO. 

from 

BATTELLE 
Columbus Laboratories 

December 23, 1982 

INTRODUCTION 

~ W' • f "I"" 

Boeing Aerospace Company is participating in a NASA study 

(Contract No. NASW-3680) to anticipate space station needs for long-term, 

orbiting research and production facilities. One area of particular 

interest, and the subject of this report, is the processing of biologically 

derived materials---a field commonly called bioprocessing. 

As part of the above study, Boeing asked Battelle's assistance 

in contacting industrial firms having current product lines and new 

development areas which might gain advantage from space processing. The 

intent was to identify attributes that a manned space station must have 

to satisfy the requirements for space-based processing of biological 

materials. 
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Statement of Work 

The following tasks were agreed upon and initiated by 

Boeing's Purchase Contract No. CC 0181, dated November 3, 1982. 

1. Contact at least fifteen biotechnology companies 

2. 

to assess their interest in using a Space Station. 

Identify technical areas with potential value for 

commercial space-based processing of biological 

materials. 

3. Provide at least four completed User Mission Data 

Forms. 

4. Provide at least two Business Opportunity Descriptions. 

The provision of items 3 and 4 were of course contingent upon 

the disclosure of concepts by the biotechnology companies. 

BACKGROUND 

NASA has had a long-standing interest in the pro~essing of 

biological· materials and has sponsored research since about 1970 in this 

area. Significant ground-based research on separation processes, particularly 

electrophoresis, led to preliminary flight experiments on Apollo, ASTP, 

and Sky1ab missions. Experiments and flight equipment were also devised 

for sub-orbital rocket flights. 
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The first commercial project for space bioorocessing is 

a joint endeavor between NASA and McDonnell Douglas/Ortho Pharmaceutical. 

The latter company is a division of Johnson & Johnson Products, Inc. 

It is hoped that the success of recent flight experiments on the 

Shuttle Orbiter will encourage other firms to begin commercial development 

of space processing. 

METHODS 

Battelle's Office for Biomedical Space Research* maintains 

current files on space research in the life sciences with particular 

emphasis on biological materials processing. Contact-lists of potential 

industrial and academic participants in space research are also maintained. 

These contacts stem from Battelle's current and previous research for 

the biomedical industry, and from our previous efforts in space bio-

processing (1,2,3). 

Companies were usually contacted at a relatively high level 

of management (Vice President R&D, Director of Corporate Development, etc.) 

in order to ascertain the corporate attitude toward space research. 

Subsequent conversations were held with designated research staff as 

appropriate. 

Since data on new bioprocessing concepts wa~ not available from 

contacted firms early in the program, Dr. Harvey Willenberg of Boeing 

Aerospace Co. requested a supplementary task involvinq the preliminary 

definition of equipment requirements for two technical areas. 

* see functional description in the appendix. 
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• Continuous-flow electrophoresis 

• Collagen fibrillogenesis 

Suggested equipment lists and procedures for these two processes 

are included in this report. 

RESULTS 

For the purpose of this report, Bioprocessing is defined as the 

in vitro study or manipulation of chemical and growth processes involving 

materials of biologic origin. Traditionally, these materials have 

included molds, yeasts, bacteria, viru,ses and mammalian cells. Primary 

emphasis historically has been on the processes of separation, cell CUlture, 

and fermentation. 

More recently, these manipulative processes have come to be 

known as "biotechnologies". The relatively new developments in genetic 

engineering are included. These processes may be divided into (1) growth 

systems, (2) biochemical processes, (3) separation systems, and (4) 

fabrication techniques. 

In ground-based bioprocessing, gravity is often a major in

fluence, becoming evident in 

• fluid hydrostatic pressure 

• natural convection flow 

• settling of suspended particles 

• gravity drainage of films 

• stressing of gels under their own weight. 
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On the other hand, .a sustained low gravity environment may 

offer the following advantages (4). 

• reduced (practically eliminated) natural convection 

• verification of complicated fluid-flow models 

• reduced or eliminated settling of particles 

• potential for containerless processing . 

These advantages could translate to (1) three-dimensional cell 

culture systems without disruptive mixing to maintain suspension, (2) 

improved bioreactors, (3) higher throughput, higher resolution electro

phoretic separation in low-viscosity systems, (4) improved polymerization 

of biopolymers, such as collagen, (5) improved microencapsulation processes, 

and (6) containerless processes for specialized applications ~uch as free-

casting of polymeri"c materials. 

Industrial Contacts 

Contacts were initiated with 19 biotechnology firms from a list 

of 38 potential candidates. Table 1 lists the companies contacted (with 

names and phone numbers) and the present status of the discussion. In 

several cases, additional fol,low-up would be desirable in order to keep 

communication open. Battelle would be pleased to assist in the continuation 

of this task if desired. 
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TABLE 1. INDUSTRIAL CONTACTS 

Company 

(1) Abbott Labs., Inc. 
Dr. Ringler, Pharmaceutical R&D 
(312) 937-5011 

Attitude 

o 

(2) American Hospital Supply + 
Jeff Rondione, Medical Specialties 
(714) 975-1800 

(3) Bristol Labs. 
David Johnson, V.P. Development 
(315) 432-2712 

(4) Burroughs-We11come 
S. Winston Singleton 
(919) 541-9090 

(5) W. R. 'Grace 
Paul McSweeney 
(301) 531-4083 

( 6) Kenda 11 Co. 
W. O. Elson, Health Products Research 
(312) 381-0370 

(7) Kodak 
Kenneth Kennard, Bioscience Div. 
(716) 722-0:195 

(8) El i Lilly 
Samuel L. McCormick 
(317) 261-3826 

(9) 3M 
Dale P. DeVore 
(612) 733-5260 

(10) Mallinckrodt 
George Vermont 
(314) 982-5350 

o 

+ 

o 

o 

+ 

* 

- .-~- -_ .... _._..,.- .• -. I .\' _ .. ---... .,..., lI'IlIi+iiiiiii:iJIIIIi _-~----,.~" 

'I .. -~ 

Status 

x 

x 

x 

x 

x 

x 

x 

x 

(11) Merck, Sharp & Oohme not determined 
James Largo, V.P. for Process Devel. 
(201) 574-6084 
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I 
i 
I 
I 

7 

TABLE 1. (Continued) 

Company 

(12) Miles Laboratories 
Ronald Weiss 
(219) 262-7450 

(l3) Norwich Eaton Pharmaceuticals 
Frank F. Ebetino 
( 607) 335-2611 

(14 ) Ortho Pharmaceuticals 
Richard Serbin 
(201) 524-0957 

(15 ) Owens-Illinois 
Roger Ritzert 
(419) 247-5000 

(16 ) G. D. Searl e 
Paul D. Klimstra 
(312) 982-7867 

(17) Travenol Labs., Inc. 
Wayne Custead, V.P. R&D 
(312) 965-4700 

(18 ) Wyeth Labs. 
H.P.K. Agersborg, V.P. R&D 
(215) 878-9500 

(19) Biospace, Inc. 
J. Richard Keefe 
(216) 354-6369 

* Key to codes: 

Attitude toward space processing 

+ positive 
o indifferent 
- negative 

Attitude* Status 

+ 

+ 

+ Joint endeavor 

+ + 

+ 

o x 

not determined 

+ 

Status 

+ idea submitted 
+ under consideration 
x no concepts at 

this time 
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Equipment Needs for Bioprocessing 

Biological substances exist in aqueous-based fluid systems 

derived from living systems, and their behavior and viability are very 

sensitive to their environment. Hence, fairly strict environmental 

control is necessary to maintain these substances, whether cells, 

organelles or extracted materials. Generally, it is desirable to 

maintain a temperature of 4-40°C, although certain procedures can 

be used to freeze-quench blood cells and other materials in liquid 

nitrogen with little detrimental effect. Temperatures above 40-SO°C 

denature many proteins, so usually must be avoided. 

In certain processes, such as cell culture, fairly exact 

control must be maintained over pH, temperature, dissolved gas con

centration, replenishment of reactants, and removal of waste products. 

Principal equipment types anticipated are: 

• electrophoretic separators 

• incubators 

• refrigeration equipment 

• storage reservoirs 

• pumping and filtration devices 

• high surface area gas exchangers 

• recirculating nutrient systems 

• close-tolerance environmental control systems 

• detection and analysis systems 
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• dehydration and freeze drying equipment 

• centrifuges 

• optical and electron microscopes (SEM-TEM) 

• photographic equipment (still and elapsed time) 

• programmable process control 

• data acquisition systems 

• mechanical testing apparatus 

Many of these items are needed, in the two example systems 

which are conceptually described below. 

Continuous Flow Electrophoresis 

From the literature, it appears that continuous flow electro

phoretic separation may be the most promising technical area for development 

of corrmercial space processing. Extensive work on electrophoresis .has 

been supported by NASA at Beckman Instruments (5), McDonnell Douglas (6), 

and General Electric (7), as well as at several university laboratories. 

The present Joint Endeavor Agreement (8) between NASA and McDonnell-Douglas/ 

Johnson and Johnson (OrthoPharmaceutical Division) is a direct benefactor 

of this background research. Recent success of the company's electrophoresis 

pharmaceutical processing system will lead to more elaborate payload 

concepts (9), and possible space station applications. 

Continuous flow electrophoresis as presently envisioned for 

space station use would probably involve the following procedures and 

equipment: 

PROCEDURE 

1) Store buffer and sample 

materials. 

EQUIPMENT 

Refrigerated compartments 

and reservoirs (4°C). 
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2) Heat and transfer buffer (recirculate 

if possible). Cell culture prior to 

separation may be desirable. 

3} Inject sample stream 

4} Apply power 

5} Detect separation events 

6} Collect sample 

7} Acquire data 

8} Analyze results (if man-tended) 

Collagen Fibri1logenesis 

Pump, filter, heat exchanger, 

pH control, temp. control 

(nominal 37°C), replenishment 

system, flow sensors 

Calibrated-flow pump 

Usually several hundred 

volts DC, cool buffer to 

counteract joule heating 

effect 

Light scattering or light 

absorbtion (laser or fiber

optics) 

In-line sample detector, 

collection reservoir (temp. 

controlled 4°C), fluid-flow 

valves 

Microprocessor 

Microscope, cell analyzer 

The following additional data is supplied on the process of collagen 

fibril growth (polymerization) as presently envisioned in the space station. 

This work could involve process experimentation, as well as the production of 

materials, providing that flight experiments on the Shuttle Orbiter (not yet 

performed) prove the feasibility of the concept. Batch or continuous processing 

may be possible. 
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PROCEDURE 

1) Storage of buffer, collagen solution, 

cross-linking agents 

2) Prepare collagen solutions 

3) Load apparatus 

4) Polymerize collagen 

monitor turbidity 

5) acquire data 

6) Fix collagen gels 

(optional) Dehydrate gels 

-~ 9 

EQUIPMENT 

Refrigerated compartments and 

reservoirs (4°C) 

pH, temp. control (4°C) 

spectrophotometer, ultra

centrifuge 

pump, filter, flow sensor. 

heat exchanger, environmental 

control (20-40°C), light 

absorbtion equipment, laser 

light scattering 

microprocessor 

UV irradiation, pe"fusion 

, by glutaraldehyde, or freeze 

quench with liquid nitrogen. 

heat and partial vacuum may 

be required. 

Gelled materials may be recovered as fixed in step no. 6, or may be de-

hydrated for easier storage. 

7) Analyze gels 

(if man-tended) 

Resin embedment kit, thin-

sectioning device, optical 

and electron microscopes 
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Pancreatic Cell Separation 

One of the more useful processes expected to benefit from 

electrophoretic separation in space is the preparation of purified 

strains of pancreatic beta cells. These cells exist naturally in 

the islets of Langerhans, the insulin producing bodies within the 

pancreas. The islets comprise <2 percent of this organ but produce 

all insulin (11). The speC'ific cells responsible for insulin production 

exist on the periphery of the islats 

Islet cell transplants for the treatment of diabetes were 

pioneered by Dr. Paul E. Lacey (12, 13) at Washington University in 

St. Louis. The basic procedure involved dissolving the pancreatic 

structural collagen with the enzyme collagenase, and separating out 

the islets of Langerhans. Islets were transplanted into the portal 

vei n 1 eadi ng from the i ntesti ne and toward the pancY'eas and 1 i ver. 

Separation techniques mentioned in the literature include 

microdissection (14-16), sedimentation (17) and Ficoll gradient 

centrifugation (18, 19). A detailed search of the literature was 

not accomplished, but it is believed that these are the alternatives 

to electrophoretic separation as studied by McDonnell Douglas and 

Johnson & Johnson {6}. 

CONCLUSIONS 

Based on the small and admittedly non-statistical sample 

of companies contacted in this study, Battelle draws the following' 

conclusions. 
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A relatively small percentage of industrial scientists and a yet 
smaller group of management level staff appear to be interested in pursuing 
commercial space processing of biological materials. It appears that 
personal interest by individual scientific staff should not be construed as ~ 
corporate commitment to space research. In fact, where persons previously 
involved in space research have left for other positions, it was found 
that the previous corporate interest simply dwindled. This could be due 
to either 1) a lack of technical continuity or 2) a lack of corporate 
financial commitment. 

Attitude of the Industry 

Generally speaking, most persons contacted conveyed a positive 
attitude toward the academic and scientific aspects of space research. 
However, industry's attitude (measured by this samp1ing) regarding 
commercial opportunities in space bioprocessing can be considered as 
indifferent and in many cases, negative. Especially at the management 
level, little if any advantage for processing in space is envisaged. 

Our contacts seemed to suggest that if space manufacturing is 
to become a reality, the government must lead the way with significant 
basic background research on materials behavior in the weightless environ
ment (10). NASA's attempt to offer incentives, such as their "Joint 
Endeavor" program have met with limited positive response from the 
pharmaceutical/medical products industry. 

Additional Contacts 

In several cases, additional follow-up with existing contacts 
would be desirable in order to keep communications open during the 
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duration of Boeing's effort. Battelle would be pleased to assist in the 

continuation of this task if desired. 

; T 

Additional contacts are recommended with the following companies 

and ref.earch institutions if time and funds permit: 

(1) American Cyanamid 

(2) Diamond Shamrock 

(3) Dow Chemical 

(4) Dow Corning 

(5) DuPont 

(6) -Illinois I.nstitute of Technology 

(7) Midwest Research Institute 

(8) Parke Davis & Co. 

(9) Pfizer Corp. 

(10) Research Triangle Institute 

(11 ) Rohm & Haas 

(12 ) Scher;ng Plough 

(13 ) Stanford Research Institute 
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O FFICE FO BIOMEDIC l SP C RESE RCH 

A special project funded by Battelle enabled us to establish a new 
capability for life sciences research in space. Contacts were established 
with ASA concerning several areas of mutual interest. Concurrently . 
Battelle established a centralized coordinatin organizat ion . the Office 
for Biomedical Space Research. for directin and int grating activities 
in the three primary areas of space-based research: 

• Ground-bas d preliminary research 

• Space re earch facility equipment development 

• Development of fli ght experiments. 

This Office was charged with the responsibility of maintaining liaison 
with NASA and other government agencies, receiving technical input 
from organizations developing space research hardware. and coor
dinating with oth r Battelle space research projects. Fina'ily. the 0 fice 
was instructed to develop mans by which other organ izations and 
companies could contract with Battelle in order to take advantage of 
n w developm nts. 

This biomedical space res arch coordinating office is an integral part 
of one of the most sophi ticat d nd diversified biomedical research 
organizations in the United Scates. 

COOROINA TlON 

PARTICIPATING 
SPONSOR 
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OFFICE FOR BIOMEDICAL SPACE RESEARCH 

A special project funded by Battelle enabled us to establish a new 
capability for life sciences research in space. Contacts were established 
with NASA concerning several areas of mutual interest. Concurrently, 
Battelle estabfished a centralized coordinating organization, the Office 
for Biomedical Space Research, for directing and integrating activities 
in the three primary areas of space-based research: 

.. Ground-based preliminary research 

• Space research facility equipment development 

• Development of flight experiments. 

This Office was charged with the responsibility of maintaining liaison 
with NASA and other government agencies, receiving technical input 
from organizations developing space research hardware, and coor
dinating with other Battelle space research projects. Finally, the Office 
was instructed to develop means by which other organizations and 
companies could contract with Battelle in order to take advantage of 
new developments. 

This biomedical space research coordinating office is an integral part 
of one of the most sophisticated and diversified biomedical research 
organizations in the United States. 

COORQINA TION 

PARTICIPATING 
SPONSOR 
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7.2.1.4 Aviation Maintenance Foundation Correspondence 

(Basin, WV) 
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A VIA TION MAINTENANCE FOUNDA TION 
Post Office Box 739 • Basin. WY 82410 • Telephone: (307) 568·2466 

March 14, 1983 

Mr. Keith H. Miller 
Senior Research Engineer 
Mail Stop: 84-06 
Large Space Systems Group 
BOEING AEROSPACE COMPANY 
P.O. Box 3999 
Seattle, Washington 98124 

Dear Keith: 

Please excuse my delay in sending you the enclosed comments about 
the expansion of aviation maintenance technology training into space
craft maintenance technology training. I have been on a travel schedule 
and only had the opportunity of this past weekend to put my thoughts 
down on paper for you. 

The thought of working in space on, in or around a space station 
is tremendously exciting. Since you and I last spoke, I have talked 
with many educators in this Industry who would dearly love to become 
involved in the development of a spacecraft mechanic curriculum. 

I hope the enclosed will be of use to you. 1 did not include 
much dialog regarding the areas of aviation maintenance training that 
would directly transfer to spacecraft maintenance training as I believe 
every area will have to be well evaluated. And, I'm certain upgraded. 
However, the format is there and works well. It would be from this 
base that we could develop an excellent training program. 

Please keep me advised of your presentation to NASA. If it would 
serve any useful purpose, I will be happy to go to Washington either 
as a participant or as a morale supporter. 

Again, thank you for allowing myself and the Foundation to be 
involved in this project. 

Best Wish~ 

/' 
A7.IAT ON,~ ~~I.~~~ANCE 

,--:>;;J ---.,...,,- ._/' 

IHcnard S. Kost 
President 

RSK/nd 
enc. 

FOUNDATION 
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SPACECRAFT MECHANICS 

THE BEGINNING OF A NEW AGE 
BY 

RICHARD S. KOST 
AVIATION MAINTENANCE FOUNDATION 

For the past many years, the Aviation Maintenance Foundation has been 
<> 

quite concerned about the next generation of aircraft mechanics. This 

concern was evidenced by the presentation of the first three "space

craft mechanic licenses" to the astronauts of Skylab I in November, 

1973, Captains Conrad, Kerwin and Weitz. These licenses were the re

sult of the efforts of the Foundation in cooperation with the Federal 

Aviation Administration and the National Aeronautics and Space Admini

stration. The three astronauts dramatically illustrated the need for 

space explorers to be able to maintain, service and repair what man 

sends into space. An unscheduled space walk was required to extend a 

malfunctioning solar panel and install a parasol required to .shade the 

Skylab I vehicle when the airconditioning system failed. 

In addition to being able to maintain, service and repair what man 

sends into space, the space explorers will have to be able to construct 

vehicles and platforms that cannot be sent into space in one piece. 
,-"-

Such a necessity is apparent in the case of an orbiting platform, ie., 

a space station. In order to properly conduct any type of large-scale 

activity in space, a space station is a necessity. Such a space sta

~ion will have to be large enough to accomodate several people with 

different types of skills. This means that the size of the space sta

tion will be too large to ship in one piece; it will have to be sent 

in pieces that will have to be assembled in space. The people who do 

the assembly will have to be well-trained and qualified. These space

craft mechanics will do the actual bolting, welding and strapping of 

the space station as well as its continued maintenance. 

These spacecraft mechanics will have to have several different skills 

at their command as they will be responsible for most all aspects of 

the physical plant of the space station. If a system breaks down, 

either inside or outside the space station, it will be the responsibil

ity of the spacecraft mechanics to repair the malfunctioning systems. 

Also, any modifications to the space station will have to be performed 

while in orbit and it will have to be spacecra~t mechanics who make 

the modifications. In essence, a succesful space program will have 

to rely upon the skills of dedicated spacecraft mechanics whose main 

responsibilities will be those of maintaining, servicing and repairing 

space machines built by man. 

'i 



r~'·':.o;::~~

I 

BACKGROUND 

-------'17'+ 

PAGE 2 

The concept of em~loying existing occupational skills in space explora

tion is viable and financially feasible. To develop new occupations 

for space exploration not only would be expensive, but would deny NASA 

the depth of experience resources that have been developed in over 

fifty years of aircraft maintenance training. It was on July 1, 1927, 

when the old Civil Aviation Agency (CAA) began certificating Airframe 

and Engine (A&E) Mechanics to assure the public of air safety with 

regards to aircraft maintenance, servicing and repair. 

Since 1927, the Aviation Industry has been involved in the development 

of standardized regulations for the implementation of aviation mainten

ance curriculums. Currently, there are over 145 Aviation Maintenance 

Technician Schools triining well over 12,000 aircraft mechanic stu

dents. The number of qualified instructors teaching these stude~ts 

exceed 1200. These numbers amount to thousands of man-years of curricu

lum development and implementation. 

The existing curriculum for aircraft mechanic students, as defined 

by Federal Aviation Regulation Part 147, has been in effect for almost 

13 years and while it is dated, does provide a good basis for the train

ing of spacecraft mechanics. This curriculum base can be modified 

to be the basis of a curriculum for the training of spacecraft mech

anics. The following is an outline of the Course of Study for aircraft 

mechanic students: 

AIRCRAFT MECHANIC COURSE OF STUDY 

1. GENERAL 

A. Basic Electricity 
B. Aircraft Drawings 
C. Weight and Balance 
D. Fluid Lines and Fittings 
E. Materials and Processes 
F. Ground Operation and Servicing 
G. Cleaning and Corrosion Control 
H. Mathematics 
I. Maintenance Forms and Records 
J. Basic Physics 
K. Maintenance Publications 
L. Mechanic Privileges and Limitations 

2. AIRFRAME STRUCTURES 

A. Wood Structures 
B. Aircraft Covering 
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C. Aircraft Covering 
D. Sheet Metal Structures 
E. Welding 
F. Assembly and Rigging 
G. Airframe Inspection 

3. AIRFRAME SYSTEMS AND COMPONENTS 

A. Aircraft Landing Gear Systems 
B. Hydraulic and Pneumatic Power Systems 
C. Cabin Atmosphere Control Systems 
D. Aircraft Instrument Systems 
E. Communication and Navigation Systems 
F. Aircraft Fuel Systems 
G. Aircraft Electrical Systems 
H. Position and Warning Systems 
I. Ice and Rain Control Systems 
J. Fire Protection Systems 

4. POWERPLANT THEORY AND MAINTENANCE 

A. Reciprocating Engines 
B. Turbine Engines 
C. Engine Inspection 

5. POWERPLANT SYSTEMS AND COMPONENTS 

A. Engine Instrument Systems 
B. Engine Fire Protection Systems 
C. Engine Electrical Systems 
D. Lubrication Systems 
E. Ignition Systems 
F. Fuel Metering Systems 
G. Engine Fuel Systems 
H. Induction Systems 
I. Engine Cooling Systems 
J. Engine Exhaust Systems 
K. Propellers 

CURRICULUM DEVELOPMENT 

It would not be practical to utilize the existing aircraft mechanic 

curriculum for spacecraft mechanic instruction without some major 

changes. Spacecraft mechanics would have little need for instruction 

in such areas as: wood, dope and fabric; aspirated engines (recipro

cating or turbine); propellers; or other systems related to earth

bound vehicles. The entire aircraft mechanic curriculum would have 

to be examined by a panel of experts. Those subject-areas of value 

would be modified for spacecraft mechanic training. While only half 

of the existing aircraft mechanic curriculum would be of use to a space

craft mechanic curriculum, the instructional format has proven itself 

and readily can be adopted for spacecraft mechanic training. 

P f ... ... ---,....,,'±J~ •. '; .. " 
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In addition to the maintenance, repair and servicing courses that need 
to be taught to spacecraft mechanic students, the process of actually 
living and working in the hostile environment of space is absolutely 
essential. The actual instruction of living and working in space will 
probably be a separate, specialized course that all space workers will 
undergo. However, there should be a strong emphasis on space safety 
throughout the entire spacecraft mechanic training program. This empha
sis should be coordinated with the curriculum on "Space Environment 
Safety" thereby providing a smooth transition from spacecraft mechanic 
trainees to qualified space workers. Additionally, each phase of space
craft mechanic training should emphasize the necessary safety precau
tions peculiar to the individual spacecraft systems, ie., rocket en
gines, life support systems, etc. 

As a means of reducing the expense of developing the needed curriculum 
for spacecraft mechanic training, NASA should appoint a Spacecraft 
Mechanic Curriculum Coordinator to work with them and Industry. The 
Aviation Maintenance Foundation has substantial expertise available 
in curriculum development and can provide the necessary coordination. 
Such coordination will bring together specialists from the Aviation 
and Aerospace Industries, Aviation Maintenance Technician Schools and 
goverment agencies (including NASA). The combined efforts of these 
specialists will provide the best curriculum available for the training 
of spacecraft mechanics. Once spacecraft mechanics actually begin 
working in space, their activities should be closely monitored to allow 
for continued improvement of 'the curriculum. This continuing improve
ment will provide for better space safety which, in itself, will help 
in the continued advancement in space exploration. 

CURRICULUM IMPLEMENTATION 
Once the spacecraft mechanic curriculum has been developed by the spe
cialists and approved by NASA, a test-bed for the curriculum implementa
tion should be selected. Since Aviation Maintenance Technician Schools 
already have a great majority of the equipment needed for proper in
struction, two or three schools should be selected to begin the initial 
training ph~ses. These initial phases will cover the theory of space
craft maintenance as well as the integrated safety training. After 
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the spacecraft mechanic students have completed their training in space

craft maintenance, repair and servicing, they will transfer to NASA's 

own facilities. At these facilities, the spacecraft mechanic students 

will undergo the training needed for living and working in space. 

An evaluation of the different test-beds should be made to determine 

which one is the most effective. Once this evaluation has been made, 

standardized curriculum implementation can be developed thereby provid

ing an additional safety margin for space workers. It should be under

stood that there will be a necessity for standardization in several 

areas for the space workers' safety, ie., technical jargon, safety 

procedures, etc. Such standardization will have to be considered as 

the respective curriculums are developed. 

SUMMARY 

The prospect of living and working in space is an exciting one as well 

as a tremendous challenge. NASA has done well in its pioneering space 

exploration. The benefits of space stations are many and are within 

reach; many ne.'V industries will develop from what will be learned 

by continuous activity in space. However, it is now time for NASA 

to bring ind~stry, as a whole, as a partner into space exploration. 

The use of existing aircraft mechanic training as a basis for space

craft mechanic training is an excellent example of how industry can 

contribute to the space exploration partnership. Eventually, the rela

tionship between industry and NASA will be transformed into one similar 

to that of industry and the FAA. The FAA promotes and regulates the 

Aviation Industry in the interest of improved air safety, but does 

a little actual experimentation. This does not mean NASA's role would 

be reduced to that of a policeman, but, rather, would allow NASA to 

concentrate on experimental programs while industry maintains and GX

pands the existing ones. Industry is more aware of the needs of the 

public and can better respond to these needs than can NASA. Taxpayers' 

money should go to experimentation and pioneering efforts to develop 

new technologies rather than maintaining proven ones. 
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7.2.1.5 Materials Processing in Space and Applications for a 

Permanent, Manned Space Station 

(Arthur D. Little, Inc., cambridge, Mass.) 
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Materials Processing in Space 
and Applications for a Permanent, Manned Space Station 

Prepared for 
Boeing Aerospace Company 

Purchase Contract eCDD71 

March 1983 

Arthur D. Little, Inc. 
Cambridge, Massachusetts 
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MPS HISTORY 

Introduction 

With the advent of the shuttle, the U.S. space program has reached a 

crucial juncture in its evolution. Not only the government, but 

industry as well must make decisions on the best ways to exploit current 

technological capabilities and select future directions. Such decisions 

are difficult to make. Space activities are no longer driven by 

"heroic" mission goals and their continuation has t~ be economically 

justified in a less expansive and more critical environment. The early 

space challenges were met in a climate of adventure and heroic 

accomplishment in which success was closely identified with issues of 

national prestige and for which funding was plentiful. Inevitably, that 

climate has changed, national priorities have been redefined and public 

interest has waned. It has become increasingly more difficult to stir 

the public imagination because the technical fallout and social benefits 

of the space program, most notably in the areas of communication, remote 

sensing, and weather satellites have been so successfully integrated 

into every day life "that they are taken for granted.<l) 

While the U. S. space program was drawing on a seemingly unlimi,ted 

account, MPS was basically of scientific interest with potential but 

undefined industrial implications. When that account ran low, MPS was 

advanced by NASA as one of the vanguards of and justifications for a 

new thrust: namely, "space industrialization." Eventually, the 

overoptimistic projections for such items as "ball bearings" from space 

and promises made on behalf of MPS came into conflict with scientific 

methods and more realistic expectations. The result was an extensive 

re-evalution of the potential of MPS within the scientific community, 

government, and industry -a process which is still ongoing. (2) 

Arthur D little. Inc 
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" Background 

The conceptual framework and execution of the U.S. civilian space 

program has been dominated by political considerations from its 

inception. The program came into being as a response to the unexpected 

launch by the U.S.S.R. of Sputnik I on October 24, 1957. In 1958, 

perceiving the Soviet success as a threat to American security and 

technical prowess, Congress passed the National Space Act. This act 

created the National Aeronautics and Space Administration and empowered 

the agency to form a civilian space capability that would establish U.S. 

preeminence in "aeronautical and space science and technology and in the 

application thereof to the conduct of peaceful activities ~ithin and 

outside the atmosphere." 

While the creation of space policy became a Presidential prerogative, 

most dramatically exemplified by President Kennedy's decision to 

accomplish a manned lunar launching within a decade -- the annual 

review and disposition of NASA's budget was a Congressional decision. 

Therefore, from its beginning, the space program was vulnerable to 

Congressional politics, and NASA administrators were highly sensitive 

to the impact on Congress of any adverse occurrences in their programs. 

Starting with the Mercury program, the U.S. embarked on a series of 

manned space projects that culminated in the Apollo lunar landing. While 

the technical and management achievements of these "heroic missions" 

were remarkable, they established a mode of operation which had no 

reference to the process of scientific research. Moreover, since the 

U.S. space program was conducted in the open, it was mandatory to 

achieve both successful and safe missions. The required safety levels 

established for manned spacecraft added greatly to missions costs. 

Combined with success-oriented goals, the cost of launching payloads 

into orbits did not allow room for the trial and error normally 

associated with scientific experimentation on Earth. 
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By the mid-60's with the lunar landing still to come, growing social 
issues and the effects of inflation forced a re-evaluation of societal 
priorities and U.S. government expenditures. As a result, the budget 
for the space program was severely reduced. The only major project to 
survive the several years of debate and struggle to define an acceptable 
post-Apollo program was the space transportation system (ST5) 
represented by the shuttle. 

Throughout its development, the shuttle encountered lack of Congressional 
and public interest and technical difficulties which resulted in 
unplanned expenditures and necessitated a series of design compromises. 
Ultimately, with the civilian space program on the wane, the shuttle was 
approved by Congress because the U.S. Department of Defense (DOD) 
supported the STS program. However, DOD requirements had an impact on 
the shuttle design. The most dramatic impact was that the cargo bay 
would have to be large enough to accommodate military satellites. (The 
resulting 60 by 15 feet cargo bay volume meant that NASA had to devise 
means to fill the cargo bay volume. One approach was the small self
contained payload program or "Getaway Special" at a price of $10,000 in 
1975 dollars.) As the shuttle development costs continued to escalate, 
the DOD's continued interest in the STS program and' infusion of funds at 
crucial points were critical to the shuttle's successful development.(3) 

The argument for the space shuttle, which made its development 
acceptable to Congress and the administration in the early 1970s, was 
that it would pay its way -- in tangible, economic terms as well as in 
"opening new frontiers". NASA is faced with the challenge of selling 
its programs on this basis to other federal agencies, to states and 
cities, to the military, to foreign nations and their agencies, and to 
the general public. Shuttle payload marketing has become a major 
undertaking. However, pr,ivate industry as yet has not been will ing -in 
fact has not been able -- to invest in a high-risk, long-payback 
enterprise such as STS. So far the only industry to take advantage of 
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STS has been the very profitable telecommunications industry which was 

built on the relevant technology created by government investments. By 

1969, global communications by satellite was a routine operation. 

However, it must be noted that the commercial use of orbiting 

communications is now a much better defined and financially more 

attractive prospect than the use of space environment for MPS. 

Material Processing in Space 

That space with its unique environment could open new dimensions in the 

material sciences was recognized as long ago as the late 1960s when, in 

an attempt to learn how to use the microgravity environment effectively, 

several simple demonstration experiments were performed on the last few 

Apollo missions. Later, the experiments carried aboard Skylab, Apollo 

Soyuz, and Space Processing Applications Rockets (SPAR) provided an 

insight into the behavior of materials in freefall.(4) 

Many plans were formulated, studies pursued, and experiments performed 

to explore MPS opportunities that might eventually be developed into 

"space-industry" operations. (5) These ef;orts have not yet reached 

maturity. In large part this abeyance is due to the lack of agreement 

about the direction and scope of the civilian space effort since the 

conclusion of the Apollo program. This lack of direction persists 

today, and as yet the U.S. has not formulated a policy to guide future 

space program activities. The U.S. space efforts have been 

characterized by changing plans and program directions, abandoned 

initiatives, and sudden shifts in emphasis that are responsive to 

perceived changes in policies and administrative and Congressional 

budget actions. Because these politically-motivated changes have 

occured in much shorter periods than the time needed to bring a major 

space program initiative such as MPS to fruition, the commitment to 

these programs by the scientific community and by industry, which must 

be enlisted to achieve success, has been attenuated and the 

effectiveness of program execution has suffered. (6) 
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Realizing that its MPS program was not being fully supported either by 

the scientific community or by industry, NASA and the National Academy 

of Science commissioned the Scientific and Technological Aspects of MPS 

<STAMPS) to study and evaluate the U.S. MPS program. The committee was 

critical of the MPS effort up to that time. They expressed the view 

that the approach that had been taken was too empirical and too hopeful 

of early beneficial results. They further noted that many of the Skylab 

experiments were insufficiently conceived and executed, resulting in 

ambiguous data. Recommendations stressed the need for more extensive 

ground-based research to serve as a basis for the evolution and 

assessment of investigations which would lead to a proper understanding 

of the role played by gravity in materials processes. Recourse to the 

weightless environment of space should be based primarily on the 

understanding and need in those specific cases identified from such a 

program. In addition, the first phase of the spaceflight program should 

be a demonstration of the new technology developed in the NASA program 

which should then be transferred to non-NASA entities for their use. 

The second phase, funded primarily by non-NASA users, should consist of 

a National Materials Laboratory in space to open the capabilities to all 

for a reasonable charge. Close. ties between the materials communities 

and NASA were recommended in the form of peer review of all proposals, 

both ground-based and spaceflight, and the periodic peer review of 

policies and plans. NASA's Materials Processing in Space program was 

restructured on the basis of these recommendations, beginning with the 

earliest deliberations of the STAMPS Committee. An advisory committee 

was formed to provide guidance in future program planning and policy 

making consistent with the STAMPS Committee recommendations.(7) 

Presently, NASA is proceeding cautiously with MPS. It knows that 

advances in fundamental knowledge are often stimulated by improvements 

in the ability to subdivide a complex system into individual components 

for study. Consequently, its first task has been to develop a thorough 

understanding and to determine, through a series of carefully chosen 
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experiments, the important phenomena controlling microgravity processes, 

or the advantages to be gained by processing materials in space. 

Table-l gives a chronology of major mileStones in ~~S in relation 

to the U.S. space program. 

Western Europe followed the U.S. lead into space. With spectacular, 

manned space missions preempted by the U.S. and U.S.S.R., European plans 

and programs have placed more emphasis on long-term economic benefits. 

In the area of MPS, the Europeans have mounted endeavours exhibiting 

more program continuity and sense of purpose than the U.S. effort. 

According to a 19S0 Government Accounting Office Report, it appears that 

they are also increasing the scale of their MPS activities relative to 

the U.s. efforts.(S) 

MPS Funding 

The yearly and cumulative funding for the U.S. MPS program is shown in 

Figure-l. The extrapolation of funding levels to FY 1986 is based on 

the NASA's Office of Science and Technology Application (OSTA) budget 

submission of 1981 shown in Table-2. 

NASA expenditures have increased in the last several years in preparation 

for the STS era of the 1980s. However, most of these increases have been 

used for STS development, while resources allocated to materials research 

are still modest. The fiscal 1982 budget for materials science 

research is $23.'6 million. These funds must support not only research 

on the ground and in orbit but also the development of research 

facilities and experimental hardware. (Funds are not available for 

mission-related costs of integration, launch, and operation.) 

The budgetary plan, shown i~ Table-2 is considered by NASA to be the 

minimum required for an effective materials science program. It is 

reduced from previous requests which were based upon significantly higher 

funds to develop and demonstrate new processes. It supports a 
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TABLE 1 

CHRONOLOGY OF SELECTED MILESTONES IN THE 

SPACE PROGRAM AND MATERIALS PROCESSING IN SPACE 

Space Program 

1957 - October 7: U.S.S.R. launches 
Sputnik 1, world's first arti
ficial satellite 

1958 - July: National Aer~nautics and 
Space Act signed 

- December: Project Mercury -
first U.S. manned space flight 
program 

1961 - April 12: U.S.S.R. places the 
first human in orbit (Yuri 
Gagarin) and returns him safely 
to Earth 

May 5: first American (Alan 
Shepard) makes success·ful sub
orbital flight 

May 25: President announces 
the U.S. goal of placing a 
man on the moon by the end of 
the decade 

- December: United Nations Treaty 
governing space activities 
signed 

1962 - February 20: first American 
(John H. Glenn, Jr.) to orbit 
the Earth 

1965 - March: Project Gemini flights 
begin -- Project achievements 
will include: 

• flying in "shirt sleeve" 
environment 

• first space rendezvous be
tween spacecraft 
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TABLE 1 

CHRONOLOGY OF SELECTED MILESTONES IN THE 

SPACE PROGRAM AND MATERIALS PROCESSING IN SPACE 

(Cont'd) 

Space Program 

• first extravehicular activity 
• first docking of one space 

vehicle with another 

1966 - Personnel from NASA Marshall 
Space Flight Center visit manu
facturing companies to determine 
industrial interest in space 
applications 

1968 - October: beginning of Apollo 
program 

1969 - July 16-24: U.S. launches 
Apollo II, first mission to 
land humans on the~oon: Neil 
A. Armstrong; Edwin E. Aldrin, 
Jr.; and Michael Collins 

August: The Space Task Report 
issued, recommending major new 
space initiatives--including 
the development of a reusable 
space shuttle 

1970 - March: President Nixon pre
sents space message i.ndicat
ing limited space program in 
future 

1972 - January: President Nixon 
authorizes development of 
the spac~ shuttle 

Materials Processing in Space 

1969 - NASA initiates first 
formal space processing 
program "Materials Science 
and Manufacturing in Space." 

1971 - Jan.-February: Apollo 14: 
three "demonstration" MPS 
experiments performed in 
heat flow and convection, 
electrophoretic separation, 
and composite costing 

1972 - April: Apollo 16: one MPS 
experiment performed in 
electrophoresis 
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TABLE 1 

CHRONOLOGY OF SELECTED MILESTONES IN THE 

SPACE PROGRAM AND MATERIALS PROCESSING IN SPACE 

(Cont'd) 

Space Program 

- December 7-19: Apollo 17, last 
flight in the Apollo program 

1973 - May 25: First Skylab crew 
launched: Charles Conrad, Jr. 
(Commander); Joseph P. Kerwin 
(Science Pilot); and Paul J. 
W~itz (Pilot) 

- July 28: Second Skylab crew 
launched: Alan L. Bean (Com
mander); Owen K. Garriott 
(Science Pilot); Jack R. 
Lousma (Pilot) 

- November 16: Third Skylab 
crew launched: Gerald M. 
Carr (Commander); Edward G. 
Gibson (Science Pilot); 
William R. Pogue (Pilot) 

1974 February 8: Third crew 
closes down Skylab and re
turns to Earth 

1975 - July 15: U.S./U.S.S.R. 
Apollo-Soyuz is lauched 

1977 - September 19: Soviets 
launch Salyut 6 space 
station (manned for 676 
days) 

Materials Processing in Space 

- December: Apollo 17: one MPS 
experiment performed in heat 
flow and convection 

1973 - First Sky lab crew perform 
material processing experi
ments 

Second Sky lab crew perform 
11 material pr~cessing ex
periments 

August: European Space 
Agency contracts with NASA 
to build Space lab for use 
with the shuttle 

1974 - Third Skylab crew performs 
five MPS ·experiments (Skylab 
provided 160 hours of MPS 
experiments) 

1975 - Apollo Soyuz provided 125 
hours of microgravity process
ing (12 experiments) 

- December: First SPAR flight 
with MPS experiments 

1977 - STAMPS Committee Report evalu
ting U.S. MPS activities 

- November: NASA starts com
mercial materials processing 
in space program 
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TABLE 1 

CHRONOLOGY OF SELECTED MILESTONES IN THE . 

SPACE PROGRAM AND MATERIALS PROCESSING IN SPACE 

(Cont'd) 

Space Program Materials Processing in Space 

1979 - August 14: NASA publishes 
"Guidelines Regarding Joint 
Endeavors with U.S. Domestic 
Concerns in Materials Process
ing in Space" in Federal 
Regi~ 

- August 28: Joint Endeavor 
Guidelines announced in 
Commerce Business Daily 

1980 - Engineering model of Spacelab 
delivered to Kennedy Space 
Center 

,~ January 25: First Joint En
deavor signed between NASA 
and McDonnell Douglas Astro
nautics Company (teamed with 
Ortho Pharmaceutical Division 
of Johnson & Johnson Co.) to 
develop biochemical separation 
equipment 

- May 19: First Industrial Guest 
Investigator, TRW, Signed 
with .NASA 

1981 - April 12: First launch of 1981 -
the space shuttle, Columbia 
(STS-l). John W. Young (Com
mander), Robert L. Crippin 
(Pilot) 

June 19: Ariane (L03) suc
cessfully launched by the 
European Space Agency 

June 29: First Technical Ex
change Agreement signed with 
John Deere Co. Second and 
Third Technical Exchanges 
signed with DuPont and Inter
national Nickel 
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TABLE 1 

CHRONOLOGY OF SELECTED MILESTONES IN THE 

SPACE PROGRAM AND MATERIALS PROCESSING IN SPACE 

Space Program 

(Cont'd) 

Materials Processing in Space 

1982 - January 20: Second Joint 
Endeavor signed wi th GTl', 
development of small metal
lurgical furnace f or use . 
in space processing of sample 
materials 

March: Two MPS experiments 
carried on Mission 3 of shut
tle. Monodisperse latex 
spheres (NASA Marshall Space 
Flight Center) and Electro
phoresis system tests (Mc~ 
Donnell Douglas) 

July! Monodiperse latex 
spheres reflown on mission 4 
of shuttle. Demonstration 
successful. 
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FIGURE 1 

ANNUAL U.s. BUDGET FOR MPS 
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'TABLE 2 

NASA'S CURRENT FUNDING PLAN FOR MPS 

FY81 FY82 FY83 

ADVANCED RESEARCH ACTIVITY 9.9 14.0 15.3 
PAYLOAD DEVELOPMENT 7.5 9.0 8.7 
EXPERIMENT OPTIONS 1.3 4.7 17.6 
SPACE MATERIALS SYSTEMS 

MPSTOTAL 18.7 27.7 (requested) 41.6 (requested) 

23.8 (actual) 23.6 (actual) 

SOURCE: NASA 
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FY84 FY85 FY86 

15.3 23.3 23.3 
8.2 4.6 15.0 

25.8 36.0 33.7 
6.0 6.0 6.0 

55.2 69.9 78.0 
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a subcritical number of investigators and flight experimenters listed 

in Table-3. The payloads currently being developed on this budget are 

the Monodisperse Latex Reactor (MLR), Fluid Experiment System (FES), 

Vapor Crystal Growth (VCG) system, and in addition, the participating 

electrophoresis experiment. The Solidification Experiments System (SES) , 

was recently eiiminated. The program could be expanded to provide 

experimental facilities for a larger in number of investigators based 

on the planned expansion in budgetary resources. 
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TABLE 3 

CURRENT INVESTIGATORS IN MPS 

Discipline 

Crystal Growth & Solidification 
Containerless 
Chemical & Biological 

Total 

Source: NASA 
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RATIONALE FOR MATERIALS PROCESSING IN SPACE 

A. SCIENTIFIC FOUNDATIONS 

The absence 6f gravity in orbit and its effects on the science and 
technology of materials processing are the bases for expectations that 
unique or improved products could be produced in the space environment. 
Other aspects of the space environment such as temperature, ambient 
vacuum, or radiation either have no significant effects on materials 
processing or their effects can be duplicated on earth. 

The role of a low-gravity environment in materials science and 
technology was considered by the National Academy of Sciences Committee 
on Scientific and Technological Aspects of Material Processing in Space 
(the "STAMPS" Committee) in the 1978 report Materials Processing in 
Space. In this report, the Committee noted that the influence of gravity 
in most phenomena is well known. Gravity is, with rare exceptions, an 
insignificant force at the atomic and molecular levels. At the molecular 
level, only those phenomena associated with critical points, partic
ularly tn fluids, are likely to be altered detectab1y by a sustained 
low-gravity environment. As a consequence, no "breakthroughs" from the 
discovery of new physical phenomena are expected from spaced-based 
research. Instead, it will be the exploitation of the already we11-
known consequences of low-gravity on phenomena occurring in continuums 
of solids, liquids and gases which will result in economically signifi
cant innovative products from materials processing in space. 

The STAMPS Committee report summarized the possibilities offered by a 
sustained low-gravity environment in statements carefully constructed to 
reference their scientific basis. The Committee summary, as supple
mented by subsequent discussions, presents the following possibilities. 

Reducing or practically eliminating buoyancy-driven natural convection 
for substantial periods of time. There are many technologically 
important, scientifically challenging processes which are so complex 
that the effects of buoyancy are obscured or cannot be controlled in
dependently of other phenomena. Mathematical modeling of these processes 
would involve numerous simplifying approximations that would have to be 
experimentally tested. In those areas especially, where natural convection 
is believed to be deleterious, experiments conducted in low gravity 
might make a process more understandable and stimulate Earth-based 
materials developments. Space experiments may reveal other convection 
phenomena that ordinarily are masked by natural convection. The 
possibility of obtaining a product having uniquely useful properties 
is an incentive for performing such experiments. 
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Levitating and isolating larger samples for containerless processing. 
It is advantageous or necessary to isolate a liquid sample from container 
walls for a number of property measurements and basic processes. There 
are practical limits on sample sizes that can be levitated on earth. 
Furthermore, levitation is accompanied by convection. Low gravity has 
the potential advantage of allowing levitation of larger samples. This 
advantage may be partly offset by problems of positioning and manipulating 
the sample in a fluctuating background gravitational field and, if'acoustic 
positioning is used, of contending with a surrounding gas. In a 
modified form of containerless processing, the size and shape limita
tions of partially supported liquid volumes, as in a floating 
zone crystal growth process, can be relaxed. The possibility exists of 
producing materials having unique properties by containerless processing 
in space. 

Reducing or practically eliminating the gravity induced se~aration of 
mixtures consisting of materials having different densities. 
These effects extend to the avoidance of sedimentation of relatively 
denser particles or layers and to the buoyant rise of less dense particles 
or layers, and may be useful for scientific or technological purposes. 

Using containment structures that would not survive on earth. 
Thin skins of a higher melting point material may be applied to act as a 
mold for a material to be processed at temperatures which melt or soften 
it. The lack of structural weight and hydrostatic pressure allows the 
fragile mold to retain its shape. 

Testing experimentally the basic assumptions necessary in theoretical 
models of systems in which complicated patterns of fluid density 
variation are inherent. 
~ are fundamental physical processes, solidification and combustion, 
that couple transformation and transport phenomena and unavoidably gen
erate both density gradients and density-gradient-driven convection. 
Density gradients are complicated in that they never permit totally 
stable stratification against buoyancy-driven natural convection in 
the earth's gravity. Natural convection tends to interfere with planar, 
spherical, or other simple symmetries in those experiments where phy.\,ical 
theories can most incisively be tested and demonstrated. This occurrence 
is important where complex nonlinear phenomena exists and theory predicts 
that a material system may behave in more than one way. In these 
circumstances, careful experiments in low gravity can advance scientific 
understanding. 
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Investigating molecular-level forces in macroscopic systems. 
One example of this possibility is that the low-gravity environment 
provides opportunities to study the van de Waals forces involved in the 
adhesion/cohesion between liquid/solid phases. Since these forces fall 
off rapidly with distance, gravitational forces mask attempts to study 
them in terrestrial experimental systems of macroscopic scale . 

B. COMMERCIAL INTEREST 

MPS technology is designed to exploit the scientifically-basedopport.unities 
described above. For example, in a low-gravity enviroment, the forma-
tion of large-particle-size monodisperse latex spheres of potentially 
commercial value will rely on the absence of sedimentation to keep the 
latex spheres in suspension as they grow from a polymerization process. 
Foamed metal with a uniform entrapment of bubbles could be produced 
because suppressed buoyant forces are large. Defect-free crystals of 
electronic materials with uniform properties could be produced by the 
floating zone process' because density gradient-driven convection in the 
molten zone is absent and there are lesser restrictions on the size and 
shape of crystals. These examples illustrate the possibilities which 
have sparked interest in MPS as a commercial enterprise. Section V 
contains a discussion of other possibilities for MPS. 

There are three potential commercial benefits of MPS: 

2) 

Advances in the science and technology of materials processing 
would benefit terrestrial processing methods. 

The demonstration of products with unique and valuable pro
perties produced in space experiments would provide a powerful 
spur to the development of earth-based, alternative production 
methods. 

3) The production of unique material products in space ultimately 
could lead to a space-based materials processing industry. 

The economic justification for MPS is based on the development of 
marketable products or processes which are derived from any of these 
aspects. The products or processes which 'survive economic evaluation as 
conventionally applied to a new product opportunity will form the basis 
for successful businesses. Materials that will be produced in space in 
tlie near future, would be of low-volume but high-value. Large factories 
or mills producing huge quantities of materials, as is the case on 
Earth, are projected to be constructed in orbit in the more distant 
future when extraterrestrial materials taken either from the moon or 
asteroids may conceivably be mined and processed for use in space appli
cations. 
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CURRENT PROGRAMS IN MPS 

A. THE U.S. PROGRAM 

The goals of the current MPS program were enunciated in their present 
form in 1978 after the evaluation of the STAMPS committee, discussed 
above. The flight opportunity to which the current MPS program has 
been directed is the shuttle and its payload, the joint NASA/ESA or
biting laboratory, Spacelab. 

1. Current Research 

In 1977 NASA issued an Announcement of Opportunity for experiments to 
be flown on Spacelab 3, currently scheduled to fly in September 1984. 
The selected experiments are concentrated in the seven mat'crials pro
cessing areas shown in Table 1. Specific experiments selected for 
shuttle/Spacelab flight are shown in Table 2.(1) Their goals are mostly 
scientific; that is, they concentrate on the identification and under
standing of basic process mechanisms and gravitational influences on 
these mechanisms. The experimental systems that are being prepared to 
accommodate experiments in these areas are listed in Table 3.(2) Three 
to seven years of ground-based research will precede each space experi
ment. The only other Announcement of Opportunity soliciting research 
proje~ts for using the Fluid Experiment System developed for Space lab 
was issued in 1980 and a few ground-based research projects have been 
sponsored since 1977.(3) Accordingly, the U.S. program proceeds on a 
truncated research base. 

2. Spacelab 3 Experiments 

Spacelab 3 will be the first U.s. MPS mission using the shuttle orbiter. 
Its primary objective is the acquisition of science data in low-gravity 
experiments. Space lab 3 consists of a Space lab long module and a 
MUltipurpose Experiment Support Structure (MPESS) (see Figure 1). 
The MPESS, which attaches to the Shuttle cargo bay space will provide a 
mUltipurpose framework that can support a large spectrum of experiment 
hardware. This mission will encompass three discipline areas: Life 
Sciences, Materials Processing, and Environmental Observations. (4) 

Space1ab 3 will fly a variety of MPS experiments. The selection is not 
yet final but some appear certain. This mission will be the first 
flight of the Fluid Experiment System (FES) and the Vapor Crystal Growth 
System (VCGS). The FES will explore solution crystal growth to obtain 
basic data about crystal-growing processes and to produce improved 
crystals by the elimination of convection currents. The FES incorporates 
systems to observe crystal growth, fluid con-centration and temperature 
fields. The FES will use precise control of the crystal, solution, and 
growth chamber temperature to maintain control over the crystal-growth 
process. 
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TABLE 1 

MATERIALS PROCESSING IN SPACE PROGRAM ~ 
CURRENT AREAS OF RESf1ARCH 

• Crystal Growth and Solidification 
-- Solid Solution I R Detectors (HgCdTe, PbSnTe) 
-- VaPor Growth (HgI2 , Alloy Type) 
-- Solution Growth (Growth Environment vs. Morphology) 
-- Float Zone (Marangoni Convection, Radial Segregation, Interfacial Stability) 

• Metallurgical Materials and Processes 
-- Immiscible Alloys 
- Magnetic Composites 
-- Metal Foams 
-- High Growth Rate Solidification 
- Solidification at Extreme Undercooling 

• Composites 
-- Casting of Dispersion Stren~thened Alloys 
-- Solid Electrolytes with Dispersed Alumina 
-- Particle Pushing by Solidification Interfaces 

• Glasses 
-- Glass Fining 
~ Laser Host Glasses 
-- Optical Glasses with Unique Properties 
-- Metal Glasses 

• Chemical Processes 

-- Monodisperse Latexes (Polystyrene Microspheres) 
-- Stability of Foams and Suspensions 
-- Colloidal Interactions 

-- High Temperature Properties of Reactive Materials 
-- Diffusion Controlled Synthesis 

• Separation Sciences 

-- High-Volume, High-Resolution Electrophoresis Cell Separation 
-- Protein Purification by Continuous Flow Isoelectric Focussing 

• Fluid Studies 
-- Non-Buoyancy Driven Convections 
-- Wetting and Spreading Studies 
-- Role of Convection in Processes (Electrokinetic Separation, 

Electroplating, CorrOSion, atc.) 

Source: NASA 
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c. TAB. 42 

EXPERIMENTS SELECTED FOR FLIGHT IN 
·SHUTTLE/SPACELAB 

Growth of Solid 
Solution Crystals 

Semiconductor Materials 
Growth in Low-G Environment 

Vapor Growth of Alloy-Type 
Semiconductor Crystals 

Hgl2 Crystal Growth for 
Nuclear Detectors 

Solution Growth of Crystals 
in LowG 

Aligned Magnetic 
Composites 

Containerless Preparation 
Preparation of Advanced 
Optical Glass 

Liquid Miscibility 
Gap Materials 

, large-Particle Size 
Monodisperse Latexes 

Aggregation of Human Red 
Blood Cells 

Source: NASA 

R. J. Naumann 

R. K. Crouch 

H. Wiedemeier 

W_ F. Schnepple 

R. B. Lal 

D. Larson, R. Pirich 

R. Happe 

S. H. Gelles 

J. W. Vanderhoff 

L. Dintenfass 

:...".~i'.' 

NASA/MSFC 

Electronics Devices 
Res. Brnch-LaRC/NASA 

Rensselaer 
Polytechnic Inst. 

EG&G, Incorporated 

Alabama A&M University 

Grumann Aerospace 
Corporation 

Rockwel! International 

S. H. Gelles Associates 
Columbus, Ohio 

Lehigh University 

University of Sydney 
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Research Discipline 
Operations to Benefit 

from Low Gravity 

Crystal Growth Processes 

• Diffusion Controlled 
Growth Phenomena 

• Vapor Growth 
Phenomena 

• Solution Growth 
Phenomena 

• Epitaxial Growth 
Phenomena 

• Floating Zone 
Growth Phenomena 

Solidification Processes 

• Microsegregation 
Phenomena 

• Macrosegregation 
Phenomena 

• Dispersion 
Phenomena 

TABLE 3 

MPS PROGRAM EVOLUTION 

Experimental Payloads 
Shuttle/Spacelab Payload 

Development 

Fluids Experiment Sys. (0). 
Vapor Crystal Growth Sys. (0) 
Analytical Float Zone Sys. (B) 
Solidification Experiments 

Sys. (0) 

Float Zone Processing Sys. (A) 
Epitaxial Crystal Growth 
Sys.(I) 

High Gradient Furnace (A) 

Solidification Experiments 
Sys. (0) 

Fluids Experiment Sys. (D) 
High Gradient Furnace (A) 

Spacef~ight Modes 
Materials Experiment 

Operation 

Orbiter Middeck 
Spacelab Module 
Spacelab Pallet 
Materials Experiment Assembly 
Materials Experiment Carrier 

(Power System -
Free Flying) 

Orbiter Middeck 
Spacelab Pallet 
Spacelab Module 
Materials Experiment Assembly 
Materials Experiment Carrier 

(Power System -
Free Flying) 

~~~-"'=---.-:":':~ -=-- ---:-'~~~---'" --- -------;..-'-- -II.~~.· .. -.... ~~ ____ .___ .'_.~ __ ' __ ~_ 

Potential Commercial 
Applications 

Infrared Detectors 
Nuclear Detectors 
Solar Cells 
Doped Semiconductor 
Chips 

Dispersed Composites 
Directionally Aligned 

Materials Castings 
Solar Cells 

Eutectic, Peritectic, and 
Multiphase Alloys 

Metal Foams 
Superconductors 
Miscibility Gap Alloys 
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Research Discipline 
Operations to Benefit 

from Low Gravity 

Fluid and Chemical Processes 

• Gravity Driven Convec
tion Phenomena 

• Non-9 Driven Convec
tion Phenomena 

• ,Drop Dynamics 
• Segregation and 

Flocculation Phenomena 
• Sterochemical 

Phenomena 

Biological Separation 
Processes 

• Electrophoresis 
Phenomena 

• Isotachophoresis 
Phenomena 

• Counter Current 
Phenomena 

• Isoelectric Focusing , 
Phenomena 

• Cell Culturing 
Phenomena 

TABLE 3 

MPS PROGRAM EVOLUTION (Cont'd) 

Experimental Payloads 
Shuttle/Spacelab Payload 

Develppment 

Monodispersed Latex Reactor (D) 
Fluids Experiment System (D) 
Polymer Latex Reactor (A) 
Combustion Facility (A) 
Drop Dynamics Module (D) 

'. 

lsoelectric Focusing System (B) 
Electrophoresis System (All) 
Fluids Experiment System (D) 
Bioprocessing System (A) 
Fluids Experiment System (0) 

Spaceflight Modes 
Materials Experiment 

Operation 

Orbiter Middeck 
Spacelab Module 
Materials Experiment Carrier 

(Power System -
Free Flying) 

Orbiter Middeck 
Spacelab Module 
Materials Experiment Carrier 

(Power System -
Free Flying) 

~~_.~ ,_~~~..,.,.":"'t~: ,:~ __ ~~ __ . 

',. -:: ~ l .. :'" '! _ .2.·:=-~::':::~_ 

Potential Commercial 
_ Applications 

Polymers 
Monodisperse Latexes 

Purified Hormones. 
Enzymes. Vaccines 

Purified Products of 
Live Cells: Blood 
Fraction Cell Cultures 

'!/; 

to Produce Immunologic 
Products 
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Research Discipline 
Opentions to Benefit 

from Low Gravity 

Vacuum Processes 

• Vapor DepoSition 
Phenomena 

• Vapor Crystal Growth 
Phenomena 

• Outgassing and Sub
limation Phenomena 

Containerless Processes 

• Nucleation and 
Solidification 
Phenomena 

• Vapor Crystal Growth 
Phenomena 

• Bubble Motion & 
Control Phenomena 

• Mixing and Shaping 
Phenomena 

• Extreme Undercoding 
Phenomena 

TABLE 3 

MPS PROGRAM EVOLUTION (Cont'd) 

Experimental Payloads 
Shuttle/Spacelab Payload 

Development 

Wake Shield Demonstration (A) 
Electromagnetic Containerless 

Processing System (A) 
Space Vacuum Research 

Facility (A) 

Acoustic Containerless Experi
ments System (1-axis) (D) 

Drop Dynamics Module (D) 
Acoustic Containerles!ii Pro

cessing System (3-axis) (B) 
Electromagnetic Containerless 

Processing System (A) 
Electrostatic Container less 
Processi'ng System (A) 

Spaceflight Modes 
Materials Experiment 

Operation 

Spaca Shuttle 
Materials Experiment Carrier 

(Power System -
Free Flying) 

Wake Shield Free Flyer 
(Power System) 

Spacalab Pallet 
Spacelab Module 
Materials Experiment Assembly 
Mat.erials Experiment Carrier 

(Power System -
Free Flying) 

Potential Commercial 
Applications 

Purified Metals 
Vacuum Deposited 
Solar Cells 

High Index of Refraction 
Glass 

Fiber Optics 
Optical Wave Guides 
Laser Host Glass 
Microspheres, Fusion 

Targets 
Bulk Glassy Electro

magnetic Materials 
Ultrapure Metals 
Variable I ndex of 

Refraction G lass Lenses 
Super Alloys 
Superconductors 
Property Measurements 

(High Temperature, 
Reactive Materials) 

• Legend: A - Under Feasibility Study;B - Under Preliminary Design; 0 - Under Design and Development; I - Under Industrial 
Consideration 
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The, Vapor Crystal Growth (VCG) system will be used to grow a large, single crystal of mercuric iodide that is relatively free of mass load strain defects and physical property inhomogeneities. A mass of mercuric iodide source material is affixed to the side of a glass crystal-growth chamber. The chamber contains a seed crystal mounted on a string. The temperatures of the source material, growth cell, and string are adjusted to cause the source material to vaporize and redeposit on the seed crystal. The payload specialist's skill in operating the equipment will be a key factor in the success of both these experiments . 

A Reimbursible flight of another mercuric iodide crystal growth expriment is being sponsored by CNES, the French space agency. 

Another key materials experiment is the Drop Dynamics Module (DDM). The DDM uses acoustic fields to position and excite drops of water and/or silicone oil. Three orthogonal views of the drops are recorded on 16-mm film. The objective of the experiment is to perform tests to validate theoretical piedictions of the behavior of drops in this environment. Information obtained in this experiment could be applied to the processing of small, hollow spheres of near-perfect geometry for laser fusion targets. The DDM occupies a double rack in the pressurized module. (5) . 

3. Low-Gravity Test Facilities 

The facilities for low-gravity experimentation that NASA has available or is planning are shown in Figure 2. 

a. Drop Tower 

Economical simulation techniques, ground-based facilities, including drop tubes and drop towers, have been developed to provide low-cost, functionally flexible and readily available low-g test facilities. The NASA/MSFC operates two drop tubes: one of lOO-foot length and one of 300-foot length. These facilities provide between two and four seconds of low-g time. The 300 foot drop tower employs a free-falling aero-dynamic container within which experiment packages are mounted for zero-g tests. Reference 6 gives a description of these facilities. 

b. Aircraft 

By flying parabolic trajectories, short periods of low gravity can be achieved with aircraft. The NASA/Johnson Space Center KC-135 aircraft has been used for several years to obtain low-g material science data and equipment verification. This aircraft can accommodate a relatively large experiment package which may be either automated or manually operated; the KC-135, low-g operating periods are~ typically, 15 to 30 seconds and are useful for some solidification studies and preliminary experiments in other areas, such as container less processing where the processing times available are sufficient. More recently, the NASA/Dryden Flight Research Center F-l04 aircraft has been used for MPS 
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preliminary experiments. This aircraft accommodates' small, automated 
experiments and can achieve 30 to 60 seconds of microgravity time. 
Reference 7 describes the aircraft low-gravity capability. 

c. Sounding Rockets 

Since 1974, NASA/MSFC has employed sounding rockets calle,d, Space Pro
cessing Application Rocket (SPAR), to provide short-duration (4 to 6 
minutes) flights for investigators to pursue their resear.ch in low
gravity phenomena and to develop concepts and techniques to be used 
later in shuttle flights. 

The low-gravity environment on SPAR has been found to be an excellent 
interim tool for meaningful research in materials science. Although, 
the short duration, limited energy supply, and harsh launch environment, 
including spin-up and spin-down, provides a real challenge for experiment 
design, the sounding rocket program has accommodated a large number of 
experimenters interested in conducting materials research under low
gravity conditions. Many of the theoretical concepts to be validated 
on the shuttle have been screened in tes~s using SPAR. Considerable 
experience has been gained in developing and testing new hardware through 
the SPAR program. One result has been a development of significant 
inventory of off-the-shelf hardware that can be used to conduct longer 
duration experiments which will be flown on a space-available basis 
during shuttle operations. SPAR, as originally planned,was to continue 
to be an important experimental capability in the MPS program for several 
years. However, due to funding limitations, the SPAR program has had a 
2-year hiatus. SPAR 10 is expected to fly January 1983. The current 
NASA five-year plan calls for a SPAR flight every other year. This 
plan, however is subject to future budget reallocations. Reference 8 
give's a more complete description of the SPAR program and facilities. 

d. Space Transportation System (STS) 

The STS (space shuttle) is the primary vehicle for MPS experimentation 
during the decade of the 80's. The STS is a transportation facility 
or carrier providing space environmental capability for several kinds 
of experiment packages for nominal periods of time, initially, five 
days, later extending to as much as 30 days. Experimental facilities to 
be carried on the shuttle include: self-contained packages on the 
Orbiter middeck, The Materials Experiments Assembly (MEA), Spacelab 
module, and Spacelab pallet (Figures 3 through 5, respectively). The 
shuttle is also the means for putting a free flyer into orbit and 
resuppling it. The major advantages that the shuttle/Spacelab offers 
the experimenter are increased volume (0.95m3 , double rack) weight (425 
kg, double rack) and time (up to seven days, subject to timeline restrictions) 
for experiments. It also provides power (an average of approximately 
500W for a single experiment) and offers a shirtsleeve environment for 
Payload Specialists to assist in the test operations. A complete description 
of the capabilities of the shuttle/Spacelab is given in Reference 9. 
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e. Free-Flyer 

Various studies have indicated that to achieve economy of operations 
for MPS will require a free-flying satellite. NASA's MPS Program is 
planning.to develop such a satellite, the Materials Experiment Carrier 
(MEC) (Figure 6). This automatic, unattended free-flyer will provide 
the long duration of 10w-g needed for continuous processing. The shuttle 
can serve as the transportation vehicle to place the free-flyer into 
orbit, to supply it with raw material and to pick up finished products. 
This operation requires te1eoperator manipulation and maneuvering of 
raw material and product packages. Various versions of increasing 
capability have been studied (References 10, 11, and 12). The first 
flight of the minimum version is scheduled for a mission four years after 
initiation of the design study. It is to be supplied power from a 25kW 
power module. Neither the MEC nor the power module have yet been funded. 

4. Results 

MPS experiments have built on an evolutionary development of the facili
ties described in this chapter. Drop tower tests, in spite of the fact 
that their micro gravity environment is only 4 seconds long, proved to be 
of considerable value in the verification of experimental concepts and 
the development of apparatus flolo.llin Skylab. The use of KC-135 aircraft 
flying parabolic (keplerian) trajectories provided order of magnitude 
increase over drop tower microgravity periods. The extended time permitted 
researchers to verify the functioning of several Sky1ab experiments. 
Sounding rockets (SPAR's) further extended the ability to prepare and 
test experiments at a time when manned space flight opportunities were 
not available.. The two major opportunities for actual space experimenta
tion were provided by the Apollo Program and Sky1ab. The Sky1ab experi
ments on solidification and crystal growth in space constituted the 
first extensive demonstration of materials processing in space. However, 
while many·of these experiments gave promising results, their interpreta
tion remained somewhat ambiguous, and the Committee on Scientific and 
Technological Aspects of Materials Processing in Space (STAMPS) concluded 
that they were too hastily conceived and lacked adequate ground based 
precursor experiments and instrumentation. 

NASA has since 1978 adopted the STAMPS Committee's recommendations, and 
to date has had two successful MPS demonstrations on STS3 and STS4: the 
monodisperse1atex spheres and the McDonnell Douglas joint endeavor elec
trophoresis experiment. Still MPS is in its early R&D phase. Near 
zero-g experimentation time has been only a total of 8 hours spread over 
a period of 16 years and approximately 50 experiments. Substantial 
results are, therefore, meager. From the lessons of Sky1ab, NASA has 
embarked on a program requiring careful ground-based scientific research 
prior to space experimentation and working groups of investigators from 
many disciplines and institutions were formed in individual research 
areas to cooperatively attack common problems. The benefits of this 
approach were bearing fruit when funding limitations and corollary changes 
in program plans haveerroded the enthusiasm and commitment of the scientific 
community to the MPS program. 
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5. The Future of MPS 

Limited government funding could have serious adverse effects on U.S. progress in materials science and on the development of a competitive position in MPS. For example, according to NASA and 9thers interviewed in th~ course of the Government Accounting Office study cited previous1y l13): 

A few early commercial applications, such as those being pursued in NASA's joint endeavor programs, are likely to be discovered. While these discoveries are critically needed to demonstrate commercial potential, much basic research in materials science is yet to be funded that would establish a broad scientific base for identifying a wide range of commercial applications. This research begins with extensive preparation, experimenting and testing on the ground, as well as designing, developing, and testing related facilities which will house the experiments in space. 
----Most of this early, basic research must be funded by the Federal Goverment or it may not be funded at all. Due to the high risk, high cost, and lengthy payback periods, private industry cannot commit significant resources. 

Hardware needed for follow-on work planned to begin in 1984, will require.2 to 5 years to develop, test, and integrate into Spacelab. Development which should have begun in 1979 or earlier was deferred and is likely to slow the pace of the materials research program by 1984 and beyond. 

Similarly, experiments which should have been funded already are being delayed. Only 14 U.S. experiments have been selected and funded, of which only 2 have been selected for flight, compared to 39 selected and funded by Europeans to be flown on the first Spacelab. The 14 U.S. experiments were selected in 1977. None have been selected since then. According to NASA officials, many worthwhile experiments cannot be funded, though NASA had planned to select 10 to 15 new experiments each year. 

New investigators cannot be brought into the U.S. materials science program due to limited funding. This lack of 
commitment frustrates many scientists in and out of the Government at a time when they believe more of the country's top scientists are needed in the program. 

Other industrial nations, most notably West Germany, France, Japan, and the Soviet Union, have made substantial commitments to materials science in space. At the current level of U.S. funding, early discoveries, which could lead to significant economic benefits, will most likely be made by other 
countries. 
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Early flight opportunities for materials science experiments 
on Spacelab missions will be occupied predominantly by other 
nations' experiments. Because of low U.S. fundin~, no new 
U. s. experiments can be undertaken and no related -':'lardware 
facilities are being developed with the result that for 
flights beginning in 1985, no U.s. experiments can be scheduled. 
In the meantime, European countries and Japan are proceeding 
with their plans and will likely request Spacelab space for 
additional materials science experiments beginning in 
1985. (14) 

Continued low funding by the U.S. coupled with the higher 
emphasis and commitments by other countries, increases the 
need for specific international ground rules and agreements 
to provide U.s. accessibility to experimental results-~an 
increasingly tenuous possibility as new discoveries with 
economic potential begin to surface and grow in number. 

-------.~- .. ~.~-------
Thus, until specific products and processes are identified, adequate 
funding resources are committed, and legal barriers to private industry 
participation are removed, U.S. progress will be slow. 

Most of the oroblems cited above are perceiverl hy the scientific 
community, b~th here and abroad, as resulting from a lack of clearly 
defined national policies and the commitment to carry them out. 

",,".(u:;e researchers in indus try, acadp.mi;:t, ::ITI(1 Governrnent ··yhc are mos t 
optimistic about U.S. prospects of materials research in space are 
deeply concerned about the growing emphasis and commitment by other 
countries to MPS. The concern is not that other countries are ahead 
now; rather, once the shuttle and Spacelab are operational and u.sed by 
international competitors, their heavy emphasis and commitment could 
lead to technological and economic advantages which may be difficult to 
overcome--being "first to market" with new high technology products and 
processes. 

These concerns, though somewhat overreactive, are not without justi
fication. While the United States still.remains preeminent in space 
activities, its lead has diminished. Whether the United States will 
maintain leadership depends largely upon events during the next 10 years -
whether its position will be strengthened by a vital expansive space 
policy and more substantive financial commitment to assure future econimic 
and technological positions. 

There are a number of options for future U.s. MPS budget, ranging from 
(1) eliminating MPS activities, through (2) the current reduced-level 
MPS program, to (~) an augmented MPS program that will support a realistic 
schedule to explore MPS opportunities. 
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B. EUROPEAN PROGRAM 

The current European Program in MPS involves 11 nations in cooperative agreements within the European Space Agency (ESA). The 11 nations are Belgium, Denmark, France, Ireland, Italy, Netherlands, Spain, Sweden, Switzerland, United Kingdom and West Germany. Austria and Norway are observers. All the member states except Sweden are participating in Spacelab. 

ESA provides the centralized planning and management needed for the enterprise. The member countries have national MPS programs of various magnitudes within which they support the research and development leading to flight experiments, the design and manufacture of flight experiment systems, and the design and manufacture of hardware elements of larger systems such as Spacelab. The Federal Republic of Germany and France have also mounted significant efforts independent of ESA. 

1. ESA 

4. Micro-Gravity Program 

The micro-gravity program of ESA is the counterpart of NASA's MPS program. Starting in 1973, when planning for the Spacelab's initial mission started, a 'micro-gravity program was part of ESA's mandatory scientific program. In a mandatory program all its member states had to contribute to the cost of projects in proportion to their gross national products . 

ESA does not fund experiments. It issues announcements of opportunity of available facilities for Space Experimentation and accepts proposals from institutions within its member states for most effectively using the space facilities that it builds. These proposals are evaluated by the Materials Science Working Group. _The MateriC1:,~s _S,cience Working __ 

F 4 

Group was created in 1976 and was responsible for selecting the 39 European experiments for Space lab 1 from among approximately 130 materials science and technology proposals. A primary requirement for any proposal's acceptance is its ability to demonstrate that it has already been funded by the regular sources of research support in its country. (15) 

Table 4 gives a Space1ab 1 mission Science Summary. As the table shows, there will be 34 MPS experiments performed. Table 5 gives a breakdown of the experiments by Principal Investigators. 

In 1981, ESA decided that its mandatory MPS program was overburdened. When it became apparent that support within ESA for the micro-gravity program was not sufficiently strong, ESA made it optional. In the past year, the agency has been trying to find enough voluntary support to make the program feasible. It recently succeeded by a very close margin. ESA's MPS program was $1.2 million in 1981. In January 1984 ESA announced an approved 4-year "microgravity program" budgeted at $52.4 million.(16) 
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TABLE 4 

SPACELAB 1 MISSION SCIENCE SUMMARY 

NASA ESA 
Discipline Investigations Investigations 

Atmospheric Physics/ 
1 5 

Earth Observations 

Space Plasma Physics 2 4 

Solar Physics/ 
2 4 

Astronomy / Astrophysics 

Material Sciences 1 33 

Life Sciences 7 9 

Totals 13 55 

Source: Sander: AAS-82-103. 
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SPACELAB 1 EXPERIMENTS: MATERIAL SCIENCES AND 
TECHNOLOGY 

Experiment 
No. 

1NT011 

1ESlOO 

1ES332 

1 ES333 

1ES338 

Scientific Object 

Characteristics of Bearing 
Lubricants 

Material Sciences and 
Technology 
(35 Experiments) 

Organic Crystal Growth 

Growth of Manganese 
Carbonate 

Mercury Iodide Growth 

Source: Kappler, AAS-82-102 

Organization 

Shaker Research Corporation 
Ballston Lake, N.Y. (USA) and 
Marshall Space Flight Center, 
Huntsville, Alabama (USA) 

ESA-Contractors 

Technische Universitat 
Kopenhagen (OK) 

Universite Pierre et Marie 
Curie, Paris (F) 

Laboratoire d'Electronique 
et Physique Appliquee, limeil
B,..e'/annes (F) 

Principal Investigator 

Dr. C. H. T. Pan 

Dr. R. L. Gause, 
Ann F. Whitaker 

H. Steimle (DFVLR) 

Prof. J, F. Nielsen 

Prof. A. Authier 

Dr. C. Belouet 

'·:L.~ . ___ .,~ 
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b. Space1ab 

The first major scientific payload on the shuttle will be the European
built Spacelab. In return for building Spacelab, NASA will fly Spacelab 
1 without fee. Space lab 1 is scheduled to be flown in September 1983. 

The Space lab flight will carry six people: the two astronaut-pilots, 
two astronaut "mission specialists," and two scientists, one an American 
and the other a European. The scientists will fly after only a few 
weeks of training for the space flight. They will become the first 
"ordinary people" to go into space. 

Europe began working toward its own orbiting space laboratory in the 
early 1970s after 10 countries pooled their space research resources in 
the European Space Agency. Spacelab was created to complement the U.S. 
STS program. 

Spacelab was inspired by Skylab, the United States' orbiting 
laboratory and space station combination that was visited by three 
astronaut crews in 1973 and 1974, and by the Soviet Union's Soyuz space 
stations. Like the shuttle, ESA planners wanted Space lab to be re
usable. To make it versatile, its designers evolved a modular system of 
building blocks that can be assembled in various configurations according 
to the needs of future commercial, scientific, or military applications. 

Spacelab's keystone is a large, drum-like instrument-packed pressurized 
compartment, 9 feet long and 12 feet in diameter. Ordinarily, two such 
drums would be joined end-to-end to form a large compartment to 
accommodate up to four researchers, who would live in the shuttle's 
forward quarters, enter Space lab through a connecting tunnel, and 
work there in what the engineers and NASA officials describe as a 
"shirt-sleeve" environment. One unit, the core module, will contain 
computers a-ndcontrol system. The second unit, the experiment module, 
will provide additional room for equipment and work space. Spacelab's 
second component is a U-shaped open pallet for experiments that demand 
bulky instruments, like telescopes, or exposure to the vacuum of space. 
A third component, a barrel-shaped container called an "igloo," houses 
computers and other subsystems needed to control instruments mounted 
on pallets. Spacelab's components can be arranged in one of eight 
basic configurations, ranging from a standard version with a pressurized 
manned compartment and two pallets, to a simple manned compartment 
without pallets, or a string of pallets supported by an igloo but without 
the manned compartment. Once carried into orbit in the shuttle's cargo 
bay, Spacelab is to remain there during missions that can last up to a 
week and then return to earth. (17,18) 

Contracts to build Space lab were awarded by ESA according to which 
countries provided the most money. Since Germany paid 53 percent of 
Spacelab's $833 million cost, German companies were the major hardware 
contractors. Besides ERNO, the prime contractor, German companies 
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built Spacelab's power systems and the life-support system. Italy financed 18 percent of the cost. An Italian aerospace company built the module's steel cylinders. France was the third biggest contributor with 10 percent - a French company received contracts for the electronic command system. In all, some 35 contractors and subcontractors were involved in the work. There.were problems in building the orbiting laboratory. Initially, the need for engineers to communicate in a common language, which an Erno spokesman once described as "broken English," slowed work and led to misunderstandings. Also, suppliers failed at times to understand specifications, causing tieups when components had to be re-ordered. 

However, European aerospace manufacturing experts also agreed after the project was well underway that Space lab had enhanced the flow of high technology and expertise between Europe and the United States. For example, when European subcontractors were unable to solve complex software problems, a team of United States experts was called in to assist. ERNO officials said afterward that the cooperation sharply increased software management expertise in Europe. 

The first Spacelab was delivered to Cape Canaveral in November, 1980, several months before Columbia's launch. It was put into service to train personnel and began undergoing tests. A second, operational version was delivered in December, 1981. By the time Columbia W~lS launched, some 600 to 700 organizations had expressed an interest in using Space lab , roughly 60 percent of them interested in materials testing. About 30 percent of these groups were from German industry. In 1980 NASA contracted to purchase a second spacelab, including pressurized module and five instrumentation pallets, for $183.9 million from the prime contractor, ERNO. 
There are currently five dedicated missions planned for the Space lab system before the end of 1985--Spacelabs 1, 2, 3 and 4 and the (reimbursible) German mission 0-1. These missions exercise many of the configurations of the shuttle/Spacelab system (Table 6). All are European except Spacelab 3 which is a U.S. mission. The first two missions, Spacelabs I and 2, have as one of their prime purposes the validation of Spacelab' S' services and environmental standards while the subsequent missions are devoted to science oriented experiments. The Space lab I mission configuration is shown in Figure 7. 

As costs of the slrttle have risen, so has the price of sending Space lab into orbit. Although NASA's pricing policies for shuttle charters are yet to be finished, Erno officials now calculate that each flight will cost about $65 million, necessitating a reduction of planned flights in the later 19805 from two per year to about one every two years, and raising the service and transportation costs of a typical experiment on Space lab to as much as $1 to $2 million, more than any but the very biggest industrial organizations can afford. Without considerable go,'ernment aid, Space lab is in danger of being priced out of business. 
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TABLE 6 

DEDICATED MISSION SUMMARY 

Mission Sl-1 Sl·2 Sl·3 

Configuration One pallet and Three pallets, Special structure 
long module igloo, instrument and long module 

pointing system 

Launch Date September 1983 November 1984 September' 1984 

Number of 
Investigations 

68 11 8 

Discipline 
Areas (Note 1) 

1,2,3,4,5 2,3 1,4,5 

Orbital 
Incli:!ation 51 49.5 51 
(Degrees) 

Orbital 
Altitude (km) 

250 400 310 

Payload 
Mass (kg) 

3500 5000 3800 

1. Atmospheric Physics/Environmental Observations 
2. Space Plasma Physics 
3. Astronomy and Solar Physics 
4. Materials Processing 
5. Life Sciences 

Source: NASA 
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FIGURE 7 SPACELAB 1 PAYLOAD CONFIGURATION· 
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c. Free-Flying Carrier 

To increase the opportunities and capabilities for MPS experimentation, ESA is planning to develop small free-flying experiment carriers. The Free-Flying Retrievable Carrier was recently approved by the member states for deployment in 1986. 

Among the reasons ESA is interested in a retrievable carrier are that the possibilities of micro-gravity experimentation in Space lab are limited by the mission duration, the achievable micro gravity level, the available power, safety requirements for manned systems and, to some extent, by the outgassing of the shuttle-Spacelab system. 

The Retrievable Carrier, is to have an orbital operation duration of several (2-6) months and a power supply of several kW, compared to approximately one week and 1kW for Spacelab. The micro-gravity quality of 10_5g is continuously achievable by the Retrievable Carrier, whereas in Spacelab the micro-gravity environment is often disturbed up to 10-3g by crew movement and Shuttle manoeuvers. Other advantages of the Retrievable Carrier are: potentially lower safety requirements (and associated lower costs) for an unmanned spacecraft which enable toxic products to be used, a cleaner environment, and a better vacuum 1n a 450-km orbit. Balanced against these advantages is the need to substitute robotics and pre-programmed intelligence for human interaction with the experiments. 

The funding levels for the Retrievable Carrier is approximately $210 million for the next 5 years. Germany is expected to pay fQr about half. 

2. Federal Republic of Germany 

The German government has been actively supporting MPS through its Federal Ministry for Research and Technology. There is an understanding that until the first proof-of-concept missions on the shuttle have been evaluated, the risk involved in MPS will require special commitment by the government before industry is able to decide on investment and commercial utilization. Still German industry has actively participated in investigating materials processing in space through investment of their own funds. Man, Inc., is pursuing skin technology in which complex refractory metal alloys used for turbine blades are melted and resolidified in the space environment within an oxide skin. Volkswagen is working on new, immiscible-metal alloy systems. (19 ) 

The West Germans are estimated to have spent $57 
between 1978 and 1980 and $15.4 million in 1981. 
spend $50 million between 1982-1985. Additional 
from non-federal sources. 
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The current program is pursuing space experimentation through the use 
of the shutt1e/Space1ab and sounding rockets. Table 7 provides an 
overview of the evolution of the orbital systems for German materials 
processing activities. 

The first experiments on Space1ab 1 use the German Materials Science 
Double Rack (MSDR). The experiment facilities include: (1) high 
temperature thermostat, (2) mirror heating facility, (3) isothermal 
heating facility, (4) capillarity measurement equipment, (5) cryostat, 
(6) fluid physics module, (7) gradient heating facility, (8) UHV chamber, 
(9) common support equipment. 

The next German MPS mission on Space lab is the D-1 mission. For this 
mission, Germany is chartering the entire capacity of Space lab on a 
single Shuttle flight scheduled for April, 1985. Low-gravity exper
imentation in metal and electronic materials processing, in fluid be
havior, and transport and physical chemistry phenomena are the prime 
objectives. Experiments in the fields of medicine, biology and botanics 
will also be included. (20 ) 

The configuration of Space1ab in the D-1 mission is the Space1ab 10ng
module with a payload complement in the cargo-bay of the shuttle. This 
payload complement may be accommodated either on a standard Space lab 
pallet or on a Shuttle Pallet Satellite or Carrier. The latter (to be 
decribed) would permit experiments to be conducted independently of 
disturbing accelerations of shuttle and Space lab during a free flying 
phase of the SPAS carrier. Investigations of the feasibility of this 
concept are still in progress, but the scientific community and the 
program management are strongly requesting this extension of the sci
entific capabilities of improved microgravity. 

The payload elements which will be flown on the D-1 Mission and op
erated in the Space lab Module are: 

the Material Science Double Rack (MSDR) 

the MEDEA laboratory for metallurgy and crystal growth exper
iments 

the Process Chamber for research activities in the area of 
fluid physics 

the ESA Biorack and 

the ESA Vestibular Sled. 

In addition, a payload support structure in the cargo bay will carry 
such payload packages as: 

NAVEX: a communication and navigation experiment, and 
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TABLE 7 

EVOLUTION OF ORBITAL SYSTEMS AND 
GERfJ:AN MATERIAL PROCESSING ACTIVITIES 

1. 1 
Permanent Platf 'arms 
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the NASA MEA - Payload (Material Experiments Assembly) 

The cost of the D-l mission is estimated to be $65 million. 

To accommodate simple, self-contained materials processing experiments, 
West Germany has the Material-wissenschaftliche Autonome Experimente 
unter Schwerelosigkeit orMAUS program. It provides economical oppor
tunities for materials science experiments to be performed under micro
gravity in shuttle flights. The experiments packages and experiments 
are designed to be compatible with NASA's "Getaway Special" program. 
Under the MAUS program, twenty-five of these "Getaway Specials" have 
been purchased to date by German companies and government agencies. 

The instrumentation of the autonomous MAUS payloads is contained in a 
cylindrical contain~r which is identical with the NASA "Getaway Special" 
containers. The package provides the necessary resources for mea
surement and control of the experiment. The MAUS support modules are 
under development. 

Another planned use for the MAUS modules is in the SPAS 01 mission of 
Messerschnitt-Bolkow-Blohm, Gmbh (MBB). SPAS 01 is designed to carry 
three MAUS modules. Its U.S. counterpart is the Materials Experiments 
Assembly. The MBB-Project SPAS-Ol (Shuttle Pallet Satellite) is cur
rently scheduled to be launched on Shuttle flight No. 7 in April 1983. 
Two mission phases are foreseen: in the first phase (one day) the 
payload is operated in the Shuttle Orbiter cargo bay. In the second 
phase (two days) SPAS-Ol is deploy~d as a free-flying satellite and 
used for testing various approach and retrieval maneuvers. A planned 
cooperative flight of a NASA/German payload MEA/MAUS will provide 
another flight opportunity for three MAUS modules, and finally, some 
MAUS modules will be accommodated in the D-l payload. 

Germany also has an ongoing sounding rocket program, Technologie 
Experimente Unter Schwerelosigkeit (TEXUS) carried out in cooper
ation with Sweden. TEXUS provides a limited low gravity experiment 
capa.bility similar to the U.S. SPAR program. Figure 8 illustrates 
the TEXUS payload concept. 

3. France 

The French program includes experiments on Spacelab-l in crystal growth 
and fluid physics with some follow-on planned for Spacelab-3. French 
crystal growth and solidification experiments also flew on Salyut-6, 
the NASA sounding rocket program, and are planned for future NASA missions 
as mentioned previously. In general, the French effort is smaller 
and more scientifically oriented than the German activities. There 
is as yet little French industrial involvement in MPS for reasons similar 
to those expressed by U.S. industry. 

Estimates are that France has spent $1-2 million on MPS to date and 
plans to spend about $2 million between 1982-1983. 
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SET-UP OF THE 
PA YLOAD TEXUS 

Payload Length: 

4.5m 

Payload Weight: 

360 kg 

Maximum Altitude: 

270km 

Micro-g Time: 

360 s 

Micro-g Quality: 
10.4 9 

Range: 

Esrange 

Recovery: 

Parachute 

Source: Gieger: AAS-82-105. 
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FIGURE 8 CONCEPT OF THE TEXUS PAYLOAD 
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The French Centre National d'Etudes Spatiales (CNES) is currently.studying 
an unmanned space station named Solaris,which could be available in the 
1990's. Among its many purposes, the Solaris would determine if there 
could be an automated solution for industrial materials processing 
in space. Plans are that the Solaris would be able to handle materials 
weighing up to two tons in· its oven. Solaris would be orbited by an 
Ariane-4 launcher, operating for a lifetime' of up to 15 years. Feedstock 
would be transported to the station by Ariane-1aunched unmanned spacecraft. 
Modules containing processed materials would be returned to Earth from 
Solaris via unpowered reentry vehicles. It is estimated that Solaris would 
cost $175.4 million. This cost would make it too expensive for France 
to undertake solely as a national program. The possibility of a joint 
European effort is currently being discussed. (21,22) 

4. Other Countries 

Other European countries with interests in ~PS are Italy, Spain, Great 
Britain, Denmark, Sweden and Norway. The experiments f=orn these coun
~riec center around basic fluid dynamics experiments in the fluid phy
sics module (Spacelab-l) and small scale demonstration experiments ir. 
crystal growth and solidification. Interest at this time is academic 
in nature, with the development of scientific knowledge as the main 
goal. 

Great Britain's history with MPS is particulary interesting. After 
enthusiastic support, the British have all but opted out of ESA's 
microgravity program on board the manned Spacelab. Originally the De
partment of Industry paid for Britain's share of the cost of Spacelab. 
However, today, officials in the department view the "profits" from 
microgravity research as long- term, making MPS "science" rather than 
"technology" and therefor;-~'-matter for the"" nati~nal research councils. 
Accordingly, the Department of Industry is no longer funding MPS re
search, l.eaving it to the research councils to decide how much they 
want to contribute to ESA's microgravity program. The Science and 
Engineering Research Council (SERC) and the Me.dical Research Council 
decided to give only 1.3 percent in 1982 to ESA's microgravity program. 
The Science and Engineering Research Council and the Department of In
dustry paid for the preparation of zero gravity experiments for Space
lab 1. The SERC also paid Britain's contribution to ESA's mandatory 
scientific program, which included projects for equipment for life 
science experiments in microgravity. Britain plans no further MPS,ex
periments after tho$e to be carried out on board Spacelab 1.<23,24) 

C. SOVIET PROGRAM 

The Soviets have been fly1.ng space experiments routinely on the Salyut-
6 laboratory since the summer of 1978. During an initial l4-week 
period, about 40 different materials were prepared and returned to 
Earth for analysis. These specimens were processed in two furnace 
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systems, SPLAV-Ol and Kristall, which were designed to a standard set of requirements common to existing'terrestrial furnaces. Subsequently, some 20 to 30 additional specimens have been processed, some for Soviet block countries and France. 
o 

In all the Soviets claim to have performed 1,600 exper~ments and brought back 300 materials processing samples since 1977. (25) About a dozen of these materials have been reported 'in the open scientific literature and have included semiconductor crystals, amorphous chalcogenides, oxide glasses, and metal alloys. Most space processing research is carried out at the Space Processing Institute in Moscow where about 300 workers plan, implement, and analyze space experiments. The current Soviet leader of the space processing program is Dr. Validium Il'yushin, a world renowned materials scientist. 

The Soviets- place great importance on MPS. They perceive it as a way to overtake the Western nations in technological and industrial areas. Estimates are that the Soviet MPS program receives 3 to 4 times more funding than the U.S. MPS program. 

The avowed goals of the Soviet space program include the building of a space platform and the development of a shuttle-type winged reusable manned spacecraft to access it. The implications on MPS of such a development could be very significant and inspire international competition motivated by economic considerations. 

D. JAPANESE PROGRAM 

The Japanese view MPS as a very promiSing means of insuring a competitive position in 10-15 years, but not as something with a "near-term" payback. MPS is part of their l5-year space development poli~y, however they have as yet no definite MPS program. Indications are that when an MPS program is put in place, it will be modeled on NASA's in its attempt to involve private industry in space commercialization. 

MPS in Japan falls under the auspices of NASDA: the National Space Development Agency, which is the principal SPace agency involved in civilian applications and test programs and which launches development and tracking facilities. The Japanese plan MPS experiments in both the shuttle and the TT-SOO-A. 

TheTT··500-A is a small, two-stage suborbital rocket with recoverable payload sections. It provides approximately 7 minutes of microgravity (under lO-4G), comparable to the U.S. SPAR and German TEXUS. NASDA is planning two TT-500-A flights per year. An early launch in 1981 carried a metallic compound processing experiment, while an August flight evaluated semiconductor processing techniques.L~~) 

NASDA anticipates funding annual missions with Spacelab, inaugurating its use with a first material processing test (FMPT) in fiscal year 1985. 
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The EMFT will use half or one-third of the available space in the shuttle 
carried space1ab. A Japanese payload specialist will join shuttle crews 
to conduct the FMPT and later shuttle-based experiments. NASDA has 
request~~$5.1 million for fiscal 1983 for its shuttle experiment prepara
tion. (a<.V 

Japanese industry, under the auspices of the Ministry of Trade and 
Industry is currently evaluating promising products through exploitation 
of the space environment. Once these products have been identified, 
either through Japan's own efforts or through a close observation of 
other countries' results, Japanese industry is expected to make invest
ment in areas it considers promising, in keeping with Japan's practice 
of long-term development. The current symbiotic relationship between 
the Japanese government and industry make Japan a promising candidate 
for MPS leadership in the future. 
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INDUSTRIAL PARTICIPATION 

Social and economic benefits which may accrue from the emerging technology of MPS will result from application of the technology to marketplace needs. NASA can make significant contributions to the development of the technology base for MPS. However, NASA has no direct involvement in the processing of materials for commercial markets. Thus, to ensure that the technology base which NASA develops is useful, close coordination between NASA and prospective users of the technology will be needed. To foster effective working relationships with prospective users, the Commercial Applications Office, MPS Projects Office, at the NASA/Marshall Space Flight Center, was created to work exclusively with commercial interests. The project office is a liaison between NASA and the commercial community, serving as a source of information and assistance for prospective users, .as well as a focal point for commercial interests and a channel by which industry views can be communicated to NASA. The project office works to clarify NASA's policies regarding commercial rights in intellectual property, liabilities, equipment-leasing, and pricing. Through this effort NASA expects to provide a simpler interface w.ith industry and to develop a better understanding of the incentives needed to elicit industry initiatives and inventiveness to ;ttilize MPS technology. 0,2) 

A. INCENTIVES FOR CO~~ERCIALIZATION 

To accelerate technological innovation based on MPS technology and to provide incentives for commercialization, NASA has initiated a program in which it will share the costs and risks of early investigations and projects in the field of MPS with industry as discussed in the "Guidelines Regarding Joint Endeavors with Domestic Con~erns" published in the "Federal Register," August 14, 1979, pages 47650 and 47651. 

1. Risk Sharing and Incentives 

In these joint endeavors NASA and qualified industrial organizations enter into "constructive partnerships" as equals who have sufficient motivation toward common objectives to make independent commitments and to share in the costs, risks and benefits. Activities are selected across the spectrum of MPS to demonstrate that the low-g environment is a valuable tool for isolating and characterizing gravitational effects on ground-based material processes, or for actually producing unique materials in space for commercial application. Since market incentives are presently inadequate to bring about technological innovation based on low-g technology, under its joint activities program, NASA can provide certain tangible incentives such as: (1) providing flight time on the STS on appropriate terms and conditions, (2) providing technical advice, consultation, data: and ~se of facilities and equipment, and (3) entering into joint research and development programs where each party funds its own participation. Joint activities may range [rom exchanges iJf technical information and collaboration on lowg groundbased and flight experiments to joint projects (Joint Endeavors) to develop a marketable product. 
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2. Terms and Conditions 

As stated in the NASA'iGuidelines" the terms and conditions of joint efforts are negotiable, including such factors as the industrial organization's right to proprietary data and/or patent ownership, provisions for a form of exclusivity in special cases, and recoupement of NASA's contribution under appropriate circumstances. Until such time as nor-mal market incentives provide a competitive and self-sustaining condition in the industry for materials processing in low-g technology, the incentives and negotiability of terms and conditions will be used as a stimulus to encourage the more technologically advanced, entrepreneurially inclined industrial organizations to pur.sue applications of low-g technology. 

j. Form of Contract 

Because NASA wishes to encourage industry in early commercialization efforts and the regulations for Government procurements are not generally compatible with an entrepreneur.ial endeavor, NASA does not anticipate sponsorship of commercial ization work through procurement type c;:.ontrac ts. Rather, NASA is pioneering a concept of negotiating an agreement for joint investigations and joint projects with industry on a case-by-case basis. Thus, the agreement can be tailored to the specific needs of an industrial organization for the specific investigation or project. 

B. NASA/INDUSTRY WORKING RELATIONSHIP· 

NASA has developed three basic levels of working relationships with industrial organizations. These provide the flexibility needed to meet the wide range of needs encompassed by large organizations with strong research departments to small entrepreneurial fir~s that want to develop a product for the market. They also provide for incremental increases in understanding and commitment by the parties. In all cases, the Government does not fund any of the work done by an organization, but rather each party funds its own activities separately. 

1. Technical Exchanges 

For ar~anizatiuu~ interested in the application of low-g technology, but not ready to commit to a specific space flight experiment or venture, a Tec~nical ExchanGe Agreement (TEA) has been developed. Under a TEA, NASA and an organization agree to exchange technical information and to cooperate in ongoing ground-based research and analyses. In this way. an arg:mi;:atiun can a~com~ i"amiiiar with microgravity technology and its ~prlicability to market needs at minimal expense. Under the TEA, the industrial organization funds its own participation, and derives direct access to and results from NASA facilities and research, while NASA gains the support and expertise of the industrial research capability. The first TEA was signed in June of 1981 with Deere and Company, Moline, Illinois, for work on the effects of gravity on solidification mech-
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anisms and cast iron 
actively considering 
manufacturer and a 

alloys. Approximately fifteen other companies are 
TEA's, inclu'ding a metal producer, an equipment 

chemical company. (3.4) 

2. Industrial Guest Investigators 

Another joint activity is the Industrial Guest Investigator (IGI). The IGI arrangement is applicable to sit~ations where NASA and an industrial organization share sufficient scientific interest such that the organization appoints one of its scientists to collaborate, at its own expense, with a NASA-sponsored Principal Investigator on a space flight experiment. Once the parties agree to the contribution to be made to the objectives of the experiment, the IGI becomes a member of the investigation team, thus adding industrial expertise and insight to the experiment. The first IGI agreement was signed in May of 1980 with TRW Equipment Division in Cleveland, Ohio, for work on solidification experiments. 

3. Joint Endeavors 

Joint Endeavors provide a mechanism for NASA to share in the cost and risk of early space projects. The first Joint Endeavor Agreement between NASA and McDonnell Douglas Astronautics Company was signed in January 1986, and illustrates the key features of the third type of working relationship. McDonnell Douglas will use the shuttle to develop and demonstrate the technology of continuous flow electrophoresis under low-gravity conditions and to ascertain the applicability of that technology to the production of pharmaceutical products. The agreement requires a substantial investment by McDonnell Douglas and its associates in each of three phases: (I) feasibility studies and planning, (2) flight experime'ntation and technology development, and (3) applications demonstrations. In return for McDonnell Douglas' promise to make results of the work available to the U.S. public on reasonable terms and conditions, NASA agrees to refrain from entering into similar joint endeavors or international cooperative agreements directly related to the development of commercial devices and processes which would compete with those resulting from the McDonnell Douglas endeavor. However, NASA is not precluded from selling flight time on the shuttle to any other organization wanting to conduct the same or similar experiments. Significantly, NASA will not acquire rights in inventions made by McDonnell Douglas or its associates in the course of the joint endeavor unless McDonnell Douglas fails to exploit the inventions or terminates the agreement, or unless the NASA Administrator determines that an emergency exists. Additional joint endeavors are being pursued. For example, detailed discussions have been held with a small business firm regarding electroepitaxial growth of semiconductor crystals. Agreements with small business concerns require attention to means for minimizing financial risk and controlling negative cash flow. Joint Endeavor Agreements offer significant prospects for commercial exploitation of MPS technology. 
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4. Current NASA/Industry Experiments 

NASA has initiated discussions with key people in over 150 industrial 
organizations both large and small, and as a result several important 
MPS industrial research tasks are underway. Private companies do not 
publicly announce their interests and they usually request anonymity in 
their initial working relationships with NASA. However, the following 
agreements have been publicly discussed; 

• 

• 

• 

• 

A TEA has been arranged with Deere and Company in the field of 
solidification of metals; 

An IGI was formally appointed in May 1980 by TRW Equipment 
Division in Cleveland, Ohio, in the discipline of directional 
solidification; and 

A JEA was signed in January 1980, with McDonnell Douglas 
Astronautics Company (MDAC). developer of the biochemical 
separation equipment, who is teamed with Or tho Pharmaceutical 
Division of the Johnson and Johnson company. The equipment is 
being evaluated for isolation Qf materials such as hemophilic 
factor VIII for hemophilia, beta cells for diabetes, alpha
antitrypsin for emphysema, epidermal growth factor for healing 
burns, growth hormone for stress ulcers immunoglobulins for 
hepatitis, summatomedin for meat production, transfer factor 
for melanoma, and urokinase for blood clotting. This intial 
endeavor has been the subject of testimony to Congressional 
Committees in both the U.S. House and Senate. 

A ~EA was signed with GTI Corp. on January 1, 1982. Under 
th1s agreement NASA will fly a multiple micro-experiment flight 
package (MMFP) to be developed for GTI by a third party. The 
MMFP will be a furnace with mUltiple subenclosures designed to 
perform and control several seperate experiments in solidi
fication. GTI's role will be to serve as a broker between 
NASA and potential invest~rs, customers, inventors, and 
hardware manufacturers.(J,6) 
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Other offers of coop~rative agreements Ln various stnges of discussion 
include: 

• 

• 

• 

• 

A TEA with a major metallurgical supplier on electrodeposition 
of materials, 

A TEA with a university research institute and a pharmaceutical 
company ~o evaluate purification of proteins in a new device, 

A TEA with a major electrical equipment supplier on dispersions 
of immiscible materials, 

A TEA with a nonprofit research institute to grow a biological 
material to assist in the repair of human tissue, 

• A TEA with a new high technology oriented small business to 
develop semiconductors, and 

• A TEA with a small materials research business to provide 
research samples to industry. 
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MPS TECHNOLOGY 

A. POTENTIAL BENEFITS 

Materials processing technology will benefit from the utilization of 
space in three important areas: 1) the development of scientific under
standing of phenomena involved in materials processing, 2) the pro
duction of sample materials in space that have special properties which 
will stimulate their manufacture on Earth, and 3) the manufacture of 
materials by processes which utilize the low gravity of the space en
vironment to unique commercial advantage. MPS activities to date in the 
U.S. and Europe have emphasized experimentation to develop greater 
scientific knowledge. the reason for this emphasis is that the. large 
costs associated with space experimentation can be justified most easily 
on the basis of the widely useful (if long term) results of scientific 
research. As shuttle operations become routine and space-related 
cooperative arrangements between government and industry become 
commonplace, the production of prototype materials and special 
materials manufacture will receive greater emphasis. 

B. PROMISING PROCESSES OR PRODUCTS 

The potentially beneficial applications of MPS have been under continual 
examination since the early 70' s (References 1 through 28). References 
14, 15, 23, 18 are particulary pertinent reviews. The most promising 
applications of MPS which have been identified in the last decade are 
given in Table 1. The most promising product-related applications for 
space processing before the year 2000, as distinguished from scientific 
research opportunities, are in four areas: 1) pharmaceuticals, 2) elec
tronic materials, 3) glasses, and 4) metal alloys and composites. The 
technical limitations of the space experiment and processing facilities 
which (under current plans) are to be available in the next decade and 
the large costs associated with their operation will, in all likehood, 
limit commercial exploitation opportunities to the pharmaceutical and 
electronic materials areas. It is in these areas that products could 
have the minimum requisite value per unit mass ($2000/kg) needed to 
offset transportation costs and which have an existing market that can 
be satisfied by the small quantities that can be produced with the 
available space processing facilities. 

Near-term (less than 10 years) activities of MPS in the glass and metal 
areas will be confined to research and exploratory development through 
the proof-of-concept phase, for these products are not sufficiently 
valuable (with the possible exception of gas turbine blades made by the 
"skin" technology method) to offset production costs. In addition, the 
processing requirements for these products demand large facilities and 
power supplies. In the areas of glass and metals, relatively 
inexpensive trial and error approaches made possible by plans by such 
companies as Fairchild Space and Electronics Company and GTI to fly 
furnaces on the shuttle will be undertaken to create sample materials 
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lsoenzymes 
X-Ray Targets 
Transparent Oxides 
Crystals 

Silicon-crystal ribbon 

Organic Materials 
- Isozymes (also medical diagnostic) 
- Urokinase (anticoagulant) 
- Insulin (from human sources) 

'norganic Materials 
-large crystals (size and perfection) 
- Super large-scale integrated circuits 
- New glasses (including fiber optics) 
- High~temperature turbine blades 
- High-strength permanent magnets 
- Cutting tools 
- Thin-film electronic devices 
- Continuous ribbon crystal growth 
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TABLE 1 

MOST PROMISING COMMERCIAL APPLICATIONS OF MPS: 
CONSENSUS RESULTS 

(Cont'd) 

Pharmaceuticals 
- Antihemophilic 
- Erythropoietin 
- Pancreatic beta cells 

Electronic materials 
- Semiconductor crystals-

High-quality glass 
- Optical 
- La~er 

- Communications 

Crystal Growth and Solidification 

- Solid solution IR detectors (HgCdTe,PbSnTe) 
- Vapor growth (Hg12 , alloy type) 
- Solution growth (triglycene sulfate growth 

environment vs. morphology) 

- Float zone (Marangoni convection radial $egregation, 
interfacial stability 
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TABLE 1 

MOST PROMISING COMMERCIAL APPLICATIONS OF MPS: 
CONSENSUS RESULTS 

(Cont'd) 

Chemical Processes 

- Monodisperse latexes (polystyrene microspheres) 
- Stability of foams and suspensions 
- Colloidal interactions 

- High-temperature properties of reactive materials 
- Diffusion controlled synthesis 

Separation Sciences 

- High-volume, high-resolution electrophoresis cell 
separation 

- Protein purification by continuous-flow isoelectric 
focusing 

Fluid Studies 

- Non buoyancy-driven convections 
- Wetting and spreading studies 

- Role of convection in processes (electrokinetic 
separation, electroplating, corrosion, etc., 

Pharmaceuticals 
Electronic Materials 
Glasses 
Metal Alloys and Composites 
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TABLE 1 , 

M'OST PROMISING COMMERCIAL APPLICATIONS OF MPS: 
CONSENSUS RESULTS 

(Cont'd) 

Section V References Date 

Metallurgical Material.s and Processes 
- Immiscible alloys 
- Magnetic composites 
- Metal foams 
- High gradient directional solidification 
- Solidification at extreme undercooting 

Composites 
- Casting of dispersion-strengthened alloys 
- Solid electrolytes with dispersed alumina 
- Particie pushing by solidification itnerfaces 

Glasses 
- Glass fining 
- Laser host glasses 
- Optical glasses with unique properties 
- Metal glasses 
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having special properties. Methods would then be sought to produce 
these materials on Earth. Another important activity during this 
interim period is the scientific, step by step, logical examination 
the commercial validity of space-based processes or products. 

of 

The near-term MPS commercial ventures in the U.S. presented in Table 2 
illustrate the possible early fruition of the consensusc:hoices for com
mercial applications. The first two items in the table are for products 
in the pharmaceutical and medical research areas. The third is, after 
silicon, a most widely used semiconductor material. The fourth venture 
is to provide a service for the self-contained processing of metallur
gical specimens to customers .leeking empirical evidence of exemplar 
material samples. The last entry in the Table 2 is another commercial 
venture which antcipates the n.,:~ed to provide functional services (power, 
climate control, data logging, communication, manipulation, etc .. ) to 
payloads which are to operate for some period of time in space. 
Electrophoresis processing units and material processing furnaces are 
examples of the MPS payloads to be serviced. The shuttle will provide 
the transportation needs for the free-flyer and its payloads. A 
memorandum of understanding to be followed by a Technical Exchange 
Agreement between NASA and Fairchild Space and·Electronics Co. 
establish the basis for the implementation o.f this multi $100 million 
venture. The identifi·cation of other specific. MPS commercial opportun
ities depends on the, outcome of research and development. 

C. STAGES IN .HPS DEVELOPMENT TO COMMERCIALIZATION 

Industry sectors and products within industries experience life cycles. 
The maturity of'an industry reflects its degree of development, stability 
and, therefore, its predictability. Th~ maturity of an industry is 
usually identified by four phases in the maturity cycle: embryonic, 
growth, mature, and aging. The classical pattern of sales over time is 
an S ... curve with segments representing the four phases as depicted in 
Figure 1. 

MPS is clearly in the early embryonic stage. Its passage into a growth 
phase depends on the development of competitive products for a receptive 
market. In the case of MPS, the passage is now keyed to the successful 
outcome of scientific and technological investigations. Moreover, the 
high investment levels, long time horizons, and high risks associated 
with MPS as a business opportunity reduce th~ possibility for investments 
by industry. Accordingly the early stages of MPS development should be 
largely sponsored by goverment. Development or strategies for involving 
indus~ry are appropriate at these stages, but transfer of the leadership 
role in the development of MPS to industry should await the results of 
early scientific and technological investigations. 
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Product 

Monodisperse 
Latex Spheres 

Ethical Drugs 

TABLE 2 

NEAR-TERM MPS COMMERCIAL VENTURES 

Company 

NASA 

Required 
Facilities 

Shuttle 

Projected 
Operation 
Date 

1983 

McDonnell Douglas and Shuttle/Free-Flyer 1987 
Johnson and Johnson 

Gallium Arsenide Microgravity Research Shuttle 1987 
Crystals Associates 

Metallurgical 
Specimen 
Processing 
Service 

MPS Payload 
Services in 
Free-Flyer 

. ,0.\;' " . 

GTI Corporation 

Fairchild Space and 
Electronics Co. 

Shuttle Mid 1984 

Shuttle 1988 
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FIGURE 1 

CLASSIC REPRESENTATION OF 
SALES OVER TIME 

INDUSTRY MATURITY STACES 
EMBRYONIC GROWTH MATURE AGING 
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The MPS tE~chnology development process can be divided into five phases 
(1) investigation of concept, (2) validation of concept, (3) exploratory 
development of concept, (4) pilot commercialization, and (5) full-scale 
commercialization. The first four of these phases and part of the fifth 
lie within the embryonic stage of a maturing industry. 

1. Investigation of Concept 

The investigation of concept (laC) phase is defined as one where the 
theoretical aspects of the physical phenomena embodied in an MPS concept 
are examined in a combined program of analysis and ground-based research. 
The necessary precondition for laC is a good MPS concept. The concept 
may focus on means to enhance scientific knowledge or a way to obtain an 
improved, more valuable product. As a typical first step for an in
vestigation, a theoretical model of the material system is developed. 
The model must include the effect of gravity among the other parameters 
which will determine the behavior of the system, and it is used to 
predict the results of experiments in space. Often the mathematical 
model of system behavior may be elaborate and computer simulations are 
employed. 

Terrestrial experiments may be conducted to test various aspects of the 
concept by using similarity models which approximate the effects of low 
gravity. Tests in a drop tower, in an aircraft undergoing a period of 
"free fall", or in a sounding rocket may be used where the short test 
times that are available are sufficient to yield valuable information. A 
preliminary space experiment for validating the concept is also designed 
in this phase and a ground-based laboratory version with the configura
tion, instrumentation and controls necessary to demonstrate the required 
functions is developed. 

laC includes all efforts necessary to make a "go/no-go" decision on an 
MPS experiment. Unfavorable progress at any point may lead to the 
decision not to proceed to a space experiment. Much of the current MPS 'I 
programs in the United States and European countries focus on the laC j 

phase. The STAMPS report deals exclusively with the laC phase. 

2. Validation of Concept 

The validation of concept (VOC) phase involves all activities which are 
required for a test in space of the hypotheses developed in the laC. The 
space experiment is conceived to perform several critical tests. For 
scientific investigations, the desired end product of VOC could be 
general information on material system behavior having wide application. 
In other cases, the experiment may be designed to produce a sample of a 
particular product with information on its properties and the environ
mental conditions in which it was produced. 
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A valuable product of vac may be to provide the insights and identify the incentives necessary to reproduce it on Earth. Thus a particular space experiment may end with this perfectly satisfactory result. 

The design, development, and construction of the experimental facilities required to carry out the space experiments are part of vac. The rackmounted experiment systems on Spacelab are examples of such facilities. A space carrier and platform for experimentation must be provided, but this provision is not considered part of vac. A ground-based version of the space experiments facility may be built as part of vac in order to rehearse the functional aspects of the experiment and to train its operators. Training of the personnel necessary to conduct the space experiment (in NASA's terminology, the mission and payload specialists) are also included. 

3. Exploratory Development of Concept 

The exploratory development of concept (ED) phase entails the additional space experiments necessary to define the operational range of variables which control the material system behavior in order to allow the selection of those that come near to optimizing the design of the MPS process system. The end product of ED is the information necessary for the design of a pilot plant and credible estimates of the costs involved in a space manufacturing business. 

The space facilities needed for ED will go beyond those for vac. More power, more time, more space .than are available in the shuttle may be called for. A free-flyer in the nature of the U.S. MEC with robotic operators is one approach. Another approach is a permanent manned space station. 

The opportunities which can be explored in and beyond the ED phases will be limited if the shuttle is the only available experimental facility. However, successful results from the limited opportunities provided by the shuttle will greatly influence the continuation of MPS. A broadly based continuation will require large investments to build free-flyers dedicated to MPS. 

4. pilot Commercialization 

The pilot commercialization (PC) phase is the initial step towards mass production of materials in space and is performed on a small scale. New hardware is built and operated in accordance with the plans developed in the ED phase. The pilot commercialization phase uses a valid manufacturing process to produce products on a small scale and serves as a test bed for process optimization. 
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The sale of products to generate revenue will be possible for the first 
time during the PC phase. The definition and development of markets 
demand attention. The availability of facilities beyond the shuttle as 
described in the case of ED will be a necessary prerequisite for MPS to 
enter this phase. 

5. Full-Scale Commercialization 

Full-scale commercialization requires a manufacturing plant in space, 
supporting services and supplies, workers, products and a receptive mar
ket. It is a conventional business in all aspects except that the plant 
is located in space. The realization of a space manufacturing business 
depends on the success of all prior phases. The nature of the plant and 
its operations can only be outlined in concept at this time. Business 
success will depend not only on the success of MPS but also on more 
mature space technologies, especially in the area of space transporta
tion. The normal sequence of development through full scale commercial
ization is illustrated in Figure 2. 

D. ECONOMIC CONSIDERATIONS 

Associated with the five phases in the development of MPS to commercial
ization are very important economic considerations. Decisions about the 
economic commitment to each phase will have to be made, as well as an 
overal economic commitment to a total program leading to MPS using the 
facilities of a permanent manned space station. 

From the outset, there must be a proper understanding of the government's 
role in MPS funding and the point at which industry can be reasonaby 
expected to get involved in MPS commercialization. NASA has two 
successful previous commercialization efforts to look to for some 
guidance in the commercialization of MPS: the aerospace industry and 
satellite telecommunications. In each case the early stages of technology 
development were undertaken by the government. When the major unknowns 
were resolved, industry was willing and able to commercialize both 
technologies. At that point, any R&D industry put into these areas was 
motivated by market forces and the need to stay ahead of the competition. 

MPS is at the very early stages of the first phase of a technology 
development process. As the scope of succeeding phases depend increas
ingly on what are presently as yet undefined results of preceding phases, 
it is only for the laC, VOC and ED phases that meaningful plans can be 
generated at this time, and these plans will require repeated iteration 
as specific issues are better defined and more information is obtained. 
For the following development phases, only trends relating to the level 
of effort, transportation and space facilities, time for implementation, 
and associated funds can be anticipated. Since the time required to 
implement each of the laC and VOC phases as part of an effective program 
is about five years, adequate time remains to anticipate developing needs 
and to establish firmer plans for the follow-on phases. Such a time 
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frame, however, makes research in MPS a difficult investment from 
industry's point of view. The following discussion of the costs assoc
iated with an MPS program able to utilize a space station effectively is 
predicated on the assumptions that laC, voe, and even ED, are primarly 
government-funded. 

The scope of the early phases is determined by the number of areas of 
research. The maximum limit to the scope of laC will be set by the range 
of worthy research ideas proposed by scientists in response to the gov
ernment's announcements of opportuni.ty. Success is primarily determined 
by the ingenuity and skills of the scientists and engineers who 
participate. As the results of ground-based research emerge, the HPS 
program scope will be narrowed by a review and selection process to 
screen the projects which are selected for the voe phase. 

This approach maximizes the chance of success of an MPS program because 
it builds on a firm and broadly-based foundation for the follow-on 
activities. The laC and voe phases can also be designed to have edu
cational and long-term value and to achieve technological advances that 
make the investment worthwhile even if tangible returns in the form of 
improved products are not realized over the near term. 

The cost of space experimentation involved in the voe and ED phases 
compared to the ground-based activities of laC is a major economic con
sideration. Two chartered flights of , the shuttle/Spacelab will cost 
about the same as all the ground-based activities leading up to them. 
However, by investing fully in the laC phase the opportunities for 
success are maximized and perhaps this course of action can be justified 
on the "spin-off" effects alone. 

The plans and budgets for an MPS program to be presented assume that a~ 
every phase, the outlook is sufficiently promising so that a decision to 
proceed can be made. 

1. roc Phase 

Ground-based Research. The intent is to engage in all the promlslng 
areas of research identified above. A plan to have 5 to 10 funded 
research projects ongoing every year in each of the 7 areas appears 
reasonable. Each project would have a minimum life of 2 years and a 
maximum life of about 5 years. The intial ground-based research phase 
would have a planned life span of 5 years. The commitment beyond this 
time would be contingent on the success of previously funded endeavours 
and the influx of newly proposed worthy ideas and concepts for MPS. 
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FIGUhc 2 

DEVELOPMENT PHASES IN MPS PROGRAM 

• Drop Tower 
IOCPhase • Aircraft 

• Ground-Based Research - • Sounding Rockets' 

• Short-Duration Low-G 
Tests 

• AlB Preliminary Design 
of Experiments 

.. VOC Phase --
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• CIO Flight Hardware . ..- Shuttle/Spacelab 

Development 
• Science and Engineering 

• Ground-Based Support 
Applications • Shuttle/Spacelab 

• Education and - ~ ED Phase -- Experiments 
Technology Advances 

• Shuttle/Spacelab 
Experiments 

• Free-Flyer 
Free Flyer I--. Experiments 

Development 
• Space Platform 

MPS Space Facilities Experiments 
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The average annual costs for the ground-based research program is esti
mated to be $7.5 million. This esti.mate results from assuming that 50 
projects receive funding at an average level of $150,000 per year for 
five years. The cos·ts associated with the design, building and testing 
of ground-based experiments are ~ncluded in these figures. They do not 
include additional pro-rated amounts applied for overall MPS program 
administration.* 

Short Duration Low-G Tests. Test in a drop tower, in an aircraft 
undergoing a period of free fall, or sounding rockets are part of the 
IOC phase. Assuming that these facilities are available to MPS, a budget 
of $600~000 per year for operations ih support of MPS ground-based 
research actvities is estimated. An additional $400,000 per year is 
budgeted to cover the design, building, and testing of experiments, 
bringing the total estimated cost to $1 million per year. Most of the 
costs' are for sounding rocket experiments estimated to require two 
launches per year. 

Preliminary Design of Space Experiments. When the ground-based research 
reaches a point where the s9ience and technological requirements of the 
space experiment can be established, .a preliminary design of the test 
systems to accommodate the space experiments is carried out. This effort 
is designated by NASA as the A/B Preliminary Design Phase. The output of 
this phase is the preliminary design and specification of the flight 
hardware associated with MPS experiments systems. This design undergoes 
another cycle before it becomes the basis for the manufacture of space 
hardware. 

The design of each space experimental system is un~que although some may 
be multi~purpose; that is, designed to accomodate a number of different 
experiments having similar facility requirements. The space experiments 
will be carried out aboard the shuttle in the mid-deck region, on a 
pallet, or in Spacelab, depending on their service requirements. The 
preliminary design of the average general purpose space experimen.t 
system for Spacelab costs about $500,000. A pallet-mounted or special 
purpose experiment is simpler and costs approximately $200,000. 

In the first 5 years of the IOC phase it is reasonable to assume 13 
experiments systems will undergo preliminary design. Of these 5 will be 
of the mUlti-purpose variety and 8 of the special purpose type. Using 
the cost estimates cited as a basis, the total cost of preliminary 
experiments design becomes $3.1 million. The time to complete a 
preliminary design is one year or less. 

~~ All cost estimates will be without MPS program administration burden. 
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2. vae Phase 

Flight hardware development. The vae phase is triggered by the decision to proceed with space flight experiments. The flight hardware development, which is the dominant element of vae, has 6 elements: 1) design development test and evaluation 2) ha~dware manufacture and construction, 3) ground-based integration and test, 4) integration with the shuttle, 5) experiment in space, and 6) post experiment evaluation. Each of·the space experiments undergoes this development process, but some may be combined where the space experiments are to be carried out in the same general purpose space experiments system. 

The process is very structured and starts with preliminary design and specifications resulting from Iae. Only minor changes in the starting design specifications can be tolerated, although they are entertained until a critical design review is held midway through the vae cycle. The changes may be sponsored from results of ground-based research incoming from Iae whose duration overlaps that of vae. 

The experience of NASA's and ESA's MPS program is that the cost of the vae is approximately $20 million for a general purpose experiment system. It is built to acconunodate 4 or 5 experiments, but intended to accommodate many more. an this basis, a pro-rated budget cost for each experiment is $4 million. Special purpose flight experiments having less capability have an average budget cost of $2 million. The time to complete the development cycle of a general purpose experiments system LS about 4 years. Two to four years are required for a special purpose flight experiment. 

A plan for vae would entail the design, development and construction of 5 general purpose experiments systems for Spacelah and 8 special purpose flight experiments for either the Spacelab and shuttle pallet or the shuttle mid-deck in the first 5 years of vae. These estimates continue the assumptions made for the preliminary designs carried out in the Iae phase. Using the estimated unit costs previously cited, the total estimated cost of experiment development for the vae phase is approximately $100 million. The costs would be distributed over 5 years. 

Science and Engineering Support. Support for the science and engineering teams associated with the flight experiments would continue throughout the vae phase. It is assumed that 13 flight experiments are active at all times during a 5 year period and $3 million per year is budgeted for the science and engineering teams involved with them, resulting in a total estimated cost of $15 million. 

Training and Support of Payload Specialists. Training of a payload specialist force to operate the flight experiments in Space lab is initiated and continued in the vae phase. The budget is $2.5 million per year for a 5 year period, or $12.5 million. 
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Shuttle-based Experiments. Flight experiments will be carried out in Spacelab and in pallet segments aboard the shuttle. Three double racks and 6 single racks on Space lab and 4 pallet segments will be occupied. Two shuttle flights will be chartered in the 5 year span. The cost of a charter for the time of these flights is yet to be established, but previously set prices are certain to be increased. Using the $65 million figure for the German D-l charter as a guide, $100 million is assumed for a single shuttle charter. At three-quarters occupancy, the charter may be shared reducing the cost to $75 million per flight or a total of $150 million for 2 flights. These costs, although uncertain, are not likely to be overestimated. A striking feature of the estimated cost of the two shuttle charters is that it is about the same as the sum of all the other program elements leading up to these flights ($17.3 million). 

Besides the orderly plan for research, development and flight experimentation presented above, maximum advantage should be taken of the opportunities presented by NASA's "Getaway Specials" and which may be available with GTI's or Fairchild Space and Electronics Company's selfcontained thermal processor for simple and cheap trial a'nd error experiments. Hundreds, perhaps thousands, of simple experiments designed solely to demonstrate the existence of a useful low-g phenomenon or a sample of an improved material can be conducted for the price of one' fully instrumented, scientifically oriented flight experiment. From the statistics involved some rate of success can be expected from this type of experimentation. 

3. ED Phase 

Without a decision to build a new laboratory in space useful to MPS, no new hardware developments would be initiated for ED. The hardware designed and used for vae studies would be modified to serve the purposes of selected experiments that enter this phase. These special versions would be built for dedicated service at a total cost estimated to be one half that of the vae precursor, or $10 million and $1 mIllion for the general and special purpose types, respectively. 

Only a fraction of the experiment concepts which were selected as having technological promise will survive to this stage. Ten percent may be assumed as an upper limit. Accordingly, perhaps 5 of the 50 projects that entered into ground-based research will have the dedicated hardware built and the services provided for ED. The costs of continuing the technological development cycle with the shuttle has the cost of the rental of a succession of missions as a major element. Program support for payload specialists and continued support for the science and engineering teams must also be provided. 
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Although there will be a continuation of costs associated with the modi
fication of the flight experiments systems and for the support of payload 
specialists and science teams, the total cost of the ED phase will be 
dominated by the schedule of chartered shuttle flights. Extrapolation of 
the need for chartet'ed flights and hence funding level can only be 
conjectured at this time. Moreover, the decision whether to proceed with 
the development of a free-flyer dedicated to MPS or for a permanent 
manned space station to be used in part for MPS exploratory development 
will determin~ the future course of MPS. These decisions must be the 
result of considerable future study. For these reasons the extrapolation 
of the level of funding for the ED phase of MPS is deferred. 

E. SUMMARY 

The costs of a baseline MPS program have been developed. They are based 
on the experience to date and emphasize the ultimate use of the shut
tle/Spacelab because that is what now exists. They have been presented 
to give perspective into the cost structure now associated with 
exploratory developments in MPS. 

The projected baseline program in MPS carried through the laC and voe 
phases has a cumulative cost of about $300 million in a ten year period 
exclusive of the costs of overall MPS program management. A noteworthy 
feature of the costs of MPS is that two chartered flights of the 
shuttle/Space lab dedicated to MPS experimentation will cost about the 
same as all the ground-based activities leading to them. Flight 
hardware development for MPS experimental systems is a next major cost 
item of about $100 million. One sixth of .the total, or about $50 
million, is spent on ground-based research and development. It is this 
component that is typical of R&D in materials processing on Earth. 
The baseline program projected is approximately an extrapolation of 
NAS~'s current effort and bud~~t at 1979-1982 funding levels. 

The development period to any economically viable products based on new 
technology typically takes about 20 years. A continuation of the MPS 
program for this period relies on a continual flow of new concepts into 
the laC phase and a measure of success in the outcome of previous 
concepts as demonstrated in their voe ,and ED phases. The continuation 
of MPS at near the levels indicated is believed to be necessary to 
entertain its future with respect to a manned space station. Over the 
next decade every effort should be made to involve U.S. industry in HPS 
and it would be expected that some of the program's costs would 
increasingly be shared by industry. However, funds for MPS development 
will still be required which do not meet the risk/benefit analysis of 
commercial business ventures and it is likely that the major portion and 
the leadership role will reside with the government for the next decade 
and beyond. 

. , 
17 

Arthur D Little. Inc. 

"-'\ 

.-.;... ill,;_ .. ·.~ .... A<ot-.. l .... o:-.". '." 

I 

II 
I 

"'~~;' . d. 



l 
~ ... 

9 , , 

F. THE ROLE OF A MANNED PER}~ENT SPACE STATION 

By itself, HPS cannot generate sufficient justification for a permanent 
space station; however, without it the MPS program of development through 
the IOC and VOC phases will be, in large measure, dead ended as far as 
space-based materials processin is concerned. A few processes and 
proceedures such as electrophoresis separation of ethical drugs can be 
carried through the commercial phase with the services of the shuttle 
and dedicated free-flyers, but without a manned space station promising 
products requiring space facilities that are identified in developments 
using the shuttle/Space lab cannot be ca·rried to pilot plant demonstration 
and commercial production. 

The STS facilities for MPS are mainly useful for the IOC and VOC phases. 
Even so they are limited particularly in respect to the small amounts of 
power and time available for experimentation. When one consideres the 
average time to bring a product based on new technology to markt is two' 
decades on Earth without these constaints, a development even though 
these phases if limited to the shuttle facilities will be lengthly and 
expensive. 

If a government commitment to a space station is made in the n~xt few 
years, from the perspective of MPS, the space station can and should be 
viewed as a national laboratory for space R&D, utilizing the knowledge 
and equipments gained from Space lab in the avenues for useful and 
economically space experimentation. The space station will act as the 
transition facility for allowing pilot commercialization and even full
scale commercialization. It can provide facilities extended in respect 
to power and time for experiments. It will provide the first model of a 
space manufacturing facility in which the needs for plant, personnel, 
equipment, transportation, maintenance, etc. are demonstrated. Construc
ted on the basis of a modular structure, the first element dedicated to 
MPS would borrow extensively from the Space lab experience and would look 
much like a high-powered Spacelab. It would be modified and added to as 
results dictated. Seperate modules devoted to special commercial 
interests and which will allow the protection of proprietary right are 
envisioned to emerge. 
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FLIGHT ACCOMMODATION NEEDS 

o 

A. RATIONALE 

Materials Processing in Space (MPS) is at the early phase of an evo-

lutionary development. At the time of a Manned Space Station MPS will 

be at verification Qf concept (VOC) and engineering demonstration (ED) 

phases. These phases will have had extensive ground-based research and 

(in many cases) shuttle/Spacelab investigation of concept (IOC) phases 

as precursors. In the period before the deployment of the space station 

there must have been at least 5 years of continuous commitment to IOC 

at a level of at least $30 million per year. Such a commitment would be 

adequate to support about 50 ground-based (IOC) research endeavors 

during one year. In the early years, from these 50 experiments, about 

10 may be selected for flight and accommodation on the space station. 

In addition, a modification to these 10 experiments, or 10 new experi-

ments, would take place each year. Therefore, approximately 20 plan-

ned experiments could be conducted each year. Should the MPS facility 

aboard the space station be made available to international partici-

pants, there would probably be a doubling of experimental activity. 

The most important advantages of the space station over the shuttle/ 

Space lab are that it would provide experimentation facilities with much 

more power and greatly extended time in space. The space station would 

also allow the presence of the human experimenter in space. Human 

experimenters are essential in the early phases of MPS development because 

it is only after a process has been reduced to a routine that automated 

manufacture can be considered. 
1 It. Arthur D. Little, Inc. 
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The space station as a facility for MPS can be a national (or 

international) laboratory for continued research and development in 

materials that exploit the unique low-gravity environment of sp~ce. The 

early configuration and capabilities will be determined by the prior 

commitment to MPS and the experience gained through use of the shut-

tle/Spacelab. Because this commitment may justify only about 10 voe 
and/or ED endeavors per year, the start-up of MPS activities aboard the 

space station should be designed accordingly. Success, even at this modest 

activity level however, will stimulate construction of new facilities as 

needed. The industrial infrastructure and technological capabilities that 
. produced the space station should be adequate to meet the requirement~ for 

future expansion of MPS activities. 
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. 1 

'.1 

I 
i 

I ~I 

I 

'I 
I 



4 ; 4J ; 

B. Technical Requirements 

1. Basis 

The following 'is a list of candidate, mUlti-purpose MPS experiment systems 

which may require accomodation in a space station: 

• Solidification Experiment Processing System 

.' High Gradient Furnace Processing System 

• Electromagnetic Containerless Processing System 

• Isoelectric Focusing Separation System 

• Float Zone Processing System 

• Acou~tic Containerless Processing System 

• Electrostatic Container less Processing System 

• Solution Crystal Growth Processing System 

• Vapor Crystal Growth Processing System 

• Bioprocessing Systems 

• Fluid Science Facility 

• Combustion Science Facility 

• Extraterrestrial Materials Processing Demonstrations 

It is anticipated that these experiments would be conducted in an "open" 

laboratory environment. At the same time, however, certain commercial MPS 

efforts might have to be accommodated by the space platform. One example 

'of such a commercial system would be Electrophoresis Operations. To insure 
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"'-.' the protection of proprietary research and production, the space station 
may have to be constructed to allow the attachment of laboratory modules 

that simultaneously could access the station's utilities and could 

guarantee privacy. These modules could either be rented or owned by the 

commercial sponsor. If owned, the space station's utilities could be 

rented or user charges levied. 

2. Volume and Mass 

The requirements for MPS laboratory facilities will be determined by the 

number of experiments, the scope of the federal and industry-funded MPS 

program, and decisions regarding international use of space station 

facilities. Assuming the continuation of a MPS program beyond shuttle! 

Space lab , 10 doub le (Space lab) racks integrated into a Space lab-like 

enclosure with climate control for payload specialists who work in a 

"shirtsleeve" environment could be required. The equipment could be 

housed in an expanded version of the cylindrical Spacelab module. Such a 

module, complete with climafe control, waste heat, and electric services, 

but empty of experiments, would have a diameter of 4m and length of 10m, 

a volume of 126m3 , and a mass of 12000kg. ~ach double rack would have a 

mass capability of approximately SOOkg. Other mission-dependent mater-

ials could have a mass of 2000kg. Therefore, the estimated total volume 

and mass for an initial version of a MPS facility on the space station is 

about 130m3 and 19,000kg respectively. International participation 

agreements could double these numbers. (In the subsequent discussions 

laboratory facilities designed for both international and U. S. use should 
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be multiplied by a factor of two). The arrangement of the axes of the 

basically cylindrical configuration of the facility would be determined 

by the appropriate match to the overall configuration of the space 

station. 

3. Power 

The limits to the availability of power (about 1.5 kW continuous) on the 

shuttle!Spacelab is currently one of the most constraining influences on 

MPS. Experiments with high melting point materials (most notably the 

electronic materials with a high commercial value) will dominate the power 

requirements of the MPS facility. A float-zone processing experiment is 

an example of an experiment requiring a large amount of power when 

designed to allow free, 3600 access to instrument observation of a molten 

zone. In this case, about 16 kW are required for the heat source to 

proce.ss a 5 cm diameter sample of silicon (1410 C mel ting point 

temperature) using an incandescent source with focusing reflective optics. 

The power requi~ed to process samples having different sizes and melting 

points are proportional to the square of the sample diameter and 

approximately proportional to their absolute melting point temperature. 

An example of an intermediate power requirement for the processing of 

electronic materials would involve the use of an insulated high gradient 

(250 C!cm) furnace. In this case, the insulating enclosure of the furnace 

reduces the required power considerably. To process a 5 em diameter sample 

of an electronic material with a melting point of 1400 ~ in such a furnace 
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would require a power source of approximately IkW. This power 

requirement is nearly proportional to the square of the sample diameter 

and the design temperature gradient of the furnace and only weakly 

dependent on the melting point temperature of 'the sample. 

All experiments have as a minimum power requiremeht needed for experiment 

manipulators, data handling and display, controls, and instruments. A 

reasonable estimate of these requirements, based on Spacelab experiment 

requirements, is approximately 0.5 kW per experiment system. Most 

experiments at room temperature do not appreciably exceed this minimum 

power requirement. The use of 1.0 kW per room temperature experiment can 

reasonably be assumed. 

Within these technical guidelines one can estimate the power requirements 

for an early version of a MPS facility for a space station based on the 

capabilities identified in Table 1. 
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TABLE 1 

Estimated Power Requirements for Early Versions of MPS Facility 

Power Experimental Multi-Purpose 
Experiment Facilities 

Processing 
Temperature 

(C) 

Sample 
Diameter 

(em) 
Heating Source 

(kW) 
Other 

• one (1) high-power 
electronic materials 
processing 

• four (4) intermediate 
power electronics 
materials processing 

• five (5) room temperature 
(pharmaceutical and other) 

1500 5 

1500 5 

25 

Subtotal: 10 multipurpose experiment systems 

Approximate Total 

16 

4 

20 

30 

The power required for the early versions of a MPS facility will be 

dominated by the processing needs of electronic materials. These needs are 

dependent on and adjustable to, the size of the sample to be processed and, 

to a lesser degree, on the processing temperature. 

Larger size samples for experiments may be required to demonstrate the 

validity of the process on a pilot plant scale. This increase in scale 

will require oae or two orders of magnitude greater power as success of 

experimentation beyond the ED phase dictates. 

0.5 

2.0 

5.0 

7.5 
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4. Thermal Control 

The thermal power to be rejected from the MPS facility is the sum of its 

power inputs for experiment operation and climate ·control. The power 

required for experiment operations will dominate and be nearly equal to the 

power input required. For the early versions of the MPS facility this 

power is estimated to be 30kW. The heat rejection temperature for most of 

this power is near room temperature. A thermal utility to accept this heat 

and reject it to a space radiator will be required. Recent concepts for 

this utility which make use of working fluids in pumped, two-phase flow 

have advantages in near-isothermal operation, flexible piping arrangements 

and small pumping power compared with the pumped, liquid fluid systems 

currently used with the shuttle/ Space lab systems. The mass and po~er 

requirements for such a thermal utility system, exclusive of the space 

radiator, for 30kW heat rejection are relatively sma1l: approximately 

400 kg. and 20 W. These figures are included in the estimates of the weight 

previously given. 

5. Microgravity, Vacuum, and Radiation 

The1major scientific and technical argument for MPS is to exploit the low-

gravity environment obtainable in space. A zero-gravity environment is 

the ideal for scientific investigation, but this ideal can only be 

approached on a manned space station which has multi-purpose missions. It 

is expected that a dedicated shuttle/Spacelab can maintain a 10-5g 
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background level with acceleration spikes up to 10-2g due to crew activity. 

These leve Is are present ly accepted as to lerab Ie for a wide range of 
o 

useful MPS experiments, al though lowering of these accelerations is 

desired. As the dedication of a ~lanned Space Station to MPS activity may 

be in question, the means to achieve low-gravity levels in the MPS 

laboratory needs further attention. Systems for isolating the laboratory 

from the main frame or the experiment systems from the laboratory may be 

required. 

Although an extensive region of ultra-high vacuum can be made available in 

the wake region of a specially-designed shield, there has been no impetus 

to use the vacuum availability of space as a prime' factor in MPS. The 

reason is that a vacuum level down to the 10-13 torr can be obtained in 

laboratory research chambers on Earth. Also, chamber volumes measured in 

104 cubic meters can be maintained at 10-6 torr by practically available 

means. Accordingly, early use of the vacuum of space is likely to be 

confined to its application as a pump to provide the vacuum environment 

useful to some equipment systems. Such is the c(!se for the current 

Space lab module in which the only access that the experiment systems have 

to the space vacuum is through a single tube about 3.5cm in diameter and 

4m long. This access is only suitable as a fore pump for high-vacuum pumps 

to be included in the experiments which require it. It may seem ironic 

that, with the apparent availability of the space vacuum, high-vacuum 

pu~ps would be needed to service certain experiments on Spacelab. This 

apparent contradiction resulted from past trade-off studies. The use of 

the space vacuum as a fore pump only may require that future. design 

tradeoffs be applied to the space station. 

9 ~ Arthur D. Little, Inc. 
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6. Automation, Data Handling 

As described in the next section, a huma.n operator is essential to MPS 

research and development tl1rough the engineering stage. At the same time 

the maintenance of humans is expensive in terms of materials life support 

and power supply requirements. These requirements may become the 

determinants of the time limits set for experimentation. Accordingly the 

payload specialists should be used to perform only those tasks that humans 

are best able to perform: experiment set-up and disassembly, delicate 

manipulation, critical overall observation, assessment and "trouble 

shooting" of observed experiment abnormalities, and repair and' main-

tenance, where practical. The execution of experiment protocol, with the 

exceptions noted, should be automated to' a very high degree. Each 

experiment would have its own best balance between human and machine 

operations. This balance would have the experimental opera·tions 

controlled by microprocessors and the measurement and data logging 

completely automated. The sequencing of one experiment from one control 

mode to another could involve human judgment and intervention. For 

example, the payload specialists may be called upon to review the 

comparison between the experimental. data and the expected results before 

switching over to the next test sequence. 

Details of the data handling system will be specific to each experiment; 

however, one can anticipate their common architecture. The number of 

variables measured in each experiment would be conditioned to electric 

10 It. Arthur D. Little, Inc. 
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form, adj us ted to a standard leve 1 , and <;Qnverted, as neces sary , to 

digital form. The digital representation would be sent to a microcomputer 

for storage and further processing control as required. Status signals of 

the yes/no variety, such as switch closures or logic level signals, also 

enter the computer through the digital interface. Data display on a CRT 

would be controlled by the payload specialist using a keyboard entry. A 

video and cine camera might be used for a real time and. a permanent vital 

reference for critical experiment observations. In addition, selected 

experiment data will be telometered down-link to the payload operations 

control center for analysis. 

7. Operations and Maintenance 

Except for the housekeeping activities, the oP7rati?n of the MPS labora-
.'): ..... _" ~ - 0-

tory will be mission-specif~c within the corLst~~ints of service power, 

heat rejection, data handling, and crew resources. These resources will be 

time-lined to best accommodate the requirements and goals of the experi-

mental activities. 

The maintenance of the laboratory facility and its experiment systems will 

be of the "remove-and-replace" type. A high level of qual.ity assurance 

and reliability must be built into these systems not only to assure crew 

safety but because of the high value of the results of MPS experiments. 

The costs and risks involved with the reliability of the experiment 

systems are amplified in Section C. 

11 Il Arthur D. Little, Inc. 
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A summary of the major technical requirements for a national MPS laboratory 

facility on the Manned Space Station is given in Table 2. 
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TABLE 2 

Estimated Requirements for MPS Laboratory on Space Station 
(Initial Version) 

ITEM 

Envelope Dimensions 

Box Volume 

Mission Independent Mass 

Payload Capability 

Total Take-6ffMass 

Electric Power 

Wumber of Hulti-~urpose 
Nxperiment Systems 

Heat Rejection 

Crew I:'.omplement 

Consumables 

Data llandling 

Operations and Maint(,·~.~:nce 

VALUE COMMENTS 

Cylinder, 4m dia X 10m long Extended version of Spacelab 
long modules 

130 m
3 

12000 kg 

7000 kg 

19000 kg 

30 kW 

10 

30 kW 

4 

TBD 

TBD 

TBO 

An order of magnitude more power 
than available on shuttle/Spacelab 

Accomodated by 10 double rack 
installations 

Dominated by crew support needs 
Therefore are approximately proportion 
to mission duration 

Experiment specific, highly automated 

Remove and replace type. Procedures 
will be outgrowth of shuttle/Spacelab 
experience-proven procedures. 
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c. PERSONNEL REQUIREMENT 

1. Role of Man 

The human involvement in process and product development is absolutely 

essential in R&D phases. His ability to reason and interpret and his 

manipulative abilities have no successful substitute in automation. It is 

only after sufficient knowledge has been obtained to reduce a process to 

repeatability and a production routine that automation becomes an 

econom'ic alternative. The use of automation deserves particular emphasis 

in connection with space processing because of the extraordinary cost and 

uncertainties of maintaining a human in space for extended periods. These 

high costs and uncertainties will persist for some time until sufficient 

experience has been obtained. Nevertheless, these high costs will not 

fundamentally change the human role in R&D. In space activities these 

costs will serve to advance the economic point of transfer to automation 

in the production cycle. 

2. Safety 

As in all similar endeavors, there is a need to establish levels of quality 

assurance, equipment reliability, and management review procedures for 

MPS experiments consistent with acceptable risk/management standards. 
These standards reflect the social or political perceptions of society. 

The standards developed for the STS are likely to serve in a somewhat 
modified form for the space station. At this time, although the 

14 Ah. Arthur D. Little, Inc. 
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~ . shuttle/Spacelab is designed as a scientific laboratory in space, the 

substantial cost of the experimental apparatus and preceeding research 

have created pressures to obtain "successful" results. Therefore, the 

proceedures which apply to the flight experiments are much like those of 

an Appollo mission. 

The effect of this approach is that the cost of the experimental facili-

ties on shuttle/ Spacelab are about fifty times their equivalent in a 

ground-based laboratory. Standards for design and operating procedures to 

insure a reasonable level of crew safety must be maintained, but the 

transient influence of being in the public eye must gradually recede. 

Although there are no easy solutions to the cost/risk dilemna which will 

confront the individuals and organizations involved in MPS experiments 

these experiments are warranted. It may well be that a lower cost/risk 
1 
J 
I 

aboard a spa~e station, detailed assessments to reduce the cost impact on 

\ 

ratio is more appropriate to the early phases of MPS so as not to reduce 

the opportunities for trial and error so characteristic of preliminary 

experiments in Earth-based laboratories. 

3. Training 

Trained payload specialists are needed to conduct the in-flight experi-

ments. The shuttle/Spacelab experience will serve to identify the 

professional backgrounds and special training required of these special-

ists. At this time, it is anticipated that a normally healthy person can 

conduct space experiments, with no special physical attributes required. 

15 It. Arthur D. Uttle, Inc. 
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The ideal payload specialist would be one who has been intimately 

associated with the ground-based research leading to the flight experi-

ment. Failing such a candidate, one with a similar, experience background, 

interest, and motivation would serve the purpose. 

As a training facility, it is appropriate that the engineering models of 

the flight hardware systems be set up at a designated NASA center to enable 

the payload specialists to rehearse the flight experiments in as much 

detail as possible. While the space processing conditions of near-zero 

gravity cannot be duplicated in their entirety on Earth, the operational 

features of the experiment can be rehearsed. Through this rehearsal, 

possible problems of experimentation will corne to light and hands-on 

familiarity with the experiment systems will be gained by the payload 

specialists. A two-to-four-rnonth period of intensive training should 

suffice for training of a qualified payload specialist. 

The current plan calls for three persons (one mission specialist and two 

payload specialists) to carry out the experiments on a fully loaded 

Spacelab involving approximately 10 experiment systems. Because of the 

greater complexity and duration of the experiments on the space station, 

a crew of 4 can be adopted to estimate the personnel .needs for the MPS 

facility on the space station. In its early stages, we have estimated that 

this facility will have approximately 10 experimental systems if it 

operates as a national space laboratory. These systems will be programmed 

to accept two separate experimental protocols per year. To service these 

experiments, two crews of 4 persons each with one 4 person crew as backup 

16 
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appears to be a reasonable complement for the first activity year. Crew 

needs will likely expand with the success of the early mission. In 

addition, making the facility available to international use would dbuble 

the activity and need for personnel. 
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D. TRANSPORTATION 

1. Resupply 

STS will provide the transportation needs of MPS on the space station. The 

resupply for the MPS facility will be totally dominated be the crew 

consumables in all stages of MPS development up to the pilot demonstration 

phase. A few kilograms of base materials and a few tens of kilograms of 

consumables (such as gas bottles) for each experiment would be a normal 

requirement. Moreover, materials which look sufficiently promising to 

pass into the pilot demonstration phase must have very high specific 

value, of the order of $5000-$10000/kg. The materials base of a 1000kg 

product would therefore be valued at $5 to $10 million. From this 

perspective the requirements for product supply for MPS activity in the 

foreseeable future will be modest. 

Crew consumables can be estimated on the basis of man-days, per mission 

(reflecting 4 persons per experiment mission) times the mission duration, 

which may typically range from 30 to 180 days. 

2. Product Return 

The product resulting from MPS for ground evaluations would be off- loaded 

from the space station and returned to Earth via the STS with each rotation 

of the payload specialist crew. Many of these products must receive 
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special handling (packing for temperature and contamination 

control etc.) in accordance with the experiment design 

. ,··-.... __ -,IIIIIil_ ....... ..--

requirements 

{, 
'! 

specification. The payload specialist will be responsible for overseeing 

satisfactory adherence to these specifications. 
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FEDERAL SPACE POLICY 

Introduction 

There are currently two major challenges facing the u.S. space program: 

1. Federal space policy provides an incomplete framework for the 
~ civilian, applications-oriented space program within which the 

space station will be operational, and 

2. Institutional barriers to commercialization require 

J:~solution. 

Because large-scale, national programs such as the space program. must 

now be economically justified, the Material Processing in Space (MPS) 

t 
program is receiving a great deal of attention as a new area for '. 
commercialization. NASA points with pride to the success of satellite 

communications and projects that MPS has a considerable potential for a 

profitable future. Previous assessments of MPS have focussed on the 

technical validity of near-term MPS experiments. This section focuses 

on the impact of current government policies and the institutional 

barriers which must be overcome if the potential of MPS 

commercialization is to be realized. 
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~mmary ~f Current Policies and Effects 

On July 4, 1982, President Reagan made a "National Space Policy State-

ment" in his speech at Edwards Air Force Base to commemorate the 

successful STS-4 landing. His stated goals are= 

o Continue space activity for economic and scientific benefits, 

o Expand private sector investment and involvement in 

space-related activities, 

o Promote international uses of space, 

o Cooperate with other nations to maintain the freedom of space 

for all activities that affect the security and welfare of 

mankind, 

o Strengthen our own security by exploring new methods of 

using space as a means of maintaining the peace. (1) 

While the last two items have implications for the military's space 

program, the first three are directed at the civilian space program. 

Since this speech, there has been no further administrative space 

policy effort. Without outlining the steps to meet these policy 

"goals," President Reagan's statement takes its place alongsid~ Pres.i-

dent Carter's and President Ford's space statements, as guidelines 
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rather than policy. For all intents and purposes, th~ space policy 

which guides the U.S. civilian space effort was established in the 

National Aeronautics and Space (NAS) Act of 1958. While there have 

been amendments and several presidential directives to supplement it, 

the policy adopted in the NAS Act has remained unchanged over the past 

25 years. In the meantime, however, the space program has been 

evolving steadily from an era when the primary emphasis was on space 

exploration, towards an era of applications and operations opened up by 

the shuttle. 

The six policy principles embodied in the NAS Act are that: 

o U.S. preeminence in space science and applications be 

maintained 

o NASA, the civilian agency, be limited largely to R&D; 

o Scientific knowledge be increased; 

a Civilian and military activities be separated (though 

they are to be coordinated and are not to duplicate one another 

unnecessarily); 

o Economic and social benefits be derived; and 

o International cooperation be fostered. 

As the space program has evolved, jt has become apparent that the NAS 

Act should be adapted and a new set of policies created to establish 

the goals and institutional framework for the civilian space applica

tions program and to broadly define its implementation. (2) Because 
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Congressional and Executive policy direction has not been consistent in 

the past 25 years, "policy" has been made on a "de facto" basis by NASA 

and the Office of Management and Budget. The result has been that at 

present, the United States lacks the means to bring about a consensus 

among the scientific; technical, and political communities as to the 

goals of civilian space activities. Although NASA Administrator James 

Beggs has repeatedly stated that "NASA is not an operational agency," 

there are few arrangements (the Joint Endeavors Agreements being a 

notable exception) whereby the private sector can be brought into 

partnership in the development and operations of space systems. (3) 

As Pre~ident Reagan recognizes. it is vital that any new space policy 

has as one of its goals an increasing involvement of the private 

sector. To realize such a goal, however, the space policy will have to 

be sufficiently flexible to accommodate various space applications 

programs which are at different levels of development and offer an 

increasing economic attractiveness for private sector involvement. For 

example, satellite communications lie primarily in the province of the 

private sector, satisfying a growing market, with market needs acting 

as the driver for privately funded R&D. 

In contrast, the benefits of an industrial MPS program are not clearly 

demonstrated. NASA's limited funds (0.5% of the NASA budget) do not 

provide a strong incentive for industry to expend MPS R&D efforts in 

directions which do not yet show commercial feasibility. 
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As MPS is currently at an early R&D stage, the R&D efforts should 

continue during the next 5 to 10 years in order for useful data to be 

obtained. The shuttle is an adequate transportation system to meet 

projected experiment requirements. The shuttle's capabilities will 

be augmented by Space lab and backed up by the various terrestrial 

microgravity simulations offered by KC-35 airplanes and sounding 

rockets. 

An MPS program that could create the solid scientific foundations on 

which commercialization could be built would require assured annual 

budgets over an extended period. Planning for MPS must take into 

account that MPS R&D depends on future Federal funding commitments to 

NASA; the level of that c9mmitment, because it is annually reviewed by 

Congress, is uncertRin. While MPS funding--:"i.thin NASA has been 

constant, NASA itself, to meet other program commitments has reduced 

the MPS budget periodically and efforts once started have been discon-

tinued or stretched out in time. One notable example is the two year 

hiatus in the SPAR program. 

Furthermore, the development of commercially interesting MPS products 

or processes may require space facilities dedicated t·o long-term use so 

as to assure the supply of the products to the marketplace. At this 

stage of MPS R&D, where microgravity advantages over terrestrial 

process have yet to be fully demonstrated, industrial commitment can be 

expected to be minimal. However, as the R&D produces promising results. 
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NASA must have in place the space facilities. and organi'zational infra-

structure to make industrial participation effective. More. extensive 
" 

industrial co~itments to devote R&D efforts and to perform space 

shuttle experiments as precursors to operations in a space'station will 

be compromised without a credible assurance that a space station will 

be provided by a certain date with specified performance character-

istics. 

Although NASA has initiated several programs to enlist industry support 

in moving MPS towards an operational status and to encourage the 

production of commercially viable materials, industry's commitment to 

an extended MPS R&D program will be difficult to enlist unless the 

federal government's financial commitments are firm and meaningful for 

industrial planning and decision making. 

Table 1 outlines the questions raiaed by the policy principles in the 

NAS Act. These issues will need to be addressed in any new space 

policy inititatives. 

As new space policy initiatives are being considered, several stimuli 

could be provided t.o encourage the transfer of MPS to the private 

sector, including: 

commitment to a space station; 

o commitment to a meaningful federal R&D program in MPS; 
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Table I 

Issues Raised by 

Policy Principles in NAS Act 

Policy Principle General Issues Materials Processing (MPS) 
Issues 

1. 

2. 

Leadership in science and 1. 
technololY and application 
thereof 

NASA focus on R&D 1. 

2. 

3. 

Given that portions of U.S. 
policy are sound, how can 
policy implementation be 
improved? 

What different r.ole should 
Government and Industry 
play? 
Who should perform over
sight? 
What is NASA's role in 
continuing R&D aft~r 
commercialization if a 
system? 

1. How should the United 
States respond to 
potential foreign 
competition? 

1. Who should pay for 
basic ground-based 
research? 

Z. Who decides what space
based research to do? 
Who pays? 

3. Expansion of scientific 
knowledge (basic science 
research) 

1. Wr,ac is NASA's role? 

4. 

5. 

6. 

Civilian/military split 1. 

2. 

Is there adequate transfer 1. 
of technology from military 
to civilian? 
How should systems be shared? 

2. 

Promote commercialization 1. 
of civlian applications 

Who decides when a techno+ 1. 
logy is ready for the 
operational mode? 

International Coopera
tion 

2. 

3. 

What criteria should be 
used to determine the 
operational readiness of a 
technology? 
What role should NASA have 
in operating proven space 
systems? 

4. How are commercial property 
interest to be protected? 

1. What should our policies be 1. 
regarding international 
competition? 

2. What institutions msy be 
needed to address interna
tional competition? 

3. Is the United States a re
liable partner for coopera
tive programs? 

4. Is it possible or desirable 
for the United States to in
stitute Government-industry 
cooperative ventures similar 
to those of other nations? 

S. How should the United States 
protect technology developed 
by Government R&D? 

7 

Is there adequate 
coordination of efforts 
between military and 
civilian sectors? 
On what basis can a 
potential space-based 
materials lab be shared? 

How should casts of 
space-based materials 
lab be allocated? a) 
How is the lab shared 
between Government, 
industry, and academia? 

To what extent is the 
prospect of commercial 
~ctivities detrimental 
to scientific cooperation? 
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o tax incentives for private companies doing MPS work 

o guarantee of intellectual property rights 

o government insurance of private credit for space processing 

innovations; 

o using federal regulatory policies to encourage MPS investments; 

o changing accounting standards to allow more rapid depreciation 

of MPS hardware; 

o declaring space as a preferred zone for industrial e~pansion. 

Once a modified space policy and associated incentives are in place, 

the institutional barriers to commercialization of MPS can be overcome. 

Institutional Barriers 

Innovations which have as their objective the development of commercial 

activities in space, compound the level of uncertainty by facing 

institutional barriers with which industry outside the aerospace 

industry sector is not familiar. These institutional barriers arise 

from the bureaucratic character of the federal agencies involved in the 

space program, from the absence of a publicized national space policy, 

from the blurred definition of responsibility and involvement of 

federal agencies in regulating space activities, and from the nature of 

the incentives and subsidies provided by the federal government to 

industry to advance commercial activities in space. 
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NASA has the primary responsibility for the civilian space program, and 

it represents an impressive national resource for space R&D. However, 

NASA was not set up to conduct routine cperations of space systems or 

to provide services to public and private users. 

In a sense NASA should endeavor to become "user friendly." Its bureau-

cratic, multi-level. multi-facility structure is daunting to any but 

aerospace industry organizations with whom it has synergistically 

evolved. The paperwork requirements; the ever-increasing list of 

acronyms; and most of all. the time required to accomplish what appear 

to be straightforward contractual agreements, discourage any but the 

most committed, persistene and entrepreneurial organizations. Several 

operational responsibilities for space systems have been assigned on an 

adhoc basis to other federal agencies, e.g., The National Oceanic and 

Atmospheric Administration to operate meteorological satellites, and 

COMSAT to operate communication satellites. NASA has been singularly 

successful as an institution in performing mandated missions. such as 

the Apollo Program. Its institutional and organization structure is 

capable of performing major technology development programs, such as· 

the space shuttle and will be adequate to plan and build the space 

station. In an environment of level budgets in an inflationary 

period. the internal needs and objectives of the institution for 

survival. maintenance, and future growth represent barriers and may 
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lead to R&D activities which are less responsive to externally deter-

mined needs or goals. 

Reaching the goal of MPS commercialization depends on several key 

factors: 

o A resolution of the conflicting goals in the MPS program: e.g. 

the need to perform basic R&D to establish the scientific 

framework vs. the need to successfully promote commercial 

ventures to justify the program's existence. 

o Repeated and easy access to technical, management and 

con,tracting personnel who are responsible fbr MPS activiti!i!s. 

o Availability of scheduled allocations of STS payload space for 

pilot experiments. Internal'political positi9ning is important 

in this allocation process in that MPS must compete with other ,I 
programs for that space and must constantly justify use of that 

space in terms of congruence with overall agency goals. 

o Enhancing credibility in negotiation with outside parties by 

ensuring that MPS commercialization is the responsibility of a 

group located in Washington where policy issues, legal questions, 

and resource allocations, are decided. 
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Successful transition from MPS R&D to applications where product 

opportunities can be demonstrated but where there are no appropriate 

private sector institutions. identified markets or established users. 

may necessitate the creation of new institutional structures such as: 

1. Government-owned and operated facilities from which commercial 

t 
l., users purchase services or products at costs determined by federal 

t 
L 

/ 

policy rather than market forces. 

2. Government-owned and contractor-operated organizations in which 

the government uses a large portion of the products but where the 

contractor is also free within some specified restrictions to 

. offer services and products to commercial users and to make a 

profit on those services and products. 

3. Privately owned and opera~ed organization which during the 

start-up period may require guaranteed government purchases, and 

specified protection from competition - l.th the responsibility for 

developing and servicing commercial markets. 

4. Privately owned and operated organization which engage in 

competitive sales and pricing determined by market forces. 

The most desirable institutional structure and organization alternative 

will be determined by government policies, economic 1.ncentives, or 

political considerations and perceived benefits to participants. 
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Currently, NASA is assessing the most effective way to involve industry 

in the operation of the shuttle orbiter. The difficulties in establishing 

industry involvement underscore that innovations in institutional 

structures will also be required for the cOh,mercialization of MPS 

activities. Such structures will be needed to reduce the negative 

impacts of a bureaucracy, the uncertainties of Congressional authoriza-

tions and appropriations, and the rigidity of a civil service system, 

concerned about possible reductions in the Federal payroll. Commercial 

MPS organizations should be able to provide services and products, to 

meet both government and commercial requirements. The goal, of 

course, is to create an industry infrastructure as dynamic and effec-

tive as already exists in the aerospace and telecommunications fields. 

Conclusions 

MPS has a long-term future only as a commercial activity. Any federally 

funded R&D of MPS has to consider the steps to achieve the transition 

to commercial activities to serve both domestic and international 

markets rather than exploring exciting technical possibilit~es and 

neglecting their commercial potential. The success of MPS activities 

will be strongly influenced by costs, and therefore, the transition to 

routine space transportation will be essential. This transition will 

require policies to create a competitive cost structure, launch assur-

ance, and liability protection and insurance of products required by 
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MPS commercial organizations during transportation to and return from 

orbit. 

Therefore, the development of commercial MPS activities will be closely 

linked to space transportation services, within the framework of space 

station requirements. Although proposals have been advanced to establish 

a space industrialization corporation as source of in.vestments and 

policy guidance, it would be premature at this stage of MPS development 

to establish an institutional structure and specific forms of subsidies 

prior ,to further demonstration of the cnmmercial viability of MPS. 

Finally, commercial MPS activities will be strongly influenced by the 

evolution of space polici~s and legislative actions in support ,of these 

policies. Industry will require clearly stated policies prior to 

commitments to long-term MPS programs. Increased high-level attention 

in the executive and legislative branches to decide on national space 

policies and to select from a range of possible policy options those 

which would be conducive to maintaining the U.S. competitive position 

in MPS programs will assure industry that they are in a position to 

develop strategies and plan commercial activities in MPS. 
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MPS PROGRAM DEVELOPMENT STRATEGIES AND PLANS 

A. Program Goals 

A clear statement of goals is mandatory in any program before an appro-

priate strategy and organizational response can be devised to achieve 

them. It has taken several years for the u.s. MPS program goals to be 

defined. The overall goal is to focus on the potential commercial appli-

cations of information obtained about materials in the space environ-

ment. This goal has five elements: 

1. To perform research to improve industrial technology or to 

develop new products; 

2. To prepare research quantities of a material and compare its 

properties with Earth-based materials; 

3. To manufacture limited quantities of a unique high value 

product of MPS to test its market-potential or to meet 

specific requirements; 

4. To produce materials in space of sufficient quantity and value 

to stand on their own economically; 

5. To establish the legal and managerial framework for commercial 

ventures. 
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There are at present no long-tet;.m strategies or plans which would allow 

the MPS program to achieve its goal of commercialization. The cornmer-

cial potential of MPS has not been sufficiently demonstrated to use it 
rF' 

as a sole justification for space station. However, few technologies 

stand to benefit more from a space station than MPS, but only if space 

station is taken into account in devising strategies and plans for MFS 

commercialization. As it stands today, without such plans, when a space 

station. becomes a reality, MPS will not be in a position to take full 

advantage of the opportunities it can provide for achieving the program's 

goal. 

B. Present Status 

The current status of the MPS program does not prompt optimism as to 

its future. While its budget has been relatively steady, there have 

been no new program starts since 1977 when experiments were chosen for 

Spacelab 3. These experiments have been reduced to 12 compared to the 

34 experiments the Europeans are planning for Spacelab 1. Since it 

takes 2 to 5 years to develop, test and integrate hardware into 

Spacelnb, U.S. experimentation has been deferred beyond 1984. NASA 

hopes that industry will deveop sufficient interest to commit to basic 

research. However, the high risk, high cost, and lengthy p,'lyhack periods 

make MPS, at present, commercially unattractive to industry. The few 

Joint Endeavor Agreements (JEA) NASA has signed while encouraging, are 

each so singular that they cannot be used as reliable indicators of 
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future trends. Johnson & Johnson's and McDonnell Douglas' electrophoresis 

experiments are promising, but even when successful will require a 

large capital outlay. GTI, while not performing an experiment offers 

services through its JEA, however, it had to withdraw from the JEA. It 

is difficult to ascertain when or how Microgravity Research Associates 

will proceed with its MPS JEA.-

The two major activities on which MPS commercialization depends, 

education and information, are currently, due to funding restrictions, 

at a very low level. The MPS program visibili~y is also very low. 

Since the resignation of Dr. Louis Testardi as head of the MPS Program 

there has been no successor announced. The MPS budget is about 0.5% of 

the NASA budget, hardly a level which would stimulate industry to talce 

positive actions. 

C. Strategy 

To achieve continuing progress toward commercialization, the organization 

and management of the MPS program and the institutional entities within 

which the program is to be carr~ed out have to recognize the needs o·f 

industrial organizations and to involve industry at various decision 

points in the program . 

The MPS program must address a broad range of scientific and technical 

issues relating to technologies that in some cases may take a decade or 

more to develop fully. The program, therefore, must include both long-
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range research as well as engineering component development. Further-

more, it must obtain continuing, coordinated, support from the scien-

tific and industrial community to meet its objectives. The program must 

also have a strong planning component to establish the scope and schedule 

of the program elements. 

The strategy for MPS commercialization must take into account the 

budgetary constraints facing the space program as a whole. While trying 

to increase its share of the budget within the space program, the strategy 

should be to use whatever budget it has to maximum effect. The key to 

success in MPS are and will be creative ideas. The source of these 

ideas can be NASA, industry, or academia. But seed funds will have to 

be alloca~ed to encourage research. Beyond coming up with novel 

approaches for experimentation, such funds would benefit the program 

further by creating the MPS industry-university infrastructure which ~s 

a necessary foundation for future work. As in other areas of research, 

the MPS participants can be depended on to act as a voice for MPS, 

bringing to the attention of Congress and the administration the 

budgetary needs of the program. Furthermore, once commercially promising 

MPS activities are identified, MPS program ~~~ticipants will be in a 

position to urge the government to create a positive investment 

environment for MPS commercialization, including tax incentives, 

equipment depreciation allowances, and so forth. 
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The strategy for MPS commercialization should also take into account the 

availability of STS and possibly free-flying carriers. It should 

endeavor to influence pricing policies and schedules to make experi-

mentation in space almost as routine as ground based experimentation 

and SPAR f1 ights . 

Finally the strategy should adopt a space station planning approach . 

This approach should lead to informed decisions about whether or not to 

commit to a MPS development program, for joint planning with industry 

toward increasing involvement in MPS activities in an evolutionary 

program starting with STS experiments and culminating in a space 

station operational system. 

In order for industrial organizations to be able to develop their plans 

for MPS activities in a space station, there hils to be a reasonable 

assurance that the space station program plans are based on realistic 

possibilities to continue the program for at least a decade. Joint 

planning efforts with industrial organizations interested in HPS 

possibly in conjunction with a "space station MPS advancement industry 

planning committee" will provide the opportunity for both NASA and 

industry to develop realistic plans which are teChnically feasible, 

economically justifiable, and politically supportable. Plans for com-

mercial MPS activities in a space station can benefit considerably from 

a better understanding of the objectives of NASA and industry and 

assure that the efforts of government and industry are in consonance 
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with the National Space Policy of July 4, 1982; "to expand United States 

private sector investment and involvement in civil space and space 

related activities." 

D. Plan for Strategy Implementation 

The u.s. program plan for MPS should include at least 30 experiments per 

year for the next 10 years. Of these 30, 10 will probably be accepted 

for space demonstration. The scientific knowledge gained in the course 

of this experimentation will help to identify the most commercially 

promising applications of MPS. This experimentation should be conducted 

in an atmosphere of international cooperation to foster the exchange of 

ideas which, at this early stage of MPS development, is to everyone's 

benefit. A commitment to such a level of experimentation will create 

the sustained academic interest vital to MPS and demonstrate to industry 

the willingness of the government to participate in achieving long-term 

commercialization. 

Three primary elements, using the history of MPS in the U.S. as refer-

ence, are necessary to elicit the interest, support, and involvement of 

industry in MPS. These elements are: 

1. A central office whose sale function LS to interface the MPS 

program with industry; 

2. Information exchange; and 
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3. An institutional structure to maintain working relationships 

with industry. 

1. Interface with Industry 

Within the organizational structure of the MPS program, an office is 

needed whose sole function is to interface with the relevant industry in 

MPS. This office should be located in \vashington where po !icy ~ssues, 

legal questions, and budget allocation decisions are made. It is the 

responsibility of this office to administer programs of education and 

promotion to familiarize industry with MPS and to foster and administer 

government/industry working rehtionships. The functions of this office 

are to: 

1. Provide a focal point for industry/governm€nt contacts. 

2. 

3. 

4. 

Form a bridge between the government and industry for the 

exchange of information and views. 

Facilitate synergistic relationships between the aerospace and 
,[:, 

the traditional materials processing industries. 

Deal with issues of patent protection rights, proprietary 

rights, liabilities, leasing policy and pricing. 
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5. Offer working relationships having different levels of commit

ment and risk by the parties involved. 

2. Information Exchange 

Industry and university support 1S necessary to the implementation of an 

effective MPS program. Although these comm~nities will be the primary 
.~ .. , 

beneficiaries of the program.(universities by their involvement in the 

research and development phases; industries by receiving economic bene-

fits from successful results), MPS must compete with alternative activi-

ties for human and material resources. As MPS will be in research and 

development phases prior to a space station mission, success will be 

linked to the human resources, particularly scientists and engineers, 

that it can enlist. 

University-based scientists are natually attracted to work on the solu-

tion of the technical problems involved in MPS and will do so if worth-

while goals and a continuty of funding is provided. Industry may desire 

to be involved because MPS represents an opportunity to develop and use 

high technology products. To enhance industrial involvement, management 

of the relevant industrial organizations must be educated to the oppor-

tunities, goals and plans of the MPS program. In seeking best ways for 

obtaining this involvement, NASA's past experience will be useful. 

Other forms of communication can assist in easing the interfaces with 

industry. In addition to disseminating technical knowledge, national 
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and international technical conferences are appropriate forums for pro-
! 
: ~ 

moting a greater understanding of the purposes of MPS and for forming 

the interpersonal ties which are necessary for effective govern-

ment/industry cooperation. News media and professional trade magazines 

I 

j are useful vehicles for explaining the MPS programs to a larger reader-

ship, providing factual information and presenting realistic projections ~ 
of future accomplishments. 

"I 

3. Government/Industry Working Relationship 

The mechanisms that NASA has evolved to foster government/industry work-

ing relationships have been successful in enlisting the involvement of 

the industry in STS opportunities for MPS experiments. The mechanisms, 

offered by NASA are: Technical Exchange, Industrial Guest Investigator I 
i 

and Joint Endeavour agreements. Important and necessary fea~ures of I 
\ 

these agreements are that they offer the flexibility needed to embrace 

the interests of different types and sizes of industrial organizations 

and provide for incremental increases in commitment and risk based on 

demonstrated positive results. 

The experience obtained by NASA with industry contacts could be extended 

to future working relationships with industry in the framework of a 

space station program. Among the policy objectives of this program are: 

Providing continuity to the civiliau space program and stimulating 

commercial activity in space. The "boundary conditions" imposed on 

the space station are that it be: STS compatible, "user friendly," 
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evolutionary in nature l an amalgamation of manned and unmanned elements, 

and semi autonomous. The policy objectives and the space station 

boundary conditions can be part of the foundation for an effective 

government/industry working relationship. 

1 _t 

I 
\ 

10 

~ Arthur D. Little, Inc. 



·' 

• 
D180-27477 -7 

7.2.2 Commercial Missions 



..... ,. ,.- ·-~-·-~~·~cY·'<~·· __ j_j3ii/j1111, 1III!IfIIII'I'-~~(tJ-.• ' ~ 
,~ 

1 
DI80-27477 -7 

7.2.2.1 Commercial Missions Data 

, 

b-



'I 

'I 

,\ \ 
• 

VAX/VI'IS SPACE 
VAX/VNS SPACE 
VAX/\It1S SPACE 

8888.8888 
88888888 
88 BB 
BB BB 
88 BB 
88 88 
8B888B88 
8B8B8BBB 
88 88 
88 88 
BB BB 
B8 8B 
888888D8 
8B888888 

SSSSS555 
55555555 

55 
55 
55 
S5 

5S555S 
5SSSSS 

SS 
SS 
55 
5S 

SS5SSSSS 
SSSSSS5S 

VAX/\It1S SPACE 
VAX/VI1S SPACE 
VAX/VMS SPACE 

, 

BACX100B Il-MRY-1983 II 58 
DACX 1000 , ll - MAY- t983 11 58 
8ACX 10B8 ll -MAY- 1983 I I 58 

LVAB 
LVHu 
LW.13 

11-~AY-t9~~ II 58 
ll -MAY- 1983 I I ~B 
l1 -HAY-1983 11 53 

SSSS pppp AAA eeec EEEEE 
s p P A A e E 
s p P A A C E 

SSS PPPP A A C EEEE 
S P AAAAA C E 
5 P A A C E 

SSSS P A A ecce EEEEE 

AAAAAA CCCCCCCC xx xx 11 80138130 
AAAAAA CCCCCCCC xx xx I I 8060El0 

AA AA CC xx >O( 1111 88 00 
AA AA CC xx xx 1111 88 08 
AA AA CC xx xx 11 ea 081313 
AA AA CC xx xx 11 813 S80a 
AA AA CC xx 11 68 88 08 
AA AA CC xx 11 B8 8B BB 
AAAAAAAAAA CC xx xx 11 B8BB 88 
AAAAAAAAAA CC xx xx 11 130138 08 
AA lolA CC xx xx 11 8 £.3 60 
AA AA CC xx xx It 136 86 
AA AA ceccccce xx xx 1111 11 889GB0 
AA AA CCCCCCCC xx xx 111 111 el0e80B 

5SSS5S55 pppppppp ... . 222222 
~ ~ " -

S5SSSS55 PPPPPPPP -, " ,. 222222 
55 PP PP "" ,. ,. 22 22 
55 PP PP ; ; ; ; 22 22 
S5 PP PP 22 
55 PP PP 2 

5555S5 PPPPPPPP ; ; ; .; 22 
555555 PPPPPPPP ,. ,. ,. " 22 

55 PP ,. " ,.,. 22 
S5 PP """," 22 
55 PP .. 22 
S5 PP .. 22 

SS5SSSSS PP .. 2222222222 
ssssssss PP ; ; 2222'222222 

SSSS PPPP AAA ccce EEEEE 
s P P A A e E 
S P P A A C E 
sss PPPP A A C EEEE 

5 P fiAnAA C E 
S P A A e E 

SSSS P A A ccce EEEEE 

BACX10BB II-MRY-1983 11:58 lVA3 : l1-MAY-1983 11 58 
8AC~O 000 ' l1 - I1W- 1983 11: 58 LVAO: l 1-MAY- 1983 11 58 
BACXleea l l -HAY- 1983 11 :58 LVAC : ll -MAY- J983 II 58 

DISKSVAX'v'MSRL2 [SPACEJ8ACXIBBB. SSP 2 
DISK$VA~~~RL2 [ SPACEJBACX t660 .SSP 2 
D I SK$VAXVMSI~L2 [SPACE lBACX 1000. SSP 2 

8138888 88080.0 
868008 013EifiSa 

'08 Ba B6 08 
El8 ea 08 
60 001313 ee aeaa 
se aa8a 88 0Ba8 
00 88 88 08 08 6 
68 88 68 ee 88 B0 
8800 B8 8888 68 
8SB8 88 013813 60 
8li (3(3 88 80 
8fJ 86 88 aa 

0813888 8a8886 
880080 080 

DISK~XVMSRL2 [SPACEJBACXI8ea .SSP; 2 
D I SK~VAXVMSRL2 [ SPACEJ130CX 10Ba.SSP; 2 
D I SK~'VA),.'VMSRL2 [SPOCE lOAex 1 BOB. SSP; 2 

e 

VAX/'v'MS 
VAX/Vt'~ 

vn~ 



J 

• 

• ... , 
~ 
" 
Ii 

\ 
Q. 

PAYLOAD ELEt'EHT tlAI"lE 'E 
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Bf.ICX 16 ) SC IENCE AND APPLICATIONS (NON-COI'11 . ) 

0(> COI'1'ERC IflL 
CONTACT 
NAME 
ADDRESS 

DR. HERBERT H. GlJRK 
RCA ASTRO-ELECTROIIICS 
PO BOX 8B0 
PRINCETON. NJ 88540 

TELEPHONE (689) 426-3225 

STATUS 
( ) OPERATIONAL () APPROVED ' () PLANNED ( ) CANDIDATE (X) OPPORTUNITY 

( ) TECHHOLOGV DEVELOPMENT 
( ). OPEP.ATIOI'IS 
( ) OiliER 
( ) NATIONAL SECURITY 
rVPE NUI'tiEI~ (SEE TABLE A) 7 

IM?ORTAUCE OF THE SPACE STATIm., TO 
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SCALE • 10 

DESIRED FIRST FLIGHT. YEAR : 1995 HUtSER OF FLIGHTS . DURATION OF FLIGHT, DOYS 5 
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ROVIDE HIGH CAPACITY C-BAHD TRUHK ING AHD DIRECT CON1UNICATIONS SERVICES 

DESCRIPTION 
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- -------------------------------------------------- ___ ----________________________________ ________ . ________ . ______ ..D. __ - ---------
ORBIT CHARACTERISTI CS . ~ ):II 
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o 
a 
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----------------------------------~--------------------------
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------------------------------------------------------------------------------------------------- ~-------------------------
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CONFIGURATION CHANGES: 
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RETURNABLES# KG ------------------------------------------------------------------------------------------------------------------------------------
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NISSIOH TYPE OPS CODE 

FREE FLYER 
( ) NOT SERVICED F 
( ) REMOTE 1115 FT 
( ) RE~iOTE HANNED FM 
( ) SEI~VICED AT STATION (lMS RETRIEVED) FST 
( ) SERVICED AT STATlot .. (SELF- PROPELLED) FS 

PLATFORM BASED 
( ) HOT SERVICED P 
( ) REI1QTE TMS PT 
( ) REr.oTE MANNED PM 
( ) SERVICED AT STATI ON eTMS 'RETRIEVED) PST 
( ) 6ERVJCE~ AT STATION (SELF- PROPELLED) PS 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

CONSTRUCTI OH/sERVICI NG COMPLEXI TY 
( ) LOW 
( ) MEDIUM 
( ) HIGH 

OPERATIONS TIMES 
ON UP /DOtJi 
OTV OR TMS ON ORB IT 
MISS ION USE 
IVA SERVICE 
EVA SERVI CE 
EXPERIMEHT OPS 
SERVICE FREQUENCY 

DELTA VELOCI TIES 
UP 
DOt..t1 
AERO RETURN 

SUPPORT EQU IPMENT 
LENGTH: 
LENGTH: 

MASS: 

MANIFEST RESTR ICTIONS 
(X) NO RESTRICTIONS 

13.1313 
e.ee 
8 . 130 I 

B. ea I'ETERS 
a.as METERS 

s KG 

( ) ONLY WITH COI"PATI8LE PAYLOADS 
( ) FL Y-ALOI~E 
( ) ruST HAVE DOCK lIiG MODULE 

DAYS 

SS 
SOR 

DAYS 
DAYS/YEAR 
HAN- DAYS/YEAR 
MAN- DAYS/YEAR 
MAH- DAYS/YEAR 
TII'ES/YEAR 

WIDTH: 
WIDTH: 

13 • Be I'ETERS 
13 . 68 I'ETERS 

LENGTH OF DEAM FAB B.Be 
tlUMBER OF APPEI'IDAGES 13 
NUMBER OF MODULES REQUIRED TO ASSEt13LE THE PAYLOAD ', e 

HEIGHT: 
HEI GHT: 

e. ee I'ETERS 
13 • Ba t'ETERS 

------------------------------------_._----_._-----------_._----_._._-----_._----_._----_._-,----- -

o 

"T1::O 

(STOI.ED> 
<DEPLOYED) 

'-------_._----------------

- ~ ... ". ~_....l... 
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------------------_._--_._---------_: __ :_-----._------"~-:--PAYLOAD ElEI ~NT NAME 
RECONF IGURATION CO/"t1 SATELLITE ' 

CODE 
8ACX18Bl ----------------------------------------------------------------------------------------CONTACT 

NAME 
ADDRESS 

DR . HERBERT M. GURK 
RCA ASTRO-ELECTRONICS 
PO BO)( 89 
PRIHCETON. IiJ 813548 

TELEPHONE (6139 ) 426-3225 ------------------------------------.-----.---------------------------_. __ :_._-------STATUS 
( ) OPERATIONAL () APPRO'v'ED!' ( ) PLAHHED ()() CAND IDATE () OPPORTUHITY 

CNON-COt1'1 . ) 

"NT 

7 

II1fORTAHCE OF TI-lE SPACE STATIot. TO 
'1-1 IS ELEt·EtlT 
1 .. l OlJ VALUE. BUT COULD USE 
10 " VITfIL 
SCALE · 9 

DESIRED FIRST FLIGHT. YEAR : 1998 NUI13ER OF FLIGHTS 313 DURATION OF FL IGHT. DA'~ 5 ------------------------------------.-------------------------------------------------------------------------------------------------OBJECTIVE 
PROVIDE SATELLITE CAPABLE OF RECONFIGURATION OF BEAM PATTERN IH ORDER TO RESPOND TO CHANGI NG TRAFFIC PATTERHS AND TO PROVIDE RAP ID REPLACEMENT OF SATELLITES IN DIFFEREHT ORBITAL POS ITIONS. 

DESCRIPTION 
SATELLITE IS PROVIDED WITH m NUALLY ADJUSTABLE FEED 'HORN ARRAY AND mNUALLY RECONF IGURABLE:B£AM FORMING NETIJJRKS . UiEN USED AS A SPARE, SATELLITE IS STORED ABOARD OR HEAR MANNED PLATFORM. lJ-fEH ONE OF SEVERAL SATELLI TES FAILS. THE SPARE SATELLITE IS CONFIGU~ED MANUALLY TO REPLACE THE FAILED SA1~LLITE AND IS THE LAUNCHED GEOSYNCHRONOUS ORBIT TO THE DES IRED POSITION . DURING TI-IE LIFETIME OF A SATELLITE, RECONFIGURATIOH MAY BE EFFECTIVE BY BRINGING THE SATELLITE DOUi FROM GEOSYHC ORBIT_ CARRY ING OUT THE RECONFIGURATIOH ON n~ PLATFORM AND THEN RETURN ING IT TO ITS GEOSYNC POSITIOH' TYP ICALLY A MULTI-lONE DIRECT BROADCAST SYSTEM WOULD USE SUCH A SATELLITE. 

ORB IT CHARACTERISTICS 
GEOSYNCHRONOUS ORBIT 
APOGEE, KM 
mCL IHATION. DEG 
NODAL ANGLE. DEG 
ESCAPE DV REQU IRED, MVS 

(X) YES ( ) HO 
35786 PERIGEE, KM 35786 e .e 

N/A 

TOLERANCE + 
TOLERANCE + 
EPHEr-£RIS ACCUI~ACY. M 

-------------------------------------------------------------------------------------------------------PO INTI NG/oR I ENTATI ON 
VIEW DIRECTIOI-I ( ) INERTIAL () soum TRUTH SITES (IF KNOLJi> 
PO IIiTING ACCURACY, ARC-SEC360 . ee POINTI NG STAB ILITY (JlnER). ARC-SEC/SE( SPECIAL RES"fR ICTIONS (AVOIDANCE) 

POI.ER 
( ) AC (X) DC 

POWER, W DURATION. HRS/DAY 
OPERATI NG 
STANDBY 
PEAI{ 
VOLTAGE. V 

~ 

35Ele 
5613 

35GB 
1 

22. 
1. 20 

FREQUENCY. HZ 

(X) EARTH ( ) ANY 

FIELD OF VIElJ (DEG) 

)() COIHINUOUS 

00 ..., 

.. 

.-------.-.------

.... -
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DATA/COt11Uh [IONS 

MON I TOR I He.. REQU IP-EMEHTS: 
( ) HONE (X) REALTIME () OFFLINE () OTHER: 
( ) ENCR IPTIOH/I)ECR IPT ION REQUIRED 
(X) UPLI NK REOU IRED: CO/'t'~HD RATE 0(8S): 
( ) ON-BOARD DATA PROCESSING REQU IRED 

DESCRIPTION: 
DATA TYPES: () ANALOG ( ) DIG ITAl 

THER~L 

FILM (AMOUi'lT>: 
LIVE TV (HOURS/DHY): B.ee 
ON-BOARD STORAGE (MOlT); 
DATA l.lUt'P FI~EaUENCY (PER ORB IT> 
RECORDI NG RATE (KBPS) 

( ) ACTIVE (X) PASSIVE 
TEMPERATURE . DEG C OPERATI ONAL MIH II1JM 

NON-OPERATIONAL MINIMUM 
HEAT REJ ECTION. W OPERATIONAL MINII1JM 

HOH-OPERATIOHAl MINII"llM 

EaUIPMEHT PHYSI CAL CHARACTER ISTICS 
LOCATION ( ) . HlTERHAL (X) EXTERNAL 
Eau IPMENT I D/FUNCTIO~I ( ) PRESSURIZED 

l. M: 4.413 W. M: 4.00 
l. M: 7.50 W. M: 4.0e 
LAUNCH MASS. KG: lsae 
CONSUMABLE TYPES 
ACCELERATION SEHSITIVITY. (G) 

CREW REQUI REMENTS 
CREW S IZE 2 TASK ASSIGNI'ENTS 

SKILLS (SEE TABLE B) I SKI LL 

I LEVEL 

I HOURS/DAY I . 

EVA (X) YES () HO REASOH 

Ie 
o 
o 

MIH: 

FREQUENCY (t~Z): 601313.130 

HOURS/DAY 
VOICE (HOURS/DAY): 
OTHER : 

DOY~LINK COMMAND RATE: 
DOWNLI NK FREQUENCY (MHZ) : 40ea.BB 

( ) REI1lTE 

MAXIMUM 
1'1A ~< I MUM 
I1AXItlJI1 
I"lrlXII''Ul1 

(X) UNPRESSUR IZED 
H. M: 4.60 
H. M: 4.8(; 
RETURN MASS. KG : 

E+E1e MAX: 

sa 

331!lB 

STOt.ED 
DEPLOYED 

a 
E+0a 

. HOURS/EVA 40. sa 

Q 

------------------------------------------------------------------------------------------------- ---------------
SERVICING/MA INTENAHCE 

SERVICE: 

CONF IGURATION CHANGES: 

INTERVAL. DAYS 
RETURNABLES. KG 
INTERVAL . DAY 
DELI VERABLES. KG 

SPEC IAL CONS IDERATIOHS/sEE IHSTRUCTIOI'IS 

650 
a 

6sa 

CONSUMABLES. KG 
H HOUI~S 

MAN/f-IOURS REQU I RED 
RETURNABLES. KG 

RECOIiF IGURAI:HLITY OF THE SPARE SATELLITE IS WORTHYH LE ONLY IF IT lrllULD REPLflCE ANY ONE OF A NUMt::E" 
OF SATELLITES ALREADY IN ORDlT. THE (U)WUHAGE Iii ~TORING 11-1E RECONFIGURAOLE SA"r'ELLITE AT 11IE PLA" .. FURM 
IS THAT IT CAN REPLACE A FAILED SATELLnE IN A SHORT TItE. RA"I'HER TIir·)I ~ lJt .ITING FOR THE NEx-r GROmlD LAUNCH 
11IAT COULD BE SCI·IEDULED. 

-... -
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E.OE nIG-SPEC IF 11.. H~PU" DATA 

MISSION TYPE OPS CODE 
FREE FLVER 
( ) NOT SERvICED F 
( ) REI"KJTE 1l"15 FT 
( ) REl"rOTE MANNED Ft1 
( ) SERVICED AT STATION (TMS 'RETRIEVED) FST 
( ) SERViCED AT STATION (SELF- PROPELLED) FS 

PLATFORM BASED 
( ) NOT SERV ICED P 
( ) REI"DTE TMS PT 
( ) REMOTE MAWiED PM 
( ) SERVICED AT STATION (TMS 'RETRIEVED) PST 
( ) SERVICED AT STATION (SELF-PROPELLED) PS 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

CONSTRUCTION/sERVICING COMPLEXITY 
( ) LOW 
( ) MEDIUM 
( ) HIGH 

OPERATIONS TIMES 
OTV UP/ DOWN 
OTV OR TMS ON ORBIT 
MISSION USE 
IVA SEI~V ICE 
EVA SERVICE 
EXPER HIENT OPS 
SERVICE FREQUENCY 

DELTA VELOCITIES 
UP 

OUl 
AERO RETURN 

SUPPORT EQUI PMENT 
LENGTH: 
LENGTH: 

MASS: 

t1=INIFEST RESTRICTIONS 
(X) NO RESTRICTIONS 

a.aa 
a. s e 
0. B0 

a.Ba METERS 
B . ao t'IETERS 

a KG 

( ) ONLY WITH COI1PATI8LE PAYLOADS 
( ) FLY-ALOHE 
( ) MUST HAVE DOCK IHG tDDULE 

DAYS 

SS 
SOR 

DAYS 
DAYS/YEAR 
mN-DAYS/YEAR 
t1=IN-DAYS/YEAR 
MAN-DAYS/YEAR 
T It1ES/YEAI~ 

WIDTH: 
WIDTH: 

a . 1313 I"ETERS 
0. ea t'IETERS 

LENGTH OF DEAM FA8 o .ae 
NUI13ER OF APPENDAGES a 
NUMBER OF t1lDULES REQU IRED TO ASSEt13LE THE PAYLOAD ': . 0 

HEIGHT: 
HEIGHT: 

13 . 1313 I"ETERS 
e . ea METERS 

(STOt.ED) , 
<DEPLOYED) 

o 
.,,~ 

.,,9 
o~ 
o'!! 
;Xl • ' 

-------------------------------------------------.----._------ - _._,-_. __ ._-----_._--,--,---,---_.- -,-----'-------- ---,----
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PA'r1...0AD ELEt'ENT NAt'E 
FLOAT ZONE CRYSTAL PROCESS IH.G 

CONTACT 
NAME 
ADDRESS 

JERRY GILL 
t.ESTEC 
35132 EAST ATLANTA AVE 
PHOENIX. A2 85040 

TELEPHONE (682) 276-4261 

STATUS . 

CODE 
BACX1882 

TYPE 
( ) SC (ENCE AND APPLI CATIONS (NON-COI"f1 . ) 
eX) COI'I"IERC IRL 
( ) TECliHOLOGY DEVELOPtEHT 
( ) OPEI~ATIOtIS 
( ) onlEr~ 
( ) NATIONAL SECUR ITY 
TYPE NUI"IBEr~ (SEE TADlE A) 

IMPORTANCE OF TIlE SPACE S·iATIOU lU 
TH (S ELEI'EHT 
1 .. LOW VALUE. BUT COULD USE 
113 • VITAL 

( ) OPERATIONAL () APPROVED : () PLANNE ( ) CANDIDATE (X) OPPORTUNITY SCALE · 8 
------------------------------------------------------------------------------- ---------------------------------DES IRED FIRST FL IGHT. YEAR : t99~ HUr13ER OF FLIGHTS URATION OF FLIGHT. DRI~ 9 

OBJECTIVE 
GROW LARGE SILICON CRYSTALS BY A FLOAT ZONE PROCESS~' 

DESC~IPTION • 
tllVE A 4 INCH DIAtETER ROD -n-iROUGH A RAD IANT FURNACE lJi ICH !"ELTS THE SILICOH AHD RECRYSTALtiZES 
IT INTO A S INGLE CRYSTAL . MELT ZONE SP~ED AT 1-10 HIL/HIN. 

ORB IT CHARACTER1STICS 
GEOSYNCHRONOUS ORBIT ( ) YES (X) HO 
APOGEE. I(M PER IGEE. KM 
(NCl !HATION. DEG 
NODAL ANGLE. DEG 
ESCAPE DV REQUIRED. M/S 

PO INT II~G/oR I ENTATI ON . 
VIEW DIRECTION ( ) HlERTIAL () SOLA 
TRUTH SITES (IF KNOlJ'l) 
PO (HTIHG ACCURACY. m~C-SEC 
POINTIIlG STABILITY (JITTER). ARC-SEC/SEC 
SPEC IAL RESTRICTIONS (AVOIDANCE ) 

POWE 
( X) AC 

OPERATING 
STANDBY 
PEAK 
VOLTAGE. V 

( ) DC 
POLIER. tal 

2£)130 

20080 
100130 

DURATION. HRS/DAY 

24.0 
e.8 

24 . 
FREQUEHCY .. H? 

TOlERAHCE + 
TOLERRNCE + 
EPHEI'lER I S ACCUI~ACY. M 

( ) EARTH (X) ANY 

F IELD OF VIELJ (DEG) 

(X) CONTINUOUS 

o 
:0 
G; 

0 -
o ~ 
~ ,... 

----------~-------

----------

-.------------.--------

----------------------------------------------------------------------------------------------------------.---------------------------

~ 
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DATA/COt11.JN. _ . 1 r IONS 
MONITORING REQUIREMENTS: 
( ) NONE ( ) REAL TI t'E (X) OFFLJ NE ) OTHER: 
( ) HICR I PTI ON/DECR I PTI ON REaU I RED 
( ) UPLINK REQUI RED: COt'ffiND RATE (KBS ) : e 
( ) ON-BOARD DATA PROCESSING REIlUI RED 

DESCR I PT I 01'1 : 
DATA TYPES: () ANALOG ( ) DIGITAL 
FILM (At'KlUNn: 1I0:0\0:( 
LIVE TV (HOURS/DAY): 24. 0e 
ON-BOARD STOI~AGE (MaIn: 60eae.6e 
DATA DUMP FREClUENCY (PER ORBIT) 
RECORDING RATE (KBPS) laeeee.ee 

FREQUENCY (I'1iZ ) ~ 

HOURS/DAY 
VOI CE (HOURS/DAY):B.se 
O"n'IER : 

DOWNLI I'll< COI't1AND RATE: 
DOWHL INI< FREQUENCY (f1-IZ): 

.~ 

,------ ---------_._-_._------
THER~L 

(X) ACT IVE ( ) PASSIVE : 
TEMPERATURE, DEG C OPERATIONAL MINIMUM 2aea 

NON- OPERAT IONAL MINIMUM 
HEAT REJECTION, W OPERAT IONAL MINI MUM 20eae 

ON- OPERATIONAL MINIMUM 

XIMUM 
MAX I I1JM 

XWIlJM 
~<I MUM 

2aee 

--------------------------------------------------------------------------------------- --.----------- ------------ -----.---
EQUIPMENT PHYS ICAL CHARACTERISTICS 

LOCATION 00 INTERNAL ( ) EXTERNAL ( ) REt1JTE 
EaUIPt'ENT ID/FUNCTION (X) PRESSURIZED ' () UNPRESSURIZED 0 ~ 

L. 1"1: 3. ae W, M: 3 . ee H. M: 3. ae STOt.ED "'" 
L. M: 3 .ae W, M: 3.ae H, M: 3.G0 DEPLOYED 
LAUNCH MASS , KG: leae RE1lJRN MASS. KG: laaa "'0' _ 
CONSUMABLE TYPES ~ 
ACCELERATION SENSITIVITY. (G) MIN : E+ea MAX: E+0e ~ :r-_____________________________________________________________________________________ ________________ t ___ , _ 

CREW REClUIREt'EHTS 
CREW SIZE 

SKILLS (SEE TABLE B) 

EVA ' ( ) YES (X) NO 

SERVICIHG/t'IAINTEHANCE 
SERVICE: 

CONFIGURATION CHANGES : 

TASK ASSIGNMENTS 

I SKILL 

I LEVEL 

I HOURS/ DAY I 

REASOI'! 

INTERVAL. DAYS 
RETURNABLES. KG 
INTERVAL . DAY 
DELI VERABLES. KG 

SPECIAL CONS IDERATIONS/sEE IHSm UCTI OHS 

HOURS/EVA a.a 

COHsumBLES, KG 
::N HOURS 

t'IAN/HOURS REQUIRED 
I~ETUR"'ABLES . KG 

to ... 
C• -. ... 
~ r~~ 
!: t,·. 

:< ~ -

------ -------

---~ ~Ji.' ..... M. _~_,...._-..."" ?_ ........ ~_-=- ~~ 
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~---------- --------------------------------------------------- ._---------------------_._-_._--------------------, 
BOE I NG-SPEC IF ll.. I1iPUT DATA 

MISS ION TYPE OPS CODE 
FREE FLYER 
( ) HOT SERVICED F 
( ) REMOTE T11S FT 
( ) REMOTE ~NHED FM 
( ) SERV ICED Ar STATION <1l1S 'RETRIEVED) FST 
( ) SERVICED AT STATION (SELF-PROPELLED) FS 

PLATFORM BASED 
( ) NOT SERVICED P 
( ) REMOTE TMS PT 
( ) RHUTE t'IAIUiED Pt'l 
( ) SERV ICED AT STATIOH (TMS ' RETRIEVED) PST 
( ) SERV ICED AT STATION (SELF-PROPELLED) PS 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

COHSTRUCTIOH/sERVIC IHG COMPLEXI TY 
( ) LOlJ 
( ) t'EDIUM 
( ) HIGH 

OPERATIONS TIMES 
OTV UP /DOIJ~ 
OTV OR TNS 01'1 ORBIT 
MISSION USE 
IVA SERVICE 
EVA SERVICE 
EXPER lMENT OPS 
SERVI CE FREQUEHCV 

DELTA VELOCITIES 
UP 
DO 
AERO RETURH 

SUPPORT EQUIPMENT 
LENGTH: 
LENGTH: 

MASS : 

HIFEST RESTRICTION 
(X) HO RESTR ICTIOtIS 

B.BB 
e.ee 
a.ee 

0. se METERS 
0.0e METERS 

e KG 

( ) ONLY WI TH COt'IPATIBLE PAYLOADS 
( ) FLY-ALONE 
( ) MUST HAVE DOCKIHG MODULE 

DAYS 

SS 
SOR 

DAYS 
DAYS/VEAR 
~H-DAVS/VEAR 
MAH-DAYS/YEAR 
MAH- DAYSI'VEAR 
TIMES/YEAR 

WIDTH: 
WIDTH: 

B.BB f'ETERS 
0 . 00 METERS 

LENGTH OF BEAM FAD 13 . 00 
HUt1JER OF APPENDAGES 
HUt1JER OF 1'1ODULES REQU mED TO ASSEt'ELE THE PAYLOAD ', . 

HEIGHT: 
HEIGHT: 

o . 130 METERS 
B. 130 I1ETE~S 

---------------------------.-----~--------------------------------_._-----------_._---' -_._-----------

(STOWED) , 
(DEPLOYED)' 
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PAYLOAD ELEF~NT NAME 
VAPOR EPITAXIAL CRYSTAL GROWTH " 

CODE 
BACXI003 nml'l-COM1. ) 

CotlTACT 
1'1 
ADDRESS 

DR. HERIBERT UIEDENE IER 
RENSSELAER POLYTECHNIC I 
TROY~ NY 12181 

NT 

8 

TELEPHONE (5 18) 270-645 
IMPORTANCE OF THE SPACE STATION 
TH IS ELEt-BiT 

STATUS 
1 Q LOW V~LUE~ BUT COULD USE 
o .. VITAL 

( ) OPERATI ONAL () APPROVED ! () PLANNED ( ) CAND I DATE ( X) OPPORWN ITY SCALE · 6 

"DESI RED FIRST FLIGHT~ YE~R: 1991 NUI'13ER OF FL I GHTS 6 

OBJECTIVE 
THE PAYLOAD OBJECTIVE IS TO PRODUCE LARGE I'ERCURY CADMIUM TELLURI 
CRYSTALS BY A CHEM ICAL VAPOR TRANSPORT PROCESS. MANNED INTERACTION 
IS NECESSARY TO EXAMINE IN SITU EACH BATCH OF CRYSTALS PRODUCED AND 
VARY THE PROCESS PARAI'ETERS ACCORDINGLY. 

DESCR I PTI 01'1 

DURATION OF FL IGHT. DAYS 6 

THE CHEMICAL VAPOR TRAHSPORT PROCESS IS LIMITED TO :-PRODUCIHG SMALL CRYSTALS IN A GRAVITY ENVmONt'EN 
BECAUSE OF THE INFLUENCE OF CONVECTION IN THE GAS PHASE. MICROGRAVI TY PRODUCTON WO ULD ELIMINATE THESE 
COHVECTIOH EFFECTS AND PRODUCE LARGER. INDUSTRIAL GRADE CRYSTALS FOR INFRARED DETECTORS. 
THE LARGE CRYSTALS WILL BE PRODUCED IN QUARTZ AMPOULES 5 TO 8 CM IN DIAI'ETER AND 30 TO 45 CM IN LENGTH. 
THE TIJJ ZONE. TUBULAR RESISTANCE FURNACE WILL BE LESS THAN 1.5 rETERS HI LEtiGTH AND .25 I'ETERS IN DIAI'ETER. 
THE MANUFACTURING PROCESS WILL REQUIRE A DEDICATED MICROPROCESSOR FOR TEMPERATURE GRADIENT 'CONTROL • 
AS THE PROCESS IS COMPLETED. A CREU I'EMBER I1JST REI'1lVE THE CRYSTALS AND ExtlMIN 

THEM USING THE ONBOARD LABORATORY FACILITIES. A METALLOGRAPHY MICROSCOPE IS NECESSARY EQUIPMENT. UITH X-RAY 
DIFFRACTION EQUIPMENT AND A HALL PROBE DESIRABLE. THE REQD MICROGRAVITY ENVIR IS ON THE ORDER OF 10-4G·S. 
------------------------------------------------------------------------------------------------------------------------~-------ORBIT CHARACTERISTICS 

GEOSYNCHRONOUS ORB IT 
APOGEE. KM 
ItICL INATION. DEG 
NODrlL AI-IGLE. DEG 
ESCAPE DV REQUIRED. M/S 

POINTING/ORIENTATION 

) YES (X) NO 
PERI GEE~ KM TOLERANCE + 

TOLERAHCE + 
EPHEI1ER I S ACCURACY ~ M 

VIEW DIRECTION ( ) INERTIAL ( ) SOLAR ( ) EARTH ( X) ANY 
TRUTH SITES (IF KNOWN) 
POINTI NG ACCURACY. ARC-SEC FIELD OF VIEW (DEG) 
POUITI NG STAB ILITY (JITIER); ARC-SEC/SEC 
SPECI AL RESTR ICTIONS (AVOIDANCE) 11ICROGRAVITY PUR ITY MINIMI ZE ACCELERATIONS 

POl£R 
( ) AC 

OPERATING 
STANDBY 
PEAK 
VOLTAGE. V 

<r 

00 DC 
OWER. W 

1800 

151300 

DURATION . HRS/DAY 

24.88 

3.013 
FREQUENCY. HZ 

(X) CONTINUOUS 

):0, 
r- t·. -~ 

~.. .'-....... :~":;.-... - ~ ....... ~~_ ... ~ ... .. .n-.,-"-,,, • -...~ -_ _~_ •• _ . ~",,!,_'" ~ .... ..!!"'-:...~ 
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DATA/COtH .. h .TIONS 

MoNITORING REOU IREMENTS: ( ) NOliE (X) REALT II"E () OFFLINE () OTHER: ( ) EBCR IPTIOtl/DECR IPTlotl REQU IRED ( ) UPLINI( REQUIRED: COt11AliD RATE (KBS): ( ) ON- BOARD DATA PROCESS I1iG REDU IRE 

THERMAL 

ESCRIPTION: 
DATA TYPES: () ANALOG ( ) DIG ITAL FILM (AMOUNT> : 
LI VE TV (HOURS/DAY): 
OH-BOARD STORAGE (!"B IT): 
DATA DUMP FREQUENCY (PER ORBIT) 
RECORDI NG RATE (KBPS) 

(X) ACTI VE ( ) PASSI VE .. 
TEI~ERATURE, DEG C OPERAT IONAL MIHIMUM 

NON-OPERATIONAL MINIMUM HEAT REJECTION, W OPERATIONAL MINIMUM 
HOH- OPERATIONAL MINIMUM 

EQUIPI'ENT PHYSICAL CHARACTERISTICS LOCATI ON (X) INTERNAL .. EQU IPMENT ID/FUNCTION 
L, M: 1.50 
L, M: 1.513 
LAUNCH MASS, KG: 

( ) EXTERNAL 
(X) PRESSURIZED 
W, M: 0. 25 
W, M: 13.25 3eae 

CONSUMABLE TYPES 
ACCELERATION SEHSITIVITY, (G) 

sea 
a 

50Ba 
o 

MIN: 

FREQUENCY (MHZ): 

HOURS/DAY 
VOICE (HOURS/DAY) : 
OTHEI~: 

DOLJ'ILI NK COI'1'1lND RATE : 
DOt.tILlIII( FREQUENCY (I"HZ): 

( ) REI1JTE 

r-w:lXJMUM 
1'/AX INUt'1 
MAXJl1JM 
MAXlt1JM 

( ) UHPRESSUR IZED 
H, M: 0.25 
H, M: 0.25 
RETURN MASS, KG: 

a.eeE+Be MAX: 

61313 
Be 

150013 

STOWED 
DEPLOYED 

3Bae 
1.e~E-es 

00 
"' :;0 -a s 
0 ------------------------------------------------------------------------------------------------------------9-.".-----------CREW REQUJREt'ENTS 

CREW SIZE 1 

SKILLS (SEE TABLE B) 

EVA (X) YES () NO 

SERVICIHG/HAINTENANCE 
SERVICE: 

COHF IGURAT ION CHANGES: 

TASK ASSIGNMENTS 

I SKILL 3 

I LEVEL 2 

I HOURS/DAY I 4.00 I 
REASOIi 

INTERVAL. DAYS &,0 
RETURNABLES. KG :1..00 
INTERVAL, DAY 
DEL IVERABLES, KG 

SPEC I AL CONS JDERATIONS/sEE HlSTRUCTI ONS 

HOURS/EVA 

CONSUMABLES. KG 
MAN HOURS 

, liAN/HOURS REQUIRED 
E'iURNABLES, KG 

LABORATORY FACILITIES REaUIRED: CLEAN ROOM, WORKSPACE, SOt'E COI1"UTING CAPAB ILITY CRYSTAL CHARACTER IZATION EQUIP REQUIRED: CUTTING SAW. MI CROSCOPE, IIALL APPArUaTUS. X-RAY DIFF <IF POSSIBLE) 

::Or
rO~ 
C ~ ,. e> 
r- fl.) 

-----------
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BOEING-SPECI~._ IHPUT DATA 

MISSIOH TYPE OPS CODE 
FREE FLYER 
( ) HOT SERVICED F 
( ) REI"IOTE TMS FT 
( ) REMOTE I'IAHNED FM 
( ) SERVICED AT STATIOH (TMS ' RETRIEVED) FST 
( ) SERVICED AT STATIOH (SELF-PROPELLED) FS 

PLATFORM BASED 
( ) HOT SERVICED P 
( ) REt-iDTE TI"I5 PT 
( ) REt'DTE t1-'IHNED PI'1 
( ) SERVICED AT STAT IOH (TMS ' RETRIEVED) PST 
( ) SGRV JCEJ> ~T ST~TlO~1 (SELF-PROPELLED) p'-

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

COHSTRUCTIOH/sERVICING COMPLEXITY 
( ) LOW 
( ) MEDIUM 
( ) HI GH 

OPERATIONS TIMES 
OTV UP/DOWH 
OTV OR TMS ON ORB IT 
MISS ION USE 
IVA SERVICE 
EVA SERVICE 
EXPERIMENT OPS 
SERVICE FREQUEHCY 

DELTA VELOCITIES 
UP B.BB 
DOI.tI B.BB 
AERO RETURN B.SS 

SUPPORT ECUIPMEHT 
LEHGTH: 
LENGTH: 

MASS : 

MANIFEST. RESTRICTI ONS 
(X) NO RESTRI CTIONS 

B.Be METERS 
B. es METERS 

e KG 

( ) ONLY WITH COMPATIBLE PAYLOADS 
( ) FLY-ALONE 
( ) MUST HAVE DOCKING MODULE 

DAYS 

SS 
SOR 

DAYS 
DAYS.l'YEAR 
MAH-DAYS.l'YEAR 
MAIi-DAYS.l'YEAR 
MAH-DAYS.l'YEAR 
T I l"iES/yEAR 

WIDTH: 
WIDTH: 

B.BB METERS 
e. aB I"IETERS 

LENGTH OF BEAM FA8 a.se 
HUMBER OF APPENDAGES 
NUMBER OF MODULES REQUIRED TO ASSEMBLE THE PAYlOAD '! e 

HEIGHT: 
HEIGHT: 

B.BB METERS 
e . ee I"ETERS 

----------------------------------------------------.--------------------.--.--------

Q, 

--------------------------------

(STOI..ED) , 
(DEPLOYED) 

00 
-n::D 

~~ 
0):1 
::Or 
I:) 
C 
:P l:J c: 

--I 

~.. .-..- ------:-. - -_ • -...... tt'oa-............. __ .... ---...4,,;'l..~ =s'= .. Ar- ~ __ ... ,_....;,...., . 



a 
,I , 

• t . , ' 
~ 
~ 

\ 

'. ~ 

'I 

' I 

~ 

P AYLOAD ELEI .... rlT HAt'E 
ELECTROEP JTAX IAL CRYSTAL GROWTH 

CONTACT 
NAt'E 
ADDRESS 

ROBERT E. PACE# JR. 
HICROGRAVITY RESEARCH AS 
a 80X 12426 

HUNTSVILLE. AL 35B02 

' TELEPHONE (285) 88 1-6678 

CODE 
BACX1004 

-------------------------------------------------,--------,--,--_._----_._-------_._------------
STATUS -

( ) OPERATIONAL ( ) APPROVED ! ' (X) PLAHHED ( ) CAHDIDATE () OPPORTUNlTY 
-----------------------------------------------------------------------------~---------
DESIRED FIRST FLIGHT# YEAR: 1990 NUMBER OF FL IGHTS DURATIOI'! 

TYPE 
( ) SC IENCE AND APPLI CATI ONS (I'ION-COr-t1.) --, 
(X) Cot11El~C IAL 
( ) TECHHULOGY DEVELOPI'ENT 
( ) OPERCrfIONS 
( ) OTHER 
( ) NATIONAL SECURITY 
TYPE NUI'I8EI~ (SEE TABLE r-l) 8 

II'1PORTANCE OF THE SPACE STATlml TO 
Trl IS ELEllENT 
I c LOW ~~LUE. BUT COULD USE 
10 .. -VITAL 
SCALE· 7 

FLIGHT. DAYS 90 
-----------------------'---------------------------------------------------------------------------------------------.-------
OBJECTI VE _ 
DEVELOP AND COMMERCIALIZE A PROCESS FOR PRODUCING LARGE SINGLE CRYSTALS 
OF COMPOUND SEHICONDUCTOR MATERIALS. 

--------------------------------------------------------------------~---------'--------'--------------------------------------,----------------'--------

DESCR .I PTI ON 
CRYSTALS ARE GROLl.. I Ii SPACE BY AN ELECTROEP ITA X l AL ,GROlJTH PROCESS. COI'1"ERC I AL r-t:ltiUFACTUR J HG UN I TS ARE 
PLACED IN I1lDULES ATIACHED TO THE SPACE STATION. AND GROWTH CELLS ARE REPLACED PERIODICALLY AND 
CRYSTALS RETURNED TO EARTH. A PROCESS DEVELOPMENT LABORATORY OH THE SPACE STATION IS USED TO CHARACTER IZE 
THE CRYSTALS AHD DEVELOP 
THE PROCESS. 

ORB IT CHARACTER ISTICS 
GEOSYl,IC~IROHOUS ORB IT ( ) YES (X) NO 
APOGEE, KH PERIGEE. KM 
lHCLI HATlOH, DEG 
HODAL ANGLE. DEG 
ESCAPE DV REQUIRED. WS 

POINTING/OR I EHTATI OH 
VIEW DIRECTION ( ) INERTIAL () SOLAR 
TRUTH SITES (IF Ktlot.tn 
POINTING ACCURACY. ARC-SEC 
PO INTING STABILITY (JITTER) ~ ARC-SEC/SEC 
SPECIAL RESTRICTIOHS (AVOIDANCE) 

POWEl~ 
( ) fiC 

OPERATIHG 
STANDBY 
PEAl( 
VOLTAGE, V 

(X) DC 
POWER, W 

2000eJ 

200613 
5 

DURATION. HRS/DAY 

24. 13 

24.80 
FREQUENCY. HZ 

TOLERANCE + 
TOLERAI~CE + 
EPHENERIS ACCURACY. M 

( ) EARTH (X) ANY 

FIELD OF VIEW (DEG ) 

(X) COIHINUOUS 

o 

o 

------------------------------------------------------------------------------------------------'-------------------------------------
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DATA/COI'ttJH " "IOHS 

MONITOR l~~ ~EQUIREMENTS : ( ) HOHE ( ) REALTIME (X) OFFLINE () OTHER: ( ) ENCRIPTIOH/DECRJPTIOH REDUIRED ( ) UPLIHI( REQU IRED: COI11AHD RATE (KBS): B ( ) ON-BOARD DATA PROCESS ING REIlU IRED DESCR I PT lOti: 
DATA TYPES: () ANALOG ( ) DIGITAL F IU1 (AI1lUNT>: 
LI VE TV (HOURS/DAY): 
ON-BOARD STORAGE (MelT): DATA DUMP FREQUENCY (PEP. ORBIT) RECORDING RATE (KBPS) a.10 

THER~L 
(X) ACT IVE ( ) PASSIVE . 

TEMPERATURE. DEG C OPERATIONAL MINIMUM 850 HON-OPERAT IONAL MIHIMUM HEAT REJECTION, W OPERATIONAL MINIMUM 101300 
NOH-OPERATIONAL MIHIMUM 0 

FREQUENCY (MHZ): 

HDURS/DAY 
va ICE HIOURS/DAY> : 
OntER: 

DOId'iLINK COI"l'1f.lND RATE: 
DOlJ'lLIHI< FREQUENCY O'liZ) : 

. mX IMUM 
I"IAX I t'lIM 
MAX IMUM 
~X l t'UM 

950 
113 

200013 
---------------.----------------------------------------------------------------_._---'---_._------EQUIPMEHT PHYS ICAL CHARACTERISTICS LOCATION (X) INTERNAL EQUIPMENT ID/FUNCTIOH 

L, M: 5.1313 
L, M: 5.a 
LAUNCH ~SS, KG: 

( ) EXTERNAL 
(X) PRESSURIZED 
W. M: t . Em 
W. M: 1.ea 
38a0 

COI'ISUMA8LE TWES 
ACCELERATION SENS ITIVITY, (G) MIH: 

CREW REQUIREMENTS 
CREW SIZE 

SKILLS (SEE TABLE B) 

2 

EVA () YES (X) NO 

SERVI CING~IHTEHANCE 
SERVICE: 

CONFIGURATION CHANGES: 

TASK ASSIGNME~TS 

I SK ILL 

1 LEVEL 

I HOURS/DAY I 4 .1313 I 

REASOH 

I1iTERVAL, DAYS 
RETURNABLES, KG 
INTERVAL, DAY 
DEL tVERA8L£S, KG 

SPEC IAL Cot IS IDERATIONS/sEE II'ISTRUCTlOI-IS 

( ) REMOTE 
( ) UNPRESSURIZED 
H, M: 4.0('.1 
H. M: 4.68 
RETURH ~SS, KG : 

1.0eE-e6 MAX : 

913 
313813 

I . 

HOURS/EVA 

STOLED 
DEPLOYED 

313013 

l.aeE-e4 

COHSUMABLES, KG 
f HOURS 

MAN/l-IOURS REau I RED 
RETURHABLES, KG 

LABORATORY FACILITIES REQUIRED : CLEAI" ROOM, WORKSPACE, MI NICOt'llTER# DOIdiLlNI< TERM INAL CRYSTAL CHARACTERIZATION EQUI PtENT REQUIRED : CU"-fI~IG SAW, POLISHER# E"'OtEI~. cOt-prlCT EVAPORATOR, HALL APPARAl1JS LIGHT SOURCE fiND SPECnWt'ETEI~. 

o 
-0::0 
-0(5 
0% 
O;p ;Or. 

. ... -

Q~ 
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BOEING-SPECIFIL INPUT DATA 

MISS ION TYPE OPS CODE 
FREE FLYER 
( ) HOT SERVICED F 
( ) ~EI1OTE TNS FT 
( ) REMOTE !"IANNED FI1 
( ) SERVICED AT STATION (TtlS RETRIEVED) FST 
( ) SERVICED AT STATION (SELF-PROPELLED) FS 

PLATFORM BASED 
( ) I-IOT SERVICED 
( ) REMOIE TNS PT 
( ) REMOTE MAliliED PM 
( ) SERVICED AT STATION (T~S · RETRIEVED) PST 
( ) SERVICED AT STATION (SELF-PROPELLED) PS 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

CONSTRUCTION/sERVICIHG COMPLEX ITY 
( ) LOW 
( ) I'1EDIUM 
( ) HI GH 

OP£RATI OHS TIMES 
OTV UP /DOUi 
OTV OR TI15 ON ORB IT 
MISS ION USE 
IVA SERVICE 
EVA SERVICE 
EXPERI MEHT OPS 
SERVICE FREQUEHCY 

e.ea 
e.ae 

.1313 I 

DAYS 

SS 
SOR 

DAYS 
DAYS/YEAR 
MAH-DAYS/YEAR 
MAN-DAYS/YEAR 
MAN-DAYS/YEAR 
TIMES/YEAR 

SUPPORT EQUIPMENT 
LEtIGTH: 
LENGTH: 

13 . 013 METERS 
e.ee t-ETERS 

WIDTH: 
WIDTH: 

MASS: 

NIFEST RESTRICTIONS 
(X) NO RESTRICTIOIiS 

a KG 

( ) ONLY WITH COMPATIBLE PAYLOADS 
( ) FLY-ALONE 
( ) tUST HAVE DOCKING MODULE 

e.ea t-ETERS 
0.ae METERS 

LEHGTH OF BEAM Foe a. 00 
HUtBER OF APPENDAGES a 
HUMBER OF MODULES REQUIRED TO ASSEMBLE THE PAYLOAD ', . 13 

HEIGHT: 
HEIGHT: 

a.8e tETERS 
a . 60 I'ETERS 

(STOt.ED) . 
(DEPLOYED) 

00 a 
Oz 
0 > :n .-

"0 C> 
» r;) r·, 

ia 

-----------------------------------------------------------------------------.-- ------------ .-------.-.--------------------
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_ ..... _-------- ---------------------------------------.. ---------------- -----------.. --.-------.---~-'~"'""'-.-----.. --------. 
PAYLOAD ELE~HT HA TYPE 
COHTINUOUS FLOW ELECTROPHORESIS 

CODE 
BACXlees ( ) SC IEHCE AHD APPLlCATJONS (HON-COI"l'1. ) 

CONTACT 
HAtE 
ADDRESS 

DR. HARVEY J. UILLEHBERG 
BOE IHG AEROSPACE COI-PAHY 
PO BOX ~999, HS 84-86 
SEATTLE, WA 98 12 

X) Cot1"ERC IAL 
( ) TECHNOlOGY DEVELOPtENT 
( ) OPEI.:ATIOI'IS 
( ) OltlER 
( ) HA'fIOliAL SECUR ITY 
TYPE HUt1BEI~ (SEE TABLE A) B 

TELEPHONE (206) 773-2020 
~~ORTAHCE OF THE SPACE STATION TO 

TH IS ELEt'EH"-

STATUS 
( ) OPERATIOHAL () APPROVED !' (X) P~AHHED ( ) CAHDIDATE () OPPORTUNITY 

1 .. LOW V1iLUE , BUT COULD USE 
113 - VITAL 
SCALE · 6 

----------------------------------------------------------~--------------------- ----------------------------------------------DES IRED FIRST FLIGHT. YEAR: 1991 UMBER OF FL IGHTS 176 

OBJECTIVE 
PROV IDE BIOCHEMICAL LABORATORY FOR DEVELOPIHG HEW ELECTROPHORESIS 
PRODUCTS. TESTlHG HEW EQUIPt'ENT AHD PROCEDURES. AHD PRODUCING 
RESEARCH QUAHTITIES OF BIOLOGICAL MATERIALS . 

DURRTIONOF FL IGHT. DRYS 2 1 

-----------_._------------------------------------------------------------------------------------
DESCRIPTIOH 
A BIOCHEMICAL LABORATORY IS NEEDED TO DEVELOP ELECTROPHORESIS TECHNOLOGY BEYOND PROTOTYPE COl"tERCIAL 
PRODUCTIOH FREE-FLYER. niE LABORATORY WULD INCLUDE 5- 10 ELECTROPHORES IS UN ITS FOR SEVERAL. RESEARCH AND 
COt1"ERCIAL USERS . A CONTROL LABORATORY STORAGE RACKS. AND CREW ACCOtHlDATlOHS. ltIESE UNITS WULD PROVIDE 
SEPARATIONS FOR A NUMBER OF DIFFERENT PHARMACEUTICALS AHD DIFFERENT COMMERCIAL USERS. niE CONTROL 
LABORATORY WOULD BE FOR PROCESS CONTROL OF THE ELECTROPHORESIS UNI TS# QUAL ITY CONTROL OF niE PRODUCT. AHD 
REPAIR OF niE PROCESS UHITS. IT IS BELIEVED niAT nilS CAH BE A SHARED MULTI -USER FACILITY. OF ROUGHLY 
58 113. Wiltl FLUID. TliERMAL. At-ID ELECTRICAL CONTROL SYSTEMS AND BIOLOGICAL LABORATORY EQU IPI'£NT. ABOUT 5 M3 0 
STORAGE RACKS WOULD BE REQU IRED . 

---------

o 
-n~ 

~§ 
02 
0;;:. 
:;Or-

-----------------------------------------------------------------------------------------~------------------.-----~<J - -----ORBIT CHARACTERISTICS 
GEOSYNCHRONOUS DROIT 
APOGEE, KM 
INCLINATION. DEG 
NODAL ANGLE. DEG 
ESCAPE DV REQUIRED. N/S 

PO IHTl HG/oR I ENTATION 

) YES (X) HO 
300 PERI GEE# KM 30EJ 

VIEW DIRECTION ( ) INERTIAL () SOLAR 
TRUTH SITES (J F KNot...tO 
PO IHTHIG ACCURACY. ARC-SEC 
POI NTING STAB ILITY (Jll"TER). ARC-SEC/SEC 
SPECI AL RESTRICTIONS (AVO IDANCE) 

TOLERAHCE + 200 - 180 
TOLERAHCE -I ' 
EPHEI'1EfHS ACCURACY, M 

._--------
( ) EARll-1 (X) ANY 

FIELD OF VIEW (DEG) 

--------------------------------------.-----------------------,-,----------------------------------------------- --------
POLER 

( ) nc 

OPERATING 
STANDBY 
PEAI( 
VOLTAGE. V 

00 DC 
POt..ER. W 

10008 
3l:iBO 

H:l0SB 
20130 

DURATION. HRS/DAY 

24.8{} 
0.0i!l 
(L EI!; 

FREQUENCY. HZ 

(X) COHTItiUOUS 

13 

.... -
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I D~TA/COr1tJH . i IOHS 
tDHITORIHG REQUJREtEHTS : 
( ) HmlE ( ) REAL TII"E (X) OFFL tHE () OlliER: 
( ) EI'lCRIPTIOH/DECRIPTION REQUI RED 
( ) UPLI NK REQUIRED: COtt1AND RATE eKBS): 
( ) ON-BOARD DATA PROCESS IHG REQUIRED 

THER~L 

DESCRIPTION: 
DATA TYPES: () ANALOG ( ) DIGITAL 
F IlH (At1lUNT>: 
LI VE TV (HOURS/DAY): 
Ol'l-BOARD STORAGE (tsIT>: 
DATA DUMP FREQUENCY (PER ORB IT) 
RECORDIHG RATE (KBPS) 

( ) ACT IVE ( X) PASSIVE . 
TEMPERATURE, DEG C OPERATIONAL MIHlt1JM 

NOH-OPERATI ONAL 1"11 N I t1JM 
HEAT REJECTION, U OPERATIONAL MIHlt1JM 

HaN-OPERATIONAL MINIMUM 

EQUIPMENT PHYSICAL CHARACTERISTICS 
LOCAT ION (X) INTERNAL 
ECU IPtENT ID/FUNCTIO 

L, M: 12.813 
L, M: 35.80 
LAUNCH ~SS. KG: 
CONSU~8LE TYPES 

( ) EXTERNAL 
(X) PRESSUR IZED 
U. M: 5.013 
U. M: 2. 

30BBB 

213 
4 

9BBB 
13 

FREQUEHCY (MHZ): 

OURS/DAY 
VOI CE (HOURS/DAY) : 
OTHER: 

DOlJ'lL INK COt1'1AND RATE: 
DOlJ'lL IHK FREQUEtlCY (!"HZ): 

( ) REI"IlTE 

t'r.lX I t1J M 
MAXIMUM 
~>OMUM 
t1AX I tlJl'1 

( ) UNPRESSUR IZED 

413 
4B 

IlBa 

. H. M: 5. 0B STOWED 
DEPLOYED 
l S£:s8B 

H. M: 5.13 
RETURN MASS. KG: 

00 
""~ 'tJ9 
0 2 
o~ 

__________________ ~~~::~~~~~~_:~~~~IV~~~~:~ _______ ~~~.: ______ ~~~ _____ ~~.:. _____ ~~~ _________ . _______ . .f.;;...2. _________ _ 

CREU REQUIREI'ENTS 
CREU SIZE 19 

SKILLS (SEE TABLE B) 

EVA ( ) YES (X) 1'10 

SERVICIHG/t1A IHTEHANCE 
SERVICE: 

CONFI GURATION CHANGES: 

TASK ASS IGNMENTS 

I SKILL 

I LEVEL 

I HOURS/DAY I 

REASON 

INTERVAL. DAYS 
RETURNABLES. KG 
INTERVAL. DAY 
DELlVERABLES. KG 

SPECIAL COHS IDERATIOI'IS/SEE INSTRUCTIONS 

or" 

HOURS/EVA 

CONSU~BLES. KG 
MAN HOURS 

H/HOURS REQUIRED 
RETURHABLES. KG 

r- t' l 

~ 

--------- ------

..... -



• . 
~ 
\ 

\ 

~ . 

, . , \ 
----------- --------------- -----_ _ ___ _ ".a. _ __ ., _ __ _ -____ _ _ _ _______ ,__ __ _ _____ ____ -_ _ -__________ _ ________ -______ -__________ • 

BOE ING-SPECIFIC INPUT DATA 
----------------------------------------------------------------------------------------------------------------------------------------MISS lOti TYPE OPS CODE 

FREE FLYER 
( ) tiOT SERVICED F 
( ) REMOTE TMS FT 
( ) REt1lTE MAUNED FI1 
( ) SERVICED AT STATION (l11S 'RETR IEVED) FST 
( ) SERVICED AT STATION (SELF-PROPELLED) FS 

PLATFORM BASED 
( ) tiOT SERVICED P 
( ) REt'()TE TMS PT 
( ) P.Et1lTE MANNED PM 
( ) SERVICED AT STATION (TNS 'RETRIEVED) PST 
( ) SERVICED AT STATI ON (SElF-PROPELLED) PS 

OTHER 
( ) SPACE STAT lOti BASED 
( ) SORTIE 

COHSTRUCT ION/sERVIC ING COMPLEX 1 TY 
( ) LOW 
( ) I"ED!UM 
( ) HI GH 

0 -,: fHIOtiS TII"E5 
JTV UP/DO 
OTV OR TMS Oti ORB IT 
MISS ION USE 
IVA SERVICE 
EVA SERVICE 
EXPER ItEtiT OPS 
SERVI CE FREQUENCV 

DELTA VELOCITIES 
UP 
DO\Ji 
AERO RETURN 

SUPPORT EQUIPMENT 
LENGTH: 
LENGTH: 

MASS : 

mHIFEST RESTRI CTIOtiS 
(X) NO RESTRICTIotlS 

B.BB 
B.BB 
a.ea I 

B.BB METERS 
e.ee tETERS 

a KG 

( ) ONLY WITH COMPATIBLE PAYLOADS 
( ) FLY-ALONE 
( ) !"UST HAVE DOCKING t1lDULE 

DAYS 

5S 
SOR 

DAYS 
DAYS/YEAR 
t1P.N-DAYS/YEAR 
mti-DAYS/YEAR 
t~N-DAYS/YEAR 
TIMES/YEAR 

WIDTli : 
WIDTH: 

B.BB r-ETER 
e.ee METERS 

LENGTH OF BEAM FAB 0 . 613 
NUI13ER OF APPENDAGES e 
NUMBER OF MODULES REQU IRED TO ASSEI13LE TIfE PAYLOAD', ' 

HEI GHT: 
HEIGHT: 

B. BB I"ETERS 
r-ETERS 

(STOWED> ' 
(DEPLOYED) 

--------------------------------------,--------------- ----------------------------_._----------------------------

". 

v 
.." 

"tiC;; 
o 
o 
;0 r , 
,o"'C 
c· 
t: td 

IF 1 
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PAYLOAD ELEtkNT HAI"E 
COLLAGEN PROCESSING 

CODE 
BAC)(lee6 

------------------------------------------------------------------------------.------CONTACT 
t'E 

ADDRESS 
D~. KENNEllf E. HUGHES 
BATTELLE COLUMBUS L 
5135 K UIG AVENUE 
COLUMBUS. OHIO 432131 

(NON-CO/'1'1. ) 

8 

TELEPHONE (614) 424-7627 
II"PORTANCE OF ntE SPACE STATION TO 
TH IS ELEt1ENT 

STATUS 
I • LOW VAlUE~ BUT COULD USE 
18 • VITAL 

( ) OPERAT IONAL () APPROVED ~ ' ( ) PLAHHE (X) CAHDIDATE () OPPORTUNITY SCALE · 3 

DES IRED FIRST FLIGHT. YEAR: 1995 HUMBER OF FLIGHTS 

OBJECTIVE 
1. DETERMItiE THE EFFECTS OF GRAVITATIONAL FORCE Qti 'COLLAGEH FIBRIL 
GROWTH 11'1 VITRO. 
2 . EVEHTUAL GOAL TO FABRICATE COLLAGEN BIOMEDICAL MATERiALS HAV ING 
CONTROLLED MORPHOLOGY. 

ESCRIPTIOH 

DURATIOH OF FL IGHT. DAYS 

POLYtERI2E COLLAGEN tf:IlRlCES BY THE THERtf:lL GELATION PROCESS; DETERM IHE REACTION KIIiETICS. GEL MAlRlX 
STRUCTURE. AND PHYSICAL PROPERTIES OF MATER IALS. DEVELOP A PHENOMENOLOGICAL MODEL OF COLLAGEN FIBRIL GRO 

• I;I:'! --------

-----------------------_._._-_.,-,--------_._--_._-------------------------------------,-------------------- ------------- -----
ORB IT CHARACTER I STI CS 

GEOSYNCHRONOUS ORBIT 
APOGEE. KM 
INCLINATION. DEG 
NODAL ANGLE. DEG 
ESCAPE DV REQUIRED. MVS 

( ) YES (X) HO 
PERIGEE. KM TOLERANCE + 

TOLE~ANCE + 
EPHEtlERIS ACCURACY. M 

-----------------------.------------------------------------------------------------------.--
PO INT ItIG/oR I ENTATION 

VIEW DIRECTION ( ) INERTIAL () SOLAR 
TRUTH SITES (IF KNOWN) 
PO INTING ACCURACY. ARC-SEC 
PO lilTING STAB IU TY (J I TIER) • ARC-SEC/SEC 
SPECIAL RESTRICTIONS (AVO IDANCE) 

POWER 
( X) AC 

OPERATING 
STAI'fDBY 
PEAK 
VOLTAGE ~ V 

( ) DC 
POWER. W 

280 
50 

5ea 
28 

DURATION. HRS/DAY 

1. 
B.Ellj 
B. 

FREaUENC~' , HZ 

( ) EAR1H (X) ANY 

FIELD OF VIEW (DEG) 

( ) Cot'll I MUOU 

t- _... ,.;... . .. , .. -....... , .- -......10'"-., __ , .. a,.. - ,........_ __ ~ ~ 



• 

~ , , 
l 

~ .. 
I 

'j 

" 

, ' 
• 

DATA/COt11J~. ,TI ONS 
t'IlHI TOR ING REQU IREI"EHTS: 
( ) HONE ( ) REAL T l tE (X) OFFLI HE () OTHER: 
( ) ENCRI PTION/DECRI PTIOtI REQUIRED 
( ) UPL I NK REQU I RED: COtt1AND RATE (KBS): 
( ) Oli- BOARD DATA PROCESSItIG REQUIRED 

DESCR IPT I ON : 
DATA TYPES : () ANALOG ( ) DIGITAL 
F ILM ( AHOUNT): I B 
LI VE TV (HOURS/DAY): 
ON- BOARD STORAGE <118 IT) : 
DATA DUMP FREQUENCY (PER ORB I T) 
RECORDING RATE (KBPS) 

FREQUENCY (MHZ) : 

HOURS/DAY 
va I CE OIOURS/DAY): 
OTHER : 

DOWNL INK COMMAHD RATE : 
DOL.tIL I NK FREQUENCY ( !'1iZ) : _ _______ _ _ ________________________ .J ______________________ --' ___________________________ _ _ . ____ .--_. ___ _________ _ . ___ ._ . ____ _ 

THER~L 
( ) ACTI VE (X) PASSIVE 

TEMPERATUkt~ DEG C OPERATIONAL MINI MUM 
HOH- OPERAT IONAL MI NI MU 

HEAT REJECTION ~ W OPERATIOHAL MINIMUM 
ON-OPERATIONAL MINI 

EQU IPMENT PHYSICAL CHARACTERISTICS 

4 
2S 

2aB 

LOCATION (:.() INTERNAL ( ) EXTERNAL ( ) REt1lTE 

I"ru( I tUM 
MAX I t1JM 

X I t1JM 
MAX Jt1JM 

EQUIPI'IENT I D/fUNCTION (X) PRESSURI ZED ( ) UNPRESSURIZED 0 0 
L~ M: 2.BB W~ M: 1.Be H~ M: 2 . ee STOt.ED " :u 
L. M: 2.1313 W. M: 1.BB H. M: 2.BB DEPLOYED 
LAUNCH ~SS. KG : sEle RETURN ~SS. KG : l BB ~ 
CONSUMABLE TYPES . 
ACCELERATI OH SENSITIVITY. (G) MIH : E+BB ~X: E+ee ~ ~ 

-----.-----.-------------------------------------------------------------------------------------.--------~.----------
CREW REau I REtEHTS .0 _ 

CREW SIZE TASK ASS I GHMEHTS c: > -------------------------------------------------------- --- f! C) 
SK I L LS (SEE TABLE B) f SK I LL -

EVA () YES (X) 1'10 

SERVIC ING~INTENANCE 
SERVICE: 

COHF I GURATION CHANGES : 

I LEVEL 

I HOURS/DAY f 

REASON 

I NTERVAL. DAYS 
RETURHABLES. KG 
I NTERVAL. DAY 
DEL I\~RABLES. KG 

HOUI~S/EVA 

CONSUt1P.BlES. KG 
~N HOURS 

f.l li /HOURS REOUIRED 
RETURI~ABLES. KG 

-----

----------.------------------------ -----------------------------------------------------------_._----_._._-_._._---------,_.--._--
SPEC I AL CONS I DERATI ONS/sEE I Ns-mUCT IONS 
SPECI AL EQUIPMENT REQlHRED !='~I~ COLLAGEN PROCESSING: UHIFORI1-TENPERATURE INCUBA-i:nR; COLD STORAGE UtUT; FLUI 
HANDL HIG PUMP; MICRO-FILTRATION; COLLAGEI" FIXATION BY CHEI1ICAL CROSS-LINKIHG OR UV RADIATION; EPOXY 
EMBEDMENT; DRYI NG. 

----------- ------------------------------------------.------,-------------------- -------_._---- ------------------ ---------

~ 
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BOE BiG-SPEC I F u ; lI'IPUT DATA 
--------- ---------------------------------------------------------------. MISSION TYPE OPS CODE 

FREE FLYER 
( ) NOT SERVICED F 
( ) REI1lTE TNS FT 
( ) RHiOTE HANNED HI 
( ) SERVICED AT STATIm .. (TMS ' RETRIEVED) FST 
( ) SERV ICED AT STATION (SELF-PROPELLED) FS 

PLATFORM BASED 
( ) HOT SERVICED P 
( ) REMOTE TNS PT 
( ) REMOTE MAHHED P 
( ) SERVICED AT STATIot~ (TMS 'RETRIEVED) PST 
( ) SERV ICED AT STATION (SELF-PROPELLED) PS 

OTHER 
( ) SPACE STATIOH BASED 
( ) SORTIE 

COHSTRUCTIOH/sERVICIHG COMPLEXITY 
( ) LOW 
( ) MEDIUM 
( ) . HI GH 

OPERATIONS TIMES 
OTV UP / DOIJ'I 
OTV OR TMS 01'1 ORBIT 
111SSION USE 
IVA SERVICE 
EVA SERV ICE 
EXPER lMEHT OPS 
SERVICE FREQUEHCY 

DELTA VELOCITIES 
UP 
DOt..tl 
AERO RETURN 

SUPPORT EQUIPMENT 
LEliGTH: 
LENGTH: 

MASS: 

MANIFEST RESTRICTIONS 
(X) HO RESTRICTIONS 

e.ee 
e.ee 
e.ef! I 

8. ee rETERS 
8.ea METERS 

a KG 

( ) ONLY WITH COMPATIBLE PAYLOADS 
( ) FLY-ALONE 
( ) I'UST HAVE DOCKING MODULE 

DAYS 

SS 
SOR 

DAYS 
DAYS/YEAR 
MAN-DAYS/YEAR 
HAH-DAYS/YEAR 
I'VlH- DAYS/YEAR 
TIMES/YEAR 

WIDTH: 
WIDTH : 

8.88 METERS 
8. eo I'ETERS 

LENGTH OF BEAM FAB a.e8 
NUI'IBER OF APPENDAGES e 
NUI'flER OF tDDULES REQU IRED TO ASSEtIlLE THE PAYLOAD ': 

HEIGHT: 
HEIGHT: 

---------------------------------------.----------.-.--------,--------_. __ ._._----

". 

8.88 I:'ETER 
8.ea METERS 

.--.-.~---.-.-,.---

(STDI.ED 
(DEPLOYED) 

.~~ 
~e 
~ $ 
to 
C 

~ t 
~ 
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------~-- ---'---'-- -------------
TYPE PAYLOAD ELE~NT NAME 

INFRARED DETEC".-oR PRODUCTION 
CODE 
BACX1007 ---------.---------------------------------------------------------------------- ( ) SCIENCE AND APPLICATIONS (NOIi-COI"t1.) 

(X) COI-tERC IAl 
CONTACT 
NAI"E 
ADDRESS 

LEPHONE 

STATUS 

'''' R.K. CROUCH 
NASA-LA~IGLEY RESEARCH C 
HAI"~TOIi~ VA 23665 

( ) OPERATIONAL () APPROVED ! PLAHHED (X) CAHD IDATE () OPPORTUN ITY 

( ) TECHNOLOGY DEVELOPI"ENT 
( ) OPERATIONS 
( ) OTHER 
( ) NATI OI'I(.L SECURITY 
TYPE NUI18ER (SEE TABLE A) 8 

IMPORTANCE OF THE SPACE STATION T 
TH IS ELEt'IENT 
1 = LOW VALUE, BUT COULD USE 
16 - VIT~IL 
SCALE = 

--------------------------------------------------------------------------------------------------------------------------------------
DES IRED FIRST FLIGHT, YEAR: 1995 NUMBER OF FLIGHTS 5 

CBJECTIVE 
TO PROVIDE LARGE SCALE FACILITIES FOR THE GROWTH OF. COMPOUIiD SEMI
COHDUCTOR CRYSTALS. FOR MAHUFACTURE OF CRYSTALS OF THE PSEUDOBINARY 
LEAD-T IH-TELLURIDE SYSTEM WITH APPL ICATIOIiS AS INFRARED DETECTORS AND 
TUNABLE LASERS FOR REMOTE SENSING. 

DURATIOH OF FLIGHT, DAYS 

00 
.." 

~-Oz 
O J» ::0 ,.. 

-------------------------------------------------------------------------------_._------_._-------------_._-----'*'--'"'----------
DESCRIPTIOH 
CRYSTALS ARE GROWN USING 80TH VAPOR TRANSPORT AHD SOLIDIFICATION FROM MELT TECHNIQUES . 
COMMERCIAL MANUFACTURING UNITS ARE PLACED EITHER IN AN ATTACHED LABORATORY MODULE OR 01'1 fREE-FLYERS 
(TO MINIMIZE ACCELERATION GRADIENT), PROBABLY TETHERED TO THE SPACE STATION. THE CRYSTAL AMPOULES ARE 
REPLACED PERIODICALLY. AND THE CRYSTALS ARE EXAMINED 11'1 THE SPACE STATIOH. A LABORATORY ON l~E SPACE 
STATIOH IS USED TO CHARACTERIZE THE CRYSTALS AND DEVELOP THE PROCESS. 

ORBIT CHARACTERISTICS 
GEOSYNC.IRONOUS ORBIT 
APOGEE, KI1 
INCLINATION, DEG 
~!!JDAL ANGLE, DEG 
ESCAPE DV REQUIRED. MVS 

YES (X) 1'10 
. PERIGEE, KM TOLERAHCE + 

TOLEI~ANCE + 
EPHEMERIS ACCURACY, M 

> t') 
!: rl1 

._--------_._--- ------
POINTING/oRIENTATION 

VIEW DIRECT ION ( ) INERTIAL () SOLAR ( ) EARTH ( X) ANY 
TRUTH SITES (IF KN~~~) 
PO IHTING ACCURACY. ARC-SEC FIELD OF VIEW (DEG) 
POI~ITING STABILITY (JITTER), ARC-SEC/SEC 
SPECIAL RESTRICTIONS (AVOIDANCE) AVOID LARGE ACCELERATION 

POI.ER 
( ) (lC 

OPERATING 
STANDBY 
PEAK 
VOLTAGE, V 

".. 

(X) DC 
POt..ER, W 

813136 
e 

12000 

DURATION, HRS/DAY 

24.88 
B. 110 

, 130 
FREQUENCY, HZ 

( ) COHTI NUOU5 

e 

--------

~ ... ~ _~. __ L."-'"":,........,_......... ~~'"'""~ ..... ___ w'---r--_.+'." r--'-'- ._...,_ ... ... _ ..... _ . 1i!:.... __ ; & ,. 
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DATA/COt'l1..lt fI OMS 

tllH ITOR 11._ REQU IREI"EHTS: 
( ) HONE ( ) REALT IME () OFFLIHE () OTHER : 
( ) EHCRIPTIOH/DECR IPTIOH REQUIRED 
( ) UPLINK REQUIRED: COt11AMD RATE (KBS) : 
( ) ON-BOARD DATA PROCESS ItIG REQU IRED 

THERmL 

DESCRIPTION: 
DATA TYPES: () AHALOG ( ) DIGI TAL 
FILM (AMOUHT>: 
LIVE TV OIOURS/DAY): 
ON-BOARD STORAGE (MBIT) : 
DATA DUMP FREOUENCY (PER ORBIT) 
RECmW IHG RATE (KBPS) 

(X) ACTI VE ( ) PASS IVE . 
TEMPERATURE. DEG C OPERATIONAL MINI MUM 

HOH- OPERATIONAL HIHI f1JM 
HEAT REJECTIOH. W OPERATIOHAL MIHIMUI1 

HON-OPERATIONAL MINIMUM 

EQUIPMEHT PHYSICAL CHARACTERISTICS 
LOCATION (X) INTERNAL 
EQUIPMENT ID/FUNCTIOH 

L. M: 2.Ba 
L. H: 2.BB 
LAUNCH mss. KG: 

( ) EXTERNAL 
(X) PRESSURIZED 
W. H: 13.58 
W. M: a.sa 

58 
CONSUMABLE TYPES 
ACCELERATIOH SENS ITIVITY. (G) 

89B 
8 

500B 

MIN: 

FREQUEMCY (MHZ ) : 

HOURS/Dt:lV 
VOICE (HOURS/DAV): 
OTHER: 

DO~LIHl( COI'11AND ~TE: 
DOWNLI NK FREa~EHCY (MHZ): 

( ) REI'llTE 

MAXlr1JM 
XJtUM 

Mf))m'llM 
~X I MUt'I 

( ) UNPRESSURIZE 
H. 1"1: 13.513 
H. H: 13.59 
RETURH MASS. KG: 

i. aBE- 54 KQX: 

958 
186B 

1500 

STOLED 
EPLOYED 

5 

I.BBE-El2 

" 

~ 

-------------------------------------------------------------------------------------- ----------0..:,;,,....--
CREW REDU IRE'MEHTS 

CREW SIZE 

SKILLS (SEE TABLE B) 

EVA () YES eX) HO 

SERVICI HG/MAINTENAHCE 
SERVICE: 

CONFI GURATIOH CHANGES: 

TASK ASSIGNMENTS 

I SKILL 3 
~------------------------------------------------------------I LEVEL 2 

I HOURS/DAY I 6.00 I 

REASO 

INTERVAL. DAYS 
RETURtIABLES. KG 
ItHERVAL. DAY 
DELI VERABLES. KG 

I-lOURS/EVA 

CONSUMABLES. KG 
N HOURS 

w,tV HOURS REQU IRE 
HETURNABLES. KG 

SPEC I AL CONS I DERATl ONS/sEE H1STRUCT 10l'lS 
LABORATORY FAC ILITIES REoumED: CLEAN ROOM. WORKSPACE. SOf'1E COI1'UTING CI1PAB lLI TY 
CRYSTAL CHARACTERIZATION EQUIPI'ENT REaUWED : 11ICI~OSCOPE. SI1ALL WET CHENIS-;RY LAB. CUTTING SAW. HnLL 
APPARATUS 

--------------------------------------------------------------------------------------------------- --------------------------
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BOE l NG-SPEC IF Il .. INPUT 

NISSIOII TYPE OPS CODE 
FREE FLYER 
( ) HOT SERVICED F 
( ) REMOTE Tt1S FT 
( ) REt'IOTE mNNED FM 
( ) SERVICED AT STATIOH (lMS 'RETRIEVED) FST 
( ) SERVICED AT STATIOH (SELF-PROPELLED) FS 

PLATFORM BASED 
( ) NOT SERVICED P 
( ) REMOTE THS PT 
( ) REMOTE HAI'tHED PI1 
( ) SERVICED AT STATIOH OMS ' RETR I EVE]) PST 
( ) SERVICED AT STATION (SELF- PROPELLED) PS 

OntER 
( ) SPACE STATIOH BASED 
( ) SORTIE 

COHSTRUCTIOH/sERVICIHG COMPLEXITY 
( ) LOW 
( ) teDIUM 
( ) HIGH 

OPERATIOHS TIMES 
OTV UP /DOIJi 
OTV OR TMS 01'1 ORB 
MISSIOH USE 
IVA SERVICE 
EVA SERVICE 
EXPER IMEHT OPS 
SERVICE FREQUEHCY 

DELTA VELOCITIES 
UP a. ae 
DOIJi a .Ba 
AERO RETURH a.ee 

DAYS 

S5 
SOR 

DAYS 
DAYS/'I'EAR 
tlAH- DAYS/'I'EAR 
HAH-DAYS/YEAR 
MAH-DAYS/YEAR 
Tlt1£S/YE 

SUPPORT EQU IPMEHT 
LEHGTH: 
LENGTH: 

. BB METERS 

.ee HETERS 
WIDTH: 
WIDTH: 

I'r1SS: 

mHIFEST RESTRICTIOHS 
(X) HO RESTR ICTIOHS 

e KG 

( ) ONLY WIni COI"PATIBLE PAYLOADS 
( ) FLY-ALONE 
( ) MUST HAVE DOCK ING MODULE 

0.130 I"ETERS 
e; • 013 METERS 

LENGTH OF BEAM FAB a.ae 
HUt'I)ER OF APPENDAGES 0 
HUMBER OF MODULES REQU IRED TO ASSEMBLE THE PAYLOAD " e 

HEIGHT: 
HE IGHT: 

e . ee !'ElERS 
e.SB I"ETERS 

.... - ----:=- "'-'I.:.t"_:- ..... ..-., -: __ .. ~"'-"'f"._" _ ..... ' __ . _ _ .. ....:.......:~,~ _ ~ '":~...:....~_~-"_~",~ ~...:.....:.-. __ "::. 

(STOI..ED) , 
(DEPLOYED) , 

0 0 
":0 
"i5 0 -
0 2 
:oi! 
.0 ." c::.
» Cil 
rf'l1 

~ 

• 

, 

---------- _._----
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_ .. _--------'-------------------------------- '_._-,------
PAYLOAD ELEt'b'i r HAt'E 

I ELECTROEP ITAXIAL CRYSTAL GROIJTH 

Cotm~cT 
NAME 

DDRESS 
ROBERT E. PACE. JR. 

ICROGRAVITY RESEARCH AS 
o BOX 12426 
UNTSVIlLE. AL 35B02 

TELEPHONE (205) 881-667a 

STATUS 

CODE 
BACX leee 

( ) OPERATIONAL () APPROVED ! ' ( X) PLANNED ( ) CANDIDATE () OPPORTUNITY --------------------------------------------------------------------------------

TYPE 
( ) SCIENCE AHD APPLI CATIONS (NOH-com.) 
O() COt1"ERC I AL 
( ) TECHNOLOGY DEVELOPMENT 
( ) OPERATIOHS 

) 01llEI~ 
( ) NATIONAL SECURITY 
TYPE NU\'i8ER (SEE TABLE A) 8 

IMPORTANC,E OF lliE SPACE STATION TO 
TH IS ELEMENT 
1 • LOW Vt~LUE. BUT COULD USE 
te • VITAL 
SCALE · 7 

DES IRED FIRST FLIGHT. YEAR: 1992 HUMBER OF FLIGHTS DURRTION OF FLIGHT. DAYS 35 

OWEcrlVE 
DEVELOP AND COMMERCIALIZE A PROCESS FOR PRODUCING LARGE SINGLE CRYSTALS 
OF COMPOUND SEMICONDUCTOR MATERIALS. 

-------------------------------------------------------------------- - --------- --------------------------
DESCRIPTION 
CRYSTALS ARt GROWN IN SPACE BY AN ELECTROEPITAXIAL GROWTH PROCESS. COMMERCIAL MANUFACTURING UNI TS ARE 
PLACED IN I'f)DULES ATIACHED TO lliE SPACE STATION. AND GROWTH CELLS ARE REPLACED PERIODICALLY AN 
CRYSTALS RETURNED TO EARTH. A PROCESS DEVELOPMENT LABORATORY ON THE SPACE STATION IS USED TO CHARACTERIZE 
THE CRYSTALS AND DEVELOP 
THE PROCESS. 

ORB IT CHARACTERISTICS 
GEOSYHCHROHOUS ORB IT 
APOGEE. I{M 
INCLINATION. DEG 
NODAL ANGLE. DEG 
ESCAPE DV REQUIRED. IVS 

) YES (X) NO 
PERIGEE. KM TOLERANCE + 

TOLERANCE + 
EPHEt'ERIS ACCURACY, M 

00 
.,,~ 

~§ 
0% 
0):
::or-

-----.,(3 "'2 - -----
C:P 
):- C, 
C I'l1 

--------------------------------------------------------------------------------------- ------------------ -PO INTING/ORIENTATION 
VIEW DIRECTION ( ) INERTIAL () SOLAR 
TRUTH SITES (IF KHOWN) 
POI NTING ACCURACY. ARC-SEC 
PO INTI NG STABILITY (JITTER) ~ ARC-SEC/SEC 
SPECI AL RES"fRICT IONS (AVOIDANCE) 

POl.ER 
( ) AC 

OPERATING 
STHIIDBY 
PEAK 
VOLTAGE. V 

(X) DC 
POWER. W 

2aaea 

2eaea 
S8 

DURATION. ~IRS/DAY 

24 .013 

24.0a 
FREQUENCY. HZ 

( ) EARlli (X) AMY 

FIELD OF VIEW (DEG ) 

(X) CONTINUOUS 

a 

..... -
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DATfVCOt11Jtt . _., T IOHS 
MONITORI NG REQUiREMENTS: 
( ) NOlIE ( ) REI1L TIME (X) OFFLINE () OTHER: 
( ) ENCR IPTIOH/))ECR IPTION RECIU IRED 
( ) UPLINK REQUIRED: CO~iAND RATE (KBS): e 
( ) ON-BOARD DATA PROCESSING REQUIRED 

DESCRIPTION: 
DATA TYPES: () ANALOG ( ) DIGITAL 
FILM (AMOUNT>: 
LI VE TV (HOURS/DAY) : 
ON-BOARD STORAGE (Ma l T) : 
DATA DUMP FREGUENCV (PER ORBIT) 
RECORDING RATE (KBPS) 0.10 

FREQUENCY (MHZ): 

HOURS/DAY 
VO I CE UIOURS/DAY): 
OTi-fER : 

DOI&4LINK COI11AND RATE: 
OlJ'lL I HK FREaUEHCY(I'HZ): -------_._------------------------------------------,.-----.----.----.---------.-------------------.-.-.-

ERMAL 
(X) ACTI VE ( ) PASSIVE 

TEMPERATURE, DEG C OPERATIONAL MINIMUM 
HON- OPERATIONAL MIN ltuM 

HEAT REJECTION, W OPERATIONAL MINItuH 
HON-OPERATIONAL MINItlJ 

85 
o 

Hleea 
o 

I1=\XIM.JM 
MAX 1t'll!"1 

><1t1JM 
MAXl l'UM 

950 
100 

20060 

·l 

-----------
EaUIPMENT PHYSICAL CHARACTERISTICS 

LOCAT ION (X) INTERNAL ( ) EXTERNAL ( ) RENaTE 
EQUIPl'EHT ID/fUHCTION (X) PRESSURIZED ( ) UNPRESSURIZED 

L. M: 5.00 IJ. M: 1.013 H. M: 4.013 STOtED 0 0 
L. M: 5.813 IJ, M: 1.8e H, M: 4.813 DEPLOYED ~ ::a 
LAUNCH MASS. KG : 19Se RETURN nlSS. KG: 0 -U i5 
CONSUMABLE TYPES 0 2 
ACCELERATION SENSITIVITY, (G) MIN: 1. e0E-06 nlX: l.eeE-04 0 ):t 

------- ------------------------------------------------------------------------- ------------------ ;0 ,.. ---
CREW REQUIREt'ENTS Q 

CREW SIZE 2 TASK ASSIGNMENTS 

SK ILLS (SEE TABLE B) I SKILL 

I LEVEL 

I HOURS/DAY I 4 . 00 I 

EVA () YES ,(X) NO REASON HOURS/EVA --------------.-----------------------------------------.--------------------------.------------- ---,-----
SERVICING/HAIMTENANCE 

SERVICE: 

CONFIGURATION CHANGES: 

INTERVAL, DAYS 
RETURNABLES. KG 
INTERVAL. DAY 
DELl VERABLES. KG 

913 
1950 

CONSUMABL ES. KG 
iAN HOURS 

t"..:ltl/HOURS REDU mED 
RETURNABLES. KG 

0"0 
Cl; 
f: -

---------------------------SPEC lAL CONS I DERATIOMS/sEE INSTRUCTIONS 
LABORATORY FACILITIES REQUIRED : CLEAII ROOM, WORKSPACE. MIMICOM.JTER. DOlJ~LIMK TERMINAL 
CRYSTAL CHARACTERIZATIOtI EQUIPt1£NT REQUIRED: CUTTING SAW. POLISHER. ErCIIER. CO~ACT EVAPORATOR. HALL 
APPARATUS LIGHT SOURCE AND SPECTROMETER. 

----------------------------------------------------------------------------------------------------------------------------

". 

........ _.. .-..I •• ~'7, (l"t;-,-..-.__ "L.~.. :i= ...... - ;~--~~ 
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BOE H~G-SPEC IF J L; INPUT DATA 
-------~----------------.----.-------------.----------.-----------.. ----------------.------------- -------------------.--- ------.-
t11~5 lOti TYPE OPS CODE 

FREE FLYER 
( ) HOT SERVICED F 
( ) REI'1lTE 1l1S fT 
( ) REMOTE f'1lHIiED FM 
( ) SERVICED AT STATI OH (TMS ' RETRIEVED) FST 
( ) SERVICED AT STATION (SELF-PROPELLED) FS 

PLATFORM BASED 
( ) NOT SERVICED P 
( ) REMOTE TMS PT 
( ) REMOTE I'JlHHED PM 
( ) SERVI CED AT STATIOH (Tr1S 'RETRIEVED) PST 
( ) SERV ICED AT STATION (SELF-PROPELLED) PS 

OTHER 
( ) SPACE STATI ON BASED 
( ) SORTIE 

COHSTRUCTION/sERVI CI NG COMPLEXITY 
( ) LOW 
( ) tEDIUM 
( ) HIGH 

OPERATIOHS TIMES 
ON UP/DOlJi 
OTV OR TMS OH ORBIT 
MISS ION USE 
IVA SERVICE 
EVA SERVICE 
EXPER IMeNT OPS 
SERVI CE FREQUENCY 

DELTA VELOCITIES 
UP 
DOWN 
AERO RETURN 

e.Be 
e.se 
e.Be I 

DAYS 

SS 
SOR 

DAYS 
DAYS/YEAR 
~H-DAYS/YEAR 
~N-DAYS/YEAR 
HAH-DAYS/YEAR 
TItES/YEAR 

SUPPORT EQUIPMENT 
LENGTH: 
LENGTH: 

e. ee I"ETERS 
0. ee METERS 

IJIDTH: 
WIDTH: 

~SS : 

~tHFEST RESTRICTI ONS 
(X) NO RESTRICTIONS 

e KG 

( ) ONLY WI TH COI"PATI BLE PAYLOADS 
( ) FLY-ALONE 
( ) MUST HAVE DOCKING MODULE 

e . 08 I"ETERS 
a . ae I"ETERS 

LENGTH OF BEAM FA8 0. 00 
NUMBER OF APPENDAGES e 
NUH8ER OF MODULES REQU IRED TO ASSEI13LE THE PAYLOAD" £I 

HEIGHT: 
HEIGHT: 

0.8e I'ETERS 
e. Be I"ETERS 

(STOt.ED) 
DEPLOYED) 

------------------------------------------------------- ._-----_._-----'_._---_._-----_._---------------------

00 
"":0 
'1JG; 
0 -
O~ :u,.. 

c:: 
> G) r- ,., 
~ 
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PA~OAD ELEtENT NAtE 
ELECTROEPITAXIAL CRYSTAL GROWTH 

CONTACT 
NRME 
ADDRESS 

ROBERT E. PACE# JR. 
MICROGRAVITY RESEARCH AS 
PO 80X 12426 
HUNTSVILLE# AL 35802 

CODE 
BACXUJ09 

TYPE 
( ) SCIENCE AND RPPLICATIOIiS ( 
(X) COI'11EI1C I FLL 
( ) TECHI-IOLOGV DEVELOPtENT 
( ) OPERATIOHS 
( ) OTIIER 
( ) HATIONnL SECUR ITY . 
TYPE NUI"I5ER (SEE TABLE A) 8 

-COt11 . ) 

It'PORTRHCE OF THE SPACE STATION TO 
TELEPHONE (205) 881-6678 

STATUS 
( ) OPERATIONAL () APPROVED ! (X) PLAHHE ( ) CAHDIDATE () OPPORTUHI 

DESIRED FIRST FLIGHT. YEAR: 1992 HUf'EER OF FLIGHTS 

OBJECTIVE 
DEVELOP AHD COt1'ERCIRLl2E A P~OCESS FOR PRODUCIHG L:ARGE SINGLE CRYSTALS 
OF COMPOUND SEMICONDUCTOR mTERIALS. 

DESCRIPTIO 

THIS ELEt£HT . 
1 • LOW VALUE. BUT COULD USE 
10 • VITAL 
SCALE· 7 

RATION OF FLIGHT. DAYS 35 

CRYSTALS ARE GROWN IN SPACE 8V ·AN ELECTROEPITAXIAL GROWTH PROCESS . COJ1"ERCIAL f1{.:\NUFACTURING UNITS ARE 
PLACED IN MODULES ATTACHED TO THE SPACE STATION# AHD GROWTH CELLS ARE REPLRCED PERIODICRUY AND 
CRYSTALS RETURHED TO EARTH. A PROCESS DEVELOPMEHT LABORATORV ON THE SPACE STATION IS USED TO CHARACTERIZE 
THE CRYSTALS AHD DEVELOP 
THE PROCESS. 00 

""::0 
."S 
0-oZ 
::al! ORBi:r-CHARACTERIS:rics-----------------------------------------------------------------------------------0 -----------

GEOSYNCHRONOUS ORB IT ( ) YES ( X) NO ~ 
APOGEE. KM PERIGEE# KM TOLERANCE + r-
INCL INATION# DEG TOLERANCE + =4 _ 
NODAL ANGLE# DEG EPHEI"E!HS ACCURACY. M -< 
ESCAPE DV RECUIRED# MrS ----------------------------.-------------------------------------------------------.------------.---------.---_. __ ._-_._-----_._-

PO INTING/oRIENTATION 
VIEW DIRECTION ( ) INERTIAL () SOLAR 
TRUTH SITES (IF KNOWN) 
POINTING ACCURACV# ARC-SEC 
POINTI NG STABILITY (JITTER)# ARC-SEC/SEC 
SPEC IAL RESTRICTIONS (AVOIDANCE) 

( ) EARTH (X) ANV 

FIELD OF VIEW (DEG) 

-----------------------------______________ . _________ -_ __ _ ____ ' ___ . ...0 ________ . ____________________ . ___________ . ____ _ ________ __________ _ 

POI..ER 
( ) AC (X) DC 

POt..ER , W DURAT ION# HRS/DAV 

OPERATING 2001313 24.013 
STAlml:'lV (X) CONTINUOUS 
P~K ~000 24.00 
VOL TAGE, V 50 FI1EOUENCV, HZ D I 

--------------------------------------------------------------------------~----------------------------------------------------_____ 1 

.. ...... -
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DATA/cOMML. ~ATIOHS 
t1JH ITOR I HC REQU I REI"EHTS: 
( ) HOtiE ' ( ) REAL T JI"E (X) OFFLI HE () ontER : 
( ) ENCRIPTION/DECR IPnOli REQUIRED 
( ) UPLI NK REQUIRED: COMMAND RATE (KBS): 8 FREQUENCY (MHZ): 
( ) ON-BOARD DATA PROCESSIliG REQUIRED 

DESCRIPTION; 
DATA TYPES; () ANALOG ( ) DIGITAL HOURS/DAY 
FILM (At"iOUNT> : VDICE (HOURS/DAV): 
LI vE TV (HOURS/DAY): OntER' 
OH-BOARD STORAGE (MalT): 
DATA DUMP FREQUEHCY (PER ORB IT) ' DOUiL INK COf"H:tHD RATE : 
RECORDING RATE (KBPS) 0. 10 DO~LINK FREQUEHCY (t1{Z): ------,---------------------------------------------_.-------.--------------------------------------------- .------"-------------------

THERMAL 
(X) ACT IVE ( ) PASSIVE . 

TEt'PERATURE# D.EG C OPERATIOHAL MIHlt1Jt1 858 MAX I t1JM 950 
NON-OPERATIONAL MINIMUM e K~X l MUM 1 

HEAT REJECTIOti* W OPERATIONAL MUIll"A.lt1 Iae0e MAX I I1.JM 20008 
NON-OPERATIONAL MINIMUM 0 MAX IMUM . 

------------------------------------------------------------------------------------------------------------------ -----1 EQU IPMEHT PHYSICAL CHARACTER ISTICS 
LOCATION (X) INTERNAL 
EQUIPMENT ID/FUHCTION 

l* M: 5.00 
L# M: 5.00 
LAUNCH MASS~ KG : 

( ) EXTERNAL 
(X) PRESSURIZED 
W* M: 1.00 
W. M: 1.00 
1880 

CONSUMABLE TYPES 
ACCELERATION SENSITlVITY. (G) MIN: 

CREW REQU 1 REi ;EHTS 
CREW SIZE 

SKILLS (SEE TABLE 8) 

EVA () YES (X) NO 

~~ ... : r. I HG/MA INTEIiANCE 
SERVICE: 

CC~FIGURATIOH CHANGES: 

TASK ASS I GHI"EHTS 

I SK ILL 

I LEVEL 

I HOURS/DAY I 

.REASON 

lIiTERVAL* DAYS 
RETURNABLES, KG 
lliTERVAL * DAY 
DELl VERABLES* KG 

SPEC lAL COIiSIDERATIO~(S/sEE IHSTRUC1.0NS 

( ) REf1JTE 
( ) UNPRESSURIZED 
H" M: 4.0a 
H. Ii: 4 . 00 
RETURN MASS* KG: 

• 00E-06 t'IAX: 

STOI.ED 
DEPLOYED 

1 

1. -0 

HOU(~S/EVA 

9 
10.00 

CONSUt1;:j8LES, KG 
Ii HOURS 

"IHN/HOUI~S REOU IRED 
RETURNABLES# KG 

LABORATORY FACILITIES REQUI RED : CLEAH ROOM. LXJRI<SPACE# I'HHICOI1UTER. DOWliLINK TERMINAL 
"CRYSTAL CHARACTERIZATION EaUIPMEHT REQUIRED: CUHIHG SAW#POLISHER# ErCIIER* cot-prlCT EVAPORATOR. HALL 
A~PARATUS LIGHT SOURCE AHD SPECTROMETER. 

0-0 
C 
~ 
rf11 

~ 

._------------
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. =========~ ___ ~=====================================~~~~~~=~~~§~~~::~~~~~=~~~~=========================-_____ ~====-,-.~ . I MISSIOH TYPE OPS CODE 

FREE FLYER 
( ) NOT SERVICED F 
( ) REI1lTE Tt1S FT 
( ) REI10TE mHHED FM 
( ) SERVICED AT STATIOH OMS RETR IE'v'ED) FST 
( ) SERVICED AT STATIOH ( SELF- PROPELLED) FS 

PLATFORM BASED 
( ) NOT SERVICED P 
( ) REMOTE TMS PT 
( ) REMOTE /"tANNED PI'I 
( ) SERVICED AT STATIOH (TMS 'RETRIEVED ) PST 
( ) SERVICED AT STATIOH (SELF-PROPELLED) 'PS 

OTHER 
.( ) SPACE STATI ON BASED 
( ) SORTIE 

CONSTRUCTION/sERVICIHG COMPLEXITY 
( ) LOId 
( ) MEDIU 
( ) HIGH 

OPERATIONS TIMES 
OTV UP /DOtJi 
OTV OR THS ON ORBIT 
MISSION USE 
IVA SERVICE 
EVA SERVICE 
EXPER IMENT OPS 
SERVICE FREQUENCY 

DELTA VELOCITIES 
UP 
DOI&f 
AERO RElURN 

B.ae 
. .se 

e.ee I 

, 

DAYS 

SS 
SOR 

DAYS 
DAYS/YEAR 
't11N-DAYS/YEAR 
t11tH)AYS/YEAR 
MAH-DAYSI'YEAR 
TIMES/YEAR 

SUPPORT EaUIPMENT 
LENGTH: 
LENGTH: 

e. 013 t'ETERS 
a.80 METERS 

IJIDTH: 
IJIDTH : 

MASS: 

MANIFEST RESTRICTIONS 
(X) 1'10 RESTRICTIONS 

a KG 

( ) Ol-ILY WITH COMPATIBLE PA't1...0RDS 
( ) FLY-ALOHE 
( ) /'liST . ,AVE DOCK IHG I1JDULE 

e.ee f'ETERS 
a. ee t'ElERS 

LENGTH OF BERM FAS 0 . 00 
tlUI13ER OF flPPEHDAGES 0 
NUt'IBER OF NODULES RECU IRED TO ASSEt'ElLE THE PAYLOAD ' I 

HEIGHT: 
HEIGHT: 

8. ae f'ETERS 
0 .1313 METERS 

(STOt..ED) . 
(DEPLOYED) 

00 
"' :0 

~e 
o~ 
~~ 

.0." 
C):II 
~C) 
C,., 

----------------------------------------------------,-------------------------------_ ... ----------_._------- -_. ------

""-- "------:- .,.,.-....,.., .. _ ~.~r.r""'~~-, _~~~~,,~~-~- • ..:..._ ...... .1-: . ->c~:.::: ... ..::"'=_-_-~::P-..:.._ ' ~_. ~~ __ _ --



• 

L 
.I 

• 
• · 
~ 
~ 

\ 
t, 

~ 

• 
--------'---------'---------_._-----,----------_._------ ---------PAYLOAD ELErcNT HAtE 

ELECTROEPI TAXIAL CRYSTAL GROWTH 
COHTRCT 
HAtE 
ADDRESS 

ROBERT E. PACE. JR. 
MICROGRAVITY RESEARCH AS 
PO BOX 12426 
HUNTSVILLE. AL 358132 

TEL<£PHONE ' (285) 881-6679 

STATUS 

CODE 
BACX101 B 

( ) OPERATIOHAL () APPROVED , · (X) PLANNED ( ) CRHD I DATE ( ) OPPORTUNITY ---------------------------------------------------------------------------------------

"" . 

(NON-COt11, ) 

HT 

a 
SPACE STATION TO 

D USE 
.; 

DESIRED FIRST FLIGHT. YEAR : 1993 NUMBER OF FLIGHTS DURATION OF FLIGHT. DAYS 35 
OBJECTIVE 
DEVELOP AND COI'tERCIALIZE A PROCESS FOR PRODUCING LARGE SINGLE CRYSTALS ' OF COMPOUND.SEMICONDUCTOR MATERIALS. 

DESCRIPTION 
CRYSTALS ARE GROIdi iii SPACE BY AN ELECTROEP ITAXIAL GROWlli PROCESS. COt1'ERC IAL mNUFACTURIHG UNITS ARE PLACED IN I1lDULES ATTACHED TO lliE SPACE STATION .. AND GROw-rn CELLS ARE REPLACED PERIOD ICALLV AND CRYSTALS RETURNED TO EARllI. A PROCESS DEVELOPtENT LABORATORV 01'1 1lIE SPACE STATION IS USED TO CHARACTERIZE lliE CRYSTALS AND DEVELOP 
lliE PROCESS. 

-------------------------------------------------------------------------------_._----------, ORB IT CHARACTER I STl CS 
GEOSYHCHROIiOUS ORBIT ( ) YES (X) NO APOGEE. KM PERIGEE. KM TOLERAHCE + INCLINATION. DEG TOLERANCE NODAL ANGLE. DEG EPHEMERIS ACCURACY. M ESCAPE DV REQUIRED. MVS 

00 
~ 

.,, § 
------' ----~-wlS_i_--' 

1! 
"0 

C )'oiI 
:J> .. ") 
r-
~ 

--------------------------.-------------------------.---_._------;----------------------_._----- ----------PO IHT ItlG/oRIENTATION 
VIEW DIRECTION ( ) INERTIAL () SOLAR TRUTH SITES (IF KNOWN) 
POI NT ING ACCURACV# ARC-SEC 
POItlTING STAOILITY (JITTER)# ARC-SEC/SEC SPECIAL RESmlCTIONS (AVOIDANCE) 

POWER 
( ) 'AC 

OPERATING 
STAHDBV 
PEAK 
VOLTAGE. V 

(X) DC 
POWER. W 

28eeel 

2000 
50 

URATI ON# HRS/DAY 

24.89 

24,9 
FREQUENCV# HZ 

( ) , EARlli (X) ANY 

FJ ELD OF VIEW (DEG) 

(X) CONTINUOUS 



~ 
~ , 
~ . 
'I 

• A/C0I11"h T I ot-iS 
tDHITOR Ihu REOUIREMEHTS: 
( ) HONE ( ) REAL TIME 00 OFFLINE ) OiliER: 
( ) EHCRIPTIOH/DECRIPTION REQUI RED 
( ) UPLINK REQUIRED : COMMAND RATE (KBS)~ 0 
( ) ON-BOARD DATA PROCESSING REQUIRED 

DESCRIPTION: 
DATA TYPES: () ANALOG ( ) DIGITAL 
FILM (AMOUIH): 
LI VE TV (HOURS/DAY): 
ON- BOARD STORAGE (f'S IT) : 
DATA DU~~ FREQUENCY (PER ORBI T) 
RECORDING RATE (K8PS) B.la 

ERt'IAL 
(X) ACTIVE ( ) PASSIVE -

TEt'PERATURE_ DEG C OPERATIONAL MItW1JM 
NOH-OPERATIONAL MIHlt1J·" 

HEAT REJECTlOH~ W OPERATIONAL MIH It1JM 
NON-OPERATIONAL Mltllf1JM 

850 
a 

laeea 
a 

FREQUENCY (MHZ) : 

HOURS/DAY 
VOI CE (I-IOURS/DAY): 
Ol1<IER : 

DOLt/LINK COr11ANJ> RATE : 
DOWI'IL INK FREQUEtlCY (tliZ): 

mX l t1.JM 
mX l t1J11 
MA){U1JH 
MAXlt1JM 

---------------------------------------------------------------------------------------------------------EQU IPtEHT PHYSICAL CHARACTERISTICS 
LOCATI OH (X) IHTERNAL 
EaUI PrEliT ID/FUHCTlON 

L~ M: 5.80 
L~ M: 5.a 
LAUNCH MASS, KG: 

( ) EXTERNAL 
(X) PRESSUR IZED 
W~ M: 1.0 
W. M: 1.8B 
146B 

CONSUMABLE lWES 
ACCELERATIOH SENSITIVIlY~ (G ) 

( ) REI'IlTE 
( ) UNPRESSUR IZED 
H. H: 4 .00 
H~ M: 4.90 
RETURN MASS~ KG : 

MIN: 1.eeE-86 MAX: 

STOt.ED 
DEPLOYED 

leaa 

1.eeE-04 

00 
::0 
i5 

0-

--- ----------- --.- ,- -- - - ----------------------------------- - - ---------------------- ________ . ___ , _____ .____ ,4\ , F - - --
CREW REQUIREMEHTS 

CREW SIZE 2 TASK ASSIGHt'EHTS 

SK ILLS ;(SEE TABLE B) I SKILL 

I LEVEL 

I HOURS/DAY I 

EVA () YES (X) 1'10 REASON HOURS/EVA 
----------------~------------------------------------------------------~------ --------
SERVICINGINAINTEHANCE 

SERVICE: 

COHFIGURATION CHANGES: 

I NTERVAL~ DAYS 
RETURNABLES~ KG 
IHTERVAL. DAY 
DEL I VERABLES~ KG 

SPECIAL CONSIDERATIONS/sEE IHSmUCTIONS 

90 
1459 

COHsumBLES, KG 
f'IAN HOURS 

IN/HOURS REOUIRED 
RETURNABLES~ KG 

LABORATORY FACILITIES REQUIRED: CLEAN ROOM. tJORKSPACE~ MIIHCOI1JTER. DOWl-lLI NK TERM INAl 
CRYSTAL CHARACTERIZATION EQUIPI"ENT REQUIRED: CUH ING SAW. POLI SHER. E-iCHER. Cot-PACT EVAPORATOR. HALL 
APPARATUS LIGIH SOUI~CE AND SPEC"iROI"ETER. 

------------------------------------.------.------------.----------.----------.---------------.------.-

.0." 
c> 
»(.') 
r-1'1 

~ca 

-------

.--------'-



~ 

. -~ 

MISSION TYPE OPS CODE 
FREE FLYER 
( ) NOT SERVICED F 
( ) REI'DTE TMS FT 
( ) ~Et1OTE HANNED ~M 
( ) SERVICED AT STPTION (THS 'RETRIEVED) ~ST 
( ) SERVICED AT STATION (SELF- PROPELLED) FS 

PLATFORM BASED 
( ) NOT SERVICED P 
( ) REI'1lTE THS PT 
( ) REI'1lTE MAHNED Pf1 
( ) SERVI CED AT STATION (THS ' RETRIEVED) PST 
( ) SERVICED AT STATION (SELF-PROPELLED) PS 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

CONSTRUCTION/sERVIC JNG COMPLEXITY 
( ) LOW 
( ) MEDIUM 
( ) HIGH 

OPERATIONS TI MES 
ON UP/ DOlJH 
OTV OR THS ON ORBIT 
MISSI ON USE 
IVA SERVICE 
EVA SERVICE 
EXPER II"!ENT OPS 
SERVICE FREQUENCY 

DELTA VELOCI TIES 
UP 
DOWH 
AERO RETURN 

B. BB 
a.De 
e.ee I 

DAYS 

SS 
SOR 

DAYS 
DAYS/YEAR 
tflH-DAYS/YEAR 
MAN-DAYS/YEAR 
tflN-DAYS/YEAR 
TIMES/YEAR 

SUPPORT EQUIPMENT 
LEHGTH: 
LENGTH: 

B. ee t'ETERS 
B • Be I"ETERS 

WIDTH: 
WIDTH: 

MASS: 

MAN IFEST RESTRICTIONS 
(X) HO RESTR ICTIONS 

B KG 

( ) ONLY WITH COMPATIBLE PAYLOADS 
( ) FLY- ALONE 
( ) t1JST HAVE DOCKING MODULE 

B.ElB !'E1E 
e.B!!) METERS 

EHGTH OF BEAM FA8 B. 0e 
NUMBER OF APPENDAGES 
NUt13ER OF I"llDULES REQUIRED TO ASSEMBLE THE PAYLOAD ': . '" 

INPUT DATI 

HEIGHT: 
HE IGHT: 

(STOl£D) , 
(DEPLOYED) 

- •. ;.¥ •• ~",- ........ "'~ ...... -

~ 

~% 
0»> ;u.-: 
D." , 
c: ~ 
~h1 .. -, .. ~ 
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<S 

.aJ ELEtJ::HT HAt'E 
_ fROEP ITA X I AL CRYSTAL GROIJTH 

CODE 
BACXHH1 (HON-com.) -.. 

CONTACT 
AI'E 
DDRESS 

ROBERT E . PACE. JR. 
MICROGRAVITY RESEARCH AS 
PO BOX 12426 
HUNTSVILLE. AL 358B2 

TELEPHONE (2135) 88 1-6679 

STATUS 
( ) OPERATIONAL () APPROVED ! ' (X) PLANNED ( ) CAHD IDATE () OPPORlUH ITY 

T 

8 

lI"lPORTAUCt: OF TI-fE SPACE STAT IOU 
om IS ELEt'ENT 
1 • LOW VALUE. BUT COULD USE 
10 • VITr.L 
SCALE· 7 ---------------------------------------------------------------------------------------------------------------- -.---

DESIRED fIRST fLIGHT. ..: 1~93 FLIGHTS URATION OF FLIGHT. DfoIYS 52 ---------------------------------------------.-----------------.-------------.--'-.----------.--------------------.-.-----.--.-
O(3JECTI VE 
DEVELOP AND COI"tERCIALl ZE A PROCESS FOR PRODUCING LARGE SINGLE CRYSTALS 
OF COMPOUND SEMICONDUCTOR MATERIALS. 

DESCRIPTION 
'CRYSTALS ARE GROlJi IN SPACE BY ·AN ELECTROEPITAXIAL GROwrn PROCESS. COttERC IAL MANUFACTURING UNITS ARE 
PLACED IN tDDULES ATTACHED TO TI-fE SPACE STATIOIi, AND GROWlli CELLS ARE REPLACED PER JOD I CALL V 
CRYSTALS RETURNED TO EARTH. A PROCESS DEVElOPt'EHT LABORATORV ON TI-fE SPACE STATION IS USED TO CHARACTERIZE 
TI-fE CRYSTALS AMI> DEVELOP • 
TI-fE PROCESS. 

- R -

--------------------------------------,--- ------------------------------------------------ -,---------_. 
) YES O() H 

ORBI T CHARACTERI STICS 
GEOSYNCHRONOUS ORBIT 
P.POGEE . K 
IHCLINATION. DEG 
NODAL ANGLE. DEG 

PER IGEE. Krt 

ESCAPE DV REOUIRED. M/S 

POIHTI NG/OR IENTATIO 
VIEW DIRECTION ( ) IHERTI 

un. SITES (IF kNOIJi) 
PO I'HTIl'iG ACCURACV. ARC-SEC 
POI NTING STABILITY (J InER), ARC-SECI'SEC 
'SPECIAL RESTRICTIONS (AVOIDANCE) 

( ) SOL 

E + 

M 

( ) EARnl (X) AMV 

lEU OF VIEW (DEG) 

---'-----_._-------------------------------------_._-----------------------------------.----------------------- ---
POLER 

( )AC 

OPERATING 
STANDBY 
PEAK 
VOLTAGE. Y 

(X) DC 
POL.ER. W 

213 

130 
sa 

RATION. HP-S/DAY 

24. 

24.9 
FREQUENCY. HZ 

ex) CONTI NUOUS 

9 .---------.--------.----.-.---

..... -
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. 11 ,OR IHG REaU I Rl::tENTS: 
~ ) NONE ( ) REAL TltE ex) OfFLlHE ) OTHER : 
( ) EHCR IPTHlIVDECRIPTlON REQU IRED 
( ) UPLINK REQU IRED: COt-tlAHD RATE (1(8S): a 
( ) ON- BOARD DATA PROCESSIttG REQUIRED 

THERMAL 

DESCRIPTIml: 
DATA TYPES: () ANALOG ( ) DIGITAL 
F ILM (AMOUNT>: 
LIVE TV (HOURS 
ON-BOARD STOR 
DATA DUt'P FREO 
RECORDI NG RATE (t<BPS) 0. 10 

(X) ACTIVE ( ) PASSIVE 
TEt'PERATURE.. DEG C 

HEAT REJECTION. U 1 

1850 
e· 

,&;;.QUEHCY (f1iZ) : 

DOl.tlL I 
DOIJ:lL I 

Y>: 

9sa 
1 

2ae0e 

,---------
EOUIPtENT PHYS ICAL CHARACTERISTICS 

U )CATIOH (X) INTERNAL ( ) EXTERNAL 
eQUIPMENT ID/FUNCTION (X) PRESSURIZED 

l. M: 5.80 lJ. M: 1.0 
L. M: 5.8e U, H: t.00 
LAUNCH MASS. KG : 1460 
CONSlJ.'1ABLE TYPES 

CCELERATION SENSITIVITY, (G) 

REU REQUI REMENTS 
CREW S IZE 2 TASK ASSIGHl'ENTS 

SKILLS (SEE TABLE B) I SKIl 

I LEVEL 

1 HOURS/DAY I 

EVA () YES (X) NO REASO 

MIH ' 

( ) RQI1lTE 
( ) UHPRESSUR IZED 
H, M: 
H. . 

ElU 55, KG: 

1 • X: 

STOWED 
DEPLOYED 

1468 

1.e0E-

HOURS/EVA ------------------ ------------ --------------------------------------------------------------, 
SERV IC IHG;m I1fTEHANCE 

SERVICE: 

GES: 

SPECIAL CONSIDERATIONS/SEE INSmUCTIONS 

90 
14 

LABORATORY FACILITIES REOU IRED : CLEAH ROOM. WORKSPACE. MIHICOI'llTER, DOl.ifLI IiK TERMHl 

G 

CRYSTAL CHARACTERIZATlOli EOUlPI'£NT REQUIRED: CUlT ING SAW. POLISHER, ETCHER, Cot'P ACT EVAPOImTOR, HAll 
APPARATUS LIGHT SOURCE AND SPECTROtETER. 

----------.---------.-------- ---- --------.------------ ------ ---_._-----_._---------_._-,---------- - - --

If" 

00 
"I1:D 
"'Oi5 
0-
0 2 
:IJ~ 
ter"e 
C:P 
?!~ 
~ 

... -
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------- #_-------------------------------------------------- --------------------------------------------------_. '~---------
BGE UIG-SPEC IF IC INPUT DATA 

MISSION TYPE OPS CODE 
FREE FLYER 
( ) NOT SERVICED F 
( ) REMOTE THS FT 
( ) REllOTE MANNED HI 
( ) SERVICED AT STATION (TMS'RETRIEVED) FST 
( ) SERVICED AT STATION (SELF-PROPELLED) FS 

PLATFORI1 BASED 
( ) NOT SERVICED P 
( ) REMOTE Tt'IS PT 
( ) REI'IOTE MAI'INED PI1 
( ) SERVICED AT STATION (TMS' RETRIEVED) PST 
( ) SERVICED AT STATION (SELF-PROPELLED) PS 

OTHER 
( ) SPACE STATION' BASED 
( ) SORTIE 

tONSTRUCTION/sERVICING COMPLEXITY 
( ) LOW 
( ) MEDIUM 
( ) HIGH 

OPERATIONS TIMES 
OTV UP /DOt.tf 
OTV OR TMS ON ORBIT 
MISSION USE 
IVA SERVICE 
EVA SERVICI':; 
E)<PER I MEHT OPS 
SERVICE FREQUENCY 

DELTA VELOCITIES 
UP 
DOLli 
AERO RETURN 

B .• BB 
B.Ba 
0.Ba • 

DAYS 

SS 
SOR 

DAYS 
DAYSI"r'EAR 
MAN-DAYSI"r'EAR 
NAN-DAYS/YEAR 
NAN-DAYS/YEAR 
TIMES/yEAR 

SUPPORT EQUIPMENT 
LENGTH: 
LEI'IGTII: 

B. Ba I"ETERS 
a.Ba METERS 

WIDTH: 
WIDnh 

MASS: 

MANIFEST RESTRICTIONS 
(X) NO RESTRICTIONS 

B KG 

( ) ONLY WlTli COI1PATI8LE PAYLOADS 
( ) FL Y-ALOIiE ~. 
( ) I'llST HAVE DOCK ING t'IODULE 

B. BB I"ETERS 
o ~ BB I'ETERS 

LEHGTH OF ElEAI1 FAB o. Be 
tlUMBER OF APPENDAGES £) 
NUt18ER OF 110DULES REQU IRED TO ASSEI"ElLE THE PAYLOnD .o! ° 0 

HEIGHT: 
HEIGHT: 

B. BB I'ETERS 
B.BB METERS 

(STOt.ED) 
(DEPLOYED) 

00 
"1'1;:0 

-uS Oz 
'0 )'.w 
::Or'" 
,0-0 
C~ 
~(,) 
r I'ft, 

:;!UJ 

'-~o¥ 
••. .,:. .••. ,"'" 0·'" ..... •. s 'I!. 'rl . 

.:o=...~ __ ~_ ~~ __ ~ ____ ':;-~'-'-:-~ ___ --'---- _____ ~ .. ..ti .... ~ ... , _' 
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I 

~ , 
4 •. . , ;-~ 

1 : 
I ---------- --------------------------------------------------- -----------------------------------------------------. ~---------
1 

PA'I1..0AD ELEI'ENT NAI'E CODE TYPE 
ELECTROEPITAXIAL CRYSTAL GRO\JTH Bf,CX1012 ( ) SCIENCE AND APPLICATIONS (NOIi-COt11.) ":' 

~! 

~ 
Ii 

~I 
~j 

---------------------------------------------------------~--------------------------- (X) CO~1ERCIOL 
CONTACT ( ) TECHtiOLOGY DEVELOPMEIH 
NAME ROBERTE. PACE# JR. ( ) OPEF~flnONS 
ADDRESS MICROGRAVITY RESEARCH AS ( ) 011~EI~ 

PO BOX 12426 ( ) NATWHf.iL SECURITY 
HUNTSVILLE. AL 35882 TYPE NUt-IBER (SEE TABLE A) 8 

1t-IPORTAI-tCE OF THE SPACE STATIm~ TO 
TELEPHONE (205) 881-6670 

STATUS 
( ) OPERATIONAL () APPROVED!; (X) PLANNED ( ) CANDIDATE () OPPORTUNITY 

TH 15 ELHIEIH ' 
1 a LOW VALUE# BUT COULD USE 
lB .. VITAL 
SCALE = 7 

-----------------------------------~-------~~~~-~-----------~-~~-------------r------------------------------------------------------
DESIRED FIRST FLIGHT# YEAR: 1993 HUI1BER OF FL I GHTS DURATION OF FLIGHT# DAYS 7 ------------------. .... _--------_ .... _------------_._._--------------------------------------------------------------------------------------
OBJECTIVE 
DEVELOP AND COI1'ERCIALIZE A PROCESS FOR PRODUCING LARGE SINGLE CRYSTALS 
OF COMPOUND SEMICONDUCTOR f1:ITERIALS. 00 

'T'I;;n 
-05 
0:;; 
o;G 
;;OF. 

-----------------------------------------------------------------------------------------------------------------------~--------DESCR IPTION c: j:!l 
CRYSTALS ARE GROWN IN SPACE BV AN ELECTROEPITAXIAL GROWTH PROCESS. COMMERCIAL MANUFACTURING UNITS ARE ~ ft~ 
PLACED IH MODULES ATTACHED TO THE SPACESl'ATlON.AND I3ROWTH CELLS ARE REPLACED PERIODICALL ,(AI'fD -
CRYSTALS RETURNED TO EARTH. A PROCESS DEVELOPMENT LABORATORY ON THE SPACE STATION IS USED TO CHARACTERIZE :;!.ci . 
THE CRYSTALS AND DEVELOP • 
THE PROCESS. 

e.l 

.~ 

, - " 

j 

~~ 
I' I, 

~ 
-I 

r 
i 

.! 
,.~ 

~- .---

ORBIT CHARACTERISTICS 
GEOSYHCHROHOUSORBIT 
APOGEE. KM 
INCL INATION# DEG 
NODAL ANGLE# DEG 
ESCAPE DV RECUIRED# M/S 

POINTING/OR I ENTATIOH 

( ) YES (X) HO 
PERIGEE. KM 

VIEW DIRECTION ( ) INERTH'IL () SOLAR 
TRUTH SITES (IF KNOWN) 
PO INTI HG ACCURACY # AI~C-SEC 
PO IHT HlG STAB III TY (j I TIER) # ARC-SEC/SEC 
SPECIAL RESTRICTIONS (AVOIDANCE) 

POWER 

", 

( ) AC 

OPERATING 
STAHDBY 
PEAK 
VOLTAGE# V 

00 DC 
POWER # W 

2BEl0E1 

2B00B 
513 

DURATION# HRS/DAY 

24.fJ8 

24.00 
FREQUEHCY. I-IZ 

TOLERANCE + 
TOLERAI-lCE + 
EPHEI'ER I S ACCUI~ACY # M 

( ) EARTH ()~) ANY 
'. 

FIELD Of VIEW (DEG) 4 

00 CONTINUOUS 

o 
---------~-------------------------------------------------------------------------------------------------------------------------- 1 

i 
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l. 

<' <\ • 
DATA/COI"H. ,ATlONS 

MOHITORING REaUIREMENTS: 
( ) NONE ( ) REAL TIME O() OFFLINE () OTHER: 
( ) EI-ICRIPTION/DECRIPTlOt-I REQUIRED 
( ) UPLINK REllUWED: COt1MiiND RATE (KBS): 8 
( ) ON-BOARD DATA PROCESSHlG REQUIRED 

DESCRIPTION: 
DATA TYPES: () ANALOG ( ) DIGITAL 
FILM (At'1OUNT): 
LIVE TV HIOLJRS/DAY): 
ON-BOARD STor~AGE (M8 In: 
DATA DUI"IP FREQUENCY (PER ORB IT> 
RECORDING RATE (KBPS) 0. lEI 

THERMAL 
(X) ACTIVE ( ) PASSIVE -

TEMPERATURE. DEG C OPERATIOliAL MINIMUM 
NON-OPERATIONAL MIN INUM 

HEAT REJECTION. tJ OPERATIONAl- MINIMUM 
NON-OPERATIONAL 11HIIMUM 

EQUIPMENT PHYSICAL CHARACTERISTICS 

850 
a 

10000 
o 

FREQUEHCY (MHZ): 

HOURS/DAY 
\'0 ICE (HOUr.S/DIW): 
OTHER: 

DOWNLINK COI-U1AND RATE: 
, DOWNLINK FREQUENCY (t'liZ): 

MAX I t1JM 
t1H)al"iUM 
1-11-1>< I I"lUtl 
MAXIMO!"I 

950 
100 

2~t3Ba 

LOCATION. 0<) INTERNAL ( ) EXTERNAL ( ) REMOTE 
EQUIPt'IENT ID.lFutlCTION (X) PRESSURIZED ( ) UNPRESSURIZED 

L. M: 5.00 tJ. M: 1.0a H. M: 4.00 STOLED 0 0 
L. M: 5.00 tJ. M: 1.00 B. M: 4.00 DEPLOYED ." :0 
LAUNCH MASS. KG: 2118 RETURN NASS. KG: 1460 "0 (5 
CONSUI-IABLE TYPES 0 -

.. /.. .. t .... 
; -", 

"!;-
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~1 
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i 
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, 
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-I 
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• 
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ACCELERATIOI~ SENSITIVITY. (G) MIN: 1.80E-06 I1AX: 1.E10E-B4 0 ~ 
-------------------------------------------------------------------------------------------------------------------;g~-----------
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CREtJ REQU IREMENTS .0 . 
CREtJ SIZE 2 TASK ASS IGNMENTS c: ;g 

------------------------------------------------------------- ~ G) 
SKILLS, (SEE TABLE B) I SKILL I r- [ina 

- ~~ 

EVA () YES (X) NO 

SERVIC ItlGMA I NTEUANCE 
SERVICE: 

CONFIGURATION CHANGES: 

I LEVEL 

I HOURS/DAY I 4.00 I 

REASON 

IHTERVAL. DAYS 
RETURNABLES. KG 
I UTERVAL. DAY 
DELIVEI~ABLES. KG 

SPEC IAL CONS Il)ERATIOHS/SEE ItlSTRUCTIOHS 

9E1 
2110 

HOUl~S/EWI 

CONSUMflBLES~ KG 
I"II-)N HOUI~S 
MAIVHOUI~S REIJU IRED 
RETURHABLES. KG 

LABORATORY FACILITIES REaumED: CLEAU ROOM. tJORKSPACE. MINICOliUTER. DOWNLHlK TERMINAL 
CRYSTAL CHARACTERIZATION EIJUiPt'Etrr REaUmED: CU-iTHIG SAtJ. POLISI-IEI~. ETCHER. COt-iPACT EVAPORATOR. ~WILL 
APPARATUS LIGHT SOUI"CE flI-ll) SPECTI<Ot'lETEI~. 

~~.Q,:,"~ ---: 

~ 

, 

J ' . - ~ 
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I, 

I 
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I 

---------- ---------------------------------------BOEING=sPEcI~.~ 'INPuT-DAT~---------------------------------------- - ----- I' ~ ______________________________________________________ -_____________________________________________________________________________ I ~ 
MISSION TYPE ors CODE 

] FREE FLYER 
'1 ( ) HOT SERVICED F 
. ( ) REI'IOTE TMS FT ( ) REt'IOTE HAHNED HI 
~ 1 ( ) SERVICED AT STATION (TNS'RETRIEVED) FST ( ) SE~VICED AT STATION (SELF-PROPELLED) FS 

PLATFORM BASED 
( ) HOT SERVICED 
( ) REI"IOTE TI"IS 

P 
PT 
PI-'I 
PST 
PS 

o 1 ( ) REI-IOTE MAHNED 
( ) SERVICED AT STATION (TMS'RETRIEVED) 
( ) SERVICED AT STATlOli (SELF-PROPELLED) 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

CONSTRUCTION/sERY ICING COt'flLEX-1 TV 
( ) LOW 
( ) MEDIUM 
( ) HIGH 

OPERATIONS .TIMES 
OTV UP /DOl·jIi 
OTV OR TI"IS ON ORBIT 
MISSlOli USE 
IVA SERVICE 
EVA SERVICE 
EXPER IMENT OPS 
SERVICE FREQUENCY 

·DEL TA VELOC IT I ES 
UP 
DOWN 
AERO RETURN 

0.00 
0.fl0 
0.00 

DAYS 

SS 
SOR 

DAYS 
DAYSI'VEAR 
MAN-DAYSI'VEAR 
NAN-DAYS/YEAI~ 
NAN-DAYS/YEAR 
TIMES/YEAR 

SUPPORT EQU IPI"IENT 
LENGTH: 
LENGTH: 

8.80 tETERS 
8. foUl METERS 

WIDTH: 
WIDl1-I: 

MASS: 

MANIFEST RESTRICTIONS 
(X) NO RESTIHCTlOHS 

a KG 

( ) mil Y WITH COI'IPATIBlE PAYLOADS 
( ) FLY-fiLONE 
( ) t1UST HAVE DOCK ING MODULE 

0.00 t'ETERS 
e.sa METERS 

LENGTH OF BEAI'1 FAB 0.138 tIUt13EI~ OF APPENDAGES El tlUl"lBER OF t10DULES REQU IRED TO ASSEMBLE THE PAYLOAD ': l1 

HEIGHT: 
HEIGHT: 

8.00 t'ETERS 
8. 00 METEI~S 

00 
"'1'1;:0 

-0(5 
0-
0 2 
7.J~ 
.0." 
C::£;!l 
»G) 
r i'fi 

(STOIaED), 
(DEPLOYED) 

~ca 

--------------------------------------------------------------------------------------------------------------------------------------

I 
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P,AVLOAD ELEI'IC.IiT HAtE 
ELECTROEP nm<IAL CRYSTAL GROWTH 

CODE 
BACX1813 

TYPE 
( ) SCIEMCE AMD APPLICATIONS 
(X) COI''I'1ERCI()L 

.. ~l'" 
M '~ -. 

(HON-:O:~--- " 

CONTACT 
NAME 
ADDRESS 

ROBERT E. PACE~ JR. 
MICROGRIWITY RESEARCH AS 
PO BOX 12426 
BUNTSVILLE~ AL 35882 

( ) TECHNOLOGY DEVELOPMENT 
( ) OPEWHWNS 
( ) O"IllER . 
( ) NATIOHI"IL SECUR Ill" 
TYPE HUMi3ER (SEE TABLE ,A) r. 

TELEPHONE (205) 8BI-6678 
II"IPORTANCE OF THE SPACE STATION TO 
TH IS EU::t'IENT 

-------------------------------------------------------------------------------------
STATUS 

1 = LOW WILUE ~ BUT COULD USE 
18 = VrmL 

( ) OPERATIONAL () APPROVED!' (X) PLANNED ( ) CANDIDATE () OPPORTUNITY SCALE';' 7 
---------------------------------------------------------------------------~~--~~~~---------~--------------------------------------
·DESIRED FIRST FLlGHT~ YEAR: 1994 NUtBER OF FLIGHTS 

OBJECTIVE 
DEVELOP AND COMMERCIALIZE A PROCESS FOR PRODUCING LARGE SINGLE CRYSTALS 
OF COMPOUND SEHICOI'IDUCTOR MATER IALS. 

DESCRIPTION 

DURATION OF FLIGHT. DAYS 84 

CRYSTALS ARE GROWN IN SPACE BV AN ELECTROEPITAXIAL GROUTH PROCESS. COMMERCIAL MANUFACTURING UMITS ARE 
PLACEDIH I1JDULES ATIACHED TO THE SPACE STATION~ AND GROWTH CELLS ARE REPLACEDPEIHOD ICALLY AND 
CRYSTALS RETURNED TO EARTH. A PROCESS DEVELOPMENT LABORATORV ON THE SPACE SWHIOH IS USED TO CHARACTERIZE 
THE CRYSTALS AND DEVELOP 
THE PROCESS. 00 

"'f'i:;D 'tJe Oz ______________________________________________________________________ C) ~ 

ORB IT CHARACTER ISTICS ------------------7--------------------~~--------

GEOSYHCBRONOUS ORBIT 
APOGEE~ KM 
IHCLINATION~ DEG 
HODAL AIiGLE~ DEG 
ESCAPE DV REaUIRED~ MVS 

PO IHTIliG/oR I EtHATION 

( ) YES (X) NO 
PERIGEE~ KM 

VIEW DIRECTION ( ) INERTIAL () SOLAI~ 
TRUTH SITES <IF KHOl,Mi) 
POINTIMG ACCURACY~ ARC-SEC 
POINTING STflBILITV (JInEm. ARC-SEC/SEC 
SPEC I AL RESTR I eTI OtiS (AVO IDClNCE) 

POWER 
( ) AC 

OPERATING 
STAliDBV 
PEAl< 
VOLTAGE~ V 

O~) DC 
POWER. W 

2G000 

28800 
58 

DURnTIOH~ HRS/DAY 

24.G0 

24.00 
FREOUEI-ICY. BZ 

TOLERAHCE + 
TOLERANCE + 
EPHEtERIS ACCURACY~ M 

( ) EARTIi (X) ANY 

FIELD OF VIEW (DEG) 

(X) CONTINUOUS 

o 

D'':';j 
c: :i;";;l 
);:>~ 
.. 8'":ra 

~ii1 

1 
'I 

I Q.
1 . 

1 
I , 

-- .~ 
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,~ 

"i 

! 
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L • ,,: 
;DATA/COtHIt' nONS : I HOH I TOR I hb I~EQU IREt'EHTS : 
: ( ) HOHE ( ) REALTIt'E (X) OFFLINE () OTHER: 

( ) ENCRIPTlON/DECRIPTlON REQUIRED 
( ) UPLlHK REQUIRED: COtf'lAttD RATE (KBS): B 
( ) OU-BOARD DATA PROCESSING REQUIRED 

DESCIHPTIotl: 
DATA TYPES: () ANALOG ( ) DIGITAL 
FILM (AtIOUNn: 
LIVE TV (HOURS/DAY): 
ON-BOARD STORAGE <t1B IT) : 
DATA DUI-1P FREIlUENCV (PER ORBIT) 
RECORDING RATE (I(BPS) B.IB 

THERMAL 
(X) ACTIVE ( ) PASSIVE . 

TElvIPERATURE~ DEG C OPERATIONAL MINII1.JM 
Notl-OPERATIONAL MINIMUM 

HEAT REJECTION. 1.1 OPERATIONAL MHHl1UM 
NON-OPERATIONAL MINIMUM 

EQUIPI"EUT PHYSICAL CHARACTERISTICS 

850 
o 

101300 
a 

FREQUENCY (MHZ): 

HOURS/DAY 
VOICE (1I0URS/DAV): 
OTHER: 

DOt..tlLlNl< COttlAND RATE: 
DOlJl'IL IHK FREaUENCV (I'IHZ): 

mXIMUM 
Mr-lX I1'IlJM 
t1A>m1Ut'1 
HAXIMUI1 

95a 
160 

2B0Be 

'LOCATION . (X) I1HERNAL, ( ) EXTERNAL <. ) REI1lTE 
EQUIPt'IEIH ID/FUHCTIOI~ (X) PRESSUIHZED (.) UI~PRESSURIZED 

L. M: 5.BB W. M: 1.BB H. M: 4.138 STOWED 0 0 
L~ M: 5.BO 1.1. M: 1.B0 H. M: 4.00 DEPLOYED ..., a 
LAUNCH HASS~ KG: 2880 RETURN MASS. KG: 2469 "'D G) 
CONSUMABLE TYPES 0 Z 
ACCELERATIOH SENSITIVITY. (G) MIN: l.aaE-B6 MHX: 1.0BE-04 0 ~ ______________________________________________________________________________________________________________________ ;a ~------

CREIJ REQU IREI"ENTS to ill 
CREIJ SIZE 2 TASK ASS.IGNt'EHTS c: ~ 

---~--------------------------------------------------------- ~ ~ 
SKILLS (SEE TABLE B) I SKILL F r;r~ 

EVA () YES (X) NO 

SERVICIliGMAINTEtiAliCE 
SERVICE: 

CONFIGURATION CHANGES: 

I LEVEL 

I HOURS/DAY I .4.013 I 

REASON 

INTERVAL. DAYS 
RETURNABLES.. KG 
INTERVAL~ DAV 
DELlVEr~ABLES. I{G 

SPEC IAL CONS IDERATIONS/sEE IHSTRUCTIOI-IS 

90 
2883 

UOUi~S/EVA 

COHSUI1ABLES. KG 
1'1A1-1 HOURS 
I'ION/HOURS REOU IRED 
RETUltBABLES. KG 

LABORATORY FACILITIES REQUIRED: CLEAN R00l1 •. l.lORKSPACE. i1INICOI1UTER. DOlJi~LUlI{ TERM mAL 
CRYSTAL CIIAI~ACTERIZATlml EQUIPMENT REQUWED: CUTTHlG SAW. POLISHER. ETcnm. COI"iPl'lCT EVAPORATOR ... IALL 
APPARATUS LIGHT SOURCE AI·Jl) SPECTROI'iE1ER. 

"'i=
"'i.';1!.@ 
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HiS5iOH-TVPE---------------------------------OPS-COD~~:~~~=:~~~~~~:-:~~~~-~~~~------------------------------------------------------ '1 
FREE FLYER 1 
( ) NOT SERVICED F1 
( ) REI10TE TMS FT i~ 
( ) REI-IOTE tlANtfED FM '1 
( ) SERVICED AT STATION (TMS RETRIEVED> FST j 

( ) SERVICED AT STATION ·(SELF-PROPELLED) FS f.j 

PLATFORM BASED 
( > NOT SERVICED 
( ) REMOTE TMS 
( ) REtlOTE I"/ANNED 
( ) SERVICED AT STATION (TMS RETRIEVED) 
( ) SERVICED AT STATION (SELF-PROPELLED) 

P 
PT 
PI1 
PST 
PS 

OTHER 
( ) SPACE STATIOtf BASED 
( ) SORTIE 

CONSTRUCTIOH/sERVICING COMPLEXITY 
( ) LOW 
( ) MEDIUM 
( ) HIGH 

OPERATIONS TIMES 
OTV UP/DOWN 
ON OR TI1S ON ORBIT 
MISSION USE 
IVA SERVICE 
EVA SERVICE 
EXPER IMEHT OPS 
SERVICE FREQUENCY 

DELTA VELOCITIES 
UP 
DOWN 
AERO RETURN 

0.00 
0.00 
0.00 ! 

DAYS 

SS 
SOR 

DAYS 
DAYS/YEAR . 
~N-DAYS/YEAR 
MAN-DAYS/YEAR 
MAti-DAYS/YEAR 
TIMES/yEAR 

SUPPORT EQUIPMENT 
LENGTH: 
LEI~GTH: 

0. ee I"ETERS 
0.00 I"ETERS 

WIDTH: 
WIDTH: 

MASS: 

MANIFEST RESTRICTIONS 
(X) NO RESTI~ ICTIOHS 

6 KG 

( ) ONLY WITH COMPATIBLE PAYLOADS 
( ) FLY-ALONE 
( ) t"lJST 1·IAvE DOCKING I"IODULE 

0.00 I"ETERS 
e.00 METERS 

LENGTH OF BEAtl FAD a. 00 
NUMBER OF APPENDAGES a 
NUtliER OF 1'1ODULES REQU I RED TO ASSEMBLE THE PAYLOAD ": e 

. .," 
__ ...... .....:,..,i~._,; 

HEIGHT: 
HEIGliT: 

0.00 METERS 
o . 00 METERS 

(STUt.ED) 
(DEPLOYED) , 

00 
'"1'1." -oe 
0% 
~~ 
D"§ 
c: t?' 
-p(;.i! 
r- in 
~ ~I) 
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PAYLOAD ELE~NT NAME 
ELECTROEPITAXIAL CRYSTAL GROWTR' 

CONTACT 
NAtE ' 
ADDRESS 

ROBERT E. PACE. JR. 
tHCROGRAVITY RESEARCH AS 
PO BOX 12426 
HUNTSVILLE. AL 35802 

TELEPHONE (205) 981-6670 

CODE 
9ACX1014 

-------------~-----------------------------------------------------------------------
STATUS 

( ) OPERATIONAL () APPROVED!' (X) PLANNED ( ) CANDIDATE () OPPORTUNITY 

,. 
---------TYPE 

( ) SCIENCE AND AP-PLICATIONS (NON-COMM.) 
(X) COI1t'IERC I AL 
( ) TECHHOLOGY DEVELOPMENT 
( ) OPEI~frrIO!-IS 
( ) OTHER 
( ) NATIONAL SECURITY :' 
TYPE NUMBER (SEE TABLE A) 8 

IMPORTAHCE OF THE SPACE STATION m 
nus ELErIEtIT 
1 • LOlJ VliLUE. BUT COULD USE 
16 .. VIHIL 
SCALE "'7 

-----------------------------------------------------~-------------------------------------------------------------------------------
DESiRED FiRST FLi.GHT. i"fAR: 1994 NUt'IBER OF rL IGHTS 2 DURATION OF FLIGHT# D::IYS 84 
-------------------------------------------------------------------~----------------------------------------------------------------, OBJECTIVE 
DEVELOP AND COMMERCIALIZE A PROCESS FOR PRODUCING LARGE SINGLE CRYSTALS 
OF COMPOUND SEMICONDUCTOR MATERIALS. 

00 
":;0 

"td5 
0-
0 2 

----------------------------------------------------------------------------------------------------------------------- ~ -------
l' DESCRIPTION ::0 r"" 

CRYSTALS ARE GROL.ti IN SPACE BY ·AN ELECTROEPITAXIAL GROlJTH PROCESS. COI"tERCIAL MANUFACTURING UNITS ARE l:J "'tl1 
PLACED IN MODULES ATTACHED m THE SPACE STATION. AND GROlJTH CELLS ARE REPLACED .PERJOD ICALL Y AND C ::&> 
CRYSTALS RETURNED TO EARTH. A PROCESS DEVELOPMENT LABORATORY ON THE SPACE STATION IS USED TO CHARACTERIZE ~ ~ 
THE CRYSTALS AND .DEVELOP =i i 

THE PROCESS. -< W 

ORBIT CHARACTERISTICS 
GEOS'fflCHRONOUS .... ORBIT ( ) YES O() NO 
APOGEE. KM PERIGEE. KM 
INCLINATION. DEG 
NODAL ANGLE. DEG 
ESCAPE DV REQUIRED. MVS 

PO I NTIHG/OR IEHTATIOH 
VIEW' 'DIRECTION ( ) INERTIAL () SOLAR 
TRUTH SITES (I F I(NOlJl-n 
PO ItHUIG ACCURACY. ARC-SEC 
PO INTING STAB JLIT'.' (J ITIER). ARC-SEC.lSEC 
SPEC I AL RESTR I CTI ONS (AVO IDAHCE) 

POlJER 
( ) flC 

OPERATING 
STAliDBY 
PEAK 
VOLTAGE. V 

(X) DC 
POWER. LJ 

208013 

2aeaa 
58 

DURATION. liRS/DAY 

24.66 

24.00 
FREQUENCY. HZ 

TOLERANCE + 
TOLERANCE + 
EPHEI1ER I S ACCURACY ~ M 

( ) HIRTH (X) ANY 

FIELD OF VIElJ (DEG) 

(X) CONTINUOUS 

6 
-~----------------------------------------------------------------------------------------------------------------------------------

. ,1 
;9. 1 
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DA17A/cOIfl.lH' nOMS 
tIlM ITOR UlG REQU IREI"EMTS : 
( ) NONE ( ) REAL TII"E . (X) OFFLINE 
( ) ENCRIPTION/DECRIPTJON REQUIRED 
( ) UPLINK REQUIRED: COMi1AND RATE (I<BS): 
( ) O~I-BOARD DATA PROCESSIHG REQUIRED 

DESCIHPTION: 
DATA TYPES: () ANALOG ( ) DIGITAL 
FILM (AMOUNT>: 
LIVE TV <HOURS/DAY): 
ON-BOARD STOI~AGE (MB IT>: 
DATA DUI"IP FREQUENCY (PER ORBIn 
RECORDING RATE (KBPS) 0.10 

( ) OTHER: 

o FREQUEHCY (MHZ): 

HOURS/DAY 
VOICE (HOURS/DAY): 
OiliER: 

DOI..tIL INK COMf"L'iND RATE: 
DOWIILlNI< FREQUENCY (MHZ): 

--------------------------------~---------------------------------------------------------------------------------------------------
THERMAL 

(X) ACTIVE ( ) PASSIVE 
TEMPERATURE. DEG C OPERATIONAL MINIMUM 

HEAT REJECTiON. W 
I-lON-OPERATIONAL MIN 1I1.JM 
OPERATIONAL MINIMUM 
NON-OPERATIONAL MIN I t'IUM 

950 
o 

10000 
o 

MAXIMUM 
MAXH1lJ1'I 
1'J(:tXI t'IUM 
mXIt'UM 

950 
108 

20880 

------------------------------------------------------------------------------------------------------------------------------------
EQUilPMENT PHYSICAL CHARACTERISTICS 

L.OCATiON (X) INTERNAL ( ) EXTERNAL ( ) REI'1lTE 
EQUIPMENT ID/FUHCTlON (X) PRESSURIZED ( ) UHPRESSURIZED 

L# M: 5.08 W. M: I.ElB H. M: 4.60 STObED 
L.. H: 5.8121 LJ. 1"1: 1.013 H. M: 4.00 DEPLOVED 
LAUNCH MASS. KG: 238B RETURN mss. KG: 2380 ~ g 
CONSUMABLE TYPES • ~ 
ACCELERATI ON SENS IT I V I TY. (G) MIN: 1 • ElElE -86 MAX: 1. 8BE -B4 . "\1 e ----.-----------------------,...---------------------------------------------------------------------------------O-;E;------------

CREW REQUIREt'ENTS 9 P 
CHEW S.IZE 2 TASK ASSIGNMENTS ;0 F 

SKILLS (SEE TABLE B) 

EVA () YES ()() NO 

SERVIC UlG/MA IHTENAliCE 
SERVICE: 

CONFIGURATIONCHAtlGES: 

I SKILL 

1 LEVEL 

I HOURS/DAY I 4.60 I 

REASON 

INTERVAL. DAYS 
RETURNABLES... KG 
INTERVAL. DEW 
DELIVERABLES. KG 

9B 
2390 

HOURS/EVA 

CONSUI1ABLES. KG 
t'h'1li HOURS 
t-1(:.U/HOURS REQU I RED 
RETURUABLES. KG 

to"© 
C:~ 
~ (2: 
~ ~u 

~m. 

---~---------------------------

------------------------------------~-------------------------------------------------------------------------------------------------
SPEC IAL CONS I DERATIOJ-.lS/sEE mSTRUCTlONS 
LABORATORV FACILITIES REOUIRED: CLEAN ROOI1. LJOl1KSPACE. MINICOMUTER ... DOL.tlLHIK TERt11NAL 
CRVSTAL CHARACTERIZATlOI-l EQUIPI"lEHT REQUmED: cu·.-nNG SAW. POLISHER. ETCHER. COI"IPf~CT EVAPORATOR. HALL 
APPARATUS LIGHT SOURCE AND SPECTROI1ETER. 

~ 
i'.i 11 

[1 
; 1 
:.~ 
j I 

-1 a.l 
. , 

. 
-~ 

1 
'~ 
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SUE ItfG-SPEC IF 1 t.; li'lPUT DATA 

HISSION TYPE 
FREE FLYER 
( ) NOT SERVICED 
( ) REMOTE TMS 
( ) REI10TE MAHNED 
( ) SERVICED AT STATION 
( ) SERVICED AT STATION 

PLATFORM BASED 
( ) NOT SERVICED 
( ) REMOTE TMS 
( ) RElilTE I"IANNED 

(TMS . RETR IE'v'ED) 
(SELF-PROPELLED) 

OPS COlJE 

F 
FT 
FM 
FST 
FS 

( ) SERVICED AT STATION (TMS'RETRIEVED) 
( ) SERVICED ~T STATlot~ (SELF-PROPELLED) 

P 
PT 
PH 
PST 
PS 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

CONSTRUCTION/sERVICING COMPLEXITY 
( ) LOW 
( ) I"IEDIUM 
( ) HIGH 

OPERATIONS TIMES 
ON UP /DOlJi 
ON OR THS ON ORBIT 
MISSION USE 
IVA SERVICE 
EVA SERVICE 
EXPER INENT OPS 
SERVICE FREQUENCY 

DELTA 'v'ELOCITIES 
'UP 
DOWN 
AERO RETURN 

SUPPORT EQUIP~ENT . 
LENGTH: 
LENGTH: 

NASS: 

MANIFEST RESTRICTIONS 
(X) NO RESTRICTlOtlS 

8.88 
8.88 
8.86 I 

8.8E1 METERS 
8.Ela METERS 

a KG 

( ) OHL Y WITH C0I1PATIBLE PAYLOADS 
( ) FL V-ALOI-.fE 
( ) MUST I·IAVE DOCI( II'tG t'lODULE 

DAYS 

SS 
SOR 

DAYS 
DAYS/VEAR 
I1iM-DAYS/VEAR 
tv:IN-DAYS/YEAR 
MAN-DAYS/YEAR 
T111ES/YEAR 

WIDTH: 
WIDlll: 

8.88 METERS 
8.00 METERS 

LENGTH OF BEAM FAD 0.08 
HUI18ER OF APPEHDflGES a 
HUMBER OF MODULES REQUIRED TO ASSEMBLE THE PAYLOAD'~ a 

HEIGHT: 
HEIGHT: 

8.88 METERS 
a . 6E1 METERS 

(STOWED) , 
(DEPLOYED) 

#~:. 

00 
"'1'1:0 
-or.; 
0-
o~ 
;.u i-
,0-0 
C)l1 
:>:> ~: 
I' f;'; 
~ r;~ 
~~ 

41' ""--~~.>:~. 
, .~ 

i~ 

.. ~ 
'1 , 

, .i 
JIi..! 

l 
, , 

~ ., 

1 

-: 

I 
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PH~LOAD ELEMENT NAME 
ELECTROEPITAXIAL CRYSTAL GROWTH 

CODE 
BAC)(IB15 

--~.~---------------------------------------------------------------------------------
CON-rACT 
NAME 
ADDRESS 

ROBERT E. PACE~ JR. 
MICROGRAVITY RESEARCH AS 
PO BOX 12426 
HUNTSVILLE. AL 358132 

TYPE 
( ) SC IEliCEANDAPPL I CATIONS 
(X) COt'fI'EI~C IAL 
( ) TECHI-lOLOGY DEVELOPMENT 
( ) OPEI~ATIONS 
( ) mllEI~ 
( ) NAHONAL SECURITY 
lWE l'jUl"iElER (SEE "fABLE A) 

(NON-COt11. ) 

B 

TELEPHONE (205) 881-6670 
ll"iPORTAI'ICE OF THE SPACE STATION TO 
THIS ELEt'lENT 

-------------------------------------------------------------------------------------
STATUS 

( ) OPERATIONAL () APPROVED~' (X) PLANNED ( ) CANDIDATE () OPPORTUIiITY 

1 • LOW VALUE. BUT COULD USE 
10 .. VITAL 
SCALE" 7 

------------------------------------------------------------------------------------------------------------------------------------
DESIRED FIRST FLIGHT~ YEAR: 1995 NUt~ER OF FLIGHTS 1 DURATION OF FLIGHT. DAYS 76 
------------------------------------------------------------------------------------------------------------------------------------
08JECTIVE 
DEVELOP AND COMMERCIALIZE A PROCESS FOR PRODUCING LARGE SINGLE CRYSTALS 
OF COMPOUND SEtIlCOI'IDUCTOR MATERIALS. 

DESCRIPTION ' 
CRYSTALS ARE GROIrJi IN SPACE 8Y AN ELECTROEP ITAXIAL GROWTH PROCESS. COtt'ERC IAL tr:lNUFACTIJR iNG UN ITS ARE 
PLACED IN tlODULES ATTACHED TO THE SPACE STATION. AND GROWTH CELLS ARE REPLACED PERIODICALLY AND 
CRYSTALS RETURNED TO EARTH. A PROCESS DEVELOPMENT LABORATORY ON THE SPACE STATION IS USED TO CHARACTERIZE 
THE CRYSTALS AtlD DEVELOP 
THE PROCESS. 

:)0 
.." :tI . 
-0£5 
O~~ o ~o 
;'{j 'iF. 

---------------------------------------------------------------------------------------------------------------~------e>~----------
ORBIT CHARACTERISTICS 't:. .~ 

GEOSYNCHRONOUS ORBIT ( ) YES (X) NO . , }:':.> ~-1 
APOGEE. KM PERIGEE. KM TOLERANCE + c: F·: 
INClINATIOI'I. DEG TOLERAI~CE + ... ~ '.~ 
NODAL ANGLE. DEG EPHEtERIS AC-CURACY, M "'G ",' 
ESCAPE DV REQUIRED~ M/S 

POINTUIG/ORIENTATION 
VIEW DIRECTION ( ) INERTIAL () SOLAR 
TRUTH SITES <IF KNOWN) 
POINTII~G ACCURACY. ARC-SEC 
PO INTING STABILITY (J rITER) ~ ARC-SEC/SEC 
SPECIAL RESTRICTIONS (AVOIDANCE) 

POWER 

\ \ 

( ) AC 

OPERATING 
STANDBY 
PEAK 
VOLTAGE. V 

(X) DC 
POt.ER. W 

400BB 

4Baaa 
53 

DURATIOI~~ HRS/DAY 

24.013 

24.68 
FREQUENCY. HZ 

( ) EARTH (X) ANY 

FIELD OF VIEW (PEG) 

(X) CONTINUOUS 

a 

""'~ .. 

~-----------------------------------------------------------------------------------------------------------------------------------
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0
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:DATA/COtt1lh iTlONS 
I11N ITOR ItiG REQU IREt'ENTS: 
( ) NOHE -~ ( ) REALTII'E (X) OFFLINE () OTHER: 
( ) EtlCRIPTIOli/DECRIPTION REaUIRED 
( ) UPLI NI< REQU IRED: COI11AND RATE (I<BS): 8 FREQUENCY (MHZ): ( ) ON-BOARD DATA PI~OCESS HlG REQU IRED 

DESCRIPTION: 
DATA TYPES: () ANALOG ( ) DIGITAL HOURS/DAY FILM (AMOUNT>: VOICE (HOURS/DAY): LIVE TV (HOURS/DAY): OTHER: ON-BOARD STORAGE (NBIT): 
DATA DU~P FREQUENCY (PER ORBIT) DOl..liLINK COtffiliD RAlE: RECORDING RATE (I<BPS) 13.18 DOLtIL INI< FREQUENCY (t'IHZ): ------------------------------------------------------------------------~----------------------------------------------------------~ 

THERMAL 
(X) ACTIVE ( ) PASSIVE . 

TEI"IPERATURE. DEG C OPERATIONAL MINll'UM 
HOH-OPERATIONAL t'lINIMUM HEAT REJECTION. W OPERATIONAL MINIMUM 
NOH-OPERATIONAL MINIMUM 

8513 
a 

113131313· 
8 

mXIMUM 
MAXIMUM 
I'kiXIt1UM 
MA~m"JM 

9513 
laa 

480813 
------------------------------------------------------------------------------------------------------------------------------------EQU IPME~IT PHYS I CAL CHARACTER ISTI CS 

LOCATION (X) INTERNAL ( ) EXTERNAL ( ) REMOTE EQUIPMENT ID/FUNCTION (X) PRESSUI~IZED ( ) UNPRESSURIZED _ ~ !5 L. H: 5.88 .W. M: 1.aa H. M: 4.60 S IOl.ED _ L. M: 5.813 W. M: 1.00 -H. H: 4.013 DEPLOYED ." (,") LAUNCH MASS. KG: 4580 RETURN MASS. KG: 24130 00 2 CONSUMABLE TYPES 0 
;t:. ACCELERATION SENSITIVITY. (G) MIN: 1.aaE-86 MAX: 1.88E-a4 :0 ~ ----------------------------------------------------------------------------~--------------------------------~-~------------------

CREW REQUIREMENTS 
'C :~ CREW SIZE 2 TASK ASSIGNtENTS > {:'7j 

_____________________________________________________________ !: r~ 
SKILLS (SEE TABLE B) I SKILL ;1 m ------------------------------------------------------------- . 

EVA O() YES (X) NO 

SERVIC IHG/I1A IHTE~IAI-ICE 
SERVICE: 

CONFIGURATION CHANGES: 

I LEVEL 

I HOURS/DAY I 4.00 I 

REASON 

ItllERVAL. DAYS 
RETURNABLES. KG 
INTERVAL. DAY 
DELIVERa::1BLES. KG 

SPEC IAL CONS I DERATI miS/SEE I 10lSTRlicT IONS 

90 
4500 

HOURS/EVA 

CONSUtIABLES. KG 
I"IAU BOURS 
t'!fIN/HOLJRS RECIU I RED 
RETUIU-IfIBLES.o KG 

LABORATORY FACILITIES REOUIRED: CLEAN ROOM. ~JORKSpnCE. MINICOt'UlER. DOL"~LHlK TERl11NAL CRYSTAL CliARACTERIZATIO/-I EQUIPI"EliT REQUIRED: CUTTING SAW. POLISHER. ETCHER. COtiPfiCT EVAPORATCfR. HALL APPARATUS LIG:-IT SOURCE AUD SPECTROI1ETEI<. 

------------------------------------------------------------------------------------------------------------------------------------
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BOE lNG-SPEC IF .~ HlPUT DATA 
----------------------------------------------------------------------------------------------------------------------------------- : 
MISSION TYPE OPS CODE 

FREE FLYER j 
( ) HOT SERVICED F 
( ) REtlllTE TI15 FT ~ 
( ) REI10TE MANNED FI'I 
( ) SERVICED AT STATION (TMS RETRIEVED) FST 1 
( ) SERVICED AT STATION (SELF-PROPELLED) FS n 

PLATFORM BASED 
( ) NOT SERVICED 
( ) RENOTE TNS 
( ) REtiOTE MANNED 

., 
i 

( ) SERVICED AT STATION 
( ) SERVICED AT STATIOH 

(TMS ' RETR IEVED) 
(SELF-PROPELLED) 

P 
PT 
PI1 
PST 
PS 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

CONSTRUCTION/SERVIC ING COI"PLEXITY 
( ) LOW 
( ) MEDIUM 
( ) HIGH 

OPERATIONS TIMES 
ON UP/DOWN 
ON OR TNS ON ORBIT 
MISSION USE 
IVA SERVICE 
EVA SERVICE 
EXPER INEHT OPS 
SERVICE FREQUENCY 

DELTA VELOCITIES 
UP 
DOWN 
AERO RETURN 

SUPPORT EQUIPMENT 
LENGTH: 
LENGTH: 

MASS: 

mNIFEST RESTRICTIONS 
(X) NO RESTRICTIOI-IS 

B.BB 
B.BB 
B.BB 

B.BB METERS 
B.BB METERS 

a KG 

( ) ONLY WITH COt'D3 ATIBLE PAYLOADS 
( ) FL Y-ALOIiE 
( ) MUST HAVE DOCKING MODULE 

DAYS 

SS 
SOR 

DAYS 
DAYS/VEAR 
mH-DAYS/YEAR 
ml'.-DAYS/YEAI~ 
MAN-DAYS/YEAR 
TIt£S/YEAR 

W,IDTH: 
WID-Ill: 

B.8B METERS 
B.BB METERS 

LENGTH OF BEAM FAD B.B8 
NUI13ER OF APPENDAGES a 
HUI13ER OF NODULES ,REQU IRED TO ASSEtt3LE THE PAYLOAD .': B 

HEIGHT: 
HEIGHT: 

B.BB METERS 
B.BB METERS 

(STOLED) . 
(DEPLO'.1:D )' 

00 
-n:t/ 
"tJ§ 
02 
O'P 
::0 r' 
to "'"~] 
C ?:; 
:p> b: 
I (fe;; 

~~ 

I 
1 , 

..; 

--------------------------------------------------------------------------------------~----------------------------------------------
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TYPE 
PAVLOAD ELEh. .... 1T NAME 
ELECTROEPITAXIAL CRYSTAL GROWTH 

CODE 
BACXI816 ( ) SC IENCE AND APPL ICATIONS (NOI"-COI1'1.) 

(X) COI1'1ERCIAL CONTACT 
NAME 
ADDRESS 

ROBERT E. PACE~ JR. 
MICROGRAVIlY RESEARCH AS 
PO BOX 12426 
HUNTSVILLE~ AL 35882 

( ) TECHI'IOLOCY DEVELOPI'ENT 
( ) OPERf.lTIOI'IS 
( ) OTIIER 
( ) NATIONAL SECUIHlY " 
TYPE NUf'lBER (SEE TABLE A) 9 

TELEPHONE (285) 991-6678 I11PORTAtiCE OF THE SPACE STAnOl~ TO TH IS ELHENT -------------------------------------------------------------------------------------STATUS 
( ) OPERATIONAL () APPROVED:' (X) PLANNED ( ) CANDIDATE () OPPORTUNIlY 

1 D LOW VALUE~ OUT COULD USE 
10 • VITAL 
SCALE.. 7 

DESIRED FIRST FLIGHT~ YEAR: 1995 NUMBER OF FLIGHTS 2 DURATION Of FLIGHT~ DA)~ 78 
OBJECTIVE 
DEVELOP AHD COMMERCIALIZE A PROCESS FOR PRODUCING LARGE SINGLE CRYSTALS OF COMPOUND SEMICONDUCTOR MATERIALS. 

DESCRIPTION 
CRYSTALS ARE GROWN IN SPACE BY AN ELECTROEPITAXIAL GROWTH PROCESS. COMMERCIAL MANUFACTURING UNITS ARE PLACED IN MODULES ATTACHED TO THE SPACE STATION~ AND GROWTH CELLS ARE REPLACED PERIODICALLY AND CRYSTALS RETURNED TO EARTH. A PROCESS DEVELOPMENT LABORATORY ON THE SPACE STATION IS USED TO CHARACTERIZE THE CRYSTALS AND DEVELOP 
THE PROCESS . 00 

"::0 
"td5 0-
0 2 
;u> r. ----------------------------------------------------------------------------------------------------_.----------------~ ~ ---------ORBIT CHARACTERISTICS 
C > GEOSYNCHRONOUS ORB IT ( ) YES (X) NO f:. ~ APOGEE~ KM PER IGEE~ KI1 TOLERANCE + - ~ INCL INATION~ DEG TOLERANCE + :1.00 NODAL ANGLE~ DEG EPHEMERIS ACCURACY~ M -ESCAPE DV REQUIRED. M/S 

POINTItfG/ORIENTATION 
VIEW DIRECTION ( ) INERTIAL () SOLAR TRUTH SITES (IF KNOL,Ii) 
POIliTIHG ACCUI~ACY. fmC-SEC 
POIHTlI~G STAB IL ITY (J ITTER) ~ ARC-SEC/SEC SPECIAL RESTI~ICTIONS (AVOIDANCE) 

( ) EARlli 00 ANY 
FIELD OF VIEW (DEG) 

-------------------------------------------------------------------------------------------------------------------------------------POI.ER 
( ) AC 

OPERATING 
, STANDBY 

:. PEAK 
l', VOL TAGE~' V 

(X) DC 
POIJER. W 

40086 

.:113066 
59 

DURATION. HRS/DAY 

24.00 
(X) CONTINUOUS 

24.60 
8 FREQUENCY. HZ ________________________________ _ ------------------------------~----------------------------------------------------------------

:~ 
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DATA/COttiJ ..... ' IONS 
I'IlN I TOR nib I~EOU I REI"ENTS : 
( ) NONE ( ) REAL Tlt'E (X) OFFLINE 
( ) EHCR I PTI OI-f/DECR I PTI Ot-I REOU I RED 
( ) UPLINK REQUIRED: COMMAHD RATE (KBS): 

( ) Oll-lER: 

8 
( ) ON-BOARD DATA PROCESSING REQUIRED 

THERMAL 

DESCIH PTIOM: 
DATA TYPES: () ANALOG 
FILM (AMOUNT>: 
lIVE TV (HOURS/DAY): 
ON-BOARD STORAGE (MBIT): 

( ) DIGITAL 

DATA DUMP FREQUENCY (PER ORBIT> 
RECORDING RATE (KBPS) 8.18 

(X) ACTIVE ( ) PASSIVE . 
TEI1PERATURE~ DEG C OPERATIONAL MINII'llM 

HEAT REJECTION~ W 
NOH-OPERATIONAL MINII'llM 
OPERATIONAL MINIMUM 
NON-OPERATIONAL MINIMUM 

EQUIPMENT. PHYSICAL CHARACTERISTIC~ 

858 
8 

18808 
8 

FREQUENCY (MHZ): 

HOURS/DAY 
VOICE (HOURS/DAY): 
OTHER: 

DOIJiLINK COMl1AND RATE: 
DOIJiLWK FREQUENCY (t'I-IZ): 

Mr'lXU1.JM 
MA}';UlIJI1 
MAX It-lUl"l 
I1AXII'1lJM 

958 
188 

413008 

LOCATION (X) INTERNAL ( ) EXTERNAL ( ) REMOTE 
EQUIPMENT ID/FUNCTIOIi (X) PRESSURIZED ( ) UNPRESSURIZED 

L~ M: 5.88 w~ M: 1.00 H~ M: 4.00 STOweD 

'~., 

L M: 5.1:113 w~ M: 1.88 H~ M: 4.013 DEPLOYED 
LAUNCH MASS ~ KG: 4888 RETURN MASS ~ KG: 4080 --- 0 0 
CONSUMABLE TYPES 
RCCELERATIOH SEHSITIVITY~ (G) MIN: 1.88E-86 MAX: 1.88E-84 ,,.. az 

-----------------------------------------------------------------------------------------------------------------------~--------
CRElJ REQUIREMENTS 0 2 

CRElJ SIZE 2 ~~:~_~::~~~~~~: ______ ~______________________________________ ~ ~ 
SKILLS (SEE TABLE B) ISK ILL .0 "ti _____________________________________________________________ c: ~ 

EVA () YES (X) NO 

SERVICING/MAINTENANCE 
SERVICE: 

CONFIGURATION CHANGES: 

I LEVEL 

I HOURS/DAY I 4.00 I 

REASON 

INTERVAL~ DAYS 
RETURNABLES. KG 
I NTERVAL. DAY 
DElIVERABlES~ KG 

SPECIAL COI-ISIDERATIOI-lS/sEE INSTRUCTIONS 

90 
4888 

!-lOURS/EVA 

CONSUMABLES~ KG 
HAN HOURS 
I"I~d~/HOURS REOU IRED 
RETURI'fABLES~ KG 

LABORATORY FACILITIES REQUIRED: CLEAN ROOM. WORI<SPACE~ 11I1HCOMl..JTER~ DOWi-ILINK TERMINAL 
CRYSTAL CHARACTERIZATIml EQUIPI-IENT REQUIRED: CUTTING SAW~ POLISI-IER~ ETCIIEI~~ COMPACT EW:PORATOI~~ .. Will 
APPARATUS LIGHT sour~CE AN}) SPECTRot-iETm. . 
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~ 1 'L _________ _ 

BOEIHG-SPECIFIt... INPUT DATA 

MISSION T>tPE OPS CODE 
FREE FLYER 
( ) NOT SERVICED F 
( ) REMOTE TI15 FT 
( ) REMOTE HAHHED FI1 
( ) SERVICED AT STATION (TMS RETRIEVED) FST 
( ) SERVICED AT STATlOI~ (SELF-PROPELLED) FS 

PLATFORM BASED 
( ) HOT SERVICED P 
( ) REtlOTE TMS PT 
( ) REMOTE MANNED PI-I 
( ) SERVICED AT STATION (TMS RETRIEVED) PST 
( ) SERVICED AT STATIOti ·(SELF-PROPELLED) PS 

OTHER 
( ) SPACE STATION BASED 
( ). SORTIE 

CONSTRUCTION/sERVICING COMPLEXITY 
( ) LOW 
( ) MEDIUM 
( ) HIGH 

OPERATIONS TlI"ES 
OTV UP/DOWN 
OTV OR TMS ON ORBIT 
MISSION USE 
IVA SERVlCE 
EVA SERVICE 
EXPER I11ENT OPS 
SERVICE FI~EaUENCY 

·DEL TA VELOC IT I ES 
UP 
DOWN 
AERO RETURN 

B.Ba 
B.BB 
B.Ba 

DAYS 

SS 
SOR 

DAYS 
DAYS/VEAR 
MAN-DAYS/VEAR 
MAN-DAYS/YEAR 
MAN-DAYS/YEAR 
TIMES/YEAR 

SUPPORT EaUIPMENT 
LENGTH: 
LENGTH: 

B. BB t'ETERS 
B.Ba I"ETERS 

IJIDTH: 
IJIDTH: 

MASS: 

MANIFEST RESTRICTIONS 
(X) NORESTR ICTIOI'IS 

B KG 

( ) ONLY WITH COt'iPATIBLE PAYLOADS 
( ) FLY-ALONE 
( ) MUST HAVE DOCI< IHG MODULE 

LENGTH OF BEAM FAB 
NUttiER OF APPEI~})AGES 
NUttiER OF 11O})ULES REQU IRED TO ASSEMBLE THE PtlYLOnD" 

B. BB I'ETERS 
B.BB METERS 

0.6B 
fJ 
U 

HEIGHT: 
HEIGHT: 

. _________ ... _ ...... --...........,...~.u-~~..............: -"" ... ~iIf 

B.BB I'ETERS 
0.60 METERS 

(STOIJED) , 
<DEPLOYED) 

00 
"'::0 
-uiS 
0-
o~ 
;O~ 

.0-0 
C:):I> 
»13 
r"'in'A 

:1~ 

~. --------

;, 
~ 

:1 h 

1 

" 

-,_1 

~ 
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I~ ~. 

PAYLOAD ELEMENT NAME TYPE 
ELEClROEP ITAXIAL CRYSTAL GROIJTH. 

CODE 
BACX1817 ( ) SCIENCE AND APPLICATIONS 

(X) COt11ERCIAL 
~ 
,I, (NON-COt11. ) 

, ~ 

,(, 
~. 
.~ 

, 1 
• 
!~ .. 
"~', ' 

~.* 

-------------------------------------------------------------------------------------
CONTACT 
NAtE 
ADDRESS 

TELEPHONE 

STATUS 

ROBERT E. PACE. JR. 
t'liCROGRAVITY RESEARCH AS 
PO BOX 12426 
HUNTSVILLE. AL 35802 

(285) 881-6678 

( ) OP~RATIONAL () APPROVED: (X) PLANNED ( ) CAtlDIDATE () OPPORTUNITY 

( ) TECHNOLOGY DEVELOPt'ENT 
( ) OPERorlOl~S 
( ) OTHEI~ 
( ) N(.lTlm~AL SECUR ITY . 
TYPE HUi'1BEI~ (SEE TABLE A) e 
I11PORTAI-ICE OF THE SPACE STATIOI~ m 
TH IS ELEI1E1'IT 
1 • LOW VALUE. BUT COULD USE 
18 • VITAL 
SCALE" 7 

DFSIRED FIRST FLIGHI. YEAR: 1996 NUr1BER OF FLIGHTS DtJ~ATION OF FL IGHT. VAT'S 77 

, OBJECTIVE 
DEVELOP AND COI11ERCIALIZE A PROCESS FOR PRODUCING LARGE SINGLE CRYSTALS 
OF COMPOUND SEMICONDUCTOR MATERIALS. 

DESCR IPTIotl 
CRYSTALS_ARE. GROW IN- SPACE·· BY AN ELECTROEP I TAXIAL GROIJllt PROCESS. COI"tERC IAL MANUFACTUR ING UN ITS ARE 
PLACED IN tnDULES ATTACHED TO THE SPACE STATION. AND GROIJllt CELLS ARE REPLACED PERIODICALLY AND 
CRYSTALS RETURNED TO EARTH. A PROCESS DEVELOPMENT LABORATORY ON-THE SPACE STATION IS USED TO CHARACTERIZE 
THE CRYSTALS AND DEVELOP . 
THE PROCESS. 

00 -n:u 
"'td5 
0:;; 
0'-
::o~ 
tO~ 

,~ 
J 
,·1 

I 

1 

. ~ 

'j 

~ -------------------------------------------------------------------------------------------------------------------~-~-----------

I 

:.; 

.l 
't 

ORBIT CHARACTERISTICS J::l 0 
GEOSYNCHRONOUS ORB IT ( ) YES (X) NO r:: b-::} 
APOGEE. KM PERIGEE. KM TOLERANCE + "i ~ 
INCLINATION. DEG TOLERAUCE + ...... ,I) 
NODAL ANGLE. DEG EPHEMERIS ACCURACY. M 
ESCAPE DV REQUIRED. M/S 

PO INTItiG/OR I ENTATION 
VIEW DIRECTION ( ) INERTIAL () SOLAR 
TRUTH SITES (IF I(HOWN) 
POINTING ACCURACY. ARC-SEC 
PO lIiTIHG STAB IL ITY (J I HER) ~ ARC-SEC/SEC 
SPEC I AL . RESTR I CT IONS (AVO IDHNCE) 

( ) EARTH 00 AN';' 

FIELD OF VIEW (DEG) 

f " 
POLER 

t 
Oi 
Ii . I 
f'I, 

( ) AC 

OPERATING 
STANDBY 
PEAl< 
VOLTAGE. V 

00 DC 
POLER. W 

60868 

600ae 
50 

DURATlOIi. HRS/DAY 

24.00 

24.68 
FREOUEI1CY. HZ 

(X) CONTINUOUS 

(3 

I J 

'.I~:_. . ..... ",~.,.,.:;.::.:.:. ... _.-=.~ .... ~:......".,~ .• _~. =._~ .. ~~~ .. ~ -:v. __ ._". . ", ~ . 
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<: i DATA/cOt1l'1li. ~ ~ 'IOtiS 
! MONITORU, .EQUIREI"IENTS: 
, ( ) NONE ( ) REI=iL TII"E (X) OFFLINE 

( ) ENCIHPTION/DECRIPTIOI-l REQUIRED 
( ) OTHER: 

I: ' 

t 
~.' .' o 
I 

'. .. .. 
~ 
.... 1. 

~. 
''I 

.'1 

f r) 
l 

( ) UPL nu< REDU IREl): COMl-.IUD RHTE (KBS): o FREQUENCY (MHZ): 
( ) ON-BOARD nATA PROCESS HIG REIlU IRED 

DESCRIPTION: 
DATA TYPES: () (.INALOG ( ) DIGITAL HOURS/DAY 
FILM (AHOUliT): VOICE (HOURS/DAY): 
LIVE TV (ImURS/D(.)Y): OTHER: 
ON-BOARD STORr-IGE 018 IT> : 
DATA DUI'I? FREQUENCY (PER ORB IT> DOWNLINK COI""tMAND RATE: 
RECORDING RATE (KBPS) 8.18 DOWNL WI< FREOUENCY (I"R~Z): 

------------------------------------------------------------------------------------------------------------------------------------
THERMAL 

(X) ACTIVE ( ) PASSIVE . 
TEI"PERATURE. DEG C OPERATIONAL MINIMUM 

HEAT REJECTIOi~. IJ 
NOI'I-OPERA TI ONAL MIN I MUM 
OPERATIONAL MINII"IUI1 
NON-OPERATIONAL MIN II"IUM 

8513 
o 

113000 
EI 

MAXIMUM 
tlA><Il"lUM 
tlAXI I"IUM 
tlA><I t-lIJ1"1 

950 
lea 

6aaaa 

------------------------------------------------------------------------------------------------------------------------------------
EQUIPI"ENT PHYSICAL CHARACTERISTICS 

LOCATION (X) INTERNAL ( ) EXTERNAL ( ) REMOTE 
EQUIPMEHT ID/FUNCTION (X) PRESSURIZED ( ) UNPRESSURIZED 0 0 

L. M: 5.013 IJ. M: 1.~0 H. M: 4.0fi STOt.ED ." ::0 
L. 11: 5.00 IJ. 1"1: l.fiEl H. M: 4.08 DEPLOYED -
LAUNCH MASS. KG: 40BeJ RETURN MASS. KG : fI ~ E 
COUSUt'IABLE TYPES 2 

------------------~~~~:~:~~:~~-::~::~~~:~:-~~~-------~~~:--~:~~~=~~-----~~~:--~:~~:=~~--------------------------------~~ --------
CREW REQUIREMENTS 

CREW SIZE 2 

SKILLS (SEE TABLE B) 

EVA () YES (X) NO 

5ERVIC ING/HA INTEHAtlCE 
SERVICE: 

CONFIGURATION CHANGES: 

TASK ASS IGNMEIHS 

I SKILL 

I LEVEL 

I MOURS/DAY I 4.013 I 

REASON 

INTERVAL. DAYS 
RETUI~IiABLES. KG 
INTERVAL. Dtw 
DEL IVERABLES. KG 

SPECIAL CONSIDERATl0I-1S/sEE HlS-mUCTIot·IS 

913 
4000 

HOURS/EVA 

CONSUMADLES. KG 
tiAN .HOURS 
tlAl'I/HOURS REDU IRED 
RETur~NI'lBLES~ KG 

LA801~ATORY FACILITIES REQUIRE}): CLEAH R00l1. WORKSPACE. MINICOMUTER. DOWNLINK TERI1WAL 
CRYSTAL CHARACTERIZATION EI1UIPI"iEIH r~EQUIRED: CUrTING SAW. POLISHEI<. ETCHER. cotlPAcr EVAPORATOR. HALL 
APPARATUS L IGIH sour":CE AI'm SPECTr~OI1ETER. 

O"'4Y 
c:::;» 
):>~ r- j"Jy 

~~ 

~,,~ 

.. ~ 
, 

.-a.1 
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._--------------------------------------
ft ~S 
.YER 

F 
FT 

( ) REI-IOTE MAl-it-fED HI' i 
( ) SERVICED AT STATION (TMS RETRIEVED) FST ~ 
( ) SERVICED AT STATION (SELF-PROPELLED) FS ~I 

PLATFORM BASED 
( ) NOT SERVICED 
( ) REI"IOTE TMS 
( ) REI'10TE tlAHHED 
( ) SERVICED AT STATIOH (TI'IS'RETRIEVED) 
( ) SERVI€ED AT STAT I 01'1 (SELF-PROPELLED) 

P 
PT 
PI'I 
PST 
PS 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

COHSTRUCTIOH/sERVICIHG COtPLEXITY 
( ) LOW 
( ) MEDIUM 
( ) HIGH 

OPERATIONS TIMES 
OTV UP/DOWN 
OTV OR TNS 01'1 ORBIT 
MISSION USE 
IVA SERVICE 
EVA SERVICE 
EXPER IMENT OPS 
SERVICE FREQUENCY 

DELTA VELOCITIES 
UP 
DOWN 
AERO RETURN 

B.BB 
B.aa 
B.SB 

DAYS 

SS 
SOR 

DAYS 
DAYS/YEAR 
MAN-DAYS/YEAR 
MAN-DAYS/YEAR 
tIAH-DAYS/YEAR 
TIMES/yEAR 

SUPPORT EQUIPMENT 
LENGTH: 
LENGTH: 

B.BB METERS 
B • fiB tiETEI~S 

WIDTH: 
WIDTH: 

I1ASS: 

r1=IHIFEST RESTRICTIOHS 
(X) NO RESTRICTIOHS 

fJ KG 

( ) OHLY WITH COI'I?ATIBLE PAYLOADS 
( ) FL ,(-ALOIIE 
( ) MUST I'I;'WE DOCK ING tlODULE 

LEHGTH OF BEAI1 FAil 
tlUMBER OF APPEl-IDAGES . 
NUtflER OF MOi)ULES REDU IRED TO ASSEMDLE THE PAYLOAD '! . 

B.BB METERS 
B.6B . METERS 

B.BB 
o 
a 

HEIGHT: 
HEIGHT: 

B.BB METERS 
a. SB tETEr~S 

(STOIaED) . 
( DEPLO'I'ED) 

00 .,,;n 
-oS 
o~ 05 =ur. 
.0"1] c:. ';" 
~ [~ 
le""'. r;t:' 1 W ... tI 
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PAYLOAD ELEI"EHT HAI"E TYPE 
ELECTROEP I TAX I AL CR'I'STAL GROIJ'llI 

CODE 
BACXHHB ( ) SCIENCE AND APPLICATIONS (NON-COI1'1.')", 

(X) Cot'HERe U1L 
CONTACT 
tlAI1E 
ADDRESS 

ROBERT E. PACE. JR. 
MICROGRAVITY RESEARCH AS 

, PO 80>< 12426 ' 
HUNTSVILLE. AL 35862 

( ) TECHIIOLOGY DEVELOPMENT 
( ) OPEIWT1GNS 
( ) OTHEI~ 
( ) Nt,)"!" 101'1t-,L SECUR I TY . 
TYPE NUivIDEI~ (SEE TABLE A) 8 

TELEPHONE (205) 881-6670 
ItiPORTANCE OF THE SPACE STfiTIOH '.-0 
TH IS ELEt'IEIH 

STATUS 
1 = LOL·J VI1LUE. BUT COULD USE 
10 = vm:'IL 

( ) OPE RAT IONAL () APPROVED! 00 PLANNED ( ) CANDIDATE () OPPORTUNITY SCALE = 7 

DESIRED FIRST FLIGHT. YEAR: 1996 NUMBER OF FLIGHTS 

OBJECTIVE 
DEVELOP AND COMMERCIALIZE A PROCESS FOR PRODUCING LARGE SINGLE CRYSTALS 
OF COtlPOUND SEMI COI-mUCTOR I1ATER I ALS. 

DESCRIPTION 

DURATION OF FLIGHT. l)fn"S 77 

CRYSTALS ARE GROL.t1 IN SPACE BY AN ELECTROEPHAXIAL GRO\Jlli PROCESS. COMMERCIAL tlANUFACTURING UNITS ARE 
PLACED IN MODULES ATTACHED TO THE SPACE STATIml. AND GROWnl CELLS ARE REPLACED PERIODICALLY AND 
CRYSTALS RETURNED TO EARTH. A PROCESS DEVELOPMEIH LABORATORY ON THE SPACE STATION IS USED TO CHAI~ACTERIZE 
THE CRYSTALS AI~D DEVELOP 
THE PROCESS. 

00 .,. ::u 
"US 
0-
o~ 
~F! 

------------------------------------------------------------------------------------------------------------------------~;,D--------
ORBIT CHARACTERISTICS ~ ~ 

GEOSYNCHRONOUS ORBIT ( ) YES (X) NO r- ;:1 
APOGEE. KM PER I GI!E. KM TOLERANCE + =i .".'" 
INCLHlATIOIi. DEG TOLERmlCE -I- ~ ~ 
NODAL ANGLE. DEG EPHEI"IERIS ACCURACY. M 
ESCAPE. DV REQUIRED. WS 

------------------------------------------------------------------------------------------------------------------------------------PO INTItiG/OR IENTATIOI~ 
VIEW DIREcnml ( ) INERTIAL () SOLAR 
TRUTH SITES (l F I<NDlJtO 
POUITING ACCURACY. liRC-SEC 
PO UlT HIG sm8 I L ITY (J !TTER). ARC-SEC/SEC 
SPEC I AL RESTR I eTi mlS (AVO IDAtlCE) 

( ) Emm~ (X) AIW 

FIELD OF VIEW (DEG) 

------------------------------------------------------------------------------------------------------------------------------------POIJER 
( ) AC 

OPERATItiG 
STANDBY 
PEAK 
VOLTAGE. V' 

00 DC 
POf,JER. (,J 

60068 

613600 
56 

DURATION. HRS/DAY 

24.80 

24.1313 
FREQUEHCY. HZ 

(X) CONTINUOUS 

o 

Itll:.-. 

1 

.~ 
, . 

. ~ 
! 

, 

"4 

-~---------------------------------------------------------------------------------------------------------------------------------- ~ 

1,141" ,"!I, ~~ 

,"'._....L. .. _- _. '.~ ,f-' .-. ~j.- "cy,.,..- _~_ 
-~ , 

'" -.... ' 
, ~. ..-.ft

F
,,- ~_ , __ ;s •. _. 



.~~ rr-.. "''''.''1:IT!ll'c·r:\ T! >.. ~-'T"'- "t':"':' ~.~ r!""""'('~'\"'''';:-l" ,-"~""~~~:'"'''"' ~·'~"·"'-"~-."~(~·"'{·'P·"W'l""~"''''''I'''(''!,'I~'''''"''"''''· ~ n'," " > 

r ' -.:;::\p., 

~-<-.- ,'~ " f ~-., ,.t T,'" 7',~~':- "'," ~ ~,rt. 

,I 

,~: 
i~i 
.. ~ .•. 
• , 
r. 
;.. 

~ 
:,t 

~ 
~~ 

4f~' 

·DATA/cOI'flJt. .-ITI OHS 
MOH nORINGREOU IREMEHTS: 
( ) NONt: ( ) REAL TlI"E (X) OFFLINE 
( ) EHCRIPTIDtVDECRIPTION REOUIRED 
( ) UPLII~I< REaUmE!): COl"iI"iAl1D RATE (KBS): 
( ) ON-BOARD DATA PROCESS ING REQU IRED 

DESCI~ I PTI ON: 
DATA TYPES: () ANALOG ( ) DIGITAL 
F IU1 (A!wiOUHT): 
LIVE TV (HOURS/DAY): 
ON-BOARD STORAGE (t1:1IT>: 
DATA DUtP FREQUENCY (PER ORBIT) 
RECORDmG RATE (KBPS) 8.18 

THERMAL 
(X) ACTIVE ( ) PASSIVE -

( ) OTHER: 

8 FREQUENCY (MHZ): 

HOURS/DAY 
VOICE CHOURS/DAY): 
OTHER: 

DOL.tlLINK COI1MAND RATE: 
DOIJILIIII( FREQUENCY (lv!HZ): 

TEtIPERATURE# DEG C OPERATIONAL MINlttJM 858 mXll'lIM 958 
NON-OPERATIONAL MINlttJM" j'lA><INUM 188 

HEAT REJECTION# W OPERATIONAL MINlMUI1 18808 Mf~~IMUt1 68888 
NON-OPERATIONAL MINIMUM 8 MAXlMUI1 , 

..,,-',,",._. 

'':i 

f ~1 
'j 

j 
, i 

1 

• .., '1 

----------------------------------------------------------------------------------------------------------------------------------7-1 EaUIPI'EHT PHYSICAL CHARACTERISTICS ' " ,'. I,"~ , .. ', 

LOCATION 00 INTERNAL ( ) EXTERNAL ( ) REMOTE 
EaUIPMEI-IT ID/FUNCTIOIi (X) PRESSURIZED ( ) UNPRESSURIZED 

L# M: 5.88 W# M: 1.8e H# 1"1: 4.00 STOWED 0 g 
L# M: 5.88 W# M: 1.B8 H. M: 4.60 DEPLOYED "'i'1 _ 
LAUNCH MASS # I{G: 66198 RETURN MASS # I~G: 6660 "tl e 
CONsumBLE TYPES 0 Z 
ACCELERATION SENSITIVITY. (G) MIN: l.seE-fi6 /"fAX: I.ElGE-G4 0 P' 

-----------------------------------------------------------------------------------------------------------------~-~~--------------
CREW.REQUlREI'EHTS. ,- to ... .e 

CREW S 12E 2 TASK ASS I GNI1EtHS C ?"; ------------------------------------------------------------- ~ ~~. f'" .:; -. 
..,-~ r-~ 

.:<.(~ ;£) 

SI(ILLS (SEE TABLE 8) 1 SKILL I' 

1 LEVEL 

1 HOURS/DAY 1 4.80 I r 
EVA () YES (X)HO REASON I,IOUP.S/EVA 

l. ------------------------------------------------------------------------------------------------------------------------------------

L 

:1 

f , 

j 

f) 

I 
-/ 
,.~ 
!:,.~'"' .0--

SERVICING/MAINTENANCE 
SERVICE: 

CONFIGURATION CHANGES: 

INTERVAL. DAYS 
I~EnJRi'IABLES. KG 
INTERVAL. DAY 
DEL IVEi~ABLES.KG 

SPEC IAL CONS IDERATI ONS/SEE UlSTRlJCTIO~IS 

9& 
66813 

'CONSUI"~BLES# KG 
l·iFiI~ I-lOURS 
f'lAIM-IOURSREOU I RED 
RETURNABLES.. KG 

LABORATORY FACILITIES i~EI1UIRED: CLEfIN ROOM. WORKSPACE. MINIC0I1UTEI~# DOWi'iUNK TERt1INAL 
CRYSTAL CHARACTERI2ATIOI-l EOUIPt'lEiH REaumED: CUTTIIIG SAW. -POLISHEI~# ETCiiEI~. COi"U::'ACT EVAPORATOR. I-II~LL 
APPARATUS LIGHT SOURCE fiB» SPECTROl"iETER. 

-": . .,..'. .!'.o".", 

~ ,,~ 
__ .11. -'.:a 
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BOEING-SPEC If~.... HlPUT DATA 
------------------------------------------------------------------------------------------------------------------------------------
MISSION TYPE 

FREE FLYER 
( ) NOT SERVICED 
( ) REI10TE TMS 
( ) REMOTE ~~HHED 
( ) SERVICED AT STATION 
( ) SERVICED AT STATIOI-! 

PLATFORM BASED 
( ) HOT SERVICED 
( ) REI10TE TI1S 
( ) RE~IOTE ~IAHHED 

(TMS RETRIEVED) 
(SELF-PROPELLED) 

( ) SERVICED AT STATION (TMS'RETRIEVED) 
( ) SERVICED AT STATIOH (SELF-PROPELLED) 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

CONSTRUCTION/sERVICING COMPLEXITY 
( ) LOW 
( ) tEDIUM 
( ) HIGH 

OPERATIONS TIMES 
OTV UP/DOWN DAYS 

OPS CODE 

F 
FT 
FN 
FST 
FS 

P 
PT 
PM 
PST 
PS 

SS 
SOR 

OTV OR Tt'lS ON ORB IT 
MISSION USE 
IVA SERVICE 
EVA SERVICE 
EXPERIMENT OPS 
SERVICE FREQUENCY 

DAYS 
DAYSI'VEAR 
MAN-DAVSI'VEAR 
MAli-DAYS/YEAR 
I1AN-DAYS/YEAR 
T1t'IES/YEAR 

·DEL TA VELOC I TI ES 
UP 
DOWN 
AERO RETURIi 

SUPPORT EaUIPMENT 
LENGTH: 
LENGTH: 

MASS: 

MANIFEST RESTRICTIONS 
(X) NO RESTRICTIONS 

13.1313 
13.1313 
B.BEl 

B.BB METERS 
0.0e METERS 

B KG 

( ) ONLY WITH CO~IPATIBLE PAYLOADS 
( ) FL Y-ALOI-IE 
( ) I1JST HAVE DOCK IHG 110DULE 

LENGTH OF BEAM FAB 
HLJI'BER OF APPEHDAGES 

IJIDTH: 
W1DTH: 

HUMBER OF MODULES REQUIRED TO ASSEMBLE THE- PAYLOAD':: 

B.BB METERS 
0.00 METERS 

13.08 
fl 
a 

HEIGHT: 
HEIGHT: 

13.1313 METERS 
B. fiB I"ETERS 

(STOt.ED) , 
(DEPLOYED) 

00 
_"11 ::0 

-oS 
0-oSi 
:tl,r 
,0'13 
C ;:r;~ 
;r.::. ~~ 
r- r.s 
:Jm 

-------------------------------------------------------------------------------------------------------------------------------------
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PAYLOAD ELEI' .... aiT NAt'E 
ELECTROEP ITA><IAL CRYSTALGROLITH 

COHTACT 
NAME 
ADDRESS 

ROBERT E. PACE. JR. 
MICROGRAVITY RESEARCH AS 
PO BOX 12426 
HUNTSVILLE. AL 35SE)2 

TELEPHOHE (2a5) 881-667a 

STATUS 

CODE 
BAC><IEH9 

( ) OPERATIONAL () APPROVED! t (X) PLANNED ( ) CANDIDATE () OPPORTUNITY 

TYPE' 
( ). SC IENCE AHD APPl ICATIOHS (HOH-COt11.) " ! eX) COt'B-/ERCIAl 
( ) TECHHOLOGY DEVELOPl1ENT 
( ) OPERATlmls 
( ) OntEI!. 
( ) NATIONAL SECURITY 
TYPE NUIViBE£( (SEE TABLE A> 8 

II'PORTAI~CE OF n!E SPACE SWfnON TO TIUS ELEI"IEHT 
1 .. LOlJ W1LUE. BUT COULD' USE 
I'B • VITt"lL 
SCALE.. 7 

DESIRED FIRST FLIGHT. YEAR: 1996 NUMBER OF FLIGHTS 1 DURATION OF FLIGHT. DAY-';; 77 
OBJECTIVE 
DEVELOP AND COMMERCIALIZE A PROCESS FOR PRODUCING LARGE SINGLE CRYSTALS OF COMPOUND SEMICONDUCTOR t~TERIALS. 

DESCRIPTION . CRYSTALS ARE GROLl .. IN SPACE BY AN ELECTROEPITAXIAL GROIJTH PROCESS. COI"I"ERCIAL MANUFACTURING UNITS ARE PLACED IN NODULES ATIACHED TO n!E SPACE STATION. AND GROIJTH CELLS ARE REPLACEDPERlODICALLY AND CRYSTALS RETURNED TO EARTH. A PROCESS DEVELOPMENT LABORATORY ON THE SPACE STATION IS USED TO CHARACTERIZE THE CRYSTALS AND DEVELOP 
THE PROCESS. 

,/ 

00 
'T1;::cl -,:,,5 Oz 
O~S 
:::tl r-c: ---------:----~-----------------------------------------------------------------------------------------------------~-~----------ORB Il'CHARACTERlSTICS 

GEOSYNCHRONOUS ORBIT 
APOGEE. KM 
INCLINATION. DEG 
NODAL ANGLE. DEG 
ESCAPE DV REQUIRED. M/S 

PO INTI~IG/(}R IENTATION 

( ) YES (X) NO 
PERIGEE. KM 

VIEIJ DII~ECTION ( ) IHERT.lAL () SOLAR TRUTH SITES (IF KNOWN) 
PO INTING ACCUI~~1CY. Ar~C-SEC 
POINTING stABILITY (JITTERL ARC-SEC/SEC SPECIAL RESTRICTIONS (AVOIDANCE) 

TOLERANCE + 
TOLERANCE + 
EPHE~ERIS ACCURACV~ M 

,( ) EARn! (X) ANY 

FIELD OF VIEW (DEG) 

c ;t;, 
~ f'~ c: ~·iJ 
...,.;1 rT"'l -«:J 

--------------------------------------------------------------------------------------------------- --------------------------POL.ER 
( ) AC 

OPERATING 
STANDBY 
PEAK 
VOLTAGE. V 

(X) DC 
POI.£R. "J 

68flfla 

68f1fl6 
50 

DURATION. HRS/D!1Y 

24.flfJ 

24.00 
FREQUENCY. HZ 

(X) CONTINUOUS 

o 
----------------------------------------------------------------------------------------~-------------------------------------------

'. 

, 

I 
J 

i 

~ 1 

.' 

1 

. 1 
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~Q~ '" 

!",.6f"~ 

~ 
~ ~""_, _ J., _ '!J !!i.- :.-



.~~ 
...\~~ 

,. ""'W""·."II·l~ll't \ f! '.,,' .\ y~\~r)"'-"":\U'~7,~,ryl"'r!""":")" , ...... ,. -'w.;_r·:"'~""'·"~-':"~~""'f·'·<"!l1"·"",,,.'1t"j"1"'¥"'·ll'"· ""r ~ " 

II .~ .' " , \ . , 
"",,.~.~ --~ t ... ··"iIj ,_ .• Tit ~--.-:;---- . 

", ".,1t:J 
',I 

" 

~l 
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~' 
r" 
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DATA/COt11..lN ~ IONS 
MOti ITOR IHG REQU I REt'ENTS : 
( ) NONE ( ) REALTIME (X) OFFLINE 
( ) EHCRIPTlOIi/DECRIPTIOH REQUIRED 
( ) UPLINK REQUIRED: COMMAND RATE (KBS): 

( ) OTI:IER: 

e 
( ) OU-BOARD DATA PROCESS HlG REQU IRED 

DESCRIPTION: 
DATA TYPES: () ANALOG ( ) DIGITAL 
FILM (AI10UHTl: 
LIVE TV (UOURS/DAY): 
ON-BOARD STORAGE (r~IT): 
DATA DUMP FREQUENCY (PER ORBIT) 
RECORDIHG RATE (I(BPS) 8.18 

ntERMAL 
(X) ACTIVE ( ) PASSIVE : 

TEMPERATURE~ DEG C OPERATIONAL MINII1JM 

HEAT REJECTION~ W 
NON-OPERATIONAL MIHIMUM 
OPERAT IOHAL MIN I ttJI1 
HOH-OPERATIONAL MIN lMUM 

SSS 
8 

laaaa 
8 

FREQUENCY (MHZ): 

HOURS/DAY 
VOICE (HOURS/DAY): 
OntER: 

DOIJiLINI( COMMAND RATE: 
DOL.tlL INK FREQUENCY (!"HZ): 

mXIMUM 
MAXI!"UM 
MA~attJl1 
MAXIMUM 

950 
laa 

6aa0B 

.c~-;~ 

-\ 

--------------------------------~------------------------------------------------------------------- ---------------------------
EQUIPt'ENT PHYSiCAL CHARACTERISTICS 

LOCATION (X) INTERNAL - ( .) EXTERNAL ( ) REMOTE 
EQUIPMENT ID/FUNCTION <X) PRESSURIZED ( ) UHPRESSURIZED 

L~ M: 5.88 W~ M: 1.ee H~ M: 4.GO STOweD 
L~ M: 5.1313 W~ M: 1.88 H~ M: 4.60 DEPLOYED 00 
LAUNCH MASS~ KG: 7588 RETURN HAS$~ i(G: 6688 .., ::a 
CONSUMABLE TYPES i5 
ACCELERATION SENSITIVITY~ (G) MIN: 1.8aE-86 MAX: 1.a13E-94 ~ -

-----------------------------------------------~------------------------------------------------------------------- ~ ~ ----------
CREW REOUIREt'ENTS ::0 r. 

CREW SIZE 2 TASK ASS IGNt'EHTS .0 
------------------------------------------------------------- c: .~ 

SK ILLS (SEE TABLE B) 1 SK ILL I· J;> ~ 
------------------------------------------------------------- r- ~a 
1 LEVEL =j ,.."." 
------------------------------------------------------------- ,~~ 
1 HOURS/DAY 1 4.913 1 

EVA () YES (X) NO REA SOH HOURS/EVA 
---------------------------------------------------------------------------------------------------- ------------- ------
SERVICINGMAINTEHANCE 

SERVICE: 

CONFIGURATION CHANGES: 

INTERVAL~ DAYS 
RETURNABLES~ KG 
I1nERVAL~ DAY 
DELlVERP.BLES~ KG 

SPEC IAL CONS I DERATI OtIS/SEE HISTRUCTIOI-IS 

913 
75139 

COHSUI"IABLES~ KG 
!"U:lH HOURS 
I1AH/l-IOURS REQU IRED 
I~ETUI~i'lABLES. KG 

LABORATORY FACILITIES REQUIRED: CLEAN ROOM~ IJORI<SpnCE~ MINICOt1JTER~ DOl,I'ILINK TERt11HAL 
CRYSTAL CHARACTERIZATIOi'l EQUIPtENT REQUIRED: CU-rTWG SAt.J. POLISHER~ ETCHER. COhPACT EVAPORATOR~ HALL 
APPARATUS LIGHT SOURCE fll-ID SPECTROhETER. 

~--:-- ... """' . ,. .~ -- ..!"'_ff~.::- ,. __ ~~ ~-.. 

fi 
:1 
.. j 
~ 
~ 

j 

j 
J 

j 

• i 

1 
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~ 
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__________ ~T 

BOE lNG-SPEC IF IL INPUT DATA 

MISSION TYPE OPS CODE 
FREE FLYER 
( ) NOT SERVICED F 
( ) REMOTE TI'lS FT 
( ) REI10TE MANNED FI1 
( ) SERVICED AT STATION (THSRETRIEVED) FST 
( ) SERVICED AT STATION (SELF-PI~OPELLED) FS 

PLATFORM BASED 
( ) tlOT SERVICED 
( ) REI10TE TMS 
( ) REMOTE MAI-ltiED 
( ) SERVICED AT STATION (TNS"RETRIEVED) 
( ) SERVICED AT STATION (SELF-PROPELLED) 

P 
PT 
PM 
PST 
PS 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

CONSTRUCTION/sERVICING COMPLEXITY 
( ) LOW 
( ) MEDIUM 
( ) HIGH 

OPERATIONS TIMES 
ON UP /DOLti 
ON OR TMS ON ORBIT 
MISSION USE 
IVA SERVICE 
EVA SERVICE 
EXPER I MENT OPS 
SERVICE FREaUENCV 

DELTA VELOCITIES 
UP 
DOIJi 
AERO RETURN 

B.BB 
B.BB 
B.00 . 

DAYS 

5S 
SOR 

DAYs 
DAYS/VEAR 
HAN-DAYS/VEAR 
HAtI-DAVS/VEAR 
MAtI-DAVS/YEAR 
TlMES/yEAR 

SUPPORT EaUIPMENT 
LENGTH: 
LENGTH: 

B. BB rETERS 
B. B0 I'IETERS 

WIDTH: 
tJIDTII: 

MASS: 

MANIFEST RESTRICTIONS 
(X) NO RESTRICTIONS 

a KG 

( ) ONLY" WITH COtlPATIBLE PAYLOADS 
( ) FLV-ALOI'lE 
( ) t1.JST HAVE DOCK ItiG MODULE 

LENGTH OF BEAM FAB 
NUMBER OF APPENDAGES 
NUMBER OF tIDDULES ·REQUIRED TO ASSEMBLE THE PAYLOAD: . 

B. BB t'ETERS 
B. 00 l'iETEI<S 

B.eB 
B 
() 

HEIGHT: 
HEIGHT: 

B. BB t'ETERS 
B.BB METERS 

(STOLED) " 
(DEPLOYED) . 

00 
"';u "Os 
0-
o~ 
.::tIr-: 
g;g 
:J=>G) 
r-~ 

~in 

~ 
'" .~ 
" 

. ~ 

" 
n,., 

1 , 
~ 

": 

, . 
j 

.J 
'1 

i 

--------------------------------------------------------------------------------------~---------------------------------------------
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I PAYLOAD ELE~EHT NAME CODE 
BACXI828 

TYPE ~ ! ELECTROEPITAXIAL CRYSTAL GROWTH ( ) SCIENCE AND APPLICATIONS 
(X) COI't1ERCIfIL 

(NON-COJ'I1. ) '. 

I. 
.~i .. , 
• • 

• .. , 
~.t 
.~ 
~. 

'~ 

I, 

it 
I} 

r 

.~ 
b- .:--

COHTACT 
HAtE 
ADDRESS 

ROBERT E. PACE~ JR. 
I'UCROGRAVITY RESEARCH AS 
PO BOX 12426 
HUHTSVILLE~ AL 35882 

( ) TECHNOLOGY DEVELOPMENT 
( ) OPERi·iTIOHS 
( ) OlllEI~ 
( ) tiATlOHAL SECURITY 
lWE NUlviBEI~ (SEE -,"ABLE A) 8 

TELEPHONE (285) 881-6670 
II'iPORTAI'\CE OF 111E SPACE STATIOH TO 
TH IS ELElvlElH 

STATUS 
1 • LOIJ V(.lLUE~ BUT COULD USE 
18 .. VITAL 

( ) OPERATIONAL () .APPROVED! (X) PLANNED ( ) CANDIDATE () OPPORTUNITY SCALE = 7 

·DESIRED FiRST FLIGHT~ YEAR: 1997 Hur18ER OF FL I GHTS 

OBJECTIVE 
DEVELOP AND COI11ERCIALlZE A PROCESS FOR PRODUCING LARGE SINGLE CRYSTALS 
OF COI"'IPOUHD SEtH CONDUCTOR MATERIALS. 

DURATIOH OF FL IGHT~ Dri'r"S 77 

-----------------------------------------------------------------------------------------~------------------------------------------
·DESCR IPTION 
CRYSTALS ARE GROIJH IN SPACE BY AH ELECTROEPITAXIAL GROWTH PROCESS. COttERCIAL MAHUFACTURIHG UNITS ARE 
PLACED .IN I"IODULES ATTACHED TO THE SPACE STATION. AND GROI.JTH CELLS ARE REPLACED PERIODICALL't AND 
·CRYSTALS RETURNED TO EARTH. A PROCESS DEVELOPI'ENT LABORATORY 01'1 THE SPACE STATIOH IS USED TO CHARACTERIZE 
THE CRYSTALS AND DEVELOP 
TIlE PROCESS. 

00 
,,":;0 
"tIGl 
02 
g~ 

oRslr-cHARAcTERIsrlcs-----------------------------------------------------------------------------------------------~~ ----------
GEOSYl'tCHRONOUS ORB IT ( ) YES (X) 1'10 C 1:;;' 
APOGEE~ KM PERIGEE~ KM TOLERANCE . + i=- ~~~ 
INCLIHATIOH~ DEG TOLERANCE + =4 <n 

NODAL ANGLE ~ DEG EPHEI"IER I S ACCURACY ~ M -< ~ 
ESCAPE DV REQUIRED. M/S 

PO INTING/OR I ENTATION 
VIEIJ DIRECTION ( ) IHERTIAL () SOLAR 
TRUTH SITES (IF KNOLJN) 
PO I1iTI NG ACCURACY ~ AI~C-SEC 
PO UlTING STAB IL IlY (J ITTER) ~ ARC-SEC/SEC 
SPEC I AL RESTR I CTI ONS (AVO IDANCE) 

POIJER 
( ) AC 

OPERATING 
STAUDBY 
PEAI( 
VOLTAGE~ V 

(x> DC 
POlJER~ lJ 

6BEl0B 

60aaa 
513 

. DURATION~ HRS/DAY 

24.60 

24.00 
FREQUENCV~ HZ 

( ) EARTH 00 AN't 

FIELD OF VIELJ (DEG) 

(X) CONTINUOUS 

f:j 

------------------------------------------------------------------------------------------------------------------------------------
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DATA/COtflj,,' • nONS 
t'IlNITOR.IHG .. REQUIREI"ENTS: ° 

( ) HONE ( ) REAL TIME 00 OFFL IHE 
( ) ENCRIPTIOH/DECRIPTIOH REQUIRED 
( ) UPL nu< REQU IRED: COMMAND RATE (KBS): 
( ) ON-BOARD DATA PROCESSING REQUIRED 

DESCRIPTION: 
DATA TYPES: () ANALOG ( ) DIGITAL 
F ILH (AI"JOUNT>: 
LIVE TV (HOURS/DAY): 
ON-BOARD STOI~AGE (MalT): 
DATA DUr-1P FREQUENCY (PER ORB IT> 
RECORDING RATE (KBPS) 0.10 

( ) OTHER: 

a FREQUENCY (MHZ): 

HOURS/DAY 
VOICE (HOURS/DAY): 
OTHER: 

DOlJiL INK COI"U"!AI~D RATE: 
nOl.JNL INK FREQUEHCY (MHZ): 

'.:. 

.. -~ . __ .", .. __ . .' ~ 

~~ 

j 
&1 

--------------------------------------------~~----------------,----------------------------------------------------------------------- 1 THERMAL 
ex) ACTIVE ( ) PASSIVE ° 

TEI"PERATURE. DEG C OPERATIOHAL MIHII1J11 

HEAT REJECTION. W 
tION-OPERATiONAL MINII1JM 
OPERATIOHAL MINIMUM 
NON-OPERATIONAL MINIMUM 

EQUIPtEHT PHYS ICAL CHARACTER I STICS 

858 
o 

10B00 
o 

LOCATION ex) INTERNAL. e ) EXTERNAL e ) REMOTE 

NAX I I1JM 
MAXIIllJI1 
I~XIr-lUM 
MAXIMUI-I 

950 
10e 

6£:)088 

. EQUIPr-lENT ID/FUNCTION (X) PRESSURIZED ( ) UNPRESSURIZED 0 0 
L. M: 5.130 W. M: 1.613 H. M: 4.80 STOI.ED "'" ::a 
L. M: 5.00 W .. M: 1.00 H. M: 4.00 DEPLOYED i5 
LAUNCH MASS. KG: 9050 RETURN MASS. KG: 7600 ~ ::; 
COHSUI1ABLE TYPES 0 lOa __________________ ~~~~~:~~~~~~_:~~~~~~~~~:_~~~ _______ ~~~: __ ~:~~~=~~ _____ ~~: __ ~:~~~=~~ __________________________ ~_l: _____________ _ 

CREW REQUIREtEtiIS 
CREW SIZE 2 

SKILLS (SEE TABLE B) 

EVA () YES (X) NO 

( 

TASK ASSIGNMENTS 

I SKILL 

I LEVEL 

I HOURS/DAY I 4.BB I 

REASON 1-I0URS/EWI 

0"'0 
C);a 
}:.~ 
r- 1">1 

~~ 

______________________________________________________ -----_________________________________________________________ 'f .... .Joo_ ... __ _ 

SERVICING/MAIHTENANCE 
SERVICE: 

CONFIGURATION CHANGES: 

INTERVAL. DAYS 
RETURNABLES. KG 
INTERVAL. DAY 
DELIVERA8LES. KG 

SPEC IAL CONS IDERATIOI~S/SEE It-ISTRUCTIOI-IS 

98 
9:€f:;:,€j 

CONSUMABLES. KG 
MAN HOURS 
I-IANMOURS REQU IRED 
I~ETURNABLES. KG 

LABORATORY FACIUHES REQUIRED: CLEAt·, ROOM. I.JORKSPACE. 11I1iICOI1UTER. DOLII~LlHK TERI"IIHAL 
CRYSTAL CHARACTER~ZATlOI-' ECUIPI1EI-tT REQUIRED: CUn-JUG SAW. POLISHER~ ETCHER~ COriF'ACT EVAPORATOR. HALL 
APPARATUS LIGHT SOUI~CE AND SPECTROtiETER. 

.... " 
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----------------------------------------------------BOEING-SPECIFIC IHPUT DATA ---------------------------------------------------------------------------------------------------------------M ISS ION TYPE 
FREE FLYER 
( ~ NOT SERVICED 
( ) REMOTE TMS 
( ) REMOTE t~HNED 
( ) SERVICED AT STATION 
( ) SERVICED AT STATIOIi 

PLATFORM BASED 
( ) NOT SERVICED 
( ) REMOTE TNS 
( ) REt~TE MANNED 

(TMS RETR IEVED) 
(SELF-PROPELLED) 

( ) SERVICED AT STATION (THS RETRIEVED) ( ) SERVICED AT STATION (SELF-PROPELLED) 
OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

CONSTRUCTION/SERVICING COMPLEXITY ( ) LOW 
( ) MEDIUM 
( ) HIGH 

OPERATIONS TIMES 
OTV UP /DOlJH DAYS 

OPS CODE 

F 
FT 
Ftl 
FST 
FS 

P 
PT 
PM 
PST 
PS 

SS 
SOR 

OTV OR TMS ON ORBIT 
MISSION USE 
IVA SERVICE 
EVA SERVICE 
EXPERIMENT OPS 
SERVICE FREQUENCY 

DAYS 
DAYS/VEAR 
HAN-DAYS/VEAR 
HAN-DAYS/VEAR 
MAH-DAYS/YEAR 
TIMES/YEAR 

DELTA VELOCITIES 
UP 8.88 
DOIdi 8. 8a 
AERO RETURN 8.88 

SUPPORT EQUIPMENT 
LENGTH: 
LENGTH: 

MASS: 

MANIFEST RESTRICTIONS 
(X) NO RESTRICTIONS 

8. aa I"ETERS 
0.88 METERS 

8 KG 

( ) ONLY WITH COI'IPATIBLE PAYlOADS ( r FLY-ALONE 
( ) tlUST HAVE DOCK I NG MODULE 

WIDTH: 8.88 t'ETERS WIDTH: ,'. a.86 tlETERS 

LENGTH OF BEAI1 FAB B. 88 HUMBER OF APPENDAGES 0 HUMBER OF MODULES REQUIRED TO ASSEMBLE THE PA'r'lOAD':' 8 

HEIGHT: 
HEIGHT: 

8.88 I'ETERS 
8. 00 I"ETERS 

(STOLED) . 
(DEPLOYED)' 

~i 
"tI?5 
02 
O:,p: 
::Or'" 
,0'"0 

~t5 
I' f..1 

3.w. 
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~f~ ~ 'Ii" . 
PAVLOAD ELEl'cNT NAI'E 
ELECTROEPITAXIAL CRYSTAL GROWTH 

CONTACT 
NAME 
ADDRESS 

ROBERT E. PACE. JR. 
t'IICROGRAVITY RESEARCH AS 
PO 80X 12426 
HUHTSVILLE. AL 35802 

TELEPHONE (285) 881-6678 

STATUS 

CODE 
BACX1021 

() OPERATIONAL () APPROVED!; (X) PLANNED ( ) CANDIDATE. ( ) QPPO~Tl!NITY 

TYPE 
( ) SC IEliCE AND APPL ICATIONS (NON-COI'l1.) 
(X) COI-U'IEI71C I AL 
( ) TECIII'IOLOGY DEVELOPt'ENT 
( ) OPEI~nTIOI~S 
( ) OTHEI~ 
( ) HATlOl':fiL SECUR ITY 
TYPE NUh13ER (SEE TABLE A) 8 

IMPORTANCE OF TIlE SPACE STATIOi~ TO 
THIS ELENENT 
1 g LOW VALUE. BUT COULD USE 
18 = VITAL 
SCALE = 7 

DESIRED FIRST FLIGHT. YEAR: 1997 NUMBER OF FLIGHTS DURATION OF FLIGHT. DAYS HIS 
------------------------------------------------------------------------------------------------------------------------------------
OBJECTIVE 
DEVELOP AND COMMERCIALIZE A PROCESS FOR PRODUCING LARGE SINGLE CRYSTALS 
OF COMPOUHD SEMICONDUCTOR MATERIALS. 

00 
:'1'1:0 
'1JCS ________________________________________________________________________________________ ~ _______________________________ ll-~-------

DESCRIPTION 0 » . 
CRYSTALS ARE GROWN IN SPACE BY AN ELECTROEPITAXIAL GROWTH PROCESS. COMMERCIAL MANUFACTURING UNITS ARE :0 r-
PLACED IN MODULES ATTACHED TO THE SPACE STATION. AND GROWTH CELLS ARE REPLACED PER IOD ICALL Y AI~D I:) ." 
CRYSTALS RETURNED TO EARTH. A PROCESS DEVELOPMENT LABORATORY ON THE SPACE STATION IS USED TO CHARACTERIZE s: ~ 
THE CRYSTALS AND DEVELOP . F ;q 
TIlE PROCESS. -I 

.<ii 

------------------------------------------------------------------------------------------------------------------------------------ORBIT CHARACTERISTICS 
GEOSYNCHRONOUS ORB IT ( ) YES (X) NO 
APOGEE. KM PERIGEE. KM 
INCLINATION. DEG 
NODAL ANGLE. DEG 
ESCAPE DV REQUIRED. M/S 

PO INTHIG/oR I ENTATION 
VIEW D IRECTIOU ( ) INERTIAL () SOLAR 
TRUTH SITES (IF KNOId~) 
PO HlTING ACCUI~ACY. ARC-SEC 
PO INTING STI'1B IL ITY (J ITTER); A~C-SEC/sEC 
SPEC IAL RESrR ICTIONS (AVO IDANCE) 

POI.ER 
( ) AC 

OPERATING 
STANDBY 

. PEAK 
VOLTAGE. V 

(X) DC 
POLER. LJ 

801308 

800813 
56 

DURATION. HRS/DrW 

24.00 

24.0(} 
FREQUEtlCY. HZ 

TOLERANCE + 
TOLERAI'ICE + 
EP~IEI'IER IS ACCURACY. M 

( ) EARTH 00 AHY 

FIELD OF VIEW CDEG) 

(X) CONT H1UOUS 

a 
------------------------------------------------------------------------------------------------------------------------------------
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DATA/cOMMUi .T10HS 
MONITORING REQUIREMENTS: 
( ) NotlE ( ) REALTIME (X) OFFLINE () OTHER: 
( ) EHCRIPTIOH/DECRIPTIOH REQUIRED 
( ) UPLII~K REQUIRED: COMl1AND RATE (KBS): a 
( ) ON-BOARD DATA PROCESSING REaumED 

DESCRIPTION: 
DATA TYPES: () AHALOG ( ) DIGITAL 
FILM (AMOUNT>: 
LIVE TV (HOURS/DAY): 
ON-BOAR» STORAGE (MBIT>: 
DATA DUMP FREQUENCY (PER OR~IT) 
RECORDHIG RATE (I(BPS) 0.10 

THERMAL 
(X) ACTIVE ( ) PASSIVE . 

TEMPERATURE. DEG C OPERATIONAL MINIMUM 
HON-OPERATIONAL MIHIMUM 

HEAT REJECTION. U OPERATIONAL MINIMUM 
HOH-OPERATIONAL MIHlMUM 

EQUIPMENT PHYSICAL CHARACTERISTICS 

850 
a 

lea0a 
a 

FREQUENCY (MHZ): 

HOURS/DAY 
VOICE (HOURS/DAY): 
OTHEI~: 

DOL~LINK COM/·triND RATE: 
DOWI-IL mK FREt1UENCY (I'IHZ): 

MAXIMUM 
MA)OMUM 
t'IAXI t'UI'I 
MAX I MUI1 

9SB 
16B 

8000B 

LOCATION (X) IHTERI~AL ( ) EXTERNAL ( ) REt1lTE 
EQUIPMENT ID/FUNCTION (X) PRESSURIZED ( ) UNPRESSURIZED 

';!. 

L. M: 5.00 U. M: 1.00 H. M: 4.00 STOWED 0 ~ 
L. M: 5.68 U. M: 1.00 H. M: 4.0fJ DEPLOYED 1\ _ 
LAUNCH MASS. KG: 13500 RETURH MASS. KG: (258 \J e 
CONSUMABLE TYPES 0 % 
ACCELERATION SEHSITIVITY. (G) MIN: 1.80E-66 MAX: 1.8aE-04 0 ~ 

------------------------------------------------------------------------------------------------~-----------------------~~-------CREU REQUIREMENTS I:) ." 
CREU SIZE 2 TASK ASS I GNMENTS C ):It 

SKILLS (SEE TABLE B) 

EVA () YES (X) NO 

SERVICIHG/MAINTENANCE 
SERVICE: 

CONFIGURATION CHANGES: 

------------------------------------------------------------- ):It G) I SKILL C 111 
---------------------~--------------------------------------- :a~ I LEVEL . 

I HOURS/DAY I 4.0B I 

REASOH 

INTERVAL. DAYS 
RETURNABLES. KG 
INTERVAL. DAY 
DELlVERABLES. KG 

ge 
13500 

HOURS/EVA 

CONSUMADLES. I<G 
t'IAN HOURS 
t'LCJN/lIOUI~S REQU IRED 
RETURIif-lBLES ~ KG 

SPEC IAL CONS IDERATIOI-IS/SEE HlSTRUCTIOHS 
LABORATORY FAC I LI TIES REOU I1<ED: CLEAI'I ROOM. IJORI(SPACE. t'II N I COMUTER. DOI..tlLI NK TERM I NOL 
CRYSTAL CHARACTEI~IZATIOH EQUIPt'IEHT I~EaUWED: CUTTHlG SAW. POLISHEI~. E-(CHEr~. COI'IPACT EVAPORAtOR. I·IALL 
APPARATUS L IGIH SOURCE AHD SPECTROIYiETER. 

.~ 
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BOEII'lG-SPECIF , ... UlPUT DA'rA 
--------------------------------------------------------------------------------------------------------'----------------------------
MISSION TYPE OPS CODE 

FREE FLYER 
( ) NOT SERVICED F 
( ) REMOTE TMS FT 
( ) REMOTE MANNED FI1 
( ) SERVICED AT STATION (TNS'RETRIEVED) FST 
( ) SERVICED AT STATION (SELF-PROPELLED) FS 

PLATFORM BASED 
( ) HOT SERVICED P 
( ) REMOTE TMS PT 
( ) RENOTE t-IANNED PI'1 
( ) SERVICED AT STATION (TMS RETRIEVED) PST 
( ) SERVICED AT STATION (SELF-PIWPELLED) PS 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

COHSTRUCTION/sERVICIHG COMPLEXITY 
( ) -LOW 
( ) MEDIUM 
( ) HIGH 

OPERATIOHS TINES 
ON UP /DOWH 
OTV OR TNS 01'1 ORBIT 
MISSION USE 
IVA SERVICE 
EVA SERVICE 
EXPER It-lEliT OPS 
SERVICE FREQUENCY 

·DEL TA VEL.OC ITIES 
UP 
DO!Ji 
AERO RETURN 

B.BB 
B.BB 
B.BB 

DAYS 

SS 
SOR 

DAYS 
DAYS.lYEAR 
~N-DAYS.lYEAR 
NAN-DAYS/YEAR 
NAN-DAYS/YEAR 
TIMES/YEAR 

SUPPORT EQUIPMENT 
LENGTH: 
LEHGTH: 

B.BB METERS 
B.Ba NETERS 

IdIDTH: 
IdIDTH: 

NASS: 

~NIFEST RESTRICTIOHS 
(X) 1'10 RESTRICTIONS 

8 KG 

( ) OHLY WITH COMPATIBLE PAYLOADS 
( ) FLY-ALONE 
( ) J1JST HAVE DOCKIHG MODULE 

B.0B METERS 
0.£10 METERS 

LENGTH OF DEAM FAB 0.00 
NUtflER OF APPENDAGES fJ 
HUNBER OF NODULES REaU I RED TO ASSEMBLE THE PAYLOAD -:~ . B 

HEIGHT: 
HEIGHT: 

0.00 f'ETERS 
0.00 t-ETERS 

(STOIJED) . 
<DEPLOYED) . 

00 
";:0 
-uiS 
0-
O~ 
::o~ 

g: 
):.G) 
1m 
:Jii 

e 
! 
I 

.~ 
J ,: 

j 

. ~ 

,I 

I 
j 

I 

I 

j 
.J 
I 

'1 
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PAYLOADELEf'ENT NAt'E TYPE 
ELECTROEP ITAXIAL CRYSTAL GROIJlli " 

CODE 
BACXIB22 ( ) SCIENCE AND APPLICATIONS (NON-COMM.) 

--------------------------------------~----------------------------------------------
CONTACT 
NAME 
ADDRESS 

ROBEI~T E. PACE. JR • 
MICROGRAVIrt RESEARCH AS 
PO BOX 12426 
HUNTSVILLE. AL 358132 

00 COI1i'iEI<C If:ll " " , 
( ) TECHNOLOGY DEVELOPMENT 
( ) OPERnTIONS 
( ) OTHm 
( ) Hr-'-fIOHAL SECURITY .: 
TYPE NUI'I8ER (SEE TABLE m B 

TELEPHONE (265) 881-6676 
lI'iPORnd~CE OF Tl-IE SPACE STATIOI'! TO 
THIS ELHIENr 

STATUS 
( ) OPERATIONAL () APPROVED!' (X) PLANNED ( ) CANDIDATE () OPPORTUNITY 

1 = LOlJ VALUE. BUT COULD USE 
10 = VITf.'IL 
SCALE = 7 

DESIRED FIRST FLIGHT. YEAR: 1997 NUMBER OF FLIGHTS DURATION OF FL IGHT. DIWS 16S 
----------------------------------------------------------------------------------------------------------------------------~-------
OBJECTIVE 
DEVELOP AND COMMERCIALIZE A PROCESS FOR PRODUCING LARGE SINGLE CRYSTALS 

I OF COMPOUND SEMICONDUCTOR MATERIALS. 

DESCRIPTION 
CRYSTALS ARE GROWN IN SPACE BV·AN ELECTROEPITAXIAL GROWTH PROCESS. CO~tERCIAL MANUFACTURING UNITS ARE 
PLACED IN t1lDULES ATTACHED TO THE SPACE STATION. AHD GROWTH CELLS ARE REPLACED PERIODICALLY AIiD 
CRYSTALS RETURNED TO EARTH. A PROCESS DEVELOP~IENT LABORATORY ON THE SPACE STATION IS USED TO CHARACTERIZE 
THE CRYSTALS AND DEVELOP 
THE PROCESS. 

ORBIT CHARACTERISTICS 
GEOS~~CHRONOUS ORBIT ( ) YES (X) NO 
APOGEE. KI1 PER I GEE. KM 
INCLIHATION. DEG ."" . 
NODAL ANGLE. DEG 
ESCAPE DV REQUIRED. MVS 

PO INTI NG/OR I ENTA TI Oli 
VIEW DIRECTlOI·j ( ) INERTIAL () SOLAR 
TRUTH SITES (IF KtIOL.tI) 
POINTING ACCURACY. ARC-SEC 
POINTING STABILITY (JITTER); ARC-SEC/SEC 
SPECIAL RESTRICTIONS (AVOIDANCE) 

POt.ER 

, ' ' ... 

( ) AC 

OPERATum 
STANDBY 
PEAK 
VOLTAGE. V 

(X) DC 
POWER. W 

Ba6ae 
S6l(J00 

513 

DURATION. HRS/DAY 

24.00 

24.08 
FREIlUENCY. ~IZ 

TOLERANCE + 
TOLERANCE + 
EPIiEI'E:r~ I S ACCURACY. M 

( ) EARTH (X) AIW 

FIELD OF VIEW (DEG) 

(X) CONTINUOUS 

o 

00 
"':;a 

~~ 
0):11 
:.or. 
10 "tl 
C::;P 

~~ 
1ii ..... . 

. -~----------------------------------------------------------------------------------------------------------------------------------
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, ~ DATA/COI'l1UH1. IOHS " 'A 
ttJHITORIHG REaUIREt£HTS: ''',9 

, ~ 
i 

" ~" 
,ali 
.! 

• ,I 

• oj, 

t 
~,; 

~' 
f 
'~ 

,I, 

,·t 

I, 

f: 

f/ 
;..~ I 

Ii 
;1 

( ) HONE ( ) REALTIME' (X) OFFLIHE () OTHER: 1 

( ) ENCRIPTIOI'VDECRIPTIOH REQUIRED "j' 
( ) UPLIHK REQUmED: COMMAI~D RATE (KBS): 8 FREQUEHCY (M:--f2): ' 
( ) OH-BOARD DATA PROCESSING REQUIRED , 

DESCRIPTIOI~: • 
DATA TYPES: () ANALOG ( ) DIGITAL HOURS/DAY , ' ! 
FILM (AI"IOUHT>: VOICE (HOURS/DAY): J 
LIVE TV (HOURS/DAY): OUIER: ' , 
ON-BOARD STORAGE (MalT): 
DATA DUMP FREQUEHCY (PER ORBIT) 
RECORDING RATE (KBPS) 8.18 

THERMAL 
(X) ACTIVE ( ) PASSIVE ' 

l~MPERATURE. DEG C OPERATIONAL MIHIMUM 

HEAT REJECTION. W 
NON-OPERATIONAL MINIMUM 
OPERATIONAL MINIMUM 
NON-OP~RATIONAL MINIMUM 

EQUIPMEHT PHYSICAL CHARACTERISTICS 

958 
8 

18888 
8 

DOWNLINK COI"IMAND RATE: 
DOWNL INK FREQUENCY 01-12): 

MAXUUM 
MAXUlUM 
MAXUUM 
l"iAXlHUM 

958 
IfJ0 

88008 

LOCATIOH 00 I1iTERHAL, ( ) EXTERNAL ( ) REMOTE 
EQUIPMEHT ID/FUHCTIOH (X) PRESSURIZED ( ) UNPRESSURIZED 

L. M: 5.88 W. M: 1.6a H. M: 4.00 STOWED 0 0 
L. M: 5.88 W. M: I.Em H. M: 4.08 DEPLOYED " :::c 
LAUNCH MASS. KG: 12000 RETURN MASS. KG: 12880 "'D ffi 
CONSUMABLE TYPES 0 -
ACCELERATIOI~ SENSITIVITY., (G) MIH: l.eeE-e6 MAX: l.e8E-84 0 ~ 

----------------------------------------------------------------------------------------------------------------------- ;g r' ------
CREW REQUIREMENTS 

CREW SIZE 2 

SKILLS (SEE TABLE B) 

EVA () YES (X) HO 

SERVICIHG/I1AINTEHANCE 
SERVICE: 

COHFIGURATION CHANGES: 

TASK ASSIGNMEHTS 

I SKILL 

I LEVEL 

I HOURS/DAY I 4.00 I 

REASON 

INTERVAL. DAYS 
RETUW~ABLES. KG 
INTERVAL. DAY 
DELI\~RABLES. KG 

98 
120130 

HOUI~S/EVA 

CONSUMABLES. KG 
MAN HOURS 
I"IAIVHOURS REQU I RED 
I~ETURIiABLES~ KG 

SPECIAL CON~IDERATIONS/SEE UlSTRUCTIONS 
LABORATORY FACILITIES REOUIRED= CLEAtl ROOM. LJORI<SPACE~ MIHICOMUTER~ DOblNLHIK TERI1INAL 
CRYSTAL CHARACTERIZATION EQUIPI"ENT REQUIRED: CUHHlG SAW. POLISHER. nCUER. COrU:>ACT EVAPORATOR. HALL 
APPARATUS LIGHT SOURCE AND SPECTROt'iETER. 

.o"U 
C)::J 
;r,.c;, 
I'l':ij 

:1~ 

-------------------------------

------------------~----------------------------~---------------------------------------------------- --------------------------
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BOE lNG-SPEC IF IL ltlPUT DATA 
------------------------------------------------------------------------------------------------------------------------------------ I MISSION TYPE OPS CODE 

FREE FLYER 
( ) NOT SERVICED F 
( ) REMOTE TNS FT 
( ) REMOTE MANNED FI1 
( ) SERVICED AT STATION (lMS'RETRIEVED) FST 
( ) SERVICED AT STATION (SELF-PROPELLED) FS 

PLATFORM BASED 
( ) NOT SERVICED 
( ) REMOTE TNS 
( ) REI10TE MANNED 
( ) SERVICED AT STATION (THS-RETRIEVED) 
( ) SERVICED AT STATION (SELF-PROPELLED) 

P 
PT 
PN 
PST 
PS 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

CONSTRUCTION/sERVICING COMPLEXITY 
( ) LOW 
( ) I'EDIUN 
( ) HIGH 

OPERATIOHS TIMES 
OTV UP /DOWH 
OTV OR TNS ON ORBIT 
MISSION USE 
IVA SERVICE 
EVA SERVICE 
EXPER IMENT OPS 
SERVICE FREQUENCV 

DELTA VELOCITIES 
'!UP 
DOLtf 
AERO RETURN 

8.88 
8.08 
8.88 

DAYS 

SS 
SOR 

DAYS 
DAYS/VEAR 
NAN-DAVS.I'YEAR 
NAN-DAVS.I'VEfIR 
NAN-DAYS.l'VEAR 
TINES.l'VEAR 

SUPPORT EQUIPMEHT 
LENGTH: 
LENGTH: 

8.80 tETERS 
0.0f} I'ETERS 

WIDTH: 
WIDTH: 

MASS: 

MANIFEST RESTRICTIONS 
(XlHO RESTRICTIONS 

8 KG 

( ) OI~L V WITH COI"I?ATlBLE PAVLOADS 
C) FL Y-ALOHE 
( ) tUST HAVE DOCK HlG NODULE 

8.88 I'ETERS 
0.80 METERS 

LENGTH OF BEAN FA8 0.88 
HUMBER OF APPEH))AGES e 
NUMBER OF MODULES REQU IRED TO ASSEf'BLE THE PAVLOAD-' - 0 

HEIGHT: 
HEIGHT: 

8.08 I'ETERS 
0.00 I'ETERS 

(STOWED) 
(DEPLOYED) 

00 
"';:0 
"OS 
0-oZ 
;:o~ 
.O"'ti 
c.:~ 
',t;>Gt. 
!:~ ~~<] 

;t~ 

~ 
~l 
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:~ 
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PAYLOAD ELEMENT NAME 
ELECTROEP I TAXI AL CRYSTAL GROlJlll 

CODE 
Bf'ICX1023 

'-------------------------------------------------------------------------------------
CONTACT 
NAt£ 
ADDRESS 

ROBERT E. PACE# JR. 
MICROGRAVITY RESEARCH AS 
PO BOX 12426 
HUNTSVILLE# AL 35802 

TELEPHONE (285) 881-6678 

STATUS 
( ) OPERATIONAL () APPROVED~ (X) PLANNED ( ) CAND I DATE () OPPORTUN IlY 

.. 
TYPE 
( ) SCIEtiCE AND APPLICATIONS (I-IOH-COI"11.) 
(X) COI"U"r'::I<CI(-,L 
( ) TECHi':OLOGY DEVELOPMEIH 
( ) OPEI~ArIOI'1S 
( ) O"Il1EI{ 
( ) HATIONAL SECURITY 
TYPE NUl"iBER (SEE TABLE A) 8 

II"IPORTANCE OF THE SPACE STAnOl~ TO 
TH IS ELEivlEtiT 
1 = LOW 'H1LUE. BUr COULD USE 
18 .. VITAL 
SCALE = 7 

--------,---------------------------------------------------------------------------------------------------------------------------
DESIRED FIRST FLIGHT. YEAR: 1998 NUMBER OF FLIGHTS 1 DURATION OF FLIGHT. DAYS 79 

OBJECTIVE 
DEVELOP AND COMl"ERCIALIZE A PROCESS FeR PRODUCING LARGE SINGLE CRYSTALS 
OF COMPOUND SEM I COI~DUCTOR I"IATER I ALS. 

00 
"::0 
'tJi5 
02 ________________________________________________________________________________________________________ a______________ ~ ~-------

DESCRIPTION ;;0 r' 
CRYSTALS ARE GROIJi IN SPACE BY,AN ELECTROEPITAXIAL GROWTH PROCESS. COMl'1ERCIAL mNUFACTURING UNITS ARE .0 -g 
PLACED IH. mDULES ATTACHED TO THE SPACE STATION. AND .GROWTH CELLS ARE REPtACED PER IOD ICALL Y AND c: ~ 
CRYSTALS.RETURNED TO EARTH. A PROCESS DEVELOPMENT LABORATORY ON THE SPACE STATION IS USED TO CHARACTERIZE r.:: ~~ 
THE CRYSTALS AND DEVELOP -: •. , 
THE PROCESS. :(! r:5~ 

ORBIT CHARACTERISTICS 
GEOSYNCHRONOUS ORBIT 
APOGEE. I(M 
INCLINATION. DEG 
IiODAL ANGLE. DEG 
ESCAPE DV REOUIRED. MVS 

POINTING/oR I HlTATION 

( ) YES (X) NO 
PERIGEE. KM 

VIEW DIRECTlOI'! ( ) INERTIAL () SOLAR 
TRUTH SITES (IF KNOLM) . 
POIHTIHG ACCURACY. ARC-SEC 
POIHTHIG STABILITY (JITTER);· (.lRC-SEC/SEC 
SPECIAL RESTRICTIONS (AVOIDANCE) 

TOLERANCE + 
TOLERANCE + 
EPHE/"IEr~ I S ACCURACY # M 

( ) EARnl O{) ANY 

FIELD OF VIEW (DEG) 

------------------------------------------------------------------------------------------------------------------------------------
POL.ER 

( ) liC 

OPERATING 
'I STANDBY 

PEAK '. 
VOLTAGE. V 

(X) DC 
.POLJER. LJ 

12f1E10E1 

120B00 
50 

DURATION. ~IRS/j)AY 

24.86 

24.00 
FREOUENCY. HZ 

(X) CONTINUOUS 

a 
--------------------------------------------~~--------------------------------------------------------------------------------------~, 
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DATA/cOl'HJ. .-ITIOHS 
t1lH ITORUm ~~EQU'IREI'EHTS: 
( ) HOHE' ( ) REAL"fIl"E: (X) OFFLINE () OTHER: 
( ) ENCRIPTIOtVDECRIPTION REQUIRED 
( ) UPLINK REQUIRED: CO~~ND RA1~ (KBS): 8 
( ) OH-BOARD DATA PROCESSHfG REQUIRED 

DESCRIPTION: 
DATA TYPES: () ANALOG ( ) DIGITAL 
F ILH (AlvIOUIH): 
LIVE TV (HOURS/DAY): 
ON-BOARD STORAGE (HalT>: 
DATA DUMP FREQUEI~CY (PER ORBIT> 
RECORDING RATE (I(BPS) 8.18 

THER~L 
(X) ACTIVE ( ) PASSIVE ' 

TEI1PERATURE. DEG C OPERATIONAL MIN IMUM 
NON-OPERATIOtIAL MIt! lMUM 

HEAT REJECTION. W OPERATIONAL MINIMUt1 
NON-OPERATIONAL MINIMUM 

EllUIPI"EHT PHYSICAL CHARACTERISTICS 

858 
o 

18BElB 
B 

FREQUENCY (11-/2): 

HOURS/DAY 
VOICE (HOURS/DAY): 
OllIER: 

DOlJiLINK COI'tIAND RATE: 
DOWNL HII( FREaUEHCY (11-/2): 

MAXIMUM 
I"IAXIMUM 
MAXIMOlvl 
MAXIMUM 

950 
10B 

120008 

LOCATION (X) INTERNAL ( ) EXTERNAL ( ) REMOTE 
EllUIPMENT ID/FUNCTION (X) PRESSURIZED ( ) UNPRESSURIZED 

,~ 

L. N: 5.B0 W. M: 1.00 H. M: 4.~0 STOWED 0 0 
L. 11: 5.00 W. M: 1.00 H. M: 4.013 DEPLOYED ." :a 
LAmlCH MASS. KG: 11900 RETURN MASS. KG: 120BB 'l7 Cl 
CONSUMABLE TYPES 0 ~ 
ACCELERATION SENSITIVITY. (G) MIN: I.ElBE-06 trlX: I.BElE-El4 0 a Si 

------------------------------------------------------------------------------------------------------------------------~ra-------
CREW REllUIREt'ENlS 0 

CREW SIZE 2 TASK ASSIGNMENTS Ie: ~ 

SKILLS (SEE TABLE B) 
------------------------------------------------------------- ~ ~1 
I SKILL r: ::''3 

I LEVEL 

I HOURS/DAY I 4.00 1 

EVA () YES (X) NO REASON HOURS/EVA 

~~ 
-('~ 

----------------------------~--------~--------------------------------------~-~-----------------------------------------------------
SERVICINGMAINTENANCE 

SERVICE: . INTERVAL. DAYS 90 CONSUI"IABLES. KG 
RETURNABLES. KG 119ae tlfJl'l I~OURS 

CONFIGURATION CHANGES: INTERVAL. DAY Ivli-lI~/HOlJRS REQUIRED 
DELIVERABLES. KG RETURNABLES. KG . 

------------------------------------------------------------------------------------------------------------------------------------1 
SPEC IAL COHS IDERATIOI'IS/SEE INSTRUCTIOHS 
LABORATORY FACILITIES I~EQUIRED: CLEAN ROOI:'!. WORKSPACE. MINICOt'PJTER. DOWNLHII< TERMINAL ' 
CRYSTAL CI-IARACTER I ZftT ION EQU I Pt'IEJ-lT REQU IRED: CUrT ItIG SAW. POll SHER. E"lCHER. COlvlPACT EVAPORATOR. HALL 
APPARATUS LIGHT SOURCE AND SPECTROtiETER. 

i 
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f 
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BOEIIiG-SPECIFIC INPUT DATA-
4 

------------------------------------------------------------------------------------------------------------------------------------MISSION TYPE OPS CODE 
FREE FLYER 
( ) NOT SERVICED F 
( ) REI10TE TMS FT 
( ) REMOTE MANNED FI1 
( ) SERVICED AT STATION (TMS'RETRIEVED) FST 
( ) SERVICED AT STATION (SELF-PROPELLED) FS 

PLATFORM BASED 
( ) NOT SERVICED P 
( ) REMOTE TI15 PT 
( ) REl'lIlTE MANI'IED PM 
( ) SERVICED AT STATION (TMS'RETRIEVED) PST 
( ) SERVICED AT STATION (SELF-PROPELLED) PS 

OTHER 
( ) SPACE STATION BASED SS 
( ) SORTIE SOR 

CONSTRUCTION/sERVICING COMPLEXITY 
( ) LOW 
( ) t'IEDIUM 
( ) HIGH 

OPERATIONS TIMES 
OTV UP /DOWH 
OTV OR TMS ON ORBIT 
MISSION USE 
IVA SERVICE 
EVA SERVICE 
EXPER I MENT OPS 
SERVICE FREQUENCV 

·DEL TA VELOC ITIES 
UP 
DOWN 
AERO RETURN 

SUPPORT EQUIPMENT 
LENGTH: 
LENGTH: 

MASS: 

MANIFEST RESTRICTIONS 
(X) NO RESTRICTIONS 

B.BB 
B.BB 
B.00 

B. BB I'ETERS 
8.00 METERS 

o KG 

( ) ONLY WITH COtPATIBLE PAYLOADS 
( ) FLY-ALONE 
( ) MUST I·IAVE DOCI< I HG MODULE 

DAYS 
DAYS 
DAVS/VEAR 
MAN-DAYSI"VEAR 
MAN-DAVS/vEAR 
MAtl-DAVS/YEAR 
TItES/YEAR 

IJIDTH: 
IJIDTH: 

" 

0. BB I'ETERS 
a. S8 tlETERS 

LENGTH OF BEAM FAB B.BB 
HUMBER OF APPEI'IDAGES a 

HEIGHT: 
HEIGHT: 

B. BB I'ETERS 
8.60 METERS 

(STOltED) , 
(DEPLOYED) . 

~~ 
~~ 
O~ 
..... ,II> <"Jr 
.g ~~ 
j;:> Vi 
~ ~,,~ 
-"" -, ". ~ 
~aL~ 

I 

... , 

~i 
l 

I 

i 
~ . 
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---------~ ---------TYPE PAYLOAD ELt:.. -" .... T HAtE 
ELECTROEPITAXIAL CRYSTAL GROWTH 

CODE 
BACX1B24 ( ) SCIENCE AND APPLICATIONS (NON-COMM.) 

(X) COn'JERC I1=iL 
CONTACT 
NAME 
ADDRESS 

ROBERT E. PACE. JR. 
MICROGRAVITY RESEARCH AS 
PO BOX 12426 
HUNTSVILLE. AL 358e2 

( ) TECHNOLOGY DEVELOPMENT 
( ) OPEI~fITIot~S 
( ) OTHER 
( ) NATIONAL SECUR lTV 
TYPE NUt'18EI< (SEE TABLE A) 8 

TELEPHONE (2a5) 881-667a 
IMPORTANCE OF THE SPACE STATION TO 
TIf IS ELEI'rElH 

STATUS 
1 = LOL·J VALUE. BUT COULD USE 
Ie = VITfiL 

( ) OPERATIONAL () APPROVED!" (X) PLANNED ( ) CANDIDATE () OPPORTUNITY SCALE = "7 

DESIRED FIRST FLIGHT. YEAR: 1998 HUMBER OF FLIGHTS 2 

OBJECTIVE 
DEVELOP AND COMMERCIALIZE A PROCESS FOR PRODUCING LARGE SINGLE CRYSTALS 
OF COMPOUND SEMICONDUCTOR MATERIALS. 

DURATION OF FLIGHT. DAYS 79 

--------------------------------------------------------~--~------------------------------------------------------------------------DESCRIPTION 
CRYSTALS ARE GROWN IN SPACE BY AN ELECTROEPITAXIAL GROWTH PROCESS. CONtERCIAL MANUFACTURING UNITS ARE 
PLACED IN I"IODULES ATIACBED TO TIfE SPACE STAT'ION. AND GROWTH CELLS ARE REPLACED PER IOD ICALL Y AND 
CRYSTALS RETURNED TO EARTH. A PROCESS DEVELOPI"ENT LABORATORY ON THE SPACE STATION IS USED TO CHARACTERIZE 
THE CRYSTALS AND DEVELOP 
THE PROCESS. 

00 
";:0 
,,5 
0::;; 
0 ..... 
;o~ 

-----------------------------------------------------------------------------------------------------------------------~-~------c: j.JJ ORB IT CHARACIERlSnCS J;;> ~.;,.. 
(GEOSYI~CHRONOUS ORBIT ) YES (X) NO r j;,1 
'APOGEE. KM PER I GEE. KM TOLERANCE + _! """ 
INCLINATION. DEG TOLERANCE + -< !~~ 
NODAL ANGLE. DEG EPHEMERIS ACCURACY~ M 
ESCAPE DV REaUIRED~ MVS 

----------------------------------------------------------------------------------~-------------------------------------------------POINTING/ORIENTATION 
VIEW DIRECTION ( ) INERTIAL () SOLAR 
TRUTH SITES (IF KNOWN) 
POINTING ACCURACY. AI~C-SEC 
POINTING STABILITY (JITTER) ~ ARC-SEC/SEC 
SPECIAL RESTRICTIONS (AVOIDANCE) 

( ) EARTH (X) ANY 

FIELD OF VIEW (DEG) 

. " ------------------------------------------------------------------------------------------------------------------------------------POWER 
( ) AC 

OPERAIING 
STANDBY 
PEAK 
VOLTAGE. V 

(X) DC 
POIJER. W 

12fltiEla 

12Sflafl 
50 

DURATION. HRS.I])P'Y 

24.00 

24.00 
FREQUENCY. HZ 

(X) CONTlIiUOUS 

B 
1 ______ -----------------------------------------------______________________________________________________________________________ _ 
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DATA/COl"HJt. • TIONS 
, MONITORING REQUIREMENTS: 

( ) NONE ( ) REALTIME (X) OFFLINE ( ) OTHER: ( ) EI~CRIPTION/DECRIPTIOI'l REQUIRED 
( ) UPLHII< REQUIRED: COlii-lAND RATE (KBS): B 
( ) ON-BOARD DATA PROCESS HlG REIlU IRED 

DESCRIPTION: 
DATA TYPES: (} ANALOG ( ) DIGITAL FILM (AMOUNT>: 
LIVE TV (HOURS/DAY): 
ON-BOARD STORAGE (MBIT): 
DATA DUMP FREQUENCY (PER ORBIT) 
RECORDItiG RATE (KBPS) 8.18 

THERMAL 
(X) ACTIVE ( ) PASSIVE . 

TEMPERATURE~ DEG C OPERATIOHAL MIHIHUM 

HEATREJECTION~ W 
Hm~-OPERATIONAL MIHIt1.JM 
OPERATIONAL MIHI~UM 
NON-OPERATIONAL M nil MUM 

EQUIPMENT PHYSICAL CHARACTERISTICS 

858 
8 

18Bel8 
o 

FREQUENCY (MHZ): 

HOURS/DAY 
VO ICE <I-IOURS/DAY): 
OTHER: . 

DOlatfLIHK COI1"IAND RATE: 
DOl..tlLIHI< FREOOENCY (I-1HZ): 

mXIHUM 958 
t1A~m1JM 188 
~x U1JM 128e1e1e 
~IAXII1JM 

LOCATIOti (X) INTERNAL ( ) EXTERNAL ( ) REMOTE EQUIPMENT ID/FUNCTION (X) PRESSURIZED ( ) UHPRESSURIZED ~ g L~ M: 5.08 W~M: 1.00 H~ M: 4.00 STOWED a L~ M: 5.ael IJ~ N: 1.S0 H~ M: 4.80 DEPLOYED '5 -LAUNCH HASS~ KG: 11258 RETURN MASS~ KG: 11250 0 ~ CONSUMABLE TYPES 
;:;l F ACCELERATION SENSITIVITY~ (G) MIN: 1.88E-86 MAX: 1.0fJE-84 -----------------------_._----------------------------------------------------------------------------------------------~~--------CREWREQUIREMEHTS s: ~-;: . CREW SIZE 2 TASK ASSIGNMEHTS F ~\: ------------------------------------------------------------- :3 ~-SKILLS (SEE TABLE B) I SKILL 
"'~ 0: 

I LEVEL 

I ~IOURS/DAY I 4.00 I 
EVA ()YES (X) HO REASOti HOUI~S/EVA -----------------------------------------------------------------------------------------------------------------------------------SERVICINGMAINTENANCE 
SERVICE: 

COHFIGURATIOH CHANGES: 

IHTERVAL~ DAYS 
RETURNABLES~ KG 
INTERVAL ~ DAY 
DELIVERABLES. KG 

gel 
11250 

CONSUlvIABLES .. KG 
HAN HOURS 
H::tI~/JIOURS REQU IRED 
RETURNABLES. KG 

~ 
'\ 

I 
~ 

, 

'1 

~1 

'. 
------------~-----------------------------------------___________________________________________________________________________ ~-- I SPECIAL CONSIDERATIONS/sEE INSTRUCTIONS 
LABORATORY FACILITIES REQUIRED: CLEAN ROOM. WORKSPACE. MINICONUTER~ DOLJI:~LItlK TERr1ItlAL CRYSTAL CHARACTERIZATION EQUIPI'1EIH REQUIRED: CunING SAW~ POLISHER~ ETCHER. COI1Pf-ICT EVAPORATOR~ HALL APPARATUS LIGHT SOURCE AND SPECTROI1ETER. 

---------------------------------------------~--------------------------------------------------------------------------------------

£J 
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BOEING-SPECIF~_ INPUT DATA 
------------------------------------------------------------------------------------------------------------------------------------MISSION TYPE OPS CODE 

FREE FLYER 
( ) HOT SERVICED F 
( ) REMOTE THS FT 
( ) REMOTE t'IAHtiED FM 
( ) SEFr "CED AT STATIOH OMS 'RETRIEVED) FST 
( ) SERVICED AT STATION (SELF-PROPELLED) FS 

PLATFORM BASED 
( ) HOT SERVICED 
( ) REMOTE THS 
( ) REMOTE I"IANNED 
( ) SERVICED AT STATION (TMS RETRIEVED) 
( ) SERVICED AT STATION (SELF-PROPELLED) 

P 
PT 
PM 
PST 
PS 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

CONSTRUCTION/sERVICING COMPLEXITY 
( ) LOIJ 
( ) MEDIUM 
( ) HIGH 

OPERATIONS TIMES 
OTV UP /DOL.tl 
OTV OR TNS ON ORB IT 
MISSION USE 
IVA SERVICE 
EVA SERVICE 
E){PER IMENT OPS 
SERVICE FREQUENCY 

,DELTA VELOCITIES 
UP B.BB 
DOL.tl B.0B 
A~RO RETURN 0.BB 

SUPPORT EQUIPMENT 
LEtIGTH: 
LENGTH: 

MASS: 

MANIFEST-RESTRICTIONS 
(X) NO RESTRICTIONS 

B.00 METERS 
0.0B f"IETERS 

B KG 

( ) ONLY IJITH COMPATIBLE PAYLOADS 
( ) FL Y-ALONE , 
( ) MUST HAVE DOCKING MODULE 

DAYS 

SS 
SOR 

DAYS 
DAYSI'VEAR 
MAN-DAVSI'VEAR 
MAH-DAYSI'VEAR 
MAN-DAYS/YEAR 
TIMES/yEAR 

IJIDTH: 
IJIDTH: 

B.BS METERS 
B.BB METERS 

LENGTH OF BEAIYI FA8 O. BB 
NUMBER OF APPENDAGES B 

, NUMBER OF MODULES REQUIRED TO ASSEMBLE THE PAYLOAD", B 

HEIGHT: 
HEIGHT: 

B.BB METERS 
B.0B METERS 

(STOL.ED) , 
(DEPLOYED) 

00 
"TI::a 
"td5 
02 0» 
;a r~ 
.o~ 
c: '-'~ 
~ ;:;) 
r- r=] 
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------~--------------------------------------------. PAYLOAD ELEMt:rlT HAI'E ELECTROEPITAXIAL CRYSTAL GROWTH 

CONTACT 
NAI'E 
ADDRESS 

ROBERT E. PACE. JR. 
MICROGRAVITY RESEARCH AS 
PO BOX 12426 
HUNTSVILLE. AL 35882 

j TELEPHONE (285) 881-6678 

CODE 
BACX1825 

-------------~-----------------------------------------------------------------------I STATUS 
( ) OPERATIONAL () APPROVED~' (X) PLANNED ( ) CANDIDATE () OPPORTUNITY 

.: ~,,,, 

TYPE 
( ) SC IEHCE AHD APPL ICATIOHS (NOH-COt11.) .. 1 (X) COt11ERCIAL 
( ) TECHNOLOGY DEVELOPI"ENT 
( ) OPERHrlONS 
( ) O'lltEr~ 
( ) I'IATIOHflL SECURITY 
TYPE NU~~ER (SEE TABLE A) 9 
II'PORTANCE OF nlE SPACE STATION TO TH IS ELEI'iENT 
1 ,. LOW VALUE. BUT COULD USE 
18 .. VITI~L 
SCALE = 7 

DESIRED FIRST FLIGHT. YEAR: 1998 NU~EER OF FLIGHTS 1 , DURATION OF FLIGHT. DA~~ 79 
I OBJECTIVE 

DEVELOP AND COMMERCIALIZE A PROCESS FOR PRODUCING lARGE SINGLE CRYSTALS OF COMPOUND SEMICONDUCTOR MATERIALS. 

DESCRIPTION "'~ . iJ.. , . CRySTALS ARE GROWN IN SPACE BY AN ELECTROEPITAXIAL GROWTH PROCESS. COMMERCIAL MANUFACTURING UHITS ARE #. PLACED IN MODULES ATTACHED TO THE SPACE STATION. AND GROWTH CELLS ARE REPLACED PERIODICALLY AND ~l CRYSTALS RETURNED TO EARTH. A PROCESSDEVELOPI'ENT LABORATORY ON THE SPACE STATION IS USED TO CHARACTER IZE , THE CRYSTALS AND DEVELOP 
'~I THE PROCESS .. 
.. I 00 

'TI~ 

-ot.5 ~ 

'.t 
~i 
~ , 

)wi 

.! 

.r! 
,'r 

, 
! 

I 
f" 

O~ 

O z » 
::.:J f'~ I ORSIT-CHARACTERISTICS--------------------------------------------------------------------------------------------------~-~-------GEOSYNCHRONOUS ORBIT ( ) YES (X) NO. [i ~~ 

I 

J 

APOGEE. KM PERIGEE. KM TliU:RANCE + 
i ' ir:'J INCLIHATION. DEG TOLERA~ICE + '::;, . NODAL ANGLE. DEG EPHEI"ERIS ACCURACY. M '''; "J, ESCAPE DV REQUIRED. MVS 

POINTING/ORIENTATION 
VIEW DIRECTION ( ) INERTIAL () SOLAR TRUTH SHES (IF KNOWN) 
PO INTING ACCURAC';'. AI~C-SEC 
POINTING STABILITY (JITTER)~ ARC-SEC/SEC SPECIAL RESTRICTIONS (AVOIDANCE) 

( ) EARTH (X) ANY 

FIELD OF VIEW (DEG) 

------------------------------------------------------------~---------------------.--------------------------------------------------
POI.ER 

( ) AC 

OPERATING 
STANDBY 
PEAI~ 
VOLTAGE. V 

. (X) DC 
POWER. LJ 

128eeo 
12eeae 

5a 

DURATION. HRS/DAY 

24.60 

24.80 
FREQUENCY. HZ 

(X) CONTINUOUS 

iii 
_________________________ a~ _________________________________________________________________________________________________________ _ 

j 
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~ \ .1 - ' • DATA/Cot11.111· IONS 

tIlN ITOR 1Mb I~EQU IREtENTS: 
( ) NONE ( ) REALTItE (X) OFFLINE () OTHER: 
( ) ENCRIPTlOIVDECRIPTlON REQUIRED 
( ) UPLINK REQUIRED: CO~1AND RATE (KBS): B 
( ) ON-BOARD DATA PROCESSING REQUIRED, 

DESCRIPTION: 
DATA TYPES: () ANALOG ( ) DIGITAL 
F ILt1 (AtIlUNn: 
LIVE TV (HOURS/DAV): 
ON-BOARD STORAGE (MBIT): 
DATA DUMP FREIlUENCV (PER ORB IT) 
RECORDING RATE (KBPS) B.18 

THERmL 
(X) ACTIVE ( ) PASSIVE . 

TE~PERATURE~ DEG C OPERATIONAL MINIMUM 
NON-OPERATIONAL MINIMUM 

HEAT REJECTION~ W OPERATIONAL MINIMUM 
~ION-OPERATIONAL MINIMUM 

EQUIPMENT PHYSICAL CHARACTERISTICS 

S58 
8 

18008 
8 

FREQUENCV (MHZ): 

HOURS/DAV 
VOICE (HOUr.S/DAY): 
OTHER: 

DOWHLINK COMMAND RATE: 
DOI.JHLINK FREOUENCV (MHZ): 

VlAXIMUM 958 
t1A}(IttJM 108 
I1AXIt1JM 12£1608 
MAXIt1JM 

LOCATION (X) HlTERNAL. ( ) EXTERNAL ( ) REI'DTE 
EQUIPMENT ID/FUNCTION (X) PRESSURIZED ( ) UNPRESSURIZED 

L~ H: 5.00 w~ M: 1.00 H~ M: 4.00 STOWED 
L~ 1"1: 5.08 ' W~ M: 1.00 H~ M: 4.08 DEPLOYED 0 
LAUNCH MASS# KG: 11758' RETURN MASS~ KG: 11258 "II 0 
CmlSUMABLE TYPES . a'! 
ACCELERATION SENSITIVITY~ (G) HIN: I.BBE-a6 MAX: I.B8E-84 ." m 

--------------------------------------------------------------------------------------------------------------------------Et~------
CREW REQU I REI"ENTS ~ 

CREW SIZE 2 TASK ASS I GNMENTS ::0 F' 

SKILLS (SEE TABLE B) 

EVA (1 YES (X) NO 

SERVICING/MAINTENANCE 
SERVICE: 

CONFIGURATION CHANGES: 

I SKILL ________________________________ _ 

-~------------------------- -
I LEVEL 

I HOURS/DAV I 4.8B I 

REASON 

INTERVAL~ DAYS 
RETURNABLES# KG 
I1HERVAL. DAY 
DEL IVERABLES. KG 

98 
11758 

HOURS/EVA 

CONSUMA8LES~ KG 
MAli HOURS 
!"~!;VHOURS REOU IRED 
r~ETURNA8LES # KG 

,0'1;1 
c: l~ 
j;lJ {:;J 
r- R 

~~ 

---------~--------------------------------------------------------------------------------------------------------------------------
SPEC IAL CONS I DERATI OtiS/SEE UISmUCTIOIiS 
LABORATORY FACILITIES REQUIRED: CLEAH ROOM. t.JORKSPACE# MIHICOMUTER# DOUNLINK TERMINAL 
CRYSTAL CHAr~AcTERIZATION EQUIP\"iHlT REQUIRED: CUTTHIG SAW. POLISHER. EifCIIER# cm'U:'ACT EVAPORATOR~ HALL 
APPARATUS LIGHT SOURCE AI-m SPECTROIvIETER. 

.;': 

~ 
~ 

e.:; 

" I 

~ 
~I~ 

. ~ 
1 
1 
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~ 'i+~ 
;.h-.,_i~ 



~r' 
I, if" f' 

~"-~ 

~-~ ~~ 

~ -----------. .---------------------------------~----------------- --------------------------------------------------- --------- , ~'I! 

t .. ~ .' • . 
,~ 
oj, 

~ 

:.' 
~ 
~ 

'11/ 

,I 
I, 

! 
~ ... 
L) 

I : 
, I 

flOE I1-1G-SPEC IF Ie HlPUT DATA 

MISSION TYPE OPS CODE 
FREE FLYER 
( ) NOT SERVICED F 
( ) REMOTE THS FT 
( ) REMOTE MANNED HI 
( ) SERVICED AT STATION (TMS'RETRIEVED) FST 
( ) SERVICED AT STATION (SELF-PROPEllED) FS 

PLATFORM BASED 
( ) NOT SERVICED 
( ) REMOTE TI"IS 
( ) REI10TE MANNED 
( ) SERVICED AT STATIOH (TMS RETRiEVED) 
( ) SERVICED AT STATION (SELF-PROPEllED) 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

COHSTRUCTIOH/sERVICIHG COMPLEXITY 
, (), LOlJ 

( ) MEDIUM 
( ) HIGH 

OPERATIONS TIMES 
OTV UP/DOlJi 
OTV OR TtlS 01'1 ORBIT 

DAYS 
DAYS 

P 
PT 
PI1 
PST 
PS 

SS 
SOR 

MISSIOH USE DAYSI'VEAR 
IVA SERVICE 
EVA SERVICE 
EXPER 1I1EHT OPS 
SERVICE FREQUEHCY 

DELTA VELOCITIES 
UP 
DOlJN 
AERORETURH 

SUPPORT EQUIPMEHT 
LHIGTH: 
LENGTH: 

MASS: 

tJlHIFEST RESTRICTIONS 
(X) 1'10 RESTRICTIOHS 

tJlH-DAYS/YEAR 
MAH-DAYS/yEAR 
tIAH-DAYS/YEAR 
TltES/yEAR 

0.00 
0.00 
0.BB 

0.00 I'ETERS lJIDTH: 
0.00 METERS lJIDTH: 

o KG 

( ) ONLY LJITH COtk";)ATIBLE PAYLOADS 
( ) FLY-ALONE 
( ) t'IUST HAVE DOCK HlG MODULE 

0.00 I'ETERS 
e.00 t-IETERS 

LENGTH OF BEAM FAB 9.00 
NUI1flER OF APPEHDAGES 13 
HutiBER OF MODULES REQUIRED TO ASSEMBLE THE PAYLOAD"; B 

\. 

HEIGHT: 
HEIGHT: 

0.00 I'ETERS 
0.00 METERS 

(STOt.ED) , 
(DEPLOYED) 

00 
.,,~ 

"US 
0-
0 2 
;oF: 
,o"tJ 
C):Io 
)'>Ci) 
r-G't'] 
:::j.-< t<Q 

(iJ
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~ 
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" '~. ----------- TYPE' PA'r'LOflJ) J;I-EtENT NAI'E 
ELECTROEPITAXIAL CRYSTAL GRO~ITH ' 

CODE 
BACX1026 ( ) SCIENCE AND APPLICATIONS 

(X) COl"ll"IERClliL 
(NOH-CO\'11. ) 

-------------------------------------------------------------------------------------
CONTACT 
NAtE 
ADDRESS 

ROBERT E. PACE. JR. 
ttl CROGRAV I TV RESEARCH AS 
PO BOX 12426 
HUHTSVILLE. AL 35802 

TELEPHONE (2BS) 881-6670 

STATUS 
( ) OPERATIOHAL () APPROVED!· (X) PLANHED ( ) CANDIDATE () OPPORTUNITY 

( ) TECHUOLOG'i DEVELOPtEtH 
( ) OPE(~~nIOUS 
( ) onlEr~ 
( ) NAnOliflL SECURITY 
TYPE I~UI"l8EI~ (SEE -iI1BLE A)o B 

II"lPOiHANCE OF THE SPACE STATIOH TO 
TH IS ELHlEl'rr 
1 = LOLJ VI~LUE. BUT COULD USE 
10 = vnAL 
SCALE '" 7 

DESIRED FIRST FLIGHT. YEAR: 1999 NUt'IBER OF FL I GHTS DURATION OF FLIGHT. Df·'IYS 713 

OBJECTIVE 
DEVELOP AND COMMERCIALIZE A PROCESS FOR PRODUCING LARGE SINGLE CRYSTALS 
OF COMPOUND SEMICONDUCTOR MATERIALS. 

------------------------------------------------------------------------------------------------------------------------------------
DESCRIPTIOB 
CRYSTALS ARE GROIdi IN SPACE BY AN ELECTROEPITAXIAL GROWTH PROCESS. COI-i"ERCIAL ~NUFACTURING UNITS ARE 
PLACED IH MODULES ATTACHED TO TIlE SPACE STATIOH. AND GROWTH CELLS ARE REPLACED PERIODICALLY AND 
CRYSTALS RETURNED TO EARTH. A PROCESS DEVELOPHEIH LABORATORY Ol~ THE SPACE STATION IS USED TO CHARACTERIZE 
THE CRYSTALS AND DEVELOP 
nlE PROCESS. 

00 
"'1'1;:0 

-0 is . , Oz 
------------------------------------------------------------------------------------------------------------------~-----------~~-
ORBIT CHARACTERISTICS ::u r-

GEOSYNCHRONOUS ORBIT ( ) YES (X) NO to "0 
APOGEE. KM PERIGEE. KM TOLERANCE + C J;,: 
IHCL IliATION. DEG. TOLERANCE -I- ~ G;! 
~IODflL ANGLE. DEG .. EPHEI1ER IS ACCURACY # M C m 

---~:~~~:-~~-~:~~~~~~:-~~------:------------------~--------------------------------------------------------------------------~-iji-
PO INTI HG/OR I HITATI 01'1 

VIELJ DIRECTIOH ~. ) IHERTIAL () SOLAR ( ) EAR'm (X) ANY 
TRUTH SITES (IF KNOWN> 
PO lIiT HlG ACCUI~ACY. A£~C -SEC FIELD OF V I EIJ (DEG) 
I;)OIHTING STAD I LI TV (J I rTER>. ARC-SEC,(SEC 
SPEC I AL RESTR I CTI OJ-lS (AVO mONCE) 

----------------------------------------------------------~---------------------------------------------------------------------------
POt.ER' 

( ) AC 

OPERATING 
STAHD8Y 
PEAl{ 
VOLTAGE. V 

(X) DC 
POlJER. lJ 

1260138 

128880 
50 

DURATION. HRS/DAY 

24.138 

24.00 
FREQUBICV. HZ 

00 CONT INUOUS 

8 
~------------------------------------------------------------------------------------------------------------------------------------

~1 
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. ~ 
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DATA/COMMUh. .TIONS 
MONITORING REQUIREMENTS: 
( ) NONE ( ) REALTIME (X) OFFLINE () OTHER: 
( ) EHCRIPTlO~I/DECRlpnON REQUIRED 
( ) UPLINI< REQUIRED: COI1'lAND RATE (KBS): B 
( ) ON-BOARD DATA PROCESS ING REQU IRED 

DESCRIPTIOI-I: 
DATA TYPES: () ANALOG ( ) DIGITAL 
FILM (AI1OUIH): 
LIVE TV (HOURS/DAY): 
ON-BOARD STORAGE (riB IT> : 
DATA DlJ!1P FREQUENCY (PER ORBIT) 
RECORDUIG r~ATE (KBPS) 0.10 

THERMAL 
(X) ACTIVE ( ) PASSIVE : 

TEI1PERATURE. DEG C OPERATIONAL MINIMUM 
NON-OPERATIOI-IAL MHIU1JM 

HEAT REJECTION. W OPERATIOI~AL MINIMUM 
tlOtl-OPERATIOI-IAL MIH IMUM 

EQUIPMENT PHYSICAL CHARACTERISTICS 

950 
o 

10000 
o 

FREQUEHCY (MHZ): 

HOURS/DAY 
VOICE (HOURS/DAY): 
O"iliER: 

DO\.JI~L nH< COMMAND RATE: 
DOWNL HII( FREQUEHCY (MHZ): 

I"rlX U1UM 950 
l'iA>a t'tlll'1 100 
MAX H1JM 128000 
MAX I1'1JM 

LOCATION (X) ntTERI1AL ( ) EXTERNAL ( ) REMOTE 
EQUIPMENT ID/FUI-ICTlml (X) PRESSURIZED ( ) UNPRESSURIZED 

L. M: 5.60 W. M: 1.60 H, M: 4.00 STO~ED 
L. M: 5.~eJ W. N: 1.00 H. M: 4.00 DEPLOYED 0 a 
LAUNCH I1ASS. KG : 126513 RETURN NASS. KG: 11258 ." ::a 
COI'ISUI1ABLE TYPES "'C r.5 

.~ 

, ACCELERATION SENSITIVITY. (G) MIN: 1.00E-06 MAX: 1.E'JeJE-04 , 0 '2 
--------------------------------------------------------------------------------------------------------------------~lS-----------
CREW REQU IREMENTS ;U r-

CREW SIZE 2 TASK ASSIGNMENTS ,0 "'C 
------------------------------------------------------------- c: ~ 

SK ILLS (SEE TABLE B) I SK ILL ):;> G') 

--------------------------------~---------------------------- r- ~ I LEVEL '~ -= 

------------------------------------------------------------- ~~ 
I HOURS/DAY I 4.eJeJ I 

EVA () YES (X) HO REASON HOURS/EV .. 1 
------------------------------------------------------------------------------------------------------------------------------------
SERVICING/t1AINTENANCE 

SERVICE: 

CONFIGURATION CHANGES: 

INTERVAL. DAYS 
RETURI~ABLES. I(G 
I NTERVAL. DAY 
DELIVERflBLES. KG 

90 
12650 

CONSUt'IABLES. KG 
NAN HOURS 
f'j.'iN/HOUI{S REQU I RED 
I<ETUI~NABLES. KG 

------------------------------------------------------------------------------------------------------------------------------------
SPEC IAL COI~S IDERATlOtiS/sEE IHSnmCnOtiS 
LABORATORY FACILITIES REQUIRED: CLEAI-! ROOM. lJORI(SP(-lCE. MIHICOI1UTEI~, DnWflLII~K TERMINAL 
CRYSTAL CHf.\RACTEI~lzinlm~ EQUIPI-IEIH REQUIRED: CUHING SAW. POLISHEI~. ETCHEI<. COI'PACT EVAPORATOR. ~IALL 
APPARATUS L IG~IT SOURCE AND SPECTROI·iETER. 

------------------------------------------------------------------------------------------------------------------------------------
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BOEING-SPECIFIC INPUT DATA 

MISSION TYPE OPS CODE 
FREE FLYER 
( ) NOT SERVICED F 
( ) :REMOTE THS FT 
( ) REMOTE MANNED FM 
( ) SE~VICED AT STATION (TMS RETRIEVED) FST 
( ) SERVICED AT STATION (SELF-PROPELLED) FS 

PLATFORI1 BASED 
( ) ~1O'r SERVICED P 
( ) RE/"iOTE TMS PT 
( ) REI"IOTE I"!ANNED Pl'l 
( ) SERVICED AT STATION CTtiS RETRIEVED) PST 
( ) SERVICED AT STATION (SELF-PROPELLED) PS 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

CONSTRUCTION/sERVICING COMPLEXITY 
( ) LOW' 
( ) MEDIUM 
( ) H 1GB 

OPERATIONS TIMES 
ON UP /DOIJH 
OTV OR TI1S ON ORB IT 
MISSION USE 
IVA SERVICE 
EVA SERVICE 
EXPER II"IENT OPS 
SERVICE FREQUENCY 

DELTA VELOCITIES 
UP 8.88 
DOWH 8.8a 
AERO' RETURN e. ae 

DAYS 

SS 
SOR 

DAYS 
DAYS/YEAR 
HAN-DAYS/YEAR 
MAN-DAYS/yEAR 
I"IAN-DAYS/YHiR 
TIMES/YEAR 

SUPPORT EQUIPMENT 
LEI~GTH: 
LENGTH: 

8.8a METERS 
0.60 METERS 

WIDTH: 
WIDTH: 

MASS: 

MANIFEST RESTRICTIONS 
00 NO RESTR I CT IONS 

a I{G 

( ) ONLY WITI-I COl'ii"ATIBLE PAYLOADS 
( ) FL Y-ALOI'IE 
( ) I"IUST HAVE DOCK II'IG MODULE 

LENGTH OF BEAM FAD 
NUMBER OF APPENDAGES 
tlUl"lBER OF I"IODULES REQUIRED TO ASSEI"R3LE THE PAYLOAD": 

'~'""---"=::::---":~-'=--:,"'-::- ": .... --.- -- -.. -. ----- --:'-,--" 

0.80 METERS 
0.8a I"IETERS 

0.1313 
11 
a 

-_:", • .400i"~' 

HEIGHT: 
HEIGHT: 

0.88 METERS 
13.06 l"iETERS 

(STOI.£D) , 
CDEPI,.OyeP) 
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TYPE PAYLOAD ELI:.,'IEHT HAI"E 
ELECTROEPITAXIAL CRYSTAL GROWTH 

CODE 
BFICX1027 ( ) SCIENCE AND APPLICATIONS 

0<) COMdEI"<C HIL 
(NON-COI11. ) 

CONTAC"!" 
NAME 
ADDRESS 

ROBERT E. PACE~ JR. 
111CROGRAVITV RESEARCH AS 
PO BOX 12426 
HUNTSVILLE. AL 35802 

TELEPHONE (285) 881-6678 

STATUS 
( ) OPERATIONAL () APPROVED: (X) PLANNED ( ) CANDIDATE () OPPORTUNITY 

( ) TECI·lIl0LOGY DEVELOPI'IEHT 
( ) OPEI{ffi 101'15 
( ) OTHER 
( ) H~H IONflL SECUR I TY 
-iVPE I-IUI''i8ER (SEE TABLE A) B 

II'1'ORTfll'ICE OF 11-IE SPACE SrA-rIOIi TO 
TH IS ELEHElrf 
1 '" LOU VALUE. BU"f COULD USE 
HI = VITAL 
SCALE '" (' 

DESIRED FIRST FLIGHT. YEAR: 1999 NUI"15ER OF FLI GHTS 4 DURa:iTiON OF FliGHT. Va:iY5 75 

OBJECTIVE 
DEVELOP AND COMMERCIALIZE A PROCESS FOR PRODUCING LARGE SINGLE CRYSTALS 
OF COMPOUHD SEMICOI'mUCTOR MATERIALS. 

DESCR IPTlotl 
CRYSTALS-ARE GROUi IN SPACE BY AN ELECTROEPITAXIAL GROWTH PROCESS. COMMERCIAL MANUFACTURING UNITS ARE 
PLACED IN MODULES ATTACHED TO THE SPACE STATION. AND GROWTH CELLS ARE REPLACED PEi~IODICALLY AND 
CRYSTALS RETURNED TO EARTH. A PROCESS DEVELOPlvlENT LABORATORY ON THE SPACE STATION IS USED TO CHARACTERIZE 
THE CRYSTALS AttD DEVELOP 
THE PROCESS. 

00 
"';0 
,,5 
0-
oZ 
~);. r. 

~ t 

----------------------------------------------------------------~----------------------------------~--------------~~-------------
ORBIT CHARACTERISTICS c: ~ 

GEOSYNCHRONOUS ORB IT ( ) YES (X) tID t:: ~ 
APOGEE. KM PER I GEE. KM TOLERANCE + _ L 

INCL IHATION. DEG TOLERI1I-lCE + ;;1 m 
NODAL AtiGLE. DEG EP~IElvERIS ACCURACY,. M ' 
ESCAPE DV REQUIRED. MVS 

----------------------------------~------------------------------------------------~------------------------------------------------
PO INTING/oR I ENTATION 

VIEt,J DIRECnOl'I 
TRUTI! S nES (I F KNOl.JtO 
POINTWG ACCURACY. ARC-SEC 

( ) INERTIAL 

PO ItlTlNG STAB JUTY (J lITER>. ARC-SEC/SEC 

( ) SOLAR ( ) EARTH (X) fitly 

FIELD OF VIEW (DEG) 

SPEC IAL RE~TI~ IcnONS (AVO IiJANCE) 
--------------------------------------------------------------------------------------~---------------------------------------------

( ) AC 0<) DC 
POLJER. W DURATION. Hi~S/j)OY 

f '~ 

:1 
1 
" 

~ 
,~ 

i 

.. 

(X) COHTINUOUS l
· POlJER 

i 
OPERIlTlHG _ _______________ • j .. BV 24.0" ______________ _ I. ~~~JD 12 •• ~ ..!:~~~~~~~!:_~ ________ ~___________________________ ~ 

, VOL TAGE. V ------------- __ '" e .. __ 

'1 ----------------------- ~... ~ .. : . .;; ... _ ....... . .. _._ . ~____ __ '-":0, .. ,;:.-_":....,, ----=--"'" ,_"" 
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DATA/cOI"H. .ATIONS 
MONITORING REQUIREMENTS: 
( ) NOliE ( ) REAL TIME (X) OFFLItlE () OlliER: 
( ) EHCRIPTIOH/DECRIPTIOH REQUIRED 
( ) UPLlHK REQUIRED: COMi-iAI-ID RATE (KBS): 12} FREQUENCY (MHZ): 
( ) ON~BOARD DATA PROCESS ItIG REQU IRED 

DESCRIPTION: 
DATA TYPES: () AHALOG ( ) DIGITAL 
F IU1 (At-IOUNT>: 

HOURS/DAY 
VOICE WOURS/DAY): 

LIVE TV (HOURS/DAY): OTHER: 
OH-BOARD STORAGE (MelT): 
DATA DUMP FREQUEliCY (PER ORB IT> DOlal'lL INK CO/"D1AND RATE: 
RECORDING RATE (KBPS) 0. H3 DOWNL 1I11( FREQUEHC¥ (t1-fZ): 

------------------------------------------------------------------------------------------------------------------------------------
lliERt'AL 

(X) ACTIVE ( ) PASSIVE 
TEt-PERATURE. DEG C OPERATIONAL MINIMUM 

HOH-OPERATIONAL MINIMUM 
HEAT REJECTION. U OPERATIONAL MINIMUM 

NON-OPERATIONAL MIHII1UM 

EQUIPMENT PHYSICAL CHARACTERISTICS 

85B 
8 

10080 
o 

LOCATION (X) INTERNAL ( ) EXTERNAL ( ) REI"IOTE 

MAXIMUM 958 
MAXIMUM 1813 
m><It1U11 12613138 
MAXII'1UM 

EQUIPI"ENT ID/FUHCTION (X) PRESSUIHZED ( ) UHPRESSURIZED 
L, M: 5.1313 W. M: 1.1313 H. M: 4.00 STOLED 0 Q 
L. M: 5.013 I,.J. M: I.Be 1-1. M: . 4.00 DEPLOYED ." ~ 
LAUI'ICH MASS. KG: 1208B RETURH MASS. KG: 12000 "tj'l<J 
COJ-lSUtlABLE TYPES 0 ;.. 

. ..... ACCElERATlOH SENSITIVITY. (G) MIN: 1.£IBE-86 mx: l.BBE-04 0 ~ 
----------------------------------------------------------------------------------------------------------------?9~---------------
CREW REQUIREMENTS 

CREW SIZE 2 

SKILLS (SEE TABLE B) 

EVA () YES (X) NO 

SERVICING/I1AINTEHANCE 
SERVICE: 

CONFIGURATION CHANGES: 

TASK ASSIGNI"ENTS 

I SKILL 
-------------~-----------------------------~-----------------
I LEVEL 

I .. lOURS/DAY I 4.813 I 

REASON 

INTERVAL. DAYS 
RETURNABLES. KG 
INTERVAL D.W 
DELIVERABLES, KG 

90 
128013 

HOURS/EVA 

COHSUI"IABLES. KG 
MHfI HOURS 
tlAtVl·IOURS REQU IRED 
RETum~A8LES. I~G 

SPEC IAL CONS IDERATIONS/SEE INSTRUCTIONS 
LABORATORY FACILITIES REoumED: CLEAN ROOM. WORKSPACE. t-IIIHCOI1UTER. DOWNLINK TERMINAL 
CRYSTAL CHARACTEIH ZATI atl EQU I PI1EWf REQU iRED: cun IHG SALJ. POll SHER. EYCHER. COMPAC·.. EVAPORATOR. HALL 
APPARATUS LIGHT sour~CE AND SPEcmot-iETER. 

iO~ c: ~; 
~tiJl 
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j 

~ 

:1 i 
I 
I .. 

. :~ 
~ 

.. __ -~ .'Y .. ...:~ .. ;~, ~~ -- ~.~:.-. 

'. .~ 

"",--;,~ 



~.. . ' ~....-~~~ ........ r!lllUJE:;1!~.!PI~"~~1"~~,~-:-~~01!~;$""w;4IJ~~1UilM;iT ... Z'Z.Lrtk;;;'I-M~'_;~o ... l.t~~"'-~~I'_J,:f'ir'±-'"".'~""'.!1:..:;;l.l-...:;:~.~'rtl{:iq=-..,.:'~lXtJf~.£iOI._~>;.:.:!t_jj$ii¥t~ 1 
l' 

",~ .\.\ - ,...,j 

Ii ________ ~. ~ __________________________________________________ • __________________________________________________. ~ ._________ g 

t 
~~ .1 
I , 

• i 

t 
" ',' 
~ 

, ~ 

:,; 

,I 
'I 

/i 
D 
! 
\ 

. .'l 

~i 
L 

BOE lNG-SPEC I!" ._ u/PUT l>ATA ~~ 

------------------------------------------------------------------------------------------------------------------------------------ ,~ MISSION TYPE OPS CODE i 
FREE FLYER 
( ) NOT SERVICED 
( ) REt"IOTE TI"IS 
( ) RHIOTE l"IAI-iHED 
( ) SERV!CED AT STATION (TMS RETRIEVED) 
( ) SERVICED AT STATlml (SELF-PROPELLED) 

PLATFORM BASED 
( ) NOT SERVICED 
( ) REMOTE TI15 
( ) REI10TE tiAHNED 
( ) SERVICED AT STATION (TMS'RETRIEVED) 
( ) SERVICED AT STATION (SELF-PROPELLED) 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

CONSTRUCTION/SERVICING COMPLEXITY 
( ) LOW 
( ) MEDIUM 
( ) HIGH 

OPERATIONS TIMES 
OTV UP /DOI..tI DAYS 

F 
FT 
HI 
FST 
FS 

P 
PT 
PM 
PST 
PS 

SS 
SOR 

OTV OR TNS ON ORBll 
MISSION USE 
IVA SERVICE 
EVA SERVICE 
EXPERIMENT OPS 
SERVICE FREaUENCY 

DAYS 
DAYS/YEAR 
HAN-DAYS/YEAR 
MAN-DAYS/YEAR 
HAN-DAYS/YEAR 
TlHES/yEAR 

DELTA VELOCITIES 
UP 
DOIdi 
AERO RETURN 

SUPPORT EaU.IPHENT 
LEI~GTH: 
LENGTH: 

MASS: 

MANIFEST RESTRICTIONS 
(X) NO RESTRICTIONS 

e.ee 
e.ee 
e.ee 

e.Be METERS 
e • Iile tlETERS 

e KG ' 

( ) ONLY WITH COI"IPATIBLE PAYLOADS 
( ) FLY-ALONE 
( ) MUST HAVE DOCK HlG 110DULE 

IdIDTH: 
WIDllI: 

e.ee METERS 
e.Be METERS 

LENGTH OF BEAM FAB e.se 
HUMBER OF APPENDAGES a 
NUMBER OF MODULES REQU IRED TO ASSEMBLE llIE PA'r'LOt=ID':: ' B 

HEIGHT: 
HEIGHT: 

e.ee METERS 
a .l3e t'IETERS 

(STOlaED) , 
(DEPLOYED) , 

·~i 
."Ci) 
0-
o~ 
:tl~ 

.0"0 
c:~ 
):II ~) 
r-;., 

;!m 

' , 

J 
,;1 

il;.~ 

.~ 

------------------------------------------------------------------------------------------------------------------------------------
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--------_. ._------------------------------------------------- --------------------------------------------------- ._-------TYPE .. PA'tLOAD ELEhl_11 T NAI'E 
. 'ELECTROEPITAXIAL CRYSTAL GROYTH 

CODE 
BACX1El28 

-------------------------------------------------------------------------------------
( ) SCIENCE AND APPLICATIONS (NON-COI'l1.) 
GO COt'livIEI~C I AL 

CONTACT 
NAME 
ADDRESS 

ROBERT E. PACE. JR. 
t'IICROGRfIVITY RESEARCH AS 
PO BOX 12426 
HUNTSVILLE. AL 35002 

( ) TECUI-IOLOGY DEVELOPtlENT 
( ) OPERATIUHS . 
( ) OTHER 
( ) HATION(:IL SECUI~ITY 
TYPE HUt'lsm (SEE TABLE A) B 

TELEPHONE (285) 881-6678 
ItPORTAl'lCE OF THE SPACE STATION TO 
TH IS ELEliEtfr 

---------------------~---------------------------------------------------------------SiATUS 
( ) OPERATIONAL () APPROVED~' (X) PLANNED ( ) CANDIDATE () OPPORTUNITY 

1 ~ LOW WILUE. BUT COULD USE 
. 10 = VITAL 
SCALE '" 7 

DESIRED FIRST FLIGHT. YEAR: 266B NUM8EI~ OF FLIGHTS DURATION OF FLIGHT. D~j'tS 79 

OBJECTIVE 
DEVELOP AND COMMERCIALIZE A PROCESS FOR PRODUCING LARGE SINGLE CRYSTALS 
OF COI1POUI~D SEMICONDUCTOR MATERIALS. 

DESCRIPTION 
CRYSTALS ARE GROWN IN SPACE BY AN ELECTROEPITAXIAL GROWTH PROCESS. COttERCIAL MAHUFACTURING UNITS ARE 
PLACED IH MODULES ATTACHED TO THE SPACE STATION. AND GROWTH CELLS ARE REPLACED PERIODICALLY AND 
CRYSTALS RETURNED TO EARTH. A PROCESS DEVELOPMENT LABORATORY ON THE SPACE STATION IS USED TO CHARACTERIZE 
THE CRYSTALS· AND DEVELOP , 
THE·PROCESS. 00 

""I'j~ 

.",5 
02 

-----------~~--------------------------------------------------------------------------------------------------------~~--------ORBIT CHARACTERISTICS , . 
GEOSYNCHRONOUS ORB IT ( ) YES (X) HO .g :~ 
APOGEE. KM PER I GEE. KM TOLERANCE + ;; t) 
INCL INATIOH. DEG TOLERA~ICE + I:" ~".:l 
NODAL ANGLE. DEG EPHEI"ER I S ACCUI~ACY,. M ~ _-: 
ESCAPE DV REQU IRED. I1/S ~ "'11 

------------------------------------------------~-----------------------------------------------------------------------------------PO INTING/OR I HITAT ION 
VIEW DIRECTlOI-I ( ) INERTIAL () SOLAR 
TRUTH SITES (IF KNOWN) 
POINrUIG ACCUI~ACY. ARC-SEC 
PO INTHIG STAB IL ITY (J ITTER> ~ ARC-SEC/SEC 
SPECIAL RESTr.nCTIONS (AVOIDANCE) 

( ) EARTH (X) AHY 

FIELD OF VIEW (DEG) 

------------------------------------------------------------------------------------------------------------------------------------POWER 
( ) AC 

OPERATING 
STAHDBY 
PEAK 
VOLTAGE. V 

00 DC 
POlJER. lJ 

1686£18 

160800 
58 

DURATI ON. ..IRS/DAY 

24.138 

24.08 
FREQUEI'ICY. HZ 

(X) CONTINUOUS 

a 

$1 

J , 
• ., 

~ J 
! 

'j 
i 

,~ 
1 

~
' 
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DATA/COI1'1JI\ nONS ; 

.~. 

to.. 
.. a .' I 

• 

• .. 
~ 

~:t . 

! 

4 
" 
\ 

;1 

t ' ' r) 
, 
r 

: .. b .. : I 
" :-.--
l- :--

MON I TOR ItIb I~Eau I REI"ENTS : • 
( ) NONE ( ) REALTIME (X) OFFLINE () OTHER: 
( ) ENCRIPTIOH/DECRIPTION REQUIRED 
( ) UPLINK I~EQUWED: Cot'ili.<:'!I-ID RATE (KBS): B FREQUENCY (tliZ): . ~ 
( ) ON-BOARD DATA PROCESSHIG REQUIRED I 

DESCR I PT 101-1:. ~ 
DATA TYPES: () ANALOG ( ) DIGITAL HOURS/DIW . ~ 
FILM (AMOUNT>: VOICE Cl-IOURS/DAY): 
LIVE TV (/-lOURS/DAY): 0111ER: 
ON-BOARD STORAGE (118 IT> : 
DATA Dur~ FREQUENCY (PER ORBIT) DOWNLINK COMMAND RATE: 
RECORDUIG RATE (KBPS) 0.10 DOl,JNL UlK FREQUENCY (MHZ): 

------------------------------------------------------------------------------------------------------------------------------------
THER~L 

(X) ACTIVE ( ) PASS IVE . . 
TE~~ERATURE~ DEG C OPERATIONAL MINIMUM 

HEAT REJECTION. W 
I-lON-OPERATIONAL MINIMUM 
OPERATIONAL MINlt1JM . 
NON-OPERATIONAL MINIt1UM 

EQUIPMENT PHYSICAL CHARACTERISTICS 

85B 
o 

100130 
B 

LOCATION 0<) INTERI~AL ( ) EXTERI'IAL ( ) REMOTE 

MA>OMUM 95B 
~1A>O~IUI1 lOB 
1"1AXII"lUI'I 160000 
MA>m-1UM 

EQUIPMENT ID/FUNCTIOI'I (X) PRESSURIZED ( ) UNPRESSURIZED 
L. 11: 5.00 W. 11: I.BB H. M: 4.130 STOLED 
L. M: 5.00 W. M: I.B0 H~ M: 4.06 DEPLO'YED 00 
LAUNCH MASS. KG: 16008 RETURN MASS. KG: 12000 ."11 ::0 

..CONSUMABLE TYPES -
ACCELERATION SENSITIVITY. (G) . MIN: 1.B0E-06 f"1.AX: l.B0E-84 ~ e 

--------------------------------------------------------------------------------------------------------------------~~-----------
CREW REOU IREMEI'ITS ;0 l:t 

CREW SIZE 2 TASK ASS I GNMEI'ITS to r-
------------------------------------------------------------- " 

SKILLS (SEE TABLE B) I SKILL . §i ~ 
------------------------------------------------------------- r- r~ 

EVA (l'YES(XLNO 

5ERVICII'IGMAII'ITEI'IANCE 
SERVICE: 

COI'IFlGURATlON CHANGES: 

~-~~~~-----~~----------------------------------------------- ~~ 
I HOURS/DAY I 4.08 I 

REASOI'I 

UITERVAL. DAYS 
I~ETURI'IABLES. I(G 
II'ITERVAL. DAY 
DELlVERA8LES. KG 

90 
1613130 

HOURS/EVA 

CONSUMABLES. KG 
MflN HOURS 
l'i~iH/I~OURS REQU I RED 
RETUI~I~ABLES ~ KG 

SPEC Ii'lL CONS I DERATIOI'lS/SEE UISTRUCTIONS 
LABORATORY FACiliTIES REQUIRED: CLEAI'I ROOM. WORI<SPACE~ 111IHCOMUTER. DOWNLII'II( TERMINAL 
CRYSTAL CHARACTEIHZATION EClUIPMEIH REQUIRED: CUTTING SALJ. POLISHm~ ETCI-IER~ C0I1PACT EVAPORATOR. HALL 
APPARATUS LIGHT SOURCE AI'lD SPECmOMETER. 

' ... 

l .Q., 

, 

~ 

- ~- -~~~ 
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BOE lIiG-SPEC IF It. lI-IPUT DATA 

HISS ION TYPE 
FREE FLYER 
( ) NOT SERVICED 
( ) REMOTE TNS 
( ) REMOTE MANNED 
( ) SERVICED AT STATION 
( ) SERVICED AT STATION 

PLATFORl1 BASED 
( ) NOT SERVICED 
( ) REI'UlTE Tl'lS 
( ) REMOTE MANNED 

(TMS . RETR IEVED) 
(SELF-PROPELLED) 

OPS CODE 

F 
FT 
FI1 
FST 
FS 

( ) SERVICED AT STATION (TMS'RETRIEVED) 
( ) SERVICED AT STATIOI'! (SELF-PROPELLED) 

P 
PT 
PI'I 
PST 
PS 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

CONSTRUCTION/sERV IC ING COt'PLEXI TY 
( ) LOIJ 
( ) MEDIUM 
( ) HIGH 

OPERATIONS TIMES 
OTV UP/DOIJN 
OTV OR TMS ON ORBIT 
MISSION USE 
IVA SERVICE 
EVA SERVICE 
EXPERIMENT OPS 
SERVICE FREOUENCY 

DELTA VELOCITIES 
UP 
DOIJH 
AERO RETURN 

0.00 
0.B0 
0.00 

DAYS 

SS 
SOR 

DAYS 
DAYS/VEAR 
MAN-DAYS/VEAR 
NAN-DAVS/yEAR 
MAN-DAYS/YEAR 
TIMES/yEAR 

SUPPORT EQUIPMENT 
LENGTH: 
LENGTH: 

0.00 f'ETERS 
0.130 METERS 

IJIDTH: 
IJIDTH: 

MASS: 

MANIFEST RESTRICTIONS 
(X) NO,REsmICTIONS 

a KG 

( ) ONLY IJITH COl'il':lATIBLE PAYLOADS 
( ) FLY-ALONE . 
( ) t'1UST HAVE DOCK UlG MODULE 

0. ee f'ETERS 
0.BB METERS 

LENGTH OF BEAM FAB e.0a 
NUMBER OF APPENDAGES 0 
NUMBER OF MODULES REOU IRED TO ASSEMBLE THE PAYlOr-in'; B 

HEIGHT: 
HEIGHT: 

0. ae f'ETERS 
B. B0 MElEf<S 

(STOlaED) . 
(DEPLOYED) 

~~ 
-vC; 
0-
0

2 
~~ 
.o"f.i 
C:~ 
-.... w' 
1" f.1 
:3 c~ 
4~ ~ '~~. 

I " j 
I 
1 

.~~ 

1 

• l 

-I 

------------------------------------------------------------------------------------------------------------------------------------
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PAYLOAD ELE~NT NAME 
ELECTROEPITAXIAL CRYSTAL GROUTH 

COIiTACT 
HA~1E 
ADDRESS 

ROBERT E. PACE. JR. 
HICROGRAVITY RESEARCH AS 
PO BOX 12426 
HUNTSVILLE. AL 3581:12 

TELEPHONE (205) 881-6670 

STATUS 

CODE 
BACXIB29 

( ) OPERATIONAL () APPROVED!' (X) PLANNED ( ) CANDIDATE () OPPORTUNITY 

T'l'PE 
( ) SCIENCE AND APPLICATIONS 
(X) COIi-JERC IAL 
( ) TECHNOLOGY DEVEtOPl'EtH 
( ) Of'ERATiOHS 
( ) OnIEI~ 
( ) HATIONr-iL SECURIlY 
TYPE I-IUI"18ER (SEE TABLE A) 

(NON-COMM. ) 

a 
H'U::OORTANCE OF THE SPACE SnH IOI~ TO 
llH S ELHlEtH 
I & LOW VALUE. BUT COULD USE 
10 ... VITAL 
SCALE = 7 

--------------------------------------------------------------------------------~--------------------------------------------------
DESIRED FIRST FLIGHT. YEAR: 2eS0 NUtEER OF FLIGHTS s 
OBJECTIVE 
DEVELOP AND COMMERCIALIZE A PROCESS FOR PRODUCIIiG LARGE SINGLE CRYSTALS 
OF COI"IPOUND SEI"II CONDUCTOR I1ATER I ALS . 

r.URf,TION OF FLIGHT. DAYS 7a 

00 
""::0 
."i5 

~ O~ 

----------------------------------------------------------------------------------------------------------------------~)S---------DESCRIPTION ;0 .-. 
CRYSTALS ARE GROWN IN SPACE BY Ali ELECTROEPITAXIAL GROWTH PROCESS. COMt'ERCIAL MANUFACTURING UNITS ARE ~ ~ 
PLACED IN MODULES ATTACHED TO THE SPACE STATION. AIiD GROWTH CELLS ARE REPLACED PERIODICALLY AND c: ~ 
CRYSTALS RETURNED TO EARTH. A PROCESS DEVELOPMENT LABORATORY 01'1 THE SPACE STATION IS USED TO CHARACTERIZE ~ G) 
THE CRYSTALS AI~D DEVELOP C ~ .. 
THE PROCESS. ~ La 

ORBIT CHARACTERISTICS 
GEOSYNCHRONOUS ORB IT ( ) YES (X) liD 
APOGEE. KM PERIGEE. KI1 TOLERANCE + 
INCL UIATION. DEG TOLERANCE -I-
NODAL ANGLE. DEG EPHEI'IEI~ I S ACCURACY. 11 
ESCAPE DV REQUIRED. H/s 

, , --------------------------------_ .. --------------------------------------------------------------------------------------------------
PO INTHIG/OR IHITATIOI~ 

VIEW DIRECTION ( ) INERTIAL () SOLAR 
TRUTH SITES (IF KNOWN) 
PO INTItlG ACCURACY. ARC-SEC 
POHlTHlG STABILITY (JITTER) ~ ARC-SEC/SEC 
SPEC I AL RESTR I eTl ONS (AVO IDANCE) 

POWER 
( ) AC 

OPERATING 
STANDBY 
PEAI( 
VOLTAGE. V 

(X) DC 
POWER. W 

16001:18 

1600138 
50 

DURATION. HRS/DAY 

24.00 

24.00 
FREIlUEI1CY. HZ 

( ) EARTIi O{) ANY 

FIELD OF VIEW (DEG) 

(X) CONTIliUOUs 

fl 

~ 
~ 

. ~ 
'J 

gJ 

~ 
. I 

v • 

,.~' 
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DATA/cOt11.J. ATIOHS 
MOHITORIHGREQUIREMEHTS: 
( ) NONE ( ) REAL TIME (X) OFFL IHE 
( ) ENCRIPTIotVDECRIPTION REQUIRED 
( ) UPLINK REQUIRED: COI"'~':':tND RATE (KBS): 

( ) OTHER: 

a 
( ) ON-BOARD DATA PROCESS IHG REQU IRED 

DESCR I PTI OH : 
DATA TYPES: () ANALOG ( ) DIGITAL 
FILM (AI10UNT>: 
LIVE TV (HOURS/DAY): 
Ol~-DOARD STOI~AGE <118 IT) :: 
DATA DUMP FREQUENCY (PER ORB IT) 
RECORDIHG RATE (KBPS) 0.10 

THERMAL 
(X) ACTIVE ( ) PASSIVE -

TEI1PERATURE~ DEG C OPERATIONAL MINIMUM 

HEAT REJECTIOH~ W 
NON-OPERATIONAL MINIMUM 
OPERATlO~IAL MINIMUM 
~IOH-OPERATIOHAL MHl I MUM 

EQUIPMENT PHYSICAL CHARACTERISTICS 

8513 
a 

10aaa 
8 

FREQUENCV (MHZ): 

HOURS/DAY 
VillCE HlOURS/DAV): 
OTHER: 

DOWNLINK COMMAND RATE: 
DOlJliL INK FREQUEHCY (t'HZ): 

H.':"iX I HUM 
tiAXII1JM 
I'1H)<IMUM 
t1.'i~~ I MUM 

958 
188 

168088 

LOCATION (X) I1nERI-1AL ( ) EXTERNAL ( ) REMOTE 
EQUIPMENT ID.lFUNCTIOli (X) PRESSURIZED ( ) UI~PRESSURIZED 

L~ 1"1: 5.80 W. 1'1: 1.08 H. 1'1: 4.00 STOWED 
L. 1'1: 5.8a W~ 1'1: 1.8a H~ 1'1: 4.00 DEPLOYED 
LAUNCH MASS~ KG: 16000 RETURN MASS. KG: 16608 ~. 0 
CONSUMABLE TYPES a 

, 
- ~ 

d . ~ 
j 

~~ 

~ 

ACCELERATION SEHSITIVITY~ (G) MIH: 1.86E-66 MAX: 1.80E-84 "'0 e 
------------------------- -----------------------------------------------------------------------------------------~~-----------
CREW REQU IREMENTS 0 ):l1 

CREW SIZE 2 TASK ASSIGHt'ENTS AI r 
----------------------~-------------------------------------- ,e) ~ 

SKILLS (SEE TABLE B) I SKILL' C ';i:.'J 

-------------------~----------------------------------------- <~ ~ 

EVA ( ) YES (X) NO 

SERV I C ING/I1A INTEtlAHCE 
SERVICE: 

CmlFIGURATlON CHAHGES: 

I LEVEL 

I HOURS/DAY I 4.88 I 

REASON 

INTERVAL._ DAYS 
RETURNABLES. KG 
Iti'ERVAL. DAY 
DELIVERABLES. KG 

SPECIAL COHSIDERATIOI-IS/sEE INSTRUCTIONS 

90 
16668 

HOURS/EVA 

COHSUMABLES. KG 
t'iAI~ HOURS 
I ... .AH/I·IOUI<S REDU IRED 
I~ETURNliBLES ~ KG 

LABORATORY FACILITIES REQUIRED: CLEAli ROOt'I. WORKSPACE. MINICOI"lITER. DOlJHLlHK TERMINAL 
CRVSTAL CHARACTEIHZATIOI-l EQUIPI1EIH REQUmED: CUHlNG SAW. POUSHEr~. ETOIEIi!. COI"U:lAC"f EVflPOR~rmR. HALL 
APPARATUS L IGHT SOUI~CE AI-m SPECTROI"IETER. 

\., l~C~ 
~.~ 

r··-=l 1r'7'\ 

~ ~ if.i 

~ 

---------------~--------------------------------------------------------------------------------------------------------------------
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~----------
EOEING-SPECIf u: INPUT DATA 

MISSION TYPE 
FREE FLYER 
( ) HOT SERVICED 
( ) REt10TE TMS 
( ) REI10TE MANNED 
( ) SERVICED AT STATIOH 
( ) SERVICED AT STATION 

PLATFORM BASED 
( ) NOT SERVICED 
( ) REI"IOTE TMS 
( ) REI·IOTE MAHNED 
( ) SERVICED AT STATION 
( ) SERVICED AT STATlOt·1 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

(TMS . RETR IEVED) 
(SELF-PROPELLED) 

(THS'RETRIEVED) 
(SELF-PROPELLED) 

CONSTRUCTION/sERVICING COMPLEXITY 
( ) LOW 
( ) MEDIUM 
( ) HIGH 

OPERATIONS TIMES 
OTV UP/DOWN DAYS 

OPS CODE 

F 
FT 
FI'l 
FST 
FS 

P 
PT 
PM 
PST 
PS 

SS 
SOR 

OTV OR TMS 01'1 ORBIT 
MISSION USE 
IVA SERVICE 
EVA SERVICE 
EXPER I1iENT OPS 
SERVICE FREQUEHCY 

DAYS 
DAYS/YEAR 
n:lN-DAYS/YEAR 
n:lN-DAYS/yEAR 
n:lN-DAYS/YEAR 
TINES/YEAR 

DELTA VELOCITIES 
UP 

,DOWN . 
AERO RETURN 

SUPPORT EQUIPMEHT 
LENGTH: 
LEHGTH: 

MASS: 

MANIFEST RESTRICTIONS 
(X) 1'10 RESTRICTIOI'IS 

B.BB 
B.Be 

. B.BB 

B. BB t'ETERS 
e. ee I"IETERS 

e KG 

( ) ONLY t.lITH COI'IPATIBLE PAYLOADS 
( ) FL'I'-ALONE 
( ) I't.JST HAVE DOCK il'lG I"DDULE 

LJIDTH: 
WIDTH: 

B. BB I"ETERS 
B.00 Mt:TERS 

LENGTH OF BEAI1 FA8 B. elB 
NUMBER OF APPEHDAGES a 
NUt'BER OF MODULES I~EOU IRED TO ASSEMBLE THE PAYLOAD:; 0 

HEIGHT: 
HEIGHT: 

1-';." . "..,'';'''" •• - 1" '" f-

B. BB I"ETERS 
a.aa I"ETERS 

I .... ,-. 
'~' .... :::" -:. 

0 0 
"":0 
"e; 0-
o~ 
::tJr-

g~ 
:be) 
r- r.j 

~;Q 

(STOWED) . 
(DEPLOYED) 

0&' 

, 
.~ 

-' ~ ...... :;;;gw
t

'1 

~ 
11 
'1 
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, 'I PAYLjjAD-E~~I'IEHT-HA;E------------------~jjDE---------------------. 
, ' CONTINUOUS FLOW ELECTROPHORESIS 8ACX1838 

TYPE 
( ) SCIENCE AND APPLICAT.IOliS 
00 COt.·lEi~C I AL 

(NON-COI'11. ) 

t, 
.. ~ .. ' 
I 
! 

~ .. 
.. 
~, 

-------------------------------------------------------------------------------------
COHTACT 
NAJ'E 
ADDRESS 

DR. HARVEY J. WILLE~IBERG 
80E UlG AEROSPACE COI'PANY 
PO BOX 3999~ MS 84-86 
SEATTLE. WA 98124 

( ) TECHIIOLOGY DEVELOPt'ENT 
( ) OPERATIONS 
( ) OnIEI~ . 
( ) i'lA'flONAL SECURITY 
TYPE t·IUt'IBER (SEE TABLE A) 8 

TELEPHONE (286) 773-2820 
ItiPORTANCE OF ruE SPACE STATIOi~ TO 
THIS ELHEHT 

STATUS 
1 .. LOW VllLUE. BUT COULD USE 
18 = VITAL 

( ) OPERATIONAL ()APPROVED 1 (X) PLANNED ( ) CANDIDATE () OPPORrutHTY SCALE = 6 

,DESIRED FIRST FLIGHT. YEAR: 1991 NUtHER OF FLIGHTS 

'OBJECTIVE 
PROVIDE BIOCHEMICAL LABORATORY FOR DEVELOPING NEW ELECTROPHORESIS 
PRODUCTS. TESTING NEW EaUIPMENT AND PROCEDURES. AND PRODUCING 
RESEARCH aUANTITIES OF BIOLOGICAL MATERIALS. 

DESCRIPTION 

2 DURATION OF FLIGHT. DA~~ 21 

A BIOCHEMICAL LABORATORY IS NEEDED TO DEVELOP ELECTROPHORESIS TECHNOLOGY BEYOND PROTOTYPE COMMERCIAL 
PRODUCTION FREE-FLYER. THE LABORATORY WOULD INCLUDE 5-18 ELECTROPHORESIS uHiTS'-FOR-SEVERAL.RESEARCH AND 
COMMERCIAL USERS. A CONTROL LABORATORY STORAGE RACKS. AND CREW ACCOMMODATIONS. THESE UNITS WOULD PROVIDE 
SEPARATIONS FOR A NUMBER OF DIFFERENT PHARMACEUTICALS AND DIFFEREHT CO~1ERCIAL USERS. THE COHTROL 
LABORATORY WOULD BE FOR PROCESS CONTROL OF THE ELECTROPHORESIS UNITS. QUALITY CONTROL OF THE PRODUCT. AND 
REPAIR OF THE PROCESS UNITS. IT IS BELIEVED rutn THIS CAli BE A SHARED MULTI-USER FACILITY. OF ROUGHLY 
S8 M3. WITH FLUID. THERMAL. AHD ELECTRICAL. CONrROL .SVSTENS AI~D BIOLOGICAL LABORATORY EQUIPI'IENT. ABOUT 5 M3 0 
STORAGE RACI(S WOULD BE REnu IRED. 

00 
"'::0 
-oS 
02 
g1! 

- , 

~ ---------~----------------------------------------------------------------------------------------------------------~~-----------ORB I T CHARACTER I ST I CS C. l=' , ·f. 

'" 
'i 

I, .. 
, , 
.I 

I 

j, '~.~ ., 

GEOSYNCHRONOUS ORBIT ) YES (X) NO l=' G) 
APOGEE. KM 3E1E1 PERIGEE. KM 3B6 TOLERAHCE + 260 - 180 C. f:1 
INCLIHATION. DEG TOLERAI~CE + ~ il 
NODAL AHGLE. DEG EPHEMERIS ACCURACY. M 
ESCAPE DV REQUIRED. M/S 

-------------------------------------------~-----------------------------------------------------------------------------------------PO INTING/OR I EtHATI ON 
VIEW DIRECTION ( ) INERTIAL () SOLAR 
TRUTH SITES (I F I<HOWN) 
PO HITING ACCUI~ACY. ARC-SEC 
PO INT I NG STAB I LI TV (J ITTER) ~ ARC-SEC/SEC 
SPEC I AL RESTR I en ONS (AVO mONeE) 

( ) EARTH (X) ANY 

FIELD OF VIEW (DEG) 

--------------------------------------------------------------------------------------------------------------------------------~---POLlER 
( ) AC 

OPERATING 
STAHDBV 
PEAK 
VOLTAGE. V 

00 DC 
POWER. IJ 

18ea8 
3808 

lBElBe 
2008 

DURATION. I-IRS/DAY 

24.00 
0.80 
0.00 

FREQUENCV. HZ 

(X) COIiTIHUOUS 

o 
------------------------------------------------------------------------------------------------------------------------------------
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~·1 .-...... r' .DATA/cO~" lTlOtiS i t'IlN I TOR 1 m.:i REQU IREI"ENTS : i (, ) NONE ( ) REAL TIME (X) OFFLINE ( ) OTHER: ~ ( ) EUCRIPTION/DECRIPTIOIi REQUII~ED l ( ) UPLINK REOUIRED: COI1i1AND RATE (KBS): FREOUENCY (MHZ): i ( ) ON-BOARD DATA PROCESS ItiG REQU IRED n DESCRIPTION: 
~ DATA TYPES: () ANALOG 

FILM ·(AMOLJIH) : 

, j 

~. 
~ 
~d ., . 
• • .1 
.. I 

.:I 
f 
f 
~ 

I 

J 
,'i 

I, 
d 
I ; ! 

I , .. 

( ) DIGITAL 

LIVE TV (HOURS/DAY): 
ON-BOARD STORAGE !MBIT): 
DATA DUt-1P FREQUENCY (PER ORBIT> 
RECORDING RATE (K8PS) 

HOURS/DAY 
VOICE <I-IOURS/DAY): 
OTHER: 

DOt.tlL INK COt1l1FtND RATE: 
DOWUL INK FREOUENCY (1412): --------------------------------------------~-------------------------------------------------------------------Q-------------------

THERMAL 
( ) ACTIVE (X) PASSIVE 

TEMPERATURE. DEG C OPERATIONAL MINIMUM 

HEAT REJECTION. W 
NON-OPERATIONAL MINIMUM 
OPERATIONAL MINIMUM 
tION-OPERATI ONAL M IN IliUM 

EQUIPMENT PHYSICAL CHARACTERISTICS 

28 
4 

9Elaa 
a 

LOCATION O() UlTERNAL ( ) EXTERNAL ( ) REMOTE 

I'1AX I t1.JM 
tlHX I I"lUM 
NAXIMUI1 
tlAXI MUl1 

EQU IPMENT I D/FUHCTI ON (X) PRES SUR I ZED ( ) UNPRESSUR I ZED 

48 
40 

11808 

L. M: 12.80 IJ. M: 5.60 H. M: 5.60 SlUl.ED 0 0 L. M: 35.ae l·J. M: 2.e0 H. M: 5.013 DEPLOYED ." ::u LAUNCH MASS. KG: 3eaea RETIJRN MASS. KG ~ 15136a " i5 CONSUMABLE TYPES 
0 2 ACCELERATIOi'I SENSITIVITY. (G) MIN: E+08 ,.lAX: E+88 0 .:b 

-_____________________________________________________ ---------------------------------------------________________ ;c~------------CREIJ. REQUI REI'ENTS 
.0 CREIJ SIZE 18 TASK ASSIGNMENTS c: ~ ------------------------------------.:..------------------------- l:o Ci) SKILLS (SEE TABLE B) , SKILL r: 1"{1 

EVA () YES (X) NO 

SERVICINGMAIHTENAHCE 
SERVICE: 

CONFIGURATION CHANGES: 

------------------------------------------------------------- -i -~ I LEVEL -< ('IJ 
I HOURS/DAY I 

REASON 

INTERVAL. DAYS 
RETUI~NABLES. KG 

- INTERVAL. DAY 
DELIVERABLES .• KG 

HOURS/EVA 

CONSUMABLES. KG 
,''lAN HOURS 
~1N~IOURS REQUIRED 
'~ETuRtmBLES. KG 

SPEC IAL CONS IDERATIONS/SEE U1STRUC"iIONS 

---------------------------------------------------------------------------------------------------------
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BOEING-SPEClf.~ INPUT DATA -----------------------------------------------------------------------------------------------------------------------------~-------
MISSION TYPE 

FREE FLYER 
( ) NOT SERVICED 
( ) REI10TE TMS 
( ) I~EI1OTE MANNED 

OPS CODE 

( ) SERVICED AT STATION 
( ) SERVICED AT STATION 

(TMS RETRIEVED) 
(SELF-PROPELLED) 

F 
FT 
FM 
FST 
FS 

PLATFORM BASED 
( ) NOT SERVICED P ( ) REMOTE TI'IS PT ( ) RE/'IOTE MANNED PM ( )'SERVICED AT STATION (TMS RETRIEVED) PST ( ) SERVICED AT STATIOH (SELF-PROPELLED) PS 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

CONSTRUCTION/sERVICING COMPLEXITY ( ) LOW 
( ) tEDIUM 
( ) HIGli 

OPERATIONS TIMES 
OTV UP/DOWN 
OTV OR TMS ON ORBIT 
MISSION USE 
IVA SERVICE 
EVA SERVICE 
EXPER I VENT OPS 
SERVICE FREOUENCV 

·DEL TA VELOC IT I ES 
UP 
DOIdi 

·AERO RETURN 

SUPPORT EOUIPMENT 
LENGTH: 
LENGTH: 

I"IASS: 

MAN IFESTRESTR ICTIONS 
O() NO RESTRICTIONS 

B.BB 
B.BB 
B.BB 

B.BB METERS 
B. BB r-ETERS 

B KG 

DAYS 

SS 
SOR 

DAYS 
DAVS/YEAR 
MAN-DAVS/YEAR 
MAN-DAVS/VEAR 
NAN-DAVS/YEAR 
TIMES/VEAR 

WIDTH: 
WIDTH: 

( ) ONLY WITH COl"PATI8LE PAYlOADS ( ) FL V-ALONE 
( ) MUST HAVE DOCI( I NG 110DULE 

B. BB METERS 
B. BB I1ETERS 

LENGTH OF BEAt1 FAD B. BB NUI'1:JER OF OPPENJ)(.lGES 0 NUI"IBER OF I"IODULES REQU IRED TO ASSEMElLE THE PA¥LOAD-', fI 

HEIGHT: 
HEIGHT: 

B. BB r-ElIRS 
B.Ba METERS 

(STOLED) . 
(DEPLOYED) 

00 
""::0 
"tJG; 
0-' 0$ 
;Or. 
.o'1l 
C:j:J 
J;>G) 1m 
~m 
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'1 
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-1 a..1 
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PAYLOAD ELEt~riTNAME 
CONTINUOUS FLOW ELECTROPHORESIS 

COIiTACT 
NAI'E 
ADDRESS 

DR. HARVEY J. WILLHI8ERG 
BOE um AEROSPACE COl-lPmlY 
PO BOX 3999. NS 84-86 
SEATTLE. WA 98124 

CODE 
BACX1831 

TYPE 
( ) SC IENCE AND APPL ICATIONS 
(X) COI-I'ltJ~C H-lL 
( ) TECHNOLOGY DEVELOPtENT 
( ) OPERlffIONS 
( ) O"tl-IER 
( ) HATIOHflL SECURITY ' 
TYPE HUh8ER (SEE TABLE A) 

(NON-COI'11. ) 

8 

TELEPHONE (286) 773-2828 
ItiPORTAUCE OF THE SPflCE STATION TO 
TH IS ELEI"IENT 

STATUS 
1 '" LOW VI-iLUE. BUT COULD USE 
18 .. VITAL 

( ) OPERATIOHAL () APPROVED! (X) PLANNED ( ) CANDIDATE () OPPORTUNITY SCALE '" 6 

DESIRED FIRST FLIGHT. YEAR: 1992 NUMBER OF FLIGHTS 

OBJECTIVE 
PROVIDE BIOCHEMICAL LABORATORY FOR DEVELOPING NEW ELECTROPHORESIS 
PRODUCTS. TESTlHG HEW EQUIPMENT AHD PROCEDURES. AND PRODUCING 
RESEARCH QUANTITIES OF BIOLOGICAL MATERIALS. 

DESCRIPTION 

3 DURATION OF Fl..IGHT. lif.lY5 21 

• A BIOCHEMICAL LABORATORY IS NEEDED TO DEVELOP ELECTROPHORESIS TECHNOLOGY BEYOND PROTOTYPE COMMERCIAL 
PRODUCTION FREE-FLYER. THE LABORATORY WOULD INCLUDE 5-18 ELECTROPHORESIS UNITS FOR SEVERAL RESEARCH AND 
COMr-ERCIAL USERS. A CONTROL LABORATORV STORAGE RACKS. AND CReW ACCOMMODATIONS. THESE UNITS WOULD PROVIDE 
SEPARATIONS FOR A NUMBER OF DIFFERENT PHARf-k:lCEUTICALS AND DIFFERENT COI"I"IERCIAL USERS. THE CONTROL 
LABORATORY WOULD BE FOR PROCESS CONTROL OF THE ELECTROPHORESIS UNITS. QUf:ILITY COIHROL OF THE PRODUCT. AND 
REPAIR OF THE PROCESS UNITS. IT IS BELIEVED THAT THIS CAN BE A SUARED MULTI-USER FACILITY. OF ROUGHLY 
58 M3. WITH FLUID. THERMAL. AHD ELECTRICAL CmrrROL.SYSTEI1S AHD BIOLOGICAL Lf'IBORATORY EQUIPMENT. ABOUT 5 M3 0 
STORAGE RACKS WOULD BE REQUIRED. 

00 
"1'1::0 
"DiS 
0-
0 7-
~ ::Or. 

'., 

------------------------------------------------------------------------------------------------------------------------~~------
ORBIT CHARACTERISTICS c: ~, 

GEOSW{CHROI'IOUS ORBIT ) YES (X) NO ~ G"~ 
APOGEE. KM 388 PER I GEE. KN 300 TOLERANCE + 208 - 1 El8 ~ rJi! 
INCLIHATION. DEG TOLEI~AI'ICE -I- -< ~ 
NODAL ANGLE. DEG EPHEtIER I S ACCURACY. M ~I.l 
ESCAPE DV REQUIRED. M/S 

-------------------------------------------_ ................... _--------~------------------------------------------------------------------
POINTING/ORIENTATION 

VIEW DIRECTIOIi ( ) INERTIAL () SOLAR 
TRUTH SITES (IF KNOWN) 
POIHTING ACCURACY. ARC-SEC 
POIHTING STAB ILITY (J ITTER) ~ ARC-SEC/SEC 
SPECIAL RESTR ICTIONS (AVO IDANCE) 

POWER 
( ) AC 

OPERATING 
STANDBY 
PEAK 
VOLTAGE. V 

(X) DC 
POLJER. LJ 

180130 
381313 

101380 
2000 

DURATION. HRS/DAY 

24.00 
a.00 
0.013 

FREQUEI'ICY. ~IZ 

( ) EARTH (X) AHY 

FIELD OF VIEW (DEG) 

(X) COHTINUOUS 

fj 

------------------------------------------------------------------------------------------------------------------------------------
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DATA/cOI11UN :IONS 

-, ,,,,~ 
~ -~~ 

" ~ NOH ITOR nil.. RElJU IREI'ENTS: 
( ) NONE ( ) REALTII'E (X) OFFLINE ( ) OTHER: 
( ) EUCRIPTIDtVDECRIPTIOU REClUIRED 
( ) UPLINK REaUIRED: COtlMAUD RATE (KBS): 
( ) ON-BOARD DATA PROCESS nlG REOU IRED 

THERMAL 

DESCr~ IPTIml: 
DATA TYPES: () ANALOG 
F I LI1 (AMOUNT>: 
LIVE TV (HOURS/DAY): 
OB-BOARD STORAGE (118 IT> : 

( ) DIGITAL 

DATA DUt~ FREQUENCY (PER ORBIT) 
RECORDING RATE (I(BPS) 

( ) ACTIVE (X) PASSIVE ' 
TEI1PERATURE. DEG C OPERATIOtfAL I1INII'tJI1 

HEAT REJECTION. W 
I~OH-OPERAT'IONAL t'llN II'tJI1 
OPERATIONAL I1INIMUI1 
HON-OPERATIONAL I1IHIMUM 

29 
4 

990£:1 
e 

FREaUENCY (MHZ): 

HOURS/DAY 
VOICE (HOURS/DAY): 
OTHER: 

DOWliL HII( COMMAND RATE: 
DOlJ'IL INK FREQUENCY (tIHZ): 

MAXlf1Jl1 
MAXII1JI1 
I'tAX I I1UI1 
tlAXI t'l1I11 

49 
413 

11099 

, ' 

i ' 

,~ 

j 
i 

.~ 
.. 

------------------------------------------------------------------------------------------~-----------------------------------------
ECU IPI'EHT P~IYS I CAL CHARACTER I STI CS 

LOCATION (X) IHTERNAL ( ) EXTERNAL ( ) REMOTE 
EatHPMEIH lD/FUNCTIotl (X) PRESSURIZED ( ) UNPRESSURIZED 

~ ~ 
! 

L. 11: 12.09 LJ. 11: 5.fl0 H. 11: 5.013 STOWED 
L. 11: 35.00 W. 11: 2.13£:1 H. 11: 5.013 DEPLOYED ~ g 
LAU~ICH MASS. KG: 30aa9 I~ETURN MASS. I<G: 15000 ~ 
CONSUMABLE TYPES ""0 e 
ACCELERATION SENSITIVITY. (G) I1IH: E+0H MAX: E+B0 ' 0 2 

--------------------------------------------------------------------------------------------------------------------~ CREW REQU IREHENTS :;0 r"' . 
CREW SIZE 18 TASK ASSIGNtENTS .g "fj 

------------------------------------------------------------- L- ~ 
SKILLS (SEE TABLE B) I SKILL :-::. ~ 

.' 

------------------------------------------------------------- ~ _1 ~ 
I LEVEL}~.;l 

I HOURS/DAY I 

EVA () YES (X) NO REASOI'I HOURS/EVA 
-------------------------------------------------------------------------------------------------------------------------------------
SERVICINGMAIHTENANCE 

SERVICE: 

COHFIGURATION CHAHGES: 

INTERWlL. DAYS 
RETURHABLES. KG 
INTERVAL. DAY 
DElIVERABLES. KG 

SPEC IAL COHS IDERATIOt-lS/SEE UlSTRUCTlONS 

. '~"'''".. 

CONSUMABLES~ KG 
1"IAN HOURS 
Ivi(:IN/I-IOURS REOU IRED 
RETURNABLES ~ KG. 

... "" ... ~t.> > '.~ " ~~_ .. _____ __ _ ...!".~~ 
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C1f" 
~ ~ -, 

BOEING-SPECIFll; INPUT DATA • 
------------------------------------------------------------------------------------------------------------------------------------ . 
MISSION TYPE OPS CODE • 

FREE FLYER . 
( ) NOT SERVICED F • 
( ) REMOTE TMS FT ' ]. 
( ) REMOTE !"IANNED FI1 . ' 
( ) SERVICED AT STATION (TMS RETRIEVED) FST _ • 
( ) SERVICED AT STATION (SELF-PROPELLED) FS ;~, 

PLATFORM BASED 
( ) NOT SERVICED 
( ) REI'IOTE TMS 
( ) REI10TE MAHNED 
( ) SERVICEDqT STATION (T!1S'RETRIEVED) 
( ) SERVICED AT STATIOt~ (SELF-PROPELLED) 

P 
PT 
PM 
PST 
PS 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

COHSTRUCTION/sERVICING COMPLEXITY 
( ) LOIJ 
( ) MEDIUM 
( ) HIGH 

OPERATIONS TIMES 
OTV UP /DOIJH 
OTV OR TMS ON ORBIT 
MISSION USE. 
IVA SERVICE 
EVA SERVICE 
EXPER IMENT OPS 
SERVICE FREQUENCY 

DELTA VELOCITIES 
UP 
DOWN 
AERO RETURN 

SUPPORT EQUIPMENT 
LENGTH: 
LENGTH: 

MASS: 

MANIFEST RESTRICTIONS 
(X) NORESTRICTIOI'IS 

a.aa 
a.as 
a.ss 

a. as I'ETERS 
S.08 METERS 

B KG 

( ) ONLY WITH COt'iPATIBLE PAYLOAD.S 
( ) FLY-ALOHE 
( ) MUST HAVE DOCKIHG MODULE 

DAYS 

SS 
SOR 

DAYS 
DAYS/YEAR 
MAN-DAYS/YEAR 
t'IAN-DAYS/YEAR 
MAN-DAYS/YEAR 
TIMES/YEAR 

IJIDTH: 
IJIDTH: 

a. aa I'ETERS 
B. ea t'IETERS 

LENGTH OF BEAM FAB a.0a 
NUMBER OF APPENDAGES 0 
HUMBER OF MODULES REQUIRED TO ASSEMBLE THE PAYLOAD:' a 

HEIGHT: 
HEIGHT: 

a. aa I'ETERS 
e.ae METERS 

(STOWED) . 
(DEPLOYED) 

0'0 
."I'I2l 
"OCi') 
0-
O~ 
::a~ 

.0." 
C;:bo 
~~ 
rnil 

~iD 

1 
I , 

,~ j 

'\ 

" 

.., 

1 

~ .-~ y L~ 

".. 

. __ ~.At':.- ~_-:: 

JJ 
.. ~ 

' ...... 
'!b~-,- i. -'31 



fl!IIIII!r--,. ,""""l'H"''''a'f1~lIl'f in' -'; :\'''~ '~;>''''~;:r~~';'"'''''''t''\''''·''··:~l''·~''-''· 
I" r - '"«!t. fa - 'io!!. •• , - . '>...\ \, . 
, 

.,...,"''''::,~.,,' ":~'>i'1""'I\.4'"~ :~'f.I1·""r.,p."~W'f~'''·H~<'J:'\'''l!"~~?,f~'?T·'':'''··'!"I'·d1 ~·,:I ('.1' , ... "--., • -r-r-- :.2'''7''-'-' --, ~-- ~It 

• .. r:~ .' .~v.--~ti' 
' '. ~,:..:~'~. 

~ 
~'4 •• 
t' • 
~i 
'I 
~ 

:~~ 

~ 
~, 

.", 

I 
I , 
,J 
i 

. ! 
i 

1 
-"''', , 

1 ---------------------------------------------------; 

PAYLOAD ELEMENT NAME TYPE 
CONTINUOUS FLOW ELECTROPHORESIS 

CODE 
BACX1B32 ( ) SCIENCE AND APPLICATIONS 

O() COtt1ERC I AL 
(NOH-COMM. ) 

CONTACT 
NAME 
ADDRESS 

DR. HARVEY J. WILLENBERG 
80E IHG AEROSPACE COtFA~IY 
PO BOX 3999. MS 84-86 
SEATTLE. WA 98124 

( ) TECHNOLOGY DEVELOPt1ENT 
( ) OPERATIONS 
( ) OnlER 
( ) HATlot'lI:jL SECUR lTV 
TYPE NUt'18EI< (SEE TABLE A) 8 

TELEPHONE (2B6) 773-202B 
INPORTAI'lCE OF THE SPACE STATION TO 
TH IS ELEMENT 

----------------------------------------------------------------------------------------.- .-.~ ~- - - -_. 

STATUS 
( ) OPERATIONAL () APPROVED! (X) PLANNED ( ) CANDIDATE () OPPORTUNITY 

1 • LOW VnLUE. BUT COULD USE 
10 .. VIHiL 
SCALE = 6 

DESlRED FIRST FLIGHT. YEAR: 1993 NurEER OF FLIGHTS 5 DURATION OF FLIGHT. DA'YS 21 

OBJECTIVE 
PROVIDE BIOCHEMICAL LABORATORY FOR DEVELOPING NEW ELECTROPHORESIS 
PRODUCTS. TESTING NEW EaUIPMENT AND PROCEDURES. AND PRODUCING 
RESEARCH aUANTITIES OF BIOLOGICAL MATERIALS. 

·DESCRIPTION 
A BIOCHEMICAL LABORATORY IS NEEDED TO DEVELOP ELECTROPHORESIS TECHliOLOGV BEYOND PROTOTYPE COt11ERCIAL 
PRODUCTION FREE-FLYER.. THE LABORATORY WOULD INCLUDE 5-.lB ELECTROPHORES.IS UIHTS FOR SEVERAL RESEARCH AND 
COMMERCIAL USERS. A CONTROL LABORATORY STORAGE RACKS. AND CREW ACCO~1ODATIOHS. l~ESE UNITS'WOULD PROVIDE 
SEPARATIONS FOR A NUMBER OF DIFFERENT PHARMACEUTICALS AND DIFFERENT COI"'IERCIAL USERS. THE COHTROL 
LABORATORY WOULD BE FOR PROCESS CONTROL OF THE ELECTROPHORESIS UNITS~ QUALITY CONTROL OF THE PRODUCT. AND 
REPAIR OF THE PROCESS UNITS. IT IS BELIEVED THAT THIS CAN BE A SHARED MULTI-USER FACILITY. OF ROUGHLY 
SB M3. WITH FLUID. THERMAL. AND ELECTRICAL CONTI~OL.SYSTEMS AND BIOLOGICAL LABORATORY EQUIPMENT. ABOUT 5 M3 0 
STORAGE RACKS WOULD BE REQUIRED. 

00 
""1'1;0 

""i;5 o ~-

O~ 
::.tI~ 

to'"\} 
C:~ 

·I! 

--------~--------------------------------------------------------------------------------------------------------------~4a---------
ORBIT CHARACTERISTICS c: r.iI 

GEOSYNCHRONOUS ORB IT ( ) YES (X) NO ~ Zl 
APOGEE. I(M 3BB PER I GEE. I(M 31218 TOLERANCE + 2BB - 1 BB '" 
IHCL INATIOt-i. DEG TOLERtll~CE + 
NODAL AHGLE. DEG EPHEl'iERIS ACCURACY. M 
ESCAPE DV REQU IRED. WS 

------------------------------------------------------------------------------------------------------------------------------------
PO INTII~G/OR IEHTATIOI~ 

VIEW DIRECTION ( ) INERTIAL () SOLAR 
TRUTH SITES (I F KNOWN) . .-
PO INT mG ACCURACY. Ar~C-SEC 
PO I HT ING STAB IL ITY (J ITTER>. ARC-SEC/SEC 
SPEC I AL RESTR I CTIONS (AVO IDAHCE) 

( ) EAR-ii-I 00 ANY 

FIELD OF VIEW (DEG) 

------------------------------------------------------------------------------------------------------------------------------------
POWER 

( ) AC (X) DC 
POl·.IER. lJ DURATION. HRS/DAY 

OPERATlHG 18BI!IB 24.00 
STAt-IDBY 3SaB 0. fJEI 

I PEAK lBBBB {). 88 . 
(X) CONTINUOUS 

. " VOL TAGE. V 2BfJB FREQUEHC'(. HZ 8. 

- .~~-------------------~~~-------------------------------------------------------------------------------------------------------------
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DATA/cOI'ttJ.. _ATIONS 
MONITORING REQUIREMENTS: 
( ) NONE ( ) REALTII"E (X) OFFLINE 
( ) ENCRIPTION/DECRIPTION REQUIRED 
( ) UPLINK REQUIRED: COI'11AND RATE (KBS): 
( ) ON-BOARD DATA PROCESSING REQUIRED 

DESCRIPTION: 
DATA TYPES: () ANALOG ( ) DIGITAL 
FILM (AHOUIH): 
LIVE TV (HOURS/DAY): 
ON-BOARD STORAGE (MalT): 
DATA DUtP FREQUENCY (PER ORBIT) 
RECORDING RATE (KBPS) 

( ) OTHER: 

.- ;'" '" ~ 1 -t 7"~ 

FREQUENCY (MHZ): 

HOURS/DA\, 
VOICE (HOURS/DAY): 
OTHER: 

DOlJ'fL INK COMMiiND RATE: 
DOtJiL HfK FREQUENCV 01-1Z):. 

., ~;r-"~~-- ,...,- ,_ ...... 

'.:. 

. -.. ~~~ 
. -"'-~-'''I!. ~ 

.' . ~ 

b
j ~ 

. 
; J 

~ 
'1 

~1 

----------------------------------------------------------------------------~------------------------------------------------------- .~ THERMAL 
( ) ACTIVE (X) PASSIVE . 

TEtPERATURE~ DEG C OPERATIONAL MINIMUM 20 MAXIMUM 40 
NOH-OPERATIONAL MINIMUM 4 MAXIt'llJM 40 

HEAT REJECTION~ W OPERATIONAL MINIMUM 9000 MAXlHUtl 11000 
NOH-OPERATIONAL MItHHUM 0 MA~IHUM 

---------------------------------------------------------------------------------------------------------------~--------------------
EQUIPMENT PHYSICAL CHARACTERISTICS 

LOCATION (X) INTERNAL ( ) EXTERNAL ( )REHOTE 
EQUIPMENT ID/fUNCTION (X) PRESSURIZED ( ) UNPRESSURIZED ~ 0 

L. M: 12.00 W. M: 5.013 H. M: 5.08 STOLED a 
L~ M: 35. 1313 t.!~ M: 2. 130 H~ 11: 5.08 DEPLOYED "tJ G) 
LAUNCH t1ASS~ KG: 3eeS0 RETURN MASS~ KG: 15600 0 Z 
CONSUI1ABLE TYPES 0 ~ 
ACCELERATION SENSITIVITY~ (G) MIN: E+a0 MAX: E+08 ::tI r 

------------------------------------------------------------------------------------------------------------------~~-------------
CREW REQU IREHENTS c: );'.ll 

CREW SIZE 18 TASK ASSIGNMENTS :t:- ~ 
------------------------------~------------------------------ c: ~ 

SKILLS (SEE TABLE B) r SKILL ~ii 
1 LEVEL 

,I HOURS/DAY 1 

EVA () YES (X) NO REASON HOURS/EVA 
--------------------------------------------------------------------------------~------------------ ---------------------------
SERVICING/HAINTENANCE 

SERVICE: 

CONFIGURATION CHANGES: 

I NTERVAL ~ DAYS 
RETURNABLES~ KG 
IHTERVAL~ DAY 
DELIVERABLES. KG 

SPEC IAL CONS IDERATIONS/SEE INSTRUCTIONS 

COHSUt1f.IBLES~ KG 
I"IAN HOURS 
t1AH/HOUI~S REQU IRED 
RETURNABLES. KG 

------------------------------------------------------------------------------------------------------------------------------------
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BOEII~G-SPECIF!~ INPUT DATA , ! ------------------------------------.---------------------------------p----------------------------------------------------------- ·:1 
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MISS IOH TYPE 
FREE FLYER 
( ) HOT SERVICED 
( ) REMOTE TMS 
( ) REMOTE MANNED 
( ) SERVICED AT STATIOH 
( ) SERVICED AT STATIOH 

PLATFORM BASED 
( ) HOT SERVICED 
( ) REMOT,E TMS 
( ) REI10TE MAIiNED 

(TMS'RETRIEVED) 
(SELF-PROPELLED) 

( ) SERVICED AT STATIOH (TNS'RETRIEVED) 
( ) SERVICED AT STATION (SELF-PROPELLED) 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

COHSTRUCTION/sERVICIHG COMPLEXITY 
( ) LOW 
( ) MEDIUM 
( ) HIGH 

OPERATIOHS TIf'ES 
OTV UP/DOWN DAYS 

OPS CODE 

F 
FT 
FI1 
FST 
FS 

P 
PT 
PI'I 
PST 
PS 

SS 
SOR 

OTV OR TMS ON ORBIT 
MISSIOH USE 
IVA SERVICE 
EVA SERVICE 
EXPER I MEtlT OPS 
SERVICE FREQUEHCY 

DAYS 
DAYSI'YEAR 
MAH-DAYSI'YEAR 
MAN-DAYSI"YEAR 
MAN-DAYS/YEAR 
TIf'ES/YEAR 

·DELTA VELOCITIES 
UP 
DOWN 
AERO RETURH 

SUPPORT EQUIPMEHT 
LENGTH: 
LENGTH: 

MASS: 

MANIFEST RESTRICTIONS 
(X) NO .. RESTIHCTIONS 

B.BB 
B.BB 
B.BB 

B. BB f'ETERS 
B.BB METERS 

B KG 

( ) ONLY WITH COMPATIBLE PAYLOADS 
( ) FLY-ALONE 
( ) MUST HAVE DOCK HIG MODULE 

LEHGTH OF BEAM FAB 
HUI18ER OF APPENDAGES 

WIDTH: 
WIDTH: 

NUMBER OF MODULES REQUIRED TO ASSEMBLE THE PAYLOAD} 

8.8B f'ETERS ' 
B • 001'1ETERS 

B.0B 
a 
o 

HEIGHT: 
HEIGHT: 

B.8B I'ETERS 
B.00 t'ETERS 

(STOIaED) , 
(DEPLO'r'ED) 

, .. ~ 0 
41~ 
-o§ 
02 
O:p 
:Air-: 
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---------------------------------------------------
PAYLOAD ELI:. _ • .,T NAt'E TYPE . 
CONTINUOUS .FLOW ELECTROPHORESIS 

CODE 
BACX1033 ( ) SCIENCE AND APPLICATIONS (NON-CONN.) 

(X) COl"fi1ERCIAL 
CONTACT 
NAME 
ADDRESS 

DR. HARVEY J. WILLENBERG 
BOEING AEROSPACE COtPANY 
PO BOX 3999. MS 84-86 
SEATTLE. WA 98124 

TELEPHONE (206) 773-2020 
-------------------------------------------------------------------------------------
STATUS 

( ) OPERATIONAL () APPROVED!' (X) PLANNED ( ) CANDIDATE () OPPORTUNITY 

( ) TECHNOLOGY DEVELOPlvlENT 
( ) OPERfiTIOHS 
( ) OTHER 
( ) NATIONI~L SECURITY 
TYPE NUI"i8H~ (SEE TABLE I~U B 

It-PORTANCE OF THE SPACE STATION TO 
1lI1 S ELEt'IENT 
1 .. LOW V(ILUE. BUT COULl) USE 
IB = VITflL 
SCALE.. 6 

DESIRED FIRST FLIGHT. YEAR: 1994 NUt~ER OF FLIGHTS 7 DURATION OF FLIGHT. DAYS 21 

OBJECTIVE 
PROVIDE BIOCHEMICAL LABORATORY 'FOR DEVELOPING NEW ELECTROPHORESIS 
PRODUCTS. TESTING NEW EQUIPMENT AND PROCEDURES. AND PRODUCING 
RESEARCH QUANTITIES OF BIOLOGICAL MATERIALS. 

·})ESCR IPTION' 
A BIOCHEMICAL LABORATORY IS NEEDED 10 DEVELOP ELECTROPHORESIS TECHNOLOGY BEYOND PROTOTYPE COMMERCIAL 
PRODUCTION FREE-FLYER. THE LABORATORY WOULD INCLUDE 5-10 ELECTROPHORESIS UNITS FOR SEVERAL.RESEARCH AND 
COMMERCIAL USERS. A CONTROL LABORATORY STORAGE RACKS. AND CREW ACCO~vDDATIONS. llIESE UNITS WOULD PI~OVIDE 
SEPARATIONS FOR A NUMBER OF DIFFERENT PHARt~CEUTICALS AND DIFFERENT COtlvERCIAL USERS. THE CONTROL 
LABORATORY WOULD BE FOR PROCESS CONTROL OF THE ELECTROPHORESIS UNITS. QUALITY CONTROL OF THE PRODUCT. AND 
REPAIR OF THE PROCESS UNITS. IT IS BELIEVED THAT THIS CAN BE A SHARED MULTI-USER FACILITY~ OF ROUGHLY 
50 M3. WIlli FLUID. THERMAL AND ELECTRICAL CONTROL.SYSTEtlS AND BIOLOGICAL LABORATORY EQUIPI"ENT. ABOUT 5 113 0 
STORAGE RACKS WOULD BE REQUIRED. 

00 
.'" ;U "Us 
0-0$ 
::0,.. 

-------------------------------------------------------------------------.... --------~--------------------------------------.9--rr----
ORB IT CHARACTER I STI CS c: .:1~ 

GEOSYNCHRONOUS ORB IT ( ) YES (X) NO :t;. !i-~! 
APOGEE. KM 300 PERIGEE~ KM 300 TOLERAHCE + 200 - IBB. C; ruT] 

INCLlliATION. DEG TOLERANCE + =< ""1 
NODAL ANGLE. DEG EPHEtERIS ACCURACY. M . ~ 
ESCAPE DV REQUIRED. M/S 

POINTING/()RIENTATIO~I 
VIEW DIRECTION ( ) INERTIAL () SOLAR 
TRUTH SITES (I F KtlOlJi) 
POINTING ACCURACY. AI~C-SEC 
PO INT HIG STAB I L ITY (J ITTEIU; ARC-SEC/SEC 
SPEC IAL RESTR ICTIONS (AVO IDANCE) 

POI..ER 
( ) AC 

OPERATING 
STANDBY 
PEAK 
VOLTAGE. V 

-"":.:-~ 

(X) DC 
POWER. W 

m000 
30613 

la0aS 
2aaEi 

DURATION. ~IRS/DAY 

24.00 
0.00 
0.00 

FREQUENCY. HZ 

( ) EARnl (X) ANY 

FIELD OF VIEW (DEG) 

(X) COHTINUOUS 
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·DATA/COMl".... / :TIOHS 
I'KlH ITOR 1..... REQU I REI"EHTS: 
( ) HONE ( ) REALTIME (X) OFFLIHE () OTHER: 
( ) ENCRIPTIOH/DECRIPTlOI-I REQUIRED 
( ) UPLIHK REQUIRED: COt'tlAHD RATE (KBS): 
( ) OH-BOARD DATA PROCESSIHG REQUIRED 

DESCR I PTI 01'1: 
DATA TYPES: () ANALOG ( ) DIGITAL 
FILM (AMOUHT): 
LIVE TV HIOURS/DAY): 
ON-BOARD STORAGE (MBIT>: 
DATA DUMP FREQUENCY (PER ORBIT) 
RECORDIHG RATE (KBPS) 

FREQUEHCY {MHZ); 

HOURS/DAY 
VOICE (HOURS/DAY): 
OUlER: 

DOWNLIHK COMMAHD RATE: 
J)OL.tlLIHl< FREQUENCY (I'1-IZ): 

------------------------------------------------------------------------------------------------------------------------------------
THERMAL 

( ) ACTIVE (X) PASSIVE , 
TEMPERATURE. DEG C OPERATIOHAL MIHIMUM 

HON-OPERATIOHAL MIHIMUM 
HEAT REJECTIOH. W OPERATIONAL MIHlMUM 

HON-OPERATIOHAL MIHlMUM 

20 
4 

9000 
o 

MAX I t1JM 
t1AXIMUM
MA>W'1Jt1 
NA><Il1UM 

48 
48 

11000 

----------------------------------------------------------------------------------------------------------
EQUIPMEHT PHYSICAL CHARACTERISTICS () 

LOCATIOH (X) INTERNAL ( ) EXTERNAL ( ) REI1JTE ~ ~.il 
EQUIPt'IEHT ID/FUHCTlOH (X) PRESSURIZED ( ) UHPRESSU~IZED "(! i5 

L. M: 12.00 W. M: 5.00 H. M: 5.013 STOI.ED 0 ~ 
L. M: 35.£10 W. M: 2.00 H. M: 5.00 DEPLOYED 0 ~ 
LAUHCH MASS. KG: 30000 RETURH MASS. KG: 150£10 -,:i ~~. 
CONSUMABLE 'tYPES , ""~ 

-ACCELERATIOH SENSITIVITY. (G) MIH: E+0a MAX: E+00 tg, ~~? 
CR~W-R~~UlR~HEHTS-~----------------------------------------------------------------------------------------------------~ ~f--------

CREW SIZE 18 TASK ASSIGHI'EHTS ':d r'. 

------------------------------------------------------------- ~ ~; .. , 
SKILLS (SEE TABLE B) 

EVA () YES (X) NO 

SERVIC ING/MA nlTENANCE 
SERVICE: 

COHF I GURAT IOH CHAHGES:: 

1 SKILL 

1 LEVEL I' 

1 HOURS/DAY 1 

REASOH 

IHTERVAL. DAYS 
RETURNABLES. KG 
IHTERVAL. DAY 
DELlVERABLES. KG 

SPECIAL COHSIDERATIOHS/sEE INSTRUCTIOHS 

1 

I,IOURS/EVA 

COHSUt'lABLES. KG 
MAN HOURS 
t'irliVHOURS REQU IRED 
RETURHABLES. I<G 

~ 
~ 
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BOEING-SPECIFJ~ INPUT DATA 

I. r ... '·r .. - ':;...-r _.n '.~~ 

- , ,"~> ... ~ 

~ '.:,!.--------

------------------------------------------------------------------------------------------------------------------------------------ I 

t 
.. ~ .' I , 
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~.f 

~ 
~ 

J 
~ J 

MISSION TYPE 
FREE FLYER 
( ) NOT SERVICED 
( ) REMOTE TMS 
( ) REMOTE MANNED 
( ) SERVICED AT STATION 
( ) SERVICED AT STATlm~ 

PLATFORM BASED 
( ) tlOT SERVICED 
( ) REMOTE TNS 
( ) REMOTE MANNED 

(TMS 'RETR IEVED) 
(SELF-PROPELLED) 

( ) SERVICED AT STATION (TNS RETRIEVED) 
( ) SERVICED AT STATION (SELF-PROPELLED) 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

CONSTRUCTION/sERVICING COMPLEXITY 
( ) LOIJ 
( ) I'EDIUM 
( ) HIGH 

OPERATIONS TIMES 
OTV UP /DOWH 
OTV OR TNS ON ORBIT 

DAYS 
DAYS 

OPS CODE 

F 
FT 
FI1 
FST 
FS 

P 
PT 
PM 
PST 
PS 

SS 
SOR 

MISS ION USE DAYS/YEAR 
IVA SERVICE 
EVA SERVICE 
EXPER I MENT OPS 
SERVICE FREQUENCY 

·DEL TA VELOC IT I ES 
UP 
DOIJtI 
AERO RETURN 

SUPPORT EOUIPMENT 
LENGTH: 
LENGTH: 

MASS: 

MANIFEST RESTRICTIONS 
(X) NO RESTR leTIOI'IS 

'MAN-DAYS/YEAR 
mN-DAYS/YEAR 
MAN-DAYS/YEAR 
TIMES/YEAR 

8.88 
8.88 
8.88 

8.88 I"ETERS WIDTH: 
8. 88 METERS WIDTH: 

8 KG 

() ONLY WITH COMPATIBLE PAYLOADS' 
( ) FLY-ALONE 
() t1.JST HAVE DOCKING MODULE 

8.88 I'ElERS 
8.08 METERS 

LENGTH OF BEAM FAB 0.08 
NUtlBER OF APPEtiDAGES 0 
NUMBER OF MODULES REQUIRED TO ASSEtl8LE THE PAYLOAD:: 0 

HEIGHT: 
HEIGHT: 

8.B8 METERS 
8.60 tlETERS 

(STOIaED) 
(DEPLOYED) 

00 
"::0 
'US 
O-DS; 
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.0 "r3 
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----------~ --------_._---------------------------_ ... _------------PAYlOAD ELEMeNT NAME CONTINUOUS FLOW ELECTROPHORESIS 
COHTACT 
NAME 
ADDRESS 

DR. HARVEY J. WILLENBERG 
80E ING AEROSPACE COI-FANY 
PO BOX 3999. 11S 84-86 
SEATTLE. (.M:I 98124 

CODE 
BACX1034 TYPE 

( ) SC IENCE AND APPL ICATIONS (X) COMi1ERC HlL 
( ) TECHNOLOGY DEVELOPI'IENT 
( ) OPEI~fl-nONS 
( ) OnlER 
( ) NATIONAL SECURITY 
TYPE NUtiSER (SEE TflBLE A) 

'!"< 

(NOH-COf1'l. ) 

B 

TELEPHONE (286) 773-2020 IMPORTANCE OF THE SPACE STATION TO TH IS ELEi'/EtH --""!':-----------------------------........ _-------------------------------------------------STATUS 
( ) OPERATIONAL () APPROVED:' (X) PLANNED ( ) CANDIDATE () OPPORTUNITY 

1 .. LO~J VALUE. BUT COULD USE 18 .. VIT,1L 
SCALE '" 6 

DESIRED FIRST FLIGHT. YEAR: 1995 NUf-1BER OF FLIGHTS a DURATION OF FLIGHT. DA~3 21 
OBJECTIVE 
PROVIDE BIOCHEMICAL LABORATORY FOR DEVELOPING NEW ELECTROPHORESIS PRODUCTS. TESTING NEW EQUIPMENT AND PROCEDURES. AND PRODUCING RESEARCH QUANTITIES OF BIOLOGICAL MATERIALS. 

-----------------------------------------------------~--------------------------------------------------------------------------------
DESCRIPTION 
A BIOCHEMICAL LABORATORY IS NEEDED TO DEVELOP ELECTROPHORESIS TECHNOLOGY BEYOND PROTOTYPE COMMERCIAL PRODUCTION FREE-FLYER. THE LABORATORY WOULD INCLUDE 5-10 ELECTROPHORESIS UNITS FOR SEVERAL RESEARCH AND COrt1ERCIAL USERS. A CONTROL LABORATORY STORAGE RACKS. AND CREW ACCOttIODATIONS. THESE UNITS WOULD PROVIDE SEPARATIONS FOR A NUMBER OF DIFFERENT PHARMACEUTICALS AND DIFFERENT COI'U1ERC IAL USERS. THE CONTROL LABORATORY WOULD BE FOR PROCESS CONTROL OF THE ELECTROPHORESIS UNITS. QUALITY CONTROL OF THE PRODUCT. AND REPAIR OF THE PROCESS UNITS. IT IS BELIEVED TIIAT THIS CAI~ BE A SHARED MULTI-USER FACILITY. OF ROUGHLY 
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~ .. 58 M3~ WITH FLUID. THERMAL. AND ELECTRICAL CONTROL.SYSTEtB AND BIOLOGICAL LABORATORY EOUIPtENT. ABOUT 5 M3 0 I STORAGE'RACKS WOULD BE REQUIRED. 
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-~---------------------------------------------------------------------------------------------------------------------~ ORBIT CHARACTERISTICS 
GEOSYNCHRONOUS ORBIT ( ) YES (X) NO APOGEE. KM 30£1 PER I GEE. KM 3£1£1 INCLINATIOH. DEG 
NODAL ANGLE. DEG 
ESCAPE DV REQUIRED. M/S 

POINTING/ORIENTATION 
VIEW DIRECTION ( ) INERTIAL () SOLAR TRUTH SITES (IF KNOWH) 
POlliTING ACCURACY. ARC-SEC 
PO INTING STAB ILITY (J lITER). ARC-SEC/SEC SPECIAL RESTRICTIONS (AVOIDANCE) 

-Al... ,~ 
ii ",'. 
"'-"", .-

TOLERANCE + 28£1 - IBB ~~'.~ S1 
TOLERAI'ICE -I-
EPHEt'IER IS ACCURACY. M 

( ) EARTH (X) ANY 

FIELD OF VIEW (DEG) 

------------------------------------------------------------------------------------------------------------------~-----------------
POIaER 

( ) fiC 

OPERATING 
STANDBY 
PEAK , 
VOLTAGE. V 

(X) DC 
POIJER~ W 

10B00 
3860 

10000 
2000 

DURATIOtf. HRS/DAY 

24.80 
a.fl13 
8.0£1 

FREQUENCY. HZ 

(X) CONTINUOUS 

a ------------------------------------------------------------------------------------------------------------------------------------
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DATA/COI"t1llN. ,'IONS 

MONITORING REQUIREMENTS: 
( ) NONE ( ) REALTIME (X) OFFLINE 
( ) EHCRIPTlOI'I/DECRIPTIOH REQUIRED 
( ) UPLINK REQUIRED: COI1MAHD RATE (KBS): 
( ) ON-BOARD DATA PROCESSING REQUIRED 

DESCR IPT ION: 
DATA TYPES: () ANALOG 
FILM (AMOUNT>: 
LIVE TV (HOURs/rAY): 
OH-BOARD STORAGe (~~IT): 

( ) DIGITAL 

DATA DUMP FREQUEHCY (PER ORBIT) 
RECORDIHG RATE (KBPS) 

'!', 

( ) OTHER: 

FREQUENCY (MHZ): 

HOURS/DAY 
VOICE (I-IOURS/DAY): 
OTHER: 

DOI.tlL IHK COI't1AHD RATE: 
DO~L ItIK FREQUEHCY (MHZ): 

----------------------------_._-------------------------------------~----------------------------------------------------------~-----
llfERMAL 

( ) ACTIVE (X) PASSIVE ' 
TE~PERATURE. DEG C OPERATIONAL MINIMUM 

HEAT REJECTION~ W 
HON-OPERATlOHAl MIH iMUM 
OPERATIONAL MiHIMUM 
NOtl-OPERAT I ONAt M I 1'1 I t'lUM 

EQUIPMENT PHYSICAL CHARACTERISTICS 

28 
4 

9BBS 
B 

LOCATIOH (X) INTERNAL ( ) EXTERNAL ( ) REMOTE 

MAXII1JM 
I-lAX I MUN 
t'IAX I MUM 
t'IAXII1JM 

EQU IP~EtlT JD/FUNCTI 01'1 (X) PRES SUR IZED ( ) UNPRESSUR I ZED 

48 
48 

IlBBB 

L~ M: 12.88 W~ M: 5.08 H. M: 5.86 STOWED 
L~ M: 35.80 W~ M: 2.08 H~ M: 5.08 DEPLOVED 00 

" a:! LAUHCH MASS~ KG: 38£188 RETIJRN MASS~ I<G: 1500B 
CONSUMABLE TYPES ." ~ 

." ACCELERATIOH SENSITIVITY. (G) MIN: E+8B MAX: E+88 0 2! 
-------------------------------------------------------------------------------------------------------------------~~-----------
CRElJ REQUIREMENTS ;0 r. 

CREW SIZE 18 TASK ASSIGHMENTS to "rJ 

SKILLS (SEE TABLE B) 

EVA () YES (X) NO 

SERVICIHG/MAIHTEHAHCE 
SERVICE: 

CONFIGURATIOH CHANGES: 

------------------------------------------------------------- c: ~ I SK ILL j;;. ~~ rn f[;i 

I LEVEL 

I HOURS/DAY I 

REASOH 

INTERVAL. DAYS 
RETURI'IABLES ~ KG 
IIHERVAL. DAY 
DEL IVERA8LES. KG 

HOURS/EVH 

COHSUI"IABLES. KG 
I-IAN HOURS 
tlHH/I'lOURS REQU IRED 
RETUI~I~ABLES ~ KG 

~lli 

SPEC IAL CONS I DERATIONS/SEE ItISTRUCTIONS 
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BOE lNG-SPEC IF It.. INPUT DATA 

MISSION TYPE 
FREE FLYER 
( ) NOT SERVICED 
( ) REI"/oTE TNS 
( ) REMOTE MANNED 
( ) SERVICED AT STATION 
( ) SERVICED AT STATION 

PLATFORM BASED 
( ) NOT SERVICED 
( ) REMOTE TNS 
( ) REI"/oTE MANNED 

(TMS RETRIEVED) 
(SELF-PROPELLED) 

( ) SERVICED AT STATION (TMS RETRIEVED) 
( ) SERVI.CED AT STATIOH (SELF-PROPELLED) 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

CONSTRUCTION/sERVICING COMPLEXITY 
( ) LOW 
( ) MEDIUM 
( ) HIGH 

OPERATIONS TIMES 
OTV UP/DOWN DAYS 

OPS CODE 

F 
FT 
FM 
FST 
FS 

P 
PT 
PM 
PST 
PS 

SS 
SOR 

OTV OR TNS ON ORBIT 
MISSION USE 
IVA SERVICE 
EVA SERVICE 
EXPER IMENT OPS 
SERVICE FREQUENCY 

DAYS 
DAYS/YEAR 
MAN-DAYS/YEAR 
MAN-DAYS/YEAR 
MAN-DAYS/YEAR 
TIMES/yEAR 

DEL TA' VELOC IT I ES 
UP 
DOWN 
AERO RETURN 

SUPPORT EQUIPMENT 
LENGTH: 
LENGTH: 

MASS: 

MANIFEST RESTRICTIONS 
(X)- NO RESTI~ tcneNS 

0.00 
0.08 
8.88 

8.88 t'ETERS 
8.S8 METERS 

8 KG 

( L ONLY WITH COMPATIBLE PAYLOADS 
( ) FL Y':"ALONE 
( ) t1lJST HAVE DOCK I HG MODULE 

WIDTH: 
WIDTH: 

0.00 t'ETERS 
. a. sa I'IETERS 

LENGTH. OF BEAM FAB 0.80 
HUMBER. OF APPENDAGES a 
NUI"IBER OF I'IODULES REQU I RED TO ASSEMBLE THE PAYLOAD "I a 

"".. 

HEIGHT: 
HE IG~!T: 

~ . ., , 

0.00 t'ETERS 
8.flB METERS 

. ~~ 
~=-- ~_._~." •• 0<' -Ci_~' -"-..::....,;,.;:-:..:..::._=::.;::-'!:.~::: .. "":::.-'-'--'-'!:.:....;=-"'---"''--''---~----'--'--'~....:.=='-' 
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(STOWED) 
(DEPLOYED)' 

.~~ ---

.- ,- . ',~ 
~ . '., :tJ , -~.~. 
,~ 

00 
-rt;:o 
"'(1(;) 
o~ o ~~ 
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----------. ._--------------------------------------------------
PAYLOAD ELEtENT NAI"E 

~, 

TYPE 
COHTI.HUOUS FLOIJ ELECTROPHORESIS 

CODE 
BACX1.035 ( ) SCIENCE AND APPLICATIONS <I'ION-COI"l1.) ", l 

--~~---------------------------------------------------------------------------------
CONTACT 

, NAME 
ADDRESS 

DR. HARVEY J. WILLEHBERG 
BOE I NG AEROSPACE COI"K)ANY 
PO BOX 3999. I"S 84-86 
SEATTLE. WA 98124 

(X) COMHERC If.iL . 
( ) TECHI'IOLOGY DEVELOPMENT 
( ) OPERATIOI'IS 
( ) mtlEI~ 
( ) HATIONAL SECURITY . 
TYPE NUti3Et~ (SEE ,TABLE 'A) 8 

TELEPHOHE (206) 773-2020 
II'PORTANCE OF THE SPACE STATIOIi TO 
TH IS ELEHENT . -------------------------------------------------------------------------------------STATUS 

( ) OPERATIONAL () APPROVED!' (X) PLANNED ( ) CANDIDATE () OPPORTUNITY 

1 • LOld W:ILUE. BUT COULD USE 
113 .. VITAL 
SCALE = 6 

DESIRED FIRST FLIGHT~ YEAR: 1996 NUI"EER OF FLIGHTS 113 DURATIOt~ OF FLIGHT. Dr....-:; 21 

OBJECTIVE 
PROVIDE BIOCHEMICAL LABORATORY FOR DEVELOPING NEW ELECTROPHORESIS 
PRODUCTS. TESTING NEW EQUIPr .... HTAHD PROCEDURES. AND PRODUCING 
RESEARCH QUANTITIES OF BIOLOGICAL MATERIALS. 

·DESCR IPTION 
A BIOCHEMICAL LABORATORY IS HEEDED TO DEVELOP ELECTROPHORESIS TECHHOLOGYBEYOND PROTOTYPE COI1"ERCIAL 
PRODUCTION FREE-FLYER. THE LABORATORY WOULD INCLUDE 5-113 ELECTROPHORESIS UNITS FOR SEVERAL.RESEARCH AND 
COMMERCIAL USERS. A COHTROL LABORATORY STORAGE RACKS. AND CREW ACCOnlODATIONS. THESE UNITS WOULD PROVIDE 
SEPARATIOHS FOR A HUMBER OF DIFFEREHT PHARMACEUTICALS AND DIFFERENT COI"tERCIAL USERS. THE CONTROL 
LABORATORY WOULD BE FOR PROCESS CONTROL OF THE ELECTROPHORESIS UNITS~ QUALITY CONTROL OF THE PRODUCT. AND 
REPAIR OF THE PROCESS UHITS. IT IS BELIEVED THAT THIS CAN BE A SHARED MULTI-USER FACILITY. OF ROUGHLY 
513 113. WITH FLUID~ THERMAL~ AND ELECTRICAL CONTI<!OL.SYSTEI"IS AND BIOLOGICAL LABORATORY EQUIPtIENT. ABOUT 5 M3 0 
STORAGE RACKS LJOULD BE REQUIRED. 

00 
"1"1:0 
"t,c5 
0-aS; 
;:0 r-

------------~---------------------~------------------------------------------------------------------------------------~ ~ -------ORB IT CHARACTER I STI CS c: ~:. 
GEOSYNCHRONOUS ORB IT ( ) YES (X) NO F: ~ 
APOGEE. KM 300 PERIGEE. KM 31313 TOLERANCE + 2E1E1 1813 , == 
IHCL INATIOH. DEG TOLEI~ANCE + ,~.M.l 
NODAl!.. AHGLE. DEG EPHEt'ER IS ACCURACY. M -
ESCAPE DV REQUIRED. MVS 

POIHTlNG/ORIENTATION 
VIEW DiIRECTIOH ( ) INERTIAL () SOLAR 
TRUTli SITES (IF KNOlJH) 
POIHTIHG ACCURACY. ARC-S~C 
POIHTIHG STABILITY (JITTER); ARC-SEC/SEC 
SPECIAL RESTRICTIONS (AVOIDANCE) 

e ) EARTH (X) AIW 

FJELD OF VIEY tDEG) 

----------------------------- ._------------------------------------------------------------------------------~----------------------POI.ER 
( ) flC 

OPERATING 
STANDBY 
PEAK 
VOLTAGE~ V 

(X) DC 
POI.ER. LJ 

H10BB 
3E1eO 

10606 
2000 

DURATI ON ~ HRS/DI'W 

24.00 
0.60 
13.60 

FREQUENCY. liZ 

ex) CONTmuous 

13 
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DATA/cO,...:ul'l' .nONS :::. . 
MONITORIHG REQUIREMENTS: 
( ) NONE ( ) REALTIME (X) OFFLINE () OTHER: 
( ) ENCRIPTION/DECRJPTIOI-I REIJUIRED , 
( ) UPLI NK REQU I RED: COIi'IAND RA IE (KBS): FREQUENCY (MliZ): l~ 
( ) ON-BOARD DATA PROCESSING R!::QUIRED ;.,l 

DESCR I PT ION: ~ 
DATA TYPES: () ANALOG ( ) DIGITAL HOURS/DAY j~ 

THERMAL 

FILM (At1OUNT>: VO ICE UIOURS/DAY): 
LIVE TV (I-IOURS/DAY): OTHER: 
OH-BOARD STOI'~AGE (1"18 11') : 
DATA DUMP FREQUEHCY (PER ORBI~) 
RECORDING RATE (KBPS) 

DOIJiLlNK COI1'1AHD RATE: 
DOLlHLlNI( FREQUENCY <t-flZ): 

( ) ACTIVE (X) PASSIVE . 
TEMPERATURE. DEG C OPERATJOHAL MIHIMUM 

HEAr REJECTIOH. Y 
NON-Ope(ATIONAL MINIMUM 
OPERATIONAL MINIMUM 
NON-OPERATIONAL MINIMUM 

28 
4 

gea0 
o 

MA)UMUM 
f1AXIMUI1 
f1AXltlJl'1 
MA~<ItlJM 

48 
413 

111300 

------------------------------------------------------------------------------------------------------~-------~---------------------
EQUIPMEHT PHYSICAL CHARACTERISTICS 

LOCATIOH (X) INTERHAL 
EQU IPt1ENT ID/FUNCTI ON 

L. M: 12.8B' 
L. M: 35.fl0 
LAUNCH MASS~ KG: 

(.) EXTERNAL 
(X) PRESSURIZED 
Y. M: 5.0B 
Y. M: 2.130 

30a00 

( ) REMOTE 
( ) UNPRESSURIZED 
H. M: 5.130 
H. M: S.B0 
RETURN MASS. KG: 

STOYED 
DEPLOYED 
IS0e0 

CONSUMABLE TYPES 
ACCELERATION SEHSITIVITY. (G) MIH: E+aa MAX: E+fIa 

CREY REQUIREMEliTS 
CREY SIZE 18 TASK ASSIGHMEHTS 

SKILLS (SEE TABLE S) I SKILL 
------------------------------------------------------------- C) C) 
I LEVEL " ::0 
------------------------------------------------------------- " C5 
I HOURS/DAY I C) :2 
------------------------------------------------------------- C) ~ 

EVA () YES (X) 1'10 REASON " HOUI~S/EVA ;0 r-
---------------------------------------------------------------------------------------------------------------------~ 
SERVICIHG/l1AIHTEHANCE ' c: ;g 

SERVICE: INTERVAL. DAYS CONSUMABLES. KG l::> t) 
I~ETURNABLES. KG MAN HOURS C fk:l 

COHFIGURATION CHANGES: HlTERVAL. DAY MANMOURS REQUIRED 'i ~ 
DELI VERABLES. KG RETURNABLES. KG "'t;; It'. 

SPECIAL CONSlDERATIOI'IS/SEE lNSmUCTIOHS 
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BOEING~SPECIFIC INPUT DATA 

MISSION TYPE OPS CODE 
FREE FLYER . 
( ) NOT SERVICED F 
( ) REI'DTE TI1S FT 
( ) REtlOTE MANNED FM 
( ) SERVICED AT STATION (TNS'RETRIEVED) FST 
( ) SERVICED AT STATION (SELF-PROPELLED) FS 

PLATFORM BASED 
( ) NOT SERVICED 
( ) REMOTE TMS 
( ) REMOTE MANNED 
( ) SERVICED AT STATION (THS'RETRIE'.'ED) 
( ) SERVICED RT STRTION (SELF-PROPELLED) 

P 
PT 
PM 
PST 
PS 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

CONSTRUCTION/sERVICING COMPLEXITY 
( ) LOW 
( ) tlEDIUM 
( ) HIGH, 

OPERATIONS TIMES 
OTV UP /DOI.tf 
OTV OR TMS ON ORBIT 
MISSION USE 
IVA SERVICE 
EVA SERVICE 
EXPER I MENT OPS 
SERVICE FREQUENCY 

·DELTA VELOCITIES 
UP 8.88 
DOWN 8.88 
AERO RETURN 8.BB 

SUPPORT EQUIPMENT 
LENGTH: 
LENGTH: 

MASS: 

MANIFEST RESTRICTIONS 
(X) NO· RESTRICTIONS 

8.88 METERS 
8.68 METERS 

8 KG 

( ) O~IL Y WITH COI"IPATlBLE PAVlOADS 
( ) FLY-ALONE 
( ) MUST HAVE DOCKING tDDULE 

DAYS 

55 
SOR 

DAYS 
DAYSi'YEAR 
MAN-DAYSi'YEAR 
MAN-DAYS/YEAR 
MAN-DAYS/YEAR 
T1MES/yEAR 

WIDTH: 
WIDTH: 

8.88 METERS 
B • BEl METERS 

LENGTH OF BEAM FAS 8.6B 
NUMBER OF APPENDAGES 0 
NUI"IBER OF MODULES REOU mED TO ASSEMBLE THE PAYLOAD '1 a 

HEIGHT: 
HEIGHT: 

8.88 METERS 
B.88 I'ETERS 

(STOWED) , 
(DEPLOYED) 

o 

" 

00 
"?i~ 

"'i3Q Oz 
O~ ;Or. 
rO"ij 
c:: :;-;; 
!.:z r!~ 
r ~~~ 
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'" 'Ii~ :::.. •. :.!.~ 
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PAVLOAD ELEh=.HT NAI'E 
CONTINUOUS FLOW ELECTROPHORESIS 

CODE 
BACX1036 

--------------------------------------,----------------------------------------,------
CONTACT 
NAtE 
ADDRESS 

DR. HARVEY J. WILLENBERG 
BOEING AEROSPACE COMPANY 
PO BOX 3999. MS 84-86 
SEATTLE. WA 98124 

TYPE 
( ) SCIENCE AND APPLICATIONS 
(X) C0I1-IERClfIL 
( ) TECHIIOLOGY DEVELOPI'ENT 
( ) OPERrHIOI'IS 
( ) OnIEI~ 
( ) NATlUI'IAL SECUR lTV .,' 
TYPE NUlv i8ER (SEE TABLE A) 8 

,. 
~. 

(NON-COI'11. ) 

TELEPHONE (206) 773-2020 
II"PORTAHCE 01= nlE SPACE STATION TO 
THIS ELEMENT 

--------------------------------------------------------------------------------------
STATUS 

( ) OPERATIONAL () APPROVED!; (X) PLANNED ( ) CANDIDATE () OPPORTUNITY 

1 '" LOW VALUE. BUT COULD USE 
10 • VITHL 
SCALE = 6 

·DESIRED FIRST FLIGHT. YEAR: 1997 HU~EER OF FLIGHTS 12 DURATION OF FLIGHT. DAYS 21 

OBJECTIVE 
PROVIDE BIOCHEMICAL LABORATORY FOR DEVELOPING NEW ELECTROPHORESIS 
PRODUCTS. TESTING NEIJ EQUIPMEHT AND PROCEDURES. AND PRODUCING 
RESEARCH QUAHTITIES OF BIOLOGICAL MATERIALS. 

DESCRIPT10H 
A BIOCHEMICAL LABORATORY IS NEEDED TO DEVELOP ELECTROPHORESIS TECHHOLOGY BE'~ND PROTOTYPE COMMERCIAL 
PRODUCTION FREE-FLYER. THE LABORATORY WOULD INCLUDE 5-10 ELECTROPHORESIS UNITS FOR SEVERAL.RESEARCH AND 
CONtERCIAL USERS. A COHTROL LABORATORY STORAGE RACKS. AND CREIJ ACCOMMODATIONS. nlESE UNITS WOULD PROVIDE 
SEPARATIONS FOR A NUMBER OF DIFFERENT PHARMACEUTICALS AND DIFFERENT COI"IMERCIAL USERS. THE CONTROL 
LABORATORY WOULD BE FOR PROCESS CONTROL OF THE ELECTROPHORESIS UNITS. QUALITY CONTROL OF THE PRODUCT. AND ,~ ~ 
REPAIR OF THE PROCESS UNITS. IT IS BELIEVED THAT THIS CAN BE A SHARED ~~LTI-USER FACILITY. OF ROUGHLY --
59 M3. IJITH FLUID. THERMAL. AND ELECTRICAL CONTROL.SYSTEMS AND BIOLOGICAL LABORATORY EQUIPMEI'IT. ABOUT 5 M3 0 ;g ~ 
STORAGE RACKS WOULD BE REQUIRED·. ' a 55 _______________________________________________________________________________________________________________________ -EO __ r: ______ _ 
ORBIT CHARACTERISTICS . ~ ~ 

GEOSYNCHRONOUS ORB IT ( ) YES (X) NO C ):,n 
APOGEE. KM 399 PERIGEE. KM 300 TOLERANCE + 209 - 190 ~ ~ 
INCLINATION. DEG TOLERANCE + - ~ 
NODAL ANGLE. DEG EPHEMER I S ACCURACY. M ~ .m 
ESCAPE DV REQUIRED. M/S . -

POIHTING/OR I EI'lTATI ON 
VIEIJ DIRECTION ( ) INERTIAL ( ) SOLAR 
TRUTH SITES (IF KNOWN) 
POIHTING ACCURACY. ARC-SEC 
PO INT I HG STAB ILl TY (J ITTER);· ARC-SECI'SEC 
SPECIAL RESTRICTIONS (AVOIDANCE) 

POI.ER 
( ) AC 

OPERATING 
STAHDBY 
PEAK 
VOLTAGE. V 

(X) DC 
POWER. IJ 

laesa 
3000 

10Stia 
2000 

DURAT'lON. HRS/DAY 

24.60 
0.0e 
0.£)0 

FREQUENCY. HZ 

( ) EARTH (X) AIW 

FIELD OF VIEW (DEG) 

(X) COHTlNUOUS 

o 

j 

',1 
,J 

1 

~ 

, 

> ... _.-.... '.>+-" ...... ~- .... ~ ........ ;;:,. 
-- :.Q...~ ~_i~ 



j 
~ 

, I , 

t~ ... ~~ .• :t i_~,Il: i' . i 1 T t " ., . f'" _.,,~-~ ~t:"'-~! "-"J~:'\1~ r'" :?'I'"'t"!-r.~\ iff ~~I:~""",p'l'- :"i',,·u..-.,a '-"""1'-'" ;--r,<JoVJ".n ,~" __ ~"W;·'~·~n".. ··:n·y\;>nn'lr:"l·~~f~"r:·""!'Jr"'f'{~'''''rp,·',''1' ~- .. ,.,. ''7' 4': . ~- ... ,... -,.. ~ ... -r 1 

,:(~.", 
• .!!-- )-~ 

DATA/COI'H.JN nONS 
t'IlN ITOR I HGI<EOU IREt'EHTS: 
( ) HOliE ( ) REAL TIME (X) OFFLINE ( ) OlllER: 
( ) ENCRIPTIDt'VDECRIPTION REQUIRED 
( ) UPLINK REQUIRED: COI"WIND RATE (KBS): 
( ) ON-BOARD DATA PROCESSItlG REQUIRED 

THERMAL 

DESCR IPTION: 
DATA TYPES: () ANALOG 
F I'LM (AMOUNT>: 
LIVE TV (HOURS/DAY): 
ON-BOARD STORAGE (I"~IT): 

( ) DIGITAL 

DATA DUtP FREQUENCY (PER ORBIT) 
RECORDING RATE (KBPS) 

( ) ACTIVE (X) PASSIVE . 
TEMPERATURE~ DEG C OPERATIONAL MINIMUM 

HEAT REJECTION. W 
NON-OPERATIONAL MINIMUM 
OPERATIONAL MINIMUM 
NON-OPERATIONAL MINIMUM 

EQUIPMENT PHYSICAL CHARACTERISTICS 
LOCATION (X) INTERNAL 
EQUIPMENT ID/FUHCTION 

L. M: 12.00 
L. M: 35.0a 
LAUNCH MASS. KG: 

( ) EXTERNAL 
(X) PRESSURIZED 
W. M: 5.B0 
W. M: 2.B0 

30000 
CONSUMABLE TYPES 
ACCELERATION SENSITIVITY. (G) 

20 
4 

9000 
o 

FREQUENCY (I1iZ): 

HOURS/DAY 
VOICE (HOURS/DAY): 
OTHER: 

DOLJ'ILINK CONI"IAHD RATE: 
DOlJl'lLINK FREQUENCY (MHZ): 

( ) REMOTE 

MAXIMUM 
I'IAXIMUM 
MAXIMUM 
I'IAXIMUM 

( ) UNPRESSURIZED 

40 
40 

11000 

H. M: 5.00 STOWED 
DEPLOYED 
15EieJa 

H~ M: 5.00 
RETURH MASS. KG: 

MIN: E+ElEI MAX: E+B0 

",. ~, . ~.:~- !;'''''- r,,!,1 

," 

.r") 0 ::nAJ -oe 
o~ 
o~ 
;;:JF, 

.t.·~··~ 

~ .. ;; .. tl.~ 1 

I; "f' 

: ? 

J 
.~ 

J ,: 

~ ; 

1 

.1 

CREU-REQUIREMEHTS---------------------------------------------------------------------------------------------------~5-~------------

CREW SIZE 18 TASK ASSIGHI'EHTS L.; r~ .j 

'i 
I 

f 
l 

.~ 

.k..,... .:-

_____________________________________________________________ f. -':, i 
1 

SKILLS (SEE TABLE B) 

EVA () YES (Xl NO 

SERVICIHG/MAIHTEHAHCE 
SERVICE: 

CONFIGURATIOH CHAHGES: 

I SKILL 

I LEVEL 

I HOURS/DAY I 

REASOH 

IHTERVAL~ DAYS 
RETURHABLES~ KG 
HHEI~VAL DAY 
DELIVERABLES. KG 

SPECIAL CONSIDERATIOHS/SEE I1ISTRUCTIOHS 

HOURS/EVt'l 

- ........ -.-"-.<0;..'> 

COHSUMABLES. KG 
I"IAH HOURS 
~11'1/I~OURS REQU IRED 
REllJRI'IABLES. KG 

--- . ......:.:.... ---

. , 
." ,--..,., , '; J 

---------

~.~=- --'~ 

4 
I 

~ ~ _____ ,i~.~ 
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I
, L 

,.Oli , 'f" 
'\ ~ I -, ~ 

, _.,. ~.... "t . --------~~ ',--------------------------------------------------- .--------------------------------------------------.. ~-------- '·1 ~ BOEING-SPEC IF 11... INPUT DATA r 

t -----------~-----------------------------------------~~~~~=~~~~=-=-~~---------------------------- ~--------------------------, MISSION TYPE OPS CODE ' . 
FREE FLYER '1 

U 
~"I .. ' 
• • 
.1 
" I 
\1 

~.tl 
~I 
~: 

~ 
, 

" 
,l' I, 

( ) NOT SERVICED F 
( ) REMOTE TMS FT ' 
( ) REMOTE MAHNED Ft1 : 
( ) SERVICED AT STATIOH (TMS'RETRIEVED) FST I 
( ) SERVICED AT STATION (SELF-PROPELLED) FS 90! 
PLATFORM BASED 
( ) NOT SERVICED P 
( ) REMOTE TMS PT 
( ) REI10TE MANNED PM 
( ) SERVICED AT STATION (TMS'RETRIEVED) PST 
( ) SERVICED AT STATION <SELF-PROPELLED) PS 

01lfER 
( ) SPACE STATION BASED 
( ) SORTIE' 

CONSTRUCTION/sERVICING COMPLEXITY 
( ) LOW 
( ) MEDIUM 
( ) HIGH 

OPERATIONS: TIMES 
OTV UP /DOt..li 
OTV OR TMS ON ORBIT 
MISSION USE 
IVA SERVICE 
EVA SERVICE 
EXPERIMENT OPS 
SERVICE FREQUENCY 

DELTA VELOCITIES 
UP 
DOWN 
AERO RETURN 

SUPPORT EQUIPMENT 
LENG1lf: 
LENGTH: 

MASS: 

n:lN IFEST RESTRICTIONS 
0<) NO RESTR ICTIONS 

0.00 
8.60 
8.88 ! 

8.80 METERS 
0.88 METERS 

8 KG 

( ) ONLY WITH COlylPATIBLE PA'I'l.OADS 
( ) FL V-ALONE 
( ) MUST HAVE DOCKIHG MODULE 

DAYS 

SS 
SOR 

DAYS 
DAYS/YEAR 
MAN-DAVS/YEAR 
t'IAN-DAVS/YEAR 
t'IAN-DAYS/YEAR 
TIMES/YEAR 

WID1lf: 
WIDTH: 

B.00 METERS 
8 •. 88 METERS 

HEIGHT: 
HEIGHT: 

B.B0 METERS 
B • 60 t'ETE,RS 

(STOLED) , 
(DEPLOYED) . 

~'i 
~i5 
0-
O~ 
::o~ 

I,:::) " c:;c:. 
j:.7~ 
r i1~J 

::a """ 
~~ 

.,. 

.' 

"i 
i 

, LENGTH OF BEAM FAB 8.BB 
6 
a 

, NUMBER OF APPENDAGES 
NUMBER OF MODULES REQU IRED TO ASSEMBLE 1lfEPAYLOAD .,! 
-------------------------------------------------------------------------------------------------------------------------------------

. A , ,-~! 

II ! 
'~ 
b .. -- --.~ ... ~" -~ ,,,:"" "' ..... .:-

_ii 
:>b.~,' _ '",.~ . ". 
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I 
I I 

t 
;" ., 
I 
I 

~ .. , 
:.1 
~ 

, ~.., 

.. 

~ 
U 
11 
·1 
I 
"-I' .~ 
~ -:--

--~~---- 't ~ 
..~ 
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~J ,,--, 

PAYLOAD ELE~NT NAME 
CONTINUOUS FLOY ELECTROPHORESIS 

CONTACT 
NAI'E 
ADDRESS 

DR. HARVEY J. WILLEHBERG 
BOEING AEROSPACE COMPANY 
PO BOX 3999# HS B4-86 
SEATTLE # WA 98124 

CODE 
BACX1837 

TVPE 
( ) SCIENCE AND APPLICATIONS 
eX) COM/"ERC I HL 
( ) TECHI~OLOGY DEVELOPI"ENT 
( ) OPERATIOI~S 
( ) OTHER 
( ) NATIONAL SECURITY 
TVPE NU~BER (SEE TABLE A) 

.~ .. 
. -. 

(tiON-COt11. ) 

B 
--------------------------------------------

TELEPHOHE (286) 773-2828 
II'PORTANCE OF THE SPACE STATlOI~ TO 
THIS ELEMENT 

-------~~-~-~~~----------------------------------------------------~-----------------STATUS 
( ) OPERATIONAL () APPROVED!' (X) PLANNED ( ) CANDIDATE () OPPORTUNITY 

1 .. LOW VALUE# BUT COULD USE 
18 • VITAL 
SCALE.. 6 

DESIRED FIRST FLIGHT# YEAR: t998 HUt'BER OF FLIGHTS i4 DURATIOt~ OF iFLIGHT. DA"~5 21 

OBJECTIVE 
PROVIDE BIOCHEMICAL LABORATORY FOR DEVELOPING NEW ELECTROPHORESIS 
PRODUCTS # TESTING NEW EQUIPMENT AND PROCEDURES# AND PRODUCING 
RESEARCH QUANTITIES OF BIOLOGICAL MATERIALS. 

---------------~------------------~---------------------------------------------------------------------------------------------------DESCRIPTION 
A.BIOCHEMICAL LABORATORY IS NEEDED TO DEVELOP ELECTROPHORESIS TECHNOLOGY BEYOND PROTOTYPE COMl"ERCIAL 
PRO~UCTION FREE-FLYER. THE LABORATORY WOULD INCLUDE 5-10 ELECTROPHORESIS UNITS FOR SEVERALr~SEARCH AND 
COMMERCIAL USERS. A CONTROL LABORATORY STORAGE RACKS# AND CREW ACCOMMODATIONS. THESE UNITS WOULD PROVIDE 
SEPARATIONS FOR A NU~EER OF DIFFERENT PHARMACEUTICALS AND DIFFERENT COMMERCIAL USERS. THE CONTROL 
LABORATORY WOULD BE FOR PROCESS CONTROL OF THE ELECTROPHORESIS UNITS# QUALITY .CONTROL OF THE PRODUCT# AND 
REPAIR OF THE PROCESS UNITS. IT IS BELIEVED THAT THIS CAN BE A SHARED MULTI-USER FACILITY. OF ROUGHLY 
50 M3# WITH FLUID# THERMAL # AND ELECTRICAL CONTI~OL.SYSTEMS AND BIOLOGICAL LABORATORY EQUIPMENT. ABOUT 5 M3 0 
STORAGE RACKS WOULD BE REQUIRED~ 

00 
"'Z'!;;ci 

"tJ!5 
02 
o~ 
:;Or 

rO~ 
C ;:;J 

-----------------------------------------------------------------------------------------------------------------------~7--------ORB IT CHARACTER I STI CS . f~ if~~~ 
GEOSYNCHRONOUS ORBIT ( ) YES (X) NO :::': '''"; 
APOGEE. KM 3130 PERIGEE# KM 3ee TOLERANCE + 200 - 1B0. ..:!>,;", 
IHCL ItIATION# DEG TOLERANCE + 
NODAL ANGLE# DEG EPI~Et1ERIS ACCURACY# M 
ESCAPE DV REQUIRED# M/S 

--------------------------------~---------------------------------------------------------------------------------------------------POINTING/ORIENTATION 
VIEW DIRECTION ( ) INERTIAL () SOLAR 
TRUTH SITES (IF I<NOt..tt> 
POINTING ACCURACY. ARC-SEC 
POINTING STABILITY (JlnER)~ ARC-SEC/SEC 
SPEC IAL RESTR ICTIONS (AVO IDANCE) 

( ), EARTH (X) ANY 

FIELD OF VIEW (DEG) 

------~-----------------------------------------------------------------------------------------------------------------------------POIaER 
( ) AC 

OPERATING 
STANDBY 
PEAK 
VOLTAGE. V 

(X) DC 
POLJER# W 

18060 
3000 

1B00f:) 
2088 

DURATION. HRS/DAY 

24.00 
0.00 
0.68 

FREQUEtlC'/ # HZ 

(X) COHTIHUOUS 

8 
------------------------------------------------------------------------------------------------------------------------------------

~ 
I 

'1 
; ~ 

, I 
1 

s,] 

~ 

, 
-j 
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, ~', .. ~".r 

<'~·f~· 
• 

,> 

r!", 

! DATA/CO/1'lJh nONS 

I 
: I ti 
.. ~I ., I 
.' ' 

~. 
oj, , 
" . '.I 

~. 
, '"' ., 

t'IlN nOR nib REQU I REI'EHTS : 
( ) HONE ( ) REAL TII'E (X) OFFLINE () OTHER: 
( ) EHCR IPTIotVDECR IPTIotl REtlU IRED 
( ) UPL HlK REQU IRED: COt11AND RATE eKBS): 
( ) ON-BOARD DATA PROCESSItIG REQUIRED 

DESCRIPTIOH: 
DATA TYPES: () ANALOG ( ) DIGITAL 
FILM (AMOUNT>: 
LIVE TV (HOURS/DAY): 
ON-BOARD STORAGE (HBIT): 
DATA DUMP FREtlUENCY (PER ORBIT) 
RECORDING RATE (KBPS) 

FREQUENCY (MHZ): 

HOURS/DAY 
VO ICE CHOURS/DAY): 
OWER: 

DOlJillHI( COt1l'1AHD RATE: 
DOlJNlINK FREQUENCY (tliZ): 

--------------------------------------------------------------------------------------------------- - ------------~---------------
THERMAL 

( ) ACTIVE (X) PASSIVE : 
,///-' 

TEMPERATURE~ DEG C OPERATIONAL MINIMUM 
NON-OPERATIONAL MINIMUM 

HEAT REJECTION~ W OPERATIONAL MINIMUM 
NON-OPERATIONAL MINIMUM 

20 
4 

,9000 
o 

/"!AXIr-UM 
11:'t)UHUI"I 
I'IAX I HUM 
MAXlHU!"1 

48 
40 

110013 

-----------------------------------------------------------------------------------------------'-----------., .. ~,.-,~ ._..,..,-------------
EQUIPMENT PHYSICAL CHARACTERISTICS 

LOCATION (X) INTERNAL ( ) EXTERNAL ( ) REMOTE 
EQU IPMENT ID/FUNCTION (X) PRESSUR I ZED ( ) UNPRESSUR IZED 

L~ M: 12.00 W~ .M: 5.0El H~ M: 5.0~ STO~D/ 0 0 
L~ M: 35.00 W~ M: 2.00 H~ M; 5.09 DEf-'LOYED ." ::0 
LAUNCH HASS~ KG: 300E10 RETURH MASS. KG: 15E100 ;:::: 
COHSUMABLE TYPES ~ ." ~ 
ACCELERATION SEHSITIVITY~ (G) ~ MIN: E+oe MAX: E+00 8 2: _______________________________________________________ -------------------------------------------------------------- l> --------

CRElJ REQU IREHENTS ;;v r" 
CREW SIZE 18 TASK ASSIGNMENTS .0 '1'3 ____________________________________________________________ c: J> 

SK ILLS (SEE TABLE 8) t SK ILL f= ~ 
I LEVEL :100 
I HOURS/DAY I 
----------------~~-~------.-~---------------------------------

EVA () YES (X) NO REASON HOURS/EVA 
~' ------------------------------------------------------------------------------------------------- ------------~------------

,'I 

1 i 
, 'I I 
~J, I 
~ , , i 

I ~ , 

SERVtCING/HA I NTEHAHCE 
SERVICE: 

COHFIGURATION CHANGES: 

iNTERVAL. DAYS 
RETURNABLES~ KG 
IHTERVAL. DAY 
DELIVERABLES. KG 

SPECIA~ COHSIDERATlONS/sEE nlSTRUCTlOHS 

CONSUHABLES~ KG 
tt=lN HOURS 
HAN/HOUI~S REOU IRED 
RETURNABLES. KG 

,~~r:*r' 

~ 
~'. q 

:,' 
'1 
~ 

,J .. 

.~ 
) . 

- ~ 
1 

oj 

1 

J 
....', ~ 

I j _ 
:;t..~~' • _ . _ ........ ' __ _ '~ ------,. ~ -- -!,,_Q~,:::- -~- ~.' b.-' ........... ~ .. -' . 
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~ 
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~ 
• ,,1 

'j 

:1 

! 

I , 
j 

i 
/ 

.1 
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I' ~ . "'-
f\' 
.~ , 

MISSION TYPE 
FREE FLYER 
( ) HOT SERVICED 
( ) REMOTE TMS 
( ) REtlllTE MANNED 
( ) SERVICED AT STATION 
( ) SERVICED AT STATION 
PLATFORM BASED 
( ) HOT SERvICED 
( ) REI-iOTE TMS 
( ) REMOTE !"!ANNED , 

(TMS'RETRIEVED) 
(SELF-PROPELLED) 

.( ) SERVICED AT'STATION (TMS'RETRIEVED) ( ) SERVICED AT STATION (SELF-PROPELLED) 
OTHER 

aOE ItiG-SPEC IF iL INPUT DATA 
OPS CODE 

F 
FT 
FI1 
FST 
FS 

P 
PT 
Pt1 
PST 
PS 

,~, n 
;~ 

1 

" ~ 

:~ 
~i 

.~I 

,1 

I 

( ) SPACE STATION BASED 
( ) SORTIE SS 

SOR ~ .~ COHSTRUCTION/sERVICIHG COMPLEXITY ( ) LOW 
( ) MEDIUM 
( ) HIGH 

OPERATIONS TIMES 
OTV UP /DOIJN 
:::lTV OR TtlS ON ORBIT 
MISSION USE 
IVA SERVICE 
EVA SERVICE 
EXPERIMENT OPS 
~ERVICE FREaUENCV 

DELTA VELOCITIES 
UP 
DOIJN 
AERO RETURN 

SUPPORT EaUIPMENT 
LENGTH: 
LENGTH: 

.. MASS: 
MANIFEST RESTR ICTIONS 

(X) NO RESTRICTIONS 

8.88 
8.98 
8.88 ! 

8.8e t'ETERS 
B.08 METERS 

8 KG 

( ) ONL V WITH COl"IPATI8LE PAYLOADS 
( ) FL V-ALONE 
( ) MUST HAVE DOCKING MODULE 

LENGTH OF BEAM FAS 
NUMBER OF APPENDHGES 

DAYS 
DAYS 
DAVS/VEAR 
mN-DAVS/VEAR 
mN-DAVS/YEAR 
MAN-DAVS/YEAR 
T1t£S/VEAR . 

WIDTH: 
WIDTH: 

NUMBER OF MODULES REOU IRED TO IASSEMBLE THE PAVLO~m .:: 

8.88 t'ETERS 
8.00 METERS 

0.08 
o 
o 

HEIGHT: 
HEIGHT: 

8.88 METERS 
8.00 METERS 

(STOLED) , 
(DEPLOYED) 

00 
"TI::O -oe Oz 
g~ ....,r, 

,0"'0 
C ('TIl 
~ 1,:") 
i'~ .A --, 
:: :~l 

------------------------------------------------------------------------------------------------------------------------------------
,--

" oJ ., 

" ~.+~ 
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f. 
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cr'"' 
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PA'r'LOAD ELEI°'::NT NAt£ 
CONTINUOUS FLOtJ ELECTROPHORESIS' 

CODE 
BACX1B38 

-------------------------------------------------------------------------------------
CONTACT 
NAME 
ADDRESS 

DR. HARVEY J. WILLENBERG 
BOEING AEROSPACE COt-PANV 
PO BOX 3999. MS 84-86 
SEATTLE. LJA 98124 

TYPE 
( ) SCIENCE AND APPLICATIONS 
(X) COt1-IERCIAL 
( ) TECHNOLOGY DEVELOPtENT 
( ) OPER.:rn ONS 
( ) OlltER 
( ) NATIOHAl SECURITY : 
TYPE HUMBER (SEE TABLE A) 

'!l" 1 

(NON-COI"l1. ) 

8 

TELEPHONE (2a6) 773-2a28 
IMPORTANCE OF THE SPACE STATION TO 
THIS ELEI1EIH 

STATUS 
1 = LOW VALUE. BUT COULD USE 
16 .. VITAL 

( ) OPERATIONAL () APPROVED:' (X) PLANNED ( ) CANDIDATE () OPPORTUNITY SCALE = 6 

DESIRED FIRST FLIGHT. YEAR: 1999 NUtEER OF FLI GHTS 

OBJECTIVE 
PROVIDE BIOCHEMICAL LABORATORY FOR DEVELOPING NEW ELECTROPHORESIS 
PRODUCTS. TESTING ~IEW EIlU IPMENT AND PROCEDURES. AND PRODUC IHG 
RESEARCH QUANTITIES OF BIOLOGICAL MATERIALS. 

DESCRIPTION 

15 DURATION OF FLiGI'iT. DAi"S2 i 

A BIOCHEMICAL LABORATORY IS NEEDED TO DEVELOP ELECTROPHORESIS TECHNOLOGY BEYOND PROTOTYPE COMMERCIAL 
PRODUCTIOI~ FREE-FLYER. THE LABORATORY IJOULD INCLUDE 5-1 a ELECTROPHORES IS UN ITS FOR SEVERAL RESEARCH AI'ID 
CO/1"ERCIAL USERS. A CONTROL LABORATORY STORAGE RACK~. AND CREW ACCOI"HlDATIOHS. THESE UNITS WULD PROVIDE ~ ~ 
SEPARATIOI'IS FOR A NUMBER OF DIFFERENT PHARMACEUTICALS AND DIFFERENT COI1'1ERCIAL USERS. THE COI'ITROL -
LABORATORY WOULD BE FOR PROCESS CONTROL OF THE ELECTROPHORESIS UNITS. QUALITY COI'ITROL OF THE PRODUCT. AND ~ e 
REPAIR OF THE PROCESS UNITS. IT IS BELIEVED THAT THIS CAN BE A SHARED MULTI-USER FACILITY. OF ROUGHLY :2 
sa M3. WITH FLUID. THERMAL. AND ELECTRICAL corHROL.SYSTEMS AND BIOLOGICAL LABORATORY EQUIPlvIEIH •. ABOUT 5 M3 0 ~ ~ 
STORAGE RACKS WOULD BE REDU mED;, "0 

.0-0 -------------------_______________________________________________________________________________________________________ J:_~ ____ _ 

ORBIT CHARACTERISTICS ~ G) 
GEOSYNCHRONOUS ORB iT ( ) YES (X) NO - fi'D. 
APOGEE. KM 380 PERIGEE. KN 38a TOLERANCE + 20B laa ~ j@ 
INCL ItIATIOH~ DEG TOLERAHCE + 
NODAL ANGLE. DEG EPHEMERIS ACCURACY. M 
ESCAPE DV REQUIRED. M/S 

~~ .. -----------------------~----------------------------------------------------------------------------------------------------------;-0 ItIT1tIG/OR IENTATION 
VIEW DIRECTION ( ) II-IERTIfiL () SOLAI~ 
TRUTH SITES (I F 1<IiOt.tl) 
POINTING ACCURACY. ARC-SEC 
POINTING STABILITY (JITTER); ARC-SEC/SEC 
SPECIAL RESTRICTIONS (AVOIDANCE) 

( ) EARTH (X) ANY 

FIELD OF VIEW (DEG) 

-----------------------------~------------------------------------------------------------------------------------------------------POt.ER 

f 
: ( ) Ae (X) DC 
• pOlJEr~. W DURATION. HRS/DAY 

~ -------------=-----------------------
I OPERATING laaaa 24.80 
I. ,: STANDBY 3800 a.50 
h: PEAI( 18606 a. 66 

(X) CONT muous 

f~ 
~.~ 

:1 
1 

~1 
. , 

l 

;' 

,I 

"': 

j 

! ~ VOL TAGE. V 26f:lE) FREQUENC'I'. HZ a 

~,,=~-------=-------~-------~--~-~~---------------~~~~----------------------------~-~----~---~~~-~---=~= ~.~ 
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DATA/cOMML JTIONS 
MONITORING REQUIREMENTS: 
( ) NONE ( ) REALTIME (X) OFFLINE 
( ) ENCRiPTION/DECRIPTIOH REQUIRED 
( ) UPLINK REOUIRED: COI· ... lAND RATE (KBS): 
( ) ON-BOARD DATA PROCESSIHGREQUIRED 

DESCR IPTI Ol·j: 
DATA TYPES: () ANALOG 
FILM (AI"iOUNT>: 
LIVE. TV (HOURS/DAY): 
ON-BOARD STORAGE (MelT): 
DATA DUMP FREQUENCY (PER ORBIT) 
RECORDING RATE (KBPS) 

). DIGITAL 

( ) OTHER: 

FREOUEHCY (MHZ): 

HOURS/DAY 
VOICE (HOURS/DAY): 
OTHER: 

o 

DOtJ'ILINK COMMAND RATE: 
DOI.HL IHK FREQUEl-ICY (tf-l2): 

--------------------------------------------------~-----------------------------~----------------------------------------------------
THERMAL 

( ) ACTIVE (X) PASSIVE ' 
TEMPERATURE~ DEG C OPERATIOHAL MINIMUM 28 MAXIMUM 48 

NOH-OPERATIONAL MIHlMUM 4 I1AXWtUM 48 
HEAT REJECTION~ W OPERATIOHAL MINIMUM 9880 l·iAXIHUM 11888 I 

NON-OPERATIONAL MINIMUM 0 HA~<1t1J11 . 
------------------------------------------------------------------------------------------------------------------------------------, EQUIPMENT PHYSICAL CHARACTERISTICS . 

LOCATION (X) INTERNAL ( ) EXTERHAL ( ) REMOTE 
EOUIPMENT ID/FUNCTION (X) PRESSURIZED ( ) UHPRESSURIZED 

L~ M: 12.08 W~ M: 5.88 H~ M: 5.88 STOIJED 0 0 
L~ M: 35.60 W~ M: 2.01:) H~ 11: 5.00 DEPLOYED "T1 ;:0 
LAUNCH MASS~ KG: 38088 RETURH MASS~ KG: 15000 -0 ffi 
CONSUt-IABLE TYPES -

. ACCELERATION SENSITIVITY~ (G) MIN: E+El8 MAX: E+El8 g 2: 
---------------------------------------------------------------------------------------------------------------~~----------------CREW REQUIREMEHTS . 

tO~ 
C:~ 
:t~ (j! 
C !,.J] 

CREW SIZE 18 TASK ASSIGHMENTS 

SKILLS (SEE TABLE B) J SKILL 
-lI ... ", 
<~~ J LEVEL 

I HOURS/DAY J 

EVA () YES (X) HO REASON HOURS/EVA 
-------~-..,.-~,-.-----------~-------------------------------------------------------------------------------------------------------

SERVICING/MAINTENANCE 
SERVICE: 

CONFIGURATION CHANGES: 

INTERVAL ~ DAYS 
RETURNABLES~ I<G 
INTERVAL~ DAY 
DELIVERABLES~ KG 

SPECIAL CONSIDERATIONS/SEE INSTRUCTIONS 

tONSUI1ABLES~ KG 
HAN HOURS 
HAU/l-IOURS REOU I RED 
RETURNABLES, KG 

--------------------------------------------------------~---------------------------------------------------------------~-----------

: 
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--------- --------------------------------------------------- -------------------------~------------------------. ~--------BOEING-SPECIf- .... INPUT DflTA 
-----------------------------------------------------------------------------~------------------------------------------------------MISSION TYPE OPS CODE 

FREE FLYER 
( ) NOT SERVICED F 
( ) REMOTE TMS FT 
( ) REI"IOTE MANNED HI 
( ) SERVICED AT STATIOH (TMS'RETRIEVED) FST 
( ) SERVICED AT STATIOH (SELF-PROPELLED) FS 

PLATFORM BASED 
( ) NOT SERVICED P 
( ) REMOTE TMS PT 
( ) REt-IOTE MAimED PM 
( ) SERVICED AT STATION (TMS'RETRIEVED) PST 
( ) SERVICED AT STATIOH (SELF-PROPELLED) PS 

OTHER 
( ) SPACE STATIOH BASED 
( ) SORTIE 

CONSTRUCTION/sERVICING COMPLEXITY 
( ) LOU 
( ) I"IEDIUM 
( ) HIGH 

OPERATIOHS TIMES 
OTV UP /DOI.tI 
OTV OR TI15 01'1 ORB IT 
MISSIOH USE 
IVA SERVICE 
EVA SERVICE 
EXPERIMEHT C!"S 
SERVICE FREQUENCY 

DELTA VELOCITIES 
UP 
DOt.tl 
AERO RETURN 

SUPPORT EaUIPMENT 

B.BB 
B.Ba 
B.BB 

DAYS 
DAYS 
DAYS/YEAR 

SS 
SOR 

MAH-DAYS/VEAR 
MAN-DAYS/VEAR 
MAN-DAYS/YEAR 
TIMES/YEAR 

LEI~GTH: B.Ba METERS UIDTH: 
LENGTH: 

~1ASS: 

MAH IFESTRESTRICTIONS 
(X) 1'10 RESTRICTIONS 

B.BS METERS. UIDTH: 

B KG 

( ) OHL Y WITH COI·iPATIBLE PAYLOADS 
( ) FL Y-ALOI'IE 
( ) MUST HAVE DOCKING MODULE 

LENGTH OF BEAM FAB 
tIUtf3ER OF APPENDAGES 
HUt13ER OF MODULES I~EaU IRED TO ASSEI13LE lliE PAYLOAD .:, 

......... --.;;_.-

B. SB I'ETERS 
0.0B I"IETERS 

B.se 
(:) 
a 

.... . ",_,.-,_"1'-

HEIGHT: 
HEIGHT: 

-

B.BB ttnERS 
a • 00 I"ETERS 

(STOIaED) 
(DEPLOYED) . 

00 
":;0 
-05 
0-
oZ 
::0):11 
~ 

rO"tJ 
c:~ 
~ G) 
1M 

;!m 

~. _-:'_ - ___ -!"-~t':- _,.:- . ~-._ Jl • 

~ 
~ 

~ 
:j 
:~ 
'1 
.j 

1>1 

" 

;: 

" 
..; 



~""''\I'!!I'?~ft~'1'f:'m,-'ft' ~ 'i""'~', -, .... ~" ....... ~ ".~·I-'FX'-""7\-~:~~"\ '~~"~·FrT""-;-r.~·"'l"- .. r.~>~'~ "'~~!,,",.!jo."'" -<·'·?"Y''f'lffl''.'I:" 7't:~'\T l'r.'I!rff!-·'""1:-nr."1;."U~I.,~~t\I'i~"'·"""'Ki t,"f \". ~~'-'f""""''''' 'I"" --} 

IP" '\IIIM.!4'1 _,v." I" >.. \, , I 
1... r ... 

r ,-'-:." .,..-,...,. .... '1,. $""'~ 

M 

l 
,h .: 
• • 
,~ 
... , 

\! 
:,t i 
~i 

I 

'''1 
-..i 
, .. 
.I. 
'! 

I-, , 
rJ 

r 

,'I~,,, 

~~ 

PAYLOAD ELEtll:.rlT tlAtE .--------------------TYPE 

., 
" 

CONTINUOUS FLOIJ ELECTROPHORESIS 
CODE 
BAC)<t039 ( ) SCIEBCE AND APPL!CATIONS 

00 COn'rcRC I AL 
(HOH-COI't1. ) 

CONTACT 
NAME 
ADDRESS 

DR. HARVEY J. WILLENBERG 
BOEING AEROSPACE CO~IPAHY 
PO BOX 3999. MS 84-86 
SEATTLE. WA 99124 

( ) TECHBOLflGY DEVELOPtENT 
( ) OPERATIONS 
( ) OTHER 
( ) NATIONAL SECURITY ' 
TYPE HUMBER (SEE TnSLE A) B 

; TELEPHONE (2B6) 773-2e12El 
ItlPORTAl'lCE OF THE SPACE STAnm~ TO 
TH IS ELHIEIH 

STATUS 
1 = LOW WlLUE, BUT COULD USE 
lEi = VITAL 

( ) OPERATIOHAL () APPROVED!' (X) PLANNED ( ) CANDIDATE () OPPORTUNITY SCALE = 6 

DESIRED FIRST FLIGHT. YEAR: 2800 NUMBER OF FLIGHTS 

OBJECTIVE 
PROVIDE BIOCHEMICAL LABORATORY FOR DEVELOPiNG NEW ELECTROPHORESIS 
PRODUCTS. TESTING NEW EQUIPMENT AND PROCEDURES. AND PRODUCHIG 

17 DURATION OF FLIGHT. DAYS 21 

f RESEARCH QUAtHITIES OF BIOLOGICAL MATERIALS. 00 
-n:;t. 

"'0 ~~ 
0 :-; 
#~ C"-
U ~; 
AJ r' 

-------------------------------------------------------------------------------------------------------------------tj-~~-------------
DESCR IPTIOH c: ",~ 
A BIOCHEMICAL LABORATORY IS NEEDED TO DEVELOP ELECTROPHORESIS TECHNOLOGY BEVOND PROTOTYPE COI'tERCIAL ~,:~ ~ 
PRODUCTION FREE-FLYER. THE LABORATORY.WULD INCLUDE 5-lelELECTROPHORESIS UNITS FOR SEVERAL.RESEARCH AND ~ F.1 
COtt1ERCIAL USERS. A CONTROL LABORATORY STORAGE RACKS. AND CREW ACCOtt1lDATIONS. THESE UNITSI.tlULD PROVIDE =1 ..-c<1 

,i SEPARATIONS FOR A NUMBER OF DIFFERENT PHARl"'iACEUTICALS AND DIFFERENT COI11ERCIAL USERS. THE CONTROL ~~ ~ • 
: LABORATORY WOULD BE FOR PROCESS CONTROL OF THE ELECTROPHORESIS UNITS. QUALITY CONTROL OF THE PRODUCT. AND 

REPAIR OF THE PROCESS UNITS. IT IS BELIEVED THAT THIS CAN BE A SHARED t'IULTI-USER FACILITY. OF ROUGHLY 
50 M3. WITH FLUID. THERt'IAL. AND ELECTRICAL CONTROL.SYSTEMS AND BIOLOGICAL LABORATORY EQUIPMENT. ABOUT 5 M3 0 
STORAGE RACKS WOULD BE REQU IRED. 

.: ORB IT CHARACTER I S1' I CS 
GEOSYNC~IRONOUS ORB IT ( ) YES 

3BB 
(X) NO 

PERIGEE. KM .. APOGEE. KM 
INCUNATION. DEG 
NODAL ANGLE. DEG 
ESCAPE DV REQUIRED. M/S 

300 TOLERANCE + 2BB IBB 
TOLERANCE + 
EPHEtERIS ACCURACY, M 

--------------------------------------------------~--------------------------------------------------------------------------,~~-----
PO INT lNG/OR I EHTATI ON 

VIEW DIRECTlOI~ ( ) INERTIAL () SOLAR 
TRUTH SITES (IF KNOWN) 
POIliTING ACCURACY. ARC-SEC 
POINTING STABILITY (JITTER); ARC-SEC/SEC 
SPEC IAL RES'm ICTIONS (AVO IDANCE) 

( ) EARTH 00 ANY 

FIELD OF VIEW (DEG) 

-~--~-------------------------------------------------------------------------------------------------------------------------------
POLJER 

( ) AC 

OPERATING 
STANDBY 
PEAK 
VOLTAGE,' V 

(X) DC 
POWER. lJ 

10080 
3Eif.l13 

10000 
2000 

DURATIOli. HRS/D~IY 

24.00 
0.00 
f.l.B0 

FREQUE~ICY. HZ 

(X) CONTINUOUS 

o 

.IJ 
______________________________________________________ _ O'! ...... _______________ • ________________________________________________________ _ 
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J DATA/COI'HJN. ;IONS 

:;0. 

MONITORING REQUIREMENTS: 
( ) NONE ( ) REALTIME (X) OFFLINE () OTHER: 
( ) ENCR I PTI ott/DECR I PT I ON REQU I RED 
( ) UPLIliK REQUIRED: COtt1AND RATE (KBS): 
( ) ON-BOARD DATA PROCESS UIG REIlU IRED 

THERMAL 

DESCR IPTIOIi: 
DATA TYPES: () ANALOG ( ) DIGITAL 
F ILH (AMOUNT>: 
LIVE TV (HOURS/DAY): 
Ott-BOARD STORAGE (MBIT>: 
DATA DUMP F,RECUENCY (PER ORBIT) 
REC0RDING RATE (KBPS) 

( ) ACTIVE (X) PASSIVE : 
TEI1PERATURE. DEG C OPERATIONAL MINIMUM 

NON-OPERATIONAL MINIMUM 
MEAT REJECTION. U OPERATIONAL MINIMUM 

NON-OPERATIONAL MINIMUM 

28 
4 

9888 
8 

FREQUENCY (MHZ): 

HOURS/DAY 
VOICE (HOURS/DAY): 
OTHER: 

DObtlLINK COl'l1AND RATE:' 
DOt..tlL UII< FREQUENCY (I"HZ): 

MAXIMUM 
NAXIt1JM 
I1AX I MUM 
MAXIMUM 

48 
48 

11888 

----------------------------------------------------------~-------------------------------------------------------------------------
EQUIPMENT PHYSIICAL CHARACTERISTICS 

LOCATION (X) INTERNAL ( ) EXTERNAL ( ) REt1lTE 
eaUIPMENT ID/FUNCTION (X) PRESSURIZED ( ) UNPRESSURIZED 0 0 

,. L. M: 12~00 U. M: 5.08 H. M: ,5.133 STOt.ED " ::a 
L. M: 35.80 U. M: 2.88 H. M~ 5.00 DEPLOYED '1J G5 
LAUNCH MASS. KG: 30880 RETURN MASS. KG: 15Ei08 0 2 
CONSUMABLE TYPES 0 ):It 
ACCELERATION SENSITIVITY. (G) M!N: E+08 MAX: E+0B ::u r-

--------------------------------------------------------------------------------------------------------------------~'-~.r---. 
[REU REQUIREMENTS " c: J;>t 

CREU SIZE 18 TASK ASSIGNMENTS » G) 

--------~~----~---------------------------------------------- r: ~ 
SKILLS (SEE TABLE B) , SKILL " -1 =-

------------------------------------------------------------- ~ ~ 
I LEVEL 

I HOURS/DAY I 

EVA () YES (X) NO REASON HOURS/EVA 
------------------------~-------------------------------------------------------------------------------------------------------------
SERVICINGMAINTENANCE 

SERVICE: 

CONFIGURATION CHANGES: 

INTERVAL. DAYS 
RETURNABLES. KG 
INTERVAL. DAY 
DELlVERABLES. KG 

SPECIAL COHSIDERATIONS/sEE INSTRUCTIONS 

CONSUMABLES. KG . 
MAH HOURS 
MAU.ltlJtJRS REQU I RED 
RETURNA~LES. KG 

.~ 
J 

.~ 
" 

! 
9.' 

, 

.' 

, 

1 
i 
1 
I 

~
;I 

I ( ...... 

~,fT:' 
! '" 
~ ~--
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---------~: : --------------------------------------------------- --------------------------------------------------- ~.--------- I 
BOEIHG-SPECIFI~ .HPUT DATA ~ 

HISSIOii-TYPE---------------------------------OPS-CODE-----------------------------------------------.--------------------- :j 
~~R~ ~ 
( ) HOT SERVICED F 'j 

( ) REMOTE TMS FT !.l 
( ) REt-IOTE HAHNED FM ; j 
( ) SERVICED AT STATION (TMS'RETRIEVED) FSTI 
( ) SERVICED AT STATION (SELF-PROPELLED) FS },J 

PLATFORM BASED 
( ) NOT SERVICED 
( ) REMOTE ms 
( ) REMOTE t'~NNED 
( ) SERVICED AT STATION (TMS'RETRIEVED) 

P 
PT 
PM 
PST 
P5 ( ) eE~VICEl) RT 6TFlTIOtf (SELF-PROPELLED) 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

CONSTRUCTION/sERVICING COMPLEXITY 
( ) LOW 
( ) MEDIUM 
( ) HIGH 

OPERATIONS TII'ES 
ON UP/DOWN 
OTV OR TMS ON ORBIT 
MISSION USE 
IVA SERVICE 
EVA SERVICE 
EXPERIMENT OPS 
SERVICE FREQUENCV 

DELTA VELOCITIES 
UP 
DOWN 
AERO RETURN 

SUPPORT EQUIPMENT 

B.BB 
B.BB 
B.BB 

DAYS 

SS 
SOR 

DAYS 
DAVS/VEAR 
MAN-DAYS/VEAR 
mtl-DAVS/VEAR 
MAN-DAYS/YEAR 
TIMES/vEAR 

LENGTH: 
LENGTH: 

B.BB METERS 
B.BB METERS 

ldIDTH: 
WIDTH: 

mss: 

MAHIFESTRESTRICTIOHS 
o() NO RESTR I CTI OBS 

B KG 

( ) OUl V WITH Cm'lPATIBLE PAYLOADS 
( ) FLY-ALONE 
( ) 11UST HAVE DOCK ING MODULE 

LEHGTH OF BEAM FAB 
NUMBER OF APPEHDAGES 
HUMBER OF MODULES RECt! mED TO ASSEMBLE THE PAYLOAD', 

B. BB I'ETERS 
a" 6a I"IETERS 

B.08 
tf 
B 

HEIGHT: 
HEIGHT: 

B.BB METERS 
B "aB t'lETERS 

(STOt.ED) . 
(DEPLOYED) 

00 
"";0 
"td5 
0-
O~ 
::tir-

O." 
C)::! 
l:oG) 
IfI'i'i 

':e ~ 
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1 ----------- ---------------------------------------------------. ..---------------------------------------------- =------- ~ ". 
PAYLOAD ELEI'I:IiT NAI"E CODE TYPE 
GLASS PROCESSING. FOR OPTICAL FIB BACXI840 ( ) SCIENCE AND APPLICATIONS (NON-COI'l1.) '" . 

~~~ACT----~~~-::~~~~-~~-:~~:~:~~~~-------------------------------------------------- ~X~ ~~~~g~~ DEVELOPMENT ··i 
ADDRESS BOEING AEROSPACE COI"PANV ( ) OlllEI~ . ~ 

PO BOX 3999 HS 84-96 ( ) IiArIOI~AL SECl!R lTV . i 
SEAtTLE. lJA 98124 TYPE NUMBER (SEE TABLE ::}) . ,I ____________________________________________ ~, 

TELEPHONE 206/773-2020 

STATUS 
( ) OPERATIONAL () APPROVED!' ( ) PLANNED ( ) CANDIDATE (X) OPPORlUNITY 

II'IPORTANCE OF THE SPACE STATIm .. TO 
THIS ELEl"n::HT 

. 1 .. LOW VALUE. BUT COULD USE 
10 • VITAL' ' 
SCALE = 8 

DESIRED FIRST FLIGHT. YEAR: 1991 NU~EER OF FLIGHTS 36 DURATION OF FLIGliT. DI1'{5 45 

OBJECTIVE 
PRODUCE HIGH QUAL lTV OPTICAL FIBERS BV CONTAINERLESS PROCESSING OF 
GLASS. 

,DESCR IPTION 
CONTAINERLESS PROCESSING FURNACES HEAT HIGij PURITY GLASS BEYOND MELTING POINT AND PULL 10 Ut'tDIAMETER 
FIBERS FROM THE MELT. WHICH ARE THEH WRAPPED ON A SPOOL. 

00 
..,,;0 

0-0 ffi 
O~ 
0)':11 

. ~ ii~ 
---------------------------------------------------------------~--------------------------------------------------------------------ORBIT CHARACTERISTICS rq ;p 

GEOSYNCHRONOUS ORBIT ( ) YES (X) HO ~ ~ 
APOGEE. KI1 PER I GEE. KM TOLERANCE + r 1m 
mCL IHATIOH. DEG TOLERANCE + ~ "'''' 
NODAL ANGLE. DEG EPHEMERIS ACCURACV. M -(~ 
ESCAPE DV REQUIRED. M/S 

-.---------~-------------------------------------------------------------------------~------~----------------------------------------

~ 

.~ . 

, POIHTING/oRIEHTATIOH 

, J 
l.ii 

VIEW DIRECTIOI~ ( ) INERTIAL () SOLAR 
TRUTH SITES (IF KNOlJH): 
POINTING AtCURACY~ ARC-SEC 
PO IHTING STAB IUTY (J ITTER>. ARC-SEC/SEC 
SPECIAL RESTIUCTIOHS (AVOIDANCE) 

POWER 
( ) AC 

OPERATING 
STANDBV 
PEAI{ 
VOLTAGE.' V 

(X) DC 
·POWER. W 

la6ea 
106013 

58 

DURATION. .IRS/DAY 

24.00 

24.813 
iFREQUEHC'/. HZ 

( ) EARTH ( ) ANV 

FIELD OF VIEW (DEG) 

(X) CONTINUOUS 

, 1 ~-----------------------------------------------------------------------------------------------------------------------------------

. j 
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DATA/cOm..,," nONS ',j 
I'IlH ITOR I lib REQU I RE!'ENTS : .:; 
( ) HOHE ( ) REALTIME () OFFLINE () OTHER: 1 
( ) ENCRIPTIDtVDECRIPTION REQUIRED I 
( ) UPLINI< REQU IRED: COMMAND RATE (KeS): FREQUENCY (I'1-IZ): '. j 
( ) ON-BOARD DATA PROCESSIliG REQUIRED l 

DESCRIPTION: . . 3 
DATA TYPES: () ANALOG ( ) DIG ITAL HOURS/DAY ·l 
FILM (AMOUNT>: va ICE <HOURS/DAY): 
LIVE TV (HOURS/DAY): OTHER: 
ON-BOARD STORAGE (MSIT): 
DATA DUI"IP FREQUENCY (PER ORB IT> 
RECORDING RATE (KBPS) 

DOWHL1NK COMMAHD RATE: 
DO~JNl HlK FREQUENCY (I'1-IZ): 

----------------------------------------------------------------------------------------~-------------------------------------------
THERMAL 0 

0<> ACTIVE ( ) PASS IVE : ." is 
TEMPERATURE. DEG C OPERATIONAL MIHII'tJM 800 MA><IllJI1 20B0 "'0 i5 

NOH-OPERATIOHAL MIHIt1JM MA~<Il1JM 100 0 -
HEAT REJECTION. W OPERATIONAL MINIMUM 10000 MAX I 1"1U11 20000 0 S 

NON-OPERATIONAL MINIt1l.IM MAXIt1JM 20000 .::0 r-
--------------------------------------------~----~----------------------------------------------------------------------------~----
EQUI PI1:NT PHYS ICAl CHARACTER I STI CS " 

LOCATION (X) INTERNAL ( ) EXTERNAL ( ) REI1lTE ~ ~ 
EQUIPMEtlT ID/FUHCTION ( ) PRESSURIZED ( ) UNPRESSURIZED r m 

LENGTH: 20.00 METERS WIDTH: 5.00 METERS' HEIGHT: I"ETERS (STOt.ED) ::; ""'" 
LENGTH: 20.00 METERS WIDTH: 5.00 METERS HEIGHT: tiETERS <DEPLOYED) :( (iJ 
LAUHCH MASS. KG: 29500 RETURN MASS. KG: 29500 
CONSUMABLE TYPES 
ACCELERATIOH SENSITIVITY. (G) MIN: MAX: 

CREW REeUIREt'ENTS 
CREW SIZE 

SKILLS (SEE TABLE B) 

EVA () YES () HO 

SERVICIHG/MAIHTENAHCE 
SERVICE: 

CONFIGURATIOH CHANGES: 

TASK ASSIGNMENTS 

, SKILL 

,'LEVEL 

I HOURS/DEW I 

REASOH 

IIHERVAL 
RETURNABLES 
INTERVAL 
DELIVERABLE!) 

DAYS 
KG 
DAYS 
KG 

HOURS/EVA 

COHSUMABLES 
MAN BOURS REOUIRED 
MAN-HOUI~S REOU IRED 
RETURNABLES 

, f 

KG 

KG 
---------------------------------~---------------------------------------------------_._-----------------------------------------------
SPEC IAL CONS IDERATIONS/sEE mSTlWCTIOHS 

.1 
il>l 

1 

~Lii 1 

I • ./ 

'4..... '.e.,- .. 
~ '~t : '. 

It -M;;:>. 
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MISSION TYPE 
FREE FLYER 
( ) NOT SERVICED 
( ) REMOTE TMS 
( ) REMOTE MAtlNED 
( ) SERVICED AT STATION 
( ) SERVICED AT STATION 

PLATFORM BASED 
( ) NOT SERVICED 
( ) REI"IOTE TMS 
( ) REMOTE MANNED 

(TMS ' RETR IEVED) 
(SELF-PROPELLED) 

OPS CODE 

F 
FT 
FM 
FST 
FS 

( ) SERVICED AT STATION (TMS'RETRIEVED) 
( ) SERVICED AT STATION (SELF~PRORELLED) 

P 
PT 
PM 
PST 
PS 

OTHER 
( ) SPACE STATION BASED 
( ) SORTIE 

CONSTRUCTlmVSERVIC ING COMPLEXITY 
( ) LOW· 
( ) MEDIUM 
( ) HIGH 

OPERAflONS TIMES 
OTV UP/DOWN 
OTV OR TtS ON ORBIT 
MISSION USE 
IVA SERVICE 
EVA SERVICE 
EXPER Ir1EHT OPS 
SERVICE FREQUENCY 

DAYS 

SS 
SOR 

DAYS 
DAYSI'YEAR 
MAN-DAYSI'YEAR 
MAN-DAYS.lYEAR 
MAN-DAYS/YEAR 
TIt£S.lYEAR 

~,,; ,DEL TA VELOC ITI ES 
f UP 
*- DOIJi 
~ AERO RETURN 

,'1 

SUPPORT EQUIPMENT 
LENGTH: 
LENGTH: 

,MASS: 

MANIFEST RESTRICTIONS 
( ) HO RESTRICTIONS 

tETERS 
METERS 

KG 

( ) ONLY WITH COI"~ATIBLE PAYLOADS 
( ) FLY-ALOHE 
( ) MUST HAVE DOCKING MODULE 

LENGTH OF BEAM FAB 
NUMBER OF APPENDAGES 

WIDTH: 
WIDTH: 

HUMBER OF MODULES REQUIRED TO ASSEMBLE THE PAYLOAD:' 

t£TERS 
METERS 

HEIGHT: 
HEIGHT: 

t'ETERS 
I"ETERS 

(sTOLED) . 
(DEPLOYED) 
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NAME AND PHONE NUMBER: 

DESCR IPTION 
CONTAINERLESS PROCESSING FURNACES HEAT HIGH PURITY GLASS BEYOND MELTING POINT AND PULL 10 UM DiA~ETER 
FIBERS FROM THE MEL T. IJH CH ARE THEN lRAPPED ON A SPOOL. o 

----------------------------------------------------------------------------------------------------------------------------~------
I TEM DRY I.E I GHT: POUNDS· VOLUME: CUBIC FEET 

STRUCTIJRAL !.EIGHT (INCLUDES TYPICAL -MECHANICAL- ITEMS LISTED BELOlJ): POUNDS 

DESIGN COMPLEXITY: 

MANUFACTIJRING COMPLEXITY FOR STRUCTIJRAL/MECHAHICAL,ITEHS: 
TVPICAL HMECHANICAL· ITEMS ItlCLUDE ENCLOSURES. OPTICS. I1lTORS. BLOlaERS. GYROS. BATTERIES. 
CABLES. CONNECTORS. SWITC~IES. INDICATORS. CATHODE RAY TIJBES. ANTENNAS WITHOUT ELECTRONICS. 
t1ECHAN I SI1S. WAVEGU I DES. ETC ~ 

ELECTRONIC EaUIPMENT DESCRIPTION: i-lNALOG 
DIGITAL 
POIJER SUPPLIES 
OTHER 

MANUFACTIJRING COMPLEXITY FOR ELECTRONIC ITEMS: 

r. 
r. 
r. 

" 
WEIGHT OF THE CIRCUIT BOARD AND ELECTRONICS MOUNTED ON IT: POUNDS 

MATERIAL USED FOR THE ENCLOSURE: 

OF THE ELECTRONICS WEIGHT. WHAT X IS OFF-THE-SHELF? 

OF THE STURCTURAl 'WEIGHT. WHAT X IS OFF-THE-SHELF? 

MANUFACTIJRING DEGREE OF AUTO~~TION 
ELECTRONICS () LOW 
~iECHAN ICAl ( ) LOW. 

IS THE ITEM HARDENED? 

( ) MEDIUM 
( ) MEDIUt'l 

MACHINE CASTING? 

( ) HIGH 
( ) HIGH 
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SUMMARY OF STUDY TASKS 

The study accomplished 3 major objectives: 

1. 

2. 

Identified, collected, and analyzed science, applications, commercial, national security, 

technology development and space operations missions that require or benefit by the 

availability of a permanently manned space station. The space station attributes and 

characteristics that will be necessary to satisfy these requirements were identified. 

Identified alternative space station architectural concepts that would satisfy the user 

mission requirements. 

3. Performed programmatic analyses to define cost and schedule implications of the various 

architectural options. 

Figure A-I shows the summary task flow that was used to accomplish these objectives. 

In Tasks 1.1 thru 1.5, missions were identified, screened, and their needs and benefits analyzed. 

Mission investigators were assigned to each of the mission classes (science and applications, 

cQmmercial, technology development, space operations, and national security). In general, 

these investigators (and their supporting subcontractors) contacted potential users and analyzed 

available data to characterize potential mission needs. They worked in conjunction with 

designers and operations analysts to characterize the potential payloads and operational 

interfaces. In Task 1.6, the missions were allocated to orbits, and were assigned to platforms, 

free-flyers, or space stations, as appropriate. During Task 1.7, the various missions were 

integrated into time-phased mission models. The time-phasing took into account available 

budgetary constraints, prioritization, time sequencing constraints, and transportation avail

ability. A computer program was used to process the integrated time-phased mission model to 

. derive a year-by-year shurtle manifest schedule. The computer program was also used for Task 

1.8 to derive the integrated time-phased space station accommodation requirements, i.e., power 

and thermal demands, berthing requirements, and crew skills. These mission analyses have been 

reported in Volume 2 of the final report. 

Also included in Volume 2 are the results from Task 1.10. In this task, some of the primary 

commerical opportunities were examined to define the economics of the use of a space station 

and to define the benefits of doing business on a space station relative to doing it using the 

shuttle. 
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In Task 1.9, mission requirements and space station design requirements were identified. An 

aggregate of these requirements are reported in Volume 3. 

Volume 4 of the final report contains the results from Tasks 2.1, 2.2 and 3. SpecificaUy in Task 

2.1, a methodology for defining realistic architectural options was established. This method

ology was applied using the requirements defined in the previous tasks. From this, we have 

created 3 architectural options and have shown some reference space station configuration 

concepts for each architectural option. Task 2.2 was performed to obtain analysis and trades of 

Some of the principle subsystems, i.e., data management, environmentill control and life 

support, and habitability. Task 3 provides the analyses of programmatics and cost options 

associated with the concepts derived during the study. 

A cross reference gUide to enable locating study topics within the volumes and volume sections 

of the final report is presented in Table A-i. 
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TABLE A-I 

Final Report Topical Cross Reference Guide 

Topic Vol. 1 Vol. 2 Vol. 3 Vol. 4 Vol .. j Vol. 6 Vol. 7-1 
Exec Mission Rqm'ts Archit DoD Final Sci/App 
Summ Anal Brief Data 

Book 

Commercial Missions 

0 Communication 0 3.2.1 0 Satellites 

0 Reconfigurable 
0 Multibeam 

0 Materials Proc. 0 3.2.2 1-1.3.2.3, 0 

o - Semiconductors 
1.2.2.1 

0 Biological 
0 Glass Fibers 

0 Earth Observation 3.2.3 

Industrial Services 3.2.4 

0 Crew Selection 
&: Training 

0 In-Space OPS 

Technology Demo's 0 3.3 0 

Space Operation 0 3.4 0 

0 Construction 
0 Flight Support 
0 Servicing 

;;;: 
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· .... -,·t " ~ '. 

VoJ.1-2 

r ~ rl .~ . .,. , ~'.-'" ,..,----.. '. .11.' 
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'~ 1 

Vol. 1-3 Vol. 1-4 
Commer Tech Archit 
Data Demo Data 
Book Data Book 

Book 

0 

0 

0 

0 

-~'- ~. ~- • ~ •• ~~ __ ""7"': 

s. 
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Vol. 1-5 ,~ 
Mission 1 
Data 
Book 
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Topic 

Science & Applications 
Missions 

o Space Environment 
Missions 

o Astrophysics 
Missions 

,0 Earth Environment 
Missions 

o Life Sciences 
Missions 

o Materials Science 
Missions 

Scenarios of Operational 
Capabilities . 

o Mission Constrained 
o Station Constrained 
o No Space Station 

1-;"., ,,' 

Vol. 1 
Exec 
Summ 

0 

0 

0 

0 

0 

o 
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TABLE A-I 

Final Report Topical Cross Reference Guide 

Vol. 2 
Mission 
Anal 

3.1.2 

3.1.3 

3.1.4 

3.1.5 

3.1.6 

4.0, 
5.0 

Vol. 3 
Rqmits 

Vol. 4 Vol. 5 Vol. 6 
Archit DoD Final 

Brief 

0 

0 

0 

0 

o 

~-' .... ".;...~ 

Vol. 7-1 Vol. 7-2 Vol. 7-3 Vol. 7-4 
Sci/App Commer Tech Arch it 
Data Data Demo Data 
Book Book Data Book 

Book 

0 

0 

0 

0 

0 
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Vol. 7-' 
Missioo 
Data 
Book 
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Topic 

Mission Requirements 
Summary 

0 low Inclination 
Space Station 

0 High Inclination 
Space Station 

0 Platform only 

0 Manifesting 
0 Shuttle 
0 OTV 
0 TMS 

0 Crew Size 

0 Crew Skills 
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TABLE A-I 

Final Report Topical Cross Reference Guide 

Vol. 1 Vol. 2 Vol. 3 Vol. 4 Vol. 5 Vol. 6 Vol. 7-1 Vol. 7~2 Vol. 7-3 Vol. 7-4 
Exec Mission Rqm'ts Archit DoD Final Sci/App Commer Tech Archit 
Summ Anal Brief Data Data Demo Data 

Book Book Data Book 
Book 

.5.0 

0 .5.2,.5.3 3.2.1 1-1.2.2.4 0 

0 .5.2,.5.3 1-1.2.2.4 0 

0 5.4 0 

0 5.2, 0 
.5.3, 
.5.4 

0 .5.2,.5.3 3.2.1 0 
5.4 

.5.2.5.3 11-2.2.3 
3.1.2.5, 
3.1.3.5, 
3.1.4.5, 
3.1.5.5, 
3.2.1.5, 
3.2.2.6, 
3.2.3 
3.3 
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Data 
Book 
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\/'1 Topic 

{~"'I\, 

,'t ~1 

Mission Analy$ls 

o Manifesting 
Analysis Software 

Vol. 1 
Exec 
Summ 

o 

o Accommodations & 0 

Crew Activity 
Analysis Software 
o Crew Skills 
o Crew Size 
o Berthing Ports 
o Electrical power 
o Internal volume 

Design ReqUirements 

". 

oMission 
Accommodation 
Reqm'ts 

o Interfaces 
o Berthing/Docking 

Port 
o Hangar 

TABLE A-I 

Final Report Topical Cross Reference Guide 

Vol. 2 Vol. 3 
Mission Rqm'ts 
Anal 

2.2 

2.2 

5.0 3.2 

3.3 

Vol. " 
Arch it 

lI-tO.O 
1-1.3.2.1 

1-1.3.2.2 

Vol. 5 
DoD 

.... _, ~~'-'~' "." -.. -.. ,,~ 

Vol. 6 
Final 
Brief 

o 

o 

Vol. 7-1 
Sci/App 
Data 
Book 
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Vol. 7-2 Vol. 7-3 
Commer Tech 
Data Demo 
Book Data 

Book . 

-- "",~,,," 

~, 

Vol. 7-" 
Archit 
Data 
Book 

0 

Vol. 7-5 
Mission 
Data 
BOok 
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Topic 

Archit~~a1 Opti~ 

0 Architecture 
Development 
Methodology 

0 Space Station 
Architectural 
Options 
Build-up and Growth 

Data Management 

0 Architecture 
0 In-Fit Checkout 
0 Space-Ground 

Integration 
0 Ground Lab 
0 Software Devel. 
0 Hardware Stds 
0 Software Stds 
0 Verif/Valid. 

.. 

Vol. 1 
Exec 
Summ 

0 

0 

0 

TABLE A-I 

Final Report Topical Cross Reference Guide 

Vol. 2 Vol. 3 Vol. 4 Vol. 5 Vol. 6 Vol. 7-1 
Mission Rqm'ts Archit DoD Final Sci/App 
Anal Brief Data 

Book 

1-1.1 0 

1-1.2 0 

5.0 1-1.2.3.4, 
1.3.1.3, 
1.3.2.3, 
1.3.3.3 

11-3.2 
11-3.3 
11-3.4 

11-3.5 
11-3.6 
11-3.7 
11-3.8 
11-3.9 

... 

Vol. 7-2 Vol. 7-3 Vol. 7-4 

-~--~ 

~ rr 

G.! 

Vol. 7-5 
Commer Tech Archit Mission l 

,I Data Demo Data Data 
Book Data Book Book 

Book 

0 

0 

0 
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0 
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Topic 

'"~ 't '\1\' 
~ 

" ~ 

logistics/Resupply 

o Logistics Module 

o ResuppJy Reqm'ts 

Environmental Control 
and life Support 
Subsystem 

o ECLS Evolution 

o Safe Haven 
Logistics Module 

o Air Revitalization 
System 

o Water Revitalization 
System 

o Performance and 
Loads Specification 

o Overboard Venting 
o Architecture 
o Water Recovery System 
o C02 Concentration 
o Regenerative-Fuel_ 

Cell-Based ECLS 
o Recommendations 

EVA/EMU 

If'" 

Vol. I 
Exec 
Summ 

Vol. 'l. 
Mission 
Anal 

~,";'''-

TABLE A-I 

Final Report Topical Cross Reference Guide 

Vol. "3 
Rqm'ts 

Vol. 4 
Archit 

11-7.1, 
7.3,7.4 

11-7.2 

11-5.0 

11-5.2.1, 
5.3.2 
11-5.2.1 

Vol.j 
000 

11-.5.0,.5.3.2 

11-.5.0,.5.3.2 

11-.5.2.1,.5.2.2 
11-.5.2.1 
11-.5.0,5.3.2 
11-5.0,5.3.2 
11-5.0,5.2.1, 
.5.3.2 
11-5.0, ,5.3.2 

11-5.0, 5.2.2 
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Vol. 6 
Final 
Brief 

Vol. 7-1 
Sci/App 
Data 
Book 

.'~. 

Vol. 7-2 Vol. 7-3 Vol. 7-4 
Com mer Tech Archit 
Data Demo Data 
Book Data Book 

Book 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Topic 

Communications ~ 
Tracking Subsystem 

Manipulator System 

Pointing Systems 

Thermal Management 

Crew 

o Tasks 
o Skills 

o Capabili ties 
o Role Relationships 
o Accom moda tions 

"F .... ," .• ~ 

Vol. 1 
Exec 
Summ 

TABLE A-l 

Final Report Topical Cross Reference Guide 

Vol. 2 Vol. 3 Vol. 4 Vol • .5 Vol. 6 Vol. 7-1 
Mission Rqm'ts Archit DoD Final Sci/App 
Anal Brief Data 

Book 

3.2.2.I.ll 11-4.0 

11-6.0 

11-8.0 

11-9.0 

11-2.0 

11-2.2 
.5.2.5.3 11-2.2.3 
3.1.2 • .5, 
3.1.3.5, 
3.1.4.5, 
3.1.5.5, 
3.2.1.5 
3.2.2.6, 
3.2.3 
3.3 

11-2.2.2 
11-2.3.2 

3.2.2.1.11 ' 11-2.4 
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Vol. 7-2 Vol. 7-3 
Com mer Tech 
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Book 
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Archit 
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Book 
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Topic 

Crew (Continued) 

o Habitability 
o IVA Work 

Stations 
o EVA Work 

Stations 
o Maintenance 
o Stowage 
o Windows 
o Hygiene 
o Scheduling 

Vol. 1 
Exec 
Summ 

o 

TABLE A-I 

Final Report Topical Cross Reference Guide 
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AAP 
AC 
ADM 
AM 
APC 
APSM 
ACS 
ARS 
ASE 
BIT 
BITE 
CAMS 
C&:D 
C&:W 
CCA 
CCC' 
CCTV 
CEI 
CER 
CF 
CMG 
CMD 
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C02 
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dB 
DC 
OCM 
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FMEA 
ftc 
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LIST OF ACRONYMS AND ABBREVIATIONS 

Airlock Adapter Plate 
Alternating Current 
Adaptive Delta Modulation 
Airlock Module 
Adaptive Predictive Coders 
Automated Power Systems Management 
Attitude Control System 
Air Revitalization System 
Airborn Support Equipment 
Bui! t in Test 
Built in Test Equipment 
Continuous Atmosphere Monitoring System 
Controls and Displays 
Caution and Warning 
Communications Carrier Assembly 
Contaminant Control Cartridge 
Closed Circuit Television 
Critical End Item 
Cost Estimating Relationship 
Construction Facility 
Control Moment Gyro 
Command 
Commands 
Carbon Dioxide 
Computer Processor Units 
Cathode Ray Tube 
Decibels 
Direct Current 
Display and Control Module 
Design, Development, Test, and Evaluation 
Department of Defense 
Docking Tunnel 
Docking Module 
Data Management System 
Defense Satellite Communications System 
Environmental Control/Ufe Support System 
Electrochemical f'\epolarized C02 Concentrator 
EMU Electrical Harness 
Effective Isotropic Radiated Power 
Electromagnetic Interference 
Extravehicular Mobility Unit 
Electrical Power System 
External Tank 
Extravehicular Activity 
EV A Communications System 
Bv A Visor Assembly 
Flow Meter 
Failure Mode and Effects Analysis 
Foot candles 
Flight Support Facility 
Fluid Storage System 
Gallium Acsenide 
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GN&C 
GEO 
GHZ 
GPC 
GPS 
GSE 
GSTDN 
GFE 
GTV 
HlL 
HllV 
HM 
HMF 
HPA 
HUT 
Hz 
ICD 
lOB 
lac 
IR 
IVA 
JSC 
KBPS 
KM,Km 
KSC 
Ibm 
LCD 
LCVG 
LED 
LEO 
LiOH 
LM 
LPC 
LRU 
LSS 
LTA 
lV 
Ix 
MBA 
mbps 
MHz 
MMU 
M~-Wave 
MOTV 
MRWS 
MSFN 
N/A 
NBS 
NSA 
N 
NiCd 
NiH2 
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I LIST OF ACRONYMS AND AB8REVIA nONS (Continued) 

Guidance, Navigation and Control 
Geosynchronous Earth Orbit 
Gigahertz 
General Payload Computer 
Global Positioning System 
Ground Support Equipment 
Ground Satellite Tracking and Data Network 
Government Furnished Equipment 
Ground Test Vehicle 
High Level Language 
Heavy lift Launch Vehicle 
Habitat Module 
Health Maintenance Facility 
Handling and Positioning Aide 
Hard Upper Torso 
Hertz (cycles per second) 
Interface Control Document 
Insert Drink Bag 
Initial Operating Capability 
Infrared 
Intravehicular Activity 
Johnson Space Center 
Kilo Bits Per Second 
Kilometers 
Kennedy Space Center 
Pounds Mass 
Liquid Crystal Display 
liquid Cooling and Ventilation Garment 
light Emitting Diode 
low Earth Orbit 
Lithium Hydroxide 
LogistiCS Module 
linear Predictive Coders 
lowest Replaceable Unit 
life Support System 
lower Torso Assembly 
launch Vehicle 
lumens 
Multibeam Antenna 
Megabi ts per second 
Megahertz 
Manned Maneuvering Unit 
Millimeter wave 
Manned Orbit Transfer Vehicle 
Manned Remote Work Station 
Manned Space Flight Network 
Not Applicable 
National Bureau of Standards 
National Security Agency 
Newton 
Nickel Cadmium 
Nickle Hydrogen 
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Nm,nm 
N/m2 
OBS 
OCS 
OCP 
OMS 
OTV 
PCM 
PCM 
PEP 
PIDA 
P/L 
PLSS 
PM 
POM 
ppm 
PRS 
PSID 
RCS 
REM 
RF ' 
RFI 
RMS 
RPM 
RPS 
SAF 
SAWD 
SPGaAs 
scfm 
SCS 
SCU 
SOV 
SOHLV 
SEPS 
SF 
SM 
SOC 
SOP 
SRB 
SRMS 
SRU 
SSA 
SSME 
STS 
SSP 
STAR 
STON 
STE 
TBO 
TORSS 
TFU 
TGA 
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LIST OF ACRONYMS AND ABBREVIATIONS (Continued) 

Nautical miles 
Newtons per meter squared 
Gperational Bioinstrumentation System 
Onboard Checkout System ,_ 
Open Cherrypicker 
Orbital Manuevering System 
Orbital Transfer Vehicle 
Pulse Code Modulation 
Parametric Cost Model 
Power Extension Package 
Payload Installation and Deployment Apparatus 
Payload 
Portable Life Support System 
Power Module 
Proximity Operations Module 
Parts per Million 
Personnel Rescue System 
POlmds per Square Inch Differential 
Reaction Control System 
Roentgen Equivalent Man 
Radio Frequency 
Radio Frequency Interference 
Remote Manipulator System 
Revolutions Per Minute 
Real-time Photogrammetric System 
Systems Assembly Facility 
Solid Amine Water Desorbed 
Space Produced Gallium Arsenide 
Standard Cubic Feet per Minute 
Stability and Control System 
Service and Cooling Umbilical 
Shuttle - Derived Vehicle 
Shuttle - Derived Heavy Lift Vehicle 
Solar Electric Propulsion System 
Storage Facility 
Service ~odule 
Space Operations Center 
Secondary Oxygen Pack 
Solid Rocket Booster 
Shuttle Remote Manipulative System 
Shop Replacable Units 
Space Suite Assembly 
Space Shuttle Main Engine 
Space Transportation System 
Space Station Prototype 
Shuttle Turnaround Analysis Report 
Spaceflight Tracking and Data Network 
Standard Test Equipment 
To Be Determined 
Tracing and Data Relay Satellite System 
Theoretical First Unit 
Trace Gas Analyzer 
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:r; LIST OF ACRONYMS AND ABBREViATIONS (Continued) 
F 

Nm,nm Nautical miles i 

Ii 
N/m2 Newtons per meter squared J' 

OBS Operational Bioinstrumentation System it 

OCS Onboard Checkout System 
OCP Open Cherrypicker 

I j 

OMS Orbital Manuevering System ;1 

OTY Orbital Transfer Vehicle 
PCM Pulse Code Modulation I 
PCM Parametric Cost Model 1 
PEP Power Extension Package ~ I 
PIOA Payload Installation and Deployment Apparatus 
P/L Payload 
PLSS Portable Life Support System 
PM Power Module 
POM . Proximity Operations Module 
ppm Parts per Million 
PRS Personnel Rescue System 
PSID Pounds per Square Inch Differential 
ReS Reaction Control System 
REM Roentgen Equivalent Man 
RF Radio Frequency 
RFI Radio Frequency Interference 
RMS Remote Manipulator System 
RPM Revolutions Per Minute 
RPS Real-time Photogrammetric System 
SAF Systems Assembly Facility J': 

" 

SAWD Solid Amine Water Desorbed 
" SPGaAs Space Produced Gallium Arsenide 

scfm Standard Cubic Feet per Minute 
SCS Stability and Control System 
SCU Service and Cooling Umbilical 
SOV Shuttle - Derived Vehicle 
SDHLV Shuttle - Derived Heavy Lift Vehicle 

I 

'I SEPS Solar Electric Propulsion System 
SF Storage Facility 
SM Service Module 
SOC Space Operations Center 
SOP Secondary Oxygen Pack 
SRB Solid Rocket Booster 
SRMS Shuttle Remote Manipulative System 
SRU Shop Replacable Units 
SSA Space Suite Assembly 
SSME Space Shuttle Main Engine 
STS Space Transportation System 
SSP Space Station Prototype 
STAR Shuttle Turnaround Analysis Report 
STON Spaceflight Tracking and Data Network 
STE Standard Test Equipment 
TBD To Be Determined 

L."; TORSS Tracing and Data Relay Satelli~e System 
~ 
~~:~ TFU Theoretical First Unit 

TGA Trace Gas Analyzer i 
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TLM 
TM 
TMS 
TT 
TV 
UCD 
VCD 
VDC 
VLSI 
VSS 
WBS 
W~S 
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lIST OF ACRONYMS AND ABBREVIATIONS (Continued) 

Thermoelectric Integrated Membrane Evaporation System 
Telemetry 
Telemetry 
Teleoperator Maneuvering System 
Turntable/Til ttable 
Television 
Urine Collection Device 
Vapor Compression Distillation 
Volts Direct Current 
Very Large Sacle Integrated Circuits 
Versatile Servicing Stage 
Work Breakdown Structure 
Waste Management System 
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