GRANT paz)
% University of Colorado at Boulder

25Hpege’

//l/" /gﬁfs/‘é

{NASA-CR-176881). . 4 . STUDY OF. FACTORS RELATED - N86-30744
TO COMMERCIAL SFACE. FLATFORM SERVICES - ' ,
- {Colorado’ Oniv,) . 254:-p . . CSCL 224 .
' Onclas
"G3/12 343277 .

Center for
Space Law and Policy

Boulder, Colorado



A Study of Factors
Related to Commercial Space

Platform Services

Prepared for

The National Aeronautics and Space Administration

(NASA Grant NAGW-884)

By

The University of Colorado

Principal Investigator: S. Neil Hosenball

Center for Space Law and Policy

Boulder, Colorado

August, 1986



Table of Contents

Participants..ooo.oo.oo.ooo'u...ooooo..c.uotsz

PrefaCeooo.oo.oo.on..o000000000000000.000000.3

ExeCutive Summary.............--.............4—12

SECTION ONE
IDENTIFICATION OF FACTORS

Organization of the Report...eeeecececceesasl3

I. Introductionoooooo0000o.oooo.'ooob-oo.o.oo.-.olB

II- BaCkgIound.;....,..........-o.--o....o-.-.-..ls

A. MMS Heritage ' 15

B.

Initial Stages of
Fairchild's Leasecraft 16

NASA-Fairchild Memorandum of )
Understanding 17

Fairchild's Early
Marketing Assessment 17

NASA-Fairchild
Joint Endeavor Agreement 19

Fairchild's Unsolicited Proposal 20

NASA Request for Proposal for
Commercial Space Platform Services 22



III. Factors Affecting Commercial Development
of Space Platform ServicesS.....c.ceeeeceecess2d

A. Market Aspects 25
1. Pharmaceuticals 26
2. Crystals 26
3. Glasses and Ceramics 27
4. Metal Alloys and Composites 27.
5. Other Market Possibilities 27
6. Summary of Market Aspects 28
B. Insurance and Risk of Loss 29
C. Tax Related Factors 30
D. Space Transportation ' 31
E. Termination Liability 37
1. Under JEA 38
2. Under Unsolicited Proposal 38
3. Under NASA RFP 39
F. Institutional Barriers 40
1. Source Evaluation Board Process 40
2. Funding Procedures 41
G. Procurement Laws and Regulations 43

IV. Summary - Section One€......cccecocecereeescsodd



I.

II.

SECTION TWO

RECOMMENDATIONS

Introduction to Recommendations...............45

“Market Risk

Insurance and Risk of Loss

Tax Treatment

Space Transportation

Schedule Uncertainty

Termination Liability
Institutional Barriers
Procurement Laws and Regulations
Funding Procedures

Financing

45
46
47
48
49
49
50
51
52

52

CODCllISiono..-..-...oo..................-....53

Appendix 1
Chronology of Events

‘Appendix 2
NASA-Fairchild MOU

Appendix 3
NASA-Fairchild JEA

Appendix 4
Leasecraft Mission Scenario

Appendix 5
Select Abstracts

Appendix 6
Explanatory Charts



PARTICIPANTS

University of Colorado

Mr. S. Neil Hosenball

Director, Principal Investigator
Center for Space Law and Policy

University of Colorado, Boulder

Mr. Jefferson S. Hofgard
Assistant Director

Research Associate

Center for Space Law and Policy
University of Colorado, Boulder

Mr. Donald P. Hearth

Director :

Office of Space Science and Technology
Acting Associate Vice President for Research
University of Colorado, Boulder

Mr. Ronald Melicher

Associate Director

Center for Space Law and Policy
Professor of Finance, School of Business
University of Colorado, Boulder

Consultants

Dr. John Naugle
Consultant
Washington, D.C.

Mr. L.J. Evans

President

Center for Space and Advanced Technology, Inc.
Arlington, Virginia



PREFACE

The Center for Space Law and Policy 1is an
interdisciplinary enterprise based at the University of.
Colorado, Boulder. The Center seeks to promote research and
education across a wide variety of disciplines related to
space law, business, economics, and policy.

This study, "A Study of Factors Related to Commercial
Space Platform Services," was made possible through a grant
from the National Aeronautics and Space Administration's
Office of Commercial Programs (NAGW-884). The Center would
like to express its gratitude and appreciation to personnel
at NASA Headquarters; NASA Goddard Space Flight Center;
Fairchild Industries; McDonnell Douglas; RCA; Ball Aerospace
Systems Division; The Center for Space and Advanced
Technology, Inc.; Dr. John Naugle; Johnson & Johnson; and
the many others who contributed to the final report.



EXECUTIVE SUMMARY

In the past four years, the issue of the commercial
development of space has come to the forefront of U.S.
national space policy. Though the Administration, Congress
and NASA have all shown strong support for encouraging the
private sector to become more actively involved in the

commercial utilization of space, the gquestion  remains
whether they must do more - at least at these early
beginnings - to foster the creation and development of a

viable U.S. commercial space industry.

This study was made possible through a grant from the
National Aeronautics and Space Administration's Commercial
Programs Office (NAGW-884). Section I focuses on the
identification of specific factors which hindered the
development of commercial space platform services and, in
particular, Fairchild's Leasecraft program. Section II of
the study contains general and specific policy
recommendations addressing common concerns voiced by
personnel within industry and NASA.

SUMMARY OF FACTORS IDENTIFIED IN SECTION ONE

The NASA-Fairchild Memorandum of Understanding (MOU),
NASA-Fairchild Joint Endeavor Agreement (JEA), and NASA
Request for Proposal (RFP) for commercial space platform
services can be seen as three separate yet interrelated
attempts to develop a commercially owned and operated space
platform system. Some of the factors identified here were
apparent in each of the three phases while others were unique
to one or two of the phases.

A. Market Aspects

The high costs of getting to space and risks associated
with activities in space significantly limit the range of
products that can be profitably produced in space. The few
existing products which have the high cost per unit rate
yields and sufficient market demand to warrant consideration
as candidates for space processing are certain pharmaceutical
products; particularly high grade, defect free crystals;
exotic glasses and ceramics; and possibly some metal alloys
and composites. Beyond NASA, -the market for commercial
space platform services. is equally as narrow, consisting of
a wide variety of "potential users" but, as of yet, no paying
users.



From the initiation of the NASA-Fairchild MOU in 1982,
through NASA's RFP for competitive procurement in 1985, the
only company that had made a substantial investment and
developed a comprehensive plan to produce a product in space
was McDonnell Douglas. With MDAC's withdrawal from
negotiations with Fairchild there was no private sector
market for commercial platform services, leaving NASA as the
only customer for commercial platform services. With
neither Fairchild nor RCA able to obtain a commercial
customer, both companies set their price to NASA in response
to the RFP at a level exceeding the cost of the Government
conducting separate missions. The extremely narrow market
for commercial space processing materials had a substantial
and negative impact on the prospects for success for both the
Leasecraft program as well as the RFP for commercial space
platform services.

B. Insurance and Risk of Loss

Following a series of satellite losses, the capacity in
the insurance market declined precipitously. When insurance
was available, rates reached levels in excess of 20% in 1985.
The sharp rise in rates, more stringent restrictions on
coverage, and general unavailability of insurance led both
RCA and Fairchild in their response to NASA's RFP to request
that the Government become the "insurer of last resort".
Though the -Government generally self-insures under standard
procurements for NASA owned platforms, it was unprepared to
assume the same risk for a commercial platform. At the time
of NASA's request for best and final offers, Fairchild was
unable to obtain a commitment from underwriters for insurance
Without insurance, Fairchild concluded that the risks were
simply too high to justify continuance of the Leasecraft
program under the terms of the RFP.

The absence of an assured source of insurance or risk
of loss protection substantially impacted the prospects for
a successful development of a commercially owned and operated
space platform.

C. Tax Related Factors

No evidence was found that suggested that tax
considerations played a major role in the failure to
commercialize space platform services. However, it can be
argued that Internal Revenue Code provisions in existence at
the time served to discourage, rather than encourage,
commercial investment in space.

The applicable Treasury regulations adopt a "physical
location” test for determining whether a property is used



predominantly inside the U.S. and thus qualified for an
investment tax credit (ITC) or accelerated depreciation
(ACRS). Under this test, non-communication space-based
assets are excluded. The absence of an applicable investment
tax credit [ITC] or an accelerated depreciation provision
(ACRS] for non-communication, space-based assets results in an
unfavorable internal rate of return for non-communication
space-based investments when compared to alternative ground-
based investment opportunities. This, in turn, has an
adverse impact on the market for space platform services
since higher investment costs result in higher platform
service fees.

The tax laws also do not allow the establishment of tax
deductible reserves for casualty losses for a commercial
business, thus requiring the purchase of insurance to cover
damage to, or loss of, the asset, facility, or product.

In sum, tax factors did not play a major role however,
under similar circumstances in the future and unless changed,
they will continue to discourage extensive commercial
investment in space.

D. Space Transportation

A predominate factor influencing the failure to develop
commercial platform services was, and still is, the high cost
of transportation to and from space and the high cost of
providing utilities in space.

Initial free shuttle flights as provided 1in the RFP
did serve to lessen the financial risks to the contractor.
However, for the space platform services contractor as well
as potential commercial customers, platform services fees and
product prices had to be calculated according to estimated
transportation costs over five to ten years, after the free
flights were used.

To date, transportation to and from space costs
approximately 20,000 times the cost of ground transportation.
In a similar vein, the provision of utilities in space costs
approximately 16,000 times. Both of these figures serve to
narrow the market for platform services to products with
extremely high per unit yields with an estimated market
demand in excess of $100 million. Unless the cost of space
transportation drops dramatically over the next decade, the
prospects for extensive and profitable commercial investment
in materials processing in space or space facilities
supporting such an industry are discouraging.



E. Termination Liability

Termination liability can best be described as the
obligation of the buyer of the product or services to pay
damages to the seller if, for any reason, the buyer
terminates performance under the contract for the purchase of
such goods or services. Termination liability was present in
each of the three phases.

It is evident that termination did not create a barrier
in the negotiation of the NASA-Fairchild JEA. Fairchild
assumed the entire risk that it might not obtain the free
shuttle launches agreed to by NASA

Under the terms of Fairchild's unsolicited proposal
termination presented two problems. First, the proposal
included a clause enabling Fairchild to "trigger" NASA's
otherwise unilateral termination for convenience clause, 1in
the event that Fairchild lost its first non-NASA customer and
could not find another customer. Second, it was NASA's view
that the proposal did not permit them to exercise a default
termination, but instead granted NASA limited rights for
"outage" penalties (i.e., a reduction in the price to be paid
as a result of failure to provide contract services). Both
of these conditions, in addition to the procurement problems
associated with an unsolicited proposal, led NASA to decline
consideration of the unsolicited proposal.

NASA's RFP for the competitive procurement for space
Platform services contained the standard Government
termination for convenience clause. In addition to a
quarterly schedule outlining the cumulative maximum liability
the Government would incur in the event of a termination for
convenience, the RFP stated that nothing in the RFP or
contract should be construed as making the Government liable
for any amount exceeding actual appropriations in relevant
program areas or for the lack of appropriations sufficient to
fund such liability.

NASA expected the contractors to assume the risk of
obtaining additional customers other than NASA - whether
Government or commercial - and based upon this assumption of
risk, NASA would receive appropriate credit (or equity) in
the termination schedule.

Neither Fairchild nor RCA proposed any equity value in
their termination schedule and, from NASA's point of view,
both proposers sought termination liability limits exceeding
what the Government was prepared to offer.

Though the termination issue did present a formidable
obstacle to the success of the RFP, there appears to have
been a willingness on the part of at least one of the



proposers to negotiate a mutually acceptable resolution to
the termination problem by assuming a significant portion of
termination liability.

F. Institutional Barriers

No evidence was found that the composition of the Source
Evaluation Board (SEB), its location at Goddard, or Goddard's
Previous experience with the Tracking and Data Relay
Satellite System (TDRSS), influenced the objectivity of the
Board or resulted in a selection process predjudicial to the
development of commercial space platform services.

The Office of Commercial Programs played little or no
role throughout the three phases to develop a commercially
owned and operated space platform. This is largely due to
the fact that the Office had only recently been established.
However, in the future, it must play a major role in similar
endeavors if it is to succeed in its stated mission.

Uncertainty in Government funding (i.e., termination
"mid-stream" in a project), availability of funding for
termination liability, and the restraint imposed by current
Congressional and NASA procedures for authorization and
appropriations on a fiscal year basis will continue to hinder
substantial commercial investment in space.

Also working against the development of a commercially
owned and operated platform was NASA's was unwillingness to
view the long run value that developing a commercial space
platform would have on encouraging and fostering future
commercialization initiatives by the private sector. In
addition, the contractors unwillingness to assume the risk of
obtaining non-NASA customers to offset the cost to NASA for
the platform services had a negative impact on the prospects
for a successful commercial space platform.

G. Procurement Laws and Regulations

A final barrier rests with existing procurement laws,
requlations and procedures. In contrast to the flexibility
afforded NASA under Section 203 (c) (5) of the National
Aeronautics and Space Act, procurement laws, regulations and
procedures require - with very limited exceptions - full and
open competition. P.L. 83-36, 98-525 and 98-577 recently
enacted by Congress have made it more difficult for NASA to
accept unsolicited proposals or to make sole source awards.

Using the procurement process is time consuming as well
as inflexible. The procurement laws have been interpreted
and applied so as to require NASA and other Government



agencies to set forth technical requirements in great detail.
Once proposals have been submitted there is little room for
innovative ideas or approaches which deviate from the the RFP
requirements but may be more beneficial to the Government.

The requirement for competitive selection where there
is a known Government requirement discourages companies from
identifying space facilities that could be developed by the
private sector. It makes no financial sense for a company
to expend its funds to design a facility only to have the
Government then decide to procees with a competitive
procurement. It is unrealistic, to expect the private sector
to fully initiate a program of research leading to final
design and development with the prospect of competitive
selection enforced in the final stages.

SUMMARY OF RECOMMENDATIONS CONTAINED IN SECTION TWO

The Administration, the Congress and NASA all publicly
support the concept of space commercialization. 1If spac=>
commercialization is to succeed, there must be tangible
evidence that all three entities will support the concept
-with clear objectives and commitments. On the industry side,
the private sector must be willing to make the capital
investment and to assume or share with the Government some of
the risks associated with the development of a new industry
and new markets. '

The recommendations contained in this section and those
that follow are directed to the Administration, Congress,
and to NASA. '

A. The Market Risk

0 There may be occasions when NASA should be willing to
share the market risk with the supplier of goods and services
to promote the early development of a commercially financed
and operated space facility that would be used by other
government agencies or by the private sector. For this to
happen however, it may be necessary for the Administration,
Congress and NASA to approve funds for this purpose over and
above the the basic NASA budget request. Any such "equity"
or "commercial value" would be recouped by NASA from non-NASA
sales by the commercial developer to other private sector
entities or other Government agencies as was proposed 1in the
space platform services procurement.



B. Insurance and Risk of Loss

0 Because of the high capital investment required for the
commercial development of a space facility, the risk of loss
during launch or on orbit is substantial and, unless resolved
in some fashion by the space insurance industry, the
Administration, Congress or NASA, it will continue to be a
major barrier to the development of commercial activities in
space. One alternative is to allow commercial entities to
establish tax deductible reserves to cover casualty losses or
damage to space assets.

0 The possibility of sharing the risk of loss in the space
platform services procurement was never explored. 1In the
future, and as part of these recommendations, in some
instances NASA should share risk of loss with the commercial
developer. This option should be explored more thoroughly.

C. Tax Treatment

0 Private sector initiative directed at the commercial
development of space should receive equal, if not
preferential, treatment under the tax laws and regqulations.

D. Space Transportation

0] Congress and NASA should explore the question of

reduced transportation costs with the materials processing
industry, focusing on what effect, if any, a reduction of
transportation costs would have on expanding the market.
Another approach would be to expand the use of Space
Services Development agreements with materials processing
concerns as well as others who offer to develop commercial
facilities. This approach, rather than being a direct form
of subsidy, would require repayment, whole or in part, of the
launch services furnished by NASA; in effect creating a
partnership between those industries and the Government.

E. Schedule Uncertainty
0 The solution may again be a sharing of the risk of
delay in commercial space initiatives.

F. Termination Liability
0o The recommendations outlined in the areas of sharing

the market risk and the risk of loss, are equally applicable
to sharing termination liability. '
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G. Institutional Aspects

0 - NASA as an organization must fully support
commercialization the effort. That includes the
Administrator, the Associate Administrators and the Center
Directors. When a potential commercial development is
identified by NASA or proposed by industry, is is important
that the Administrator, Program Directors, Associate
Administrators ‘and Center Directors review their programs to
identify potential Government participation through the
purchase of services or product by those organizations.

H. Procurement Laws and Regulations

o) When a Joint Endeavor Agreement or an unsoliciced
proposal proposes a product or service that could be used by
both Government and non-Government users, and after
identifying the Government uses in accordance with the
previous recommendation, NASA should negotiate a contract
with such offeror for the procurement of the Government
services assuming agreement on price can be reached.

0 Where NASA has identified a facility, product or
service that can be used by NASA and other non-Government
customers, NASA should seek expressions of interest from the
private sector for the commercial development of such a
facility, product or service. Rather than employing the
standard NASA procurement procedures, NASA should develop
procedures permitting greater flexibility in stating
its requirements, negotiating final agreements, and reducing
the lead time for a contract award. NASA developed the
Announcement of Opportunity procedures to meet its unigque
needs for experiment selection. Commercialization of space
is sufficiently unique so as not to lend itself to the normal
NASA procurement process. Pending the establishment of such
procedures and pending clarification of NASA's authority
under the Space Act, NASA should review its selection
criteria and SEB scoring system recognizing the importance of
space commercialization.

.0 Where other major non-Government customers have been
identified who would use the service or buy the product,
NASA - with the permission of the supplier - should contact

such non-governmental customers to negotiate as a team with
the supplier in those situations where it is highly unlikely
that the commercialization effort could proceed without the
Government and the non-Government purchase of the goods or
services. This provides the opportunity for the three
parties to allocate and share the substantial risk involved
in space commercialization.

11



0] The General Counsel's office should review the
authority of NASA to carry out the above recommendations
under the authority of the Space Act, Section 203 (C) (5),
taking into account the decision interpreting that section
in the case of AFGE vs. Paine. In the event the General
Counsel determines that NASA lacks the authority, then it is
recommended that Congress enact legislation to grant NASA
the authority to implement this recommendation.

I. Funding Procedures

0 Congress, in concert with the Administration and ~NASA,
should review the funding procedures normally used for NASA
projects to see whether, as a matter of policy, those
procedures should be changed to encourage and support space
commercialization activity. Specifically, all three entities
should consider granting NASA authority relieving them of the
requirement to obligate funds for the contingent liability of
a convenience termination. Also, NASA projects associated
with a commercialization effort should be fully funded
through appropriations and authorization rather than on a
fiscal year basis.

J. Financing

o) The Congress may wish to reconsider HR7412 introduced
to the 96th Congress Second Session, to establish a Space
Industrial Corporation to promote, encourage, and assist in
the development of new products, processes, services, and
industries using the properties of the space environment and
in the use of space technology. H.R. 7412 was introduced on
May 21, 1980.

CONCLUSION

In view of the recognized importance of space
commercialization, the U.S. Government should at least be
Wwilling to share and reduce the risks involved in commercial
space activities at this stage in its development.

12



SECTION I

IDENTIFICATION OF FACTORS



ORGANIZATION OF THE REPORT

This report is divided into two sections. Section I
focuses on the identification of specific factors which
affected the full development of commercial space platform
services and, in particular, Fairchild's Leasecraft program.
A substantial portion of Section I of the study is directed
towards a description and analysis of three phases to
commercialize space platform services: the NASA-Fairchild
Memorandum of Understanding (MOU) and Joint Endeavor
Agreement (JEA); Fairchild's unsolicited proposal to NASA;
and, NASA's Request for Proposal (RFP) for Commercial Space
Platform Services. Each of these phases represents a
separate attempt to move the concept of a commercially owned
and operated space platform off the drawing boards and into
space. Without an understanding of the wunderlying
requirements, constraints, and conditions inherent in each
phase, the factors subsequently identified as impediments or
barriers cannot be adequately understood. Some of the
barriers identified are present in each phase, while others
are present in only one or two.

Section II of the study focuses on general and specific
policy recommendations, addressing issues of mutual interest
to NASA and industry. Appendices to the study include a
chronology of events; the NASA-Fairchild Memorandum of
Understanding and Joint Endeavor Agreement; explanatory
charts; and a series of select abstracts related to the
commercial development of space. '

I. INTRODUCTION

In the past four years, the issue of commercial uses of
space has come to the forefront of U.S. national space
policy. The Administration, Congress and NASA have all
shown strong support for encouraging the private sector to
become more actively involved in the commercial utilization
of space.

The President's National Space Policy issued on July 4,
1982, stated "the United States Government will provide a
climate conducive to expanded private sector investment and
involvement in space and space-related activities."

In December, 1983, an industry commercial space group
formed to advise the White House on how provide such a
climate stated in its report that "commercial activities in
space by private enterprise need to begin now if our nation
is to retain leadership in science and technology and
advantages in international trade."

13



In his January, 1984, State of the Union Address the
President stated: "We will soon implement a number of
executive initiatives to promote private sector investment in
space.”"

Finally, in 1984, the House and the Senate decided to
amend the National Aeronautics and Space Act of 1958 as
follows: "The Congress declares that the general welfare of
the United States requires that the National Aeronautics and
Space Administration seek and encourage, to the maximum
extent possible, the fullest commercial use of space."

Still later 1in 1984, NASA issued its own Commercial
Space Policy declaring that "NASA 1is encouraging free
enterprise to participate in space by inviting industries and
other private entities to finance and conduct business in
space."

NASA has made a significant and substantial effort to
implement the Administration's policy and Congressional
mandate through the implementation of the NASA Commercial
Space Policy. 1In late 1984, NASA established the Office of
Commercial Programs to serve as an advocate and focal point
for the commercial development of space. In addition,
several Centers for Commercial. Space Development, which
utilize the expertise of industry, academia and NASA, have
been funded. 1In 1985 NASA selected five such centers and,
depending on the availability of funding, has plans for
additional centers.

NASA has also developed and offered various types of
industry-NASA agreements intended to assist and encourage the
commercial exploitation of space.. Through Joint Endeavor
Agreements, NASA has offered the private sector free shuttle
flights, representing an expenditure by NASA of millions of
dollars. The same is true for the Space Services Development
Agreement where, in effect, NASA delays the repayment of
flight costs until a revenue stream results from the
operation of the developed space facility. 1In addition, WNASA
also supports basic university and industry research that
could lead to the development of new products in space.

Despite NASA's current efforts, and the high level of
policy support for private commercial initiatives in space,
little has been accomplished towards meeting overall U.S.
commercial objectives in space. The high risks and costs
associated with space activities have proven to be difficult
obstacles for the private sector to overcome. In
telecommunications satellites, the private sector has found a
profitable means by which to exploit the commercial potential
of space. Private sector initiatives in launch vehicles,

14



materials processing in space, and space-based facilities
have not yet experienced the same degree of opportunity and
prosperity. This has led some observers to become overly
critical of the "hype" associated with commercial
opportunities in space and, in turn, critical of the
Government's implementation of commercial objectives in
space. '

The question still remains whether the Administration,
Congress, and NASA must do more to foster at these early
beginnings the creation and development of a viable
commercial space industry.

The subject of this report, the development of

commercial space platform services - and in particular the
Leasecraft free-flying platform - touches nearly all aspects
of the commercialization issue. Though the Leasecraft free-

flyer and the NASA procurement for commercial space platform
services both failed to materialize, the lessons that can be
learned should prove valuable.

II. BACKGROUND OF COMHERCIAL SPACE
PLATFORM SERVICES PROGRAM

The principal players in the attempt to_develop
commercial platform services, and in particular the
Leasecraft program, were Fairchild Industries, McDonnell
Douglas Astronautics Company (MDAC), NASA Goddard Space
Flight Center, NASA Headquarters, Johnson & Johnson, and RCA.
Each entity, over the several years of study and research
into the organization and feasibility of the concept played a
role in the course of events that ultimately led to the
termination of the NASA RFP in 1985. A condensed chronology
of key events appears in Appendix 1.

Because of their significance as separate yet
interrelated attempts to commercialize the platform services,
the NASA-Fairchild MOU and JEA, Fairchild's unsolicited
proposal, and NASA's RFP are examined in detail. The NASA-
Fairchild MOU and JEA can be found in Appendix 2 and 3 of
this report.

A. The MMS Heritage
In 1981, the Goddard Space Flight Center conducted a

study to assess the feasibility and capability of developing
a Multi-mission Modular Spacecraft to.support McDonnell
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Douglas' (MDAC) free-flyer Electrophoresis Operations in
Space (EOS). McDonnell Douglas had begun their EOS
experimention, employing a continuous-flow process, arsund
1977. The results of the Goddard study, and a separate study
conducted by Fairchild on the potential market for MMS
operations, concluded that Goddard's initial MMS design could
not supply sufficient power for EOS and that a modified
version of the MMS, which more efficiently used the shuttle's
capability, could compete more effectively for NASA and DOD
business in the shuttle era. More specifically, the MMS
system could only supply 1 kilowatt of power, while McDonnell
Douglas' (MDAC) initial EOS design required at least 3.5
kilowatts of power.

B. 1Initial Stages of Pairchild's Leasecraft System

In the fall of 1982, Fairchild decided to pursue the
idea of a modified MMS, seeing a potential market for a
small, commercially owned and operated space platform that
could service commercial and Government payloads. The
concept was relatively simple. The shuttle would deploy the
first Leasecraft system in orbit, complete with experiments
housed in detachable modules. For a revisit, the shuttle
would load new payload modules into the bay and return to
orbit, rendezvousing with the Leasecraft system. During
rendezvous, the remote manipulator arm would latch on to the
Leasecraft system, and bring it back to the bay to exchange
the new payload modules for the o0ld payload modules. The
shuttle would then redeploy the Leasecraft system - complete
with new modules - and bring the old modules back to earth
for product delivery or for observation, analysis, and
testing. A typical mission scenario appears in Appendix 4 of
this report.

Technically, the Leasecraft system would be capable of
carrying two or more payloads at once, or carry different
payloads in sequence through on-orbit payload exchanges
using the shuttle. The platform was also designed to supply
up to 7.5 kw of power, thereby satisfying MDAC's requirements
as well as other potential users. Essential to the
Leasecraft concept however, was the objective that the
program be an entire operating system which included an
extensive ground based component as well as the platform in
orbit. The Leasecraft platform was to have its own
operational control center, logistics system of spare
modules and ground support equipment, servicing equipment,
and staff for operations and marketing.

le6



C. NASA - Fairchild Memorandum of Understanding °

Fairchild Industries recognized early on that
Leasecraft would require NASA's ."whole-hearted" support and,
in August 1982, sought and obtained a Memorandum of
Understanding (MOU) with NASA. The MOU states: "NASA is,
therefore, interested in a commercial firm opting to design,
develop, and provide such a platform to users through lease
or purchase." In addition, the MOU notes "NASA and Fairchild
Industries, having a mutual interest in the development and
commercial availability of a small space platform, and
associated services, based upon MMS technology, agree to
explore the feasiblity of an agreement on a joint endeavor to
bring such a platform into being, demonstrate its capability
in 1986 and have it commercially available for Governmental
and commercial users for at least 10 years beginning in
1986."

Under the terms of the MOU, the endeavor was to proceed
in three phases. First, a feasibility and preliminary
design phase in FY 1982. Second, a developmental phase
extending from CY 1983 through CY 1986, with a six-month in-
orbit demonstration in CY 1986. And third, an operational
phase from CY 1987 through CY 1996. No exchange of funds
between NASA and Fairchild Industries would be expected in
phases 1 or 2.

D. PFairchild's Early Market Assessment

By February 1983, Fairchild had established the
Fairchild Space Operations Company to oversee the Leasecraft
program. During the previous year, Fairchild held extensive
discussions with a host of potential users. From these
discussions, Fairchild concluded that the Leasecraft market
consisted of two segments - materials processing, and data
collection and transmission.

These two markets indicated that two technical versions
of Leasecraft would be needed. The materials processing
configuration would be a high power system with coarse
pointing and stabilization, while the data collection version
would be a low power system, with fine pointing and low
jitter capable of high data rates. Both systems were to be
operationally ready for an "early 1987 launch". In
addition, Fairchild narrowed the list of potential users to
three "major customers"; NASA, DOD, and McDonnell Douglas.
MDAC in collaboration with Johnson & Johnson had made a
substantial investment in their EOS facility and had
developed a comprehensive plan for the manufacture and
marketing of space-processed pharmaceuticals.
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According to Fairchild's assessment, NASA was
"interested" and believed the Leasecraft concept to be sound.
From Fairchild's point of view, NASA wanted to help Fairchild
"succeed through lowering technical and financial risks, but
not by providing Fairchild with an overt monopoly position
for Government business". Further, Fairchild believed that
NASA "might be willing to make Leasecraft a standard shuttle
service", though the "cost per hour of observation in the
shuttle/sortie is of grave concern". Lastly, Fairchild's
assessment of NASA's status in early 1983 noted that
"current spacecraft procurement requires very early NASA
funding."

Fairchild's 1983 assessment of DOD as a major user
describes DOD as "very interested" and "if the Leasecraft
technical concept is satisfactory, DOD will fund further
efforts.”

The assessment of McDonnell Douglas' status as a major
user noted that MDAC "wants to be operational by 1987 but
wants to keep their options open for either their own
spacecraft, an RFP to industry, sole source with Fairchild,
or using shuttle sorties.” Fairchild and MDAC had already
signed an MOU and had agreed to conduct a joint study on EOS
and Leasecraft.

As of February 1983, Fairchild set an overall marketing
strategy to effectively deal with each of its intended major
customers. On the NASA side, Fairchild set the objective of
obtaining a Joint Endeavor Agreement with NASA to establish
Leasecraft's credibility and obtain a bankable agreement in’
1983 for a four year lease of one Leasecraft beginning in
late 1987 with NASA to provide technical services and two
free launches to lower Fairchild's technical and financial
risk.

Fairchild's strategy with MDAC was to conduct a joint
study with MDAC to develop their confidence in the Leasecraft
and ensure compatibility of EOS with Leasecraft. Within that
context, Fairchild was willing to offer MDAC an exclusive
role for the provision of Leasecraft power and propulsion
modules, and a free EOS launch, with six months service and a
revisit. 1In return, Fairchild hoped to gain an agreement in
1983 from MDAC to use the Leasecraft system in commercial
operations.

Within DOD, Fairchild had targeted DARPA as a customer
base and was prepared to offer one Leasecraft and standard
services for four years, starting in the fourth quarter of
1987, payable at a rate of $4 million per month (1983
dollars) per month of service. This offer was to be on the
condition that DARPA agree to sign a "bankable" agreement and
provide $100 thousand earnest money on or before October 1,
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1983, and to provide launch services for the initial
Leasecraft launch and one revisit for refurbishment during a
four year lease and for DOD payload changeouts.

E. NASA - Fairchild Joint Endeavor Agreement

In August 1983, Fairchild obtained a Joint Endeavor
Agreement with NASA. Under the terms of the agreement,
Fairchild would develop the Leasecraft platform as a
commercial venture, with no transfer of funds between NASA
and Fairchild. NASA would supply an initial test flight and
a revisit together with associated launch services.

Although the JEA provided that no funds would change
hands, it was recognized that NASA might wish to use the
Fairchild platform for one or more of its programs.
Accordingly, NASA and Fairchild also signed a separate
""Letter of Agreement" attached to the JEA, pledging both
parties to "jointly and expeditiously" examine the technical
compatibility and economic suitability of the Fairchild
platform for the performance of one or more NASA missions.

Phase 1 of the JEA called for feasibility studies and
preliminary design work, including the preliminary design of
Leasecraft, market surveys of potential users and economic
analysis, and preliminary schedules for the program. Phase 2
called for program development and flight testing, including
research, design, development, and manufacture of the test
vehicle and associated ground hardware and software; and
planning with NASA and other users for the operational
period.

In accordance with the JEA, Fairchild initiated a market
survey to further identify and document potential commercial
and government users. Their survey included over 200
briefings with potential Government and commercial users;
identification of candidate technologies for manufacturiag
in space; and estimates of the market for new pharmaceutical
products and for one crystal product (gallium arsenide).

The results of Fairchild's marketing survey revealed
little that Fairchild had not already anticipated.
Pharmaceutical products were judged to be the most promising
product market, with EOS being the most promising process by
which to produce commercially marketable pharmaceuticals in
space. McDonnell Douglas, then in collaboration with Johnson
& Johnson, was the only entity engaged in EOS activity,
attempting to produce a large glycoprotein molecule -
erythropoietin - which stimulates the production of red blood
cells., MDAC had estimated a. domestic annual sales figure in
excess of $100 million dollars for erythropoietin. :
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Alongside the potential market for pharmaceuticals,
Fairchild identified the preparation of ultra-pure, defect -
free crystals as another promising space processing activity.
Gallium arsenide (GaAs), cadmium telluride (CdTee), indium
phosphide (ImP) and mercuric iodide (Hglx) were cited as

particular candidates for space processing. Sales
projections for these crystals were set at $10-20million,
marginal to be a Leasecraft customer. According to

Fairchild's marketing survey, no organization had
demonstrated a process, a product or a market that could
justify the commercial production of crystals in space.
Fairchild did, however, see the potential for military
production of these crystals where profit considerations
would not weigh as heavily as in industry.

Also, in accordance with the separate Letter of Agreement,
Fairchild submitted in 1984 a Mission Suitability Report to
document the technical compatibility of Leasecraft with a
number of NASA missions, including the EUVE, XTE, STARLAB,
SIRTF and LANDSAT missions.

F. Fairchild's Unsolicited Proposal

In early 1984, Fairchild set about the task of reaching
a firm agreement with their two most promising customers -
NASA and McDonnell Douglas. In April 1984, Fairchild
submitted an unsolicited proposal to NASA to provide three
years of service for the Extreme Ultraviolet Explorer, the X-
ray Timing Explorer, and a materials processing experiment.
Fairchild also submitted a firm fixed price proposal to MDAC
to provide five years of service to support MDAC's EOS
program.

Fairchild's decision to submit an unsolicited proposal
to NASA in 1984 can be viewed from two perspectives. From
Fairchild's point of view, the unsolicited proposal was
intended to document, for NASA's benefit, the economic
suitability of the Leasecraft system. The contract
provisions in the unsolicited proposal were intended to serve
as model provisions for the purpose of discussion.

From NASA's point of view, the unsolicited proposal
raised the more complex procurement issue of competition
‘'versus sole-source procurement. In July 1984, NASA received
a request from the House Science and Technology Committee
pertaining to the "Selection of Support Platforms for
Payloads". The Committee (House Report 98-629) noted that
"it is necessary to establish guidelines for determining when
it makes sense to put payloads on either a free-flyer,
unmanned platform, the Space Station, or Spacelab." The
Committee directed NASA "to develop selection criteria for
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each available support platform" and submit the guidelines to
the Committee by January 1, 1985.

Already in receipt of Fairchild's proposal, the request
from the Committee placed NASA in an awkward position. As
one NASA source stated at the time:

It seems tO me we are obligated to
assess how the Leasecraft proposal meshes or
fails to mesh with this obligation to the Hill.
We should be careful not to prejudge the study
results prematurely, in other words, should the
Leasecraft proposal drive the study results or
should it be the other way around?

Even without selection criteria established at the time
Fairchild submitted the proposal, NASA was keenly aware that
any acceptance of the .proposal "raised the over-arching
procurement consideration of .competition versus sole source".
The relevant statute governing procurement, Title 10 U.S.
Code Sec. 2304 (g) provides that:

In all negotiated procurements in excess
of $25,000 in which rates or prices are not
fixed by law or regulation and in which time of
delivery will permit, proposals, incuding
price, shall be solicited from the maximum
number of qualified sources consistent with the
nature and requirements of the suppliers or
services procured...

Any exception to this legal requirement would have to be
explained and justified by NASA, thus raising two questions
First, can or should NASA accept an unsolicited proposal?
Second, if NASA did accept Fairchild's proposal, could a
defensible justification for non-competitive procurement
(JNCP) be argued?

In the case of the former, NASA believed it could not
accept Fairchild's proposal where there was a known
government requirement (i.e., the EUVE and XTE missions).
The second option, a defensible JINCP for Fairchild, was not
judged to be in NASA's interest. As one NASA official put it:

The extent of other private sector interests
in competing for Explorer requirements is
unknown; however, the thrust of all
congressional policy and current legislation is
unmistakably in the direction of the reliance
upon private sector competition to determine
the lowest cost to the Government.
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The questionable success of a JNCP, combined with the
recent request for clear-cut guidelines for the selection of
pPlatforms from the House Science and Technology Committee,
led NASA to determine that Fairchild's unsolicited proposal
was linappropriate for consideration.

Having reviewed Fairchild's unsolicited proposal and
Mission Suitablity Report, NASA decided that it was
interested in procuring the services of a commercially owned
and operated platform. In September 1984, NASA decided to
procure such services by competition, declined Fairchild's
proposal, and issued an RFP for Space Platform Services.

: Fairchild's firm fixed price proposal to MDAC did not
fare much better than their experience with NASA.
Negotiations over the proposal were suspended in December
1984 and reinstated for a short period in 1985,

G. NASA RFP for Commercial Space Platform Services

On January 23, 1985, NASA held a preproposal
conference which was attended by 15 organizations interested
in the basic firm fixed price contract for mission
services. The award date was planned for September 1985.
From the award date to September 30, 1988 the selected
contractor would complete the platform development. Starting
on October 1, 1988, through September 30, 1995, the
contractor would perform 60 months of on orbit platform
services. .The contractor would receive payment upon delivery
of acceptable service which would be sometime after October
1, 1988, thus requiring private sector financing for platform
development prior to receiving any NASA funds.

The statement of work for 60 months of on orbit

platform services included:

O Performing all tasks necessary to analytically
integrate the payload module into the platform/space-
transportation/tracking data systems;

0 Arranging for launch services;

0 Arranging for tracking and data acquisition services;

o Providing physical integration of payload module
with the platform (on the ground or on orbit);

O° Conducting operations by a contractor's platform
operations control center;
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() Retrieving data and returning to users;

0 Returning the payload to the ground following
completion of the mission.

Candidate missions specified in the RFP were the
Extreme Ultraviolet Explorer (EUVE), the X-Ray Timing
Explorer (XTE), and the Microgravity Science capability
mission. In addition, the RFP requested 17 months of
unallocated time for either a mission extension and/or a
fourth mission. The payload modules were not part of the
procurement, and the platform services contractor would
provide mission unique services under a separate contract.

The RFP was unique in several aspects from the usual
NASA Request for Proposal. First, it required the
contractor to privately finance, own, and operate the
system, and demonstrate the capability to manufacture and
place the platform in service without resorting to government
financing. The normal NASA procurement contract provides
for progress payments during the manufacture of the payload
or product being procured by NASA. NASA's previous
procurements were almost always either fixed price contracts
with progress payments, or a cost reimbursement form of
contract - either fixed price incentive, cost plus
incentive, or cost plus award fee - where the contractor
receives reimbursement for cost incurred during development
and for costs incurred after the start of services.

A second difference between the Platform Services RFP
and normal NASA procurement practice was that the RFP
specified the contractor would be fully responsible for
system reliability and for performance of the platform.
There would be no government technical monitoring and, if
there was a failure of performance, no payments would be
made. In assuming this responsibility, the contractor would
perform the contract in a commercial manner and not be
subject to the complex reporting and data requirements that
are normally imposed under a government contract. Following
this commercial approach, the production cost of the
platform should have been lower since additional cost burdens
associated with the normal procurement process would have
been avoided. '

The contract also contained a standard termination for
convenience clause in the event the Government would
terminate the contract for any reason whatsoever. Again,
unlike a normal NASA procurement contract, the contract
contained a termination liability schedule Kkeyed to funds
available out of the Explorer program.
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The RFP stated the procurement was intended to
encourage contractors to propose pricing policies that would
motivate NASA and the contractor toward mutually beneficial
operations such as co-occupancy with other payloads (NASA or
commercial), and extended service at lower rates.

The RFP resulted in the submission of two proposals,
one from Fairchild heading a team of subcontractors; and one
from the RCA Corporation which also included a team of
subcontractors. In accordance with NASA procurement
procedures, a Source Evaluation Board (SEB) was established
to review the proposals in accordance with predetermined
criteria. The Selection Official was to be the Associate
Administrator for the Office of Space Science and
Applications.

The SEB established evaluation criteria, ground rules for
a recommended service fee, and other factors that should
influence the procurement. The ground rules for recommended
service fee, which were not reviewed by Senior Management at
NASA Headquarters, were:

o} The service fee must be lower than the cost of the
traditional expendable approach;

O The service fee must be comparable with the cost of a
newly developed Government platform with appropriate
consideration for additional platform capability,
‘commercial rebate potential, and guaranteed service
offers and proposals.

O In comparing the traditional expendable approach with
the platform services approach, the comparisons

should not, at this time, include consideration
for the value of fostering commercialization of
space. '

O Funding for the service fee should come from the Code
E (Space Science and Applications) and T (Tracking
and Data) program offices to support activities
traditionally funded at the Program Office level
rather than funded from Center funds;

0 Funding from the Code E and T program offices should
not exceed what they otherwise would have paid under
the development of a new government platform;

0 The lowest cost alternative of using a refurbished
Solar Maximum Mission (SMM) should only be used as a
basis for comparison with a service fee if NASA is
willing to let the platform services contractor have
access to the same capital assets used by the
Government.
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Other factors that were to be applied in evaluating the
service fee, but not given a designated dollar value, were:

o Flexibility to obtain extended operations with the
candidate missions through the co-occupant payload
capability;

0 Flexibility to accommodate additional missions
at very low costs;

o} Potential revenue to the Government from commercial
use of the platform;

) Domestic capability for U.S. commercial space R&D
enterprises, and overall U.S. posture in "first to the
market" space infrastructure.

Aside from these unique features, the RFP followed the
normal procedures for a standard NASA competitive
procurement.

III. FACTORS AFFECTING COMMERCIAL DEVELOPMENT

OF SPACE PLATFORM SERVICES

A. Market Aspects

Marketing any new product or service requires that a
commercial enterprise identify potential customers and
whether there is a real need for the product or service
offered. In addition, several equally important
considerations come into play, such as pricing strategy; the
extent of the existing customer base and the potential for
future growth; projected revenues and operating and
development costs; the extent of the competition; and
whether projected returns on investment are commensurate with
the risk environment.

The market for space platform services consisted of
potential use by commercial concerns interested in materials
processing in space and a Government market - civil and
military - for observations from space.
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The high costs of getting to space and the risks
associated with space activity had led Fairchild to conclude
that products produced in space on their platform must be of
a high cost per unit rate and must have potential annual
sales of at least $100 million. The few existing products
which fit that description are the production of
pharmaceutical products, crystals, precious metals, glasses
and ceramics, metal alloys and deposits, and some specialty
products. An overview of these products is presented below.

1. Pharmaceuticals

To date, the most promising commercial space processing
activity appears to be the production of pharmaceutical
products by the separation or purification of hormones and
cells through continuous flow electrophoresis (EOS). By
some estimates, the application of electrophoresis operations
in space (EOS) to proteins and cells could result in yields
400 to 700 times than could be gained on the ground, as well
as an improvement in resolution by about a factor of four.

MDAC began development of their EOS program employing
the continuous flow process in 1977. Early shuttle flights
in the 1982 to 1984 time period demonstrated the capability
of the equipment to perform as predicted. With successful
completion ¢f their November 1985 flight, MDAC had the
material to start the Food and Drug Administration clearance
procedure for their first product. If they had been able to
fly their commercial systems as planned in late 1986, by
early 1987 they would have been in a position to draw final
conclusions about the commercial potential and profitability
of their first product, most likely erythropoietin. If the
FDA had approved the product and it was demonstrated that it
could be produced in sufficient quantities, domestic annual
sales in excess of a $100 million were projected by MDAC.

2. Crystals

Production of ultra pure, defect-free crystals was
another promising space processing activity identified by
Fairchild in their early marketing analysis. Fairchild
identified four crystals that might be suitable for space
manufacture. The first was gallium arsenide [GaAs] for use
in microwave circuits and high speed processing. For the
1988 to 1995 time period, annual sales projections - based on
the sale of five to forty kilograms at a price range of
$250,000 to $600,000 per kilogram - were estimated at between
$3 million to $10 million. Gallium arsenide would qualify as
a potential space product on a price per unit weight basis,
but not on the size of the projected annual sales (i.e below
the $100 million mark).
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Cadmium telluride [CdATe] for use in infrared detector
rays; indium phosphide [InP] for use in high speed single
processing in fiber optic emitters and detectors; and
mercuric iodide [HgIx)] for use in gamma ray detectors were
also identified as potential candidates for space processing.
Like gallium arsenide, these crystals would all meet the
requirement of price per unit weight, but would fall short of
‘the $100 million profitability mark, producing projected
revenues in the $5 to $20 million annual sales range.

) Research conducted on large organic crystals also
suggests that they may be a potential candidate for space
processing.

3. Glasses and Ceramics

Examples o0f three high grade glass products that
cannot be made on earth today are 1) high efficiency laser
rod glass; 2) low impurity laser rod glass; and 3) pure
fluoride glass fibers for communications. However, the
extent of the market for these products is unknown.

4. Metal Alloys and Composites

In a gravity present environment,. metal alloys of
different density are difficult to mix. This is because the
heavier metal tends to separate from the lighter metal, thus
resulting in an unequal distribution of the metals in the
resultant solid. In a gravity free environment (10-6g), the
density factor is removed, thus enabling metal alloys to be
compounded into homogeneous mixtures. In theory, this
process could result in extremely strong, yet light weight
metal alloys of a type that cannot be found or produced on
earth. Some possibilities include special catalysts,
supermagnets, and high performance turbine blades. Again, no
reliable market projections exist.

5. Other Market Possibilities

One space manufactured product that is well advanced and
has already produced sales is mono-dispersed latex spheres.
Fifteen grams of ten micrometer polystyrene spheres have been
produced on the STS-6 mission and are currently being offered
for sale by the National Bureau of Standards. Production of
the spheres however, is a rapid process, discounting the
need for extended flight times such as that provided by
Fairchild's Leasecraft platform.

Government use of a commercial space platform, as
identified in the NASA RFP, represented a considerable
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element of the market for such services. Several missions,
including two Explorer missions, the EUVE and XTE missions, a
microgravity science mission, and a yet to be determined
fourth mission were identified as candidate NASA missions in
the RFP. The platform could also have been used as a test
bed for sensor development, for land remote sensing, ocean
remote sensing, meteorological satellites, Air Force
projects, and some Strategic Defense Initiative projects.

In discussions with NASA and industry personnel, there
is no question that many commercial firms were, and still
are, interested in research in space. Their interest stems
primarily from a desire to Dbetter understand the fundamental
behavior of materials processes in space with the hope of
improving ground-based manufacturing processes. From the
initiation of the Fairchild Leasecraft MOU through the
competitive procurement with RCA and Fairchild, MDAC was the
only company with a comprehensive plan to produce a product
in space. While several promising and potential commercial
markets could be identified for a commercially owned and
operated space platform, none of them - aside from MDAC's
operations - fit the existing and present need for near term
profitable operations. _

6. Summary of Market Aspects

Fairchild and RCA attempted to negotiate firm agreements
with McDonnell Douglas as a major commercial customer for
their respective space platforms. The negotiations with
McDonnell Douglas were unsuccessful. In August 1985, Johnson
& Johnson, the partner with McDonnell Douglas in the
electrophoresis project, withdrew their participation, having
found that a competing technology (genetic engineering) could
produce the desired product on the ground at a price that
would permit the early marketing. In 1985, MDAC decided they
could meet their foreseeable processing requirements using
the shuttle and was therefore no longer a near-term space
platform services customer.

It is evident from the proposals submitted by both RCA
and Fairchild that neither company had identified any
commercial customer then willing to enter into any agreement
for their respective space platform services, and both priced
their services to NASA accordingly. Both companies
proposed that if a commercial customer or other non-NASA
Government program made use of their platform, NASA would be
credited under formulas proposed by the contractors with
revenues resulting from such wuses. The lack of other non-
NASA customers, whether commercial or Government, combined
with the ground rule requiring the cost of the NASA
procurement not be significantly greater than the traditional
NASA method for carrying out the missions identified in the
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RFP, substantially impacted the prospec¢ts of a successful
price negotiation with either contractor.

B. Insurance and Risk of Loss

Unlike the U.S. Government which acts as a self-insurer,
commercial concerns generally obtain insurance against risks
that may result in either claims against the company, or loss
or damage to a revenue producing asset. The types of
coverage planned for the proposed space platform services
would have related to damage to, or loss of, the space
platform during construction, transportation, or pre-
ignition. The availability of insurance prior to launch has
generally not been a problem. In addition to the pre-launch
coverage, insurance against losses that might result during a
shuttle launch, or while the platform is on orbit, 1is
generally required by industry to protect its investment, ox
required by the financial institution providing financing for
the development of the platform. In the past, insurance
coverage has Dbeen provided through the space insurance
market.

At the time of the NASA-Fairchild Joint Endeavor
-Agreement, and for a short period thereafter, insurance
could have been obtained in the marketplace. 1In the 1983
time frame, shuttle launch and on orbit insurance rates
ranged from 5 - 7% and could have been obtained at the time
financing was being arranged for construction of the
satellite. As a result of a series of communication
satellite losses, the capacity in the market declined
precipitously, particularly in 1985. Assuming coverage could
be obtained in the amounts required (if obtained at all),
coverage for launch and on orbit insurance increased to rates
in excess of 20%. More importantly, coverage was not
available until shortly before the scheduled launch - well
rafter substantial investment had been made.

The sharp rise in insurance rates, restrictions, and
availability led both RCA and Fairchild in their response to
NASA's RFP to request that the Government become the
insurer of last resort. This, in effect, shifted the risk
of loss from the contractors to the Government. If insurance
was available prior to launch the contractors would obtain
it, but would expect the cost to be included in the contract
price for services. At the time of NASA's request for best
and final offers on the RFP, Fairchild was unable to obtain a
commitment from underwriters for insurance.

If the RFP had been a standard NASA procurement for a
NASA owned platform, the Government would have assumed the
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risk of loss, thus eliminating the impediment imposed by
insurance. In comparing the costs associated with the space
platform services contract to the cost of carrying out the
standard NASA approach of separate missions, the cost of
insurance was not included in latter, though the imputed cost
of money (interest) was. This had the net effect of
inflating the commercial platform cost compared to a standard
Government owned platform procurement.

Risk of loss, combined with the lack of a commercial
market or other non-NASA government market, had a
substantial impact on the prospects for a commercially owned
and operated space platform.

C. Tax Related Factors

Tax reform is currently under consideration in Congress
and could have a major impact on private sector opportunities
and initiatives in space. 1In addition, an Administration
Interagency Working Group is also considering tax impediments
to the commercial development of space. This section
focuses on the impact of the tax laws from the time of the
Fairchild - NASA MOU to the termination of the NASA RFP for
commercial space platform services.

Rather than providing an incentive for private sector
investment in space (particularly commercial facilities that
would be used in space), Internal Revenue Code provisions in
existence during the period identified served to discourage
commercial investment in space when compared to other
projects competing for capital investment. There is no
investment tax credit [ITC] or accelerated depreciation
[ACRS] available for assets. used predominantly outside the
United States. The applicable Treasury regulations adopt a
"physical location" test for determining whether property is
used predominantly outside the U.S., thus excluding assets
used in space. In the case of communication satellites,
there have been exceptions to this rule through IRS rulings
and statutory amendments. Inclusion of non-communication,
space-based assets however, would require legislative
action.

A project's internal rate of return is seriously
affected by tax provisions which require capitalizing certain
costs that other projects can deduct. For example, the
provision that permits current deductions of all research and
development costs "in the year incurred" will generally
permit a business to expense the cost of a prototype or pilot
model of its planned product or asset. Reuseable spacecraft
and space-based assets are so expensive, and the number of
units in a program so small, that no commercial endeavor can

30



afford to build a prototype purely for test purposes.
Typically, all of the design changes and improvements
discovered in testing will be incorporated into the prototype
and will generally be used either as a flight unit or spare.
In such cases, the prototype hardware expenses must be
capitalized and recovered over a period which commences when
the asset is placed in service. If that date is five to
seven years away, the internal rate of return of the
commercial space venture will suffer when compared to a land-
based investment rate of return.

Even the R&D tax credit passed by Congress in the
Economic Recovery Tax Act of 1981 is of little or no benefit
to the commercial space business. The Act requires that a
company must already be in the space business to qualify,
making it difficult for non-space businesses - such as the
pharmaceutical industry - to qualify for credit. This, in
turn, has an adverse impact on the the market for space
platform services R&D. The Act also denies the credit to
businesses that lease or 1license the results of their
research to other firms, thus penalizing entrepreneurs that
may lack the ability to bring a new space product to market.

Current tax laws do not allow the establishment of
reserves for casualty losses for a commercial business, thus
requiring the purchase of insurance to cover damage to, or
loss of, the asset facility or product. While the tax code
permits a business to take a yearly tax deduction for
depreciation to provide funds for replacement of an asset,
no similar yearly tax deduction is permitted to establish
reserves for replacement due to casualty loss or damage to
the asset. If tax deductible reserves could be established,
they would be available for the replacement of a lost
platform or other space facility thereby reducing the risk
and financial impact of a loss 1in the event insurance was
not available at any price. Insurance premiums for such
coverage are tax deductible in the year incurred.

Though no evidence was found that tax considerations
played a major role in causing the space platform services
commercialization effort to flounder, existing tax
disincentives make private investment in space activities
less attractive than alternative opportunities.

D. Space Transportation

A predominant factor limiting the commercial platform
market potential was, and still 1is, the high cost of
transportation and cost of providing utilities in space. Both
the platform operator and potential users must also have an
assured source of transportation to and from space, and
timely availability and reliability of transportation.
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The RFP provision of initial free launch services was
intended to assist the selected platform operator and
commercial customers with entry into their respective markets
by lowering their initial costs. However, for the space
platform services contractor and potential commercial
customers to establish prices and estimate the size of their
respective markets, both had to consider transportation costs
over a period of five to ten years.

From the contractor's point of view, pricing had to
account for the cost of placing platforms in orbit, servicing
them from time to time, and carrying, installing, and
removing customer payloads. In the case of a materials
processing manufacturer or commercial customer,
transportation costs for raw materials or other payloads to
and from the platform had to be included in the product or
service pricing strategy. Once the initial free flights had
been utilized, both the platform operator and customers had
to plan on paying for transportation services at the rates
NASA was likely to charge.

Transportation to the 260 nautical mile (NMi) orbit
proposed by Fairchild as the nominal orbit for their platform
varies from $15,000 per pound for a 2,000 pound payload, to
$1,837 per pound for a 52,000 pound payload. Using the cost
of transporting a 20,000 per pound payload, the cost of
transportation can be calculated in more common terms.

It costs approximately $64 million to transport ten tons
approximately 300 miles (260 NMi), or about $21,000 per ton-
mile. Ground-based transportation, on the other hand, costs
less than $1 per ton-mile. In simple terms, transportation
to and from space costs about 20,000 times the cost of ground
transportation.

Although solar energy in space is free, the cost of
transporting hardware to space to convert solar energy 1into
electrical power is extremely high. Because of the large
consumer base, electrical power on earth costs less than
0.10/KWH whereas on a space platform it costs about
$1,600/KWH. Or in the same simple terms , electrical power
in space costs 16,000 times the cost of electrical power on
the ground. Since electrical power is the principal utility
required by a space manufacturer, the full cost of space
platform services is significantly higher than a ground based
facility producing the same product. Seen in this light, the
-high cost of transportation services to and from space had an
negative influence on the potential market for space platform
services.

The efficiency of a space-based manufacturing process,

and its relationship to transportation costs, is another
factor which impacts the market for platform services.
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One measurement of the efficiency of an operation may
be considered as the ratio of the weight of saleable products
to the weight of the raw materials which must be carried into
space to produce the product. For example, an inefficient
system might be a small "purification" system which yields a

% ratio of the weight of saleable products to the weight of
the raw material needed to produce that product. Conversely,
an efficient system might be a large "transformation" system
capable of yielding an 80% ratio of the weight of saleable
products to the weight of the raw material needed to produce
the product. Another measurement of efficiency is the
amount of power required to produce a given amount of
material. An efficient system would be one that uses the
full power capability of the platform, while an inefficient
system would use only a portion of the platform's capability.
A third measurement of efficiency is the amount of shuttle
payload capacity utilized. An efficient system would use the
full payload capacity, while an inefficient system 'would use
only a fraction of the shuttle's capacity. '

Under these assumptions, an efficient system would be
the large "transformation" system (80%) which uses the full
capacity of the platform and the full capacity of the
shuttle for each launch. An inefficient system would be the
small "purification" system (1%) which uses only a fraction
of the platform capability and a fractlon of the shuttle's
payload capacity.

Assuming a platform customer requires the services of
half. a platform for a five metric ton processor (1%
purification system), and the processor annually separates 1
pound of saleable products from 100 pounds of raw material,
the annual transportation cost would be about $20 million and
platform lease and utilities about another $25 million. The
user with a small inefficient purification system has to pay
a premium for operational costs when only a portion of the
capacity of the shuttle and the platform are used. To break
even with such a system, the customer must have an annual
market of at least $45 million for a product whose
transportation and utility costs are over $400,000 per pound.

In the case of a platform user with a highly efficient
"transformation" system that wuses the full capacity of the
shuttle and the platform, the results are much different.

Assuming the user annually "transforms" 80,000 pounds
of material into 64,000 pounds of saleable product (80%
~efficiency), the annual transportation costs would be $140
million and the annual facility bill about $50 million. The
efficient user must have an annual market in excess of $§190
million for a product whose production costs are more than
$3,000 per pound.
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Under both the inefficient and efficient scenarios, the
impact of transportation and utility costs on potential
customers (from the platform operator's view) and products
(from the potential user's viewpoint) is to significantly
narrow the range of market opportunities, both in terms of
users and products.

Another way of analyzing the transportation costs is in
terms of different platform operational altitudes. . Table 1
shows the cost of transportation to and from 160 nautical
miles (NMi), while Table 2 shows the cost of transportation
to and from 260 nautical miles (NMi). Both tables appear on
the following pages. It should be noted that the space
station plans to operate at 260 nautical miles.
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TABLE 1
LAUNCH COSTS TO 160 NMi ORBIT

W Launch Costs By Fiscal Year Cost Per Pound
Pounds Y=1988 ¥Y=1989 ¥Y=1990 1988 1989 1990
2,000 3.84 4,00 4,15 1,921 1,998 2,077
4,000 7.68 7.99 8.31 1,921 1,998 2,077
6,000 11.52 11.99 12.46 1,921 1,998 2,077
8,000 15,37 15.98 16.62 1,921 1,998 2,077
10,000 19.21 19.98 20.77 1,921 1,998 2,077
12,000 23.05 23.97 24.93 1,921 1,998 2,077
14,000 26.89 27.97 29.08 1,921 1,998 2,077
16,000 30.73 31.96 33.24 1,921 1,998 2,077
18,000 34.57 35.96 37.39 1,921 1,998 2,077
20,000 38.41 39.95 41.55 1,921 1,998 2,077
22,000 42.26 43,95 45.70 1,921 1,998 2,077
24,000 46.10 - 47.94 49,86 1,921 1,998 2,077
26,000 49,94 51,94 54.01 1,921 1,998 2,077
28,000 53.78 55.93 58.17 1,921 1,998 2,077
30,000 57.62 59.93 62.32 1,921 1,998 2,077
32,000 61.46 63.92 66.48 1,921 1,998 2,077
34,000 65.30 67.92 70.63 1,921 1,998 2,077
36,000  69.14 - 71.91 74.79 1,921 1,998 2,077
38,000 72.99 75.91 78.94 1,921 1,998 2,077
40,000 76.83 79.90 83.10 1,921 1,998 . 2,077
42,000 80.67 83.90 87.25 1,921 1,998 2,077
44,000 84.51 - 87.89 91.41 1,921 1,998 2,077
46,000 88.35_ 91.89 95.56 1,921 1,998 2,077
48,000 92.19 95.88 99,72 1,921 1,998 2,077
48,750 93.63 .-97.38 101.27 1,921 1,998 2,077
50,000 93.63 97.38 101.27 1,873 1,948 2,025
52,000 93.63 " 97.38 101.27 1,801 1,873 1,948
54,000 93.63 97.38 101.27 1,734 1,803 1,875
56,000 93.63 ©97.38 101.27 1,672 1,739 1,808
58,000 93.63 97.38 101.27 1,614 1,679 1,746
60,000 93.63 97.38 101.27 1,561 1,623 1,688
62,000 93.63 97.38 101.27 1,510 1,571 1,633
64,000 93.63 97.38 101.27 1,463 1,522 1,582
65,000 93.63 97.38 101.27 1,440 1,498 1,558
EOS 22,500 43,22 44.94 46.74 1,921 1,998 2,077
LC 17,000 32.65 33.96 35.32 1,921 1,998 2,077

NOTE: These prices are base transportation cost. To these must be
added the price for optional services, a planning charge of
$1.5 million per mission, and the cost of any upper stages.

EOS = MDAC Electrophoresis Operation

LC = Leasecraft Platform

PRICE = 4/3 + [W/65,000] * ($74M) * (1.04)

$74M = Price in 1982 dollars of dedicated shuttle flight

1.04 = Average annual rate of inflation over period 1982 - 1990
Y = Fiscal year of launch, prices in millions of dollars
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TABLE 2
LAUNCH COSTS TO 260 NMi ORBIT

Launch Costs By Fiscal Year Cost Per Pound
Pounds Y=1988 Y=1989 ¥=1990 1988 1989 1990
2,000 29.36 30.53 31.76 14,682 15,267 15,873
4,000 33.21 34.53 35.91 8,302 8,632 8,978
6,000 37.05 38.52 40.07 6,175 6,421 6,678
8,000 40.89 42.52 44,22 5,111 5,315 5,527
10,000 44.73 46.52 48.37 4,473 4,652 4,837
12,000 48.57 50.51 52.53 4,048 4,209 4,377
14,000 52.41 54.51 56.68 3,744 3,893 4,049
16,000 56.25 58.50 60.84 3,516 3,656 3,802
18,000 60.09 62.50 64.99 3,339 3,472 3,611
20,000 63.94 66.49 69.15 3,197 3,325 3,457
22,000 67.78 70.49 73.30 3,081 3,204 3,332
24,000 71.62 74.48 77.46 2,984 3,103 3,227
26,000 75.46 78.48 8l.61 2,902 3,018 3,139
28,000 79.30 82.47 85.77 2,832 2,945 3,063
30,000 83.14 86.47 89.92 2,771 2,882 2,997
32,000 86.98 90.46 94.08 2,718 2,827 2,940
34,000 90.82 94.46 98.23 2,671 2,778 2,889
36,000 94.67 98.45 102,39 2,630 2,735 2,844
36,450 95.53 99.35 103.32 2,621 2,726 2,835
38,000 95.53 99.35 103.32 2,514 2,614 2,719
40,000 95.53 99.35 103.32 2,388 2,484 2,583
42,000 95.53 99.35 103.32 2,275 2,365 2,460
44,000 95.53 99.35 103.32 2,171 2,258 2,348
46,000 95.53 99.35 103.32 2,077 2,160 2,246
48,000 95.53 99.35 103.32 1,990 2,070 2,153
48,750 95.53 99.35 103.32 1,960 2,038 2,119
50,000 95.53 99.35 103.32 1,911 1,987 2,066
52,000 95.53 99.35 103.32 1,837 1,911 1,987
52,700 95.53 99.35 103.32 1,813 1,885 1,961
EOS 22,500 68.74 71.48 74,34
LC 17,000 58.17 60.50 62.92
NOTE: These are the base transportation costs. To these must be
added the price for optional services and the cost of any
upper stage '
EOS = MDAC Electrophoresis Operation
LC = Leasecraft
PRICE = ($1.5M + 4/3 * (W + 12,300) / 65,000 * ($74M)) * (1.04)
$74M = Price in 1982 dollars of dedicated shuttle flight
$1.5M = Cost of planning a mission
$10,800 = Weight penalty for lost tariff from 160 to 260 NMi
1,500 = Weight of additional fuel required for higher orbit
1.04 = Average annual rate of inflation over period 1982 - 1990
Y = Fiscal year launch. Prices in millions of 1982 dollars
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Clearly, the cost of transportation plays a critical
role in shaping the size of the potential market for platform
users and products. In addition, shuttle availability and
schedule certainty are important. Interviews with industry
personnel universally identified delay as a barrier to market
entry since delayed launches, whether resulting from
availability or schedule, impose an additional risk on both
the space platform services operator and the space
manufacturer. Under the terms of the RFP, NASA refused to
accept the risk of liability for shuttle delay, imposing this
risk on the space platform services contractor and its
potential customers.

The lack of a replacement for Challenger will exacerbate
the problems that have already been encountered while the
shuttle was operating.

E. Termination Liability

Termination liability can be generally described as the
obligation of the buyer of the services or product to pay
damages to the seller of the services or product if, for any
reason, the buyer terminates performance under the contract.

In Government contracting, there are two forms of
termination -- termination for the convenience of the
Government, and termination for default. Under the
standard termination for convenience clause, the Government,
without explanation but acting in good faith, c¢an terminate
the contract. In doing so, the Governmment is liable for the
payment of all incurred costs or liabilities arising out of
the performance of the contract to the date of the
termination notice, plus a reasonable profit for work
performed, taking into consideration the percentage of work
already accomplished.

Termination for default is a termination arising out of
either the contractor or seller notifying the Government it
will not perform, or the failure of the contractor or seller
to perform in accordance with the terms and conditions of the
contract. In a default termination the Government is
relieved of any payments for any costs incurred by the
contractor or seller and, in some cases, the contractor or
seller may be liable for damages to the Government arising
out of a reprocurement at a higher price for the same

services or product.

In a standard Government procurement contract,
unless funds are fully obligated, the contract usually
includes a "Limitation of Funds”" clause. This is the
standard procedure in most NASA contracts performed beyond a
fiscal year where multi-year funding would be required for
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full performance of the contract. The Limitation of Funds
clause requires a contractor to stop work at the point in
performance where costs incurred by the contractor would
exceed the funds obligated to the contract. The contractor
assumes liability for costs of continuing performance after
reaching this limit until such time as additional funds are
obligated by the Government on the contract.

1. Termination under the JEA

The NASA-Fairchild JEA contains a termination
article covering both Phase 1 and 2 of the agreement and was
a specially crafted article not found in a standard
government procurement contract. In Phase 1, neither
Fairchild nor NASA would have been entitled to -any
compensation as a result of termination. Neither party
would have been required to transfer any data information,
patents, or other results of work accomplished or in progress
other than those agreed upon as a result of negotiations. 1In
Phase 2, Fairchild could have terminated unilaterally for any
reason by giving NASA written notice. In the event of a
termination, NASA would be entitled to purchase and take
title of all flight hardware, related software, and support
equipment - completed or in process - at the cost incurred
by Fairchild together with any license rights to any patents
and data that might be required. Under very limited
circumstances, NASA had the right to unilaterally terminate
the agreement. If NASA did choose to terminate, they would
would not be obligated to reimburse Fairchild for costs
incurred.

In light of the Challenger accident, it is important to
note that NASA agreed that it would not terminate the
agreement for reasons beyond NASA's control unless there was
a resulting cessation of shuttle launches for commercial
purposes for a substantial period of time. NASA d4id,
however, agree that as an option to terminating the agreement
it would consider postponing a payload launch.

Termination did not create a barrier in the negotiation
of the Joint Endeavor Agreement and Fairchild assumed the
entire risk that it might not obtain the free launches agreed
to by NASA. In the JEA, however, NASA did not agree to
procure platform services. Any such procurement would have
been in a form of a standard procurement contract containing
the usual termination for convenience and default clauses.

2, Termination under the Unsolicited Proposal
Though the unsolicited proposal submitted by

Fairchild never went beyond the preliminary discussion
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stage, there was a termination liability clause included in
the proposed contract for services.

Under the provisions of the proposal, NASA, in the
event of a unilateral termination, assumed termination
liability under a fixed payment schedule in fixed amounts
extending over the period of the agreement. The proposed
termination agreement provided that a NASA convenience
termination could be triggered by Fairchild if its first
commercial customer (presumably MDAC) terminated its contract
with Fairchild and Fairchild could not find another customer.
Under the latter provision, Fairchild was attempting to shift
the market risk for commercial customers to NASA. Similar to
a standard procurement termination, the termination for
convenience clause in the unsolicited proposal required
Fairchild to transfer title, and turn over all hardware and
works in process and any data that generated by the
performance of the contract.

It was NASA's view that the unsolicited proposal did
not permit NASA to exercise a default termination but,
instead, granted NASA limited rights for what would be called
"outage" penalties, (i.e., a reduction in the price to be
paid as a result of failure to fully provide contract
services). -

3. Termination under the RFP .

The RFP set forth an outline of quarterly schedules
establishing the cumulative maximum liability the Government
would incur in the event of a termination for convenience.
The schedule provided for a maximum termination liability
for each undelivered service month and stated,
notwithstanding any amounts listed, nothing in the RFP or
contract should be construed as making the Government liable
for any amount exceeding actual appropriations in relevant
program areas or for appropriations sufficient to fund such
liability. NASA's best estimate of the amount that would be
available to fund termination liability was promised to all
offerors before the time of the final proposal. Because
the contract was a procurement of services and not hardware,
the Government would not automatically get title to platform
parts and materials since they would not have been acquired
specifically for a NASA service, but, instead, were being
acquired to provide services to NASA as well as other
commercial customers and/or other Government agencies. Since
NASA would not obtain title in the event of a NASA
termination for convenience, , NASA did not expect the
contractor to propose NASA pay all costs associated with
the entire effort, or to propose termination liability based
on a 100% of all incurred costs. NASA did expect the
contractor to propose an "equity" factor in the termination
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proposal schedule. In other words, NASA expected the
contractors to assume the risk of obtaining additional
customers other than NASA - whether Government or commercial
- and based upon this assumption of risk, NASA would receive
appropriate credit in the termination schedule.

Neither Fairchild nor RCA proposed an "equity" value
in their termination schedule, preferring instead to leave
the issue of credits NASA would receive towards 1its
termination payments open to future negotiations. 1In the
event such termination would occur, othexr factors, such as
the date of termination and the circumstances at the time,
would come into play.

As no final proposal was submitted or final
negotiations conducted on the RFP, it is impossible to
project what the outcome of the termination issue might have
been. However, based on interviews conducted in the course
" of this study, and an analysis of the proposals as well,
there appears to have been a willingness on the part of one
of the contractors to propose a significant "equity" factor
enabling a resolution of the termination issue that would
have been satisfactory to both NASA and the contractor.

F. Institutional Barriers
1. The Source Evaluation Board Process'

An examination of the Source Evaluation Board (SEB)
documentation, composition of the SEB and its committees, and
interviews with participants in the selection process, leads
to the conclusion that any prejudice against using a space
platform services contract - as opposed to the use of
individual Explorer missions - had been minimized to the
maximum extent possible.

The platform services approach represented. a change in
the way previous Explorer programs had been run. In the
past, an Explorer mission would normally continue operation
until its performance degraded at no additional cost to the
Government except the cost of operation. Under the platform
services concept, operation of a mission would terminate at
the end of the service contract or NASA would have to
purchase additional services from the platform operator. The
possibility of institutional resistance to that change was
real; however, the selection process served admirably in
minimizing any such predjudice.

A related institutional concern is whether the

difficulties that occurred during the administration of the
Tracking and Data Relay Satellite System procurement (TDRSS)
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might have negatively influenced attitudes at Goddard in
proceeding with another mixed Government / commercial
facility. The standard Goddard procurement normally includes
"in-house" technical direction and influence on the design
or manufacture of a spacecraft. Such technical direction was
lacking in the TDRSS contract and would have been lacking in
the space platform services contract. The lack of ability to
technically direct the TDRSS contractor was a major cause of
conflict during the performance of that procurement. Based
on a review of related documents and interviews, it is clear
that any such impact in the platform procurement had been
minimized through the selection of the SEB members and
committee members well as the manner in which the SEB
evaluation had been conducted. 1In addition, it is evident
that every effort was made to run a fair and proper
evaluation of the proposals including detailed analysis of
the relative costs and advantages of separate Explorer
missions versus the use of the space platform services
contract.

The ground rules utilized in the SEB selection process
were not reviewed by Senior Management at NASA Headquarters.
More careful review of the ground rules may have avoided the

inconsistancy concerning whether or not the reviewers were to

consider the value of fostering future commercial endeavors
as part of the selection criteria. One ground rule
explicitly states that the SEB was not to consider this
aspect while another states that "domestic capability for
U.S. commercial space R&D enterprises, and overall U.S.
posture in 'first to the market' space infrastructure" should
be considered within the context of the evaluation.

The Office of Commercial Programs played no role
throughout the attempts to develop a commercially owned and
operated space platform service. This was either because the
Office was not established at the time ( the Office was
established in November, 1984), or in the case of the
competitive procurement, it was too far along and the Office
was too new to substantially participate in the activity. =~ If
the Office is to be an effective advocate for the
commercialization of space and to be charged with
implementating the policies announced by the Administration,
Congress and NASA, it must play a major role in
.commercialization efforts in coordination with any affected
Program Office or Center.

2. Funding Procedures

Funding procedures followed by NASA and Congress can
be viewed as barriers to commercialization where the
Government is either the first customer or prime customer for
the commercial goods or services .
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The lack of certainty of government funding for the
entire contract period makes it difficult, if not impossible,
to market the platform to potential commercial users,
particularly when the market is limited and the platform
would be the only extended stay facility until the space
station became operational. A company interested in space
manufacturing requiring such long stay time would require
some assurance that the space platform would be developed and
constructed irrespective of whether the Government terminates
or not. Such a customer would not be interested in making
any large capital investment without such assurances. A
space platform manufacturer would not give those assurances
because, if the Government was to terminate mid-stream, there
would not be sufficient revenues flowing from the other
customers to justify the continuation of the project. More
than likely, any contract with a potential commercial
customer would contain a provision that if the Government
were to terminate its program, then the space platform
manufacturing contractor could terminate its contract with a
commercial customer without any liability for the payment of
damages to the commercial customer. The reason why such a
clause was included in the unsolicited proposal by Fairchild
was that the price being offered to NASA was based on
continued revenue from McDonnell Douglas. The lack of such
revenue from McDonnell Douglas would have made the
unsolicited proposal unprofitable for Fairchild. Thus, the
uncertainty that, at some stage, a program might be
discontinued and the government contract terminated for the
convenience of the Government, tends to act as a negatlve
factor in stimulating commercialization of space.

Current NASA funding and Congressional procedures
make no provision for the value of a private sector company
providing a commercial, privately financed space facility for
use by both the Government and other commercial customers.
The ground rules for the procurement of platform services
required the cost or price of the platform services to be
less than, or equal to, the funding available or anticipated
from approved projects or anticipated new starts. There was
nowillingness on NASA's part to place a dollar amount on the
value that developing a commercial space platform would have
on encouraging the development of a space manufacturing
industry. Just as the contractor's refusal to accept a
substantial portion of the market risk negatively impacted
the commercial platform concept, so did the Government's
refusal to recognize the value of seeing the project through
in relation to future commercialization initiatives by the
private sector. If the development was successful and other
commercial customers began to use such a facility, in the
long run the Government would have recovered that value
through lower prices. The only way that additional funds
could be made available to fund commercialization initiatives
- as initiatives with a recognized value beyond short term
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returns - would be from other NASA programs. At a time of
tight budget constraints within NASA, there is an inherent
institutional barrier to NASA transferring funds from other
approved programs to new programs which are deemed to have a
value in fostering commercialization of space. Compounding
this problem is the fact that under current Congressional
and NASA procedures, authorizations and appropriations done
on a fiscal year basis do not fully fund NASA's programs.

G. Procurement Laws and Regulations

Another barrier rests with existing procurement laws,
regulations and procedures. In contrast to the flexibility
afforded NASA under Section 203 (c) (5) of the National
Aeronautics and Space Act, procurement laws, regulations and
procedures require - with very limited exceptions - full and
open competition. Public Law 83-36, 98-525 and 98-577
recently enacted by Congress have made it more difficult for
NASA to accept unsolicited proposals or to make sole source
awards.

NASA, in areport to the Chairman of the House
Committee on Science and Technology (August 29, 1985) stated:

In view of this, we are not aware of procurement
authority which would, per se, authorize, in the
selection process, a preference for commercial ventures
or the encouragement of such ventures. Thus, NASA's
promotion of commercial ventures in the procurement
context has been necessarily constrained.

Using the procurement process is time consuming as well
as inflexible. The procurement laws have been interpreted
and applied so as to require NASA and other Government
agencies to set forth technical requirements in great detail.
Once proposals have been submitted, and without reopening the
competition, there is little room for innovative ideas or
approaches which deviate from the the RFP requlrements but
may be more beneficial to the Government.

The requirement for competitive selection where there
is a known Government requirement discourages companies from
identifying space facilities that could be developed by the
private sector. It makes no financial sense for a company
to expend its funds to design a facility only to have the
Government then decide to seek a competitive procurement. It
is unrealistic, to expect the private sector to fully
initiate a program of research leading to final design and
development with the prospect of competitive selection
enforced in the final stages.
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IV. SUMMARY

Any one or more of the factors outlined above can be
cited as a reason why the commercial development of space
platform services failed. Based on interviews and a review
of the documentation, two salient factors "doomed" the
commercial space platform concept. Both of these factors
were beyond the control of either NASA, Fairchild, or RCA.

The first was the lack of an existing non-Government
market and, in particular, the withdrawal of McDonnell
Douglas, the one commercial concern well along in the
development of space manufacturing of pharmaceuticals. With
MDAC's withdraw from the market, NASA was the sole customer
for what was to be a primarily commercially oriented venture.

The second factor was the reduction in available
insurance resulting from catastrophic losses ocurring in
the space insurance market in 1984 and 1985. Both of these
factors, and NASA's position that it would not assume the
risk of l1oss of the space platform during launch or on orbit,
resulted in a situation where the expected costs to NASA of
procuring commercial space platform services substantially
exceeded the cost of conducting its missions as individual
and separate missions. From the contractor's point of view,
the substantial investment required could not be justified in
terms of the risks. In simple terms, the space platforam
services procurement was viewed both by NASA and the
contractors as a "bad deal".
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SECTION 11

RECOMMENDATIONS



I. INTRODUCTION TO RECOMMENDATIONS

No set of recommendations - including those presented
here - can be applied in each instance to each and every
commercialization effort. 1In some cases, all that may be
required is the support currently being provided by NASA
under the various forms of agreements that already exist.
For example, in the case of the commercial development of the
Payload Assistance Module -Delta (PAM-D), all that was
required was some technical assistance and permission to use
government property. Or, in the case of the Payload
Assistance Module - Atlas (PAM-A), the purchase of several
units was required. In other cases however, more extensive
forms of assistance - such as free shutcle flights - may ce
in order. The recommendations contained in this section and
those that follow are directed to the Administration,
Congress and NASA.

A. Thé Market Risk

While final negotiations did not take place with
either Fairchild or RCA on the competitive procurement, NASA
would not have entered into a contract with either
corporation at the prices initially proposed. The prices
offered by both contractors far exceeded the cost of
separate missions. It is apparent from a review of the
documentation and interviews, that neither company was
willing to assume the market risk of acquiring additional
non-Government or other Government agency customers who would
use platform services. This lack of confidence by the
proposers that there was neither an existing market nor a
near-term potential market for platform services other than
NASA, was sufficient reason for NASA not to proceed with this
procurement. In interviews with senior personnel of one of
the contractors this was accepted as a valid reason for NASA
not proceeding with the commercialization effort.

There may be occasions when NASA should be willing to
share the market risk with the supplier of goods and services
to promote the early development of a commercially financed,
owned, and operated space facility that would be used by
other government agencies or by the private sector. This may
require the Administration, Congress and NASA to approve
funds for this purpose over and above the basic NASA budget
request. Any such "equity"™ or "commercial value" would be
recouped by NASA from non-NASA sales by the commercial
developer to other private sector entities or other
Government agencies.
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B. Insurance and Risk of Loss

The 1lack of 1insurance coverage clearly prevents
entrepreneurs from entering the space commercialization
market whether it be the development of space platforms,
communication satellites, or other space facilities. It is
also part of a broader problem affecting many other
industries in the United States. The simple, straight
forward solution that has been proposed by the contractors
that were involved in the space platform services
procurement, as well as others, 1is for the Government to
become the insurer of last resort. It has done so in the
past on many occasions . Some examples are flood insurance,
crop insurance, and the Price-Anderson Act applicable to the
nuclear industry, to name just a few. Congress could pass
legislation to provide coverage for commercial activities in
space or such coverage could be provided in a broader bill
covering other industries as well.

The Administration or Congress could also change the tax
laws to permit the establishment of tax deductible reserves
for damage or loss of property. Such reserves would be tax
deductible during the construction of the space facility.
The reserve would be reduced, once the asset was put into
use, by the amounts deducted for depreciation in subsequent
years. Insurance premiums are currently an allowable
business expense.

Such reserves could be established only upon a showing
to the Internal Revenue Service that insurance coverage was
either unavailable or was available at a premium which would
be unreasonable in light of the prior claim experience of the
company.

The two previous solutions that have been suggested
are so broad and involve so many policy considerations that
they could not be adopted in the near term. There 1is
however, a potential solution for the narrow case
illustrated by the space platform services commercialization
effort. It deals with the situation in which NASA is the
predominant customer for the space services or goods that are
being commercially developed, or where NASA is the initial
customer but has determined that future commercial markets
for such goods or services would develop. '

It is the general policy of the U.S. Government to
self insure its activities and its property. Based on this
policy, when NASA procures an asset for its own use through
the procurement process, it assumes the entire risk of loss
after completion of the contract and delivery. In the case
of the procurement of a separate platform for an Explorer
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mission, under normal procurement procedure NASA would assume
the risk of a satellite being-damaged or lost during launch
or on orbit. In the case of TDRSS, and in accordance with
the policy of self insurance, NASA directed the contractor
not to insure that portion of spacecraft cost that was
attributed to government use. The contractor was free to
insure the portion of the investment in the spacecraft that
was dedicated to commercial use. The reason for this was
that NASA was following the policy of self-insurance and did
not wish the cost of insurance for the govermment portion of
the program to be included in the price for the services to
be rendered after launch and when the TDRSS was on orbit.
There is evidence to suggest that NASA's sharing of the risk
in the TDRSS case was linked to a high level of interest
within senior NASA management levels in the success of the
venture. Neither the Challenger, the TDRSS on board, nor
other government satellites and property on board the orbiter
were insured against loss or damage.

Because of the high capital investment required for the
commercial development of a space facility, the risk of loss
during launch or on orbit is substantial and, unless resolved
by the insurance industry, the Administration, Congress or
NASA, it will continue to be a major barrier to the
development of commercial activities in space. The
possibility of sharing the risk of loss in the space platform
services procurement was never explored. In the future, and
as part of these recommendations, in some instances NASA
should share risk of loss with the commercial developer.
This option should be explored more thoroughly. If there are
one or more non-NASA customers for the facility that is to be
commercially developed, the risk of loss could be shared by
NASA, the proposer of the commercial facility and one or more
of the additional customers, whether they be private sector
or other Government agencies.

C. Tax Treatment

The unequal treatment of space commercialization
investments received under the tax laws and regulations is a
disincentive to industry to invest in the commercial space
initiatives.

If a company must choose between two investment
opportunities - one being a space commercialization facility
project and the other an asset based within the territorial
limits of the United States - and both projects are of an
equal amount and equal market potential, the current tax laws
give preference to the ground-based investment. The tax
reforms under current consideration may result in equality
of treatment at least in the areas of incentive tax credits
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and accelerated depreciation. The lack of an R&D credit will
remain a disincentive for businesses wishing to enter space
commercialization industry.

Private sector initiatives aimed at the commercial
development of space should receive equal, 1f not
preferential, treatment under the tax laws and regulations.

D. Space Transportation

The JEA provision of free flights represented a very
substantial financial incentive to the commercial development
of the Leasecraft Platform proposed by Fairchild. In order
to equalize the opportunity for competition, NASA decided to
include the free flights in the .competitive RFP. However, the
approximate $2,000 cost per pound for transportation had (and
still has) a significant effect in limiting the market
available for commercial use by materials processing
concerns.

The recent National Commission on Space report
recognized the need to reduce the cost of transportation if
the exploration and exploitation of space for commercial and
other purposes is to be achieved. The Commission recommended
that the cost of space transportation be reduced from the
approximate $2,000 per pound to $100 per pound. All forms
of transportation in this country have received and are
continuing to receive some form of government support. Rail
transportation received rights-of-way and mail subsidies.
Air transporcation receives air traffic control as well as
having received mail subsidies. Water transportation, both
for inland and ocean faring transport, receives Government
support, On a comparative basis, at a minimum, space
transportation should be given equal consideration and
receive such support.

Congress and NASA should explore the question of
reduced transportation costs with the materials processing
industry, focusing on what effect, if any, a reduction of
transportation costs would have on expanding the market.
Another approach would be to expand the use of Space
Services Development agreements with materials processing
concerns as well as others who offer to develop commercial
facilities. This approach, rather than being a direct form
of subsidy, would require repayment, whole or in part, of the
launch services furnished by NASA; in effect creating a
partnership between those industries and the Government.
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E. Schedule Uncertainty

Schedule uncertainty is a risk that has been identified
by industry as a major barrier in determining whether to
invest corporate funds in space commercialization.

The standard Launch Services Agreement relieves NASA
for any delays, and the communications satellite industry has
accepted it. The communications satellite industry, however,
is a well-established industry with a well-established market
and, in most cases, delay does not have a major impact on the
revenue flow. In the past, the communications satellite
industry could obtain satellite life insurance which further
minimized this risk. The reason for the adoption of this
policy by NASA as applied to commercial communications
satellites is 1if NASA were to be liable for damages caused
by delay, then those damages would have to be paid for out
of other NASA programs or by additional Congressional
appropriations - thus creating another institutional barrier
to the acceptance of such a risk.

However, NASA does assume the risk of delay when it is a
standard government procurement for goods or services to be
provided to NASA as the sole customer, whether the contract
is a cost reimbursement or fixed price contract contract.
NASA did pay for shuttle delays that impacted the TDRSS
program and it is currently paying for delays brought about
by the cessation of government launches in such programs such
as Galileo, the Space Telescope and others. The situation is
therefore the same as exists for termination liability and
risk of loss.

The solution may again be a sharing of the risk of delay
in commercial space initiatives. 1In addition, and to the
maximum extent possible, NASA must exert its efforts to
shorten the time period between when a request for a Joint
Endeavor or a unsolicited proposal is submitted, and an when
an agreement for the procurement of the Government services
or product is reached. '

F. Termination Liability

A proposer of a commercial development facility should
be willing. to assume a portion of the termination liability.
Such was the case in TDRSS where NASA only assumed the
termination liability for the Government's portion of the
spacecraft. Whether the sharing ratio should be the same for
market risk, risk of loss, and termination liability is a
question worthy of a more in depth study. A provision could
be negotiated that in the event non-NASA use of the facility
increases - thus reducing the percentage of NASA use of the
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facility - adjustments could be made reducing the NASA
liability for termination or risk of loss. It would stand to
reason that by initially sharing the market risk, as the
market expands, NASA would benefit through the reduction of
costs for the services being performed for NASA.

The recommendations outlined in the areas of sharing
the market risk and the risk of loss, are equally applicable
to sharing termination liability.

G. Institutional Barriers

One institutional barrier of prime importance is the
priority to be afforded in the Administration, Congress, and
within NASA to the commercial development of space. The
importance of NASA senior level involvement in the
commercialization effort can best be illustrated by the TDRSS
experience. The TDRSS request for proposal and resulting
contract was the first effort by NASA to obtain commercial
services that would be available to both NASA and to non-
Government users. The TDRSS procurement is not without
controversy. It is used here only to illustrate what can be
accomplished when a program receives senior level management
attention, direction and support.

The TDRSS procurement received the attention, direction
and strong support of the then Administrator of NASA, other
senior officials at NASA headquarters, and the Goddard Space
Flight Center Director. Most of the factors on which
agreement could not be reached between NASA and the
contractors in the space platform services procurement were
satisfactorily resolved during negotiations with Western
Union, the successful proposer on TDRSS. The same degree of
senior level NASA support will be needed if future commercial
initiatives are to succeed. Currently, the Office of
Commercial Programs is the organization in NASA responsible
for, stimulating, encouraging, and supporting commercial
initiatives in space. It cannot, however, do the job alone.

NASA, as an organization, must fully support the
commercialization effort. That includes the Administrator,
the Associate Administrators and the Center Directors. When a
potential commercial development is identified by NASA or
proposed by industry, it is important that the Administrator,
Program Directors, Associate Administrators and Center
Directors review their programs to identify potential
Government participation through the purchase of services or
product by those organizations.
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H. Procurement Laws and Regulations

Another barrier is the application of the procurement
statutes and regulations to commercialization proposals
submitted to NASA either through a request for a Joint
Endeavor Agreement or the submission of an unsolicited
proposal. The Competition in Contracting Act and the
regulations implementing that act make it extremely difficult
for NASA to go sole source or accept an unsolicited proposal
for a government requirement. Congress amended the NASA Act
declaring that the general welfare of the United States
requires that NASA "seek and encourage, to the maximum extent
possible, the fullest commercial use of space." 1If NASA is
to carry out that mandate, it is absolutely necessary that
when an innovative commercialization idea is presented to
NASA - by way of a Joint Endeavor or an unsolicited proposal
- NASA is free to identify potential government uses and not
be unconditionally bound by competitive procurement
subsequent to the presentation of the idea. To do otherwise,
will discourage the development of innovative
commercialization approaches.

When a Joint Endeavor Agreement or an unsolicited
proposal proposes a product or service that could be used by
both Government and non-Government users, and after
identifying the Government uses in accordance with the
previous recommendation, NASA should negotiate a contract
with such offeror for the procurement of the Government
services assuming agreement on price can be reached.

Where NASA has identified a facility, product or service
that can be used by NASA and other non-Government customers,
NASA should seek expressions of interest from the private
sector for the commercial development of such a facility,
product or service. Rather than employing the standard NASA
procurement procedures, NASA should develop procedures
permitting greater flexibility in stating its requirements,
negotiating final agreements, and reducing the lead time for
a contract award. NASA developed the Announcement of
Opportunity procedures to meet its unique needs for
experiment selection. Commercialization of space 1is
sufficiently unique so as not to lend itself to the normal
NASA procurement process. Pending the establishment of such
procedures and pending clarification of NASA's authority
under the Space Act, NASA should review its selection
criteria and SEB scoring system recognizing the importance of
space commercialization.

Where other major non-Government customers have been
identified who would use the service or buy the product,
NASA - with the permission of the supplier - should contact
such non-governmental customers to negotiate as a team with
the supplier in those situations where it is highly unlikely
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that the commercialization effort could proceed without the
Government and the non-Government purchase of the goods orx
services. This provides the opportunity for the three
parties to allocate and share the substantial risk involved
in space commercialization.

The General Counsel's office should review the
authority of NASA to carry out the above recommendations
under the authority of the Space Act, Section 203 (C) (5),
taking into account the decision interpreting that section
in the case of AFGE vs. Paine. 1In the event the General
Counsel determines that NASA lacks the authority, then it is
recommended that Congress enact legislation to grant NASA
the authority to implement this recommendation.

I. Funding Procedures

A major complaint voiced by industry was the
uncertainty of NASA's annual funding process. While full
funding would not, in and of itself, prevent the termination
of the NASA project by either the Administration or
Congress, it does provide greater assurance to industry
investing its own funds in commercialization efforts.

Congress, in concert with the Administration and NASA,
review the funding procedures normally used for NASA projects
to see whether, as a matter of policy, those procedures
should be changed to encourage and support space
commercialization activity.  Specifically, all three entities
should consider granting NASA authority relieving NASA of the
requirement to obligate funds for the contingent liability of
a convenience termination. Also, NASA projects associated
with a commercialization effort should be fully funded
through appropriations and authorization rather than on a
fiscal year basis.

J. Financing

Congress may wish to consider the advisability of
providing such financing or guarantee to entrepreneurs.
Such financial assistance would encourage small
entrepreneurs and non-aerospace companies to consider
investment in commercial space -initiatives.

The Congress may wish to reconsider HR7412 introduced to
the 96th Congress Second Session, to establish a Space
Industrial Corporation to promote, encourage, and assist in
. the development of new products, processes, services, and
industries using the properties of the space environment and
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in the use of space technology.

H.R. 7412 was introduced in the House of Representatives
on May 21, 1980, co-sponsored by Mr.. Fugqua Mr. Roe, Mr. Winn,
Mr. Goldwater, Mr. Scheuer, Mr. Hol lenbeck, Mr. Dornan, Mr.
Lioyd, Mr. Walker, Mrs. Bouquard, Mr. Blanchard, Mr. Flippo,
Mr. Ritter, Mr. Watkins, Mr. Young of Missouri, and Mr.
Nelson.

II. CONCLUSION

The commercial development of space is within its
infancy and in some cases in its gestation period. It is an
area of activity that requires high capital investment and
high risk, while other competing ground based investment
opportunities offer significantly lower risk. It is an area
that, at present, offers a only a limited or even unknown
market potential. Also, it is an area with no industry
experience base or proven "track record®. - Lastly, it is an
area that, in many cases, will require the development of new
technologies but in doing so will contribute to United States
leadership in space and new technologies.

The Administration, the Congress and NASA all publicly
support the concept of space commercialization. If space
commercialization is to succeed, there must be tangible
evidence that all three entities will support the concept
with clear objectives and commitments. On the industry side,
the private sector must be willing to make the capital
investment and to assume or share with the Government some of
the risks associated with the development of a new industry
and new markets. The Government cannot and should not assume
all the risks of space commercialization. Considering the
risk involved and the current status of space
commercialization, a contractor cannot and will not assume
all the risks in order to enter the market. The
Administration, Congress, and NASA can remove some of the
institutional and other barriers that inhibit the.
commercialization of space. Other nations appear willing to
support their industry in one way or another either through
subsidies or through entering into equity relationships with’
their industry.

In view of the recognized importance of space
commercialization, the U.S. Government should at least be
willing to share and reduce the risks involved in commercial
space activities at this stage in its development.
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APPENDIX 1

CHRONOLOGY OF EVENTS



Chronology of Events

DATE EVENT

1977 McDonnell Douglas flies
Electrophoresis (EQOS) Experiment on STS.

1981 FC and Goddard independently conduct
feasibility studies on possibility of
using MMS for EOS experiments. Conclude
that power requirements and cost of
compatibility with STS warrant new

system.

1982 Fairchild establishes Space Operations
Company to market services of Leasecraft.

8/82 NASA and Fairchild sign MOU with Letter
of Agreement attached.

8/83 NASA and Fairchild sign JEA .

4/84 Fairchild submits unsolicited proposal

to NASA for services of Leasecraft.

9/84 * Fairchild submits firm fixed price contract
to MDAC for services of Leasecraft and
begins negotiations for services.

12/84 MDAC and Fairchild suspend negotiations.
9/84 NASA declines Fairchild's unsolicited

proposal. Decides to procure services
through competition.

11/84 RFP Pre-release.
12/84 Procurement plan approved.
1/85 Source Evaluation Board (SEB)

appointed.

1/85 NASA issues RFP 5-14000/357 for Space
Platform Services.

1/85 Preproposal conference attended by
15 companies.



2/85

3/85

3/85
5/85

6/85
7/85
7/85 *
8/85
9/85

10/85

11/85

12/85

* Approximate date

Amendments 1 and 2 to the RFP issued.

Amendment 1 revised payload module power
loads and Section L of RFP; deleted
requirements for unpriced elements of
cost; and responded to submitted
guestions.

Amendment 2 revised delivery schedule in
Article F-1, the Technical Proposal
Instructions, the Specification for
Platfrom Services; updated requirements
for Micro-Gravity Science Mission;

added EUVE data requirements.

Amendment 3 to the RFP issued, revising
the proposal due date and packaging.

Fairchild and RCA respond to RFP.
Initial proposal evaluation completed.

Competitive range determination. RCA
judged to be outside competitive range

Orals held by NASA.

Fairchild resumes discussions with MDAC.
MDAC notifies Fairchild that they have
no foreseeable future need for

Leasecraft services.

NASA issues letter requesting best and
final proposals.

Fairchild declines to submit a
final proposal.

NASA formally terminates the RFP,

Fairchild submits a report to NASA
on a "Survey of the Market for the
Services of Small Privately Owned
Space Platforms (LC 085-01).
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TIHHE NATIONAL AERONAUTICS AND SPACE ADHTNISTRATION
COMCERNING THE DEVELOPMENT AND COMMELCIAL
AVAILABILITY OF A SMALL SIPACE PLATFORM

PREAMBLE

The National Aeronautics and Space act of 1258, édeclares
that the 2eronautical and space activitic~ of the Upited Stat-.:o
shall be conductcd so as to contribute to the preservation of the
role of the United States as a lcader in aeronautical ané space
science and technology and their application to the conduct of
peaceful activities within and outside the atmosphere. The
furtherance of these activities may L2 substentially enhanced
by the early availability of a shuttle-launched and supported
mobilemini space platform furnishing ths neccessary utilities
(space, power, stabilization and communication) for thaese
activities. The Administration ard NASA are comnitted to a
reliance on the private sector for the supply of needed commercial
products and services whenever possiktle. NASA is, therefore,
interested in a commercial firm opting to desigr, develop. and
provide such a platform to users through lease or purchase.

Fairchild Space and Elcctronics Company (FSEC) believes there
is an increasing number of commercial institutions moving toward
the use of space and space technology for the production of goocs
and services fcor profit. Fairchild wishes to create a commercial
entity_ to lease to governmental and corvaercial users a variety of
space systems, spacecraft, and space platforins launched, serviced,
anéd retrieved by the Shuttle. Such a commercial entity could also
supply a variety of technical and zdministrative services such as
the integration of the user's hardware with the spacecraft or
platform, integration of such a spacecraft or platform with the
Shuttle, and provision of the necessary documentation and technical
support to the user and to NASA for the launch, operation, services
ané retrieval of the users' products anéd/or hardware., Fairchild
recognizes the need for a substantial investmcnt to create such
an entity and its shuttle-compatible hardware and the investment
will be at a considerable risk for a number of years. Fairchild

"believes that the possible returns from the already planned
governmental and commercial space activities, together with the
coming industrialization of space justify much of that risk.
Fairchild believes that its experience with the shuttle-compatible
Multimission Modular Spacecraft (MMS) places it in a unique
position to assure the technical success of such an enterprise,
and to succeed in this respect of the commercialization of the
Shuttle. .



THE UNDERSTANDING

NASA and Fairchild Industries, having a mutual interest in
the development and commercial availability of a small space
platform, and associated services, based upon MMS technology,
agree to explore the feasibility of an agreement on a joint
endeavor to bring such a platform into being, demonstrate its
capability in 1986 and have it commercially available for
Governmental and commercial users for at least 10 years beglnnlng
in 1986.

1t is expected that any such endeavor would proceed in three
(3) phases: (1) a feasibility and preliminary design phase in
FY 1982; (2) a development phase extending from CY 1983 through
CY 1986, with a six-month in-orbit demonstration in CY 1986; and
(3) an operational phase from CY 1987 through CY 1996. No exchange
of funds between NASA and Fairchild Industries would be expected
in Phases 1 and 2. .

It is further expected that such a small space platform
would be capable of supporting appropriate scientific and space
applications missions.

NASA and Fairchild each agree to designate an individual to
be responsible for pursuing the agreements reached in this
Memorandum of Understanding.

The undersigned agree to review jointly the status of the
endeavor no later than September 1, 1982. While pursuing this
endeavor representatives of NASA and Fairchild will agree on
procedures regarding publicity and the maintenance of proprietary
information where necessary and apprcpriate.

NATIONAL AERCNAUTICS AND FAIRCHILD INDUSTRIES, INC.
SPACE ADMINISPRATION '

/ APPROVED: QM)’Z/&// o vé
James Mer q# 7' Edward G. Uhl
/;// Administra Chief Executive Officer

DaTE:  AUG 2 7 1982
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AGREEMENT BETWEEN THE'
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
AND

FAIRCHILD INDUSTRIES, INCORPORATED

FOR A JOINT ENDEAVOR CONCERNING THE

RESEARCH AND DEVELOPMENT OF A SMALL
SPACE PLATFORM FOR COMMERCIAL OPERATIONS

No.



LETTER AGREEMENT BETWEEN NASA AND FAIRCHILD
REGARDING THE NASA/FAIRCHILD JOINT ENDEAVOR AGREEMENT

The purpose of this Letter Agreement is to record actions which must be
jointly taken by NASA and Fairchild in order to carry out the intent of the
Joint Endeavor Agreement (JEA) and help establish the commercial viability of
Fairchild's Leasecraft venture. These actions are not part of the
NASA/Fairchild Joint Endeavor Agreement JEA proper bécause they relate to
possible commitments which may extend beyond the term of the JEA. However,
action to resolve these issues must be taken during the term of the JEA and
decisions taken on the schedule indicated.

A. Fairchild and NASA shall jointly and expeditiously examine the technical
compatibility and economic suitability of Leasecraft for the performance
of one or more NASA missfons (not limited to the attached payload
mentioned in the JEA) beginning with calendar year 1987, 10/1/83

B. NASA will establish a pricing policy which will apply to the retrieval

. and return of spacecraft, such as Leasecraft, or payloads therefrom.
NASA will work toward establishing this policy by the date indicated and
will provide Fairchild periodic status reports. 1/1/84

C. NASA and Fairchild will seek to negotiate arrangements for short leadtime
scheduling and/or manifesting of small payloads and/or gn-orbit
operations. 6/1/84

D. NASA will consider the use of Fairchild employees as payload specialists

- on leasecraft flights to assist in the operation and servicing of
Leasecraft equipment, under terms and conditions to be established in
subsequent launch services agreements, 1/1/84

E. NASA will work with Fairchild for the operational flights of Leasecraft by
providing STS launch and TDRSS communication services consistent with
charge policies, and use its best efforts to meet scheduling requirements
of Leasecraft and reduce overall transportation costs.

F. NASA will continue to notify Fairchild of any changes to STS pricing
policies in advance of the effectivity of the changes.

Fairchild Industries, Inc. National Aeronautics and
: Space Administration

77/54 c—
dward G. Uh '

Chairman and Chief Executive
Officer

9
Administrator

Date: Augustol3 1983 Date: August 731983

e e o



AGREEMENT BETWEEN THE
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
AND
FAIRCHILD INDUSTRIES, INCORPORATED
FOR A JOINT ENDEAVOR CONCERNING THE
RESEARCH AND DEVELOPMENT OF A SMALL
SPACE PLATFORM FOR COMMERCIAL OPERATIONS

Fairchild Industries, Inc. National Aeronautics and
Space Administration

Approvéd by: Approved by:

. Ll
dward G. Uh

Chairman and Chief Executive
Officer

Date: August > 1983 Date: August 22 1983

ames M, Begqg
Administrator
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AGREEMENT BETWEEN THE
NATIONAL AERONAUTICS A:RDSPACE ADMINISTRATION
FAIRCHILD INDUSTRIES, INCORPORATED,
FOR A JOINT ENDEAVOR CONCERNING THE
RESEARCH AND DEVELOPMENT OF A SMALL SPACE PLATFORM
FOR COMMERCIAL OPERATIONS

PREAMBLE

The National Aeronautics and Space Act of 1958 declares that the
aeronautical and space activities of the United States shall be conducted so
as to contribute to the preservation of the role of the United States as a
leader in aeronautical and space science technologies and their application to
the conduct of peaceful activities within and outside the atmosphere. The
furtherance of these activities may be substantially enhanced by the early
availability of a shuttle-launched and supported mobile, unmanned space
platform furnishing the necessary utilities (volume, power, stabilization and
communication) for these activities. The Administration and NASA are
committed to a reliance on the private sector for the supply of needed
commercial products and services whenever available. NASA is, therefore,
interested in a commercial firm willing to use their own resources to design,
develop, and provide such a platform to users through lease or purchase.

Fairchild Industries believes that there are an increasing number of
companies moving toward the use of space and space technology for the
profitable production of goods and services. Fairchild wishes to create a
commercial entity'to lease to government and commercial users a variety of
space systems, spacecraft, and space platforms that are léunched. serviced and
retrieved by the Shuttle. Such a commercial entity could also supply a
variety of technical and administfative services, such as the integration of
the users hardware with the spaéecraft or platform, integration of such a
spacecraft or platform with the Shuttle, provision of the necessary
documentation and technical support to the user and to NASA for the launch,

Page 1



operational services, and retrieval of the users products and/or hardware.
Fairchild recognizes that it will incur substantial expenses to create such an
entity and its shuttle-serviceable hardware, and that these operations may not
return profit for a number of years. Fairchild believes that the possible
returns from the already planned government and commercial space activities,
together with the coming industrialization of space, justify much of that
risk., Fairchild believes that its experience with the shuttle-compatibie
Multimission Modular Spacecraft (MMS) places it in a unique position to assure

“the technical success of such an enterpr1se and to succeed in this aspect of

the commercialization of space.

Accordingly, this agreement is made and entered into this 23rd day of
August 1983, by and between Fairchild Inddstries which is a corporation
organized and existing under the laws of the State of Maryland, whose
principal offices are at Germantown, Maryland, and:the United States of
America, represented by the National Aeronautics and Space Administration. It
delineates the joint endeavor that the parties will undertake and sets forth
the terms and conditions therefore. Now, therefore, it is agreed as follows:
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A.

ARTICLE 1 - APPROACH

The Fairchild Leasecraft system is a shuttle-tended, mobile, unmanned
space platform supported by ground-based systems and services., The space
segment will be spacecraft providing a platform in low earth orbit for
scientific, commercial, and government users on a leased or service-
contract basis. (While not the intended approach, Leasecraft will be made
available for purchase to customers who can be served best in that way.)
The user's payload may consist of scientific instruments, material
processing equipment or remote sensors carried on a user-supplied or
Fairchild-provided pS}load support structure. Secondary payloads, e.qg.,
instruments, electronics, or other equipment of limited volume and power
dissipation, can also be accommodated. Secondary payloads may be mounted
in standard MMS module boxes or by other means. The payload will be
carried to a rendezvous orbit by the Space Transportation System (STS).
The Leasecraft and payloads are subsequently mated on orbit. The
spacecraft operate in orbits that are accessible from nominal Shuttle
orbits. The configuration can support experimental, pre-operational, and
operational programs.

. The operational system will consist of one or more spacecraft, spare MMS

modules and components, a Ground Support System, a Flight Support System,
on-orbit servicing equipment, an Operations Control Center, and associated
software and services. The Fairchild Leasecraft system will be re-
sponsible for providing to NASA the information to mate the payloads to
Leasecraft (typically on-orbit), orbital operations, data and/or product
retrieval, and payload demating and return to Shuttle orbiter cargo bay.
Leasecraft will also provide payload integration and test services as a
user option. Additional technical description is provided in Appendix A.

In this joint endeavor, NASA and Fairch%ld-each w§11 be responsible for
specific portions of the total venture wherein each party separately and
independently provides the resources required to accomplish its portion of
the endeavor.
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C. This Joint Endeavor will proceed in two sequential phases. The phases are
generally defined as follows:

1.

Phase 1 - Feasibility Studies and Preliminary Design

Phase 1 will begin with the signing of this document. By that time,
NASA and Fairchild will each have designated a Joint Endeavor Manager
(JEM) to carry out the terms of this JEA,

Phase 1 consists primarily of a research and engineering effort to
establish requirements and to initiate the preliminary design of
Leasecraft. In addition, market surveys of potential users and
economic analyses will be made. Preliminary schedules for the program
will be developed as well as overall flight planning, including the
identification of STS, tracking, data acquisition; mission control and
other data operations services required for flights. During this
phase, a decision‘will be made as to the payload(s) for the test
flights and agreements will be signed with the user(s). Completion of
Phase 1-and entry into Phase Il will be detgrmigng_o_‘iltjy by the
Joint Endeavor Managers. o '

e e e
E————— e mee—.

Phase 2 - Program Development and Flight Tests

This phase includes the research, design, development, and manufacture
of the test vehicle for the Leasécraft system and the provision of the
flight and ground hardware along with its associated software for the
test flights. It is expected that the first launch will be scheduled
for the second quarter of calendar year 1987, followed by a revisit
service flight approximately six months later. Notwithstanding any
other provision of the Agreement, the Fairchild payload (which
includes the Leasecraft, Leasecraft payloads and all other property to
be flown aboard the Shuttle for Leasecraft) will not exceed 360 inches
along the keel of the Shuttle and will not exceed 35,000 pounds for
the first launch and will not exceed 360 inches along the keel of the
Shuttle and will not exceed 32,500 pounds for the service flight.
Fairchild shall be eligible for Standard Shuttle Services, and such
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optional services as mutuallz agreed to and documented in the PMP
required to accompl;;ﬁ-ggg'miésions objectives including power,
cooling and crew operation consistent with the load factor for the
Fairchild payload, unless the parties otherwise agree. Also during
this phase, planning will be accomplished with NASA and users for the
operational period. Flight schedules, launch services, and associated
rates will be established with NASA through Launch Services Agreements

for the operational flights to follow.

The parties to this Agreement are cooperative participants. (Neither party
is regarded to be the leader or superior party with respect to the joint
activities contemplated by this Agreement.) Fairchild and NASA will each
appoint and so designate a Joint Endeavor Manager who shall have
responsibility for assuring that the respective parties' responsibilities
are satisfied. In this capacity, the NASA JEM and the Fairchild JEM will
serve as the sole interface for management and control of commitments
regarding this joint endeavor. The parties recognize that actions and
decisions by one party can significantly affect the other's work under
this endeavor, and therefore they agree to maintain frequent
communications with regard to progress, status of approvals, potential
problems, and schedule changes. It is also understood that the respective
JEMs may authorize the establishment of direct technical channels for
implementation of this Agreement, as well as channels for data and
information flow between parties. The parties further recognize that, in
the course of the programmatic and technical exchanges and reviews that
will occur under this endeavor, representatives from the respective
organizations may provide advice and comments on the approach and merits
of the work being conducted by the other. Such advice and comments are
not to be construed by either party as direction or control of the work
being performed. Further, a party's use of such advice and comments is at
its own discretion and risk. ‘
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ARTICLE Il - FAIRCHILD RESPONSIBILITIES

A. With the goal of substantially supporting the commercialization of space,
Fairchild will use its best efforts to design and develop a mobile,
unmanned space platform and associated facilities and services for use by
a wide range of commercial and government users of space.

Consistent with this Qoal and in accordante with the overall approach
described in ARTICLE I, Fairchild shall, at no cost to NASA:

1. Phase |

a. Develop the requirements for and initiate preliminary design of a
mobile, unmanned space platform, including ground and flight
support equipment and software, based on MMS technology, which

will have the capability of supporting a variety of commercial,
scientific and experimental users.

b. Conduct market surveys to identify potential commercial and
government users of the Fairchild Leasecraft system.

c¢. Develop preliminary pricing policies, criteria, prices, and
business procedures for lease of Fairchild's Leasecraft,
facilities, and services by users.

d. Define the requirements and develop preliminary plans to
successfully demonstrate Leasecraft operations and payload

changeout to be conducted with the STS during Phase II.

e. Identify technical data and services required'by'NASA to conduct
flights of Leasecraft.

f. Develop jointly with NASA a Program Management Plan (PMP) in
accordance with ARTICLE IX.
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2.

g.

Provide NASA with information from which NASA can determine the
suitability of Leasecraft for NASA missions.

Phase 11

e,

Design, develop, test and verify the compatibility of Leasecraft,
together with its payload, with the STS, certify the flight
readiness and provide the flight hardware and related ground and
flight support equipment and software necessary for the test
fiights. As part of this effort, Fairchild will conduct the
necessary design and flight readiness reviews, with NASA
participation as defined in the PMP, to ensure compatibility with
the existing STS configuration and to meet safety requirements.

Develop detailed plans with NASA for the initial test flight by
the second quarter of calendar year 1987 and the re-visit flight
approximately six months thereafter.

Support NASA's integration and launch operations of the Leasecraft
with its payload into the STS and provide any unique ground and
flight support equipment as specified in the PMP,

Provide personnel and Leasecraft-unique equipment and related
software for a NASA provided 6pera£ions control center for space

—— s« ro— " e

operations during the test flights.

Conduct the free-flight operations of the Leasecraft and its
payload during the test flights, except that the conduct of the
Leasecraft operations during the service flight shall be agreed
upon in the PMP,

Establish agreements with users and determine pricing

arrangements, launch schedules, and other Fairchild services
required for the follow-on operational flights.
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g.

Jointly with NASA, share Fairchild MMS-compatible test equipment,
flight support and ground support equipment and software, to be
specified in the PMP, as available on a non-interference basis
with Fairchild's activities and only during the term of this
agreement.,

If NASA exercises its option to provide an attached payload, as
described in Article III, paragraph 1.h, mount such attached
payload onto the jbitial*Leasecraft flight article and conduct the

necessary pre-fl{ght functional testing, with NASA support.

At NASA's option, provide services to NASA, as defined in Article
[11.2.b, on the service flight covered by this Agreement. If NASA
does not ret[jgve its attached payload(s) on the service fiight,
or if NASA‘éggjﬁeﬁﬂﬁﬁf its attached payload(s) on the service
flight, NASA will not be charged for the use of Leasecraft
services for the term of this Agreement for such attached
payloads. If the NASA attached payload(s) is not retrieved during
the term of this Agreement, the parties shall seek to negotiate a

separate appropri;te agreement for the use of Leasecraft services
after the term of this Agreement.
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ARTICLE III - NASA RESPONSIBILITIES

With the goal of making a significant contribution to technological innovation
and U.S. leadership in space by making facilities and services available to
users on a lease basis, NASA will use its best efforts, on a non-interference
basis with NASA activities, to provide the technical assistance, flight time
on the STS, and available general purpose equipment and/or facilities needed
to support the research and development effort to permit the commercial
availability of the Leasecraft System.

Consistent with the purpose stated herein, and in consideration for the
contribution that Fairchild agrees to make to develop and produce the
Leasecraft system, NASA shall, at no cost to Fairchild:

1. Phase 1

a. Make available to Fairchild releasable applicable designs,
software and procedures from the NASA/GSFC Flight Projects
Directorate and other NASA sources for possible use in designing
and developing the Leasecraft system, this availability to
continue through Phase II.

b. Conduct the necessary planning, scheduling, manifesting and
budgeting to provide STS flights, related services, and available
general purpose equipment to successfully complete the Leasecraft
test and service demonstration flights in Phase II.

¢. Furnish to Fairchild design criteria related to safety of flight,
as well as interface, integration and test, and checkout
requirements as applicable to Leasecréft and its payloads, this
effort to continue through Phase II.

d. Develop jointly with Fairchild a Program Management Plan (PMP) in
accordance with ARTICLE IX.
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g.

Provide design review support to Fairchild, as agreed to by NASA,
from the NASA/GSFC System Review Office, and consulting support

from NASA technical experts, this support to continue through
Phase 11.

Permit Fairchild access, on a non-interference basis with NASA
activities, to NASA centers under "contractor" designation to meet

its responsibilities under this agreement, this privilege to
continue through Phase II.

Jointly with Fairchild, identify any requirements for training of
NASA personnel that will use Fairchild equipment, facilities or
services, this effort to continue through Phase 1I.

At NASA's option, NASA will designate an attached payloaﬂ
generally the size of an MMS Box, or operational test. for each
test fl\ght of the Leasecraft demonstration. NASA may des1gnate

addxtional payload(s) or operational test(s) if Fairchild agrees.
The operation of the payload or operational test will be, with
Fairchild's concurrence, compatible with test flight objectives.
Such attached payloads will be provided to Fairchild fully

assembled, self-contained, flight-ready, and compatible with
Leasecraft interfaces.

With respect to NASA attached payload(s), at NASA's option, NASA
will select the services, as defined in Article III.2.b., that
will be performed on the service flight covered by this Agreement.

2. Phase 1]

a.

To begin space testing of the Leasecraft system, provide
pre-launch and launch services, 1nc1ud1ng opt1ona] services
normally provided to STS payloads, for an STS payload consisting
of a Leasecraft and a Leasecraft payload, both to be designated by
Fairchild, the latter with NASA concurrence. Fairchild shall
provide NASA with written notice of its Leasecraft payload
designation for this space test at least 18 months prior to the
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scheduled launch date for the STS payload described. If no NASA
objection to Fairchild's designation of such Leasecraft payload is
received by Fairchild within 45 days of its written notification
to NASA of such designation, then such designation will be
approved. ’

In order to complete testing of the Leasecraft system, within
approximately six months of the initial launch, provide a service
flight and perform on-orbit servicing of a Leasecraft and its
payload(s), including appropriate pre-launch, launch and landing
support. . Servicing means payload changeout or resupply, or the
return of a Leasecraft and/or its payload to earth or other
servicing as agreed to by the parties. Following the successful
completion of this test program, NASA will verify the extent to
which the operation of the Leasecraft system has met the joint
Fairchild-NASA test objectives and is compatible with the Space
Transportation System. '

Provide support of the Multi-Satellite Operations Control Cehter
and Missions Operations Room at Goddard Space Flight Center that
is comparable to that provided to a NASA mission, for the flights
covered under this agreement, and as agreed upon in the PMP.
Fairchild to make best efforts to minimize NASA's out-of-pocket
expenses for this item.

Provide an agreed upon level of service of the Tracking and Data
Relay Satellite System in accordance with NASA Management
Instruction as published in The Federal Register under Title 14,
Chapter V, Part 1215 48 FR 9845-9849, March 9, 1983, with

designation as a NASA payload/spacecraft and as agreed upon in the
PMP,

Make available, on a non-interference basis with NASA activities,
NASA test facilities, as may be agreed upon in the PMP,
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Periodically furnish to Fairchild, upon request, applicable data
on relevant NASA programs that might use Fairchild's facilities

- and services for the operational flights.

Consider the use of lLeasecraft for NASA missions compatible with
its capability and, as they are identified by either party,

opportunities for joint development of new or expanded Leasecraft -‘“\,

system capabilities that would be mutually beneficial.

Jointly with Fairchild, share NASA MMS-compatible test equipment,
flight support and ground support equipment and software, to be
specified in the PMP, as available on a non-interference basis
with NASA's activities and only during the term of this Agreement.

Refer all inquiries regarding the use of Leasecraft to Fairchild,

If NASA exercises its options to provide an attached payload(s),

~as described in Article III, paragraph 1.h., or payload change out

or re-supply as described in Article IIl, paragraph 1.i. deliver
such payload to Fairchild in fully assembled, flight ready and
operational form together with all necessary ground and flight

support equipment, test and operational software, on a schedule to
be determined in the PMP,
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ARTICLE IV - RELEASABLE INFORMATION

It is recognized that from time to time the parties may desire to release to
the public and appropriate government organizations information about the
endeavor. Release of public information regarding the endeavor may be made by
NASA and Fairchild as to their participation and activities as desired and
insofar as the participation and activities of the other is involved, after
suitable consultation. In the release of such information, the parties agree
to exercise reasonable discretion, considering the nature of this endeavor and
the need to keep the public informed. In addition, it is agreed that the
following listed technical information, to be furnished by Fairchild to NASA
may be released to the public without consultation:

A. The contents of this agreement.

B. Overall system descriptions, including external dimensions, of Fairchild
systems, but excluding design details.

C. General information on potential applications of the Fairchild Leasecraft
Program.

D. Data as may be needed for STS interface verification, payload integration
and checkout.

E. General performance data of the Leasecraft, and its payloads, and other
devices flown on board Leasecraft, excluding detail design information and
trade secrets.
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ARTICLE V - SPACE SYSTEM EXCLUSIVITY

During the period from the signing of this Agreement through December 31,
1986, NASA will not use appropriated funds to develop in-house or procure
a platform similar to Fairchild's Leasecraft Platform nor enter into

an international cooperative agreement to develop a platform similar to

Fairchild's Leasecraft Platform,

For purposes of this Article, a similar space platform would be an
unmanned spacecraft, STS-deployed and left in orbit,vwhose payloads would
be changed or serviced in space, which would be répienished-and repaired
as necessary by subsequent STS visits and that prdvides maximum continuous
power to a payload of no more than 12.5 kw. This does not include
specific designs for a single purpose or mission, one of a kind
spacecraft, where the spacecraft components are a tightly ihtegrated part
of the space system{ Rather, it is directed to restricting the
development, at Government expense, of self-sustaining free flying
platforms that would compete with Fairchild's Leasecraft.

Nothing in this Agreement shall preclude NASA from selling launch and

associated services or other services to an organization on a reimbursable:
basis in accordance with NASA charge policies.
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ARTICLE VI - TERM OF AGREEMENT

This Agreement shall be in force until six months after the successful
completion of the flight test program and data evaluation, culminating in NASA
verification that the test flight objectives have been met, or December 31,
1989, whichever comes first. This term is extendable by mutual written
agreement of signatories of this Agreement.
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A.

ARTICLE VII - TERMINATION

Termination during Phase |

At the end of Phase 1 either party may elect to terminate this Agreement.
It is expected that any such decision to terminate would be made following
the completion of a scheduled review Specified in Article IX of this
Agreement and would be based on the data, information and assessments
developed for or resulting from that review. In the event of such
termination, the parties agree to negotiate in good faith the disposition
of data, information, patents and other results of work accomplished or in
progress, arising from or performed under this Agreement.

Neither party shall be entitled to any c0mpenSation due to such
termination and neither party will be required to transfer any data,
information, patents or other results of work accomplished or in progress
other than as agreed to in such negotiations.

Termination during Phase 11

1, Fairchild may elect to terminate unilaterally this Agreement for any
reason by giving NASA written notice not less than 90 days prior to the
desired termination date. In the event of such termination, NASA shall be
eniitled to purchase and take title to all flight hardware and related
software and support equipment completed or in process at the cost |
incurred by Fairchild. NASA shall have the license rights in and to all
patents and data as set forth in ARTICLES XII and XIV.

2. NASA shall have the right to terminate unilaterally this Agreement (i)
upon declaration of war by the United States, (ii) upon declaration of a
national emergency by the Congress of the United States, (iii) upon the
failure of the Congress of the United States to provide NASA adequate
appropriations, as indicated in Article XI of this Agreement, or (iV) upon
a determination in writing that NASA is required to terminate the Launch
and Associated Services for Reasons Beyond NASA's Control. If practical,
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prior to terminating NASA shall consult with Fairchild for the purpose of
reviewing the available evidence which requires NASA to terminate. NASA
will consider Postponing a Payload launch before considering terminating
its commitment, in whole or in part, under the authority in this
Subparagraph B.2. For purpose of this Subparagraph B.2., “Reasons Beyond
NASA's Control" include, but are not limited to, acts of God or of the
public enemy; acts of the United States Government other than NASA, in
either its sovereign or contractual capacity; fires, floods; epidemics;
quarantine restrictions; strikes; freight embargoes or unusually severe
weather which make impractial NASA's or its contractor's or
subcontractor's performance of Launch and Associated Services. NASA
agrees that it will not terminate this Agreement for "Reasons Beyond
NASA's Control" unless there is a resulting cessation of Shuttle launches
for commercial purposes for a substantial period of time.

Q
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A-

ARTICLE VIII -‘CONSIDERATION AND RIGHTS

In discharging its responsibilities per ARTICLE III,

NASA's pfimary interests are in stimulating and accelerating the
transition from research and development to commercial availability of
necessary facilities, utilities, and services at a reasonable cost to
potential users of space, thereby increasing taxable revenue from space
activities. In discharging its responsibilities per ARTICLE Il, Fairchild
is concerned with making a fair return on its research and development
effort considering the high and long-term technological and economic risks
it has undertaken by execution of this Joint Endeavor Agreement.

Fairchild contemplates making significant expenditures for several years
under circumstances where the outcome of the endeavor is highly
speculative due to technical and market uncertainties. During the earlier
years, when the risk is highest, Fairchild will expend substantially more
in its part of the endeavor than NASA. Fairchild will also make available
for use under this endeavor valuable intellectual property in the form of
proprietary data and patent rights, as well as skills related to space
platforms and MMS technology. ' .

It is the intent of both parties that this joint endeavor will result in
commercial sales. Fairchild will exert its best efforts to make results
of this joint endeavor available to the United States public on reasonable
terms and conditions. The reasonableness of the terms and conditions
shall include a fair return to Fairchild and associated third parties.
Parallel to the development and demonstration of commercially available
facilities, utilities, and services to support the initial test flights of
Leasecraft, Fairchild, at its option, wiil make such equipment and
services available to others via lease or purchase. Subject to the rights
reserved to the Government under ARTICLES XII or XIV of this Agreement,
Fairchild shall exclusively have the right to enter into agreements with
others for the provision of Leasecraft hardware, software and services,
without concurrence of NASA except as otherwise specified herein.
Operational flights with commercial users will be on a fully reimbursable
basis to NASA in accordance with STS pricing policies and specific launch
service agreeménts executed for that purpose.
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C. In consideration for the risks undertaken, effort expended, and cost
incurred by the parties, the rights under this agreement are apportioned
in accordance with ARTICLES V, XII and XIV, respectively entitled "Space
System Exclusivity,"” “Data Rights,” and "Property Rights in Inventions."
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ARTICLE 1X - PROGRAM MANAGEMENT AND CONTROL

A. Management Structure

The parties'to this agreement shall be separately responsible for
establishing the necessary maﬁagement and work elements structure within
their respective organizations, which shall have both the scope and
capacity required to discharge their respective responsibilities as set
forth in ARTICLE II and 11l hereof and in accordance with the Program
Management Plan (PMP).

B. Management and Control Documents

This Agreement provides for two levels of management control as follows:
1. Level I

Level 1 encompasses the basic understanding between the two oréani-
zations and is documented by this Agreement. This Agreement is the
controlling document and any other agreements, underStandings and
documentation relating to it are deemed subordinate.

2. Level Il

a. Llevel II controls the implementing and operating interface between
the two organizations and includes measurable performance
objectives and milestones for progress assessments and decisions.
The Program Management Plan (PMP) is the basic Level Il document
and will be approved by the respective JEMs. The parties
understand and recognize that the STS services (Shuttle Standard
and Optional) to be furnished by NASA shall be specifically
defined for each Phase in the PMP and limited to: (i) normal,
relevant services provided by NASA to Shuttle payloads, (ii) STS
general purpose equipment and available facilities, (iii) common
operational research equipment as available and (iv) such support
equipment and and software to be agreed to under Article III. 2.h.
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C.

b.

A Program Management Plan will be mutually developed by the two

parties and shall serve as the Level 1l technical and programmatic
baseline for this Endeavor. The PMP shall detail the plans and
requirements needed for the parties to fulfill their respective
responsibilities under this Agreement, including measurable
objectives and milestones, and shall be the baseline against which
progress will be assessed at the periodic reviews. ‘It shall
include, but not be limited to, the following:

(1)
(2)
(3)

(4)

(%)

(6)

Program objectives and approach

Technical performance requirements ,

Design and development plans, including plans for
verification of safety and interface requirements developed
in accordance with ARTICLE X ‘

Delineation of the hardware, software, facilities, data, and
services to be furnished by theArespéctive parties, including
definition of launch and associated services

Delineation of services for tracking, data acquisition.
mission control and other data operations.

Schedules

Reviews and Meetings

1. The parties will consult periodically, as determined to be appropriate -

2.

by the JEMs, to exchange technical, programmatic and other information
.needed to assess progress of this endeavor and make timely decisions.

The JEMs shall call upon other individuals from their respective

organizations, including contractors and consultants, to participate
as necessary and appropriate in such consultations.

The parties shall meet periodically, as determined by the respective
JEMs, for a formal review of planning, progress and problems. At the

initial review, each party shall present its respective portion of the

PMP and supporting documentation for discussion, possible revision and
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subsequent agreement. The reviews shall include such items as
accomplishments, plans and problems related to technical progress,
schedule considerations, manpower allocations, risk assessments and
such other items as may be required to facilitate a mutual
understanding of the status of the Leasecraft program and to make
timely decisions.
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A.

c.

ARTICLE X - SAFETY AND INTERFACE REQUIREMENTS

Safety
The Leasecraft system design, development and operations shall comply with
the NASA safety requirements in NHB 1700.7, Safety Policy and Requirements

for Payloads Using the Space Transportation System (STS).

Interface Requirements

As early in Phase I as practical, the parfies shall cooperatively develop
documentation to assure the electrical, structural, functional and
operational coﬁpatibility of the Fairchild equipment (hardware and
software) with NASA's ground and flight equipment and procedures.
Interface documentation will be approvéd by the JEMs on behalf of the
parties. Ouring this Agreement NASA may update interface specifications
and other design and operations restraints in providing for the
compatibility of the payload with the Shuttle. NASA will use its best
efforts to find a solution to interface problems that minimize the
resulting efforts and costs.

Reliability

Fairchild and NASA agree to apply their best efforts to assure that all
equipment, hardware and software will function reliably for its intended
purposes and use, provided, however, that Fairchild and NASA respectively
disclaim any warranties or representations to the other with respect to
such equipment, hardware and software.
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ARTICLE XI - RESOURCES AND AVAILABILITY OF APPROPRIATED FUNDS

NASA, subject to the limitations set forth in Paragraph B below, and
Fairchild shall provide funding and all other resources required to
fulfill their respective responsibilities set forth in this agreement.
There will be no exchange of funds between Fairchild and NASA under this

agreement.

NASA's ability to perform its obligations under this Agreement is subject
to the availability of appropriated funds. If adequate appropriations are
not forthcoming, this shall be construed as a unilateral termination by
NASA under Paragraph B of ARTICLE VII of this Agreement. However, NASA

_ shall use its best efforts to obtain needed funding.
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ARTICLE XII - DATA RIGHTS

Data means recorded information, such as but not limited to writings,
drawings, recordings and pictorial representations, regardless of form or
the media on which it may be recorded.

A1l data furnished to NASA included in the list contained in ARTICLE IV of
this Agreement shall be furnished with unlimited rights (the right to use,
reproduce, disclose in any manner and for any purpose whatsoever), and
without restrictive legend. Recognizing that the requirements for, and
the need for protection of, data may change during different phases of
this Agreement, NASA and Fairchild may from time to time, upon mutual
agreement, change the listing of data to be furnished pursuant to ARTICLE
Iv,

Other than as provided in Paragraph B above, NASA will use its best effort
to assure that any data required to be furnished, or in fact furnished
under this Agreement will be used, reproduced, and disclosed by the
Government only for the purpose of carrying out its responsibilities under
this agreement. In the event the data qualifies as a trade secret and the
originator of such data desires to maintain trade secret rights therein,
such data shall be marked with the following (and no other) notice and the
Government will thereafter treat the data in accordance with the Notice:
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D.

NOTICE

This data is a trade secret of and is
submitted in confidence to NASA under Joint Endeavor
Agreement, No. dated » 1983. NASA

agrees that the data will not, without permission of Fairchild
be duplicated, used or disclosed by NASA or its contractors
for any purpose other than as necessary to carry out NASA's
obligations under this Agreement. If required by such
contractors, the data will only be furnished after the
contractors have agreed with NASA in writing to protect the
data from unauthorized use, duplication and disclosure., This
notice shall be marked on any reproduction of the data, in
whole or part.

Notwithstanding any other provisions of this Agreement, data owned by
Leasecraft customers need not be furnished to NASA except as required

by NASA for safety, integration and compatability with other payloads

and the Shuttle and as may be required by Articles IV, XV and XVI of

this Agreement.

Fairchild or any party in privity therewith agrees to furnish data
first produced in carrying out Fairchild's responsibilities under
Article II of this Agreement to responsible parties designated by NASA
or to NASA and Fairchild further agrees that NASA itself may furnish
such data to responsible parties if the NASA Administrator or his/her
designee determines such action is necessary (i) because Fairchild has
not taken, or is not expected to take within a reasonable time,
effective steps to achieve commercial utilization of the results
demonstrated or to be demonstrated under this Agreement, or (ii) to
enable the practice of any license rights to patents or inventions
acquired by NASA pursuant to ARTICLE XIV of this Agreement, or (iii)
in the event of a unilateral termination in accordance with ARTICLE
VII, Paragraph B.1. Any of the above determinations by the NASA
Administrator or his/her designee shall be in acordance with the
provisions of Paragraph C of ARTICLE XIV of this Agreement. Data
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(other than unlimited rights data under ARTICLE XIl) when furnished as
agreed above will be royalty free, under protective conditions, for
use by NASA, or responsible parties acting on NASA's behalf, to
complete the objectives of the Agreement if such is necessary, and for
the practice of any license rights to patents and inventions under
ARTICLE XIV. A1l other use of the data will be under terms and
conditions reasonable under the circumstances.
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ARTICLE XIII - RECORDS AND ASSOCIATED DATA

Fairchild and NASA agree to maintain technical records, documents and other
associated data pertaining to the design, development, manufacture, test
integration and operation of Fairchild hardware and software. These records
and documents shall be of sufficient detail and éomp]eteness that, in the
event of determinations made under ARTICLE XII or ARTICLE XIV or termination
by one party, the other can continue the program if it so desires. Upon
request, the NASA JEM or a mutually agreed designee shall have access to
Fairchild generated records at_all reasonabie times during reqgular business
‘hours. A1l data reviewed under this Article which qualifies as a trade secret
shall be treated as trade secrets in accordance with ARTICLE XII, Paragraph C
entitled "DATA RIGHTS" The records, documents and other associated data
identified above shall be preserved for a period of at least seven years from
the date of termination of this Joint Endeavor Agreement.
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ARTICLE XIV - PROPERTY RIGHTS IN INVENTIONS

A. Except for the rights reserved by NASA in Paragraph B
below, and those rights provided pursuant to ARTICLE VII entitled
"Terminations,” Fairchild and any party in privity therewith shall retain
all right, title and interest to any invention conceived or first reduced
to practice in carrying out its responsibilities under this agreement as
described in ARTICLE II of this agreement,

B. With respect to any invention subject to Paragraph A above, the following
will apply:

1. NASA shall have a contingent royalty-free license to practice or have
practiced such inventions by or on behalf of the Government for any
Governmental purpose. The contingent royalty-free license is a
nonexclusive paid-up license to all inventions contained in Paragraph
A above, and all data and patents necessary to practice or have
practiced such inventions, which data will be furnished to NASA, and
will become effective if the NASA Administrator or his/her designee
determines such action is necessary: (i) because Fairchild or any
party in privity therewith has not taken, or is not expected to take
within a reasonable time, effective steps to achieve commercial
utilization of the invention; or (ii) in the event of a unilateral
termination in accordance with ARTICLE VII, Paragraph B.1l.

2. 1If a determination is made by the NASA Administrator or his/her
designee that action is necessary as a result of (i) or (ii) in
Paragraph B,1. above, NASA has the right to require the granting of a
license to responsible parties, upon terms and conditions reasonable
under the circumstances, or to so grant such a license itself, if in
the judgement of the NASA Administrator or his/her designee that
Fairchild or its parties in privity have not effectively taken steps
or have been unsuccessful in licensing to satisfy the requirements of
(i) and (ii) above.

C. Prior to the making of a determination by the NASA Administrator or
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his/her designee under Paragraph B above, NASA shall give Fairchild sixty
days written notice of intention to make such determination and provide
findings in support thereof and shall afford Fairchild an opportunity to
be heard and offer evidence in support of its position. Any determination
will be subject to ARTICLE XXVII, “DISPUTES."

Fairchild shall, at the request of NASA, provide NASA with a brief
description of any invention subject to Paragraph A above, and of any
action taken to obtain patent protection thereon, and of the final
disposition of such action. Any brief description so provided shall be
subject to protection from disclosure under the provision of Paragraph C
of ARTICLE XII, "DATA RIGHTS" until a patent is issued thereon or the
patent application is otherwise made available to the public.
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ARTICLE XV - ASSIGNMENT AND SUBCONTRACT

This Agreement shall not be assignable by Fairchild without the prior
written consent of NASA, except that it may be assigned without such
consent to a United States Person or Entity which is (i) a successor of
Fairchild, (ii) a firm or corporation acquiring all or substantially all
of the business and assets of Fairchild relating to the Leasecraft System,
(iii) a wholly-owned subsidiary corporation of Fairchild, or (iv) a
partnership affiliated with Fairchild or a wholly-bwned subsidiary of
Fairchild formed for the purpose of financing Fairchild's responsibilities
and obligations to be performed under this Agreement. No assignment of
this Agreément shall be valid until and unless all the terms and
conditions of this Agreement have been assumed by the assignee and NASA
consents in writing that the assignee is technically qualified and
financially capable of fulfilling the Agreement, which consent will not be
unreasonably withheld. When duly assigned in accordance with the

foregoing, this Agreement shall be binding upon and shall inure to the

benefit of the assignee. In the event of assignment as specified in (iii)
or (iv), Fairchild will also, in addition to the assignee, remain
obligated to NASA under all the terms and conditions of this Agreement,
and the assignment will set forth the party or parties as mutually agreed
upon between Fairchild, the assignee and NASA with whom NASA is to
interface under the Agreement with regard to technical, financial, and
scheduled matters.

Fairchild may subcontract parts of its work to be performed under this
Agreement without obtaining the consent of NASA.

Fairchild may provide services or lease the Leasecraft to users subject to
the following limitations: '

(i) Fairchild shall notify NASA in writing of the identity of its
users whom Fairchild believes may not be a United States Person or Entity
and who are to provide Leasecraft payloads to Fairchild to be flown on
board the Shuttle; and within thirty days following receipt of notice from
Fairchild, NASA shall have the right to disapprove in writing to Fairchild
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the flight of the Leasecraft payload on board the Shuttle for any user who
is not a United States Person or Entity.

(i1) With respect to each user Fairchild shall provide the identity
of the user and a description of the payload and its general performance

for purposes of receiving NASA's concurrence referenced to in Article
[I1.2.a.
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ARTICLE XVI - SERVICES CONSISTENT WITH UNITED STATES' OBLIGATIONS, LAW AND
PUBLISHED POLICY

NASA shall furnish launch and associated services under this Agreement to the
extent consistent with the United States' obligations (including any
intergdvernmenta\ memorandum of understanding entered into by NASA and the
User), United States' Law and United States' published policy.
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ARTICLE XVII - AUTHORIZATION AND CONSENT AND PATENT INDEMNITY

NASA hereby gives its authorization and consent to Fairchild and any party in
privity therewith for all use and manufacture of any invention or process
described in and covered by a patent of the United States in carrying out its
responsibilities set forth in ARTICLE II of this Agreement. Fairchild agrees
to indemnify the Government for any costs incurred by the Government as a
result of the unlicensed use (infringement) of privately owned U.S. patents to
the extent that any such costs are attributable to the responsibilities set
forth in ARTICLE II of this Agreement.

Such costs shall include, but are not limited to, administrative claims
against NASA for infringement of such patents, as well as costs incurred by
the Government in the form of a judgment against the U.S. by a court of
competent jurisdiction., Fairchild shall be given an opportunity as is
afforded by applicable laws, rules, or regulations to participate in the
defense of such suits, and no settlement of any such claim or suit will be
made without Fairchild's written consent other than as requ1red by final
decrees of a court of competent jurisdiction.
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ARTICLE XVIII - MUTUAL OBSERVATION OF THE RULES

In the performance of this Agreement, Fairchild and NASA will be required to
visit and work at the other's installation/plant facilities, and therefore
each party agrees to observe the safety, security and plant operating rules

while on the other's property.
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ARTICLE XIX - UNITED STATES GOVERNMENT OFFICIALS NOT TO BENEFIT

No member of or delegate to the United States Congress, or resident
commissioner, shall be admitted to any share or part of this. agreement, or to
any benefit that may arise therefrom, but this provision shall not be
construed to extend to this agreement if made with a corporation for its
general benefit,
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ARTICLE XX - RIGHTS OF FAIRCHILD TO DELAY, SUSPEND, POSTPONE OR ACCELERATE A

LAUNCH OR PLACE A HOLD ON PRELAUNCH ACTIVITIES

Unless the parties otherwise mutually agree, the rights of Fairchild to
delay a launch shall consist of the right to delay liftoff of the Shuttle,
exclusive of NASA's right to delay, for a period not in excess of a total
of seventy-two hours beyond the time of scheduled 1iftoff on the pre-
viously agreed launch date with NASA's concurrence. NASA's concurrence
will not unreasonably be withheld. Fairchild agrees to exercise this
right in a reasonable manner with reasonably prompt notification to NASA.

- This right to delay will be reduced or terminated to the extent that other
“users on the same Shuttle flight as Fairchild have in the aggregate used

part or all of the seventy-two hours. Fairchild shall effect such a delay
(i) only after the NASA-specified time for delivery of the payload or any
portion thereof to the cargo integration facility, unless NASA otherwise
agrees, and (ii) by giving written notification to NASA specifying the
circumstances of the request for delay. Fairchild shall have no other
right to postpone, suspend or accelerate a launch except as otherwise
mutually agreed between the parties, ‘

Fairchild shall have the right, with NASA's concurrence, to interrupt any
prelaunch activity involving the payload if Fairchild has reason to
believe that continuation of the activity would adversely affect the
success of Fairchild's payload mission (hereinafter called "hold"). At
the time a hold is placed by Fairchild, or as soon thereafter as
practical, the NASA JEM and the Fairchild JEM, or their designees, shall
document in writing the circumstances that necessitated the hold and the
resulting launch schedule impact of the hold. A hold will result in a
delay if the scheduled time of 1iftoff of the Shuttle is impacted by the
hold.
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ARTICLE XXI - RIGHTS OF FAIRCHILD TO DEFER OR CANCEL A PAYLOAD OPERATION

Fairchild, in the person of the JEM, shall have the right to defer or cancel
all or a portion of the planned payload operations after the liftoff of the
shuttle, so long as NASA can safely halt such operations, by notifying the
NASA Mission Manager, or his designee, who will in turn notify the NASA Flight
Director of the decision to defer or cancel. The payload operations may be
rescheduled later in the shuttle flight at the request of Fairchild, if NASA
so agrees.
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ARTICLE XXII - RIGHTS OF NASA TO DELAY AND TO SUSPEND OR POSTPONE AN AGREED
UPON LAUNCH

The rights of NASA to delay and to suspend or postpone a launch shall be
exercised by NASA in a reasonable manner and with reasonably prompt
notification to Fairchild and shall consist of:

A. The right to delay a 1iftoff of the Shuttle, after the NASA specified time
for delivery of Fairchild's payload, another payload on the same Shuttle
flight as the Fairchild payload, or any portion of the Fairchild payload
or other such payloads to the cargo integration facility, exclusive of
Fairchild and any other user's right to delay, for a period not in excess
of a total of seventy two hours beyond the time of scheduled liftoff on
the agreed upon date and the right to further delay liftoff beyond the
seventy two hour period, after consulting Fairchild and all other users on
the same Shuttle flight. In the event of delays beyond seventy two hours,
NASA will consult and cooperate with Fairchild in rescheduling the launch,
considering the loss of revenue to Fairchild caused by the launch delay.

B. The right to suspend or postpone a payload launch, after consulting
Fairchild, if the agreed upon date is delayed beyond seventy two hour
period defined in ARTICLE XX above as a direct result of one or more
requests by Fairchild for such delay.

C. The right to suspend or postpone a launch of a Fairchild payload if
Fairchild fails to meet any significant obligation under this Agreement,
including its obligation to provide, on the schedule specified in the PMP,
payload hardware and software that are operationally compatible with the
STS and related'payload checkout and integration functions.

D. The right to suspend or postpone a launch or on-orbit service of
Fairchild's payload if major or untimely modification or rework, as
determined by NASA, would be required to the Shuttle hardware, software,
or procedures as a result of proposed changes by Fairchild to the
interface and/or mission requirements set forth in the PMP., It shall be
the responsibility of Fairchild to ascertain from NASA the impact of
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requested changes prior to giving written request to NASA for such
changes. On a timely basis, upon request of Fairchild, NASA shall consult
with Fairchild in evaluating the impact of the proposed changes and
provide relevant, readily available information to Fairchild.

The right to suspend or postpone a launch or on-orbit service of
Fairchild's payload if NASA determines that it would be necessary because,
in NASA's judgement, the safety or probable success of the launch would be
affected due to unfavorable weather conditions, equipment malfunctions,
delay in the availability of necessary Shuttle services, including the
flight crew or payload specialists, or other similar reasons, or for
reasons beyond NASA's control. This right to suspend or postpone shall
apply also to a launch delay that is directed by the Commander, United
States Air Force Eastern Space and Mission Center.

The right to suspend or postpone a launch of a Fairchild payload in order
to maintain the sequence of Shuttle flights or if NASA is faced with a
conflict between the agreed upon launch date of a payload and that desired
(e.g., launch window) for another payload. In such a case>2i) the payload
launch will be dealt with on the same basis as would any other comparable
payload launch, (ii) each payload launch shall be treated in terms of its
own requirements, including consideration of the financial and other
consequences such as suspension or postponement would cause and (iii) NASA

shall consult yith Fairchild and with all other affected parties in order
to arrive at an equitable solution,
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ARTICLE XXIII - RIGHTS OF NASA TO DEFER OR CANCEL PAYLOAD

OPERATIONS OR JETTISON A PAYLOAD

Ao

NASA shall have the right to defer all or a portion of the planned payload
operations if, in NASA's judgement, start or continuation of such payload
operations would adversely affect the safety or planned objectives of the
Shuttle flight. The payload operations will be rescheduled later in the
Shuttle flight following satisfactory resolution of the cause for
deferral, as determined by NASA, if NASA can accommodate such a
rescheduling., NASA shall reasonably exercise its judgement to defer the
planned payload operations based upon the data available at the time such
decision is made and will consult with Fairchild to the extent practicable
in making such decision. In any event, NASA will immediately advise
Fairchild of its decision in this regard.

NASA shall have the right to cancel all or a portion of the planned
payload operations if, in NASA's judgement, the payload operations would
adversely affect the safety or planned objectives of the Shuttle flight or
would require an extension in the planned duration of the Shuttle flight.
NASA shall reasonably exercise its judgement to cancel the planned payload
operations based upon the data available at the time such decision is made
and will consult with Fairchild to the extent practicable in making such a
decision,

NASA shall have the right to jettison a payload after 1iftoff of the
Shuttle if, in NASA's judgement, the payload presents an immediate or
unresolvable danger to human life, another payload or the Shuttle flight.
Such action shall be taken by NASA only after reasonable effort to place
the payload in a safe configuration and, circumstances permitting, only
after consultation with Fairchild.
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ARTICLE XXIV - ALLOCATION OF CERTAIN RISKS

A, General

1.

Certain risks of liability, as defined below; ariéing out of the
launch and associated services to be provided by the United States
Government and its contractors and subcontractors under this Agreement
shall be allocated between Fairchild and the United States Government
as set forth in this ARTICLE XXIV. To the extent that a risk of
damage, as defined below, is not dealt with expressly in this
Agreement, the United States Federal Law shall govern the allocation
of such risk between Fairchild and the United States Government.

For purposes of this Agreement; the following definitions shall be
applicable: :

a. "Liability" shall include payments made pursuant to United States’
treaty, any judgemént by a court of competent jurisdiction,
administrative and litigation costs, and, after consultation with
Fairchild, settlement payments.

b. "Damage" shall mean bodily injury to or death of any person,
damage to or loss of any property; and loss of revenue or profits

or other direct, indirect or consequential damages arising
therefrom, '

B. Third Party Liability

1.

Fairchild shall obtain, at no cost to NASA, insurance protecting
Fairchild and the United States Government from any third party
liability for damage arising out of the performance of this Agreement
during the risk period (as defined herein).

a. The "risk period" for Fairchild begins at the start of the

physical attachment by bolt or other device of the Leasecraft or
Leasecraft payload to the Orbiter.
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b. The “risk period" for Fairchild after launch of a Leasecraft or
Leasecraft payload ends upon the landing of the particular Orbiter
without causing damage to third parties or, if a Leasecraft or
Leasecraft payload is jettisoned, when the Leasecraft or
Leasecraft payload impacts the earth without causing damage to
third parties, whichever occurs last. If third parties are
damaged, the "risk period" ends immediately after all such damage
occurs,

c. The “risk period" for Fairchild ends prior to launch of a
Leasecraft or Leasecraft payload upon completion of removal of the
Leasecraft or Leasecraft payload from the orbiter for any reason
and shall begin again upon start of physical attachment as
described in Subparagraph B.l.a above.

Fairchild shall obtain, at no cost to NASA, insurance protecting
Fairchild and the United States Government from any third party
Liability for any damage resulting from a deployable Leasecraft or
Leasecraft payload element following deployment. A Leasecraft or
Leasecraft payload that remains tethered-to the Orbiter shall not be
considered to have been deployed.

The insurance policy may take into account the agreement by NASA,
Fairchild and other identified persons, in Paragraph C below, not to
make a claim for damage under the conditions described therein. The
insurance policy shall provide for the right of the United States
Government to settle reasonably a claim for damage after consultation
with Fairchild.

The amount of insurance and terms and conditions of such insurance to
be purchased pursuant to this Paragraph Z2.B. shall be agreed to by
Fairchild and NASA in view of the insurance available in the world
market at a reasonable premium. Notwithstanding such agreement by
NASA, Fairchild shall have the responsibility to meet the requiremehts
in Subparagraphs B.1 and B.2 above. Although NASA may agree to an
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insurance policy, such agreement shall not result in Fairchild being
relieved of its obligation to protect the United States Government by
an enforceable insurance policy in the amount agreed upon without
exclusions or other limitations which reduce or eliminate the
protection of the United States Government, except that the Policy
need not protect the United States Government for LiabiTity that falls
within the following standard exclusions, but only to the extent NASA
agreed in writing to the wording of these standard exclusions: (i)
war-risk, (ii) nuclear risks, (iii) Shuttle-caused pollution, (iv)
Shuttle-caused interference with radio frequencies, and (v) Worker's
compensation, unemployment compensation, death or disability benefits
law or equal opportunity laws. As to any individual customer, such
insurance shall not be required in an amount in excess of 500 million
dollars (U.S.). Where multiple customers are on the same Shuttle
flight and are named insureds under a single policy, such insurance
shall not be required in an amount in excess of one billion dollars
(U.S.). However, if Fairchild or multiple customers obtain. insurance
in excess of that amount, the United States Government and other
insureds shall be protected by the total amount of insurance.
Fairchild shall provide td NASA a copy of the executed insurance
policy (or policies), or other evidence thereof satisfactory to NASA,
within a reasonable time before the Firm Launch Date.

5. a. Under section 308 of the National Aeronautics and Space Act of
1958, as amended by Public Law 96-48, for purposes solely of
Subparagraph B.1 above, if NASA determines that it is not
feasible for Fairchild to obtain adequate insurance, or if
NASA determines that Fairchild is unable to obtain adequate
insurance, NASA may provide Fairchild insurance and/or'
indemnification for a reasonable fee to be agreed upon by
Fairchild and NASA.

b. Under Section 308, NASA agrees to indemnify Fairchild, at no

additional cost, for liability incurred by Fairchild solely
under subparagraph B.l above, but only to the extent it is in
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C.

excess of the maximum dol}ar limitation on insurance coverage
stated in the insurance policy purchased by or provided to
Fairchild. However, if a standard exclusion agreed to by NASA
pursuant to subparagraph B.4 (iii) and B.4 (iv) above is
applicable to the claim, NASA agrees to indemnify Fairchild'ap
no additional costs, for the liability incurred by Fairchild
solely under subparagraph B.l1 above. For purposes of this

subparagraph B.5.b, "Liability" shall not include payments
made by Fairchild:

(1) which are within the deductible amounts of Fairchild's
insurance policy, or

(2) which are not covered by insurance because of a2 limitation
or exclusion in the insurance policy, except for (i) the
maximum dollar limitation on coverage stated in the
insurance policy, or (ii) a standard exclusion agreed to
by NASA pursuant to subparagraphs B.4 (iii) and B.4 (iv)
above, or

(3) to Fairchild's contractor or subcontractor for liability
incurred by that contractor or subcontractor, or

(4) as settlement payments, unless such payments are agreed to
by the United States Government.

(1) No payment shall be made by the United States Government
under this Subparagraph B.5 unless the NASA
Administrator's designee certifies that the amount is just
and reasonable,

Fairchild shall (i) promptly notify the General Counsel of
NASA of any claims or suit against Fairchild for the death,
bodily injury, or loss of or damage to property which
reasonably may be expected to involve indemnification under
this Subparagraph B.5, (ii) furnish evidence or proof of any
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claim, suit or damage covered by this Subparagraph B.5 in the
manner and form required by the United States Government, and
(111) immediately furnish to the United States Government

copies of all pertinent papers to such claim or suit received
by Fairchild. '

The United States Government, at its election, may control or
assist in the settlement or defense of any such claim or suit.
The United States Government may discharge its obligation '
under this Subparagraph 8.5 by making payments to Fairchild or
directly to persons to whom Fairchild may be liable.

C. Damage to Persons or Property Involved in STS Operations

1. For purposes of this paragraph C., the following definitions shall be
applicable:

a.

"STS Operations” shall mean:

(1)
(2)
(3)

(4)

(5)

A11 Space Transportation System activity;

A1l payload activity;

A1l tangible personal property (including

ground support, test, training and simulation equipment)
related to (1) and (2) above;

Research, design, development, test, manufacture, assembly,
integration, transportation, or use of any materials related
to (1), (2) or (3) above.

Performance of any services related to (1) through (4) above.

"Protected STS Operations" shall mean a period of time during
which STS Operations are being performed as follows:

(1) Beginning with the signature of an Agreement or Arrangement

with NASA for Space Transportation System services and (a)
when any employee, payload or property arrives at a United
States Government Installation, or (b) during transportation
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2.

of such to the installation by a United States Government
conveyance or (c) at ingress of such into an Orbiter, for the
purpose of fulfilling such Agreement or Arrangement, whichever
occurs first.

(2) Ending with regard to any employee when the employee departs
(a) a United States Government Installation, or (b) the
Orbiter if it lands at other than such Installation, or (c) a
United States Government conveyance which transports the '
employee from such Installation or Orbiter, whichever occurs
last.

(3) Ending with regard to a payload or property, not jettisoned or
deployed, under the same conditions as set forth in
subparagraph C.1.(b.) above.

(4) Ending with whichever occurs last with regard to a deployed or
jettisoned payload or property (a) after such impacts the
Earth; or (b) if retrieved by the Orbiter, under the same
conditions set forth in subparagraph C.1.b.(2) above.

NASA and Fairchild (the parties) will respectively utilize their
property and employees in STS Operations in close proximity to one
another and to others. Furthermore, the parties recognize that
all participants in STS Operations are engaged in the common goal
of meaningful exploration, exploitation and uses of outer space.
In furtherance of this goal, the parties hereto agree to a
no-fault, no-subrogation, inter-party waiver of liability pursuant
to which each party agrees not to bring a claim against or sue the
other party or other customers and agrees to absorb the -financial
and any other consequences for pamage it incurs to its own
property and employees as a result of participation in STS
Operations during Protected STS Operations, irrespective of
whether such Damage 1s caused by NASA, Fairchild, or other
customers paqticipating in STS Operations, and regardless of
whether such Damage arises through negligence or otherwise., Thus,
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the parties, by abéorbing the consequences of damage to their
property and employees without recourse against each other or
other customers participating in STS Operations during Protected
STS Operations, jointly contribute to the common goal of
meaningful exploration of outer space.

The parties agree that this common goal will also be advanced
through extension of the inter-party waiver of liability to other
participants in STS Operations. Accordingly, the parties agree to
extend the waiver as set forth in subparagraph C.2 above to
contractors and subcontractors at every tier of the parties and
other customers, as third party beneficiaries, whether or not such
contractors or subcontractors causing damage bring property or
employees to a United States Government installation or retain
title to or other interest in property provided by them to be
used, or otherwise involved, in STS Operations. Specifically, the
parties intend to protect these contractors and subcontractors
from claims, including “products liability" claims, which might
otherwise be pursued by the parties, or the contractors or
subcontractors of the parties, or other customers or the
contractors or subcontractors of other customers. Moreover, it is
the intent of the parties that each will take all necessary and
reasonable steps in accordance with subparagraph C.;'below to
foreclose claims for Damage by any participant in STS Operations
during Protected STS Operations, under the same conditions and to
the same extent as set forth in subparagraph C.2 above, except for
claims between Fairchild and its contractors or subcoﬁtractors and

claims between the United States Government and its contractors
and subcontractors.

The parties intend that the inter-party waiver of liability set
forth in subparagraph C.2 and C.3 above be broadly construed to

achieve the intended objectives.

NASA will require all Space Transportation System customers
entering into Launch and Associated Services Agreeﬁents with NASA
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after December 1, 1982, to agree to the inter-party waiver of
1iability as set forth in subparagraphs C.2 and C.3 above.
Fairchild, and each other customer, will require the following to
agree to the waiver of liability set forth in subparagraph C.3
above: (a) all persons and entities to whom it assigns all or
part of its right to Launch and Associated Services; (b) any
person or entity to whom it has sold or leased or otherwise
agreed, prior to the completion of NASA's launch services for a
particular Payload, to provide all or any portion of its Payload
or Payload services; (c) all its prime contractors; and (d) all
jts subcontractors who will have persons or property involQed in
STS Operations during Protected STS Operations. NASA will require
all the following to agree to the waiver of 1iability set forth in
subparagraph 3.c above: (a) all its prime contractors; and (b)
all its subcontractors who will have personS or property involved
in STS Operations during Protected STS Operations. Furthermore;
NASA has required all STS customers entering into Launch and
Associated Services Agreements prior to December 1, 1982, to agree
to a more limited waiver of liability, a copy of which is
available from NASA upon request. Failure of any party or
contractor or subcontractor to obtain a waiver agreement required
above shall not affect such party's or contractor's or
subcontractor's right to the protection otherwise provided by this
paragraph C, ‘

D. Fairchild Claims Against the United States Government and Its Contractors

Without affecting the right of FairchildAto pursue the procedure under the
Disputes provision set forth in Article XXVII of this Agreement, Fairchild
shall not make any claim against the United States Government or the
United States Government's contractors and subcontractors for Damage or
other relief for any delay (including a Deferral, Delay, Suspension or
Postponement) in the provision of any Launch and Associated Services or
for the non-performance or improper performance of Launch and Associated
Services, fncluding, but not limited to, the performance of the United
States Government or the United States Government's contractors.and

Page 49



E.

subcontractors of research, design, development, test, manufacture,
assembly, integration, transportation or use of any materials related to
STS Operations or in the performance of other services related to STS
Operations, eicept that Fairchild may make a claim for such costs or
liquidated damages that may be payable as expressly provided for in the
contracts entered into by the United States Government and its contractors
and subcontractors for services performed for Fairchild. Ekcept to the
extent Fairchild is compensated by insurance or otherwise for Damage, this

. Paragraph D shall not prevent a claim from being brought by Fairchild (i)

against the United States Government or its contractors and subcontractors
if Fairchif& suffers Damage caused by failure of the United States
Government or its contractors and subcontractors to fulfill their
obligation to incorporate Paragraph C above, or its equivalent, in an
Agreement,'Arrangement or Contract , as provided for in Paragraph C above,
or (ii) against the United States Government if Fairchild suffers Damage
caused by failure of the United States Government or its contractors and
subcontractors to fulfill their obligation to protect Fairchild data as
specified in Article XII of this Agreement.

Limitation of United States Government and Fairchild Liability

Notwithstanding Subparagraph A.2.b above, to the extent that a risk of
damage is not dealt with expressly in this Agreement, the United States
Government's 1iability to Fairchild and Fairchild's liability to the
United States Government arising out of this Agréement, whether or not
arising as a result of an alleged breach of this Agreement, shall be
limited to direct damages only and shall not include any loss or revenue,
profits or other indirect or consequential damages.

Damage to the Payload or Associated Property

The United States Government shall not be responsible for damage to the
Payload or associated property of Fairchild, any party in privity
therewith, Fairchild's users, or their contractors or subcontractors,

which property is provided pursuant to this Joint Endeavor. Fairchild
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ayrees to indemnify the United States Government for any liability
incurred by the United States Government as a result of such damage.

Product Liability

Féirchild agrees to indemnify the Government for any costs incurred by the
Government as a result of damage caused by a process, material, service or
other product of a Leasecraft payload, which may arise out of this
Agreement.

.Page 51



XXV - REVISIONS

This agreement may be modified, in whole or in part, by hutual agreement
between the parties. Only the signatories of this agreement or their
designees shall have the authority to execute any such amendments to this
Agreement.
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ARTICLE XXVI - APPLICABLE LAW

Fairchild Industries, Germantown, Maryland, and the National Aeronautics and
Space Administration (NASA) hereby designate the United States Federal Law to
govern this Agreement for all purposes, including but not limited to
determining the validity of this Agreement, the meaning of its provisions and
the rights, obligations and remedies of the parties.
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ARTICLE XXVII - DISPUTES

Any dispute arising under this Agreement which is not disposed of by
agreement of the two JEMs shall be submitted jointly to the signatories of
this Agreement. A joint decision of the signatories or their designees
shall be the disposition of such dispute.

With respect solely to claims that may be made against NASA or its
contractors or subcontractors, pursuant to subparagraph D. of Article XXIV,
if within a reasonable period of time (120 days) after submission of a
dispute for resolution the signatories of this agreement are unable to
jointly resolve a dispute, the dispute will be considered to have become a
"claim" within the meaning of the "Contract Disputes Act of 1978" (P.L.
95-563); and the parties agree to be bound by the provisions thereof. In
this regard, the parties expressly recognize the opportunity for such
claims to be pursued either before the NASA Board of Contract Appeals or
the United States Court of Claims, at the election of Fairchild.

Pending the resolution of any dispute or claim pursuant to this ARTICLE

XXVI1, the parties agree that performance of all obligations ;hall be
pursued diligently in accordance with the direction of the NASA signatory.
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ARTICLE XXVIII - NOTICES

Any notice to be given hereunder shall be in writing and shall be sent by
registered or certified mail, postage prepaid, to the parties at the following
addresses or at such addresses as the respective parties may from time to time
designate in writing:

National Aeronautics and Space Administration
Attention: Administrator
Washington, D. C. 20546

Fairchild Industries, Inc.

Attention: Chairman and Chief Executive Officer
Germantown, MD 20874
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Appendix A

FAIRCHILD LEASECRAFT GENERAL DESCRIPTION

This section presents a brief description of the standard Farichild Leasecraft

(FLC) spacecraft. The vehicle as shown in Figure A-1 is made up of the
following items.

1. Spacecraft structure with interfaces for payload and at least 8 modules of
the Multi-mission Modular spacecraft type

2. Up to 5 Power Modules (MPS)

3. 1 - Communications S Data Handling Module (C&DH)
4, 1 - Modular Attitude Control System (MACS)

5. 1 - Special Function Module

6. 1 - TDRSS Antenna Assembly

7. 1 - Payload Module

Four of the MPS modules can be replaced with Payload Modules. The structure
internally supports'a propulsion module based on the Mark II, 4-tank hydrazine
propulsion system., FLC also has a modularized solar array which can be
incrementally deployed. The solar array is sized at 1320 ft2 in a symmetric
deployment about the roll axis. At least one panel of the array can be
double-gimballed to support earch-pointing or inertial-reference missions.

A summary of the FLC functional requirements is presented'in Figure 2. The

general performance requirements are summarized in Figure A-3. The system
electrical block diagram is shown in Figure A-4.
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Some of the key operational features of the Leasecraft system are shown in
Figure A-5, while Figure A-6 summarizes some of its unique cost-saving and

service features.

Leasecratt, without payload is approximately 15 feet long, 15 feet wide and
14.5 feet high and weighs 20,000 pounds loaded.
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FAIRCHILD LEASECRAFT CONCEPTUAL DESIGN
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Figure A-1. Fairchild Leasecraft Space Vehicle



e UP TO 7,300 WATTS OF ELECTRICAL POWER IN FIVE INCREMENTS

e TWO-WAY TRANSFER 20,000 LBS. TO 360 N. MILES; 4,000 LBS. TO 600 N.
MILES

e TDRSS, STON OR SGLS COMPATIBLE COMMUNICATION LINKS
» ATTITUDE ERROR < .01° WITH ATTITUDE RATE < .002°/SEC

e AUTONOMOUS OPERATION

e DUAL REDUNDANT (NO SINGLE POINT FAILURES)

e CAPABLE OF BEING LAUNCHED & RETRIEVED BY STS

* DIRECT SPACEFRAME ATTACHMENT TO STS LONGERON & KEEL
FITTINGS

* UTILIZE STANDARD MMS MODULES

e ALL MODULES & MAJOR SUB-ASSEMBLIES EXCHANGEABLE IN SPACE
ENVIRONMENT

e LEASECRAFT MATED TO PAYLOAD IN ORBIT

* MATING, DEPLOYMENT, RETRIEVAL & CHANGEOUT TIMELINE'S
MINIMIZED

* MAXIMUM USE OF RMS FOR SERVICE OPERATIONS

Figure A-2. Leasecraft Functional Requirements



PAYLOAD WEIGHT CAPABILITY

TYPES OF MISSIONS

OPERATING ORBITAL ALT!ITUDE

LIFE EXPECTANCY/REDUNDANCY.

LAUNCH VEMICLE

COMMUNICATIONS AND
DATA HANDLING SUBSYSTEM
TRANSPONDER_

COMMAND RATES

REAL-TIME TELEMETRY RATES.

TELEMETRY FORMATS

PRIMARY PAYLOAD UP TO 145500 kg (32.000 LBS))
SECONDARY PAYLOADS: UP TO 1,000 kg (2.200 LBS) }apprOXIMATE

STELLAR, SOLAR. EARTH POINTED. OR SPECIAL PURPOSE MISSIONS. LOW
EARTH ORBITS, INERTIAL POINTED OR PAYLOAD POINTED

LOW EARTH ORBITS, ALL INCLINATIONS >28S5 DEG

ALL CRITICAL ELEMENTS REDUNDANT, ALL SUBSYSTEMS REPLACEABLE
IN ORBIT NO SINGLE POINT FAILURE TO PREVENT RESUPPLY OR RETRIEVAL BY
SHUTTLE.

SPACE SHUTTLE FOR LAUNCH, SERVICE. AND RETRIEVAL.

S-BAND STON/TDRSS, TRANSPONDER OUTPUT POWER AT MODULE
INTERFACE 08, 2.0. 4.0 WATTS, SELECTABLE AT MANUFACTURE.

2 KBPS (SHUTTLE/STON). 125 and 1 KBPS SELECTABLE (TDRSS).
1, 2. 4.8 16 32, 64 KBPS

2 SELECTABLE PRIOR TO LAUNCH. PLUS IN-ORBIT PROGRAMMABLE
CAPABILITY. ALL FORMATS CONTAIN 890 DATA WORD MAXIMUM.

STORED DATA DUMP/MISSION DATA SOURCE_____ 2048 MBPS MAXIMUM. 1.024 MBPS CODED DATA. UP TO 100 MBPS IN

ON-BOARD COMPUTER:

DATA STORAGE

ATTITUDE CONTROL SYSTEMS
TYPE

ATTITUDE REFERENCE

(WITHOUT PAYLOAD SENSOR).

POINTING ERROR (ONE SIGMA)
WITHOUT PAYLOAD SENSOR

WITH PAYLOAD SENSOR (IDEAL)

POINTING STABILITY (ONE-SIGMA)
AVERAGE RATE

JITTER
WITROUT PAYLOAD SENSOR.

WITH PAYLOAD SENSOR (IDEAL)
SLEW RATE

POWER SUBSYSTEM (BASELINE -

1 MODULE - UP TO 5 MODULES
AVAILABLE)
VOLTAGE OUTPUT.

POWER TO PAYLOADS (MAX)__

BATTERIES.

PROPULSION SYSTEM

PROPULSION SYSTEM

OPTIONAL WIDEBAND DATA MODULE.

18 BITS PER WORD. 32K WORDS OF MEMORY, BASELINE EXPANDABLE TO
64K WORDS § MICROSECOND ADD TIME.

10* OR 1@ BIT TAPE RECORDERS.

3-AXIS STABILIZED. ZERO MOMENTUM
STELLAR (INERTIAL)

<102 DEG.
<108 DEG.

<10 DEG./SEC.

<6x 10-¢ DEG (20 MINUTE PERIOD)
<10t DEG.

MAXIMUM 16°/SEC WITH STANDARD INERTIAL REFERENCE UNIT

+2817 VDC _ N

1,000, 2.600. 4,200, 5.700, 7300 WATTS (1 - TO - 5 POWER MODULES)

TWO 20 - AMPERE - HOUR BATTERIES TO THREE 60 - AMPERE - HOUR BATTERIES
PER POWER MODULE

MK 1l 4 - TANK HYDRAZINE SYSTEM CAPABLE OF CARRYING 2700 kg (6000 LBS)
4 - 445N (100 LB) ORBIT ADJUST THRUSTERS, 12-22.2N (5 LB) RCS THRUSTERS

MK I 4-TANK HYDRAZINE SYSTEM CAPABLE OF CARRYING 2700 kg {6000 LBS )
4-445N (100 LB.) ORBIT ADJUST THRUSTERS, 12-22.2N (5 L8B.)
RCS THRUSTERS.

#igure A-3. Leasecraft Performance Summary
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*DESIGNED FOR SHUTTLE TENDING

*SPACECRAFT PERMAMENTLY IN ORBIT - RETURNS TO
SHUTTLE FOR SERVICING & PAYLOAD CHANGEOQUTS;
- AVOIDS ADDED LAUNCH COSTS

*USES ALREADY-DEVELOPED SHUTTLE SERVICING
TECHNIQUES AND HARDWARE; TO BE PROVEN ON SMM
REPAIR MISSION

¢SYSTEM INCLUDES:
-SPACECRAFT CONTROL SEGMENT
-DATA OR PRODUCT TRANSFER TO USER
-PAYLOAD HANDLING AT CAPE & IN ORBIT
-OPTIONAL SERVICES, HARDWARE, SOFTWARE FOR SPECIAL USES
-COMPANY-EMPLOYED MI‘SS.I'_O_N_;_SAPEQIALI_ST CREW_. <\

N
*APPLICABLE TO MAJOR PAYLOADS: DEDICATED
FLIGHTS AND TO MULTIPLE-PAYLOADS; SHARED

FLIGHTS

Figure A-5. Leasecraft System - Key Features



LOW COST

*COMMERCIALLY PRODUCED HARDWARE AND SERVICES

*MINIMUM COST THROUGH ON-GOING PRODUCTION OF
STANDARD SPACECRAFT ELEMENTS

*PAYLOAD CHANGEOUT AND REPAIR ON ORBIT

*MOBILITY TO AND FROM SHUTTLE PARKING ORBIT

SERVICES

*GUARANTEED SERVICES PAID FOR AS THE CUSTOMER
RECEIVES IT '
*COMPLETE “PORTAL TO PORTAL" SERVICE

CAPABILITIES

*HIGH POWER, HEAVY PAYLOAD, FINE POINTING
*CONVERTIBLE CONFIGURATIONS ON GROUND OR
IN SPACE

Figure A-6. Unique Features of the Leasecraft Concept
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Figure A-1. Fairchild Leasecraft Space Vehicle



e UP TO 6,600 WATTS OF ELECTRICAL POWER IN 1650—W INCREMENTS

s TWO-WAY TRANSFER 20,000 LBS. TO 360 N. MILES; 4,000 LBS. TO 600 N.
MILES

+ TDRSS, STDN OR SGLS COMPATIBLE COMMUNICATION LINKS

* ATTITUDE ERROR <.01° WITH ATTITUDE RATE < .002°/SEC

e AUTONOMOUS OPERATION

e DUAL REDUNDANT (NO SINGLE POINT FAILURES)

* CAPABLE OF BEING LAUNCHED & RETRIEVED BY STS

* COST-EFFECTIVE UTILIZATION OF STS CARGO BAY (1,100 LB./FT.)

* DIRECT SPACEFRAME ATTACHMENT TO STS LONGERON & KEEL
FITTINGS

e UTILIZE STANDARD MMS MODULES

* ALL MODULES & MAJOR SUB-ASSEMBLIES EXCHANGEABLE IN SPACE
ENVIRONMENT

o LEASECRAFT MATED TO PAYLOAD IN ORBIT

e MATING, DEPLOYMENT, RETRIEVAL & CHANGEOUT TIMELINE'S
MINIMIZED

¢ MAXIMUM USE OF RMS FOR SERVICE OPERATIONS-

Figure A-2. Leasecraft Functional Requirements



PAYLOAD WEIGHT CAPABILITY
TYPES OF MISSIONS

OPERATING ORBITAL ALTITUDE
LIFE EXPECTANCY/REDUNDANCY

LAUNCH VEHICLE

COMMUNICATIONS AND
DATA HANDLING SUBSYSTEM

TRANSPONDER

COMMAND RATES
REAL-TIME TELEMETRY RATES
TELEMETRY FORMATS

STORED DATA DUMP/MISSION DATA SOURCE
ON-BOARD COMPUTER

DATA STORAGE
ATTITUDE CONTROL SYSTEMS

TYPE

ATTITUDE REFERENCE
(WITHOUT PAYLOAD SENSOR)

POINTING ERROR (ONE SIGMA)
WITHOUT PAYLOAD SENSOR
WITH PAYLOAD SENSOR (IDEAL)

POINTING STABILITY (ONE SIGMA)
AVERAGE RATE

JITTER
WITHOUT PAYLOAD SENSOR
WITH PAYLOAD SENSOR (IDEAL)

SLEW RATE

POWER SUBSYSTEM (BASELINE -
1 MODULE - UP TO 3 MODULES
AVAILABLE)

VOLTAGE OUTPUT
POWER OUTPUT

BATTERIES

PROPULSION SYSTEM

PRIMARY PAYLOAD: UP TO 14,500 kg (32,000 LBS.)
SECONDARY PAYLOADS: UP TO MMS MODULE CAPABILITY

STELLAR, SOLAR, EARTH POINTED, OR SPECIAL PURPOSE MISSIONS. LOW
EARTH ORBITS; INERTIAL POINTED OR PAYLOAD POINTED.

LOW EARTH ORBITS, ALL INCLINATIONS.

ALL CRITICAL ELEMENTS REDUNDANT; REPLACEABLE IN ORBIT.
NO SINGLE POINT FAILURE TO PREVENT RESUPPLY OR RETRIEVAL BY
SHUTTLE WITHIN 6 MONTHS.

FULLY SHUTTLE COMPATIBLE FOR LAUNCH, SERVICE, AND RETRIEVAL.

S-BAND STDN/TDRSS, TRANSPONDER OUTPUT POWER AT MODULE
INTERFACE 0.8, 2.0, 4.0 WATTS, SELECTABLE AT MANUFACTURE.

2 KBPS (SHUTTLE/STDN). 125 AND 1 KBPS SELECTABLE (TDRSS).
1,2, 4,8, 16, 32, 64 KBPS.

2 SELECTABLE PRIOR TO LAUNCH. PLUS IN-ORBIT PROGRAMMABLE
CAPABILITY: ALL FORMATS CONTAIN 890 DATA WORD MAXIMUM.

2.048 MBPS MAXIMUM. 1.024 MBPS CODED DATA. UP TO 80 MBPS IN OPTIONAL
WIDEBAND DATA MODULE.

18 BITS PER WORD. 32K WORDS OF MEMORY, BASELINE EXPANDABLE TO 64K
WORDS. 5 MICROSECOND ADD TIME.

STANDARD OPTION OF 108 AND 10% BIT TAPE RECORDERS.

3-AXIS STABILIZED, ZERO MOMENTUM
STELLAR (INERTIAL)

< 10~ 2 DEG.
< 10~ 5 DEG.

<10-6 peG.SEC.

<6 x 10~ 4 DEG. (20 MINUTE PERIOD)
<10~ 6 DEG.

MAXIMUM 1.6°/SEC WITH STANDARD INERTIAL REFERENCE UNIT

+28 27 VDC COARSELY REGULATED
1650 WATTS AVERAGE (1250W AVAILABLE TO USER). UP TO 6600 WATTS

TWO 20-AMPERE-HOUR BATTERIES AS BASELINE: UP TO THREE
$0-AMPERE-HOUR BATTERIES MAXIMUM.

MK |l 4-TANK HYDRAZINE SYSTEM CAPABLE OF CARRYING 2700 kg (6000 LBS
4-445N (100 LB.) ORBIT ADJUST THRUSTERS, 12-22.2N (5 LB.)
RCS THRUSTERS.

Figure A-3. Leasecraft Performance Requirements
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*DESIGNED FOR SHUTTLE TENDING

*SPACECRAFT PERMAMENTLY IN ORBIT - RETURNS TO
SHUTTLE FOR SERVICING & PAYLOAD CHANGEOUTS;
AVOIDS ADDED LAUNCH COSTS

*USES ALREADY-DEVELOPED SHUTTLE SERVICING
TECHNIQUES AND HARDWARE; TO BE PROVEN ON SMM
REPAIR MISSION

*SYSTEM INCLUDES:

~-SPACECRAFT CONTROL SEGMENT

-DATA OR PRODUCT TRANSFER TO USER

~PAYLOAD HANDLING AT CAPE & IN ORBIT

-OPTIONAL SERVICES, HARDWARE, SOFTWARE FOR SPECIAL USES
-COMPANY-EMPLOYED PAYLOAD-SPECIALIST CREW

*APPLICABLE TO MAJOR PAYLOADS; DEDICATED
FLIGHTS AND TO MULTIPLE-PAYLOADS; SHARED
FLIGHTS

Figure A-5. Leasecraft System - Key Features



LOW COST

*COMMERCIALLY PRODUCED HARDWARE AND SERVICES

*MINIMUM COST THROUGH ON-GOING PRODUCTION OF
STANDARD SPACECRAFT ELEMENTS

*PAYLOAD CHANGEOUT AND REPAIR ON ORBIT

*MOBILITY TO AND FROM SHUTTLE PARKING ORBIT

SERVICES

*GUARANTEED SERVICES PAID FOR AS THE CUSTOMER
RECEIVES IT

*COMPLETE ““PORTAL TO PORTAL"” SERVICE

CAPABILITIES

*HIGH POWER, HEAVY PAYLOAD, FINE POINTING

*CONVERTIBLE CONFIGURATIONS ON GROUND OR
IN SPACE

Figure A-6. Unique Features of the Leasecraft Concept
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LEASECRAFT MISSION SCENARIO
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In-Orbit Operational Sequence

4 An operational Leasecraft 2 Once a Leasecraft satel- \ ; Prior to re-deployment, The shuttie returns to \;
retracts its solar array as it lite is tocked in the the plattorm and the Eanh after complating its
descends and maneuvers shuttle bay, the RMS removes new payload undergo interface mission, with the payload

toward the shutlle. The the payload/experiment, stows verification. When it is fully materials and equipment sately
Remote Manipulator System it, and replaces it with a new checked out, the AMS arm berthed aboard.

(RMS) arm locks on to the unit. releases the platform, which

plattorm. returns 1o its orbit.
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APPENDIX 5
SELECT CITATIONS AND ABSTRACTS

To compliment the preceding study, the Center has
compiled a collection of database abstracts dealing with
various aspects of space commercialization. The following
abstracts were reprinted with the permission of the copyright
owners. Each section is preceded by a cover sheet detailing
copyright restrictions on the material. Reproduction of this
material is prohibited without the express written
authorization of the copyright owner.
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AEROSPACE DATABASE

Bibliographical information contained in the following
section was obtained via online search of the Aerospace
Database, available on the DIALOG information system as File
108. The items reproduced herein with the permission of the
Technical Information Service division of the American
Institute of Aeronautics and Astronautics.

The Aerospace Database is the combined electronic form
of two semi-monthly abstract/index periodicals:

- IAA: International Aerospace Abstracts. Published by the
American Institute of Aeronautics and Astronautics - Technical
Information Service and sponsored by NASA.

- STAR: Scientific and Technical Aerospace Reports
Published by NASA's Scientific and Technical Information
Branch.

A Most documents cited in the database are available in
photocopy or microfiche form, and may be obtained form the
AIAA Library. For more information on the AEROSPACE
DATABASE, document delivery, or other AIAA/TIS products and
services contact:

Marketing Department
AIAA/Technical Information Service
555 West 57th Street, Suite 1200
New York, NY 10019

212-582-4901 or 247-6500
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DIALOG File 108: AEROSPACE - 62-86/15S09

1433057 ABG-22267

Sateltite leasing - Cheap access to space

MAFHIL, R. (RCA, Astro-Electronics Div., Princeton, NJ)

Space "(I1SSN 0267-954X), vol. 1, Dec. 1985-Feb. 1986, p. 10,
", 17,

Pubtication Date: Feb. 1986

Languace: English

Country of Origin: United States Country of Publication:
United Kingdom

Document Type: JOURNAL ARVICLE

Most documents available from AIAA Technical! Library

Journal Announcement: 1AAB608

The role of satellite leasing arrangements in marketing
commercial ventures (n space is considered. The most recent
examples of leased space platforms are described, including
Leasat: ESA’s EURECA: Omnistar: and Leasecraft. It is shown
that because of NASA Shuttle pricing policies, leasing room
for commercial payloads on board space platforms will become
an increasingly attractive way of financing space ventures in
which capitatl investments are often at risk. The development
of the first large-scale commercial space pltatform for the
Electrophoresis {in Space (EOS) program is also discussed. (
1.H.)

Source of. Abstract/Subfile: AIAA/TIS

Descriptors: *LEASING; *SPACE COMMERCIALIZATION; *SPACE
PLATFORMS: +SPACE PROCESSING: MARKETING; SPACE TRANSPORTATION
SYSTEM .

Subject Classification: 7581 .Administration & Management
(1975-)

1422448 A86-15638
Microgravity environment quality aboard a low earth orbit
Space Station
BOUDREAULT, R. (Canadian Astronautics, Ltd., Ottawa, Canada)
IAF, International Astronautical Congress, 36th, Stockholm,
Sweden, Oct. 7-12, 1985. 15 p.
Publication Date: Oct. 1985
Report No.: IAF PAPER 85-53
Language: English
Country of Origin:
International Organtzation
Document Type: PREPRINT
Most documents availabie from AIAA Technical Library
Journal Announcement: [AA8604
. The importance of the microgravity environment in material
processing in space (MPS) is discussed. The features that make
microgravity useful for MPS, which are the reduction of
buoyancy criven convection, -containerless processing, and the
elimination of sedimentation, are described. A comparison of
the operaling characteristics of the Space Shuttle, Space
Statton, CURECA, and Leasecraft microgravity support systems
is provided. The calculation of the proper MPS spacecraft
geometry vhich minimizes
described and microgravity accetleration values for the
spacecraft studied are given. The effect of atmospheric drag
and crew operations on the quality of microgravity is

21 Refs.

Canada Country of Publication:

microgravity contamination 1{s

investigated. An example revealing the importance of the
proper microgravity environment is presented. (1.F.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: +EARTH ORBITAL ENVIRONMENTS; +MICROGRAVITY
APPLICATIONS: *SPACE PROCESSING; *SPACE STATIONS: AERODYNAMIC
FORCES; CONTAINERLESS MELTS; CORIOLIS EFFECT; MATERIALS
SCIENCE; SOLAR WIND

Subject Classification: 7512 .Astronautics--General (1975-)

1395606 AB85-39464

Leasecraft power system

CHETTY, P. R. K. (Fairchild Space Co., Germantown, MD) .

IEEE Transactions on Aerospace and Electronic Systems (ISSN
0018-9251), vol. AES-21, May 1985, p. 420-426.

Publication Date: May 1985 °

Language: English

Country of Origin: United States Country of Publication:
United States

Document Type: JOURNAL ARTICLE

Most documents avaiiable from AIAA Technical Library

Journal Announcement: IAABS518

A detailed description is presented of the power system of
Leasecraft, a satellite platform for low earth orbit missions
to facilttate commercial development of space. Typical
spacecraft power systems are first briefly reviewed, and the
results of tradeoff studies are reported which led to the
selection of a decentralized regulation concept utilizing a
nondissipative unregulated main bus approach to the Leasecraft
power system. The need for modularity is discussed, and the
modutar power system i{s addressed, i{Including the power
regutator unit, power control unit, bus protection assembly,
sighal conditioning assembly, storage batteries, remote
interface untt, and heaters. (C.D.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: +COMMERCIAL SPACECRAFT; +POWER CONDITIONING:
*SATELLITE DESIGN; +SOLAR ARRAYS; *SPACE PLATFORMS ;
+SPACECRAFT POWER SUPPLIES; BUS CONDUCTORS; POWER CONVERTERS:
POWER EFFICIENCY: SPACECRAFT MODULES: TRADEOFFS

Subject Classification: 7520 .Spacecraft Propulsion & Power
(1975-) :

1328769 AB4-49146

Leasecraft - A commercial space platform

BURROWBRIDGE, D. R. (Fairchild Space Co., Germantown, MD)

IN: Satellite tland remote sensing advancements for the
eighties; Proceedings of the Eighth. Pecora Symposium, Sioux
Falls, SD, October 4-7, 1983 (AB4-49131 24-43). Sioux Falls,
SD, Augustana College, 1984, p. 228-243,

Publication Date: 1984

Language: English '

"Country of Origin: United States Country of Pubtlication:
United States ' )

Document Type: CONFERENCE PAPER

(cont. next page)
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Most documents availlable from AIAA Technical Library

Journal Announcement: [1AA8424

The Multimission Modular Spacecraft (MMS) is the result of a
NASA program concerned with the 1{dentification of new
approaches to spacecraft design. A mandatory requirement
regarding the MMS was flexibility to accommodatae a wide
variety of payloads. MMS derived subsystems will provide a
platform in low orbit for sclentific, commerctal, and
govermnment users on a leased or service contract basis. The
payload may consist of scientific IiInstruments, materials
procressing equipment, or remote sensors. Secondary payloads

may be mounted in standard MMS module boxes. The platform
forms a part of the ’‘Leasecraft’ system, which was developed
by an American aerospace company. Attention is given to the

Leasecraft vehicle, details regarding the Leasecraft platform,
and payload accommodations and Leasecraft missions. (G.R:.)
Source of Abstract/Subfile: AIAA/TIS
Descriptors: *COMMERCIAL SPACECRAFT; *LEASING: *MULTIMISSION

MODULAR SPACECRAFT; *PAYLOADS; *SPACE - COMMERCIALIZATION;
*SPACE PLATFORMS ; ATTITUDE CONTROL; EARTH ORBITS; NASA
PROGRAMS; REMOTE SENSORS; SOLAR MAXIMUM MISSION

Subject Classification: 7515 .Launch Vehicles & Space

Vehicles (1975-)

1326167 AR4-46544

The economics of mapping with space data

DOYLE, F. J. (U.S. Geological Survey, Reston, VA)
. ITC Journal (ISSN 0303-2434), no. 1, 1984, p. 1-9.

Publication Date: 1984

Languagé: English

Country of Origin:
Netherlands

Document Type: JOURNAL ARTICLE

Most documents available from AIAA Technical Library

Journal Announcement: 1AA8423

Some of the costs and benefits of space mapping programs are
discussed. Consideration is given to four general areas where
costs are tncurred in space mapping programs: data
acquisition; data processing and dissemination; ground control
and fleld work; and cartography and printing. The data
acquisition costs are shown to be the highest because they
include the design and launch of new spacecraft and sensors,
the cost of operating photographic mapping satellites in orbit
and . the costs of recovering data. Specific emphasis is given
to the direct dollar costs i{ncurred during several recent
space mapping missions: Landsat 4, the Modular Payload Support
Structure for the Large Format Camera (LFC), the Shuttle

Pallet Sateltite (SPS), Landsat 5§, Ariane, Conestoga.1l, and
Leasecraft. In order to {llustrate how high costs are
ftncurred. a sample space mapping system is considered which

produced an annotated 1{mage map of the U.5. for 69 million

dollars per square km. It s argued that such costs are

acceptable because of the great advantages space mapping

presents over conventional survey/mapping methods. (1.H.)
Sourca of Abstract/Subfile: AIAA/TIS

Descriptors: *COST ANALYSIS; *PHOTOMAPPING: +SATELLITE-BORNE

United, States Country of Publication:

INSTRUMENTS ; «SPACEBORNE PHOTOGRAPHY; *THEMATIC MAPPING; DATA
ACQUISITION; DATA PROCESSING; LANDSAT 4: PRINTING
Subject Classification: 7543 .Earth Resources (1975-)

1298855 A84-2794S
Leasecraft - An innovative space vehicle
DESKEVICH, J. (Fairchild Space Co., Germantown, MD)

IEEE Transactions on Aerospace and Electronic Systems (I1SSN

0018-9251), vol. AES-20, Jan. 1984, p. 25-37.
Publication Date: Jan. 1984
Language: English
Country of Origin:
United States .
Document Type: JOURNAL ARTICLE
Most documents available from AIAA Technical Library
Journal Announcement: 1AAB411%
The Leasecraft system has

United States Country of Publication:

been developed by an American

aerospace company with the objective to further the
tndustrialization of space with {its significant business
potential. This system comprisaes a low orbtt space platform,

an operation control center, user accommodations, and services
such as payload interfaces, documentation, and ground support
equipment and procedures. Potential applications of Leasecraft
considered are related to the processing of pharmaceuticals
and materials, satellite-atded search. and rescue, data
collection. and support of NASA’s astrophysics programs. The
Leasecraft space vehicle will accommodate up to five modular
power subsystems, including a communtcations and data hand!ing
module, a modular attitude control subsystem, a spectial
function module, two atternative solar array assemblies, a
tracking and data relay satellite system antenna assembly, a
propulsion module, and optional primary and secondary payload
modules. (G.R.):

Source of Abstract/Subfile: AIAA/TIS

Dascriptors: *COMMERCIAL SPACECRAFT; +SPACE COMMERCIALIZATI-
ON; *SPACE INDUSTRIALIZATION; #+SPACE PLATFORMS; +SPACECRAFT
DESIGN; COST EFFECTIVENESS; DATA MANAGEMENT; LEASING: ORBITAL
SERVICING; SPACE PROCESSING; SPACECRAFT COMMUNICATION;
SPACECRAFT MODULES

Subject Classification:
Vehicles (1975-)

7515 .Launch Vehicles & Space

1284836 AB4-22336

Remote manipulators {n space

MATTHEWS, P. S.; HILL, B. R. (Spar Aerospace, Ltd., Remote
Manipulator Systems Div., Toronto, Canada): WAGNER-BARTAK, C.
a.

IN: Manufacturing tn space; Proceedings of the Winter Annuatl

Meeting, Boston, MA, November 13-18, 1983 (AB84-22327 08-12).
New York, American Socfety of Mechanical Engineers, 1983, p.
101-112.

Publication Date: 1983
Language: English
(cont. next page) d
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Country of Origin: Canada Country of Publication: United
States

Document Type: CONFERENCE PAPER

Most documents available from AIAA Technical lerary

Journal Announcement: 1AA8408

The role of manipulators 1{in space and the major design
challenges of the current Remote Manipulator System (RMS) are
treated. The RMS, operated by both man-in-the-loop and
preprogrammed control, manipulates a maximum 30,000 kg
payload, 18.3 m in length and 4.5 m {n diameter. End point
accuracy 1is in the order of + or - 5 cm and + or - {1 deg when
automatically controlled and better than + or - 1-1/2 cm when
operator controtled. RMS functions discussed {include the
future deployment of on-orbit, Shuttle tended platforms such

- as Eureca and Leasecraft, where robotic technology will

exploit the constant microgravity environment for
manufacturing processes. In the future, control systems will
only be provided with tasks; manipulators will effect
obstacle-avoiding, automatic interfacing of tools and
spacecraft with fully sensate hands that include force and
visual/proximity sensing. (C.M.)

Source of Abstract/Subfile: AIAA/TIS

Descr iptors: *MANIPULATORS *REMOTE MANIPULATOR SYSTEM;
*ROBOTICS: *SPACE MANUFACTURING: *TELEOPERATORS;
PHOTOGRAMME TRY ; SPACE TRANSPORTATION SYSTEM; SYSTEMS
ENGINEERING; TOOLS '

Subject Classification: 7516 .Space Transportation (1975-)

1284835 AB4-22335

The Fairchild Leasecraft - A low orbit satellfte
manufacturing factlity

RAAB, 8.: DESKOVITCH, J.: BRODSKY, M. T. (Fairchild Space
Co.. Germantown, MD)

IN: Manufacturing in space; Proceedings of the Winter Annual
Meeting, Boston, MA, November 13-18, 1983 (AB4-22327 08-12).
New York, American Society of Mechanical Engineers, 1983, p.
87-99.

Publication Date 1983

Language: English .

Country of Origin: United States Country of Publication:
United States .

Document Type: CONFERENCE PAPER

Most documents available from AIAA Technical Library

Journal Announcement: I[AAB8408

While using the standard modules of the NASA Multi-Mission
Modutar Spacecraft, the Leasecraft extends the on-orbit
service and module-exchange capability to all of the major
subsystems of the spacecraft and to the payload as well.
Besides this, a relatively large integral 1iquid propulsion
system s Included in order to enhance the spacecraft’s
mobility. The on-board inertial guidance and computer systems
will be wused by the propulsion system to effect orbit
modification and the principal rendezvous maneuvers. It is
pointed out that a multipltex command and data bus simplifies
the accommodation of different payloads through a set of
standard mechanical and electrical . connectors and remote

interface units. As designed, the platform can provide as much
as seven kilowatts of power for materials-processing or other
uses {in a high-power configuration. Alsoc available 1is a
low-power version for scientific and remote sensing missions.
(C.R.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: +MULTIMISSION MODULAR SPACECRAFTY; *SPACE
COMMERCIALIZATION; +SPACE MANUFACTURING; *SPACE TRANSPORTATION

* SYSTEM; SATELLITE ANTENNAS; SPACE PLATFORMS: SPACE SHUTTLE

PAYLOADS; SPACECRAFT CONFIGURATIONS: SPACECRAFT MODULES
Subject Classification: 7512° .Astronautics--General (1975-)

1274273 A84-11773

The Fairchild Leasecraft system - A commercially-operated
platform for science and business {n space

RAAB, B. (Fairchild Space Co., Germantown, MD)

International Astronautical Federation, International
Astronautical Congress, 34th, Budapest, Hungary, Oct. 10-15,
1983. 10 p.

Publication Date: Oct. 1983

Report No.: IAF PAPER 83-232

Language: English

Country of Origin: United States Country of Publication:
International Organization

Document Type: PREPRINT

Most documents available from AIAA Technical Library

“Journal Announcement: [AAB8402

Design features and mission profiles for the Leasecraft
free-flying platforms are described. The Leasecraft would use
multimission modular spacecraft (MMS) configured for launch by
the Shuttle, transfer to 28.5 deg polar sunsynchronous
inclination orbits, and return for later retrieval with the
RMS arm, changeout and replacement of the payload, and return
to the sunsynchronous orbit. The Leasecraft would have two
optional solar power panels, an attitude control subsystem, a
spectal function module, and a TDRSS antenna, as well as a
propulsion subsystem that would also be refueled during
Orbiter rendezvous. Payloads would be categorized as primery
or secondary, with the former clatming priority on the
spacecraft attitude, mission modes, and revisit intervals. An
example of a primary mission would be the Advanced X-ray
Astrophysics Facility, while secondary paylods could include
materials processing experiments and search and rescue
transponders. Primary services are expected to cost $2-4
million/month, while secondary services run $0.5-1
mitlion/month. (M.S.K.)}

Source of Abstract/Subfile: AIAA/TIS

Descriptors: *SPACE PLATFORMS; *SPACE SHUTTLE PAYLOADS;
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1435935 A86-24128
NASA centers will stimulate industry R & D
DOOLING, D. (Essex Corp.., Huntsville, AL)
Commercial Space (ISSN 8756-4831), wvol. t, Fall 1985, p.
95-98.
Publication Date: 1985
Language: English
Country of Origin: -United States Country of Publication:
United States
Document Type: JOURNAL ARTICLE
Most documents avatlable from AIAA Technical! Library
Journal Announcement: 1AA8609
Four prototype centers supported by NASA {in order to
stimulate research and development, and encourage {ndividual
investment In space are described. The crystallography program
of the Center for Macromolecular Crystallization is examined;
the center will grow the crystals in space and analyze the
usefulness of the products. The benefits and problems of these
protein experiments are 1investigated. The Consortium for
Matertals Development 18 to study the applications of physical
chemistry and material transport through fluids in space. The
processes by which metals, alloys, ceramics, and glasses are
formed will be analyzed by the Center for Space Processing of
Engineering Matertals {n order to improve production on earth.
The f{nterpretation and commercialization of Landsat data is
. conducted at the Space Remote Sensing Center. The production
of matertals which will be easily commercialized, such as
plezoelectric transducers and glass microspheres, 1{s the
‘objective of the Multi-Phase Materials Center. (1.F.)
Source of Abstract/Subfile: AIAA/TIS
Descriptors: +REMOTE SENSING; +RESEARCH AND DEVELOPMENT;
+*SPACE COMMERCIALIZATION; *SPACE PROCESSING; *SPACEBORNE
EXPERIMENTS: CONTRACTS:; CRYSTAL GROWTH; LANDSAT SATELLITES:
PROTEINS; SATELLITE IMAGERY
Subject Classtification: 7581 . Administration 8 Management
(1975-)

1435924 AB6-24117

Space i{ndustries (s making plans with NASA for a space
facility

FAGET, M. .

Commercial Space (ISSN 8756-4831), vol. 1, Fall 1985, p. 40,
41, 14,

Publication Date: 1985

Language: English

Country of Origin: United States Country of Publication:
United States

Document Type: JOURNAL ARTICLE ;

Most documents avafilable from AIAA Technical Librar

Journal Announcement: 1AA8609

The development of a privately funded space facility as the
base of operation for commercial space projects 1s examined.
The 35 foot 1long and 14.5 foot wide facility is to contain
automatic material processing equipment, which will be
perfodically serviced by the Shuttlie crew. The benefits of
NASA‘s deferred payment agreement, which will allow the

facility to be established with -no payment required unttl
revenue s generated by the project, are described. The
butiding and assembly of the industrial space faclliity, and
the designing of the docking module are analyzed. Potenttal
projects for the factility include: (1) the development of
organic films that use 1ight to carry information, (2) the
manufacturing of semiconductor materials, and (3) a biological
space medicines processing system. (1.F.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: *SPACE COMMERCIALIZATION; *SPACE INDUSTRIALIZA-
TION; *+SPACE PROCESSING; *SPACECRAFT DESIGN; MEDICINE; ORGANIC
MATERIALS; SEMICONDUCFORS (MATERIALS)

Subject Classification: 7518 .$pacecraft Design, Testing &
Performance (1975-) ’

1435914 AB6-24 107

What’s the payoff? Pluses and minuses of space processing (
space processing)

EGAN, J. J. (Coopers and Lybrand, Space Consulting Div.,
Washington, DC)

Commercial Space (ISSN 8756-4831), vol. {, Summer {1985, p.
62, 63, 65, €6.

Publication Date: 1985

Language: English

Country of Origin: United States Country of Publication:
United States

Document Type: JOURNAL ARTICLE

Most documents avatlable from AIAA Technical Library

Journal Announcement: TAA8609

The economic factors governing the development of space
processing techniques are discussed. Emphasis {s given to the
potential benefits of new processes for zero-g production of
pharmaceuticals, protein crystals; advanced metals: and
semiconductor materfals. It 1{is shown that a vigorous joint
effort by government and industry to lower the costs of
launching and maintaining space-based materials processing
platforms s required before the economic benefits of space
processing can be accrued. A ple graph showing the costs of
space-processed semiconductor chips is provided. (1.H.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: +*ECONOMIC ANALYSIS; *SPACE COMMERCIALIZATION:
*SPACE INDUSTRIALIZATION; *SPACE PROCESSING:; COSTS: CRYSTAL
GROWTH; MATERIALS SCIENCE; PHARMACOLOGY

Subject Classification: 7583 .Economics & Cost Analysis
(1975-)

1435909 A86-24102

Washington broadens tts efforts to aid small bustness

MANN, P.

Commercial Space (ISSN B8756-4831), vol. 1, Summer 1985, p.
21, 24, 25.

Publication Date: 1985

Language: English .
(cont. next page)
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United States . Satellite leasing - Cheap access to space
Document Type: JOURNAL ARTICLE MAEHL, R. (RCA, Astro-Electronics Div.. Princeton, NJ)
Most documents available from AIAA Technical Library Space (ISSN 0267-954X), vol. 1, Dec. 1985-Feb. 1986, p. 10,
Journal Announcement: I1AAB609

Efforts by NASA to develop interest in the smal) business
communt ty for commercial space ventures are discussed.
Activities undertaken by NASA’s Office of Commercial Programs
to facilitate Joint Endeavor Agreements (JEAS) between small
bustness and NASA are described in detall. Emphasis {s given
to the need for a broad array of potential investors in
capital-intensive space R&D programs, including: electronic
materfals research; pharmaceuticals processing; remote
sensing; and satellite communications. A 1ist of U.S.
government centers for space business information is provided.

(1.H.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: +GOVERNMENT/INDUSTRY RELATIONS; *RESEARCH AND
DEVELOPMENT; +SPACE COMMERCIALIZATION; *TECHNOLOGY UTILIZATION
; NASA PROGRAMS; UNITED STATES

Subject Classification: 7581 _Administration & Management
(1975-)
1435908 A86-24101

Orbital processing promises {nvestors immediate ftnancial
revards

DOOLING, D.

Commerciat Space (ISSN B8756-4831), vol. 1, Summer 1985, p.
14-20.

Publ ication Date: 1985

Language: English

Country of Origin: United States Country of Publication:

Unfted States

Document Type: JOURNAL ARTICLE

Most documents available from AIAA Technical Library

Journal Announcement: 1AAB8609

A general .description of the Matertfals Processing in Space
(MPS) program at NASA/Marshall {s given. The three main
components of the MPS program are outlined, including: R8D to
fmprove terrestrial processes; R&D leading to space production
for later terrestrial sales; and technology transfer. The
development of second generation processing facilities for

protein crystal growth, {norganic crystal growth, and gallium
arsenide crystal growth on board Shuttle ts discussed in
detail. Color photographs of space-grown mercury fodide and

triglycine sulfate crystals are provided. (I.H.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: +MATERIALS SCIENCE; *»SPACE COMMERCIALIZATION:
*SPACE INDUSTRIALIZATION; +SPACE PROCESSING; CRYSTAL GROWTH;
REDUCED GRAVITY; RESEARCH AND DEVELOPMENT; SPACE SHUTTLE
PAYLOADS; SPACELAB PAYLOADS : ’

Subject Classification: 7512 .Astronautics--General (1975-)

D.C

1, 17.

Publication Date: Feb.

Language: English

Country of Origin:
United Kingdom

Document Type: JOURNAL ARTICLE

Most documents avallable from AIAA Technical Library

Journal Announcement: 1AAB608 o

The role of satellite 1leasing arrangements in marketing
commerctal ventures 1{n space |Is considered. The most recent
examples of leased space platforms are described, including
Leasat: ESA’s EURECA; Omnistar; and Leasecraft. It is shown
that because of NASA Shuttle pricing policies, leasing room
for commercial payloads on board space platforms will pecome
an increasingly attractive way of financing space ventures in
which capital investments are often at risk. The development

1986

United States Country of Publication:

of the first large-scale commercial space platform for the
Electrophoresis in Space (EOS) program is also discussed. (
I1.H.) :

Source of Abstract/Subfile: AIAA/TIS

Descriptors: «*LEASING; +SPACE COMMERCIALIZATION; +SPACE

PLATFORMS; +SPACE PROCESSING; MARKETING; SPACE TRANSPORTATION
SYSTEM

" Subject Classification: 7581 .Administration & Management
(1975-)

1433040 AB6-22250

The challenge of the US Space Station
BEGGS, J. M. (NASA, Washington, DC)
National Aeronautics and Space Administrattion, Washington,

Corp. Source Code: NC452981

Space Policy (ISSN 0265-9646), vol. 1, Feb.

Publication Date: Feb. 1985

Language: English -’

Country of Origin:
United Kingdom

Document Type: JOURNAL ARTICLE

Most documents avatlable from AIAA Technical Library

Journal Announcement: 1AAB608 .

The U.S. Space Station program is described. The objectives
of the present national space policy are reviewed.
International involvement and commercial use of space are the
two strategies finvolved {n the development of the Space
Station. The Space Station s to be a multifunctional,
modular, permanent facility with manned and unmanned
platforms. The functions of the Space Station for space
research projects, such as material processing and
electrophoresis, are examined. The infrastructure required for
commercialization of space {8 analyzed. NASA’s space policy

(cont. next page)
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aimed at stimulating space commerce ts discussed. NASA’s plans
to reduce the financtal, institutional, and technical risks of
space research are studied. (I.F.) -

Source of Abstract/Subfile: AIAA/TIS

Descriptors: +SPACE COMMERCIALIZATION; +SPACE INDUSTRIALIZA-
TION: *SPACE STATIONS; INTERNATIONAL COOPERATION; POLICIES;
UNITED STATES

Subject Classification: 7512 .Astronautics--General (1975-)

1432676 A86-21886

Economic consideratfons of space manufacturing

JOHNSTON., WwW. A., JR.:; MONTGOMERY, B. G. (Fairchild Space
Co., Germantown, MD)

IN: EASCON ’B4; Proceedings of the Seventeenth Annual
Electronics and Aerospace Conference, washington, DC,
September 10-12, 1984 (A86-21876 08-32). New York, Institute
of Electrical and Electronics Engineers, 1984, p. 181-185.

Publication Date: 1984

Language: English

Country of Origin: Untted States Country of Publication:
United States .

Document Type: CONFERENCE PAPER

Most documents avatlable from AIAA Technical Library

Journal Announcement: IAAB608 ‘

Materials processing tn space (MPS) offers an opportunity to
produce dramatic new products ‘in pharmaceuticals, electronics,
and metals. But the cost of access to space forces prospective
manufacturers to select products whose market value s
exceptionally high. This paper addresses the factors
influencing the costs of transporting and operating factories
in space and offers approaches for minimizing the effect of
these costs on the finished product. In particutar, the
trade-off between operating entirely on the shuttle versus
setting up on a free-flying platform s explored, with
examples given for hypothetical pharmaceutical and crystal
- manufacturing processes. (Author)

Source of Abstract/Subfilte: AIAA/TIS

Descriptors: +ECONOMIC FACTORS; *MATERIALS SCIENCE; *SPACE
COMMERCIALIZATION; +SPACE MANUFACTURING; #SPACE PROCESSING;
COST ANALYSIS; CRYSTAL GROWTH; MASS RATIOS; PHARMACOLOGY:
SPACE TRANSPORTATION
( Subj?ct Classificatton: 7583 .Economics & Cost Analysis

1975- .

1427140 ABG- 18376
A fortune in orbit
PARKER, I.

Space (ISSN 0267-954X), vol. 1, Sept. 1985, p. 64-67.
Publication Date: Sep. 1985
Language: English

Country nf Origin: Unfted Kingdom Country of Publication:

United Kingdom
Document Type: JOURNAL ARTICLE
Most documants avajilable from AIAA Technical Library
Journal Announcement: I1AAB606

The commerical value of material processing in space is
" discussed. In order for matertal processing to be profitable

the {tems produced in space must not be price sensitive. The
potential processing costs to be incurred by companies which
will manufacture 1In space are examined. The application of
space processing to computer chips, electrophoresis, and metal
manufacturing are described. (I1.F.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: +SPACE COMMERCIALIZATION; +SPACE PROCESSING;
AIRBORNE/SPACEBORNE COMPUTERS; COSTS: ELECTROPHORESIS

Subject Classification: 7512 .Astronautics--General (1975-)

1425058 AB6-17320

Human roles in future space systems

WOLBERS, H. L. (McDonnell Douglas Astronautics Co.,
Huntington Beach, CA)

IN: Permanent presence - Making it work; Proceedings of the
Twenty-second Goddard Memorial Symposium, Greenbelt, MD, March
15, 16, 1984 (A86-17315 05-12). San Diego, CA, Univelt, Inc.,
1985, p. 57-69.

Publication Date: 1985

Report No.: AAS PAPER 84-117

Language: English ’

Country of Origin: United States Country of Publication:
United States

Document Type: CONFERENCE PAPER

Most documents available from AIAA Technical Library

Journal Announcement: IAA860S5

U.S. and Soviet space programs to date have graphically
demonstrated the value of humans working {in space. The point
at issue s to determine where, along the continuum from
direct manual intervention to completely automated operations,
the mission requirements of future space programs can best be
met. The criteria of performance, cost, and risk (mission
success probability) are suggested as the principal factors by
which program or project managers and systems engineers should
select the most effective approach to meeting specific mission
objectives. Examples of the application of these criterta are
presented. (Author)

Source of Abstract/Subfile: AlAA/TIS

Descriptors: *ASTRONAUT PERFORMANCE; *ORBITAL SPACE STATIONS

+*SPACECREWS; COSTS; ELECTROPHORESIS; ORBITAL ASSEMBLY; RISK
SPACE COMMERCIALIZATION; SPACE PLATFORMS; SPACE PROCESSING:
SPACE TRANSPORTATION SYSTEM 4 FLIGHT

6 Refs.

Subject Classification: 7554 .Man/System Technology & Life

Support (1975-)

1425054 AB6-17316
Electrophorests
processing
RICHMAN, D. W. (McDonnell Douglas Corp., St. Louis, MO}
IN: Permanent presence - Making i1t work: Proceedings of the
Twenty-second Goddard Memorial Symposium, Greenbelt, MD. March
(cont. next page)
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15, 16, 1984 (A86-17315 05-12). San Diego., CA, Univelt, Inc.,
1985, p. tt-16,

Publicatinn Date: 1985

Report No.: AAS PAPER 84-107

Language: €ngtlish

Country of Origin: United States Country of Publication:
Untted Siatas

Docneent Type: CONFERENCE PAPER

Mot domimnents available from AIAA Technical Library

Jotrnal Announcement: 1AA8605

Electrophoresis experiments on board Shuttle are reviewed,
with owphinsis given to the pharmaceutical processing
applicatiens of electrophoresis in zero-gravity. In {its first
demonstration on  the fourth flight of the Shuttie in June
1982. o gnrotein sample was separated that contatned five
hundrad  times more protein than would have been possible on
earth. 1h~ chamber used for the separation has been flown on

five oaordditicnal Shuttle missfions to further demonstrate the

advantiane = of space-based pharmaceutical. processing.
Uevelapment of a scaled-up Product ion Prototype
etectrophno anis chamber for the Shuttlie Payload Bay .is
descrribad in detail. Attention is also given to the long range
unanl~ ol {IASA’s  Flectrophoresis Operations 1in Space (EOS)
rrogrtam which  is to  install a production untt on board an
ecarth-orbiting  faciltity, - such as Space Station, by the year
1989. (1.11.)

Source ol hbstract/Subfile: AIAA/TIS -

Descriptors: +ELECTROPHORESIS; +PHARMACOLOGY; +PROTEINS;
tSPACE COMUILRCIALIZATION: ¢SPACE PROCESSING; SEPARATION; SPACE
SHUTTLE PAYLOADS; SPACE STATIONS:; SPACE TRANSPORTATION SYSTEM
4 FLIGHT .

Subject Classification: 7512 . Astronautics--General (1975-)

1425053 ARG-17315

Permanent presence - Making 1t work; Proceedings of the
Twenty-second Goddard Memorial. Symposium, Greenbelt, MD, March
18, 18, 1984 .(role of future Space Station)

BEKEY, 1., ED. (NASA, Washington, DC)

Natfonal Aeronautics and Space Administration, Washington,
D.C. ’

Corp. Source Code: NC452981

Symposium  sponsored by AAS. San Diego, CA, Univelt, Inc.
(Science and Technology Series. Volume 60), 1985, 188 p. For
individual items see AB6-17316 to AB6-17324.

Publication Date: 198S

Language: Eng!ish

Country of Ortgin: United States Country of Publication:
United States

Document Type: CONFERENCE PROCEEDINGS

Journal Announcement: 1AA8605

Among the toplics discussed are: electrophoresis operations
fn space for pharmaceutical processing: Space Station program
operations; and Space Station platform configuratfions.
Constideration is also given to: the human role in future space
systems; EVA operations; spherical shell applications; and a
container material for alloy processing in near-zero gravity.

Among additional topics discussed are: Space Station ptatform
thermal control; environmental controtl and 1ife support for an
evolving capability manned Space Station: and the commercial
prospects of the Space Station. (I.H.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: +CONFERENCES; +*ORBITAL SPACE STATIONS; #*SPACE
STATIONS; ELECTROPHORES1S; ENVIRONMENTAL CONTROL ;
EXTRAVEHICULAR ACTIVITY; METALLURGY; REUSABLE SPACECRAFT;
SPACE COMMERCIALIZATION; SPACE PLATFORMS: SPACE PROCESSING;
SPACEBORNE. EXPERIMENTS: SPACECRAFT POWER SUPPLIES; TEMPERATURE
CONTROL

Subject Classification: 7512 .Astronautics--General (1975-)

1425050 AB6-17312

The potential of materfials processing using the space
environment

ROSE, J. T.: FITZPATRICK, T. D. (McDonnell Douglas
Astronautics Co., St. Louls, MD) .

IN: Space stations and space platforms - Concepts, design.
infrastructure and uses (A86-17301 05-12). New York, American
Institute of Aeronautics and Astronautics, 1985, p. 167-200.

Publication Date: 1985. 11 Refs.

Language: English

Country of Origin: United States Country of Publication:
United States

Document Type: ANALYTIC OF COLLECTED WORK

Most documents available from AIAA Technical Library

Journal Announcement: [AAB860S

The sctientific, economic, structural, and political problems
and advantages of material processing {In space (MPS) are
discussed. The microgravity environment provides the setting
for new developments in biological materials, metal alloys and
compos i tes, and semiconductor crystals and glasses. The
benefits of the Space Shuttle for MPS are described. A review
of the history of MPS In the U.S. and abroad {s presented. The
electrophoresis operations {n space (EOS) project is examined:
the problems encountered with static electrophorests and
continuous flow etlelctrophoresis on earth, and the increases
in concentration, flow rate, and purity provided by EOS are
studied. The economic and commercial advantages possible by
conduct ing EOS and MPS within the Space Station are
investigated. (I.F.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: +*ELECTROPHORESIS; *SPACE COMMERCIALIZATION:
*SPACE - PROCESSING; CONVECTION CURRENTS; HISTORIES:
PHARMACOLOGY; SPACE TRANSPORTATION SYSTEM

Subject Classification: 7512 .Astronautics--General (1975-)

. 1423070 - N86-13352

EURECA: An introduction to Europe’s free-flying retrievable
carrier ' :

LONGDON, N., comp.

European Space Agency, Paris (France).
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Publication Date: May 1985 21P.

Announcenents: Original contains color {llustrations

Report No.: ESA-BR-30; ISSN-0250-1589

Language: English

Country of origin:
International Organization

Document Type: REPORT

Most documents available from AIAA Technical Library

Other Availability: NTIS HC AO2/MF AOf1

Journal Announcement: STARB8604

The European Retrievable Carrier

France Country of Publication:

(EURECA) s a reusable

platform launched by the Shuttle, released in a free flyting
mode for 6 months or more, and then retrieved by the Shuttle
Orbiter and returned to Earth. Payload capacity is up to 1000
kg. The first EURECA payload s primarily dedicated to

material and 11fe sciences which benefit from the microgravity
environment. The versatility of the system is demonstrated by
the fact that a quarter of the payload weight is taken up by
space science and technological experiments. The EURECA
provides an excellent test bed to demonstrate {n-flight
technologies such as direct data relay from low Earth orbits
via geostationary satellites to a central operations center,
rendezvous and dock ing, and tn-orbit servicing. €Earth
observation "possibitities, and commercial applications (new
matertals, crystal growth, proteins, and pharmaceutical
products) are numerous. (Author (ESA))

Source of Abstract/Subfile: ESA

Descriptors: *EURECA (ESA);

*EUROPEAN SPACE PROGRAMS;

+*PAYLOAD.  RETRIEVAL (STS); *SPACEBORNE EXPERIMENTS; +*SPACECRAFT

DESIGN; EARTH OBSERVATIONS (FROM SPACE); EQUIPMENT
SPECIFICATIONS: SPACE COMMERCIALIZATION; SPACE MANUFACTURING;
SPACE PROCESSING;.  SPACE SHUTTLES

Subject Classification: 7516 .Space Transportation (1975-)

1422712 AB6- 15902

Commerctalization of space - A comprehensive approach

MAEHL, R. C. (RCA, Astro-Electronics Div., Princeton, NJ)

IAF, Internatfonal Astronautical Congress, 36th, Stockhoim,
Sweden, Oct. 7-12, 1985. 6 p.

Publication Date: Dct. 1985

Report No.: IAF PAPER 85-431

Language: English

Country of Origin: United States Country of Publication:
International Organtzation

Document Type: PREPRINT .

Most documents available from AIAA Technical Library

Journal Announcement: I1AAB604

The role of the government and private industries in the
commercialization of space {8 investigated. The government

needs to provide funding, stimulate research and development,
and establish regulations, and i{industries need to develop
areas which wiil provide profitable investments. The three

phasas of the evolution of space activities, which are high
tech R antd D, the development
estabil tshwent of the industry, are described. The retationship

of infrastructure, and the .

between NASA’s policies, the joint endeavor agreement, and the
stages of the evolution of space activities is analyzed; a
balance between investment and profit needs to be established.

Two examples of existing space commercialization, the
American commercial Landsat venture, and developments in the
low attitude commercial platforms for material processing and
scientific missions are presented. (I1.F.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: +GOVERNMENT/INDUSTRY RELATIONS: *RESEARCH AND
DEVELOPMENT: *SPACE COMMERCIALIZATION: LANDSAT SATELLITES;
SPACE INDUSTRIALIZATION: SPACE MANUFACTURING

Subject Classification: 7581 .Administration & Management
(1975-)
1422711 A86- 15901

Space commercialtization In the United States - A status
report

LOGSDON, J. M. (George Washington University, Washington,
oC)

1AF, International Astronautical Congress, 36th, Stockholm,
Sweden, Oct. 7-12, 1985. 16 p.

Publication Date: Oct. 1985

Report No.: I[AF PAPER 85-430

Language: English

Country of Origin: United States Country of Publication:
International Organtzation :

Document Type: PREPRINT

Most documents available from AIAA Technical Library

Journal Announcement: IAAB604

The problems encountered and areas of developments {n space
commercialtzation i{n the U.S. are analyzed. Developments such
as, reductions in projected payoffs from space
commercialfzation, the incurred losses and itncreased cost to a
business for space activities, the slow development of
material processing in space, and the Ilimited areas for
investment, which have led to reduced tnterest and tnvestment
in space commercialization, are discussed. Emphasis must be
placed on the process of developing the research base and
infrastructure required for commerciatlization of space. The
future use of the Space Shuttle and {ts pricing are
investigated. The {incorporation of the proper requirements
tnto a Space Station is studied. The establishment of an
Office of Commercial Programs to direct and control NASA’'s
space commercialization policies is discussed. (I1.F.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: - *ECONOMIC ANALYSIS: *SPACE COMMERCIALIZATION;
*UNITED STATES;  NASA SPACE PROGRAMS: SPACE PROCESSING; SPACE
STATIONS; SPACE TRANSPORTATION SYSTEM

Subject Classification: 7581 .Administration & Management
(1975-)

16 Refs.
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1422709 AB86- 15899

Commz2recialization of space activities

GILLAM, . T., 1V

IAF, 1International Astronautical Congress, 36th, Stockholm,
Sweden, Oct. 7-12, 1985. 12.p.

Publication Date: Oct. '198% 6 Refs.

Report No.: 1AF PAPER 85-428

Language: English

Country of Origin: International Organizatton Country of
Pubtication: Internattonal Organization

Document Type: PREPRINT

Most documents available from AIAA Technical Library

Journal Announcement: 1AA8604 )

Areas for private investment and the stimulation of private
involvement in space activities are studied. Commercial uses
for space include: (1) material processing, (2) space-based
communication tinks, (3) data and imagery from earth and

navigation and position location services, (4) in-space-

infrastructure services, and (5) space transportation. All
thesre potential areas of investment are described and examples
are presented. NASA’s principles which encourage and stimulate
free enterprise in space are discussed. The implementation of
these principles 1{in order to reduce technical, financtal and
institutional risks {s examined. The role of the Office of
Commercial Programs in commercializing space is analyzed. The
NASA program which provides assistance in the utilization of
aerospace tachnology Is described. (I.F.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: +NASA PROGRAMS ; *POLICIES; *SPACE
COMMERCIALIZATION; COMMUNICATION SATELLITES; SPACE
INDUSTRIALIZATION; SPACE PROCESSING; SPACE TRANSPORTATION
SYSTEM: TECHNOLOGY UTILIZATION

Subject Classification: 7581 .Administration & Management

(1975-)

1420250 N36-12243

Marketing -the wuse of the space environment for the
procassing of biological and pharmaceutical matertals

Final Report .

ECON, Inc., Alexandria, Va.

Corp. Source Code: ED782198

Publication Date: Apr. 1984 162p.

Report No.: NASA-CR-176334; NAS 1.26:176334; ECON-81-110

Contract No.: NASW-3339

‘Language: English

Country of Origin: United States Country of Publication:
United States

Document Type: REPORT

Most documents avatlable from AIAA Technical Library

Other Avallability: NTIS HC AOB/MF AO1

Journal Announcement: STAR8603

The perceptions of U.S. biotechnology and pharmaceutical
companies concerning the potential use of the space
environment for the processing of biological substances was
examined. Physical phenomena that may be {important i{n
space-bage processing of biological materjals are identified

and discussed in the gontext of past and current experiment
programs. The capabilities of NASA to support future research
and development, and to engage in cooperative risk sharing
programs with industry are dtscussed. Meetings were held with
several bfiotechnology and pharmaceutical companies to provide
data for an analysis of the attitudes and perceptions of these
industries toward the use of the space environment.
Recommendations are made for actions that might be taken by
NASA to facilitate the marketing of the use of the space
environment, and In particular the Space Shuttle, to the
biotechnology and pharmaceutical industries. (Author)
Descriptors: +BIOTECHNOLOGY; +PHARMACOLOGY; <RESEARCH AND
DEVELOPMENT; +SPACE MANUFACTURING; AEROSPACE ENVIRONMENTS:
DRUGS; MEDICAL SCIENCE; SPACE SHUTTLES; TECHNOLOGY UTILIZATION
Subject Classification: 7512 .Astronautics--General (1975-)
COSATI Code: 22A _Astronautics

1416623 AB6- 11954

Space Statton redesigned for larger structural area

COVAULT, €. A

Aviation Week and Space Technology (ISSN 0005-2175), vol.
123, Oct. 14, 1985, p. 16-18.

Publiication Date: Oct. 1985

Language: English

Country of Origin: United States Country of Publication:

" United States

Document Type: JOURNAL ARTICLE

Most documents available from AIAA Technical Library

Journatl Announcement: 1AAB8602

The present article 1s concerned with a redesign of the U.S.
Space Station by NASA. The redesign has the objective to
provide a better zero-gravity platform for materials
processing and to obtain more structure on which to mount
exper iments, telescopes, and upper-stage hardware. Instead of
a long, tall station, the redesign will feature a wide,
box!ike permanently manned structure. The changes were made {in
response to the concerns of science and commercial users,
whose support s needed {f the Space Station project is to
succeed. Attention is given to the new U.S. Space Station dual
keel = design, safety considerations, an evaluation of
development varsus operating costs, station operations
concepts, and operations management. (G.R.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: +DESIGN ANALYSIS; +NASA PROGRAMS; +*ORBITAL
SPACE STATIONS; +SPACE STATIONS; +*SPACECRAFT DESIGN; COST
ANALYSIS; ORBITAL SERVICING; SPACE MANUFACTURING; SPACE
PLATFORMS

Subject Classification: 7548 .Spacecraft Design, Testing &
Performance (1975-)
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1416478 ABG- 11809

Utilization of Space Shuttle External Tank materials by
melting and powder metallurgy

CHERN, T. S. (California, University, Scripps Institution of
Oceanography, La Jolla)

Scripps Institution of Oceanography, La Jolla, Catlif.

Corp. Source Code: SE716697

Acta Astronautica (ISSN 0094-5765), vol. {12, Sept. 1985, p.
693-698.

Publication Date: Sep. 1985 6 Refs.

Contract No.: NAS8-35037

Language: English

Country of Origin: United States Country of Publication:
United Kingdom

Document Type: JOURNAL ARTICLE

Most documents available from AIAA Technical lerary

Journal Announcement: [AA8602

The Crucible Melt Extraction Process was demonstrated to
convert scraps of aluminum alloy 2219, used in the Space
Shuttie External Tank, into fibers. The cast fibers were then
consolidated by cold welding. The X-ray diffraction test of
the cast fibers was done to examine the crystallinity and
oxide content of the fibers. The compressive stress-strain
behavior of the consolidated materials was also examined. Two
conceptual schemes which would adapt the as-developed Crucible
Melt Extraction Process to the microgravity condition in space
were finally proposed. (Author)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: *EXTERNAL TANKS; +METAL FIBERS; +*POWDER
METALLURGY; *+SPACE MANUFACTURING; *SPACE SHUTTLES; *SPACECRAFT
CONSTRUCTION MATERIALS: FIBER COMPOSITES; MELTING; REUSE;
SCRAP; STRESS-STRAIN RELATIONSHIPS; X RAY DIFFRACTION

Subject Classification: 7512 .Astronautics--General (1975-)

1415734 N86- 11068

Space sciences: Perspectives of commercial utilization for
the German industry

WELTRAUMFORSCHUNG: PERSPEKTIVEN ODER KOMMERZIELLEN NUTZUNG
FUER DIE DEUTSCHE INDUSTRIE

JORDAN, H. L.

Bundesministerium fuer Forschung und Technologte, Bonn (West
Germany).

Corp. Source Code: B4157221

In its Space Utilization p 2-16 (SEE NB86-11067 01-81)

Pubtication Date: Jan. 1985

Presentation Note: Presented at BDI Ausschuss fuer Forsch.-
u. Wissenschaftspolitik, Bonn, 19 Oct. 1984

Language: German -

Country of Origin: Germany, Federal Republic of Country of
Publication: Germany, Federal Republic of

Document Type: CONFERENCE PAPER

Most documents available from AIAA Technical Library

Other Availability: NTIS HC AO4/MF AO1

Journal Announcement: STARBGO1

Space sciences and their possible utilization by industry
are presanted. The development  of astronautics and

applicatfons 1in observation techniques, communication, and
navigation are reviewed. Utilization of reduced gravitational
force effects: diffusion phenomena, crystal growth, production
process for metals and composite materials, biochemistry,
blotechnology, and blosciences are considered. (Author (ESA))

Source of Abstract/Subfile: ESA

Descriptors: *AEROSPACE INDUSTRY; +AEROSPACE SCIENCES;
*REDUCED GRAVITY; *SPACE COMMERCIALIZATION; *SPACE
INDUSTRIALIZATION; BIOCHEMISTRY; BIOTECHNOLOGY; COMMUNICATION
COMPOSITE MATERIALS:; CRYSTAL GROWTH; EARTH OBSERVATIONS (FROM
SPACE); SPACE NAVIGATION:; SPACE PROCESSING

Subject Classification: 7581 .Administration 8 Management
(1975-)

1414832 N86-10166

Development of materials processing systems for use tn space
on low-g simulation devices

ALDRICH, B. R.: WHITT, W. D.

National Aeronautics and Space Administration. Marshall
Space Flight Center, Huntsville, Ala.

Corp. Source Code: ND736801 .

In NASA, Washington ' Microgravity Sci. and Appl. Program p
191 (SEE N86-100%3 01-12)

Publ ication Date: May 1985

Language: English .

Country of Origin: United States Country of Publication:
United States

Document Type: REPORT

Most documents avaflable from AIAA Technical Library

Other Availability: NTIS HC A10/MF AO1

Journal Announcement: STARBG01

Adyanced . furnace systems are being developed for use {n
space. Systems are being tested for current experiment
applications and modified for future experiment requtrements.
Future projects are: (1) Ffabrication and testing of the
Advanced Automated Directional Sollidification Furnace (AADSF)
flight hardware; (2) development of a Heat Pipe Furnace (HPF)
for use {in space. Heat ptpes will be tested for space flight
quatlification in conjunction with the furnace development. The
HPF design will be based on the AADSF development and will be
of modular design including capabilities of operating with or
without heat pipes; and (3) the AADSF furnace will be modified
and tested to operate at temperatures up to 1700 C {n the
heated cavity. This will be accomplished by developing a new
hot end heating module and {nsulation package for the existing
AADSF. Refurbishment of the Drop Tower Furnace (DTF) {s under
way. The DTF can operate at temperatures up to 1700 C. The
sample size will be approximately 3/8 in. dia. x §/8 in. long.

Design " improvements for the General Purpose Rocket Furnace
(GPRF) for wuse iIn the Material Experiment Assembly (MEA) are
to be accomptlished. (F.M.R.)

Source of Abstract/Subfile: NASA STIF

Descriptors: *CAVITIES; *DROP TOWERS; *FURNACES: *HEAT PIPES

;: *MATERIALS HANDLING: ¢REDUCED GRAVITY; +SPACE MANUFACTURING

(cont. next page)
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Subject Classification: 7512 Astronautics--General (1975-)
COSATI Code: 22A .Astronautics

1414092 ABG- 10567

Will Columbus find enough users?

JAQUES, R.

Interavia (ISSN. 0020-5168), vol. 40, Sept. 1985, p. 986,
0987.

Pubtlication Date: Sep. 1985

Language: English

Country of Origin: Switzerland Country of Publication:
Switzerland :

Document Type: JOURNAL ARTICLE

Most documents avafilable from AIAA Technical lerary

Journal Announcement: IAAB601

Current plans for the ESA Columbus Space Station (SS)
co-orbiter are reviewed. A manned laboratory pressure module
s intended to be attached to the SS to share power and living
quarters. A Resource Module will be added 10 yr later and
permit autonomy {in co-orbit. The configuration would be
accompanfed by free-flying platforms, either co-orbtting or
polar-orbiting, and a service vehicle. Initiatives are under
way to generate commercial and scientific participation in the
Columbus project by providing access to low-g laboratories and
documentation, and by developing expert systems to assist
payload users, Matertfals science and pharmaceuticals
exper iments are receiving the greatest industrial attention at

present. It 1s not yet known whether the ownership of the SS.

will be tn the form of a condominium or a commune. (M.S.K.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: *EUROPEAN SPACE AGENCY; *INTERNATIONAL
RELATIONS; +ORBITAL WORKSHOPS; +*SPACE LABORATORIES; CRYSTAL
GROWTH:; ITALIAN SPACE PROGRAM; SPACE MANUFACTURING

Subject Classification: 7518 .Spacecraft Design, Testing &
Performance (1975-)

1411820 AB5-49438

Scientific foundations of space manufacturing (Book)

AVDUEVSKII, V. S.: GRISHIN, S. D.: LESKOV, L. V.: POLEZHAEV,
V. 1.; SAVICHEV, V. V.

(Nauchnye osnovy kosmicheskogo proizvodstva, . Moscow,
Izdatel’stvo Mir, 1984) Moscow, Mir Publishers, 1984, 176 p.
Translation.

Publication Date: 1984 79 Refs.

Language: English

Country of Origin: U.S.S.R. Country of Publication: U.S.S.R.

Document Type: BOOK; TRANSLATION

Most documents available from AIAA Technical Library

Journat Announcement: IAA8524

A review is gliven of Soviet efforts to develop platforms and .

techniques for materials processing in outer space.
Consideration s given to the physical conditions on board a
space-based matertals processing platform, including the flutd
mechanics of microgravity; dynamic weightlessness; and

BN *MICROGRAVITY APPLICATIONS;

transport phenomena. Thermodynamic and kinetic aspects of
phase transitions in microgravity are discussed, with emphasis
given to solidification and heat transfer: the distribution of
impurities; and the formatfon of structural defects In
materials (metals, semiconductors and glasses) which are
processed {in space. Techniques for modeling the reactions of
materials and material processes to microgravity are also
described based ‘on experimental data collected during the
Soyuz and Salyut missions. (1.H.)
Source of Abstract/Subfile: AIAA/TIS
Descriptors: *AEROSPACE SCIENCES; *LOW GRAVITY MANUFACTURING
*REDUCED GRAVITY; +*SPACE
FLUID MECHANICS; HEAT
MATHEMATICAL MODELS: PHASE

MANUFACTURING: *SPACE PLATFORMS ;

TRANSFER: MASS TRANSFER;

TRANSFORMATIONS: SOLIDIFICATION
Subject Classification: 7512 .Astronautics--General (1975-)

1407381 A85-47047

NASA approves fly-now, pay-later plans for orbiting
{ndustrtal facility

COVAULT, C.

Aviation Week and Space Technology (ISSN 0005-2175), vol.
123, Aug. 26, 1985, p. 16, 17.

Publication Date: Aug. 1985

Language: English .

Country of Origin: United States Country of Publication:
United States

Document Type: JOURNAL ARTICLE

Most documents avatlable from AIAA Technical Library

Journal Announcement: 1AAB522

In a continuing effort to foster the commercialization of
space, NASA has entered {Into an agreement with Space

Industries, Inc. to furnish that company with two STS launches

which will be paid for {in the form of 12 percent of the
revenues from the first five years of operation. The payload
will be a Shuttle-tended unmanned module for matertfals
processing. NASA also plans to benefit from access to the
module and dockting facility technologies which will be
developed by the commercial organization. This will avoid
in-house development costs for NASA. The first module will be
35 ft long and 14.5 ft wide and will cost from $250-500
million to develop. The initial launch {s scheduled for 1992.
Module power will be furnished by 100-ft long solar cell masts
rated at 12 kW. The orbit will be selected to allow operations
in concert with the Space Station orbit, thereby facilitating
Orbiter visits. (M.S.K.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: *NASA PROGRAMS: #SPACE INDUSTRIALIZATION;
*SPACE PROCESSING; *SPACE SHUTTLE PAYLDADS: SPACE
COMMERCIALIZATION; SPACECRAFT DESIGN; SPACECRAFT MODULES

Subject Classification: 7518 .Spacecraft Design, Testing &
Performance (1975-)
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1407373 A85-47039

The issue is leadership (Space Station program)

BEGGS, J. M. (NASA, Washington, DC)

National Aeronautics and Space Administration, Washington,
0. C.

Corp. Source Code: NC452981%

Aerogpace America (I1SSN 0740-722X), vel. 23, Sept. 1885, p.
44-47.

Publication Date: Sep. 1985

Language: English

Country of Origin: Untted States Country of Publication:
Untted States

Document Type: JOURNAL ARTICLE

Most documents available from AIAA Technical lerary

Journal Announcement: 1AA8522

Four NASA Phase B centers (NASA-Johnson, NASA-Marshall,
NASA -Goddard, and NASA-Lewis) are responsible for
construction, assembly, servicing. habitat, and other
particular tasks and functions of the Space Statton. The
project has been joined by the aerospace programs of Canada,
Japan, and the European Space Agency, ensuring technotogical
and financial support, and cooperative use by the
participants. Some of the future uses of the Space Station
include biomedical research and applications; experiments in
solar-terrestrial physics and astrononmy; buiiding,

maintenance, and launching of space instruments and planetary

missions; manufacturing and processing of materfals that call
for the conditions of microgravity and weightlessness;
supporting communication operations; and improving earth and
atmospheric observations. The political significance of the
Space Station as a symbol:- of leadership and of friendly
cooperation is noted. (1.S.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: *NASA PROGRAMS; *ORBITAL SPACE STATIONS: *SPACE
STATIONS; COST ANALYSIS; SPACE LABORATORIES: SPACE MAINTENANCE
; SPACE MANUFACTURING

Subject Classification: 7512 .Astronautics--General (1975-)

1398963 N85-29979

International space research
commerci{alization for German {ndustry

JORDAN, H. L. .

National Aeronautics and Space Administration, Washington,
0. C.

Corp. Source Code: NC452981

perspectives of

Publication Date: Jul. 1985 3tpP.
Translation Note: Transt. into ENGLISH of
""Weltraumforschung - perspektiven der kommerziellen nutzung

fur die deutsche Iindustrie’’ Linder Hoehe, West Germany, 19
Oct. 1984 16 p

Publication Note: Trans!. by Scientific Translation Service,
Santa Barbara, Calif. Original document prepared by DFVLR,
L inder Hoeh, West Germany

Presentation Note: Presented at Meeting of the Comm. for the
Polttics of Res. and Sci., Bonn, 19 Oct. 1984

Report No.: NASA-TM-77657; NAS 1.15:77657

Contract No.: NASW-4004

Language: English

Country of Origin: Germany. Federal Republic of Country of
Publication: United States

Document Type: REPORT; CONFERENCE PAPER: TRANSLATION

Most documents available from AlIAA Technical Library

Gther Availability: NTIS HC AQ3/MF AOQHY

Journal Announcement: STAR8519

A brief overview of space flight activities is presented.
West German contributions to satellite mapping, communication
satellites, navigation, Spacelab,. diffusion under
weightlessness, crystal growth in space, meta) bonding, and
biochemistry are described. The future of the research in the
space station is analyzed. (B.W.)

Source of Abstract/Subfile: NASA STIF

Descriptors: *COMMUNICATION SATELLITES: *DIFFUSION; +SPACE
COMMERCIALIZATION; «SPACE MANUFACTURING: +SPACE STATIONS;
+SPACELAB; *WEST GERMANY; BIOCHEMISTRY; CRYSTAL GROWTH;
SATELLITE IMAGERY

Subject Classification: 7512 .Astronautics--General (1975-)

COSATI Code: 22A .Astronautics

1396072 AB5-39930

Commercialization of a Space Station

SHESKIN, T. U. (Cleveland State University, Cleveland, OH)

American Society of Mechanical Engineers, Winter Annual
Meeting, New Orleans, LA, Dec. 9-14, 1984. S p.

Publication Date: Dec. 1984 10 Refs.

Report No.: ASME PAPER B4-WA/TS-3

Language: English

Country of Origin: United States Country of Publication:
United States

Document Type: PREPRINT

Most documents avaitable from AIAA Technical Library

Journal Announcement: [AA8S518

A Space Station will create new opportunities for commerctal
investment. This paper explores two of the most promising
areas: materials processing {n space, and the servicing and
faunching of communications satellites. Risks to commercial
investors are {dentified. Recommendations are offered for
providing incentives to private sector companies to invest {in
a Space Station. (Author)

Source of Abstract/Subfile: AlAA/TIS

Descriptors: +*0ORBITAL SERVICING; +ORBITAL SPACE STATIONS;
*SPACE COMMERCIALIZATION; +SPACE PROCESSING; COMMUNICATION
SATELLITES; MARKET RESEARCH; MATERIALS SCIENCE: ORBITAL
LAUNCHING: RISK: WEIGHTLESSNESS

Subject Classification: 7512 .Astronautics--General (1975-)

1386936 A85-34538
Commercial use of space - The space business era
GRIFFIN, G. D. (NASA, Johnson Space Center, Houston, TX)
National Aeronautfics and Space Admintstration. Lyndon B.
(cont. next page)
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Johnson Space Center, Houston, Tex.

Corp. Source Code: NDOS52615

(U.S. Space Technology Conference and Exhibition, Zurich,
Switzerland, June 19-21, 1984) Space Solar Power Review (ISSN
0194-9067). vol. §, no. 1, 1985, p. 77-82.

Pubtication Date: 1985

Languaga: English

Country of Origin:
United States

Document lype: JOURNAL ARTICLE; CONFERENCE PAPER

Most documents available from AIAA Technical Library

Journal Announcement: 1AAB8515

Progress and avenues being explored by NASA to hasten the
commerclialization of space are described. A task force has
recommended that the effort begin at once, that bureaucratic
barriers to commercial space activities be removed, and that a
partnership between government and I{ndustry be serfiously
explored. The government role {s to establish 1inks with
private industry, 1invest {in high-leverage technologies and
space facitities which will be attractive to commercial
ventures, and contribute to commerctal enterprises where risks
are high and significant economic benefits can be foreseen.
The government/industry relationship can be legally evinced by
MOUs., joint endeavor agreements, technical exchange agreements
and iIndustrial guest investigator arrangements. The Space
Station
and work in space. It {8 expected that international
participation tn Space Station development and utilization
will accelerate the space business era. (M.S.K.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: +AEROSPACE INDUSTRY; +COMMERCIAL SPACECRAFT;
+SPACE COMMERCIALIZATION; +SPACE MANUFACTURING; CATALYSTS;
CRYSTAL GROWTH; EUROPEAN SPACE AGENCY; GRAPHITE; INTERNATIONAL
COOPERATION; NASA PROGRAMS; SPACE INDUSTRIALIZATION; SPACE
PLATFORMS: SPACE TRANSPORTATION SYSTEM; SPACELAB; THIN FILMS

Subject Classification: 7512 .Astronautics--General (1975-)

Untited States Country of Publication:

13866 14 AB5-34216

An astronaut’s Jook at commercial space opportunities

COLLINS, M,

Commercial
24-26.

Publication Date: 1985

Language: English

Country of Origin:
United States

Document Type: JOURNAL ARTICLE

Most documents available from AIAA Technical Library

Journal Announcement: IAABS51S

The commarcial opportunities provided by space are related
to the unique qualities of the space environment. These
qualitine: are discussed, taking into account weightlessness, a
practically  perfect vacuum, the great differences between hot
and  cold, the continuous supply of solar energy, the charged
particiez, good visibility, absence of noise, the practically
infinite ize of space, and the high costs of gaining access

Space (1SSN B756-4831), vol. {, Spring 1985, p.

United States Country of Publication:

‘risks

is the first step In that it allows Americans to live.

" United States

~to launch commercial

to {t. These qualities make possible the production of very
precise spheres for calibration purposes, and the manufacture
of ultra-pure glass and other materials. The production of
rare pharmaceuticals {in space {8 1ikely to have an early
payoff, while the production of gallium-arsenide crystals for
electronic devices is also very promising. However, the great
involved {in space ventures together with long payback
times and the required large investments exert a retarding
influence on space commercialization. Attention is given to
the role of the government {n space and opportunities provided
by the Space Station. (G.R.)

Source of Abstract/Subfite: AlAA/TIS

Descriptors: +GOVERNMENT/INDUSTRY RELATIONS:; *ORBITAL SPACE
STATIONS; *SPACE COMMERCIALIZATION; +SPACE MANUFACTURING:
*SPACE PROCESSING; *TECHNODLOGICAL FORECASTING; CRYSTAL GROWTH
GALLIUM ARSENIDES: NASA PROGRAMS:; PRODUCTION ENGINEERING;
SPACEBORNE EXPERIMENTS; VACUUM EFFECTS; WEIGHTLESSNESS

Subject Classification: 7512 .Astronautics--Genera) (1975-)

1386613  A85-34215

Investors balance enthusiasm for new market against risk
potential

SHIFRIN, C. A.

Commercial Space (ISSN 8756-4831), vol. {1, Spring 1985, p.
19-21.

Pubtication Date: 1985
tanguage: English
Country of Origin: United States Country of Publication:

Document Type: JOURNAL ARTICLE

Most documents available from AIAA Technical Library

Journal Announcement: IAAB8515

Although the IiInterest {In commercial space projects Iis
increasing, the investment community shows caution and
hesitancy regarding a commitment to such projects. The caution
is a result of the particular sftuation which exists with
respect to space-related commercial projects. They require
generally a- large amount of capital, the potential return on
investment may be years off, and the risks, compared with
other potential {investments, appear greater. There are,
however, a number of entrepreneurial companies which are
finding capital for commercial space projects. One s
developing Space Shuttle upper stages and vehicles to be used
satellites, while another is concerned
with the growing of crystals tn space. A third company {8
developing a free-flying man-tended laboratory ptatform to be
uged for matertals processing and other activities. Attention
is also given to a number of Fortune 500 companies which are
getting involved in commercial space projects. (G.R.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: *CRYSTAL GROWTH: *INVESTMENTS; *MARKET RESEARCH

B *RISK: «SPACE COMMERCIALIZATION; *+SPACE PROCESSING:
FINANCIAL MANAGEMENT ; MATERIALS SCIENCE: ORBIT TRANSFER
ORBITAL LAUNCHING; PROUECT PLANNING: RESEARCH

VEHICLES:
. (cont. next page)
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{1975-)

1386612 ARS5-34214

Evolving government policy eases way for space ventures

COVAULT, C. . )

Commercial Space (ISSN 8756-483%1), vol. 1, Spring 1985, p.
14-18.

Publication Date: 1985

Language: English ' :

Country of Origin: United States Country of Publication:
United States

Document Type: JOURNAL ARTICLE

Most documents avallable from AIAA Technical Library

Journal Announcement: [AABS51S

It Is pointed out that the formation of a commercial space
policy at both the White House and NASA has {introduced greater
predictabliiity {into corporate planning for space ventures. As
a consequence of this development, new groups have begun to
show {interest 1In commercial space endeavors. These groups
tnclude a broader cross section of finance and Jlending
institutions, state and 1local governments i{nterested 1in
stimulating space business {n their geographical areas, and
more companies with i{nnovative {deas. According to a new
analysis, gross annual revenues for all commercial space
endeavors should total between $44.5 billifon and $53 billion
by the year 2000. The key areas of NASA policy finterest for
the next two years are related to centers for commercial

development, technology utilization, new NASA facilities,

1imited seed funding, and expanded agreements. (G.R.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: +GOVERNMENT/INDUSTRY RELATIONS; +NASA PROGRAMS
+POLICIES: +SPACE COMMERCIALIZATION; *TECHNOLOGY UTILIZATION;
COST INCENTIVES: CRYSTAL GROWTH: ORBITAL SPACE STATIONS: SPACE
PROCESSING: SPACE SHUTTLE ORBITERS:; SPACEBORNE EXPERIMENTS

Subject Ctassification: 7512 .Astronautics--General (1975-)

1372619 N85- 18993

Commerce tab: Mission analysis and payload integration study

Interim Progress Report

Wyle Labs., Inc., Huntsville, Atla.

Corp. Source Code: W9307657

Publication Date: Dec. 1984 87P.

Report No.: NASA-CR-174381; NAS 1.26:174381

Contract No.: NAS8-36109

Language: Engl ish

Country of Origin: United States Country of Publication:
United States

Document Type: REPORT

Most documents available from AIAA Technical Library

Other Availability: NTIS HC AOS/MF AO9

Journal Announcement: STAR8510

Concelved as one or more arrays of carriers which would fly

aboard space shuttle, ‘Commerce Lab can provide a point of
focus for implement ing a series of shuttle flights,
co-sponsored by NASA and U.S. domestic concerns, for
performing materials processing in research and pre-commercial
investigations. As an orbfting facility for testing,
developing, and implementing hardware and procedures, Commerce
Lab can enhance space station development and hasten space
platform production capability. Tasks considered include: (1)
synthesis of user requirements and fdentification of common
element and voids; (2) definition of performance and
infrastructure requirement and alternative approaches; and (3)
carrier, mission model, and Infrastructure development. (
A.R.H.)
. Source of Abstract/Subfile: NASA STIF

Descriptors: *REDUCED GRAVITY; #SPACE COMMERCIALIZATION:
*SPACE LABORATORIES: *SPACE PROCESSING; *SPACE. SHUTTLE
PAVLOADS; +USER REQUIREMENTS: GOVERNMENT/INDUSTRY RELATIONS;
INTERFACES; MISSION PLANNING; PAYLOAD INTEGRATION PLAN;
SPACEBORNE EXPERIMENTS; TRADEOFFS )

Subject Classification: 7512 .Astronautics--General (1975-)

COSATI Code: 22A .Astronautics

1363400 A85-20512

Astrobusiness: A guide to the commerce and law of outer
space (Book)

"FINCH, E. R., JR. (Finch and Schaefler, New York, NY);
MOORE, A. L.

New York, Praeger, 1985, 157 p.

Publ ication Date: 1985 89 Refs.

Language: English

Country of Origin: United States Country of Publication:
United States

Document Type: BOOK

Journal Announcement: IAABSO7

This book documents the commercialization of outer space by
the incredible growth of space-related opportunities for the
private sector. The commercial uses of space are related to
communicattons, remote sensing, space manufacturing, and
anergy. Possibilities of a manufacture in space are considered
for pharmaceuticals, electronics, glass, and metallurgy.
Structures for space discussed I{include Spacelab, space
platforms, the Space Station, and space structures i{n
geostationary orbit, a high orbit between the earth and the
moon, and on the moon itself. Attention ts also given to space
transportation services, space risks and liabilities,
questions regarding the financing of business in space, the
national space law, international space law, and the
mititartzation of space. An outlook 1s provided regarding
future commercial space business opportunities. (G.R.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: *COMMERCIAL SPACECRAFT; ¢SPACE COMMERCIALIZATI-
ON; +*SPACE INDUSTRIALIZATION; +SPACE LAW; COMMUNICATION
SATELLITES: EARTH OBSERVATIONS (FROM SPACE); FINANCIAL
MANAGEMENT; GOVERNMENT/INDUSTRY RELATIONS; LEGAL LIABILITY:

(cont. next page)
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MILITARY SPACECRAFT; ORBITAL SPACE STATIONS;
MANUFACTURING; SPACE PLATFORMS; SPACE TRANSPORTATION
Subject Classification: 7512 .Astronautics--General (1975-)

1357647 A76-46105
Economy of in-orbit manufacturing and processing
GREGER, G. (Bundesminister ium fuer Forschung und
Technologie, Bonn, West Germany)
International Astronauticat

Federation, International

Astronautical Congress, 27th, Anaheim, Calif., Oct. 10-16,
1976, 12 p.
Publication Date: Oct. 1976 7 Refs.

Report No.: IAF PAPER A-76-25

Language: English .

Country of Origin: Germany, Federal Republic of Country of
Publication: International Organization

Document Type: CONFERENCE PAPER

Most documents available from AIAA Technical Library

Journal Announcement: 1AA7623 :

Manned orbital systems will, for the first time, enable
technological basic research to be carried out which allows
tong- term development under space conditions. But space
technotogy will not be able to avail {tself of this

opportuntty of making an fmportant contribution to increasing
industrial efficiency and competitiveness unless a convincing
breakthrough can be made towards greater economy of space

flight operations. The present paper discusses selected
examples of materials research and process engineering which
show such approaches. Furthermore, it reports on

considerations made and measures envisaged by the German space
program to estabtlish the necessary prerequisites for
economical operation. ((Author))

Descriptors: ¢ECONOMIC FACTORS: *METALLURGY; *MICROELECTRON-
ICS: *SPACE MANUFACTURING: EUROPEAN SPACE PROGRAMS; NETWORK
SYNTHESIS: PAYLOADS:; TECHNOLOGICAL FORECASTING; TURBINE BLADES

Subject Ciassification: 7512 .Astronautics--General (1975-)

1343911 A76-32369 .

An  orbital
structural materials

NAGATOMO, M. (Tokyo, University, Tokyo, Japan); KANZAWA, A.
(Tokyo Institute of Technology, Tokyo, Japan)

in: International Sympostum on Space Technology and Science,

11th, Tokyo., Japan, dJune 30-July 4, 1975, Proceedings.
(A76-32301 15-12) Tokyo, AGNE Publishing, Inc., 1975, p.
501-506.

Publication Date:
Language: English
Country of Origin: Japan Country of Publication: Japan
Document Type: COMFERENCE PAPER

Journal Announcement: [AA761S

1975

The large payload capability of the launch system 1ike Space

Shuttle will make {1t possible, not only to carry great amount
of consumables and structural materials for the use in orbit,

SPACE

chemical plant for production of propellant and

necessaries in space. Such a facility in orbit {s advantageous

from two points. The first one Is that the massive materials
can be carrfed in the most suitable form as the cargo of the
launch vehicle, and the second {s that solar energy is
available on the earth orbit as energy source for materiats
processing. In the present paper, concept of a chemical plant
is shown which produces propellant for orbital rocket vehicle
and structural materials for constructing space stations. The

chemical process discussed here {s thermal dissociation of
hydrocarbon into hydrogen and carbon black in a solar energy
furnace. The orbital chemical plant consists of the furnace

with accessories, a hydrogen )iquefier and a carbon material
processing facility. ((Author))

Descriptors: *CHEMICAL ENGINEERING; *CONSTRUCTION MATERIALS
*HYDROCARBON FUEL PRODUCTION; +ORBITAL WORKSHOPS; =*=SPACE
MANUFACTURING; METHANE;: ORBITAL ASSEMBLY: PYROLYSIS; SPACE
SHUTTLES; SPACECRAFT MODULES

Subject Classification: 7512 .Astronautics--General (1975-)

1343898 A76-32356
Space processing - Status, prospects and problems: 1875
STEG, L.: MCCREIGHT, L. R. (GE Space Sciences Laboratory,
Philadelphia, Pa.) .
In: International Symposium on Space Technology and Science,

11th, Tokyo, dJapan. June 30-July 4, 1975, Proceedings,
(A76-32301 15-12) Tokyo, AGNE Publishing. Inc., 1975, p.
409-415.

Publication Date: 1975 22 Refs.

Language: Eng)ish

Country of Origin:
Japan
- Document Type: CONFERENCE PAPER

Journal Announcement: I1AA7615

In the past decade, several i{ideas have been advanced for
uttlizing the prolonged tow gravity available on spacecraft to
process materials for use on earth. The validity of a few of
them have been demonstrated on the Apollo flights and on

United States Country of Publication:

Skylab. In particular, some crystals grown by solidification
technigues on Skylab have provided indications that the
predicted improvements {n parfection can be gained under -
minimal gravity tnduced convection and sedimentation

conditions. The far greater capabilities of the space shuttle
for extending the range and quantities of experiments are now
being awaited. In the {nterim, the Apollo Soyuz Test Project,
sounding rocket flights to provide a few minutes of
microgravity experimental time and numerous ground-based
experiments and studies are being performed or pltanned. These
are briefly reviewed in this paper. ((Author))

Descriptors: *LOW GRAVITY MANUFACTURING; *MATERIALS SCIENCE

*SPACE MANUFACTURING; *TECHNOLOGY ASSESSMENT; AEROSPACE
SCIENCES: APOLLO sovuz TEST PROJECT; CRYSTAL GROWTH;
EXPERIMENT DESIGN; REDUCED GRAVITY; SOUNDING ROCKETS;

TECHNOLOGICAL FORECASTING
Subject Classification: 7512 .Astronautics--General (1975-)

but also to construct a plant or a factory to produce such
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1344190 HN35-14438
Bioprocessing in space
BONTING, 5. L.
Nijmegen Univ. (Netheriands). Dept. of Biochemistry.
Corp. Source Code: N1473382

In ESA Life Sci. Res. in Space p 75-78 (SEE NBS-14425 05-51)

Pubtlication Date: Aug. 1984

Language: English

Country of Origin: Norway Country of Publication:
International Organization ’

Document Type: CONFERENCE PAPER

Most documents avallable from AIAA Technical Library

Other Avatlability: NTIS HC At4/MF AQ1Y

Journal Announcement: STARBS0S

The technicat, biological, and financial aspects of
bioprocessing medical products {in spsce using continuous
free-flow electrophoresis (CFE) are discussed. Specifications
for a CFE apparatus are suggested. Candidate materials, e.g..
erythropoietin for anemia and pancreas beta cells for
diabetes., are Visted. (Author (ESA))

Source. of Abstract/Subfile: ESA

Descriptors: +BIOPROCESSING; *BIOSYNTHESIS; +ELECTROPHORESIS

: +PHARMACOLOGY ; *SPACE PROCESSING; ECONOMIC FACTORS;
FUNCTIONAL DESIGN SPECIFICATIONS: SPACE MANUFACTURING
Subject Classification: 7551 .Life Sciences--General (1975-)

1335300 A85-13142

Activities in Germany for the commercialization of space

KLEBER, P. (Deutsche Forschungs- und Versuchsanstalt fuer
Luft- und Raumfahrt, Cologne, West Germany)

International Astronautical Federation, International
Astronautical Congress, . 35th, Lausanne, Switzerland, Oct.
7-13, 1984. 7 p.

Publication Date: Oct. 1984

Report No.: IAF PAPER 84-222

Language: English

Country of. Ortgin: Germany, Federal Republic of Country of
Publication: International Organizatfon

Document Type: PREPRINT

Most documents available from AIAA Technlcai Library

Journal Announcement: 1AA8503

The benefits space has to offer to industrial concerns are
discussed with an eye to methods of arousing greater
industrial participation. Future technological development
hinges on exploitation of the microgravity environment,
particularly the free fall produced by blancing the spacecraft
velocity against the centripetal force. Preliminary
experimentation growing single crystals, studying diffusion in
materials, the growth of 1iving, cells, etc., must be expanded
upon by inducing fur ther triats by more i{industrial
investigators. Interest can be heightened through media
advertizing, direct mailing, personal contact, and exhibits at
fndustrial fairs. Industrial {nterest is most likely in the
ftelds of metallic materials, electronics, chemistry,
pharmaceuticals, and basic research. The promotions should be
targeted at ratsing executive-level awareness of the

posstbtlities space offers. (M.S5.K.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: +*REDUCED GRAVITY; *SPACE COMMERCIALIZATION;
«SPACE INDUSTRIALIZATION; *SPACE MANUFACTURING; *SPACE
PROCESSING; CHEMISTRY; ELECTRONICS:; LOW GRAVITY MANUFACTURING
MATERIALS SCIENCE; PHARMACOLOGY; WEST GERMANY

Subject Classification: 7512 .Astronautics--General (1975-)

1335297 AB5-13139

NASA’s approach to the commercial use of space

GILLAM, I. T., IV (NASA, Washington, DC)

National Aeronautics and Space Administration, Washington,
D. C.

Corp. Source Code: NC452981%

International Astronautical Federatton, International
Astronautical Congress, 35th, Lausanne, Switzerland, Oct.
7-13, 1984. 6 p.

Publication Date: Oct. 1984

Report No.: IAF PAPER B4-217

tanguage: English

Country of Origin: United States Country of Publication:
International! Organfization

Document Type: PREPRINT

Most documents available from AlAA Technlcal Library

Journal Announcement: 1AA8503

NASA planning activities in the area of commercial
development of space resources are reviewed. Examples of
specific types of commercial space ventures are glven,
according to three dtfferent categories: new commercial
high- technotogy ventures; new commercial application of
existing space technology, and commercial ventures resulting
from the transfer of existing space programs to the private
sector. Basic objectives for reducing technical, financial and
tnstitutional risks for commerctal space operations are
considered. Attention 1{is given to the cooperative working
environment encouraged by Joint Endeavor Agreements (JEAs) and
Technical Exchange Agreements (TEAs) between industrial
organizations in the development of space systems. Benefits of
the commercial. developnient of space resources include the
production of purer pharmaceuticals for the treatment of
cancers, kidney diseases, and diabetes; and the development of
ultra-pure semiconductor crystals for use in next generation
electronic equipment. (I.H.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: +*AEROSPACE INDUSTRY; *GOVERNMENT/ INDUSTRY
RELATIONS; +NASA PROGRAMS; +SPACE COMMERCIALIZATION; #*SPACE
INDUSTRIALIZATION; COMMERCIAL SPACECRAFT; ECONOMIC FACTORS;
RISK

Subject Classification: 7512 .Astronautics--General (1975-)
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1331519 N85- 11055
Opportunities for commercial organizations
Abstract Only
VARDAMAN, W. K.; ATKINS, H.;
National Aeronautics and Space Administration.
Space Flight Center., Huntsville, Ala.
Corp. Source Code: ND736801
In {its 2nd Symp. on Space
N85-11011 02-12)
Publication Date: Oct. 1984
Language: English
Country of Origin:
Untted States
Document Type: CONFERENCE PAPER
Most documents available from AIAA Technical Library
Other Avaitabiltty: NTIS HC A19/MF AOt ‘

TAYLOR, K. R.
Marshall

Industrialization p 369 (SEE

United States Country of Publication:

Journal Announcement: STAR8502
The possible applications of technology of materials
processing {n low gravity s discussed. A spectal office

established by NASA to famil{ar{ze commercial organfzations
with materials processing in low gravity Is described. This
office provides {Information on present research and will, {f
requested, hold a seminar to present the technotogical and
business aspects of joint investigations and joint endeavors
to interested organizations. Arrangements can be made for
visits to Jaboratories where ground based research i1s in
progress. (M.A.C.)

Source of Abstract/Subfile: NASA STIF

Descriptors: + INFORMATION DISSEMINATION;
COMMERCIALIZATION; *SPACE PROCESSING; *TECHNOLOGY ASSESSMENT;
+TECHNOLOGY TRANSFER; EXPERIMENT DESIGN; GOVERNMENT/INDUSTRY
RELATIONS; INDUSTRIES; PROJECT MANAGEMENT; REDUCED GRAVITY
: 5ubject Classification: 7581 . Administration & Management

1975-

COSATI Code: SA

*SPACE

.Administration & Management

1331518 NB8S- 11054

Advances in electrophoretic separations

Abstract Only

SNYDER, R. S.: RHODES, P. H.

National ‘Aeronautics and Space Admintistration.
Space Flight Center, Huntsville, Ala.

Corp. Source Code: ND736801

In its 2nd Symp. on Space
N85-11011 02-12)

Publication Date: Oct. 1984

Language: English

Country of Origin:
United States

Document Type: CONFERENCE PAPER

Most documents available from AIAA Technical Library

Other Availabtitty: NTIS HC A19/MF AO1

Journal Announcement: STAR8502

Free fluid electrophoresis is described using laboratory and
space exper iments comb 1ned with extensive mathematical
model ing. Buoyancy driven convective flows due to thermal and

Marshall

Industriatization p 368 (SEE

United States Country of Publication:

concentration gradients are absent 1in the reduced gravity
environment of space. The elimination of convection in
wetghtlessness offers possible improvements tn electrophoresis
and other separation methods which occur in fluid media. The
mathematical model ing suggests new ways of doing
alectrophoresis - in space and explains various phenomena
observed during past experiments. The extent to which ground
based separation techniques are timited by gravity tinduced
convection {s investigated and space experiments are designed
to evaluate specific characteristics of the fluid/particle
environment. A series of experiments are proposed that require
weightlessness and apparatus is developed that can be used to
carry out these experiments tn the near future. (M.A.C.)

Source of Abstract/Subfile: NASA STIF

Descriptors: *ELECTROPHORESIS; *EXPERIMENT DESIGN:
*MATHEMATICAL MODELS;: +SPACE COMMERCIALIZATION; #*TECHNOLOGY
ASSESSMENT ; FLUID DYNAMICS ; FLUID FLOW: TECHNOLOGICAL
FORECASTING; WEIGHTLESSNESS

Subject Classtficattion: 7525
(1975-)

COSAT! Code:

.Inorganic & Physical Chemistry

70 .Physical Chemistry

1331482 N85-11018

Opportunities for space bioprocessing

BIER, M.

Arizona Univ., Tucson, Biophysics Technology Lab.

Corp. Source Code AX852975

In NASA. Marshall Space Flight Center 2nd Symp. on Space
Industrialization p 60-64 (SEE N8S5-11011 02-12)

Publication Date: Oct. 1984

Language: Engtish

Country of Origin: United States Country of Publ!ca&'on:

United States

Document Type: CONFERENCE PAPER

Most documents available from AIAA Technical Ltbrary

Other Availability:. NTIS HC A19/MF AO1

Journal Announcement: STAR8502

The need for improved purification technologies, the role of
electrophoresis, and isoelectric focusing are discussed in the
context of space bioprocessing. (R.S.F.)

Source of Abstract/Subfite: NASA STIF

Descriptors: *BIOPROCESSING; *BIOTECHNOLOGY; *ELECTROPHORES-
IS; +*PURIFICATION; +SPACE PROCESSING; GENETIC ENGINEERING: PH
FACTOR; REDUCED GRAVITY; SPACE COMMERCIALIZATION; SPACE
TRANSPORTATION SYSTEM 11 FLIGHT

Subject Classification: 7512 .Astronautics--General (1975-)

COSATI Code: 22A .Astronautics

1331478 NB85-11014

Ftnanctal {ssues for commercial space ventures: Paying for
the dreams

EGAN, J. J.

Coopers and Lybrand, Washington, D.C.
(cont. next page)
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Country of
United States

Document Type: CONFERENCE PAPER

Most documents available from AIAA Technical Library

Other Ayailability: NTIS HC A19/MF AO1

Journal Announcement: STAR8502

Various financial fissues {nvolved In commercial space
enterprise are discussed. Particular emphasis is placed on the
materials processing area: the current state of business plan
and financial developments, what is needed for enhanced
probabil ity of success of future materials development efforts
in attracting financtial backing, and finally, the risks
tnvolved in this entire business area. (R.S5.F.)

Source of Abstract/Subfile: NASA STIF

Descriptors: +FINANCE; +MARKETING: *SPACE COMMERCIALIZATION
*SPACE PROCESSING; INVESTMENTS; LIFE CYCLE COSTS; RISK

Subject Classtfication: 7583 _.Economics & Cost Analysis
(1975-)

COSATI Code: 5C

Origin: United States Country of Publication:

.Economics

1331475 N85-110t1 N
Second Symposium on Space Industrialization
commercialization)
JERNIGAN, C. M., ed.
National Aeronautics and Space Administration.
Space Flight Center, Huntsville, Ala.
Corp. Source Code: ND736801
Publfcation Date: Oct. 1984

( space

Marshall

427P.

Pubtication Note: Sponsored {1n cooperation with AIAA and
Alabama Univ. .

Presentation Note: Symp. held i{in Huntsville, Ala., 13-1S5
Feb. 1984

Report No.: NASA-CP-2313; M-464; NAS 1. 55 2313

Language: Engl!sh

Country of
United States

Document Type: COLLOQUIA

Most documents avatlable from AIAA Technical Library

Other Availability: NTIS HC A19/MF AOf

Journal Announcement: STARB8502

The policy. legal, and economic aspects of space
industrialization are considered along with satellite
communications, material processing, remote sensing, and the
role of space carriers and a space station in space
fndustrialization. For individual titles see N85-11012
through N85-11057.

Descriptors:

Origin: United States Country of Publication:

‘may be mounted iIn

SPACE SHUTTLE PAYLOADS; SPACECRAFT MAINTENANCE:
ASSESSMENT; TECHNOLOGY UTILIZATION

Subject Classification: 7512 .Astronautics--General (1975-)
COSATI Code: 22A .Astronautics

TECHNOLOGY

1328769  AB4-49146
Leasecraft - A commercial space platform

BURROWBRIDGE, D. R. (Fairchild Space Co., Germantown, MD)
IN: Satellite land remote sensing advancements for the
eighties; Proceedings of the Eighth Pecora Symposium, Sioux

Falls, SD, October 4-7, 1983 (A84-49131 24-43).
SD, Augustana College, 1984, p. 228-243.
Publication Date: 1984
Language: English
Country of Origin:
United States
Document Type: CONFERENCE PAPER
Most documents available from AIAA Technical Library
Journal Announcement: [AAB424
The Multimission Modular Spacecraft (MMS) is the result of a

Sioux Falls,

United States Country of Publication:

NASA program concerned with the {dentification of new
approaches to spacecraft design. A mandatory requirement
regarding the MMS was flexibtlity to accommodatae a wide

variety of payloads. MMS derived subsystems will provide a
platform in low orbit for scientific, commerctal, and
government users on a leased or service contract basis. The
payload may consist of scientific i{nstruments, materials
processing equipment, or remote sensors. Secondary payloads
standard MMS module boxes. The platform
forms a part of the ‘Leasecraft’ system, which was developed
by an American aerospace company. Attention is given to the
Leasecraft vehicle, details regarding the Leasecraft platform,.

and payload accommodations and Leasecraft mtssions. (G.R.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: #*COMMERCIAL SPACECRAFT; ¢LEASING; *MULTIMISSION
MODULAR SPACECRAFT; *PAYLOADS; +*SPACE COMMERCIALIZATION;
*SPACE PLATFORMS; ATTITUDE CONTROL: EARTH ORBITS; NASA
PROGRAMS; REMOTE SENSORS; SOLAR MAXIMUM MISSION

Subject Classification: 7515 .Launch Vehicles & Space

Vehicles (1975-)

1320848 AB4-41224

Materials processing tn space - Plenty of prophets but what
about profits?

BULLOCH, C.

39, July 1984, p. 679-683.

dPoimos

*BIOPROCESSING; *COMMUNICATION; +«CONFERENCES: Interavia (ISSN 0020-5168), vol.
+ECONOMIC FACTORS: +*GOVERNMENT/INDUSTRY RELATIONS:; +LAUNCH Publication Date: Jul. 1984
VEHICLES: +*LAW (JURISPRUDENCE): *POLICIES; *REDUCED GRAVITY; Language: English
*REMOTE SENSING: *SPACE COMMERCIALIZATION; *SPACE (cont. next page)
INDUSTRIALIZATION; *SPACE PROCESSING: *SPACE STATIONS;
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Country of Ortgin: Switzerland Country of Publication:
Switzerland )

Document Type: JOURNAL ARTICLE

Most documents avallable from AIAA Technical lerary

Journal Announcement: TAA8420

The economics of space processing, the benefits of
manufacturing In space and the technologies most likely to
succeed {in terms of ylelding commercially viable products are
surveyed. One estimate indicated that space-processed
substances must be worth $10,000-100,000/1b to turn a profit
on earth. Space offers. high vacuum, 1low gravity, and an
infintte 'heat-sink’ for experiments and manufacturing. Melt,
solution and float zone growth of semiconductor crystals is
being examined. Turbine blades could be flown to space,
remelted to {introduce reinforcing composite whiskers and
resol idified for return to earth. Electrophotoretically
separated biological materials have been $-7 times as pure {f
produced in space instead of on earth, and may lead to
manufacturing Beta cells, pituitary cells, wurokinase and
interferon. Chief {impediments to rapid progress in space
commercialization could be the present tax structure, which
inhibits high-rtsk ventures, and industrial ignorance of space
manufacturing capabilities. (M.S.K.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: *LOW GRAVITY MANUFACTURING; *SPACE
MANUFACTURING: +SPACE PROCESSING: COST EFFECTIVENESS:; CRYSTALS
H DRUGS ; MATERIALS RECOVERY; METALLURGY; RESEARCH AND
DEVELOPMENT; SPACE INDUSTRIALIZATION; WEIGHTLESSNESS

Subject Classification: 7512 .Astronautics--General (1975-)

1318687 A84-39063

Overview of the industrialization of space .

PAROOE , G. K. €. (General Technology Systems, Ltd.,
Brentford, Middx., England) ’

(Royal Jnc|ety. Meeting on the Industrialization of Space,
tondon, Engtand, Oec. 7, 8, 1983) Earth-Oriented Applications
of Space Techihology (ISSN 0277-4488), vol. 4, no. 2, 1984, p.
65-76.

Pubtication Date: 1984

Language: English

Country of Orfigin: Unfted Kingdom Country of Publication:
United Kingdom

Document Type: JOURNAL ARTICLE; CONFERENCE PAPER

Most documents avatlable from AIAA Technical Library

Journal Announcement: 1AA8418

The present status of space tndustrialization is reviewed
with attention given to the role played by satellites in
education, mobile communications on land, navigation, earth
observations and meteorology. Space transportation for the
injection of satellites {into orbit, and more recently the
process of recovering them. {s shown to be an area of
considarable commercial opportunity and projected as an area
of vast importance in the future. The recent flight of

Spacelab t5 considered, along with the deployment of SPAS from

a Shuttlie in September 1983 and {ts retrieval by the RMS. SPAS
and its onboard observatton package MOMS is noted to represent

an tmpor tant operationat facillity for the future.
International industrial collaboration may play an essenttial
role i{in the consideration of other projects among which the
Space Station figures prominently. In concluston, tt is noted
that because of {ts potential for industrialization and
extensive commercial activities, space has become an expensive
business and there s therefore a need for the interest of
nonaerospace ti{ndustries, particularly in the pharmaceutical
sector to get involved. (J.P.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: +AEROSPACE SCIENCES; *SPACE INDUSTRIALIZATION;
*TECHNOLOGY ASSESSMENT ; COMMUNICATION SATELLITES:
INTERNATIONAL CODPERATION; SPACE TRANSPORTATION SYSTEM;
SPACELAB; TECHNULOGICAL FORECASTING

Subject Classification: 7512 .Astronautics--Generatl (1975-)
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1300776 A84-29866

International aspects of commercial space activities

PEDERSEN, K. S. (NASA, Internattonal Affatrs Div.,
Washington. 0C)

National Aeronautics and Space Administration, Washington,
D. C.

Corp. Source Code: NC4%52981

IN: Space manufacturing 1983; Proceedings of the Sixth
Conference. Princeton, NJ, May 9-12, 1983 (A84-29852 {2-12).
San Ditego., CA, Univelt, Inc., 1983, p. 209-217. )

Publication Date: 1983

Report Nn.: AAS PAPER 83-222

Language: English

Country of Ortgin: Unfited States Country of Publication:
United Stales

Douumon| Type: CONFERENCE PAPER

1t ducumants avatlable from AIAA Technical Library

dnuvnul Announcement: IAAB412

Attontion  |s given to problems in international cooperation
that will arise {f NASA proceeds with a Space Station. The
rise  in nace budgets fn many countries (s cited as an
indicatien of  the growing Importance being placed on space
activiticrs, It s also pointed out that these nations are
emphasiziive areas which hold promise for eventual commercial

payoff. ter2loping countries are also paying greater attention
to npace. As part of the European Space Agency’s development

program, it {s underwriting the development of up to six
multiveser 1acilities dedicated to microgravity research; these
tncthud: ruarnaces and thermostats for processing metallurgtical
campl2s  aul for crystal)l growth and botanical investigations.
Competition  From Europe s seen as a spur to efficiency.
Attention in also given to the question whether international
cooperation will fnterfere with research carried out by the US

for militar 7 purposes. (C.R.)

Source of Abhstract/Subfile: AIAA/TIS -

Descriptars: +INTERNATIONAL COOPERATION; +NASA PROGRAMS:
*SPACE  COMMERCIALIZATION; *SPACE PROGRAMS: *SPACE STATIONS:
AEROSPACE TECHNOLOGY TRANSFER; EUROPEAN SPACE PROGRAMS;
MATERIALS RECOVERY; MILITARY SPACECRAFT; POLICIES; PROJECT
MANAGEMENT : SPACE PROCESSING: SPACEBORNE EXPERIMENTS; SPACELAB

Subject-Classification: 7512 .Astronautics--General (1975-)

1300496 AB4-29586

Investigating {n space - Now, soon, or later? -

GREY, J. (American Institute of Aeronautics and
Astronautics, New York, NY)

Aerospacr America (ISSN 0740-722X), vol. 22, April 1984, p.
90-92.

Publication Date: Apr. 1984

Language: English

Country of Origin: United States Country of Publication:
United States .

Document Type: JOURNAL ARTICLE

Most documents availlable from AlIAA Technical Library

Journal Announcement: [1AAB412

Satellite communications and industrial enterprises related

.capability will

to it are already gaining large revenues, whtle potential
businesses based on space manufacturing, space transportation,
navigation, remote sensing, and ground servicing have been
identified. Space transportation capacity is currently far
greater than demand, and will remain so for at least a decade,

Satellite communicattons demand is still growing raptdly at
between 20 and 30 percent. This market is, however, already
being actively developed by major corporations. Real business
prospects regarding remote sensing are difficult to quantify
and may very well prove to be {1llusory, at least in the near
term. The biggest long-term potential return 1ies iIn
exploiting the wholly new materials-processing environment
created 1in an orbiting satellite. However, profits are not
expected to appear until perhaps 1988 at best. (G.R.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: +«INVESTMENTS; *REMOTE SENSORS; +SATELLITE-BORNE
INSTRUMENTS ; *SPACE - COMMUNICATION: +SPACE MANUFACTURING:
*SPACE TRANSPORTATION; FINANCE

Subject Classification: 7512 .Astronautics--General (1975-)

‘.

1300467 A84-29557

The 21st century in space

MUELLER, G. (International Academy of Astronautics, Paris,
France)

Aerospace Amertca (ISSN 0740-722X), vol. 22, Jan. 1984, p.
84-88.

Pubtication Date: Jan. 1984

Language: English

Country of Origin: International Organization Country of
Pubtication: United States

Document Type: JOURNAL ARTICLE

Most documents available from AIAA Technical Library

Journal Announcement: 1AA8412

An attempt i3 made to forecast the space systems scenarfo of
the earfy 21ist century in terms of trends rather than {tems on
a specific timetable, assuming that the militarization of
space does not preclude further development of scientific and
commercial! systems efther directly, or indirectly through
absorption of government funding. Further assuming that the
pertinent fegal issues will be resolved, satellite
communications beyond the year 2000 will allow beaming to any
spot on the globe at very low cost. Thig communications
strongly affect the advertising and
distribution of consumer goods. Lunar solar power stati{ons may
be able to supply a significant portion of the earth’s
electrical energy. A second generation Space Shuttle will
allow the volume of microgravity environment-processed
materials to grow into a major commercial field. The prospects
for further searches for extraterrestrial intelligence are
noted. (0.C.)

Source of Abstract/Subfile: AIAA/T!S

Descriptors: *SPACE INDUSTRIALIZATION; *TECHNOLOGICAL
FORECASTING; ASTEROIDS; COMMUNICATION SATELLITES; LUNAR BASES
MINING; SPACE LAW; SPACE MANUFACTURING; SPACE SHUTTLE ORBITERS

(cont. next page) |
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Subject Classification: 7512 .Astronautics--General (1975-) STS-4 and STS-6 demonstrate improved sampte yleld and purity
1298855 AB4-27945 for continuous flow electrophoresis. Protein concentrattion
Leasecraft - An innovative space vehicle . level in zero-gravity is limited only by the solubility of the
DESKEVICH, J. (Fairchild Space Co., Germantown, MD) protein and the carrier fluid. Twenty-five percent protein by
IEFE Transactions on Aerospace and Electronic Systems (ISSN weight per unit volume, or 125 times more material than on
0018-9251), vol. AES-20, Jan. 1984, p. 25-37. earth can be separated {in space. Due to the absence of
Publicattion Date: Jan. .1984 gravity-driven convect ton currents {n space, separation
Language: English chamber thickness could be increased from 1.5 to 3.0 mm and
Country of Origin: United States Country of Publication: -the sample inlet could be enlarged from one-half to one
United States millimeter, permitting a 3.7 times larger sample injection and
Document Type: JOURNAL ARTICLE consequently a 463 times greater separation yield. The
Most documents availabte from AIAA Technical Library addftion of a water-cooling system to the separation unit,
Journal Announcement: TAAB419 allowing a 140 V to 400 V iIncrease without affecting cabin
The Leasecraft system has been developed by an American temperature, and lengthening the  samples electrical fileld
aerospace company with the objective to further the exposure produced four times more purity and separated 700
industrialization of space with {ts significant business times more material than obtainable on earth. (C.M.)
‘potential. This system comprises a low orbit space platform, Source of Abstract/Subfile: AIAA/TIS
an operation control center, user accommodations, and services Descriptors: +*ELECTROPHORESIS *ENVIRONMENTAL TESTS;
such as payload interfaces, documentation, and ground support *REDUCED GRAVITY; *SPACE COMMERCIALIZATION; *SPACE PROCESSING
equipment and procedures. Potential applications of Leasecraft SPACE TRANSPORTATION SYSTEM 4 FLIGHT; SPACE TRANSPORTATION
congidered are related to the processing of pharmaceuticals SYSTEM 6 FLIGHT; TECHNDOLOGICAL FORECASTING
and materials, satelli{te-aided search and rescue, data Subject Classification: 7512 .Astronautics--General (1975-)

collaction, and support of NASA‘s astrophysics programs. The
Leagsacraft space vehicle will accommodate up to five modular

power subsystems, including a communications and data handling 1284827 AB4-22327

modute, a modutar attitude control subsystem, a special Marufacturing in space; Proceedings of the Winter Annual

function mndule, two alternative solar array assemblies, a Meeting, Boston, MA, November 13-18, 1983

tracking and data retay satellite system antenna assembly, a KOPS, L.. ED. (McGil1 University, Montreal, Canada)

propulision modulte, and optional primary and secondary payload Meeting sponsored by the American Society of Mechanical

modules. (G.R.) Engineers. New York, Amerfican Society of Mechanical Engineers
Source of Abstract/Subfile: AIAA/TIS (Production Engineertng Symposia Sertes. PED Volume 1t), 1983,
Descriptors: *COMMERCIAL SPACECRAFT; *SPACE COMMERCIALIZATI- 223 p.

ON; +SPACE INDUSTRIALIZATION; +SPACE PLATFORMS; *SPACECRAFT ‘ Publication Date: 1983

DESIGN; COST EFFECTIVENESS: DATA MANAGEMENT; LEASING; ORBITAL Language: English

SERVICING; SPACE PROCESSING; SPACECRAFT COMMUNICATION; Country of Publication: United States

SPACECRAFT MODULES . : Document Type: CONFERENCE PROCEEDINGS
Subject Classificatton: 7515 .Launch Vehicles & Space Journal Announcement: [AAB408

Vehicles (1975-) Processes, facilities, and issues related to manufacturing

tn outer space are addressed. The subjects discussed include:
NASA, European, and Japanese projects on materials processing

1284839 A84-22339 ] in space; gravitational effects i{n dendritic growth; space
EOS - Electrophoresis Operations {n Space - A promising new research {mpact on semiconductor crystal growth technology:
era of business in space simutation prior to space manufacturing; bardware for
RICHMAN, D. W. (McDonnell Douglas Astronautics Co., St. materials processing {n space:; containerless science and
Louis, MO} technologtes:; a 1low orbit satelltte manufacturtng facility;
IN: Manufacturing in space; Proceedings of the Winter Annual remote manipulators n space; automation, robotics, and
Meeting, Boston, MA, November 13-18, 1983 (A84-22327 08-12). machine tntelligence systems {n space manufacturing. Also
New York, American Society of Mechanical Engineers, 1983, p. ‘considered . are: manufacturing space systems {n space;
139- 142, . electrophoresis operations in space; rationale for commercial
Publication Date: 1983 activities -in space; Space Shuttlie, private enterprise, and
Language: English - . intellectual properties in space manufacturing:; manufacturers’
Country of Origin: United States Country of Publication: 1{ability for space products; econgmics and profitability of
United States ‘space manufacturing; and international cooperation and
Document Type: CONFERENCE PAPER competition in materials processing in space. for individual
Most documents available from AIAA Technical Library ftems see AB4-22328 to AB4-22346 (C.D.)
Journal Announcement: [1AAB408 (cont. next page)

Electrophoresis Operations in Space tested on board the

INFONMATION SFRAVICES, INC,
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. Source of Abstract/Subfile: AIAA/TIS

Descriptors: *CONFERENCES ; *LOW GRAVITY MANUFACTURING;
'MATERTALS SCIENCE; +SPACE PROCESSING; CONTAINERLESS MELTS;
CRYSTAL GROWTH; EUROPEAN SPACE PROGRAMS: JAPANESE SPACE
PROGRAM: NASA PROGRAMS; RESEARCH AND DEVELOPMENT; ROBOTICS;
SPACE COMMERCIALIZATION: SPACE INDUSTRIALIZATION; SPACE
SHUTTLE PAYLOADS: SPACELAB PAYLOADS: TECHNOLOGY ASSESSMENT;
WEIGHTI.LESSNESS SIMULATION )

Subject Classification: 7512 .Astronautics--General (1975-)

1274228 ARA-$4728

Space station - A Canadian perspective

DOLTSCH, K. H. (National Aeronautical Establishment, Ottawa,
Canada) ’ '

International Astronautical Federation, International

Astronautical Congress, 34th, Budapest, Hungary, Oct. 10-15,
1983. 16 p.

Publication Date: Oct. 1983

Report No.: IAF PAPER B3-55 ¢

Language: English

Country of Origin: Canada Country of Publication:

International Organization

Document Type: PREPRINT

Most documents avaflable from AIAA Technical Library

Journal Announcement: 1AAB8402

Canada‘’s potential role in the development and operation of
a space-station {infra-structure {s discussed,
results of a survey of industrial, university, and government
users and/or suppliers conducted in 1982-1983, {in response to
a NASA request. Interest 1{s found in applications from the
fFields of remote sensing, communications, materials
processing. science, technology, medicine, and biology; while
Canadian industry could contribute to such aspects as space
construct ion and mafntenance, large-solar-array design,
flexible-structure design and control, and sensor-system
development. 1t {s suggested that most Canadian needs\can be
served by a combination of polar-orbit ptatforms for |remote
sensing, a low-inclination, low-earth-orbit, permanently or
tntermittently manned research and development laboratory, and
a local-orbit maneuvering vehicle to assemble and service
them. A block diagram of space infrastructures and graphs of
the survey responses are provided. (T7.K.)

Source of Abstract/Subfile: AIAA/TIS®
. Descriptors: +*CANADIAN SPACE PROGRAMS; *MISSION PLANNING;
*SPACE STATIONS; *USER REQUIREMENTS; METHODOLOGY; POLAR ORBITS
: REMOTE SEMSING; SPACE MANUFACTURING; SPACEBORNE EXPERIMENTS

Subject Classification: 7512 .Astronautics--General (1975-)

1269513 N84-15165

Commercialization of opportunities for materials processing
tn low gravity

Final Report

BROWN, W. S.;: NIXON, S. R.

Brown (W. S.), Inc., Salt Lake City, Utah.

Corp. Source Code: 81723032

reporting the,

Publication Date: Jun. 1983 35P.
Report No.: NASA-CR-170953: NAS 1.26:170953
Contract No.: NAS8-34901

Language: English

Country of United States Country of Publication:

United States
Document Type: REPORT
Most documents available from AIAA Technical Library
Other Availabiltity: NTIS HC AO3/MF AO1
Journal Announcement: STARB406

Origin:

Business {infrastructure required to achieve commercial MPS,
incentives and disincentives for MPS, NASA/industry working
agreements, small business tnnovation, NASA/ industry
agreements, joint venture agreements, and commercial spinoffs
are addressed. (Author)

Descriptors: *LOW GRAVITY MANUFACTURING; +MANAGEMENT
PLANNING; +SPACE MANUFACTURING; ECONOMIC FACTORS: PRODUCT

DEVELOPMENT; TECHNOLOGY UTILIZATION
Subject Classification: 7512 .Astronautics--General (1975-)
COSATI Code: 22A .Astronautics :

1261958 AB3-47820

Push to commercialize space runs {nto budget cutbacks,
boondoggle charges,and fear of high risks

KINNUCAN, P.

High Technology
43-45, 48-51.

Publication Date: Oct.

Language: English

Country of Publication: United States

Document Type: JOURNAL ARTICLE

Most documents available from AIAA Technical Library

Journal Announcement: I1AA8323

Government attempts to increase the participation of private
enterprise in the commercialtzation of space are explored. The
electrophoresis expertments on the Shuttle have progressed
suffictently far for the sponsoring company to schedule one of
1ts own employees for a flight, as well as clinical testing of
the product. Government policy atmed at encouraging private
sector participation {8 {n 1ine with the concept that
competition and the profit motive produce better service at a
lower price. Propositions to transfer the Landsat and Metsat
systems to private concerns have failed to lead to swift
action. Similarly,. leasing launch rights to expendable
boosters has been {inhibited by the presence of direct
competition with government substdized launch services 1i{ke
the Shuttle and the Ariane. Industrialists have encouraged the
government -supported development of a space statfon and

(ISSN 0277-2981), voi. 3, Oct. 1983, p.

1983

unmanned, reusable launch vehicles that are less costly than
the Shuttie. NASA, meanwhile, 1s entering Into Jjoint
. development contracts with industries for experimentrng with
prototype product ion systems, e.g., the electrophoretic
pharmaceuticals and GaAs semiconductors grown {n space. (
M.S.K.)

(cont. next page)
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DIALOG File 108: AEROSPACE - 62-88/1SS09

Source of Abstract/Subfile: AIAA/TIS

Descriptors: *ECONOMIC FACTORS; +*GOVERNMENT / INDUSTRY
RELATIONS; +LAUNCH VEHICLES; *SPACE INDUSTRIALIZATION; #*SPACE
MANUFACTURING; ORBIT TRANSFER VEHICLES; ORBITAL SPACE STATIONS
SPACE TRANSPORTATION SYSTEM; SPACEBORNE EXPERIMENTS
( Sggjﬁct Clasgification: 7583 .Economics & Cost Analysis

1975~

1259230 AB3-45091
(The :orld in space: A survey of Space activities and issues
Book .

CHIPMAN, R., ED.

Englewood Cliffs, NJ, Prentice-Hall, Inc.., 1982, 701 p.

Publication Date: 1982

Language: English

Country of Publication: United States

Document Type: COLLECTED WORK

Journal Announcement: I1AA8321

Materials presented at the UNISPACE 82 conference are
provided. The current state of space science is summarized and’
discoveries {n the future are projected, including geoscience
and materials processing experiments in near-earth space. The
support technologies 1In existence and necessary for an
expansion of space capabilities are described, and the
relevance of space missions for monitoring earth resources and
the environment 1{s discussed. The physical impact of space
activities on the atmosphere, human 1ife, the orbttal
environment, and on astronomical observations {s assessed.
Attention is devoted to the compatibility and complementari{ty
of meteorological, communicatfons, and remote sensing
satelliite systems, and to the feasibility of using satellites
for educational purposes. Efficiency {n geostationary orbit
use s considered, as are the social and economic aspects of
space technology, with note taken of the relevance to
developing nations. Finally, {nternational cooperation {in
space Is axplored 1n terms of roles of intergovernmental,
United Nations, and nongovernmental organizations in space
?ct!vlt;es. No individual {tems are abstracted in this volume

M.S.K. :

Source of Abstract/Subfite: AlAA/TIS

Descriptors: *AEROSPACE SCIENCES: *SPACE EXPLORATION;
* TECHNOLOGY UTILIZATION; *UNITED NATIONS; ARTIFICIAL
SATELLITES; ASTRONOMY; COMMUNICATION SATELLITES: ECONOMIC
DEVELOPMENT; ENVIRONMENT EFFECTS; GEOSYNCHRONOUS ORBITS;

INTERNATIONAL COOPERATION; ORBIT SPECTRUM UTILIZATION; REMOTE
SENSING; SATELLITE OBSERVATION: SPACE MANUFACTURING
Subject Classification: 7512 .Astronautics--General (1975-)

1229808 AB3- 15663

Space fndustrialization - An international perspective

MAYUR, R. (Futurotogy Commission, Bombay, India)

in: International Sctentific Conference on Space, 22nd,
Rome, 1Italy, March 25, 26, 1982, Proceedings. (A83-15655
04-12) Rome, Rassegna Internazionale Elettronica Nucleare ed

Aerospaziale, 1982, p. 107-115.

Publication Date: 1982

Language: English

Country of Origin: India Country of Publication: Italy

Document Type: CONFERENCE PAPER .

Journal Announcement: IAA8304

The 1{impacts and areas of applicatton of emerging space
technologies on the earth’s nations and populations are
discussed. Space exploration and exploitation are noted to
have added a third force of change on human, society, the
others being the formation of populous ctties and the numbers
and diversities of manufactured products due to the Industrial
Revolution. Space i{industrialization 1s seen as an inexorable
step following the development of automation, which demands
thorough cost-benefit analyses before undertaking any new
inttiatives In space. Industrialized countries are predicted
to benefit {in areas of medicine, tourism, new products,
alectronic mail, and etectronics during the near ‘term from
space activities, while lesser developed countries will gain
advantages in agriculture and educatton. The entire worild will
experience ‘gatns in erergy, communications, transportation,
disaster _prevention, environmental monitoring, materials
processing, resource assessments, and the development of new
materials. (M.S.K.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: +SPACE INDUSTRIALIZATION; +¢SPACE PROGRAMS:
+TECHNOLOGY UTILIZATION; AGRICULTURE; DISASTERS: EDUCATION;
MEDICINE; SOLAR POWER SATELLITES; TELECOMMUNICATION

Subject Classification: 7512 .Astronautics--General (1975-)

1218736 N83-31640

Japanese program review of material processing in space
" SAWAOKA, A.

Tokyo Inst. of Tech. (Japan).

Corp. Source Code: T1204219 .

In ESA Mater. Sci. under Microgravity p 23-27 (SEE NB83-31637
20-12) ’ :

Publication Date: Jun, 1983

Language: English

Country of origin:
International Organization

Document Type: CONFERENCE PAPER

Most documents avatlable from AIAA Technical Library

Other Avatilability: NTIS HC A19/MF AOt: ESA, Paris FF 140

Journal Announcement: STARB8320

Ground based simulations of matertfal processing in space,
the specifications of the TT 500A rocket for material
process ing experiments, Japanese participation in the Spacelab
program, and research i{nto the creation of materials in
microgravity are outlined. The TT S500A electric furnaces can
heat a 35 mm x 10 mm sample to 1500 C within 2 min and cool |t
from 1500 to 800 C in 2 min, with + or - S0 C accuracy. (
Author (ESA))

Source of Abstract/Subfile: ESA

Descriptors: *JAPANESE SPACE PROGRAM: +*SPACE MANUFACTURING:

(cont. next page)
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+SPACELAB; +WEIGHTLESSNESS SIMULATION; FURNACES; MATERIALS
SCIENCE ; ROCKET-BORNE INSTRUMENTS; SPACE ENVIRONMENT
SIMULATION; SFACELAB PAYLOADS .

Subject Classification: 7512 .Astronautics--General (1975-)

- 1182214 NB2-19236

Manufacturing in space: Fluid dynamics numerical analysis

Annual Report, Aug. 1980 - Aug. 1981

ROBERTSON, S. J.; NICHOLSON, L. A.; SPRADLEY, L. W.

Lockheed Missiles and Space Co., Huntsville, Ala.

Corp. Source Code: L1340457

Publication Date: Aug. 1981 51P.

Report No.: NASA-CR-168610; LMSC-HREC-TR-D784480

Contract No.: NASW-3281

Language: English

Country of Origin: United States Country of Publication:-
United States

Document Type: REPORT

Most documents available from AIAA Technical Library

Other Avatlability: NTIS HC AO4/MF AO1

Journal Announcement: STAR8210

Natural convection in a spherical container with cooling at
the center was numerically simuiated using the
tockheed-developed General Interpolants Method (GIM) numerical
fiuid dynamic computer program. The numerical analysis was
simpltfied by assuming axisymmetric flow {n the spherical
container, with the symmetry axis being a sphere diagonal
parallel to the gravity vector. This axisymmetrtc spherical
geometry was {intended as an f{dealization of the proposed
Lal/Kroes growing experiments to be performed on board
Spacelab. Results were obtained for a range of Rayleigh
numbers from 25 to 10,000. For a temperature difference of 10
C from the cooling sting at the center to the container
surface, and a gravitional loading of 0.000001 g a computed
maximum fluid velocity of about 2.4 x 0.00001 cm/sec was
reached after about 250 sec. The computed velocities were
found to be approximately proportional to the Rayleigh number
over the range of Rayleigh numbers investigated. (Author)

Descriptors: *COMPUTATIONAL FLUID DYNAMICS: *COMPUTER
PROGRAMS: +COMPUTERIZED SIMULATION; +CRYSTAL GROWTH: *SPACE
MANUFACTURING; AXISYMMETRIC FLOW; CIRCULAR CYLINDERS;

CONVECTION; COOLING; FLOW VELOCITY; GRAVITATION; RAYLEIGH

NUMBER; SPACELAB
Subject Classification: 7512 .Astronautics--General (1975-)
COSATI Code: 22A .Astronautics

1172016 AB2-47267

The potential scope of space manufacturing

:ALTZ. D. M. (TRW Space and Technology Group, Redondo Beach,
CA : '

In: Making space work for mankind; Proceedings of the
Nineteenth Space Congress, Cocoa Beach, FL, April 28-30, 1982.
(AB2-47251 24-12) Cape Canaveral, FL, Canaveral Council of
Technical Societies, 1982, p. 5-1 to 5-11.

Publication Date: 1982 21 Refs.

Language: English

Country of Origin: United States Country of Publication:
United States

Document Type: CONFERENCE PAPER

Journal Announcement: [AA8224

Space manufacturing is defined., and potential processes and
product types are discussed. Five basfic processes are
tnvolved, including crystal growth, purification/separation,
mixing, solidification, and processes in fluids. A three-phase
timetable for the space manufacturing ts described, and major
issues and considerations that apply to various points of the

~timetable are addressed, inciuding the products and services

most likely to be exploited, the assessment of user charges,
and the handling of proprietary data. It is concluded that
pharmaceuticals, electronic devices, optical products, and
advanced alloys seem to hold the most promise for space
manufacturing. (C.D.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: *MARKET RESEARCH; «SPACE MANUFACTURING:
*TECHNOLOGY ASSESSMENT; ALLOYS; ELECTRONIC EQUIPMENT; OPTICAL
EQUIPMENT; SPACE PROCESSING; USER REQUIREMENTS

Subject Classtfication: 7512 .Astronautics--General (1975-)

1171972  AB2-47223
Space factories a long way off
WATTS, C.

High FTechnology, vol. 2, Nov.-Dec. 4982, p. 23, 25, 26.

Publication Date: Dec. 1982 :

Language: English

Country of Publication: United States

Document Type: JOURNAL ARTICLE

Most documents avaflable from AIAA Technical Library

Journal Announcement: [AA8224

Exper imentation and prospects of materials processing
on-board the Shuttie as a prelude to future space
manufacturing facilities are assessed. Space-based research
into specific heats, diffusivity, surface tension, and
viscosity has applications in earth-based tndustry, although
the related products cannot be more effectively made {in orbit.

Biological exper imentation is promising due to the
contamination-free, near vacuum conditions in space.
Continuous flow electrophoresis {is unhindered by gravitational
effects In space, and Shuttle experiments have demonstrated
separation of six proteins producing purities of 40%, while
the same process on earth would yield O0.1% purity. The absence
of convection and gravitational effects i1s partially offset by
the presence of Marangoni{ convection in liquids. Finally, use
of a wake-shield extended by a boom from the side of the
Orbiter to carry out experimentation {in ultrahigh vacuum
conditions {5 described, as (s the development of a 200-1b
furnace with 37 compartments for testing alloy
resolidification on board the Orbiter. (M.S5.K.)

Source of Abstract/Subfite: AIAA/TIS

Descriptors: +*MATERIALS SCIENCE; *SPACE INDUSTRIALIZATION;

(cont. next page)
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*SPACE MAMUFACTURING; <+SPACE SHUTTLE ORBITERS; *SPACEBORNE
EXPERIMENTS; ELECTROPHORESIS; EXOBIOLOGY; GRAVITATIONAL
EFFECTS: RECRYSTALLIZATION

Subject Classtfication: 7512 ,Astronautics--General (1975-)

1166190 AB2-41441

Certain problems in space manufacturing

Nekotorye voprosy kosmicheskoi! tekhnologii

KIPARISOV, S. S.

Srpska Akademija Nauka { Umetnosti, Posebna Izdanja, no.
529, O0Odeljenje Tekhnichkikbh Nauka, no. 20, 1980. 22 p. In
Russtan,

Publication Date: 1980

Language: Russian

Country of Publication: Yugoslavia

Document Type: JOURNAL ARTICLE

Most documents available from AIAA Technical Library

Journal Announcement: [AAB220

Var jous aspects of space manufacturing are discussed,
including the use of the Br idgman furnace,
powder-metallurgical processes, crystal growth and volume
crystallization {in a universal furnace during the Morava
expariment, and the Sirena experiment on Salyut-6-Soyuz. The
conducting of biomedical experiments in space ts discussed,
and the repaitr and maintenance of space stations 1is
considered. (B.J.) .

Source of Abstract/Subfite: AIAA/TIS

Descriptors: *ORBITAL SPACE STATIONS; *SOVIET SPACECRAFT;
*SPACE MAINTENANCE ; *SPACE MANUFACTURING; *SPACEBORNE
EXPERIMENTS: BRIDGMAN METHOD; COMPOSITE MATERIALS: CRYSTAL
GROWTH; EXOBIOLOGY: LONG DURATION SPACE FLIGHT:; METALLURGY

Subject Classi{fication: 7512 .Astronautics--General (1975-)

17 Refs.

1160350 A82-35601 :

Space manufacturing 4; Proceedings of the Fifth Conference,
Princeton University, Princeton, NJ, May 18-21, 1981

GREY, J.. (ED.) (American Institute of Aeronautics and
Astronautics, New York, NY): HAMDAN, L. A.

Conference sponsored by Princeton University and American

Institute of Aeronautics and Astronautics. New York, American -

Institute of Aeronautics and Astronautics, 198%. 464 p. (For
tndividual items see AB2-35602 to A82-35641)

Publication Date: 1981

Language: English

Country of Publication: United States

Document Type: CONFERENCE PROCEEDINGS

Journal Announcement: I1AA8217

Space manufacturing is discussed in regard to international
and Jlegal considerations, social sciences, novel concepts,
matertals resources and processing, and space stations and
habitats. Particular topics discussed t{nclude the military
implications of a satellite power system; a self-replicating,
growing ltunar factory; the supply of lunar oxygen to low earth
orbit: a small-scale lunar launcher for early lunar material
utiltization; a decisfon-analytic evatuation of the SPS

program; powder metallurgy {n space manufacturing: and Untted
States and Soviet Vife sciences factors in long-duration space
flight. (8.J.)

Source of Abstract/Subfile: AIAA/TIS .

Descriptors: *CONFERENCES : *SPACE MANUFACTURING;
ELECTROMAGNETIC ACCELERATION: HUMAN BEHAVIOR; INTERNATIONAL
COOPERATION; INTERNATIONAL LAW: LARGE SPACE STRUCTURES:
LAUNCHERS; LIFE SCIENCES; LUNAR SOIL; MASS DRIVERS (PAYLOAD
DELIVERY):; POLICIES; POLITICS; POWDER METALLURGY:; SOLAR POWER
SATELLITES: SPACE LAW; SPACE STATIONS )

Subject Classification: 7512 .Astronautics--General (1975-)

1152576 A82-27827

Legal implications of commercial space activities

BOECKSTIEGEL, K.-H. (Koeln, Universitaet, Cologne, West
Germany)

In: Colloquium on the Law of Outer Space, 24th, Rome, Italy,
September 6-12, 1981, Proceedings. (AB2-27826 12-84) New York,
American Institute of Aeronautics and Astronautics, 1982, p.
1-17.

Publication Date: 1982

Report No.: IAF B1-SL-02

Language: English

Country of Origin: Germany, Federal Republic of Country of
Publication: United States

Document Type: CONFERENCE PAPER

Journal Announcement: 1AA8212

The +transition from exploration to commercial exploitation
of space and space technology 18 considered in terms of legal
issues defined by iInternational and national laws, the Outer

49 Refs.

Space Treaty and the Moon Treaty, and liability and regulatory

topics. The shift of emphasis of government funding for the
Shuttle 1{1s regarded as encouraging early commercial use for
Shuttie-taunched materials processing in space. Communications
and earth resources satellites have already begun showing
commercial success, and resources assessment from space offers
an aid to developing nations in need of mineral and energy
sources. Legal issues are projected to include the delineation
of the boundaries of outer space, GEO, the legal definition of
space transportation systems, the access of states,
institutions, and enterprises to natural resources {n
celestial bodies, and the transfer of space technology. {

‘(Author))

Descriptors: +INTERNATIONAL RELATIONS; +LEGAL LIABILITY;
*SPACE INDUSTRIALIZATION; *SPACE LAW; *SPACE PROCESSING;
ECONOMIC FACTORS; INTERNATIONAL LAW; OUTER SPACE TREATY; SPACE
TRANSPORTATION SYSTEM; TECHNOLOGY TRANSFER

Subject Classification: 7584 .Law & Political Science
(1975-)
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1144500 A82-19750

Engineers gain a platform {n space

JOYCE, C. .

New Scilentist, vol. 92, Dec. 17, 1981, p. 812, 813.

Publication Date: Dec. 1981

Language: English

‘Country of Publication: United Kingdom

Document lype: JOURNAL ARTICLE

Most documents available from AIAA Technical Library

Journal Announcement: I1AA8207

The charactertstics and applications of the Multimission
Modular Spncecraft (MMS) are discussed. The MMS is designed
specificaltly for taunch by the Shuttle, and comprises a
three-sided steel frame housing communications, attitude
control, data handling, and an on-board power supply. An extra

proputsion module can be fitted to the bottom of the frame for
"boost to different orbits, and the top of the frame has a
circular 1ring to which specific payloads can be affixed. The
MMS can be borne 1into orbit with scientific or military

payloads by the Shuttle and later retrieved, returned to

earth, and fitted with another payload. The modules can also
be dntached, ‘repaired, or reptaced {n space by simple,
standardized procedures. The use of the MMS as the base for
space factlories, such as for electrophoresis to produce beta
cellis, iInterferon, and the enzyme alpha-trypsin are discussed,
along with a possible rescue mission by the Shuttie to
retrieve or repair the first MMS, the Solar Maximum Mission,
vhich has experienced a number of instrument malfunctions. (
M.S.K.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: *MULTIMISSION MODULAR SPACECRAFT; *NASA
PROGRAMS; *REUSABLE SPACECRAFT; *SPACE MANUFACTURING; *SPACE
PLATFORMS; INSTRUMENT PACKAGES; MILITARY SPACECRAFT; RESCUE
OPERATIONS: SCIENTIFIC SATELLITES; SPACE SHUTTLES; STEEL
STRUCTURES .

Subject Classification: 7515 .Launch Vehicles 8 Space
Vehicles (1975-)

1142077 AB2-17327 ’

Space Shuttle - A new era in transportation

DUNBAR, B. J. (NASA, Johnson Space Center, Houston, TX)

National Aeronautics and Space Administration. Lyndon B.
Johnson Space Center, Houston, Tex.

Corp. Source Code: NDOS261S5

American Ceramic Soclety Bulletin, vol. 60, Nov. 1981, p.
1180-1187.

Publication Date: Nov. 1981

Language: English

Country of Orfigin: United States Country of Publication:
United States

Document Type: JOURNAL ARTICLE

Most documents available from AIAA Technical Library

Journal Announcement: [1AA8205

After a brief historical review of the economics of
expendahle-hooster, commercial-payload operations to date, and
o dascription of the Space Shuttle system’s design,

26 Refs.

operational capabilities, and mission profile, the payload
flight assignments, materials processing experiments, and
Spacelab 1 material science experiment are detailed. Among the
Materials Processing in Space (MPS) fields for investigation
are crystal growth from vapor and solution, the production of
magnetic composites and metal foams, laser host glasses and
metallic glasses, non-buoyancy-driven convections,
unidirectional solidification of eutectics, and the
solidification of timmiscible alloys. Emphasis is put on the
long-term, commercial usefulness of such studies. with
attention to histortical precedents such as the Skylab, Apolio
and Apollo-Soyuz programs. (0.C.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: +SPACE PROCESSING; +SPACE SHUTTLES; *SPACE
TRANSPORTATION; *SPACECRAFT DESIGN; +*SPACELAB PAYLOADS:
CERAMICS; CRYSTAL GROWTH; EUTECTIC ALLOYS; SKYLAB PROGRAM;
SPACE INDUSTRIALIZATION: SPACE SHUTTLE ORBITERS;: SPACE SHUTTLE
PAYLOADS .

Subject Classification: 7516 .Space Transportation (1975-)

1140608 A82-15858

Economic factors of outer space production

MILLER, B. P. (ECON, Inc., Princeton, NJ)

In: Human factors of outer space production. (A82-15851
04-54) Boulder, CO, Westview Press, Inc., 1980, p. 179-206.

Publtication Date: 1980 17 Refs.

Language: English

Country of Origin: United States Country of Publication:
United States

Document Type: ANALYTIC OF COLLECTED WORK

Journal Announcement: I[AA8204

Issues affecting space-based production of goods and

~services for earth based use are discussed. Research,

development, and operations define the technical phases
leading to production, and fields open to space processing are
tisted as earth observattons, communications, materfals
processing (high value-to-mass ratios), and energy beaming. It
is noted that space activities which have entered an
operations phase do so at a cost and qualtity which is superior
to the same service rendered from earth-based facilities. The
possibilities for a utility type institution to handle Shuttle
traffic as a replacement for NASA are considered, and
additional filelds of outer space enterprises such as earth
resources management, land mobile communications systems, and
appliecations for a worldwide emergency communtcations network
are explored. (M.S.K.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: +ECONOMIC FACTORS; +LOW GRAVITY MANUFACTURING;
*RESEARCH AND DEVELOPMENT; *SPACE INDUSTRIALIZATION; *SPACE
MANUFACTURING; *SPACE TRANSPORTATION; COST EFFECTIVENESS; DATA
COLLECTION PLATFORMS: OATA PROCESSING: ODATA TRANSMISSION;
RESOURCES MANAGEMENT

Subject Classification: 7583 _.Economics & Cost Analysis
(1975-) .
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1134823 AS2- 10073
Working on the moon
CRISWELL, D.; MARSH, P. .
New Scientist, vol. 92, Oct. {1, 198%{, p. 30-33.
Publication Date: Oct. 1981
Language: English
Country of Publication: Untted Kingdom
Document Type: JOURNAL ARTICLE
Most documents available from AIAA Technical Library
Journal Announcement: 1AA8201
The construction of factories making use of lunar materials

on the surface of the moon ts discussed. Advantages of, on the

one hand, the use of extraterrestrial materials for
manufacturing and, on the other, the low gravity and abundant
solar energy of space for materials processing operations are
pointed out, and +{t Is noted that initially, such factories
making use of tunar materials would be located in earth orbit.
The wultimate transfer of orbiting space factories to the
lunar surface 18 considered, and the types of manufacturing
processes that would be sultable for use on the moon are
examined, including hydroftuoric acid lteaching and
electrophoresis as separation techniques, and powder materials
processing for metals and ceramics. Consideration is also
given to the self-replication of automated lunar factories
resembling the proposed space operations center, and to NASA
pldns for materials processing experiments on the Shuttle,
which have suffered significant budget decreases. Finally, the
use of lunar-products on the moon and in earth orbit, and for
t?a exploration of the further reaches of space 1s considered.
AL.W.)
Source of Abstract/Subfile: AIAA/TIS
. Descriptors: *EXTRATERRESTRIAL RESOURCES; *LUNAR BASES;
+*MDON; *SPACE MANUFACTURING; AUTOMATION:; ELECTROPHORESIS:
HYDROFLUORIC ACID; LEACHING; SPACE PROCESSING
Subject Classtfication: 7512 .Astronautics--General (31975-)

1110504 AB81:49670
Implications of the Shuttle - Our business in space
GREY, J. (American Instttute of Aeronautics and
Astronautics, New York, NY)
Technology Rev!ew vol. 84, Oct. 1981, p. 34-36, 38-40, 42,
44, 46,
Publication Date: Oct. 1981
Language: English
. Country of Origin: United States Country of Publication:
United States
Document Type: JOURNAL ARTICLE
Most documents available from AIAA Technical Library
Journal Announcement: 1AA8124
A summary {s given of the advantages that the large cargo
bay of the Space Shuttie will offer. Also discussed are four
space-manufacturing activities deemed especially promising:
pharmaceuticals, electronic devices, glass products, and
advanced alloys. It is noted that the weightlessness of space
eliminates the need for containers, a major source of

impurities and surface {rregularities in manufacturing. The"

fact that the commercial development of space requires few

sclentific breakthroughs - only a great deal of engineering -

to establish technical,

variability {s stressed. (C.R.)
. Source of Abstract/Subfile: AIAA/TIS
Descriptors: +LOW GRAVITY

economic, and environmental

MANUFACTURING; - *SPACE

MANUFACTURING; *SPACE PROCESSING: - +*SPACE SHUTTLE PAYLOADS:

*+WEIGHTLESSNESS: ALLOYS: ECONOMIC FACTORS: GLASS: IMPURITIES:
NASA PROGRAMS: PHARMACOLOGY:; SPACECRAFT ELECTRONIC EQUIPMENT;
VARIABILITY

Subject Classification: 7512 .Astronautics--General (1975-)

1108114 A81-47280

The capture of lunar materifals {n low lunar orbit

FLOYD, M. A. (MIT, Cambridge, MA)

Massachusetts Inst. of Tech., Cambridge.

Corp. Source Code: MJ700802

International Astronautical Federation, International
Astronautical Congress, 32nd, Rome, Italy, Sept. 6-12, 1981,
18 p.

Publication Date: Sep. 1981

Report No.: IAF PAPER B{1-ST-12

Contract No.: NAGW-21

Language: English : .

Country of Origin: United States Country of Publication:
International Organization

Document Type: CONFERENCE PAPER

Most documents available from AIAA Technical LCbrary

Journal Announcement: 1AA8123

A scenario is presented for the retrieval of lunar materials
sent {nto lunar orbtt to be used as raw materials in space
manufacturing operations. The proposal s based on the taunch
of matertal from the lunar surface by an electromagnet{c mass

‘driver and the capture of this material in low lunar orbit by

a fleet of mass catchers which ferry the material to
processing facilities when full. Material trajectories are
analyzed using the two-body equations of motion, and intercept
requirements and the. sensitivity of the system to taunch

‘errors are determined. The present scenario ts shown to be

superior to scenarios that place a single mass catcher at the
L2 tibration point due to increased operations flexibility,
decreased mass driver performance requirements and centralized
catcher servicing. (A.L.W.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: *CATCHERS; *LUNAR ORBITS; *MASS DRIVERS
(PAYLOAD DELIVERY): +MATERIALS HANDLING:; *SPACE PROCESSING;
*TRAJECTORY ANALYSIS: CAPTURE EFFECT; ECONOMIC ANALYSIS;:
EQUATIONS OF MOTION; ORBITAL ELEMENTS: ORBITAL LAUNCHING;
SPACE MANUFACTURING

Subject Classification: 7512 Astronautlcs--General (1975-)
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establ ishing legal and management mechanisms to share cost and
risk of =2arty commercial ventures. (D.L.G.)
Source of Abstract/Subfile: AILAA/TIS

Descriptors: +AEROSPACE ENVIRONMENTS ; sLOW GRAVITY
MANUFACTURING: *NASA PROGRAMS; +SPACE INDUSTRIALIZATION;
+SPACE PROCESSING; cosT INCENTIVES; CRYSTAL GROWTH;

DIRECTIONAL SOLIDIFICATION (CRYSTALS):; ECONDMIC FACTORS:;
PRODUCT DEVELOPMENT; TECHNOLOGY ASSESSMENT
‘" Subject Classification: 7512 .Astronautics--General (1975-)

1094373 A81-33539

Materials Expertment Carrier - An approach to expanded space'

processing capability

TAYLOR, K. R. (NASA, Marshall Space Flight Center,
Huntsville, Ala.); MEISSINGER, H. F.; WALTZ, 0. M. (TRW
Defense and Space Systems Group, Redondo Beach, Calif.)

National Aeronautics and Space Administration. Marshall
Space Flight Center, Huntsville, Ala.

Corp. Source Code: ND736801

American Astronautical Society and American Institute of
Aeronautins and Astronautics, Annual Meeting on Space
Enhancing VTechnotlogical Leadership, Boston, Mass., Oct. 20-23,
1980, AAS 27 p.

Pubtication Date: Oct. 1980 14 Refs.

Report No.: AAS PAPER B0-249

Contract No.: NAS8-33688

Language:, English

Country “of Origin: United States Country of Publication:
United States

Document Type: CONFERENCE PAPER

Most documents available from AIAA Technical Library

Journal Announcement: I1AAB114

Conceptual design studies and mission analyses within the
NASA Materials Processing in Space (MPS) program of the
Materials Experiment Carrier (MEC). approach to conducting
near - term as well as future free-flying experiments {n
matertals processing in space are discussed. The experimental
background of the MPS program is reviewed, and it is pointed
out that the use of the MEC coupled with the 25-kW power
system can provide an -order-of-magnitude cost savings over
conventional Shuttle-based systems, as well as {ncreased
orbital stay time and microgravity stability. The

determination of the physical and engineering requirements for -

future MEC scientific/commercial candidate payloads s then
discussed, and two proposed candidates for the MEC
configuration, which {8 {ntended to be a self-contained,
general ~purpose, versatile and reusable carrier, are
i1lustrated. Possible MEC operations are considered, including
mission profiles, deployment sequences, on-orbit
payload/sample change-out, optimal power system utilization,
the use of real-time, ground-based control! and advanced
automatic payload operation. Areas {in which technology
developnent could benefit the MEC project are also {identified.

(s.c.s.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: +SPACE MISSIONS; +*SPACE PROCESSING; +SPACE

SHUTTLE PAYLOADS *SYSTEMS ENGINEERING:; COMPOSITE MATERIALS;
COST ANALYSIS: GROUND SUPPORT SYSTEMS: PAYLOAD DEPLOYMENT 8
RETRIEVAL SYSTEM: SPACE INDUSTRIALIZATION; TECHNOLOGY
UTILIZATION

Subject Classification: 7512 .Astronautics--General (1975-)

1093751 A81-32917

Is there business 1{n space - Outlook for commercial space
materials processing

WALTZ, D. M. (TRW, Inc., Redondo Beach, Calif.)

American Institute of Aeronautics and Astronautics, Annual
Meeting and Technical Display on Frontiers of Achievement,
Long Beach, Calif., May 12-14, 1981, {1 p.

Publication Date: May 1981 19 Refs.

Report No.: AIAA PAPER 81-0891

Language: English

Country:- of Origin: United States Country of Publication:
United States

Document Type: CONFERENCE PAPER

Most documents avaitable from AIAA Technical Library

Journal Announcement: IAA8114

Wide consideration 1{s given the range of technological and
economic factors affecting the planning and implementation of
commercial Materials Processing {n Space (MPS). Emphasis is
put on the early, 1986-95 research and development period,
during which will be conducted the research necessary to
tdentify economically attractive space-based processing
concepts and products for 1995 and beyond. Among the topics
discussed are: MPS user motivation, business and legal aspects
of MPS, government funding, the roles to be played by
government and the aerospace and commercial {ndustries. MPS
programs in the Soviet Union, West Germany, France and Japan,
sugges ted incentives for MPS commercialization, and the
promotional work of NASA’s Commercial Applications Office. A
148t of companies actively investigating the possibilities of
MPS s given, along with their concerns about risk capital,
proprietary rights to data, and patent rights in the course of
collaboration with a federal agency 1lke NASA. (0.C.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: *COMPOSITE MATERIALS: *LOW GRAVITY
MANUFACTURING; <+SEMICONDUCTORS (MATERIALS); +SPACE PROCESSING
*SPACE SHUTTLE PAYLOADS; +TECHNOLOGY ASSESSMENT; ALLOYS:
ECONOMIC ANALYSIS; LONG TERM EFFECTS; MAGNETIC MATERIALS;
MATERIALS SCIENCE; SPACE INDUSTRIALIZATION:; TECHNOLOGICAL
FORECASTING; U.S.S.R. SPACE PROGRAM

Subject Classification: 7583 .Economics 8 Cost Analysis
(1975-)

1072185 AB81-11351
Hardhats in space
HAISE, F. W., JR. (Grumman Aerospace Corp., Bethpage, N.Y.)
Grumman Aerospace Horizons, vol. 16, no. {1, 1980, p. 8-15.
Publtcation Date: 1980
(cont. next page)
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Language: English included. Three hundred and thirty three citations are
Country of Origin: United States Country of Publication: included. (GRA)
United States Descriptors: *AEROSPACE ENVIRONMENTS ; *BIBLIOGRAPHIES:
Document Type: JOURNAL ARTICLE *SPACE MANUFACTURING: CRYSTAL GROWTH: SPACE LABORATORIES:

Most documents avatlable from AIAA Technical Library

Journal Announcement: IAA8101

Methods and materiatls for constructing space satellite
projects are discussed. By the end of the century, workers in
space should be able to assemble structures weighing up to
millions of earth pounds. Stations could be constructed to
produce pharmaceuticals and other {tems, which are impossible
to manufacture on earth. A space shuttle orbiter with a cargo
bay t5 ft in diameter and 60 ft long could carry a payload of

more than 32 tons and support a crew in orbit for a week in
the initial stages of construction. A full-scale machine has
been developed that fabricates a triengular one meter
structural beam of varying lengths, which could serve as the
framework for an orbiting antenna satellite. Space workers
would be assisted In assembly work or repair jobs by manned

remote work stations, known as open and closed cherry-pickers.
Plans for a solar satellite that 1s 12 miles long and 3 miles
wide and which could deliver 5,000 megawatts into the electric
power grid on earth are also discussed. (R.C.)
Source of Abstract/Subfile: AIAA/TIS
Descriptors: *AEROSPACE ENGINEERING; *ORBITAL ASSEMBLY;
- *RESEARCH AND DEVELOPMENT; «SPACE ERECTABLE STRUCTURES: *SPACE

STATIONS; AEROSPACE ENVIRONMENTS ; BEAMS (SUPPORTS);
PHARMACOLOGY; SATELLITE ANTENNAS; SOLAR POWER SATELLITES;
SPACE INDUSTRIALIZATION; SPACE MAINTENANCE; SPACE SHUTTLE

ORBITERS; SPACECREWS
Subject Classification: 7512 .Astronautics--General (1975-)

1052917 MBO- 16074

Manufacturing In space. Citations ¢from the International
Aerospace Abstracts data base (bibliographies)

Progress Report, 1976 - Oct. 1979

ZOLLARS, G. F.

New Mex ico
Center.

Corp. Source Code: NY 157629

Pubtlication Date: Oct. 1979 86P.

Publication Note: Sponsored by NTIS

Report No.: NTIS/PS-79/1053/2

Language: English

Country of Origin:
United States

Document Type: OTHER

Most documents avatlable from AIAA Technical Library

Other Avatlabtiity: NTIS

Journal Announcement: STARBOO7

Articles from worldwide 1{iterature concerning manufacturing
in space are presented. The effects of weightlessness on a
varijety of manufacturing processes such as crystal growth,

Univ., Atlbuquerque. Technology Application

United States Country of Publication:

welding, zone melting., casting, and the construction of
structures are highlighted. Articles concerning materials
science research tn the European Spacelab program are

SPACE PROCESSING; WEIGHTLESSNESS
Subject Classification: 7512 _Astronautics--General (1975-)
COSATI Code: 13H .Industrial Processes

1049978  NBO-13125
The near-term potential of manufacturing in space
FRITYS, E.: BYRDADE, A.

General Accounting Off ice, Washington, D. C.

Corp. Source Code: GB268442

In ESA Mater. Sci. in Space p 427-432 (SEE N80- 13069 04-12)

Publication Date: Jun. 1979

Language: English

Country of Origin: United States Country of Publication:
International Organization

Document Type: CONFERENCE PAPER

Most documents available from AIAA Technical Library

Other Avaflability: NTIS HC A20/MF AO1; ESA, Paris FF 120

Journal Announcement: STARBOO4

The near-term potential of space manufacturing is discussed.

Near-term {8 defined as anytime between now and the year
2000. In response to that request, an overview of the National
Aeronautics and Space Administration’s materials processing
program, a first step toward space manufacturing, {s provided.
It 1is presented In nontechnical terms. The views given
represent the perspectives of 52 American sctentists,
economists, and I(ndustrialists who contributed to the study.
Problems and obstac!es'that stand in the way of progress are
identified, and some alternative courses of action are
offered. (Author (ESA))

Source of Abstract/Subfile: ESA

Descriptors: +COST EFFECTIVENESS; ' *SPACE
*TECHNOLOGY ASSESSMENT; APPROPRIATIONS;
FEASIBILITY ANALYSIS; RESEARCH AND DEVELOPMENT

Subject Classification: 7512 .Astronautics--General (1975-)

MANUFACTURING;
COST ESTIMATES;

1047985 NB8O-11112

Evaluation criteria for commercially oriented materials
processing tn space proposals

Final Report .

MOORE, W. F.; MCDOWELL. J. R.

Battelle Columbus Labs., Ohio.

Corp. Source Code: BD967734

Publication Date: Jan. 1979 58P .

Report No.: NASA-CR-162437; BCL-OA-TFR-78-5

Contract No.: NASW-2800

Language: English

Country of Origin:
United States

Document Type: REPORT

(cont. next page)
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Most documents avatlable from AIAA Technical Library
Other Avatlliabtlity: NTIS HC AQ4/MF AQ1!

Journal Announcement: STARBOO2

An approach and criteria for

evaluating NASA funded

experimant: and demonstrations which have commercial potential -

were rdevaeloped. Methods for tnsuring quick initial screening
of commoreial proposals are presented. Recommendations are
given for modifying “the current evaluation approach. New
criteria for evaluating commercially ortentated materials
processing tn space (MPS) proposals are introduced. The
procass for selecttion of quatified iIndividuals to evaluate the
phases of this approach and criterta s considered and
guidelines are set for its implementation. (R.C.T.)

Source of Abstract/Subfile: NASA STIF

Descriptors: +MANAGEMENT PLANNING; +SPACE MANUFACTURING;
*SPACEBORNE EXPERIMENTS: COMMERCE; "INDUSTRIES: MARKET RESEARCH

TECHNOLOGY UTILIZATION

Subject Classification: 7512 .Astronautics--General (1975-)

COSATI Code: 22A .Astronautics

ABO~-47800

1040601

Mining the moon

HURLICH, A.

Amer ican Soclety for Metals, Heat Treating
Conference-Workshop, 5th, Detroit, Mich., May 6-8, 1980,
Paper. 39 p.

Publication Date: May 1980 20 Refs.

Language: English .

Country of Publication: United States

Document Type: CONFERENCE PAPER

Most documents available from AIAA Technical Library
Journal Announcement: [AAB02t

The selecttion, extraction and processing of matertals
required for varfous construction projects {in space are
discussed and the significance for solar power station

sateltites and
compositions ‘of

space settlements 1{s 1{investigated. The
the moon and the earth are compared and
diagrammed with differences highlighted and vartations in the
recovery process presented. Earth and lunar production costs
are compared, especlially with regards to the processing of
silicon for solar panels. Emphasis 1{s placed on utilizing
features of the Tunar and space environments iin the
development of a materials (ndustry. (R.C.)
Source of Abstract/Subfile: AIAA/TIS

Descriptors: *EXTRATERRESTRIAL RESOURCES: *LUNAR SOIL;
*MINING: *MOON: +SPACE INDUSTRIALIZATION: GLASS: METALS;
SILICON; SOLAR POWER SATELLITES; SPACE MANUFACTURING: SPACE
PROCESSING

Subject Classification: 7512 .Astronautics--General (1975-)

1040471 AB0O-47670

MINOS - A space system for the industrial production of
materfials {n orbit

MINDOS - Systeme spatial pour la production industrielle de
materiaux en orbite

SERRADEIL, R. (Centre National d’Etudes Spatiales, Paris,
France); TOROSSIAN, R. (Societe Nationale Industrielle
Aerospatiale, Les Mureaux,  Yvelines, fFrance); DOMAULAM, M.
(MATRA, S.A., Vellizy-Villacoublay, Yvelines, France)

L’Aeronautique et Astronautique, no. 82, 1980, p. 3-10. In
French. '

Publication Date:

tanguage: French

Country of Origin: France Country of Publication: France

Document Type: JOURNAL ARTICLE

Most documents available from AIAA Technical Library

dournal Announcement: [1AABO2t¢

The MINOS (French acronym for Modules for Space Industry and
Observation) system approach to an automatic orbital station
for the {industrial production of materials in space f{s
presented. Consideration {s given to the possible materials to
be processed by the station and associated system
requirements, and the results of baseline studies concerning
the functions and subsystems determining the orbit and
configuration of the system are outlined. The components of
the proposed system are then described, with attention given

1980

to the service module, which fulfiltls the functions of
stabilization, energy and communications, and the shuttle
vehicle, to be launched by Arfane and be responsible for
returning products to earth. The desfign of a multimission
MINOS system i{s then considered, with attention given to the
modular design, shuttle vehicle, standard modules and the
arrangement of the modules, and areas requiring further

technical development are indicated. (A.L.W.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: *FRENCH SPACE PROGRAMS; +ORBITAL SPACE STATIONS
H *SPACE MANUFACTURING:; DESIGN ANALYSIS; MODULES; SPACE
MISSIONS; SPACE SHUTTLES: SPACE TRANSPORTATION: TECHNOLOGY

UTILIZATION

Subject Classtfication: 7512 .Astronautics--General (1975-)

1024592 AB0-31791
The industrialisation of space

PARDOE, G. K. C. (General Technology Systems, Ltd., London,
England)
British Interplanetary Soclety, Journal (Space and

Education), vol. 33, May 1980, p. 195-200.

Publicatton Date: May 1980

Language: English

Country of Oiigin:
Untted Kingdom

Document Type: JOURNAL ARTICLE

Most documents available from AIAA Technical Library

Journal! Announcement: IAAB8012 .

It s noted that the industrialization of space has rested
and will continue to rest to a major extent on the support and
stimulus of defense programs. The present paper examines the
more publicly visible activities in space. Discussion covers
the progressive use of space to date, noting the introduction

Untted Kingdom Country of Publication:

(cont. next page)
FPoisos

011178

INFOHMATION SERVICES, INC.

[
=T
p

ALTIYND. 4004 20

MNO

-
¢

-1 e
.“('S H
TEE e

s




EI . o . : . ; e . }IEE s \
e . - . Eﬁ; oo s

15may86 P024: PR 1/5/188-191,197,199-202,208,209,211,215,216,219,223,224,236,240,246,248-256 PAGE: 112

' 3
PRINTS user:012959

DIALOG (VERSION 2) Item 18 of 29

DIALOG File 108: AEROSPACE - 62-88/1SS09

‘"of commbrcially based communications satellites in the 1960s.
Also examined 1{1s the growth of {ndustrtalization and the
commercial implications of earth observation satellites,
in-orbit matertal processing., orbital antenna farm, and space
power system. Finally, {1t {s concluded that the current
reluctance of sectors of industry to innovate must be reversed
since the solving of future problems will require a more
revolutionary approach. (M.E.P.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: *SPACE INDUSTRIALIZATION; *TECHNOLOGY
UTILIZATION; ANTENNAS; COMMUNICATION SATELLITES; DEFENSE
PROGRAM;: EARTH OBSERVATIONS (FROM SPACE); ELECTRIC GENERATORS
ENERGY TECHNOLOGY; MILITARY TECHNOLOGY: SOLAR POWER SATELLITES
: SPACE PROCESSING

Subject Classgification: 7512 .Astronautics--General (1975-)

1007572 ABO-14771

Space - Everyone benefits, Proceedings of the Sixteenth
Space Congress, Cocoa Beach, Fla., April 25-27, 1979
; et al,

Congress sponsored by the Canaveral Council of Technical
Societtes. Cocoa Beach, Fla., Canaveral Council of Technical
Socleties, 1979. 325 p (For individual {tems see ABO-14772 to
ABO-14793)

Publication Date: 1979

Language: English

Country of Publication: United States

Document Type: CONFERENCE PROCEEDINGS

Journal Announcement: 1AA8003

Papers are presented on such areas as Shuttle update, DOD
inftiatives in space, Spacelab, payload planning, space
commercialization, and technology transfer. Particutar
consideration 1{is given to the Shuttlie orbttal flight test,
leased military space communication systems, Spacelab flight
operations, commercialization of materials processing in
space, and quical applications of aerospace technology. (B.J.
)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: +AEROSPACE TECHNOLOGY TRANSFER; *CONFERENCES:
*SPACE MISSIONS; +*SPACE TRANSPORTATION SYSTEM; *TECHNOLOGY
UTILIZATION; DEFENSE PROGRAM; EXTERNAL TANKS; FLIGHT
OPERATIONS; GROUND SUPPORT SYSTEMS; LANDSAT SATELLITES;
MEDICAL SCIENCE;: OPTICAL COMMUNICATION; SOCIOLOGY; SOLAR POWER
SATELLITES: SPACE INDUSTRIALIZATION; SPACE SHUTTLE ORBITERS;
SPACE SHUTTLE PAYLOADS; SPACE SURVEILLANCE (SPACEBORNE); SPACE
TRANSPORTATION SYSTEM FLIGHTS:; SPACELAB PAYLOADS; TECHNOLOGY
ASSESSMENT

Subject Classification: 7512 .Astronautics--General (1975-)

1 0984844 N79- 16022
Study of iron-borate materials systems processed in space
Final Report, 27 Sep. 1977 - 26 Sep. 1978
NEILSON, G. F.
Owens-111inots, Inc., Toledo, Ohio.
Corp. Source Code: 08815627

Publication Date: Aug. 1978 42P .

Report No.: NASA-CR-150888

Contract No.: NASB-32659

Language: English

Country of Origin: United States Country of Publication:
United States

Document Type: REPORT

Most documents available from AIAA Technical Library

Other Availability: NTIS HC AO3/MF AO1

Journal Announcement: STAR7907

It was calculated that an FeB0O3B203 glass-ceramic containing
only 1 mole¥% FeB03. would be equivalent Ffor magnetooptic
application to a YIG crystal of equal thickness. An Fe2038203
composi{tion containing 2 moleY FeB03 equivalent (988) could be
converted largely to a dense green, though opaque, FeBOJ
glass-ceramic through suitable heat treatments. However, phase
separation (and segregatfion) and Fe+3 reduction could not be
entirely avoided with the various procedures that were
employed. From )ight scattering calculations, it was estimated
that about 100 A to allow 90% tight transmission through a |
cm thick sample. However, the actual FeB03 crystallite sizes
obtained in 98B were of the order of { micron or greater. (
Author) .

Descriptors: *BORATES; *IRON COMPOUNDS; +*SPACE MANUFACTURING
; CERAMICS; GLASS:; HEAT TREATMENT; LIGHT SCATTERING

Subject Classification: 7512 .Astronautics--General (1975-)

COSATI Code: 22A .Astronautics

0982963 N79-14120 .
Nonterrestrial material processing and manufacturing of

large space systems

VONTIESENHAUSEN, G. F.

National Aeronautics and Space Administration. Marshall
Space Flight Center, Huntsville, Ala.

Corp. Source Code: ND73680t

Publication Date: Nov. 1978 31pP.

Report No.: NASA-TM-78207

Language: English .

Country ~of Origin: United States Country of Publication:
United States

Document Type: REPORT

Most documents avatlable from AIAA Technical Library

Other Availability: NTIS HC AO3/MF AO%

Journal Announcement: STAR7905

An attempt 1s made to provide pertinent and readtly usable
information on the extraterrestrial processing of materials
and manufacturing of components and elements of these planned
large space systems from preprocessed lunar materials which
are made available at a processing and manufacturing site in
space. Required facilities, equipment, machinery, energy and
manpower are defined. (Author)

Descriptors: +AEROSPACE ENGINEERING; *SPACE MANUFACTURING;
*SPACE STATIONS: CONSTRUCTION; FABRICATION: MOON; PRODUCTION
ENGINEERING

(cont. next page)
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Subject Classification: 7512  Astronautics--General .(1975-)
COSATI Code: 22A .Astronautics

0977685 A79-53303

Chemical processing of lunar materials

CRISWELL., D. R.: WALDRON, R. D. {(Lunar and Planetary
Institute, Houston, Tex.)

Lunar and Planetary Inst., Houston, Tex.

Corp. Source Code: 18618929

International Astronautical Federation, International
Astronautical Congress, 30th, Munich, West Germany, Sept.
t7-22, 1979, 20 p.

Publication Date: Sep. 1979 7 Refs.

Report No.: IAF PAPER 79-116

Contract No.: NSR-09-051-001

Language: English

Country of Origin: Untfted States Country of Publication:
International Organization

Document Type: CONFERENCE PAPER

Most documents available from AIAA Technical Library

Journal Announcement: 1AA7924

The paper highlights recent work on the general problem of
processing tunar materials. The discussion covers lunar source
materials, refined products, wmottvations for wusing lunar
materials, and general considerations for a lunar or space
processing plant. Attention 1{s given to chemical processing
through vartous techniques, including electrolysis of molten
silicates, carbothermic/siticothermic reduction, carbo-chlori-
nation process, NaOH basic-leach process, and HF acid-leach
process. Several options for chemical processing of lunar
materlals are well within the state of the art of applied
chemistry and chemical engineering to begin development based
on the extensive knowledge of tunar materials. (5.0.)

Source of Abstract/Subfile: AIAA/TIS i

Descriptors: +CHEMICAL ENGINEERING; +LUNAR ROCKS; *LUNAR
SOIL; *SPACE MANUFACTURING; BENEFICIATION; CHLORINATION;
ELECTROLYSIS; HYDROFLUORIC ACID; LEACHING; MATERIALS HANDLING
SPACE INDUSTRIALIZATION .

Subject Classification: 7512 .Astronautics--General (1975-)

0977664 AT79-53282

The Minos system (automatic station for space manufacturing)

CACHEUX, J. (Centre Nattonal d’Etudes Spatiales, Toulouse,
France);. TOROSSIAN, R. (Societe Nationale Industrielle
Aerospatiale, Les Mureaux Yvelines, France): DO-MAU-LAM, M.
(Matra, S.A., Division E tudes et Syntheses,
Velizy-Villacoublay, Yvelines, France)

International Astronautical Federation, International
Astronautical Congress, 30th, Munich, West Germany, Sept.
17-22, 1979, 27 p.

Pubtication Date: Sep. 1979

Report No.: IAF PAPER 79-68

Language: English

Country of origin: France Country of Publication:
International Organization

Document Type: CONFERENCE PAPER

Most documents available from AIAA Technical Library

Journal Announcement: 1AA7924

The present paper deals with .the orbiting Minos station

‘i{ntended for processing matertals {n space, whose design and

specifications are being developed to match the capabilities
of the Ariane booster. The structure of the spacecraft is
described, along with the solar panels, energy storage,
control systems, tracking, communications, telemetry, and
on-board computer system. (V.P.) .

Source of Abstract/Subfile: AIAA/TIS

Descriptors: *FRENCH SPACE PROGRAMS:; +ORBITAL SPACE STATIONS
;s *SPACE MANUFACTURING: +«SPACE PROCESSING; ARIANE LAUNCH
VEHICLE; FREE FLIGHT; GUYANA; REENTRY VEHICLES: RENDEZVOUS
SPACECRAFT; SERVICE MODULES; SPACECRAFT POWER SUPPLIES:
SPACECRAFT STRUCTURES

Subject Classification: 7512 .Astronautics--General (1975-)

0976067 A79-5168B5 )

Alloys out of weightlessness ( space manufacturing of
semiconductors)

Splavy {1z nevesomosti .

SAVITSKII, €.; IVANOV, L.:; ZEMSKOV, V. :

Aviatsiia { Kosmonavtika, July 1979, p. 42, 43. In Russfan.

Publicattion Date: Jul. 1979

Language: Russian

Country of Publication: U.5.S5.R.

Document Type: JOURNAL ARTICLE

Most documents available from AIAA Technical Library

Journal Announcement: 1AA7923

Some results of technological experiments on board the

'Salut-s/Soyuz space laboratory are reviewed. X-ray photographs

of an atuminum-tungsten alloy and an aluminum-bismuth alloy
and their terrestrial counterparts are given and discussed.
Study of the microstructure shows suppression of tiquation and
a more uniform phase distribution than 1n terrestrial
specimens, Also, the primary crystals are larger with a more
perfect faceting. Under terrestrial conditions, the components
of the aluminum-bismuth alloy are distributed in two separate
rows, whereas under space conditions they are mixed. (V.P.)
Source of Abstract/Subfile: AIAA/TIS

Descriptors: «CADMIUM TELLURIDES; +MERCURY TELLURIDES:
*SEMICONDUCTORS (MATERIALS): *SPACE MANUFACTURING:
*WEIGHTLESSNESS; ALLOYS; CRYSTALLIZATION; GLASS;

MICROSTRUCTURE; X RAY SPECTROSCOPY -
Subject Classification: 7526 _Metallic Matertals (1975-)

0967850 A79-43467
Post-Apollo revisited
MUELLER, G. E. (System Development Corp., Santa Monica,
Calif.)
Astronautics and Aeronautics, vol. 7, July-Aug. 1979, p.
24-31.
(cont. next page)
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Publication Date: Aug. 1979

Language: English

Country of Origin: United States Country of Publication:
United States

Document Type: JOURNAL ARTICLE

Most documents available from AIAA Technlcal Library

Journal Announcement: 1AA7918

The reasons for the slowdown in the U.S. space program
experienced {in the 1970’s are considered, and the effects of
the relatively 1limited advances made In this period are
assessed. High-priority objectives for the future which are
politically palatable and which could be accomplished within
the budget limitations presently imposed on the space program
are Identified and described. These include the use of space
for defense, the development of targe mul tipurpose information
platforms, materials processing factories in space, nuclear
waste disposal in space, exploitation of resources on the moon
and asteroids, additional manned expeditions to the moon,
space colonization, space-based solar power generation,
orbital transportation service between continents, and search
for extraterrestrial tntelligence. The technological advances
necessary for these programs are examined. The {importance of
developing advanced propulsion and low-cost reusable systems
{s stressed. (C.K.0.)

Source of Abstract/Subfile: AIAA/TIS

Descriptors: *NASA PROGRAMS; +SPACE INDUSTRIALIZATION;
+SPACE PROGRAMS; +TECHNOLOGICAL FORECASTING; DEFENSE PROGRAM;
EXTRATERRESTRIAL INTELLIGENCE; LARGE SPACE STRUCTURES; LOW
COST; MANNED SPACE FLIGHT: NUCLEAR FUELS: REUSABLE LAUNCH
VEHICLES: SPACE COLONIES: SPACEBORNE EXPERIMENTS; WASTE
D1ISPOSAL

Subject Classification: 7512 .Astronautics--General (1975-)

0967630 A79-43247

Nonterrestrial material processing and manufacturing of
large space systems

VON TIESENHAUSEN, G. (NASA, Marshall Space Flight Center,
Advanced Systems Office, Huntsville, Ala.)

National Aeronautics and Space Administration. Marshall
Space Flight Center, Huntsville, Ala.

Corp. Source Code: ND7368B01

In: The enigma of the eighties: Environment, economics,
energy;: Proceedings - of the Twenty-fourth National Symposium
and Exhibition, San Francisco, Calif., May 8-10, 1979, Book 1.
(A79-43228 18-23) Azusa, Calif., Society for the Advancement
of Material and Process Engineering, 1979, p. 270-284.

Publication Date: 1979 8 Refs. ’

Language: English

Country of Origin: United States Country of Publication:
United States '

Document Type: CONFERENCE PAPER

Journal Announcement: 1AA7918

Nonterrestrial processing of materials and manufacturing of
large space system components from preprocessed lunar
materials at a manufacturing site in space s described. Lunar
materfals mined and preprocessed at the lunar resource complex

will be flown to the space manufacturing facility (SMF), where
together with supplementary terrestrial materials, they will
be final processed and fabricated into space communication
systems, sotar cell blankets, radio frequency generators, and
electrical equipment. Satellite Power System (SPS) matertal
requirements and lunar material avatlability and utilization
are detailed, and the SMF processing, refining, fabricating
facilities, material flow and manpower requirements are
described. (A.T.)
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Commercial prospects for extraterrestrial materfals

CRISWELL. D. R.: WALDRON., R. D. (Lunar and Planetary
Institute, Houston, Tex.)

Lunar and Planetary Inst., Houston, Tex.

Corp. Source Code: LB618929

Journal of Contemporary 8usiness, vol. 7, no. 3, 1978, p.
153- 169.
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Country of Origin: United States Country of Publication:
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Document Type: JOURNAL ARTICLE

Most documents available from AIAA Technical Library

Journal Announcement: 1AA7913

Prospects for wusing Ilunar resources as materials for

" spaceborne construction are examined. The wuse of tunar

construction materials is considered economically justifiable
in the case of such large scale projects as space power
stations (SPS). A proposed scenario .for the acquisition and
space processing of lunar materials involves the use of space
shutties to deliver an assembly base to earth orbtit, where a
solar powered mass driver reaction engine rocket s assembled
and used to bring sections of a lunar base from low earth
orbit to the moon. The rocket would then be positioned at the
L2 equilibrtum point in order to catch lunar soil propelled
into space by a mass driver and bring {t.to the assembly base
for chemical processing. Cost factors would be comparable to
those of the terrestrial deployment of the first SPS, and such
a project could be in operation before the end of the century.
(A.L.W.)

Source of Abstract/Subfile: AIAA/TIS
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0948832 A79-24449 . using the sun as heat source, and other technologies for space
Industry’'s new frontier {n space are studied. (P.T.H.)
BYLINSKY, G. . Source of Abstract/Subfile: AIAA/TIS
Fortune, vol. 99, Jan. 29, 1979, p. 76-79., 82, 84. Descriptors: *AEROSPACE ENGINEERING; +LOW GRAVITY
Publication Date: Jan. 1979 MANUFACTURING; +SPACE INDUSTRIALIZATION; *SPACE MANUFACTURING
Language: English ' ’ #SPACE PROCESSING; AEROSPACE ENVIRONMENTS: CRYSTAL GROWTH;
Country of Publication: United States ELECTROPHORESLIS; INTERFACIAL TENSION; REDUCED GRAVITY; SALYUT
Document Type: JOURNAL ARTICLE ' SPACE STATION; SOVIET SPACECRAFT; SOYUZ SPACECRAFT: U.S.S.R.
Most documents available from AIAA Technical Library SPACE PRUGRAM
Journal Announcement: I[AA7908 Subject Classification: 7512 .Astronautics--General (1975-)

The advantages of manufacturing {in space are discussed,
together with a detailed description of the materials to be
processed ahoard the Spacelab of NASA’s Shuttle. Gravity
includes c«onvection currents which lead to unpredictable and
undestrable structural and composition difference in sollids,
tending to separate the different materials contained in a
tiquid. with the resulting solid lacking uniformity. Most such
problems disappear in the weightlessness of outer space making
thus possible the production of higher quality materials, as
for example metals displaying self-lubricating properties of
superconducting qualities. Further, studies show that there
are more than 400 alloys that cannot be made on earth because
of the gravitational pull. In the microgravity of an orbiting
spacelab NASA wil! be able to produce crystals, alloys, and
. medicines (e.g. pure interferon, - endorphins, and
erythropoietin) never seen on earth. (A.A.)

Source of Abstract/Subfilae: AIAA/TIS
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Industry {n space ( Russian book on space processing and
manufacturing)

Industriia v kosmose

EVICH, A. F. .

Moscow, 1lzdatel’stvo Moskovskii Rabochif, 1978. 224 p. In
Russ tan.

Publication Date: 1978 30 Refs.

Language: Russian

Country of Publication: U.S.S.R.

Document Type: BOOK

Most documents available from AIAA Technical Library

Journal Announcement: [AA7907

The book discusses the prospects for carrying out various
types of industrial processes {n space. The physical
condittons prevaliling in space are reviewed, phenomena such as
convection, diffusion, and surface tension under zero-gravity
conditions are discussed, experimental methods of simulating
weightlessness, are briefly described, and results of first
technological experiments {in space on Soyuz 6, Skylab, and the
Salyut series of spacecraft are summarized. Possibilities for
producing hollow spheres in space or for producing foam metal

are discussed. Schemes for crystal growing, electrophoresis, ' : '
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Pron:szing of glass In space

DOREMUL. R. H.° (California, University, Berkeley, Calif.;
Renssnlasr Pnlytechnic Institute, Troy, N.Y.)

Amor icsn Institute of Aeronautics and Astronautics,

tero:ipan:  Sciences Meeting, 17th, New Orleans, La., Jan.
15-47, 1=/, 7 p.

Pulslin~tion Date: Jan. 1979

Report e ATAA PPAPER 79-0031
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Comiry, " Origin: United States Country of Publicatton:
Undtert St or

Documant typra: CONFERENCE PAPER
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New gla=5 compositions should result from space processing.
To make »n glass, a liquid must be cooled rapidly enough to
prevent nucleation of ‘crystals, and the elimination of
container walls, a common source of nucleation, should lead to
new glass-forming composftions. Fundamentals of nucleatfon and
growth of crystals in glass are discussed. Rapid heat transfer
fs atlso important in glass forming: the special conditions of
heat transfer {n space processing must be carefully controlled
for succensful melting of easily crystallized glasses. Fining
and homogentzation are important problems in making glasses,
but they present no special problems for glass melting in
epace. ((Author))

Descriptors *GLASS:; «SPACE PROCESSING; BUBBLES;
CRYSTALLIZATION: HOMOGENEITY; MELTING: NUCLEATION; REACTION
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AIAA/MSFC Symposium on Space Industrialfzation: Proceedings
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Presentation Note: Proc. held at Huntsville Ala., 26-27 May
1976 ’

Report No.: NASA-CP-2026

Language: English : .
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Journal Announcement: STAR7809

Current and projected technologies required for utilizing
extraterrestrial environments to produce energy, information,
or materials and provide services . of value on Earth or to
Earth are discussed. Topics include: space habitats, space
transportation, materials. processing, solar space power, and
exoindustrial management concepts. (A.R.H.)
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Material sciences in space. 11 - Future Iinterest and
expectations (from Spacelab experiments)

SEIBERT, G. (ESA, Directorate of Planning and Future
Programmes, Paris, France)

ESA Journal, vol. 2, no. 2, 1978, p. 99-109.

Publication Date: 1978 13 Refs.

Language: English
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Publiication: Netherlands .
" Document Type: JOURNAL ARTICLE
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Journal Announcement: [1AA7820

Various material-science experiments which may be performed
under near-weightlessness {n space are outtined. Two methods
of electrophormtic separation are described: free-flow
electrophoresis, and static-zone electrophores!s Attention is
given to the preparation of isotropic composite materials, the
productton of two-phase alloys by solidification with a
miscibility gap in the Viquid state, the production of foamed
metals, the preparation of defect-free single crystals and
al tgned eutectics, and lavitation melting. Space-grown
crystals are outiined with reference to their use as
elementary semiconductors and compound semtconductors. Studies
in fluid physics and fluid dynamics 1{n near-zero-gravity
conditions are evatuated. (S5.C.S.)

Source of Abstract/Subfile: AIAA/TIS .
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