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As the United States only launch vehicle program NASA's, Space
Shuttle forced the shutdown of conventional launch vehicle
operations. A System whose profitability depended on frequent
use, but which, instead, incurred numerous launch delays, the
Shuttle soon could not cover the cost of itself much less turn an
profit. The French Ariane, albeit a simpler launch venicle, soon
successfully competed with the Shuttle for payloads.

The Reagan Administration, by various supportive measures,
encouraged the market entrance of commercial launch firms. The
Shuttle and Ariane, however, subsidized by their respective
governments, set prices so artificially low that no large
commercial launch vehicle company (e.g. McDonnell Douglas,
General Dynamics) could hope to survive if they entered the
market,

Nonetheless, in the early 1980's several entrepreneurs
started small launch firms with the hope of placing small
payloads into orbit at a cheaper price than the Shuttle could.
The handful of these companies in existence today hope to be
operational by the end of the decade. The grounding of the
Shuttle fleet after the Challenger accident and the Ariane's
technical difficulties may provide a valuable market opportunity
for large and small commercial launch vehicles,

This study 1s a three part analysis to determine if the
future market environment will allow a small launch firm to
establish itself and capture a sector of that market. The

primary thrust of this analysis addresses the market all launch

velicles serve: the satellites that require access to space in
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order to generate revenue. First, an analysis of the satellite
population over the past ten years was conducted to determine
trends in satellite use. Characteristics of satellites such as
their categories, and their weignts which are critical to small
launchers were addressed in order to definme a target markect
segment and to establish its growth based on the historical
data. Next, an analysis of forecast satellite and launch vehicle
use provided another basis to determine the need for small
launchers. Satellites projected for the next ten years were
associated with the most probable launcher that would be
available at the time the satellite is scheduled to be orbited.
This forecast supported the initial trend analysis. These
projections are subject to a great deal of uncertainty because of
the dynamic nature of the space business environment following
the Challenger accident. Issues affecting the market forecast
were addressed and include the Administration's future launch
vehicle policy, the possibility of a replacement Shuttle, the
final US space station configuration, the threat of foreign
launch competition, the revival of expendable launchers and the
demand for communication satellites., The likely course of action
associated with each issue was determined and its impact was
assessed against the projected trends and forecast. This
information provided the most accurate forecast and was used in
conjunction with representative data from several small launch
firms to determine their profitability.

The study established that a small launch firm could not

profitably operate without a significant investment of additional




capital to upgrade its capabilities
orbit moderate sized geosynchronous
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PREFACE

I have always maintained an interest in commercial space
applications, which in the past few years have held tremendous
promise. For my MBA culminating project I had difficulty
focusing on a particular business problem which had not been
thoroughly researched. 1In my graduate marketing course I
completed a research paper om the Freach Ariane launcher as a
successful competitor to the Shuttle., A simpler and more
economical vehicle, the Ariane stole numerous payloads from the
delay-prone Shuttle. My interest in the space transportation
industry grew. Behind the calm governmental facade, I discovered
a tremendous amount of political infighting between US Government
agencies and NASA centering upon the competition between the
subsidized Shuttle, the Ariane and US launch vehicles. I
discovered that the builders of conventional launchers could not
compete with government backed launch systems.

Small launch vehicle firms drew my attention. These firms
with limited capital started by former NASA and aerospace firm
employees began the development of small launch vehicles capable
of orbiting light payloads. To date only one firm, Space
Services Incorporated had successfully launched a rocket.
Several firms have failed, while others continue work hoping to
become operational in the near future. The question in my mind
was — could a few of these small launcher firms survive. From
this I derived the major thrust of my research to see if market
conditions in the future will foster their growth of eventually
choke them off.

1X



My initial work went well until the Challenger accident on an
ordinary January morning changed the entire perspective of the
space program and commercial space ventures. To complicate
matters a concise governmental space policy was never
formulated. Uncertainty effectively tied the hands of the
commercial space processing industry, large aerospace firms,
foreign governments and small entrepreneurs. Confusion reigned
in NASA, Congress, and the Administration. United States space
policy never very cohesive in the past now came apart at the
seams. The Administration, in an effort to pull things together
in August, finally made several overdue decisions. One was to
build another Shuttle, the other in September was to limit the
number and types of commercial payloads on the Shuttle once it
flew again. These events, unforseeable a year ago, had and will
continue to have a significant impact on small launch firm
operationms,

The purpose of this study will be to examine in conjunction
with demand what impact these issues and others in the marketing
environment will have on small launch firms. This study will, in
effect, take a snapshot of conditions and projections as they
appear at the time of this study. The dynamic eavironment in
which all commercial space ventures take place precludes anyone
from being able to achieve anywhere near perfect accuracy in
their projections. None foresaw the Challenger's demise, or
seriously considered the possibility that four proven US launch
vehicles in a row would fail and that the French Ariane would
fail in the same period, shutting down Western launch

X



capability. The best effort was made to provide a realistic,
conservative projection in line with the belief that unforeseen
events in the future will not be exceptionally favorable to space

ventures in general and small launch firms in particular.
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INTRODUCTION
THE ADVENT OF SPACE COMMERCIALIATION

CHAPTER 1

Man's entry into orbital space began in 1958 with the
launching of Sputnik I by the Soviet Union. Since then hundreds
of spacecraft have rocketed into earth orbit and beyond. These
craft gradually increased in size and complexity and culminated
in unmanned planetary spacecraft and manned flight to the moon.
These formative years of the space program assumed an exploratory
nature. Space represented a new environment about which man knew
little in the late 1950s and early 1960s. Consequently, the
early satellites primarily carried scientific instrumentation,
This period, which ran until the early 1970s, was marked by
several characteristics.

The United States and Soviet Union dominated the realm of
space. No other nation had the engineering base and resources
necessary for a credible space program. Another characteristic
of this era was the dependence of other nations on either the
Soviet Union or United States to launch their spacecraft. Though
the United States agreed to launch the satellites of any Western
nation with normal US relations, complications arose when
stipulations went along with this service. The National
Aeronautics and Space Administration (NASA) refused to launch two
French Symphonie communications satellites unless significant
restrictions were placed on their use. These satellites were

launched only after the French conceded that they would not be
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used for commercial applications (Heydon, 1985).

This early period of the US and Soviet space program was
further characterized by the evolution of manned space flight
with man solely as a passenger to a role where man was an active
participant culminating in the exploration of the moon.
Scientific research led to practical applications through
communications and weather satellites.

During this period the US national space program was
controlled and regulated by the government through NASA. Private
industry was not active in commercially developing space,

During the 1970's and early 1980's the situation changed
dramatically. The US and Soviet Union no longer completely
dominated the arena of space. China, Japan, and Brazil developed
space programs. The European Space Agency (ESA) pooled the space
interests, and the finmancial and industrial resources of several
European countries. The cold war competition in space by the two
great super-powers has been replaced by commercial competition
between all spacefaring nations, This competition took several
forms. The French SPOT satellite came into direct competition
with the US LANDSAT remote sensing (detection of resources
through satellite imagery) satellite system.

Today, foreign suppliers of ground station equipment in
Germany, Canada, France and Japan compete directly with US firms
abroad. Japan has developed a new communications satellite which
could revolutionize that industry. The European Ariane launcher
has lured customers away from the US Shuttle even prior to the

Challenger accident.




The Europeans learned relatively early to develop launcher
and satellite capabilities independent from the US. The US
refusal to launch the French Symphonie satellites served to
illustrate to the European space community the need for
alternatives to US supplied services in such areas as space
transportation, During the Carter Administration, due to
budgetary pressures, the US bowed out of a joint solar-polar
orbit mission with the Europeans, seriously degrading the overall
project. Today, Europeans are dissatisfied with the return from
their investment in the Shuttle program, the West German
developed Spacelab module, This pressurized laboratory has been
used more by the US than Europe. The European Space Agency (ESA)
has demanded a more active role in the development and operation
of a proposed US space station which is partially funded by ESA.
The Europeans are iantent on establishing an independent presence
in space and plans are proceeding on a European heavy launch
vehicle, spaceplane, and Columbus space station to be constructed
after the US station is orbited.

American space objectives today still include man's presence
in space, a program of scientific exploration and research, and
practical application of the knowledge and technology gained. A
national objective since the Reagan Administration took office is
the commercialization of space through the participation of US
business in establishing various industries and services in
Space. Tne total control of the national space program by the
government has been replaced by the privatization of major

functions that previously were the sole responsibility of NASA.
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As an example, Lockheed assumed NASA's responsibilities at the
Kennedy Spacecraft Center and was contracted to handle a major
portion of the operations there. Recently, NASA turned over the
control of the LANDSAT Earth Resources Satellite System to the
Earth Observation Satellite Company (EOSAT). The US Government
at one time even considered a proposal to turn over one or more
Shuttle orbiters to a private firm for commercial launch
services. The proposal was turned down based on the logic that
the Shuttle is a national asset which promotes national
interests, maintains the US presence in space, and in time of
national emergency, might be called upon to conduct critical
military missions.

The US Government has encouraged businesses to exploit the
space environment in order to foster new industrial applications.
New controlled processes could be developed to make stronger and
more perfect materials. New pharmaceuticals are possible.
Superior material for electronic equipment could be made along
with an improvement in the usual applications in communications,
weather prediction and global navigation. A commercial space
policy developed by NASA and endorsed by the Reagan
Administration has helped stimulate growth in commercial space

activities.



COMMERCIAL SPACE POLICY

CHAPTER 2

NASA's space commercialization policy, formulated in 1983, is
designed to aid companies, financial institutioms, and
entrepreneurs who would otherwise be unable to sustain the risk
of investing their time, money and efforts in commercial space
ventures. NASA's policy was formulated in conjunction with the
Reagan Administration's Commercial Space Policy and is "designed
to counter impediments to commercial space endeavors such as tax
laws which have hampered space industrialization because they
were written before the unique problems facing business were
recognized"” (Covault, 1984).

Various methods have been implemented to reduce the fimancial
risk to commercial space venture companies. In seed funding, for
example, NASA would pay a portion of a company's startup costs
for a space venture to reduce risk, Firms receiving such funding
would have placed a large amount of their own capital at risk.
Another element of this policy would also allow NASA to purchase
a portion of certain space-produced products as a means of
providing market support when such products could be used by NASA.

Under the commercial space policy, attempts are being made to
revise the tax code and investment credits in order to give
companies with space ventures the same tax breaks as companies
per forming similar earth-bound services. The White House has
ordered a review of tax regulations that unfairly discriminate

against space commercialization ventures simply because
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commercial space ventures did not exist when those regulations
were written. In addition to trying to eliminate this kind of
discrimination, the Administration is working to change the tax
code so that they would specifically benefit industries working
in space. "“A 10% investment tax credit currently unavailable to
space commercialization ventures is being restructured with White
House support to make it available to this new business area,
Under existing law, objects launched into space are considered
exports and therefore do not qualify”(Covault, 1984).

The Office of Commercial Programs was created in the Fall of
1984 and has served as the center for the government's outreach
activities designed to provide a focal point for business to come
to when they want to conduct commercial space ventures with
NASA's aid. NASA, with its vast amount of knowledge and
experience has agreed to share its expertise with a firm through
various agreements. These agreements include:

1. Launch service agreements for a Shuttle flight.

2. Joint endeavor agreements which involve a
combined research effort by the firm and NASA.
No exchange of funds occurs. The firm pays the
expense for requisite project research and
development on earth and the construction of
flight hardware, while NASA provides free
shuttle flights for the project which must have

already met certain basic criteria on techaical
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merit, innovation and acceptable business
merit, While the company retains proprietary,
patent and inveantion rights, NASA must receive
enough data to evaluate the results of the
endeavor.

3. Plans for an industrial quest investigator.

This agreement permits a company scientist to
work at company expense in a NASA experiment,

4, Technical exchange agreements for sharing data
derived from ground-based research amalysis. No
flight is involved; expenses are paid by the
company and the company's data and patent rights

are protected (Covault, 1984).

The organization of NASA's Commercial Space Polcy is
illustrated in Figure 1. It consists of five policy subsections
and 19 initiatives that were to have been phased in over several
years. NASA and other branches of the federal government have
failed for the most part to enact these policies ("US Action on
Command Space Policy Criticized by Current, Former Administration

Officials", Aviation Week and Space Technology, 1986). A large

portion of the space policy developed in 1984 is irrelevant in the
post-Challenger accident environment, Commercial payloads have

been given lowest
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priority on the new Shuttle manifest. This alone negates the
requirements under the heading "Initiatives to Improve Access to
NASA Facilities" in the 1984 policy. L. J. Evans, the former NASA
Deputy Administrator of Commercial Space and current President of
the Center for Space and Advanced Technology Inc., indicated that
out of the "nineteen NASA initiatives, six have been fully
implemented, four partially, five have not been implemented and
four have regressed in status. NASA is still unable to make
prompt decisions resulting in an incredibly costly, bureaucratic
and time consuming process to get cooperative agreements signed”.
(US Action on Command Space Policy Criticized by Current, Former

Administration Officials™, Aviation Week and Space Technology,

1986). The US government eventually will have to modify the
Commercial Space Policy in light of receant developments and in the
process redefine the role of NASA and the federal government with

respect to the private use of space.




SPACE BUSINESS CATEGORIES

CHAPTER 3

David W. Thompson, President of Orbital Science Corporation, a
firm which wmarkets an upper stage vehicle for heavy satellites,
said that six things characterize most space ventures at the
Financing Business in Space Conference, March 27, 1984, in
Arlington, Virginia.

First, space projects are capital inteansive. Development
costs of $25 million to $50 million as an absolute minimum, are
required for the most modest ventures. Second, a longer period of
time will pass before there is a return on investment. Three to
four years will normally pass from a project's inception to
launch, at which time a return may still be several years away.
Orbital Science Corporation developed an upper stage for the
Shuttle in the late 1970s. 1Its first use will occur around 1990.
Several more customers will have to purchase the vehicle before a

profit is possible around 1995. ("Investments”, Commercial Space,

1985). For most investors there are better things to get into on
earth while they wait for someone else to bring in a return from
space, Third, like many other high tech ventures, space projects
are associated with high levels of perceived and actual risks,
These risks are related to the ventures inherent uncertainties,
which are technical, market, operating, and political in nature.
These factors can only be compensated for by projects with
prospects for high return or exceptional long term growth.

Flnancial experts, because of a lack of experience in space

10
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investments, have yet to establish a credible means of assessing
risk for various space ventures, Fourth, space enterprises rely
to a large part on high technology, which can act as a
double-edged sword; while some investors are attracted to the
glamour of space technologies, others are drawn elsewhere by the
susceptibility of space ventures to unpredictable market and
technical factors., The Shuttle, a marvel of technology, has by
virtue of its failure and grounding stranded many programs
dependent upon it for transportation., Fifth, space projects
represent an exciting but unfamiliar area for private investors.
Early stage investors are normally attracted by the excitement
but the amounts invested are inadequate for the multistage
financing required. Many investors will not be attracted to
commercial space ventures without a significant amount of
education on the economics and technologies of a space enterprise
and a realistic prospect of very high financial returns. This is
something that seems less likely until the US's space program has
reestablished itself. Sixth, space projects can draw on a vast
amount of managerial and technical talent. The quality of a
project's management is a very significant factor in whether a
project will draw the necessary investors. Excellent managerial
and technical persounel are employed by both government and
industry. A new venture is faced with the problem of attracting
management and technicians from their curreant jobs. These
factors are present to a greater or lesser degree in any industry
associated with space. Generally these can be classified in one

of three categories which are satellite construction and use,
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support services, and launch services.
SATELLITES
Satellites are classified according to function. There are
four satellite categories: communications, remote seasiag,
material processing and space science. Space communications is
the only substantial commercial exploitation of space to date.

Communications Satellites

Communications satellites represent the dominant transmission
technology today. International and domestic communications
satellites provide significant national support by supplementing
cable and microwave transmission. Frequently, the same firms
that carry data from one point to another also process the data,
leading to the merger of these two formerly separate activities;
telecommunications and data processing. In the United States,
the largest US telecommunications corporations (AT&T, Western
Union, IBM, RCA, ITT and GTE) offer domestic communications
satellite services. Large firms, such as CITICORP and General
Electric, have private satellite communications networks to
support their operations. The big three communication satellite
makers are Hughes, Ford Aerospace and RCA. They have captured
most of the market and will continue to hold a sizeable portion

for the rest of the decade.
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Actual Planned

1983.

1.

Eurosatellite . .. ...cvviireemnnennennnn. West European Consortium 5
Melco (Mitsubishi Electric Co.)........... Japan 4
Toshiba/GE ....... N A L e Japan/United States 3
Spar ABTOSPACE . ... 0 asams e enmeynssenss Canada 3
Mt BPHED .« wiswivs wvisama e s R RS France 2
Aerospatiale (with Ford Aerospace) ....... Francel/United States 2
Siemens/MBB/ERNO/AEG/ANT ........... West European Consortium 2

TTOIRRL o a0 e o o i 5 i 1 e 21
Prime contractor not yet selected: * 45

SRR <. .o iy S T B N T S S TS 81 150

Company Country 1965-83 1984-89
Prime coniractors:
[First launch 1983 or before]
Hughes Alrcraft .. ....cocaviiiiaaaini United States 45 33
ol e o ) S ——— United States 10 10
RCA Astro-Electronics .................. United States 9 27
TRW Defense and Space Systems ........ United States 8 0
British Aerospace Dynamics ............. United Kingdom 4 9
Melco/Ford ABroSpace ...........ccevuuus Japan/United States 3 1
CNES v sanicees P P Italy 1 1
Spar Aerospace/Hughes Aircraft.......... Canada/United States 2 i
R <o e T T P T D A Tt BN B A A S Bo 81 84

Additional prime contraclors:
[First launch 1984 or later]

Table 1. Prime contractors for commercial communications
satellites,
Note. From "World Communications Satellite Market

Characteristics and Forcast"”, NASA Contract CR-168270, November

The communications satellite's commercial, political and
regulatory environment are a complicated and treacherous area,

The major issues are:

The International Telecommunication Satellite
Organization (INTELSAT), a consortium of 109 nations
has a monopoly on all international satellite
communications. Several private US communications
corporations have recently applied for authorization
from the Federal Communications Commission (FCC) to

launch satellites providing transatlantic
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commuunications services. The US must decide whether
it will continue support of INTELSAT as sole
provider of intercontinental communications or
whether it will allow US firms to launch and operate
competitive satellites (Office of Technology
Assessment, 1985).
In a related issue, other nations typically require
that communications reaching their territories be
handled by their governmental communications system
and will accept communications traffic only from a
designated US carrier. The US is working on
bilateral negotiations with individual countries
with the objective of obtaining access for
additional US carriers. Multilateral negotiations
also continue on a GATT (General Agreement on
Traffic and Trade refers to a treaty adhered to by
the code of 177 countries on trading services)
agreement which will open communications by US
carriers to several countries (OTA, 1985).
Satellite communications demand is increasing
rapidly, but whether growth will continue through
the 1990s remains uncertain. Fiber optic technology
poses the greatest threat to the communication
satellite industry. The first trans-Atlantic fiber
optic cable is scheduled for operation in 1988. The
ratio of communications satellites to fiber optics

cables will depend on consumer preferences, business
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incentives, industry structure and regulatory
decisions (OTA, 1985).
The International Telecommuunications Union (ITU), a
United Nations Organization regulates space
communications (i.e. setting telecommunications
standards, allocating radio frequencies) to include
allotting positions in geostationmary orbit.
Positions are now registered according to a policy
of "first-come, first served.” However, numerous
Central American, South American and developing
countries would like to change this to "a priori”
allotments, whereby countries would be assigned
slots (positions) in advance of actual need. The
ITU periodically calls the World Administrative
Radio Conference (WARC) into session. Through
supposedly administrative in nature, the WARC during
its last few sessions has taken on a decidedly
political flavor with the third world nations pitted
against the US. At issue is a reconsideration of
international arrangements for planning the
disposition of communications satellites in
geosynchronous orbit. If the United States faces a
limited allotment of geosynchronous slots, it may be
forced to rent unfilled slots from other countries,
substitute fiber optic cable capacity for lost
satellite capability or deploy a new type of

communications satellite which uses a new frequency
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band (Ka band), Each alternative would incur
additional costs (Rosemary, Kindel, 1983).

5. Congestion in geostatiomary orbit, primarily over
the Western hemisphere in the C-frequency band (6/4
GHz) and Ku-frequency band (14/12 GHz) may create a
market opportunity for Ka-frequency band (30/20 GHz)
satellites in the 1990s. However, the deployment of
Ka-band communications satellites entails several
problems. The technology associated with this type
of satellite is advaunced, complicated and very
expensive, C- and Ku-band ground equipment is
incompatible with Ka-band equipment, increasing

overall system cost.

Figure 2. Shuttle launching Satellite Business Systems satellite
from sunshield enclosure. A perigee kick motor is attached to

place it in a higher orbit.
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Communications satellites are the largest market in the
satellite industry. While the demand increases for this method
of information and data transmittal, there is no guarantee that
continued growth through the 1990s will occur.

Remote Sensing Satellites

Remote sensing satellites view the Earth in various imaging
mediums (i.e. visible light, microwave, infrared) for the purpose
of investigating various aspects of the earth's composition,
atmosphere and weather. These spacecraft have been used for
weather prediction, mineral and petroleum prospecting,
agricultural productivity, erosion control, and fishing
management. The US Governmeant through the National Oceanic and
Atmospheric Administration (NOAA) will continue to operate the
nation's weather satellites (advanced TIROS and GOES) since they
benefit the nation as a whole. However, the US Government has
transferred the LANDSAT system, which provides valuable data for
the development and use of natural resources, to a private firm,
the Earth Observation Satellite Company (EOSAT). When correctly
interpreted, this data can aid in the prediction of mineral
resources, ground water or the cause of agricultural problems.
Separate firms market this data to other companies and foreign
governments.

The US LANDSAT system, until the launch in 1986 of the French
SPOT satellite, was the only commercial remote sensing system
from which worldwide data was available, By 1990, other

countries (to include Canada, France, and Japan) are expected to
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launch their own remote sensing satellites, lowering foreign
demand for this service and providing multiple sources for this

data.

Figure 3. SEASAT, Oceanographic remote semsing satellite.

Material Processing Satellites

Materials processing payloads offer the greatest promise for
commercial success dependent upon the long term success of the
Shuttle and the US space station. It iavolves the study of
materials, from pharmaceuticals to ceramics, and the various
processes which could be applied to these materials (i.e.
melting, solidifying, electroplating) in the microgravity
environment of space. This form of material development could

lead to new or better quality products. The first commercial
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product from material processing, latex spneres produced during a
shuttle flight and used to calibrate electron microscopes, have
already been sold to the National Bureau of Weights and
gtandards. The commercial space policy treats this area of space
business very favorably.

Material processing is a viable function for the US Shuttle
since it normally requires the direct intervention of man to
observe and control the various material processes. Another
reason why the Shuttle is the ideal vehicle for material
processing science is because of its ability to return the
payload from orbit., Even when released in space, a material
processing package can be picked up om a later shuttle flight.
This is impossible for the standard launch vehicle.

Numerous material processing experiments are being funded by
universities and industry. The recent shuttle disaster will put
many of these projects on hold for two or more years. The
material processing research of hundreds of companies to include
John Deere, 3M, Bethlehem Steel, DuPont and Monsanto have been
slowed significantly due to the inability to put payloads iato
orbit, This slowdown will allow competing companies time to
develop Earth bound processes comparable to those conducted in
space., Events prior to the Challenger loss were also
disturbing. Fairchild Industries developed a satellite called
LEASECRAFT which could have been deployed in orbit by the
shuttle, LEASECRAFT would in essence have been leased from
Fairchild with the renting company attaching onto LEASECRAFT a
module with the material to be processed. A later shuttle flight

would recover the material after it had been processed in space
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and would attach a material resupply module from the original or

a new company wishing to use the satellite. Fairchild suspended

further development of the spacecraft when no companies came

forward to contract or use this satellite.

Figure 4. NASA's universities' or industries' material

processing payloads can be mounted on this truss in the Shuttle's

cargo bay.
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Space Science Satellites

The final category of satellites are space science
satellites, which as national or international vehicles to
explore space, have little immediate commercial applicatiom.
Examples which come to mind are the spacecraft sent by various
nations to explore Halley's Comet and the Voyager craft which
explored the outer planets. These craft are normally funded by
the national goveranment with the scientific instruments designed
and constructed by universities and national laboratories, These

vehicles are launched by the Shuttle or conventional launchers.

Figure 5. Japan's Susei spacecraft was one of several that were
sent by West Germany and the Soviet Union to explore Halley's

Comet.
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SUPPORT SERVICES

It is evident that the various classes of satellites provide
important services to the natiom as a whole and opportunities for
private sector commercial growth, 1In additiom to the direct
fallout from the use of a satellite, there is a vast industry
supporting the operation of satellites, which include tracking
stations, ground stations, payload servicing, recovery processing
and launch services,

Tracking services consist of a network of statiomns which
follow the satellite in orbit amd receive data from and transmit
commands to it. These stations are either government or
privately operated. Several large electronics firms supply the
equipment for these stations. NASA, in the future, will
eliminate the need for most tracking stations ia governmental,
defense and some commercial communications networks by orbiting
four large Tracking Data Relay Satellites (TDRS) equi-distant
around the globe. Most telecommunications companies, companies
with private networks and individuals will maintain statioms for
their satellites called Earth stations which vary in size from
the cable television (CATV) satellite dish to the 30 meter dish
antennaes ($2000 - $9 million). The current trend is toward
higher-powered, more sophisticated satellites making possible
smaller, less expensive, but technically advanced Earth stations
that can be used for corporate data transmission and
videoconferencing. Earth stations are supplied by 25 firms in

seven countries (OTA, 1985). While foreign firms are allowed to
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compete in the United States, Japanese and European Economic
Community (EEC) markets are effectively closed to the US due to
trade barriers. In either case, by far the largest portion of
the world market for Earth stations is currently in the United
States. Nippon Electric Company (NEC), a Japanese firm, is the
largest manufacturer of large Earth stations, having manufactured
approximately one-third of all such stations around the world
(OTA, 1985).

With the advent of regular operational shuttle flights, firms
have provided services to those customers with payloads, to place
on board. Commercial customers with large payloads, such as a
communications satellite, have the option of having their payload
processed by either NASA or Astrotech Space Operatioms which has
excellent facilities and equipment adjacent to the Kennedy Space
enter (Kolcum, 1985). For anyone wishing to orbit a smaller
payload, several firms provide services to integrate it with the
Shuttle. Instrumentation Technology Associates is the leader in
this area integrating the customer's equipment to fit in NASA's
payload modules and providing any additional support equipment
required and technical advice. Shuttle customers range from high
school experiments to the payloads of large corporations.

Numerous new firms have started based on the many
opportunities resulting from support requirements related to
space. In one area alone more than 40 commercial ventures are

enhancing and interpreting LANDSAT and weather satellite data
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creating a multimillion-dollar industry that is continuously
striving for new ways to make satellite imagery data more useful
to crop market analysts, petroleum geologists and other users
("Fixing NASA", Time 1986).

LAUNCH SERVICES

An area which recently has been opened to the private sector
are space transportation or launch services for commercial
payloads. The US government has reassessed its traditional role
as the sole provider of launch services and has opened this area
to commercialization., Until the shuttle accident the primary
competitors in the launch service market were the Shuttle aand the
French Ariane booster. Though the initial philosophy behind the
Shuttle was a full recovery of launch costs by charging the
customer the actual cost to launch his payload, pressure from the
Ariane forced the Administration to subsidize the Shuttle and
lower customer pricing in order to maintain a competitive edge.
This has had an adverse impact on the launch vehicle firms
currently in existence., The Shuttle's artificially low prices
undercut the lowest price that could be offered by commercial
launch vehicle firms, keeping them from entering the market.

The Administration policy om launch vehicle commercialization
is ambiguous. "The President's policy encourages free market
competition among the various systems within the US private
sector, yet leaves the government-subsidized Shuttle as rhe main

competitor to the private sector's efforts to market expendable
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launch vehicle services., Current and projected pricing
policies,,. allow the Shuttle to compete with Ariane's prices ...
however, these policies decrease the probability that US private
firms will be economically successful in providing competitive
launch services” (OTA, 1985). Recent events have changed the
market outlook for these firms. NASA has come to the conclusion
that without this industry the backlog of satellites will exceed
shuttle capacity by a large margin. This paper will focus on a

portion of that industry.




SPACE TRANSPORTATION SERVICES
CHAPTER 4

The Shuttle Transportation System, was originally developed
for a number of good reasons:

l. It was less expensive to reuse valuable components

of a rocket than to lose everything whenever it
launched a payload.

2. Man would pilot the vehicle and would provide a

problem solving element and greater flexibility than
normally possible.

3. Rapid turn-around of a reusable vehicle would allow

more flights during a single year than with
expendable launch vehicles,

4. 1t seemed simpler and more economical to maintain
one vehicle rather than a fleet of rocket boosters
for the various payload weight classifications
(Roland, 1985).

The Shuttle was envisioned as a cheap bus ride into orbit.
Ideally these flights would pay for themselves by charging the
customer for the flight. But because of cheaper access to orbit,
flights would not be too costly. The initial analysis failed to
accurately predict what would happen. An incredibly complex
vehicle evolved since not only did it have to get itself into
space, it also had to bring itself back in one piece like a high
priced glider, something the expendable launch vehicle (ELV) did

not have to do. The engines, a problem area, had to be built
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better to withstand numerous flights and the heat resistant tile
problem delayed the program and further added to costs.
Development of the shuttle cost $14 billion in 1985 dollars,
still within budget. NASA's hopes of reducing the rates to orbit
a pound of payload from $1000/1b for Expendable Launch Vehicles
(ELV's) to $150/1b ($10 million Shuttle flight) vanished. 1In
1985 the Congressional Budget Office computed the cost of a

flight using five preferred methods (Roland, 1985).

Accounting Method Cost Per Launch Cost per Pound¥*
Short-run marginal $42 Milliom $646/4$893
Long-run marginal $76 Million $1,169/4$1,617

Average Full
Operational Cost $84 million $1,292/41,787
Average Full Cost
Less Development $108 million $1,662/8$2,298
Average Full Cost $150 million $2,308/4$3,191
*65,000 1lb payload/

47 ,000 1lb payload

Table 2. Cost of a Shuttle flight based on five preferred cost
analysis methods.

The interaction of man in certain aspects of space operations
is essential. Several daring efforts have been made to recover
or repair satellites which have malfunctioned or have been placed
in the wrong orbit. Man's presence however, must be tempered by
the added weight, complexity and cost of the overall vehicle;

factors that are not considered in launching an ELV. Missions

such as those involving material processing, biological or
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observation experiments, clearly require man's presence.
Nonetheless, NASA still uses the Shuttle like an expensive bus
service to haul ordinary communications satellites into orbit
when they could more feasibly be launched on a less complex
vehicle., Problems associated with the complexity of vehicles and
operational and safety considerations for the men and women on
board resulted in less flexibility in launch scheduling. While
weather need only be good in the launch area for an ELV launch,
it must be good at several emergency landing sites around the
globe to launch the Shuttle. This plus equipment failures and
the time needed to transport the vehicle when required from the
California landing site to Florida decreased its ability to
launch on a regular scheduled basis. A reduced number of flights
increased the cost of each flight, which also increased the loss
to the taxpayer. Experts placed the breakeven point at an
impossible rate of 34 flights a year. Profitability studies of
the Shuttle were based on the eventual launch rate of 60 flights
a year, The maximum safe flight rate was achieved with nine
flights in 1985 (Wilford & Broad, 1985).

The Shuttle replaced this nation's fleet of expendable launch
vehicles, When the decision was made in the early 1970s to
depend solely on the Shuttle for all military, goverument,
commercial and foreign launches, it was defended on the basis of
the projected high flight rates. The actual termination of ELV
production was delayed as the Shuttle experienced program slips.
If it were not for entry of the French Ariane NASA would have had

a virtual monopoly on commercial launch services throughout the
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world during the 1980s.

Arianespace has the management responsibility for marketing,
producing and launching the Ariane. The launch vehicle itself
was developed by the French Space Agency Centre National d'
Etudes Spatiales (CNES) and is financed by consortium of 50
companies and banks in eleven European countries. Some of the
shareholders have contracts to produce various components of the
vehicle. The Ariane, in addition to launching foreign payloads,
is the prime launcher for the European Space Agency. A US
aerospace company manager commented that "The Europeans combined
the best of both worlds in the way they established the marketing
organization for Ariane. The organization has the marketing
freedom of a private organization, while enjoying the direct
support of the necessary government agencies ("Competition”,
Fortune, 1985). Arianespace President, Frederick d'Allest is
also the director general of the Freach Space Agency, CNES. This
dual roie gives d'Allest the advantage of being able to position
Arianespace very well in the market through his CNES position and
gives him a direct line to top government officials. "It would
be the same as if the NASA Administrator were also the president
of the commercial company building the Shuttle.”("Competition”,
Fortune, 1985) This setup has reduced government red tape and
brought success to Ariane when failure might have occurred.

France's Societe Europenne de Propulsion (SEP) manufactured a
propulsion system that had twice failed on the Ariane (1980 and
1982). While the company was technically sound, it had

difficulty with the swift rate of production, and, therefore,
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needed changes required for entry into commercial service.
Consequently, SEP was made an affiliate of Freach engine
producer, Snecma, and top management was realigned. D'Allest had
a key role in SEP's merger with Smecma. His dual role allowed
him to bring about change at the industrial level. The merger
occurred because Snecma is the largest nationalized company in
France, a holder of some of SEP's capital(Brady and Kindel, 1983).

Arianespace positioned its product to take advantage of the
Shuttle's weak points. The vehicle itself is a moderately-sized
expendable, launcher which is launched from near the equator
(Kourou, Freach Guiana) where the earth's rotation helps push a

greater weight into orbit. Beiag a far simpler vehicle, without

man aboard, scheduling flexibility is increased, and technical
and weather problems are far less likely to occur. The vehicle
itself is significantly less expensive than the Shuttle, and,
while it has suffered three launch failures, none has had the
catastrophic results of the one Shuttle loss. The Shuttle was
designed to launch almost any size spacecraft and the Ariane
attempted to capture the market least suitable or cost effective
for shuttle launch; the communications satellites.

Ariane, developed in 1979, penetrated this market in 1983.
The Internatiomal Satellite Corporation (INTELSAT) attempted to
buy seven expendable vehicle launchers for their communications
satellites from NASA. NASA could only provide four with
expendable launchers and scheduled the remaining communication

satellites on the shuttle which at that time had never flown and
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as behind schedule. TINTELSAT opted to launch the excess on the
Ariane, This decision by INTELSAT established the precedent for
an alternative launch capability as a means of orbiting a
satellite due to the unavailability of a single launch system and
supplied the Ariame effort with the needed credibility. The
basic Ariane vehicle has spawned a family of vehicles capable of
launching heavier satellites.

Both the Shuttle and Arianespace are subsidized, one by the
US Government, the other by ESA (Roland, 1985). The US
Government paid for the development of the Shuttle ($10 billion)
and ESA paid for Ariane's development ($1.5 billion). Beyond
that Ariane pays for itself, Something the Shuttle has never
done, Ariane launch prices include the costs of spare parts.
Another thing impossible with the Shuttle., If Arianespace
increases its launch rate the cost would come out of the
company's pocket, while a Shuttle launch rate increase would see
the money coming from the taxpayer.

Ariane has tried to maintain prices competitive with the
shuttle. The Ariane price to launch an INTELSAT satellite was
$39.6 million compared with NASA's price of $28.34 million
(Lenowitz, 1985). The Ariane however offered the advantages of
greater flexibility and responsiveness; being able to launch the
satellite well in advance of the Shuttle launch. A
communications satellite cannot generate any revenue until it is
in orbit. The delay by NASA may have been enough to overcome the
price differential in favor of the Ariane as INTELSAT's launch

vehicle. Compared to NASA Arianespace offers very favorable
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financing (See APPENDIX A).

Arianspace has captured between 30% and 50% of the
communications satellite market in any one year and has developed
a family of larger vehicles to retain and expand its market |
share., The final version, the Ariame 5 will represent a totally
revolutionary vehicle design philosophy which will no longer
maximize performance in terms of the number of pounds in orbit |
but rather will seek to minimize launch cost per pound orbited.

This vehicle will be capable of not only placing France's
mini-shuttle into orbit but fits well into the European strategy
of gaining total autonomy from the US in the area of space flight
and manned space statioms.

Competition between the Shuttle and Ariane caused the Shuttle
to artificially underprice the Ariane, eliminating all ELV firms
from the market. Large ELV producers such as Martin Marietta,

General Dynamics and McDonnell Douglas closed down production
lines when they realized that they could not remain competitive.
The Space Shuttle disaster has reversed some of that thinking.

The United States launch vehicle failure rate now is the
worst since the early days of the space program. Two Air Force
Titan 34Cs in a row have failed in placing Defense Department
satellites in orbit., The destruction of the Challenger resulted
in the loss of crew, communications satellite, orbiter, and has
had the far reaching effects of indefinitely grounding the
Shuttle and exposing severe managerial shortcomings in NASA. 1In
May 1986 a Delta launch vehicle was destroyed with a weather

satellite when control of it was lost. More recently a French
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Ariane rocket failed with the subsequent loss of a powerful
communications satellite, The Ariane like the Titan, Shuttle and
Delta is grounded until the cause of the failure can be
determined. The launch capability of the Western World has been
shut down resulting in a growing satellite backlog. This backlog
can become critical in the 1990s when the space station and major
elements of the strategic Defense Initiative (SDI) are deployed.
Efforts are being made to unload certain categories of commercial
payloads off the Shuttle and onto ELVs. William R. Graham, the
NASA administer at the time, ordered in March 1986 that no
additional communications satellites be launched from orbiters
once the existing contracts had been met. This forced NASA to
end launch service negotiations with several customers (Saudi
Arabia, Italy, the Mitsubishi/Ford Satellite Consortium, RCA, and

British Defense Ministry) (“"Washington Roundup” Aviation Week and

Space Technology, 1986). President Reagan has enforced this

decision with a directive prohibiting the future sale of shuttle
services to certain commercial amd foreign users. However, "NASA
is unlikely to buy more expendable lauanch vehicles despite the
payload backlog....because of budget constraints. NASA
administrator James C. Fletcher has told Congress he expects
the Defense Department and commercial operators to furnish the
extra launch capacity that will be needed" ("Industry Observer”,

Aviation Week and Space Technology, 1986). The big three

expendable launch vehicle producers, once considered outdated in
light of the Shuttle, are gearing up to restart production,

Martin Marietta, General Dynamics and McDonnell Douglas produce
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nearly all of the expendable launch vehicles used by the United

States.
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Figure 6. US launch vehicles include the four expendable

launchers shown and the Shuttle.

The Air Force is Martin Marietta's primary launch vehicle
customer. Various derivatives of their Titan Launch Vehicle have
orbited Department of Defense (DOD) satellites. The Air Force
was never totally sold on the Shuttle and preferred to rely more
on ELVs. The Titan 34D launcher, the Air Force's workhouse
orbits the majority of DOD satellites. With the Shuttle and

Titan 34D (two failed in succession in 1985 and 1986) grounded

the Air Force has requested that the production rate for the
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Titan 34D-7 (an upgraded version of the Titan 34D) be increased
from two to five vehicles per year., A second launch pad is
planned to accommodate the increased launch rate. Additionally,
50 Titan 2s will be decommissioned as ballistic missiles in late
1987 and will be refurbished and upgraded to be used as space
launchers for intermediate payloads (such as DOD meteorological
and navigational satellites)(Lenowitz, 1985).

General Dynamics closed down production in the early 1980s
when it felt that it could not hope to compete with the
subsidized Shuttle and Ariane. It had produced the Atlas and the
larger Atlas Centaur launchers. The Air Force still has
approximately twelve Atlas Es and one Atlas H. Only three of the
larger and more power ful Atlas Centaurs remain. They are
scheduled to launch three Defense Department FLTSATCOM
communications satellites in 1986 and 1987. General Dynamics
plans to reopen its production lines, however, the first Atlas or
Atlas Centaur would not be completed until 1988 because a greater
period of time is required to construct the engines., Rocketdyne,
the engine manufacturer, is shut down and would have to go
through the expensive startup process. General Dynamics intends
to produce 3 Atlas type vehicles in 1988 and 5 per year between
1989 and 1992, If additional tooling is acquired 9 vehicles
could be produced in 1989 and 17 in 1990 aand thereafter

("Expendable Launchers™, Commercial Space, 1985).

McDonnell Douglas had also closed its production lines., Two
Delta launch vehicles remain in the iaventory. One is scheduled

to launch a DOD payload in support of the Strategic Defense

Initiative and the other is scheduled to launch a National
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Oceanic and Atmospheric Administration GOES weather satellite.
McDonnell Douglas faces similar problems as General Dynamics and

by 1988 could achieve a productiomn rate of 12 vehicles per year.

DATE VEHICLE PAYLOAD LAUNCH SITE
1 May 86 DELTA GOES-G KSC (Failed)
August 86 ATLAS CENTAUR FLTSATCOM-F KSC Delayed
5 September 86 DELTA DOD/SDI KSC Success
17 September 86 ATLAS E NOAA 10 KSC Success

Table 3. Actual and Planned ELV Launches for 1986.

Vought Corporation manufactures the Scout, a small rocket
capable of puttiang small payloads ianto low earth orbit. It is
not power ful enough to launch a satellite into geosychronous
orbit. All twelve Scouts in the inventory are scheduled for DOD
use, With the Shuttle and Ariane grounded at least for the major
portion of 1987, ELV industries are firming up plans to reenter
the market. Several very small fledgling firms, the focus of
this study for the most part, have remained in the background

working and waiting for the right opportunity to present their

product.
SUCCESS FAILURE TOTAL
DELTA 166 12 178
ATLAS CENTAUR 56 9 65
TLTAN 34D 9 2 I |
SHUTTLE SYSTEM 24 1 25

Tablel . Comparative ELV Success/Failure Rate.
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The US Air Force in light of the launch vehicle crisis and
the backlog of payloads has issued requests for proposals for a
Medium Launch Vehicle (MLV) to launch payloads in the future.
“One of the major thrusts of the MLV program is the strong
Defense Department requirement to begin building the 1l8-satellite
constellation for the NAVSTAR global positioning system
(GPS)"(Smith, 1986). Several major launch firms have submitted
their vehicles as candidates for the MLV. General Dynamics has
proposed the Atlas Centaur, McDonnell Douglas has proposed an
upgraded version of its Delta, and Martin Marietta has proposed
the new Titan 4 as the MLV (Foley, 1986).

A new eantrant is a Hughes Aircraft Co./Boeing Aerospace Co.
proposal called the Jarvis (nmamed after Hughes employee who was
killed in the Challenger explosion). 1Its design combines the
propulsion system from the Saturn moon rocket and the electronic
systems and airframe from the Shuttle to form a very large
vehicle., This booster is capable of launching multiple
satellites with a combined weight of 85,000 lbs., 20,000 lbs more
than the Shuttle (Smith, 1986). Whichever vehicle is chosen the

MLV could expand its role to incorporate commercial payloads.



SMALL EXPENDABLE LAUNCH VEHICLE FIRMS

CHAPTER 5

There are several companies within the United States that are
developing and/or marketing expendable launch vehicles in hopes
of successfully entering the space transportation industry. They
are Space Services Incorporated of Houston, Texas, Transpace
Carriers Incorporated of Greenbelt, Maryland Pacific American
Launch Systems Services of Redwood City, California and the
American Rocket Company (Amroc) of Washington, D.C. Recently
Starstruck Corporation of Redwood City, a very dynamic firm,
which had tested a fully developed experimental launch vehicle
went out of business,

Space Services Incorporated (SSI) headed by former Mercury
astronaut Deke Slayton launched its own 36 foot rocket called
Conestoga-1 on a 320 mile suborbital flight in September 1982.
The Family of Conestoga rockets the firm plaans to use are all
built from proven off the shelf components and rocket stages.

The vehicle is marketed among foreigan countries and the
Department of Defense. With the attrition of launch vehicles the
capability to economically orbit smaller satellites no longer
exists, The company was formed with the initial inteant of
selling low cost market oriented space services that can lauach a
payload on a few weeks notice, The chairman of the board, David
Hannah, commented:

We've got ourselves in a position where we are

pretty well stabilized for as long as it takes for

the market to come. We are here to stay. We have
our key elements positioned so if the market comes

quickly we can respond quickly. If we have to wait
for a couple of years we can still stay in
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position. We have a key staff of about eight

people. There are 20 of us working in concert, but

a lot of those have other sources of income. They

are standing ready to work with us in a concerted

effort when we get our first payload (Marsh, 1984).

Conestoga got its first payload in January 1985. The

Celestis Group, a Melbourne, Florida, consortium of morticians
contracted with Space Services to launch a payload consisting of
the cremated remains of several thousand people into a 1900 mile
high orbit. 1In February 1985 the Transportation Department

approved the request for permission to launch from NASA's Wallops

Island facility ("Expendable Launchers”, Commercial Space,

1985). Since then the initial momentum has slowed because
Celestis has been less than successful in marketing this unique
service.

The initial vehicle launched from a cattle ranch on Matagorde
Island off the Texas coast (Conestoga 1) consisted of the second
stage of a Minuteman missile bought from NASA. This test proved
the technical feasibility of launching a rocket. The Conestage 2
will be the first operational vehicle. It consists of three
Morton Thiokol built Caster 4H motors for the first stage, one
Castor 4H for the second stage, a Star 48 motor for the third
stage and a Star 30 motor for the fourth stage (Marsh, 1984).
This vehicle can put a 950 pound payload into low earth orbit.
The Conestoga 3 is produced by adding a third Castor 4H motor to
the first stage and adding a fifth will produce a Conestoga 4.
The maximum payload attainable with the Conestaga 4 is 2000
pounds (Marsh, 1984). SSI intends to service the payload weight
gap left between the Scout and Delta vehicles.

Space Services has contracted Morton Thiokol to provide the




40

Figure 7. Space Services Inc. Connestoga 2 is made up of two
Castor 4H solid rocket motors for the first stage, shown strapped
on either side of the rocket. The second stage, center, is a
single Castor 4H that fires after the two strap-on motors have
dropped away. The Connestga 3 and 4 are made by adding one or

two more strap-on motors respectively.
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rocket motor components for the Connestoga vehicles (delivery
time 18 months). Eagle Engineering in Houston, Texas has been
contracted for the technical design and construction of the
launch vehicle and engineering oversight, Space Data Corporation
in Tempe Arizona has been contracted for integration, operation
of the launch sites and conduct of launch operations (D. Slayton,
personal communication, 15 March 1986). The normal lead time for
a customer launch is 20 months, Space Services can launch its
vehicle from a national range (Wallops Island, Virginia) or a
customer site.

The standard orbit for the Conestoga is a low earth orbit of
approximately 500 nautical miles (925 kilometers or 555 statue
miles). (M. Daniels, personal communication, 5 May 1986). Ideal
payloads for this vehicle are small remote sensing satellites and
material processing satellites which could be recovered by the
Shuttle. Space Services can launch a customer payload between
950 and 1900 pounds (430 and 860 kilograms). SSI's price to
launch a payload are dependent on its weight and range from $12.5
million to $16.0 million. SSI requires that funds be paid on a
progress schedule basis with the entire price fully paid by
launch, The Castor 4H, the basic building block of the vehicle,
is a highly reliable motor with one failure in 882 firings (M.

Daniels personal communication, 5 May 1986).

Starstruck, another small firm in the space transportation
industry, intended to build an inexpensive booster for customers
who wanted to launch communications satellites but could not

afford the European Ariane or the US space shuttle. They raised
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$10 million and were oaly able to develop a single experimental
vehicle. Starstruck's first President, Michael Scott (former
President of Apple Computers), provided $7 million. The firm
operated out of a 24,000 foot facility with fifty full time
employees. Ground testing of the experimental rockets was
conducted at a test site near Carson City, Nevada, The
experimental rocket named the Dolphin (20,000 pounds and 50 feet
long) was unique in two ways. First it used a revolutionary
technique called hybird propulsion whereby liquid oxygen was
sprayed on solid rubber fuel to ignite it. ("Company Plans

Orbital Booster System Launch", Aviation Week and Space

Technology, 1985). The primary attraction of this propulsion
system was exceptional safety, which was important to a company
with limited facilities. Secondly, the rocket was water launched
(100 miles off the Califormia coast) which eliminated in theory
the need for expensive launch pad facilities and provided needed
privacy from the public (0'Lone, 1984). After several false
starts the Dolphin was launched in August 1984 and failed
in-flight due to a stuck steering valve (0'Lome 1985). A short
time later, the company declared the program a success, laid off
nearly the entire staff, replaced the president, and began to
reorganize. Putting the “dumb Dolphin" behind them and wisened
by the experience, the company again put together a team ,
arranged "bridge financing” (intended to carry the firm for up to
a year), and optimized the design of the Constellation, the

firm's proposed communications satellite launcher

.
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(0'Lone, 1985). The Constellation was to become an operational
vehicle capable of placing a 1300-1500 pound payload iato a
geosynchronous orbit. It was to have been a 60 to 90 foor, two
stage hybrid vehicle. Water launch was abandoned since it
entailed long trips over land and sea and because at sea even
simple support was lacking. Several times after a 30 hour ocean
trip a minor problem such as a short circuit resulted im a launch
cancellation and a 30 hour trip back to land. A short delay
would have been the only problem encountered if the vehicle had
been launched on land with the requisite support.

Douglas Ordahl, head of the propulsion system, felt that
after the Dolphin launch an additional $5-10 million was required
to complete the proof of concept (0'Lone 1985). Although a good
initial response was received from Boeing, Raytheon and Hughes to
sponsor and help finance Starstruck's continuing development
efforts, funds were never forthcoming. (Ordahl, personal
communication, May 14, 1986). Those companies very likely felt
that while Starstruck had launched an experimental rocket too
much developmeat work remained to invest a substantial amount of
capital, Barney Adelman former president of United Technology, a
manufacturer of solid rocket motors similar to those used on the
Shuttle, said that Starstruck needed between $100-200 million to

“pay it's own way" ("Expendable Launcher", Commercial Space,

1985). Eventually, Starstruck, without the necessary funding had

to close its doors. Several of the engineers and managers went
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to a new launch firm, the American Rocket Company of Palo Alto,
California headed by former Starstruck employee, James Bennett,
They hope to try and develop a viable launch vehicle, Bennett,
reviewing his previous experience said "What has not happened yet
is a team with the combination of expertise, experience and
engineering talent with a commercial orieantation and

entreprenurial approach, that can go out and completely put it

pabes” o
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Figure 8. Starstruck's Dolphin rocket clears the surface of the
Pacific on August 3, 1984. A stuck valve terminated the flight
early.

Note. From "Starstruck Launches Prototype Dolphin Rocket™,

Aviation Week and Space Technology, August 13, 1984.
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Transpace Carriers Inc. seemed to have as good a chance as
any in the launch vehicle industry for a number of reasons. The
government initially encouraged and supported its efforts to
commercialize the Delta. Some of NASA's most experienced
management and engineers founded the firm. Additiomally, TCI
instead of developing a new launch vehicle used a proven and
reliable workhorse with 97% success rate over Lwenly years,
McDonnell Douglas's Delta rocket.

During the 1970's with the reduction in expendable vehicle
orders, personnel associated with expendable vehicles operations
began leaving NASA and the manufacturers. David W. Grimes, the
NASA Delta program manager, felt that after the Shuttle began
operation there would still be a need for expendable vehicles.
To him the key to continuing expendable launch vehicle operations
was to commercialize them when NASA withdrew its support after
the Shuttle became operational. The Reagan Administration
early-on wanted to turn expendable vehicles over to private
firms. In September 1983, NASA issued requests for proposals to
industry for commercialization of the Delta and on January 5,
1984 it selected Transpace for the task. Transpace's operations
significantly differed from Space Services and Starstruck's.
Both of those companies decided to develop and coastruct new
vehicles. Transpace, on the other hand, planned to market and
launch an operational vehicle.

TCI is a venture capitalized booster company with 50
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stockholders, a $15 million line of credit from the Bank of
America and $8 million in venture capital from CIGNA, the merged
INA and Connecticut Organizations (“TCI Embarks as Venture

Capitalized Booster Company”, Commercial Space 1984). TCI in

order to minimize expenses will remain dormant until it receives
its first contract to launch a satellite. Then it will employ a
little over 100 people; 78 at its main Headquarters in Greenmbelt,
Maryland, 26 at Kennedy Spacecraft Center to conduct launch
operations, 10 at Vandenburg Air Force Base to conduct West Coast
launch operations, and 4 to conduct marketing efforts. At full
operation TCI would pay NASA or the Air Force a user fee for
access to their pads and support facilities. These facilities
would include dual launch pads, common blockhouse, dual bay
booster service buildings, spin test facility, and mission
control room at the Kennedy Launch Range and a single launch pad
with blockhouse, mission director center and gantry with white
room at Vandenberg Air Force Base ("Transpace Embarks as Venture

Capitalized Booster Company,” Commercial Space, 1984).

TCI's dream of commercializiang the Delta has eluded the
corporation. With no additional orders for Deltas from either
NASA or TCI, McDonnell Douglas closed its production line in
1982. TCI got its baptism in contract chasing when it went
against the Shuttle and Ariane for Satellite Business System's

SBS-5 satellite in 1984 and lost even though it lowered its price
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to equal NASA's offer. TCI's normal launch price in 1984 of $45
million could not compete with Arianespace's price of $21 millionm
and NASA's price of $25 million ("Competition”, Fortume 1985).

TCI in an attempt to combat what it considered unfair trade
practices by Arianespace filed a complaint with the US Trade
Office under Section 301 of the US Trade Act of 1974 stating that
Arianespace charged prices to US firms that were 25 to 33% lower
than those charged countries of the European Space Agency and as
a result TCI had lost sales to Arianespace (OTA, 1985). A final
decision has not been made but Arianespace continues to market
its service in this country. TCI has yet to sign up a customer,

The Challenger accident, Shuttle grounding and growing
satellite backlog should have brought customers to TCI. For a
period of two years TCI has beean unable to reach a final
agreement with NASA on the commercialization of the Delta and has
been working on the basis of 60 day extensions. NASA has taken
an inflexible stance and has put the firm in a Catch 22
situation. A NASA official stated "The agreement they have now

was based on conditions they haven't met .... demonstrated

techaical ability; signing up customers and so forth." (Mordoff,
1986). NASA has also taken the few remaining spare Deltas to
launch geosynchrounous weather satellites and SDI payloads.

Originally the Deltas were to have been turned over to TCI.

David Grimes in testimony to Congress, indicated that such
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actions would have a "very severe reprecussions in the
marketplace for TCI"™ (Mordoff, 1986). NASA since the Challenger
accident, has launched a Delta which failed in flight rather than
allow TCI handle the operation. "David Grimes in his testimony to
Congress said that if the government operates Delta launchers
concurrently with TCI or during a transitioa period to commercial
operations, TCI's opportunity to commercialize the Delta will be
'effectively ended'" (Mordoff, 1986).

Pacific American Launch Systems Incorporated (PALS) is a firm
with a futuristic flair. It hopes to be the first to promise
regular passenger flights to low Earth orbit by 1992 according to
PALS President Gary Hudson. The Phoenix E will require three and
a half years of development work, followed by one and a half
years of testing before operaticnal flights are possible. It
will offer twenty passengers an 8 to 12 hour space flight. The
project is a joint venture between Pacific American and Society
Expectations Incorporated of Seattle, Washington which is
marketing these as tourist flights. A passenger would be
required to place a $5000 deposit to confirm space on a specific
flight, The total cost of the flight $50,000 would be paid prior

to launch.
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Figure 9. Pacific American Launch Service's Phoenix is a single
stage reuseable vehicle scheduled to be operational in the
1990s. Transpace Carriers Inc. would like to commercialize the

Delta.

Gary Hudson, the founder of Pacific American, earlier had
developed a vehicle called the Percheron, which Space Services
was interested in prior to the rocket's lauanch failure ian 1981,
Problems encountered in the Percheron's development included bad
project management and a lack of capital ("0'Lone, 1985). Hudson

learned from the experience and in developing the Phoenix has
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hired very well seasoned program managers, contracted most of the
component manufacuring, and has made Pacific American responsible
only for airframe work and final assembly. Subcontracting was
not considered extremely expensive as long as major companies
were not involved (0'Lone, 1985). The Phoenix will be a
reuseable vehicle which will take off and land vertically.
Usually several test flights are required to validate a vehicle's
design. Though a more complicated vehicle, a reuseable launcher
has the advantage especially during test flights, of being able
to be reflown, the alternative being the loss of a vehicle every
time one is launched. The Phoenix is a squat single stage rocket
with 48 small combustion chambers lining the periphery of the
vehicle bottom. It will be built in 4 versions: a cargo carrier,
a cargo carrier with 2-4 man crew, a passenger carrier and a fuel
tanker, all of which are supposed to be operational in the early
1990s (Hoeser, 1986). Development costs are planned in the
neighborhood of $20 million.

The American Rocket Company (AMROC) is a very new firm that
started operations after Starstruck Inc failed. Many of AMROC's
employees came from Starstruck. The Industrial Launch Vehicle
(ILV) is AMROC's launcher. 1Its first operational flights are
planned for 1988. The ILV like Starstruck's Dolphin, uses hybrid
rocket technology to power it. Nineteen nearly identical hybrid
rocket engines would boost 3,000 pounds into polar orbit or 4,000

b into equatoral orbit. AMROC has been trying to raise

investment funds of about $40 million through a private offeriang
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Figure 10. AMROC's launcher, or the Industrial Launch Vehicle is

expected to start operatiomal launches in 1988.

Note, From American Rocket Company.

for its commercial launch program. George Koopman, AMROC
President, said the firm will charge $5-8 million per mission
("ELV Company Schedules Tests of Industrial Launcher for 1988",

Aviation Week and Space Technology, 1986).

The small launch firms with the most promise are Space
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Services Incorporated, Transpace Carrier Incorporated, Pacific
American Launch Systems and the American Rocket Company. Other
firms with similar plans remain dormant until the right
conditions arise., Third Millenium is a Washingtoa D.C. firm
trying to develop an unusual launch system; a winged orbiter
which will be launched from the top of an airborne Boeing 747
(Hoeser, 86). A one man company in California is developing a
single person launch vehicle for sub-orbital flight. More exist,
but for the most part they will remain obscure until the
technical problems are overcome aand the right market conditions

exist.




OTHER COMPETITIVE SYSTEMS

CHAPTER 6

A payload system which has flown on several shuttles and will
continue to do so when Shuttle flights resume is NASA's Getaway
Services. On the majority of flights because of the
configuration of the Shuttle's large payloads, small areas of the
cargo bay would normally remain unused. NASA has used these
areas to carry small payloads called Getaway Special Canisters or
GAS Canisters. These small canisters which vary in size from 2.5
to 5 cubic feet are available for use by commercial business,
educational institutions and individuals. Currently over five
hundred reservations have been made for these containers on the
Shuttles. Though NASA offers this service for $3000-$10,000
(Cassanto, 1985), this price is deceptive. Unless the business,
school or individual is exceptionally familiar with the hardware
involved and its integration with the Shuttle, a company such as
Instrumentation Technology Associates (ITA) must be contacted to
assist in this area. ITA will help in the design of the payload,
offer the necessary equipment and integrate the payload with the
Shuttle. The price for this service costs between $50,000 to
$300,000 (Cassanto, 1985) dependent for the most part on the
operational complexity of the payload. Fifty-eight GAS canisters

have been flown on Shuttles over a four year period.
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GAS CANISTER DATA I

VOLUME WELGHT

CUBIC-METERS / FEET KILOGRAMS POUNDS PRICE ($)
.07 2.5 272 60 $ 3000
.07 2.5 45 .4 100 $ 5000 ;'.
.14 5 90.7 200 $10000 |

Table 5. Getaway Special Canister (GAS) data.

r‘ e el e Insulated
Cylindrical ) - cover

pressure enclosure

Experimeant
mouniing
plate

Experiments

aw 05 |
lntarface—/ : B
equipment m — Insulated
plate - , 2 cover

Figure 11, NASA's Getaway Special Canister is carried aboard
the Shuttle. Companies, schools and individuals have
used these small containers for special projects and

experiments.
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Though the GAS canisters limit the amount of space and the
weight carried, their employment provide the users with several
advaantages: they permit access to space to those who would not
normally have it, they are very economical (as low as §$300/1b),
small satellites can be ejected from them, the payload returns
from space with the Shuttle and they allow a company to do the
initial experimentation and research on a proof of coancept basis
without investing or committing itself heavily on a project.
Numerous schools such as the University of Utah have taken
advantage of NASA's Getaway Special program. West German firms
have reserved 75 Getaway canisters. A follow-on to Getaway
services is NASA's Hitchhiker program which will further maximize
Shuttle cargo bay, reduce flight lead times to six months and
increase the payload weight to 1000 pounds.

A factor which will have an influence on the space
transportation industry is the possible entry of Japan and China
into this market. The Japanese have developed several boosters
using US technology. Restrictions associated with this transfer
of technology has limited the use of their vehicles to only
Japanese or US customers. Not surprisingly, the Japanese are
developing two rockets from strictly Japanese resources; the H-1
and H-2. The operational H-1 can place 2,200 kilograms (4850
pounds) into low earth orbit or 550 kilograms (1210 pounds) into
geosynchronous orbit. The H-2 which will begin flights later
this decade, will orbit heavier payloads than the Titan 34D (7500
kilogram in low earth orbit and 2000 Kilogram in geosynchronous

orbit). (OTA, 1985). The Japanese have not actively communicated
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a desire to enter the space transportation market but the
presence of the H-1 and H-2 indicates that they are very likely
will.

The Chinese are also noncommittal on the issue of whether
they will commercialize their launch vehicle activities. A US
Communications firm Teresat purchased the Shuttle recovered
Palapa and Westar communications satellites from the insurance
company they were turned over to. The Chinese have formally
offered to launch these satellites for Teresat on their Long
March 4 booster. ("PRC Evaluating Possible Participation in Space

Station", Commercial Space 1986). If the Chinese enter

commercial service, they could maintain a launch rate of six to
seven flights a year at a price of $18 million dollars. To put
satellites into geosynchronous orbit, an additional seven to ten
million dollars would be required for anm upper stage. ("PRC
Evaluating Possible Participation in Space Station™, 1986).

Even though Japanese and Chinese vehicles seem to offer an
inexpensive alternative to Western launchers problems still
exist. The stringent standards under which satellites are
launched by Western countries are not always attainable by other
nations. China, for example does not mate satellites to their
boosters under clean room conditions and GTE stated they would
not launch their satellites on Chinese or Japanese launch
vehicles "because of vibration and stress qualification
requirements"” the Chinese and Japanese have not been able to

meet (Lowndes, 1986).
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THE PROBLEM AND ITS SETTING

THE STATEMENT OF THE PROBLEM

The purpose of this study is to determine through a market
analysis incorporating tread analysis, forecast and opportunity
analysis, whether a eantity defined as a typical small launch firm
similar primarily to Starstruck Incorporated or Space Services
Incorporated or the American Rocket Company can establish itself
and grow in the satellite launch market.

The Subproblems

The first subproblem is to determine through a trend analysis

whether a trend exists which shows continued or sustained growth
in the weight and category of satellites that will support a
small launch firm.

The second subproblem is to compile and analyze a forecast of

satellites.

The third subproblem is to evaluate critical issues which

will affect the space transportation industry particularily
small launch firms.

The Hypothesis

The first hypothesis is that a tread analysis will indicate

that sufficient satellites of the appropriate weight and category
will require launch services to support a small launch firm.

The second hypothesis is that a small launch firm will have

enough satellite customers in the future to survive even when

other launch agencies have entered the market.

The third hypothesis is that the critical issues when l

collectively analyzed will not siganificantly hinder the existence

- IL
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and growth of small launch firms,

The Decliminations

The study will not attempt to predict which launch firms will
have the best chance for success.
Definitions:
Geosynchronous QOrbit - See Appendix E
Expendable Launch Vehicle (ELV) - Conventional rocket made up
of discardable stages, normally used to orbit most
payloads, All nations with the exception of the US use
only ELVs in their space transportation programs.,
Small Launch Firm - ELV firms which have as their service or
product a rocket capable of placing 2000 pounds into low
earth orbit (2000 miles or lower).

Assumptions:

The first assumption is that the Department of Defense will

not use a small launch firm to launch any of their payloads,

The second assumption is the Department of Defense will not

bump commercial payloads off expendable launch vehicles.

The third assumption is that the only physical characteristic

of a satellite to be considered is the weight of the satellite,
The dimensions of the satellite will not be considered and a few
satellites within the weight constraints of a launcher may be
physically too large to launch on a particuliar launcher without
major modification,

The fourth assumption is that spacecraft going beyond
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geosynchronous orbit (e.g. to the moon or planets) are beyond the
capabilities of a small launcher and are therefore not considered

in this study.

The fifth assumption is that all satellites can be

practically reconfigured to ianterface with any launcher.

The sixth assumption is that the Chinese and Japanese will

aot actively compete against US ELV firms or the Ariane.




METHODS

THE RESEARCH METHODOLOGY

Several studies have been conducted during the relatively
short period of the space program to determine what the predicted
number and types of satellites would be for certain years. Since
small launch firms have had a short history no study has been
specifically conducted in their behalf. This study will provide
a three part market analysis of small launch firm demand
consisting of a trend analysis, forecast and an analysis of
critical issues influencing the space transportation industry.

A trend analysis will examine historical data om the
categories, weight/mass and pertinent characteristics of
satellites orbited between 1974 and 1986. The trend of the
weight/mass of satellites (or the specific energy required to put
them in a specific orbit) is a determining factor in the success
or failure of a small launch firm. If the treand is toward
smaller numbers of heavier satellites rather than greater numbers
of lighter satellites then small launch firms stand to lose. 1In

the treand and forecast analysis the elaborate equations

associated with orbital flight have been set aside, to
investigate the satellite population from a market standpoint,
This will not have an adverse impact on the results of this study b
since the general trend is being examined rather than
characteristics of specific satellites.

The forecast of satellite demand will examine the satellites

that are planned for orbital deployment between 1987 through 1994

and the liklihood of that deployment with the projected launch
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assets during that time period.
Finally an opportunity analysis of the six most critical
issues affecting the space transportation industry will be
analyzed.

Specific Treatment of the Data for Each Subproblem.

Subproblem One. To determine through a trend analysis
whether a trend exists showing continued growth in the weight
and category of satellites that will support a small launch firm.

The Data Needed

The data needed for solving this subproblem are technical
data specifying the physical characteristics of all satellites
and their orbits between 1974 and 1985. This data can be gotten
from NASA's history, trade publications and publications dealing
with the space programs of other nations. Several reference
books provide performance data on the launch vehicles used by
different nations today.

The Treatment of Data

The primary factors that determine which spacecraft can be
orbited by a particular launch vehicle is the weight/mass of the
spacecraft and the category of spacecraft. A geosynchronous
communications satellite is normally more difficult to orbit
than a weather (remote sensing) satellite., Material processing
payloads are not well suited for ELV launch.

Two trend analysis are done based on this 12 year time
period. One will measure the frequency of launches according to
satellite categories while the other will examine the mean weight

of the spacecraft launched in a particular year. The results of
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these analysis will be projected against a hypothetical firm
representative of such small launch firms Space Services Inc.,
the American Rocket Company and Starstruck Inc.

Subproblem two., To compile and analyze a forecast of satellites

from 1987 through 1994.
The Data Needed

The appropriate data for the forecast comes from NASA
publications, trade journals, launch manifests, and reference
books.

The Treatment of Data

Data on future satellites will be compiled and analyzed to
determine whether a market exists (satellites of the appropriate
weight class without launchers) for small launch firms, A
histogram of satellite weights/masses of forcast satellites will
indicate the most profitable satellite categories and weight
classes., This information will be compared to the similar
information derived from the trend analysis in subproblem one.
This will verify or disprove the validity of the initial trend
analysis.

Subproblem three. To evaluate critical issues which will

affect the space tramnsportation industry to include small launch
firms,
The Data Needed
The data needed for this subproblem is historical data
available primarily in trade publications and reference books.
The Treatment of Data
Six external issues will have the most significant impact on

the space industry and small launch firms. These issues are:
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l. Will a Shuttle be built to replace the Challenger?

2. What will be the policy on the type of cargo carried
on future Shuttle flights? (What types of
commercial cargo will be allowed aboard the Shuttle
and how much will the deployment of the Stretegic
Defense Initivates (SDI) and the space station tax
this limited resource?)

3. Will the US Governments do anything to foster
expendable launch vehicle production? (e.g. Shuttle
pricing, iansurance aid, DOT support?)

4. What effect will the reentry of large corporations
in space transportation industry have.

5. What will the effect be of increased foreign
launcher competition.

6. Will advances in fiber optic techmology decrease the
demand for communications satellites.

Each of the issues will be addressed in an opportunity
analysis, Wherever possible past experience will be used to
determine the liklihood of a particular outcome. The probable
outcome of each issue will have an effect on the treand and
forcast anaylsis. Based on the most current information as of
September, 1986 a conclusion on the most likely outcome of each
issue will be made and their effect on the space transportation

industry and small launch firms will be assessed.




TREND ANALYSIS

An unusual string of failures in early 1986 has left the

space transportation industry devastated. The Shuttle is

grounded as it its strongest competitor the French Ariane. The ‘

Ariane at the earliest will be operational in February 1987 and
the Shuttle willnot fly till 1988. Opportunities exist for
foreign companies and the original US manufacturers of ELVs.
There 1is a question as to whether a market exists for the small
launch firm,

A twelve year period from 1974 to 1985 is covered which
examines the launch rates of various ELVs. Specific ELVs are
designed to serve a particular satellite weight category as shown

in Table 5.

VEHICLE MAXIMUM PAYLOAD (kg)
LOW EARTH ORBIT!  GEOSYNCHRONOUS
TRANSFER ORBIT

(1b) (1bs)
SCOUT 50 - 255 NONE
ARIANE 2/3 1000 - 3870 1000 - 2050
DELTA 2000 - 3045 1000 - 2135
ATLAS CENTAUR 3000 - 6100 1000 - 2360
TITAN 34D 7000 - 14920 2000 - 4540
SPACE SHUTTLE 297002

Table 5. Each ELV services specific payload weights.
l.Low Earth Orbit is a 185 kilometer circular orbit,

2. Orbit - 280 x 420 km

NOTE : From Aeronatics and Space Report of the President:

Activities 1984,

64
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The yearly flight rate for the twelve year period is shown
for each launcher in Figure 12, Data that formed the basis of
this study is in Appendix D. When the yearly flight rate for an
ELV over the period was two or less the launcher was not included
individually. (Japanese launches and one Titan III ELV.).
However, they were incorporated im Figure 12's total flight rate.

Only those Shuttle flights which deployed separate satellites

into orbit were considered. The government ELV/Shuttle policy is
clearly displayed. As the Shuttle was phased into operation in
the early 1980s, ELVs were phased out. The Shuttle was to have
entered service in the late 1970s but the delay in operational
missions till 1982 caused the dip in the launch rate around
1980. Production lines for ELVs were kept open longer due to the
Shuttles delay and a resurgent use of ELVs occurred until
production was again closed down in 1982 and their use tapered
off., The Shuttle and the Ariane started to accelerate the
deployment of satellites in 1984. The Shuttle was starting a
gradual upward swing in its flight rate while the Ariane's slowed
slightly in the wake of a launch failure in September 1985.
Other than the Ariane, only one ELV was successfully launched in
1985; an Atlas Centaur.

A complete analysis cannot address launch vehicle use alone,
since the vehicles are dissimilar in their performance and
capabilities. Though the Delta and Ariane can orbit satellites

of approximately the same mass, the Ariane has the advantage of
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being able to orbit two smaller satellites, while the Delta can
orbit only one. This gives the Ariane added flexibility in its
ability to service a greater number of satellites. The Shuttle
has the capability of deploying five individual satellites but is
prevented from doing so by the imsurance companies.

A graph of the number of satellites launched each year will
provide a more accurate picture of the satellite market serviced
by the space transportation industry. Figure 13 shows the yearly
number of satellites placed in orbit by category during the
period from 1974 to 1985. This figure indicates several things.
1t appears that the total number of satellites put in space vary
in a cyclical manner. The life cycle lasts from three to four
years and closely parellels the yearly launch rate discussed
earlier, For any given year the largest number of satellites
were launched in 1984 and the fewest in 1980. The fastest
growing category are communications satellites. This is
attributable to growth in the telecommunications and data
processing industry, the founding of several companies which will
compete with AT&T and the growth of the cable television industry
which require Direct Broadcast Satellites. The remote sensing
satellite market displayed no real growth during the period. A
relatively constant number of weather and earth resources
satellites is maintained in orbit. No additional remote sensing
satellites are launched other than those to replace old or
malfunctioning satellites. Any expansion in the remote sensing

satellite market occurred on a gualitative rather than a
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quantitative basis. Improved instrumentation 1is put on
replacement satellites rather than increase the number of
satellites. Quantitatively there has been no real growth.
Science satellites have flown on a relatively continuous basis
over the twelve year period. They draw their sponsors from most
European nations, the US and other natioans such as Japan. While
the US has cut back significantly on its scientific spacecraft
these other nations have broadened their programs. These
national programs have relied on their own launchers to orbit
scientific spacecraft,

Over 50% of the science satellites considered belonged to
either nations other than the United States or were international
efforts, Two factors which have had an impact on the US science
satellite trend were the budget cuts on NASA's science and
applications programs and the space program's shift toward
defense and commercial space applications. It takes four to five
years from inception to launch for most scientific satellites
(OTA, 1985). NASA's lower budgets in the area of space science
and applications from 1977 to 1979 had its effects in 1982 since
new science satellite programs had not been started and those
already in progress were delayed (OTA, 1985). While several
programs exist no scientific satellites were launched by the US
during 1985.

Material processing is ideally suited for flights on manned
spacecraft such as the Shuttle. The representation of this

payload category in Figures 13 does not accurately reflect the
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fact that the Shuttle has on several flights been a platform for
material processing experiments. Figure 13 reflects only those
material processing payloads that were deployed in orbit by the
Shuttle and later retrieved. A similar concept could incorporate ”
ELVS. A material processing payload similar to those deployed by
the Shuttle could be placed in orbit by an ELV and after a period

to allow for processing of the material could be retrieved by a

Shuttle. Shuttle material processing payloads that are carried
and incorporated into the Shuttle do not lend themselves to ELV
flights because they require man's intervention, a great deal of
electrical power and other externmal support unavailable on an
ELV. ELVs have never been used to launch a material processing
payload. Since 1983 one material processing payload has been
deployed from the Shuttle each year and two of the three have
been recovered by the Shuttle. Material processing payloads will

again be deployed and retrieved when the Shuttle flys again.

The total number of satellites orbited exhibits what appears
to be a somewhat cyclical nature, especially when considered in
the context of a longer period of time. A three year period
exists between peaks or troughs and when a three term moving
average is computed (smoothing effect) a graph emerges
(Figure 14) which indicates a longer overall cycle. Accordingly,
the peak satellite activity should occur in 1987, 1990 and 1993. M
Lower activity should occur in 1988 and 1991. ﬁ

The mass of satellite is directly related to the amount of y

energy a rocket must expend to place that satellite into orbit. F
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The general tendency has been to increase the mass of the
satellites as the performance of launchers improved.

Communications satellites have followed this trend.
Initially expensive earth stations with large receiving antenna
were used to pick up the weak signals of small communications
satellites. Today inexpensive earth stations offer an
alternative. The communications satellites have increased in
size, with more power transmission and larger aantenna. A slight
reversal occurred since the introduction of Direct Broadcast
gSatellites, (DBS) which use a frequency band (C-Band) that allow
for the smaller earth stationms,

Overall, the trend indicates that the weight or mass of
satellites will continue to increase as the capability of launch
vehicles to lift heavy payloads improves. Both the French Ariane
and the Japanese H series are vehicles that will continue to
evolve and rival the US launchers.

An ELVs performance dictates what types of orbit it can
provide service to. The low earth orbit (LEO) is relatively easy
to achieve compared to a geosyhchronous orbit which requires
significantly more energy. The ability of a vehicle to place a
satellite into geosynchronous orbit may be essential to the
success of a small firm. An increasing number of satellites are
placed in geosynchronous orbit (Figure 16). Communications
satellites, largest segment of the satellite market, are
primarily geosynchronous satellites. The experimental

satellites, navigation satellites or amateur radio satellites are
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the only communication satellites placed in low earth orbit. The
orbit of remote sensing satellites and scientific satellites
varies more since their missions are more diversified than those
of communications satellites which in its most basic form is to

relay information from one point to another in a timely manner.

TOTAL COMMUNICATIONS REMOTE SENSING SCIENCE
YEAR LEO / GEO LEO / GEO LEO / GEO LEO / GEO
1974 60 / 40 17 J 83 50 / 50 100 / O
1975 53 [/ 47 29 ¢ 71 60 / 40 80 / 10
1976 36 / 64 10 / 90 100/ 0 100 / O
1977 17 / 83 17 / 83 0 / 100 33 / 97
1978 47 [ 53 14 / 86 83 ./ 17 50 / 50
1979 67 / 33 0 / 100 100 / 0 100 / 0
1980 40 / 60 0 / 100 0 / 100 100 / 0
1981 29 /1711 20 / 80 25 /] 75 67 / 33
1982 17 / 83 10 / 90 50 / 50 0/ o
1983 24 [/ 76 T 93 50 / 50 67 / 33
1984 29 / 71 13. ./ 87 100 / 0O 40 / 60
1985 6 / 9 0 / 100 o/ 0 0/ 0

Table 6. Percentage of Satellites in Low Earth (LEO) and
geosynchronous Orbit (GEO):

A remote sensing satellite may have the mission of scanning the
entire globe's weather, while another remote sensing satellite
may be required to monitor the weather only over the United
States, while yet another may have the mission of trying to
detect acid rain damage in the forests of the United States, and
Western Europe. The mission of scientific satellites will also

dictate the type of orbit required. All material processing

satellites to date have been placed in low earth orbit for easy
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deployment and retrieval, y
The trend toward placing more satellites into geostationary
should continue (Figures 16). 1In any given year since 1980 no ﬁ
fewer than 607 of the total number of satellites have been placed

in geostationary orbit. As more countries develop the capability

to reach this orbit the trend will be reinforced.

The success of a small launch vehicle and the firm that

produces it, depends on the ability of that vehicle to service a

healthy segment of the market. More specifically it must be able

to lift a satellite of a certain mass to a specific orbit,

Greater performance from a launcher is required to place a
specific satellite in geosynchronous orbit. Consequeatly,
satellites of the same mass but different orbits cannot be
arbitrarily grouped together in the same poﬁulation. During the
applicable period (1975) 61 satellites were launched into low
earth orbit while 119 were launched into geosynchronous orbit,
The small launcher would eventually attempt to serve both
populations. Of those satellites launched into low earth orbit,
the small ELV would have been powerful enough to launch

approximately 45 satellites. The majority of the 45 were

launched by the Scout or less powerful versions of the Delta
vehicles. Of the geosynchronous population approximately eight

satellites could have been launched by the small launcher. Most

of these satellites belong to Japan, which used US Deltas or |
their own ELVs based on US technology. The remainder were

scientific satellites belonging to various nations. A small
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launcher had the capability of launching fourteen low earth and
three geosynchronous orbit satellites during the most recent six
year period (1980-1985). This group consisted of national and
foreign remote sensing amateur radio and scientific satellites.
A comparison of these two groups indicates an overall downward
trend in the number of satellites in the lower weight classes.

Satellites, since their inception, have generally increased
in weight over the years, so much in fact that they already
outrun the capabilities of a small launch firm. The numbers of
satellites launched in the weight classes serviced by a small
launch firm are not enough to sustain one such firm much less the
several firms in existence today. Even Space Services which
vigorously marketed its services to foreign nations,
universities and private companies was only partically successful
and its primary customer was the Celestis Group. Its price was
not to far below the shuttle price of $25 million,

To survive a small launch firm must rapidly expand out of the
limited arena of small payloads to one where it can service a
larger satellite population. A review of Figures 17 and 20
indicates that if a launcher could increase its capability by a
factor of three (1200 to 3600 kg in low earth orbit) then the
possibility of establishing a variable presence in the market
exists., It could place a 780 kilogram satellite into
geosynchronous orbit. From 1980 to 1986 twenty-one satellites
were launched in this weight class and below. Seven were

Japanese and were launched on their own vehicles. The remainder
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were Mexican, Australian, Indian, Arab, ESA, and US satellites

launched on either the Delta, Ariane or Shuttle.




79
NUMBER OF SATELLITES

30 ¢

20

15 4

10

1

|

300

Ligure 17.

600 900

The Number of Satellites by leight Category Placed into Low Earth Orbit
(1974=1579) «

1200 1500 1800
WEIGHT CATEGORY (kg)

2100

2400

2700

3000

3300




e — — e — ——— — = e - —
e e — m——— —

B -
30 F
o
0 b

]

-

=3

o |

=

=5 5 I

[

oS

o

]

§' 10 L

[
s L
\ 0 /] L
0 300 600 900 1200 1500 1300 2100 2400 2700 3000 3300

WEIGHT CATEGORY (kg)
Ehzure 12. 'The Number of Satellites by Weight Category Placed into Geosynchronous
Croit (1974-1979). ' _ ' R




81
NUMBER OF SATELLITES

30

25

20

15

10

0 300

Edgure 12, T

600 ' 900

1200 1500 1800

WEIGHT CATEGORY (kg)

2900 2700 3000 3300

he lumter of Satellites by llelght Category Placed into Low EZarth Orbit

(1980-1985)



35 +
30 4
| 3
25 1
20 |
vy
o
-
[¥¥] -
N E 15
(VIS
[=]
o
[¥7]
£
5 10 ¢
5
300 500 300 4450‘*1‘51 0 2100 2600 2700 3000 3300

RS

WELIGHT CATEGORY (ks)
Hliure 20. tuaber of Satellites by Weight Category Placed into Geosy




FORCAST ANALYSIS

Several factors will affect the space transportation industry
in the upcoming years. The Challenger accident precipitated
numerous changes that Transportation Secretary Elizabeth H. Dole
had been campaigning for. The Shuttle would charge prices that
were more in line with actual costs., A large number of commercial
payloads were pushed so far back on the Shuttle manifest that the
payload sponsor would have to seek alternate launch means. Both
of the changes fostered the reintroduction of US ELV firms into
the space transportation marketplace. Other factors, however,
are adversely affecting commercial space activities., Siance the
Shuttle accident in January 1986 the Reagan Administration has
not provided the necessary leadership or formulated a
comprehensive space policy. The only significant decision made
during the first six months of 1986 was to replace the
Challenger. The commercialization of space has received a
severe, though not permanent, setback. National priorities for
Defense, the deployment of space station and national science
programs have taken priority. NASA Administrator James Fletcher
has ordered the termination of Joint Endeavor Agreements which
provide free shuttle flights for commercial space experiments
("NASA Halts New Agreements for Free Shuttle Flights", Aviator

Week and Space Technology, 1986). David W. Thompson, Orbital

Sciences Corporation President said, "We are on the verge of a
major policy failure. OQur visions of sugar plums have stayed

just that." ("Shuttle Manifest,” Aviation Week and Space
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Technology, 1986). The Administration's frequent vacillations
have spelled financial disaster for dozens of industries that
support the space program or commercial space ventures.

When the Shuttle manifest was released in early October,
1986, there were no commercial satellites listed for the first
three years after Shuttle operations resume. The total number of
Shuttle launch contracts at the time of the accident was 44.

When a 31 of 44 or a 20 of 44 option was presented to the
Administration, President Reagan elected the 20-payload option,
which included only payloads that were shuttle-unique or had
foreign policy or national security implications.

For an analysis of forcast ELV use a projection was made for
the period 1987-1994. A list of all spacecraft was compiled with
the associated launch vehicle when applicable. Shuttle manifests
were accurate to 1991 after which projections were used to
portray the most likely payload listing for a specific year. As
an example, seven space station assembly flights are set for 1994
with the majority of the remainder being dedicated to DOD
missions, This would leave the number of DOD missions equaling
the total number of flights minus the seven dedicated station
missions. NASA would like to achieve 16 flights a year by 1994.
A realistic appraisal would indicate a lower number of flights
especially in light of NASA's more conservative operations likely
after the accident. A National Research Council report to the
House Appropriations subcommittee overseeing NASA said that with

a fourth orbiter the annual flight rate will be 11-13 missions a




. %%8 4/SPACENET F3

TVSAT 1/TELECOM 1C
APEX 401/METEOSAT/AMSAT
AUSSAT K3/TDF 1

$BS 5/ECS5

INTELSAT F-14

FOREIGN LAUNCHER:
MOS 1 (N-2, Japan)

U.S. LAUNCHER
GOES H (D)

WESTAR 6S (Long March-China)
BACKLOG

Hughes ku Band
AEROS (Connestoga)

SHUTTLE

TDRS C
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pOD Flight
TDRS D

ARIANE

INTELSAT F13
SES/HIPPARCOS
TEL-X/UOSAT
OLYMPUS
INTELSAT F15
DFS 1/MOP 1
INTELSAT F3

FOREIGN LAUNCHER

MOS 2 (3-2' Japln)
¢S 3a (H-1, Japan)

US LAUNCHER

LANDSAT 6

RCA ku Band
ACS 2

FEDEX

GSTAR

ITALSAT
Hughes COMSAT
Hughes COMSAT
Hughes COMSAT
CYGNUS 1
NOAA-A

BACKLOG
KOPERNIKUS

LAGEOS
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7« Continued

L1989

SUUTTLE

ASTRO-1 SHUTTLE SCILENCE PAYLOAD

DOD
Magellan (Venus Mapper)

DOD Spacelab

Global Positioning Satellites
(GPS) 1 & 3, Material

Science Lab (MSL)-3
DOD
pOD
GPS 3 & 4, MSL-4
GALLIEO (Jupiter Flight)
Spacelab (SLS-1)

ARIANE
Spot 2
DFS 1/UOSAT/POSTSAT
ERS 1/TDF 2
MOP 1/GSTAR
INTELSAT F 2/SKYNET 4c

FOREIGN LAUNCHER
GMS-3 (N-2)
€S 3b (H-1)
MAILSAT (Long March)

US LAUNCHERS
CBE
GOES 1
HUGHES ku BAND
PALAPA B3
UUGHES COMSAT 3
HUGHES COMSAT 4
PAKSAT 1
ORION A

EQUASTAR 1

L1990

SUUITLE

Gamme Ray Observatory (GRO)
Spacelab (1ML)

DOD
pDOD
GPS-5/F08-1
GPS-6/SKYNET 4
MSL=5
DOD
ULYSESS
GPS-7/1INSAT-1D/TTS
(LDEF Retrieval)/SYNCOM-5

ARIANE

METEOSAT P2

TDF 3/MOP 3
KOPERNIKUS 1
INTELSAT 6/UOSAT
KOPERNIKUS 2
STC/ANIK E

FOREIGN LAUNCHER

BS 3a (H-1)

US LAUNCHERS

INSAT 1C/

1Al

SIRIO

HUGHES COMSAT 5
HUGHES COMSAT 6
RCA COMSAT 1
RAINBOW



1991 1992

SHUTTLE SHUTTLE
SPACELAB PALLET MSN INDUSTIAL PROCESS FACILITY
GPS 8/MATERIALS PALLET TOPEX
MSN INMARSAT/INTELLSAT 6
DOD FLIGHT DOD FLIGHT
EURECA DOD FLIGHT
JAPANESE SPACELAB INMARSAT
W. GERMAN SPACELAB INMARSAT
EURECA RETRIEVAL/SPACE GPS 9, 10
TELESCOPE REFURBISHMENT cPs 11, 12
ROSAT/RADARSAT MSL 6, GPS 13
ITELSAT 6 CASSININ MISSION
DOD FLIGHT MARS OBSERVER
ARIANE ARIANE fe°) |
METEOSAT OM-1/ITALIAN METEOSAT OM-2/ERS 1 ~
RS Satellite TELE-X/MOP
sbs 6/AURORA RCA ku BAND
OLYMPUS 2 SES/DBSC
ATHOS/TOPEX ARABSAT
RCA COMSAT/TELECOM 2 BRASILSAT SPOT 3
UNISAT/ LUXSAT/MATLSAT
FOREIGN LAUNCHERS FOREIGN LAUNCHERS
ERA 1 (H-1) EOSAT 1 (Mu 3s)
BS 3b (H-1) EOSAT 2 (Mu 38)

ASTRO D (Mu 3s, Japanese)
US LAUNCHERS

US LAUNCHERS FORDSAT
GOES J CBE
UARS RCA COMSAT 3

INTERNATIONAL SOLAR EXPLORER
HUGHES COMSAT

USASAT 7D

DIGISAT

INMARSAT

- B . e B— =
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Table 7. Continued

1993

SPACE STATION ASSEMBLY FLIGHT
SPACE STATION ASSEMBLY FLIGHT
INDUSTRIAL PROCESS FACILITY
SPACE STATION ASSEMBLY FLIGHT
SPACE STATION ASSEMBLY FLIGHT
SPACE STATION ASSEMBLY FLICHT
INDUSTRIAL PROCESS FACILITY
DOD FLIGHT

DOD FLIGHT

DOD FLIGHT

INDUSTRIAL PROCESS FACILITY

ARIANE

GOES K
AUSSAT/TVSAT
INMARSAT
ACTS/HUGHES COMSAT
SBS A3

CYGNUS 2/SBS A3
INMARSAT

US LAUNCHERS

ANIKE

RCA COMSAT 4
RCA COMSAT 5
HUGHES COMSAT 8
GALAXY KA2
DIGISAT 2
CGEOTAIL

. =1 TR 3

1994

SHUTTLE

DOD FLIGHT
DOD FLIGHT
DOD FLIGHT
DOD FLIGHT
SPACE STATION ASSEMBLY FLIGHT
SPACE STATION ASSEMBLY FLIGHT
SPACE STATION ASSEMBLY FLIGHT
SPACE STATION ASSEMBLY FLIGHT
SPACE STATION ASSEMBLY FLIGHT
SPACE STATION ASSEMBLY FLIGHT
SPACE STATION ASSEMBLY FLIGHT

ARIANE

EQUASTAR 2
SES/INTELSAT UNISAT
LUXSAT/OLYMPUS
HUGHES COMSAT 9

SBS A4/TELECOM 3
STC 2/DFS 3

ORION B
USASAT/AMERSAT

US LAUNCHERS

HUGHES COMSAT 10
FORDSAT 2

PAKSAT 2

AMERSAT

MMC 1

GALAXY K A 1

HR SOLAR OBS
AXAF

1TSO 2

CRAFT
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year. Assuming the lower rate ian 1994 there should be about ]
seven space station assembly missions and four DOD missions. The
Ariane yearly flight schedule was derived in a similar manner.
Firm manifests were available through 1991. The Ariane flight
rate of 6 to 8 flights a year will continue to 1995.

Each year there will be a backlog of satellites that will be
picked up by US ELV firms. General Dynamics by 1988 can produce
5 Atlas Centaurs a year and with additional tooling could produce
up to seventeen. McDonnell Douglas can produce up to twelve
Deltas a year., Table 7 represents a forcast of the satellites
between 1987 and 1994 based on an analysis by this study of the
vehicle launch manifests and the satellite backlog.

A backlog will exist during the first two years as the ELV
firms continue to tool up for production. While a significant
demand will exist inmitially, by 1992 there will be a very low
number of flights by US launchers. By 1994 with the Shuttle

dedicated to other missions and unable to launch NASA's science

satellites the US missions again will see an increase in demand. i
The Ariane throughout the period will undercut the US ELV firms' '
prices and consequently its manifests will always be full,

Should they expand their operations beyond their 6 to 8 flights if
per year capacity, the US firms could face financial hardship as

launch customers are drawn away to the Ariane by their lower 0
prices. The US launch industry has tried to have their |
operations subsidized by the US Government in order to remain I

competitive with the Ariane., To date these requests have failed i
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to illicit any financial assistance. With the efforts to reduce
the federal budget deficit it is less likely that any aid will
appear in the future.

The number of satellites to be orbited by US launchers varied
from 3 to 1ll. The mean for the period was seven launches a year
and for three of the eight years studied seven launches by US ELV
firms projected. This makes it difficult for two ELV firms to
have profitable operations every year. One firm can almost
handle the entire market. If two firms share the market
competition will eventually drive one out. Since General
Dynamic's Centaur is a far more flexible veichle capable of
launching a single or two smaller satellites it could drive
McDonnell Douglas's Delta out of the market,

This all makes it very difficult for a small launch firm to
break into the market., Very few of the forcast payloads can be
launched by the small launch vehicle. During the period
considered the satellites that could be launched by a small
launcher are:

l. AEROS

2. UOSAT (2)

3. LAGEOS

4. SIRIO

5. MAILSAT (2)

Seven launches in an eight year period is far from profitable,
If the small launcher can be upgraded to launch the smallest

geosynchronous satellites thea the launcher would be eligible to
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launch 21 of the satellites. This is still too few for a
profitable operation when several competing firms exist.

A market for small payloads does exist. The Shuttle had been
carrying with it into orbit and back to earth Getaway Specials
and middeck payloads, carried in the lower crew cabin. Competing
for shuttle assignments will be 60-70 Getaway Special canisters,
several small Hitchhiker payload bay experiments and 200 lockers
full of middeck experiments. NASA will be able to fly 500 pounds
of secondary payload cargo on each of the tracking and data relay
satellite (TDRS) missions. This equates to 10 lockers for each
flight.

However, most of the early scheduled missions are dedicated
payloads and are not likely to be able to carry any secondary
payload because they are already weight constrained. Mixed cargo
flights, which combine several smaller primary satellites, offer
the best opportunity for secondary payloads, but most of the
mixed flights use Columbia, the heaviest orbiter. Columbia is
7000 pounds heavier than the other two orbiters. Shuttle
secondary payloads represent 10,000 pounds of weight. A study in
March 1986 conducted by the Center of Space Policy indicated that
the Shuttle was servicing only 20% of the total number of payload
sponsors seeking access to orbit. NASA has, in the past, always
offered very economical prices for secondary payload space,
although NASA has not issued any pricing policy in this area.
This more than likely will continue to remain a bargain since

regardless of the secondary payloads' presence or lack of it, a
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dedicated flight will be flown to orbit the primary payloads.

A small launch vehicle as they exist can only partially
service these secondary payloads. The vast majority of them
require a means of returning them to earth, While the technology
exists, to return them to earth after launch onboard a small
launcher, the costs entailed would be substantial and would

require further study.
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ISSUE ANALYSIS

ISSUE l: Will a new shuttle be built and what effect will
this have on space related industries?

The Reagan Administration gave the go-ahead to start
construction on a replacement orbiter. However the construction
of a new Shuttle cannot be assumed. While the President has
approved an additional $272 million in budget authority for NASA
in Fiscal 1987 for orbiter construction, the actual startup is
threatened by the Gramm-Rudman-Hollings deficit reduction law
cutbacks. NASA budget officials are trying to determine the
effect of deficit projections on NASA's Fiscal 1988 budget.
Should the Agency be forced to reduce this budget by $100-700
million a new orbiter would be out of the question., This would
leave NASA with the authority to build the Shuttle, but without
the actual appropriations to do so.

The White House decision received criticism because some of
the funds for the vehicle would be taken from NASA's existing
budget. Reagan authorized NASA to spend $272 million above its
existing budget request of $7.7 billion for the next fiscal
year, Not all of that would appear as new outlays. Only $139
million would be made available to pay for the obligation, with
the rest being paid from another fiscal year budget. The $272
million was part of $500 million in Fiscal 1987 authority to
start Shuttle construction as well as to replace the payload lost

with the Challenger and to implement the Roger's commission
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recommendations., The other $228 million primarily was a result
of the savings in not flying the Shuttle, and came from
reprogramming in the agency's budget ("Industry Observer®”,

Aviation Week and Space Technology, 1986). Senators Slade Gorton

(R-Wash), Jake Garn (R-Utah), and John Danforth (R-Mo), key
legislators who chair committees or subcommittees related to
NASA, felt that the money saved from not flying the Shuttle will
be absorbed by accident related costs and had severe doubts about
the funding mechanisms involved. The senators said "This
decision to replace the Shuttle has a funding mechanism that at
this time 1is entirely too vague, We cannot cannibalize NASA for
funds, weakening an already distressed agency in an attempt to
sweep the funding question under the rug.” ("Deficit Cuts

Threaten Funds for Orbiter Construction", Commercial Space

1986). Shuttle funding requirements are $665 million in Fiscal
1988, $715 million in Fiscal 1989, $515 million in Fiscal 1990,
and $180 million in Fiscal 1991. Another $600 million is
required to replace the payload carried on the Challenger. The
crucial question remains is the amount that would be designated
as new budget authority and the amount NASA would be forced to
pay from existing budget levels,

The new Shuttle is scheduled to be completed in 1991 and
enter operation in 1992, taking seven years for the nation to
replace a single Shuttle. The new vehicle will have no impact on
the difficult process of relieving a backlog of satellites that a

fully operational four orbiter fleet would still find impossible
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to nandle. It will enter service shortly after the decision on
whether to deploy the Strategic Defense Iniative has been made
and at the same time that coanstructions starts on the Space
Station. Under those and conditions the necessity for a fourth
orbiter seems obvious. As it stands now all launch systems in
the US have been grounded for the major portion of 1986. A large
backlog of commercial, national and Defense satellites exist., A
strong market entry by ELVs will occur no sooner than 1988 based
on the time required to startup that industry.

As many payloads as possible will be moved to expendable
vehicles. But, as mentioned earlier, a large number of payloads
such as a Spacelab can only be handled by the Shuttle. Defense
payloads consist of non-SDI related payloads such as military
communications or reconnaissance satellite and SDI research
payloads. Even if the SDI is not deployed in orbit payloads
supporting research in this area will at a minimum continue to be
orbited until the decision year, 1990. Until then money will
continue to be authorized for SDI research. Already $6 billion
dollars have been invested in this effort with contracts awarded
in thirty states (Foley, 1986). The current Administration is
completely committed to this effort and though serious arms
control talks could derail the program, in light of the absence
of substantial and significant advances in this area it seems
véry likely that it would not. Even if a sudden turn-about
occurs the phase-out of the Strategic Defense Initiative will

involve a long transition as contracts expire over time. The
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pefense space budget exceeded NASA's in 1982 and the gap will
continue to grow in upcoming years. (Covault, 1985). In effect
what will be lost in the cancellation of SDI could be channeled
into other Defense Department space programs. Under these
circumstances continued support for a new Shuttle will coantinue
to come from the Administration, Department of Defense (though it
doesn't wish to allocate Defense funds for one) and indirectly
from corporations involved in SDI.

Some public and governmental critics have argued that to
build another Shuttle would be step backward to early 1970s
technology and that funds currently allocated for the new Shuttle
could more wisely be spent on a vehicle such as the
Transatmospheric Vehicle (TAV) which is designed to take off from
a runway, fly into orbit, and return to land on a runway. While
achieveable such a vehicle could not realistically serve NASA or
DOD as quickly as a new Shuttle could nor could it be built from
the meager funds earmarked for Shuttle construction. The TAV
represents the development of a challenging technology of
hypersonic atmosphere flight coupled with the complexities
involved in designing an engine incorporating two sets of fuel,
capable of functioning efficiently as jet and later a rocket
while still remaining within weight constraints required for
orbital flight. Tag on the requirement to carry a substantial
cargo into space and what evolves is a vehicle for the future
which in no way can influence the current problem for the next

ten years.
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The new Shuttle would provide a part of the near term
solution to the space transportation emergency. Much of the
technology in the orbiter will be updated to more closely
represent the technology of the day. The Soviet Union, Europe
and Japan are developing smaller versions of the Shuttle., It
will be a year and in most cases five years before any of them
will be test flown. The Shuttle remains a significant national
asset which the Administration and NASA will fight to retain.
Unfortunately and to the severe detriment of NASA's other
programs a budget price may well have to paid.

The construction of the Shuttle will have little impact
during the near term because the operational date is 1992 rather
than the earliest possible operational date of 1989.
Consequently five of the next six years of this study will occur
as if a Shuttle had not been built.

A new Shuttle entering service in 1992 will have no immediate
impact on the satellite backlog. The remaining Shuttles offer
not competition because they are overbooked and will not be able
to serve all their contract customers,

For the small launch firm moving up the lower end of the
weight spectrum this is a slightly positive sign. A market that
poses possibilities and warrants further study is the use of
small launcher to orbit a small material processing payloads such
as the SPARTAN (1000 kg) for later Shuttle retrieval ia 1988 or
1989.

ISSUE 2: What is the Administration's and NASA's policy on

(]
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the type of cargo carried on future Shuttle flights?

Along with the decision to build another Shuttle, President
Reagan barred the Shuttle from competing for any additional
commercial payload contracts as a part of the Administration's
plan to tranmsition the commercial launch business to private
unmanned rockets. The policy does not cancel the commercial
contracts for the 44 holders. Several can still fly aboard the
Shuttle before the contracts expire in 1995, The Administration
policy leaves many questions unanswered and while it does intend
to do so, it will discourage the development of new commercial
space business that require the Shuttle for access to space,
Projects focusing on material processing on Shuttle flights face
uncertainty on whether regular access to space is still possible
in the future. Until 1980 in any case this access will be
virtually nonexistant,

Even among the larger communications satellite market,
planners remain confused about the implication of President
Reagan's decision to curtail use of the Shuttle for commercial
payloads. This has forced companies to review plans and may
cause several spacecraft builders to leave the business. The
lack of short term launch availability has caused the following
in the telecommunications market:

l. Curtailment of negotiations with prospective

satellite customers,
2. Lost revenue for companies needing replacement

satellites.
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3. Mounting debt-service and storage costs for

companies that have grounded satellites.

4. Drop in orders for new spacecraft. (Lowndes, 1986).

Proof of situation's severity lies in the fact that Ford
Aerospace's review of options give strong consideration to the
possibility that company's satellite assets could be sold
(Lownders, 1986).