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As the United States only launch vehicle program NASA'~ 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 tbe cost of itself much less turn an 

profit. The French Ariane, albeit a simpler launch vehicle, soon 

successfully competed with the Shuttle for payloads . 

The Reagan Adminis t ration, 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 entr~preneurs 

started small launch firms with the hope of placing small 

payloads into orbit a t 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 g rounding of the 

Shuttle fleet after the Challenger accident and the Ariane's 

technical difficulties may provide a valuable market opportunity 

£or large and small c ommercial launch vehicles. 

This study is a three par t 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 o f chis analysis addresses the market all launch 

vehicles 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 t en years was conducted to determine 

trends in satellite use. Characteristics of satellites such as 

t heir categories, and tneir weights wh i c h are critical t o small 

launchers were addressed 1n o rd e r t o define a target market 

segment and to estab lish its growth based on the historical 

da t a. Next, an analysis of forecast satellite and launch ve hicle 

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 a t the time the satellite is scheduled to be orbited . 

This forecast supported the initial trend analysis . These 

projections are subject to a g r eat deal of uncertainty because of 

the dynami c nature of the s pace business environment following 

the Challenger accident. Issues affecting the market forecast 

were addressed and include the Administration's future launch 

vehic l e policy , the possibility of a replacement Shuttle , t he 

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 o f action 

associated with each issue was d etermined and its impact was 

assessed against the projected tren ds a n d forecast . Th i s 

information provided the most accurate fo r ecast and was used in 

conjunction with representative da ta from several small launch 

fi rms to dete rmine their profitability . 

The study es tabl ished that a small l a unch firm could n o t 

profitably operate without a s i gnificant investment of add itional 
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capital to upgrade its capabilities to a point where it could 

orbit moderate sized geos ynchro nous satell ites . Currently and 

for the next eigh t years t here wil l be on insufficient demand t o 

o rbit smaller sa tellites . Once t he space station i s dep loyed in 

the mid-1990's a change may occur and the need for trans f erring 

sma ll payloads to the station may develop. 
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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 . In my graduate marketing cour se I 

completed a research paper on the French Ariane launcher as a 

successful competitor to the Shu ttle . A simpler and more 

economical vehicle, the Ariane stole numerous payloads from the 

delay-prone Shut t le. 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 

compe te with government backed launch systems . 

Small launch vehicle firms drew my attention. These firms 

wi th 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 . 

l.X 



My initial work went well until the Chal l enger acciden t on an 

ordinary Januar y mor n i ng c hanged t he entire perspective of the 

space program and commer cial space ven t u r es . To complica t e 

matters a concise governmental space policy was never 

formulated . Uncertainty effectively tied the hands of the 

commercial s pace processing industry, large aerospace firms , 

f oreign governments a nd sma l l entrepr eneurs . Confusion reigned 

in NASA , Congress , and t he Adminis t ration. United States space 

policy never ver y cohesive in the past now came apart at the 

seams . The Admini s tration , in an effort to pu l l t hings toge t h e r 

in August , finally made several overdue decision s . One was t o 

build another Shuttle , the o t her in September was to limit the 

number and types of commercial payloads on the Shuttle once i t 

flew again . These events, unforseeable a year ago , had and will 

co ntinue to have a significant impact on small launch firm 

operations. 

The purpose of this study wil l be t o examine 10 conjunction 

with dema nd what impac t these issues and o t her s in the marketing 

environment wil l have on small launch firms. This study will, 10 

effect, take a snapshot of conditions and projections as t hey 

a ppear at t he time of this s t udy . The dynamic environment in 

which all commercial spa ce ventur es take place precludes anyone 

from being able to achie ve anywhere near per fec t accuracy in 

their projections . None foresaw the Challenger ' s demise , or 

s eriously considered the possibility that four proven US launch 

vehicles in a row would fail and t ha t t he French Ariane wou l d 

fail in the same period, shut ting 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 . 



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 

craf t gradually increased i n size and complexity and culminated 

in unmanned planetary spacecraft and manned flight t o t he moon. 

These formative years of the space program ass umed 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 

s~ace. No other nation bad 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 t his ser vice. 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 evolucion 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 financial 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 bas 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 . 
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The Europeans learned rela tive ly early to develop launcher 

and satellite capabilities independent from the OS . 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 OS bowed out o f a joint solar-pol ar 

orbit miss ion with t he Europeans , seriously degrading the over al 1 

project. Today, Europeans are dissatisfied with the return from 

their investment 1n the Shut t le program, the West German 

developed Spacelab module. This pressurized laboratory has been 

used more by the US than Europe. The European Space Agency (ESA) 

ha s demanded a more active role in the development and operation 

of a proposed OS space station which is partially funded by ESA. 

The Europeans are in.tent on es tab 1 ish ing 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 

t he commerc ialization of space through the participation of US 

business in establishing various industries and services in 

space . The total control of the national space program by the 

go ve rnment bas been replaced by the privatization of maj or 

functions that previously were the sole respons i bi lity of NASA. 
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As an example , Lockheed assumed NASA's responsibilities at the 

Kennedy Spacecraft Center and was contracted t o handle a major 

po rtion of the operations there . Recently, NASA turned over t he 

control of the LANDSAT Earth Re:sources Sa tellite System t o the 

Earth Observation Satellite Company (EOSAT) . The US Government 

at one time even considered a proposal to t urn over one or more 

Shuttle orbi t ers t o a private firm for commercial launch 

services . The proposal was t urned down based on t he logic that 

the Shuttle is a national asset which promotes national 

i nterests, 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 exploi t the 

space environment in order to fos ter new i ndustrial applications . 

New contro lled processes could be developed to make stronger and 

more perfect materials. New pharmaceuticals are possible . 

Superior material for ele ctronic equipment could be made along 

with an improvement in the usual applications in communications, 

weather prediction and global navigation. A commercial space 

pol icy 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 compan ies, financia l institutions, and 

entrepreneurs who would otherwise be unable to sustain the risk 

of investing thei r 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 cou n t er impediments to commercial space endeavors such as tax 

laws which have hampered space industrialization because t hey 

were written before the unique problems facing business were 

recognized" (Covault, 1984). 

Various methods have been Lmplemented to reduce the financial 

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 rece iving such funding 

would have placed a large amount of their own capital at risk. 

Another element of this policy would also allow NASA to pu rchase 

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 credi t s in order to g ive 

companies with spa ce ventures the same tax br eaks as companies 

performing similar earth-bound services. The White Rouse has 

ordered a review of tax regula t ions that unfairly discriminate 

against space commercialization ventures simply because 

5 
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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 

c ode so that they would specifically benefit industries working 

in space. "A 10% investment t ax 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 a nd 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 governme-n t ' 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 amo unt 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 

de velopment on earth and the construction of 

flight hardware, while NASA provides free 

s huttle flights for the project whi ch must have 

already met certain basic criteria on technical 
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merit, innovation and accep t able business 

merit. While the company retains proprietary , 

patent and invention 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 analysis . No 

flight is involved; expenses are paid by t he 

company and the company ' s data and patent rights 

are protect ed (Covault, 1984). 

The organization of NASA's Commercial Space Poley 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 t o 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 



RESEAR CH AND 
DEVELOPMENT 

INITIATIVES 

e NASA Research 
Directed Toward 
Commercial 
Opportunities 

• Private Research 
Directed Toward 
Commercial 
Ventures 

• Acceleration of 
NASA/Private 
Sector Partnership 
Agreements 

• High Techno logy 
Research Institutes 

• NASA Purchase of 
Commercial Space 
Products 

Private Sector 
Deve lopment of 
Space Hardware 
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NASA 
SPACE COMMERCIALIZATION 

POLICY -- PROVIDE SUPPORT FOR 
NATIONAL INITIATIVES 

INITIATIVES TO 
IMPROVE ACCESS 

TO NASA FACILITIES 

• Reduced Rate 
Flights for the 
Private Sector 

• Rapid Integration & 
Reflights 

• Dedicated Flight 
Opportunities for 
Commercial 
Ventures 

• Ground Facility Use 
By the Private 
Sector 

PROCEDURAL 
INITIATIVES 

e Use' of NASA Owned 
Patents 

• Proprietary Right s 
Protection 

• El<cl11sivity for 
Advanced Tech­
nology Ventures 

• A ssessment of 
Commercial 
Opportunities 
Associated with 
NASA Programs 

ORGANIZATIONA L 
INITIATIVES 

• Commercialization 
Focus & Private 
Sector ~upport 

• New Advi sory 
Groups & 
Communications 
Mechanisms 

OUTREACH 
INITIATIVES 

• A Space Commerce 
Outreach Program 

• Data Base & 
Communications 
Mechanisms 

Figures 1. NASA ' s Commer c ial Space Pol icy contains nine teen 

in i t iatives des i gned to fos t er bus iness i nvolvement in developing 

commercial space applications . 

NOTE. From "Uni que Products, New Technology Spawn Space Business " 

by Craig Covault, 1984 , AVIATION WEEK AND SPACE TECHNOLOGY, 47. 
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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 t hat 

out of the "nineteen NASA initiatives, six ha ve been fully 

implemented , four partially, five have not been implemented and 

four have regressed in status . NASA is still unable t o make 

prompt decisions resulting 1.n an incredibly costly, bureaucratic 

and time consu ming process to get cooperative agreements signed " . 

(OS 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 recent developments and in the 

process redefine the role of NASA and the federal government with 

respect t o the private use of space . 



SPACE BUSINESS CATEGORIES 

CHAPTER 3 

David W. Thompson, President of Orbital Science Corporation , a 

firm wbicb markets 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 c.apital inten sive . 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 awa y . 

Orbital Science Corporation developed an upper stage for the 

Shuttle in the late 1970s . Its 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 . 

Financial 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 ,. Four th, space enterprises rely 

to a large part on high technology , which can a c t as a 

double-edged sword; while some investors are attracted to the 

glamour of space technologies, others are drawn elsewher e 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 inves tors are normally attracted by the excitement 

but the amounts invested are inadequate for the multistage 

financing required . Many investors will not be attracted t o 

co mmercial space ventures without a significant amount of 

education on the economics and technologies of a space enterprise 

and a realistic prospect o f very high financ ial returns . This is 

something that seems less likely until the OS's space program has 

reestablished itself. Sixth, space projects can draw on a vast 

amount of managerial and technical t alent . 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 personnel are employed by both government and 

industry . A new venture is faced with the problem of attracting 

management and technicians from their current 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 sa tellite construction and use, 
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support services, and launch services . 

SATELLITES 

Satel l ites are classified according to function . There are 

four sa tellite categories : communications , remote sensing , 

material processing and space science. Space communications is 

the only substantial commercial exploitation of space to date. 

Communications Satellites 

Communications satellites r ,epresent 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 t o 

support their operations . The big three communication sa t e llite 

makers are Hughes, Ford Aerospace and RCA. They have captured 

most of t he market and will continue to hold a sizeable portion 

for t he rest of the decade . 
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Company Country 
Actual Planned 
1965-83 1984-89 

Prime contractors: 
(First launch 1983 or before) 
Hughes Ai rcraft ... ... ... .... .... ... . . .. United States 
Ford Aerospace ... . .................... United States 
RCA Astro-Electronics .................. United States 
TRW Defense and Space Systems . . . . .... United States 
British Aerospace Dynamics .. . . .. .... ... United Kingdom 
Meleo/Ford Aerospace .... ..... .. . ...... Japan/United States 
C.N.S. . ... . ..... . ........ .. ........... Italy 
Spar Aerospace/Hughes Aircraft . .... .. ... Canada/United States 

Total ......................... . . . . . .... . ........... _ .. _ . . _ .. . 

45 
10 
9 
8 
4 
3 
1 
1 

81 

33 
10 
27 
0 
9 
1 
1 
3 

84 

Additional prime contractors: 
[First launch 1984 or later) 
Eurosatellite . ... .. . .. .. .. .... . . ... .. ... West European Consortium 5 
Meleo (Mitsubishi Electric Co.) ..... .. .... Japan 4 
Toshiba/GE . ...... .. ..... . ............• Japan/United States 3 
Spar Aerospace .... .. . . ..... .. . . .. .. ... Canada 3 
Matra Space ....... . .... ... .. ... . .. .... France 2 
Aerospaliale (with Ford Aerospace) ... .... France/United States 2 
Slemens/MBBIERNO/AEG/ANT ........... West European Consortium 2 

Total . ... .. . .... ... .... . ... .. .... .... ...... .. .. .............. .. ....... 21 

Prime contractor not yet selected:• 

Grand total .... .. .............. ..... ....•......•........ ... ... 81 

45 
150 

Table 1. Prime contracto rs for commercial co1Dlllunications 

satellites . 

Note . From "World Communica tions Satellite Market 

Characteristics and Forcast", NASA Contract CR-168270 , Novembe r 

1983 . 

The communicat i ons sate llite's commercia l , political a nd 

regula t ory environment are a complicated and treacherous area . 

The major issues are: 

1 . The International Telecommunication Satellite 

Organization (INTELSAT) , a consortium of 109 nations 

has a monopoly on all international satellite 

communications . Several private US coUllllunications 

corporations have r ecent ly applied for authorizat ion 

f rom the Federal Communications Commission ( FCC) to 

launch satellites providing transatlantic 



2 . 

14 

cornmunications 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 

t hat communications reaching their terri t ories 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) . 

3. Satellite communications demand is increasing 

rapidly, bu t whether growth will continue through 

the 199Os 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). 

4. The International Telecommunications Union (ITU), a 

United Nations Organization regulates space 

communications (i .e . setting telecommunications 

s tandards, allocating radio frequencies) to include 

allotting positions in geos t ationary orbit . 

Positions are now registered according to a policy 

of "firs t-come, first served . " However , numerous 

Central American, South American and developing 

coun tr ies 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 bas taken on a decidedly 

political f lavor with the third world nations pitted 

agains t t he US . At issue is a reconsideration of 

internationa l arrangements for planning the 

disposi t ion of communications satel l ites in 

geosynchronous o rbit. I f the United States faces a 

l i mited allotmen t of geosynchrono us slots, it may be 

forced to rent unfilled slots from other countr ies, 

substitute fiber optic cable capacity for lost 

satellite capability or deploy a new type of 

c ommunications satellite which uses a new frequency 
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b and (Ka band) . Each alternative would incur 

additional costs (Rosemary , Kindel , 1983). 

5 . Congestion io geostationary 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 en t ails several 

problems. The technology associated with this type 

of satellite is advanced, 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 t o 

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 aod data transmittal, there is no guarantee that 

continued growth through the 1990s will occur. 

Remote Sensing Satellites 

Remote sensing satellites view the Ear th in various imaging 

mediums (i . e. visible light, microwave, infrared) for the purpose 

of investigating various aspects of the ear th' s composition, 

a tmosphere and weather . These spacecraft have been used for 

weather prediction, mineral and petroleum pr ospecting, 

agricultural productivity, erosion control, and fishing 

management . The US Government through the National Oceanic and 

Atmospheric Administration (NOAA) will continue to operate the 

na t ion ' s wea t her satellites (advanced TIROS and GOES) since t hey 

benefi t 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 Sate llite Company (EOSAT) . When correctly 

in t erpreted , t his data can aid in the prediction of mineral 

resources, ground wa t er or the cause of agr i cultural problems. 

Separ ate 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 , Trance , 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 remo t e sensing satellite. 

Ma t e rial Processing Satellites 

Materials processing payloads offer t he greates t promise for 

commer cial success dependent upon the long term success of the 

Shuttle and the US space station. It involves the study of 

materials, from pharmaceuticals to ceramics , and the various 

processes which could be applied to t hese materials (i.e. 

melting , solidifying, electroplating) in the microgravity 

environment of space. This foirm of material development could 

lead to new or better quality products. The first commercial 
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product from material processing, latex spheres produced during a 

shuttle flight and used to calibrate electron microscopes, have 

already been sold to the National Bureau of Weights and 

Standards . The commercial space policy treats t his 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 variou s 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 on a la ter shuttle flight . 

This is impossible for the standard launch vehic le . 

Numero us material processiillg experiments are being funded by 

universities and industry . The recent shuttle disaster will put 

many of t hese projects on hold for two or more years. The 

ma t erial processin g research of hundreds of companies t o inc lude 

John Deere, 3M, Bethlehem Steel , DuPont and Monsanto have been 

slowed significantly due to the inability to put payloads into 

orbit. This slowdown will allow competing companies time t o 

develop Earth b o und processes comparable to those conducted i n 

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 fli ght 

would recover the material after it had been processed in space 



20 

and would attach a material resupply module from the original or 

a new company wishing to use the satellite . Faircbild 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 10 the Shuttle's 

cargo bay . 
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Space Science Satellites 

The final category of satellites are space scie nce 

satellites, which as national or international vehicles to 

exp l or e space, have little immediate commercial application . 

Examples which come to mind are the spacecraft sent by various 

nations t o explore Halley's Comet and the Voyager craft which 

explored the outer planets. These craft are normally f unded by 

the national government with t he scientific instruments designed 

and c onstructed by universities a nd national laboratories. These 

vehicles are launched by the Shuttle or conventional l aunchers. 

Figure 5 . Japan's Susei spacecraft was one of several tha t 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 nation as a whole and opportunities for 

private sector commercial growth. In addition 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 stations which 

follow the satellite in orbit and 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 in governmental, 

defense and som.e 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 stations for 

their satellites called Earth stations which vary in size from 

tne cable television (CATV) sat,ellite 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 . Io 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 operationa l shuttle flights, firms 

have provided services to those customers with payloads, to place 

on board. Commercial customers with large payloads, such as a 

cotmllunications satellite, have the option of having their payload 

processed by either NASA or Astrotech Space Operations 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 sta-rted 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 and 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 oo the launch vehicle firms 

currently io 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 on launch vehicle commercialization 

1s 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 the 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 

marke t outlook for t hese 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 Shut t le Transportation System, was originally developed 

for a number of good reasons: 

1. It was less expensive to reuse valuable components 

of a rocket than to lose everything whenever it 

launched a payload. 

2. Man would pilot tbe vehicle a nd would provide a 

problem solving element and greater flexibility than 

normal l y possible . 

3 . Rapid t urn-around of a reusable vehicle would allow 

more flights d uring a single year than with 

expendable launch vehicles. 

4. It seemed simpler and more economical to maintain 

one vehicle rather than a fleet o f rocket boos t ers 

for t he various payload weight classifications 

(Roland, 1985) . 

The Shuttle was envisioned as a cheap bus ride into orbit. 

Ideally these flights would pay for t hemselves by charging the 

customer for the flight. But because of cheaper access to orbit , 

flights would no t 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 itsel f 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 

26 
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better to withstand numerous flights and the hea t resistant tile 

problem delayed the program and further added to costs . 

Development of the shuttle cost $14 billion ia 1985 dollars, 

still within budget. NASA's hopes of reducing the rates to orbit 

a pound of payload from $1000/lb for Expendable Launch Vehicles 

(ELV 's) to $150/lb ($10 million Shuttle flight) vanished. la 

1985 the Congressional Budget Office computed the cost of a 

flight using five preferred methods (Roland, 1985). 

Accounting Method 

Short-run marginal 

Long-run marginal 

Average Full 

Operational Cost 

Average Full Cost 

Less Development 

Average Full Cost 

Cost Per Launch 

$42 Million 

$76 Million 

$84 million 

$108 million 

$150 million 

Cost per Pound* 

$646 /$893 

$1,169/ $1,617 

$1,292/$1,787 

$1,662/ $2,298 

$2 ,308 / $3, 191 

*65,000 lb payload/ 

47,000 lb 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 

1s 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 pres-ence however, must be tempered by 

the added weight, complexity and cost of the overall vehicle; 

factors that are not considered ia 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 

vehic le. Problems assoc iated with the complexity of vehicles and 

o perational and safety considerations for the men and women on 

board r e sulted 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 t o 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 

i ncreased 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 th i s n.atioo 's fleet of e xpendable launch 

vehicles . When the decision was made in the early 197Os to 

d epend solely on the Shuttle for all military, government, 

commercial and foreign launches, it was defended on the bas i s 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 commerc ial 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 OS 

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 bas 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 French Space Agency, CNES. This 

dual role 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 bad 

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 French engine 

producer, Soecma, and top management was realigned. D'Allest had 

a key role in SEP 's merger with Snecma , His dual role allowed 

him to bring about change at the industr ial level. The merger 

occurred because Snecma is the largest nationalized company in 

France, a bolder 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-s ize d 

expendable , launcher which is launched from near the equator 

(Kourou, French Guiana ) where the earth's rotation helps push a 

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

man aboard, scheduling flexibility is increased, and technical 

and weather problems are far l ess likely to occur. The vehicle 

itself is significantly less expensive than the Shuttle , and, 

while it bas suffered three launch failures, none bas had t he 

catas trophic results of the one Shuttle loss. The Shuttle was 

designed to launch almost a ny size spacecraft and t he 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 International Satellite Corporation (INTELSAT) attempted t o 

buy seven expendable vehicle launchers for their communications 

satellites from NASA. NASA could only provide four with 

expendable launchers a nd scheduled the remaining communication 

satellites on the shuttle which at that time had never flown and 
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as bebind schedule . INTELSAT opted to launch the excess on the 

Ariane. This decision by INTELSAT established the precedent for 

an alternative launch capability as a means of orbi ting a 

sa tellite due to the unavailability of a single launch system and 

supplied the Ariane effor t with the needed credibility. The 

basic Ariane vehicle has spawned a family of vehi c les capable of 

launching heavie r satellites. 

Both the Shuttle and Arianespace are subsidized, one by the 

US Government, the other by ESA (Roland, 1985) . The US 

Governmen t paid for the development of the Shu ttle ( $10 billion) 

and ESA paid for Ariane's development ($1.5 billion) . Beyond 

t hat Ariane pays for itself. Something the Shuttle bas 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 r ate increase would see 

the money coming from the taxpayer . 

Ariane bas tried to maintain prices competitive with the 

shuttle . The Ariane price to launch a n INTELSAT sa t ellite was 

$39 . 6 million compared with NASA ' s price of $28.34 million 

(Lenowitz, 1985) . The Ariane however offered the advantages of 

grea t er flexibility and responsiveness; being able t o launch the 

satellite well in advance of the Shuttle launch. A 

communications sa t ellite cannot generate any r evenue until it is 

in orbit . The delay by NASA may have been enough to overcome the 

price differential 10 favor of the Ariane as INTELSAT's launch 

vehicle . Compared to NASA Arianespace offers very favorable 
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f i nancing (See APPENDIX A). 

Arianspace has captured between 30% and 50% of the 

cotmnunications 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 Ariane 5 will represent a totally 

revolutionary vehicle design philosophy which will no longer 

maximize performance 1.n 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 stations . 

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 Shutt le disaster has reversed some of that thinking . 

The United States launch vehicle failure rate now is t he 

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 . In 

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, Shut tle and 

Delta is grounded until the cause of the failure can be 

dete rmined. 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 exis ting contracts had been met. This forced NASA to 

end launch service negotiations with several customers (Saudi 

Arabia, Italy, the Mitsubishi/Ford Satellite Consor t ium , RCA, and 

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

Space Technology, 1986) . President Reagan has enforced this 

decision with a directive prohibiting the fut ure sale of shuttle 

services to certain commercial and foreign users. However, "NASA 

is unlikely to buy more expendable launch vehicles despite the 

payload backlog •••• because of budge t cons traints . 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. 

United States 

Class Scout-D Delta 3920 Atlas-Centaur Titan 34D Space Shuttle 

LEO 440 lb 7.800 lb 12,000 lb 33.000 lb 65.000 lb 

GEO-transfer 2,800 lb (PAM) 5 ,200 lb 10.000 lb (IUS) 27.000 lb (Centaur) 
GEO~ircular 

est 
1,300 ltl (PAM) 2,600 lb 5,000 lb (IUS) 13,000 lb (Centaur) 

IOC Operational Operational Operational Operational Operational 

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 

f r om t wo to five vehic les 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)(Leoowitz, 1985). 

General Dynamics closed down production in t he 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 For ce still has 

approximately twelve Atlas Es and one Atlas H. Only three of the 

larger and more powerful Atlas Centaurs remain . They are 

scheduled to launch three Defense Department FLTSATCOM 

communications sate ll ites 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 addi tional tooling is acquired 9 vehicles 

could be produced in 1989 and 17 in 1990 and thereafter 

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

McDonnell Douglas had also closed its production lines. Two 

Delta launch vehicles remain in the inven t ory. 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 Admiois tratioo GOES weather satellite . 

McDonnell Dougl as faces similar problems as General Dynamics and 

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

DATE 

l May 86 

August 86 

5 September 86 

17 September 86 

VE KI CLE PAYLOAD 

DELTA GOES-G 

ATLAS CENTAUR FLTSATCOM-F 

DELTA DOD/SDI 

ATLAS E NOAA 10 

LAUNCH SITE 

K.SC ( Failed) 

KSC Delayed 

KSC Success 

KSC Success 

Tab l e 3 . Actual and Planned ELV Launches for 1986 . 

Vought Corporation manufactures t he Scout, a small r ocket 

capable of putting small payloads int o low earth orbit. It is 

not powerful enough to l aunch 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 t he major 

portion of 1987, ELV industries are firming up plans to reente r 

the market. Several very small fledgling firms, the focus of 

this study for the most part, have remained in the background 

working and wait ing for t he right oppor tunity to present their 

product . 

SUCCESS FAILURE TOTAL 

DELTA 166 12 178 

ATLAS CENTAUR 56 9 65 

TITAN 34D 9 2 11 

SHUTTLE SYSTEM 24 l 25 

Table!f: • Com par at ive 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 proposal s for a 

Medium Launch Vehicle (MLV) to launch payloads in t he future . 

"One of the major thrusts of the MLV program is the strong 

Defense Department requirement t o begin building the 18-satellite 

conste llation for the NAVSTAR globa l positioning system 

(GPS)"(Smith , 1986). Several major launch firms have submitted 

their vehicles as candida t es 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 entrant is a Hughes Aircraft Co . /Boeiog Aerospace Co . 

proposal called the Jarvis (named after Hughes employee who was 

killed in the Challenger explosion). Its 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 

satellit es with a combined weight of 85,000 lbs ., 20,000 lbs more 

t han the Shuttle (Smith, 1986). Whichever vehicle is chosen the 

MLV could expand i t s 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, Trans pace 

Carriers Incorporated of Greenbelt, Maryland Paci fie American 

Launch Systems Services of Redwood City , California and the 

Amer ican 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 plans to use are all 

built from proven off the shelf components and rocket stages. 

The vehicle is marketed among foreign 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 intent of 

selling low cost market oriented space services that can launch 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. ~e 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 

38 
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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 ge t 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 . In February 1985 the Transportation Department 

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

Is land 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 f r om a cattle ranch on Matagorde 

Island off the Texas coast (Cones t oga 1) consisted of the second 

stage of a Minuteman missile bough t from NASA. This test proved 

the technical feasibility of launching a rocket. The Conestage 2 

will be the firs t operational vehicle. It consists of three 

Morton Thiokol built Caster 4H motors for the first stage, one 

Cas tor 4H for the second stage, a Star 48 motor for the third 

stage and a Star 30 mo t or for the fourth stage (Marsh, 1984 ) . 

This vehicle can put a 950 pound payload into low earth orbit. 

The Cones toga 3 is produced by adding a third Cas t or 4B 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 weigh t 

gap l eft between the Scout and Delta vehicles . 

Space Services bas contracted Morton Thiokol to provide the 
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Figure 7. Space Services Inc. Coooestoga 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 

s i ngle Castor 4H that fires after the two strap-on motors have 

dropped away. The Connestga 3 and 4 are made by adding one o r 

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 

cus t omer 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 

mil l ion 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). 

Stars t ruck, another small firm in the space transportation 

industry , intended to build an inexpensive booster for cus tomers 

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 only 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 fee t 

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 Boos t er System Launch", Aviation Week and Space 

Technology, 1985) . The pr imary attraction of this propulsion 

system was exceptional safety, which was important to a company 

witb limited facilities . Secondly , the rocke t was water launched 

(100 miles off the California coast) which eliminated in t heory 

the ueed for expensive launch pad facilities and provided needed 

privacy from the public (O ' Lone, 1984) . After several false 

starts the Do l phin was launched in August 1984 and failed 

in-flight due to a stuck steering valve (O'Lone 1985). A short 

t ime later, t he company declared the program a success , laid off 

nearly the entire staff, replaced the president, and began to 

reorganize . Putting tile "dulllb 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 1 Lone, 1985). The Constellation was to become an operational 

vehicle capable of placing a 1300-1500 pound payload into a 

geosynchronous orbi t. It was to have been a 60 to 90 foot, two 

s t age hybrid vehicle. Water launch was abandoned since it 

entailed long t rips 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 in a launch 

cancellation and a 30 hour t rip back t o land. A short delay 

would have been the only problem encountered if the vehicle bad 

been launched on land with the requisite support. 

Douglas Ordahl , head of the propulsion sys tem, felt that 

after the Dolphin launch an additional $5-10 million was required 

t o complete the proof of concept (O'Lone 1985). Although a good 

initial response was received from Boeing , Raytheon and Hughes to 

sponsor and help finance Stars truck 1 s con t inuing development 

effor t s, 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 development work remained to invest a substantial amount of 

capital . Barney Adelman former president of United Technology, a 

manufac t urer of solid rocket motors similar to those used on the 

Shuttle , said that Stars truck needed between $100-200 million to 

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

1985) . Eventually, Stars t ruck, 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 orientation and 

entreprenurial approach, tbat can go out and completely put it 

together"(O'Lone, 1985) . 

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. Additionally, TCI 

instead of developing a new launch vehicle used a proven and 

reliable workho rse witb 97% success rate over twenty 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 t hem 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 construct new 

vehicles . Transpace, on the other hand, planned to market and 

launch an operational vehicle. 

TCI is a venture capitalized booster company with 50 

I 
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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 Greenbelt, 

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 serv1.ce 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 commercializing the Delta bas 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 witb Arianespace's price of $21 million 

and NASA's price of $25 million ("Competition", Fortune 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 Ac t of 1974 stating that 

Ariaoespace charged prices to US firms that were 25 to 33% lower 

than t hose 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 Ariaoespace continues to -market 

its service in this country . TCI has yet to sign up a customer . 

The Challenger accident, Shuttle grounding and growing 

sa tellite backlog should have brought customers to TCI. For a 

period of two years TCI has been unable to reach a final 

agreement with NASA on the commercialization of the De l ta and has 

been working on the basis of 60 day e xtensions. 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 t hey haven't met •• •• demonstrated 

technical abili ty; signing up customers and so forth." (Mordoff , 

1986). NASA has also taken t he few remaining spare Deltas to 

launch geosyochrounous weather satelli t es and SDI payloads. 

Originally the Deltas were t o have been turned over t o TCl . 

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 r a ther 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 transition period t o 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 f uturistic 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 th_ree and 

a half years of development work, followed by one and a half 

years of testing before operational 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 t o confirm space on a specific 

flight. The total cost of the flight $50 ,000 would be paid prior 

t o launch . 
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Figure 9. Pacific American Launch Service's Phoenix is a single 

stage reuseable vehic l e scheduled to be operational in the 

1990s. Transpace Carriers I nc. would like to commercialize the 

Del ta. 

Gary Hudson, the founder of Pacific American, earlier bad 

developed a vehicle called the Percheron, which Space Services 

was in t erested in prior t o t he rocket's launch failure in 1981. 

Problems encountered in the Percheron's development included bad 

project management and a lack of capital ("O'Loae, 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 nas made Pacific American responsible 

only for airframe work a nd final assembly. Subcontracting was 

no t considered extremely expensive as long as major companies 

were not involved (0 1 Lone, 1985). The Phoenix will be a 

reuse able vehic le which will take off and land vertically. 

Usually several t es t flights are required t o validate a vehicle 1 s 

design . Though a more complicated vehicle, a reuseable launcher 

has t he advantage especially during test flights, of being able 

t o be reflown, the alternative being the loss of a vehicle ever y 

time one is launched. The Phoenix is a squat single stage r ocket 

with 48 small combustion chambers l ining the periphery of the 

veh i c le 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 

t a nker, all of which are supposed to be operational in the early 

1990s ( Hoeser, 1986) . Development costs are planned in the 

ne ighborhood of $20 million. 

The American Rocket Company (AMROC) is a very new fi rm tha t 

s tarted operations after Stars truc k Inc failed. Many of AMROC 1 s 

employees came from Starstruck . The Industrial La unch Vehicle 

(ILV) is A.MROC 1 s launcher. Its first operational flights are 

planned for 1988 . The ILV like Starstruck 1 s Dolphin, uses hybr id 

r ocke t technology to power i t . Nineteen nearly identical hybrid 

rocket engines would boost 3,000 pounds into polar orbit or 4 ,000 

lb into equa t oral orb i t . AMROC has been tryi ng to raise 

inves tment funds of about $40 million through a pr ivate offering 
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Papiact(135 rn dlaa Oltlll) 
• .... • 3.000:bs. • 
• 29.5• lnclinaliOD- 4,000 lbs. ·. ..... . . ~ 

r 
Payloedlal9rtKe 

• 37 incran- .-ldlftlper 
o.-'PAM-OiAriane 

NoaeFaltlng 
• Oiarnewr • 90 in. 
• Cylindrical lenglll • 9 ft. 
• Conical - 6 ft. 

Mulmum Acceleration 
(l..ongitudinal) 

• Wdhoul ltlrolling • 7 .2 g 
• WIIII lhtollling • 5.8 g 

Figure 10. AMR.OC ' s launcher, or the Industrial Laun ch Vehicle 1s 

expec t ed t o s tart opera t iona l launches in 1988 . 

Note. From American Rocket Company . 

for its commercial launch program. George Koopman, AMROC 

President, said t he firm will charge $5-8 million per mission 

( "ELV Company Schedules Tes t s of Indus cria l 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 Washington 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 . Hore exist, 

but for the mos t part they will remain obscure until the 

t echnica l problems are overcome and the right market conditions 

exist. 



OTHER COMPETITIVE SYSTEMS 

CHA.PTER 6 

A payload system which has flown on several shuttles and will 

continue to do so when Shutt l e fligb ts resume is NASA I s Getaway 

Services. On the majority of flights because of the 

configuration of the Shuttle ' s large payloads , small areas of th e 

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 

(Cassaoto , 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 

I nstrumentation Technology Associates (ITA) must be contact ed 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 t o 

$300,000 (Cassaoto, 1985) dependent for the most part on the 

operational complexity of t he payload . Fifty-eight GAS canisters 

have been flown on Shuttles over a four year period . 

53 
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GAS CANISTER DATA 

VOLUME WEIGHT 

CU13IC-METERS I FEET KILOGRAMS POUNDS PRICE ( $) 

.07 2 . 5 2 7 .2 60 $ 3000 

. 01 2 . 5 45 .4 100 $ 5000 

. 14 5 90 . 7 200 $10000 

Table 5. Getaway Special Canister (GAS) data. 
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NASA's Getaway Special Canister is carried aboard 

the Shuttle . Companies , schools and individuals have 

us ed these small containers for special projec t s and 

experiments . 
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Though t he GAS canis t e r s limit the amount of space and t he 

weight carried, their employment provide the users with several 

advantages : they permit access t o space to those who would not 

normally have it, they are very economical (as low as $300/lb), 

small satellites can be ejected from them, the payload returns 

from space with the Shutt l e and they allow a company to do the 

initial experimentation and research on a proof of concept basis 

without investing or committing itself heavily on a project . 

Numerous schools such as t he µniversity 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 l ead times t o six mon t hs and 

increase the payload weight to 1000 pounds . 

A factor which will have an influence on the space 

transportation indus try is the possible entry of Japan and China 

into this market . The Japanese have developed several boosters 

using US technology . Res t rictions associated with this transfer 

of t echnology has limited the use of their vehicles to only 

Japanese or US customers . Not s urprisingly, the Japanese are 

developing two rockets from s trictly 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 (U lO 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 a nd 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 

tbey 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 an upper stage . ("PRC 

Evaluating Possible Participation 1.n 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 countTies are not always attainable by other 

nations . China, for example does not mate satellites t o their 

boosters under clean room conditions and GTE stated they would 

no t 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 trend analysis, forecast and opportunity 

analysis , wbether a entity 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 1.s to determine through a trend analysis 

whether a trend exists which shows continued or sustained growth 

in t he weight and category of satellites that will support a 

small launch fi~m. 

The second subproblem is t o compile and analyze a forecast of 

satellites . 

The third subproblem is to e,valuate critical issues which 

will affec t the space transportation industry particularily 

small launch firms . 

The Hypothesis 

The first hypothesis is that a trend analysis will indicate 

that sufficient satellites of the appropriate weight and category 

will require launch services to support a small l aunch firm. 

The second hypothesis is that a smal l launch firm will have 

enough satellite customers in toe future to survive even when 

other launch agencies have entered the market. 

The third hypothesis is that the critical issues when 

collectively analyzed will not significantly hinder the existence 
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and growth of small launch firms. 

The Decliminations 

Tbe study will not attempt to predict wbich launch firms will 

have the best chance for success . 

Definitions: 

Geosynchronous Orbit - 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 wi ll not be considered and a f e w 

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 s t udy . 

The fifth assumption is that: all satellites can be 

practically reconfigured to interface with any launcher . 

The sixth assumption is that t he Chinese and Japanese wil l 

not actively compete against US ELV firms or the Ariane . 
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METHODS 

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 bas 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 on 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 trend is toward 

smaller numbers of heavier satellites rather than greater numbers 

of lighter satellites then small launch firms stand to lose. In 

the trend 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 

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 liklibood 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~ 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 bistory, 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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tbese analysis will be projected against a hypothetical firm 

representative of s ucb 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 satelli t es 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 10 subproblem one . 

This will verify or disprove the validity of the ini t ial trend 

analysis. 

Subproblem tbree. To evaluate critical issues which will 

affect the space transportation 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 bow 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, insurance aid, DOT support?) 

4 . What effect will the reentry of large corporations 

in space transportation industry have. 

S . What will the effect be of increased foreign 

launcher competition. 

6 , Will advances in fiber optic technology 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 trend and 

forcast aoaylsis. 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 

gr ounded as it its strongest com~etitor 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 is a question as to whether a market exists for the small 

launch fi r m. 

A twelve year period from 1974 to 1985 is covered which 

e xamines the launch rates of va rious ELVs . Specific ELVs are 

designed to serve a particular satelli t e weight category as shown 

in Table 5 . 

VEHICLE 

SCOUT 
ARIANE 2/3 
DELTA 

MAXIMUM PAYLOAD (kg) 
LOW EARTH ORBIT1 GEOSYNCHRONOUS 

TRANSFER ORBIT 
(lb) (lbs) 

50 - 255 NONE 
1000 - 3870 1000 - 2050 
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 o rbit . 

2 . Orbit - 280 x 420 km 

NOTE : From Aeronatics and Space Report of the President : 

Activities 1984 . 
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The yearly flight rate for tbe twelve year period is shown 

for each launcher in Figure 12 . Data that formed t he 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 oot included 

individually . (Japanese launches and one Titan III ELV .). 

However , they were incorporated in 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 t he Shuttle was phased into operation in 

the ear l y 1980s , ELVs were phased out . The Shuttle was to have 

entered service in tbe late 1970s but the delay in operational 

missions till 1982 caused t he dip in the l aunch rate around 

1980 . Production lines for ELVs were kept open longer due to t be 

Shuttles delay and a r esurgent use of ELVs occurred until 

production was again closed down in 1982 and their use taper ed 

off . The Shuttle and the Ariane started to accelerate the 

deploymen t of satellites in 1984 . The Shuttle was star t ing a 

gradual upward swing in its fligh t rate while the Ariane ' s slowed 

sligh tly in t he 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 t he vehicles are dissimilar in their performance and 

capabilities . Though the Delta and Ariane can orbit satellites 

of a pproximately the same mass , the Ariane has t he 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 

h a s the capability of deploying five individual sa t ellites but is 

prevented from doing so by the insurance companies . 

A g raph o f the number of satellites launched each year will 

provide a more accurate picture of the satellite marke t 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 . 

It appears t hat t he total number of satel lites put in space vary 

in a cyclical manner . The life cycle lasts from three t o four 

years and closely parellels the yearly launch rate disc ussed 

earlier. For any given year t he 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, t he founding of several companies wh i ch will 

compete with AT&T and the g rowt h of the c able tele vision industry 

which require Direct Broadcast Satell ites . The remote sensing 

satellite market displayed no re.al growth during t he period. A 

relatively constant number of weather and earth resources 

s a tellites is maintained in orbit. No additional remote sensing 

satellites are launched other t~an those to replace old or 

malfunctioning satell i tes . Any expansion in the remote sensing 

satellite market occurred on a g ua litative rather than a 
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quantitative basis . Improved instrumentation i s put on 

r e placement satell ites r ather than increase t he number of 

satel lites. Quanti t a tively there has been no r eal growth. 

science sa t ell ites have flown on a relatively continuous bas i s 

over the twelve year period . They draw their sponsors from most 

Europe an nations, the US and other nations such as Japan. While 

the US has cut back significantly on its scient i fic spacecraft 

these other nations have broadened their programs . These 

nat ional programs have relie d on their own launchers to orb i t 

scientific spacecraft. 

Over 50% of the science sa tellites considered belonged to 

either nations o t her than the Unite d States o r were in ternational 

effor t s . Two factors which ha ve had an impact on t he US science 

satellite t rend were the budge t cuts on NASA 's science and 

a pp lications programs and t he space program ' s shift toward 

de fense a nd commercial space applications . It takes four to five 

years f rom inception to launch for most scientific sate llites 

(OTA, 1985) . NASA ' s lower budgets i n the area o f space science 

and applications from 1977 t o 1979 had i ts effects i n 1982 since 

new science satell ite pr ograms had not been started and those 

already i n progres s were delayed (OTA , 1985). While several 

programs exis t no scientific sa tellites were launched by the US 

dur ing 1985 . 

Material processing is ideal ly suited for flights on manned 

spacecraft such as the Shuttle . The representat ion of th is 

payload ca t egory 1n Figures 13 does not accurately r eflec t the 
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fact that the Shuttle has on several flights been a platform for 

material processing experiments . Figure 13 r eflects 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 incorpora t ed into the Shuttl,e do not lend t hemselves to ELV 

flights because they require man's intervention, a g reat deal of 

electrical power and other external support unavaila ble on an 

ELV . ELVs have never been used to launch a material processing 

payload. Since 1983 one material processing payload bas 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 thre e 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 a c tivity should occur in 1987 , 1990 and 1993. 

Lower activity should occur in 1988 and 1991 . 

The mass of satellite is directly related to the amount of 

energy a rocket must expend to place that satellite into orbit . 

•. 
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The general tendency has been to increase the mass of t he 

satellites as t he performance of launchers improved . 

Communications satellites have followed this t rend . 

Initially expensive earth statioas with large receiving antenna 

were used to pick up the weak signals of small communi cations 

satellites . Today inexpensive earth stations offer a n 

alternative . The communications satellites have increased 1.n 

size, with more power transmission and larger antenna . A slight 

reversal occurred since the introduction of Direc t Broadcast 

Satellites, (DBS) wh ich use a frequency band (C-Band) that allow 

for the smaller earth stations . 

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 t ypes of orbit it can 

provide service to . The low earth orbit (LEO) is relatively easy 

t o achieve compared to a geosyhchronous orbit which requires 

significantly more energy. The abilit:y 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 geosynch ronous orbit (Figure 16) . Communications 

satellites, largest segment of the satellite market , are 

primarily geosynchronous satellites . The exper i mental 

satellite s, navigation satellites or amateur radio satellite s are 
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t he only communi cation sa t ellites placed in l ow earth orbit . The 

orbi t of r emo t e sensing satelli t es and scientific satellites 

varies more since their missions are more diversified than t hose 

of communications satellites which in its most basic form is to 

relay information from one poin t to another in a timely manner . 

TOTAL COMMUNICATIONS REMOTE SENSING SCIENCE 

YEAR LEO/ GEO LEO/ GEO LEO/ GEO LEO / GEO 

1974 60 I 40 17 I 83 50 I 50 100 I 0 
1975 53 I 47 29 I 71 60 I 40 80 I 10 
1976 36 I 64 10 I 90 100 I 0 100 I 0 
1977 17 I 83 17 I 83 0 I 100 33 I 97 
1978 47 I 53 14 I 86 83 I 17 50 I 50 
1979 67 I 33 0 I 100 LOO I 0 100 I 0 
1980 40 I 60 0 I 100 0 I 100 100 I 0 
1981 29 I 7 1 20 I 80 25 I 75 67 I 33 
1982 17 I 83 10 I 90 50 I 50 0 I 0 
1983 24 I 76 7 I 93 50 I 50 67 I 33 
1984 29 I 71 13 I 87 100 I 0 40 I 60 
1985 6 I 94 0 I 100 0 I 0 0 I 0 

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

A remote sensing sate llite may bave the mission of scanning the 

entire globe ' s weathe r , while another remote sensing satellite 

may be required t o monitor the weather only ove r the United 

States, while yet another may have the mission of trying to 

detect acid rain damage ia the forests of the United St ates , and 

Western Europe . The mission of s cientific satellites will also 

dictate the type of orb it required . Al l mate rial processing 

satel lites to date have been placed in low earth orbit for easy 

• 
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deployment and r etrieval . 

The trend toward placing more satellites into geostationary 

should continue (Figures 16) . In any given year since 1980 no 

fewer t han 60% of t he total number of satellites have been placed 

in geos tationary 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 fi rm that 

produces it , depends on t he ab i lity of that vehicle to service a 

healthy segment of the marke t. More specifical l y it must be able 

to lift a satellite of a certain mass to a specific orb it. 

Greater performance from a launcher is r equired to place a 

specific satel l ite in geosynchronous orbi t . Consequently, 

sa t el lites of the same mass but different orbits cannot be 

arbitrar i ly g rouped together in the same population . During the 

applicable period (1975) 61 sa t elli t es we re 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 sa t e llites . The majority of the 45 were 

launched by t he Scout or less powerful versions of t he Del t a 

vehic l es . Of the geosynchronous population appr oximately e i ght 

sa t e llites could have been launched by the small launcher . Most 

of the se satellites belong t o Japan , which used US Deltas or 

their own ELVs based on US technology . The remainder were 

scientific satel lites belonging to various nations . A small 
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l auncher had the capability of launching fourteen low earth and 

t hre e geosynchronous orbit sa tellites during the most recent six 

year period (1980-1985) . This group consisted of national and 

foreign remot e sensing amateur radio and scientific satellites. 

A comparison of these two groups indicates an overal l downward 

tread in the number of satellites in the lower weigh t classes . 

Sa tellites, since their inception, have generally increased 

in weight over the years, so much in fact t hat they already 

outrun t he capabilities of a small l aunch 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 fi r ms in exis t ence t oday . Even Space Services which 

vigorously marketed its services to foreign nations, 

universities and private companies was only partically successful 

and its primary customer was t he 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 t o one where it can service a 

larger satellite population. A review of Figures 17 and 20 

indicates that if a launcher could increas e its capability by a 

factor of three (1200 to 3600 kg in low earth orbit) t hen the 

possibility of establishing a variable presence in the market 

exists . It could place a 780 kilogram satellite in t o 

geosynchronous orbi t. From 1980 to 1986 twenty-one satellites 

were launched in th is weight class and below . Seven were 

Japanese and were launched on their own vehicles . The remainder 
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were Mexi can , Australian , Indian, Arab, ESA , and US satellit es 

launched on either t he Delta, Ariane or Shut tle . 
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FORCAST ANALYSIS 

Several factors will affect tbe space transportation industry 

in the upcoming years . The Challenger accident precipitated 

numerous changes that Transportation Secretary Elizabe th H. Dole 

had been campaigning for . The Shuttle would charge prices that 

wer e 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 alterna t e launch means . Both 

of the changes fostered the reint r oduction of OS ELV firms into 

the space transportation marketplace . Ot her fac t ors, however , 

are adversely affecting commercial space activities . Since the 

Shuttle accident in January 1986 the Reagan Administration has 

not provided the necessary leadership or formula ted a 

comprehensive space policy . The only significant decision made 

during the first six months of 1986 was to replace the 

Challenger . The commerc i alization of spa ce has received a 

severe , t hough not permanent, setback . National priorities for 

Defense, the deploymen t 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. Our visions of sugar plums have stayed 

just that." ("Shuttle Manifest," Aviation Week and Space 

83 
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Technology, l986) . The Administration ' s frequent vaci llations 

have spelled financial disaster for dozens of industries tha t 

suppo·r t the space program or commercia 1 space ventur es . 

When t he Shu t tle manifest was released in early Oc t ober , 

1986 , ther e were no commer cia l satellites listed for the firs t 

three years after Shuttle operations resume . The t o tal number of 

Shuttle launch contracts at the time of the accident was 44 . 

When a 3 1 of 44 or a 20 of 44 option was prese nted to the 

Administration , President Reagan e l ected the 20-payload option, 

which included only payloads t hat were shuttle-unique or had 

foreign policy or nat ional securi t y implications . 

For an ana l ysis of for cas t ELV use a projec tion was made for 

t he period 1987 - 1994 . A list of a ll spacecraf t was compiled with 

t he associated launch vehicle wh en applicable . Shu ttle manifests 

were accurate t o 1991 af t er which projections we re used t o 1 

port r ay the most likely pay l oad l i sting for a specific year . As 

an example , seven space station assembly f lights are set for 1994 

with the majority of t he remainder being dedicated t o DOD 

missions . This would leave the number of DOD mi ssions equaling 

the total number of flights minus t he seven dedicated station 

missions . NASA would like to achieve 16 flights a year by 1994 . 

A realistic appraisal would indicat e a lower number o f flights 

especially in light of NASA's more conservative operations likely 

after the accident . A National Research Counci l repor t to t he 

House Appropriations s ubcommittee overseeing NASA said that with 

a fo urth orbiter t he annual flight r ate will be 11-13 missions a 

I 
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1987 

ARIANE 
!CS 4/SPACENET Fl 

TVSAT 1/TELECOM lC 
APEX 401/METEOSAT/AMSAT 
AUSSAT K3/TDF l 
SSS 5/ECS5 
INTELSAT F-l4 

FOREIGN LAUNCHER: 
HOS l ( N-2, J apan) 

U.S. LAUNCHER 
GOES H ( D) 

WESTAR 6S (Long March-China) 

BACKLOG 
Hughes ku Band 
AEROS (Connestoga) 

SHUTTLE 
TORS C 
DOD Fl i.ght 
DOD Flight 
TORS D 

ARIANE 
INTELSAT Fl3 
SES/I-IIPPARCOS 
TEL-X/UOSAT 
OLYMPUS 
INTELSAT Fl5 
DFS 1/MOP l 
INTELSAT F3 

FOREIGN LAUNCHER 

\988 

MOS 2 (N-2 1 Japan) 
CS 3a ( H-1 , Japan) 

US LAUNCHER 
LANDSAT 6 
RCA ku Band 
ACS 2 
FEDEX 
GSTAR 
ITALSAT 
Hughes COMSAT 
Hughes COMSAT 
llughe ■ COMSAT 
CYGNUS l 
NOAA-A 

BACKLOG 
KOPERNIKUS 
LAGEOS 

CX> 
\J1 
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.r-.s.:Ro- \. S"\"\\lTTl..E SC~"t;:.NC\l'. ? A.'I. \..0 1\.tl 
DOU 
Mat,e l."lan (Venus ~\appe-c) 

DOD Spacelab 
Global Positioning Satellites 

(GPS) l & 3, Material 
Science Lab ( MSL)-3 

DOD 
DOD 
GPS 3 & 4, MSL-4 

GALLIEO (Jupi t er 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) 
CS 3b (H - 1) 
MAILSAT (Long March) 

US LAUNCHERS 
CBE 
GOES 1 
HUGHES k.u BAND 

-PALAPA B3 
UUGHES COKSAT 3 
KUG\\ES COMSAT 4 
PA¥.SAT l. 
0-.1<>11 A 
gQUt.&'IU. \. 

\.C) C)Q 

S \\\l' l:'\:L '='.. 
Gomme R o y Obset: "ot.o-.:y (.CRO) 

St>ac.e l.ab ( U\L) 

DOD 
DOD 
GPS-5/FOS-l 
GPS-6/ SKY NET 4 

MSL-5 
DOD 
ULYSESS 
GPS-7/INSAT- lD/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 LC/ 
IAI 
SIRIO 
HUGHES COMSAT 5 
HUGUES COMSAT 6 
RCA COMSAT l 
RAINBOW 
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1991 

SHUTTLE 
SPACELAB PALLET HSN 
GPS 8/MATERIALS PALLET 

MSN 
DOD FLIGHT 
EURECA 
JAPANESE SPACELAB 
W. GERMAN SPACELAB 
EURECA RETRIEVAL/SPACE 

TELESCOPE REFURBISHMENT 
ROSAT/RADARSAT 
ITELSAT 6 
DOD FLIGHT 

ARIANE 
HETEOSAT OM-1/ITALIAN 

RS Satellite 
sba 6 / AURORA 
OLYMPUS 2 
ATHOS/TOPEX 
RCA COMSAT/TELECOM 2 
ONISAT/ 

FOREIGN LAUNCHERS 
ERA l (R-1) 
BS 3b (H-1) 
ASTRO D (Mu 3s , Japanese ) 

US LAUNCHERS 
~.OES J 
UARS 
INTERNATIONAL SOLAR EXPLORER 
HUGIIES COMSAT 
USASAT 70 
DIGISAT 
INMARSAT 

---- -·--

1992 

SHUTTLE 
INDUSTIAL PROCESS FACLLLTY 
TOPEX 
INMARSAT/INTE LLSAT 6 
DOD FLIGHT 
DOD FLIGHT 
INMARSAT 
INMARSAT 
GPS 9, 10 
CPS 11, 12 
MSL 6, CPS 13 
CASSININ MISSION 
MARS OBSERVER 

ARIANE 
HETEOSAT OM-2 /ERS l 
TELE-X/MOP 
RCA ku BAND 
SES/DBSC 
ARABSAT 
BRASILSAT SPOT 3 
LUXSAT/ HAILSAT 

FOREIGN LAUNCHERS 
EOSAT l ( Mu 3 s) 
EOSAT 2 ( Mu 3 a) 

US LAUNCHERS 
FORDSA'f 
CBE 
RCA COMSAT 3 

- -~ - ---- :,;;;·_.;.ff~-- - ~~-~- - -

co 
--.J 
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Table 7. Cont inued 

1993 

SPACE STATION ASSEMBLY FLIGHT 
SPACE STATION ASSEMBLY FLIGHT 
INDUSTRIAL PROCESS FACILITY 
SPACE STATION ASSEMBLY FLIGHT 
SPACE STATlON ASSEMBLY FLIGHT 
SPACE STATION ASSEMBLY FLIGHT 
INDUSTRIAL PROCESS FACILITY 
DOD FLIGHT 
DOD FLIGHT 
DOD FLIGHT 
INDUSTIUAL PROCESS FACILITY 

ARIANE 
GOES K 
AUSSAT/TVSAT 
INMARSAT 
ACTS/HUGHES COMSAT 
SI.IS A3 
CYGNUS 2/SBS A3 
INMAKSAT 

US LAUNCHERS 
ANIKE 
RCA COMSAT 4 
RCA COHSAT 5 
IIUGHES COMSAT 8 
GALAXY KA2 
DIGISAT 2 
CEOTAIL 

- - - .·.?! ,-♦ 3 ·-.iHiJ Si --· -- . 

1994 

SHUTTLE 
DOD FLIGHT 
DOD FLIGHT 
DOD FLIGHT 
DOD FLIGHT 
SPACE STATION ASSEMBLY FLIGHT 
SPACE STATION ASSEMBLY FLIGHT 
SPACE STATION ASSEMBLY FLIG HT 
SPACE STATION ASSEMBLY FLIGHT 
SPACE STATION ASSEMBLY FLIGHT 
SPACE STATION ASSEMBLY FLIGHT 
SPACE STATION ASSEMBLY FLIGHT 

AltIANE 
EQUASTAR 2 
SES/INTELSAT UNISAT 
LUXSAT/OLYMPUS 
HUGHES COMSAT 9 
SBS A4 /TELECOM 3 
STC 2/D~'S 3 
ORION B 
USASAT/ AMERSAT 

US LAUNCHERS 
HUGHES COMSAT 10 
FORDSAT 2 
PAKSAT 2 
AMERSAT 
~me 1 
GALAXY KA 1 
HR SOLAR OBS 
AXAF 
!TSO 2 
CRAFT 
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year. Assuming the lower rate 10 1994 there should be about 

seven space station assembly missions a ad four DOD missions. The 

Ariane yearly flight schedule was derived in a similar manner. 

Fi rm 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 At las Centaurs a year and with additional tooling could produce 

up t o seven t een. McDonnell Douglas can produce up to twelve 

Deltas a year . Table 7 represents a fo r cast of the satellites 

between 1987 and 1994 based on an analysis by this s t udy of tbe 

vehic le launch manifests a nd the satellite backlog. 

A backlog will exist during the first two years as the ELV 

firms continue to tool up for produc t ion . While a significan t 

demand will exist initially , by 1992 there will be a very low 

number of flights by US launchers . By 1994 with the Shuttle 

dedica ted to other missions and unable to launch NASA's science 

satellites the US missions again will see an i ncrease in demand . 

The Ariane throughout the period will undercut the US ELV firms' 

prices and consequently its manifests will always be full . 

Should they e xpand their operations beyond the~ 6 to 8 flights 

per year capacity , the US firms could face financial hardship as 

l aunch customers are drawn away t o the Ariane by their lower 

prices . The US launch industry has tr ied to have their 

operations subsidized by the US Government 10 order to remain 

competitive with the Ariane . To date these r equests have failed 
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to illicit any financial assistance . With the efforts to reduce 

the federal budge t deficit it is less likely that any aid will 

appear in the future . 

The number of satellites to be orbited by OS launchers varied 

from 3 t o 11 . 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 pro fitable opera tions every year . One firm can almost 

handle the entire market . If two firms share t he 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 al l makes it very difficult for a small launch firm t o 

break into the market . Very few of the Eorcast payloads can be 

launched by the small Launch vehicle . During the period 

considered the satellites that could be launched by a small 

launcher are : 

1 . AEROS 

2 . UOSAT ( 2) 

3 . LAGEOS 

4 . SI RIO 

5 . MAILSAT (2) 

Seven Launches in an eight year period is far from profitable. 

If the small launcher can be upgrade d co launch the smallest 

geosynchronous satellites then the launcher would be eligible to 
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launch 21 of the satelli t es . This is still too few for a 

profitable operation when several competing firms exist . 

A market for small payloads does exis t . The Shuttle bad been 

carrying with it into orbit and back t o 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 r e l ay 

satellite (TDRS) missions . This equates t o 10 lockers for each 

fligh t . 

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 

fligh ts , 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 t he other t wo orbiters . Shuttle 

secondary payloads r epresent 10,000 pounds of weigh t . A study 10 

March 1986 conduc t ed 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 flo1ro to orbit the primary payloads . 

A small l aunch vehicle as they exist can only partially 

service these secondary payloads. The vast majority of the m 

require a means of return ing t hem to earth . While the t echnology 

exis t s , t o return them t o ear th after launch onboard a small 

launcher, the costs entailed woul d be substantial and would 

requi re further study . 



ISSUE ANALYSIS 

ISSUE 1: Will a new shuttle be built and what effect will 

this have on space r elated industrie s? 

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 star tup is 

threatened by the Gramm-Rudman-Hollings deficit reduct ion law 

cutbacks . NASA budge t officials are trying to determine the 

e ffe ct of deficit projections on NASA's Fiscal 1988 budget. 

Should the Agency be forced to reduce t his 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 r eceived crit i cism 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 mil l ion in Fiscal 1987 au t hori t y to 

start Shuttle construction as well as to replace the payload lost 

with the Challenger and to implement the Roger's commission 

93 
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r ecommenda t ions . The other $228 million primarily was a r esu lt 

of the savings in not flying t he Shuttle, and came from 

reprogramming i n the agency's budget ("Indust r y Observer" , 

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

(R-Wash) , Jake Garn (R- Utah) , and J ohn Danfor t h (R- Mo) , key 

l egis l a t ors who chair commi ttees or s ub committees related t o 

NASA, felt tha t the money saved from not flying the Shuttle will 

be absorbed by accident related cos t s and had severe doubts about 

the funding mechanisms involved . The senators said "This 

decision to replace t he Shutt le has a fund ing mechan ism that at 

chis time is e ntir ely too vague . We canno t canniba l ize NASA for 

funds , we akening an already distr essed agency in an at t empt to 

sweep the funding question under the rug . " ( "De fi ci t Cuts 

Threaten Funds for Or biter Construction" , Commercial Space 

1986) . Shuttle funding r eq uirements are $665 million in Fisca l 

1988, $715 mil l ion in Fiscal 1989 , $515 mi llion in Fiscal 1990 , 

and $180 million in Fiscal 1991. Ano t her $600 million is 

required to replace the payload carried on the Challenger . The 

crucial ques tion remains is t he amount that would be designate d 

as new budget authority and t he amount NASA would be forced to 

pay from exis t i ng budge t levels. 

The new Shutt l e is scheduled to be completed in 1991 and 

enter opera tion in 1992, taking seven year s f or t he nation to 

replace a single Shutt le . The new vehicle will have no impac t on 

t he difficult p rocess of relieving a backlog of satellites that a 

fully operational four or biter fleet would still f ind impossible 
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to handle . 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 constructions starts on the Space 

Station . Under those and conditions the necess ity for a fourth 

oroiter seems obvious . As it s t ands now all launch systems 1n 

the US have been grounded for the major portion of 1986 . A large 

backlog of commercia l, national and Defense satellites exist. A 

strong market entry by ELVs will occur no sooner than 1988 based 

on the time required co 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 r e lated 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 m1n1mum continue to be 

orbited until the decision year, 1990 . Until then money will 

continue t o be authorized fo r 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, 10 light of the absence 

of substantial and significant advances in this area it seems 

I 

very 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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Defense space budget exceeded NASA's in 1982 and the gap will 

continue to grow in upcoming years. (Covau lt , 1985) . In effect 

what will be lost in the cancellation of SDI could be channeled 

into other Defe nse Depar tmen t space programs . Under the se 

circumstances continued support for a new Shu t tle wi l l cont inue 

t o come from the Administration, Department of Defense (though it 

doesn 't wish to allocate Defense f unds for one) and ind irectly 

from corpor ations involved i n SDI . 

Some public and governmental critics have argued that to 

build another Shuttle would be step backward to early 1970s 

t echnology and that funds c urrently allocated for the new Shuttle 

could more wisely be spent on a vehicle such as the 

Traosatmospheric Vehicle (TAV) ~ bich is designed t o take off from 

a runway , fly into orbit , and return to land on a runway . While 

achieveable such a vehic l e 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 Sh ut tle 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 se t s of f ue l, 

capable of functioning effic iently as jet and later a rocket 

while still remaining within weigh t constraints required for 

orbital flight. Tag on the requirement t o carry a substantial 

cargo into space and what evolves is a vehicle for the fu ture 

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 

t echnology in t he orbiter will be updated to more closely 

represent the t echnology of the day . Tbe 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 amd NASA will Eight 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 wi ll occur 

as if a Shuttle had not been built. 

A new Shuttle en t ering s ervice in 1992 will have no immediate 

impact on the satellite backlog . The remaining Shuttles offer 

not competition because t hey 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 pos itive sign . A market that 

poses possibilities and warrants further study is the use of 

small launche r to orbit a small material processing payloads such 

as t he SPARTAN (1000 kg) for later Shuttle r etrie val in 1988 or 

1989 . 

ISSUE 2 : What is the Administration's and NASA's policy on 
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the t ype of cargo carried on future Shuttle flights? 

Along with the decision t o 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 transition the commercial launch business to private 

unmanned rockets . The policy does not cancel the commercial 

contrac ts for the 44 holders . Several ca□ 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 1o1ill discourage the development of new commercial 

space business that r eq uire the Shuttle for access to space . 

Projects focusing on material processing on Shuttle flights face 

uncertainty on wh e ther regular access to space is still possible 

in the future . Until 1980 in any case th is access will be 

virtually nonexistant . 

Even among the larger communica tions satelli t e market, 

planners remain con fused about the implication of President 

Reagan 's decision to cur ta il use of the Shuttle for commercial 

payloads . This has forced companies to review plans and may 

cause several spacecraf t builders to leave the business . The 

lack of short term launch availability has caused tne following 

in t he telecommunications market : 

1 . Curtailment of negotiations with prospective 

satel lite customers . 

2 . Lost revenue for companies needing replacement 

satellites . 
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3 . Mounting debt-service and storage cos ts for 

companies that have grounded satellites . 

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

Proof of situation ' s severi t y lies in t he fact that Ford 

Aerospace's r eview of options g ive strong consideration to t he 

possibility that company ' s sate llite assets could be sold 

( Lownders , 1986) . The hardest hit by the consequences o f the 

Challenge rs l oss is Weste rn Union . I t s WESTAR 6 l a unched by the 

Shu t tle in 1984 failed to achieve the proper orbit, was later 

recovered and sold t o t he insurance firm that covered its loss . 

A replacement, WESTAR 6S , was t o have been orbited in June 1986 

by t he Shuttle Columbia . Revenue from the satellite i s seen as 

critical t o a financial turnaround at Western Union. Company 

o f f i cials are looking at alte rnate launch means t o orbi t the 

sa t e llite . The l onger a delay occurs in the establ i shment of a 

viable space transportation indus try the gr eater t he numbe r of 

companies out of business due to a drop in telecommunication s 

revenues . 

Not only did the Challengers loss mark t he destruction of a 

Shuttle and its crew but it a lso in that momen t marked the end o f 

numerous profitable space business ventures . The satellite 

builders and ope rators , Shutt le upper stage manufac turers , 

Astrotech Incorporated and material processing firms will see a 

significant thinning of their ranks . To the small launch firm it 

LS critical t o e xpand his o pe r a tion upward . Fewer sate llite s 

will f or ce stiffer com~etition between launch sys tems for the 

-
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remaining satellites . 

ISSUE 3 : What will the national policy toward ELVs be and 

what affect will other external factors have? 

As stated in the introduction> the Office of Commercial Space 

Transportation in the Department of Transportation was the 

government proponent agency for the development of commercial 

launch vehicles . Changes resulted from the Challenger accident 

that the Department of Transportation had endorsed all alon g , but 

bad received stiff opposition to from NASA and the Commerce 

Department . Io order to remain competi tive with the Ariane the 

Shuttle charged prices so low that commercial ELVs could not hope 

to remain competitive with other vehicles. While t he 

Administration endorsed commercial launch vehicle development it 

never ac tually provided an significant support to allow ELV 

companies to overcome these obstacles . The Department of 

Transportation actively became involved in clearing the way a nd 

unsuccessfully attempted to get the Administration to eventually 

charge prices that reflected some of the actual costs to launch 

the Shuttle. In 1984 a Shuttle payload cost $20 million while 

the Ariane charged US payloads approximately $25 million and TCI 

charged $45 million. The Shuttle now is barred from pursuing 

future Satellite launch contracts al l owing US commercial ELVs to 

enter the market . The Atiane ' s price bas risen to $35 million at 

the beginning of 1986 ("Fixing NASA" , 1986.) The cur r ent price 

of the Delta is $40 million wh ile the lar ger Titan I II costs in 

the neighborhood of $59 million. The government is t hrowing 
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support behind the idea of allowing ELVs to off load some of the 

Shu ttle's scheduled payloads . 

Legislation by Republican Bill Nelson , Chairman of the House 

Space Science and Applications Committee would authorize NASA to 

purchase 25 ELVs to launch grounded government payloads (Foley, 

1986) . An additional amendment to the legislation would require 

the Shuttle to charge comparitively higher prices than commercial 

ELVs should the Shuttle be allowed to contract for commercia l 

payloads in the future . This legislation in part may face 

difficulty in light of the current deficit reduction climate . 

With the costs associated with the construction of a new orbiter 

and the costs to modify the other three it seems unlikely that 

NASA would purchase an additional fifteen launch vehicles . ELV 

firms have indicated that to remain competitive with foreign 

governments, their operations will have to be subsidized. 

However, James Fletcher has indicated that only those vehicles 

which are being newly developed will be subsidized . Io the last 

few months Hughes Aircraft has proposed to build a large vehicle 

called the Jarvis, which would be very competitive with the 

Ariane and future foreign competition . 

An issue which will have a significant effect on the 

satellites is the status of the space insurance industry . This 

form of insurance provides several types of coverages: 

1 . Preignition coverage 1s designed to pay the client 

for damages during manufacture, storage, transit and 

launch assembly phase s and is not normally used 
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since the risk is assumed by the spacecraft manufacturer . 

2 . Laun ch coverage includes everything from ignition t o 

180 days after l aunch . The indemnity includes the 

cos t of a rep l acement spacecraft and relaunch 

service . 

3 . Sa t elli t e li fe insurance coverage s t arts on the 

181st day to the third year of o peration and 

includes t he Los t of individ ual s ubs ystems . 

4 . Spacecraf t liability , which NASA requires in the 

amount of $5 mi l lio n, involves t hird par t y claims 

(Co l eman , 1985) . 

The satellite insurance industry starte d with its use t o 

cover the Early Bird communica tions satellite in 1965 . The 

premium base was fir st depleted between 1977 and 1979 with a loss 

ratio of 200 % (2 dollar claim/1 dol l ar premium) . Since then 13 

commercial sa t el l i t es have failed . For the 1984 failu r e of the 

WESTAR and PALAPA to reach the appropriate orbit af ter being 

deployed by t he Shuttle $180 million bad to paid ; more than the 

premiums collected ove r t he history of launch insurance . The 

premiums have rasen from 25% to 30% of t he cos t of a launch , and 

sev eral f irms have lef t t he insurance industry altogether . 

During the 1983-1985 period the loss ratio was 330% . Premiums 

are close t o t he ceiling above which demand for space insurance 

would disappear . The most recent loss of Ariane May 30 , 1986 

caused space insurance underwriters to stop issuing po l icies and 



W3 

to stop giving premium quotations out unt il the status of the 

cause of Ariane's failure could be found. Several payloads on 

the Ariane manifest are without i nsurance . 

The question arises whether the lack of insurance could close 

down satellite production and curtail the production of ELVs . 

Fairchild's Leascraft , a $100 million material processing 

retrievable satellite, was a victim of its inability to get 

insurance for i tself in the event of a Shuttle loss . Fairchild, 

af ter it failed to find an insurer for its spacecraft could not 

ge t NASA itself to provide insurance against its loss or non-use 

of the spacecraft by NASA. So satellite opera tors today are 

faced with a similar dilema. Since the historical launch l oss 

rate has been about 12 to15%, premiums should be high enough for 

underwriters t o make a profit on launch insurance. Interruption 

of revenue from launch insurance bas led to a comple t e halt in 

launch insurance revenue. Some e xperts have tied the recent E1.V 

failures to personnel problems and poor quality control practices 

that have resulted from closing the ELV production lines 

(Covault, 1986). Insurance firms are concerned that the 

technical solutions worked out during the groundings will restore 

a degree of confidence in the vehicles concerned . "Until 

successful launch frequency begins to build and creates the 

potential for increased premium volume , space insurance capacity 

cannot increase " ("Insurers Stop Issuing Policies Following Loss 

of Ariane", 1986) . This indicates a vicious circle were none can 

enter unless someone takes the risk of launching several 
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satellites without insurance. RCA did that d uring several 

shut tle flights . 

To a small launch firm tbe current si tuation is indeed 

bleak . The few space insurance firms in existence today will not 

issue insurance to a fi rm without an established reputation . lo 

order to estab lish a reputation more than likely some expensive 

developmental flights will have to be flown probably in the 

neighborhood of three, without a commercial payload to 

demonstrate t he favorable flight characteristics of the vehicle. 

Should the vehicle suffer a significant failure during any 

flight, it would be extremely difficult to recover from the 

setback. Externally if commercial ELVs fly without failure the 

small launch firm would likely feel less insurance pressure . 

ISSUE 4: What affect will continued US governmental 

involvement with INTELSAT and the growth of fiber optics have on 

the communications satellite population, 

The International Telecommunications Sate llite Organization 

(INTELSAT) is a consortium with more than 100 member countr i es 

and is the monopoly provider of intercontinental sate llite 

facilities . This organization was establ ished under US 

leadership pursuant to the Communications Satellite Act of 1962 

which also authorized the charter of the Communications Satellite 

Corporation (COMSAT) as a private company which in essence acts a 

a go between OS carries and INTELSAT when these carri ers are 

sending international satellite communications . 

In the US increasing numbers of communications satellite 
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companies have applied for permission to launch competitive 

satellites . In November 1984 , the Administration endorsed US 

private transatlantic sa t ellite systems that circumscribed their 

ability to compete with INTELSAT directly . These private 

satellite systems are systems unique to an individual entity such 

as a business firm or organiza t ion . A significan t stumbling 

block should competition expand, is the fact that foreign 

government PTTs (government owned post, telegraph and telephone 

entity) as the s ole communications establishment in a country, do 

not allow foreign competi tion and limit their access to one 

ex t ernal source: INTELSAT. Direct competition still seems 

seve ral years away and could eventually increase the numbers of 

communications satellites required . 

Another significant communications issue deals with a 

promising technology . Fiber optics is evolving rapid ly and 

becoming more efficient in the sense that improved digital 

multiplication t echniques are increasing the number of t elephone 

circuits that can be carried on a given cable . Because 

communication satellites constitute the largest segment of 

dedicated launches in the space transportation industry large 

scale fiber optics expansion would have a detrimental impact on 

them. However at a very long distance, satellites are expected 

to retain the cos t advantage because transmission cost by 

satellite is nearly invariant with distance while transmission 

cost by cable is not . 

The OS Government is considering four options in dealing with 
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the satellite versus fiber optics issue . The firs t is to control 

the amoun t of transatlantic cable and satellite capacity 

avai l able so that some form of balanced use of cables and 

sa t ellites occur. The second option would be the same as the 

first except that control would be less stringent and would rely 

on the market , carriers, and foreign regulations as the primary 

determinant on the relative use of satellites and cables . The 

third option would leave telecommunications firms free to invest 

~n international cable or satellite facilities as t hey see fit. 

In the final option the US wo uld seek the same things as in 

option 3 but would also seek access to foreign communication 

markets . To date the US bas favored the first option which will 

have a detrimental impact on the communication satellite mar ket . 

Ia 1990 a t rans - Atlantic fiber optic cable should be completed 

opening a high capacity channel co Europe . This will have a 

larger impact on INTELSAT ' s fortunes than those of the domestic 

sate l l ite corpora t ions serving US and European nations . 

Should fiber optic cables be instal led, satellites will 

continue to share a significant portion of the telecommunication 

market since they offier some advantages especially in the area 

of business data transmission suc.h as videoconferencing . 

ISSUE 5 : What effect will the large ELV firms have on the 

Satellite mar ket? 

Three firms and their vehicles are eKpec t ed to attempt to 

carve their niche in t he space transportation market. They are 

General Dynamics with their At l as Centaur, McDonnell Douglas with 
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their Delta and Martin Marietta wi t h their Ti t an IIIC . A totally 

new vehicle, the Jarvis , is being designed at Hughes Aircraft . 

General Dynamics Atlas Cen t aur -

McDonnell Douglas Delta -

Martin Marietta Titan 3 -

First production vehicle 
mid 1988 . Production rate 
3-4 vehicles per year . 
(3 - 1988, 5 - 1989 
through 1992) . 
Price $50 million Eor 
launch . 
First production vehicle 
1988. 
Production rate , ll-l2 
vehicles per year . 
Price $40 million fo r 
launch . 
1989 
Production rate , 5-6 
vehicles per year . 

The French Ariane will manage between t en and twelve f l ights 

a year . It raised its price at the beginning of t he year from 

$25 million t o $35 million and by so doing s t ill maintains a 

significant price advan t age over its nearest acti ve US 

competition. So far it has beat US ELVs to the punch and is 

solidly booked thr ough 1990 . US ELV manufacturers were reluctant 

to commit themselves t o carryi ng payloads un t il the 

Administration came out with its space policy in August , 1986 . 

The Japanese and Chinese will offer commercial launch services in 

the upcoming years . The Japanese are constrained by being 

limited t o rockets which do not incorporate American technology 

when launching the payloads of nations other than itse l f and the 

US . At this time they have enough payloads to keep themselves 

busy without looki ng at the US satellite backlog . The Japanese 

H-2 rocket which will be operational in 1990 will be more 
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powerful than the US Titan . It incorporates no US te chnology aad 

could launch any nations payload. 

The Chinese have already contracted to launch two satellites 

of the TERESAT Corporation . These satellites were purchased from 

the insurance firm that received the WESTAR 6 and PALAPA. These 

r efurbished satellites were acquired by TERESAT. Launch is 

expected within the next few years . It is doubtful that this 

trend will be repeated too often while the Chinese possess a 

reliable rocket powerful enough to place the heavier satellites 

in the appropriate orbit , and inexpensive insurances is available 

from tbe Peoples ' Insurance Company . In China clean room 

conditions are not always available and in-flight vibrations are 

more severe than normal limiting the number of customers willing 

to take a chance on launching their satellites on Chinese 

boosters . 
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CONCLUSION ANU RECOMMENDATIONS 

Tbis study addressed the problem of whether a small launch 

firm can successfully service a portion of the satellite 

population . The trend, forcast, and issue analysis indicated 

that the firm would not survive . The trend analysis covered the 

ten year period between 1974 and 1985 . This period saw the 

gradual increase in the mean satellite weight to the point where 

the small launch vehicle would not have been able to orbit very 

many spacecraft . In essence the small l auncher is years behind 

its time. It is generally only capable of li fting payloads into 

low earth orbit but could be upgraded to lift a very small 

payload (500 pounds) into geosynchronous orbit. However, the 

weight of satellites designed for geosynchronous orbit has 

increased to the point where tbe small launcher can no longer 

service them. Overall , the trend analysis presented a 

continuously decreasing population of satellites that the small 

launcher is capable of deploying in orbit . 

The forcast analysis supported t he findings of the trend 

analysis . The small launch vehicle despite the satellite backlog 

could no t launch a significant number of them . I t could launch 

only 21 satellites over the period 1985 to 1994 . Even with the 

absence of competition this represents an insufficient number of 

launches for profLtable operations . An area which offers the 

po tential for success is t he backlog of secondary payloads f or 

the Shuttle. The major obstacle that needs to be overcome in 
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this area is a means fo r returnin g the payloads from orbit . A 

r e covery system for t he payload similar t o the type developed by 

General Electric for Air Force reconnaissance sa t ellites could be 

developed for a small launcb vehicle . This would increase t he 

cos t of the vehicle considerably . Further study in t his are a 

would be valuable . With the Shu t tle limited in the amount of 

secondary payload it can carry , payload customers may be willing 

to pay the extra cost for access into space . 

An analysis of the issues indicates that : 

1 . A replacement Shutt l e will be constructed to la te to 

relieve the initial backlog of satellites . The 

small launcher wil l prove too small t o launch a 

signifi can t number of s atel lites . 

2 . The insurance industry will pose problems fo r 

expendable l aunch vehicles. For small firms they 

will prove especially d i fficul t . Insurers may 

require tes t flights of a new vehic le before a cargo 

is flown. Should no test fligh t s occur then the 

premium char ged the satellite own er may drive him 

away . 

3 . The US Gove r nmen t will encourage ELV production, bu t 

no significant support or s ubsid i es wi ll occur . 

4 . The space s t ation a nd the deployment of SDI commi t a 

large portion of t he Shuttle and ELV assets . This 

may provide some op portunit ies for the small launch 

firm as other launch asse ts are stretched thin. 
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5 . The competition with INTELSAT will not have a 

significant impact on the small launch firm . The 

many firms of the telecommunications may switch to 

fiber optics in light of the inability to orbit and 

use communicat ions satellites . 

A small firm t oday may wish to reevaluate its position . It 

will orbit very few satellites in its present configuration . 

Should the vehicle ' s performance be upgraded it is likely to 

compe t e directly against the proven ELVs of the aerospace 

industries . A market may exist if it remains a relatively small 

launcher, able to orbit the backlogged secondary payload of t he 

Shuttle and return it t o earth through a newly developed recovery 

system. A recent market opportunity is the demand of news 

organizations for remote sensing satellites to enable them to 

monitor directly news worthy events on the earth ' s surface . The 

Chernobyl accident sparked the demand. Both of these market 

opportunities would requi re additional studies . 
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APPENDIX A. 

Arianespace charges customers for payloa ds on a linear pricing 

scal e based on weight ra t her than on the model of Ariane used for 

t he launch . As a n examp le , $27 mill i on is t he price for a 1140 

kg sa t ellite and , along a straight line pricing scale , $49 

mil l ion is t he pri ce for a 2500 kg sa t ellite . Actual price could 

NASA vs. Arianespace Financing (1982 SM) 
(FY 1982-85 pricing) 

NASA's STS 

Total launch price: 
SBS • . .•. . . .• . . . . . . . . $12.65 
INTELSAT .. . . . .. . . • . $28.34 

$22.0 
$39.6 

Ariane 

Prelaunch payments required (S8S ex mple}: 
36 months . .... . . . . •• $ 0.1 
33 months . . • . . . . . . . . 1.25 (10%) 
27 months . . . . . . . . . . . 1.25 (10% ) S4.4 {20%) due 30 

months prior to 
launch 

21 months . . • . . . .. .. . 
15 months . .•. .. . . . .. 
9 months .... . •• . . . . 
3 months . . . .. . .. .. . 

2.13 (17% ) 
2.13 (17%) 
2.9 (23%) 
2.9 (23% ) 

$12.65 (100% 

Posllaunch payments-none / 

I 
I 

Arianespace Financing 

80% balance­
payments begin 
6 months after 
launch, spread 
over 5 years at 
S.10% interest 

1.- Launch ~ 
r- purchase I I• Customer 

14--- - - payback-------,~ 

- 3 - 2 - 1 0 

I 
I 

2 3 4 5 

f----- 3 years ~-----5 years - - ----

Launch 

• Arlanespace gets paid up front 
• Financing by French/German banks 
• Rates negoliable (typically 9-10%) 
• Payback out of revenues-stans 6 months alter launch 

Figure A. l . NASA Financing and Arianespace Financing . 

NOTE : From the Offi ce of Technology Assessment. 
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vary 10% to take into account currency exchange rate risks, 

satellite specific launch requirements, and other factors. 

Ariane's price for the average payload is $24 million compared to 

the Shuttle's $25 million. 

Arianespace provides favorable financing. Its payment 

schedule requires that 20% of the cost is paid prior to launch 

and the balance is spread over five years at Low interest rates 

while the sa t ellites are in space earning revenue. Normally , 

Arianespace will finance 80% of t he cost of which 80% of this 

debt will be at a subsidized rate. The remaining 20% of the 80% 

financing would be at market rates. This is especially favorable 

to the US domestic firms since subsidized financing is illegal in 

the EEC . NASA requires that the entire cost be paid prior to 

launch . NASA can with the help of the US Export-Import Bank 

arrange financing similar to Arianespace to non-EEC (European 

Economic Community) countries. 
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APPE~TDIX B . 

}lRESIDEl\1TIAL DOCUMENTS 

Title 3-Executive Order 12~65 of February 2-1. l984 

Commerci::il Expendable Launch Vehicle 
Activ~ties 

By the ,tUthority vested in me as Preside nt by the Consti­
tution an<l laws of the United States of America, and in order 
to encourage, facili tat e and coordinate lhc dcvclopmeot of 
commercial expenclahlc launch vehicle (EL\ J operations by 
private Unik d States e nte rprises, it is hercbr ordered as 
follows: 

Section 1. The Department o f Transportation is <lesignate<l 
as the lead agency with in the Federal government for 
encouraging and faci litating conuner cial EL\' activities by 
the United States private sector. 

Sec. 2. Responsibilities of Lead Agency. Th~ Secretary of 
Transportation shall. to the extent pc m1itted by law and 
subject to the availability of appropriations, pe rforn1 the 
following functions; 

(a) act as a focal point within the Federal govemment for 
priv.tte sector space launch contacts related to commercial 
EL\' oper.itions; 

(h) promote and e ncouragP commercial EL\" operations in 
the same manner that othe r private United Stall's c:omme r:. 
cial enterprises arc promoted hy United States agencies; 

(c) provide leadership in the estahlisl11nent with in affected 
departments :rnd agl'1H.:1es, of proc.·edun•-; that e-:p1•dicc the 
processin~ of prh-.1te wctt,r rt>qucsts to obtain Lic.-cn ·,·s 
necessary for commercial EL\' la1:nc.-hL's and tliL· e!-.tah!ish­
ment and operation of comme rcial !au11c:h r:tn~es; 
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(d) consult \\ith other affe<"k<l agenc-ies to promote <:onsis­
lent :i.ppliC'ation of CL\. lic:<·nsin~ req11in·ml·11I!-- for the 
pri\'ate :,ector and assurt' fafr •• :id l'q11it;1l,IP treatment for all 
pri,·ate ~cctor applicants; 

(e) sen ·e as a singl<: pc:ial of contact for <:ollection and 
dissemination of doc:urnl·nt:i! :on relakcl to commerei:11 ELV 
li<.Tt 1si 11;! .1ppli r;atiot 1S; 

(f) makt• recommendations to affected agencies and. as 
appropriate, to the President, concerning administrative 
m<>asun.•s to streamline Fe<leral governme nt procedures for 
lice nsing of commercial ELY activities; 

(g) identify Federal statutes. treaties, regulations and 
policies which may have an adverse impact on ELV 
comme rc.:ialization eH~1rts and .-~commend appropriate 
chanl!es to affected :1~e11cies and, a5 appropriate, to the 
President; and 

(h) conduct appropriate planning regarding long-term 
effocts of FPderal activities related to EL\" commerciali­
zation. • 

Sec. 3. An interagency group, chaffed by the Secretary of 
Transportation and composed of represe ntatives from the 
Department of State, the Department of D efense, the 
D epartment of Commerce, the Fedenil Communications 
Commission, and the ational Aeronautics and ' Space 
Administration. is hereby established. This group shall i:reet 
at the calJ of the Chair and shall advise and assist the 
Department ofTransportation in performing its responsibili- 1 

ties under this Order. 

Sec. 4 . Responsibilities of Or.lier Agencies. AJl executive 
departments and agencies shall assist the Secretary of · 
Transportation in carrying out this Order. To the ex-tent 
permitted by law and in consultation with the Secretary of 
Transportation. they shaH: 
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(a) provide the Secretary of Transportation ~ith infonna­
tion concerning agency regulatory actions which may affect 
development of commercial EL V operations; 

(h) review and revise their regulations and procedures to 
e liminate unnecessary reguJatory obstacles to the deve lop­
ment of commercial EL\" operations and to ensure that 
those regulations and procedures found essential are admin­
istered as efficiently as possible; and 

(c) establish timetables for the expeditious handling of and 
response to applications for licenses and approvals for 
commercial EL V activities. 

Sec. 5. The powers granted to the Secretary of Transporta­
tion to encourage, facilitate and coordinate the overall ELV 
commercialization process shall not diminish or abrogate 
any statutory or operational authority exercised by any other 
Federal agency. 

Sec. 6. Nothing contained in this Order or in any proce­
dures promulgated hereunde r shall confer any substantive 
or procedural right or privilege on any person or organjza­
tion, enforceable against the United States, its agencies, its 
officers or any person. 

Sec. 7. This Order shall be e ffective immediate ly. 

THE WHITE HOUSE 
Felm,ary 24, 1984. 



APPENDIX C 

COMMERCIAL LAUNCH VEHICLE POLICY AND PROCEDURES 

Both NASA and the Administration under the Commercial Space 

Policy indorsed the development and use of commercial launch 

vehicles to supplement the Shuttle Transportation System. On May 

16, 1983, the President announced his Directive on 

Commercialization of Expendable Launch Vehicles . It was felt by 

proponents of the directives tbat the nation had a great deal to 

gain by maintaining a separate stable of launchers. Launch 

vehicle Commercialization would provide jobs for thousands of 

workers and add to the Federal tax base, provide a healthier US 

launch capability and offer a domestic backup to t he Shuttle at 

essentially no cost to the US Government. There would still be a 

market for US Government launch facilities or equipment that 

would otherwise be underutilized or no longer required. 

The Presidential Directive made the following points: 

1 . The government favored and would encourage the 

commercialization of ELVs . 

2 . The government would set minimal licensing, 

supervisory and regulatory requirements . These 

would be necessary pTimarily to meet national 

and international obligations and to ensure 

public safety . 

3 . The government to encourage the use of national 

launch ranges and associated equipment would 

make them available to commercial "launch 
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vehicle operators at reasonable rates consistent 

with the goal of encouraging viable commercial 

ELV launch activity."(Directive on 

Commercialization of Expendable Launch Vehicles, 

Weekly Compilation of Presidential Documents, 

1983 .) 

4. The government will review and approve any 

commercial launch facility on a case-by-case 

bas is . 

Executive Order 12465 of February 24, 1984 , fol l owed the 

Directive on Commercialization of Expendable Launch Vehicles and 

provided t he necessary guidance to receive national authorization 

to launch a commercial space vehicle. Previously Space Services 

Incorporated was the only company to gain the necessary approval 

from the appropriate federal agencies to launch a commercial 

rocket in 1982 . At that time no single point of contact in the 

government existed. Executive Order 12465 simplified the 

authorization process by designating t he Department of 

Transportation (DOT) as "the lead agency within the Federal 

Government for encouraging and facilitating commercial ELV 

activities by the United States private sector(Presidential 

Documents Title 3 - Executive Order 12465, 1984 . ) . More 

specifically the Department of Transportation integrates and 

c oordinates the efforts of all other federal agencies, thereby 
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reducing any redundant requirements and conflicting guidelines 

that apply to firms seeking authorization to launch t heir 

vehicles . 

The Office of Commercial Space Transportation (OCST) was 

established within the Department of Transportation t o handle 

commercial launch vehicle affairs. Jennifer Doro is its head. 

OCST works primarily with the Federal Communications Commission 

(FCC), the Federal Aviation Administration (FAA), the Coast 

Guard, the Commerce Department, the State department, the 

Department of Defense (DOD) and NASA. 

The Federal Communications C,ommissioo ' s responsibility to 

OCST involves assigning the appropriate radio frequencies for the 

support functions (telemetry, radar tracking, a"nd abort/destruct 

capability) associated with a firm's launch activities. This ~s 

applicable when a private launch site is used rather than a 

national range. The Federal Aviation Administ r ation has 

responsibility for airspace control . Federal Aviation 

Regulations (FARs) do not specifically cover the activities 

associated with a small commercial launch vehicle firm . Part 

101 , subpart C of the FARs regulates the activities of small 

rockets launched by hobbyists and scientists . Nonetheless, until 

new legislation is passed these regulations will require waivers 

for commercial launches. Res t ricted airspace must be requested 

from the FAA whenever a priva t e launch site is used . The Coast 

Guard is responsible to insure that launchings do not adversely 
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affect the safety of national and international shipping lanes, 

while the Materials Transportation Bureau oversees the 

transporta t ion of fuels and any hazardous materials to the launch 

site . 

The Depar t ment of State is the agency responsible for 

negotiating and executing international agreements and for 

dealing with foreign gover nmen t s in the administration of and 

compliance with interna t ional treaties . Ar t icle VI of t he 1967 

Outer Space Treaty set forth t hat "states bear international 

responsibility for na tional activities in space whether by 

governmenta l or nongovernmental bodies and they bear 

responsibility resulting f rom any launch activities f rom their 

territories by private or public concern."(Finch & Moore, 1984). 

In t ernat ional responsibilities for launches were dictated by the 

1972 Convent ion on Inter national Liability for Damage Caused by 

Space Objects . The term "launching state" in reference to 

liability was expanded to include the state that procures the 

launching , the state from whose territory the launching occurred 

and the state from whose facility the spacecr aft is launched . 

To i ncrease the effectiveness of t he Liabili t y Convent ion in 

regard to unidentified satellites and launch vehicles the 1976 

Registration Treaty obligates a l l sta t es t o r egister all space 

objects from t heir t erri t ory on a n i nternat ional registry (Finch 

& Moore , 1984) . 

Consequently, a corpora t ion that launches a satellite t hat 

causes damage to a foreign interest would make the Department of 
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State responsible for responding at a governmental level to 

foreign claims . Space Services Incorporated serves as an example 

to illustrate the requirements imposed by the State Department . 

The Department required Space Services to ob t ain an export 

license for i t s launch, to comply with the requirements imposed 

by NASA and the FAA and finally t o obtain insurance in the amount 

of $100 million for damages that might be incurred by the launch 

to include any payments for which the US might become responsible 

for under any treaty. Since t hen the first requirement has been 

removed since Congress passed legislation that would no longer 

treat space vehicles as exports and would specifically exempt 

launch vehicles from any laws controlling exports . 

The Department of Defense provides necessary support to 

private space ventures by operating the launch pads, tracking 

facilities associated with t he government rocket ranges. 

Commercial launch firms have t he option of e ither investing a 

gr eat deal of time, money and labor in seeking approval to 

e stablish a private launch si t e or t hey can use t he national 

launch facilities on a reimbursable basis . Firms that use these 

facilities are subject to DOD r ules and regulations . In support 

of the Office of Commercial Space Transportation, DOD comment s on 

the national security and safety aspects of proposed private 

space activit i es through an interagency review process . DOD 

t hrough NORAD/Space Comma nd which tracks all space vehi cles and 

debris will also assist the launch firm in timing its launch and 

defining the t rajectory to minimize t he risk of col lision with 
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orbiting satellites or debris . 

NASA has no responsibility or authority to regulate private 

space activities . However , its technical expertise on the 

operation of launch vehicles and spacecraft is second to none and 

the Department of Transportation does not feel totally competent 

technically and relies heavily on NASA ' s recommendations . NASA 

sets the terms and conditions when its facilities, equipment and 

personnel, are made available for use by private space ventures . 

While theoretically, NASA will be a lessor of launch facilities 

rather than regulator of commercial ELV firm activities, as owner 

of the Kennedy Space Center, NASA will have to nonetheless 

regulate many important commercial space efforts . Consequently a 

firm using a national range is subject to both DOD and NASA 

regulations dependent upon which launch facility it uses. 

It is evident that the Office of Commercial Space 

Transportation bas undertaken a monumental task in its efforts to 

draw together and coordinate the functions of various government 

agencies under one roof. It has not been extremely successful 

and severe interagency in-fighting has made the task more 

difficult . To date the Department of Transportation has not 

issued a single license or authorization for a commercial rocket 

launch and its continued responsibility for commercial launch 

activities is coming under severe scrutiny by Congress . 



SATELLITES LAUNCHED 1974 - 1985 > 
"0 
"0 
C'1 

~ 
H 
:>< 

LAUNCH WEIGHT 
C, 

SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS 

1974 --

SAN MARCO 4 18 Feb SCOUT LEO 177kg SCIENCE 
200 x 200 km 390 lbs Italian payload 
120 X 120 mi a nd launch 

.;, 
~ UK X-4 (MIRANDA) 9 Mar SCOUT LEO 180 kg SCIENCE 

200 x 200 km 397 lb UK payload 
120 X 120 m 

WESTAR 1 13 Apr DELTA GEO 1065 kg 572 lbs COMMUNICATIONS 
2347 l b 1261 lb Western Union 

Satelli t e 

SMSl (SYNCHRONOUS) 17 May DELTA GEO 593 kg 243 kg REMOTE SENSING 
METEOROLOGICAL 1307 lb 536 lb 
SATELLITE 

ATS-6 (APPLICATION 30 May TITAN GEO 3670 kg 1503 kg COMMUNICATIONS 
TECHNOLOGY IIIC 8090 lb 3315 lb 
SATELLITE) 



LAUNCH, WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS --
HAWKEYE ( EXPLORER 3 Jun SCOUT LEO 197 km SCIENCE 
52) 518 X 509 km 43'• lb 

3 lQ X 305 mi 

AEROS 2 16 Jul SCOUT LEO 177 km SCIENCE 
483 X 483 km 390 lb West German 
300 X 300 mi Satellite 

ANS 30 Aug SCOUT LEO 190 kg SCIENCE 
(ASTRONOMICAL 483 X 483 km 4 18 lbs Dutch Satellite 
NETHERLANDS 300 X 300 mi 
SATELLITE) 

t:1 

WESTAR 2 10 Oct DELTA GEO 1065 kg 572 kg COMMUNICATIONS 
I 

N 

2347 lb 1261 lb 

ARIEL 5 15 Oct SCOUT LEO 60 kg SCIENCE 
132 lbs UK Satellite 



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS 

INTASAT 15 Nov DELTA LEO 29 kg SCIE NCE 
1468 X 1468 km 64 lbs Spanish 

Satellite 

AMSAT (OSCAR 7) 15 NOV SAME LEO 15 kg COMMUNICATIONS 
DELTA 1478 x 1444 km 33 lb 

886 X 866 mi 

NOAA-4 ( ITOSG) SAME 1462 x 1454 km 345 kg REMOTE SENSING 
15 Nov DELTA 877 X 872 mi 760 lb 

INTELSAT IV ( F-8 ) 21 Nov ATLAS GEO 15 15 kg 826 kg COMMUNICATION 
CENTAUR (PACIFIC) 3340 lb 1820 l b 0 

I 
I,.) 

SYMPHONIE 1 19 Dec DELTA GEO 402 kg COMMUNICATIONS 
886 lb French/German 

Satellite 



SPACECRAFT 

SASC (EXPLORER 53) 
(Small Astronomy 
Satellite) 

INTELSAT lVA (F-1) 

NIH BUS 6 

DATE 

7 May 

22 May 

12 Jun 

LAUNCH 
VEHICLE 

SCOUT 

ATLAS 
CENTAUR 

DELTA 

ORBIT 

1975 -

LEO 
518 X 509 km 
310 X )05 mi 

GEO 
(Paci fie) 

LEO- Polar 
1104 X 1097 km 
662 X 658 mi 

WEIGHT 
LAUNCH GEO REMARKS 

SCIENCE 

197 kg Italian 

434 lb Launched 
(San Marco) 

1387 kg 700 kg COMMUNICATIONS 

3060 lb 1543 lb Last (8th) 
in series c:::, 

b 
827 kg Remote sensing 

1823 lb 



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS 

OS0-8 (ORBITAL 21 Jun DELTA 560 X 543 jn 1088 kg Science 
SOLAR 336 X 326 mi 2398 lb 
OBSERVATORY) 

COS-B (COSMIC 9 Aug DELTA POLAR-Elliptical SCIENCE 
RAY SATELLITE) 99002 x 442 km 277 kg ESA 

59400 X 265 mi 612 lb Equivalent to 
Geosynchronous 
Orbit 

SYMPHONIE 2 27 Aug DELTA GEO 402 kg COMMUNICATIONS 
886 lb French/West 

German 0 

Satellite I 
V, 

ETS- 1 9 Sep N-I LEO COMMUNI CATIONS 
1000 X 1000 km 825 kg Japanese 
600 X 600 mi 182 lb Sattel i te 



SPACECRAFT DATE 

LAUNCH 
VEHICLE 

INTELSAT IVA (F-1) 26 Sep ATLAS 
CENTAUR 

EXPLORER 54 AE 
(Atmoshperic 
Explorer) 

TIPS-2 (TRANSIT 
IMPROVEMENT 
PROGRAM) 

GOES l (A) 
(GEOSTATIONARY 
OPERATIONAL 
ENVIRONMENTAL 
SATELLITE) 

6 Oct DELTA 

12 OCT SCOUT 

16 Oct DELTA 

ORBIT -
GEO 
(Atlan tic ) 

LEO-POLAR 
3816 X 154 km 
2290 X 92 mi 

LEO-POLAR 
699 X 357 km 
419 X 214 mi 

GEO 

WEIGHT 
LAUNCH GEO REMARKS 

15 15 kg 826 kg COMMUNICATIONS 

3340 lb 1820 lb First New 
Series 

6 7 5 kg 
SCIENCE 

1488 lb 

165 kg 
COMMUNICATIONS 

364 lb 

628 kg 272 kg REMOTE SENSING ~ 

1384 lb 600 lb 
I 

a-



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS 

EXPLORER 55 AF 20 Nov DELTA LEO 720 kg SCIENCE 
3025 X 157 km 1587 lb 
1815 X 94 mi 

RCA-SATCOM-1 13 Dec DELTA GEO 868 kg 463 kg COMMUNICATIONS 
(PACIFIC) 1914 lb 102 l lb 

LANDSAT 2 22 Jan DELTA LEO-POLAR 953 kg REMOTE SENS ING 
917 X 907 km 2100 lb 
550 X 544 mi 

SMS-2 6 Feb DELTA GEO 628 kg 272 kg REMOTE SENSING 
1384 lb 600 lb 0 

I 
--.J 

GEOS 3 (C) 9 Apr DELTA LEO-POLAR 340 kg REMOTE SENSING 
848 X 839 km 750 lb Ocean 
508 X 544 mi Observation 



LAUNCH 
WEIGHT 

SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS 

ANIK 3 7 May DELTA GEO 544 kg 272 kg COMMUNICATIONS 

(Telsa t 3) 
1200 lb 600 lb Canadian 

Satellite 
Last in a 
Series 
of 3 

1976 

CTS-1 17 Jan DELTA GEO 850 kg 355 kg COMMUNICATIONS 

1870 lb 782 lb canadian/U , s . CJ 

Satellite 
I 

CX> 

INTELSAT IVA (F-2) 29 Jan ATLAS GEO (ATLANTIC) 1515 kg 826 kg COMMUNICATIONS 

CENTAUR 
3340 lb 1820 lb 



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS 

MARISAT l (A) 19 Feb DELTA GEO (ATLANTIC) 317 kg COMMUNICATIONS 
699 lb Mari time 

Satellite 
(COMSAT) 

ISS 29 Feb N-I LEO 141 kg SCIENCE 
(IONOSPHERE 1000 X 1000 kg 311 lb Japanese 
SOUNDING 600 X 600 mi Satellite 
SATELLITE) 

LES 8 and 9 15 Mar TITAN CIRCULAR COMMUNI CATIONS 
(SOLRAD HiA , HiB) III C 120 ,000 X Advanced 

120,000 km Techniques 0 
I 72,000 X '° 72 ,000 mi Orbi t beyond 

Geosynchronous 
Satellite not 
Considered 



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS --

RCA SATCOM- 2 26 Mar DELTA GEO 868 kg 463 kg COMMUNICATIONS 
1914 lb 102 1 Lb Second out of 

th r ee 
Sa t e lL i t es 

LAGEOS 4 May DELTA LEO-POLAR 411 kg SCIENCE 
594 1 X 5844 km 906 lb 
3565 X 3506 mi 

L976 -
t:I 
I 

I-' 

COMSTAR 1 13 May ATLAS GEO 1410 kg COMMUNICATION 0 

CENTAUR (PACIFIC) 3109 lb Leased by ATT 
from 
COMSAT 



LAUNCH WEIGHT 

SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS 

P-76-5 22 May SCOUT LEO 130 kg SCIENCE 
286 

MARISAT 2 10 Jun DELTA GEO 317 kg COMMUNICATIONS 
(Paci fie) 699 lb Maritime 

COMSAT 

PALAPA l 8 Jul DELTA GEO 572 lg COMMUNICATIONS 

1268 lb Indonesian 
Satellite 

0 

SESP 74-2 8 Jul TITAN GEO (not attained) SCIENCE I 
t-' 

III C 800 X 4800 km ESA , 
,,.., 

Geosynchronous 
orbit no t 
attained; 
Fa i. lure 



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS 

COMSTAR 2 22 Jul ATLAS GEO 1410 kg COMMUNICATIONS 
CENTAUR 3109 lb 

NOAA 5 (ITOS H) 29 Jul DELTA LEO 340 kg REMOTE SENSING 
750 lb 

TIP 3 1 Sep SCOUT LEO-POLAR 165 kg COMMUNICATIONS 
699 X 357 km 364 lb 
419 X 214 mi 

MARISAT 3 14 Oct DELTA GEO 317 kg 3l7 kg COMMUNICATIONS 
699 lb 699 lb Indian Ocean 

COMSAT 
t;I 
I 

~ 



SPACECRAFT DATE 

ETS-2 23 Feb 
(ENGINEER TEST 
SATELLITE) 

PALAPA 2 10 Mar 

INTELSAT IVA (F-4) 26 May 

GOES 2 16 Jun 

LAUNCH 
VEHICLE 

N- I 

DELTA 

ATLAS 
CENTAUR 

DELTA 

ORBIT 

GEO 
( l03°E) 

GEO 

GEO 
(ATLANTIC) 

GEO 

WEIGHT 
LAUNCH GEO REMARKS 

1977 

130 kg COMMUNICATIONS 

287 lb 

574 kg 281 kg COMMUNICATIONS 

1265 lb 620 lb Indonesian 
Satellite 

i::, 
I 

1515 kg 826 kg COMMUNICATIONS ..... 
w 

3340 lb 1830 lb 

635 kg 235 kg REMOTE SENSING 

1400 lb 518 lb Weather 
Satellite 



LAUNCH WEIGHT 

SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS 

GMS 1 14 Jul DELTA GEO 670 kg 280 kg REMOTE SENSING 

GEOSYNCHRONOUS ( 160 OE) 14 77 lb 617 lb Japanese 

METEROLOGICAL Satellite 

SATELLITE) 

HEAO l (HIGH 12 Aug ATLAS LEO-POLAR 2560 kg SCIENCE 

ENERGY CENTAUR 455 X 435 km 5643 lb 

ASTRONOMICAL 273 X 261 mi 

OBSERVATORY) 

SI RIO 25 AUG DELTA GEO 398 kg 198 kg COMMUNICATIONS 

877 lb 437 lb Italian 0 
I 

Sate 11 i.te t-' 
.i:--



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS 

! SEE 1 22 Oct DELTA ELLIPTICAL 330 kg SCIENCE 
( INTERNATIONAL 138, 124 x 280 km 728 lb Orbit 
SUN EARTH 82874 X 168 mi equivalent to 
EXPLORER) geosynchro no us 

orbit. 

!SEE 2 22 Oct DELTA ELLIPTICAL 158 KG SCIENCE 
138,330 X 279 km 348 lb 
82999 X 167 mi 

TRANSIT 28 Oct SCOUT LEO-POLAR COMMUNICATION 
1106 X 1067 km 94 k g 

c;, 
I .... 

667 X 640 mi 207 lb YI 

METEOSAT 23 Nov DELTA GEO 697 kg 345 kg REMOTE SENSING 
1537 lbs 760 l bs ESA 



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS --

CS (SAKURA) 15 Dec DELTA GEO 677 kg 340 kg COMMUNICATIONS 
( COMMUNICATIONS 1493 lbs 
SATELITE) 

1978 

INTELSAT IV A (F-3) 7 Jan ATLAS GEO 1515 kg 826 kg COMMUNICATIONs 
CENTAUR ( INDIAN OCEAN) 3340 lb 1820 lb 

IUE 26 Jan DELTA ELLIPTICAL 700 kg SCIENCE 

( INTERNATIONAL 46081 X 174 km 1543 lb Equivalent to t:l 
I 

ULTRAVIOLET 27650 X 105 mi 1543 lb geosynehroous ,.... 
"' EXPLORER) orbit 

ISS-b 16 Feb N-1 1000 x 1000 km 141 kg SCIENCE 
600 X 600 mi 311 lb Japanese 

Satellite 



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS 

LANDSAT 3 5 Mar DELTA LEO REMOTE SENSING 
917 X 916 km 900 kg 
500 X 550 mi 1984 lb 

OSCAR 8 5 Mar Same LEO COMMUNICATIONS 
DELTA 941 X 906 km 26.7 kg Amateur Radio 

565 X 544 mi 59 lb Satellite 

INTELSAT IVA (F-6) 31 Mar ATLAS GEO 1515 KG 826 kg COMMU NI CAT IONS 
CENTAUR (INDIAN OCEAN) 3340 lb 1820 lb 

BSE 7 Apr DELTA GEO 635 kg 350 kg COMMUNICATIONS 
(BROADCAST ( llOOE) 1900 lb 772 lb Japanese DBS 0 

I 

SATELLITE Domestic 
,.... ...., 

EXPERIMENTAL) Satellite 



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS 

HCMM (HEAT 26 Apr SCOUT LEO 65 kg REMOTE SENSING 
CAPACITY MAPPING 143 lb 
MISSION 
AEM-1) 

OTS 2 11 May DELTA GEO 865 kg COMMUNICATIONS 
(ORBITAL TEST 1906 lb ESA Domestic 
SATELLITE) Satellite 

GOES 3 16 Jun DELTA GEO 635 kg 235 kg REMOTE SE NS ING 
1400 lb 518 lb 

SEASAT 27 J un ATLAS LEO 865 kg REMOTE SENSING 
c:, 
I 

1906 lb Ocean 
,.... 

F 00 

Observation 
Sa t elli t e 

COMSTAR D-3 29 Jun ATLAS GEO 1484 kg COMMUNICATIONS 
CENTAUR 3722 lb 



LAUNCH 
WEIGHT 

SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS 

-
GEOS 2 l4 Ju l DELTA GEO 575 kg 

SCIENCE 

1268 lb 
ESA 

ISEE 3 12 Aug DELTA ELLIPTICAL 479 kg 
SCIENCE 

( tNTERNATIONAL 
1,088,031 x 181 km 1056 lbs 

Beyond the 

SUN, EARTH 
652 , 818 x 400 mi 

normal 

EXPLORER) 

capabilities of 
small 

launcher 

TIROS-N (NOAA) 13 Oct ATLAS F LEO-POLAR 734 kg 90 kg REMOTE SENSING 

1618 lbs 198 lb 
d 

NIMBUS 7 24 Oct DELTA 
954 x 954 km 987 kg REMOTE SENSING 

I .... 
572 x 572 mi 2 176 lb Last in Nimbus '° 

series 

HEAO 2 13 Nov ATLAS LEO-POLAR 2560 kg 
SCIENCE 

CENTAUR 455 X 435 km 5640 lb 

273 x 261 mi 



LAUNCH 
WEIGHT 

SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS 

- -
ANIK 4 (TELESAT D) 16 Dec DELTA GEO 442 kg 

COMMUNICATIONS 

974 lb 
Canadian 
Satellite 

1979 -

ECS l 6 Feb N-1 GEO 13 l kg 
COMMUNICATIONS 

286 lb 
Failure 

( EXPERIMENTAL 
COMMUNICATIONS 
SATELLITE) 

l8 Feb 
l80 kg 

l::i 

SAGE 
SCOUT LEO 

SCIENCE I 
N 

397 lb 
Aeroso Ls/0,.one 0 

STUDY 



LAUNCH 
WEIGHT 

SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS 

-
SOLWIND 24 Feb ATLAS F LEO 980 kg 

SCIENCE 

P-78-l 
2 l60 lb 

Solar Wind 
Study 

ARIEL 6 6 Jun SCOUT LEO 60 kg SCIENCE 

l30 lb UK 

NOAA 6 27 Jun ATLAS LEO 838 kg 
REMOTE SENSING 

F 
1948 ;b 

Similar to DOD 
Weather 
Sa t ellite 
2nd in 
Series 0 

I 
N 

WESTAR 3 9 Aug DELTA GEO 1065 kg 572 kg COMMUNICATIONS 
.-

2347 lb 126 l lb 



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAlJNCH GEO REMARKS 

HEAD 3 20 Sep ATLAS LEO-POLAR 2560 kg SCIENCE 
CEMTAIR 455 x 435 km 5640 lb 

273 X 261 mi 

MAGSAT 30 Oct SCOUT LEO 113 kg SCIENCE 
285 lb 

RCA SATCOM-3 2 Dec DELTA GEO 1082 576 kg COMMUNICATIONS 
2325 lb 1269 lb Failure, 

Contract lost 

1980 Q 
I 

N 
N 

SMH (SOLAR 14 Feb DELTA LEO-POLAR 2315 kg SCIENCE 
IMUM MISSION) 562 X 558 km 5104 lbs 

337 X 335 mi 



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS 

ECS-b 22 Feb N-I GEO 310 kg 130 kg COMMUNICATIONS 
( EXPERIMENTAL ( l450°E) 685 lbs 287 lb Fai lure 

COMMUNICATIONS (Japanese 
SATELLITE) Satellite) 

AMSAT-FIREWHEEL 23 May ARIANE COMMUNICATIONS 
(L02) Failure 

NOAA-B 29 May ATLAS F LEO-POLAR 723 kg Remote Sensing 
1028 X 250 km 1593 lb 3d in Series 
617 X 150 mi of 8 

Placed in wrong 
orbit by launch 0 

vehicle. I 
N 

Replacement 
w 

Required 

J 



LAUNCH WEIGHT 

SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS 

ROHINI RS-1 18 Jul SLV-3 LEO 34 kg SCIENCE 

76 lb Indian 
Satellite 

GOES 4 9 Sep DELTA GEO 835 kg 495 kg REMOTE SENSING 

< 900w) 184 1 l b 1091 lb First of three 
to replace 
initial three 

S BS l 15 Nov DELTA GEO 1094 kg 555 kg COMMUNICATIONS 

(SATELLITE (106°W) 2412 l b 1224 lb First to Us e 

BUSINESS 
PAM D Upper 

SYSTEMS) 
S tage 

C 
I 

N 
s:-

INTELSAT V F2 6 Dec ATLAS GEO 1928 kg COMMUNICATIONS 

CENTAUR (ATLANTIC) 4250 lb First of a 
series of nine 



SPACECRAFT DATE 

ETS 4 l l Feb 

( EXPERIMENTAL 
TECHNOLOGY 
SATELLITE) 

COMSTAR D-4 21 Feb 

NOVA l 15 May 

LAUNCH 
VEHICLE 

N-II 

ATLAS 
CENTAUR 

SCOUT 

ORBIT 

1981 

GEO 

GEO 
(l27°W) 

LEO-POLAR 
93 l x 35 l km 
559 x 210mi 

WEIGHT 
LAUNCH GEO REMARKS 

640 kg 
COMMUNICATIONS 

14 ll lb 
Japanese 

1484 kg 
COMMUNICATIONS 

32 72 lb 
Last in series 

9 of 4. Leased N 

t o ATT by U1 

COMSAT 

167 kg 
COMMUNICATIONS 

368 lb 
Improved 
Transit 



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS --
GOES 5 22 May DELTA GEO 837 kg 444 kg REMOTE SENSE 

< 75°w) 1845 lb 979 lb 2d of 3 to 
replace 
original 
3. Failed in 
orbit July 29 , 
1984. GOES 6 
moved t o cover 
both coasts 

INTELSAT V (F-l) 23 May ATLAS GEO 1928 kg COMMUNICATIONS 
CENTAUR (24 .s0 w) 4250 lb 

APPLE 19 Jun ARIANE GEO 670 kg COMMUNICATIONS t, 

(L03) 14 77 lb Indian 
I 

N 

Sate 11 ite 
Q\ 

METEOSAT 2 19 Jun (103) GEO 697 kg 295 kg REMOTE SENSING 
( 00) 1537 lb 650 lb ESA 



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS 

NOAA 7 23 Jun ATLAS LEO-POLAR 723 kg REMOTE SENSING 
858 X 838 km 1594 lb Joined NOAA 6 
515 X 503 mi 2 Satellite 

System 

DEl 3 Aug DELTA ELLIPTICAL/LEO- SCIENCE 
(DYNAMICS POLAR Similar to 
EXPLORER l) 24,770x67lkm 424 kg Geosynchronous 

14862 X 403 mi 935 lbs orbit 

DE2 3 Aug Same 1002 X 304 km 1876 kg 1005 kg SCIENCE 
DELTA 601 X 182 mi 4136 lbs 2216 lb Similar to 

Geosynchronous ? orbit, I-> 
-.J 

GMS-2 11 Aug N-II GEO 296 kg REMOTE SENSING 
( GEOSTATIONARY (120°W) 652 lb Japanese 
METEOROLOGICAL Satellite 
SATELLITE) 



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS --
SBS 2 3 Sep DELTA GEO 1094 kg 555 kg COMMUNICATIONS 

( 97 °w) 2410 lb 1224 lb Second of Four 

SME 6 Oct DELTA LEO-POLAR 145 kg 437 kg SCIENCE 
(SOLAR MESOSPHERIC 534 X 530 km 320 lb 963 lb 
EXPLORER) 320 X 318 mi 

UOSAT 6 OCt Same LEO-POLAR COMMUNICATIONS 
(OSCAR 9) DELTA 533 x 531 kg 50 kg Swedish 

320 X 319 mi 111 lb Satellite 

RCA 20 Nov DELTA GEO 1082 kg COMMUNICATIONS 
SATCOM 3-R (131 OW) 2385 lb Replacement for ~ 

I 

SATCOM 3 
N 
00 

INTELSAT V (F-3) 15 Dec ATLAS GEO 1928 kg COMMUNICATIONS 
CENTAUR (25°W) Third of 

Series of 
Nine 



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS 

MARCES A 20 Dec ARIANE 1000 kg 590 kg COMMUNICATIONS 
(L04) 2400 lb 1300 lb ESA 

1982 --

LANDSAT 4 16 Jul DELTA LEO 1938 kg REMOTE SENSING 
638 X 700 l<m 42 72 lb Solar panel 
410 X 420 mi problem. Not 

enough power 
for thematic 
mapper. ? 

N 

'° 
ANIK D-l 26 Aug DELTA GEO 1238 kg 660 lbs COMMUNICATIONS 

2730 lb 1455 lb In orbit spare. 
Canadian 
Satellite 



r 

LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS 

ETS III 3 Sep N-I LEO 358 kg COMMUNICATIONS 
1000 X 1000 km 789 lb 
600 X 600 mi 

MARCES B 10 Sep ARIANE 1 COMMUNICATIONS 
(15) Launch Vehi c le 

failure 

SI RIO 10 Sep ARIANE 1 SCIENCE 
( L5) Italian 

Satellite 

INTELSAT V (F-5) 28 Sep ATLAS GEO 1928 kg COMMUNICATIONS t:, 

CENTAUR (INDIAN OCEAN) 4250 lb Fifth of Nine I 
w 

Sa tel lites 0 

RCA-SATCOM 5 27 Oct DELTA GEO 1082 kg 589 kg COMMUNICATIONS 
(AURORA) 2385 lb 12 98 1 b Joined f o ur 

Operational 
Satellite s 



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS - -
RCA SATCOM 4 16 Jan DELTA GEO 1082 kg COMMUNICATIONS 

2385 lb 

WESTAR 4 26 Feb DELTA GEO 1094 kg 555 kg COMMUNICATIONS 
2410 lb 1224 lb First Second 

Generation 
Satellite 

INTELSAT V (F- 4) 5 Mar ATLAS GEO 1928 kg COMMUNICATIONS 
CENTAUR (PACIFIC) 4250 lb 

INSAT lA 10 Apr DELTA GEO 1152 kg REMOTE SENSING 
2539 lb Indian 9 

Satellite 
w .... 

WESTAR 5 9 Jun DELTA GEO 1094 kg COMMUNICATIONS 
2385 lb Replaced 

Webste r 2 



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS 

SBS 3 11 Nov SHUTTLE GEO 4541/1094 kg 555 kg COMMUNICATIONS 
(PAM D) 10010 lb 12 24 lb Third of a 

Series of Four 
Sa te 11 ites 

ANIK C-3 12 Nov SHUTTLE GEO 4443 /996 kg 1238 kg COMMUNICATIONS 
(PAM D) 9790 lb 2728 lb Second in 

Series 

1983 --
0 
I w 

IRAS 26 Jan DELTA LEO-POLAR 1076 kg SCIENCE N 

( INFRARED RADIATION 911 x 894 km Dutch, U.S., 
ASTRONOMICAL 547 X 536 mi 2372 lb and U, K. 
SATELLITE) Sa t ellits 

' 



LAUNCH WEIGHT 

SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS 

CS 2 a 4 Feb N-11 GEO 840 kg 350 kg COMMUNICATIONS 

(COMMUNICATIONS ( l32 OE) 1850 772 k b 

SATELLITE) 

ASTRO B 20 Feb MU-3S LEO 216 kg SCIENCE 

476 lb 

NOAA 8 28 Mar ATLAS E LEO-POLAR 17 12 kg 1030 kg REMOTE SENSING 

829 x 806 km 2774 l b 22 7l lb Advance TIROS-N 

497 X 484 mi 
turned off 
after 
battery 
e xplo sion ? 
Dec 30 . 85 . 

w 
w 

TORS l 4 Apr SHUTTLE GEO 20 ,308/5652 COMMUNICATIONS 

(TRACKI NG ANO ( IUS) ( 67 °w) 44,771 

DATA RELAY 
SATE~LITE) 



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS -- -
RCA-SATCOM 6 ll Apr DELTA GEO 2802 kg 598 kg COMMUNICATIONS 

( 128°w) 2385 lb 1320 lb Second in new 
series . 

GOES 6 28 Apr DELTA GEO 838 kg 444 kg REMOTE SE NS ING 
( l35°w) 1847 lb 979 lb 

INTELSAT-V (F-6) 19 May ATLAS GEO 1996 kg COMMUNICATIONS 
CENTAUR (ATLANTIC) 4400 lb 

EXOSAT 26 May DELTA ELLIPTICAL 500 kg SCIENCE 
189,834 X 2178 km 1102 lb ESA 
113,900 X 1307 mi Similar t o 0 

I 

Geosynchronous I.J 
.t:-

Orbit 

ECS-1 16 J un ARIANE GEO 134S kg COMMUNICATIONS 
(EUROPEAN (L6) 2965 lb 
COMMUNICATIONS 
SATELLITE) 



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE -- ORBIT LAUNCH GEO REMARKS 

OSCAR 16 Jun Same LEO 130 kg COMMUNICATIONS 
ARIANE 286 lb 
(L6) 

ANI K C-2 18 Jun SHUTTLE GEO 4443 kg COMMUNICATIONS 
(PAM D) 9795 lbs Canadian 

Satell i te 

PALAPA B-1 18 Jun SHUTTLE GEO 4443 / 1996 kg Communications 
(PAM D) 9795 lbs Identical to 

ANIK C-2 
Indonesian 
Satellite 0 

I 
l,,) 
u, 

SPAS 01 18 Jun SHUTTLE LEO 1448 kg MATERIAL 
( SHUTTLE PALLET 296 X 296 km PROCESSING 
SATELLITE) 178 X 178 mi Deployed and 

retr i eved by 
German 
Satellite 



LAUNCH WEIGHT 

SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS 

GALAXY l 28 Jun DELTA GEO U22 kg 519 kg COMMUNICATIONS 

< 135°w) 2690 lb 1144 lb Hughes 
Communic ations 

INC. 

TELSTAR )A 2 8 Jul DELTA GEO 1250 kg 653 kg COMMUNICATIONS 

(87°W) 2 750 lb 1440 lb ATT 

CS 2b 6 Aug N-11 GEO 770 kg )50 kg COMMUNICATIONS 

( 136°E) 169 5 lb 772 lb Japanese 
Satellite 

INSAT lB 30 Aug SHUTTLE GEO 4596/ 1150 kg COMMUNICATIONS 0 
I 

(PAM D) (74°E) 10132 lb Indian 
w 
a, 

Satellite 

RCA SATCOM 7 8 Sep DELTA GEO 1082 kg 598 kg COMMUNICATIONS 

(72°W) 2305 lb 1320 lb Rep laces 
SATCOM 2 



SPACECRAFT 

GALAXY 2 

INTELSAT V-F7 

BS-2a 
(BROADCAST 
SATELLITE) 

LAUNCH 
DATE VEHICLE --
22 Sep DELTA 

19 Oct ARIANE 
(L7) 

23 Jan N-II 

ORBIT 

GEO 
(74°W) 

GEO 

GEO 
(ll0°E) 

1984 

WEIGHT 
LAUNCH 

1222 kg 
2690 lb 

1996 kg 
4440 lb 

770 kg 
1697 Lb 

GEO - -
519 kg 

1144 lb 

350 kg 
772 lb 

REMARKS 

COMMUNICATIONS 
Hughes 
Communications 
Inc 
2nd in Series 
of 3 

COMMUNICATIONS 

COMMUNICATIONS 
Japanese 
Satellite 

0 
I 

w 
-.J 

--, 



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS --
WESTAR-6 3 Feb SHUTTLE (GEO)-LEO 4443 kg 630 kg COMMUNICATIONS 

(PAM) 1220 X 307 km 9795 lb 1389 lb PAM failure . 
732 X 184 mi Placed 

satellite 
in wrong orbit . 
Later 
retrieved. 

PALAPA-B2 3 Feb SHUTTLE (GEO) -LEO 4443 630 lb COMMUNICATIONS 
(PAM) 1190 x 280 km 9795 1389 lb PAM 

Failure. Later 
r etrieved . 

0 
I 

EXOS C 14 Feb MU 3S LEO 265 kg SCIENCE 
I,..) 

00 

584 lb Japanese 
satellite . 



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS --
LANDSAT 5 t Mar DELTA LEO-POLAR 194 7 kg REMOTE SENSING 

700 X 699 km 4292 mi 
420 X 419 mi 

UOSAT-2 l Mar Same 694 X 673 km 60 kg COMMUNICATIONS 
DELTA 416 x403 mi 133 lb University of 

Surrey, U. K. 

INTELSAT V (F8) 5 Mar ARIANE GEO 1996 kg COMMUNICATIONS 
(VS) 4400 lb 

LDEF l 6 Apr SHUTTLE 483 x 473 km 9670 kg MATERIAL 
(LONG DURATION 293 X 284 mi 21318 lb PROCESSING C, 

I 
EXPOSURE FACILITY) Released by 

I,) 

'° Shuttle to 
be picked up by 
a later shuttle 
flight. 

~- 1 



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS 

SPACENET F-1 23 May ARIANE GEO 1190 COMMUNICATIONS 
(V 9) 2623 

INTELSAT V (F-9) 9 Jun ATLAS LEO 2016 kg COMMUNICATIONS 
CENTAUR (GEO) 4444 lb Launched into 

1220 x 223 km wrong orbit . 
732 X 134 mi Decayed 

October 19 ' 83 

Failure, 

GMS 3 3 Aug N- II GEO 296 kg COMMUNICATIONS 
( 140°) 1 652 lb t;; 

I .,.. 
ECS 2 4 Aug 1345 kg 

0 

ARIANE GEO COMMUNICATIONS 
(VlO) 2965 l b 

TELECOM lA 4 Aug Same GEO 1210 kg COMMUNICATIONS 
ARIANE 2667 lb French 

Satellite 



LAUNCH WEIGHT 

SPACECRAFT DATE VEMICLE ORBIT LAUNCH GEO REMARKS 

CCE (CHARGE 16 Aug DELTA ELLIPTICAL 650 kg 242 kg SCIENCE 

COMPOSITON 49663 X 1130 km 1432 534 lb Equive lent 

EXPLORER) 29798 X 778 IOl to 
Geosynchrono us 
orbit 

IRM ( ION 16 Aug SAME DELTA ELLIPTICAL 705 kg SCIENCE 

RELEASE MODULE) 113741 X 553 km 1554 lb West German 

68245 X 332 mi Satellite 
Equivalent to 

GEO 

0 

UKS (UNITED 16 Aug SAME DELTA 13741 x 553 km 77 kg SCIENCE 1:-
KINGDOM 68245 X 332 mi 170 lb u.K. Satell ite .... 
SATELLITE) Equivelent t o 

GEO 

SBS 4 30 AUG SHUTTLE GEO 4541/1094 k.g COMMUNICATIONS 

(PAM) 10010 lb 



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS --
SYNCOM IV-2 30 Aug SHUTTLE GEO 6889/2000 kg COMMUNICATIONS 
(LEASAT-2) 15187 lb Hughes 

Communications 
Inc . Lease to 
U.S. Navy 

TELSTAR 3-C 30 Aug SHUTTLE GEO 4697 kg COMMUNICATIONS 
10300 lb ATT 

GALAXY 3 21 Sep DELTA GEO 1222 kg 519 kg COMMUNICATIONS 
(93 .s 0 w) 2690 lb 1144 lb Hughes 

ERBS (EARTH 5 Oct SHUTTLE LEO 2250 kg SCIENCE c; 
I 

RADIATION BUDGET 608 X 598 km 4960 lb One of 3 
.,.. 
N 

SATELLITE) 365 X 359 mi satellite 
system 
with NOAA-9 and 
NOAA-G 

= I 



LAUNCH WEIGRT 

SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS --
NOVA 3 12 Oct SCOOT LEO 167 kg COMMUNICATION 

ll98 x 1152 km 268 lb Navigation 

719 X 691 Sa t e llite 

ANTK D-2 8 Nov SHUTTLE GEO 4676/1229 kg 730 kg COMMUNICATIONS 

PAM ( 111.s0 w) 1030 lb 1609 lb 

SYNCOM IV-1 8 Nov SHUTTLE GEO 6889/2200 kg COMMUNICATION 

15187 lb Hughes 
Commuaicatioas 
Company. 
Leased 
by Navy . 0 

I 
.i:-
w 

SPACENET F2 10 Nov ARIANE GEO 1190 kg COMMUNICATION 

( V 11) 2623 lb 

MARCES B2 10 Nov ameE GEO 1000 k g COMMUNICATION 

ARIANE 2205 lb 



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS - - --
NOAA 9 12 Nov ATLAS E LEO-POLAR 1712 kg REMOTE SENSING 

862 X 841 km 3774 lb Replaced NOM-7 
517 X 504 mi 

t985 --

ARABSAT F-l 8 Feb ARIANE GEO 675 kg COMMUNICATIONS 
(Vl2) 1490 lb Arab League 

Satellite 

SBTS-1 8 Feb Same GEO 675 kg COMMUNICATIONS 
( BRASILSAT) ARIANE 1490 lb Brazilian 

0 
I .,. 

Satellite .,. 

INTELSAT V (F9) 22 Mar ATLAS GEO 2014 kg COMMUNICATIONS 
CENTAUR 4441 lb 

ANIK C-1 12 Apr SHUTTLE GEO 4443/996 kg 1000 kg COMMUNICATIONS 
(PAM) 9795 lb 2205 lb 



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS 

SYNCOM IV 12 Apr SHUTTLE (GEO) LEO 7500/2200 kg 1300 kg COMMUNICATIONS 
(LEASAT F3) 16534 lb 2866 lb Failure - LEO 

achieved. 
Repaired on a 
latter Shuttle 
mission. 

GSTAR l 7 May ARIANE GEO 1230 kg 700 kg COMMUNICATIONS 
(Vl3) 2712 lb 1543 lb 

TELECOM 18 7 May Same GEO 1210 kg 690 kg COMMUNICATIONS 
ARIANE 2667 lb 1521 lb 

0 

MORELOS A 17 Jun SHUTTLE GEO 4112/665 kg 512 kg COMMUN1CATIONS 1,. 
\J1 

( PAM) 9066 lb 1128 lb Mexican 
Sate L lite 

ARABSAT A 17 Jun SHUTTLE GEO 4122 /675 kg 592 kg COMMUNICATIONS 
(PAM) 9085 lb 1305 18 Arab League 

Satellite 

-



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS -- --
TELSTAR 3D 17 Jun SHUTTLE GEO 4697 / 1250kg 630 kg COMMUNICATIONS 

10300 lb 13889 

SPARTAN 17 Jun SHUTTLE LEO 1008 kg MATERIAL 
2222 lb PROCESSING 

GIOTTO 2 Jul ARIANE l ELLIPT1CAL 960 kg 512 kg SCIENCE 
(V 14 ) 2116 l b 1128 lb Halley ' s Comet 

probe . Not 
con sidered . 

AUSSAT 1 27 Aug SHUTTLE GEO 4180/733 kg COMMUNICATIONS 
(PAM) 9215 lb Australian 

C, 
I 

Satellite 
..... 
0' 

ASC-1 27 Aug SHUTTLE GEO 4180/673 kg COMMUNICATIONS 

(AMERICAN (PAM) 9080 l b 
SATELLITE 
COMPANY) 



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS - --
SYNCOM V 27 Aug SHUTTLE GEO 4443/2200 kg COMMUNICATIONS 
(LEASAT F-4) 9795 lb 

SPACENET F3 12 Sep ARIANE GEO COMMUNICATIONS 
(Vl5) Launch failure 

ECS-3 (EUTELSAT) Same GEO COMMUNICATIONS 
ARIANE Launch failure 

MORELOS B 26 Nov SHUTTLE GEO 4112 / 1665 kg COMMUNICATIONS 
PAM 9066 lb t 128 lb HS-376 

(Mexican t:i 
Sate t t ite) I .:-....., 

AUSSAT 2 26 Nov SHUTTLE GEO 4180 /733 kg COMMUNICATIONS 
PAM 92 15 lb Australian 

Sate 11 ite 



LAUNCH WEIGHT 
SPACECRAFT DATE VEHICLE ORBIT LAUNCH GEO REMARKS --
SATCOM KU-2 26 Nov SHUTTLE GEO 6855/ L200 kg COMMUNICATIONS 

PAM DS 9797 lb 

L986 --
SATCOM KU-1 12 Jan SHUTTLE GEO 6855/1200 kg COMMUNICATIONS 

979 lb 
SPOT 21 Feb ARIANE LEO 1540 kg REMOTE SENSING 

(Vl6) 3395 lb French 
Satelli t e 

VIKING 21 Feb Same GEO ll79 kg COMMUNICATIONS c:, 
ARIANE 2600 lb Swedish b 

Satellite 
00 

BRASILSAT 2 29 Mar ARIANE GEO 675 kg COMMUNICATIONS 
1490 lbs Brazilian 

Satellite 



SPACECRAFT 

INTELSAT 5 ( Fl4) 

DATE 
LAUNCH 
VEHICLE 

30 May ARIANE 2 
(Vl8) 

ORBIT 

GEO 

LAUNCH 

2014 kg 
4440 lb 

WEIGHT 
GEO REMARKS 

COMMUNICATIONS 
Launch failure 

0 

.b-
"' 



APPENDIX E Description of Satellite Operations 

The mathematics involved with the celestial mechanics 

governing the path of satellites in the orbits is very complex. 

Accordingly the quantitative approach to space flight will be 

avoided in favor of providing a general understanding of the 

terminology and operations involved in placing payloads in their 

appropriate orbit . 

In this study the terms weight and mass will be used 

interchangeably . Technically , they are not the same. Weight is 

the force exerted by gravity on an object . The same object would 

have a different weight on the moon than it would have on earth. 

Mass is used to specify how much matter is contained in an 

object . This is a hard term to visualize but a Shuttle astronaut 

io space repairing a 700 kilogram (1540 pound) satellite can 

appreciate the difference in terms. While the satellite is 

weightless it still has mass . When at rest 1.n a weightless 

environment it takes a considerable force to move it and when it 

is moving, even slowly, it cannot be easily stopped. 

Low earh orbit (150 to 4000 kilometers above the earth) is 

relatively easy to achieve by all launch vehicles. The 

trajectory to low earth orbit carries the vehicle above the 

atmosphere where it gradually flattens until a velocity of 

approximately 18,000 miles per hour achieved and the satellites 

fall matches the slope of earth. 

Numerous factors must be considered and wi 11 influence the 

E-1 
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type of orbit acbieved by a sa telli te . A polar or bit or one 

crossing bo t h poles causes t he object t o eventually overfly the 

entire globe since tbe earth rotates as the satellite flys over 

it. This orbit has the added advantage for an earth observation 

sa t el lite if timed r ight of always allowing it and the ground 

undernea t h it t o remain in sunlight (sun synchronous orbit) . To 

achieve polar orbit a price must be paid. A polar launch is only 

70- 80% as efficient as a launch on or near t he equator. 

Ano t her important point is that the closer a launch site is 

to the equator the greater the efficiency and flexibility of 

unches . There are two major reasons fo r this . First, the 

angular velocity of the earth ' s rotation is greatest at the 

equator. The French Ariane which is l a unched at French Guiena 

5 degrees north of the eq uato r receives a considerable boost from 

the earth's rotation. Secondly, the latitude determines the 

minimum inclination the equator normally achievable by a 

sa t e l lite without having to orbit a lar ge rocket to change this 

inclination. As an example the launch site at French Guinea 

(5° latitude) can orbi t satelli t es f r om s0 to 90° 

inclination, Kennedy Space Center (27° latitude) 27° t o 90° 

i nclination , and the Soviet Zyurentam (55° latitude) 55° 

la titude) 55° to 90° inclination (this made it far more 

difficult for the Sovie t s to r each t he moon which is inclined 

0 
near 20 to t he equator) . 

Most of today ' s satell ites are launched into geosynchronous 

orbit . The satellite travels at t he same speed as the Earth ' s 
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rotation , keeping the satellite over the same area of Earth's 

surface. This type of orbit benefits communications satellites 

which earlier had moved away from the earth station using them as 

it traveled along its orbit. Weather satellites serving a 

specific area also use this orbit . To attain a 36,000 kilometer 

(21,600 mile) circular geosynchronous orbit several space 

maneuvers are required . 

Most ELVs place the satellite in an elliptical (200 x 36,000 

kilometer) rather than low earth orbit . This is called a 

geosynchronous transfer orbit (GEOl) . The satellite revolves 

around the Earth one or more times before a rocket motor 

contained within the satellite (apogee motor) is ignited at the 

high point of its orbit (A). This boost will place i t in t he 

final geosynchronous orbit. The Shuttle uses a slightly 

different method in placing satellites into geosynchronous 

orbit. It first achieves low earth orbit and then deploys the 

satellites with a rocket motor called a payload assist module 

(PAM) attached t o the exterior of the satellite. At the 

appropriate point in low earth orbit this motor is fixed placing 

the satellite in a geosynchronous transfer orbi t. The PAM is 

detached and like earlier the apogee motor within the satellite 

is used at the far point of the transfer orbit to place the 

satellite in geosynchronous orbit . 

The mass of the satellite decreases significantly during the 

transition from its launch on Earth to its final orbit. As much 

as 3/4 of its mass may be taken up by the apogee motor and the 

fuel to make the fine adjustments to place it in its final orbits . 
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Low Earth Orbit s 

Polar Or bit 

i qatorial Launches Receive 
a Si gnificant Boost From 
t he Earth ' s Rotation 

Figure E- 1. Types of Orbits . 

Equatorial Orbi,t 

Launch Sites Far Fr om t he 
Equator are Llmit ed t o Hi gh 
I nclination Or bits 



1 • 

Shuttle in 
Low .::arth Orb· 
Deploys 
Satellite 

7 
./ . S.:itel.lite Fir es 

I nternal Mot or 
t o !-'lace I t. sef 
Into Geosynchronous 
Or bit . 

2 . .t"ayloa a :.s.;ist .. odule (?Al·,) Fir es 
and r'lac es Satellite int o an 
~lll ptical Geosynchro1ous Tr ans f e r 

Orbit . 

Figur e E- 2 • ..iequi.:nce t o l lacc a .J1.uttle 1-'ayload int o Ge osychr onous 
Orbit . 



APPENDIX F The Model Firm 

Space Services stands the best chance for surviving as a 

small launch firm for while it bas not launched a single 

customer's payload it was the first and is still the only firm to 

have gotten permission from the US Government to launch a private 

launch vehicle and succeeded in launching it. It has also 

marketed its vehicle and bas at least one potential customer. 

Based on the experiences of Starstruck and Space Services several 

general conclusions can be made . 

1. For a small firm, the simpler the vehicle is the 

less chance for failure. John Bennett admitted that 

the stuck steering vane that caused the Dolphin's 

failure was an expensive and too complicated a 

system for the vehicle . 

2 . Along the same lines, whenever possible off the 

shelf components which have proven themselves should 

be used. Major components can be subcontracted for 

to cut costs of development . 

3. Launch operations should be simple. Water launch 

caused problems for Starstruck . 

4 . If a private launch site which meets all the 

requirements set forth by the government along with 

the necessary support cannot be established then the 

national ranges should be used . 

5 . Analysis of tbe market and its dynamic nature may 

reveal opportunities with potential. 

F-1 
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The hypothetical firm has the following characteristics which 

reflect some of the features of Starstruck Incorporate . 

Space Services Incorporated and the American Rocket Company. 

Product: 

Market: 

The launch vehicle would incorporate 

characteristics of both AMROC's ILV and 

SSI's Conestoga. Like the Conestoga it 

would use off the shelf components. The 

launcher would have three stages which would 

be able to place 2600 pounds (1180 kg) into 

low earth orbit . The vehicle would have the 

ability to improve performance through the 

use of additional rocket components much 

like the Conestoga. Eventually it might 

have the capability of placing 500 pounds 

into geosynchronous orbit. 

All low orbit satellites light enough to be 

launched by this vehicle. Geosynchronous 

satellites may be orbited with an upgrading 

and addition of rocket components. This 

vehicle could also be used to orbit material 

processing payloads significantly larger 

than NASA's Getaway Special . If General 

Electric can commercially market the same 

technology and process it used to recover 

military satellite film then this would 
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prove a viable means of recovering processed 

material in small quantities uatil the 

Shuttle becomes operational ("GE Displays 

model of Space Recovery Vehicle", Aviation 

Week and Space Technology, 1986), 

Operations: The average launch rate would be six flights 

a year from a national launch range, Three 

launches would occur the first year , 

Venture and Other Forms of Capital Raised= 

$53 million - based on American Rocket 

Company , ("American Rocket Company tests 

6000 lb Thrust Engine", Aviation Week and 

Space Technology, 1986) . 

According to maintain a viable operation a minimum of four 

flights a year must occur to meet variable and fixed costs. 

(AMROC-8, SSI-4, PAL-2). 

For a firm similar to Space Services Incorporated the costs 

would be as follows: 

Vehicle Cost: 

l. Component Cost (Rocket Motors) 

Mor t on Thiokal Castor 4h - $1.7 million 

Morton Thiokal Star 48 

Morton Thiokal Star 30 

Guidance System, 

Air frame and 

Miscellaneous Componen ts 

- $3 .0 million 

- $1.6 million 

- $ .3 million 
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2. Cost by configuration 

Vehicle Derivative (Conestoga) 
Components u III IV 
Caster 4H 3 4 5 
Star 48 l l l 
Star 30 1 l l 
Other Components 1 l l 
Total Cost 10 11. 7 13 . 4 
($ Million) 

Anticipated Flight Rates (From SSI) 

Price 

Gross Profit 

Year 
Year 
Year 

Year Launch Rate 
l 
2 
3 

Vehicle 

3 
6 
8 

Conestoga II 
Cones t oga III 
Conestoga IV 

Sales Revenue 
1 -$ 38 . 1 Million 
2 -$ 77 . 4 Mil lion 
3 -$115 . 2 Million 

Vehicle Derivative 
II III IV 

2 l 
2 4 
2 4 

Price Payload 
$12 .5 Million 
$13 . 1 Million 
$16.0 Million 

Costs 
$31 . 7 Million 
$66 . 8 Million 
$97 .o Million 

= 

Gross 
$ 6.4 
$10 . 6 
$18 . 2 

945 lb 
1100 lb 
2000 l b 

Profit 
Million 
Million 
Million 
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