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In recent years the U.S. Atr Force and NASA have conducted 

destgn studies of 3 expendable launch vehicle conftgurattons 
~at could serve as a backup to the space shuttle--the Tttan 
3407/Centar, the Atlas 11/Centaur, and the shuttle-derived 
SRB-X--as well as studtes of advanced shuttle-dertved launch 
vehicles wtth much larger payload capabtltttes than the 
shuttle. The 3 candidate 'co•ple~entary' launch vehicles are 
judged to be roughly equivalent tn cost, development ttme, 
reltablltty, and payload-to-orbit performance. None requtres 
new technology nor has any stgntftcant growth potential. Whtle 
the SRB-X has the advantage of conmon production with the 
shuttle, the Tttan 3407 and Atlas II have the Important 
advantage tn assuring tt•ely access to space of launch 
Independent of the co•plex shuttle environ•ent . Advanced j 
shu~tle-dertved vehicles are constd~red viable candidates to 
•eat future heavy ltft launch requirements; however, they do 
not appear ltkely to result tn stgntftcant reduction in 
cost-per-pound to orbit. Efforts are required to substantially 
reduce thts cost by develop~ent and application of advanced 1 
htgh energy propulsion syste•s. st•pllfted destgn, and 
t~roved operational procedures. 

Descriptors : •Launch vehicles; Spacecraft: Payloads; 
Co•parlson; Beneftt cost analysts ; Oestgn: Assessments 

ldenttfters : Space shuttles: Expendable stagesiSpacecraft): 
NTISNASNRC; NTISNASA 

Sect ton Headings: 220 (Space Technology--Spacecraft Launch t 

Vehicles and Ground Support); 84E (Space Technology--Space 
launch Vehtcles and Support Equt~ent) 
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NOTICE: The project that is the subject of this report was approvea 
by the Governing Board of the National Research Council, whose 
members are drawn from the councils of the National Academy of 
Sciences, the National Academy of Engineering, and the Institute of 
Medicine. The members of the panel responsible for the report were 
chosen for their special competences and w1th regara for appropriate 
balance. 

Th1s report has been reviewea by a group other than the authors 
according to procedures approved by a Report Review Committee 
consisting of members of the National Academy of Sciences, National 
Acaaemy of Engineering, and the Institute of Medicine. 

The National Research Council was established by the National 
Acaaemy of Sciences in 1916 to associate the broad community of 
science and technology with the Academy's purposes of furthering 
knowleage and of advising the federal government. The council 
operates in accoraance with general policies determinea by the 
Acaaem~ unaer the authority of its congressional charter of 1863, 
which establishes the Academy as a private, nonprofit, self-governing 
membership corporation. The council has become the principal 
operating agency of both the National Academy of Sciences and the 
National Acaaemy of Engineering in the conduct of their services to 
the government, the public, and the scientific and engineering 
commun1ties. It is administered JOintly by both Acaaemies and the 
Institute of Medicine. The National Academy of Engineering and the 
Inst1tute of Meaicine were established in 1964 and 1970, 
respectively, under the charter of the National Academy of Sc1ences. 

Th1s stuay was supportea by Contract NASW-3511 between the 
National Academy of Sciences and the National Aeronautics and Space 
Aaministration. 

Copies available from: 

Committee on NASA Scientific ana Technological Program Reviews 
National Research council 
2101 Constitution Avenue, N.W. 
Washington, D.C. 20418 
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Preface 

The Committee on NASA Scientific and Technological Program Reviews 
was created by the National Research Council in June 1981 as a result 
of a request by the congress of the united States to the Nat1onal 
Aeronautics and Space Administration that it establish an ongoing 
relationship with the National Academy of Sciences and the National 
Academy of Engineering for the purpose of providing an inaependent, 
ObJective review of the scientific and technological merits of NASA 
programs whenever the Congressional Committees on Appropriations so 
direct.l 

When a review is requested, the committee is called on to set the 
terms of reference, select a suitable panel of experts to carry out 
the task, and review the resulting report before publication. 

To date 4 tasks have been undertaken: reviews of the 
International Solar Polar Mission,2 NASA's Aeronautics Program,l 
the Space Shuttle Program,4 and NASA's Numerical Aerodynamic 
Simulation Program.S 

The fifth task, which is the subject of this report, resulted from 
a request by the congressional committees on Appropriations to the 
NASA Administrator in late January 1984 for an assessment of the 
advantages and disadvantages of various candidate expendable launch 
vehicles for large payloads (Appendix A). 

!congressional Conference Report 96-1476, November 21, 1980. 

2National Research Council, The International SOlar Polar Mission--A 
Review and Assessment of Qptions, 1981, National Academy Press, 
Washington, D.C. 

lNational Research Council, Aeronautics Research and Technology--A 
Review of Proposed Reductions in the FY 1983 NASA Program, 1982, 
National Academy Press, Washington, D.C. 

4National Research Council, Assessment of Constraints on Space 
Shuttle Launch Rates, 1983, National Academy Press, Washington, D.C. 

5National Research Council, Review of NASA's Numerical Aerodynamic 
Simulation Program, 1984, National Academy Press, Washington, D.C. 
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The committee met on February 24, 1984, to establish terms of 
reference (Appendix B) for the review based on the congressional 
request and to nominate a panel to undertake the task. The areas of 
expertise sought included launch vehicle systems and space mission 
requirements from the point of view of DoD, NASA, industry, and the 
space science community, as well as national space policy and costing 
of launch systems. 

In appointing such a group of individuals to make scientific and 
technical assessments, it is essential that most have a high degree of 
knowledge in the subject of the study. Since such individuals may 
appear to have a potential for bias, every effort was made to achieve 
a balance in backgrounds and attitudes of the panelists in order to 
present as obJective a report as possible. 

This particular task deals with but one segment of the broader 
issue of national space launch systems which have far reaching policy 
implications. The task was complicated by a military procurement 
action for expendable launch vehicles, initiated near the time this 
study was begun and still ongoing at its conclusion. Despite this, I 
believe that this report provides a useful input to the debate on 
launch systems. 

The committee wishes to record its appreciation to the chairman 
and members of the panel and to commend them for their timely response 
to the charge. 

Norman Hackerman 
Chairman, Committee on NASA Scientific and 

Technological Program Reviews 
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I 

Introduction 

National space policy establishes the Space Transportation System 
(STS) as the u.s. government means of access to space (Reference 1). 
The STS presently consists of a fleet of 3 orbiters to be 
supplemented by a fourth in early 1985. There is no firm commitment 
to further production of orbiters; however, there is in place an 
extensive program to build spare subsystems •thereby maintaining 
production readiness for a fifth orbiter• (Reference 2). Eleven 
orbiter tlights were successfully completed during the first 3 years 
of operation, and launch rates of 24 per year are projected in the 
NASA mission plan for the late 1980s. In anticipation of a fully 
operational STS, government-contracted production of expendable 
launch veh1cles (ELVs) is being phased out. 

With the growing role of space systems in providing for national 
security, the Department of Defense (DoD) is expected to be the 
largest single user of the STS, accounting for at least one-third of 
the proJected 24 flights per year. The DoD recently called for 
development of an expenaable launch vehicle that would be 
complementary to the STS to provide •assured access to space• 
(Appendix D). For this purpose 3 candidate expendable launch 
vehicles, all with payload capability to geosynchronous orbit of at 
least 10,000 lb (comparable to that of the STS), have been under 
study. 

At the end of March 1984, the u.s. Air Force initiated 
procurement action with a request for proposals (RFP) for a 
commercial buy of 10 complementary expendable launch vehicles to be 
delivered at the rate of 2 per year during the period FY 1988-FY 
1992. The RFP was subsequently withdrawn and reissued on a 
conventional government purchase basis at the end of July 1984, and 
procurement action was still under way at the time the present study 
was completed. 

In addition, with a probable future need for a payload capability 
substant1a~ly larger than that offered by the STS or the proposed new 
ELVs, both NASA and the Air Force are studying several configurations 
using shuttle components. 

The charge to this panel stems from a request made by Senator 
Garn and Congressman Boland (aated January 25, 1984) to NASA 
Administrator James M. Beggs. The study request, as further defined 

l 
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2 

by tne National Research council's committee on NASA Scientific and 
Technological Program Reviews, can be stated as a review of: (1) 
ELVs that coula •proviae a flexible back up for tne space 
transportation system;• and (2) •advanced vehicle configurations that 
could increase payload to orbit at potentially reduced costs.• 

of: 
In regara to (1), the charge specifically calls for an assessment 

o large payload requirements of the DoD, NASA, and the private 
sector; 

o potential payload capabilities of candidate vehicles; 
o development time; 
o additional ground support requirements for various 

canaiaate systems; 
o payload compatibility between the shuttle and candidate ELVs; 
o growth potent1al; 
o cost trade-offs between candiaate systems; and 
o total costs of maintaining a national launcher capability. 

In regara to (2), the charge specifically calls for a rev1ew of: 

o future mission requirements and potential vehicle 
configurations. 

The panel discussed a number of options and concepts for assurea 
access to space in aadition to tnose contained in the charge; 
however, the need for a timely response to tne Congressional request 
aictatea aetailed examination of requirements, risks and costs only 
for those expendable launch vehicle concepts which baa progressed to 
preliminary design by either industry or NASA. 
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II 
Approach 

The panel met at the National Academy of Sciences in Washington, 
D.C., on Aprll 12-13, June 7-8, and July 10-11, 1984. During the 
course of its meetings the panel was briefed by NASA personnel from 
Headquarters and the Marshall Space Flight Center and by Department 
of Defense personnel from the Pentagon, the u.s. Air Force Space 
Div1sion, ana the Defense Advanced Research Projects Agency. A list 
of briefing personnel is given in Appendix E. In addition, 
inaividual members of the panel contacted personnel trom the 
intelligence community and industrial concerns in regard to proJected 
space launch requirements. 

The u.s. Air Force procurement action, initiated shortly after 
this study was commissioned, prevented the panel from obtaining 
technical and cost data from space launch vehicle manufacturers. 
Thus, the panel reliea upon preliminary data furnished by NASA ana 
the DoD. The panel was provided with extensive cost information by 
bOth these agenc1es and examinea it in detail. In its analysis of 
the data the panel found in some cases marked differences between 
cost estimates proviaed by NASA and by the Air Force. Accurate cost 
figures for the candidate systems will not be available until 
contractual negotiat1ons are completed. For these reasons, the panel 
concluded that no meaningful cost comparisons could be made at this 
time. 

For the purposes of this report, the panel has defined •heavy 
lift• as lift capab1lity exceeding that of the STS. 

Furthermore, in the context of its charge, the panel considered 
only launch vehicles with payload capability equal to and exceeding 
that of the STS and did not address launch vehicles of lesser 
capability, such as those presently available in the national 
inventory or under commercial development. 

The panel took account of other National Research Council studies 
such as the Assessment of Constraints on Space Shuttle Launch Rates 
(Reference 3), as well as reports and documents that appear in the 
list of references. 

The panel wishes to express its appreciation to the many members 
of NASA and the Air Force who providea information for the study and 
facilitated the work of the panel. 

3 
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Ill 

Overview of U.S. Launch Operations 

HISTORICAL PERSPECTIVE 

At the conclusion of tne successful Apollo program, a 
Presidential Commission recommended that the United States should 
continue its man-in-space program by the development of a recoveraole 
launch vehicle, the shuttle (Reference 4). The cost of developing 
tne shuttle was recognized as high, and the scope of the program was 
expanded to provide a generalized space transportation system--a 
means of transporting unmannea, as well as manned, payloads from the 
earth to space. Lift or payload requirements were established at a 
level to encompass all known satellite programs. The characteristics 
of the military satellites were well known and led to the basic 
performance s~ecifications of the shuttle: bay size 15' diameter and 
60' long, and lift capability to put 65,000 lb into easterly launch 
(low orbit). In aad1t1on, the DoD required a substantial cross-range 
maneuver capability to permit polar orbit injection without 
overflight of nat1ons that might be unfriendly to the United States. 
If tne shuttle met these basic specifications, it coula, in 
principle, serve all users: military, NASA, commercial, and 
foreign. When NASA agreed to meet these specitications, the shuttle 
was declared the primary •national launch capability• (Reference 1), 
and the earlier expendable launch vehicles, such as the Thor-Delta, 
Atlas, and Titan, were to be aiscontinued as soon as practicable 
(Figures 1 and 2a and b). In short, the use of the shuttle as a 
launch vehicle became mandatory for DoD and all government agencies. 
Furthermore, the pricing policy encouraged the design of satellites 
compatible with the shuttle to make max1mum use of the shuttle's 
capabilities as the primary launch vehicle. 

STS DEVELOPMENT AREAS 

The shuttle program representea an ambitious leap in technology 
that required the solut1on of many problems. For a developmental 
program of such magnitude and complexity, the shuttle's flights have 
been remarkabl~ successful. However, as can be expected with all 
complex systems, it is still evolving. Not all of the performance 
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7 

specifications have been met (payload capability is less than 65,000 
lb, cross-range maneuver capability is limited, and there are 
limitations on aborting to u.s. bases). In addition, each shuttle is 
physically different, and not all are capable of launching from the 
western Space and Missile Center. LOgistic and maintenance 
procedures also need to be perfected. 

The STS is dependent upon reusability of many of its subsystems 
(solid rocket booster cases, main engines, orbiter). A failure of 
any of these reusable subsystems may shut down operations until the 
problem can be identified and corrected, and a retrofit is performed 
across the entire fleet. In the past, problems have arisen that have 
shut down a major space program for as much as a year, e.g., the 
Apollo 4 tire. Needless to say, failures or malfunctions are not 
unique to reusable systems. The April 1983 Inertial Upper Stage 
failure is a classic example of the limitations on space launches 
when there is total dependence on a single system--in this case, an 
expenaable upper stage. 

Problems also arise because the STS is not yet a mature system. 
Many of the STS subsystems must be upgraded to meet performance 
specifications (e.g., sustained main engine performance at 109 
percent power and reauction of the weight of the solid rocket booster 
cases). Systems specifications on mean time between removals are not 
now being met on some of the subsystems (e.g., the shuttle main 
engine oxidizer and fuel pumps), and a sustaining engineering program 
will be required to realize the full benefit of the STS concept. All 
of these changes are needed to achieve an acceptable level of 
dependability of the system. 

It is to be expected that the shuttle will one day become fully 
operational and that projected turn-around times will be achieved if 
there are no major accidents or failures. But as the NASA Advisory 
Council's Task Force for the Study of the Effective Shuttle 
Utilization report dated November 17, 1983, (Reference 5) stated: 
"In 1ts near singleminded pursuit of the shuttle development, NASA 
has moved quickly to declare the STS operational and to prepare to 
divest itself of expendable launch vehicles. We feel that much 
remains to be done before the STS becomes operational in the full 
sense of the word. We are concerned that the early elimination ot 
the ELVs would leave the u.s. with neither a back-up to the shuttle 
nor active production lines of space launch vehicles of any kind." 

INDUSTRIAL BASE 

As shown in Figures 2a and 2b, under current plans, after 1986 
there will be no further production of NASA or DoD launch vehicles in 
the u.s. Altnough extensive production of STS structural and 
component spares is underway, there are presently no firm plans for 
construct1on of a fifth orbiter to follow delivery of the fourth 
vehicle in early 1985. This implies the disappearance of u.s. 
engineer1n9 and production know-how and capability. In contrast, the 
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9 

SOviet Union is not only building a space shuttle, but is also 
developing very neavy lift expendable launch vehicles. (Reference 6) 

Once proauction !ines are closeo a restart will be far more 
costly and production t~me considerably longer. In the cases of the 
Atlas and Titan III, subcontractors and venoors are already being 
terminated in anticipation of production line shutdowns. The normal 
lead t~me tor tne manufacture of an expendable booster is 
approximately 30 months with an ongoing production base. If one has 
to start a launch vehicle program from •scratch• the lead time could 
be 7 to !0 years. For example, the Saturn v program, using some 
exist~ng technology, required a development period of approximately 7 
years prior to production. 

60 

40 

30 

20 

10 

o~~~~~~~~~~~~~~~~~--~~ 

60 62 64 66 68 70 72 74 76 78 80 
CALENDAR YEAR 

F~gure 2b u.s. Space Launch Vehicle Proauct~on 
(Note: Weapon system boosters not included, i.e., Atlas 
E, F, Thor, Titan I, II) 
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COST CONSIDERATIONS 

Where the payload requires the presence of man, where man himself 
is the ObJect of research, or where payload recovery is required, the 
STS provides a unique national capability. However, space launch 
operations involving manned flight have been more complex and 
expensive than unmanned space operations. In part, the STS was 
plannea to overcome these disadvantages by recovering the orbiter and 
the solid rocket casings and increasing the traffic to share in the 
overhead costs. Costs are also higher when a satellite is designed 
for use in the shuttle since each unit must be man-rated ana 
additional aesign loads must be considered.* Documentation and 
software integration are also more complex, and cleanliness, so vital 
to many missions, is more difficult to ma~ntain in a manned launch 
vehicle. The mixture of unclassified--including international--and 
classified payloads in the STS causes large increases in security 
costs. For the above reasons, it is not clear to the panel from the 
data currently available that the STS can ever be more economical 
than ELVs for launching unmanned DoD payloads. 

Accoraing to NASA representatives, NASA establishes prices for 
STS launch services based on •materials and services.• The charge to 
a customer reflects only the incremental costs associated with each 
launch and the share of associated operating costs. While these are 
the costs charged to commercial and foreign users, the DoD pays about 
60 percent of this amount; starting in about 1988, DoD may be 
expected to pay the full amount. 

France has developed an ELV, the Ariane, which is subsidized by 
the French government and is still in the early development phase. 
In general, within its range of payload capabilities, it appears 
today to be competitive with the &TS as it is currently priced 
(Reference 5, p. 27). This reflects the deliberate policy of 
subsidizat~on by both countries. 

To be priced competitively, tne STS must carry a capacity load. 
This means that it must find compatible satellites--that is, 
satellites ready for launcn at the same time and into similar 
orbits. This requirement influences the customer's choice between 
the STS and ELVs, which generally carry one payload or perhaps 2 of 
an identical kind. 

*Criteria in the NASA Office of Manned Space Flight's •systems Safety 
Requirements tor Manned Space Flight• far exceed requirements for 
expendable vehicles. In addition to considerations for crew safety, 
satellites must be designed to withstand the high stresses 
encountered in case of an abort. 

Copyright © National Academy of Sciences. All rights reserved.

Assessment of Candidate Expendable Launch Vehicles for Large Payloads
http://www.nap.edu/catalog.php?record_id=19350

http://www.nap.edu/catalog.php?record_id=19350


IV 
Near-Term Launch Requirements 

There are 4 basic classes of potential users of space launch 
vehicles: DoD and the intelligence agencies; the commercial sector; 
NASA, other government agencies, and the space science and 
applications communities; and foreign governments. The last class is 
not considered below since u.s. decisions regarding launch systems 
will not be based on such requirements. 

DEFENSE AND INTELLIGENCE REQUIREMENTS 

For DoD and the various intelligence agencies, space satellites 
have become essential. For example, global communication, mapping 
and reconnaissance, global nav1gation, nuclear weapon monitoring, 
warning of missile launches, and weather monitoring are all dependent 
on current operational satellite systems. The Army, Navy, and Air 
Force have become heavily dependent on satellites in day-to-day 
tactical operations. Recognizing that these space systems have 
become necessary for u.s. security, a national policy was established 
that called tor assured access to space (Reference 1). Stating that 
the STS, while a great national asset, did not provide for such 
assured access to space, the Secretary of Defense established a DoD 
Space Policy calling for a complementary launch system to the STS 
(Appendix D) • He said a •high confidence of access to space• is 
•needed for all levels of conflict to meet the requirements of 
national security missions.• He continued, •while DoD policy 
requires assured access to space across the spectrum of conflict, the 
ability to satisfy this requirement is currently unachievable ·if the 
u.s. mainland is subjected to direct attack. Therefore, this launch 
strategy addresses an assured launch capability only through levels 
of conflict in which it is postulated that the u.s. homeland is not 
under direct attack.• 

On tne basis of these policy statements, the Air Force initiated 
procurement act1on for an ELV complementary to the shuttle. Several 
current satellite programs optimized for STS launch, while compatible 
for launch by the STS with the upper stage Centaur, cannot be 
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launched by any previous ELV.* If, therefore, an ELV complementary 
to the STS for launch into these high o*bits (synchronous at 10,000 
lb, or hignly elliptical at 15,000 lb--and with large dimensions) is 
required, it must necessarily be a growth version of a previous ELV 
or a new BLV, both in throw weight and payload shroud dimensions. As 
a result, the Air Force has established a minimum throw weight 
capability to synchronous orbit of 10,000 lb which, according to Air 
Force briefers, accommodates all the near-term missions surveyed by 
the panel. 

Need for Assured Access to Space: Peacetime 

While DoD has priority over any other user of the STS, the normal 
planning cycle (e.g., orbital planning, security provisions, software 
integration) takes approximately 6 months. Should circumstances 
arise demanding an immediate DoD satellite replacement, it will be 
difficult to reauce this time substantially. 

In the past, the DoD has been able to achieve excellent security 
through the autonomy of a dedicated launch facility. It has proven 
to be much more difficult and costly to maintain adequate security 
us1ng tne STS. Also, it may be necessary to launch a sensitive ana 
militarily important security satellite without the public exposure 
that has become the norm in NASA flight operations. 

With only the STS available it may become imperative to preempt 
otner scheauled STS users and scheduled STS launches might be lost 
due to DoD requirements for immediate replacement of satellites in 
exist1ng systems. Obviously, this kind of action might inhibit 
potential STS users. 

As noted in Chapter III, with a limited shuttle fleet, a generic 
failure in the system could shut down the nation's ability to conduct 
space launch operations. Problems with the unique suppliers or 
support contractors coula cause a stoppage in launches. The impact 
of such occurrences would be far more significant than that caused by 
similar problems in the current diverse fleet of ELVs. 

Need for Assured Access to Space: Time of Crisis 

In a crisis, the situation would be altered. The STS would have 
to overfly the Soviet Union, putting the crew and vehicle at some 
rlsk, in order to put a satellite in a polar orbit required for DoD 
missions. An unmanned expendable launch vehicle, on the other hand, 
woula allow the UOD to support defense space systems with no risk to 
man, less political risk, and no hazara to the limited STS fleet. 

*Earlier launchers allowed for a payload diameter up to 10 ft and 
will not accommodate a 15 ft payload. Payload weight may also exceed 
the capability of existing ELVs. 
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In the past, the DoD bas been able to achieve rapid response by 
storage of a satellite ana its launch vehicle on the launch pad. 
This is very difficult to do using the STS. In time of crisis the 
comparatively long operational recycle time of the STS limits its 
utility in support ot time-urgent military space missions. 

The secur1ty aavantages ofterea by a deaicatea launch facility, 
as aiscussed under •peacetime• above, become even more important in 
time of crisis. 

COMMERCIAL REQUIREMENTS 

Commercial use of space, presently dominated by the 
communications satellite industry, is ariven by costs. An important 
contribution to costs is the reliability of launch vehicles and 
firmness of scheduled launch dates. Commercial satellites are built 
in anticipation ot using existing launch vehicles and cannot be 
expected to generate demand for new vehicles. If new vehicles or 
their components are developea, commercial users will certainly 
consider their uses. 

In development of a new ELV, dual manifesting is another 
important cons1aeration to the commercial sector. As stated, the 
anticipated throw weight ot the proposed ELVs to synchronous orbit 
would oe at least 10,000 lb, more than is forecast in the near-term 
neeas of the largest commercial user. To be cost competitive, a 
two-satelllte launch adapter similar to the Ariane SYLDA (~steme de 
1ancement ~uble ·~iane•) would be required on the new ELV in order 
to launch 2 spacecraft at once. Incorporation of an adapter to make 
it compatible with STS and Ariane would have some impact on the 
design of the ELV. Dual manifesting ot commercial satellites is 
presently carried out on both STS and Ariane without major 
inconvenience to the user and must be a ma)or design consideration if 
the proposed new system is to be used by commercial enterprises. 

REQUIREMENTS OF NASA AND OTHER USERS 

The NASA initiatives which have led to u.s. eminence in space are 
well known and need not be repeated here. In the context of this 
study, NASA representatives, in their briefings to the panel, April 
12, 1984, stated that all of their requirements could be met by the 
STS and, therefore, they have no need for an ELV of comparable 
performance. The ~pace Science BOara of the National Research 
Council is undertaking a study of the maJor directions for space 
science for the period 1995-2015. The study will assume the 
availability of space station, STS, ana ELVs and could leaa to 
consiaeration of requirements for launching heavier payloads than 
those presently anticipated. However, at the present time, no 
science missions are planned that require a capability greater than 
the STS. Department of commerce needs also would be met by the STS 
inasmuch as their requirements are included in the NASA projections. 
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v 
Candidate Expendable Launch Vehicles 

The 3 vehicle systems under consideration by the Air Force to 
complement the STS--the Titan 3407/Centaur, the Atlas II, ana the 
shuttle-aer1vea SRB-X--all have the potential for launching 10,000 lb 
into geosynchronous orbit. All use a version of the centaur G for the 
upper stage and all are based on proven technologies and in large part 
on proven haraware elements. Descriptions ana performance 
characterlstics for these systems are given in Figures 3 to 5 ana 
Table I. 

(4) 67.0' OIA 
SOLID ROCKET 
MOTORS 

(5)H·1D 
ENGINES 

... : •........ , ... 

Figure 3 Atlas II/Centaur 

THE ATLAS II 

CENTAUR G-PRIME 

Figure courtesy USAF 

The Atlas II/Centaur represents a reaesign of the Atlas G. Its 
aiameter 1s increasea from 120 inches for the current Atlas to 200 
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inches. The Centaur G', which is being developed for the STS, will be 
used for the upper stage. The Atlas II propulsion system cons1sts of 
5 liquia rocket engines and 4 strap-on solid rocket motors, all of 
which use existing designs. The general concept for the Atlas II 
suggests that established technology and proven hardware will be 
used. The liquid rocket engines being considered for use are of 
proven l1neage: their development was initiated over 30 years ago. 
Nevertheless, the Atlas II is structurally a new launch vehicle with 
corresponding risks. 

7 SEGMENT SRM 

CENTAUR 
G-PRIME 

200 in. DIA 

t-------------199ft ------------....... 

Figure courtesy USAF 

Figure 4 Titan 3407/Centaur 

THE TITAN 3407 

The Titan 3407/Centaur is an upgraded Titan IIIE vehicle, which 
was usea successfully in NASA planetary programs in the late 1970s. 
The solid rocket stack of the tirst stage has been increased from 5.5 
to 7 segments, the tanks on the secona- ana third-stage liquia rocket 
engines are increased in length, and the new centaur G' rocket forms 
the fourth stage. A seven-segment solia rocket similar to the one 
projected for the Titan 3407, the Titan III M, was unaer development 
in 1966-&8 for application on the Air Force Manned OrDiting Laboratory 
(MOL) and 4 test firings were made with varying degrees ot success 
before the program was term1nated. Although the structural 
moaifications are lesser than those for the Atlas, there is still 
development risk. 
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PAYLOAD ENVELOPE 
16ft x 40ft GEO 
16ft x 60ft LEO 
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...... 1-------- 144.2 ft 

TITAN STAGE II 

STS FOUR-SEGMENT SRBs 

t-ollll----- 102.4 ft ______ .,. 

3ft 

~----------- 200.4 ft -----------~ 

THREE· 
SEGMENT · 
SRB 

Figure courtesy NASA 

Figure 5 SRB-X/Centaur 

THE SRB-X 

Tne ~RB-X launch vehicie system is also an assemblage of rockets 
developed in otl1er vehicles and proven in many successful flights. 
The tirst stage consists ot 2 tour-segment solia rockets identical 
with the first stage of the shuttle. The second stage is a 
three-segment variation of the first solia stage with a moaification 
to the burning rate ot tne rocket fuel. The third stage is 
essentlally an unmocufied version of a stanaara 'l'itan second stage. 
The upper (fourth) stage is a Centaur rocket iaentical to the one 
under aevelo~ment for the shuttle. However, because the first-stage 
Solid Rocket Boosters have been spaced to utilize STS launch 
facilities, aeve~opment of a truss will be required making the SRB-X, 
like the Atlas II, essentially a new launch vehicle with some 
corresponaing risks. 
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TABLE I COMPARA'l'IVE ELV DATA 

T34D7/CENT G' ATLAS II/CENT G' SRB-X/CENT G' 

Liftoff Weight (1b) 

Liftoff Thrust (lb) 

Thrust/Weight 

Trajectories 

Park Orbit (nmi*) 

Transfer (nmi) 

Performance to Geo. (lb) 

*Nautical miles 
+NASA figures 

1.91 X 106 

2.8 X 106 
(2 solids) 

1.46 

84 X 102 

95 X 19,324 

10,500 

1.62 X 106 3.74 X 106 

2.'1.7 X 106 5.80 X 106 
(5 liquid engine (2 solids) 
+ 4 solids) 

1.40 1.55 

80 X 104 100 circular+ 

90 X 19,421 100 X 19,323+ 

11,000 111500 

Courtesy of The Aerospace corporation 
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LAUNCH FACILITIES 

The Air Force proposes to modify the Titan III Launch complex 41 
at the Eastern Space ana Missile Center for launch of either the Titan 
34D7/Centaur or the Atlas II/Centaur. Rework of the area ana its 
equipment will De required for either vehicle, Dut the modifications 
for the Atlas II will be more extensive than those for the Titan. 
Complex 41 has not been in use since the Titan IIIE planetary 
launching in 1977 and maintenance has been minimal. Rework or 
replacement of the stana, the mobile service tower, the umbilical 
tower, and the associated equipment and instrumentation will be 
required. 

The SRB-X would be launched from the shuttle Launch Pad 398 at 
Kennedy Space Center requiring some modifications to its fixed and 
rotating service structures. Modifications will also be necessary for 
one nigh Day cell of the Vehicle Assembly Building ana for the Mobile 
Launch Platform. A hypergolic fuel system will be needed for the 
third stage. As noted above, the four-segment solid rocket motors of 
the first stage have been spaced as on the shuttle so that the exhaust 
vents on the shuttle mobile launch platform may be used without 
modification. 

ADVANTAGES AND DISADVANTAGES 

The unit costs and technical capability of the 3 systems examined 
appear to be comparable. As stated in the Introduction, the Air Force 
is currently considering bids for such a system and, hence, it is 
inappropriate for the panel to comment further. Air Force procurement 
procedures should De adequate to select an appropriate configuration 
to meet military requirements. However, some general observations 
might De made without prejudicing the procurement process. 

The Titan 34D7 uses largely proven hardware and obtains growth 
through elements previously demonstrated. It can use Launch complex 
41 at Cape Canaveral, thus making it independent of the STS launch 
facilities. This avoids possible oottlenecks that might arise if the 
STS launch pads were used, thus presenting a decided advantage for 
timely assured access to space. 

The Atlas growth version is largely a new vehicle although based 
on proven Atlas technology. It shares many of the advantages of the 
Titan, e.g., use of developed engines and Launch Complex 41. However, 
it represents a larger departure from existing designs. 

The SRB-X enjoys the synergism with the STS of using its solid 
rocket ooosters (SRBs). The spacing between the external SRBs make 
the vehicle wider than otherwise necessary. The initial launch pad 
modification costs are comparable to costs of modifying Launch complex 
41; but there is a risk of tying up a critical facility and presenting 
a single tailure node. The panel noted that the take-off weight of 
the SRB-X is approximately twice that of either of the other 2 ELVs 
while the costs appear to be comparable. When questioned, NASA 
representatives explained that the greater weight was due to the use 
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TABLE II ASSESSMENT OF CANDIDATE ELVS 

State of Technology 

Development Risk 

Availability* 

Launch Facilities 

STS Payload compatible 

Estimated Weight to 
Geosynchronous Orbit 

Growth pOtential 

TITAN 34D7 

Proven 

Low 

1988 

ESMcl Launch 
Complex 41 
reactivated & 
modified 

Yes 

10,500 lb 

Approx. lOt 

ATLAS II SRB-X 

Proven Proven 

Moderate Low-Moderate 

1988 1988 

-
ESMC Launch KSC2 Launch complex 
Complex 41 398 modified 
reactivated & 
modified 

Yes Yes 

11,000 lb 11,500 lb 

Approx. lOt Approx. lOt 

Cost Trade-offs Insufficient data exist to draw valid distinctions between the three. 

*Agency estimates. Considered by the panel in all cases to be optimistic, particularly the Atlas II 
and SRB-X. 

1. Eastern Space and Missile Center 2. Kennedy Space Center 

..., 
0 
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TABLE II ASSESSMENT OF CANDIDATE ELVS (Continued) 

ADVANTAGES 

DISADVANTAGES 

TITAN 34D7 

Separate launch 
facility from STS 

Less operational 
complexity 

Greater operational 
security at less 
cost 

Broader industrial 
base 

Requires maintenance 
of separate pad & 
launch teams for 
only 2 launches/ 
year 

ATLAS II 

Separate launch 
facility from STS 

Less operational 
complexity 

Greater operational 
security at less 
cost 

Broader industrial 
base 

Requires maintenance 
of separate pad & 
launch teams for 
only 2 launches/ 
year 

SRB-X 

Utilizes SRB from STS and 
common launch facility, 
thus potentially reducing 
total STS/SRB-X costs 

Shared pad potentially 
jeopardizes both STS and 
SRB-X 

Dependent on complex 
STS launch operations 

IV .... 
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of larger solid rockets for the first stage and a solid second stage, 
and the costs were not proportionally greater because of the reusable 
features of the first stage and the advantage of a broadened 
production base for the SRBs that are used for both first and second 
stages of the SRB-X. 

Each of these vehicles, once developed, offers the possibility of 
application to non-DoD missions now allocated to the STS; this raises 
policy questions not adaressed by this panel. 

NOne of the 3 candidate systems appears to have any significant 
growth potential* without major reconfiguration. Nor do any of the 
canaidate vehicles require development of new technology. A summary 
assessment of the 3 systems is presented in Table 11. 

COST CONSIDERATIONS FOR CANDIDATE ELVs 

The panel was provided with preliminary NASA and Air Force cost 
est~mates tor the 3 candiaate systems. Some of the information is 
proprietary and subject to refinement in the course of the on-going 
Air Force procurement actions. Therefore, specific dollar figures 
are not used herein. 

Documentation available to the panel was insufficient to resolve 
a~screpancies in NASA and Air Force cost estimates; what breakdowns 
were available indicate that there are considerable differences in 
the cost estimation processes. However, the differences are not 
regarded as significant compared to the estimates for the total 
expense of the national space launch system. 

In the opinion of the panel, incremental costs to the nation's 
launch program of the order of $2 billion for the launches during the 
5-year period should be contemplated no matter which vehicle system 
is chosen. A portion of this sum would be offset in the Air Force 
budget by elimination of 10 DoD-scheduled STS launches, but 
commercial costs and costs to NASA will be higher unless the vacated 
military flights can be sold to other customers. 

*Herein, •growth potential" is taken to mean the inherent ability to 
moaify or upgrade performance of a space booster without a complete 
redesign of the entire system. 
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VI 

Future Heavy Lift Launch Vehicles 

As indicated earlier, there currently exists no validated 
requirement tor launch vehicles with performance exceeding the 
STS/Centaur or proposed complementary ELVs. However, it is 
understooa that future DoD missions may require launching large 
payloads such as those associated with surveillance, communications, 
and the ~trategic Defense Initiative (Reference 7). For example, the 
SDI missions may require payloads in the range of 130,000 to 200,000 
lb (Reference 8) and there may be a requirement for launching very 
large payloads such as •tankers• for logistics support to future 
space operations (e.g., Reference 9) and explorations. It is the 
panel•s Judgement, based on the historical growth of satellite 
systems, that on-orbit weight 1s highly leveraged into improved 
systems performance. 

Regarding use of heavy lift by the commercial sector, the 
communicat1ons capacity of satellites is currently growing more 
rapidly than their weight. Somewhat larger satellites may be 
developea in coming years (e.g., for future Intelsats) because they 
might be more cost effective and, even more importantly, because 
space in geosynchronous orbit is rapidly becoming scarce. The 
STS-Centaur provides for growth up to 10,000 lb. Beyond that, larger 
and heavier payloads are not likely to be developed until suitable 
launch vehicles are available. 

HEAVY LIFT VEHICLE CONCEP'l·S 

In order to meet potential long-term needs, both NASA and the 
u.s. Air Force are pursuing studies of a number of unmanned launch 
vehicles with payload lift capabilities up to 450,000 lb to low earth 
ortiit and up to 140,000 lb to geosynchronous orbit. In the present 
studies, payload sizes of at least 25 ft in diameter and 90 ft in 
length could be accommodated. These vehicles all utilize components 
of the space shuttle in some form such as solid rocket boosters 
(SRB), space shuttle main engines (SSME), external tank (ET) 
sections, and an unmanned orbiter derivative cargo carrier, ana, 
therefore, represent existing technology. 

Two classes of vehicles are unaer consideration, an "in-line• 
cargo ven1cle and a "side-mount• configuration, some versions ot 
which are shown in Figures 6 and 7. 
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65,000 lb 

BASIC STS 

IN-LINE 

REUSEABLE 
SRBs PROPULSION/ 
AVIONICS MODULE 

1 SSME•-85,000 lb 
3 SSME-150,000 lb 

SIDE-MOUNTED 

REUSEABLE 
SRBs PROPULSION/ 
AVIONICS MODULE 

3SSME 
150,000 lb 

"SSME 1xpended-thi1 caM only. 

WITH 3RD STAGE 

MAIN STAGE: 4 SSME ~ 
UPPER STAGE: 1 SSME 
250,000 lb 

WITH 3RD STAGE 

MAIN STAGE: 4 SSME 
UPPER STAGE: 1 SSME 
250,000 lb 

Figure 6 Potential Heavy Lift Vehicles (NASA) 

WITH 3RD STAGE 

REUSEABLE 
LIQUID ROCKET 
BOOSTERS 

MAIN STAGE: 4 SSME 
UPPER STAGE: 2 SSME 
450,0001b 

WITH 3RD STAGE 

REUSEABLE 
LIQUID ROCKET 
BOOSTERS 

MAIN STAGE: 4 SSME 
UPPER STAGE: 2 SSME 
450,000 lb 

Payload weighu are for low earth orbit, 
eastern launch. 

~ • 
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65,000 lb 

BASIC SHUTTLE 

SIDE· 
MOUNTED 

IN-LINE 

3 ENGINES 

170,000 lb 

EXPENDABLE 

2 ENGINES 

150,0001b 145,0001b 

Figure 7 POtential Heavy Lift Vehicles (U.S. Air Force) 

3 ENGINES 3 ENGINES 

160,000 lb 

RECOVERABLE 
PROPULSION/ 
AVIONICS 
MODULE 

2 ENGINES 

250,0001b 

190,000 lb 

PERFORMANCE 
GROWTH 

4 ENGINES 

Payload weights ere for low Nrth orbit. 
eestern launch. 

N 
U'l 
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The panel considers these unmanned launch vehicle (ULV) concepts 
as viable candidates to meet future heavy lift launch requirements. 
The panel endorses the ULV study programs but notes that they do not 
appear likely to result in any significant improvement in cost per 
pound to orbit. 

The panel therefore stresses the need for new research and 
development in launch vehicle technology with particular attention to 
lowering cost to orbit in addition to the usual goals of performance 
and rel1a01lity. Since efficient upper stages reduce the size and 
cost of lower stages, use of high-energy propellants for additional 
stages should be explored. In general, more emphasis is needed on 
liquid rocket technology. 

It should be noted that once technology readiness is achieved, 
the aevelopment cycle for a future heavy lift launch vehicle would 
normally span 5 to 7 years. 

As a final note, the panel believes the nation should look beyond 
the immeaiate requirement for complementary ELVs and begin to lay 
plans for the next generation of launch vehicles with greater lift 
capaoility. It further observes that over the years NASA and the DoD 
have worked closely together to jointly define u.s. space launch 
veh1cle needs and strongly endorses this process for future launch 
vehicles. 
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VII 
Findings 

consistent with the specific charge, which was to examine 
candidate complementary launch vehicles and heavy lift vehicle 
configurat1ons, the panel otters the following findings: 

Complementary ELVs 

1. The complementary ELV as a means to a more assured access to 
space has unique attributes of operational flexibility and 
security not provided by the STS alone. 

2. The 3 candidates presentea by government agencies to 
the panel (the Atlas II, Titan 34D7, and SRB-X) were juaged 
to be roughly equivalent in cost, schedule, reliability, and 
payload-to-orbit performance. None of the 3 requires new 
technology. None has significant growth potent1al. 

3. The Atlas II and Titan 34D7 have an important advantage over 
the SRB-X in assuring timely access to space in that they 
are launched independently of the complex STS launch 
environment. 

4. Inasmuch as the STS is to remain the nation's principal 
access to space, it 1s essential that both DoD and NASA 
continue strong efforts to develop it into a mature 
operational system. 

Heavy Lift Vehicles 

1. There are presently no validated requirements that exceed 
the launch capability of the shuttle or complementary launch 
vehicles. 

2. DoD and NASA stuaies indicate the possible future need for 
launch vehicles with capabilities equivalent to placing in 
low earth orbit payloads in excess of 200,000 lb. 

27 
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3. These capabilities can be satisfied by the application of 
existing shuttle components and technology used in unmanned 
contigurations. 

4. Efforts are required to reduce substantially the cost per 
pound to orbit by the development and application of 
advanced technologies, simplified design, and improved 
operational procedures wi'thout loss of reliability. 
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Honorable James M. Beggs 
Administrator 
National Aeronautics and Space 

Administration 
400 ~•ryland Avenue, Southwest 
Washington, D. C. 20546 

Dear Mr. Administrator: 

January 25, liiC 

In recent years both NASA and the Air rorce have worked on advanced 
expendable vehicle configurations that could increase payload to orbit 

_,_ 
.... CIIIIIII._. - ............. ---. ..... -T·--.1.--.VA. 
CWIIIICII.-­
'---- .... c. . .... _ .IU. -·-···· -~-01111111111 ~. ILL --...­~-. ..., 
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-.n--.~ 
_._ITDil.LA. ... -··· 1'1111 ..-ull'llll. --·­___ _,_ILL 

....... - .··· 

at potentially reduced costs and provide a flexible backup for the space 
transportation system. Some of these potential configurations are shuttle 
derived expendable launch vehicles (ELY) in that they employ current or 
MOdified shuttle systems such as the solid booster, external tank and 
~in engines. Other configurations include an advanced seven segment 
Titan and 1 new Atlas. 

It appears that the state of analysis has reached 1 point where definition 
studies may now be initiated -- looking to the most promising candidate for 
this role. In view of the array of possible shuttle derived and non-shuttle 
derived candidatesi and the complexity of economic, technical and future 
~ission considerations, the Congress would benefit from an early, independent 
assessment of the advantages and disadvantages of candidate ELY vehicles to 
perform various alternative mission scenarios. The Appropriation Committees 
are particularly concerned with the potential payload capabilities, development 
ti .. i additional ground support requirement for virious candidate systemsi 
payload COMPatibility between the shuttle and candidate ElYSi cost trade offs 
between t~e candidate systems -- including the effect of such syste~S on the 
total cost of maintaining 1 national launcher capability. 

The Appropriation Committees requests that NASA have the National 
Acad~ of Engineering establish an independent review committee to prepare 
1 comprehensive as•essment that wtll focus on the .ost effective candidates 
considering both realistic future •ission requir ... nts and the cost. 
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Honorable Ja•s M. hggs 
January 25, 1114 
Page T.o 

34 

Jt fs requested that this study be submitted by September 1, 1984. 

Thank you for your usual cooperation. 

~i~ 
Senate Appropriations Subcommittee 

on HUD-Jndependent Agencies 

ward P. 
Chainnan 
House Appropriations Subcommittee 

on HUO-Jndependent Agencies 
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Appendix& 

STATEMENT OF TASK 
AN ASSESSMENT OF CANDIDATE EXPENDABLE LAUNCH VEHICLES FOR 

LARGE PAYLOADS 

The National Academy ot Sciences/National Academy of Engineering 
through the National Research Council contracted to furnish the 
National Aeronautics and Space Administration, through the NASA Chief 
Engineer, an assessment of candidate Expendable Launch Vehicles for 
Large Payloads in response to Congressional request. Th1s study is 
the fifth task under a broader contractual arrangement with NASA. In 
a letter dated January 25, 1984, from Senator Garn ana Congressman 
Boland to the NASA Administrator, requesting the task, it was asked 
that the study be completed and its results submittea to the House 
and senate Appropriations committees by September 1, 1984. 

To deal with the request for carrying out reviews of NASA 
programs, the NRC established the committee on NASA Scientific and 
Technological Program Reviews in 1981. In order to address diverse 
problems, the committee nas been authorized to establish ad hoc 
review panels, of which this--the panel to assess Candidate 
Expenaaole Launch Vehicles--is the fifth. 

The charge to the panel, based on the Congressional request, is 
to prepare an assessment of shuttle-class expenaable launch vehicles 
with primary emphasis on 1) increased payload to orbit, 2) 
potentially reduced cost, and 3) provision of a flexible back-up for 
tne space shuttle. Specifically requested is: 

o an assessment of future large payload requirements of NASA, 
DoD, and tne private sector tor standard launch vehicles and 
adaitional stages 

o an assessment of the advantages and disadvantages of 
cana1date expenaable launch vehicles, both shuttle-derived 
and other, to meet these requirements accounting for: 

o system development time and risk 
o ground support requirements 
o ground facilities requirements 
o payload compatibility with the shuttle 
o growth potential for future mission concepts 
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o cost trade offs between candidate systems, including 
the effect of such systems on the total cost of 
diversifying the national launch capability for 
large payload (comparable costs to be basea on 
available estimates from appropriate organizations). 

In carrying out this task, account should be taken of recent 
stua1es by the NRC, NASA, the Air Force and aerospace contractors. 
It is anticipated that NASA and USAF will provide information on 
their respective studies necessary to the conduct of this review. 

It is requested that the task be completed and the report be 
torwaraed to the Committee on NASA Scientific and Technological 
Program Reviews no later than August l, 1984. 

Committee on NASA Sc1ent1tic and Technological Program Rev1ews 
washington, D.C. 
February 24, 1984 
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Appendix( 
COMMITTEE ON NASA SCIENTIFIC AND TECHNOLOGICAL 

PROGRAM REVIEWS 

NORMAN HACKERMAN, President, Rice University, Houston, Texas, Chairman 
RAYMOND L. BISPLINGHOFF, Retired Director for Research and 

Development, Tyco Laborator1es, Inc., Exeter, New Hampshire 
GEORGE w. CLARK, Professor of Physics, Massachusetts Institute ot 

Technology, Cambridge, Massachusetts 
EUGENE E. COVERT, Professor of Aeronautics, Massachusetts Institute ot 

Tecnnology, Cambridge, Massachusetts 
ALEXANDER H. FLAX, President Emeritus, Institute for Detense Analyses, 

Alexandria, Virg1nia 
THOMAS P. STAFFORD, Partner, Stafford, Burke, and Hecker, Inc., 

Alexandria, Virginia 
JOHN w. TOWNSEND, Jr., President, Fairchild Space Company, Germantown, 

Maryland 
JAMES A. VAN ALLEN, Head, Department of Phys1cs, University of Iowa, 

Iowa Cit}', Iowa 
HERBERT FRIEDMAN, Chairman, Commission on Physical Sciences, 

Mathematics, and Resources, National Research council, 
washington, D.C., Ex Officio Member 

MARTIN GOLAND, Chairman, commission on Engineering and Technical 
Systems, National Research council, Washington, D.C., Ex Officio 
Member 

ROBERT H. KORKEGI, Executive Director 
JOANN CLAYTON, Stat£ Officer 
ANNA L. FARRAR, Administrative Ass1stant 
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AppendixD 

THE SECRETARY OF DEFENSE 

WASHINGTON . THE DISTRICT OF" COLUMBIA 

MEMORANDUM FOR SECRETARIES OF THE MILITARY DEPARTMENTS 
CHAIRMAN OF THE JOINT CHIEFS OF STAFF 
UNDER SECRETARIES OF DEFENSE 
ASSISTANT SECRETARIES OF DEFENSE 
GENERAl COUNSEl 

SUBJECT: Defense Space launch Strategy 

On 23 January 1984. I approved the attached Defense Space launch Strategy. 

The approach described in this document will be used to guide future defense 

space launch planning. Please ensure maximum ~istribution to all those affected 

within your departments and agencies. 

Attachment 

5~217 
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DEFENSE SPACE LAUNCH STRATEGY 

POLICY 

Defense space launch strategy has been developed in response to validated 
DoD assured space launch requirements and implements the launch policies con­
tained in the National Space Policy and the Defense Space Policy. The National 
Space Policy identifies the Space Transportation System (STS) as the primary 
U.S. government space launch vehicle, but recognizes that unique national 
security requirements may dictate the development of special purpose launch 
capabilities. The Defense Space Policy states that: 

"While affirming its commitment to the STS, DoD will 
ensure the availability of an adequate launch capability 
to provide flexible and operationally responsive access 
to space, as needed for all levels of conflict, to meet 
the requirements of national security missions." 

REQUIREMENTS 

The DoD has a validated requirement for an assured launch capability 
under peace, crisis and conflict conditions. Assured launch capability 
is a function of satisfying two specific requirements -- the need for comple­
mentary launch systems to hedge against unforeseen technical and operational 
problem~, and the need for a launch sy~tem suited for operations in crisi~ and 
conflict situations. While DoD policy requires assured access to space acros~ 
the spectrum of conflict, the ability to satisfy this requirement is currently 
unachievable if the US mainland is subjected to direct attack. Therefore, 
this launch strategy· addresses an assured launch capability only through levels 
of conflict in which it is postulated that the U.S. homeland is not under 
direct attack. Additional survivability options beyond an assured launch 
capability are being pursued to ensure sustained operations of critical space 
assets after homeland attack. 

STRATEGY 

Near Term: Existing Defense space launch planning specifies that DoD 
will rely on four unique, manned orbiters for sole access to space for all 
national security space systems. DoD studies and other independent evaluations 
have concluded that this does not represent an assured, flexible and responsive 
access to space. While the DoD is fully committed to the STS, total reliance 
upon the STS for sole access to space in view of the technical and operational 
uncertainties, represents an unacceptable national security risk. A complementary 
system is necessary to provide ·high confidence of access to space particularly 
since the Shuttle will be the only launch vehicle for all US space users. In 
addition, the limited number of unique, manned Shuttle vehicles renders them ill­
suited and inappropriate for use in a high risk environment. 

The solution to this problem must be affordable and effective and yet offer 
a high degree of requirements satisfaction, low technical risk, and reasonable 
schedule availability. Unmanned, expendable launch vehicles meet these criteria 
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and satisfy DoD operational needs for a launch system which complements the 
STS and extends our ability to conduct launch operations further into the 
spectrum of conflict. These systems can provide unique and assured launch 
capabilities in peace, crisis and conflict levels short of General Nuclear 
war. These vehicles are designed to be expendable and the loss of a single 
vehicle affects only that one mission and would not degrade future common, 
national launch capabilities by the loss of a reuseable launch system. 

The President's policy on the Commercialization of Expendable launch 
Vehicles states that the goals of the U.S. space launch policy are to ensure a 
flexible and robust U.S. launch posture, to maintain space transportation leader­
ship, and to encourage the U.S. private sector development of commercial launch 
operations. Consistent with this policy, the DoD will pursue the u~e of 
commercially procured ElVs to meet its requirements for improving its assured 
launch capabilities. For requirements that cannot be satisfied by commercially 
available ELVs, unique DoD developments may be undertaken for special purpose 
launch capabilities. 

The STS will remain the primary launch system for routine DoD launch 
services. Unmanned, expendable launch vehicles represent a complementary 
capability to the STS and will be maintained and routinely launched to ensure 
their operational viability. To accomplish this, selected national security 
payloads will be identified for dedicated launch on ELVs, but will remain 
compatible with the STS. 

lonT Term: While commercial expendable launch vehicles represent an 
affordab e and available solution to the unique DoD space launch requirement~ 
into the early-1990~, the need for other DoD launch capabilities to meet require­
ments beyond then must be evaluated and validated. This effort must be initiated 
immediately in order to ensure that future national security space missions 
are not constrained by inadequate launch capability. The evaluation should 
examine potential DoD launch requirements, such as the need for a heavy lift 
vehicle, and should attempt to take maximum advantage of prior investments in 
the U.S. launch vehicle technology base. 

IMPLEMENTATION 

As Executive Agent for launch vehicles, the Air Force will take immediate 
action to acquire a commercial, unmanned, expendable launch vehicle capability 
to complement the STS with a first launch availability no later than FY 1988. 
These vehicles must provide a launch capability essentially equal to the orig­
inal STS weight and volume specifications. 

In addition, the Air Force, in conjunction and coordination with other 
Services, affected agencies and departments, will: 

a) identify specific national security systems that will be 
used on the commercially procured expendable launch 
vehicles and the proposed peacetime launch rate required 
to maintain an operationally responsive posture. 
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b) develop a comprehensive space launch plan to meet projecteo 
national security requirement~ through the year 2000. Th;~ 
strategy will be submitted to the Secretary of Defense for 
approval and validation. 

The Defense Space Launch Strategy will be reflected in the FY-86 Defen~e 
Guidance Plan. 
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Appendix E 

PARTICIPANTS IN BRIEFING SESSIONS 

NASA PERSONNEL 

Hans Mark, Deputy Administrator 
Robert E. Austin, Chief, Space Transportation Group, Program 

Development Office, Marshall Space Flight Center 
Ivan Bekey, Director, Advanced Programs, Office of Space Flight, NASA 

Headquarters 
Charles R. Darw1n, Director, Preliminary Design Office, Program 

Development Office, Marshall Space Flight Center 
Lawrence K. Edwards, Chief, Advanced Transportation, Office of Space 

Fl1ght, NASA Headquarters 
Thomas A. Feaster, Manager, Advanced Studies, Future Projects Office, 

Kenneay Space Center 
Isaac T. Gillam IV, Assistant Associate Administrator for Customer 

Relations and POlicy, Office of Space Flight, NASA Headquarters 
William R. Marshall, Director, Program Development Office, Marshall 

Space Flight center 
Philip O'Neil, Special Assistant to the Deputy Administrator, Office 

of Space Flight, NASA Headquarters 
Milton A. Page, Advanced Transportation, Office of Space Flight, NASA 

Headquarters 
Lewis L. Peach, Jr., Special Assistant to the Deputy Administrator, 

NASA Headquarters 
William s. Rutledge, Chief, Engineering Cost Group, Program Planning 

Oftice, Marshall Space Flight center 
B1lly w. Shelton, Branch Chief, Systems Integration Branch, Program 

Deveiopment Oftice, Marshall Space Flight center 
Milton A. Silveira, Chief Engineer, NASA Headquarters 
Harry Sonnemann, Deputy Chief Engineer for Systems Engineering ana 

Technology, NASA Headquarters 
Mack Steel, Director, Resources and Institutions, Office ot Space 

Flight, NASA Headquarters 
L. Michael Weeks, Deputy Associate Adm1nistrator (Technical), Office 

of Space Flight, NASA Headquarters 
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U.S. AIR FORCE PERSONNEL 

Charles w. Cook, Deputy Assistant Secretary of the Air Force for Space 
Plans and POlicy, The Pentagon 

Col. Sebastian F. Coglitore, Deputy to Dr. Cook, The Pentagon 
Capt. Steven D. Jacques, Program Element Monitor, Expendable Launch 

Vehicles, Space Launch and Control Division, Directorate of Space 
systems and command, Control, communications, DCS, Research, 
Development and Acquisition, Headquarters u.s. Air Force, The 
Pentagon 

Col. John w. Mansur, Military Assistant to the Under Secretary of the 
Air Force, The Pentagon (formerly Chief, Space Launch and control 
Division, Directorate of Space Systems and Command, Control, 
Communlcations, DCS, Research, Development ana Acquisition, 
Headquarters u.s. Air Force, The Pentagon) 

MaJ. Thaddeus w. Shore, Assistant for the Defense Space Operations 
Committee, The Pentagon 

Brig. Gen. Donald J. Kutyna, Director for Space Systems and Command, 
control, communications, DCS, Research, Development and 
Acquisition, Headquarters u.s. Air Force, The Pentagon (formerly 
Deputy commander for Launch and Control Systems, Headquarters 
Space Division, Los Angeles) 

James R. Barnum, Cost Analyst (Statistician), Deputy for Controller, 
Headquarters, Space Division 

Maj. Steven R. Kraemer, Assistant for Plans and Projects, Deputy 
commander for Launch and control Systems, Headquarters, Space 
Division 

STRATEGIC DEFENSE INITIATIVE ORGANIZATION 

Lt. Col. George Hess, Acting Assistant Director, Supporting 
Technologies 

U.S. DEPARTMENT OF THE NAVY 

i'ranklin w. Dieaerich, Technical Director, Navy Space Project 

DEFENSE ADVANCED RESEARCH PROJECTS AGENCY 

RObert s. Cooper, Director 
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