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Foreword

In the 20 years since the first Apollo moon landing, the Nation has moved well beyond
the Saturn 5 expendable launch vehicle that put men on the moon. First launched in 1981, the
Space Shuttle, the world’ s first partially reusable launch system, has made possible an array
of space achievements, including the recovery and repair of ailing satellites, and shirtsleeve
research in Spacelab. However, the tragic loss of the orbiter Challenger and its crew three and
ahalf years ago reminded us that space travel also carrieswith it a high element of risk-both
to spacecraft and to people.

Continued human exploration and exploitation of space will depend on afleet of versatile
and reliable launch vehicles. As this special report points out, the United States can look
forward to continued improvements in safety, reliability, and performance of the Shuttle
system. Yet, early in the next century, the Nation will need a replacement for the Shuttle. To
prepare for that eventuality, NASA and the Air Force have begun to explore the potential for
advanced launch systems, such as the Advanced Manned Launch System and the National
Aerospace Plane, which could revolutionize human access to space. Decisions taken now will
affect the future of spaceflight in the 21st century.

This specid report examines a wide range of potential improvements to the Space Shuitle,
explores the future of space transportation for humans, and presents policy options for
congressiona consideration. It is one of a series of products from abroad assessment of space
transportation technologies undertaken by OTA, requested by the Senate Committee on
Commerce, Science, and Transportation, and the House Committee on Science, Space, and
Technology. In the past year, OTA has published a special report, Launch Options for the
Future: A Buyer’s Guide, atechnical memorandum, Reducing Launch Operations Costs: New
Technologies and Practices, and a background paper, Big Dumb Boosters: A Low-Cost Space
Transportation Option?

In undertaking this effort, OTA sought the contributions of a wide spectrum of
knowledgeable individuals and organizations. Some provided information, others reviewed
drafts. OTA gratefully acknowledges their contributions of time and intellectual effort. OTA
also appreciates the help and cooperation of NASA and the Air Force. As with all OTA reports,
the content of this specia report is the sole responsibility of the Office of Technology
Assessment and does not necessarily represent the views of our advisors or reviewers.

Dl A Lo
JOHN HGIBBONS
‘Director
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Congressional Alternativesfor Crew-Carrying Launch Systems

If Congress wishes to continue to improve the safety, reliability, performance, and/or
economy of crew-carrying launch systems, it has a number of alternatives from which to choose.
Several are listed below; they are not mutually exclusive, nor is the list exhaustive. Congress
could decide to proceed with one or more from each list of options.

Because of the long lead times for the development of space transportation systems, some
decisions will have to be made in the next year or two. Others can wait until the middle of the

next decade or later.

If Congress wishes to:

Improve Shuttle system safety
and reliability:

(Seech. 3)

I mprove Shuttle system
performance (payload carried
per flight):

(Seech. 3))

Maintain a sustainable
Shuttle launch rate of 9 to
11 launches per year:

(Seech. 3)

vir

Near-Term Decisions
Then it could:

« Fund development of Liquid-fueled Rocket Boosters (LRBs).

. Fund continued development and improvement of Ad-
vanced Solid Rocket Motors (ASRMs) and alternate
turbopumps for the Space Shuttle Main Engines

« Fund continued gradual improvement of Redesigned Solid
Rocket Motors (RSRMs).

. Fund installation of built-in test equipment in the Shuttle
and mor e automated test equipment in launch facilities.

High confidence in the safety or reliability of LRBS,
ASRMs or other new systems would require many flight
tests.

« Fund development of LRBs.

« Fund continued development of ASRMSs.

« Fund improvement of RSRM thrust.

« Fund development of lighter External Tanks.

. Fund procurement of a new orbiter made of new,
lightweight materials,

. Fund procurement of a new orbiter capable of flying
unpiloted.

LRBs offer the greatest performance increase. In
principle they could lead to improved mission safety.

. Fund the purchase of at least one additional orbiter to be
delivered as soon as possible (1996), and direct NASA to
minimize the number of Shuttle flights flown per year.
NASA could reduce Shuttle flights by:

a. postponing or canceling some planned Shuttle launches;
or
b. relying more on expendable launch vehicles, such as Titan
IVs.



Reduce risksto fleet
capabilitiesduring
Space Station
assembly:

(Seech. 3.)

Reduce risks to successful Space
Station assembly:

(See ch. 3))

Develop the technology base
for building new crew-carry-

ing
launch systems:

(Seechs. 4& 5.

Provide for emergency crew
return from the Space Station:

(Seech. 6.)

A four-orbiter fleet is required to sustain a Shuttle launch
rate of 9-11 launches per year. Shuttle reliability is uncertain
but may lie between 97% and 9990. If it is 98%, there is a 50%
probability of losing one orbiter about every three years
assuming a launch rate of 11 per year. Higher launch rates
would require additional launch facilities.

Purchasing an additional orbiter would provide a hedge
against attrition. Minimizing the number of flights per year
would reduce the probability of attrition before Endeavour
enters service.

. Direct NASA to buy and use Titan 1V launch vehicles, or
develop and use Shuttle-C launch vehicles, to carry some
Space Sation elements to orbit.

. Fund immediate procurement of one or more additional
orbiters.

The first option would reduce the number of Shuttle flights
required for assembly (from 21 to 10, if Shuttle-C is used)
and the risk to the Shuttle and Shuttle crews. The second
option would hedge against the effects of attrition.

e Direct NASA to develop and use Shuttle-C to carry some
Space Sation elements to orbit. (This would reduce the
total number of flights required and might reduce the risk
of losing an element.)

e Continue to fund technology development and test efforts
such as:

a. the National Aero-Space Plane program; or
b. the Advanced Launch System program.

ALS or NASP technology could be used in the Personnel
Launch System or the Advanced Manned Launch System

proposed by

. Fund a program to develop:
a. a capsule for Space Station escape; or
b. a glider for Space Sation escape.

However, the improvement to Space Station crew safety

that a crew emergency return vehicle might provide is highly

uncertain. i



Far-Term Decisions

If Congress wishes to: Then it could:
Build safer, more reliable crew; . Fund development of safer, more reliable launch systems
carrying launch systems: to augment or succeed the Shuttle. These might include:
a. a Personnel launch system (PLS), or
(Seechs. 4 & 5) b. an Advanced Manned Launch System (AMLYS), or
c. vehicles derived from the National Aero-Space Plane
program.

These systems are being designed to survive some types
of engine failure and could have crew escape systems.
However, designs have not been chosen, nor have detailed
safety assessments been performed.

Improve launch system . Fund development of launch vehicles or systems (e.g.
reliability: Space Transportation Main Engines) that could be
manufactured, integrated, and launched by highly auto-

(Seechs. 34, 5) mated methods with improved process control. Fault-

tolerant system design may be useful if critical compo-
nents are not sufficiently reliable.

Lower launch cost: . Fund development of vehicles designed for quick turn-
around, such as those being considered for an Advanced
(See chs. 4&5) Manned Launch System or as possible successors to the

proposed National Aero-Space Plane test vehicle (X-30).

Vehicles derived from the NASP X-30 may have greater
potential to reduce launch costs compared with two-stage
AMLS configurations. However, they would be more risky
to develop and would likely be available later.



Selected Options for | mproving the Space Shuttle System

The following options were selected from a wide range of possible improvements to the Space Shuttle
System. The effectiveness of each option represents OTA’S considered judgement. However, each may be
more or |ess effective depending upon other improvements chosen and the pace at which they are implemented.

Objectlves
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Options
Major investment
1. Continue to develop the Advanced Solid * X *x *k
Rocket Motors (ASRMs)
2. Fund development of Liquid Rocket Boost- | k%% Hok & * * * Ak
ers (LRBs)
3. Develop Shuttle-C ok dokk *
4. Fund purchase of one or more additional *kk * k%
orbiters
5. Fund development of capsule or glider for Ak *
Space Station escape
6. Institute integrated long-term program to Fodk Jodek * ¥k Tk *
improve reliability, safety, and perfor-
mance of Space Shuttle system
Supporting improvements
1. Continue to improve the Redesigned Solid | * *x * *
Rocket Motors (RSRMs)
2. Incorporate built-in test equipment in ex- * *k * *kk
isting launch vehicles and develop ad-
ditional automated test equipment for
launch facilities
3. Develop lighter weight External Tank *k *
(ET)
4, Develop lightweight structures for Shuttle *k *
orbiter
5. Modify orbiter for automatic flight capa- * * * *
bility
6. Fund technology development and test ok * *k * Yok K
efforts
7. Shift all payloads not requiring crews from ok *k ok
Shuttle to expendable launch vehicles to

reduce Shuttle flight rate

KEY: %% % . Very effective
*#* . Moderately effective
* . Somewhat effective



