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Abstract

The major objectives of the next generation space transportation
system are outlined and discussed. Although the initial imﬁetus for
considering a new STS stems from a need for cost reduction in space
operations, other objectives related to flexibility and versatility
of the transportation system may ultimately be just as important as
the economics. A number of the major objectives in the areas of eco-
nomics, operations and design are described. The measure of satisfac-
tion of these objectives is a key element in developing evaluation or
selection criteria. Also important are issues related to the specified
operational requirements and the approach chosen for system development.
Some of the implications of these issues on the selection process are

discussed briefly.

INTRODUCTION

It is fairly easy to specify desirable attributes of a next-gener-
ation space transportation system, but it is much more difficult to se-~
lect a comprehensive set of criteria to comparatively evaluate compet-
ing systems. These criteria must combine quantitative comparisons with
qualitative judgments, one goal with another.

While the major criteria for STS selection have tended to be eco-
nomic, other criteria may in the future prove to be as important. A
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planner in 1985 may, for example, find the original R&D costs in 1970

to be much less important than "flexibility," which at the present seems
a vague concept., With design flexibility, new engineering techniques or
technologies may be introduced into the basic design, or the original
configuration stretched to meet new requirements. Operational flexi-
bility permits adapting the STS to missions outside the original per-
formance envelope, or the routine use of launch and recovery facilities
beyond those originally planned. Often flexibility benefits may ulti-
mately feed back into the economics of the space program, e.g., adapta-
bility of the STS to design and operational changes may decrease recur-
ring costs significantly.

Cost reduction provides the impetus for considering a new space
transportation system, but the ultimate goal is to provide an efficient
system for transporting men and material to and from space. At some
time the United States will decide to develop an STS with low enocugh
transportation costs and sufficient flexibility to realize some of the
advanced ideas for using space. The question of whether now is the time
for such development is central to the selection process. Although the
price may seem high (and the technological risks greater than desired),
sooner or later it must be paid; the historian in 1985 may view it as

cheap indeed.

OBJECTIVES QOF A SPACE TRANSPORTATION SYSTEM

A new space transportation system should by definition be an im-
provement over the existing system. The desired improvements can be
defined by carefully describing a set of objectives that can then be
translated into a limited number of selection criteria in order to eval~
uate the relative merits of competing concepts. Ideally, the objectives
and the resulting criteria should be describable by quantitative measures,
but there are always many important factors that cannot be measured quan-
titatively. The objectives fgr a space transportation system can be di-
vided into four somewhat interdependent groups: economic, operational,

design, and others.



Economic Objectives

The high cost of placing payloads into orbit has been the major
stimulant for studying new space transportation systems. Although ex-
clusive emphasis on economical operations is not justified, no new trans-
portation system should be considered unless it promises to be economi-
cally attractive compared to present systems.

The most direct measure of the economics of a system is the total
transportation system costs, made up of the R&D costs, the investment
in vehicles and facilities, and the operating and maintenance costs.
There are other less direct measures: the ability to abort a mission
econcmically; the insensitivity of recurring costs to off-design condi-
tions or to changes in mission or payload requirements; the growth po~-
tential of the system; the impact of low-cost transportation on space
operations and space system costs.

The basic ingredients of the cost equation for an STS have been
widely discussed and are well known to everyone. I will not dwell on
them here, but I would like to comment on several of the indirect ob-
jectives that have an important effect on total costs.

The ability of a launch vehicle to abort a mission with complete
recovery of all reusable components is an important cost consideration.
First, ability to abort determines to some extent the number of launch
vehicles that must be purchased. Since a reusable launch vehicle will
be expensive, failure of recovery after an aborted mission will add a
significant sum to the cost of operating the system. Second, the way
in which the vehicle aborts may have an important bearing on the subse-
quent refurbishment costs. Third, the ability to save the payload is
particularly important, since it may cost more than the transportation
vehicle,

The mission, weight, and volume requirements of future payloads
are likely to be varied, and a new STS must be capable of satisfactor-
ily handling these variations. The new launch system must be able to
accommodate off-design payloads for total launch costs less than those
of present booster systems. It is impractical to demand this for all

payload sizes, of course; there will be lower and upper bounds beyond
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which use of present booster systems would be more economical. The ob-
jective should be to encompass as wide a range of sizes as possible.

Variations in other mission parameters besides payload are also
important in affecting transportation costs. Future transportation
systems may be required to perform a number of missions for which they
were not originally designed. To 'capture" these missions, STS must be
relatively insensitive to a variety of mission parameters. The cost to
change basic performance characteristics after a system has‘been designed
is very great and should be avoided, but the space transportation system
should be sufficiently flexible to adapt to unexpected changes in per-
formance requirements without extensive modifications.

Closely related to the above is growth potential, which can be de-
fined as the ability of the vehicle to accommodate to increases in per-
formance requirements either through changes in the vehicle itself,
changes in subsystems of the vehicle to incorporate improvements in
technology, or simple additions (e.g., an extra strap-on tank) that can
be made without substantial cost. If a new STS is not to become obso-
lete during its expected lifetime, provisions for growth potential must
be made. Premature obsolescence has an important bearing on gross costs;y
and hence on the economic attractiveness of any particular transportation
System concept.

Finally, as the recurring costs of space transportation decrease,
it may be possible to justify economically new uses for space systems.
Some of these applications may indirectly reduce total space system costs.
For example, the repair and orbital maintenance of unmanned satellites by

an STS may lead to a net reduction in mission costs.

Operational Objectives

Another major objective for a space transportation system is to
operate with theease and efficiency of modern air transportation sys-
tems. The value of the operational flexibility this implies is diffi=~
cult to measure, but there is little doubt that the long-term impact on
space operations would be considerable. Some of the performance char-

acteristics that influence operational flexibility are outlined here.
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The ability of a space transportation system to injeét payloads
into a variety of orbits, to change its orbital parameters, and to re-
turn from orbit under relatively unconstrained conditions are highly
desirable features of a system designed for routine operational use.
These capabilities do not exist in any measurable degree in present
launch or reentry systems, nor are they likely to result from proposed
modifications to those systems.

After performing a mission, it may be necessary to return quickly
to a predetermined landing site. Return capability can be expressed
by several meaningful parameters: the average time required to return,
the vehicle's crossrange capability, or the number of additional orbits
required before return is possible. Furthermore, some vehicles appear
to have superior landing characteristics, which would improve both their
probability of a successful return and their likelihood of being able to
land at the desired site regardless of weather or lighting conditionms.

In addition to launch and reentry flexibility, some military opera-
tiens will require a capability for launch on short notice. To some de-
gree the time required to prepare a vehicle for launch is a function of
the money spent on this preparation, but different systems are likely to
have different inherent capabilities for quick reaction.

Without expeditious payload handling (as in present aircraft sys-
tems), many of the advantages of low launch costs will be negated by
high payload integration costs. Quick handling, onboard payleoad check-
out, optimal volume utilization, and efficient egress techniques are
all desirable. Efficient payload handling requires modular payload bays
that are essentially unaltered from flight to flight; in principle, the
transportation vehicle should act as a truck, with only modest altera-
tions from payload to payload.

The ability of the vehicle to guide itself into orbit and be able
to monitor and record onboard any ancmalies in system performance would
remove many constraints on routine operational use and would permit
space launches to approach the simplicity of aircraft operations.

With autonomous checkout and navigation, STS vehicles might be

able to use a wide variety of launch sites, which implies a need for



inexpensive launch facilities (compared to present-day costs). In ad-
dition, it would be convenient to launch the vehicle without serious
regard for launch azimuth constraints. This would not only permit
greater mission flexibility for a number of military space missions,

but would also be necessary if inland facilities were to be employed.

Design Objectives

Goals related to overall system design play an important role in
assuring that the chosen design is not dead-ended, will perform up to
expectations, and does not have potentially embarrassing flaws.

Initial estimates of system performance often tend to minimize de-
sign uncertainties and critical technology questions that could dras-
tically reduce performance. As a result, the decisionmaker often re-
jects novel approaches as "high risk'', which encourages evolutionary
rather than revolutionary development. Evolutionary development for
space transportation systems implies dependence on missile system tech-
nology and little emphasis on vehicle reusability or major increases in
performance capabilities.

Two measures of risk for a given vehicle concept are its sensi-
tivity to perceived design uncertainties (in terms of either payload
capability or cost) and the dependence of the design on critical tech-
nology advances. Insensitivity to design uncertainties insures that
the value chosen for a particular design parameter (e.g., the propel-
lant fraction of an expendable booster) is not so critical that miner

deviations from the specification would seriously degrade the performance

capabilities. The decisionmaker should also be able to judge whether
the technological advances (e.g., a low-cost, easily refurbished radi-
ative heat shield) are so uncertain as to negate claims for the vehicle,
and demand their resolution before making a decision.

Vehicle designs can meet new performance standards in the face of
initial uncertainty in a number of ways: for example, they can be de-—
signed so as to readily incorporate technological or design improve-
ments, or they can be modular, permitting the alteration of a component

(e.g., the size of tip tanks) to increase performance as required.



Other Objectives

There may be numerous other objectives for a space tramsportation
system that are not directly related to economic or technical considera-
tions. It is neither feasible nor appropriate to attempt to specify '
these objectives here; a few examples are mentioned in the following
paragraphs.

In the early sixties, many uses of space were considered by both
the military and NASA. With the growing understanding of the high costs
of space systems came a general diminution of claims for its utility. A
new STS that is inexpensive to operate and easy to use could reverse
this trend. It seems clear that an acceleration in the use of space
would sharply alter the tenor of the civilian and military space programs.

Military preeminence of one country over another is very subjective.
In many instances, form rather than substance 1s the relevant measure in
international affairs. A new STS with great flexibility in handling mil-
itary missions may add to military superiority without markedly altering
actual military capabilities; of course, advanced uses of space that do
augment military capabilities would be doubly important.

Several space programs have been authorized to bolster national
pride in the scientific preeminence of the United States. Much of the
"space race" follows from arguments that the United States must maintain
its superiority in scientific areas or suffer drastically in prestige.
While such things are difficult to measure, not all new systems appear
to add equally to this prestige; those which offer significant perform-

ance advances would seem to be favored.

CONSIDERATIONS IN THE SELECTION PROCESS

The determination of the '"best' selection of a next-generation space
transportation system is a classic problem in systems analysis. While
there are no formal procedures to follow in systems analysis that can
guarantee an answer, certain general study patterms have proven success-
ful in the past. First, a systematic investigation of the objectives

and relevant criteria for deciding among alternatives is needed. Next,



the alternatives must be defined and compared in terms of their ability
to meet the objectives, taking into account the risks and uncertainties
characteristic of the problem. Finally, an attempt should be made to
find ''good" alternatives, or to define other goals if those considered
are found wanting. It is worth repeating that the role of the systems
analyst is not to select a transportation system but to present the
relevant comparative information and the important issues to the de-
cisionmaker in a form that will augment his judgment when he makes the
selection.

It happens that a number of decisions have already been made in
the selection process, in ﬁany cases without benefit of the complete
and ideal systems analysis alluded to above. These decisions were based
on the results of the many studies on launch systems performed in recent
years, and on the application of informed judgment regarding such things
as technical risk. For example, already rejected from consideration are
concepts involving horizontal take-off, vertical landing, nuclear pro-
pulsion, single stage to orbit, three-stage systems, and expendable (or
non-reusable) spacecraft. There appears to be a tentative decision in
favor of all-reusable systems on the basis of economics, operational
flexibility, and design feasibility. This decision is subject to argu-
ment on all three grounds, but the potential advantages of an all-re-
usable system are very attractive. Because of uncertainties in some of
the critical design areas, it may be prudent to develop initially a sys-
tem that is only partially reusable, but it would be highly desirable
to be able to convert eventually to full reusability without the need
for an entire new design cycle. It would be unfortunate to have to wait
until 1995 for the truly reusable space transportation system and all of
its advantages. ‘

Under these conditions, the selection process for the space trans-
portation system is reduced to a different level of detail. No longer
are we evaluating different concepts for an STS, but rather different
configurations representative of a single concept, i.e., a two-stage,
VTOHL, reusable system. As a result, it is necessary to make a more
careful appraisal of issues such as the operational requirements and

the development plan, since these now have a stronger effect on total



program costs than do the details of the configuration. At the same
time, the operational requirements will to some degree dictate the char-
acteristics of the configuration, whereas they might have only secondary
impact on comparisons between concepts.

Some of the more controversial requirements that influence the
configuration are:

Payload Weight and Dimensions. The size of the payload has the

typical first-order effect on the gross size of the transportation sys-
tem, although in the case of the stated requirements for recent studies
it appears that the volume requirements are much more influential than
the weight.

Pavload Return Capability. The requirement for return of large

payloads from orbit has a strong influence on the method of transport-
ing and packaging the payload, and has a significant effect on the wing
loading and flight profile during reentry.

Lateral Range. - A requirement for large cross-range in the return

flight will favor configurations having good hypersonic lift-drag ratios,
and will influence the choice of thermal protection system and the com-
plexity of refurbishment.

All-Weather Landing. The desire for all-weather or wave-off land-

ing provisions demands that the system have good subsonic flight char-
acteristics, which in turn dictates the need for some form of efficient
lifting surface and continuous power in the spacecraft configuration.
In addition to the direct effect of these requirements on the general
arrangement of the spacecraft, they also have an important influence

on the gross lift-off weight.

In the case of these and some other design and performance require-
ments, it is not always possible to develop conclusive arguments. However,
sufficient information is available to present the various trade-offs
in a form that will allow decisions that are rational, objective and
informed rather than arbitrary and parochial.

Perhaps the most important decision to be made in the space trans-
portation system program is that regarding the development plan. The
approach chosen for system development and acquisition will have pro-

nounced effects on the cost of the STS, on the time-phased costs of
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the entire national space program, on future operations in ;pace, and
on the timing of development of other major space programs. At least
four different approaches to development have been discussed for the
STS, and there are probably more.

1. Full scale development with an all-up flight test program--
this plan has the eminent advantage of having proved success-
ful in past development programs, but it is argued that it
would be both risky and expensive for the STS.

2. Full scale development with an aircraft type of flight test
program-—proponents claim that there would be considerable
savings in development costs and that many uncertainties
could be resolved noncatastrophically in flight test, but it
is not clear that this approach could really be applied suc-
cessfully to a vehicle having the flight spectrum of the STS.

3. Initial development and test of demonstration vehicles--the
testing of demonstration or prototype vehicles would also re-
solve uncertainties before operational development, but even
if the demonstration vehicles were subscale the program would
probably be very costly, and initial operation would be delayed.

4. Technology program followed by later development--this approach
would allow the solution of outstanding technical and opera-
tional problems before commitment to a particular system de-
velopment, but the initial operational date would be delayed

by essentially the length of the technology program.

Which of these development plans or which combination should be
chosen is a subject for careful consideration before embarking om a
.program of the magnitude of the STS. The success of the program,
measured first in terms of absolute technical performance, but more
importantly in terms of acceptance by the public and by those control-

ling the funds, may depend on the course chosen.
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