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Abstract

‘The objective of the Space Shuttle Program is
to achieve an economical space transportation sys-
tem. This paper provides an introductory review
of the considerations which led to the Govermment
decisions to develop the Space Shuttle. The role
of a space transportation system is then consid-
ered within the context of historical developments
in the general field of transportation, followed
by a review of the Shuttle system, mission pro-
file, payload categories, and payload accommoda-
tions which the Shuttle system will provide, and
concludes with a forecast of the systems utiliza-
tion for space science research and payload plan-
ning activity.

Introduction

In 1979, only two decades after the success-

ful launch of the 1b-kilogram (31 pound) Explorer I

satellite, the United States is scheduled to be-—
gin orbital flight of the Space Shuttle system
(Fig. 1). This system is being -designed to rou-
tinely carry payloads of up to 29 510 kilograms
(65 000 pounds) into Earth orbit. Large general-
purpose payload capacity is an important feature
of the Shuttle system design; however, an equally
important aspect of the Space Shuttle is the re-
usability of most of its major hardware elements.
Tt is this "reusability” feature that will en-
able the Shuttle system to overcome the major
obstacle to exploitation of space — the high

cost of space flight operations.(l) Since the
launch of that first American Earth-orbiting sat-
ellite on January 31, 1958, U.S. unmanned satel-
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Fig. 1 Space Shuttle.
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lites have probed the near and distant reaches
of space. Manned missions have progressed from
15-minute flights covering a few hundred kilome-
ters to extended orbital flights and the success-
ful completion of six 925 000-kilometer

(500 000 mile) round-trip lunar exploration
missions. From 1958 until 1973, the United States
had successfully launched over 600 payloads with
a total expenditure estimated at over

$60 billion.(2) The cost of deliverimg the early
satellites to orbit was approximately|$2.2 million
per kilogram ($1 million per pound) compared tq
current delivery costs of $1980 per kilogram ($900
per pound). These significant cost reductions
were due principally to economies realized by in-
creased production rates, improved launch vehicle
performance, use of standard launch vehicle sys-
tems for U.S. Department of Defense/NASA payloads,
and the overall increasing level of space activ-
ity. But today, as in the 1950's, every launch
vehicle is eXpended after its initial |use and,
equally significant, its payload as well.  Once
payloads are placed into space, they can no longer
be repaired, modified, or reused. As|a result
designers have been driven to develop| payloads|of
"minimum weight and volume".and.'maximum perform-
ance." Bvery component has been designed to the
limit, with low margins and low tolerances. : The
low design tolerances require extensive testing
and enormous amounts of personal attention and
control to assure success.. Most systems are tai-
lormade for one purpose and -can be~usad oplnycr
that purpose. The technology of microminiaturiza-
tion of electronic circuitry was stimulated-by|the
need to conserve payload weight and .vplume because
of the overridingly important relationship of -
weight to costs in launch vehicle performance-:
tradeoffs. All this is changing as .we. approach
the Shuttle era in space flight operstions where
weight and volume constraints can be relaxed. |The
payload designer can now optimize his| payload.for
"ow cost” and "high reliability.”

The cost-effective development of. the Space
Shuttle system and the resultant impact on pay+
load design will satisfy three critical factors
which should guide the development of | new systems
for space operations advahced by the Bpace Task
Group in 1ts report to the President in Septem-

ber 1969. These factors ‘are as follows.

1. Commonality - The use of a few major sys-
tems for a wide variety of missions

2. Reusablllty - The use of the same syst
over a long period’ for a mmber of mlasions

3, Economy - The reduction in the number o
throwaway elements in any mission; the reduction
in the number of new developments required, th
development of new program principles| that capi-
talize on such capabilities as man-tending of
space facilities; and the commitment fto simplifi-
cation of space-hardware




A National Space Objective

In September 1969, the Space Task Group ap-
pointed by the President to recommend a coordi-
nated post-Apollo Space Program for the United
States made the following recommendation.

"hat this nation accept the basic goal Jf a
balanced mavmed and wmanned space program con-
ducted for the benefit of all mankind. To
achieve this goal, the United States should empha-
size the following program objectives:

", . develop new systems of technology for
space operations . . through a program
directed initially toward development of a new
space transportation capability . . . ."

Authority to Proceed

On January 5, 1972, after several years of in-
tensive study by NASA and the U.S. Air Force of
the principal contending vehicle configurations
and cost estimates for a space transportation
system, the President proposed and the Congress
subsequently approved NASA's plan for the Space
Shuttle system.

The President said, "This system will center
on a space vehicle that can shuttle repeatedly
from Earth to orbit and back. It will revolution-
ize transportation into near space, by routinizing
it. It will take the astronomical costs out of
astronautics. In short, it will go a long way
toward delivering the rich benefits of practical
space utilization and the valuable spinoffs from
space efforts into the daily lives of Americans
and all people . . This is why commitment to
the Space Shuttle Program 1s the right next step
for America to take . . . .

In the Congress, the Shuttle Program has re-
ceived continuing substantial support in both
branches, and this has enabled NASA to proceed
effectively with the development phase of the
program.

Transition and Commitment to the Future

In 1972, having completed a transition from
the manned exploration and operational experimen-
tation programs which began in the 1960's, NASA
moved toward space activities which focus on
direct practical down-to-Earth applications of
space technology. Some of the most promising of

the new applications of space are the Earth obser-

vation missions for such tasks as weather fore-

casting, alr and sea navigation and control, Earth

resources, land use management, and many other
Earth-related functions.

The Space Shuttle system will provide a capa-
bility for exp101t1ng the near~Earth space envi-~
ronment on a larger scale with greater results
while reducing costs in dollars and preparation
time for launch systems,.experiments, payloads,
and operations. The use of this general-purpose
launch system in the 1980's (Fig. 2) and beyond
will result in an era of integrated manned and

APOLLO

L'/

LTTLE JOE -
{MERCURY}

GEMIN)

SATURN

MANNED & UNMANNID
I SPACE SYSTEMS

UNMANNU; SATELUTES

T B
PIONEER e
VANGUARD EcHo - VIKING
EXPLORER

1959 1960 0
FAMILY OF LAUNCH VEHICLES FOR UNIQ

Fig. 2 Space Shuttle
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Mobility and Progress search and experimentation phases except by vit
sionaries, but each series of improvements in
Students of history are well aware of the role transportation technology moved man to a new
whieh transportation developments have played in plateau of economic and social improvement . F;r
the progress of civilization. Transport — the example, the building of canals im.e ly American
ability to move people and things over natural . history reveals initial efforts aimed
obstacles — has been a key to world progress ing the obstacles of the East Coast f
since the invention of the wheel, which is thought mountain ranges. The canals involved
to have occurred about L4000 years ago. This con- considered heavy subsidization by publi
nection between the advancement of transportation those days, but the principal example
systems in speed, flexibility, and utility and Canal, drastically reduced the cost
the overall advancement of society is borme out goods from the Eastern seaboard inl
by many historians. One suthority maintains . . (5)
that ". . . Transport has special significance ?or 1tse%f in & few years. Of gr
. ' i srot s icance, it directed the movement of
because of the pervasive role of 'Mobility' in N . P
. . N . : . lations, fixed the destinies of coun
facilitating other objectives. Transport is a N .
s . ; and states, and made the first effec
necessary ingredient of nearly every aspect of

economic and social development." Mobility then

is a dynamic description of transportability. The
Space Shuttle will build 'upon the achievements of
past transportation systems blending particularly
the aircraft and spacecraft technologies and
challenging the engineering and scientific .talents
of these industries-to produce a new mobility for
space research andrapplications. This new mobility
will enable man to’overcome modern-day obstacles to
progress and will ofen the path for countless
applications of spaceborne systems.

Throughout the history of the development of. -
transportation»teéhnology, examples of a tech- ‘
nological advance-are found followed by experi-
mentation and eventually by applications for
progress in many other fields. In most cases, the
applications were not anticipated during the re-

the great interior of America, in th
ment of & national market, on which i

development could be based.™ For
fits, the canal-concept had serious
not the least of which were a lack o
and inherent climatic weaknesses; an
cenal era ended, snother more mobile
transportation form appeared. The n
of the railroads, with increased spe
concept of canals .obsolete until the
ductive applications were realized 1
such as the Suez and Panama Canals,

completed in 1869 and 191k, respecti

The railroads also required heavy
of public funds, but they further re
of transportation because of their
pacity, providing efficient transpor




ices to a vast and largely unsettled continent.
According to one prominent economist, the rail-
roads played a leading role in the crucial "take-
off" stage of economic development in the United

States.(z) However, the railrocads were limited
in flexibility and speed and thus were soon to be
challenged by a revolutionary concept of
transportation.

The evolution of economical air transportation
systems is an especially relevant story from which
reasonable conclusions can be postulated sbout the
role which the Shuttle can be expected to play in
future economic growth. Although the first air-
craft was successfully flown by the Wright broth-
ers at Kitty Hawk in 1903, the significance of the
speed and great flexibility of the aircraft was
not fully recognized for several decades. Eventu-
ally, it became apparent that aircraft speed could
influence the time-distance equation to the point
where virtually any spot on the globe was acces—
sible in hours.

It was approximately 30 years later, with the
introduction of the Douglas DC~3 and similar air-
craft, that air transport began to compete econom-
ically with the railroads. As one authority has
noted, "Modern commercial aviation got off the
ground with the production of all-metal, twin-
engine airliners —— particularly the DC-3." For
years, the DC-3 was the workhorse of air trans-
port, providing the foundation for the trans-
portation of people and goods as opposed to mail,
which was the predominant paylocad of airplanes

prior to 1935.(8

After World Waer II, research with rocket air-
craft and jet engines produced aircraft with
speeds which further assaulted the time-distance
barrier, ushering in the Jet age. In 1972, sched-
uled airlines carried 450 million passengers
(30 million of these on transoceanic flights).
Daily intercontinental travel by thousands of pas-
sengers is now a routine event that was undreamed
of just a half century ago. In that year, the

air cargo industry flew 13 400 x 109 kilogram-
kilometers (8 billion ton-miles) of carge. By
1985, this. growth industry is expected to produce
revenues on the order of $lh billion per year. .
Transport aircraft technology has now reached the
point where a Boeing T47 jet, which can carry
366 passengers and 3178 kilograms (7000 pounds)
of cargo 8325 kilometers (4500 miles), can pay
for itself even with all seats empty, provided

85 percent of its huge cargo space is full.(9)

With the launching of the Russian Sputnik in
1957, we had reached a new plateau in the history
of man's quest for mobility, when the obstacle of
Earth gravity was overcome. The past 15 years
have witnessed the application of this new capa-
bility in many different ways: the development
of ballistic missile systems for national defense;
the placement of sophisticated equipment in Earth
orbit for the purposes of experimentation, re-
search, and commerce; the launch of exploratory
menned and unmanned payloads to the Moon; and un-
manned payloads to other planets in our solar
system.

The combined results of decades of aeronautical
and space research, including the X-series rocket

airplanes and the Mercury, Gemini,| Apollo, and Sky-
lab manned space flight programs, have supplied
the technclogy for the emergence of the Space
Shuttle, the first economically fepsible space
transportation system. Like the DC-3, the Bhuttle
offers a new and unigue form of mobility ——| routine
spate flight beyond the constraining envelope of
Earth's atmosphere and gravity.

"Initiative and innovation," ong authority has
noted, "are successful when the time and place for
introducing a new system are correctly judged.
Once the initial risk has been accepted and|the
new means demonstrated, exploitatipn is not|usu-

ally very difficult."(lo) The initiative for in-
troduction of this new system has been provided.

The Govermment-industry team working on the
Shuttle Program is now demonstrating the inno~
vative ability needed to develop this effective
system at a price which the economy can afford.
Exploitation will surely follow, as it has in

every previous chapter in the histpry of trans-
portation technology.

Space Shuttle System and Payload Operations

The Shuttle flight system is composed of|the
orbiter, an external tank containing the ascent
propellant to be used by the orbiter main engines,
and two solid-rocket boosters. The general|system
specifications are shown in Figurel L. The $Space
Shuttle mission begins with the installation of
the mission payloads into the orbiter payload bay
(Fig. 5). The payload will be checked and serviced
before installation and will be activated on” orbit.
Flight safety items for some payloads will be
monitored by a caution and warning system.

The solid-rocket boosters and the orbiter
main engine will fire in parallel lat lift-off.
The two solid rockets are jettisoned after
burnout and are recovered for reuse by .eans of a
parachute system. The large hydrogen and oxygen
tank is jettisoned before placing {the Space Shut -
tle orbiter into orbit. The orbital maneuvering
system of the orbiter is used to abtain the .
desired orbit and to meke any subsequent maheuvers
that may be required during the mission.
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Fig. 4 Space Shuttle system.




Fig. 5 Space Shuttle mission profile.

When the payload-bay doors located in the Top
of the orbiter fuselage open to expose the pay-
load, the crewmen are ready to begin payload
operations. Payloads weighing 29 500 kilograms
(65 000 pounds) can be carried to low Barth orbit.
The duration of the initial missions will nomi~
nally extend to as many as 7 days. By adding con-
sumebles in mission kits, the mission duration can
be extended to as long as 30 days.

On completion of orbital operations, deorbit-
ing meneuvers are initiated. Entry is made into
the Earth atmosphere at a high angle of attack.
At low altitude, horizontal flight attitude is
assumed for approach and execution of a high-
performance aircraft-type landing.

A 2-week ground turnaround is the goal for .
reuse of the Space Shuttle orbiter. ’

Onforbit Service of Satellites

The NASA is studying a family of applicabion-
satellites to be placed in orbits of various
inclinations and altitudes. Low-cost standard
hardware is expected'fo comprise much of each
satellite.  Among other features, the design of
this hardware will provide for on-orbit servicing
(Fig. 6) by.changeout of supporting subsystem
assemblies and applications sensors. These system
features, in association with the Shuttle-based
equipment and Shuttle operational technigues,
will permit on-orbit malntenance and updatlng of
this family of satellites.

Fig. 6 On-orbit satellite servicing.

Placement of Laboratories in Space

Free-flying space telescopes (Fig.

7) reprs-

sent a type of international facility for on- rbit
space research controlled by the investigatin

scientists on Earth.

Shuttle will deliver the telescope t

Design studies |of these
future payloads are currently underway.
orbit, a

The Space

the crewmen will assist in preparing|the facility

for operation.

During scheduled revisits to the

facility, the Space Shuttle crewmen yill service
supporting subsystems, exchange scientific hard-
ware, and, several years later, return the faeil-

ity to Earth at the end of its mission.

International Cooperation in Space

The large pressurized Spacelab module wit
an external equipment pallet will be a frequ
payload carrier during the Space Shuttle era
Nine member nations of the Europe
space community have agreed to commit.approx
mately $400 million to design and deliver on

(Fig. 8).

se_f

of flight hardware plus the necessary suppor i
equipment to the United- States.. Agreements

the United States.
technological,

ware. Fach Spacelab may be flown
50 times over a 10-year period.

Fig. 8 Alternate Spacelab/pallet
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ptions.



Use of Propulsion Stages

Major activity is forecast for geosynchro-
nous orbits, deep-space missions, elliptical
orbits, and higher circular orbits. Payloads with
such destinations will require a propulsion stage
in addition to the Shuttle. The Space Shuttle
will deliver the payload with a propulsion stage
to low Earth orbit and will stand by until a
successful on-orbit launch is effected. 1In an
initial cooperative effort, the Department of
Defense is planning to adapt an existing propul-
sion stage to be an interim upper stage for use
with the Shuttle. TFor later applications, an

advanced reusable propulsion stage called the
Space Tug (Fig. 9) is being studied for inclusion
in the space transportation system.

Fig. 9 Space Tug concept.

Reduced Launch and FEntry Accelerations

Crewmembers, who will include scientists and
payload specialists, will experience a design
maximum gravity load of only 3g during launch
(Pig. 10) and less than 1.5g during a typical
entry (Fig. .11). These accelerations are about
one-third the levels experienced on previous
manned flights. Many other features of the Space
Shuttle, such as a standard sea-level atmosphere,
will welcome the nonastronaut space worker of the
future.
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Crew_Cabin

The orbiter crew cabin (Fig. 12)
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Payload Accommodations

The orbiter systems (Fig. 13) are being
designed to handle wvarious payloads and to
support a variety of payload functions. The pay-
load and mission specialist stations on the flight
deck provide command and control facilities for
payload operations required by the cognizant
scientist (the user). Remote-control techniques
can be employed from the ground when desirable.
The Spaceladb payload provides additional command
and data management capability plus a pressurized
work area in the payload bay for the payload
specialists.

SUPPORTING SUBSYSTEMS FOR PAYLOADS =

® PAYLOAD ATTACHMENTS

® REMOTE MANIPULATOR HANDLING SYSTEM

® ELECTRICAL POWER/FLUID/GAS UTILITIES

® ENVIRONMENTAL CONTROL

@ COMMUNICATIONS, DATA HANDLING, AND
DISPLAYS

@ GUIDANCE AND NAVIGATION

® MISSION KIS

Fig. 13 Payload support.

Payload Attachments

Multiple attachment points along the sides and
bottom of the 18,2-meter (60-foot) payload bay
provide places for the many different payloads to
be accommodated (Fig. 1bt). Thirteen primary
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RETENTION BEAM ATTACHMENT
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TYPICAL BRIDGE FITTING
FOR MULTIPLE ATTACHMEN1
POINTS WITH ADDED

'@ ADJUSTMENT SETTINGS

Fig. 14 Attachment design concept.
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to adapt to specific payload weight
in the bay.

distributions

Payload Handling During On-Orbit Operation

Many payloads to be transported to orbit will
require complete deployment and sepgration (and

some retrieval) or some handling of
within the payload bay (Fig. 15).
uwlator arm that can use various end

being tested to be operated from the
Windows are located in
to permit direct viewing of the openation.
television camera on the manipulatox

flight deck.

cameras within the payload bay also
operator.
cedures of large payloads are being
together with the delicate handling
sensitive equipment.

Fig. 15 Payload deploym
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(average) to 12 000 watts (peak) for major
energy-consuming payloads. There are three fuel
cells on board the Space Shuttle; one is dedicated
to payloads with switching capability to the other
two. TFor the T-day mission payload, 50 kilowatt-
hours of electrical energy are available. Mission
kits containing consumables for 840 kilowatt-hours
each are available to be carried if required by
the mission plan.

® SUBSYSTEM PERFORMANCE
® 14 kW CONTINUQUS WITH 24 kW PEAK CAPABILITY
® 27,570 32.5V d¢
& 1530-kWh MISSION ENERGY
® 264-kWh ABORT /SURVIVAL ENERGY
® ONE FUEL CELL DEDICATED TO PAYLOADS
& 2 kW MINIMUM, 7 kW CONTINUOUS, 12 kW PEAK
® 12 kW PEAK 15-MIN DURATION ONCE EVERY 3 HR
@ ADD-ON MISSION KITS OF 840 kWh EACH AS REQUIRED

OXYGEN DEWARS(2)

HYDROGEN DEWARS (2)

Fig. 16 Orbiter electrical power subsystem.

Cooling

Cooling services (Fig. 17) are provided to
payloads by the Space Shuttle. Ground support
equipment provides a selectable temperature
range during prelaunch activities. - After land-
ing, ground support equipment similar to airline
support. hardware will be connected to the orbiter
c¢abin and the payload bay to control temperature
levels. The radiator system located inside the
payload-bay doors will be the primary on-orbit-
heat-rejection system. : :

CABIN-TEMPERATURE

CONTROL.DUCTING.
ENVIRONMENTAL CONTROL

AND LIFE SUPPORT

ATMOSPHERE
REVITALIZATION
UNIT -~

SPACE RADIATOR
PANELS DEPLOYED

FLIGHT PHASE COOLING SUPPORT

PRELAUNCH SELECTABLE RANGE-USING
GROUND SUPPORT EQUIPMENT
LAUNCH 1.5 kw THERMAL
ON ORBIT 6.3 kW THERMAL
8.5 kW THERMAL WITH MISSION KIT
ENTRY 1.5 kW THERMAL

POSTLANDING COOLING SUPPLIED FROM GROUND

SUPPORT EQUIPMENT

Fig. 17 Orbiter envirommental control subsystem.

Communications, Tracking, and Data Management |

The orbiter systems are being designed %o
handle various paylcads and to support a variéty
of payloéd functions. Voice, television, and !
data~handling capabilities (Fig. 18)|support 9n-
board control or remote control from|Earth whjn
desirable. The payload communicatioms and data
support capabilities are being combined into &
standard on-orbit and ground-station|handling
system that will support all major classes of'
payloads to be flown.

TRACKING AND
DATA RELAY SATELLITE
(TDRS)

SPACE SHUTTLE
ORBITER

FREE-FLY) wc
SATELLqu

%
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GROUND STATION

GROUND | ORBITER |  GROUND ORBITER ORBITER SATELLITE
FUNCTION 70 TO ORBITER | TO GROUND | |TO SATELLITE | [TO GROUND
ORBITER | GROUND | VIATDRS | VIA TORS | (JRIME OR RELAY) | VIA ORBITER
VOICE X X X x
TELEVISION X X
TRACKING DATA X X X X X X
COMMANDS X X X :
OPERATIONAL DATA X X Y
PAYLOAD WIDE-BAND X
DATA

Fig. 18 Orbiter communications subsysteﬁ.

Payload Pointing and Stabilization Support

The orbiter is capable of achieving and = |
maintaining any desired attitude (Fig. 19). [This
capability permits the pointing of payload sdnsors
mounted in the payload bay at any selected cdles—
tial or Earth object with an accuracy of +0.5°.
The greatest pointing accuracy using the orbﬂter
control system is achieved when a piyload—poﬂnting
sensor is operated in a closed loop|with the |
orbiter guidance, navigation, and control syétem.
In this mode, pointing accuracies approachin$
0.1 deg/axis are possible. The orbiter canibe
stabilized at a rate as low as 0.0l deg/sec
within a deadband of 0.1 deg/axis.| Payloads that
require more stringent pointing requirements must
provide their own added stabilization hardware for
that particular experiment.

Mission Kits
A group of mission kits to provigde speciaﬁ

or extended services for payloads is being stud-

ied. These kits will be added only|when required
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Fig. 19 Orbiter attitude control subsystem.

and are designed to be quickly installed and
easily removed. The major mission kits are as
follows.

1. Oxygen and hydrogen for fuel-cell usage
to generate electrical energy

2. Life support for extended missions

3. Added propellant'tanks for special
on-orbit mission maneuvers

L. Extra or specialized attachment fittings
5. Transfer tunnels and docking modulgs
6. A second remote manipulator arm and

extra antennas

Launch Sites, Dates, and Inclination Limits

Space Shuttle flights will be launched from

two locations —— the NASA John F. Kennedy Space
Center (KSC) in Florida and the Vandenberg

Air Force Base (VAFB) in California. Present pro-
" “gram planning calls for a gradual buildup of 40 to
60 total flights per year into many varying orbits
and inclinations. The expected crew complement

is four to seven, and the expected flight duration
is up to T days on orbit with growth to 30 days.

To attain operational status by 1980, Space
Shuttle orbital test flights are scheduled to
begin from KSC during 1979;_the second launch site
at VAFB is planned to be available in the esrly
1980's. The various orbital inclinations and
their related launch azimuths are illustrated for
each site in Figure 20. Together, these capabili~
ties satisfy all known requirements. Payloads as
large as 29 500 kilograms (65 000 pounds) can be
launched due east from KSC into an orbit of
28.5° inclination. From VAFB, 14 500-kilogram
(32 000 pound) payloads can be launched into
the highest inclination orbit of 104°., Polar-
orbiting capabilities up to 18 000 kilograms
(L0 000 pounds) can be achieved from VAFB.

»Research Council.

‘Senate in October 1973.

. ing and servicing are not cobvious.
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Pig. 20 Orbital inclinations and Launch azimuths
from VAFB and KSC.

System Utilization

In the summer of 1973, a prestigious group of
50 scientists from the United States and 11 pcien-
tists from other nations conducted a summer btudy
at Woods Hole, Massachusetts. This| group reEre—
sented a wide variety of scientific| disciplipes.
They were supported by specialists [from NASA and
the Duropean Space Research Organization. A final
report on the study was published by the National
Academy of Sciences in June 1974, after a thorough
review by an independent committee [of the National
Dr. Findlay, who chalred &he
study group, characterized the group as members of
the "scientific space club" in hearings before the
However, the scien;&fic
objectives, tasks, and research work identified in
the study do provide a significant [projection of
the research workload that can be egxpected tp be

_translated into discrete experiments, experiment

packages, payload groupings, and, flinally, ﬂlight

requirements which meke up the mission model.

Specific disciplines covered by the study
included atmospheric and space physies, higﬂ—;
energy astrophysics, infrared and nadio ast#onomv,
optical and ultraviolet astronomy, |solar physics,
life sciences, and lunar and planetary explqration.

The summary of the findings was |as follo@s.

1. Shuttle can be an important asset td
scientific research in and beyond the 1980‘%.

2. An important aspect of the |Shuttle gystem
for science will be its sbility to |carry many
large and heavy payloads into orbit with poten-
tially substantial economy.

3. Many of the potential advantages of the
Shuttle depend on the development of efficiént and
flexible procedures for flying multipurpose mis-
sions. and combined payloads.

4, The ability,of the Shuttle |system to
recover or service payloads in orbit will be of
special value for large and expensive systeﬁs,
such as large cbservatories; for some less eéxpen-
sive payloads, the economic advantages of recover-

5. Most planetary missions can be launc¢hed
with a Shuttle/Centaur system. Some missions




identified for the 1980's require additional
capabilities such as might be provided by tug,
solar electric, or another advanced propulsion
system.

6. For biomedical research in space, the
study identified a clear and essential require-
ment for the use of the manned pressurized space
laboratory.

T. Many disciplines require rapid interac-
tion between man and payload. This function
appears to be adequately fulfilled in many cases
by the payload specialist and his console. How-
ever, for some experiments in atmospheric or space
physics in which continuous involvement of man is
required, the pressurized space laboratory is
highly desirable.

8. The ability to operate instruments
mounted in the Shuttle bay in the pallet mode with
or without a pressurized laboratory is an impor-
tant feature for all disciplines except the life
sciences.

9. Payloads carried into orbit by the
Shuttle and then released as free flyers are major
elements in most discipline programs.

10. For most discipline groups, the 28-day
(or longer) sortie mission duration is judged to
be very valuable.

s

RETRIEVAL

Fig. 21 Space transportation system operating modes.

.This organization represents the pot

‘there is a potentially large usage

This summary forecasts an intention by at
least one segment of the scientific sector to use
the space transportation system extemsively in its
research. The Shuttle system and the Spacelab
havé many potential users in other segments of the
scientific and technological commmities.

Payload Planning ActiviJz
‘ .
Tc interface effectively with suc‘ a large
nunber of potential payload users an developers,
NASA Headquarters has established a Mission Pay-
loads Integration Organization in Washington.
' ntial payload
ration of
evelopment of
he Spacelab.
he Lyndoh B.
payloads
point of

users to ensure the continual consid
overall payload requirements in the
the space transportation system and
The Space Shuttle Program Office at
Johnson Space Center also maintains
coordination office that serves as a|
information concerning the Shuttle system base-
line capabilities, specifications, d payload
accommodations.

The payload planning of the varigus govern-
mental, industrial, and academic groups and
various international organizations |[is incorpo-
rated into NASA planning to determine short- iand
long-term mission models. In genersgl, the plan-
ning for the early years is more acqurate; hdwever,
indicated in

SHORT-DURATION SORTIE




the projected mission models for the space trans-
portation system of the 1980's.

As previously described, the space transpor-
tation system will comsist of a group of vehicles
which will be used in various types of operations
and in various modes. These various operational
categories include delivery, servicing, retrieval,
and short-duration sorties (Fig. 21).

These basic capabilities of the system serve
as the initial frame of reference for the devel-
opment of the NASA mission model, which, natu—
rally, contains many permutations and combinations
of these categories.

Mission model development is characterized as
a complex and iterative process of receiving
inputs from the users; identifying the specific
experiments, instrumentation, and payloads; and
packaging these data through a traffic—-schedule
activity to arrive at the number of space trans-
portation system flights anticipated in a given
vear (Fig. 22).

Mission model planning (Fig. 23) is criti-
cally essential to the economical use of the
Shuttle system, and the NASA will continue to
place high priority on this management function.
The next three products of mission model planning
from 1973 data (Figs. 24 and 25) for the period
between 1980 and 1990 (Fig. 26) provide an interest-
ing analysis of the makeup of the model by user,
operating mode, weight, delivery mode, et cetera.

USER
PAYLDADS

UTILITY
- STS/SPACELAB DESIGN CHARACTERISTICS

- STS/SPACELAB OPERATIONAL REQUIREMENTS
- STS/SPACELAB EARLY MISSION PLANNING

Fig. 22 Characterization of mission model
development.
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— NOW-
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PAYLOAD DISTRIBUTION BY USER

Fig. 23 The NASA mission model.
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Close cooperation and interdependence have been
effected with the Buropean Space Research Organi-
zation and with the Department of Defense. NASA
design, development, test, and evaluation and
operational cost estimates are within the current
commitment estimates to the Congress and the
Office of Management and Budget; and no serious
technical problems have been encountered in the
design and development of the Space Shuttle
system. Provided with the necessary annual and
total resources requested in the cost commitment,
NASA managers are confident that the space trans-
portation system will be available to the scien-
tists and technologists of the world as a powerful
tool for mankind.
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