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A NEW ERA IN SPACE

On December 17, 1903, Orville and Wilbur Wright
successtully achieved sustained flight in a power-driven
The first Might that day lasted only 12 seconds
meters (120 feet), which 1s about
The fourth and

areralt
over a distance of 37
the length of the Space Shuttle Orbiter
final Might of the day traveled 260 meters (852 feet) in
59 seconds. The initial notification of this event to the
world was a telegram to the Wrnghts' father

Sixty-six vears later, a man first stepped on the lunar
surface and an estimated 500 million people throughout
the world saw the event on television or listened to it on

radio as it happened

The space progran

Historic events AR/ \pl'\l.hll[.]l
however, has always been much more than a television
spectacular. Today, space transportation 15 working in
many ways for us all, and we have come to expect thi

A whole new era of transportation will come it
being in the 1980° with the advent of the Space Shuttle
ind its ability to inexpensively transport a varety
pavloads to orbit. It is designed to reduce the cost and
increase the effectiveness of using space tor commerndia
scientific, and defense needs

With its versatility and reusability

will truly open the door to the economical and routine

the Space Shutt



use ol Vprace AS 4 tran port: on system to Earth orbit
it will oftter the workhorse capabilit ol iwl
carthbound carners as trucks, ships, and airhines and will
be as vital to the natior future n space as th WO

conventional carniers ol today are to the country s
economic lite and well-being

So often have the man-machine relationships in space
been proven to be highly effective that the Space Shuttle
is being designed and built 1o take advantage of the most
efficient charactenstics of both humans and complex
machines. This combination, coupled with the flexible
charactenstics of Shuttle, will provide an elficient
system for our future national space program activities
The Shuttle will truly provide our nation with routine
space operations in nrear-Earth orbit that can contribute
substantially to improving the way of lite tor all the
ilnl]‘]t'\ of our world

The Space Shuttle era will begin approximately 20
years after the first US. venture into space, the
launching of Explorer | on January 31, 1958, Since that
date, unmanned satellites have probed the near and

distant reaches of space. Manned systems have been used

PLATEAUS IN
AIR/SPACE
TRANSPORTATION
SYSTEMS

to exploge the lvnar surface and expand the present

f the Earth. the Sun. and the a tability of

knowledge Ti

o slendea i IJI;"J in near-bartl it |
serve the tuture needs of space science and application
the technological and operational expenence underlying
these accomplishments s heing ipplied 1o the
development of the Space Shuttle This vehicle s the
basic element in a space transportation system that will
open a new era of routine operations in space

The primary design and operations I;A-ut for the Spe e
Shuttle Program is to provide low-cost transpor lation to

and from Earth orbit, Spacelabs will be carried aloft by

the Shuttle in support ul wanned orhital perations
Free-lying or automated satellites will be deploved and
recovered from many types of orbits.  Automated

satellites  with  propulsive stages attached  will by

deployed from the Space Shuttle and placed i
high-energy  trajectories.  This  approach pace
operations will provide many avenues lor con
mvestigations in space Many participants, representing
diverse backgrounds and capabilities, will work routinely

in these space operations of the Tuture

1980'S
SPACE SHUTTLE



SPACE SHUTTLE SYSTEM

The Space Shuttle Night system is compused ol the
Orbiter, an exiernal tank (ET) that contains the ascent
propellant 1o be used by the Orbiter main engines, and
two solid rocket bousters (8RB%). The Orbiter and
SRB's wre reusable: the external tank is expended un
cach lawnch.

The Space Shuttle mission begins with the instaltation
ol the mission payload into the Orbiter payload bay.
The payload will be checked and serviced before
fustallation and will be activated un orbit. Flight satety
jtems Tor some payloads will be monitored by a caution
and warning sysiein,

The SRB's and the Orbiter muain engine will fire in
purallel at Hit-off. The two SRB'S are jettisoned after
burnout and ure recovered by means ol a parachute
system, The large external tank {8 jettisuned betore the

AND MISSION PROFILE

Space Shuttle Oibiter gues intu urbit. The wrbital
maneuvering systems (OMS) of the Orbiter is used to
attuin the desited orbit and to make any subsequent
maneuvers that way be requised during the mission.
When the payload bay doors in thie top of the Orbiter
fuselage vpen o expose the payload. the crewmen are
ready to begin payload vperations.

After the urbital operutions, deorbiting naneuvess are
initiated. Reentry is made into the Earth atmosphere at
a high angle ol attack. At fow altitude, the Orbiter gies
it hotizantal Dight Ter an aircraittype approach and
Linding. A Jweek ground tumaround is the goal tea
rease ol the Spave Shuttle Orbiter.

The nominal Jdesign dutation of the initia® missions i
7 days. The mission duration cun be extended to as long
ds 30 days i1 the nevessary consumables are added.
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PROFILE OF SHUTTLE MISSION

SEPARATION OF EXTERNAL TANK ORBIT INSERTION AND

CIRCULARIZATION

HEIGHT

215km 115N, M, - TY. ICAL
VELOCITY

28 300 km HR (17 600 MPH)

SHUTTLE CHARACTERISTICS

VALJES ARE APPROXIMATE

LENGTH

SYSTEM: S6m (1B4AFT
ORBITER: 37 m (122 F1

HEIGHT

SYSTEM: 23 m(76FT
ORBITER: 17mI(S5i FTY

SEPARATION OF
SOLID ROCKET BOOSTERS

HEIGHT WINGSPAN
50 km (27 N, M1, ; -
VELOCITY ORB!'TER: 24 m (78 F1

5170 km/HR (3213 MPH) WEIGHT

GROSS LIFT-0FF

2 000 000 kg ‘4 400 000 LB
ORBITER LANDING

B5000 kq (187 000 LB

THRUST

SOLID ROCKET BONSTERS (2
11 800 00O N (2 650 000 LB
OF THRUST EACH
ORBITER MAIN ENGINES
2 100 000N (470 000 LB
OF THRUST EACH

CARGO BAY

DIMENSIONS
1Bm 6O FT LONG, 5 b3
IN DIAMETER
ACCOMMODATIONS
UNMANNED SPACETRAFT TO
FULLY EQUIPPED SCIENTIF I
LABORATORIES

SHUTTLE LAUNCH

4

ORBITAL OPERATIONS

HEIGHT
185 TO 1100 ke
1{](\ T(‘J l,l‘ll\ hl|
DURATION
UP TO 30 DAYS

ATMOSPHERIC ENTRY

HEIGHT

140 km (76 N, MI
VELOCITY

28 100 km /MR (17 500 MPH

LANDING

CROSSARANGE
+ 2000 kn

VELOCITY
146 km HR (215 MPH
FROM ENTRY PATH

+10B5 N. MI



SPACE SHUTTLE VEHICLE

the Orbiter s designed to carry into orbit g crew of

seven (the current baseline calls tor four), including

scientific and technical personnel, and the payloads. The
rest of the Shuttle system (SRB's and external tuel tank)
15 |k'\|“||\"! to boost the Orbiter into space The smaller

maneuvernng and control
flight, the

Orater rocket engines [‘lw\hh'

dJuring space  Might. during  atmospheric
Orbater 1s controlled by the aerodyvnanuc surfaces on the
wings and by the vertical stabilizer

On a standard mission, the Orbiter can remain in
davs, return to Earth with personnel and
payload, land like

another flight in 14 days. The Shuttle can be readied for

orbit tor

an airplane, and be readied for

a rescue nussion launch from standby status within 04
wemergency rescue, the cabin
thus, all

hours atter notification. |

can accommaodate as many as 10 persons

disabled Orbiter could be res hy

occupants of a

another Shurttle

Ihe SRB which bum in parallel with the Orhites
main ;'Iwi‘\ll-\lnﬂ ysler are separated I thie
Orbater/external tank at an altitude ol approximately S0
kilometers (27 nautical miles), descend on parachutes

and land in the ocem dpproxima ely TS (KK meter
(150 nautical mules) trom the launch site. They are
recovered by ships, retumed to land, returbished. and

then reused
After SRB

svstem continues to bun

separation, the Orbiter main propuelsion

untl the 1

Orbiter 158 mpecte

into the required ascent trajectory. The external tank

then separates and falls ballistically into a remote area of
the Indian or the South Pacific Ocean. depending on the
launch site and massion. The OMS completes insertion of

the Orbiter into the desired orbit



CREW AND PASSENGER ACCOMMODATIONS




perfect astronauts but will now accommodate
experienced scientists and technicians.

Crewmembers and pamengers will experience a
designed maximum gravity load of only 3g during launch
and less than 1.5g during a typical reentry. These
sccelerntions are about one-third the levels experienved
on previous manned flights. Many other features ol the
Space Shuttle, such & a standard sealevel atmosphre,
will welcome the nonastronaut spave worker of the
future.

™

122 000 m 1400 000 FT)

™S
[

ACCELERATION, g

—
i

0 5 10
LAUNCH LOAD FACTOR, MIN

TOUCHDUWN\

on
g
= INTERFACE
x1 - 1
& DEORBIT
& BURN
3 | 1
0 10 20 30 40 50 60 0

ENTRY LOAD FACTOR. MIN

WIDE VARIETY OF MISSIONS

The Space Shuttle has the capability to conduct space
missions in response to currently projected national and
worldwide needs and the flexibility to respond to policy,
discovery, and innovation, The primary mission for the
Space Shuttle is the delivery of payloads to Larth orbit.
The Shuttle system can place payloads of 29 500
kilograms (65 000 pounds) into orbit. Payloads with
propulsion stages can place satellites into high Earth
orbit or into lunar or planetary trajectories,

The Space Shuttle is more than a transport vehicle.
The Orbiter has the capability to carry out missions
unique to the space program: to retrisve payloads from
orbit for reuse; to service or refurbish satellites in space;
and {to operate space laboratories in orbit. These
capabilities result in s net savings in the cost of space
operntions while greatly enhancing the flexibility and
productivity of the missions.

Among the multifaceted uses of Space Shuttle Juring
its operational life, which will extend beyond the
1990, will be a wide range of applications of the
savironment of space and of space platforms. The
applications can be achieved through operation of
satellites, satellites with propulsion stages, spuce
laboratories, or combinations as upproprizic to the
specitic objectives and requirements. The Shuttle also
provides a laburatory capability to do research and to
develop techniques and equipment that may evolve into
new operationat sateliites.

The Space Shuttle will not be limited to uses that can
be forecast today. The reduction in the cost of
Earth-orbital operations and the new operational
techniques will enable new and unforeseen solutions of
problems.



PLACEMENT AND RECOVERY OF SATELLITES

One important Space Shuttle mission will be the
placement ol Farth orbit, A
launched on a previous mission cun be retneved and

satellites in satellite
returned to Earth for refurbishment and reuse

As many as five individual satellites may be delivered
on a single mission, The satellites are serviced, checked
out, and lozded into the Orbiter. The crew will consist
of Shuttle pilots and mission and payload specialists
Upon reaching the desired orbit, the mission and
payload specialists will conduct predeployment checks
and operations. After determining that the satellite is
ready, the crew will operate the payload deployment

system, which lifts the satellite from the cargo-ba

retention structure, extends i away trom the Orbiter,
and releases it, The final activation of the satellite will be
by radio command. The Orbiter will stand by until the
satellite is performing satisfactonly before proceeding
with the remainder of the mission

To recover a satelhite, the Orbiter will rendesvous
mancuver close, and grab it with the remote
After the satellite is deactivated by

radio command, it will be lowered into the cargo bay

with i
manipulator anm
and locked into place. The Orbater will perform deorbit

maneuvers, enter the .|||II|I\["I\'Il‘ and land returning

the expensive satellite for reuse



PLACEMENT OF FREE FLYING SCIENTIFIC LABORATORIES IN SPACE
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DELIVERY OF PAYLOADS THAT USE PROPULSION STAGES
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MARINER JUPITER ORBITER SPACECRAFT CONCEPT
IN-FLIGHT CONFIGURATION

MARINER JUPITER ORBITER SPACECRAFT
TYPICAL EQUATORIAL OR HIGH INCLINATION ORBIT




The NASA Goddard Space Flight Center is studying a
family of modular spacecraft satellites to be placed in
orbits of various inclinations and altitudes. This low-cost
standard hardware is expected to comprise much of each
satellite.  Among other features, the design of this
hardware  will  provide for on-orbit servicing by
changeout of supporting subsystem assemblies and

applications sensors. These system features, in

ON-ORBIT SERVICING OF SATELLITES

Shuttle-based equipment and
will permit on-orbit

asswciation with  the
Shuttle operational techniques,
maintenance and updating of this family of satellites
Combined with the large weight and volume capacity of
the Shuttle, this capability provides the payload designer
new freedom in developing and operating satellites that
can  reduce  payload improve
performance.

costs  as  well  as

EOS ORBITAL SERVICING

AND CONTINGENCY RETRIEVAL
®

kSUN-QYNCHRONOUS ORBIT

v . SERVICING ORBIT

)

MODULE
EXCHANGE
MECHANISM

®

EQS SERVICING

: TO SUN-

SYNCHRONOUS
ORBIT

) DEORBIT AND LANDING

CAPTURE EOS WITH
REMOTE MANIPULATOR

)
Moouu@;"

MAGAZINE

LAUNCH,
AND STATIONKEEPING

RENDEZVOUS,

OPTION

CONTINGENCY RETRIEVAL STATIONKEEPING



BY THE SPACE SHUTTLE

Altermative  techmiques  Tor  on-orbit  servicing ol

satellites are under study. The ‘||l|||1'.h|| ilustrated s

based on current simulations of  prototype hardware
modules.  Low-cost  refurbishable

with  replaccable

payloads, such as the Farth Observation Satellite (LOS)
syslem
The
retention system pivols a docking ring to allow rotation
ol the satelline

the Orhiter

in the |l||u||n.'|,|l\|\ e carned by a retention

which reacts all boost, reentry, and landing loads

in and out ol the cargo bay. Deployment

away from and berthing of a

or capture

stabilized FOS are acco ‘i‘h‘lu-] by the daton

i

awms attached to the Orbiter. To I\'i‘i,nu the payload. a
rotary  magazine  canrying  the  replacement odule
presents  them at the proper tme to an chang
mechanism. The exchang echanism removes the old
module Ytom the satellite and stows it porarly

removes the new module from the magazine and installs

it in the satellite, and then stows the old module in the
rolary magazine
o
S o
‘!
-;-‘ﬂr:’




SPACELAB AND ORBITER

“The Shuttle development is one o! the great technological undertakings ol th

decade, indeed of this century

industry

Spacelab in the 1980°s to produce valuable new products
Fletcher, NASA Administrator, October 18

James (

Spacelab is an international program being developed
by the European Space Research Organization (ESRO),
The large pressurized Spacelab module with an external
equipment pallet will be a frequent payload carrer
during the Space Shuttle era. Spacelab will provide an
extension of the expenmenter’s ground-based
laboratories with the added qualities which only space
flight can provide, such as a longterm gravity-lree

environment, a location from which Earth can be viewed

and examined as an entity, and a place where he

This is a challenge to be shared by NASA and private
This joint challenge is to demonstrate and use the Shuttle and particularly the

ind techniques T In
1974

celestial sphere can be studied free ol atmospherni
ntenerence

Several Spacelab system configurations will be flown
The configuration illustrated includes a pressunzed
module where experimenters can work in a shirt-sleeve
environment. A tunnel gives access to the cabin area ol
the Orbiter. Instruments can be mounted on a pallet aft
of the pressurized module il they require exposure to

the space vacuum or are too bulky to place inside or for



INTERNATIONAL COOPERATION IN SPACE

convenience in viewing. The Orbiter may be flown in an
inverted attitude to orient the instruments toward Earth
for surveys of Earth resources and for investigations of
geophysical and environmental parameters.

Other Spacelab configuratio s include those which, in
place of a pressurized module, have a large pailet on
which numerous instruments are installed and controlled
from the payload specialist’s station within the Orbiter.
Pressure-suit operations in the payload bay are practical
when instrument service is required,

Ten member nations of the European space
community have agreed to commit almost $400 million
to design and deliver one flight unit to the United States.
Agreements provide for purchase of additional units by

the United States. Cooperating nations are West
Germany, ltaly, France, United Kingdom, Belgium,
Spain, the Netherlands, Denmark, Switzerland, and
Austria. Mavy types of scientific, technological, medical,
and applications investigations can be accomplished with
this flight hardware. Each Spacelab may be flown as
many as 50 times over a 10-year period. This system will
provide an entirely new capability for manned
participation, which will increase the offectiveness of
space research as well as reduce the the
application of space technology.

Crewmembers and payloads for Spacelab will also be
international in origin.

cost of

FORKER-NETHERLANDS

15



SPACE IN EVERYDAY LIVING

EARTHLY BENEFITS TODAY

Ot what FARTHEY benefit s the space progra techi rship in the worl
In the carly vea i America P Progs 1 | ) vied

with  vision  foreca

wneday be denved trom 1 il 1l I
whvities assoctated with thas progra I { | | | he Uinnt Stat
l|\'!|“|"ll.'\" 1 P IS¢, hey ar | S 1il |
And this 15 just tl | The v il i I
Mexibility - of  the Spu Shuttle vill pen g cuau tl ! 1
pportumties lo re and longer i
Benetits fro nast space efforts have already worke The o xtent of |
their way imto daily hite. to a tar greater extent t) 1
most people realize. We apply what we leam n
improve the quahty of lite on Bart) Advar I
ecdicint environmental witor | i
meteorology . the study ol oceat ind Eartl | I
commumeceations, cducation. products and ierial
mtermational peace are taken 1 | I |
together with the acknowledged impetus given 1

|
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Weather

Weather satellite photographs are perhaps tl
Known apphcations that atlect iy iy Sil th i1 A\
Ivrst weaths satellite wa lawdnehed
1o al i‘.l‘L'-!l“ have retumed | b anl

thout  the atmosphere than had

ORIGINAL PAGE I8
OF POOR QUALITY




Mapping and Charting

High-altitude photographs taken straight down can taken of the East Coast trom Skvlab. Massachusetts s a
help mapmakers work efficiently  and  accurately the top (with Boston Harbor on the night edge of th
Because much Larger arcias can be covered by spacecran photograph). The mosaic extends through the New York
than by gircraft in the same amount of Gime, maps can metropolitan area, New Jersey, and almost 1
be changed freguently  and  accurately The mosai Philadelphia, The Appalachian Mountains extend alor
shown as part of one that was made from photographs the lett side

14 ORIGINAL PAGE B
OF POOR QUALITY



Land Use

s

-

Images transmitted from the Farth Resources

Technology Satelite (ERTS) are used
including torecasting crop yiids

oA vanety ol
studies determuning
land use patterns, and helping to find land and water

resources in hard-to-reach areas. The area shown is the

IR |

. 5 . & o
———

Southern Calitormia Coast extending trom Long Beach
tor San Diego, San Clemente Island is visthle in the lower
left comer. Urban and suburban land use is heavy in

coustal areas



The Skylab view of the New York City area provides comer. The Hudson River s vistble i the lower night
a lear view of land use pattermns. Long Island s i thie side and the Catskill Mountaims extend acr i

lower nght comer and New Jersev in the wower lent pottion of the photograph




Pollution

The extent of water and ah I‘l'ltll'lll'll and sometmies lighte: area north of the badge s ul gdtier than tt
thelr sources can be established by space photography darker area. On the right side of the photograph s Lab
Water pollution is visible as fuzziness along the southem Utah, o freshewater body. Salt Lake City bes betweer
shores of the Great Salt Lake. The sharp line across the the two lakes. The white splotch in the highlands next to
lake near the top of the photograph represents a ratlroad Salt Lake City is the world's Largest open-pit copper

brdge that impedes water chreulation in the lake, the mine




WINAL PAGE 18
VF FOOR QUALITY,

Water Resources

Water resources, especially in inaccessible areas, can
be monitored hom space. For example, a study of this
photograph of snow along the Mogollon Rim in Arizona
can lead to accurate prediction of how much water will
be available after the thaw to irrigate the desert.

Flagstaf! is at the bottom center of the photograph and
the Painted Desert is across the top. The Mereor Crater s
visible shightly 1o the nght of the center of the

photograph




Geology

Geological studies can be made trom photographs
stich as this to support mineral exploration throughout
the wonld (u’nlnpl\.ﬂ faults often stand out in space
imageey. The photograph of Calitormia pust north of Los
Angeles clearly defines where thiee faults meet in g
populated area. I mankind can leam 1o monitor these

Faults rom space, it might become possible to acourately
predict the time, location, and intensity of earthguakes,

The dark hine across the Jower thivd of the photograph »
the San Andreas Fauli
corner and partially hidden by clouds s the San Gubie!
Fault
the maddle of the photograph

Anghing imto the lower nigh

The Garlock Fault is the durk area extending up
Lake Isabells s i the
upper nght and the city of Bakersfield below it On th
right is Palmdale, where the Orbiter is belog built




pAGE IB
0‘“0' m“"“'wm

Many teatures of the ocean can be studied from space
more casily than any other way. The hazy, light areas in
the photograph are reas of nutrients such as algae and
plankton in the sea. This information is of importance 1o
comnrrcial fishermen because fish are likely 1o be
concentrated in these arcas.

Oceanography

Spave  imagery also chart e  movement ol
iwebergs 1o indicate ocean currents and to aid routing ol

ships to safer areas. A computer using radiance data

van

from o multspectral scanner aboard Skylab charted
water depths, this method would simplity updating and
correction of hydrographic charts.

Communications

Because of communications  satellites, television
viewers all over the world take tor granted that they can
watch spotts and news events as they happen. The
communications satellites in stationary orbit transmit a
variety of other educational, governmental, and
commerci . data as well,

A new light beam wvoice communications device,

calisd a retrometer, has been developed by NASA
scientists space-onented  requiremets,
Communications by the retrometer are immene 1o
interception and jamming and are completely privite
Because the remote microphone requires no power, the
system offers many possible applications in industry, at
sea, and in air/sea rescue operations,

because ol

L



Health Care

Many advances in health care have resulted from
devices originally  designed to monitor astronauts in
space and send data back to Farth. For example, a
lightweight battery-powered mobile umt that fits into an
links  tramned medical

technicians to a physician is already being used by some

ambulance  and CIMETEECNCY
cominunities: the city of Houston, Texas, has equipped
258 rescue vehicies with these units, Especially important
to cardiae patients, whose lives =y be saved or lost
within the fisst few minutes atter an attack, the unit
provides for constant treatment and monitoring both at
the scene ol the medical emergency and en route to the
Two-way communication  can  be

hospital. voice

T

maintained between the techmcian and a doctor, while

electrocardiogram data can be provided to a physician
The unit is also equipped for oxygen
defibrillation

by telemetry
administration, blood  pressure
measurement, fuids aspiration., respiratory resuscitation
and drug administration

Inside hospitals, too, sutomatic monitoring systems
similar to the ones used tor Apollo astronauts can collect
several channels of physiological data from as many as
64 patients and transmit the data in digital torm to
central control station tor processing by a computer
Palm Beach Community Hospital in Flonda is one user

of this type of system.



A cufl device perfected for Skylab crews and now in
commercial use measures blood pressure automatically
and displays a numerical reading, as shown in the
photograph.  This  device can speed and simplify
screening of large groups of people by paramedics. High
blood pressure, a common and often unsuspected
medical problem, can contribute to more  serious
problems such as heart attack and stroke. therefore,
carly detection has the potential to save many lives,

Spacesuits and portable life-ssupport systems have
inspired other medical advances. For example, the
mobile biological isolation system in the photograph is
being developed for patients with immune deficiency,
those undergoing chemotherapy, or those whose natural
immunity has  been  deliberately lowered for organ
transplant. A suit such as this, which provides both
mobility and protection, could also be used to protect

doctors from communicable disease and to protect
researchei., working  with  dangerous  viruses i
laboratories.
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Another application is a portable volume-controlled
respirator that is lightweight and requires no external
source of power or oxygen. The respirator weighs 75
percent less than common respirators and is much more
precise. It has particular utility in disaster area field
hospitals.

Computer terminals and software developed for the
space program can simplify many health-related tasks
and provide capabilities never before  available
Individual medical records can be updated constantly. A
laboratory technician or paramedic can enter various test
data from a remote terminal and receive interpretations.
Doctors can get clanfied Xerays done by computer
methods developed to clarify photographs transmitted
from spacecraft,




Materials and Manufacturing

In industry, new materials and changed
manulacturing processes have resuiied  from
space-oriented  research.  Fireproof  materials,  for
example, are constantly being improved to provide
better  protection  (including  facial  covening)  for
firefighters.

Still in the experimental stage is the growing of
crystals in space. The germanium selenide crystal shown
wis rown aboard Skylab and is about the size and shape
needed for production of electronic  devices. The
experiment indicated that this type of production in
space is feasible and provides data on the conditions
under which products of this kind can be made

These are just a few examples of the ways space
rescarch is affecting our daily lives in unexpected ways
And the list lengthens after every space venture



ENVIRONMENT

AGRICULTURE

MINERAL RESOURCES

-

PETROLEUM RESOURCES

COMMUNICATIONS

OCEANOGRAPHY

TIMBER

SCIENTIFIC
STUDIES

EARTHLY PAYOFF TOMORROW

Man goes into space to explore the unknown - to
increase our understanding of the past, precent, and
future of the universe and humanity’s place i1 it. When
the Space Shuttle becomes operational in 190, it will
be an important tool to provide mankind with
information to help in managing and preserving our
crowded Earth. Users of the versatile Shuttle system will
include communication networks, research foundations,

universities, observatories, federal departments and
agencies, state agencies, county and city planners, put lic
utilities, farm cooperatives, the medical profession, the
fishing industry, the transportation industry, and power
generation and water conservation planners.

Payloads launched by the Space Shuttle will provide
rractical data that will affect both the daily lives of
people and the long-term future of mankind.
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Agriculture

Sensor systems in space can help the world solve its
food problems. The sensors can identify crops in each
field, tell the vigor and probable yield of those crops,
and determine plant diseases or insect infestation. This
information will help agricultural specialists predict total
food available on a worldwide basis.

Petroleum Resources

Photographs of the Earth taken from space have
already supported explorations of oil and natural gas
around the world. The improved satellites of the Space
Shuttle era will be able to locate new sources of fossil
fuels.

30

Environment

In environmental studies, satellites can send weather
information to the ground, survey land use patterns,
track air pollution and identify its source, monitor air
quality, and locate oil slicks. A pollution-mapping
satellite can cover the entire United States in about 500
photographs; cameras carried in high-altitude airplanes
would use about 500 000 frames to cover the same area.
What would take years to monitor by air can be
monitored from space it a few davs,

Mineral Resources

Potentially large mineral deposits have been identified
in many parts of the world as a result of Skylab
photographs. The advanced satellites emplaced by the
Space Shuttle are expected to make many more valuable
mineral discoveries.




Communications

Communications satellites have made intercontinental
television possible and are
transoceanic telephone calls, The costs will decrease
again when the reusable Shuttle takes new and improved
satellites into Earth orbit.

Scientific Studies

Shuttle is capable of taking into Earth orbit
completely equipped scientific laboratories manned by
scientists and technicians. In the weightless environment
of space, researchers can perform many tasks that

cannot be accomplished against the gravitational pull of

Earth.

reducing the costs of

Oceanography

By mapping the ocean surface temperature, Farth
resources satellites will help oceanographers understand
current patterns. This, in turn, will enable fishing experts
to  predict  the
movenents in the ocean can also be tracked from space

movements of schools of fish. lee

Timber

Shuttle-launched satellites can help conserve our
forest resources, especially in remote areas, by
discovering fires, by detecting tree diseases and
infestations of pests, and by providing accurate
inventories of our timberlands.

3l



SPACE SHUTTLE VEHICLE

SPACE SHUTTLE ORBITER
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RUDDER 'SPEED BRAKE

ORBITAL
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< BODY FLAP
/ %
%‘\r LAUNCH UMBILICAL
% DOOR
O, A ELEVONS
MAIN LANDING GEAR

STAR TRACKER DOOR

NOSE LANDING GEAR

The Orbiter spacecraft contains the crew and payload
for the Space Shuttle system. The Orbiter can deliver to
orbit payloads of 29 500 kilograms (65 000 pounds)
with iengths to 18 meters (60 feet) and diameters of §
meters (15 feet). The Orbiter is comparable in size and
weight to modern transport aircraft; it has a dry weight
of approximately 68 000 kilograms (150 000 pounds), a
length of 37 meters (122 feet), and a wingspan of 24
meters (78 feet).

The crew compartment can accommodate seven
crewmembers and passengers for some missions (four is
the baseline) but will hold as many as 10 persons in
emergency operations,

The three main propulsion rocket engines used during
launch are contained in the aft fuselage. The rocket
engine propellant is contained in the external tank (ET),
which is jettisoned before initial orbit insertion. The
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PAYLOAD UMBILICAL DOOR

orbital maneuvering subsystem (OMS) is contained in
two external pods on the aft fuselage. These units
provide thrust for orbit insertion, orbit change,
rendezvous, and return to Earth. The reaction control
subsystem (RCS) is contained in the two OMS pods and
in a module in the nose section of the forward fuselage.
These units  provide attitude control in space and
precision  velocity changes for the final phases of
rendezvous and  docking or orbit  modification.. In
addition, the RCS, in conjunction with the Orbiter
aerodynamic control surfaces, provides attitude control
during reentry. The aerodynamic control surfaces
provide control of the Orbiter at speeds less than Mach
5. The Orbiter is designed to land at a speed of 95 m/sec
(185 knots), similar to current high-performance
aircraft,



EXTERNAL TANK

= ORBITER FORWARD
ATTACHMENT

ANTIVORTEX
BAFFLES
SKIN STRINGER

L02
SLOSH BAFFLES

LO
TANK

The external tank contains the propellants for the
Orbiter main engines: liquid hydrogen (LH,) fuel and
liquid oxygen (LO,) oxidizer. All fluid controls and
valves (except the vent valves) for operation of the main
propulsion system are located in the Orbiter to minimize
throwaway costs. Antivortex and slosh baffles are
mounted in the oxidizer tank to minimize liquid
residuals and to damp fluid motion. Five lines (three for
fuel and two for oxidizer) interface between the external
tank and the Orbiter. All are insulated except the
oxidizer pressurization line. An antigeyser line on the
external tank provides LO, geyser suppression.
Liquid-level point sensors are used in both tanks for
loading control.

At lift-off, the external tank contains 703 000
kilograms (1 550 000 pounds) of usable propellant. The
LH, tank volume is 1523 m? (53 800 ft*) and the LO,
tank volume is 552 m? (19 500 ft?). These volumes
include a 3-percent ullage provision. The hydrogen tank
is pressurized to a range of 220 600 to 234 400 N/m?

ORBITER AFT
ATTACHMENTS

PROPELLANT
FEED AND

PRESSURIZATION

LINES

INTEGRAL
SKIN STRINGER
AND FRAME

L“Z

/wm

INTERTANK

LENGTH: 48 m (157FT)
DIAMETER: Bm 2BFT)
CONTROL WEIGHT: 35 000 kg (76 300 LB’
PROPELLANT: 703 000 kg (1 550 000 LB’

(32 to 34 psia) and the oxygen tank to 137900 (o
151 700 N/m? (20 1o 22 psia).

Both tanks are constructed of aluminum alloy skins
with support or stability frames as required. The
sidewalls and end bulkheads use the largest available
width of plate stock. The skins are butt-fusion-welded
together to provide reliable sealed joints. The skin
aluminum structure uses skin/stringers with stabilizing
frames. The primary structural attachment to the
Orbiter consists of one forward and two rear
connections.

Spray-on foam insulation (SOFI) is applied 1o the
complete outer surface of the external tank, including
the sidewalls and the forward bulkheads. SLA-561
spray-on ablator is applied to all protuberances, such as
attachment structures, because shock impingement
causes increased heating to these areas. The thermal
protection system (TPS) coverage is minimized by using
the heat-sink approach provided by the sidewalls and
propellants.
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SOLID ROCKET BOOSTERS

4 SEPARATION MOTORS
B8 964 N (20 000 LB)

DIMENSIONS
LENGTH 4547 cm (1790 IN.)
DIAMETER: 371 cm (146 IN,)

4 SEPARATION MOTORS
88 964 N (20 000 LB)
THRUST EACH

FORWARD
SKIRT

ELECTRONICS AND
RECOVERY SUBSYSTEM
GEAR

Two solid rocket boosters (SRB's) bumn in parallel
with the main propulsion system of the Orbiter to
provide initial ascent thrust. Primary elements of the
booster are the motor, including case, propellant, igniter,
and nozzle; forward and aft structures; separation and
recovery avionics, and thrust vector control subsystems.
Each SRB weighs approximately S84 600 kilograms
(1 288 800 pounds) and produces 11 800 000 newtons
(2 650 000 pounds) of thrust at sea level. The propellant
grain is shaped to reduce thrust approximately one-third
55 seconds after lift-off to prevent overstressing the
vehicle during the period of maximum dynamic pressure,
The grain is of conventional design, with a
star-configured perforation in the forward casting
scgment and a truncated cone perforation in each of the
segments and the aft closure. The contoured nozzle
expansion ratio (area of exit to area of throat)is 7.16:1.
The thrust vector control subsystem has a maximum
omniaxial gimbal capability of slightly over 77 which, in

34

SRE/ET AFT
ATTACHMENT

SREBET THRUST
ATTACHMENT

AFT SKIRT AND
LAUNCH SUPPORT

THRUST EACH

NOZZLE AND
THRUST
VECTOR CONTROL

APPROXIMATE WEIGHTS AND THRUST (EACH)

GROSS WEIGHT: 584 600 kg (1 288 80O LB)
INERT WEIGHT: 81 900 kq (180 500 LB)
THRUST (SEA LEVEL): 11 800 000 N (Z 650 000 LB)

conjunction with the Orbiter main engines, provides
Mlight control dunng the Shuttle boost phase

Maximum flexibility in  fabrication and ease of
transportation and handling are made possible by a
segmented case design. Two lateral sway braces and a
slide attachment at the alt frame provide the structural
attachment between the SRB and the tank. The SRB is
attached to the tank at the forward end of the forward
skirt by a single thrust attachment. The pilot, drogue,
and main parachute risers ol the recovery subsystem are
attached to the same thrust structure.

The SRB's are released by pyrotechnic separation
devices at the forward thrust attachment and the aft
sway braces. Fight separation rockets on each SRB (four
aft and four forward) separate the SRB from the Orbiter
and external tank.

The forward section provides installation space for
the SRB electronics and recovery gear and for the
forward separation rockets,



ORBITER MAIN PROPULSION

TOTAL USABLE PROPELLANT
703 000 kg 11 550 000 LB

DISCONNECT COVER DOOR
IN AFT BODY ONLY

LOz FEEDLINE

LOZ PRESSURIZATION

HLz TANK
LK, VENT

L02 TANK
LO.‘, VENT

EXTERNAL TANK

The Orbiter main propulsion engines burn  for
approximately 8 minutes. These two systems provide the
velocity increment necessary to almost achieve the initial
mission orbit, The final boost into the desired orbit is
provided by the orbital mancuvering system.

Fach of the three main engines is approximately 4.3
meters (14 feet) long with a nozzle almost 2.4 meters (8
feet) in diameter, and each produces a nominal sea-level
thrust of 1 668 100 newtons (375 000 pounds) and a
vacuum thrust of 2 106G 000 newtons (470 000 pounds).
The engines are throttleable over a thrust range of 50 to
109 percent of the nominal thrust level, so Shuttle
acceleration can be limited to 3g. The engines are
capable of being gimbaled for Might control during the
Orbiter boost phase.

The 603 300 kilograms (1 330 000 pounds) of liquid
oxygen and 99 800 kilograms (220 000 pounds) of
liquid hydrogen used during ascent are stored in the
external tank. The propellant is expended before
achieving orbit and the tank falls to the ocean after
separating from the Orbiter. The fluid lines interface

HYDROGEN

PRESSURIZATION
LH,y FEEDLINE

LIQUID OXYGEN ‘LOz
FILL 'DRAIN

DISCONNECT

LK, FILL 'DRAIN
DISCONNECT

ILH,) ORBITER ET

LH, DISCONNECT

=QORBITER ET
LOz DISCONNECT

3 MAIN ENGINES
2 100 000 N (470 D00 LB! VACUUM
THRUST EACH

30=cm 112 INOFEED
20-cm (8 N1 LD, \_

0
FlLL '

AND nnm\ 1” lf j
A%cm (17 IN.) FEED ”\,{m

l

| k——)ut

URBIT[R LOWER SURFACE

EXTERNAL TANK

ORBITER
MAIN
ENGINES

m (8 IN,
LH2 FiLlL

AND DRAIN

with the external tank through disconnects located at
the bottom of the Orbiter aft fuselage. The hydrogen
disconnects are mounted on a carner plate on the left
side of the Orbiter and the oxygen disconnects on the
right side. These disconnect openings are covered by
large doors immediately after tank separation from the
Orbiter. Ground servicing is done through umbilicals on
hoth sides of the aft fuselage.
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The reaction control subsystem (RCS) has 3%
bipropellant primary thrusters and 6 vernier thrusters to
provide attitude control and three-axis translation during
the orbit insertion, on-orbit, and reentry dhases of flight,
The RCS consists of three propulsion units, one in the
forward madule and one in each of the aft propulsion
pods. All modules are used for external tank separation,
orbit insertion, and orbital maneuvers. Only the aft RCS
modules are used for reentry attitude control.

ORBITER REACTION CONTROL ANL

The RCS propellants are nitrogen tetroxide (N,O ) s
the oxidizer and monomethylhydrazine (MMIL) as the
fuel. The design mixture ratio of 1.6:1 (oxidizer weight
to fuel weight) was set to permit the use of identical
propellant tanks for both fuel and oxidizer. The
propellant capacity of the tanks in each module 15 609
kilograms (1343 pounds) of NyOg and 381 kilograms
(540 pounds) of MMIL.

ORBITER REACTION CONTROL SUBSYSTEM

R——

1 FORWARD RCS MODUL[ 2 AFT RCS SUBSYSTEMS IN POUS
38 MAIN THRUSTERS 114 FORWARD, 12 PER AFT POD)

& VERNIER THRUSTERS 2 FORWARD AND 2 PER AFT POD

PROPELLANTS: N,O

AFTRCS SUBSYSTEN s |

THRUST LEVEL 3870 N (870 LB) VACUUM
SPECIFIC IMPULSE - 289 SEC
MIE - B9 N-SEC 20 LB-SEC

THRUST LEVEL =111 N (25 LE
SPECIFIC IMPULSE - 228 SEC
MIB - 3.34 N=-SEC 10,75 LBI-SEC!

204 OXIDIZER) MMH FUEL

PROPELLANT QUANTITY 1980 kg 4366 LB AFT
990 kg (2183 LB FORWARD

DEPLOYAELE COVERS

FIXED
THRUSTERS

RCS
PROPELLAN

VERNIER THRUSTER

FORWARD RCS MODULE

MIE -~ MINIMUM IMPULSE BIT
RCS oms PRIMARY
HELIUM WELIUM THRUSTERS
TANKS TANK (12 PER AFTY
OMs POD
PROPELLANT

VERNIER

THRUSTERS
2 PER AFT

POD

AFT PROPULSION SUBSYSTEM
OMS RCS POD?
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ORBITAL MANEUVERING SUBSYSTEMS

The orbital maneuvering subsystem (OMS) provides
the thrust to perform orbn insertion, orbit
circularization, orbit transfer, rendezvous, and deorbit,
The integral OMS tankage is sized to provide propellant
capacity for a change in velocity of 305 m/sec (1000
ft/sec) when the vehicle carries a payload of 29 500
kilograms (65 000 pounds). A portion of this velocity
change capacity is used during ascent. The 10830
Kilograms (23 900 pounds) of usable propellant, plus
420 kilograms (925 pounds) of residuals and losses, is
contained in two pads, one on each side of the aft
fuselage. Fach pod contains a high-pressure helium
storage bottle; tank pressurization regulators  and

controls; a fuel tank; an oxidizer tank, and a pressure-fed
regeneratively cooled rocket engine. Fach engine
produces a vacuum thrust of 26 700 pvewtons (6000
pounds) at & chamber pressure of %61 ¥ 20 N/m? (125
psia) and a specific impulse of 313 seconds.

The OMS and RCS propellant lines are
interconnected (1) to supply propellant from the OMS
tanks to the RCS thrusters on orbit and (2) 1o provide
crossfeed between the left and right RCS systems. In
addition, propellant lines from the auxiliary OMS tanks
in the Orbiter cargo bay (f carried as a mission Kit)
interconnect with the OMS propellant lines in each pod.

PITCH AND YAW

ORBITAL MANEUVERING SUBSYSTEM fLecTone Cuanical

PAYLOAD
BAY OMS KITS

PROPELLA
TANKS

OMS ENGINE CHARACTERISTICS

THRUST 26 700 N ‘6000 LB
VALUUM
SPECIFIC IMPULSE 313 SEC

OMS
PROPELLANT
TANKS

GIMBAL

ACTUATORS OMS

RCS ENCINE

HELIUM
TANKS

HELILN
TANK

LEFT AFT POD

CHAMBER PRESSURE 261 850 N n” 1125 PSIA
MIXTURE RATIO: 1.65:1
\+ 4 PITCH

GIMBAL CAPABILITY: |, 5 yaw

OMS TANKAGE CAPACITY FOR 305 n SEC
1000 FT SEC VELOCITY CHANGE -

FUEL 'MMH WEIGHT

4087 kg 19010 LE

' i
OXIDIZER 'Nzoax WEIGHT 6743 Ly (14 866 LB ‘L-S‘-Bl 3

37



ORBITER STRUCTURE SUBSYSTEM

The Orbiter structure s constructed primarily of
aluminum protected by reusable surface insulation. The
primary structural subassemblies are the crew module
and forward fuselage. midiuselage and payload bay
doors, aft fuselage and engine thrust structure, wing, and
vertical tail.

The crew module is machined aluminam alloy plate
with integral stiffening stringers and internal framing and
is welded 1o create a pressure-tight vessel. The module
has a side hatch for normal ingress and egress, a hatch
into the airlock from the crew living deck, and a hatch
from the airdock into the payload bay. The forward
fuselage structure is aluminum alloy skin/stringer panels.
frames, and  bulkheads. The window  frames are
machined partr attached to the structural panels and
frames,

The midfuselage s an  integral machined panel
struciure and is the primary carrying structure between
the forward and alt fuselage; it also includes the wing
carrythrough structure, The frames are constructed as a

® CONVENTIONAL ALUMINUM STRUCTURE
® MAXIMUM TEMPERATURE 450 K (350°F)
® PROTECTED BY REUSABLE SURFACE INSULATION

[FAvLOAD BAY DOORS |

® TWO DOORS SPLIT AT VERTICAL
® ONE-PIECE DOOR
@ GRAPHITE EPOXY HONEYCOMB

CREW MODULE AND
FORWARD FUSELAGE

® SKIN STRINGER
® CABIN - FLOATING

combination  of aluminum  panels  with riveted o1
machined integral stiffeners and a truss structure center
section, The upper half of the midfuselage consists of
structural payload bay doors, hinged along the side and
sphit at the top centerline.

The main engine thrust loads to the midfuselage and
external tank are carried by the aft fuselage structure.
This structure is an  ~“sinum integral machined panel
and includes a tre ype internal titanium structure
reinforced with boron epoxy. A honeycomb-base
aluminum heat shield with insulation at the rear protects
the main engine systems

The wing is constructed with corrugated spar web,
truss-type  ribs, and riveted skin/stringey  covers of
aluminum  alloy, The elevons are  constructed ol
aluminum honeycomb,

The vertical tail is a twospai, multinib, stiffened-skin
box assembly of fluminum alloy, The tail is bolted to
the aft fuselage at the two main spars. The rudder/speed
brake assembly is divided into upper and lower sections.

| VERTICAL TAIL]

® SKIN/STRINGER FIN COVERS
® HONEYCOME RUDDER COVER
@ MACHINED SPARS

@ SHEET METAL RIBS

[AFT FUSELAGE]

® SKIN STRINGER SHELL

Td ® TITANIUM BORON EPOXY
THRUST STRUCTURE

® ALUMINUM HONEYCOMB BASE
HEAT SHIELD WITH THERMAL
INSULATION

| WING I

® SKIN STRINGER COVERS

@ WEB AND TRUSS SPARS

® ELEVON - HONEYCOMB
COVERS

MIDFUSELAGE

® SKIN/STRINGER
® HONEYCOMB PANELS

A8



ORBITER THERMAL PROTECTION SYSTEM

The thermal protection subsystem (TPS) consists of
materials applied externally to the primary structural
shell of the Orbiter vehicle to maintain the airframe
within acceptable temperature limits. The TPS s
composed of two types of reusable surface insulation
(RS1), a hightemperature structure coupled with
internal insulation, thermal window panes, and thermal
seals to protect against aerodynamic heating.

The Orbiter is predominantly covered by RSI made
of coated silica tile. The two types of RSI differ only
physically to  provide protection for  different
temperature regimes. The low-temperature reusable

UPPER SURFACE  pec

HRSI

UNDER SURFACE pec

HRS!

RCC

surface insulation (LRSI is 20-centimeter (X inch)
square silica tiles and covers the top of the vehicle where
temperatures are less than 925 K (1200° F). The
high-temperature reusable surface insulation (HRSI) »
1 5.centimeter (6 inch) square silica tiles and covers the
bottom and some leading edges of the Orbiter where
temperatures are bhelow 1500 K (2300° F). A
high-temperature structure of reinforced carbon-carbon
(RCC) 15 used with internal insulation for the nose cap
and wing leading edges where temperatures are greater
than 1500 K (2300° F).

MAX I MUM
INSULATION AREA DESIGN
TEMPERATURE
F]
LRSI 603 m » | 900k 1200°F)
%age F1°)
2
HRS) 434 m , | 1300k 2300°F)
@670 FTY)
2
RCC 28 11800 k 2800°F)
@09 F 1)
2
TOTAL 1075 m ; S
(11 S67FT°)
COATED

SILICA TILE

LRS STRAIN
ISOLATOR
PAD

FILLER
BAR

ALUMINUM
STRUCTURE

TYPICAL TILE INSTALLATION
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PAYLOAD ACCOMMODATIONS

The Orbiter systems are being designed to handle
various payloads and to support a variety of payload
functions. The payload and mission specialist stations on
the Might 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 Spacelab
payload provides additional command and data
managemnent capability plus a work area in the payload
bay for the payload specialists. The crew will be able to

us¢ @ manipulator to handle complete payloads or
selected packages.

The manipulator arm, complemented by the
television display system, allows the payload operaton to
transfer experiment packages and cargo in and out of the
Orbiter bay, to place into orbit spacecraft carried up by
the Shuttle, and to inspect retrieved orbital spacecraft.
The system can also aid in inspectior of critical areas on
the vehicle exterior, such as the heat shield.

PAYLOAD/ORBITER INTERFACES

OMS/STORABLE PROPULSIVE
PAYLOAD OxIDIZER PANEL

OMS /STORABLE PROPULSIVE
PAYLOAD FUEL PANEL

PAYLOAD POWER PANEL

PAYLOAD PRELAUNCH
SERVICE PANEL

\\ PAYLOAD RETENTION
-

-,

CRYOGENIC \\
PAYLOAD
FUEL PANELS \

'«

CRYOGENIC PAYLOAD
OXIDIZER PANELS

REMOTE MANIPULATOR
SYSTEM

AFT
FLIGHT DECK
WINDOWS

PAYLOAD
uTiLITY
PANELS

AIRLOCK HATCH

AIR
FORWARD SULENEAD REVITALIZATION
ELECTRICAL FEEDTHROUGH s
INTERFACE PANELS, GROUND
SUPPORT EQUIPMENT,
FLIGHT KIT



SUPPORTING SUBSYSTEMS FOR PAYLOADS

& PAYLOAD ATTACHMENTS

® REMOTE MANIPULATOR HANDLING SYSTEM

® ELECTRICAL POWER/FLUID/GAS UTILITIES

® ENVIRONMENTAL CONYROL

® COMMUNICATIONS, DATA HANDLING, AND
DISPLAYS

® GUIDANCE AND NAVIGATION

® MISSION KITS

URIGINAL PAGE
OF POOR QU

41



PAYLOAD HANDLING

The deployment and  retrieval ol

pavioads  are installed and controlled separatel T |
awcomy lished by using the A\Tl.'1_||‘|“||“-n\' remolg handhing with two manipulator Fach ar ha
nanipulator  system.  Pavload retrieval involves  the ontrolled television and lights to pros
ombined operations of rendeszvous, stationkeeping, and ind  depth  perception. Light
manmpulator arm control, One  mampulator  arm s bulkheads provide appropriat
standard equipment on the Orbiter and may be mounted any task that must be perfon

on ¢ither the lett or night longeron, A se | arm can by
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CREW CABIN AND CREW ACCOMMODATIONS

The Orbiter cabin is designed as a combination
working and living area. The pressurized crew
compartment has a large volume, 71.5 m? (2525 ft3),
and contains three levels. The upper section, or flight
deck, contains the displays and controls used to pilot,
monitor, and control the Orbiter, the integrated Shuttle
vehicle, and the mission payloads. Seating for four
crewmembers is provided. The midsection contains
passenger seating, the living area, an airlock, and avionics
equipment compartments. An aft hatch in the airlock
provides access to the cargo bay. The lower section
contains the environmental control equipment and is
readily accessible from above through removable floor
panels,

Flight deck displays and controls are organized into
feur functional areas: (1) two forward-facing primary
flight stations for vehicle operations, (2) two aft-facing
swations, one for payload handling and the other for
docking, (3) a payload specialist station for management
and checkout of active payloads, and (4) a mission
specialist  station for  Orbiter subsystem/payload
interface, power, and communications control in the
remaining flight deck area.

The forward-facing primary flight stations are
organized in the usual pilot-copilot relationship, with
duplicated controls that pcrmit the vehicle to be piloted
from either seat or returned to Earth by one
crewmember in an emergency. Manual flight controls
include rotation and translation hand controllers, rudder
pedals, and speed brake controllers at each station.

MISSION
,_S-PECIALIST
STATION

PILOT STATION

STATIONS
COMMANDER S::::-Aol:g'f
STATION
STATION

FLIGHT SECTION

RE)

DOCKING AND
PAYLOAD HANDLING

The payload handling station, the aft-lacing station
nearest to the payload specialist station, contains those
displays and controls required to manipulate, deploy,
release, and capture payloads. The person at this station
can open and close payload bay doors; deploy the
coolant system radiators; deploy, operate, and siow the
manipulator arms; and operate the lights and television
cameras mounted in the payload bay. Two closed-circuit
television monitors display video from the payload bay
television cameras for monitoring payload manipulation.

The docking station, the aft-facing station nearest to
the mission specialist station, contains the displays and
controls required to execute Orbiter attitude/translation
maneuvers for terminal-phase rendezvous and docking.
Located at this station are rendezvous radar controls and
displays (including a crosspointer for displaying pitch
and roll angles and rates), rotation and translation hand
controllers, flight control mode switches, and an attitude
director indicator.

The payload specialist station, just aft and to the left
of the commander’s station, includes a 2square-meter
(20 square foot) surface area for installing displays and
controls unique to a specific payload. A cathode ray
tube (CRT) display and keyboard may be added for
communication with payloads through the Orbiter data
processing subsystem. Standardized electrical interfaces
are provided for payload power, monitoring, command,
and control. Forced-air cooling can be provided for
equipment requiring heat removal,

FOUR SEATS

STOWAGE

SLEEP
AVIONICS

AVIONICS - -
AIRLOCK

STOWAGE STOWACE
HYGIENE

TWO SEATS

MIDSECTION
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PAYLOAD ATTACHMENTS

Numerous  attachment points along the sides and
bottom of the 18-meter (60 foot) payload bay provide
places for the many payloads to be accommodated.
Thirteen primary  attachment  points along the sides
accept longitudinal and vertical loads. There are twelve

MIDFUSELAGE
GENERAL ARRANGEMENT

MAIN FRAMES (120

positions along the keel that take lateral loads. The
proposed design of the standard  attachment fitting
includes  adjustment capability 1o adapt 1o speaific
payload weight distributions in the bay.
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POWER SYSTEMS

FUEL CELL POWER PLANT (FCPY = 3
2=kW MIN,, 7=kW CONTINUOUS
12-kW PEAK FCP
15=MIN DURATION ONCE EVERY 3 HR

UMBILICAL SERVICE

HYDROGEN DEWAR TANKS -
2,0.67-m> 23.5F1)
CAPACITY, 2310-kN m?

(335 PSIA! MAX, PRESSURE

The Orbiter has one system to supply electrical power
and another  system  to  supply  hydraulic  power.
Electrical power is generated by three fuel cells that use
cryogenically stored hydrogen and oxygen reactants.
Each fuel cell is connected to one of three independent
clectrical buses. During peak and average power loads, all
three fuel cells and buses are used; during minimum
power loads, only two fuel cells are used but they are
interconnected to the three buses. The third fuel cell is
shut down hut can be reconnected within 15 minutes to
support higher loads. Excess heat from the tuel cells is
transferred 1o the Freon cooling loop through heat
exchangers. Hydraulic power is derived from three
independent hydraulic pumps, each driven by its own
hydrazine-fueled auxiliary power umit (APU) and cooled
by its own water boiler. The three independent
hydraulic fluid systems provide the power to actuate the
elevons, rudder/speed brakes, body flap, main engine
gimbal and control systems, landing gear brakes, and
steering. While on orbit, the hydraulic fluid is kept warm
by heat from the Freon loop.

48

SPOWER REACTANT STORAGE DISTRIBUTION
SUBSYSTEM
S POWER GENERATION SUBSYSTEM

OXYGEN DEWAR TANKS - 2, 0 35en>

12.3 FT) CAPACITY, 7240-kN n°

1050 PSIA MAX ., PRESSURE

FCP SUBSYSTEM
@ 14-kW CONTINUOUS 24-kW PEAK
€27 .57T0 32.5Vv DC

REACTANT STORAGE

®1530-kWh MISSION ENERGY

® 264-kWh ABORT SURVIVAL ENERCY

®5) ky1112 LB) OXYGEN FOR
ENVIRONMENTAL CONTROL AND
LIFE SUPPORT SYSTEM

042 kg (92 LB

HYDROGEN TANK
® 354 ko (781 LB)
OXYGEN TANK

TOTAL LOADED
I QUANTITY

The electrical power requirements of a payload will
vary throughout a mission. During the 10-minute
launch-to-orbit  phase and the 30-minute
deorbit-to-landing phase when most of the experiment
hardware is in a standby mode or completely turned off,
1000 watts average to 1500 watts peak are available
from the Orkiter. Duning payload equipment operation
on orbit, the capability exists to provide as much as
T000 watts average to 12 000 watts peak for major
energy-<consuming  pavloads. For the 7-day-mission
payload, 50 Kkilowatt-hours of electrical energy  are
available. Mission kits containing consumables for 840
kilowatt-hours each are available in quantities required
according to the Might plan.

The operational use of fuel cells for manned space
flight evolved during the Gemini and Apollo Programs.
The Space Shuttle fuel cells will be serviced between
Mights and reflown until each one has sccumulated SO00
hours of online service,



AUXILIARY POWER UNIT SUBSYSTEM

LooP
LINES

0 33 198 mm
(1307 IN?

LUBRICATION PUMP

APU
HYDRAULIC PUMP

FUEL

| T SYSTEM
TANK @ 3 INDEPENDENT SYSTEMS

@100 LW (135 W)/ APY
SONE 0.24-n /min ®3
gal/minl, 20 700-
W/ m? 13000 PSI)
HYDRAULIC PUMP
@ MONOPROPE LLANT
SHYDRAZINE N

2"a

GEAR BOX

HYD AULIC PUMP

TURBINE
(WITH BURST
PROTECTION)

ORBITER SUBSYSTEM SUMMARY

PROPULSION

AND POWER

AUXILIARY POWER

ORBITAL MANEUVERING SYSTEM

® 3 HYDRAZINE APU'S (100 bW (135 HP) EACH)
20 700~N/m® (3000 PSI) HYDRAULIC PUMPS

@2 ENGINES (26 700 N (6000 LB) VACUUM
THRUST EACH:

n,o‘ MMM PROPELLANT 10 830=4g

ELECTRICAL POWER

®3 7= FUEL CELLS (WYDROGEN, OXYGENY
1530 kWh ENERGY
27,570 32.5v0DC

REACTION CONTRO. SYSTEM

® | FORWARD MODULE AND 2 AFT MODULES
38 THRUSTERS (3870 N (B70 LB: VACUUM!
AND &6 VERNIERS (111 N (25 LBY
TOTAL u,o‘/m PROPELLANT

2970 kg (6550 LB)

(23 900 LB) CAPACITY

MAIN PROPULSION

@ 3 ENGINES (2 100 000 N (470 000 LBY
VACUUM THRUST EACH)

HWYDROGEN . OXYGEN PROPELLANT
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PAYLOAD POWER INTERFACE CHARACTERISTICS

a
Mission Vaolt Power, kW ATCST payload heat
Inteitue Ny station f ; omments repes ion configuration
Phaw Average | Peak Kb Wt )
Goround operation | Dedicated Tuel RS | Mw ) ' Normal checkout Fimited 1o S4%6 k)
(ground power) woll connector M) 7 12 Ortater powered down 5 200 Biw hey with
o owithout radiaton
Main bus connector | M698 | M032] 3 4 Notmal checkout oA rasmpd e
s L Orbiter powered down has GS) connee
ton for coohing
AT (b H) 1307 Ml 1.4 2 May by used of Obiter s
smultancously poweted down
Al ibus €) 1307 M) 15 2
Ascent/descent Dedicated Tuel KIS el | 1.5 Power limited o a2 SARG 08 M
vell connedton total of | &KW average with of without
and 1.5 kW peak Tor radiaton kit
T
Main bas connedtor L) MR | 15
AL (hus W) (RIS M2 ] 1.5
Al (bus C) 1307 Mwl2 | 1.5
On-orbit payload Dedicated fuel WHIS 27 min. 7 1”2 Peak power mated to S0DOMN 29 SO0y dhiny
operations vell connedtor (mas.) 6 tunb 15 min once every 22700 021 S
I tno kit
Main bus connector a9 MNwi b ] L
Al (hus B) 107 M0 12 14 2 Power may be utilized 22 %00 n A1 Vi
Trom both interlaces 020 SO0 o 29 Sinny
Al (bus C) 1307 241032 1.5 2 simultancously . buses
st be isolated on
the pay load side of
the interface

AActive thermal control subsystem,

B1o be determined
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ENVIRONMENTAL CONTROL

Cooling services are provided to payloads by the
Space Shuttle. Ground support equipment provides a
selectable temperature range during prelaunch activities,
After the Orbiter lands, ground support equipment
similar to airline support hardware is connected 1o the
cabin and payload bay to control temperature levels.

The payload bay is purged with conditioned air at the
launch pad untl 30 minutes before the start of
propellant loading. then dry nitrogen gas is supplied
until lift-off. The payload bay is vented during the
launch and entry phases and is unpressurized during the
orbital phase of the mission. The pressuie difference
between the payload bay and outside air is minimized to
allow a lightweight structure and thus an economecal
design for the payload bay,

The cabin atmosphere (temperature, pressure,
humidity, carbon dioxide level, and odor) is controlled
by the cabin heat exchanger and associated equipment.
The temperature is maintained between 289 and 305 K
(61° and 90" F). An oxygen partial pressure of

WASTE WATER TANK

POTABLE WATER TANK

AVIONICS BAY
COOLING PACKAGE

ATMOSPHERL
REVITALIZATION SYSTEM
WATER SEPARATORS

pAGE W

AL
(:,'lbm Uﬁm

ATMOSPHERIC REVITALIZATION SUBSYSTEM

@ TUNCTIONS
o CARBON DIOXIDE ODOR AND WATER VAPOR CONTROL 1% PRESSURIZLD
CABIN
CABIN PRESSURL MAINTENANCE AND CONTROL
CABIN ATMOSPrERE T RMAL CONTROL
CABIN AND AFT SECTION AVIONICS THERMAL CONTROI
ATMOSPHERIC REVITALIZATION FOR MARITARLL PAYIOADYS
LN RLQUIRED)
@ DESIGN PERFORMANCE REQU | REMENTS
o MISSION
- NOMINAL &2 MAN DAYS
= [NTRAVEMICULAR ACTIVITY 3 TWO -MAN PERIDDS
= CONTINGENCIES 16 MAN-DAYS OR | CABIN REPRESSURIZATION DR
MAINTALY PRESSURE Witw CABIN LEAR
® FERSONNEL (CREW PASSENGERS:
DESIGN OPERATION, 3 10 10
NORMAL YTO 7
RESTUL, 670 10 2
= CARINPRESSURE 10] D4 Nm” (107 PSIA

= AIMOSPHERIC COMPOSITION 21 MaNm'
79980 Nm® (11 6 PSIAI NITROGEN

= CABIN

3.1 PSIA DuYGEN

22065 #1725 N/m2 (3.2£0.25 psia) is maintained,
and nitrogen is added to achieve a total pressure of
101 355 N/m2 (14.7 psi). The oxygen is supplied from

AVIONICS
COOLING

|, ‘\\
- \ CABIN
, I.\ VENTILATION

AVIONICS
BAY
COOLING
PACKAGE

CABIN FAN AND
CHECK VALVE
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the same cryogenic tanks that supply the fuel cells,
Nitrogen for normal operation and emergency oxygen is
supplied from 20 700-kN/m? (3000 psi) pressure vessels
mounted in the midfuselage. The cabin atmosphere and
part of the avionic equipment cooling is controlled ny
alr that is ducted through the cabin heat exchanger.

The radiator system located on the inside of the
payload bay doors is the primary on-orbit heat rejection
system. A water loop transports the excess heat from the
cabin heat exchanger and remaining avionic equipment
(through cold plates) to the Freon cooling loop by way
of the cabin heat inteichanger. The Freon cooling loop
delivers this heat, together with heat from the fuel cells,
payloads, and cold plates of the aft avionic equipment,

to the 1 lsquare-meter (1195 square foot) (eltective
area) baseline radiators, where the heat is radiated into
space. The water fash evaporator is used to supplement
the radiator cooling capacity. Extra radiator panels can
be added to accommodate payloads with high heat
loads.

During the ascent and descent (down to an altitude of
30 500 meters (100 000 feet), when the cargo bay doors
are closed and the radiators are ineflective), cooling is
provided by the cabin heat sublimators. From the
altitude of 30 500 meters (100 000 feet) to landing and
connection with the ground support equipment, the
ammonia boiler provides the required cooling.

ORBITER PURGE AND VENT SYSTEM

PURGE DUCT SYSTEM

@ CONSISTS OF 4 SEPARATE, DEDICATED SYSTEMS
® FORWARD FUSELAGE, FORWARD RCS, OMS PODS,

WING, VERTICAL STABILIZER

® MIDFUSELAGE (PAYLOAD AND LOWER EQUIPMENT BAYS)

® AFT FUSELAGE (DEDICATED)
® ET/ORBITER LHz, L02 DISCONNECTS

@' EACH PROVIDES

. THERMAL CONDITIONING
MOISTURE CONTROL
. HAZARDOUS-GAS DILUTION

VENT SYSTEM

FRAME

LOWER MIDFUSELAGE
VENT



ORBITER ENVIRONMENTAL CONTROL

DEPLOYED
RADIATOR

SECT!0N7

CABIN HEAT =
SUBLIMATORS s
‘1 EACH SIDE) @
f -53 | .lI A
y "ﬁ’ J o F
"W
- ‘wl \g‘;b -
PAYLOAD AND S
FUEL CELL
HEAT (=)
EXCHANGERS =
CABIN HEAT
INTERCHANGE R

CONTROLS AND DISPLAYS

CABIN HEAT EXCHANGER

e COLD-PLATE COOLED AVIONICS @ AMMONIA BOILER AND TANKS (2)
® WATER FLASH EVAPORATOR @ GROUND SUPPORT EQUIPMENT HEAT EXCHANGER

BASELINE RADIATORS

OPTIONAL PAYLOAD
RADIATORS

HIGH-PRESSURE
GAS TANKS
(4 NITROGEN AND 1 OXYGEN)

AIR AND COLD-PLATE
COOLED AVIONICS

FLIGHT PHASE

PAYLOAD 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 FnOM GROUND
SUPPORT EQUIPMENT
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ORBITER SUBSYSTEM SUMMARY

COMMUNICATION AND TRACKING

SGLS - SPACE-GROUND LINK SUBSYSTEM
STON - SPACE TRACKING AND DATA NETWORK
TDRS - TRACKING AND DATA RELAY SATELLITE

GU!DANCE, NAVIGATION, AND CONTROL

® STAR SENSORS
® INERTIAL MEASUREMENT UNITS

® SGLS-COMPATIBLE (S-BAND) TRANSCEIVER

® STON/TDRS-COMPATIBLE (S-BAND) TRANSCEIVER
@ PAYLOAD S-BAND INTERROGATOR

® TACAN INTERROGATOR

@ RADAR ALTIMETER AND MAIN LANDING SYSTEM
©® RENCEZVOUS RADAR /Ku=-BAND COMMUNICATIONS
@ BLACK-AND-WHITE AND COLOR TELEVISION

@ AUDIO CENTER

® SIGNAL PRGCESSORS

® DOPPLER EXTRACTOR

® EXTRAVEHICULAR ACT VITY UHF TRANSCEIVER

J

® RATE GYROS
® ACCELEROMETERS
® AIR DATA SENSORS

OPERATIONAL FLIGHT
iNSTRUMENTATION .
® PCM DATA ACQUISITION AND
DISTRIBUTION
® RECORDERS
® MASTER TIMING UNIT

DISPLAYS AND CONTROLS /

® TWO PRIMARY FLIGHT STATIONS

® PAYLOAD HANDLING STATION

@ MISSION SPECIALIST STATION

©® PAYLOAD SPECIALIST STATION

® S')BSYSTEM MANAGEMENT AND
POWER DISTRIBUTICN PANELS

DATA PROCESSING

® 5 DIGITAL COMPUTERS
3 DEDICATED TO G&N
1 RECONFIGURABLE (G&N OR PAYLOAD
AND PERFORMANCE MONITORING!
1 DEDICATED TO PAYLOAD AND
PERFORMANCE MONITORING
® MASS MEMORY
® KEYBODARDS AND CRT DISPLAYS

AVIONICS

The Shuttle avionics subsysteni provides commands;
guidance and navigation (G&N) and control;
communications; computations; displays and controls;
instrumentation; and electrical power distribution and
control for the Orbiter, the external tank, and the SRB.
The avionics equipmert is arranged to facilitate
checkout, access, and replacement with minimal
disturbance to other subsystems. Almosi all electrical
and electronic equipmant is installed in three areas of
the Orbiter: the flight deck, the forward avionic
equipment bays, and the aft avionic equipment bays.

The Orbiter flight deck is the center of both in-flight
and ground activities except during hazardous servicing.
Automatic vehicle flight control is provided for all
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mission phases except docking: manual control options
are available at all times. Side-stick rotation controllers,
rudder pedals, and trim controls allow manual control,
and a computer provides commands for automatic light
control to the aerosurfaces or propulsive clements as
required. Attitude information is obtained from the
inertial measuring unit. Air data are provided by
redundant probes deployed at lower altitudes. Gimbaled
inertial measuring units provide the navigation reference
~ith star sensors for autonomous alinement and state
vector update. During active rendezvous, a rendezvous
radar is used to obtain range and bearing information.
Orbiter-to-ground communication is by radiofrequency
transmission in both frequency modulation and pulse
code modulation (PCM) modes.



COMMUNICATIONS, TRACKING, AND DATA MANAGEMENT

The payload communications, tracking, and data
management  baseline configuration has  sufficient
flexibility to accommodate most payloads so that
between-flight changes will be required only
infrequertly tor special missions. Voice, television, and
data-handling capabilities support onboard control or
ren.ote control from the ground when desirable. The
on-orbit and ground facility handling system must be
very efficient to support the many payloads to be flown.

The communications and tracking subsystem in the
Orbiter supports Orbiter-to-payload communications as
well as the transfer of payload telemetry, uplink data

commands, and voice signals to and from the space
networks.

The data processing and software subsystem furnishes
the onboard digital compuiaiioin required to support
payload management and handling. Functions in the
computer are controlled by the crew through main
memory loads from the tape memory. Flight deck
stations for payload management and handling are
equipped with data displays, CRT's, and keyboards for
monitoring by the crew and for controlling payload
operations on a flight-by-flight basis using equipment
supplied as part of the payloud.

DA TAT:EAE :\'r"gaﬁ LITE
o fb (TORS) COMMUNICATIONS AND
. i kaireR DATA MANAGEMENT
- \,\ .. FREE-FLY) .
I ; : SATELLITE
-_t—— ;

/ GROUND | ORBITER| GROUND ORBITER ORBITER SATELLITE
FUNCTION TO TO TO ORBITER|TO GROUNC| TO SATELLITE TO GROUND
ORBITER| GROUND | VIA TDRS | VIA TDRS |(PRIME OR RELAY)| VIA ORBITER
VOICE X X X X X X
GROUND STATION
TELEVISION X X
ENGINEERING
DATA X X X X X
SC:JEANTT‘:FIC X X X X
COMMANDS ¥ X X
GN&C X X X X X
TIMING X X X X X
CAUTION AND X X X
WARNING

55




ORBITAL COMMUNICATIONS AND TRACKING LINKS

DE TACHED
PAYLOAD TRACKING AND DATA
RELAY SATELLITE

[ ] ‘TORS
o TRANSMIT ~ COMMANDS OR DIGITAL VOICE
AND COMMANDS TLM

e RECEIVE TLMAND DIGITAL VOICE
s RADAR TRACKING

TELEMETRY (TLM), VOICE

S-BAND
® PULSE MODULATION (PM) UPLINK
(72 KBPS) VOICE (2 X 32 KBPS),
COMMANDS 6.4 KBPS (2 KBPS INFOR-
MATION ENCODED), AND 1.6 KBPS
SYNCHRONIZED INTERLEAVED

ONE-WAY DOPPLER
EXTRACTION Ku-BAMD

S-BAND Ku-BAND
* PM UPLINK (32 KBPS) o PMUPLINK (72 KBPS + 1 MBPS)
o PM DOWNLINK (96 KBPS) o PM DOWNLINK (€2 MBPS + <50 MBPS)
® FM DOWNLINK (€2 MBPS + 4.2 MH;
+ 192 XKBPS)

® PM DOWNLINK (192 KBPS) VOICE
(2 X 32 KBPS) AND 128 KBPS ORBITER
PCM TLM WITH INTERLEAVED

Al )
FREQUENCY PAYLOAD DATA (64 KBPS - BAND

/—TWO-WAY DOPPLER
XTRACTI _-!
: AL TORS GROUND STATION

SPACE TRACKING AND DATA NETWORK
(STON) GROUND STATION

® FREQUENCY MODULATION FM) DOWN-
LINK TIME SHARED, WIDE-BAND :
PAYLOAD DATA (ANALOG OR DIGITAL),
TELEVISION, DUMP RECORDED DATA,
TO 4.0 MMz OR 5.0 MBPS

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM

T . oontited FORWARD CABIN AREA
o INDICATORS o STAR TRACKERS
@ DISPLAYS ® INERTIAL MEASUREMENT UNIT
o BACKUP OPTICAL UNIT

.
DRIVERS AND ACTUATORS |
® AEROSURFACE S

® PROPULSIVE n.[utur_:

NOSE
AIR DATA
COMPUTER

NOSE BOOM
(ORBITER 101 ONLY)

AFT AVIOUICS BAYS

® RATE GYROS
® AEROSURFACE SERVOAMPLIFIER

® RCACTION JET OMS DRIVER (AFT)
FORWARD AVIONICS BAYS e MULTIPLEXER DEMUL TIPLEXER UNITS
o TACANS ® MASS MEMORIES
® RADAR ALTIMETERS ® MULTIPLEXER DEMULTIPLEXER
® MICROWAVE SCAN BEAM o UHF RECEIVER
LANDING SYSTEM (MSBLS) @ RENDEZVOUS SENSOR
RECEIVERS ELECTRONICS
® AIR DATA TRANSDUCER ® ACCELEROME TERS
ASSEMBLY ® ONE-WAY DOPPLER
@ RCS JET DRIVER (FORWARD) EXTRACTOR
® GENERAL-PURPOSE COMPUTERS
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PAYLOAD POINTING AND S

ORBITER
POINTING
BIAS

TARGET

+0.5 DEG

PAYLOAD SENSOR
POINTING ACCURACY
APPROACHING
+0.1 DEG/AXIS

ORBITER POINTING
STABILITY CAPABILITY
+0.1 DEG/AXIS
ORBITER

PAYLOAD SENSOR SLAVED
LINE-OF-SIGHT VECTOR

C

DA

ORBITER PROVIDED

The Orbiter is capable of achieving any desired
vehicle attitude and initiating a pointing vector defined
in its sensor-fixed axis system to any ground or celestial
object within an accuracy of $0.5°. Pointing vector
accuracies with respect to an open loop payload
sensor-fixed axis system are not as exact as the vehicle
pointing accuracies because large misalinement and
structural deformation error sources exist between the
sensors. Mowever, when the Orbiter guidance,
navigation, and control system and a more accurate

LINE-OF -SIGHT VECTOR

PAYLOAD SENSOR
ORBITER GN&C

TABILIZATION SUPPORT

«——(0RBITER TOTAL
POINTING CAPABILITY

+1 ARC-SECOND STABILITY

LOSED-LOOP

TYPICAL CONCEPT FOR
THREE-AXIS EXPERIMENT
POINTING BASE

TA INTERFACE

PAYLOAD PROVIDED

payload-mounted sensor are operated in a closed loop,
payload pointing accuracies approaching 0.1 deg/axis
are possible. In either case, the Orbiter can be stabilized
at a rate as low as *0.01 deg/sec. Payloads requiring
more stringent pointing and stability accuracies must
provide their own stabilization and control system for
that particular experiment. Orbiter guidance, navigation,
and control system data interfaces are also provided to
accommodate these types of payload requirements.
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U.S. MANNED SPACE-FLIGHT OVERVIEW
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REUSABLE SPACE HARDWARE

The Space Shuttle era will emphasize operationa!
reuse of flight hardware, which will result in low cost per
Mlight to the users. Low cost was and continues to be the
basic concept on which the total space transportation
system is being developed. In addition, the Space Shuttle

operational  phose will last much longer than the
developmental phase, as illustrated in the following
figure. Multiuse mission support equipment, like the
Space Shuttle Orbiter, is being readied and will also be
reflown in support of a wide variety of payloads.

MANNED SPACE FLIGHT PROGRAMS

| CALENDAR YEAR | 57 | 58 | 59 | 60 | 61 ] 62 | 63| 6a 65|66 |67 |68 6o o] n]rz]r]r
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PROGRAM TIME SPAN —
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MISSION KITS

A group of mission Kits to provide special or
extended services for payloads will be added when
required and will be designed to be quickly installed and
casily removed. The major mission Kits are as follows.

® Oxygen and hydrogen for fuel cell usage and to
generate electrical energy

® Life support for extended missions

@ Added propellant tanks for special on-orbit mission
maneuvers

@ Extra or specialized attachment fittings

® Transfer tunnels and docking modules

® A second remote manipulator arm and an extra
high-gain antenna

® Fill, vent, drain, purge, and dump lines

® Additional radiator panels for increased heat
rejection

@ Additional storage tanks

@ Licctrical harnesses
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KSC SHUTTLE SYSTEM GROUND FLOW
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SPACE SHUTTLE LAUNCH SITES, OPERATIONAL DATES, AND INCLINATION LIMITS

Space Shuttle flights will be launched from two
locations, the NASA John F. Kennedy Space Center
(KSC) in Flonda and the Vandenberg Air Force Base
(VAFB) in California. Present program planning calls for
a gradual buildup of 40 to 60 total flights per year into
many varying orbits and inclinations.

To attain operational status by 1980, Space Shuttle
orbital test flights are scheduled to begin from KSC
during 1979, VAFB is planned to be available in the

)

carly 1980°s, The various orbital inclinations and their
related launch azimuths are illustrated for each site
Together, these capabilities satisty all known future
requirements. Payloads as large as 29 500 kilograms
(65 000 pounds) can be launched due cast from KSC
into an orbit of 28.57 inclination. Payloads of 14 500
Kilograms (32 000 pounds) can be launched from VAFB
into the highest inclination orbit of 1047, Polar orbiting
capabilities up to 18 000 kilograms (40 000 pounds) can
be achieved from VAFRB.



ORBIT INCLINATIONS AND LAUNCH AZIMUIHAS
FROM VAFB AND KSC
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ECONOMIC IMPACT OF SPACE SHUTTLE

There is abundant and well-documented evidence of
the widespread benefits flowing from the space program
to the nation and, indeed, to the world. The fields of
medicine, communications, navigation, meteorology,
Farth resources exploitation, and many others have been
enriched. The Shuttle will increase these benefits and
bring others in the future. However, the space program
also spawns many less apparent economic benefits that
are potentially as sign ficant as the direct contributions.
These indirect economic effects are not widely
recognized, nor do they constitute the primary
justification for the space program. Yet several recent
studies have shown that they strengthen the nation’s
ecconomy by making important contributions in our
efforts te solve our basic economic problems.

Economists have long known that technological
advance is the primary source of higher productivity and
cconomic growth, and that research and development
(R&D) is the chief contributor to technology. What is
new is the preponderance of recent evidence that
high-technology efforts such as the Shuttle and other
space programs have a more potent effect on the
cconomy than most other forms of R&D activity.

The reasons for the high technological leverage of the
space  program are straightforward. One is that the
government-industry space team has consciously
developed and implemented highly effective mechanisms
for identifying and transferring space technology to
other sectors of the economy for subsequent nonspace
applications. Another reason is that industries
performing space research are among the most
technology-intensive and -innovative in the economy:
they generate the all-important technology stimulus the

LLS. economy must have for improved productivity rates
and expanded output,

These same industries are the ones the United States
relies on in its efforts to maintain favorable trade
balances. Expanded exports of high-technology products
will offset the traditional negative balances in minerals,
raw materials, fuels, and low-technology manutactured
goods, In this regard, the Space Shuttle Program will
contribute favorably to the US, trade posture in two
ways. It will help speed the pace of technology because
of its highly stimulative effects on those
technology-intensive industries that are depended on for
a high dollar volume of exports. And it will contribute
directly by launching and servicing the satellites of other
nations. The ability of the Shuttle to provide launch
services at lower costs and to offer orbital maintenance
services never before available should markedly increase
foreign participation in US. space exploration and
exploitation,

The U.S. accomplishments in science, technology.
exploration, and Earth applications attest to our success
in meeting the goals of the National Aeronautics and
Space Act during the past 16 vears. The ancillary
benefits of the space program — its ability 1o stimulate
the economy; its applications to the solutions of
carthbound problems; its contributions to intemational
cooperation; and its creation of tens of thousands of
jobs for our highly skilled scientists, engineers. and
technicians provide further proof of this success
These accomplishments and  benefits should  weigh
heavily in the deliberations of policymakers as they
determune the level of resources to be allocated to the
Space Shuttle and the payloads in this and coming
decades.

63

PRECEDING p,
GE Bm
Nor mm



SPACE SHUTTLE ERA
TRENDS OF THE 1980'S - INTEGRATED SPACE OPERATIONS

LLO APOLLO ® SPACEHLARS
SOvYuz ® SATELLITES
@ PROPULSION
GEM'NI S1AGHE
f ® APP| Al N
SATURN YlA. ® TECHN
e ENCH

MANNED PROGRAMS

MANNED & UNMANNED
SPACE SYSTEMS

UNMANNED SATELLITES

PIONEE

VA ‘ VA1

TO ESTABLISH A NATIONAL SPACE TRANSPORTATION CAPABILITY THAT WiLL
® SUBSTANTIALLY REDUCE THE COST OF SPACE OPERATIONS AND
® PROVIDE A CAPABILITY DESIGNED TO SUPPORT A WIDE RANGE
OF SCIENTIFIC. APPLICATIONS DEFENSE, COMMERCIAL AND
INTERNATIONAL USES



SPACE SHUTTLE PARTICIPANTS

Overall direction of the Shuttle is in the Space
Shuttle Program Office of Manned Space Flight at
NASA Headquarters in Washington, D.C. This office is
responsible for the detailed assignment of
responsibilities, basic performance requirements, control
of major milestones, and funding allocations to the
various NASA field centers.

The Lyndon B. Johnson Space Center (JSC) in
Texas is the lead Center and as such has program
management responsibility for program control, overall
systems engineering and systems integration, and overail
responsibility and authority for definition of those
elements of the total system that interact with other
elements, such as total configuration and combined
serodynamic loads. JSC also v responsible for
development, production, and delivery of th: Shuttle
Orbiter and manages the contract with ockwell
International Space Division.

THE SPACE DIVISION OF ROCKWELL INTERNATIONAL 15 PRI
CONTRACTOR T0 NASA FOR TOTAL INTEGRATION OF SPACE

SHUTTLE SYSTEMS

ORBITER
SPACKL Draivin
ROCOWELL N TERNAT IONA|

EATERNAL TANK
MAKTIN MAR T TA

The John F. Kennedy Space Center (KSC) in
Florida is responsible for the design of launch and
recovery facilities and will serve as the launch and
landing site for the Space Shuttle development flight and
for operational missions requiring launches in an easterly
direction.

The George €. Marshall Space Flight Center (MSFC)
in  Alabama is responsible for the development,
production, and delivery of the Orbiter main engine, the
solid rocket booster, and the hydrogen/oxygen
propellant tank.

The contractor team is still growing as the initial
manufactured hardware takes form. All  prime
contractors and subcontractors involved to date are
listed on the following pages.
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Contructur Location Systemfsubsysten
Abex Curporation, Aeruspace Oxnard, Calit. Varlable-delivery hiydraulle pump
Division
Aerulyne Controls Corporatiun Farmingdale. N.Y Oxyen, hydiogen chevk valve {1uel el

Aerujet General, Aerojet
Liguid Kocket Company

Aeraspace Avlonics

Aeroquip Corpurgifon,
Aeruspace Divislon,
Murman Division

Aiken Industries, Mechanical
Product Divisiun

AIL, Cutler Hammer

AiRescarch Manulicturing
Company. Garrett
Corpurativn

Alrite Division, Sargent
Industries

Ametek Culines

Sacramento. Calit.

Buhemia, N.Y.

Lus Angeles. Calit.

Jackson, Mich.

Farmingdale, N.Y.

Mibwaukee, Wis.

Torrance. Calif.

El Segundo, Calif.

Picu Rivera, Calit.

und environmental cuntrol hie
suppurt systeni)
Pressure relief valve (water)

Orbital mancuvering systens engines

Annunclatur assembly, vaution/warning
Annunciator display general requirements
Annunyiator, perlormance menjtoring
Annunclitor, special

Cauplings fur environmental conteal and
fiie support systen

Thermal clivuit breakers

Microwave scan beatn landing systens,
mivigition set
Remotecontrol circuit breaker

Air Jdata transducer assembly
Cabin alr pressure safety valve
Air shutult sulenuld valve

Helium receiver tspherical), surge
pressire main prupulsion sy stem (MPS),
refied ut gaseous helium during MPS
actuation of vaives and extereal tunk
(LT disconnects

MPS liguid hydrogen shutod! valve

MPS tiguid hydrogen disconnedt; Orbiter-
to-tank recirculation and replenishment
system

MPS gaseous hydrogen/gaseous uxygen
disvonnect. Orbiter-to-tank
pressurization systeni
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Cuntractor Losation System/subsystem
Ametek Straza Lt Cajon. Calif- MPS liguid hydrogen and liyuid uxygen
fill and drait assembly
MPS liyeld hydrogen recirculation and
replenisinent line assembly
Amex System Lawndale, Calil. High-temperature, Night-instiumentation

Applied Resources

Arkwin Industries

Arrowhead Products, Division
ol Federal Mogul

Avcu

Aydin, Vector Division

Bill Brothers Research

Beech Ajrcraft < srpornition,
Boulder Division

B. F. Goodrich Compuny

Bell Industries

Bendix Corporation

Fairfield. N.J.

Westbury, N.Y.

Los Alumites, Calit-

Wilmington, Mass.

Newton, Pa.

Boulder, Culu.

Boulder. Colu.

Troy. Ohio
Akron, Ohiu
Gardena. Culif.

Sydney, N.Y.

voukbal cable
Rutary switch

Hydraulic reservulr, buotstrap

Sux-way, two-position Tiydsaulic control
valve

Thregsway., two-pasitiun bydraulic
control valve

Spave Shuttle main engine Fquid oxyjen
and liguld liydrogen teedlines
Coupling sleeve und tlexible ducting
for environnental conteol and fite
suppurt system

Isu-band sntenna. mictowave scan beam
landing system

Wideband frequency division
multiplexing unit

Stur tracker

Power reactant sturuge assembly

Main und nose landing gear whee) and
main landing gear brake assembly

Muin and nose gear ires

Modular terminal boards

Higli-density connector, data processing
suftware
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Contractor

Luyation

System/subsystem

Bendix Corporation
(eontinued)

Bertea Curporation

Boetng

BomarfTIC

Bussman Division of MeGraw

Brunswick

Carletun Contruls

Celesco Industries

Chem Tric

Circle Seal

Columbus Aireraft Division,
Rockwell lnternational

Corporation

Cunrac Corporation

Teterboro, N.J.
Franklin. Ind.
Davenpurt, lowa

Trvine. Calit.

Houston. Tex.
Seattle, Wash.

Newbury Park. Calil

5t. Louis. Mu.

Linculn, Neb.

Eust Aurora. NUY.

Costy Mesg, Calit.

Rosemont, L.

Anghetm, Calif.

Columbus, Ohio

West Caldwell, N.J.

Surface pusitiun, alphs Mach. and
altiudefvertical velucily indicators
Triuxial connectur {93-uhm), electrical
power distribution system
Avcelerumeter

Main lunding gear hydraulic uplock
actuator

Main landing gear strut acluator

Nuse landing gear upluck actuator

Snenk circult analvsis
Carrier alreraft modification
Touling

Varlable transfurmer, displays and
conitrols

General tuse
Seal for bulkhead winduw conditioning
system

Filament wound tank {developmental
program)

Atmospheric pressure vontrul system

Smuke detevtion
Fire suppression system

Silver fun generator, environmental
cuntrod lite support system

Purge, vent, und drain check valve

Body flap structure

MPS enigine interface unit
Mission timer
Event timer
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Contractar

Location

System/subsystem

S

f,

Consolidated Controls

Convair Aerospace Division
cf General Dynamics

Corning Glass
Crane Company-Hydro Aire

Crissair Incorporated

Datum Incorporated

Deutsch

Edison Electronics, Diviston

of McGraw Edison

Edcliff Instruments

Eldec Corporation

Electronics Associated

Electronic Resources
Incorporated

Ellneff

El Segundo, Calif.

San Diego, Calif.

Corning, N.Y.
Burbank, Calif.

El Segundo, Calif.
Anghelm, Calif.
Banning, Calif.

Manchester, N.H.

Monrovia, Calif.

Lynnwood, Wash.

West Long Branch, iv.J.

Los Angeles, Calif,

Corona, N.Y,

Fuel isolation valve auxiliary power
unit

Unidirectional/bidirectiona) shutoff
valve for fuel cell power plant and
environmental control life support
system

Midfuselage (Includes midfuselage glove
Tairing)

Windshield and windows
Main landing gear brake antiskid

Hydraulic check valve
Hydraulic flow restrictor

Multiciannel closed-loop structural
test

General-purpose electrical connector

Digital select thumbwheel switch
Toggle switches

Position transducer, landing gear and
rudder, Orbiter 101 appsoach and
landing flight test

Dedivated signal conditioner (subsysiein
pressure, temperature, ete., to
1 ‘ultiplexer, demultiplexer

Tape meter

Proximity switch (landing gear
operation)

Analog computer systemn {Space Division
simulator)

Cuoaxial cable {special external-
temperature cable for communication
tie, links)

Hatch latch actuator




Contractor

Location

System/fsubsystem

Enleves

Explosive Technology

Fairchild Republic

Fairchitd Stratos

General Electric

Gulton Industries

Grumn..n Corporation

San Juan Capistrano, Calif.

Fulrfield, Calii.

Farmingdale. N.Y.

Manhattan Beach, Calif.

Vuiley Forge, Pa.

Costs Mesa, Calif.

Bethpage, N.Y.

Plezo electric avver rometer (flight
instrumentation vibration-acoustic
data)

Acoustic pickup plecu electric
{development flight instrumentation
deoustic data Orbiter 101)

Pyrotechnic crew escape interseat
energy . transier and sequencer

Vertical tail

MES shutolT propellant prevalves

MBS liquid oxygen overboard bleed
disconnect

MPS 1ill und drain valve propellani

Ammonia boiler subsystem (rejects heat
during reentry)

MPS helium and gascous nitrogen
pricumatic disconnect

MPS liquid uxypeii and liguid hydrogen
relief shutoff vajve

Forward and aft reaction control system
(RCS) helium pressure regulator

Cryogenie Muid and gas supply
disconnevts to connect Orbiter power
reactant storage and distsibution
system fill, drain, ind vent lines to
their respective ground support
equipment

Waste collector subsystem

Lincar low-frequency aseveleroneter
{flight instrumentation vibration-
acoustiv data)

Differential pressure transducer,
hydraulic actuators

Wing (includes main landing gear doors,
eievons, and wing box glove)
Shuttle training aircraft
(printe contract)
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Contractor

Location

Systerm/subsystem

Hamilton Standard, Division
of United Alrcrait
Corporation

Hareds Corporation,
Electronics Systems
Division

Haveg Industries Incorporated

Hoffman Electioni-s
Corporation, Naveom
Systems Division

Honeywell Inc., Aerospace
Division

Hy lraulic Research &
Manufacturing

IBM Curporation, Federal
Systems Divisiun,
Electronics Systems
Center

ILC Technology

Intermetrics lncorporated

ITT Cannon

J.L. Products

Windsor Lucks, Conn.

Melbourne. Fla.

Winouski, Vt.

El Monte, Calif.

St Petersburg, Fla.

Minneapolis, Minn.

Valencha, Calit.

Oswego, N.Y,

Sunnyvale, Culit.

Cumbridge, Mass.
Sunta Ana, Calif.

Gardena., Culit.

Atmuspherfe revitallzation subsystem
Freon coolant loup

Water boiler. iydraulic thermal control
unit

Ground support vquipment hydsaulic cant

Pulse code muodulation master unit

General-purpuse wire

TACAN {tactical air mavigation)

Flight control system displavs and
vontrols
Radar altimeter; main engine controller

Servouctuator elevon-electra conmand
hydriulics

Fourway hydraulic system flow
contrul pressuré valve

Mass memury/mudtitunction cathode ray
tube (CRT) displuy subsystem

General-purpose computer and input-
output processor

Cabin interivr lighting

Advance computer programing lunguage.
HAL/S (high-order asseinbly
language/Shuttle)

Power, high-density. 1ectangular,
and coaxial conpectors

Crew compartment tailure warning and
vorrective control
Arming lire switch, pushbutton
Pushbution switch




Contractor

Location

Syslem/fsubsystem

Kelly Hayes Company

K-West

Labarge

Leach Relay

Lear Siegler

Lockheed Missiles & Space
Company. Inc.

Lockheed-California
Company

LTV Aerospace Corporation,
Vought Systems Division

Marquardt Company, CCl
Corporation

Martin Marictta

Like Orion, Mich.

Westminster, Calit.

Santa Ana, Calit.
Lus Angeles, Culif.

Grand Raplds. Mich.,
Elytia, Ohio

Sunnyvale, Calif.

Burbank, Calit.

Dallas. Tex.

Van Nuys, Calit.

Denver, Colo.

New Orleans, La.

Hydraulic switching and isolation valve

Wideband signal conditioner.,
accelerometorfacoustic

Strain gage signal conditioner, stresses

Ullage pressure signal conditioner for
external tank (monitors and controls
external tank lgquid oxygen and
ligaid hydrogen ullage pressure)

Differential pressure transducer and
electronies MPS propellant head
pressure in main feed and fill lines

General-purpose wire
General-purpose latching relay

Attitude direction indicator
Hydraulic disconnect supply

High- and low-tempecature reusable
surface insulation

Crew escape system cjetion seats
{Orbiters 101 and 102)

Orbiter structural static and fatigue
testing

Leading edge structural subsystem and
tose cap, RCC (reinforved carbon-
carbon)

Radiator and flow control assembly
system (study only)

Reaction control systein thrusters

Caution and warning electronics

Pyro initiator controller

Reaction control system tanks (forward
and aft)

S-band quad, hemi. and payload antennas

External tank {prime contract)




Contractor

Lucation

Systemyfsubsystemn

McDonnell Douglus
Astromautics Compuny

Megatek

Menasco Manufacturing
Company

Metal Bellows Company

Micre Measurements

Modular Computer Systems

Muouog, Incorporated.
Controls Division

Networks Electronics Corpor-
ation, U.S, Bearings
Division

Northrop Corporation,

Electronics Division

OEA

Parker Hannifin Corporation

Pneu Devices

Pneu Draulics

Pratt & Whitney, Division of
United Aircraft

East S1. Louis, Mo,

Vun Nuys., Calit.

Burbank. Calit.

Chatsworth. Calil.

Romulus, Mich.

Fort Lauderdale, Fla.

East Aurora. N.Y.

Chatsworth, Calit.

Norwuood. Mass.

Des Plaines, 1.

lrvine. Calif.

Goleta, Calif.

Muontctair, Calif.

East Hartford. Conn,

Ocbital maneuvering system/reaction
control system aft propulsion pod

MPS cryogenie seals, line flange

Mainfoose landing gear shock struts amd
brace assembly

Potable and waste water tanks
Strain gage

Data seyuisition systen (Spave
Division laburatories)

Muir engine gimbal servoictuator

Hitch tateh links, main ingress/egress
hatch

Rate gyro assembly

Pyrotechnic thruster assembly, nose gear
uplock relcase

MPS liquid hydrogen Orbiter-to-tank feed
system disconnects

MPS liquid hydrogen and liguid oxygen
Orbiter-to-ground fill and drain
disconnects

Hydraulic aceumulator

Hydraulic shutoff valve, emergency
thermal control

Electri notor-driven hydraulic
circufation pump

Hydrauli¢ priority valve reservoir
primaty

Fuel cell power plant
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Contractor

Lawation

Systemfsubsysten

Purolator Incorporated

RDE Corputation

Rocketdyne Division, Rockwell
international Corporstion

ROHR

Rosemount Incorporated

R. V., Weatherford
Simmonds Precision
Instruments

Singer Kearfott

Skipper and Company

Spave Division, Rockwell
international Corporation

Space Ordnance Systeins

Sperry Rand Corporation,
Flight Systems Division

Statham instruments

Newbury Park, Calit-

Hudsen, NH.

Cunogy Pk, Calil.

Chula Vists, Calit.

Eden Prajrie. Minn.

Glendale. Calit.

Vergennes, Vt.

Little Falls, N.J.

Cerritos, Calif.

Duwney, Calit.

Saugus, Calif.

Phoenix. Ariz.

Oxnard, Calif.

Hydrauliv filter madule assembly

Temperature senso:Stansducer (genctal)

Temperature resistanee transduger
{probe-lype)

Cryogenic lemperature {ransducet

Space Shuttle main engines (prime
contra 1)

Sulid rovket buoster vase

Air data sensor probe system

Air data sensor light-bogum probe
Sensur tempétature probe

Sensur temperature sutluace (general)

Shunt

MPS liquiy uxygen and liguid hydrogen
puint-level sensors and electronics

Inestial measurement unit
Multipleser interlace adapter
Lrata bus coupler

Duta bus jsolation

Chemical processing (Downey facility)

Space Shuttle Orbiter and integration

Cartridge assembls detonatur {frangible
nut, tail cone sepasation. Orbiter
varrier aiscraft separation and
Orbiter external tank separation)

Multiplexer/demulliplexer
Automatic landing

Pressure transducer (low, medium, high.
general systems)
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Contractyr

Location

System/subsystem

Sterer Logineering &
Manulaciusing

Steding Transformer
Corporation

SSP Products Invorpurated

Sundstrand

Symetrics

Systron-Donner

Tech Systems Corporation

Teledynamivs. Division of
Ambac Industries

Teledyne Kingtivs

Teledyne Thermatics

Teledyne MeCormack

Thivkol Chemicat Corpor
ation, Wastach Divisiun

Lus Angeles. Calil.

Brouklyn, N.V.

Burbank, Calit.

Rockioed, N,

Canuga Park, Culit.

Concuord. Calit.

Thumaston, Com.

Fort Washington, Py

Saluno Beach, Calil’.
Pasadena, Calit.
Elm City. N.C.

Hollister., Calif.

Brigham City. Utah

Nuse gear steering and damping system

Selector three-way ., sulenoid-uperated
landing gear uplock and control valves

Sulesoid-uperated, Space Shuttle main
engine hydeaulic and hydrauliv land-
ing gear shutolt valve

Translormer (power displays and von-
tuls, 115/ 20 vult)

Ausiliary power unit exhaust duct
asseinbly

Auxillary poweér unit

Rudaler speed brake actuation unit

Body Hap actuation unn

MPPS hydrogen recircolation pump assemidy

Hydroulic yuick Jisconnects

Quivk discunnects (water builer (il
vent}

Flubd disconnect

Angulir threeaxis gecelerometer
{development Night Instrumentiationy

ku-band wave guide ussembly (pact of
interconnevting link between micro-
wave scan beam landing system antenna
and navigation set)

S-band transmitter (develupment flight
instrumentation) frequency muodulation

Direvt-cutrent puwes contractor
Cuaxial prototype cable
General-purpose wire

Spectal-purpose wire

Crew escape system pyrotecimie inkiatar
assembly

Sulid reckel motors




Contractor

Locatian

System/subsystem

Times Wire and Cable

TiteNex Division

Tulsa Division, Ruckwel)
tnternational Curpuration

Valvor Engineering
Curporsation

Waltham Precision Instruments

Watkins Johnson

Wivecom

Westinghouse Electric
Corporation, Systems
Develupiient Division

Westinghouse Electriv
Corporatiun, Aerospace
Electrical Division

Wesion Instiuments

Whittaker Curporation

Wallinglord. Conn.

Springfield. Mass.

Tulsa, Okla.

Kepilworth, N.J.

Waltham, Mass.

Pulo Alto, Calif.

Nourthridge, Calif.

Baltimore, Md.

Lima, Ohio

Newark, NJ.,

North Hollywood, Calil.

Couxinl cable

Flex hose, luw-pressure, windshield
purge

Flex line coulant loup (water coulant)

Highflow pressure hydraulic system hose

Swivel assembly. hydraulic system hose

Carguo-bay dours

Hydrogen and oxygen pressurant flow
control valve (controls Now from
Orbiter main engines for external
tank pressurization, main propulsfon
systemn)

Eight-diy windup clock

Coband radar altimeter antenns
L8 ar traftic control voice antenny
L-band TACAN untenna

S-hand multiplexer development tlipht
instrumentation

Muaster timing vnit

Remute power controller
Electrical systent inverters (de-ac)

Event indicator
Electrival indicator meter

Dumip valve manually operated. hydrauvliv
accumulator {ground)

MPS helium pressure regulator

MPS helium regulator

74




Contractur

Location

Systemifsubsystem

Wintek

Wright Components. Ine.

Xebee Corporation
Xe-Cell-O Corpuration,
Division of Cadillay

Controls

Xerux Corporation

k1 Segundo. Cabif.

Clifton Springs. N.Y.

hansas City. Mo,

Custa Mesa, Calit.

L1 Segunido. Calit

Auxiliary power wnit buel line Gilter

Parge. vent und drain tilter
{windstifeld)

Cini-tant return ilter

Crvuogenic Nlter assembly

MPS two-way pricunatic solenold valve
MPS three-way Tielivm soh nuid valve

Autonuited cinuit

Miiin ingressfepress atdh attenuator

Digital computer (Space Division
sinmulatur)
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