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BACKGROUND FOR JAMES M. CANNON
1.

~-

Space Shuttle Meeting

Jack Marsh initiated this meeting under Congressm an

Don Fuqua's (D., Fla.} influence .

Fuqua felt that because

the lead time to develop payloads is typically from three
to five years, coordinat ion of payload planning for the
Space Shuttle should be organized now.

The Space Shuttle

is scheduled to become operation al in 1980.
2.

The purpose of this meeting is solely for interactio n

and coordinat ion among the Federal Departmen ts and Agencies
with respect to the Space Shuttle.

It is for better

identifica tion and utilizatio n of the payload planning
in order to take the most advantage of the shuttle.
3.

Do not let any grandiose plans emerge from this meeting

to institutio nalize the payload planning activity as an
interagenc y matter.

(NASA and OMB share this concern.

OMB feels that an interagenc y committee would result in
budgetary pressures .}
4.

NASA and DOD coordinat ion of the shuttle program is

sensitive .

Thus, . it should not be construed that NASA

originated the idea of this meeting.

DOD is to design and

develop the upper stage of the shuttle to be used by
all the users.

We are concerned that DOD meet the

requireme nts of all the users of the upper stage.
4 in talking points}

(Item

.,...,2.-.

5.

There are fears that Fuqua may blow up his role in

organizing the White House meeting to the press.

TALKING POINTS FOR JAMES M. CANNON -- Space Shuttle Meeting
1.

Mention the success of the Apollo Soyuz Test Project

launch and docking .
2.

As you all know, NASA is now developi ng the Space

Transpo rtation System, or the Space Shuttle .

The Preside nt

feels that this is an importan t nationa l program , and is
very interest ed that we do the best possible job of
planning for the utilizat ion of the Space Shuttle.
3.

In 1980 the Space Shuttle is schedule d to become

operatio nal.

1980 is not far off, and we must be sure that

all potenti al users are familiar with the shuttle capabil ities
and are involved appropr iately in payload planning .
this meeting is to:

Thus,

(11 to acquain t all the Federal users

with what the Space Shuttle is capable of doing, and (2J
help assure that all the necessar y channels are open and
ents made so that there will be coordin ation andI
arranqem
interact ion among the Federal users to take the most
advantag e of the shuttle.
4.

Most of the developm ent work is being done by NASA.

The Departm ent of Defense is preparin g one of the two
launch sites (polar orbittin g space site) and developi ng
the upper stage to be used with the Space Shuttle.

DOD

and NASA are jointly evaluati ng alternat ive upper stage
designs that can meet the requirem ents of all the users.
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5.

The format of the meeting will be a brief presentation

on the Space Shuttle (20 to 25 minutes) by Mr. Philip
Culbertson of NASA.

This will be followed by a question

and answer period.
6.

At this point I would like to introduce each of you.

(JMC:

Would you be more comfortable having the participants

go around the room and introduce themselves, or would you
rather read the attached list and have everyone stand up.)
7.

After introductions, call on Congressman Fuqua

for an opportunity to elaborate on his concerns about
the Space Shuttle.

(Congressman Fuqua is a member of

the Subcommittee on Space Science and Applications of
the Committee on Science and Technology.)
8.

NASA presentation by Mr. Philip Culbertson (20 to 25

minutes.) ........:v .. .J,.,J.

0~

_

~-~v~

9.
10.

Questions and Answers.
Conclusion:

I would like to thank all of you for coming.

PARTICIPANTS
Department of Agriculture -- Mr. Paul Vander Myde,
Deputy Assistant Secretary Conservation Research and Education.
Department of Commerce -- Mr. David s. Johnson
Director, National Environmental Satellite Service
Department of Defense -Mr. John B. Walsh, Deputy Director Strategic and Space Systems
Brig. General Henry Stelling
Dr. Robert A. Greenburg, Assistant Director, Space and
Advanced Systems
Department of Health, Education and Welfare -- Mr. William Morrill
Assistant Secretary for Planning and Evaluation
Department of Housing and Urban Development -- Mr. Michael Moskow
Assistant Secretary for Policy Development and Research
Department of the Interior -- Mr. John M. Denoyer
Director Eros Program
Department of State -- Dr. Leo S. Packer
Director, Office of Technology Policy and Space Affairs
Department of Transportation -- Mr. w. E. Stoney
Acting Assistant Secretary for Systems Development and
Technology
Energy Research Development Administration -Mr. Robert T. Carpenter Assistant for Requirements and
Applications, Division Nuclear Systems
Environmental Protection Agency -- Mr. H. Matthew Bills
Deputy Director of Monitoring and Technical Support
National Science Foundation -- Mr. William C. Bartley
Science and Technology Policy Office
National Academy of Sciences -- Dr. Milton Rosen
Executive Secretary Space Science Board
Smithsonian Institution -- Mr. George B. Field
Director, Smithsonian Astrophysical Observatory
National Academy of Engineering
Mr . La Rae L. Teel
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NASA -Dr. James Fletcher, Administrator
General Pete Crow
Mr. Philip Culbertson
Dr. Myron s. Malkin
Mr. Jack Marsh, The White House
Mr. Glenn Schleede, The Domestic Council
Miss Kathleen Ryan, The Domestic COuncil
Dr. David Elliott, The National Security Council
Mr. Ron Konkel, OMB
Mr. Robert Howard, OMB
Congressman Don Fuqua

( as of 1:30 p.m. July 18, not sure
of his attendance)

The Space Transportation System
Space Shuttle
In 1968 a series of studies was initiated to determine the
feasibility of developing a reusable launch vehicle to
replace the expendable boosters which had been in use since
the initiation of the space program.

Although the primary

reason for the studies was to explore the possibility of
achieving a significant reduction in the cost of placing
satellites in orbit, a second driving force was to provide
a system which would allow a major reduction in the cost
of the satellites themselves.
These studies led to the concept of the Space Shuttle
which was authorized by the President inJanuary 5, 1972.
Development go ahead was given by Congress in the spring
of

1972.

Now under development by NASA, the Space Shuttle consists
of a primary vehicle similar in appearance to a medium
sized cargo transport aircraft, which, with its own
hydrogen/oxygen engines augmented by two large solid
rocket booster motors, will be launched into low earth
orbit.

In contrast to today's expendable launch vehicles,

however, the shuttle will be designed to return from orbit
and land, very much like an airplane, at the launch site,
to be prepared to be flrnvn again.

2

The Shuttle will deliver payloads to earth orbit in its
15 foot diameter by 60 foot long cargo bay.

Although it

can place up to 65,000 lbs. in space, the Shuttle is more
than just a transport vehicle.

It has the capability to

carry out missions new to the space program--to retrieve
payloads from orbit for reuse, to service or refurbish
satellites in space, and to transport to orbit, operate,
and return space laboratories.

These capabilities provide

an opportunity for savings in the cost of space operations
while increasing flexibility and productivity of the missiions.
The Space Shuttle provides a "shirt-sleeve" environment
for the nominal crew of three and up to four additional
passengers.

This will allow experienced scientists and

technicians--both men and women--to accompany their payloads
into space.

Orbiting missions will last up to 30 days.

At the end of the mission, the Shuttle will leave its
orbit to reenter the earth's atmosphere.

After landing,

the crew and the passengers will leave the Shuttle and
take their data and equipment with them.

The Shuttle will

then be prepared for another mission.
The Space Shuttle is fundamentally a versatile system for
transport into and out of space.
to relatively low earth orbit.

It i~ however, limited
The Department of Defense

.
3

is, therefore, undertaking the modification of one of the
current propulsive vehicles to make it compatible with the
Shuttle in order to provide the capability to deliver
satellites to higher orbits such as geosynchronous, and
to trajectories beyond earth orbit.

This smaller vehicle,

currently called the Interim Upper Stage, along with the
appropriate satellites, will be carried into law earth
orbit inside the Shuttle cargo bay.

Once on-orbit it

will be removed from the Shuttle and launched to its
intended designation.

The combined capability of this

stage and the Shuttle are anticipated to exceed current
expendable system performance.

The exact capabilities of

this vehicle, and whether or not it will be recoverable,
will be establisheddlring the coming year.
The third element of the Space Transportation System is the
Spacelab, a payload carrying vehicle which is under development in Europe, funded and managed by the European Space
Agency.

In contrast to the Interim Upper Stage, the

Spacelab will not be removed from the Shuttle on orbit
but will remain in the cargo bay until the Shuttle has
landed.

It will provide a pressurized laboratory environ-

ment in which scientists and technicians can carry out
research on orbit for the 7 to 30 day missions.

In addition,

it will provide for mounting and support of instruments which
are exposed to the vacuum.

The Spacelab, when complete,

,
~

4

will be provided to the United States as part of the Space
Transportation System.
The three elements of the Space Transportation System:
Shuttle, Interim Upper Stage and Spacelab; are scheduled by
NASA to be operational in 1980.

They will be phased into

the civil and military space programs of the United States
as expeditiously as possible.

They will, in addition, be

used to support our agreements with other nations for
civil space program launch services.
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FHOM:

KATHLEEN RYAN&.

SUBJECT:

Space Shuttle Meeting July 21, 1975 in the
Roosevelt Room 11:00 a.m.

On June 23, 1975, you sent out letters to the fourteen Department
and Agency heads that are potential users of the Space Shuttle
inviting them to send a representative to a meeting at the White
House. Monde.y is the meeting.
Attached fo:::- :·::::::r perusal are:

cc:

of the meeting (Tab A) .

1.

~-=- ===: da

2.

:=::..=..:;:ground en the meeting (Tab B) .

3.

:- .::·"",;:2n g points (Tab C) .

4.

List of participa.J.ts (Tab D).

o.

Backgrcund on the S-uace Shuttle (Tab E).
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Ron Konkel , C::•IB

Attachments
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MEETING OF POTENTIAL USERS OF THE SPACE SHUTTLE
July 21, 1975, ,,.1.1:00 a.trf., The Roosevelt. Room

1.

Welcome -- James M. Cannon

(talking points attached)

2.

Introduction of the Department and Agency
Representatives and others attending by
Mr. Ca:L~on.

3.

NASA Pre·sentation by Mr. Philip Culbertson

4.

Question and Answer Period

5.

Wind-up -- James M. Cannon

BACKGROUND FOR JA1"1ES M. CANNON -- ·Space Shuttle Meeting
l.

Jack Marsh initiated this meeting under Congressman

Don Fuqua's (D., Fla.) influence.

Fuqua felt that because

the lead time to develop payloads is typically from three
to five years r coordination of payload planning for the
Space Shutt_e should be organized now.

The Space Shuttle

is schedulee to become operational in 1980.
The purpose of this meeting is solely for interaction

2.

and coordination among the Federal Departments and Agencies
with respect to the Space Shuttle.

It is for better

identification and utilization of the payload planning
in order to take the most advantage of the shuttle.
3.

Do not

~o

~=~

any grandiose plans emerge from this meeting

i n sti~~~~~2lize

the payload planning activity as an
(NASA and OMB share this concern.

CM3

=ee~~

~~~~

an interagency committee would result in

budget2=7 :::::-essures.)
4.

NASA and DOD coordination of the shuttle program is

sensitive.

Thus, it should r:ot be construed that NASA

originated the id2a of this

~eeting.

DOD is to design and

develop the upper stage a= t h e shuttle to be used by
all the users .

We are

requir e~~ts

all the users of the upper stage.

·

i~

~~

~a~:~= ~ ~oints}

~oncerned

that DOD meet the
(Item

-2-

5.

•

There are fears that Fuqua may blow up his role in

organizing the v!hite House meeting to the press.

I'

r

TALKING POINTS FOR JAMES M. CANNON -- Space Shuttle Meeting
1.

Mention the success of the Apollo Soyuz Test Project

launch and
2.

docki~g.

As you all k now, NASA is now developing the Space

Transportatio~

System, or the Space Shuttle.

The President

feels that o.: s is an irnportant national program, and is
very interested that we do the best possible job of
planning for the utilization of the Space Shuttle.
3.

In 1980 the Space Shuttle is scheduled to become

operational.

1980 is not far off, and we must be sure that

all potentia: users are familiar with the shuttle capabilities
and are

i2~=:; ed

appropriately in payload planning.

Thus,

(l} to acquaint all the Federal users
-=-'--:= Snace Shuttle is capable of doing, and (2 J

~::. "7:h.

:_.,-h.e_~

~'-2-~

ass::::s -::_--:at all the ne cessary channels are open and

arranc:-e_-:::==-=.s r..ade so that there will be coordination and
interaction among the Federal users to take the most
advantag e of the shuttle.
4.

Most of the development work is being done by NASA.

The Department o:: De fense is preparing one of the two
launch sites (po l ar orbitLing space si te ) and developing
the upper sta=e t o be used wi th the Space Shuttle.
2.::1d

:::i..~,::_:._

2es::.q=s

~e

--~~

DOD

-:ointly evaluating alternative upper stage
can meet the requirements of all the users.

,.
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5.

The format of the meeting will be a brief present ation

on the Space Shuttle (20 to 25 minutes) by Mr. Philip
Culberts on of NASA.

This will be followed by a question

and answer period.
6.

At this

(JMC:

Woul~

I would like to introduc e

~oint

~ach

of you.

y ou be more comfort able having the particip ants

go around the room and introduc e themsel ves, or would you
rather read
7.

t~e

attached list and have everyon e stand up.)

After introdu ctions, call on Congress man Fuqua

for an opportu nity to elabora te on his concern s about
the Space Shuttle .

(Congres sman Fuqua is a member of

on Space Science and Applica tions of

t he

Subcoron~~ee

L~e

Committ:::.::. sn Science and Technol ogy.)

8.

-~~SA n==~~tation

9.

Q ~es~~ o ~s

10.

by

~r.

Philip Culberts on (20 to 25

and Answers .

:::o.::.::::...-..:sion:

I would li:-<e to thank all of you for coming.

PARTICIPANTS
Department of Agriculture -- Mr. Paul Vander Myde,
Deputy Assistant Secretary Conservation Research and Education .
Department of Commerce -- Mr. David s. Johnson
Director, ~ational EnviroTh~ental Satellite Service
Department o:: Defense -Mr. Jo~~ 3. Walsh, Deputy Director Strategic and Space Systems
Brig. General Henry Stelling
Dr. Robe~ ~. Greenburg, Assistant Director, Space and
Advanced Systems
Department of Health, Education and Welfare -- Mr. William MorriJ
Assistant Secretary for Planning and Evaluation
Department of Housing and Urban Development -- Mr. Michael
Assistant Secretary for Policy Development and Research
Department of the Interior -- Hr. John M. Denoyer
Director Eros Program
Department o:: State -- Dr. Leo S. Packer
Director, o=fice of Technology Policy and Space Affairs
!)epartD.ent c::: Transportatio n -- Mr. w. E. Stoney
hC~~=s ~~=~=~a~t Secretary for Systems Development and
~ec:---'--'-Oloc-

~~er~~ ~es~===~

~r . ?G=s~ ~~~?:~==~~=~s,

Development Administrati on -Carpenter Assistant for Requirements and
Division ~uclear Systems

~~v~ ~o==e=tal ?~otection ~gency
Dep~~y Director of Moni~oring

-- Mr. H. Matthew Bills
and Technical Support

National Science ~oundation -- Mr. William C. Bartley
Science and Tec~~ology Po-icy Office
National Academy ~f Sciences -- Dr. Milton Rosen
Executive Secre~ary Space Science Board
Smithsonian
Dire ctor,
National

Inst~~uti on
Smi~~s onian

Acac~~y

--

~ r.

George B. Field
Observatory

As~rophy sical

of Engineering

Mosko~

-2r~

<'

:..~~

NASA ·-Dr. James Fletche r, A&~inistrator
General Pete Crow
Mr. Philip Culberts on
Dr. Myron S. ~-falk in
Mr. Jack

Mars~,

The White House

Mr. Glenn Sc2leed e, The Domesti c Council
Miss Kathle~ Ryan, The Domesti c COuncil
Dr. David Elliott, The Nationa l Security Council
Mr. Ron Konkel, OMB
Mr. Robert Howard, OMB
Congress man Don Fuqua

( as of 1:30 p.m. July 18, not sure
of his attendan ce)

The Space Transp ort at ion System
Space Shut t l e
I n 1 968 a serie s o f
f e asibil ity o f

stud i e s \,Jas initiat ed to dete rmi n e t h e

ceve l o pi n g a reusab le launch v ehicle t o

replac e the ex;;end able b o osters \.;h ich h a d been in use since
the initia ti o 2 o £ the space program .

Althou gh the primar y

reason for t !:e studie s \vas to explor e the possib ility of
achiev ing a signif icant reduct ion in the cost of placin g
satell ites in o rbit,

a second driving force \vas to provid e

a system \vhich would allmv a major reduct ion in the cost
of the satell ites themse lves.
These studie s l ed to the concep t of the Space Shuttl e
\vhich -v; as c.u -=.:=_:::.::-ized b y t h e P reside nt in Januar y 5, 1972.
;=.:'-"lec.d \ •J C.S

--

l9·72 .

?::~0'?1

u::.de=-

c= c.

..::~~ ..:... ::?:n ent

pri=~ ve~~ cl e

g i v en b y Congre ss in the spring

b~[ KA.S~ J

the Space Shuttl e consis ts

simi l e.=- i n appear ance to a medium

sized c a r g o transp ort a i r c r a f t , r,vhich, with its o-...m
h y drogen /oxygen e n g i nes a.ug:t:e nted by b ·Jo large solid
rocket b o oster mot c rs, ·wil l b e lc.unch ed into low earth
orb i t.

In

contr as~

t o todc.y' s e x pendab le l a unch vehicl es,

hOiveve r , the shutt:::. e \vill be design ed to return f rom orbit
~~d

l and , very

~= ~e

~~ch

nre ~ ~~~ ~o

be

l ik e an airplan e, at t h e launch site,
fl ~v n

a g ain.

•

2

The Shuttle 1.vill del iver payload s to earth orbit in its
15 foot

diamete~

by 60

foo ~

long cargo bay.

Althoug h it.

can place up to 65,000 lbs. in space, the Shuttle is more
than just a
carry out
payload s

~=~~sport

~issions

frc~

satellit es

vehicle .

It has the capabil ity to

new to the space program --to retriev e

orbit for reuse, to service or refurbis h

i~

space, and to transpo rt to orbit, operate ,

and return space laborat ories.

These capabil ities provide

an opportu nity for savings in the cost of space operatio ns
1.vhile increasi ng f _lexibil ity and product ivity of the missiio ns.
'

1-

The S.pace
for

t~e

S~::.=:::!..e

no~~~ :

provide s a "shirt-s leeve" environm ent:

crew of three and up to four additio nal

-=-~-

s will allmv experien ced scienti sts and

tec-=."""!--:iciar...s --= ~~

men and -v10men- -to accompa ny their payload s

: _:::iting mission s 1.vill last up . t ·o 30 days.
~~ ~~e

or:Di-::.
the
take

e~~
~o

~::-e -.~

==

~2e

mission , tne Shuttle will leave its

::-senter the earth's c.tmosph ere.

After landing ,

::..::..C. the pc. ssenge.!:" s \.;i ll leave the Shuttle and

::.:-::::.:..:=-

:=.ata a::C. equ.ipt:'..e_,__;_ 1.'lith them.

The Shuttle \vill

- -===--e
- is fundame~tally a versati le system
S::;ac c .::
for
-=~a ~s ~o ::-~

~~ ~

a~d

out of space .

to reJ.. 2::. :..-.-e:::..:t- low earth orbit.

It is, ho1.vever , limited
The Departm ent of Defense

,
f
'
I
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is, ·therefore, u ndertaking the modification of one of t h e
current propulsiv e vehicles to o.ake it compatible 'dith the
Shuttle in orc3r to

provid~

the capability to deliver

satellites to 2igher orbits such as geosynchronous, and
to ·trajector:..9s beyond earth orbit.

This smaller vehicle,

currently called the Interim Upper Stage, along with the
appropriate sa-t:ellites, 1.vill be · carried into lmv earth
orbit inside the Shuttle cargo bay.

Once on-orbit it

vdll be removed from the Shuttle and launched to its
in-tended desiq:1ation.

The combined capability of this

stage and the Shuttle are anticipated to exceed current
eX?eL-~able

-:_:::_s

The

S : ~em perfo~.ance.

-.,-e~-:ic:le ...

The exact capabilities o£

=----:d whether or not it \.Vill be recoverable,

thi~~ e~eo.en~

of the Space Transportation System is the

Spacel a.D, a payload carr:y-i::g vehicle \vhich is under development in Europe,

ftL~ded

a~c

2~~aged

by the European Space

In contr2st to the =Lterim Upper Stage, the

Agency.

Spacelab will not

~e

removed from the Shuttle on orbit

but ,,.Jill r e main i :-: -the c :::..::-;-o bc.y until the Shuttle has
_anded.

It

·w i l~

--· ---------

- ~--

~ ~ s ea~c~
l<:.

==

provide a pressurized laboratory environ-

~ cientists

::: ~~ it

and technicians can carry out

for the 7 to 30 day missions.

In addition,

-;,-1 i L .. :::.::- :J7.:.ce for mounting and support of instruments \vhich

The Spacelab, 1.vhen complete,

.

"'

~

4

·wi ll be provi ded to ·the

U:n ~ted

States as part of the Space

Transportat ion System.
The three
Shuttle,

ele~e~ts
In~e~ im

of the Space Transportation System:

Upper Stage and Spacelab; are scheduled by

NASA to be opera tional in 1980 _

They

-.;-.~ill

be phased into

the civil and military space programs of the United States
a:s expeditiously as possible.

They will, in addition, be

used to support our

-.;,Jith other nations for

agree~ents

civil space program launch services.

'i
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THE SPACE TRANSPORTAll ON SYSTEM
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THE SPACE TRANSPORTATION SYSTEM

THE SPACE TRANSPORT AT,l ON SYSTEM

In 1968 a series of studies was initiated to determine the feasibilit y of developin g
a reusable launch vehicle to replace the expendabl e boosters which had been in use
since the initiation of the space program.

Although the primary reason

for the

studies was to explore the possibili ty of achieving a significa nt reduction in the
cost of placing satellites in orbit, a second driving force was to provide a system
which would allow a major reduction in the cost of the satellites themselve s.
These studies led to the concept of the Space Shuttle and on January 5, 1972, NASA
was directed to proceed with developme nt of the Space Transport ation System employing
this concept.
The Space Shuttle is the principal component of the Space Transport ation System,
which, in addition to the Shuttle, includes the Spacelab that provides a pressurize d
laboratory environme nt for scientist s and technician s to conduct orbital research
for periods of up to 30 days; and the Interim Upper Stage which, with an attached
payload, will be carried to orbit in the Shuttle bay and then launched to higher
orbits.

-1-

SPACE SHUTTLE
Now under development by NASA, the Space Shuttle consists of a primary vehicle, the
orbiter, which is similar in general appearance and size to a medium range cargo
transport aircraft with a length of 122 feet and a wing span of 78 feet. It contains
a forward cabin for the crew and passengers, a 15 foot diameter, 60 foot long enclosed
payload bay behind this cabin, and three main hydrogen/oxygen engines at the rear.
·.1.·nese engines produce a total thrust of over one million pounds at takeoff.
Additionally, the Shuttle has a large, disposable ventral tank which supplies the propellants to its main engines~ and twin solid rocket boosters op each side of this
tank which produce a combined thrust of over five million pounds.
The total initial thrust is over six million pounds and the gross weight of the
Shuttle orbiter, external tank, and rocket boosters is about four and one half
million pounds. Orbiter landing weight, including payload, is about 180,000 pounds.
The Shuttle will deliver payloads to low earth orbit. Launched to the east from
Cape Kennedy in Florida, it is capable of placing 65,000 lbs. of cargo into a 150
mile high circular orbit. Launched southward from Vandenberg Air Force Base in
California, the Shuttle can carry as much as 40,000 lbs., into a polar orbit.
The Space Shuttle provides a "shirt sleeve" environment for a flight crew of three
and as many as four additional "passengers." This will allow experienced scientists,
technicians, operators or observers-- both men and women-- to accompany their payloads into space. A nominal seven day orbiting mission can be extended to as much
as 30 days by incremental additions to the power and life supporting subsystems,
air, food, watec and temperature control.
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SPACE SHUTTLE MISSION PROFILE

The Shuttle will rise vertically from its launching pad with the three main engines
and two rocket boosters burning simultaneously.

Two minutes later, at about 30

miles altitude, the solid rocket boosters burn out, separate from the Shuttle, and
are lowered into the ocean by parachutes for recovery and reuse.

The main engines

cut off after eight minutes of flight at an altitude of about 80 miles and the
external ventral tank is jettisoned to fall in the open ocean.

Using two small

orbital engines, the Shuttle maneuvers into a nominal circular orbit at 150 miles
altitude.
In orbit, i t performs its operational functions lasting a number of days.

At the

end of this period, it decelerates with the small engines, reenters the atmosphere,
and glides back to its launching base to be prepared for another flight.
J
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OPERATING MODES
The Shuttle will have a number of operating modes in addition to the delivery of
payloads into low earth orbit.

It can retrieve payloads which have malfunctioned

or failed in orbit and return them to earth for factory repair and later reuse.
i n another mode, it can perform maintenance and repair services in orbit by the

replacement of defective subsystem modules, thereby continuing spacecraft operation
without the expense of deploying a complete satellite.

The same mode will also

provide for the installation of new or improved mission instruments, with similar
cost savings.

The Shuttle will also transport to orbit, operate, and return manned

space laboratories.

These new modes of operation provide opportunities for savings

in the cost of space operations while expanding the scope, flexibility and productivity of Shuttle launched missions.

-7-

STS OPERATING MODES
SERVICING

PAYLOAD DELIVERY

SPACELAB MISSION

RETRIEVAL
...

:.~-
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INTERIM UPPER STAGE
The Space Shuttle is fundame ntally a versatil e system for transpo rt into and out of
space. By itself, however , it is limited to relative ly low earth orbit. The Department of Defense is, therefor e, undertak ing the modific ation of one of the current
propuls ive vehicles to make it compati ble with the Shuttle in order to provide the
capabil ity to deliver satellit es to higher orbits such as geosynch ronous, and to
trajecto ries beyond earth orbit. This smaller vehicle, currentl y called the Interim
Upper Stage, along with the appropr iate satellit es, will be carried into low earth
orbit inside the Shuttle cargo bay. Once on-orbi t it will be removed from the
Shuttle and launched to its intended destina tion.

The combined capabil ity of this

stage and the Shuttle are anticipa ted to exceed current expenda ble system performa nce.
The exact capabil ities of this vehicle, and whether or not it will be recovera ble,
will be establis hed during the coming year.

-9-

J

-10-

SPACELAB

The third element of the Space Transpo rtation System is the Spacela b,
a payload carrying vehicle which is under developm ent in Europe, funded and managed
by the European Space Agency.

In contras t to the Interim Upper Stage, the Spacelab

will not. be removed from the Shuttle on orbit but will remain in thecargo bay until
the Shuttle has landed.

It will provide a pressuri zed laborato ry environm ent in

which scienti sts and technici ans ean carry out orbital research for the 7 to 30 day
mission s.

In addition , it will provide for mounting and support of instrume nts

which are exposed to the vacuum of space.

The Spacelab , when complete , will be

provided to the United States and become a part of the Space Transpo rtation System.

-11-
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SCHEDULE

".
<·.

The three elements of the Space Transportation System- Shuttle, Interim Upper
Stage and Spacelab--are scheduled by NASA to be operational in 1980o

They will

be phased into the civil and military space programs of the United States as
expeditiously as possibleo

They will, in addition, be used to support our agree-

ments with other nations for civil space program launch serviceso
Payload planning for the Space Shuttle is now in its . initial stages because the
lead time to develop such payloads is typically from three to five years.

In

order to maximize the benefits offered by the Space Shuttle, good coordination
and understanding among potential users of the Shuttle must start nowo

-13-
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FIGURE 7

SPACE SHUTTLE
ORBITER HARDWARE PROGRESS
Assembly of the first orbiter is now underway at the Palmdale plant of Rockwell
International.

The vertical tail was built by Fairchild-Republic in New York, the

mid fuselage by General Dynamics/Convair in San Diego, and the wing sections by
Grumman in Bethpage, New York.

The aft fuselage and cabin sections are being

fabricated at Rockwell's Downey plant and will be delivered to Palmdale shortly.
Rollout is scheduled for a little over a year from now, with unpowered approach
and landing flight tes4s

beginn~ng

the last quarter of 1977.
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UNIQUE CHARACTERISTICS OF SPACE
The special value of operating in space stems from four fundamental
characterist ics which are unique to space.

One is the large scale view of

the earth, which opens up a vast potential for both observations , measuremen~

and communicatio ns on a global basis.

A second is the ability to

observe the universe, unhindered by the distortions and obstructions of the
earth•s atmosphere.

A third is opportunity for direct contact or close-in

observation of the moon, the planets and the other elements of the solar
system.

The fourth is the special environment - characterized by weightless-

ness, unlimited vacuum, and unfiltered solar radiation - which can be
exploited for its effects in a wide range of materials processing and
potentially in energy production.

(
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UNIQUE CHARACTERISTICS OF SPACE

e

A GLOBAL VANTAGE POINT

EARTH VIEWING
MEASURING
COMMUNICATION

e

UNOBSTRUCTED OUTWARD VISION OF THE UNIVERSE

e

CLOSE OBSERVATION OR ACTUAL CONTACT WITH REMOTE OBJECTS
IN THE SOLAR SYSTEM

e

A SPECIAL ENVIRONMENT

ZERO GRAVITY
VACUUM
,,

RADIATION
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PAST AND CURRENT SPACE ACTIVITIES WHICH HAVE EXPLOITED THESE CHARACTERISTICS

The

special characterist ics of space have been and are being exploited in a wide range

of uses, some for strictly utilitarian purposes, others for exploration and the expansion
- scientific knowledge.

Some,

notab~y

weather satellites and intercontine ntal communi-

cations relays , have become accepted as commonplace components of modern life and are
regarded as the normal way to get a useful job done.

Others are just beginning to

show their real potential.
Scientific spacecraft-h ave also looked outward from the earth, making unprecedente d
observations of the sun, the stars and interstellar space, photographin g the planets
Mercury, Venus, Mars, Jupiter, and Saturn.

One shortly will land on Mars.

and unmanned explorations have been made of the surface of the Moon.
Much has been accomplished , and each step opens the way for more.

-19-

Both manned

•

PAST AND CURRENT SPACE ACTIVIT IES WHICH HAVE
EXPLOITED THESE CHARACTERISTICS

.
TERRESTRIAL
WEATHER ·

EARTH RESOURCES SURVEYS
WEATHER AND ATMOSPH
. ERIC POLLUTION MONITORING
.

PHYSICAL MEASUREMENTS OF THE EARTH, OCEAN AND ATMOSPHERE
COMMUNICATIONS
MATERIAL PROCESSING IN SPACE

EXTRATERRESTRIAL
ASTRONOMICAL OBSERVATIONS
MANNED LUNAR PROGRAM
PLANETARY FLYBYS AND PROBES
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POSSIBILITIES TO COME IN THE USE OF SPACE
•

TERRESTRIAL

The effective use of space promises substantial contributions to the understanding
and eventual solution of many of the problems facing society in the United States
and around the worldc

Satellites can provide data on the distribution, health,

and probable yield of food and forest productso
total environment -- air, land, water,

a~d

Similarly, the preservation of the

the living things they contain

benefit materially from the use of data from orbito

will

Longer term and more precise

prediction of the climate and of severe weather disturbances, aided by space data,
will save both lives and property.

There are indications that exploration for other

earth resources such as minerals and oil will also be aided by space observations.
Expansion of space-based communications and exploitation of the environment of
space hold promise of yielding many improvements of benefit to man.
EXTRATERRESTRIAL
Looking outward from earth orbit, our astronomical instruments will provide us clues
about the past, present, and future of the universe and solar system.

We will learn

more of the origins of life and the aging of planets and be able to predict future
conditions here on eartho

We will be able to study and understand the life cycle of the

most important object in the solar system, the sun, and understand the true dynamic
interaction between it and the earth.

-21-

POSSIBILI TIES TO COME IN THE USE OF SPACE

TERRESTRIAL
MEASUREMENT AND MANAGEMENT OF FOOD AND FORESTRY RESOURCES.
UNDERSTANDING AND PREDICTION OF WEATHER AND CLIMATE.
PROTECTION OF LIFE AND PROPERTY FROM THE EFFECTS OF ENVIRONMENTAL DISTURBANCES.
ENERGY AND MINERAL EXPLORATION AND DEVELOPMENT.
TRANSFER OF INFORMATION.
COMMERCIAL EXPLOITATION OF NEAR SPACE ENVIRONMENT.
IXTBATERRESTRIAL

-

FARTHER IN THE FUTURE

ORIGINS AND FUTURE OF LIFE.
LIFE CYCLE OF

'lHEf

SUN.

STUDY OF THE DYNAMIC INFLUENCE OF THE SUN ON THE EARTH.
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USERS PARTICIPATION
NASA, as the operator of the Space

Tran~portation

System, is prepared to work

with the system users within a broad range of possibilities, extending from the
simple delivery of space derived data to a user who has no responsibility for
equipment development or operation, to the providing of transportation for a
user who builds and operates his own satellites.
However, in order to be assured that the Space Transportation System can
provide for the expected variety of launching and operational needs of the
user community, it is important that effective dialog be maintained between
system developers and system users, as payloads to be flown in the Shuttle
enter the early design phase, as user operational plans begin to take shape,
and as STS operational modes become defined.

-23-

USER PARTICIPA TION

MANY POSSIBILI TIES
RANGE FROM USE OF SPACE-DERIVED DATA WITH NO DEVELOPMENT OR OPERATING
RESPONSIB ILITIES TO SIMPLE PURCHASE OF TRANSPORTATION INTO SPACE FOR
SATELLITE S DEVELOPED AND OPERATED BY USER.
NEED FOR EXCHANGE OF DATA BETWEEN STS USERS AND NASA

e

SPACE TRANSPORTATION SYSTEM OPERATIONAL PLANNING STILL FLUID.

e

USER INPUTS NEEDED TO DETERMINE SCOPE OF POSSIBLE OPERATIONS.

e

STS WILL INFLUENCE USER SYSTEM DESIGN AND OPERATIONS.

-24-
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PRINCIPAL EXISTING COMMUNICATION CHANNELS BETWEEN
NASA AND SPACE TRANSPORTATION SYSTEM USERS
1.

DEPARTMENT OF DEFENSE - AERONAUTICS AND ASTRONAUTICS COORDINATION BOARD,
SPACE TRANSPORTATION SYSTEM COMMITTEE, STEERING GROUP FOR STS OPERATIONS.

2.

DEPARTMENT OF COMMERCE/NOAA - ESTABLISHED INTERFACE IN OPERATIONAL METEOROLOGICAL SATELLITE PROGRAMS.

3.

DEPARTMENT OF AGRICULTURE - ESTABLISHED INTERFACE IN LARGE AREA CROP INVENTORY
EXPERIMENT (LACIE)

4.

DEPARTMENT OF INTERIOR - EROS PROGRAM, DISSEMINATION OF SKYLAB AND LANDSAT
DATA, ARIZONA LAND USE TEST.

5.

NATIONAL ACADEMY OF SCIENCE - SPACE SCIENCE BOARD.

6.

NATIONAL ACADEMY OF ENGINEERING - AERONAUTICS AND SPACE. ENGINEERING BOARD.

7.

COMMERCIAL USER GROUPS - COMSAT, BATTELLE MEMORIAL INSTITUTE AND OTHERS.
EXPANDING COMMUNICATION CHANNELS

1.

DEPARTMENTS OF COMMERCE, AGRICULTURE, INTERIOR, TRANSPORTATION, AND EPA
AND NSF - BRIEFINGS.

2.

DEPARTMENTS OF HEW, HUD, STATE AND ERDA AND SMITHSONIAN INSTITUTENEAR FUTURE BRIEFINGS.

3.

CONTINUED CONTACTS WITH POTENTIAL COMMERCIAL USER GROUPS.
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PERSONNEL AT NASA HEADQUARTERS FOR USERS TO CONTACT
NATIONAL AERONAUTICS AND SPACE ADMINISTRATIO N
600 INDEPENDENCE AVENUE, S.W.
WASHING'roN, D.C.
20546

DR. DUDLEY MC CONNELL, ASSISTANT ASSOCIATE ADMINISTRATO R FOR APPLICATIONS
TELEPHONE ------------ ------------ ------------ ------------ ------ 755-4826
DR. GffiALD SHARP, CHIEF, SPACELAB SCIENCE PAYLOADS
TELEPHONE ------------ ------------ ------------ ------------ ------ 755-3674
DR. RUFUS R. HESSBURG, M.D., DiaECTOR, SPACE MEDICINE
- TELEPHONE --~-----------------~----~--------~------------------- 755-2350
MR. WILLIAM C. HAYES, DIROCTOR, SPACE SHU'Pl'LE TECHNOLOGY PAYLOADS
TELEPHONE ------------------------~----------------------------- 755-2243
MR. PHILIP E. CULBERTSON, DIRECTOR, MISSION AND PAYLOAD INTEGRATION
TELEPHONE -------------------------~---------------------------- 755~3030
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SPACE SHUTTLE

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
LYNDON B. JOHNSON SPACE CENTER
HOUSTON, TEXAS
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A NEW ERA IN SPACE

On December 17, 1903, Orville and Wilbur Wright
successfully achieved sustained flight in a power-driven
aircraft. The first flight that day lasted only 12 seconds
over a distance of 37 meters (120 feet), which is about
the length of the Space Shuttle Orbiter. The fourth and
final flight 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 Wrights' father.
Sixty-six years 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.

Historic events ARE spectacular. The space program,
however, has always been much more than a television
spectacular. Today, space transportation is working in
many ways for us all, and we have come to expect this.
A whole new era of transportation will come into
being in the 1980's with the advent of the Space Shuttle
and its ability to inexpensively transport a variety of
payloads to orbit. It is designed to reduce the cost and
increase the effectiveness of using space for commercial,
scientific, and defense needs.
With its versatility and reusability, the Space Shuttle
will truly open the door to the economical and routine

use of space. As a transportation system to Earth orbit,
it will offer the workhorse capabilities of such
earthbound carriers as trucks, ships, and airlines and will
be as vital to the nation's future in space as the more
conventional carriers of today are to the country's
economic life 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 to take advantage of the most
efficient characteristics of both humans and complex
machines. This combination, coupled with the flexible
characteristics of Shuttle, will provide an efficient
system for our future national space program activities.
The Shuttle will truly provide our nation with routine
space operations in near-Earth orbit that can contribute
substantially to improving the way of life for all the
peoples of our world.
The Space Shuttle era will begin approximately 20
years after the first U.S. venture into space, the
launching of Explorer I on January 31, 1958. Since that
date, unmanned satellites have probed the near and
distant reaches of space. Manned systems have been used

to explore the lunar surface and expand the present
knowledge of the Earth, the Sun, and the adaptability of
man to extended space flight in near-Earth orbit. To
serve the future needs of space science and applications,
the technological and operational experience underlying
these accomplishments is being applied to the
development of the Space Shuttle. This vehicle is the
basic element in a space transportation system that will
open a new era of routine operations in space.
The primary design and operations goal for the Space
Shuttle Program is to provide low-cost transportation to
and from Earth orbit. Spacelabs will be carried aloft by
the Shuttle in support of manned orbital operations.
Free-flying or automated satellites will be deployed and
recovered from many types of orbits. Automated
satellites with propulsive stages attached will be
deployed from the Space Shuttle and placed in
high-energy trajectories. This approach to space
operations will provide many avenues for conducting
investigations in space. Many participants, representing
diverse backgrounds and capabilities, will work routinely
in these space operations of the future.

SPACE SHUTTLE SYSTEM AND MIS SION PROFILE
The Space Shuttle flight system is composed of the
Orbiter, an external tank (ET) that contains the ascent
propellant to be used by the Orbiter main engines, and
two solid rocket boosters · (SRB's). The Orbiter and
SRB's are reusable; the external tank is expended on
each launch.
The Space Shuttle mission begins with the installation
of the mission payload into the Orbiter payload bay.
The payload will be checked and serviced before
installation and will be activated on orbit. Flight safety
items for some payloads will be monitored by a caution
and warning system.
The SRB's and the Orbiter main engine will fire in
parallel at lift-off. The two SRB's are jettisoned after
burnout and are recovered by means of a parachute
system. The large external tank is jettisoned before the

Space Shuttle Orbiter goes into orbit. The orbital
maneuvering system (OMS) of the Orbiter is used to
attain the desired orbit and to make any subsequent
maneuvers that may be required during the mission.
When the payload bay doors in the top of the Orbiter
fuselage open to expose the- payload, the crewmen are
ready to begin payload operations.
After the orbital operations, deorbiting maneuvers are
initiated. Reentry is made into the Earth atmosphere at
a high angle of attack. At low altitude, the Orbiter goes
into horizontal flight for an aircraft-type approach and
landing. A 2-week ground turnarou nd is the goal for
reuse of the Space Shuttle Orbiter.
The nominal design duration of the initial missions is
7 days . The mission duration can be extended to as long
as 30 days if the necessary consumables are added.

GROU ND TURNAROUND

.'""'"'"@
PRELAUNCH
"
• MOVE TO PAD
•INTERFAC E VERIFICATION
o PROPELLANT LOADING } 2-HR LAUNCH
o CREW INGRESS
CAPABILITY
o SYSTEMS CHECK

LANDING
• SAFETY INSPECTION
• CONNECT GROUND-SUPPORTEQUIPMENT COOLING
• CONNECT TOW EQUIPMENT
• CREW EXCHANGE

/--~

SHUTTLE ASSEMBLY
• ASSEMBLE SOLID ROCKET BOOSTER (SRB l
• EXTERNAL TANK MATING TO SRB
• ORBITER MATING
• INTERFACE VERIFICATION
•ORDNANCE INSTALLATION / CONNECTION
• CLOSEOUT
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ORBITER SAFING , ------MAINTENANCE , AND
CHECKOUT
• SAFE AND DESERVICE
• REMOVE PAYLOAD
,
• MAINTENANCE /
~
REFURBISHMENT .,.. _Jg'- ~
• PAYLOAD
,--r
INSTALLATION - - - - - ·
~ • FUNCTIONAL VERIFICATION

~
,

._,

,.---y\ <";l

~

- -- - -
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PREMATE PREPARATION
• RETRACT LANDING GEAR
• CONNECT CRANES
• ROTATE TO VERTICAL

PROFILE OF SHUTTLE MISSION

SEPARATION OF EXTERNAL TANK

ORBIT INSERTION AND
CIRCULARIZATION
HEIGHT:
215 km (ll5 N. MI.- TYPICAL)
VELOCITY ;
28 300 km / HR Cl7 600 MPHl

SPACE SHUTTLE VEHICLE

ORBITAL OPERATIONS
HEIGHT :
185 TO llOO km
(100 TO 600 N. Ml.l
DURATION:
UP TO 30 DAYS

SHUTTLE CHARACTERISTICS
<VALUES ARE APPROXIMATE )

LENGTH
SYSTEM : 56 m Cl84 FTl
ORBITER: 37m (122 FTl
HEIGHT
SEPARATION OF
SOLID ROCKET BOOSTERS
HEIGHT :
50 km C27 N. Ml.l
VELOCITY :
5170 km / HR (3213 MPHl

SYSTEM: 23m C76 FTl
ORBITER : 17m (57 FTl
WINGSPAN
ORBITER : 24m C78 FTl
WEIGHT

ATMOSPHERIC ENTRY
HEIGHT:
140 km (76 N. Mil
VELOCITY :
28 100 km/HR (17 500 MPHl

GROSS LIFT-OFF :
2 000 000 kg (4 400 000 LBl
ORBITER LANDING :
85 000 kg (187 000 LBl
THRUST
SOLID ROCKET BOOSTERS C2 l:
l l 800 000 N (2 650 000 LBl
OF THRUST EACH
ORBITER MAIN ENGINES C3l :
2 100 000 N (4 70 000 LBl
OF THRUST EACH
CARGO BAY
SHUTTLE LAUNCH

DIMENSIONS:
18m C60 FTl LONG, 5 m Cl5 FTl
IN DIAMETER
ACCOMMODATIONS :
UNMANNED SPACECRAFT TO
FULLY EQUIPPED SCIENTIFIC
LABORATORIES

4

LANDING
CROSS RANGE :
± 2000 km <± 1085 N. Ml.l
VELOCITY :
346 km/HR C215 MPH l
<FROM ENTRY PATH l

The Orbiter is designed to carry into orbit a crew of
seven (the current baseline calls for four) , including
scientific and technical personnel, and the payloads. The
rest of the Shuttle system (SRB's and external fuel tank)
is required to boost the Orbiter into space. The smaller
Orbiter rocket engines provide maneuvering and control
during spac~ flight ; during atmospheric flight , the
Orbiter is controlled by the aerodynamic surfaces on the
wings and by the vertical stabilizer.
On a standard mission, the Orbiter can remain in
orbit for 7 days, return to Earth with personnel and
payload, land like an airplane, and be readied for
another flight in 14 days. The Shuttle can be readied for
a rescue mission launch from standb)l. status within 24
hours after notification. For emergency rescue , the cabin
can accommodate as many as 10 persons ; thus, all

occupants of a disabled Orbiter could be rescued by
another Shuttle.
The SRB's, which burn in parallel with the Orbiter
main propulsion system, are separated from the
Orbiter/external tank at an altitude of approximately 50
kilometers (27 nautical miles), descend on parachutes,
and land in the ocean approximately 278 000 meters
(150 nautical miles) from the launch site. They are
recovered by ships, returned to land, refurbished , and
then reused.
After SRB separation, the Orbiter main propulsion
system continues to burn until the Orbiter is injected
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 mission. The OMS completes insertion of
the Orbiter into the desired orbit.
5

: CREW AND PASSENGER ACCOMMODATIO NS

The crew and passengers occupy a two-level cabin at
the forward end of the Orbiter. The crew controls the
launch, orbital maneuvering, atmospheric entry , and
landing phases of the mission from the upper level flight
deck. The crew also performs payload handling.

Seating for passengers and a living area are provided
on the lower deck. The cabin will have a maximum of
utility ; mission flexibility is achieved with a minimum of
volume , complexity, and weight. Space flight will no
longer be limited to intensively trained, physically

3

perfect astronauts but will now accommodate
experienced scientists and technicians.
Crewmembers and passengers will experience a
designed maximum gravity load of only 3g during launch
and less than 1.5g during a typical reentry. These
accelerations are about one-third the levels experienced
on previous manned flights. Many other features of the
Space Shuttle, such as a standard sea-level atmosphere,
will welcome the nonastronaut space worker of the
future.
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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 Earth 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 th~ space program: to retrieve payloads from
orbit for reuse; to service or refurbish satellites in space;
and to operate space laboratories in orbit. These
capabilities result in a net savings in the cost of space
operations while greatly enhancing the flexibility and
productivity of the missions.
6

Among the multifaceted uses of Space Shuttle during
its operational life, which will extend beyond the
1990's, will be a wide range of applications of the
environment of space and of space platforms. The
applications can be achieved through operation of
satellites, satellites with propulsion stages, space
laboratories, or combinations as appropriate to the
specific objectives and requirements. The Shuttle also
provides a laboratory capability to do research and to
develop techniques and equipment that may evolve into
new operational satellites.
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.

7

-PLAC EMENT AND RECOV ERY OF SATEL LITES

One importa nt Space Shuttle m1sswn will be the
placement of satellites in Earth orbit. A satellite
launched on a previous mission can be retrieved and
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 loaded 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-bay

8

retention structure , extends it away from 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 satisfactorily before proceeding
with the remainder of the mission.
To recover a satellite , the Orbiter will rendezvous
with it , maneuver close , and grab it with the remote
manipulator arm. After the satellite is deactivated by
radio command , it will be lowered into the cargo bay
and locked into place. The Orbiter will perform deorbit
maneuvers, enter the atmosphere, and land, returning
the expensive satellite for reuse.

PLACEMENT OF FREE- FLYING SCIEN TIFIC LABOR ATORI ES IN
SPACE

The large space telescope represents an international
facility for on-orbit space research controlled by the
investigating scientists on the ground. Design studies are
now being conducted and sponsored by the NASA
Marshall Space Flight Center and the Goddard Space
Flight Center. The Space Shuttle will deliver the
telescope to orbit, and the crewmen will assist in
preparing the facility for operation. During scheduled
revisits to the facility, the Space Shuttle crewmen will
service supporting subsystems, exchange scientific
hardware, and, several years later, return the facility to
Earth at the end of its mission.

The long duration exposure facility (LDEF) is a basic
research project being implemented by the NASA
Langley Research Center. The LDEF is a reusable,
unmanned, low-cost, free-flying structure on which a
variety of passive experiments can be mounted to study
the effects of their exposure to space over a relatively
long period of time. After an extended period in orbit,
the LDEF will be retrieved by an Orbiter and returned
to Earth for experiment analysis.

9

DEUVERY OF PAYLOADS THAT USE PROPULSION STAGES

MARINER JUPITER ORBITER SPACECRAFT CONCEPT
IN-FLIGHT CONFIGURA TION

Major activity is forecast for geosynchronous orbits,
deep-space missions, elliptical orbits, and higher circular
orbits. Payloads with such destinations will require a
propulsion stage in addition to the Shuttle. Both the
satellite and the propulsion stage will be delivered to
orbit and deployed as illustrated. Before release, the
combined propulsion-stage/satellite system will be
checked and readied for launch, and guidance
information will be updated. The Orbiter will move a
safe distance away before ground control gives radio
command signals to fire the propulsion stage engines.
The Shuttle payload crew can do both visual and
remote monitoring. In the event of a malfunction, the

10

stage and satellite can be retrieved for inspection and
possible repair. Should it be determined that repair is
beyond the on board capability, the stage propellants
woulq be dumped and the entire payload (propulsion
stage and satellite) returned to Earth for refurbishment.
Initially, an existing propulsion stage will be adapted
for this on-orbit launch. An advanced reusable
propulsion stage called the Space Tug is being studied
for later inclusion in the space transportation system.
The Mariner Jupiter Orbiter/interim upper stage
(IUS) may be launched by the Shuttle in 1981 or 1982
for the purpose of obtaining additional data about the
planet Jupiter, its satellites, and the space surrounding it.

11

ON-ORBIT SERVICING OF SATELLITES

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

l

CD

association with the Shuttle-based equipment and
Shuttle operational techniques, will permit on-orbit
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 costs as well as improve
performance.

BY THE SPACE SHUTTLE

Alternative techniques for on-orbit servicing of
satellites are under study. The approach illustrated is
based on current simulations of prototype hardware
with replaceable modules. Low-cost refurbishable
payloads, such as the Earth Observation Satellite (EOS)
in the photograph, are carried by a retention system
which reacts all boost, reentry, and landing loads. The
retention system pivots a docking ring to allow rotation
of the satellite in and out of the cargo bay. Deployment
away from the Orbiter or capture and berthing of a

stabilized EOS are accomplished by the manipulator
arms attached to the Orbiter. To replace the payload, a
rotary magazine carrying the replacement modules
presents them at the proper time to an exchange
mechanism. The exchange mechanism removes the old
module from the satellite and stows it temporarily,
removes the new module from the magazine and installs
it in the satellite, and then stows the old module in the
rotary magazine.

EOS ORBITAl SERVICING
AND CONTINGENCY RETRIEVAl

SUN-SYNCHRONOUS ORBIT

i'p~~ICING ORBIT

?
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SPACELAB AND ORBITER

"The Shuttle development is one of the great technological undertakings of this
decade, indeed of this century .... This is a challenge to be shared by NASA and private
industry. This joint challenge is to demonstrate and use the Shuttle and particularly the
Spacelab in the 1980's to produce valuable new products and techniques ... " - Dr.
James C. Fletcher, NASA Administrator , October 18, 1974.
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 carrier
during the Space Shuttle era. Spacelab will provide an
extension of the experimenter's ground-based
laboratories with the added qualities which only space
flight can provide, such as a long-term gravity-free
environment, a location from which Earth can be viewed
and examined as an entity, and a place where the

celestial sphere can be studied free of atmospheric
interference.
Several Spacelab system configurations will be flown.
The configuration illustrated includes a pressurized
module where experimenters can work in a shirt-sleeve
environment. A tunnel gives access to the cabin area of
the Orbiter. Instruments can be mounted on a pallet aft
of the pressurized module if 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 configurations include those which, in
place of a pressurized module, have a large pallet 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, Italy, France, United Kingdom, Belgium,
Spain, the Netherlands, Denmark, Switzerland, and
Austria. Many 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 effectiveness of
space research as well as reduce the cost of the
application of space technology.
Crewmembers and payloads for Spacelab will also be
international in origin.
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SPACE IN EVERYDAY LIVING

EARTHLY BENEFITS TODAY

Of what EARTHLY benefit is the space program?
In the early years of America's space program, men
with vision forecast that multiple benefits would
someday be derived from the research and development
activities associated with this program. Those benefits
are no longer a promise; they are realities.
And this is just the beginning. The versatility and
flexibility of the Space Shuttle will open up
opportunities for more and longer investigations.
Benefits from past space efforts have already worked
their way in!o daily life, to a far greater extent than
most people realize. We apply what we learn in space to
improve the quality of life on Earth. Advances in
medicine, environmental monitoring and control,
meteorology, the study of oceans and Earth resources,
communications, education, products and materials, and
international peace are taken for granted. These benefits
together with the acknowledged impetus given to our

technical leadership in the world supply overwhelming
evidence of value received.
Most of these benefits are available to mankind
throughout the world and some are in current use in
countries other than the United States.
Some specific examples of these benefits follow.
However, any list is obsolete as soon as it is written,
because the applications of technology are constantly
increasing.
The real extent of Earthly benefits from future space
efforts can scarcely be predicted. The space program is
an essential element in keeping our nation strong scientifically, technologically, and economically - and
thus it keeps us secure.
Photographs and other imagery from both manned
and unmanned spacecraft have changed the ways we see
our Earth.

17

Weather

Weather satellite photographs are perhaps the best
known applications that affect our daily lives. Since the
first weather satellite was launched in 1960,
meteorological spacecraft have returned to Earth more
information about the atmosphere than had been

Mapping and Charting

learned since man first began to study weather. An
estimated 100 000 American lives have been saved as a
result of early warnings of hurricanes and other severe
weather.

High-altitu,de photographs taken straight down can
help mapmakers work efficiently and accurately.
Because much larger areas can be covered by spacecraft
than by aircraft in the same amount of time, maps can
be changed frequently and accurately . The mosaic
shown is part of one that was made from photographs

18

taken of the East Coast from Skylab. Massachusetts is at
the top (with Boston Harbor on the right edge of the
photograph). The mosaic extends through the New York
metropolita n area , New Jersey, and almost to
Philadelphia . The Appalachian Mountains extend along
the left side .
19

Land Use
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The Skylab view of the New York City area provides
a clear view of land use patterns. Long Island is in the
lower right corner and New Jersey in the lower left

N03°00

corner. The Hudson River is visible in the lower right
side and the Catskill Mountains extend across the center
portion of the photograph.
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Images transmitted from the Earth Resources
Technology Satellite (ERTS) are used for a variety of
studies, including forecasting crop yields, determining
land use patterns, and helping to find land and water
resources in hard-to-reach areas. The area shown is the

20

Southern California Coast extending from Long Beach
to San Diego. San Clemente Island is visible in the lower
left corner. Urban and suburban land use is heavy in
coastal areas.

21

Pollution

The extent of water and air pollution and sometimes
their sources can be established by space photography.
Water pollution is visible as fuzziness along the southern
shores of the Great Salt Lake. The sharp line across the
lake near the top of the photograph represents a railroad
bridge that impedes water circulation in the lake ; the

lighter area north of the bridge is much saltier than the
darker area. On the right side of the photograph is Lake
Utah, a fresh-water body. Salt Lake City lies between
the two lakes. The white splotch in the highlands next to
Salt Lake City is the world's largest open-pit copper
mine.

Water Resources

Water resources, especially in inaccessible areas, can
be monitored from 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.

Flagstaff is at the bottom center of the photograph and
the Painted Desert is across the top. The Meteor Crater is
visible slightly to the right of the center of the
photograph.
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Geology
Oceanography
Geological studies can be made from photographs
such as this to support mineral exploration throughout
the world. Geological faults often stand out in space
imagery. The photograph of California just north of Los
Angeles clearly defines where three faults meet in a
populated area. If mankind can learn to monitor these
faults from space, it might become possible to accurately
predict the time, location, and intensity of earthquakes.

The dark line across the lower third of the photograph is
the San Andreas Fault. Angling into the lower right
corner and partially hidden by clouds is the San Gabriel
Fault. The Garlock Fault is the dark area extending up
the middle of the photograph. Lake Isabella is in the
upper right and the city of Bakersfield below it. On the
right is Palmdale, where the Orbiter is being built.

,.

Many features of the ocean can be studied from space
more easily than any other way. The hazy, light areas in
the photograph are areas of nutrients such as algae and
plankton in the sea. This information is of importance to
commercial fishermen because fish are likely to be
concentrated in these areas.

Space imagery can also chart the movement of
icebergs to indicate ocean currents and to aid routing of
ships to safer areas. A computer using radiance data
from a multispectral scanner aboard Skylab charted
water depths; this method would simplify updating and
correction of hydrographic charts.
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Communications
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Because ' of communications satellites, television
viewers all over the world take for granted that they can
watch sports and news events as they happen. The
communications satellites in stationary orbit transmit a
variety of other educational, governmental, and
commercial data as well.
A new light beam voice communications device,

called a retrometer, has been developed by NASA
scientists because of space-oriented requirements.
Communications by the retrometer are immune to
interception and jamming and are completely private.
Because the remote microphone requires no power, the
system offers many possible applications in industry, at
sea, and in air/sea rescue operations.

24
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Health Care

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 interpretation s.
Doctors can get clarified X-rays done by computer
methods developed to clarify photographs transmitted
from spacecraft.

A cuff 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,
early detection has the potential to save many lives.
Spacesuits and portable life-support 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 chemotherap y, 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
researchers working with dangerous viruses in
laboratories.

Many advances in health care have resulted from
devices originally designed to monitor astronauts in
space and send data back to Earth. For example, a
lightweight battery-powe red mobile unit that fits into an
ambulance and links trained emergency medical
technicians to a physician is already being used by some
communities: the city of Houston, Texas, has equipped
28 rescue vehicles with these units. Especially important
to cardiac patients, whose lives may be saved or lost
within the first few minutes after an attack, the unit
provides for constant treatment and monitoring both at
the scene of the medical emergency and en route to the
hospital. Two-way voice communicati on can be

26
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maintained between the technician and a doctor, while
electrocardiogram data can be provided to a physician
by telemetry. The unit is also equipped for oxygen
administrat ion, defibrillati on, blood pressure
measurement, fluids aspiration, respiratory resuscitation,
and drug administration.
Inside hospitals, too, automatic monitoring systems
similar to the ones used for Apollo astronauts can collect
several channels of physiological data from as many as
64 patients and transmit the data in digital form to a
central control station for processing by a computer.
Palm Beach Community Hospital in Florida is one user
of this type of system.
27

Materials and Manufacturing
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COMMUNICATIONS
ENVIRONMENT

AGRICULTURE

TIMBER

SCIENTIFIC
STUDIES

In industry, new materials and changed
manufacturing processes have resulted from
space-oriented research. Fireproof materials, for
example, are constantly being improved to provide
better protection (including facial covering) for
firefighters.
Still in the experimental stage is the growing of
crystals in space. The germanium selenide crystal shown
was grown 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
research is affecting our daily lives in unexpected ways.
And the list lengthens after every space venture.

/

28

MINERAL RESOURCES
PETROLEUM RESOURCES

EARTHLY PAYOFF TOMORROW
Man goes into space to explore the unknown - to
increase our - understanding of the past, present, and
future of the universe and humanity's place in it. When
the Space Shuttle becomes operational in 1980, 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, public
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
practical data that will affect both the daily lives of
people and the long-term future of mankind.

29

Agriculture
Oceanography
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.

By mapping the ocean surface temperature , Earth
resources satellites will help oceanographers understand
current patterns. This, in turn, will enable fishing experts
to predict the movements of schools of fish. Ice
movements in the ocean can also be tracked from space.

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 in a few days.

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

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.

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.
'

Petroleum Resources
Timber
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

Shuttle-launched satellites can
forest resources, especially in
discovering fires, by detecting
infestations of pests, and by
inventories of our timberlands.
31

help conserve our
remote areas, by
tree diseases and
providing accurate
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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 lengths to 18 meters (60 feet) and diameters of 5
meters (I 5 feet). The Orbiter is comparable in size and
weight to modern transport aircraft; it has a dry weight
of approximatel y 68 000 kilograms (I 50 000 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
32
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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
(18 5 knots), similar to current high-performance
aircraft.

The external tank contains the propellants for the
Orbiter main engines: liquid hydrogen (LH ) fuel and
2
liquid oxygen (L0 2 ) 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 L0 2 geyser suppression.
Liquid-level point sensors are used in both tanks for
loading cont~pl.
At lift-off, the external tank contains 703 000
kilograms (1 550 000 pounds) of usable propellant. The
LH 2 tank volume is 1523 m3 (53 800 ft 3) and the L0
2
tank volume is 552 m3 (19 500 ft3). These volumes
include a 3-percent ullage provision. The hydrogen tank
is pressurized to a range of 220 600 to 234 400 N/m 2

(32 to 34 psia) and the oxygen tank to 137 900 to
151 700 N/m 2 (20 to 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 skirt
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 to 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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~~

LH

ATTACHMENT
~----------------------------------~

HL

APPROXIMATE WEIGHTS AND THRUST <EACHl

FORWARD
SKIRT

GROSS WEIGHT: 584 600 kg <1 288 800 LBl
INERT WEIGHT: 81 900 kg <180 500 LBl
THRUST <SEA LEVELl: 11 800 000 N <2 650 000 LBl

ELECTRONICS AND
RECOVERY SUBSYSTEM
GEAR

LH
L0
L0

2

VENT

2

I

2

2

2

FEEDLINE

TANK

TANK

I

ORBITER
MAIN

30- crn <12 IN .) FEED

Two solid rocket boosters (SRB's) burn 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 584 600 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 con ve n ti on al de sign, with a
star-configured perforation in the forward casting
segment 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 7° which, in
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conjunction with the Orbiter main engines, provides
flight control during 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 aft 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 of 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. Eight 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.

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 maneuvering system.
Each 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 2 100 000 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 flight control during the
Orbiter boosr-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

ORBITER / ET
DISCONNECT
2

3 MAIN ENGINES
2 100 000 N <4 70 000 LBl VACUUM
THRUST EACH

VENT

EXTERNAL TANK

LH

ORBITER/ET
L0 DISCONNECT
2

43- crn (17 IN. ) FEED

~•

OR BITER LOWER SURFACE

LH

20-crn (8 IN. )
LH FILL
2
AND DRAIN

2

EXTERNAL TANK

with the external tank through disconnects located at
the bottom of the Orbiter aft fuselage. The hydrogen
disconnects are mounted on a carrier 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
both sides of the aft fuselage.
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ORBITER REACTION CONTROL AND

The reaction control subsystem (RCS) has 38
bipropellant primary thrusters and 6 vernier thrusters to
provide attitude control and three-axis translation during
the orbit insertion, on-orbit, and reentry phases of flight.
The RCS consists of three propulsion units, one in the
forward module and one in each of the aft propulsion
pods. All modules are used for external tank separa!ion,
orbit insertion, and orbital maneuvers. Only the aft RCS
modules are used for reentry attitude control.

The RCS propellants are nitrogen tetroxide (N 20 4 ) as
the oxidizer and monomethylhydrazine (MMH) 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 is 609
kilograms (1343 pounds)' of N 2 04 and 381 kilograms
(840 pounds) ofMMH.

ORBITER REACTION CONTROL SUBSYSTEM
1 FORWARD RCS MODULE, 2 AFT RCS SUBSYSTEMS IN PODS
38 MAIN THRUSTERS (14 FORWARD, 12 PER AFT PODl
THRUST LEVEL = 3870 N <870 LBl <VACUUM l
SPECIFIC IMPULSE = 289 SEC
MIB = 89 N-SEC <20 LB-SEC l
6 VERNIER THRUSTERS <2 FORWARD AND 2 PER AFT POD l
THRUST LEVEL = 111 N <25 LB l
SPECIFIC IMPULSE= 228 SEC
MIB = 3 . 34 N-SEC (0 .75 LBf-SEC l
PROPELLANTS: N 0 <OXIDIZER l MMH (FUEL)
2 4
PROPELLANT QUANTITY: 1980 kg <4366 LB l AFT
990 kg (2183 LB l FORWARD
MIB = MINIMUM IMPULSE BIT

ORBITAL MANEUVERING SUBSYSTEMS

The orbital maneuvering subsystem (OMS) provides
the thrust to perform orbit 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 10 830
kilograms (23 900 pounds) of usable propellant, plus
420 kilograms (925 pounds) of residuals and losses, is
contained in two pods, one on each side of the aft
fuselage. Each 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. Each engine
produces a vacuum thrust of 26 700 newtons ( 6000
pounds) at a chamber pressure of 861 850 N/m2 (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) to provide
crossfeed between the left and right RCS systems. In
addition, propellant lines from the auxiliary OMS tanks
in the Orbiter cargo bay (if carried as a mission kit)
interconnect with the OMS propellant lines in each pod.

ORBITAL MANEUVERING SUBSYSTEM
PAYLOAD
BAY OMS KITS

PITCH AND YAW
ELECTROMECHANICAL
GIMBAL
ACTUATORS

OMS
ENGINE

RCS
HELIUM
TANKS
OMS
PROPELLANT

DEPLOYABLE COVERS
OMS ENGINE CHARACTERISTICS
THRUST:

VERNIER
THRUSTERS
<2 PER AFT
POD l

VERNIER THRUSTER

AFT PROPULSION SUBSYSTEM
<OMS / RCS POD l

FORWARD RCS MODULE
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26 700 N (6000 LB l
VACUUM

SPECIFIC IMPULSE:
313 SEC
2
CHAMBER PRESSURE : 861 850 N/m (125 PSIA l
MIXTURE RATIO:

1.65:1
)± 4° PITCH
GIMBAL_ CAPABILITY:/ ± go YAW

LEFT AFT POD
OMS TANKAGE CAPACITY FOR 305m / SEC
(1000 FT / SEC l VELOCITY CHANGEFUEL (MMH l WEIGHT:
4087 kg (9010 LB l (
OXIDIZER <N 0 l WEIGHT 6743 kg <14 866 LB l \ USABLE
2 4

37

ORBITER STRUCTURE SUBSYSTEM

The Orbiter structure is constructed primarily of
aluminum protected by reusable surface insulation. The
primary structural subassemblies are the crew module
and forward fuselage, midfuselage and payload bay
doors, aft fuselage and engine thrust structure, wing, and
vertical tail.
The crew module is machlned aluminum alloy plate
with integral stiffening stringers and internal framing and
is welded to 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 airlock into the payload bay. The forward
fuselage structure is aluminum alloy skin/stringer panels,
frames, and bulkheads. The window frames are
machined parts attached to the structural panels and
frames.
The midfuselage is an integral machined panel
structure and is the primary carrying structure between
the forward and aft fuselage; it also includes the wing
carrythrough structure. The frames are constructed as a

e
e
e

combination of aluminum panels with riveted or
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
split 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 aluminum integral machlned panel
and includes a truss-type 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/stringer covers of
aluminum alloy. The elevons are constructed of
aluminum honeycomb.
The vertical tail is a two-spar, multirib, stiffened-skin
box assembly of aluminum 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.

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 is
composed of two types of reusable surface insulation
(RSI), a high-temperature 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

surface insulation (LRSI) is 20-centimeter (8 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) is
IS-centimeter (6 inch) square silica tiles and covers the
bottom and some leading edges of the Orbiter where
temperatures are below 1500 K (2300° F). A
high-temperature structure of reinforced carbon-carbon
(RCC) is used with internal insulation for the nose cap
and wing leading edges where temperatures are greater
than 1500 K (2300° F).

INSULATION

I

AREA

MAXIMUM
DESIGN
TEMPERATURE

LRSI

I

2
603 m
2
(6488 FT l

900 K Cl200o Fl

HRSI

I

2
434 rn
11500 K C2300o Fl
2
C4670 FT l

UPPER SURFACE

--

CONVENTIONAL ALUMINUM STRUCTURE
MAXIMUM TEMPERATURE 450 K (350° Fl
PROTECTED BY REUSABLE SURFACE INSULATION

[VERTICAL TAIL[

e
e
e
e

[fAYLOADBAY DOORS I
e
e
e

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

SKIN / STRINGER FIN COVERS
HONEYCOMB RUDDER COVER
MACHINED SPARS
SHEET METAL RIBS

RCC

I

TOTAL

I

38m

2

2
C409 FT l
10 7 5 rn

11800 K (2800° Fl

2

2
Cll 56 7 FT l

UNDER SURFACE

I AFT FUSEL..\G:E:]
e
e

SKIN / STRINGER SHELL
TITANIUM/BORON EPOXY
THRUST STRUCTURE
ALUMINUM HONEYCOMB BASE
HEAT SHIELD WITH THERMAL
INSULATION

e

CREW MODULE AND
FORWARD FUSELAGE

e
e

ORBITER THERMAL PROTECTION SYSTEM

SKIN/STRINGER
CABIN- FLOATING

A

v
e
e
e
e
e
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SKIN / STRINGER COVERS
WEB AND TRUSS SPARS
ELEVON - HONEYCOMB
COVERS
TYPICAL TILE INSTALLATION

SKIN / STRINGER
HONEYCOMB PANELS
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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 flight deck provide command and control facilities
for payload operations required by the cognizant
scientist (the user). Remote-control techniques can be
employed from the ground when desirable. The Spacelab
payload provides additional command and data
management capability plus a work area in the payload
bay for the payload specialists. The crew will be able to

use a manipulator to handle complete payloads or
selected packages.
The manipulator arm, complemented by the
television display system, allows the payload operator 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 inspection of critical areas on
the vehicle exterior, such as the heat shield.

PAYLOAD/ORBITER INTERFACES
OMS / STORABLE PROPULSIVE
PAYLOAD OXIDIZER PANEL
CRYOGENIC
PAYLOAD
FUEL PANELS

REMOTE MANIPULATOR
SYSTEM

OMS / STORABLE PROPULSIVE
PAYLOAD FUEL PANEL
PAYLOAD POWER PANEL

ELECTRICAL FEEDTHROUGH
INTERFACE PANELS, GROUND
SUPPORT EQUIPMENT,
FLIGHT KIT
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PAYLOAD DEPLOYMENT / RETRIEVAL MECHANISM

MANIPULATOR JETTISON
SUBSYSTEM
LOWER ARM DEPLOYMENT

.-r....c..-r
:;:::y-:;:;,-c.-----S

~~----SHOULDER
~

;::;:

x0

HOULDER PITCH
YAW ACTUATOR
MANIPULATOR JETTISON SUBSYSTEM
MANIPULATOR DEPLOYMENT MECHANISM

17 259.3 mm (679.51N.)

PAYLOAD HANDLING
The deployment and retrieval of payloads are
accomplished by using the general-purpose remote
manipulator system. Payload retrieval involves the
combined operations of rendezvous, stationkeeping, and
manipulator arm control. One manipulator arm is
standard equipment on the Orbiter and may be mounted
on either the left or right longeron. A second arm can be

42

installed and controlled separately for payloads requiring
handling with two manipulators. Each arm has remotely
controlled television and lights to provide side viewing
and depth perception. Lights on booms and side
bulkheads provide appropriate illumination levels for
any task that must be performed in the payload bay.
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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 m3 (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
four functional areas: (1) two forward-facing primary
flight stations for vehicle operations, (2) two aft-facing
stations, 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 permit 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.

The payload handling station, the aft-facing 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 stow 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 mission specialist station, just aft and to the right
of the pilot's station, contains the displays and controls
required to manage Orbiter/payload interfaces and
payload subsystems that are critical to the safety of the
Orbiter. An auxiliary caution and warning display is
provided at this station to detect and alert the crew to
critical malfunctions in the payload systems. This station

is equipped to monitor, command, control, and
communicate with attached or detached payloads. It
also provides for the management of on-orbit
housekeeping functions and of Orbiter subsystem
functions that are not flight critical and that do not
require immediate access.

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 2-square-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

AVIONICS

AVIONICS

~AIRLOCK

STOWAGE

PAYLOAD
SPECIALIST
STATION

HYGIENE
TWO SEATS

FLIGHT SECTION

MIDSECTION
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GALLEY DETAILS

PAYLOAD ATTACHM ENTS

CONTINGENCY FOOD

DAY-1

TRASH~

BEVERAGE AND
READY-TO-EAT

MISCELLANEOUS
TRASH

C__j ~==-====!

~c:::=:::JI

TRAYS (7)

,-;----;;;----;rrTTTTT 1

I

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

WATER DISPENSER

CONDIMENTS

positions along the keel that take lateral loads. The
proposed design of the standard attachment fitting
includes adjustment capability to adapt to specific
payload weight distributions in the bay.
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POWER SYS TEM S

AUXILIARY POWER UNIT SUBSYSTEM
FUEL CELL POWER PLANT <FCP l- 3
2-kW MIN. , 7-kW CONTINUOUS
12-kW PEAK / FCP
15-M IN DURATION ONCE EVERY 3 HR

•POWER REACTANT STORAGE/ DISTR
IBUTION
SUBSYSTEM
• POWER GENERATION SUBSYSTEM
OXYGEN DEWAR TANK S- 2, 0 .35-m 3
(12 .3 FT 3 l CAPACITY, 7240 -kN /m 2

EXHAUST DUCTS
APU'S~

FUEL
LINES

<:::::!!

e 3 INDEPENDENT SYSTEMS

~

II -...
1/--

(105 0 PSIAl MAX. PRESSURE

WATER
BOILER

FCP SUBSYSTEM

-----

•14-k W CONTINUOU S/ 24-kW PEAK
•27 .5 TO 32.5 V DC
REACTANT STORAGE
•153 0-kW h MISSION ENERGY
• 264-k Wh ABORT / SURVIVAL ENERGY

....

UMBILICAL SERVICE

x 33 198 mm
0

LIFE SUPPORT SYSTEM
HYDROGEN DEWAR TANK S2,0.6 7-m 3 (23.5 FT 3 l
CAPACITY, 2310 -kN/m 2
<335 PSIAl MAX. PRESSURE

The Orbiter has one system to supply electrical
power
and anoth er system to supply hydra
ulic 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
electrical buses. During peak and average powe
r loads, all
three fuel cells and buses are used; durin
g minimum
power loads, only two fuel cells are used
but they are
interconnected to the three buses. The third
fuel cell is
shut down but can be reconnected within 15
minutes to
support higher loads. Excess heat from the
fuel cells is
transferred to the Freon cooling loop throu
gh heat
exchangers. Hydraulic power is derived
from three
independent hydraulic pumps, each driven
by its own
hydrazine-fueled auxiliary power unit {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.

......

~

• 51 kg <112 LBl OXYGEN FOR
ENVIRONMENTAL CONTROL AND

e100 kW (135 HPl/ APU
• ONE 0 .24-m 3 /min <63
gal/min), 20 7001<N / m2 (3000 PSI)
HYDRAULIC PUMP
e MONOPROPELLANT

.'....!/

/

/

/

'

•HYDRAZINE <N H >
2 4

....

(1307 IN.)

• 42 kg <92 LBl
)
HYDROGEN / TANK
TOTAL LOADED
• 354 kg <781 LBl
QUANTITY

LUBRICATION PUMP

OXYGEN/TANK

The electrical power requirements of a paylo
ad will
vary throu ghou t a mission. During the
10-minute
laun ch-t o-or bit phas e and the
30-m inut e
deorbit-to-landing phase when most of the
experiment
hardware is in a standby mode or completely
turne d off,
1000 watts average to 1500 watts peak
are available
from the Orbiter. During payload equipment
operation
on orbit, the capability exists to provide
as much as
7000 watts average to 12 000 watts peak
for major
energy-consuming payloads. For the 7-day
-mission
payload, 50 kilowatt-hours of electrical
energy are
available. Mission kits containing consumabl
es for 840
kilowatt-hours each are available in quantities
required
according to the flight plan.
The operational use of fuel cells for mann
ed space
flight evolved during the Gemini and Apol
lo Programs.
The Space Shuttle fuel cells will be servic
ed between
flights and reflown until each one has accumula
ted 5000
hours of online service.

ORBITER SUBSYSTEM SUMMARY
PROPULSION AND POWER
AUXIL IARY POWER

e

• 3 HYDRAZINE APU'S (100 kW <135 HPlEA
CH l

20 700-kN /m 2 (3000 PSil HYDRAULIC
PUMPS

ORBIT AL MANEUVERING SYSTE M
2 ENGINES <26 700 N <6000 LBl VACUU
M
THRUST EACHl
N 0 / MMH PROPE LLANT 10 830-kg
2 4
<23 900 LBl CAPAC ITY

ELECT RICAL POWER

e3

e

7-kW FUEL CELLS <HYDROGEN, OXYGE
N
1530k Wh ENERGY
.
27.5 TO 32.5V DC

REACTION CONTROL SYSTE M
1 FORWARD MODULE ANO 2 AFT MODU
LES
38 THRUSTERS <3870 N (870 LBl VACUU
Ml
AND 6 VERNIERS (111 N <25 LBll
TOTAL N 0 / MMH PROPE LLANT
2 4
2970 kg <6550 LBl

/
MAIN PROPULSION

e

3 ENGINES (2 100 000 N <470 000 LBl
VACUUM THRUST EACHl

HYDROGEN, OXYGEN PROPE LLANT
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PA YL OA D POWER INT ER
FA CE CH AR AC TE RIS TIC
S
Mission
phase

Inte rfac e

Gro und ope ratio n
(gro und pow er)

Ded icat ed fuel
cell con nect or

::::::695

Main bus con nect or

Pow er, kW
Average

Peak

Com men ts

3
7

4
12

Nor mal chec kou t
Orb iter pow ered dow n

::::::695

24 to 32

3
5

4
8

Nor mal chec kou t
Orb iter pow ered dow n

130 7

24 to 32

1.5

2

130 7

24 to 32

1.5

May be used
simu ltan eous ly

2

Ded icat ed fuel
cell con nect or

::::::695

27 to 32

I

L5

Main bus con nect or

::::::695

27 to 32

I

1.5

Aft (bus B)

130 7

24 to 32

I

L5

Aft (bus C)

130 7

24 to 32

I

1.5

27 min.
(ma x.)

7
6

12
TBD b

Aft (bus C)

On- orbi t payl oad
oper atio ns

Voltage
range
24 to 32
27 to 32

Aft (bus B)

Asc ent/ desc ent

x0 stat ion

Ded icat ed fuel
cell con nect or

::::::695

Main bus con nect or

::::::695

27 to 32

5

8

Aft (bus B)

130 7

24 to 32

1.5

2

Aft (bus C)

130 7

24 to 32

L5

2

bro be dete rmin ed.

Pow er limi ted to a
tota l of I k W average
and 1.5 kW peak for
2 min

Peak pow er limi ted to
15 min once every
3 hr

Power may be utili zed
from both inte rfac es
simu ltan eous ly; buses
mus t be isola ted on
the payl oad side of
the inte rfac e

EN VIR ON ME NT AL CONT
ROL
ATCSa payl oad heat
reje ctio n conf igur atio n,
kJ /hr (B tu/h r)
Lim ited to 548 6 kJ/h r
(520 0 lHu /hr) with
or with out radi ator
kit unless payl oad
has GSE conn cction for cooling
or Orb iter is
pow ered dow n

548 6 (5 200)
with or with out
radi ator kit

311 00( 295 00) (kit )
22 700 (21 500 )
(no kit)

Cooling services are provid
ed to payloads by the
Space Shuttle. Ground sup
port equipment provides a
selectable temperature range
during prelaunch activities.
After the Orbiter lands,
ground sup por t equipment
similar to airline sup por t har
dware is connected to the
cabin and payload bay to con
trol temperature levels.
The payload bay is purged wit
h conditioned air at the
launch pad until 30 min
utes before the start of
propellant loading; the n dry
nitrogen gas is supplied
until lift-off. The payload
bay is vented during the
launch and entry phases and
is unpressurized during the
orbita~ phase of the mission
. The pressure difference
between the payload bay and
outside air is minimized to
allow a lightweight structu
re and thus an economical
design for the payload bay.
Th e cab in atm osp her e
(temperature, pressure,
humidity, carbon dioxide leve
l, and odor) is controlled
by the cabin hea t exchanger
and associated equipment.
The temperature is maintaine
d between 289 and 305 K
(61° and 90° F). An oxy
gen partial pressure of

ATMOSPHERIC REV IT ALI
ZA TIO N SUBSYSTEM

e

e

FUNCTIONS
• CARBON DIOXIDE, ODOR,
AND WATER VAPOR CONTROL
IN PRESSURIZED
CABIN
• CABIN PRESSURE MAINTENA
NCE AND CONTROL
• CABIN ATMOSPHERE THER
MAL CONTROL
• CABIN AND AFT SECTION
AVIONICS THERMAL CONTROL
• ATMOSPHERIC REVITAL
IZATION FOR HABITABLE PAYL
OADS
IWHEN REQUIRED!
DESIGN /PERFORMANCE REQU
IREMENTS
• Ml SSION
- NOMINAL: 42 MAN-DAY
S
- EXTRAVEHICULAR ACTIVITY
: 3 TWO-MAN PERIODS
- CONTINGENCIES: 16 MAN
-DAYS OR 1 CABIN REPRESS
URI ZATl ON OR
MAINTAIN PRESSURE WITH
CABIN LEAK
• PERSONNEL ICREW IPASSENG
ERSI
DESIGN OPERATION, 3 TO 10
- CABIN
NORMAL, 3 TO 7
\ RESCUE, 6 TO 10
2
- CABIN PRESSURE: 1013
54Nim 114.7 PSIAI
- ATMOSPHERIC COMPOS
ITION: 21374N i m2 13.1 PSI
AI OXYGEN;
2
79 980 Nl m 1ll .6 PSI AI NITR
OGEN

22 065 ± 1725 Nfm2 (3.2
± 0.25 psia) is maintained,
and nitrogen is added to
achieve a tota l pressure of
101 355 N/m2 (14.7 psi). The
oxygen is supplied from

2 2 700 or 3 I I 00
(21 500 or 29 500 )

bsys tem .

POTABLE WATER TANK
AVIONICS BAY
COOLING PACKAGE

ATMOSPHERE
REVITALIZATION SYSTEM
WATER SEPARATORS

50
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AVIONICS
BAY
COOLING
PACKAGE
CABIN FAN AND
CHECK VALVE

the same cryogenic tanks that supply the fuel cells.
to the Ill-squ are-m eter (119 5 square foot) (effective
Nitrogen for normal operation and emergency oxygen is
area) baseline radiators, where the heat is radiated into
supplied from 20 700-kN/m2 (3000 psi) pressure vessels
space. The water flash evaporator is used to supplement
mounted in the midfuselage. The cabin atmosphere and
the radiator cooling capacity. Extra radiator panels can
part of the avionic equipment cooling is controlled by
be added to accommodate payloads with high heat
air that is ducted through the cabin heat exchanger.
loads.
The radiator system located on the inside of the
During the ascent and descent (down to an altitude of
payload bay doors is the primary on-orbit heat rejection
30 500 meters (100 000 feet), when the cargo bay doors
system. A water loop transports the excess heat from the
are closed and the radiators are ineffective), cooling is
cabin heat exchanger and remaining avionic equipment
provid
ed by the cabin heat sublimators. From the
(through cold plates) to the Freon cooling loop by way
altitude of 30 500 meters (1 00 000 feet) to landing and
of the cabin heat interchanger. The Freon cooling loop
connection with the ground support equipment, the
delivers this heat, together with heat from the fuel cells,
ammo
nia boiler provides the required cooling.
payloads, and cold plates of the aft avionic equipment,

ORBITER ENVIRONMENTAl CONTROL
OPTIONAL PAYLOAD
RADIATORS

DEPLOYED
RADIATOR
SECT ION7

BASELINE RADIATORS
CABIN HEAT
SUBLIMATORS
Cl EACH SIDE)

ORBITER PURGE AND VENT SYSTEM

PAYLOAD AND
FUEL CELL
HEAT
EXCHANGERS

PURGE DUCT SYSTEM
•

•

CONSISTS OF 4 SEPARATE / DEDICATED SYSTEMS
•
FORWARD FUSELAGE I FORWARD RCS I OMS PODS
I
WING, VERTICAL STABILIZER
e MIDFUSELAGE <PAYLOAD AND LOWER EQUIPMENT BAYS
)
e AFT FUSELAGE <DEDICATED)
•
ET /ORBITER LH2 I L02 DISCONNECTS
EACH PROVIDES

e

e

e

CABIN HEAT
INTER CHANGER

CONTROLS AND

DISPLAYS~

.-A

il....l..--T~lL

CABIN HEAT EXCHANGER

THERMAL CONDITIONING
MOISTURE CONTROL
HAZARDOUS-GAS DILUTION

'--HIG H-PR ESSU RE

7

~

GAS TANKS
<4 NITROGEN AND 1 OXYGENl
AIR AND COLD-PLATE
COOLED AVIONICS

• COLD-PLATE COOLED AVIONICS • AMMONIA
BOILER AND TANKS (2)
• WATER FLASH EVAPORATOR • GROUND SUPPO
RT EQUIPMENT HEAT EXCHANGER

FLIGHT PHASE

FRAME

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
1.5 kW THERMAL

ENTRY
POSTLANDING

COOLING SUPPLIED FROM GROUND
SUPPORT EQUIPMENT

LOWER MIDFUSELAGE
VENT
VENT SYSTEM
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ORBITER SUBSYSTEM SUMMARY
COM MUN ICAT IONS , TRAC KING , AND DATA MAN
AGEM ENT
SGLS - SPACE-GROUND LINK SUBSYSTEM
STDN - SPACE TRACKING AND DATA NETWORK
TDRS - TRACKING AND DATA RELAY SATELLITE

GUIDANCE, NAVIGATION, AND CONTROL

e STAR SENSORS
e INERTIAL MEASUREMENT
e RATE GYROS
e ACCELEROMETERS
e AIR DATA SENSORS

UNITS

COMMUNICATION AND TRACKING

e SGLS-COMPATIBLE <S-BANDJ TRANSCEIVER
e STDN/TDRS-COMPATIBLE <S-BANDJ TRANSCEIVER
e PAYLOAD S-BAND INTERROGATOR
e TACAN INTERROGATOR
e RADAR ALTIMETER AND MAIN LANDING SYSTEM
e RENDEZVOUS RADAR/Ku-BAND COMMUNICATIONS
e BLACK-AND-WHITE AND COLOR TELEVISION
e AUDIO CENTER

e
e
e

SIGNAL PROCESSORS
DOPPLER EXTRACTOR
EXTRAVEHICULAR ACTIVITY UHF TRANSCEIVER

OPERATIONAL FLIGHT
INSTRUMENTATION
e PCM DATA ACQUISITION AND
DISTRIBUTION
e RECORDERS
e MASTER TIMING UNIT

The payload communications, tracking, and data
management baseline configuration has sufficient
flexibility to accommodate most payloads so that
betwe en-fli ght changes will be required only
infrequently for special missions. Voice, television, and
data-handling capabilities support onboard control or
remote 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 computation 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 payload.

TRACK

INSGA~~~LITE
TA RELAY

~ ~
"'
DA

DISPLAYS AND CONTROLS

DATA PROCESSING
e 5 DIGITAL COMPUTERS
3 DEDICATED TO G&N
1 RECONFIGURABLE <G&N OR PAYLOAD
AND PERFORMANCE MONITORING)
1 DEDICATED TO PAYLOAD AND
PERFORMANCE MONITORING
e MASS MEMORY
e KEYBOARDS AND CRT DISPLAYS

e
e

TWO PRIMARY FLIGHT STATIONS
PAYLOAD HANDLING STATION
eMISS ION SPECIALIST STATION
e PAYLOAD SPECIALIST STATION
e SUBSYSTEM MANAGEMENT AND
POWER DISTRIBUTION PANELS

AVIO NICS
The Shuttle avionics subsystem provides commands;
guida nce and navigation (G&N) and control;
mission phases except docking; manual control options
communications; computations; displays and controls;
are available at all times. Side-stick rotation controllers,
instrumentation; and electrical power distribution and
rudder pedals, and trim controls allow manual control,
control for the Orbiter, the external tank, and the SRB.
and a computer provides commands for automatic flight
The avionics equipment is arranged to facilitate
control to the aerosurfaces or propulsive elements as
checkout, access, and replacement with minimal
required. Attitude information is obtained from the
disturbance to other subsystems. Almost all electrical
inertial measuring unit. Air data are provided by
and. electronic -equipment is installed in three areas of
redundant probes deployed at lower altitudes. Gimbaled
the Orbiter: the flight deck, the forward avionic
inertial measuring units provide the navigation reference
equipment bays, and the aft avionic equipment bays.
with star sensors for autonomous alinement and state
vector ' update. During active rendezvous, a rendezvous
The Orbiter flight deck is the center of both in-flight
radar is used to obtain range and bearing information.
and ground activities except during hazardous serviCing.
Orbiter-to-ground communication is by radiofrequency
Automatic vehicle flight control is provided for all
transmission in both frequency modulation and pulse
code modulation (PCM) modes.
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SPA
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FUNCTION

VOICE

CE SHUTTLE
ORBITER

FREE-FLYING

~

~ (7

GROUND
TO
ORBITER
X

COMMUNICATIONS AND
DATA MANAGEMENT

TELLI TE

ORBITER
GROUND
ORBITER
ORBITER
SATEL LITE
TO
TO ORBITER TO GROUND
TO SATEL LITE
TO GROUND
GROUND
VIA TORS
VIA TORS <PRIME OR RELAYJ VIA ORBITER
X

X

X

X

I

IIIIII

X

GROUND STATION
TELEVISION
ENGINEERING
DATA

X
X

SCIENTIFIC
DATA

X

X

X

X

X

X

X

X

X
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COMMANDS

X

GN&C

X

X

X

X

TIMING

X

X

X

X

X

X

X

CAUTION AND
WARNING

X

X

llil'11\1

X

X
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IIIII

ORBITAl COMMUNICATIONS AND TRACKING LINKS

PAYLOAD POINTING AND STABILIZATION SUPPORT

ORBITER
POINTING
BIAS
-ORBITER TOTAL
POINTING CAPABILITY
± 0 .5 DEG
S-BAND
o PULSE MODULATION (PM l UPLINK
(72 KBPS l VOICE (2 X 32 KBPS l,
COMMANDS 6 . 4 KBPS (2 KBPS INFORMATION ENCODED ), AND 1.6 KBPS
SYNCHRONIZED INTERLEAVED
o

PM DOWNLINK (192 KBPS l VOICE
(2 X 32 KBPS l AND 128 KBPS ORBITER
PCM TLM WITH INTERLEAVED
FREQUENCY PAYLOAD DATA (64 KBPS l

PAYLOAD SENSOR
POINTING ACCURACY
APPROACHING
± 0 .1 DEG / AXIS

ONE-WAY DOPPLER
EXTRACTION

I

Ku-BAND
S-BAND
o PM UPLINK (72 KBPS + 1 MBPS l
o PM UPLINK (32 KBPS l
o PM DOWNLINK (<.: 2 MBPS +<.: SO MBPS l
o PM DOWNLINK (96 KBPS l
o FM DOWNLINK ($ 2 MBPS + $ 4 .2 MHz
+ 192 KBPS l

'

S-BAND

ORBITER POINTING
STABILITY CAPABILITY
± 0 .1 DEG / AXI S

,--- ± 1 ARC-SECOND STABILITY
\.:

ORBITER
LINE-OF-SIGHT VECTOR

~TWO-WAY DOPPLER
EXTRACTION
~--LINK TIME SHARED, WIDE-BAND
. -TDRS GROUND STATION
PAYLOAD DATA (.ANALOG OR DIGITAU,
TELEVISION, DUMP RECORDED DATA,
SPACE TRACKING AND DATA NETWORK
TO 4.0 MHz OR 5.0 MBPS
(STDN l GROUND STATION

o FREQUENCY MODULATION (FM) DOWN-

PAYLOAD SENSOR SLAVED
LINE-OF-SIGHT VECTOR-·

GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM

FLIGHT DECK
• MANUAL CONTROLS
• INDICA TORS
• DISPLAYS
• BACKUP OPTICAL UNIT

CLOSED-LOOP
PAYLOAD SENSOR
ORBITER GN&C
DATA INTERFACE

FORWARD CABIN AREA
• STAR TRACKERS
• INERTIAL MEASUREMENT UNIT
ACTUATORS
<r=::::::--r-I D;;VERS~N;;• AEROSURFACES

TYPICAL CONCEPT FOR
THREE-AXIS EXPERIMENT
POINTING BASE

----l

I

I
I

ELEMENT
PROPULSIVE
_ _ _ _j
_____
_e _

ORBITER PROVIDED

PAYLOAD PROVIDED

NOSE
AIR DATA
COMPUTER
NOSE BOOM
(ORBITER 101 ONLY l

AFT AVIONICS BAYS
• RATE GYROS
• AEROSURFACE SERVOAMPLIFIER
• REACTION JET OMS DRIVER (AFT l
• MULTIPLEXER / DEMULTIPLEXER UNITS

FORWARD AVIONICS BAYS
• TACANS
• RADAR ALTIMETERS
• MICROWAVE SCAN BEAM
LANDING SYSTEM (MSBLS l
RECEIVERS
• AIR DATA TRANSDUCER
ASSEMBLY
• RCS JET DRIVER (FORWARD l
• GENERAL-PURPOSE COMPUTERS

MASS MEMORIES
MULTIPLEXER / DEMULTIPLEXER
UHF RECEIVER
RENDEZVOUS SENSOR
ELECTRONICS
• ACCELEROMETERS
• ONE-WAY DOPPLER
EXTRACTOR
•
•
•
•
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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. However, when the Orbiter guidance,
navigation, and control system and a more accurate

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.

57

REUSA BLE SPACE HARDW ARE

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

operational phase will last much longer than the
developmental phase, as illustrated in the following
figure. Multiuse mission support equipmen t, 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 I 57
PROGRAM

74

MERCURY
GEMINI
APOLLO
SKY LAB

196o's
PROGRAM TIME SPAN
MANNED FLIGHT PERIOD

1111111111111

DEVELOPMENT
PHASE
CALENDAR YEAR I 71
IIIIIII

SPACE SHUTTLE
15 000
HOURS

PAYLOADS

10 000
5 000

PROGRA M
PROGR AM
MAN-HO URS
IN SPACE

I

MERCURY

I

54

NUMBER OF
MANNE D
FLIGHTS

I

6

CREW SIZE

I

I

PROGRAM TIME SPAN
OPERATIONAL LIFE

I

GEMINI

I

1 940

I

10

I

2

I

APOLLO

I

SKYLAB

I

7 506

I

12 351

I

11

I

3

I

3

CUMULA TIVE MAN HOURS IN SPACE
21 851 HOURS 24 MINUTE S 41 SECONDS

I

3

111111111111

MISSION KITS

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

• Extra or specialized attachme nt fittings
• Transfer tunnels and docking modules
• A second remote manipulator arm and an extra
high-gain antenna
• Fill, vent, drain, purge, and dump lines
• Addition al radiator panels for increased heat
rejection
• Additional storage tanks
• Electrical harnesses

• 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
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ORBIT INCLINATIONS AND LAUNCH AZIMUTHS
FROM V AFB AND KSC

KSC SHUTTLE SYSTEM GROUND FlOW

:::t:::t:t

ALLOWABLE

VANDENBERG AIR FORCE BASE

KENNEDY SPACE CENTER

40

31

0 RBIT

f1IH1ttilm#fHa

35

LAUNCH
AZIMUTH,
DEG

INCLINATION,
DEG

30
ORBITER CYCLE
-"'-

2

2

(..!)
LLJ

(..!)
LLJ

Cl

Cl

~=f 35

~
1-

<t:
_J
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ORBIT
INCLINATION
DEG

29
28

::::>

II-

::5 27

I

120

~~

26
30 I
125

SOLID ROCKET BOOSTER ;./~>+"'-""
<SRBJ RETRIEVAL
----

SRB CYCLE

~

Utu

m

I

120

25 I
83

115

I

82

LONG I TUDE, DEG W

I--"

81

I

I

80

79

D

"'"

10

I
"7

LONGITUDE, DEG W
INGRESS/EGRESS ARM

SRB REFURBISHMENT

I

GH

2

VENT ARM

_.. . . . . . n

"'' .......--

SRG
PAYLOAD CHANGE-OUT
ROOM

SPACE SHUT TLE LAUN CH SITES, OPER ATION AL DATES
, AND INCLI NATIO N LIMIT S

ljl

Space Shuttle flights will be launched from two
locations, the NASA John F. Kennedy Space Center
(KSC) in Florida and the Vandenberg Air Force Base
(VAFB) in California. Present 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
60

early 1980's. The various orbital inclinations and their
related launch azimuths are illustrated for each site.
Together, these capabilities satisfy all known future
requirements. Payloads· as large as 29 ?OO kilograms
(65 000 pounds) can be launched due east from KSC
into an orbit of 28.5° inclination. Payloads of 14 500
kilograms (32 000 pounds) can be launched from VAFB
into the highest inclination orbit of 104°. Polar orbiting
capabilities up to 18 000 kilograms (40 000 pounds) can
be achieved from VAFB.
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LAUNCH PAD SERVICE AND ACCESS TOWER
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DIRECT BE NEFITS

INDIRECT BE NEF IT S

EC ON OM IC IMP AC T OF SPACE SHUTTLE
There is abund ant and well-d ocume nted evidence of
the widespread benefits flowing from the space progra
m
to the nation and, indeed , to the world. The fields
of
medicine, communications, navigation, meteorology
,
Earth resources exploi tation , and many others have been
enriched. The Shuttl e will increase these benefits and
bring others in the future. However, the space progra
m
also spawns many less appare nt economic benefits that
are potentially as significant as the direct contri bution
s.
These indire ct economic effects are not widely
recog nized , nor do they consti tute the primar
y
justification for the space program. Yet several recent
studies have shown that they strengthen the nation
's
economy by making impor tant contri bution s in our
efforts to solve our basic economic problems.
Economists have long known that technological
advance is the primary source of higher produ ctivity and
economic growth, and that research and development
(R&D) is the chief contri butor to technology. What
is
new is the preponderance of recent evidence that
high-technology efforts such as the Shuttl e and other
space programs have a more poten t effect on the
econo my 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
gover n men t-in d us try space team has consciously
develo ped and implem ented highly effective mechanisms
for identifying and transferring space technology
to
other sectors of"the econo my for subseq uent nonspace
a pplic ation s. Anot her reason is that industries
p er f o rming space research are among the most
technology-intensive and -innovative in the econo my
;
they generate the all-important technology stimulus the

U.S. econo my must have for improved produ ctivity rates
and expan ded outpu t.
These same industries are the ones the United States
relies on in its efforts to maintain favorable trade
balances. Expanded export s of high-technology produc
ts
will offset the traditional negative balances in minera
ls,
raw materials, fuels, and low-technology manuf acture
d
goods. In this regard, the Space Shuttl e Program will
contri bute favorably to the U.S. trade posture in two
ways. It will help speed the pace of technology becaus
e
of its highl y stimu lative effec ts on those
technology-intensive industries that are depen ded on for
a high dollar volume of export s. And it will contri bute
directly by launching and servicing the satellites of other
nations. The ability of the Shuttl e to provide launch
services at lower costs and to offer orbital maintenance
services never before available should markedly increas
e
foreign participation in U.S. space explor ation and
exploi tation .
The U.S. accomplishments in science, technology,
explor ation, and Earth applications attest to our succes
s
in meeting the goals of the National Aeronautics and
Space Act during the past 16 years. The ancilla
ry
benefits of the space program - its ability to stimulate
the econo my; its applications to the solutions
of
earthb ound problems; its contri bution s to intern ationa
l
coope ration ; and its creation of tens of thousands
of
jobs for our highly skilled scientists, engineers, and
technicians - provide further proof of this succes
s.
These accomplishments and benefits should weigh
heavily in the deliberations of policymakers as they
determine the level of resources to be allocated to the
Space Shuttl e and the payloads in this and comin
g
decades.
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SPACE SHUTTLE ERA

TRENDS OF THE 1980'S - INTEGRATED SPACE OPERATIONS
e
e
e

SPACELABS
SATELliTES
PROPULSI ON
STAGES

e

APPLICAT IONS
TECHNOL OGY
SCIENCE

e
e

1959 1960
1970
fAMilY Of lAUNCH VEHICLES FOR UNIQUE MISSIONS

for

1980
1990
GEN L-PURPOSE lAUNCH SYSTEM
REUSABLE HARDWARE

SPACE SHUTTLE PART ICIPA NTS
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
responsib le 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 overall
responsibility and authority for definition of those
elements of the total system that interact with other
elements, such as total configuration and combined
aerodynamic loads. JSC also is responsible for
development, production , and delivery of the Shuttle
Orbiter and manages the contract with Rockwell
International Space Division.

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 C. Marshall Space Flight Center (MSFC)
in Alabama is responsible for the development,
production , and delivery of the Orbiter main engine, the
so lid rocket booster, and the hydrogen/ oxygen
propellant tank.
The contractor team is still growing as the initial
manufactu red hardware takes form. All prime
contractors and subcontrac tors involved to date are
listed on the following pages.

THE SPACE DIVISION OF ROCKWELL INTERNATIONAL IS PRIME
CONTRACTOR TO NASA FOR TOTAL INTEGRATION OF SPACE
SHUTTLE SYSTEMS
ROCKETOYNE
DIVISION

ROCKWELL
INTERNATIONAL

ORBITER
SPACE DIVISION
ROCKWELL INTERNATIONAL

MARTIN MARIETTA

THIOKOL
' ·ASSOCIATE CONTRACTORS (OTHER NASA CONTRACTS)

THE SPACE DIVISION OF ROCKWELL
INTERNATIONAL IS ALSO PRIME
CONTRACTOR TO NASA FOR DESIGNING.
DEVELOPING. AND BUILDING THE
SPACE SHUTTLE ORBITER

TO ESTABLISH A NATIONAL SPACE TRANSPORTATION CAPABILITY THAT WILL
e SUBSTANTIALLY REDUCE THE COST OF SPACE OPERATIONS AND
e PROVIDE A CAPABILITY DESIGNED TO SUPPORT A WIDE RANGE
OF SCIENTIFIC, APPLICATIONS, DEFENSE, COMMERCIAL AND
INTERNATIONAL USES
*MENASCO MANUFACTURING

64

REUSABLE SURFACE INSULATION
*LOCKHEED MISSILES AND SPACE

*ORBITER SUBCONTRACTORS (CONTRACTS WITH SPACE DIVISION}
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Contrac tor

Abex Corpora tion, Aerospace
Division
Aerodyn e Controls Corpora tion

Location

Oxnard , Calif.

Farmingdale, N.Y.

Aerojet General, Aerojet
Liquid Rocket Compan y

Sacrame nto, Calif.

Aerospace Avionics

Bohemia, N.Y.

System/ subsyste m

Oxygen, hydroge n check valve (fuel cell
and environmental control life
support system)
Pressure relief valve (water)

Annunci ator assembly, caution/ warning
Annunci ator display general requirements
Annunci ator, performance monitori ng
· Annunci ator, special

Aiken Industries , Mechanical
Product Division

Jackson , Mich.

Thermal circuit breakers

Farmingdale, N.Y.

Microwave scan beam landing system,
navigation set
Remote- control circuit breaker

AiResearch Manufacturing
Compan y, Garrett
Corpora tion

Torrance, Calif.

Airite Division, Sargent
Industries

El Segundo, Calif.

Ametek Calmec

Pico Rivera, Calif.

System/ subsyste m

Ametek Straza

El Cajon, Calif.

MPS liquid hydroge n and liquid oxygen
fill and drain assembly
MPS liquid hydroge n recirculation and
replenishment line assembly

Amex System

Lawndale, Calif.

High-tem perature , flight -instrum entation
coaxial cable

Applied Resources

Fairfield, N.J.

Rotary switch

Arkwin Industries

Westbury, N.Y.

Hydraulic reservoir, bootstra p
Six-way, two-position hydrauli c control
valve
Three-way, two-position hydraulic
control valve

Arrowhead Products , Division
of Federal Mogul

Los Alamitos, Calif.

Space Shuttle main engine liquid oxygen
and liquid hydroge n feedlines
Coupling sleeve and flexible ducting
for environm ental control and life
support system

Avco

Wilmington, Mass.

Ku-band antenna, microwave scan beam
landing system

Aydin, Vector Division

Newton, Pa.

Wideband frequenc y division
multiplexing unit

Ball Brothers Research

Boulder, Colo.

Star tracker

Beech Aircraft Corpora tion,
Boulder Division

Boulder, Colo.

Power reactant storage assembly

B. F. Goodrich Compan y

Troy, Ohio
Akron, Ohio

Main and nose landing gear wheel and
main landing gear brake assembly
Main and nose gear tires

Gardena, Calif.

Modular terminal boards

Sydney, N.Y.

High-density connecto r, data processing
software

Orbital maneuvering system engines

Los Angeles, Calif.

Milwaukee, Wis.

Location

Variable-delivery hydraulic pump

Aeroquip Corpora tion,
Aerospace Division,
Marman Division

AIL, Cutler Hammer

Contrac tor

Couplings for environm ental control and
life support system

Air data transduc er assembly
Cabin air pressure safety valve
Air shutoff solenoid valve
Helium receiver (spherical), surge
pressure main propulsi on system (MPS);
relief of gaseous helium during MPS
actuation of valves and external tank
(ET) disconnects
MPS liquid hydrogen shutoff valve
MPS liquid hydroge n disconne ct; Orbiterto-tank recirculation and replenishment
system
MPS gaseous hydrogen/gaseous oxygen
disconnect, Orbiter- to-tank
pressurization system

)

Bell Industries

-

Bendix Corpora tion
'
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Cont racto r

Bendix Corporation
(cont inued )

Location

Teterboro, N.J.
Franklin, Ind.
Davenport, Iowa

Bertea Corporation

Boeing

Bomar/TIC

Bussman Division of McGraw

Brunswick

Carleton Controls
Celesco Industries

Chern Tric

Circle Seal
Columbus Aircraft Division,
Rockwell International
Corporation
Conrac Corporation

Irvine, Calif.

System/subsystem

Surface position, alpha Mach, and
altitude/vertical velocity indicators
Triaxial conne ctor (93-ohm), electrical
power distribution system
Accelerometer
Main landing gear hydraulic uplock
actua tor
Main landing gear strut actua tor
Nose landing gear uploc k actua tor

Houston, Tex.
Seattle, Wash.

Sneak circuit analysis
Carrier aircraft modification
Tooling

Newbury Park, Calif.

Variable transformer, displays and
controls

St. Louis, Mo.

General fuse
Seal for bulkhead window conditioning
system

Lincoln, Neb.

Filament wound tank (developmental
program)

East Aurora, N.Y.
Costa Mesa, Calif.

Rosemont, Ill.

Atmospheric pressure control system
Smoke detection
Fire suppression system
Silver ion generator, environmental
control life suppo rt system

Anaheim, Calif.

Purge, vent, and drain check valve

Columbus, Ohio

Body flap struc ture

West Caldwell, N.J.

MPS engine interface unit
Mission timer
Event timer

Cont racto r

Location

System/subsystem

Consolidated Controls

El Segundo, Calif.

Fuel isolation valve auxiliary power
unit
Unidirectional/bidirectional shuto ff
valve for fuel cell power plant and
environmental contr ol life suppo rt
system

Convair Aerospace Division
of General Dynamics

San Diego, Calif.

Midfuselage (includes midfuselage glove
fairing)

Corning Glass

Corning, N.Y.

Windshield and windows

Crane Company-Hydro Aire

Burbank, Calif.

Main landing gear brake antiskid

Crissair Incor porat ed

El Segundo, Calif.

Hydraulic check valve
Hydraulic flow restrictor

Datum Incor porat ed

Anaheim, Calif.

Multichannel closed-loop structural
test

Deutsch

Banning, Calif.

General-purpose electrical conne ctor

Edison Electronics, Division
of McGraw Edison

Manchester, N.H.

Digital select thumbwheel switch
Toggle switches

Edcliff Instruments

Monrovia, Calif.

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

Eldec Corporation

Lynnwood, Wash.

Dedicated signal conditioner (subsystem
pressure, temperature, etc., to
multiplexer, demultiplexer
Tape mete r
Proximity switch (landing gear
operation)

Electronics Associated

West Long Branch, N.J.

Analog comp uter system (Space Division
simulator)

Electronic Resources
Incor porat ed

Los Angeles, Calif.

Coaxial cable (special externaltemperature cable for communication
tie, links)

Ellneff

Corona, N.Y.

Hatch latch actua tor

~
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Contractor

Location

System/subsystem

Endevco

San Juan Capistrano, Calif.

Piezoelectric accelerometer (flight
instrumentation vibration-acoustic
data)
Acoustic pickup piezo electric
(development flight instrumentation
acoustic data Orbiter 101)

Explosive Technology

Fairfield, Calif.

Pyrotechnic crew escape interseat
energy, transfer and sequencer

Fairchild Republic

Farmingdale, N.Y.

Vertical tail

Fairchild Stratos

Manhattan Beach, Calif.

MPS shutoff propellant prevalves
MPS liquid oxygen overboard bleed
disconnect
MPS fill and drain valve propellant
Ammonia boiler subsystem (rejects heat
during reentry)
MPS helium and gaseous nitrogen
pneumatic disconnect
MPS liquid oxygen and liquid hydrogen
relief shutoff valve
Forward and aft reaction control system
(RCS) helium pressure regulator
Cryogenic fluid and gas supply
disconnects to connect Orbiter power
reactant storage and distribution
system fill, drain, and vent lines to
their respective ground support
equipment

General Electric

Valley Forge, Pa.

Waste collector subsystem

Gulton Industries

Costa Mesa, Calif.

Linear low-frequency accelerometer
(flight instrumentation vibrationacoustic data)
Differential pressure transducer,
hydraulic actuators

Grumman Corporation

Bethpage, N.Y.

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

Location

System/subsystem

Hamilton Standard, Division
of United Aircraft
Corporation

Windsor Locks, Conn.

Atmospheric revitalization subsystem
Freon coolant loop
Water boiler, hydraulic thermal control
unit
Ground support equipment hydraulic cart

Harris Corporation,
Electronics Systems
Division

Melbourne, Fla.

Pulse code modulation master unit

Haveg Industries Incorporated

Winooski, Vt.

General-purpose wire

Hoffman Electronics
Corporation, Navcom
Systems Division

El Monte, Calif.

T ACAN (tactical air navigation)

Honeywell Inc., Aerospace
Division

St. Petersburg, Fla.

Flight control system displays and
controls
Radar altimeter; main engine controller

Minneapolis, Minn.
Hydraulic Research &
Manufacturing

Valencia, Calif.

Servoactuator elevon-electro command
hydraulics
Four-way hydraulic system flow
control pressure valve

IBM Corporation, Federal
Systems Division,
Electronics Systems
Center

Oswego, N.Y.

Mass memory/multifunctio n cathode ray
tube (CRT) display subsystem
General-purpose computer and inputoutput processor

ILC Technology

Sunnyvale, Calif.

Cabin interior lighting

Intermetrics Incorporated

Cambridge, Mass.

Advance computer programing language,
HAL/S (high-order assembly
language/Shuttle)

ITT Cannon

Santa Ana, Calif.

Power, high-density, rectangular,
and coaxial connectors

J.L. Products.

Gardena, Calif.

Crew compartment failure warning and
corrective control
Arming fire switch, pushbutton
Pushbutton switch
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Contrac tor

Kelly Hayes Compan y
K-West

Location

Lake Orion, Mich.
Westminster, Calif.

System/ subsyste m

Hydrauli c switchin g and isolation valve
Wideband signal conditio ner,
accelero meterI acoustic
Strain gage signal conditio ner, stresses
Ullage pressure signal conditio ner for
external tank (monito rs and controls
external tank liquid oxygen and
liquid hydroge n ullage pressure)
Differen tial pressure transduc er and
electroni cs MPS propella nt head
pressure in main feed and fill lines

Labarge

Santa Ana, Calif.

General-purpose wire

Leach Relay

Los Angeles, Calif.

General-purpose latching relay

Grand Rapids, Mich.
Elyria, Ohio

Attitude direction indicato r
Hydrauli c disconne ct supply

Lockhee d Missiles & Space
Compan y, Inc.

Sunnyva le, Calif.

High- and low-tem perature reusable
surface insulatio n

Lockhee d-Califo rnia
Compan y

Burbank , Calif.

Crew escape system ejection seats
(Orbiters 101 and 102)
Orbiter structura l static and fatigue
testing

Lear Siegler

LTV Aerospace Corpora tion,
Vought Systems Division

Dallas, Tex.

Leading edge structura l subsyste m and
nose cap, RCC (reinforc ed carboncarbon)
Radiator and flow control assembly
system (study only)

Marquar dt Compan y, CCI
Corpora tion

Van Nuys, Calif.

Reaction control system thrusters

Martin Marietta

Denver, Colo.

Caution and warning electroni cs
Pyro initiator controlle r
Reaction control system tanks (forward
and aft)
S-band quad, hemi, and payload antennas
External tank (prime contract )

New Orleans, La.

Contrac tor

Location

System/ subsyste m

McDonnell Douglas
Astronau tics Compan y

East St. Louis, Mo.

Orbital maneuve ring system/r eaction
control system aft propulsi on pod

Megatek

Van Nuys, Calif.

MPS cryogeni c seals, line flange

Menasco Manufac turing
Compan y

Burbank , Calif.

Main/no se landing gear shock struts and
brace assembly

Metal Bellows Compan y

Chatswo rth, Calif.

Potable and waste water tanks

Micro Measure ments

Romulus , Mich.

Strain gage

Modular Comput er Systems

Fort Lauderd ale, Fla.

Data acquisiti on system (Space
Division laborato ries)

Moog, Incorpor ated,
Controls Division

East Aurora, N.Y.

Main engine gimbal servoact uator

Network s Electron ics Corporation, U.S. Bearings
Division

Chatswo rth, Calif.

Hatch latch links, main ingress/egress
hatch

Northro p Corpora tion,
Electron ics Division

Norwoo d, Mass.

Rate gyro assembly

OEA

Des Plaines, Ill.

Pyrotech nic thruster assembly, nose gear
uplock release

Parker Hannifin Corpora tion

Irvine, Calif.

MPS liquid hydroge n Orbiter- to-tank feed
system disconne cts
MPS liquid hydroge n and liquid oxygen
Orbiter-t o-ground fill and drain
disconne cts
Hydrauli c accumul ator

Pneu Devices

Goleta, Calif.

Hydrauli c shutoff valve, emergen cy
thermal control
Electric- motor-dr iven hydrauli c
circulati on pump

Pneu Draulics

Montcla ir, Calif.

Hydraul ic priority valve reservoir
primary

Pratt & Whitney , Division of
United Aircraft

East Hartford , Conn.

Fuel cell power plant

-
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Contra ctor

Purolator Incorp orated

Location

Newbury Park, Calif.

System/subsystem

Hydraulic filter module assembly

RDF Corporation

Hudson, N.H.

Temperature sensor/transducer (general)
Temperature resistance transducer
(probe-type)
Cryogenic temperature transducer

Rocketdyne Division, Rockwell
International Corporation

Canoga Park, Calif.

Space Shuttle main engines (prime
contrac t)

ROHR

Chula Vista, Calif.

Solid rocket booste r case

Rosemount Incorp orated

Eden Prairie , Minn.

Air data sensor probe system
Air data sensor flight-boom probe
Sensor temperature probe
Sensor temperature surface (general)

R. V. Weatherford

Glendale, Calif.

Shunt

Simmonds Precision
Instruments

Vergennes, Vt.

MPS liquid oxygen and liquid hydrogen
point-level sensors and electronics

Singer Kearfo tt

Little Falls, N.J.

Inertial measurement unit
Multiplexer interface adapter
Data bus coupler
Data bus isolation

Skipper and Company

Cerritos, Calif.

Chemical processing (Downey facility)

Space Division, Rockwell
International Corporation

Downey, Calif.

Space Shuttle Orbiter and integration

Space Ordnance Systems

Saugus, Calif.

Sperry Rand Corporation,
Flight Systems Division

Phoenix, Ariz.

Statha m Instruments

Oxnard, Calif.

Contra ctor

Cartridge assembly detona tor (frangible
nut, tail cone separation, Orbiter
carrier aircraft separation and
Orbiter external tank separation)
Multiplexer/demultiplexer
Automatic landing
Pressure transducer (low, medium, high,
general systems)

Location

System/subsystem

Sterer Engineering &
Manufacturing

Los Angeles, Calif.

Nose gear steering and damping system
Selector three-way, solenoid-operated
landing gear uplock and contro l valves
Solenoid-operated, Space Shuttle main
engine hydraulic and hydraulic landing gear shutof f valve

Sterling Transformer
Corporation

Brooklyn, N.Y.

Transformer (power displays and controls, 115/26 volt)

SSP Products Incorp orated

Burbank, Calif.

Auxiliary power unit exhaust duct
assembly

Sundstrand

Rockford , Ill.

Auxiliary power unit
Rudder speed brake actuation unit
Body flap actuati on unit
MPS hydrogen recirculation pump assembly

Symetrics

Canoga Park, Calif.

Hydraulic quick disconnects
Quick disconnects (water boiler fill
vent)
Fluid disconnect

Systron-Donner

Concord, Calif.

Angular three-axis accelerometer
(development flight instrum entatio n)

Tech Systems Corporation

Thomaston, Conn.

Ku-band wave guide assembly (part of
interconnecting link between microwave scan beam landing system antenn a
and navigation set)

Teledynamics, Division of
Ambac Industries

Fort Washington, Pa.

S-band transmitter (development flight
instrum entatio n) frequency modulation

Teledyne Kinetics

Solano Beach, Calif.

Direct-current power contra ctor

Teledyne Thermatics

Pasadena, Calif.

Coaxial prototy pe cable
General-purpose wire
Special-purpose wire

I

,

Elm City, N.C.

Teledyne McCormack

Hollister, Calif.

Crew escape system pyrotechnic initiato r
assembly

Thiokol Chemical Corporation, Wastach Division

Brigham City, Utah

Solid rocket motors
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Contrac tor

Times Wire and Cable
Titeflex Division

Tulsa Division, Rockwell
Interna tional Corpor ation
Valcor Engineering
Corporation

Locatio n

System/subsystem

Wallingford, Conn.

Coaxial cable

Springfield, Mass.

Flex hose, low-pressure, windshield
purge
Flex line coolant loop {water coolant )
High/low pressure hydraulic system hose
Swivel assembly, hydraulic system hose

Contrac tor

Location

System/subsystem

Wintek

El Segundo, Calif.

Auxiliary power unit fuel line filter
Purge, vent and drain filter
(windshield)
Coolant return filter
Cryogenic filter assembly

Wright Compo nents, Inc.

Clifton Springs, N.Y.

MPS two-way pneuma tic solenoid valve
MPS three-way helium solenoid valve

Xebec Corpor ation

Kansas City, Mo.

Automa ted circuit

Xe-Cell-0 Corpor ation,
Division of Cadillac
Controls

Costa Mesa, Calif.

Main ingress/egress hatch attenua tor

Xerox Corpora tion

El Segundo, Calif.

Digital comput er (Space Division
simulator)

Cargo-bay doors

Tulsa, Okla.

Kenilworth, N.J.

Hydrogen and oxygen pressurant flow
control valve (contro ls flow from
Orbiter main engines for external
tank pressurization, main propulsion
system)

Waltham Precision Instrum ents

Waltham, Mass.

Eight-day windup clock

Watkins Johnson

Palo Alto, Calif.

C-band radar altimete r antenna
UHF air traffic control voice antenna
L-band T ACAN antenna

Wavecom

Northridge, Calif.

S-band multiplexer development flight
instrum entation

Westinghouse Electric
Corpor ation, Systems
Development Division

Baltimore, Md.

Master timing unit

Westinghouse Electric
Corpor ation, Aerospace
Electrical Division

Lima, Ohio

Remote power control ler
Electrical system inverters ( dc-ac)

Weston Instrum ents

Newark, N.J.

Event indicato r
Electrical indicato r meter
I

Whittaker Corpora tion

North Hollywood, Calif.
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Dump valve manually operate d, hydraulic
accumulator {ground)
MPS helium pressure regulator
MPS helium regulator

-
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