THIS FILE IS5 MADE AVAILABLE THROUGH THE DECLASSIFICATION EFFORTS AND RESEARCH OF:

THE BLACK WAULT IS THE LARGEST ONMLIME FREEDOM OF INFORMATION ACT { GOVERNMENT
RECORD CLEARING HOUSE IN THE WORLD. THE RESEARCH EFFORTS HERE ARE RESPOMNSIBLE
FOR THE DECLASSIFICATION OF THOUSANDS OF DOCUMENTS THROUGHOUT THE U.5. GOVERMMENT,
AMD ALL CAM BE DOWNLOADED BY VISITING:

HTTP:{WWW.BLACKVALULT.COM
YOU ARE ENCOURAGED TO FORWARD THIS DOCUMENT TO ¥YOUR FRIEMDS, BUT

PLEASE KEEP THIS IDEMTIFYING IMAGE AT THE TOP OF THE
-PDF 50 OTHERS CAMN DOWNLOAD MORE!


http://www.blackvault.com

DEPARTMENT OF THE AIR FORCE
11™ WING

28 February 2001

11 CS/SCS (FOIA)
1000 Air Force Pentagon
Washington DC 20330-1000

Mr. John Greenewald Jr.

Dear Mr. Greenewald

This is our final response to your 14 August 2000, Freedom of Information Act
requests for AD B133551 “NASA Space Station Update and Potential Military Uses”
(Case #01-0022) and AD 363074 “Project SCAR-Satellite Capture and Retrieval” (Case
#01-0027).

The Acquisition and Management Directorate has reviewed the attached
documents and determined that certain information be withheld under Case #01-0022.
The authority for this exemption may be found in Title 5, United States Code, Section
552 (b)(6). Exemption (b)(6) applies to the withholding of information that could
reasonably be expected to constitute a clearly unwarranted invasion of personal
privacy. The document for Case #01-0027 is also attached and released in its entirety.

The denial authority in this instance is Ms. Darleen A. Druyun, Principal Deputy,
Assistant Secretary (Acquisition & Management).

Should you decide that an appeal to this decision or “no records” response is
necessary, you must write to the Secretary of the Air Force within 60 calendar days
from the date of this letter. Include in the appeal, your reasons for reconsideration, and
attach a copy of this letter. Address your letter as follows:

Secretary of the Air Force
Thru: 11 CS/SCS (FOIA)
1000 Air Force Pentagon
Washington DC 20330-1000

WORLD CLASS PEOPLE ... WORLD CLASS SUPPORT

//I

\

4



Our action officers are Mr. John Espinal (#01-0022) and Ms. Penny Jenkins
(#01-0027) at (703) 696-7269 and 7270 respectively. When inquiring, please reference
the appropriate case number.

Sincerely

ONDA M. JEN
Chief, Documentation Infdrmation
& Services Branc|

Attachments:
1. Document AD B133551
2. Document AD 363074



SPACE TECHNOLOGY DIVISION NOTE
STDN 89-9

NASA SPACE STATION UPDATE
AND
POTENTIAL MILITARY USES

June 1989

Approved by

L

Division Manager

DISTRIBUTION AUTHORIZED

to U.S. Go

Juna 19849
shall

nt agencies only: evaluation;
uests for this documeant

WARNING

ntains technical data whos

restricted by the t Export C Act (Title 22,
U.S.C., Sec 2751 et . xecutive Order 12470,
Vicfators of export laws subject to severe
crimwedaT penalties,

(h) (aj.

LI .r:.r






P

. N 1 L L] = - -
‘: P LI b ' -
O ' .
B . .. . .
. "
- L oy b
- b ey, ]
4 =

e - L A _'I,p' [ __I - : -
' b - . . . - e ' . TN ’ L R B
TV T AR A T e St L R A el Sien o e
) ) . t " - - . = = o i g - = - ol - ) - AT *.”1" _l“',"! :"J.LTJ?"EF-.‘-‘: a -Jr‘-l.:.ﬂ..:"'-" _p-_.-l i '|I s w e |
TR Ry T R N . L e W R g e T et 3 ‘_qr‘_‘_-.:{_" e "
RTINS S Gt Y il g e ST SR i e 5
=P':I-‘ '.rl.'l':l:."i. T ’ ) LT - ’ :‘_ we ﬂ""""-"E-\."lr-lJ o, . N . L
Y -'v.*q.'.. " fao s o .

[
F

. i P - o L o it 2
: RO =L o0 SR
BRI ot T i ¥ Wl
- AL £ e L T N R
A v SRR _,.‘-...- oL

e L, -

-||‘ ] “l'._nl- Ty il r“ = ..'| i 1 3 ". i .
M ey, S T pﬁ:;.ﬂ B i M e L P
T LTy T

L T3 R ey
LR mis '.:"1_.5""; et 'I._-!-_L:H::“_. -"q:!--'.'ﬁ_-r r

0 =
= . =

. L '
e AL Y L
B

PREFACE

This division note is the result of a st dy that ANSER
conducted for SAF/AQSS, m It is a
complete revision of an e r study da eptember 1986

‘ 9%) (STDN 86-8). This note, in the form of an annotated briefing,
_portrays the current status of the KASA Space Station program

as well as the potential military uses of the Space Station.

The material herein is current as of October 1988, It will be

further revised ag changes in the Space Station progranm
warrant, o
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I. INTRODUCTION

This is ANSER'’s second report on the International Space
Station being developed by the National Aeronautics and Space
Administration {NASA). The first report was issued in Septem-
ber 1986 as the Space Station program was being organized and
when the Naticon’s attention was on the U.S. space launch capa-
bility, which had been essentially incapacitated by the loss
of the Space Shuttle Challenger and the failures of several
expendable launch vehicle (ELV) missions. Since then, the
Space Shuttle Discovery has successfully flown and a new fleet
of ELVs is being developed. This report comes at a time when
the national space launch capability is being revitalized, and

the Space Station program, recently named "Freedom," has
achieved a degree of stability.

The fiscal year 1989 Space Station budget is the first
nearly billion dollar budget for this program. About half is
being withheld by the Congress pending program ratification by
the next administration, but present indications are that a
rejustification will not be required.

All of the Space Station development contractors have been
selected and fully integrated into the program structure, and
a major program milestone has been met with the completion of
the Preliminary Requirements Review this year,

Of the many important events in the life of the Space
Station, probably the most significant one since ANSER‘s first
report was the program rebaseline. In the wake of the Space
Shuttle accident, NASA acquired new leadership that challenged
the original Space Station cost estimates. NASA asked the
National Research Council (NRC) to validate the new estimates,
and the Congress heard reports from both NASA and the NRC that
projected a budget double that of the original commitment. At
the same time, NASA was reevaluating its baseline assembly
plan in light of accident-related Space Shuttle performance
reductions. The combined budget and coperations reassessments
resulted in a rebaselined Space Station program consisting of
two phases, only the first of which has been authorized. The
design and capabilities of this first phase (Phase I) Space
Station is the subject of this report.

As was pointed out in ANSER’s original report, the Depart-
ment of Defense (DOD) needs to be sufficiently familiar with
the capabilities and limitations ©of the Space Station to make
informed judgments regarding the use of the station for

I-1



meeting national security program objectives. While not
detailed and all-inclusive, this document is intended to
familiarize the reader with the NASA Space Station progran.
(If further information is desired, please refer to Appendix &
or contact the appropriate NASA offices.)

The report contains an overall description of the NASA
Space Station program and an assessment of its military util-
ity. Sections II.A through C address the status of the pro-
gram, including a description of the major components, a sum-
mary of the NASA management approach, and a breakdown of the
overall program schedule and the near-term definition and
design phases. Section II.D reviews the potential military
utility of the Space Station, emphasizing the research ang
development opportunities. Section II.E presents some
observations and recommendations for the military.



ITI. NASA SPACE STATION UPDATE

OVERVIEW

® DESCRIPTION

® NASA MANAGEMENT
® SCHEDULE

® MILITARY USE
® OBSERVATIONS AND RECOMMENDATIONS

ANSER )

This report provides a description of the Space Station
program in order to assist the DOD in addressing the issues
of Space Station use and program participation. It
includes a discussion of NASA’s program management and
schedule, 1t identifies military interests in the Space
Station, and it provides some observations and
recocmmendations for potential military use.



A. Description
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The NASA Space Station program consists of the Space
Station Manned Base (SSMB), a co-orbiting Man-Tended Free-
Flyer (MTFF), two polar platforms, and Orbital Maneuvering
Vehicles (OMVs). Co-orbiting platforms are planned for the
future evolutionary growth of the Space Station Complex but
are not part of the initial operational capability (IQOC).
The SSMB, MTFF, and co-orbiting platforms will operate in
low earth orbit (LEO) at an inclination of 28.5° from the
Equator. Current plans are for the IOC MTFF orbit to prac-
tically coincide with that of the SSMB. The polar plat-
forms will be placed in near-polar, sun-synchronous
orbits. The OMVs will be used for servicing the Space
Station Complex and will be capable of operating from the
55MB, the Space Transportation System (STS or Space
Shuttle), and ELVs.

IT-2
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The manned base consists of common modules used for
habitation, laboratory, logistics, and servicing functions;
utilities to power the modules; the structure to support
all of the elements; and provisions for berthing opera-
tions, assembly operations, and attaching payloads. Pro-

visions for servicing the OMV have not yet been baselined
by the program cffice.

Co-orbital unmanned platforms and the MTFF may be ser-
viced from the Space Station, the Space Shuttle, or the
Hermes spaceplane, and the polar platforms may be serviced
from the Shuttle or by ELVs. With Shuttle and ELV servic-
ing, either an OMV or a Space Transfer Vehicle (STV) will
reposition the platforms if they are not equipped with a
propulsion module to accomplish this task themselves. Plat-
forms will provide a microgravity environment isoclated from
the manned base, allowing them to be used for astronomy and
earth observations as well as for manufacturing.

I11-3



Planned evolutionary growth is envisioned for the
entire Space Station program, which can grow by making
provisions for the OMV and by adding more modules, power,
polar platforms, co-orbital platforms, etc. To prevent
obsolescence, new technologies will also be incorporated
throughout the 30-year expected lifetime, especially in the
area of advanced automation and robotics technologies.
Other advanced technologies include solar-dynamic power and
launch servicing capabilities. Evolution will improve
performance, increase capabilities, accommodate all users,
increase lifetime, enhance productivity, and reduce costs.
Its scope reflects the flexibility of the system.

Two items should be kept in mind while the Station’s
components are being developed. First, the design is
evolving to accommodate future requirements. The "scar-
ring" of the basic hardware to avoid large future struc-
tural and cost impacts on the system will be held to a
minimum and could be relatively inflexible when the design
is finalized. Second, since the system is expected to
operate for approximately 30 year=s, changes are inevitable
and must be planned for as much as possible. The effec-
tiveness of the planning done now to accommodate change
will depend largely on the quality of the requirements
submitted by users today.

I1i-4
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SPACE STATION COMPONENTS

® MANNED BASE (MODULES: HAB, LAB, etc.,, ATTACHED
PAYLOADS, POWER SUPPLY, STRUCTURE]}

¢ OMV
® STV

® PLATFOBRMS (DERIVED FROM COMPONENTS OF SPACE
STATION)

—CO-0ORBITING PLATFORMS (UNMANNED)
—POLAR PLATFORMS (UNMANNED)

—MAN-TENDED FREE-FLYERS

ANSER /

The above chart lists the major components of the Space
Station Program. All the major IOC capabilities are pre-
sented in this report. The co-orbiting platform is the
only element ignored, since it is planned for the future
evolutionary growth of the Space Station program but is not
part of the IOC. Although the OMV and STV are treated as
independent of the Space Station program, they are included
for completeness, since their mission scenarios are signi-
ficantly associated with this program. The OMV element of
the Space Station will be available at the time the Space
Station achieves 10C, while the STV will be developed
later. A "smart front end" for the OMV for servicing mis-
sions may also be available after the Space Station IoC,.

It will likely form the basis of a system for the STV that

will extend servicing mission capability beyond that
planned for the OMV,
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NASA SPACE STATION

® NATIONAL LABORATORY IN SPACE
® PERMANENT OBSERVATORY

® SERVICING FACILITY

® TRANSPORTATION NODE

® ASSEMBLY FACILITY

® MANUFACTURING FACILITY

® STORAGE DEPOT

® STAGING BASE

SPACE STATION IS A MULTIPURPOSE FACILITY ‘

\ ANSER j

The NASA Space Station is being designed as a multipur-
pose facility, capable of performing many functions that

cover a wide range of activities. The multiplicity of
capabilities include:

© Research laboratory(ies) for a variety of scienti-
fic, applications, and engineering experiments,
including manufacturing processes, vacuum-
environment processes, man-ln-space investigations,
life sciences, materials sciences, and technology
development

0o Permanent observatory free from the earth’s atmos-

pheric distortion to look ocutward at the universe
and inward at the earth
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© On-orbit manufacturing facility to produce micro-
gravity metallurgical crystals (compounds) and
selected pharmaceuticals

0 Servicing facility designed to repair, refurbish,
and service U.$. space-based assets

o Transportation node from LEO to geosynchroncus orbit

and an assembly facility to construct and check out
large structures in orbit before placement in
operational orbits

o Storage depot for satellite spares and replacement
parts

o Staging base for deep-space and planetary explora-
tion, lunar missions, etc. (Before a manned mission
o Mars takes place, precursor research will be con-
ducted onboard the Space Station, i.e., life science
studies, technology development, subsystem extended
life, verification of space vehicle design concepts,
and space vehicle assembly and test.)

Although currently the Space Station is predominantly a
laboratory in space, it is also an enabling capability.
The Station provides options for the future, i.e., it of
itself does not inevitably lead to lunar and planetary
missions, but it does enable such expeditions to occur.

IT~7



CHARACTERIZING THE USER COMMUNITY

DISCIPLINE SPACE STATION-USER GROUPS

DEMOGRAPHIC SPACE
STATION USER GROUPS | matemars LIFE SERVICING ASTRD/SOLAR: | ASTRD/SOLAN/

JCIENCE SCIENCE ANDO TECHENOLOGY EARTH FLARETARMY FLANETARY COMIMEACIRL

MESEARCH [ MESEAACH | ASSEMELY | DEVELOPMENT | ORSERVATION | COSERVATIONS FHYSICS ML UCTION COMMUNCATIDNE
RASA X X X X X X X X
nao X X X X X X
NOAA i X X
OTHER U.S. GOVERKMENT i |
AGENCIES X X X X !

i

ACADEMIC AND
SCIENCE X X X X X X
COMMERTIAL X X 'f X X X o
INTERNATIONAL X X X 1 X X X x 1 x X

Qnsiﬁ i | /

The user community will greatly influence Space Station
operations. In the above chart, the users are listed along
with their main interests in the capabilities provided by
the Space Station. The user community will comprise vari-

ocus U.S. Government agencies, private industries, and
international users.
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As a result of the budget constraints imposed by the
Gramm-Rudman-Hollings Deficit Reduction Act, NASA adopted a
phased appreoach to the development of the Space Station.

In April 1987, the Phase I Space Station, also known as the
Revised Baseline Configuration, became the current Space
Station, replacing a "dual-keel" configuration originally
baselined in 1985. The new baseline consists of a 145-m
horizontal boom with four pressurized modules attached in
the middle. Four photovoltaic arrays, located at each end
of the horizontal boom, generate a total of 75 kW of
electric power. The four pressurized modules consist of
the United States Laboratory Module and Habitation Meodule,
the European Space Agency (ESA) Columbus Laboratory Module,
and the Japanese Experiment Module (JEM) Laboratory and
Exposed Facility. Canada will be providing part of the
Mobile Servicing System. In addition to the manned-base
Space Station, two polar orbiting platforms will be
included; one will be provided by the United States and the
other by the ESA. Also, the ESA will provide an MTFF. A

U.S. co-orbiting platform will not be provided as a part of
the Phase I Configuration.
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The Enhanced Space Station, Phase II Configuration, can
go in any of several directions. Its evolutionary growth
will depend on user requirements, operations concepts, and
budgetary constraints as they develop. Several proposed
future capabilities include adding paylcads, increasing
power, constructing large space structures, providing accom-
modations for a servicing facility, and staging manned nmis-
sions to the planets or to the moon. The Nation’s long-
term space program goals will first need to be clarified

before a Phase II Configuration and funding reguests are
approved.
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The Space Station, named Freedom, has a number of
international participants:; the United States, the ESA,
Canada, and Japan will contribute to the Space Station.
The above figure indicates the major components of the

Station and who is responsible for developing these
components.

Overall, the manned-base Space Station design measures
approximately 508.5 £t (155 m) in length and is approxi-
mately 208 ft across at the solar panels. The Space Sta-
tion will be approximately four times longer overall and
approximately five times larger in total pressurized volume
than the current Soviet Mir. (When comparing the NASA
Space Station with the projected mid-90s Soviet Mir, which
is the same timeframe in which the NASA Space Station will
become operational, these ratios are significantly
reduced. The total pressurized volume of the mid-90s Mir
will practically equal that of the U.S. Skylab and, as a
result, the NASA Station will be approximately two times
larger in this respect.) Its total weight with outfitting
will be 485,000 1b. The SSMB will operate at a 28.,5°
inclination orbit and an altitude of 190 to 250 NM (352 to

I1I1-11



463 km). Its nominal operating altitude is between 220 and
250 NM. It will orbit the earth once every 90 minutes.

The manned base will consist of four pressurized
modules with a total pressurized volume of 32,140 cu ft.
Three of these will be laboratory modules, one each pro-
vided by the United States, the ESA, and Japan. The
fourth, a habitation module provided by the United States,
will be the living quarters for the crew of eight. Crew

times on the Space Station are projected to extend to 180
days and beyond.

A logistics module and logistics system will be among
the other features of the Space Station. An average of 75
kW of electric power will be supplied by the photovoltaic
arrays. The peak photovoltaic output will be 200 kW. (The
NASA Space Station will provide approximately 9 to 15 times
more average and peak power than the current Scviet Mir or
approximately 5 to 8 times more average and peak power than
the projected mid-90s Mir.) Attached Payload Accommoda-
tions Equipment (APAE) will be located on the truss struc-
ture to accommodate external scientific payloads and
observing instruments., A Mcbile Servicing System (MSS),
conmprised primarily of Canadian components, will be present
to assist in Space Station assembly and servicing. And
finally, a Flight Telerobotic Servicer (FTS8), provided by
the NASA Goddard Space Flight Center, will be present to
service payloads and to assist in Space Station assembly.

In summary, the ESA contribution to the Space Station
is the Columbus Polar Platform, the Columbus Laboratory
Module, and the Man-Tended Free-Flyer (MTFF). Canada will
be contributing the Mcbile Remote Servicer (MRS) element of
the Moblle Servicing Center (MSC) and the MSC Maintenance
Depct (MMD) as the major components of the MSS. Japan will
be contributing the Japanese Experiment Module (JEM) Lab-
oratory, ExXposed Facility, and at least two JEM Experiment
Logistics Modules (EIMs). The remaining components will be
provided by the United States. They include the U.S8. Polar
Orbiting Platform (POP), the U.S. Labeoratory Module, the
Habitation Module, the Mobile Transporter (MT) element of
the MSC, APAE, FTS, the Pressurized Logistics Carriers
(PLCs), the Unpressurized Logistics Carriers (ULCs), the
airlock, the hyperbaric airlock, the solar power modules,

the truss assembly, the propulsion assembly, and the four
resource nodes.

IT-12



SPACE STATION MANNED BASE
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The main horizontal truss assembly will be the backbone
of the SSMB. Overall, it is 145 m (475.75 ft) in length.
Upon it, other elements will be attached, i.e., 11 pressur-
ized elements (3 laboratory modules, 1 habitation module, 2
airlocks, 4 resource nodes, and the pressurized logistics
carrier), 4 solar array modules, various externally
attached scientific payloads, and other SSMB equipment

(FTS, Canadian MSS, propulsion modules, antennas,
radiators, etc.).

In flight, the horizontal truss assembly will be
perpendicular to the SSMB orbit plane. The pressurized
module configuration will have a negative 4° pitch angle
down from the flight direction. This orientation is
essentially an aerodynamic/gravity~gradient torque
equilibrium position.

The truss assembly will comprise 5-m (16.4-ft) tubes
having a 2-in diameter. The truss structure will be
assembled in 5-m cubes with additional diagonal tubes for
stiffness and strength. In total, the truss assembly will

IT-13




be made up of 366 graphite-epoxy, aluminum foil covered
tubes,

There will be two sets of APAE located on the truss
structure toc accommodate external scientific payloads and

observing instruments. They will provide 21.0 m¢ of
surface area for users.

At each end of the truss assembly, two solar array
modules will be attached for a total of four solar array
modules generating 75 kW of electric power. The solar
array subsystem has an efficiency of from 12 to 14 percent
for converting sunlight intc electric power. The arrays

will comprise 131,200 solar cells whose area is more than
one-half acre.

The photovoltaic array system will consist of beta
joints (55° rotation capability) for seasonal sun

tracking and of alpha joints (360° rotation capability)
for enabling sun-facing orientation.

The electrical power system will also store energy to
be able to operate during its eclipsed portion of the
orbit. There will be 20 nickel-hydrogen batteries to
supply electric power during this eclipsed period, which

represents approximately 30 minutes (one-third) of each
90-minute orbit.

In addition to this, the SSMB will be equipped with a
propulsion system which will serve four main purposes. The
first will be a reboost function to counteract the atmos-
pheric drag forces present in LEO. The second will be an
attitude control function; the third will be a collision
avoidance function to prevent impacts with space debris
which may threaten 5SMB safety: and the fourth will be a
waste disposal function, which will enable the SSMB to

dispose of some waste products in a somewhat controlled
fashion. |

Finally, the space-to-ground communications system for
the SSMB will be via the Tracking and Data Relay Satellite
System (TDRSS). The link will provide up to the maximum
data rate capability of 300 Mbps for the Ku-band link.

Much lower data rates of several kbps will also be
avajllable through the S-band link.

For user suppocrt, the SSMB will provide at least 3,000
cu ft of internal pressurized rack space. In addition, at
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least 300 cu ft of internal pressurized rack space and at
least 6,000 cu ft of unpressurized space will also be
provided for equipment storage.
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Four environmentally controlled pressurized modules are
located on the Space Station as illustrated in the above
figure. They consist of the U.S. Laboratory Module, the
U.S. Habitation Module, the ESA Columbus Laboratory Module,
and the Japanese Experiment Module (JEM) with its attached
exposed facility. These modules will provide the main work-
ing and living quarters for a crew of up to eight persons.
The U.S. Laboratory Module will have a 1 micro-g environ-
ment while the remaining pressurized laboratory modules
will have a 10 micro-g environment. The modules are con-
nected to four resource nodes which provide additional work-
ing areas (minimum of four workstations each) and which
house the manned-base station’s contrecl systems. All four
modules will share a distributed systems network, alsoc
housed at the nodes, which consists of guidance, naviga-
tion, and control; structures and mechanisms; thermal man-
agement; fluids; power; propulsion; environmental control
and life support system (ECLSS):; communications and track-
ing; and data management. The nodes and modules will be
connected to the large truss structure.
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Also attached to one of the nodes is an airlock which
will enable transfer of equipment and Extravehicular Activ-
ity (EVA)-suited crew between pressurized and unpressurized
environments. The airlock will be maintained at standard
alr pressure and composition and will be designed with a
two-chamber configuration. The design of the first chamber
will constitute a 12-ft-diameter sphere which will provide
servicing and storage of EVA equipment. The second chamber
will be cylindrical, measuring 80 inches in diameter and 96

inches in length. It will be the crewlock for EVA crew
ingress and egress.

Attached to another node is a hyperbaric airlock which
will be structurally identical to the first airlock. Tt is
capable of maintaining pressure even when items are passed
to and from the Space Station during hyperbaric opera-
tions. It can also function at higher pressures (up to six

atmospheres) should a medical emergency, e.g.,
decompression sickness, arise.
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The U.S. Laboratory Module is shown in the above fig-
ure. It is 14 ft in diameter and approximately 44 ft in
length. The ports at the ends of the module are 7 £t in
dliameter. The laboratory interior will be maintained at
14.7 psia (+/-0.5 psia) of pressure with an air composition
of 20 percent oxygen and 80 percent nitrogen. Its tempera-
ture will be maintained at 20 to 25%°c (68 to 77°F).

The relative humidity will range from 40 to 70 percent.

The laboratory module will be built as a double-wall,
multilayer insulation structure to protect it against
meterold and debris impacts and to shield it from radia-
tion. For scientific viewing, it will be equipped with
three windows measuring 20 inches in diameter.

Basic microgravity materials and life science research
technology development, and astrophysics will be conducted
in the laboratory module as well as other research experi-
ments which require long-duration, low-acceleration levels
of exposure and appreciable human monitoring and control.

!
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The commercial potential of microgravity material processes
will alsoc be investigated.

The laboratory module will be equipped with three lab-
oratory subsystems to support certain unigque requirements
dictated by materials and life science research. They are
the accelerometer subsystem for measuring the microgravity
environment, the vacuum vent subsystem for providing access
to the space vacuum, and the process materials management

system for the treatment and safe storage of raw materials
and selected by-~-products.

All four sides of the module (floor, ceiling, and port
and starboard walls) will be used for the distribution of
experiment racks and related support equipment. The labora-
tory module can accommodate 44 double-sized racks evenly
distributed so that there are 11 rgcks on each side. (A
double rack is equivalent to one m” of usable volume. )

Approximately 24 of these racks will be available for user
payloads.
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U.S. SPACE STATION \
PRESSURIZED MODULES

In addition to the U.S. Laboratory Module, the United
States will also be providing the following pressurized mod-
ules: U.S. Habitation Module, Pressurized Logistics
Carrier {PLC), and four resource nodes. An Unpressurized

Logistics Carrier (ULC) will also be provided by the United
States (not illustrated).

The U.S. Habitation Module is identical in structure
and size to the U.S. Laboratory Module and will be located
next to it. It will be the crew’s living quarters and thus
the place where the crew will be eating, sleeping, relax-
ing, engaging in recreation, and receiving any necessary
medical care. It will also contain supplies for emergency
situations. The possible unavailability of a rescue
vehicle at the time of an on-orbit emergency has prompted
NASA to design the Space Station with a safe haven philos~
ophy to ensure crew survivability. This concept provides
habitable conditions, communications, command and contreol,
and fire detection and suppression capabilities for up to
45> days. The safe haven is not restricted to just the

habitation module, but encompasses the other pressurized
modules as well.,
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The PLC will be 14 ft in diameter and will be able to
accommodate five double-size racks. It will have a total
capacity of 3 subsystem racks and 17 cargo racks. An addi-
tional 320 cu ft of cargo space will be provided by aisle
storage containers. The PLC will transport equipment
between the Space Station and earth as it is carried in the
Shuttle paylocad bay. The PLC and ULC will both be used for
transporting fluids, supplies, experiments, and equipment
to the Space Station and for returning equipment, waste
products, and experiment results back to earth. The ULC
will be 14 ft in diameter and have a variable length which
can accommodate 58 different configurations for cargo sup-
port. When a pressurized environment is required, the PLC
will be used; otherwise, the ULC will be the transporting
carrier., The United States will be providing at least

three PLCs, two ULCs, and two animal/specimen transport
facilities (ASTFs).

The four resource nodes will connect all the pressur-
ized modules. The following functions will be performed
within these nodes: command and control, data management
and communications, power utility distribution, water stor-
age for thrusters, and Space Station and extravehicular
activity. These nodes will be pressurized cylinders mea-
suring approximately 14 ft in diameter and 17 ft in length.

Resource Node 1 is located between the U.S. and ESA
Columbus Laboratory Modules and is attached to the hyper-
baric airlock. It will function as the unmanned spacecraft
contrel center and will be equipped with a berthing
mechanism for attachment of the logistics module.

Resource Node 2 1s located between the U.S. Habitation
Module and the JEM and is attached to Node 1. It will func-
tion as the man-tended command and control station. Like
Node 1, Node 2 will be equipped with a berthing mechanism
for attachment of the logistics module.

Rescurce Node 3 is attached to the forward end of the
U.S5. Laboratory Module. It will function as the primary
SSMB command and control station. Node 3 will be equipped
with berthing mechanisms for attachment of the Space
Shuttle and will also be provided with a cupecla that
enables spaceward viewing.

Resource Node 4 is lcocated at the forward end of the
U.S5. Habitation Module and is attached to Node 3. It will
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function as the Mobile Servicing System (discussed later)
control station, proximity operations station, and reserve
volume. Like Node 3, Node 4 will be equipped with berthing
mechanisms for Space Shuttle attachment and will be
provided with a cupola, but this cupola will be oriented to
enable earthward viewing.

The cupolas will be approximately 6 ft in diameter and
over 3 ft in length. In addition to providing full
spherical-viewing coverage, they will also be equipped with
workstations for twoe crew members. At the cupolas, certain
external SSMB support operations will be performed, i.e.,
support of EVAs, STS loading operations, and Flight
Telerobotic Servicer (discussed later) control.
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ESA COLUMBUS LABORATORY MODULE
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The ESA will build the Columbus Laboratory Module,
which is 13 ft in diameter and 41 ft in length. It will be
equipped with a docking and berthing mechanism and also
windows and viewports. The module will contain a scienti-

fic airlock for experiments needing temporary exposure to
vacuum.

The laboratory module can accommodate up te approxi-
mately 80 equivalent single racks for payloads, distribu-
tion system equipment, and storage. Approximately 40

single racks will be allocated exclusively for experiment
use.

The Columbus Laboratory Module will be used primarily
for basic life and materials sciences research and for
fluid physics. The module will contain a fluid physics
laboratory (four racks), a gravitational biology facility,
biotechnology research facility (three racks}, a biochemi-
cal and biological analysis facility, a metallurgy labora-
tory (three racks), a crystallization laboratory (three
racks), a containerless processing laboratory (three
racks), and a thermophysical properties measurement
facility (one rack}).
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Japan’s National Space Development Agency (NASDA} will
provide the JEM, the Exposed Facility, and the EIM. The
pressurized experiment module is 13 ft in diameter and 35
ft in length, while the exposed facility is 25 ft in
length. An airlock connects the JEM and the exposed faci-
lity. The pressurized module wil)l be equipped with windows
and can accommodate 11 double racks to users for payloads

and laboratory support equipment. Basic microgravity life
and materials sciences experiments will be conducted in the
pressurized experiment module.

The unpressurized exposed facility will be used for
materials processing, earth observation, scientific observa-
tions, advanced technology development, and communica-
tions. Eight square meters of attached payload surface
area will be available for users.

The EIM will transport and store euppllee between earth
and the Space Station as it is carried in the Shuttle pay-
lcad bay. In the event of an on-orbit emergency, it can
serve as a safe haven for up to two members of the crew.
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The Mobile Servicing System (MSS) is a highly automated
tool for assembly, maintenance, and routine servicing of
the Space Station and paylcads. The MSS will support var-
lous major SSMB functions, i.e., SSMB assembly, SSMB main-
tenance, SSMB operations, and attached payload servicing.
It will also mate all the logistics modules to the Space
Station pressurized modules as they are removed from the
Shuttle paylcad bay.

- The MSS will be a teleoperated manipulator arm with the
ablllt¥ to move about the exterior of the Space Station.
The primary element of the MSS is the Mobile Servicing
Centgr (MSC), which comprises the Canadian Mobile Remote
Servicer (MRS) and the U.S.-provided Mobile Transporter
(MT). The MT will measure 16 ft x 20 ft in base and will
provide mobility for the MRS. The MT will be capable of
transporting the MRS along the main truss assembly and
changing planes on the SSMB truss.
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The MRS will consist of a 55 ft (17 m) Space Station
Remote Manipulator System (SSRMS) and a Special Purpose
Dextrous Manipulator (SPDM) for providing deployment and
retrieval capabilities and also assembly, maintenance, and
servicing capabilities. 1In addition, there will alsoc be an
EVA Work Station (EVA-WS) where an EVA astronaut will have
limited control over the MSC. The SSRMS will be capable of
carrying the EVA-WS when it is not attached to the MRS
structure, and thus the SSRMS can provide an astronaut posi-
tioning capability. And finally, the MRS will consist of a
Power Management and Distribution System (PMDS), Data
Management System (DMS}, and Communications System (CS).

In addition to the MSC, the MSS includes the MSC Mainte-
nance Depot (MMD}, a stationary facility (garage) providing
maintenance and servicing of the MSC. The MMD serves as a
storage facility for MSC Orbital Replacement Units (ORUs)
and for off-locaded MSC systems and equipment.
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FLIGHT TELEROBOTIC SERVICER (FTS)

The Flight Telerobotic Servicer (FTS) is a highly auto-
mated telerobotic system which will be capable of perform-
ing hazardous and routine tasks, thereby increasing crew
safety and reducing EVA time. An artist’s concept is dis-
played 1n the above chart. It will be operated by both
supervisory and autonomous control. Its capability of
precise manipulations in space will aid in payload servic-
ing and Space Station assembly by installing and removing
truss members, installing truss fixtures, mating thermal
utility connectors, changing out ORUs, etc. The FTS is
part of an automation and robotics technologies development
program directed by Congress.

Current plans are for FTS development to be completed
in time for First Element Launch (¥EL) of the Space Station
assembly sequence to assist in and support SSMB assembly.

Launch of the FTS is to occur no later than the second
assembly flight.
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Platforms

SPACE STATION PROGRAM
POLAR PLATFORMS AND MAN-TENDED

FREE-FLYER
- ek

® SPACE STATION INCLUDES TWO UNMANNED POLAR PLATFORMS AND A
l MAN-TENDED FREE-FLYER

® PLATFORMS WILL BE USED FOR RESEARCH, EARTH AND ASTRONOMICAL
OBSERVATIONS, AND COMMERCIAL ENDEAVORS i

® CANADA, ESA, AND JAPAN ARE INTERESTED IN PLATFORMS FOR EARTH
OBSERVATIONS, ASTRONOMY, AND MATERIALS PROCESSING

® NOAA HAS EXPRESSED INTEREST IN A DEDICATED PLATFORM OR SHARING
WITH NASA

® GODDARD WORK PACKAGE INCLUDES DEFINITION, DEVELOPMENT,
UTILIZATION, AND SERVICING OF PLATFORMS

NASA HAS MADE A COMMITMENT TO CONGRESS THAT
PLATFORMS WILL BE il
“PART AND PARCEL OF THE SPACE STATION"

I

The Space Station Program includes two unmanned polar
orbiting platforms., The United States and the ESA will
each build one. These platforms will be used for long-
duration autonomous scientific, technological, and commer-

cial ventures. The ESA will also provide a Man-Tended
Free-Flyer (MTFF).

The inclusion of platforms as part of the Space Station
complex has generated domestic and foreign user interest.
The NASA Goddard Space Flight Center is the focus of plat-

form activity in the United States, and the ESA is the
focus in Europe.
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U.S. SPACE STATION POLAR ORBITING
PLATFORM

# (ESIGNED FOR EARTH QBSERVATIONS

= QORBIT ALTITUDE: 500 TO 900 KM (OPERATIDNAL}
—INCLINATION 98° (APPROXIMATELY) HLEII';E%A':: =
—3UN 5YNCHRONDUS

DEPLOYMENT ALTITUDE: 240 XM

SERVICING ALTITUDE: HIGHER THAN 240 XM

LAUNCH SEDUENMCE: 8TH QUARTER 1935

LAGNCH YEHICLE: 5TS ANO PLATFORM PRDPIILSION

OPTION: ELV AND PLATFORM PROPULSION (INITIAL DEPLOYMENT)
& PEAN DATA RATE: 300 MBPS

# SERVICING: AFTER 7-2 YEARS TO ADD PAYLOAD AND EXCHANGE . ; FL&TFURH ORUx
PROPEILSION MODULE IF 5TS LAUNCHED INTEGRATED

® LONG MISSION LIFE: UP TO 15 YEARS WITH SERVICING CARRIER :
* USEA REGUIREMENTS: MISSION REQUIREMENTS DATA BASE

NADIR

ANSER

The U.S. Polar Orbiting Platform (POP), depicted above,
is a self-contained free-flyver. It will operate in a sun-
synchronous circular orbit at a 98.8° inclination. 1Its
operational orbit will be 500 to 900 km (270 to 486 NM),
with a nominal orbit of 445 NM (824 km). This orbit will
allow complete and repetitive coverage.- Every day, at the
same time, the platform will fly over the same location on
the earth’s surface. Overall, it will be approximately
14.3 ft (4.4 m) in diameter and 39.4 ft (12 m) in length.
It is powered by a single-wing solar array. The U.S. POP
comprises a propulsion module, primary carrier, and supple-
mental carriers to support users’ needs. Accommodations
for payloads and resource ORUs will be on the primary and
supplemental carriers. The POP’s distributed system will
include the electrical power system; the thermal system;
the data management system; the communications and tracking
system; and the guidance, navigation, and control system.

The U.S. POP was conceived to support a variety of
missions. Some of these include earth lower- and upper-
atmospheric monitoring; earth biological, oceanographic,
and geclogical observations; solar observations; ice activ-
ity studies; and research and plasma physics measurements.
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U.S. SPACE STATION POLAR PLATFORM

SYSTEM DEFINITION

L — il ——

PLATEORM SYSTEM

# SPACECRAFT WEIGHT

~DRY WEIGHT (WITHOUT PAYLOAD)] 6.626 KG {14,602 LB)
—PROPELLANT WEIGHT 2.266 KG {4.995 LA)

T POWER—-SOLAR PANEL—-SkW

* STABLIZATHON—MOMENTUM WHEELS AND MAGNETIC TORQUERS

® DATA MANAGEMENT—REAL TIME (TDORSS| AND STORAGE

* THERMAL CONTROL —ACTIVE 2.-PHASE FLUID

* EXPERIMENT INTERFACE —STANDAAD PAYLOAD MOUNTING PLATE (2B.5 IN X 5B IN]

* THE PLATFORM WILL BE SERVICED BY AN ELV ('R THE STS WITH RENDEZYOUS OCCURRING BY

AN OMV DR A PROPULSION MODULE ON THE PLATFCGRM
EXPERIMENT SUPPORT CAPABILITY
* PAYLOAD WEIGHT—3.500 KG {7.716 LB)
® ELECTRICAL POWER —3.2 kW

® ATTITUDE CONTROL (PAYLCAD PLATE}
—POINTING CONTROL~ 108 ARC-SEC
—POINTING KNOWLEDGE— 36 ARC-5EC
—POINTING STABILITY —1 ARC-5EC {FOR 1 5EC)

* DATA MANAGEMENT —HEAL TIME (TDRS5)—300 MBPS MAX LIMIT
—AGGREGATE PAYLOAD-—20 MBFS (ENTIRE OREIT)
—HIGH-RATE CAPABILITY— 300 MBPS PEAK (PART ORBIT}
—DATA VOLUME—GB > 14" BITS

* THEAMAL CONTROL—20-25°C TO PAYLOAD INTERFACE

* ORABIT- 98 8° INCL— 445 NM {B24 KM} ALT

ANSER

The U.S. POP configuration and selected capabilities
are depicted in the above chart. The total weight of the

platform (including propellant and payload) is
mately 27,000 1b (12,000 kg). The U.S. POP is
with standard payload mounting plates that can
modate up to 204 kg of paylocad. The aggregate
available to the user is 3,500 kg. An average
electric power and 2.5 kW of peak power can be

approxi-
equipped
each accom-
payload mass
of 2 kKW of
provided to

the individual plates, but the total pPayload power cannoct
be more than 3.2 kW of coentinuous average electric power or
4.2 KW of peak power. A planar, photovoltaic cell array

generates the power.

The polar platform has a data and information subsystemn

(DIS) which can accommodate data rates ranging

from several

kbps to 300 Mbps. The TDRSS will handle all space-to-
ground communications. Should a TDRSS duwnlinklge missed,

the DIS provides a total mass storage of 5 x 10

reduce the probability of losing data.
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The platform alsc has a thermal subsystem which pro-
vides both passive and active thermal contrel. A two-phase
fluid (ammconia) subsystem provides the active thermal con-
trol to the payloads. It rejects up to 75 percent of the
total paylocad heat because these payloads are mounted on
cold plates. The remaining 25 percent is passive heat
rejection. A temperature of 20 to 25°C is maintained at
the pavload interface,

As a result of the mothballing of the Space Shuttle
launch facilities at Vandenberg Air Force Base (VAFB), the
Space Station program is carrying two deployment scenarios
for the U.S. POP. The baseline deployment is with the
Space Shuttle, while the alternate deployment scenario uses
a Titan IV. Because of this, the platform is being
designed with a dual-launch capability.

The platform is to be revisited periodically to change
out those instruments having completed their mission. Ser-
vicing missions also include replenishing the POP’s fuel
and replacing fajiled payloads or ORUs. To facilitate ser-
vicing, instruments are packaged in ORUs. Engineers at the
NASA Goddard Space Flight Center envision a servicing and
change-out mission every 2 years. However, tradeoff
studies between servicing and reliability are under way to

examine the possibility of servicing missions every 3 to §
years.

The baseline revisit scenario uses the OMV to deboost
the platform from the mission orbit to LEO for servicing by
the Space Shuttle. An alternate scenario being considered
requires the platform to contain a propulsion module to
deboost it for servicing and reboost it to the mission
orbit. Also, a study under way addresses servicing of the
platform with an ELV (e.g., a Delta rocket) as opposed to
the baseline Shuttle. The final selection of the platform
deployment and servicing methods is still to be made.
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ESA MAN-TENDED FREE-FLYER AND \

POLAR PLATFORM

MAN-TENDED
FREE-FLYER

POLAR
FLATFORM
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The ESA Polar Platform (PPF) is an unmanned, free-
flying spacecraft operating at low-earth, sun-synchronous
orbit with an operational altitude of 850 km. This plat-
form will have the same orbit as that of the U.S. POP but
will operate independently of it. It will support primar-
ily earth observation payloads. Its reference configur-
ation 1s illustrated above. Unlike the U.S. platform, it
has a two-wing solar array. It is 67 ft (20 m) long, 210
ft (64 m) wide (from tip to tip of the two solar arrays),
and 50 ft (15 m) high (to the top of the antenna mast).

Two design concepts are being considered. ©One major dif-
ference is whether the utility and payload modules should
be separate or part of an integral structure. The mass of
the separate modules concept, estimated at 1,020 kg, is the
preferred and reference design. The mass of the integral
structure concept is estimated to be 800 kg. The ESA is
also considering redesigning this l4-year operational, ser-
viceable platform to a 4-year operaticnal, non-serviceable

platform. A final decision as to the actual configuration
will be made at a later date.
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The ESA platform will be launched by an Ariane 5,
(Ariane 5s are scheduled to become available in 1995.) If
serviceable, it will be serviced like the U.5. POP. ESA’s
Data Relay Satellite (DRS) system and NASA’s TDRSS will be
the platform’s baseline communications systems.

The ESA Man-Tended Free-Flyer (MTFF) is a pressurized
laboratory capable of operating separate from or attached
to the SSMB. Its missions include long-duration micregrav-
ity research in materials, life sciences, and fluid phy-
sics. It will be unmanned while operating in a Space Sta-
tion compatible orbit. Its reference configuration is
depicted above. The MTFF is 23 ft (7 m) long and consists
of a two-segment pressurized module [13 ft (4 m) in dia-
meter], an externally attached unpressurized resource
module, two end cones, sclar arrays, and a deployable
antenna. The pressurized module will carry the payloads.
Also, it is equipped with single and double racks (maximum
of 40 single-equivalent racks) and a work bench for the
crew during its servicing period. The forward cone will
contain an SSMB/Hermes spaceplane-compatible docking port,
whereas the aft cone will be closed with a bulkhead. The
unpressurized resource module will provide communications,
control, and power to the MTFF.

Likely research areas for the MTFF will include
material processing crystal growth, protein crystal growth,

plant growth, cell growth, and small animal behavior and
reproduction studies.

Like the ESA platform, the MTFF will also be launched
by an Ariane 5 and will utilize the ESA’s DRS system and
NASA’s TDRSS as its baseline communications systens.

Unlike the ESA platform, the MTFF will be serviced periodi-
cally at the SSMB or by the European Hermes Spaceplane.
{(The first unmanned French Hermes flight is scheduled for
1996, whereas the first manned flight with a crew of three
is scheduled for 19%7.) The Hermes is expected to visit
the MTFF once every 6 months. The MTFF will have its first
Space Station servicing not earlier than 1 year following
on-orbit assembly completion. First SSMB servicing of the
MTFF is currently scheduled for June 1998. Frequency of
Space Station servicing of the MTFF is being debated, with

the time between servicing missions ranging anywhere from 6
months to 4 years.
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SPACE STATION POLAR PLATFORM AND
MTFF MANAGEMENT CONCEPT, AVAILABILITY

MANAGEMENT CONCEPT

* FOLAR PLATFORM WILL BE MANAGED BY NASA SPACE
STATION PROGRAM

® MISSION AND DATA MANAGEMENT WILL BE

CONDUCTED FROM A PLATFORM OPERATIONS
CENTER

* OPERATIONALLY THE POLAR PLATFORM WILL BE
GROUND-BASED RATHER THAN SPACE STATION-
BASED

* ALLUUSERS WILL HAVE ACCESS TO THE PLATFORM ON

THE SAME BASIS A5 ACCESS TO THE SHUTTLE OR
SPACELAB

AVAILABILITY

® LAUNCH OF U.5. POLAR PLATFORM PLANNED FOR 1995
» LAUNCH OF ESA POLAR PLATFORM PLANNED FOR 1997 !
s LAUNGCH OF ESA MTEF PLANNED FOR 1998 |

* .S PLATFORM COMPATIBLE WITH USER-PROVIDED ENCRYPTED DATA/COMMANDS {USER
MUST PROVIDE ENCRYPTION /DECRYPTION)

ANSEA /I

The U.S. POP could be attractive to the DOD. It will
be managed and controlled by NASA, with availability and
access on the same basis as the Shuttle or Spacelab. The
polar platform will be managed from the ground, with access
either from the Shuttle or from an ELV. The U.S. platform
will not provide encrypted up~ or downlinks:; however, it is
compatible with user-provided encrypted data and commands.
That is, the user must provide encryption and decryption.

Launch of the U.S. POP is planned for the fourth
Quarter 1995 {(October 1995), with the European polar plat-
form being launched in early 1997 (March 193%7), and the
MTFF in early 1998. The U.S. and ESA platforms will
operate independently of one another. A separate ESA con-
trol center will contrcl the ESA platforms. While the ESA
platform and MTFF are in free-flying mode, the ESA will
manage their operations, but while they are being serviced

by the STS or the Space Station, NASA will manage their
operations.
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SPACE STATION POWER BUDGET

10C
STATION
AVERAGE
(kW)
e TOTAL STATION 75
—USERS OF STATION 37.5
® U.S. POLAR PLATFORM 5
—USERS OF POLAR PLATFORM 3.2
® ESA POLAR PLATFORM 14 EST
—USERS OF POLAR PLATFORM 3-3.5 EST
e ESA MAN-TENDED FREE-FLYER 7-12{7)
—USERS OF FREE-FLYER 5

Shown on this chart is the power budget for the IOC
Space Station. The initial station will provide 75 kW of
power, half of which will be available for users. It
should be emphasized that the SSMB’s power availability has
not been finalized. Some recent studies indicate that it
may require up to 50 kW of power for housekeeping alone,
which would leave only 25 kW to the users. This would
produce an extremely limited Space Station capability. As
a result, NASA is investigating a 95 KW station power capa-
bility, with 50 kW designated for housekeeping and 45 kW
for station users.

The IOC U.S. POP will provide 5 kW, 3.2 KW of which
will be available for users. The power budgets for the ESA
polar platform and MTFF listed above are rough estimates,

since the final ESA platform configurations have not been
selected.

Growth is planned for the Space Station and platforms,
but potential future capacity is unknown at present. (The
Nation’s long-term space progranm goals must be clarified
before enhanced Space Station capabilities can be
finalized.)
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ORBITAL MANEUVERING VEHICLE (OMV)

¢« MANAGED BY NASA OFFICE OF SPACE FLIGHT (NOT BY SPACE STATION OFFICE)
* TRW SELECTED IN JUNE 1986

e CONTRACT FOR ONE OMY WITH OPTION FOR A SECOND

* OMV CHARACTERISTICS
—~REMOTELY CONTROLLED
—ABOUT 5 FEET DEEP (56 INCHES)
—ABOUT 15 FEET IN DIAMETER {176 INCHES]
—18,000 LB FULLY LOADED WEIGHT
-~DESIGN LIFE OF 10 YEARS
—INITIALLY DEPLOYED FROM SHUTTLE
—LATER SPACE STATION-BASED
—FIRST FLIGHT FROM SHUTTLE IN JUNE 18583

* OMV WILL BE USED TO TRANSFER {DEPLOY/
RETRIEVE) SATELLITES TO HIGHER QRBIT (EXTENDS
SHUTTLE REACH BY 1.000 NAUTICAL MILES). ALSO
USED TO REBQOST SATELLITES IN DECAYING ORBITS,
REFUEL AND QTHER SERVICING

In June 1986, NASA selected TRW to build the OMV. Con-
tract negotiations were for one OMV, with an option for a
second dedicated to the Space Station. The dimensions and
configuration are displayed on the above chart.

The OMV’s Preliminary Design Review (PDR) occurred in
June 1988. The Critical Design Review {CDR) will take
place next year. The OMV’s first test flight has been
scheduled for June 1993, in time for Space Station support
in January 19%4.

The OMV is a reusable, remotely controlled free-flyer
capable of deploying and retrieving satellites to and from
orbits beycond the operating range of the Shuttle, reboost-
ing satellites in decaying orbits, conducting refueling and
servicing missions, and providing the energy and control
required to bring ELV~-launched payloads from a safe parking
orbit to the station for routine logistics support.

Initially, the Space Shuttle will carry the OMV to
orbit and return it to earth following each mission.
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Future scenarios visualize a space-based OMV in standby
condition utilizing add-on solar panels. The space-based
OMV could be reactivated from the Space Station or the
ground. Permanent housing accommodations for the OMV at
the Space Station are under consideration.

When missions regquire that the OMV operate in polar
orbit, it is more efficient to launch the OMV directly to
that orbit. Due to the mothballing of the STS launch
facility at VAFB, a dual-launch capability for the OMV is
being considered in order to place it into polar orbit.
Modifjications of the OMV for a Titan IV launch from VAFB
would assist in servicing U.S. surveillance and communica-

tions satellites. This capability could be of interest to
the DOD.

Depending on the weight of the payloads, the OMV’s
maximum operating range is approximately 1,000 NM. As a
result, servicing spacecraft in place becomes feasible and
highly advantagecus. Spacecraft downtime required for
servicing is significantly reduced. In-place servicing
should take only a few hours, whereas several days may be
required to service a spacecraft which first needs to be
brought down to a servicing altitude (e.g., the STS alti-
tude), then serviced and refueled, and finally returned to
its operational orbit. In-place servicing has also been
shown to be cost-effective.

It is possible for the OMV to go from the Shuttle to
geosynchronous orbit with about a 1,000 1lb payload, but it
would require replacing the OMV’s 9,000 1b tank of bipropel -
lants with a larger 36,000 to 40,000 1b tank. As described

next, the Space Transfer Vehicle would be more appropriate
for attaining these altitudes.
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SPACE TRANSFER VEHICLE (STV)

* STUDIED AT NASA's MSFC WITH BOEING AND MARTIN
MARIETTA SUPPORT

* ADDRESSED BY 5TAS
¢ POTENTIAL SCHEDULE

HEQUIREMENTS AND ANALYSIS IN PROGRESS
SYSTEMS DEFINITION THROUGH 1953
DEVELOPMENT THROUGH 1598
INITIAL OPERATING CAPABILITY 2000

* CAPABILITY (TYPICAL)
MISSION WEIGHT
GEO 13,000 LA, OLB RETURNED
GEOQ 12.000 LB, 2,000 LB RETURANED
GEDQ IMANNED) 7,500 LB, 7,500 LB RETURNED

® FLEET SI1ZE: 2 FOR GECQ TRAFFIC

® BASELINE STV PRELIMINARY DESIGN PRESENTED
AT SPACE STATION SRR

L ANSER

Present planning anticipates the Space Transfer Vehicle
(STV) [formerly known as the Orbital Transfer Vehicle
(CTV) ] development to take place several years after the
OMV and to be coperational in about the year 2000. A base-
line STV preliminary design was presented to the Space
Station Systems Requirements Review (SRR) Group to focus on
interface compatibility issues between the STV and the Sta-
tion. The final configuration is by no means near comple-
tion. The STV configuration and requirements are still
being studied. Phase A (Requirements and Architecture)
studies are being conducted by NASA. A potential develop-
ment schedule shows Phase B (Definition and Preliminary
Design} studies being completed around 1993, Phase C and D
(Detailed Design and Development) taking place from 1994 to
1998, test flight occurring in 1999, and an operational
phase beginning in late 1999 or early 2000. -

Under the Space Transportation Architecture Study
(STAS), a variety of STV reference configurations were con-
sidered, from the totally expendable to the fully reus-
able. Implemented technelogies also varied with storable
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versus c¢ryogenic propellants to provisions for aercobrak-
ing. With wide variety of potential STV concepts, no final
configuration has been selected.

The STV configuration illustrated on the chart proposes
the fallGW1ng characteristics: a reusable vehicle, a
40-mission life, space serviceable, advanced cryogenic
engines, and utilizing aero-assist technology. A man-rated
full-redundancy vehicle includes an engine-out capability.
The planned propulsion capability of the proposed STV would
be sufficient to carry a manned mission of from two to four
astronauts to geosynchronous orbit (19,300 NM) for satel-
lite servicing, maintenance, and repair missions, greatly
exceeding the performance mf the CMV. (Other configura-
tions are also being considered for transporting crew or

cargo from LEO to the Moon’s surface or to operate as an
"Earth-to-Mars cycling spaceship.")

Cost savings associated with a space-based STV compared
with a ground-based system were addressed by STAS. Prelimi-
nary results indicated that there is no real difference
between the two. The economic impact of using the STV for

on-orbit servicing, maintenance, and repair is an
unresolved issue.

One STV payoff is the ability to provide a large pay-
load capability to high earth orbit (HEQ). This enables
construction of large structures (e.g., antennas) in LEO
with later transfer to HEOQ. An STV “smart front end" for

performing repairs would be provided from the OMV
technology base.

II-39



B. S a em

SPACE STATION PROGRAM MANAGEMENT

APPROACH

LEVEL1 e e e
ASSOCIATE ADMINISTRATOR - OFFICE OF SPACE STATION B
| R

NASA Hesdguarters, Washington, D.C.

+ Policy and overall program direction

DIRECTOR - SPACE STATION PROGRAM OFFICE

: DR Reston, Virginie
{_____._ * Progtam managemani and technical content |
[ LEVEL 1l Lg —
: PROGRAM MANAGERS |
$ Various NASA Cenlery . t
I
| « Project management: element definilion and : §
gevelopmaeant |
I
ﬂ
HARDWARE CONTRACTORS FROGRAM SUPPORT CONTRACTCR
| P )
Multipie Locatians Rexion, Virginia
e ———— -——__—_—_1
* Detailed design, manutacturing, « SE&I. information systems, utilization
integration and test, plus enginesring and operations, and SRMAQA
| and technlcal services

Frogram management for the NASA Space Station is con-
ducted at three main levels. Level I, the Office of the
Associate Administrator for the Office of Space Station
(OSS) at NASA Headquarters in Washington, DC, is respons-
ible for overall management and strateglc plannlng. Level
11, the Space Station Program Cffice in Reston, VA, is
responsible for program-level systems englneerlng and inte-
gration. The Level II integration function is critical in
light of the multiple U.S. contractors and international
partners. Level III comprises Space Station Project
Offices at each of four NASA development centers and the
Kennedy Space Center. The development centers are respons-
ible for the four Work Packages which represent the major
pertion of the Space Station hardware. Principal respons-~
ibilities include Design, Development, Testing and Evalua-
tion {DDT&E}. element, evolution, and engineering support;:
and operation of hardware and software systens.

For completeness, there is alsc a Level Zero (the NASA

Administrator) at NASA Headquarters in Washington, where
other elements of the Space Station support infrastructure
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(transportation, communications, and life sciences) are
integrated. Aand, finally, Level IV consists of the
contractors supporting the Space Station Work Packages.
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SPACE STATION PROGRAM WORK PACKAGE
STRUCTURE WITH PRIME

(AND SUB) CONTRACTORS

NASA CENTER

RESPONSIBILITY

PRIME
CONTRACTODR

LOKTRACTOR
TEAM MEMEBERS

CENTER

WORK PACKAGE MAASHALL * MODULES BOEING * GAUMMAN
ND.1 SPACE FLIGHT * LOGISTICS * LOCKHEED
CENTER * ECLSS * TELEDYNE BROWN
* STATION PROPULSION * TRAW
WORK PACKAGE JOHNSON ® MANNED SYSTEMS McDONNELL * Gt
ND. 2 SPALCE * ARCHTECTURE AND ASSEMELY DOULGLAS # HONEYWELL
CENTER ® SELECTED SYSTEMS * 1BM
® SHUTTLE INTERFALE ® |[DCKHEED
* LY
e UTL
WORK PALCKAGE GODDARG e PLATFOAMS GENERAL * TRW
NO. 3 SPACE FLIGHT ® RESEAREH EQUIPMENT ELECTRIC
CENTER
WORK PACKAGE LEWHS * POWER ROCKETDYNE * FORD AEROSPACE
ND. & RESEARCH & GARRETY

® GENERAL DYNAMILS
® HARRIS
& LOCKHEED

Program management responsibilities are further delin-
eated on the chart above in terms of Work Packages (WPs)
and assigned Space Station elements being managed by each

of the four NASA development centers (Level III).
efforts at the centers are coordinated by the Space Station

Program Office (Level II). The prime contractor for each

These

WP and the major subcontractors are alsoc shown here.

In summary, Marshall Space Flight Center is responsible

for the U.S. Laboratory and Habitation Modules, the

resource node primary structure fabrication, and logistics
The Johnson Space Center is responsible for the
Station’s external truss, EVA systems, airlock, distributed
subsystems, and resource node design and outfitting.

elements.

The

Goddard Space Flight Center is responsible for the U.S.
POP, attached payload accommodations, and servicing capa-

bility.

Space Station’s power systemnms.
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The four WPs do not represent the entire Space Station
program contractual effort in terms of design, development,
and integration. Additional contracts support the develop-
ment work, contribute to the operations and utilization
capability, launch Space Station hardware, and participate
in management and integration activities. Also, non-wWp
centers such as the Kennedy Space Center, lLangley Research
Center, and the Jet Propulsion Laboratory will have Space
Station responsibilities., Finally, the ESA, Canada, and
Japan will also be developing their own elements.

Three separate procurements were conducted to support
the Space Station detailed design and development phase.
The Technical Management and Information System (TMIS) con-
tract was awarded to Boeing Computer Services Company, the
Software Support Environment (SSE) contract was awarded to
Lockheed Missiles and Space Company, and the Program Sup-
port Contract (PSC) was awarded to Grumman Aerospace Com-
pany. The TMIS will support program contreol and engineer-
ing. The SSE will establish a set of tools and rules for
Space Station software. And the PSC is responsible for
systems engineering and integration (SE&I); information
systems; utilization and operations:; and safety, reliabil-
ity, maintainability and guality assurance (SRM&QA).

A separate procurement for the Flight Telercbhotic
Servicer (FTS) will be made after a Request for Proposals
(RFP) for detailed hardware design and development is
issued later this year. Goddard Space Flight Center is
project manager for the FTS, and Grumman Space Systems and
Martin Marietta Astronautics are the competing major con-
tractors. Each completed a 9-month ¥TS definition and
preliminary design (Phase B) study in August 1988.
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SPACE STATION PROGRAM I

LONG-RANGE PLANNING FOR
INTERNATIONAL COOPERATION

GOALS

® DEVELOP A SINGLE, INTEGRATED SPACE STATION WHOSE CAPARBILITIES
ALL WILL SHARE

® ACHIEVE A GENUINE PARTNERSHIP BETWEEN U.5., CANADA, ESA, AND
JAPAN

APPROACH

® INCORPORATE INTERNATIONAL PARTICIPANTS EARLY ONIN U.S.
PLANNING

® ENCOURAGE PARTNERS TO DEVELOP SPACE STATION USER INTERESTS

| & HAVE PARTNERS PARTICIPATE IN PROGRAM ACROSS THE BOARD
—USERS

—OPERATIONS
—ENGINEERING

® EXCHANGE ONLY TECHNICAL INFORMATION NECESSARY TO ASSURE
COMPATIBILITY OF SYSTEMS

® EXPECT INTERNATIONAL PARTNERS TO ASSUME FULL FINANCIAL AND
TECHNICAL RESPONSIBILITY FDR THEIR SPACE STATION ELEMENTS

The Space Station has been planned as an international
venture with Canada, Japan, and European countries sharing
the development with the United States. While these inter-
national partners are assuming financial and technical
responsibilities, the only exchange of user technical data
will be that which is required to ensure systems compatibil-
ity. The underlying philosophy of internationalization is
that there be no national enclaves, no exclusivity, and min-
imum duplication of common facility type equipment. No
national enclaves and no exclusivity--restricting partners
access to the Station in times of international crisis, for

example--could preclude full DOD utilization of the Space
Station.
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'ESSENCE OF INTERNATIONAL AGREEMENTS |

® MEANINGFUL PARTNERSHIP ROLE

® DEPARTMENT OF DEFENSE USE

® ACCESSTO U.S. ELEMENTS

® US. ACCESSTO ESA/CANADA/JAPAN ELEMENTS
® GUARANTEES FOR COMMERCIAL UTILIZATION

® TECHNOLOGY TRANSFER

® PROPRIETARY USER OPERATIONS

® OPERATIONAL COSTS

®* MANAGEMENT

—

Since President Reagan’s invitation to our allies to
participate in the development of the permanently manned
Space Station, much negotiating has occurred. During the
spring of 1985, NASA signed bilateral Memoranda of Under-
standing (MOU) with our international partners for Phase B
(Definition and Preliminary Design) Space Station coopera-
tion. Formal negotiations for Phase C and D (Design, Devel-
opment, Operation, and Utilization) of the Space Station
began in June 1986 and lasted nearly 2 years. All funda-
mental issues have finally been resolved and negotiations
are completed., The official signing ceremcny was held on
29 September 1988 at the State Department.

The essence of the major agreements reached between the
United States and ocur international partners is as follows:

© A meaningful partnership role has been established.
International participation is significant finan-
cially and technolegically. (Approximate financial
contributions to the Space Station will be: $16
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billion from the United States, $4 billion from

Europe, $2 billion from Japan, and $1 billion from
Canada.)

The DOD has the right to use the Space Station for

national security purposes, subject to international
and domestic laws.

Access to each other’s (U.S. and international)
elements has been negotiated as follows:

In return for the MSS, Canada can use 3 percent
of the space time available on the U.S. Labora-
tory Module, the two U.S. payload attachment

accommodations on the truss structure, and the

ESA and Japanese Laboratory Modules.

The ESA and Japan have no rights to the U.S.
elements.

The United States can use 46 percent of the space
time available for each of the international lab-

oratories, i.e., ESA Columbus, JEM, and Exposed
Facility.

The ESA and Japan have the remaining 51 percent
use of their respective laboratories, while the
United States has the remaining 97 percent use of
its laboratory.

The ESA will have full use of the MTFF, but the
United States has the annual option to purchase
up to 25 percent of the space time.

Canada can have 3 percent use ¢of each of the
polar platforms, U.S. and ESA.

On each other’s polar platforms, the United
States and the ESA will have the opportunity to

trade instruments on a "balanced reciprocal®
basis.

Japan has no rights to the polar platforms at
this time, but it may make arrangements at a
future time by either purchasing or bartering
time. (Although not part of the Phase I Space
Station, it should be noted that Japan has plans
for developing and launching a Japanese Polar
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Platform in mid-1998. Launch will probably occur
on its H-2 heavy-lift vehicle, scheduled to
become operational in 1992.)

~~ Allocation of resources to users for experimental
work (utilization resources) will be divided up
as follows: 71.4 percent for the United States,

12.8 percent for Europe, 12.8 percent for Japan,
and 3 percent for Canada.

Although the Space Shuttle will be the baseline
means of transportation to and from the Space Sta-
tion, the ESA and the NASDA are also allowed to use
thelr respective launchers for reaching the Space
Station. This means that the ESA Ariane launcher
and Hermes spaceplane and Japan’s H-2 launcher will

need to be designed so as to dock compatibly with
the station.

Commercial utilization is guaranteed. (Each country
is free to do what it wants on its elements.)

Technology transfer will be dictated by Intergovern-
mental Agreements (IGAs) which limit techneology

transfer to that which is required to ensure system
compatibility.

Proprietary information will be protected. Handling
cf classified work is also mentioned in the agree-

ments. The procedures for this still need to be
worked out.

Handling of operational costs has been negotiated.
The provider of an element will financially support
part of the expense for running experiments in that
element and all of the expense for maintaining its
hardware. Common costs will be shared by formula.
Costs for use of the Space Shuttle, NASA’‘s TDRSS,
and ESA’s DRS system will be charged as appropriate.

NASA will manage operations of the manned base and
the U.S. POP. The ESA will manage operations of the
ESA polar platform and MTFF while they are in free-
flying mode. NASA will manage operations while they
are being serviced by the STS or Space Station.
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C. Schedule

——

SCHEDULE OF SPACE STATION PROGRAM

MILESTONES
86 |87 | B8 |09 |90 | 91 |92 |53 | 94 |95 |86 [97 [98 [ 99 |00
O T T T T P T DT T
PROGRAM RECUMIEMENT S REVIEW (PR @:xoctae mm:m.n!ﬂ
PAEL M DESIGN REVIEW (INITIAL SYSTEM) : @ 57 OTR 90
PRELIM DESIGN REVIEW (PERM MANNED CAPABLITY) 15T OTA &1
CRITICAL DESIGN REVIEW [PERAM MANNED CAPABILITY) &0 2nD qrAs
$5 CONTROL CENTER OPERATIONAL - £ OTH %2
S5 PROCESSWNG FACILITY OPERATIONAL o @bnn aTh ‘?4
DESIGN CEATIF REVIEW (PERM MANNED CAPABA.ITY) | GD1STATRSS
[FIRST ELEVENT LAUNGH (FEL] | ) 157 arRss
MAN-TENDED CAPABILITY (MTC) - @iml urni g5 i
U.S. POLAR PLATFORM LAUNCH VAFB o4t GTH 95
PERMANENTL Y MANNED CAPABILITY [PWC) 1 t Qm{ QTR %
[AssewsLy comPLETE] 3 | 1sTQTR ni{h I‘
| | |

ANSER

As of September 1988, the Space Station schedule is as
indicated above. The Program Requirements Review (PRR)
began at Level II in May 1988 and is now completed. The
PRR process verifies the program requirements-and ensures
their achievability within the available fiscal and techni-
cal resources. It initiates the detailed design and devel-
opment process. PDR, scheduled for first Quarter 1980 to
first Quarter 1991, will review and assess the Space Sta-
tion system design to ensure that it satisfies the program
requirements. CDR, scheduled for second Quarter 1991 to
second Quarter 1993, will be the final critical review of
the design and all planned flight aspects of the program.

The current schedule establishes the First Element
Launch (FEL) in early 1995, a Man-Tended Capability (MTC)
in late 1995, a Permanently Manned Capability (PMC) in late
1996, and assembly completion in early 1998. The U.S. POP
will be launched in late 1995.

The budget will have a significant impact on this sched-
zle; budget decisions have already delayed IOC by several
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years. Recent budget reductions have slipped FEL by 1
Year, delaying major program milestones. Future budget

changes could further delay the program. A hold on FY 89
money until after the new administration takes office is an

immediate schedule threat.
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[ |

LAUNCH SCHEDULE

FLIGHT #
1 BT 18.75 P MODULE, STRD TRUSS, ALPHA JOINT ERECTOR SET, AVIONICS, TANK FAAM, WATER ELECTROLY S!S, !
RCS MODULES (2), UNPRESS. DOCK. ADAPTER, 5-AAND ANTENNA |
| 2 MB-2 AFTSTHD NODE, STHD TC5 WG RAD. PANELS, FTS AND SHELTER, STINGER/RESISTOIET, TDRSS ANTENNA, TANK
FARM_PRESS DOCKING ADARTER, CMG'S (B}
1895 3 mB.3  AFTPORTHNODE MSCPHASE 1, TANK FARM, STED RADIATOR PANELS, PRESS. DOCKING ADAPTER, FMAD,
STANCGARD MALOCK
| MB-d S LARMDOULE -~ ! J
1 i pu1 4.5 POLAR PLATFORM MAN-TENDED
5 MBS PORT INBD PV MODULE, ALPHA JOINT, PORT TRUSS, RCS MODULES {2), PORT RAGIATOR, $TRD RADIATOR
PANELS, TANK FARM, $SEMU VERIEICATION UNIT
£ OF PRESS. LOG MOD, MODULE OUTFITTING
7 UOF  ATTACHED ®2YLOADS, MICROGRAVITY LAA QUTETTING, MAN-TENDED EXPERIMENT OPERATIONS®
l 1996 [UTILIZING EXTENDED DURATION {RBITER) ||
MB-§ S5AMS-2, HE AMRLOCK, ATTACH P/L AND EQUIPMENT
I : 9 MB-7  U.S HABMODULE |
: 19 Mia-§ FORWARD NODES CUPDLAS (2]
11 ME-§ CREW (4), LOGISTICS MODULES, SSEMLS (4] - PERMANENTLY MANNED '
12 ME.I0  STRD, PORT QUTHOARD PV MODULES
11 L LOGISTICS MODOULES, SPDM
ARIANE ESAPDLARPLATFORM
l 14 MA1Y JEM MQOULE, JEM EXPOSED FACILITY 1, CREW [B)
1997 15 Lz LDGISTICS MODBLULES, ATTACH P-L AND EQUHPMENT |
16 MB.17  ESAMODULE |
17 L-3 LOGISTICS MOBDULES, MMD PHASE 1
; 1B MB-13  JEMEXPOSED FACILITY #2 JEM ELM, JEM LDCISTICS AND PAYLOADS
19 L-4 LOGISTICS MODLILES
1998 20 0F.2 PRESS. LOG MOD, MODULE QUTFITTING g ASSEMBLY COMPLETE |
ARIANE E£54 MTFF '

The assembly segquence depicted above was developed
jointly by the Space Station and Space Transportation
offices in NASA using the reduced performance of the post-
Challenger Space Shuttle. Since 1986, significant changes
have been made in the design of certain Space Station ele-
ments, in the sequence of elements deployed, and in the
packaging of flights to match assembly requirements with
transportation capabilities. A number of iterations were
made as Space Shuttle performance was redefined and flight
rates reassessed. In late 1987, a formal transportation
study was performed that evolved into the above plan. This
new orbital assembly plan features a launch packaging con-
cept that is fully deployable with today’s Space Shuttle
but will take advantage of enhanced Shuttle performance
{i.e., advanced sclid-rocket motors) and a heavy-lift
launch vehicle should they be available. The transporta-
tion study showed that Shuttle deployment with the added
performance of the advanced solids would eliminate at least
three Shuttle flights. O0Off-loading selected cargo to a

heavy=-1ift launcher would further reduce the number of
Shuttle flights to as few as 10.
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SPACE STATION ASSEMBLY HIGHLIGHTS I

FIRST ELEMENT LAUNCH MAN-TENDED CAPABILITY

PERMANENTLY MANNED CAPABILITY ASSEMBLY COMPLETE

ANSER )l

Milestones in the evolution of the Space Station from
the first Space Shuttle assembly flight to the completed
Phase I Space Station are depicted above. The MTC 1is a
significant milestone, since it allows for an early man-
tended scientific experimentation capability a year before
the Station is permanently manned. The original scenario
was for experimentation to commence during the PMC. The
MTC would occur with assembly Flight 4--the deployment of
the U.S. Laboratory Module equipped with two experiment
double racks. Initial power availability would be 18.75
kW, with 8 kW allotted for research and 10 kW for house-
keaplng. At MTC, only half the truss structure will be
present. Because of the mass imbalance, the gquality of the
laboratory’s microgravity environment will be degraded.
However, Flight 5 will deploy the other half of the truss
structure along with more power, i.e., 25 kW availability
for research. By Flight 8, the U.S. Laboratory Module will
be outfitted with 22 dﬂuble racks. The STS will be
attached to the laboratory module during the early flights.
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The Station will be assembled at an altitude of 220 NM
and operated at an altitude of 250 NM after orbit trans-
fer. The 28.5° inclined orbit was selected because of
the high traffic volume and optimum lift capability from
Cape Kennedy into this orbit.
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SPACE STATION OPERATIONS
RESUPPLY AND RETURN REQUIREMENTS

CARRIERS 62,754 CARRIERS 62,754
* PRESSURIZED 50,208 s PRESSURIZED 50,208
¢ UNPRESSURIZED 2,700 ¢ UNPRESSURIZED 7.700
s FLUIDS AND GASES 4 846 e FLUIDS AND GASES 4,846
el sl
USERS 72.800 USERS 55 060
& RACK CHANGEQUT 8.400 ¢ RACK CHANGEQOUT B.400
» ATTACHED PAYLOAD s ATTACHED PAYLOADG
. CHANGEOQUT 7.000 CHANGEQUT 7.000
' ® LARGE PAYLOAD ADDITIONS 15,000 * LARGE PAYLOADS 1,500
* PAYLOAD RESUPALY ¢ PAYLOAD RESUPPRLY
LOGISTICS 42.400 LOGISTICS 38 160
]
. -
]
STATION AND CREW a4 504 STATION AND CREW 38.063
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_

Once the Space Station is operational, a regular sche-
dule for resupply and return of materials must be pro-
vided. In addition, a crew rotation schedule must be
established. The chart above indicates the annual logis-
tics requirements (excluding crew members} for the opera-
tional phase. As indicated, 180,000 1lb of up-mass and
156,000 lb of down-mass are required each year in support
of Space Station operations. The international partners
are exXpected to increase the up-mass by 10,000 to 15,000 1b
per year with a corresponding increase in down-mass.
NASA's plans to dedicate five Shuttle flights per year to
the Space Station should satisfy the logistice needs.
Typical shuttle logistics flights will last 5 days. ELVs
will complement the Space Shuttle, as needed, for
transporting payloads and supplies.

The baseline Space Station crew complement begins with
a crew of four on Flight 11 and grows to a crew of eight in
less than 1 year (Flight 14). The first crew rotation will
occur on Flight 13 after a 90~day staytime. The Shuttle
will provide a delivery and return capability of four Space
Station crew members. It is planned that early crews will
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stay on orbit for 90 to 120 days each, and, as the Station
complement increases, the nominal staytimes will increase
to 180 days. At a rate of five Shuttle flights a year,
there will be flexibility in crew rotation to permit
staggered tours of duty or unscheduled crew rotations.
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SPACE STATION CREW

® INTERNATIONAL CREW

® QUALIFICATIONS
—MEDICAL STANDARDS
—SUITABILITY REQUIREMENTS
—SECURITY

¢ TRAINING

—INTEGRATED TEAM
—PROPRIETARY WORK

® CODE OF CONDUCT
®* MANAGEMENT
¢ TOUR OF DUTY

® AVAILABLE CREW TIME

All the international partners will be providing astro-
nauts to make up the Space Station crew. They will be
entitled to use their corresponding crew when they begin
paying the common operational costs at the time of launch
of thelir respective elements. Their allowable crew on the
Station will correspond to the same percentage allotted to
them for utilization resources. This percentage will be

satisfied over time, not on all specific individual crew
rotations.

Standards will be established for qualifying astronauts
as members of the Space Station crew; these will include
medical standards, suitability requirements for long-
duration flights, and security. Upon certification, the
astronauts will be trained as an integrated team, commenc-
ing about 2 years before flight. The astronauts will not
be assigned exclusively to their country’s elements and
experiments; they will work in all Space Station areas.
The exception to this is when classified or proprietary
work 1s conducted on the Station. At that time,
appropriate provisions will be made.
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With the full involvement of our international part-
ners, NASA will develop the Code of Conduct for the Space
Station. It will establish a chain of command; provide the
appropriate autherity and responsibility to the Space Sta-
tion commander; and establish disciplinary regulations,
security guidelines, element and equipment responsibili-
ties, and work standards. The management of the station
will be by consensus; if the partners cannot agree, NASA

will make the final decision. But there will be an appeals
process.

A full Space Station crew will consist of eight mem-
bers. Regarding crew rotation, two teams of four persons
(blue team and red team) are planned to serve overlapping
on-orbit staytimes. The teams will have l12-hour shifts,
providing around-the-clock operations. There will be a
6-day workweek. Each workday will consist of 9 hours of
work, 8 hours of sleep, and 7 hours of persocnal time, exer-
cise, and proficiency training. (See Appendix B for a lay-
out of a typical day on the SSMB.) Each team will consist

of one station operator, one or more station scientists,
and one payleoad scientist.

For a full eight-menber crew, the total available crew
time will be 22,464 on-duty manhours per year. Of these
eight, six equivalent crew members will provide the total
crew time availability to users, which includes both EVA
and Intravehicular Activity (IVA). To support users, at
least 15,000 hours per year of IVA crew time and 350 hours
of EVA crew time will be provided.
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ASSURED CREW RETURN CAPABILITY (ACRC)
OPTIONS

® GROUND-BASED CREW EMERGENCY RETURN VEHICLE (CERV)
® SPACE STATION-BASED CERV '

e MODIFIED ORBITER FOR EXTENDED ON-ORBIT STAY TIME
(EDO-EXTENDED DURATION ORBITER)

® GROUND-BASED SHUTTLE LAUNCH ON NEED (LON)
® UNMANNED REMOTELY PILOTED SHUTTLE {RPS)

Crew safety is a major consideration in Space Station
design and operations plans. This concern has been espe-
cially heightened since the Challenger accident. In the
event of crew illness or injury, fire, explosion, colli-
sion, toxic contamination, major system failure (life sup-
port failure, attitude control failure, or loss of pressuri-
zation), or unavailability of the Shuttle, there must be a

means to protect the lives of the Space Station crew and to
return them safely to earth.

The Space Station has been designed with a "safe haven"
philosophy whereby the crew can survive the loss of any
single isolatable volume for a minimum of 45 days. Such
capability would allow the crew to remain safely on orbit
until a reserve Shuttle mission could be flown given worst-
case launch processing and weather delays. In addition to
the safe haven, NASA has studied a variety of options for
Crew return. Some are listed above. NASA has not yet

decided on the method or methods for assured crew return
from the Space Station.
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D. Military Use

MILITARY USE OF SPACE

e TREATIES PERMIT ANY ACTIVITY NOT SPECIFICALLY
PROHIBITED OR OTHERWISE CONSTRAINED BY
INTERNATIONAL LAW, FOR EXAMPLE

—MAY NOT ESTABLISH MILITARY BASE ON MOON

—MAY NOT DEPLOY WEAPONS OF MASS
DESTRUCTION IN SPACE

e MILITARY SUPPORT FUNCTIONS PERMITTED
—NAVIGATION
—SURVEILLANCE
—METEOROLOGY
—COMMUNICATIONS

® MILITARY SPACE STATION NOT PROHIBITED

o PERMITS TESTING AND DEPLOYMENT OF
NONNUCLEAR NON-ABM WEAPONS

e IN MOST INSTANCES, TREATIES REGULATE ACTIVITIES

iIN PEACETIME ONLY )

International law permits a broad use of space. Two
items specifically prohibited by treaty are establishing
military bases on the moon and deploying weapons of mass
destruction (generally thought of as nuclear weapons) in
space. The normal military support functions are permit-
ted, and a dedicated military Space Station is not prohi-
pited. Treaties and national space policy permit the test-
ing and deployment of nonnuclear, non-ABM weapons. Most of
the treaties, however, regulate activities only during
peace; prohibitions against environmental modification are
an exception.
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MILITARY USE OF SPACE STATION

¢ “NASA IS PROVIDING AN IMPORTANT RESEARCH AND
DEVELOPMENT RESQURCE FOR THE DOD ... (AND) PROVIDES

THE OPPORTUNITY . . . TO EXPLORE THE POTENTIAL MILITARY
USES OF A MANNED FACILITY"

NASA ADMINISTRATOR TO SECDEF
AUGUST 1983

¢ 'NO VALIDATED MILITARY REQUIREMENTS COULD BE
IDENTIFIED THAT UNIQUELY REQUIRE OR COULD BE
SIGNIFICANTLY ENHANCED BY A SPACE STATION”

SECDEF MEMO
19 AUGUST 1983

® “STILL FOUND NO MILITARY MISSION WHICH WOULD BE
UNIQUELY SATISFIED BY A MANNED SPACE STATION .. . {BUT)
BELIEVE THAT THE NATION SHOULD EXPLORE ITS FULL
POTENTIAL ... FOR ACHIEVING NATIONAL SECURITY GOALS"

SECDEF TO CONGRESS

1 MARCH 1988 l

In 1983, NASA suggested that the DOD could make good
use of a manned Space Station facility, particularly for
long-duration research and development (R&D} activities
which required either extensive manned involvement or
utilized specific Station capabilities. Following an Air
Force study, that same year, the Secretary of Defense
(SECDEF) responded that although the Space Station looked
promising, there were no military requirements for it at
that time. This did not mean that if such a Station were
built, the DOD would not be able to make use of it.

Later, after international participation on the Station
was assured, the SECDEF insisted that the DOD keep the
right to "conduct national security activities on U.S. ele-
ments of the Space Station, without the approval of other
nations.” 1In the international negotiated agreements, this
right was clearly preserved. The United States has the
right to use its elements for national security purposes
and to determine whether these uses are consistent with
international law and with the international Space Station
agreements. The agreements do not impose any new
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restrictions on military use of space beyond existing
domestic and international laws and treaties.

In March 1988, the SECDEF reiterated that the DOD has
ne requirements that can be met only by a permanently
manned Space Station, but acknowledged the Station as a
unigque national resource whose full potential should be
explored and assessed, especially in the area of military
man-in-space.
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NASA SPACE STATION AND THE
DEPARTMENT OF DEFENSE

e, . A T ki

¢ SPACE STATION TO BE CUSTOMER-FRIENDLY: CUSTOMERS INCLUDE
—SCIENCE AND APPLICATIONS
—COMMERCIAL
~—TECHNOLOGY
—INTERNATIONAL

® USAF SPACE COMMAND OFFICER SERVES AS LIAISON IN SPACE STATION OFFICE
AT NASA HEADQUARTERS: ANOTHER OFFICER SERVES IN SPACE STATION
PROGRAM OFFICE AT HQUSTON

¢ DOD UNABLE TO IDENTIFY CURRENT MILITARY REQUIREMENTS THAT UNIQUELY
JUSTIFY A MANNED SPACE STATION

® NASA TO KEEP DOD FULLY INFORMED OF SPACE STATION PLANS AND WANTS TO

KNOW OF ANY STATION REQUIREMENTS AND/OR CHARACTERISTICS THE
DEPARTMENT MAY HAVE OR DESIRE

® NASA BELIEVES DOD MIGHT WELL UTILIZE SPACE STATION'S RESEARCH
CAPABILITIES

SPACE STATION IS A CIVIL PROGRAM, BASED ON CIVIL REQUIREMENTS

ANSER

Space Station customers plan to use the Station for
scientific, commercial, and technological endeavors.
Although the DOD could not identify current requirements
that uniquely justify a manned Space Station, the Air Force
did establish liaisons in the Space Station Offices at NASA
Headquarters and in Houston. (The Air Force liaison at
NASA Headquarters is being discontinued.)

NASA has expressed the desire to keep the military
informed on the program and is interested in knowing of any
Station requirements or characteristics that the DOD may
want. The research capabilities provided by a Space
Station are of interest to the DOD and will be explored
further. However, since the DOD has not requested specific
capabilities, the RASA Space Station remains a civil
program, based entirely on civil requirements,
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DOD USE OF NASA SPACE STATION

® 1983 AIR FORCE SCIENTIFIC ADVISORY BOARD
RECOMMENDATIONS

—APPEARS TO BE POTENTIAL FOR
* RESEARCH, DEVELOPMENT, TEST, AND EVALUATION
» TRANSPORTATION NODE CONCEPT

® STUDY COMPLETED BY AIR FORCE SPACE COMMAND
30 DECEMBER 1985

—APPEARS TO BE POTENTIAL FOR
» RESEARCH AND DEVELOPMENT
* MAINTENANCE AND REPAIR
« COMMAND AND CONTROL
s TRANSFORTATION NODE

® DOD SHOULD PLAN TO USE THE SPACE STATION

AMNSER J

In 1983, the Air Force Scientific Advisory Board recom-
mended that the DOD use the NASA Space Station for
research, development, test, and evaluation (RDT&E). How-
ever, it felt that additional study would be needed to
define more fully specific Space Station requirements.
Using the Space Station as a transportation node to reduce
the costs of getting to higher orbits had also been
suggested, but remains unproven at this time.

An Air Force study completed in 1985 also identified
R&D as a potential DOD role for the Space Station. Mainten-
ance and repalr, command and control, and transportation
node were also cited. Based on Air Force actions to date,

a consensus seems to be forming about potential military
use of the Space Station, focusing on each of the above

areas. The remainder of this document addresses those
topics.
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MILITARY RDT&E
(REPRESENTATIVE AREAS)

L e ——

® MAN-IN-SPACE RESEARCH AND EXPERIMENTATION

® SURVEILLANCE EXPERIMENTS (IR, RADAR, OPTICAL)})

® OCEANOGRAPHIC RESEARCH

® ATMOSPHERIC RESEARCH

® VHSIC RESEARCH

® DIRECTED-ENERGY RESEARCH

®* POWER PRODUCTION RESEARCH

¢® NUCLEAR HARDNESS AND SURVIVABILITY RESEARCH

® ZERO GRAVITY AND SPACE ENVIRONMENT EXPERIMENTATION
(e.g.. RADIATION)

® MISSION EQUIPMENT DEVELOPMENT, ASSEMBLY, SERVICING,
AND TESTING

® METALLURGY

The items listed above represent specific RDT&E tech-
nology areas applicable to the DOD that could benefit from

a Space Station facility. The list is not meant to be
all-inclusive.

II-63



)

RDT&E BENEFITS FOR DOD

¢ EARLIER EVALUATION OF TEAL RUBY AND TALON GOLD USING NASA SPACE
STATION SHOWED LITTLE OR NOQO BENEFIT OVER USE OF SHUTTLE

¢ POSSIBLE BENEFIT FOR REPAIR/MODIFICATION OF EXPERIMENTS
¢ ASSEMBLY OF LARGE STRUCTURES IN SPACE
* LONGER MISSION DURATION THAN SHUTTLE MAY ASSIST SOME EXPERIMENTS

¢ SOME BENEFITS CURRENTLY UNKNOWN: EXPERIMENTERS TEND TO DEVELOP
EXPERIMENTS AROUND AVAILABLE TESTING FACILITIES

ANSER

To quantify the benefits of R&D using the NASA Space
Station, two experiments were evaluated in detail. The
conclusion was that although the Space Station could be
used, it offered little or no advantage over the Shuttle.
It was recognized, however, that the Space Station could
offer real benefits when experiments required on-orbit
repair/modification or longer duration than the Shuttle
could provide. Assembling large structures in space also
was seen to be better suited to a Space Station.

A remaining unknown is the fact that the experimenters
had never designed experiments for a Space Station. It is
suspected that the experiments would be designed differ-
ently and perhaps achieve a different level of results

given such a facility, but that possibility is difficult to
factor into an evaluation.
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MILITARY MAN-IN-SPACE
(MMIS) PROGRAM

“...FOR EXPLORING MILITARY MAN'S
CAPABILITIES IN SPACE.”’

AlIR FORCE UNDERSECRETARY
20 FEBRUARY 1586

As indicated earlier, a potential DOD R&D use of the
Space Station falls in the realm of the Military Man-In-
Space (MMIS) Program. On 20 February 1986, the MMIS pro-
gram was approved by the Under Secretary of the Air Force.
Its purpose is to evaluate man’s ability to conduct mili-
tary operations in or from space. These are concept evalua-
tion missions to be performed on the Space Shuttle or the
Space Station. Their goal is to determine the capability

of man in space to improve the performance of potential
military operations.

In the 1988 MMIS Tri-Service Meeting, 11 MMIS experi-
ments were considered. Most are observation-type in nature
requiring, at most, hand-held egquipment. As the MMIS pro-
gram evolves, especially during the Space Station era, the
scope of the experiments can change significantly to
incorporate highly advanced observation systems. To date,
no MMIS experiments have flown. Since this is a new pro-
gram and it takes time to manifest experiments on the STS,
none has been firmly manifested to date. The long Shuttle

standdown after the Challenger accident has contributed to
the delay.
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DOD USE FOR RESEARCH AND DEVELOPMENT

¢ RESPONSES TO 1985 AIR FORCE SPACE DIVISION QUERY
—46 R&D NEEDS IDENTIFIED
—MORE DISCUSSED

—CONFIRMS SUSPICION THAT EXPERIMENTERS DESIGN
TO AVAILABLE TEST ASSETS

® 1988 SPACE TEST PROGRAM (STP) PRIORITIZED LIST

—3 PRIMARY AND 2 SECONDARY EXPERIMENTS FOR

28.5-DEGREE ORBIT; 10 PRIMARY AND 1 SECONDARY
FOR POLAR ORBIT

—AN ADDITIONAL 5 PRIMARY AND 2 SECONDARY
EXPERIMENTS ARE BOTH SPACE STATION MANNED
BASE AND POLAR PLATFORM COMPATIBLE

ANSER

To determine whether or not the Space Station could be
used productively for future experiments, in 1985, Air
Force Systems Command’s Space Division queried the DOD lab-
oratories and medical community. They responded with 46
specific R&D needs that could be pursued, given the oppor-
tunity, and suggested several more that might be possible.
These 46 needs were categorized by 21 missions, 9 func-
tions, and 15 technology disciplines. They were conceptual
in nature, as opposed to detailed experiment definitions.
The assessment tended to confirm the position that the lack
of experiments was more a factor of designing experiments
to use existing capabilities rather than a lack of adequate
research needs that could use the Space Station complex.

The DOD Space Test Program’s (STP) 1988 list of 91
experiments was analyzed to determine how many could use
the Space Station complex. Given the specified orbital
inclinations, mission durations, perigees and apogees, and
stability requirements, five experiments appeared to be
promising candidates for the NASA SSMB. In addition to
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this, 11 could use the polar platform. Also, seven more
experiments were identified as compatible with both SSMB
and polar platform. This produced a total of 23 long-

duration experiments. (See Appendices C and D for a list
of these experiments.)

An additional 22 (3 primary and 19 secondary) experi-
ments could use the Space Station. However, they were of

such short duration (a few days) that they are better
suited for the Space Shuttle.
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DOD USE OF SPACE STATION MOD_ULE

SHARE CURRENTLY DEFINED IOC FACILITIES
¢ PARTNER VERSUS USER

¢ KEEP REQUESTED DATA PROPRIETARY
¢ SHARE ONLY AGREED-UPON TECHNOLOGIES

SEPARATE MODULE
¢ STATION GROWTH ENVISIONS ADDITIONAL MODULES

¢ |OC SPACE STATION: VOLUME RICH, RESOURCE POOR
e IMMEDIATE INTENTIONS AND FUNDING NEEDED

NASA WANTS ASSURANCE THAT NO OPERATIONAL MILITARY
MISSION IS PERFORMED

ANSER

If the DOD were to use the Space Station, options to be
considered would be: (1) to use the modules being devel-
oped for the NASA program or (2) to develop a module of its
own. NASA would prefer that the DOD use currently defined
IOC facilities as a partner. The facilities would be
shared, data would be kept proprietary, and only agreed
technologies would be shared.

If the DOD were to pursue a separate module for its
uses, NASA has indicated that planning for the initiaj capa~
bilities is far enough along that immediate funding would
be needed. It might also require that DOD resources be pro-
vided to support the module, such as power, since the I1I0C
station is currently volume-rich but resource-limited.

Space Station growth, after the initial Station is in
place, may encompass additional modules.

If the DOD were to provide its own module for inclusion
in the Space Station manned base, NASA has stated that it
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would need assurances that the DOD was not using its module
to perform coperaticnal military missions. NASA has indi-
cated that such assurances would enhance international use

and reduce the probability of being treated as a military
target in the event of hostilities.
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POTENTIAL MILITARY USES OF

POLAR PLATFORM

¢ RDT&E

—11 KNOWN STP EXPERIMENTS WOULD BE CANDIDATES

(REQUIRE 24% AVAILABLE WEIGHT AND 14% AVAILABLE
POWER)

—ADDITIONAL 7 KNOWN STP EXPERIMENTS COULD BE
CANDIDATES (FOR COMBINED TOTAL OF 18, REQUIRE 36%
AVAILABLE WEIGHT AND 23% AVAILABLE POWER)

¢ BUS FOR OPERATIONAL POLAR MISSIONS
—POWER

—COMMUNICATIONS
—POINTING AND STABILIZATION SYSTEMS

¢ ENCRYPTION CAPABILITY MUST BE USER-PROVIDED

In addition to using the SSMB, the polar platform is a
candidate for DOD use. For illustration purposes, it is
assumed that the 11 previously cited polar orbit STP experi-
ments would fit compatibly on the polar platform and would
be manifested on the U.S. POP. (This is a hypothetical
argument, since none are scheduled for the U.S. POP: some
are already scheduled on other carriers.) On the U.S. POP,
the 11 STP experiments would require 24 percent of the
available weight and 14 percent of the power available for
users. If the seven previously cited STP experiments, which
were both polar platform and SSMB compatible, were also
fitted on the U.S. POP, the combined total of all 18 experi-
ments would require 36 percent of the available weight and
23 percent of the available user power. (Since STP experi-
ments are generally ready for flight at widely different

times, manifesting all these experiments at one time would
not be likely.)

Another potential use of the polar platform would be as
a bus for operational military support missions. In these
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cases, the power, communications, and pecinting and stabili-
zation systems of the polar platform would be used. No
provision for encryption (up~ or downlink) has been made
vet, but the U.5. POP is compatible with user-provided
encrypted data and commands. The DOD would need to provide
its own encryption and decryption if required.

Based on a preliminary assessment, the polar platform
is a viable option for DOD experiments. Since NASA will
control the U.S. platform, and its communications may be

encrypted, the peclar platform may be appropriate for
selected DOD missions.
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SUPPORT OF SPACE EXPERIMENTS

FREE- SPACE
FLYER SHUTTLE STATION

MODIFY/REPAIR EXPERIMENT

RECOVER EXPERIMENT

CREW INVOLVEMENT [OBSERVATIDNS, etc.}

UREXPECTED OCCURRENCE(S)
LONG-DURATION EXPERIMENT
HIGH-INCLINAT.ON ORBITS

O

HIGH-ALTITUDE ORBITS

HAZARDOUS MATERIALS

*

SECURITY A

ORERVe e e
SHS (SIS DA

© "MOTHBALLED"” SHUTTLE LAUNCH FACILITY AT VAFB
* POLAR PLATFORM COULD BE USED

+ SECURE OPERATIONS TO BE PHASED DUT BY END OF FY 91
AMUST PROVIDE ENCRYPTION CAPABILITY
NOTE: SPACE STATIDN AS USED HERE REFERS DNLY TO THE MANNED BASE; 1T WILL ALSO INCLUDE

- PLATFORMS THAT CAN PERFORM SOME FREE-FLYER TASKS ,
ANSER

The above chart summarizes some of the advantages and
disadvantages of using each of the space flight facilities
previously discussed to perform DOD experiments. On the
chart, the Free-Flyer is viewed as an expendable space-
craft. As shown, each test facility option has advantages
or disadvantages, depending on the type of mission to be
flown. While long-duration experiments could be conducted
on either the SSMB or a Free-Flyer, any required crew
involvement would necessitate use of the SSMB.

© |Peeee eV

= ADVANTAGE (¥) = DISADVANTAGE

The chart illlustrates that the availability of all
three of the space flight facilities is beneficial to
conducting experiments in the desired manner.
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TRANSPORTATION NODE

PURPOSE: LOWER TRANSPORTATION COSTS

CONCEPT: REUSABLE SPACE TRANSFER VEHICLE
(STV) DELIVERS PAYLOAD FROM SPACE STATION
ORBIT TO GEOSTATIONARY ORBIT |

ESTIMATED
CAPABILITIES: 13.000 TO 15,000 POUND PAYLOADS

AVERAGE NUMBER
OF ANNUAL
STV FLIGHTS: 5TO 10

ESTIMATED
PAYBACK
PERIOD: 3TO 6 YEARS

ISSUES: —FEASIBILITY OF SPACE BASING AN STV
{(CREW WORKLOAD, SAFETY, CONTAMINATION)

—COST-EFFECTIVENESS (TBD)

The Space Station would be used as an internodal point
of transfer (transportation node) for crew and cargo only
1f lower transportation costs to higher orbits, e.gq.,
geostationary, could be achieved. A space-based reusable
Space Transfer Vehicle {(STV) used in conjunction with the
Space Station has been proposed and is being evaluated.

Previous analysis has indicated that 5 to 10 8TV
flights a year would result in a payback within 3 to 6
years. The results depend on the operational concepts
employed, the feasibility of space-basing an STV, and the
costs of procuring and maintaining the STV versus an
alternative candidate.

: The joint NASA/DOD Space Transportation Architecture
Study (5TAS) of 1987 addressed the transportation node
concept but did not analyze it in any depth. Transporta-
tion systems were proposed which most effectively satisfied
future needs, reduced operational costs, were flexible and
robust, and maintained a world leadership status in space
transportation. However, cost-effectiveness results were
presented for only the overall architecture.
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In FY 89, the NASA Office of Exploration will conduct
mission definition studies under a "transition definition"

program. Part of this program will be dedicated to defin-
ing Space Station evolution concepts which satisfy the

transportation node requirements of these missions.
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ASSEMBLY, MAINTENANCE, AND REPAIR

(REPRESENTATIVE AREAS)

® ON-ORBIT ASSEMBLY OF LARGE STRUCTURES AND
MISSION PAYLOADS

® REPAIR, REFURBISHMENT, SERVICING, STORAGE,

RECOVE:Y, AND DEPLOYMENT OF MISSION
PAYLOAL 5

¢ DELIVERY OF CONSUMABLES AND REPLACEMENT
PARTS

¢ MATERIALS PROCESSING FOR CONSTRUCTION

k ANSER }

Another potential DOD use of the Space Station complex
is on-orbit assembly, maintenance, and repair. The Space
Station could become a logistics base for refurbishing and
repair of DOD spacecraft. The Joint AF-SD/SDIO/NASA Space
Assembly Maintenance and Servicing (SAMS) Study investi-
gated this issue in terms of overall NASA/DOD spacecraft
programs. The initial conceptual investigation was com-

pleted in June 1987, and a more detailed analysis is
continuing.

The initial study demonstrated the cost-effectiveness
of on-orbit assembly, maintenance, and repair. Two con-
tractor teams, headed by Lockheed and TRW, addressed the
most cost-effective approach for SAMS develnpment implemen~

tation by generatlng space operational scenarios for five
design reference missions (DRMs).

In addition to the SAMS study, NASA also investigated

Space Station~- EpElelc servicing, assembly, and mainten-
ance. The servicing study established an overall Space
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Station user servicing system architecture and provided the
means by which this system architecture could achieve pay-~
load assembly, restoration, consumables replenishment, stor-
age (of free-flyers, OMVs, FTSs, attached payloads, and
ORUs), transport (i.e., retrieve, deploy, or boost into
orbit), and a telerobotic servicing capability. The
assembly and maintenance study established the overall

Space Station a‘:sembly and external (not internal)
maintenance architecture.

The other opportunity areas shown on this chart are
representative of those that require additional study.
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SATELLITE MAINTENANCE AND REPAIR

STUDIES TO DATE INDICATE
& POTENTIALTO LOWER COST

¢ NEW SATELLITE DESIGN ARCHITECTURE REGIIRED

¢ SYSTEMS DESIGN BALANCE
—MAN/AUTOMATED

—SERVICER/SATELLITE SOPHISTICATION

* NASA DEVELOPING HARDWARE AND PROGRAMMING GROUND /FLIGHT
DEMONSTRATIONS *

¢ DEPENDENCE ON ECONOMIES OF SCALE
—AIR FORCE SATELLITES: TIME HAS NOT YET COME—WILL EVOLVE
—SDI: MORE FAVORABLE SATELLITE-RICH/LOW-ALTITUDE CONSTELLATIONS
—NASA: PROCEEDING BASED ON MISSION, SIZE, AND COST REQUIREMENTS

NASA TECHNOLOGIES ARE
¢ ENABLING TECHNOLOGY BASIS FOR FUTURE

¢ [N-PLACE PROGRAM TO MODIFY TO EVOLVING DOD REQUIREMENTS

L ANSER }

Although several recent studies have indicated that
on-orbit maintenance offers the potential for lower opera-
tional cost, a recent Air Force study concluded that it is
not currently economical for Air Force space assets., Sev-
eral preconditions must be met to achieve cost-effective
cn-orbit maintenance and repair. For example, a new satel-
lite design architecture and associated standards and
design criteria are required, such as replaceable modular
units for some or most hard-wired systems and subsystens.
This raises the question of the feasibility and overall
cost-effectiveness of the redesign. Also critically impor-
tant is the choice of astronauts versus robotic repair con-
cepts and the need for a "smart front end" servicer on
interorbit vehicles to effect robotic repairs, servicing,
and change-out of modular units.

NASA has an aggressive space servicing and repair
hardware development program. Several astronaut-tended
satellites will utijilize this technology. The first tele-
robotic demonstrations are scheduled for the POP in the
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late 1990s. A major challenge will be for the space com-
munity to complete flight demonstrations of an entirely
redesigned satellite and servicer system. Also, major
elements of a space logistics infrastructure are assumed,
such as a smart front end for the OMV, additional ground
control facilities, and a possible space warehouse.

On-orbit maintenance, to be cost-effective, is depen-
dent on economies of scale and amortization of its design
and infrastructure costs. Satellite weight (specifically,
repairable weight), number per plane and multiple plane
proximity, and orbital altitude and inclination are factors
affecting economies of scale. Other important factors are
ability to achieve full launch manifesting and satellite
and ORU efficient gquantity production schedules.

Typical Air Force satellite weights and constellations
currently do not meet the necessary economies of scale.
There is simply not enough accessible servicing and repair
work in space, in the near term, to be cost-effective. It
appears to be a good idea, but its time has not arrived.
The results should not be construed as illustrative for pro-
grams such as SDI, which is satellite-rich per plane and in
relatively low earth orbit; or the NASA programs which have
high cost, weight, and technology payload mission require-
ments. The combination of these high-value assets (Space
Station and large observatories) in the 28.5° inclinatien
region offers unigque opportunities. These NASA efforts
establish an enabling technology base and provide the
foundation for evolving DOD regquirements.
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FIELDS OF VIEW FROM THE
NASA SPACE STATION

e ———— — .

EARTH'S RADIUS 3.444 NM
SPACE STATIOK ALTITUDE 250 NM
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21.1°
/ 28.5° '
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The Space Station is depicted at its northernmost lati-
tude, 28.5° N. The drawing is approximately to scale,
demonstrating that the tangent to the earth is approxi-
mately 21° of latitude away from the satellite. If this
21° is added to the 28.5° latitude of the Space Sta-
tion, a maximum viewing latitude of approximately 50° N
or § is calculated.

The peossible field of view (FOV) would be the current
position of the Space Station plus or minus 21°, appear-
ing to be a circle drawn on the surface of the earth with a
radius of 21° of arc and the position of the Space Sta-
tion at the center. The useful field of view (FOV) would
depend upon the required angle of incidence at the object
being viewed on the surface of the earth.

The angle of incidence is measured from the local
horizon on the surface of the earth toward the vertical.
The angle of incidence at the object at the point marked
"TANGENT" is 0° when viewed from the Space Station. As
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the object moves closer to the Space Station, the angle
incidence increases. At a 45° angle of incidence, the
object is approximately 4° in latitude away from the
Space Station. Thus, if any angle of incidence greater
than 0° were required at the object for useful observa-

tion purposes, the FOV from the Space Station would be
decreased.

All these values are approximate due to simplifying

assumptions of a perfectly spherical earth with a smooth
surface.
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This chart further demonstrates the limitations of the
NASA orbit for productively viewing much of the earth. Pro-
ductive viewing is defined as being able to identify an
object and to obtain information from it, such as dimen-
sions. This will vary, depending on the angle of inci-
dence. As previously discussed, an object on the horizon
would have a 0% angle of incidence. It would provide
very limited information except to identify that something
was there, and its dimensions woculd be difficult to deter-
mine since the object’s orientation would be uncertain.
This would be the physical limit of viewing an object
because of the curvature of the earth. At a 250 NM alti-
tude, a 0° angle of incidence will permit viewing within
21° of latitude on either side of the Space Station.

A 45° angle of incidence would provide much more
information about the cbject being viewed. This would,
however, permit viewing within only 4° of latitude of the
Space Station. Lower altitudes (220 NM) would reduce the
area viewed because of the earth’s curvature but would
improve imagery resolution.
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These viewing areas are shown on the chart, with the
latitudes varying from approximately 32° N and § for a
220 NM altitude and 45° viewing angle, to 50° N and S
for a 250 NM altitude and 0° viewing angle.

It should also be noted that this is not continuous
viewing. 1Instead, sixteen 90-minute orbits would be

required to approximately repeat an orbit and see nearly
the same area again. This occurs because the earth is
rotating. Also, this varies with orbital altitudes.
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COMMAND AND CONTROL LIMITATIONS

¢ MILITARY OPERATIONS ON BOARD COULD MAKE THE NASA SPACE STATION A I
MILITARY TARGET

* -28.5° ORBITAL INCLINATION COMBINED WITH 220-250-NM ALTITUDE WOULD
LIMIT AREAS OF DIRECT OBSERVATION TO TWO-THIRDS OF EARTH'S SURFACE,
CENTERED AROCUND THE EQUATOR I

SR st i ot s o et . o e
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If.the NASA SSMB were used for military command and con-
trol, it could become a military target in the event of
armed conflict. However, it does not appear to offer great
military utility in such a role, because the orbital incli-
nation and altitudes that would limit observations of the
earth to areas between 50° N and 50° Ss. High-quality
observations would be much more restricted.
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SECURE COMMUNICATIONS
REQUIREMENT i

r____ —

ENCRYPTION MAY BE DESIRABLE TO PROTECT MILITARILY SIGNIFICANT
RESOURCES

® DATA ACCUMULATION, DISPLAY, PROCESSING. STORAGE, AND TRANSMISSION
FROM ONBOARD SENSORS

¢ DATA RELAY, DISPLAY, PROCESSING, STORAGE, AND TRANSMISSION FOR
SPECIFIED RESIDENT SATELLITES

¢ REAL-TIME QBSERVATION, ANALYSIS, AND COMMUNICATIONS

ANSER

NASA’s TDRSS will provide space-to-ground and ground-
to-space communications for the manned base. Military use
of the Space Station system for classified activities would
require some degree of data and voice encryption. Encryp-
tion is not available to the SSMB as a whole but, if the
user requires it, it can be provided. Discussions are
still under way about providing the Space Station with
encryption capability and about its practicality for the
whole station. With so many international users having
access to and knowledge about some portion of the encryp-
tion mechanism, the security of the system may not be able
to be maintained. As a result, a common encryption capa-
bility for the whole Space Station does not seem feasible.
In addition, it produces added overhead costs. User-—
provided encryption is the current capability.
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E. Observations and Recommendations

OBSERVATIONS

¢ INITIAL SPACE STATION CAPABILITY IS DEFINED

¢ OPPORTUNITIES EXIST FOR DOD USE

—SOME EXPERIMENTS IN CURRENT DATA BASE
—SDI EXPERIMENTS

—EXPLORING MILITARY MAN-IN-SPACE ROLE
—OTHER STATION POTENTIALS

¢ NO PLAN FOR DOD TO EXPLORE POSSIBILITIES

¢ NO DOD MECHANISM TO DEVELOP OR EXERCISE A PARTNER
OR USER ROLE WITH NASA

AMNSER f

Potential DOD use of the Space Station includes all of
the Station’s components: the manned base, polar plat-
forms, and OMVs. NASA’s initial Space Station capability
1s defined sufficiently for user planning. (This report

merely gives an overview of the NASA Space Station
program. )

A manned bhase laboratory or a platform can be used as
an RDT&E laboratory providing an earth and astronomical
observatory, a maintenance and repair station, a manufactur-
ing facility, or a transportation node to achieve higher
earth orbit. (It must be noted that the use of the station
as a transportation node has not yet been proven cost-
effective compared with other methods of achieving high
earth orbits.} Some of the DOD R&D that could be performed
on the Space Station includes STP, SDI, MMIS, and surveil-
lance (infrared, radar, optical) experiments; atmospheric,
very high speed integrated circuit (VHSIC), and directed-
energy research; nuclear hardness and survivability; zero
gravity and space environment {radiation) experiments:;
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metallurgy:; and oceanographic research. Space-based mis-
sion equipment could be developed, assembled, serviced, and
tested on or from the Station. These tasks can be per-
formed on the Shuttle, with the exception of oversize
structure assembly and any long-duration experiments.

In conclusion, although the DOD does not have a regquire-
nent for a manned Space Station, when the Station becomes
available, the DOD could use its facilities to augment the
capabilities of the Shuttle. Results to date indicate that
the DOD may be able to effectively use the Space Station
complex, even though there are no formal NASA/DOD
mechanisms, i.e., MOUs, for DOD use of the Space Station.
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RECOMMENDATIONS

® APPROPRIATE DOD ORGANIZATIONS SHOULD BE
I INFORMED ABOUT SPACE STATION CAPABILITIES

¢ DOD/NASA INTERFACE SHOULD BE ESTABLISHED TO
I EXPLORE DOD ROLE IN SPACE STATION

ANSER

The initial uses of the Space Station will be primarily
R&D. The NASA Space Station provides an environment for
some of the MMIS, STP, and SDI experiments, and the DOD

should plan to use the Space Station for such experiments
where appropriate.

DOD experimenters should be made aware of Space Station
capabllities and the potential use of Space Station assets
in time for them to plan experiments using its capabili-

ties. This could be done by providing briefings and
documents.

An experimenter’s handbook--similar to that for the
Quick Response Shuttle Payload (QRSP)-=-should be developed
and distribkuted to DOD laboratory personnel. It would

define available Space Station system test assets,
interfaces, and limitations.

Formal NASA/DOD channels and procedures should be estab-
lished to facilitate DOD planning for and use of Space Sta-
tion assets. Procedures should be developed in conjunction
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with the NASA Office of Space Station to request and place
DOD experiments aboard the Space Station as is now done

with the Space Shuttle. These procedures should be estab-

lished within the appropriate regulation (AFR 80-2/AR
70-43/0PNAVINST 3913.1).
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LIST OF CONTACTS AND CONTRIBUTORS

NASA SPACE STATION UPDATE AND
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LIST OF CONTACTS AND CONTRIBUTORS

During the course of this study, numerous discussions
were held with government and industry managers associlated
with the Space Station Program. Each contact is listed
below. Additional contacts, which contributed to the
earlier study ({September 1986), are listed in Report STDN
86-8. Although every attempt has been made to avoid
errors, the authors accept responsibility for any that have
been made. Numerocus NASA documents and Air Force
documents, briefings, and memos were also used.
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