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ince the initial publication of this Media Handbook in April

of 1989, there has been a tremendous amount of program

activity resulting in considerable changes.

On October 3, 1991, the NASA Headquarters Office of Space
Systems Development was broken out of the existing Office of
Space Flight organization, headed by Dr. William Lenoir, in
response to the recommendations by the Advisory Committee on
the Future of the U.S. Space Program. The new office, with
Amold Aldrich as the new Associate Administrator, will manage
the Space Station Freedom Program, the National Launch System
and other developmental projects and studies.

The Deputy Associate Administrator, Richard H. Kohrs
remains as Director of the Space Station Freedom Program, a
position he has held since June 5, 1989. Robert W. Moorehead
remains Director, Programs and Operations at the Reston, Virginia
program office, a position he has held since September 28, 1989.

1991 was a watershed year for Space Station Freedom. On
May 15, the House appropriations subcommittee for Housing,
Veterans and Independent Agencies voted to eliminate space sta-
tion funding. On June 6, 1991, the House of Representatives
overturned the subcommittee vote, restoring full funding for the
program, and in September 1991, the Senate went along with the
House and voted to uphold station funding.

This activity was the culmination of a process that had
started in the fall of 1990. Due to a FY91 budget shortfall and
Congressional direction to reduce outyear spending, a design
assessment known as “restructuring” was started in October 1990,
On March 21, 1991, NASA delivered the “restructuring” report to
Congress outlining an extensive redesign of Space Station
Freedom. This Handbook reflects that design and describes
what each NASA Center and contractor is doing in support of the
program.

Our international partners also had some personnel changes.
Jean-Marie Luton was elected the European Space Agency
Director General effective October 1, 1990. Canada formed the
Canadian Space Agency (CSA) on December 4, 1990. The CSA
President is Dr. Larkin Kerwin. On November 1, 1989, Mr.
Masato Yamano became President of the National Space
Development Agency of Japan.
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On December 6, 1991, Professor Luciano Guerriero,
President of the Italian Space Agency (ASD), signed a memoran-
dum of understanding with the NASA Administrator to provide
two Mini Pressurized Logistics Modules for the program.

This document is in the public domain. You may use any
and all information and art without permission. NASA employees
and contractors should check with their Public Affairs Officer
listed in Appendix D. Others may contact me for copies at the
address below.

Mark Hess
NASA Public Affairs Officer

To receive copies of this Space Station
Freedom Media Hondbook, contact:
Mark Hess
Public Affairs Officer
Office of Space Systerns Development
NASA Headquarters
Mail Stop M-1
Washington, D.C. 20546-0001
202/453-4164
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waypoints of exploration moved westward with them. On the

| space frontier, the first natural waypoint is low Earth orbit, the
| modern equivalent to the river junction, the oasis, the island or
the railhead of old. Earth orbit is a natural center of activity for
space travelers, a resting place before moving on across the

| deep ocean of space.

| Earth orbit is the logical place to build a permanent outpost,

to try new things, to learn about space after an arduous trip
across the gravity barrier. Still within the sheltering arms of
Earth’s magnetic field, which offers protection from the harsh
radiation of deep space, it is close to the home planet, a relative-
ly easy vantage point from which to depart in the event of an
~emergency. There is no better location in all of the Solar System
‘than low Earth orbit to perfect our ability to live and function in
this new environment, to allow development of the systems, the
logistics, the knowledge and the talents required for the full-
scale utilization and exploration of space. An orbital station is
the natural extension of America’s spacefaring enterprise, a fer-
tile and accessible waypoint along an outbound trail, a logical
next step in our travels above the skies of Earth.

Why Now?
Space Station Freedom is a sound design, the product of years
| of planning and preparation. It builds upon the momentum

and experience of 30 years of U.S. manned space flight experi-
ence. To stop now would be to lose that momentum, to steer
U.S. manned space flight to a technological dead end just as
the conditions are ripe for a fundamental next step in space
travel.

That next step represents an investment in the future. The
investment NASA is proposing is one which stretches well into
the next century, and one which will only become more difficult
to realize in practical terms, and more costly the longer we wait.
Leadership abandoned is leadership lost, in other words, and
that would be a high price to pay over the long-term for the
short-term gain of less than one-tenth of one-percent of the U.S.
government’s annual budget.

The issue, however, goes even deeper than that. It goes to the
heart of how a great nation chooses to invest in its own future,
of the kind of legacy the present generation plans to leave for
those who will follow. It goes to the heart of accepting a chal-
lenge and acknowledging risk versus gain.

If we are to achieve anything of lasting significance in space,
we must be willing to experiment, to learn from our mistakes
and our successes, and to move on to the next challenge. Space
Station Freedom is about expanding the human presence in
space. If we wish to achieve that goal, now or in the future, then
we should proceed.

Richard H. Kobrs
Director, Space Station Freedom
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program, space station designers and
planners began to come to grips with the
tough questions of safety, hardware,
money, and manpower. Working from
1964 through 1966, they settled on the
modular approach: a pay-as-you-go pro-
gram that offered something to everyone,
With incremental funding, NASA man-
agers could provide an incremental space
station. Yet cost remained a problem.
Design costs were always eclipsed by
operations costs. The longer a station
stayed up in space, the more it would
cost to operate and resupply.

In 1967 and 1968, NASA planners start-
ed looking at an advanced logistics vehi-
cle concept for the space station. They
already had a dependable transportation
system (Saturn) to launch station modules.
What they needed was a relatively inex-
pensive way to resupply the station. This
reusable spacecraft would shuttle between
Earth and the space station. Hence, the
name “Shuttle” was selected in the sum-
mer of 1968.

NASA officials felt that the station/shut-
tle combination served everybody’s needs
well. The station had always been a logi-
cal step into space. The problem was that
not everyone in the country agreed that
developing space technology was a logi-
cal thing to do. The station program was
caught in the shifting tides of politics and
culture. Furthermore, the station and the
shuttle began to be perceived as two sep-
arate entities, which had not been any-
one’s original intention. In 1970, plans to
launch modules via Saturn technology
were canceled, and station designers were
told to scale down their modules to fit in-

O 0 0

side the shuttle, which would now do dou-
ble duty as launch and resupply vehicle.

Thus, in 1972, in the approval of a
reusable space transportation system, the
space station concept itself was approved.
The transportation segment, called the
Space Shuttle, would be developed first.
The space station itself would await the
future. But before the Shuttle could be
developed and made operational for a
space station, the Saturn would be used as
both a launch vehicle and the spacecraft
for America’s first space station: Skylab.

Skylab was launched in 1973 and per-
formed the first American experiments in
long-duration, manned spaceflight. Even
though Skylab had a short life and was
not equipped for resupply of key expend-
able items, it did foreshadow the promise
of a permanently manned laboratory in
space. The Skylab effort proved that
humans could live and work in space for
extended durations, and more than 100
different experiments in life and materials
science, Earth and solar observation were
conducted successfully.

When the first Space Shuttle flew, in
April of 1981, once again the space station
was considered the next logical step in
manned spaceflight. In May of 1982, a
Space Station Task Force was formed, and
a year later produced an initial space sta-
tion concept. Cabinet-level departments
and agencies studied the concept, and in
January of 1984, President Reagan com-
mitted the nation to the goal of develop-
ing a permanently manned space station
within a decade.

The Space Station Program Office was
established in April of that year, and in

S

April of 1985, eight contractors were
selected to do a detailed definition of the
space station. In March of 1986, the
Systems Requirements Review settled on a
dual-keel configuration for the space sta-
tion, affording a better microgravity envi-
ronment, more capacity for attached
payloads, and better location for the ser-
vicing bay than a single transverse boom.
The United States reduced the number of
its laboratory modules to one when the
Europeans and Japanese decided to pro-
vide one each.

The definition and preliminary design
phase ended in January 1987, followed by
cost analysis and a review of technical
design issues. The Development Contracts
were announced in December 1987.
These efforts resulted in the Baseline
Configuration, which was the basis for the
April 1989 Media Handbook. Since then,
the program has undergone several
reviews which have resulted in the config-
uration discussed in this document. As
part of its appropriation for Fiscal Year
1991, the Congress directed NASA to
redesign the space station and to reduce
development funding for the project by
about $6 billion for years 1991-1996.
NASA completed the “restructuring” of the
space station program in the spring of
1991 and directed development contrac-
tors to incorporate design changes to
make the station cheaper, smaller, easier
to assemble and require fewer Space
Shuttle missions to assemble.

In November of 1991, the Program con-
ducted an integrated Preliminary Design
Review (PDR) of the “restructure” man-
tended configuration. A PDR of the per-
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ences, and technolo-
gy development.
Based upon an
$8 billion interna-
tional contribution
to the Space Station
Freedom program,
the partners will
share in the utiliza-
tion and in the oper-
ations costs
according to the fol-
lowing formula: the

U.S. has a 71.4 per-
cent share, ESA and Japan 12.8 percent
each, and Canada 3 percent.4#

A Utilization Perspective

The United States has begun the develop-
ment of Space Station Freedom in cooper-
ation with Japan, Canada, and the
European Space Agency. The planned
early uses of the station encompass a
broad spectrum of research disciplines
including life sciences, material sciences,
astrophysics, Earth sciences, planetary sci-
ences, and commercial applications. A
“user” is any individual, group or agency
responsible for the development or opera-
tion of a payload, experiment, instrument,
or mission utilizing a component of the
program.

Based upon the needs expressed by
many potential users over the past seven
years, plus reviews by scientific panels,
independent boards and commissions, the
initial requirements have been estab-
lished. The program objectives have been
finalized, and formal plans and docu-

(]

ments are being prepared to allocate and
accommodate a broad mix of experiments
and investigations in all disciplines. It is
NASA’s intention to utilize the station’s
unique environment and capabilities to
the fullest extent possible for science
research, the development of new tech-
nologies, and the support of the user
communities, and to enable human explo-
ration of the Solar System.

The official NASA program objectives
are to:

» establish a permanently manned
multipurpose facility in low Earth
orbit (LEO) in the 1990s;

* enhance and evolve mankind’s
ability to live and work safely in
space;

» stimulate technologies of national
importance by using them to pro-
vide Space Station Freedom capa-
bilities;

* provide long-term, cost-effective

operation and utilization of contin-

ually improving facilities for scien-
tific, technological, commercial and
operational activities enabled or
enhanced by the presence of man
in space;

promote substantial international

cooperation in space;

» create and expand opportunities
for private-sector activity in space;

» provide for the evolution of the
Space Station Freedom to meet
future needs and challenges;

« foster public knowledge and
understanding of the role of habit-
able space system capabilities in

R T T

the evolution of human experience
outside the Earth’s atmosphere,

When Space Station Freedom is complete-
ly assembled, a broad spectrum of
research in all the disciplines of life sci-
ences, materials sciences, astrophysics,
Earth science, and planetary sciences will
be conducted. This will be accomplished
with both manned and unmanned ele-
ments. The manned facility in a low Earth
orbit (180-240 n.m.) will consist of four
pressurized modules. Three of these mod-
ules——one each from the U.S., Europe and
Japan—will serve as laboratories. The U.S.
laboratory is designed to handle projects
that need a stable microgravity environ-
ment for materials research as well as
research and development in basic
physics, chemistry, and biology. The
European and Japanese modules are
designed primarily for research in fluid
physics, life sciences and materials pro-
cessing. The fourth module provides a
habitation area for rest, recreation and
health for the entire crew.

In addition, payloads can be attached
to the transverse boom, external to the
pressurized modules. Utility ports provide
power and data resources.

The ESA will provide the Columbus
Free-Flying Laboratory. This unmanned
pressurized laboratory will provide a
long-term research environment, of up to
six months, free of manmade distur-
bances.

In summary, there will be a variety of
manned, man-tended and unmanned user
opportunities for science in, on and
around the space station. 4
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Management
Office of Space
Systems The Space Station
Development Freedom program
_ I — uses a three-tiered
Director for Director management struc-
Space Station for ture. The three lev-

Freedom

(Level 1)

Dep. Director SSF
Program and
Operations

(Level 2)

]

SSF
Project
Offices

NASA Centers

(Level 3)

els are as follows:
Level 1, the Associate
Administrator for
the Office of Space
Systems Develop-
ment at NASA
Headquarters in
Washington, D.C,;
Level 11, the Deputy
Director, Program &
Operations in near-

Flight Systems

by Reston, Virginia;
and Level III, the NASA field centers’
Space Station Freedom Project Offices.
This structure is shown above and in
more detail on the next page.

The Director of the Space Station
Freedom Program is responsible for the
overall management and strategic planning
of the program. Principal management re-
sponsibilities include policy direction,
budget formulation, engineering opera-
tions, external affairs and Space Station
Freedom evolution. The Director estab-
lishes and controls Level I technical and
management requirements, milestones
and budget allocations and forecasts,
Coordination of external affairs with both
legislative and executive branches, user
communities and international partners, as
well as internal units of NASA
Headquarters that support the program,

also falls under the jurisdiction of the
Level I Office of the Director.

There are four divisions in Level I:
Policy and Plans, Engineering, Operations
and Utilization and Resources. Level 1 is
responsible for defining and controlling
the program requirements, schedule, mile-
stones and resources.

Level 11, located in a separate facility in
Reston, is responsible for development of
the space station, the operational capabili-
ty of flight and ground systems and the
control of internal and external interfaces.
Principal responsibilities include systems
engineering and analysis, program planning
and resource control for both develop-
ment and operations phases, configura-
tion management and integration of
elements and payloads into an operating
system. This office is headed by the
Deputy Director, Programs and Opera-
tions, who is responsible for the day-to-
day management.

Level 11 offices include: International
Programs, Management Integration,
Business Management, Information
Systems Integration, Systems Engineering
and Integration, and Utilization and
Operations. In addition, there are two
supporting offices from other NASA orga-
nizations: the accounting office and pro-
curement office. System and element
integration functions are the responsibility
of the Level 1I Integration Office. Support
is provided for element integration by a
field office located at the Marshall Space
Flight Center in Huntsville, Alabama.

Level III consists of the three Work
Package Centers the Kennedy Space

" Clomna e

A

Center and the Mission Operations
Directorate at the Johnson Space Center.
The project managers of these offices
report to the Director of the Space Station
Program. The Johnson Space Center
Mission Operations Directorate is respon-
sible for the training of the Space Station
Freedom crew and ground controllers,
and for the around-the-clock operational
support of the space station. The Kennedy
Space Center is responsible for the pro-
cessing of payloads for the flight to
Freedom onboard the Shuttle. This
includes the required assembly, servicing
integration and testing of payload hard-
ware and software, and the requisite oper-
ations associated with a Shuttle launch.
Contractors are responsible for Design,
Development, Testing and Evaluation
(DDT&E); operation of hardware and soft-
ware systems; and element, evolution and
engineering support.

The management structure of these
Centers is discussed later in this Hand-
book under each of the NASA Center
descriptions, €
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Management
mc.uuo: and
Information
Systems
Contracts

Space Station
Support Confractors

[SSFP_INFO MANAGEMENT

TADCORPS has

T™IS

been supporting the
program continu-

ously since the orig-
inal Space Swation

Task Force in 1983.
TADCORPS provides a broad range of
support services to all of the Space Station
Freedom divisions and staff including offi-
cial Space Station Freedom Level I docu-
mentation, all formal presentations and
briefings to Congress, other government
agencies, institutions, professional associa-
tions and public organizations, support
for conferences, workshops and sym-
posia, computer graphics and photo-
graphic services, technical writing and
editing and technical project support.

Booz-Allen & Hamilton, Inc. has sup-
ported the Director, Space Station Free-
dom since 1986 with technical and policy
analyses, engineering assessments and
trade studies, program alternatives and
operation and economic analyses.

BDM International supports the Director,
Space Station Engineering with technical ser-
vices concerning growth of the baseline sta-
tion into its follow-on evolutionary phases.

The Egan Group provides general poli-
cy support for all issues related to com-
mercial utilization of Space Station
Freedom.

i ran

Space Station Freedom Engineering
and Integration Contracfor
In July of 1987, The Grumman Corpora-
tion won the competition to be the
Program Support Contractor for the Space
Station Freedom Program Office (Level II).
Today, Grumman’s role as the Space
Station Engineering and Integration Con-
tractor for NASA is to provide program-
level systems engineering and integration,
program management and technical sup-
port for Space Station Freedom across the
NASA Centers, work package contractors
and international partners. In addition to
systems engineering and integration,
Grumman is involved in the space station’s
program control, information systems,
operations and utilization, safety, program
requirements and assessment, quality
assurance, and configuration management.
Headquarters for Grumman’s Space Sta-
tion Program Support division is in Reston,
Virginia, near Washington, DC. Additional
Grumman Space Station offices are at NASA
Centers involved in the program. This
contract currently employs nearly 900
people and will exceed $1 billion over 10
years.

information Systems Contracts
Information systems will be used by the
program to collect, transport, and make
available quantities of diverse information
to a wide variety of program participants.
The three interrelated systems that togeth-
er comprise the Information System are:
the Technical and Management Informa-
tion System (TMIS), the Space Station
Operational Data System (ODS) and the
Software Support Environment (SSE).

B

These systems will support both the
development and operational phases of
the program as described below.

Technical and Management
Information System (TMIS)

The Space Station Freedom Level 11 Office
and Boeing Computer Services implement-
ed TMIS in 1988. TMIS is a system which
acquires, organizes, controls and uses vast
amounts of technical and management
information in order to maximize the
effectiveness and efficiency of technical
and management processes. The system is
designed to handie a continuing stream of
data and maintain its usability over the
lifetime of the station. In order to increase
the cost effectiveness of the station’s
design, development and operations,

TMIS integrates engineering data, draw-

ings, cost data, payload/accommodation
data, planning data and schedules.

TMIS includes the hardware, software,
services and people which allow program
participants to exchange accurate informa-
tion in a timely manner. With this system,
the Level II Office is able to control tech-
nical quality, cost and schedule across all
space station developers. TMIS will serve
as the primary mechanism for the routine
interchange of information among the
Program Office, Work Package Centers,
program support contractors, international
partners and development contractors
throughout the life of the program. This is
designed to accommodate the dynamic
changes in the program. The Boeing con-
tract for TMIS currently employs approxi-
mately 280 people including subcontractors
and is valued at $330 million.
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output is software ODS will provide the standards and

integrated at the protocols that allow SSE and TMIS infor-

Work Package level.  mation to flow to and from operational
Lockheed current-  users regardless of their location. €7

ly has about 200
people including
subcontractors
39 st B N working on SSE.
SOFTWARE DEVELOPMENT The contract is val-
SSE ued at $242 million
over six years with
options for three
more years.

Integration of Information Systems
TMIS, ODS and SSE operate in harmony.
Software developed and tested using SSE
can be transferred to the space station ele-
ments via ODS both before launch and MANNED STATION
during operations. ODS and TMIS will
both store information that will be neces-
sary during flight operations. Data of criti-
cal importance, such as checklists and
procedures, will be stored onboard within
ODS for rapid access. Backup data, such
as drawings and design documentation,
will be kept in TMIS where it can be
accessed as needed either by crewmem-
bers or ground controllers as well as
designers of new capabilities.

TMIS is the repository of design knowl-
edge. However, detailed information on
software will reside within SSE. The rela-
tionship between TMIS and SSE is being
defined more specifically. Reports on the
software engineering process will be sent
from SSE to TMIS for management review;
schedules, plans and high-level design data
will flow from TMIS to SSE as functions are
allocated for software development.

PLATFORMS

TDRS_ GROUND
STATIONS

MISSION _ SOFTWARE

SSE

SSFP INFO MAMAGEMENT

TMIS
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Assured Crew Return Vehicle
(ACRV)

The ACRV is a separate but related sup-
port program to Space Station Freedom.
The program is managed by the ACRV
Project Office in the New Initiatives Office
at JSC.

History of Assured Crew Return

Since the beginning of the manned space
program, NASA has been dedicated to an
Assured Crew Return Capability (ACRC).
During the Mercury and Gemini pro-
grams, the first orbit’s trajectory assured
the return of the capsule into the atmo-
sphere. The early Apollo missions to the
moon were flown in a “free return” trajec-
tory, where the capsule could circle the
moon and return home automatically, and
the Lunar Module proved its value as an
emergency vehicle on the Apollo 13 mis-
sion. The Skylab missions had an Apollo
capsule docked at the station whenever
crewmembers were aboard (a method the
former Soviet Union—now Commonwealth
of Independent States—uses at its MIR
space station.) The Space Shuttle assures
crew return by providing a level of redun-
dancy for critical systems that is equal to
or greater than that designed for any
other space vehicle.

ACRYV and Space Station Freedom

The commitment of NASA to ACRV con-
tinues today in the era of Space Station
Freedom. Permanent low-Earth orbit facili-
ties such as Space Station Freedom and
the Soviet space station MIR have special
needs to assure crew return because,

unlike other manned vehicles, permanent
orbiting facilities cannot inherently return
their crew to Earth. Just as MIR and
Skylab had dedicated space-based return
vehicles standing by, NASA is currently
developing an ACRV which would always
be docked at the station to assure return
for the entire crew. While the space sta-
tion, in conjunction with the Shuttle, is
capable of handling many emergency situ-
ations on its own, NASA has found at
least three situations where an ACRV is
essential:

* Medical Emergency: If one of the
crew suffers a severe injury or ill-
ness which exceeds the capability
of the space station’s medical facili-
ties, and the Space Shuttle cannot
arrive in time to transport the
crewmember;

» Station Catastrophe: If, while the
Shuttle is away from the station,
some catastrophic event or acci-
dent occurs which requires the
crew to evacuate immediately;

» Shuttle Problems: If a problem
occurs in the Space Shuttle pro-
gram which requires the Shuttle to
suspend flight for a period of time,
meaning it is not available to
resupply or transport the station
crew.

ACRYV System Concept

The ACRV, essentially a “lifeboat” for
space station, will be a simply designed,
reliable, on-orbit vehicle that will always
be available for immediate use. The vehi-
cle will be slightly larger than the Apollo

capsule, weigh about 10,000 pounds, and
will fit in the Shuttle payload bay, so that
either the Shuttle or an expendable
launch vehicle will be capable of deliver-
ing it to the station. The ACRV will be
capable of life support, de-orbit, reentry,
and landing.

The other elements of ACRV will work
under the concept of “embedded” opera-
tions, meaning that the ACRV will use
existing ground support facilities and
existing international search and rescue
(SAR) forces. Under this concept, the
required new ground equipment to sup-
port the ACRV will be kept to a minimum,
and the use of proven existing hardware
and software will minimize the cost and
maximize the reliability of ACRV opera-
tions.

Preliminary NASA and independent
contractor studies show that a properly
designed and integrated ACRV system can
provide assured crew retum capability for
all reasonable scenarios, at reasonable
cost, using today’s technology.

ACRV Schedule

The ACRV is in the system definition
phase (also known as Phase B) which will
be completed in FY93. Phase B involves
developing a preliminary design for an
ACRYV systemn, as well as detailed costing
and scheduling. Upon completion of
Phase B, NASA is expecting to begin full-
scale development in FY94. The develop-
ment phase will provide the ACRV in time
to support the Permanently Manned
Capability in 1999.6
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Program Phases

Phase A

Concept Phase (Requirements &
Architecture) from Authorization of the
SSTF (5/82) to Award of the Phase B
Contracts (4/85)

Concepts for a space station go back to
the last century. Within NASA, conceptual
studies and workshops go back to the
early 1960s. The 1972 decision to develop
the Shuttle first delayed the Space Station
Program until May of 1982, when NASA
Administrator James Beggs authorized the
Space Station Task Force (SSTF). In addi-
tion to organizing a new project and
office, the SSTF conducted three major
activities: 1) A major effort to define real-
istic missions that were enabled by or
materially benefited from the permanent
presence of humans in space. 2)
Definition studies to define system
requirements and interfaces, supporting

. systems and trade studies, a preliminary

system design and detailed plans for the
development phase. And 3) advanced
development activities. From August 1982
to April 1983, NASA funded the studies
called “Space Station Needs, Attributes
and Architectural Options.” In addition, a
Mission Requirements Working Group
was established to direct the industry
studies and to integrate in-house activities
and special studies such as the Space
Science Board and Space Applications
Board studies. This group was supported
by three Mission Area Panels: 1) Science
and Applications; 2) Commercial; and 3)

sl RN

Technology Development. The Working

Group also maintained liaison with the
international community which per-
formed similar studies. Using the results
of these studies and input from the vari-
ous groups, NASA briefed the President
and Cabinet in December 1983. In
January 1984 the President directed NASA
to build the space station within a
decade.

1984 was the year for formulating the
overall NASA management structure,
reviewing requirements, conducting inde-
pendent user and science community
assessments and developing a reference
configuration that the Phase B contractors
could bid against. President Reagan reaf-
firmed the Space Station Program in the
January 1985 State of the Union address.
The first half of 1985 involved obtaining
international participation and commit-
ment for the program.

Phase B

Definition and Preliminary Design Phase
Jfrom Award of Pbase B Contracts (4/85) to
Award of Phase C/D Contracts (12/87)

In April of 1985, Phase B commenced
with the four NASA Work Package
Centers each awarding parallel definition
contracts for their respective responsibili-
ties. The eight definition contractors
defined the system requirements, devel-
oped supporting technologies and tech-
nology-development plans, performed
supporting systems and trade studies,
developed preliminary designs, and
defined system interfaces and developed
plans, cost estimates, and schedules for
the Phase C/D activities.

Iy il il [T

RO T

The Phase B definition studies were
initiated in April 1985 and ended in
January 1987. The contracts were awarded
to the following:

&

* MSFC (Work Package 1): Boeing
Aerospace, Martin Marietta

» JSC (Work Package 2): McDonnell
Douglas, Rockwell International

* GSFC (Work Package 3): General
Electric and RCA

e LeRC (Work Package 4):
Rocketdyne, TRW

The results of the definition studies were
synthesized and integrated into the Phase
C/D Requests for Proposals (RFPs)
released by each Work Package Center in
April 1987.

Also in the spring of 1985, NASA signed
bilateral memoranda of understanding
(MOUs) with Canada, ESA and Japan that
provided a framework for cooperation on
the space station during Phase B.

The user requirements were being
reviewed and refined by various groups,
committees and workshops, The results
updated the Mission Requirements Data
Base, and in June 1985, the “Functional
Requirements Envelope” was established
to augment the Phase B RFPs.

By March 1986, the program reached a
major milestone called the Systems
Requirements Review (SRR) a traditional
programmatic point that marks the point
where the basic characteristics of the
space station have been decided. This SRR
process focused on technical decisions
that, in May of 1986, established the base-
line configuration called the “Dual Keel.”



L8611 U!

(ewild 7 8BDXODY HIOM) BUAPINIOY—

(BuUlld ¢ SBD®ODJ MOM) DU081] IDIBUBL—
(Buld Z 8BD%O0d YoM sDIBNog [eUUOgIN—
(aulld | @BoyoDd Hom) Bueog—

UOHDOYUBA JQUO-UQ 9 uswdopas 'ubseq uoynis eondg

£861 BQWSTRQ
UDUIUINIS) ((D8d) 10D4U0D poddng woibold
1861 AN

PoaU®D0T (ISS) HUSWLIUCIAUT LOCANS SIOMYOS

£861 sunf

Bujeog (SINL WIBISAS UOHDULION JUSISBOUD % JODIUUDS |

1861 ADW

POPIDMY SIODIJUOD

sjuswisnipe pue s1s0d werdoid jo sis{[eue
‘sfead] Surpuny ur sJusunsnipe 03 ang
‘surdaq FULINOBJNUEU [ende
alayMm (] aseyd wawdo[2Aap 24l 01 Jjo
PopUEY PUE UDZ0JJ, ST USISIP Yl ‘MIIAY,
ugsaq reonun) e sassed udisop 211 dUO
‘sopomae adA1oi01d 10 3591 awos sdeyrod
1do0xa 0 aseyq ut g Ajremoe st Sunyiou
‘ISA9MOY SINIAIDE USISIP OIB UYOIYym
‘2IEMIJOS PUE SIEMPIEY I0] suonedydads
pue sduimelp Suneauidus pajiedp Sur
-1edaid jo jutod ay) 01 g aseyd Jo sinsal
a1 saxel udIsap pafieIdp ays ‘Gunsau
-13UD SWDISAS [EDISSE[D UT ‘JOASMOL "Id
12801 popieme A[eordA1 ore sanAnOe jo
sdnoid 1ofew om] 2533 JOJ S10BIUOD )
‘a10ja1ay], "BuninioejnuUew Y3 Surpnpour
wwswdojeaap pue udisap ayl Yloq saop
A[[eJouad 101DBIUOD SWES O 9SNEd3(
Auewad pasn ST (/0 W) YL, "SINIATIOE
punstp pue seredas oml A[jear are Loy
‘19801 saseyd () 1uswdojorop pue
(D) udsap ay1 yloq Surueaw ‘q/D 9seYd,
w21 oy asn adoad Auew ySnoyy

(CGG ) maay usisaq

1021MD 241 O1 (L&/T ) SIOVHUOD (1/D
asvgd Jo pavmy aq1 wosf udisacr papviacy
O ospyd

‘uedaq udisa(g pafreInd - D
oseyd pue papus g aseyd ‘ove[d ur s1oen
-UOoD 3S9Y1 YliA (J PUE D 3seyq I0J a13m

IDquIada(] Ul POpIEME SIDBNUOD SYL

"0z 28ed uo paisy 3B /86T

Ul papIEmE SIOBIU0D 9y, ‘Juawdopaaap
pue ugisop payielap uoddns 01 paonpuod
a1om suowaindold sannsdwod ‘oreredas
somy ‘sofexoed IO JNOJ SY1 0} UOHIPPE
u] ‘weidoid a1y 10§ pouad wswaindo1d
JuedTUZIS B OS[E SeM /86T ‘Teah 18yl
om
D 95BY{ JOJ PaIapPISU0D alom JBY] Suon
-EPUSUWILIODSI JANDIIJJD JO 198 B Im PD
-pnpuod pue Juswadeuew pue Jutuue(d
‘suonerado ‘somunuoddo souaios paur
-wexa wes], Apms suotiesadQ 2ouspg
uonels asedg a1 /861 oquaidag uf
"uoneIndyuod
993 [en,, 10 ‘7 }o0[g Areuonnjoas ay)
01 SUMIIIOD 9I0Jaq PIYLIE[d aq P[NOYs
ooeds ut s[eod wio-8Uo] s,uoneu oy}
1EY) PAlels pue (WOPaal] uonels soedg
P3[[B> MOU SI 1eYM) UOTIBINSIJUOD SUI[asE(]
POSIASI 9Y) PISIOPUD OS[e DYN S 'I9)
-DeJey> Ul [EUONEBU ‘2q I1SNW PUE ‘SI UONEIS
20eds a1 01 JuUsUIIIWOD 3yl Ing ‘1a8e
-uew weidold pue 191YDIE Y] SB YSYN
0] 23UD[BYD [qepruiIo] € sem werdoid
a1 1ey) Joquiaidag Ul pPapNOUND ‘SUBWIESS
U2qOY "1(] JOJENSIUTWPY VSVN-X2 4q
PaITEYD ‘DYN SYL "PAIONPUOd 31aM (DYN)
[IUNOY Yoieasay [euocneN 2yl Surpnpur
soanIuwod pue sdnoid Juspuadopu sno
-UBA AQ SMIIAI JO IOQUWINU € /86T UL

'STe03
suopesado Furasnyoe 10§ suondo snouea
paIapisuod 1eyl uodar e paonpord oo

Iolew sryJ, 'suonelado uonels jo wusw
-$$asse dewalsAs e Sunonpuod Aq Suru
-ued suonerado snooj 01 PazIUEFIO SEM

o210y yse] suonendQ ay1 ‘o[ymueay
‘Aj8urpioode
souanbas A[quiasse a1 pasiasI pue
S3[NPOW UoneNqeH pue A101BI0(E] Yl JO
PU2 311 1 SOPOU 20IN0S2I PappE 1nq ‘NS
o) 18 paysiqeIsa uonein3yuod Juljaseq
[99Y [en( Y1) JO SSUPUNOS Y] POWLI
-Jeal UoTym (J1AD) 22J04 YSE] UonenjeAq
[eonuD pa1Insuod Afeads e AQ motas
asuajul ue 03 paalqns sem weiSoid

oyl ‘9861 J2quandag pue 1sndny uf
‘s1auenbpesy e
pa1es0] 90130 wesdoid ] (9497 € 01 1dad
-uod 13JUd)) pea], JOULIOJ 1) WX YIys
B SEM STY] ‘103JJ2 UT "astuadxa s Ja1ua)) oy
pa1oa]jal 1eyl ,so8eNOed JIOM, UT SISIUS)D

2501]1 0] PAIEJO][E UYL SEA }IOM UOT)

-e1s 2oeds oy, "werdoid a1 Yum pPIAJOAUL
Anrewnd s121U2) VSYN 9SOY) 1€ SadIPO
1slo1g uonels soedg [enpIAlpuUT (¢ puE
‘BIUISIIA ‘U0IS3Y Ul PAIEDO] 137€] ‘ADIJJO
weidold uonels 20eds oY) (7 ‘uonelg
2oedg jo 20130 s1arenbpea] ayi (1
JUIWSZEUEW JO S[2AD] 321U JO JUSWYSI|
-qe1sS 9yl sem 2say) Suowy ‘pajuswajdun
oJoMm YOIYM JO AUBW ‘SUOHEPUSTIWOIDI
[euoneziuedio pue onewwrerdold ‘yusw
-a8euew apew ‘sdif[Iyd [onureg [eIsuan
1o8euep weidoid ofjody-xo Aq pa[ ‘Apmig
JUSWDSBUEIN VSVN 9UL "PAUNUEXd SEA
‘uonels adeds se yons ‘swesdord rofew jo
juswaBeuew ‘sordoy annys soyio Suowe
‘yoryam Sunmp pouad vonen[eas sAnsneYxs
ue Y3noy 1uam VSYN ‘9861 Jo Arenue( ur
JUSPIOOE J9ZUI[[EYD 21 JO NS B SY




Fe LU

in contractor work, schedules and respon-
sibilities, the design phase got off to a
busy start. The major engineering activity
for 1988 was the Program Requirements
Review (PRR) which proceeded on sched-
ule. The PRR provides a critical review
and assessment of the Level I require-
ments stated in the Program Requirements
Document (PRD), and necessary Level III
requirements to assure complete and con-
sistent specification of program require-
ments.

The Level I Office of Space Station
review was completed in May 1988; the
Level II Space Station Program Office
review was completed in June 1988; and
the Level III Work Package Centers
review was completed in November 1988,
Also, 1988 was the year for finalizing the
details of the Work Package prime con-
tractors once the program funding levels
were made and money was appropriated.
This allowed prime contractors to deter-
mine when they could get their subcon-
tractors onboard and begin staffing up for
their work assignments.

During the last half of 1988, the negoti-
ations of international agreements regard-
ing Phase C/D/E were completed and the
agreements were signed on September 29,
1988, the same day as the STS-26 launch.
This event culminated the efforts of the
international partners and the U.S. to
determine how they would work together
to develop and operate Space Station
Freedom. Various committees and work-
shops occurred during 1988 to continue
the review of requirements from all disci-
plines, including the sciences, advanced
technology and commercialization oppor-

tunities. Another 1988 activity involved a
major effort to determine the optimum
launch and assembly sequence to provide
an earlier man-tended capability. 1988
was also filled with preparation of reports
required by Congress on various topics.
Major reports were delivered at the aver-
age rate of one per month.

Phase C activities concluded in the fall
and winter of 1988 included fulfillment of
the required staffing, facility construction
planning, development of an associate
contractor relationship that would simplify
the program integration process and
release of two more Requests for
Proposals (RFPs); one on the Test Control
and Monitor System (TCMS) in September
and one for the Flight Telerobotic Servicer
in November.

During 1989, the program was faced
with severe budget cuts. A Configuration
Budget Review (CBR) Team was formed
in July to develop preliminary options for
presentation to space station management
and the international partners. Three sep-
arate Level I/II Control Boards were con-
vened to analyze the options and
recommendations. These three Control
Boards were held in August, September
and October 1989. The results of this
“rephasing” were briefed to Congress and
were implemented by changes to the
Program Requirements Document. These
results maintained the first element
launch in March 1995, but delayed the
assembly/complete milestone 18 months,
while making some significant system
and subsystem changes. The CBR kept
the station element design essentially the
same,

0

In January 1990, the External
Maintenance Task Team (EMTT) was
formed to address concerns regarding the
amount of extravehicular activity (EVA)
required to maintain the station. The
EMTT was co-chaired by Dr. William F.
Fisher, astronaut, and Mr. Charles Price,
Chief of the Robotics Systems
Development Branch at NASA’s Johnson
Space Center. They were given the
authority to review all aspects of Space
Station Freedom external maintenance
and repair. They conducted a seven-
month investigation, concluding that
about 3,200 hours of EVA, annually,
would be needed to maintain the station,
but made several recommendations
which, if implemented, could reduce EVA
to 500 hours annually.

To address the findings and recommen-
dations of the EMTT, a complementary
program-wide team was formed in June
1990 called the External Maintenance
Solutions Team (EMST). The EMST was
chaired by Dr. William E. Simon of JSC
and was chartered to develop solutions to
the problems regarding Space Station
Freedom external maintenance identified
by the EMTT. The EMST’s two-month
study concluded that about 3,500 hours of
EVA would be required annually, but this
could be reduced to about 485 hours by
implementing their solutions.

In June 1990, the Level II Resources
“Turbo Team” was formed to reduce the
weight of the station and the housekeep-
ing power requirements.

Throughout 1990, Preliminary Design
Reviews (PDRs) were held. In all, over 80
separate design reviews were conducted
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handling these elements prior to on-orbit
actual assembly.

Prior to launch, all elements are sent to
the Space Station Processing Facility
(SSPF) at Kennedy Space Center (KSO).
Here, the launch packages are assembled
and thoroughly tested. Tests are per-
formed to verify that flight software and
' hardware are compatible and correctly
installed.

The program development has distinct
phases. The initial phase calls for the first
element launch to occur in the first quar-
ter of 1996. Man-tended capability (MTC)
will be met in the second quarter of 1997.
The MTC phase culminates with the per-
manenty manned capability (PMC) of the
station with at least a 4-person crew in
2000. Seventeen Shuttle flights with four
Advanced Solid Rocket Motors (ASRM)
flights will be needed to complete the ini-
tial phase. On the eighteenth flight, the
centrifuge will be added. An Assured Crew
Return Vehicle (ACRV), capable of return-
ing space station crew members to Earth
in an emergency, will be in place prior to
permanent staffing of the station. During
. the initial phase substantial accommoda-

tions will be available to microgravity
- materials and life sciences researchers.

The Follow-on Phase will result in fur-
ther enhancements consistent with nation-
al policy.

Phase E
Operations (Qverlaps Phase D) from First
Element Launch 1996 to End of Life

Six Shuttle flights will be needed for sta-
tion assembly to achieve MTC. Following

MTC, four Shuttle flights per year are
scheduled for station assembly and main-
tenance. There also will be three utiliza-
tion flights per year during MTC
operations. During these utilization flights,
the Shuttle will dock at the station for 13
days or more. A crew of up to seven will
be onboard the Shuttle. Four of the crew
will devote their time to support space
station user activities. During this period
experiments requiring human intervention
will be conducted. Experiments that
require quiescent operation for an extend-
ed period can be left onboard the station
to operate while the station is unattended.
The crew will have been trained in the
handling of the experiments and their
results.

Following PMC the station will be per-
manently staffed by at least a four person
crew, two of whom will be dedicated to
supporting space station user activities.

Planning for the space station opera-
tions and utilization is designed to maxi-
mize the use of onboard resources.
Operations planning for the long, medium
and short range is centrally managed to
account for system and user demands,
ensuring an integrated schedule is avail-
able at each stage of payload develop-
ment, checkout and flight. Below this
level, detailed planning is distributed to
the actual users and to operators of the
space station. This arrangement provides
these groups with the flexibility to meet
rapidly changing conditions and to
accommodate unexpected payload
research opportunities.

The Space Station Control Center
(SSCC) at the Johnson Space Center will

perform station systems management and
interact with a Payload Operations
Integration Center (POIC) at the Marshall
Space Flight Center, which will work with
users either individually or through user-
provided operations centers. Predefined
allocations will govern distribution of
available resources among both U.S. and
international users of the manned base.
An execution plan for payload operations
will provide for experiments the crew will
conduct, autonomous experiments and
those operated remotely via the station’s
information system by investigators in lab-
oratories on Earth. Experiment scheduling
will be according to requirements for
resources, such as crew time and power.

Payload integration also will use a dis-
tributed operations concept. Users will be
able to integrate their experiments into
racks and onto pallets at multiple user-
operated sites certified by NASA. These
sites will allow users to check payload
hardware and software interfaces for
proper operation before the payloads are
transported to the launch site.

Logistics operations for the manned
base will be concentrated at KSC. With
the space station in orbit for at least 30
years, maintenance and servicing will be
performed routinely. Station design pro-
vides for Orbital Replacement Units
(ORUs), which a crewmember can
remove and replace inside the pressurized
volume, or by robotics or EVA for exter-
nally mounted payloads. Critical replace-
ment units will be stored onboard, and
others will be on the ground ready for
transport in logistics elements as
needed. &
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Assembly

Space Station Freedom weighs over a half
million pounds and will require multiple
launches for its assembly in orbit. Based
upon the Shuttle’s performance and pay-
load bay physical characteristics, the cur-
rent planning calls for 17 Shuule flights
including four ASRM flights to get all of
the elements, systems and support equip-
ment to Earth orbit. On the eighteenth
flight, the centrifuge will be added. This
assembly process will take about four
years. The sequence in which these flights
occur and the packaging of selected parts
is dependent on many factors. Early plan-
ning of the assembly sequence was based
on various criteria such as utilization, man-
ning, safety, power and microgravity levels.
A brief description of Space Station
Freedom’s major assembly milestones is
presented below. There are three major
milestones which are planned to be
accomplished at the completion of the
first, sixth and seventeenth Shuttle flights.

» The First Element Launch (FEL)

e Man-Tended Capability (MTC)

* Permanently Manned Capability
PMO)

While the station is being assembled,
there will be three flights per year to sup-
port user activities. These flights will
begin following MTC.

First Element Launch (FEL)

The first station cargo, called Mission
Build (MB-1) carried by the Shuttle will
consist of a set of integrated components

to provide a “cornerstone” on which to
assemble the station. This cornerstone will
be the starboard side of the station and
includes a solar power module, an
unpressurized berthing mechanism, the
Mobile Transporter, two pre-integrated
truss (PIT) segments, an alpha rotary joint
assembly, and starboard integrated equip-
ment assembly (IEA). These pre-integrated
truss segments will be built and checked
out on Earth. They will then be connect-
ed, on-orbit, by astronauts and the
Shuttle’s Remote Manipulator System
(RMS). The Space Shuttle will rendezvous
and berth with this cornerstone assembly
on subsequent assembly flights.

Second Assembily Flight (MB-2)

The second assembly flight will deliver
the third PIT segment and two propulsion
modules. The electrical power system
(EPS) will be activated, attitude control
and reboost capability will become opera-
tional, and the S-band portion of the com-
munications and tracking (C&T) system
will be activated.

Third Assembly Flight (MB-3)

The third assembly flight will transport
another PIT segment with a Thermal
Control System (TCS) radiator, UHF and
Ku-Band portions of the C&T system and
the Canadian-provided Space Station
Remote Manipulator System (SSRMS).

Fourth Assembily Flight (MB-4)

The fourth assembly flight will deliver
another PIT segment, crew and equipment
transfer aids (CETAs) and additional
equipment.

g

=

A

Fifth Assembly Flight (MB-5)

The fifth assembly flight will deliver the
port node and racks, a pressurized dock-
ing adapter and the cupola including a
workstation. On this flight a pressurized
berthing location will be established for
future use; the central TCS will be activat-
ed; and the station will be capable of
command and control activities.

[

i

Man-Tended Capability (MTC)

The sixth Shuttle flight will carry the U.S.
Laboratory Module and racks. At this
point, the station includes propulsion
modules, a TDRS antenna, thermal con-
trol, guidance, navigation and control
apparatus, the aft port node, the pressur-
ized docking adapter, the Mobile
Servicing System, a cupola and the U.S.
Laboratory Module outfitted to accommo-
date experiments. These added compo-
nents and elements will provide the
station with an early man-tended capabili-
ty until PMC, Payloads which can function
unattended until the next scheduled
assembly flight will be accommodated at
this time. (See the figure on page 24.)

Seventh Assembly Flight (MB-7)

The seventh assembly flight will add an
airlock, pressurized docking adapter, the
Canadian Special Purpose Dexterous
Manipulator (SPDM) and Mobile Servicing
System Maintenance Depot (MMD).

Eighth Assembly Flight (MB-8)

This flight will add another pre-integrated
truss section with Thermal Control System
and UHF antenna.
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Traditional
Center
Rolesand
Responsibilities

The Marshall Space
Flight Center in
Huntsville, Alabama,
was established
July 1, 1960, through
the transfer to NASA
of part of the U.S.
Army Ballistic
Missile Agency. The
Center was named in honor of General
George C. Marshall, the Army Chief of
Staff during World War 11, Secretary of
State and Nobel Prize Winner for his
world-renowned “Marshall Plan.” Rocket
pioneer Dr. Wernher von Braun was the
Center’s first director.

Marshall is well-prepared for its
Freedom Station responsibilities, having

- managed America’s first space station,

Skylab, which was launched in 1973. In
addition to having overall program man-
agement of Skylab, Marshall was responsi-
ble for much of Skylab’s hardware and
science experiment development and for
the integration of the hardware and
experiments into Skylab.

Marshall is also NASA’s lead Center for
Spacelab, a Space Shuttle-based, short-
stay space station that is serving as a step-
ping stone to the permanently-manned
Freedom Station. Marshall developed
selected Spacelab hardware and provided
technical and programmatic monitoring of
the international Spacelab development
effort. The Center is also responsible for

PR

managing many Spacelab missions that
include developing mission plans, inte-
grating payloads, training payload crews
and controlling payload operations.
Marshall is the home of NASA’s Payload
Operations Control Center (POCC) from
which S$pacelab and other major science
missions are controlled.

The Marshall Center has managed
many successful space projects since its
creation nearly three decades ago. It pro-
vided the Redstone rocket that put Alan
Shepard into space in 1961. It developed
the Saturn family of rockets that boosted
man to the moon in 1969. Saturns were
also used in 1973 and 1974 to launch
Skylab as well as Skylab crews, and in
1975 to carry the Apollo spacecraft into
Earth orbit for the historic link-up with
the Russian Soyuz spacecraft.

Marshall payloads have included the
three Pegasus micrometeoroid detection
satellites (1965); the Lunar Roving Vehicle
(1971) for use on the lunar surface; and
the High Energy Astronomy Observatories
launched in 1977, 1978 and 1979 to study
stars and star-like objects.

In helping to reach the nation’s present
and future goals in space, the Center is
working on more projects today than at
any time in its history. In addition to its
Space Station Freedom and Spacelab
roles, Marshall provides the Space Shuttle
main engines, the external tank and solid
rocket boosters for each Shuttle mission.
Marshall was NASA’s lead Center for the
development of the Hubble Space
Telescope (HST), which was launched in
June 1990. GSFC now has lead for opera-
tions of the HST.

Rk

Other current Marshall projects include
the Advanced Solid Rocket Motor (ASRM);
the Advanced X-Ray Astrophysics Facility
(AXAF); the Inertial Upper Stage (IUS);
the Transfer Orbit Stage (TOS); and the
Tethered Satellite System.

The Marshall Center is working to
develop a heavy lift launch vehicle, a new
launch system, with joint participation
with the U.S. Air Force. Other future-ori-
ented programs include studies focusing
on missions to Mars, a return to the moon
and establishment of bases on both bod-
ies, and a series of Earth-observing exper-
iments and space-based facilities to help
us protect our environment and more
fully understand the planet on which we
live. Marshall facilities in Huntsville
include structural and test firing facilities
for large space systems, unique and spe-
cialized laboratories for a wide variety of
studies, and facilities for assembling and
testing large space hardware. It also oper-
ates the Michoud Assembly Facility in
New Orleans, Slidell Computer Complex
in Louisiana, and tests Space Shuttle main
engines at the Stennis Space Center in
Mississippi.&F
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Logistics Elements

Marshall is responsible for the logistics
elements required for the transport of
cargo to and from the station, for resupply
of items required for crew, station and
customers; and for the on-orbit storage of
these cargoes. A key element will be the
Mini Pressurized Logistics Carrier (built by
Italy under direction of Marshall) at MTC
and the Pressurized Logistics Carrier at
PMC to carry items used inside the pres-
surized modules. Other elements include
Unpressurized Logistics Carriers for the
transport of spares, fluids, propellants and
dry cargo, used outside the pressurized
modules.

Resource Node Structure

Marshall is responsible for the structure of
the resource nodes, required to intercon-
nect the primary pressurized elements of
the manned portion of Space Station
Freedom. Resource nodes also house key
control functions and support experi-
ments. Marshall provides the resource
node structures, berthing mechanisms,
racks, the ECLSS system, fluid manage-
ment system, internal thermal control,
internal audio and video communication
systems and manned-systems subsystems,
components and hardware. After PMC, the
2.5 m. centrifuge will be located in the
endcone of Node 3. It will also house the
habitats and systems.

Environmental Control & Life Support,
Internal Thermal Control, and
Audio/Video Systems

Marshall is responsible for the Environ-
mental Control and Life Support System
(ECLSS). The ECLSS provides a shirt-sleeve
environment for the astronauts in all the
pressurized modules of Space Station
Freedom. A key feature of the ECLSS is
the regenerative design in the water recla-
mation system. Freedom Station’s internal
thermal control and audio/video systems
are also provided by Marshall. &
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duration crew activi-
ty and habitation
functions like eating,
sleeping, relaxation
and some work
activities. It is the
same size as the U.S.
Laboratory Module
and provides the
same shirt-sleeve
environment. The
Habitation Module is
located parallel and

next to the U.S.
Laboratory Module in the cluster of pres-
surized modules that make up the manned
base.

The Habitation Module has internal
audio and video, data and information
handling, and utility distribution and con-
trol. The floor and ceiling are used for
stowage, equipment, and provisions for
crew and daily operations. The interior of
the Habitation Module is outfitted for
cooking, sleeping, personal hygiene, and
other human needs. At one end of the
module are the galley and wardroom. The
galley is equipped with an oven, refrigera-
tor/freezer, trash compactor, hand washer
and water supply. The wardroom, equip-
ped with windows, is an area for entertain-
ment, eating and meetings. The middle of
the Habitation Module is devoted to
hygiene with a bathroom and shower.

Special attention is devoted to the
Habitation Module to ensure a “crew
friendly” environment. Knowledge, mate-
rials and techniques learned from previ-
ous space flights and airplane cabin
technology will keep noise levels at about
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50 decibels—as quiet as a whisper. The
crew will sleep in attached sleeping bags
in the aisle of the module after PMC.

The Habitation Module is designed for
four crewmembers. The tabletop panels
adjust to provide various seating
arrangements for the entire crew for
meals, meetings, games, relaxation or tele-
conferencing. Because work schedules are
expected to be scattered, two members of
the crew may be eating supper while two
others are eating breakfast.

The exterior and shells for meteoroid
and radiation protection are similar to
those of the U.S. Laboratory Module.,
Thus, the “Hab and Lab” Modules are
made from the same materials and same
basic designs, resulting in commonality
and an estimated 20 percent cost savings.

While there is no up or down in
weightless space, the Habitation Module
does resemble an ultramodern, Earth-
bound kitchen, den and entertainment
center. The notable exception is the verti-
cal sleep restraint system in place of bunk
beds. See the JSC section for more on out-
fitting the Habitation Module.

Logistics Elements
Logistics elements are cargo canisters
attached to the station truss or to a node.
They are designed to be exchanged rather
than refilled, containing either dry or fluid
material. The combination of cargoes will
vary for each flight to and from the sta-
tion, depending on requirements of the
crew, station and customers.

Basically, Space Station Freedom
requires two kinds of logistics elements:
pressurized and unpressurized. Both are

s

needed in the transport of equipment,
supplies and fluids to the station, and to
return experiment results, equipment and
waste products back to Earth. These carri-
ers provide the logistics for the ground-to-
orbit, on-orbit supply and storage, and
return-to-ground requirements of the sta-
tion. They are designed to fit in the cargo
bay of the Space Shuttle.

Pressurized Logistics Carriers (PLCs)
The basic purpose of the PLCs is to pro-
vide ready, on-orbit access to cargo with-
out extravehicular activity. That means a
PLC is a habitable environment, providing
a benign, temporary storage facility for
cargo. Thus, a PLC contains all the electri-
cal, thermal, and air quality requirements
of an inhabited module. It will transport
cargo requiring a pressurized environment
to the station, and then transport equip-
ment, products, biological products and
waste from the station. The interchange-
able racks contain consumables, spare
parts, experiment parts and orbital
replacement units (ORUs). The ORUs are
modular components of the station that
can be easily removed and replaced.

Unpressurized Logistics Carriers (ULCs)
Other ORUs, payloads and equipment are
used in an unpressurized environment.
Therefore, several unpressurized logistics
carriers will be berthed at station ports.
Typical contents in the ULCs include dry
cargo; ORUs for station, payloads and
platforms; payloads and experiments for
the station and platforms; and fluids for
the crew, payloads and the ECLSS.
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needs of the crew and any other users. It
will pretreat waste water in order to pre-
vent chemical breakdown and the growth
of microbes. Post-treatment systems and a
water quality monitoring system will
ensure that the water provided to users is
of sufficient quality.

Waste management is another impor-
tant function of the ECLSS. Waste prod-
ucts (e.g., metabolic waste, food,
packaging, regenerative process effluents,
hard copy waste, etc.) will be collected
and processed for conversions to useful
products or returned to Earth. Venting of
gases shall be controlled so as to avoid
contamination or degradation of the exte-
rior shells of modules, not to mention
exposed payloads out on the truss.

The ECLSS will provide support for ser-
vicing the Extravehicular Mobility Unit
(EMU), the Extravehicular Excursion Unit,
and the EVA systems. It will provide the
depressurization and repressurization of
the airlock. An interface will exist between
the ECLSS and the Thermal Control System
(TCS) for the removal of heat from the
atmosphere of the pressurized elements.

Commonality is stressed as the ECLSS is
built into each of the U.S. Laboratory and
Habitation Modules, nodes and the pres-
surized logistics carrier. This commonality
reduces manufacturing costs, lightens the
load for spare parts and makes repairs
simpler and quicker. In the event of an
accident or malfunction, the ECLSS is built
with redundant life-critical hardware in
the U.S. modules.

The ECLSS represents design challenges
not seen on previous space programs. The
requirements for closed loop air and water

systems extend human duration in space
and reduce resupply flights significantly.

Resource Node Structure

Resource nodes are required to intercon-
nect the primary pressurized elements of
Space Station Freedom. As such, they also
house key controls for operations.

A resource node is a pressurized vol-
ume and an environmentally controlled
enclosure. It is also a center for Space
Station Freedom command, control and
operations. Distributed subsystems are
located and controlled here at worksta-
tions. The two resource nodes, located at
the ends of the U.S. Laboratory and
Habitation Modules, provide a pressurized
passageway to and from the modules and
an interface to the Space Shuttle.

Built like the other pressurized mod-
ules, the nodes will be smaller, about 17
feet (5.2 meters) long and 14.5 feet
(4.42 meters) in diameter. They will
reduce the amount of EVA time required
to assemble the station. The nodes are
designed and built by Marshall Space
Flight Center and outfitted by Johnson
Space Center. Each node is a pressurized,
environmentally controlled element
designed to perform a variety of activities:

* passage of crew and equipment,

» station command and control functions,

= external view for berthing and
proximity operation,

e IVA control and monitoring elec-
tronics for the MSS,

* residence for station distributed
systems,

e limited station storage,

residence for supporting utility sys-
tems equipment,

limited user payload operation,
residence for the centrifuge, and
residence for the Crew Health Care
System.

L]

The first node to be launched, Node 2, is
located between the U.S. Laboratory
Module and the Japanese Experiment
Module (JEM). It contains the primary
command control workstation and pro-
vides integrated avionics racks to perform
data management, thermal control, com-
munications and tracking and electrical
power monitoring and control. Node 2
provides ports for the airlock, pressurized
logistics module, cupola and Node 1.
Node 2 is available at MTC.

The second node to be launched, Node
1 is attached to the starboard port of
Node 2 and provides ports for the
Habitation Module, the Columbus Labora-
tory, the Pressurized Logistics Module and
the Assured Crew Return Vehicle. It con-
tains the secondary command control
workstation and other integrated avionics
racks which distribute electrical power,
data management, audio/video and com-
munications and tracking resources.

The cupola is being designed for maxi-
mum viewing with both portable and
installed command and control consoles.
It will be attached to the outboard port of
a resource node. It can be used for obser-
vations during shuttle berthing and
attached payload servicing. It will accom-
modate two astronauts. A cupola cover
can extend to provide micrometeoroid
and debris protection. 4
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Traditional
Center Roles
and
Responsibilities

The history of the
Johnson Space
Center began in
1961 when it was
announced that the
new Manned
Spacecraft Center
would be estab-
lished near Houston,
Texas. The land, originally Humble Oil
and Refining Company property that had
been donated to Rice University, was
transferred to the government by the uni-
versity. Construction of facilities was
begun in 1962 and the majority of build-
ings were completed by 1965. The name
of the Center was changed to the Lyndon
B. Johnson Space Center in 1974,

The Johnson Space Center is located in
Harris County, Texas, on what is now a
1620-acre tract near Clear Lake. The site is
approximately halfway between Houston
and Galveston.

JSC participated with other NASA instal-
lations in the Mercury, Gemini and Apollo
space programs which culminated in the
first manned lunar landing in July 1969.
The Skylab space station, controlled from
JSC, provided the basis for numerous sci-
entific projects including the evaluation of
manufacturing methods in space, the
study of energy radiation from the sun
and the study of the capability for space
monitoring of the environment and
resources on Earth, JSC participated in the

joint U.5.-U.5,8.R. (Apollo-Soyuz) space
mission in 1975, which has highlighted
international cooperation in space to date.
With the adoption of a national goal for
development of a space transportation
system, JSC has played a major role in this
area. JSC serves as both the development
center for the Space Shuttle and the oper-
ations center for the evolving transporta-
tion system,

Activities in the development of the
Shuttle have included the successful com-
pletion of a number of research goals.
The development of the power extension
package will utilize deployable solar
arrays, which are expected to triple the
on-orbit stay time and double the avail-
able power compared 1o initial concepts.
JSC has also demonstrated the feasibility
of a three-man vehicle launched by the
Shuttle which can potentially perform a
wide variety of construction and service
operations that would exploit the capabili-
ties of man in space. Also, an analysis has
been made by JSC of deployment, erec-
tion, fabrication and assembly of very
large structures in space.

Research and development activities at
JSC related to manned space flight
include:

1) The design, manufacture, testing,
qualification and delivery of sys-
tems such as space suits, extrave-
hicular activity systems, crew
provisions and crew support
equipment;

2) The development of instrumenta-
tion, data management systems

and ground checkout systems
used on manned spacecraft; and,

3) The analysis, development and
evaluation of spacecraft struc-
tures, materials and thermal pro-
tection systems.

In addition to its role in the development
of the Space Shutle, JSC is involved in a
wide range of research and technology
activities in other areas. In lunar and plan-
etary science, JSC scientists have led in
the investigation of the ancient lunar
crust. The tie of lunar and planetary stud-
ies to Earth has been strengthened. A new
model has been developed for the origin
of the Earth’s continents. The environ-
mental effects of space transportation are
also being studied, from the standpoint
both of the effects of launch and landing
on the Earth environment and of the
effects of the space environment on vehi-
cles or structures in space. In the area of
life sciences, research is being conducted
to understand the effects of weightless
spaceflight on the human body and to
apply spaceflight-developed procedures
and equipment to the solution of prob-

‘lems on Earth.

Other Earth observation responsibilities
of JSC include soil moisture mapping,
multicrop research| water mapping,
forestry applications and resources inven-
tory with the State of Texas.&r
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Airlock

Space Station Freedom will have one
hyperbaric airlock. The airlock attaches to
a node and enables the transfer of crew
and equipment between pressurized and
unpressurized zones. The hyperbaric air-
lock also has the capability for the treat-
ment of decompression sickness or air
embolism.

Distributed Systems

There are a variety of systems which are
fundamental to the operation of the space
station in a safe and effective manner.
They are data management, communica-
tions and tracking, guidance, navigation
and control, thermal control, EVA, electri-
cal power systems, environmental control
and life support and manned systems.

Manned Systems

Manned Systems provide the crew with a
safe environment and the necessities of
life. Manned Systems include the health
care system, hygiene system, crew quar-
ters, galley, wardroom, food management,
lighting, workstations, restraints and mobil-
ity aids, housekeeping/trash management,
portable emergency provisions, opera-
tional and personal equipment, stowage,
flight crew integration and training.4#
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¢ The Solar Alpha Rotary Joint which
supports the outboard transverse
booms, provides controlled rota-
tion to point the power generation
panels toward the sun and trans-
fers electrical power, data and
video across the rotating interface.

* The Thermal Radiator Rotary Joint
(TRRJ) which supports the radiator
panels, controls their orientation
and transfers electrical power, lig-
uid/gaseous ammonia, and data
across the rotating interface,

e The Thermal Radiator Beam
Launch Restraint secures the radia-
tor beam to the segment truss dur-
ing launch and is released prior to

radiator deployment. It is also used

to restrain the radiators in the
event the TRR]J is removed and
replaced.

e The Capture Latch, which is com-
mon to all the attach systems, cap-
tures and draws the two mating
components together, and restrains
the repeatedly berthed (Propulsion
Module, Cryo Pallet, and the
Unpressurized Logistic Carrier)
payloads to the SSF truss. It posi-
tions the truss segments so the
Segment to Segment Structural
Attach System can permanently
join the segments.

* The Segment to Segment Structural
Attach System is a motorized bolt
that joins and preloads the truss
segments and provides the struc-
tural load path between truss seg-
ments. In other applications, it
structurally attaches, restrains or

releases different components such
as the UBA to MTE and the
Radiator Launch Restraint System.

e The Unpressurized Berthing
Adapter (UBA) extension, locking
and attach systems extend the UBA
and latch and structurally join it to
the Mobile Transporter Element
(MTE) thus providing the initial
berthing interface between the
Orbiter and SSF. This sequence is
reversed when the Pressurized
Berthing Adapter is attached to the
SSF so the UBA can be retumed to
Earth.

e The Antenna Deploy/Support sys-
tems provide for deploying and
attaching the various antenna sys-
tems (Ku-band, ACS RF and UHF)
to the truss.

* The Trailing Umbilical System pro-
vides control data and video to the
MTE through a fiber optic cable
that extends or retracts as the MTE
travels on its rails.

e The Airlock and PBA EVA hatch
seals are similar in configuration.
The mechanical systems restrain
and position the hatches in the
open or closed position and pro-
vide the preload to initiate a seal.

» The Umbilical Mechanisms provide
power and data, or fluid transfer
between the SSF and the Mobile
Transporter, Propulsion Modules,
Cryo Pallets, Unpressurized
Logistics Carriers and also between
the MTE and UBA.

ik

Resource Node Design and Oulffitting
The JSC is responsible for the design and
outfitting of the two resource nodes. They
are located at one end of the Habitation
and U.S, Laboratory modules, and are
designed to interconnect the pressurized
modules. The nodes are small, pressur-
ized cylinders, approximately 14.5 ft.
(4.42 m.) in diameter and 17 ft. (5.2 m.)
long, that serve as command and control
centers, and as pressurized passageways
to and from the various modules. They,
like the modules, have a primary and a
secondary structure and contain accom-
modations for distributed systems.,

Node 1 serves as a backup control cen-
ter for the Communication and Tracking
System, Data Management System,
Guidance, Navigation and Control System,
Propulsion System, Electrical Power
System and Thermal Radiator Rotation. It
is located between the Columbus
Attached Pressurized Module and the
Habitation module and attaches to an
ACRV and Node 2. It has one of the
berthing locations for the Pressurized
Logistics Module.

Node 2 provides primary command
and control. It is located between the JEM
and the U.S. Laboratory module, It also
serves as a berthing location for the
Pressurized Logistics Module and is
attached to the airlock. Node 2 will also
contain a pressurized berthing mechanism
for the temporary attachment of the Space
Shuttle during assembly.

Cupolas
There is one cupola planned for MTC
and PMC which is attached to Node 2.
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station. The audio subsystem provides
audio communications between the crew
inside the pressurized modules, the
ground, the spacecraft and astronauts in
extravehicular activity, for entertainment
of the crew, and emergency communica-
tions. The video subsystem provides all of
the internal and external video capabilities
on the space station by means of remotely
controlled cameras. It includes closed cir-
cuit TV, storage, retrieval and special
monitoring capability for the experiments
conducted onboard the space station. The
audio and video subsystems utilize fiber-
optic technology to maximize reliability,
bandwidth and performance, while saving
hundreds to thousands of pounds over
conventional wiring techniques. MSFC has
responsibility for the internal video sub-
system; JSC has responsibility for the
external subsystem,

Guidance, Navigation & Control
{(GN&C)

The GN&C performs two main functions:
to stabilize the manned base in orbit and
attitude and to monitor traffic around the
space station.

Periodically, Space Station Freedom
will decay in orbit. The GN&C, using its
star trackers, gyroscopes and computers,
will signal the propulsion assembly for a
reboost to the proper altitude and artti-
tude. This system also supports the point-
ing of the solar arrays, thermal radiators
and antennas on the transverse boom.

Traffic management around the station
will also become critical. The GN&C mon-
itors all incoming, outgoing and station
keeping traffic; it also supports berthing

and docking operations for the Space
Shuttle. Finally, the GN&C responds to the
trajectories of vehicles and objects that
intersect the orbit of the manned base by
the executing of collision avoidance
maneuvers,

The crew and experiment motions and
drag on the large elements will cause the
manned base to turn or shift its attitude.
The GN&C system’s ring laser gyroscopes
and star trackers continuously monitor for
these disturbances and counteract them
by torquing one or more of the large spin-
ning control moment gyroscopes, or by
signaling the propulsion system for a con-
trolled thrust.

Data Management System (DMS)

The DMS is an onboard computer system
with two main functions. First, the DMS
includes all the hardware and software
necessary for data processing and local
communications among the onboard ele-
ments, systems and payloads. Secondly, it
provides an interface between human and
machine for the operation and control of
Space Station Freedom.

The DMS provides database access,
command and control, subsystem signal
conditioning and conversion from analog
to digital format, data transmission, data
processing and handling, and human com-
puter interfaces for the users and subsys-
tems as well as interface for the onboard
information systems of the international
elements. It enables users and subsystems
to initiate online capabilities such as com-
mand generation, data handling; graphics,
health monitoring, planning, scheduling,
training activities, display of performance

m 1 (IR om (AN

and trend data and monitoring of properly
interfaced payloads.

The Data Management System provides
a family of compatible computers ranging
from a single board computer suitable for
use as an embedded controller to a gener-
al purpose processor suitable for hosting
system application software. Each proces-
sor has a compatible set, or subset, of the
DMS operating systems tailored to its spe-
cific application. The DMS also includes a
common subsystem interface and control
Multiplexer/Demultiplexer assembly and
the Multipurpose Application Console
(MPAC). The MDM is the means by which
the DMS interfaces with the various sen-
sors and effectors on the station. It pro-
vides the interface between the sensors
and effectors on one side and the DMS
and MPAC on the other.

The MPAC is the electronic core of the
space station workstations. It provides
access into operational monitoring, train-
ing, testing, cautions and warning display,
TV and crew operations.

The information and data management
services provided will include data storage
processing and handling time and fre-
quency generation and distribution, and

‘onboard networking services adequate to

accommodate most user requirements.
The Data Management System inter-
faces will be capable of supporting both
Operations/Administrative (Q/A) traffic
and payload traffic on a near continuous
basis. O/A traffic can take priority over
payload traffic in the event of emergencies
or link failure which restricts link perfor-
mance. Specifically, the Data Management
System will exhibit the following features:
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Length: 27.44 ft. (8.36 m.) outside
Diameter; 14,50 ft. (4.42 m.) outside
Habitation Module | Weight: 35,600 Ibs. (16,148 kg.)
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consumables and user instruments for
launch to the manned base plus post-
landing activities upon return); space
operations (activities which transpire in
orbit); and space operations support
(ground-based activities which support or
control manned base and platform on-
orbit operations).

During realtime operations, the Space
Station Control Center (SSCC), led by its
Operations Director is charged with main-
taining manned base systems in working
order and providing for the general health
and welfare of the crew, SSCC responsibil-
ities will include: space systems perfor-
mance monitoring, resource availability
assessments and projections, oversight of,
and support for increment changes, sys-
tems and user operations replanning, sys-
tems maintenance, housekeeping
templates, crew safety assurance, extrave-
hicular activity (EVA) scheduling and sup-
port, trajectory and altitude maintenance
and command and control zone opera-
tions support in conjunction with the
Space Shuttle Mission Control Center.

In the interest of system safety and
clear communications paths to the station
crew, the SSCC will perform overall man-
agement and control of the air-to-ground
data and voice links, and will be responsi-
ble for coordination of space station sys-
tems operations data file uplinks to the
crew (including checklists and crew time-
lines). The Payload Operations and
Integration Center (POIC) at MSFC will be
responsible for coordinating specific user
operations of the data and voice links for
payload operations, consistent with SSCC
operations guidelines and constraints.

The SSCC is also responsible for inte-
gration of all systems upgrade and sus-
taining engineering operations support
provided by the various Engineering
Support Centers (ESCs), both domestic
and partner-supplied.

Other systems inputs are provided to
the SSCC for logistics support. These
inputs are integrated into the realtime
replanning effort, along with the user
resource templates provided by the POIC
to maximize systems performance, crew
effectiveness and user operations returns.

JSC, with support from the ESCs, will
provide an ongoing engineering support
capability for sustaining the performance
of systems acquired during the designing
and fabrication program phases. This will
include the provision of personnel and
technical analysis capabilities to support
routine space systems sustaining engineer-
ing activities, as well as on-call analysis of
unanticipated situations onboard SSF.

Space systems sustaining engineering
includes systems maintenance engineering
(engineering required to keep baselined
space systems operating at peak perfor-
mance); systems design engineering (engi-
neering analyses performed in support of
design modifications); and payload inte-
gration engineering {engineering in sup-
port of user payload operations and
integration).

Key SSCC Elements and Systems
Manned operations will be directed from
the Space Station Operations Control
Room (SSOCR) which is centrally located
on the second floor of the SSCC. Prior to
manned operations, the SSOCR will be

used for integrated training, which is
scheduled to begin in 1995.

Surrounding the SSOCR on the first,
second and third floors are Space Station
Support Rooms (SSSR) in which teams of
experts will provide realtime operations
support to mission controllers in the
SSOCR.

The Operations Support Room (OSR) is
also located on the second floor and will
serve as the prime operations center for
unmanned operations, as well as for train-
ing and operations support during manned
operations.

The Mission Operations Integration
Room (MOIR), located on the first floor,
will serve as a central point of information
exchange and resource management, dur-
ing missions, between the SSCC and such
external elements as the Space Station
Training Facility, Engineering Support
Centers located in the U.S., Canada,
Europe and Japan, as well as the POIC.

Also on the first floor is the Operations
Data Room (ODR) in which technical
experts representing the Space Station
Program and international partners can
monitor and analyze realtime and record-
ed telemetry.

The SSCC is composed of five basic but
critical ground systems that directly sup-
port SSF operations:

¢ Flight Support System,

¢ Darta Storage and Retrieval System,

* Communications and Data
Distributions System,

» Ground Support System, and

» Trajectory, Command, Analysis and
Timeline Systems.47
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Facilities
Space Station Control Center (SSCC)

The SSCC will provide for continuous
realtime Space Station Freedom control
and support, Manned Base Systems
Integration and Support, Flight Activities
Integration and Support, Flight Crew and
Ground Support Personnel Integrated
Training, Operations Planning and
Preparation Support, Ground
Applications Software Development and
Operations Concept and Procedures
Verification.

A five-story addition has been con-
structed at the southwest corner of the
existing Mission Control Center (MCC).
The addition consists of approximately
102,000 square feet of usable space for
space station operations support and data
processing and storage. The facility will
be fully operational approximately one
year prior to launch of the first element,
in order to conduct simulations. It will
house four computer mainframes, 90
workstations and 300 personnel.

Space Systems Automated Integration
and Assembly Facility (SSAIAF)

The SSAIAF will provide an area for high-
fidelity dynamics simulation testing of
manual and automated construction tech-
niques and hardware, component attach-
ment methods, and verification and
inspection techniques for on-orbit space
station structural assembly tasks and simi-
lar applications. It will provide required
space for a large stationary simulator. A
three-story laboratory is required for a
technician work and staging area.

A 48,000 square-foot addition has been
constructed at the east end of the Systems
Integration and Mockup Laboratory of
Building 9. The addition consists of a
21,000 square-foot high-bay area and a
27,000 square-foot, three story, laboratory
support area,

Space Station Training Facility (SSTF)
This facility will support Ground Training
Applications Software Development;
Manned Base Training for Crew and
Ground Support Personnel; Integrated
Operations Training for Systems and
Payloads; Flight and Ground Procedures
Verification; Flight Software Verification;
and Space Station Information System
Network simulation. A three-story addition
has been constructed on the south side of
the existing south-wing high bay of
Building 5 and is being outfited. The
addition includes approximately 23,200
square feet of floor space, A variety of
trainers needed for the unique space sta-
tion systems will be housed in the

facility. &
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Traditional
Center

Roles and
Responsibilities

The Lewis Research
Center was estab-
lished in 1941 at
Cleveland, Ohio,
adjacent to the air-
port. It was one of
three centers operat-
ed by the National
Advisory Committee
for Aeronautics (NACA) nationwide. The
center was named for George W. Lewis,
NACA’s Director of Research from 1924 to
1947. The Center developed an interna-
tional reputation for its research on jet
propulsion systems in the new jet age.

Lewis’ original objective was in aero-
nautics propulsion research. The Engine
Research Laboratory, as it was first called,
was responsible for creating technology to
improve aircraft engines and components,
studying fuels and combustion, and per-
forming fundamental research in those
areas of physics, chemistry and metallurgy
relevant to propulsion.

In October 1958, the NACA Centers
became the nucleus of the National
Aeronautics and Space Administration
(NASA). Today, Lewis government per-
sonnel number about 2,800 people plus
1,400 on-site contractors and the Center
has 100 buildings and 500 specialized
R&D facilities spread out over 360 acres.
In addition to offices and laboratories for
almost every kind of physical research
such as fluid mechanics, physics, materi-

als, fuels, combustion, thermodynamics,
lubrication, heat transfer and electronics,
Lewis has a variety of engineering test
cells for experiments with components
such as compressors, pumps, conductors,
turbines, nozzles and controls.

Whereas Lewis personnel have contin-
ued their traditional work in aircraft
propulsion, they have expanded their
expertise into space propulsion, space
power and satellite communications.
Lewis has managed the development of
many NASA launch vehicles in the past 25
years, including the Atlas, Titan and
Centaur rocket vehicles. In space commu-
nications, Lewis is currently managing the
Advanced Communications Technology
Satellite (ACTS) program. Lewis is also
noted worldwide for its expertise in space
power. Additionally, they have applied
this fundamental knowledge to terrestrial
applications such as solar and wind ener-
gy, automotive propulsion, advanced
technology batteries, fuel cells and
biomedical engineering.

A number of large facilities at Lewis
can simulate the operating environment
for a complete system: altitude chambers
for aircraft engines, large supersonic wind
tunnels, space simulation chambers for
electric rockets or spacecraft and a 420-
foot-deep zero-gravity facility. Some prob-
lems are amenable to detection and
solution only in the complete system and
at essentially full scale. Some of the
unique facilities supporting programs and
basic research include the following:

¢ Power Systems Facility,
* Propulsion Systems Laboratories,

* 8- by 6-foot Transonic/Supersonic
Wind Tunnel,

* 9- by 15-foot Low Speed Anechoic
Wind Tunnel,

¢ 10- by 10-foot Supersonic Wind
Tunnel,

* Icing Research Tunnel,

* Engine Research Building,

e High Pressure Facility,

» Vertical Lift Facility,

» Electric Propulsion Laboratory,

* Rocket Engine Test Facility,

* Zero-Gravity Facility,

¢ Energy Conversion Laboratory,

* Power Systems Facility,

* Materials and Structures
Laboratory,

* Materials Processing Laboratory,

¢ Basic Materials Laboratory,

* Central Process Air System,

® Research Analysis Center, and

* Plum Brook Space Power Facility
(which includes a 100 ft. diameter
by 120 ft. high vacuum chamber,
the largest in the free world).

The new Power Systems Facility will test
the Space Station Freedom Power System.
Lewis is well-prepared to manage the
end-to-end electric power system archi-
tecture for the station including solar
arrays, batteries and common power dis-
tribution.&#
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Elements and
Systems

Electrical Power
System (EPS)

NASA Lewis
Research Center is
responsible for the
end-to-end electric
power system archi-
tecture for the space
station. The EPS
provides all user

and housekeeping
electrical power and is capable of expan-
sion as the station is assembled and grows,
Initially, the EPS will supply 18.75 kW of
electrical power, which will increase to
56.25 kW at PMC (Permanently Manned
Capability). The EPS consists of power
generation and energy storage subsystems
grouped into a Photovoltaic (PV) Module
which feeds power into the Power
Management and Distribution (PMAD)
subsystem.

Power Generation Subsystem
A photovoltaic (PV) power generation sub-
system was selected for the Space Station
Freedom. A PV system has solar arrays for
power generation and chemical energy
storage (batteries) to store excess solar
array energy during periods of sunlight and
provide power during periods of shade.
Power for the space station will be pro-
vided by flexible, deployable solar array
wings. This configuration minimizes the
complexity of the assembly process by
taking advantage of the technology
demonstrated on Space Shuttle Flight STS-

41B. Each 39 ft. x 112 ft. (11.9 m. x 34.2 m.)
wing consists of two blanket assemblies
covered with solar cells. These are stowed
in blanket boxes which are attached to a
deployment canister. Each pair of blankets
is to be deployed and supported by an
extendible mast. A tension mechanism
will supply tension to the blanket as it
reaches complete extension. The entire
wing will be tied structurally to the
Photovoltaic Module by means of the beta
gimbal assembly. In order to provide the
power needed during the period of space
station assembly, two solar wings and
other elements of the power system are
scheduled to be carried up on each of the
Photovoltaic Modules, providing incre-
ments of 18.75 kW of power per module,

Energy Storage Subsystem

The primary purpose of the Energy
Storage Subsystem (ESS) is to provide
electrical power during the eclipse portion
of each orbit. The ESS stores energy for
this purpose during the isolation portion
of the orbit and is capable of providing
both peaking and contingency power.
The ESS consists of six nickel-hydrogen
AZTENV batteries, each with a dedicated
battery charge/discharge unit (BCDU), per
PV module. This configuration is known
as the full battery complement configura-
tion. Each of the PV modules, however, is
scheduled to be placed into orbit in the
“offloaded” configuration consisting of
four batteries and BCDUs, with the final
two batteries being added later. Each bat-
tery assembly consists of two 38-cell bat-
tery ORUs. The Ni/H; battery design has
been chosen for SSF because of its high

[ [N ' il
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energy density (light weight) and proven
heritage in space applications since the
early 1970s.

Solar Power Module (SPM)

The SPM consists of the power generation
subsystem, the energy storage subsystem,
a PV Module thermal control subsystem
and Power Management and Distribution
(PMAD) components, all mounted on a
structure called the Integrated Equipment
Assembly (IEA). The SPM generates 18.75
kW of power for the loads and is mount-
ed on the Space Station Freedom out-
board of the alpha gimbal assemblies. By
definition, the collection of PV Modules
on each end of the Space Station Freedom
are called Solar Power Modules (i.e., a
grouping of one or more Photovoltaic
Modules).

The solar array wings will be mounted
on the PV Module structure by means of
the beta gimbal assemblies which allow
for the changes of angle needed by the
wings to track the sun as the seasons
change throughout the year. The basic
structure within the PV Module consists of
the Integrated Equipment Assembly (IEA).
There is one IEA in each of the PV
Modules.

The energy storage subsystem will
include four batteries per Module, at the
time of the initial Man-tended
Configuration. These provide power dur-
ing time periods when the sun is not visi-
ble. In later stages of the Station assembly
the four batteries will be replaced by six
per Module in order to allow for both
greater eclipse power capability and
longer battery life. &
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Facilities

Power Systems Facility (PSF)

The PSF provides the capability for devel-
opment, testing, and evaluation of proto-
type power systems hardware for the
space station program. The facility is used
to test systems in support of both the
baseline program and evolutionary growth
phases, to simulate anomalies during
flight, and support testing needs for future
refinements. The PSF has a total area of
approximately 31,000 square feet and

includes a high bay test area with Class
100,000 Clean Room capability, a loading-
unloading-workshop area, laboratory
rooms and support areas. Batteries, other
system components, and the Power
Management and Distribution System will
be tested in PSF. The building site has
been selected for its close proximity to
the existing solar array field in recognition
of the importance of using line lengths

representative of the space station electri-
cal power distribution system. Electrical
transient interactions dare very sensitive to
line lengths and component separation as
well as the detailed characteristics of the
power source. While some studies will be
done using simulators for the power gen-
eration system, others will require use of
the outside solar array, powered by the
sun. &
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Traditional
Center Roles
and Missions

Carved out of virgin
savanna and marsh
in the early 1960s as
the departure point
for Project Apollo’s
manned explorations
of the moon, the
John F. Kennedy
Space Center (KSC)
has primary respon-
sibility for ground turmnaround and support
operations, prelaunch checkout and launch
of the Space Shuttle and its payloads,
including those of Space Station Freedom.

This responsibility extends to Space
Shuttle operations, including the construc-
tion and maintenance of Shuttle payload
and flight element processing facilities,
and the development of ground opera-
tions management, processing schedules
and logistics, and their use in support of
Shuttle missions and payloads. The con-
struction of a Space Station Processing
Facility began in April of 1991.

Kennedy Space Center responsibility
also extends to the facilities and ground
operations at Vandenberg Air Force Base
(VAFB) in California and designated con-
tingency landing sites.

Shortly after President John F. Kennedy
announced bold plans in 1961 to fly
American astronauts to the moon and
return them safely by the end of the
decade, Congress approved development
of a strip of marsh and sandy scrub 34
miles long and five to ten miles wide on

Florida’s east coast, midway between
Jacksonville and Miami. The “space coast”
of Florida has long been determined ideal
for launches and landings. The Atlantic
Missile Range was built at Cape Canaveral,
adjacent to the northern part of Merritt
Island where KSC is now located. Later
the Cape Canaveral peninsula became the
Eastern Test Range where both Mercury
and Gemini Spacecraft were launched.
NASA began acquiring land across the
Banana River from Cape Canaveral in
1962. By 1967, Complex 39 was opera-
tional, and the new space center was vari-
ously known as Cape Kennedy, Cape
Canaveral, and the Cape.

Complex 39 is strategically located next
to a barge site and soon consisted of a
variety of structures including a vehicle
assembly building, processing facilities,
press site, crawlerways to Complex 39
launch pads, and the launch control cen-

“ter. The Vehicle Assembly Building (VAB)

is described as the “heart” of Complex 39.
This huge building, covering eight acres
and standing 525 feet tall, is used for
assembly, stacking and mating of Space
Shuttle elements. The Launch Control
Center (I.CC) is described as the “brain” of
Complex 39. Launch, mission support,
and loading are controlled here.

Twelve manned and unmanned Saturn
V/Apollo missions were launched from

- the Cape between 1967 and 1972, and in

1973 the Skylab space station was placed
into high-circular orbit, followed by three-
member crews aboard Saturns later that
year to tend the station. The Saturn/Apollo
era ended in 1975 with the launch of a
Saturmn IV/Apollo crew on a joint manned

Il [ Ll

mission with the former Soviet Union.,
Earlier, in 1972, KSC was selected as the
primary launch and landing site for the
Space Shuttle because of its existing facili-
ties and structures.

A three-mile Shuttle Landing Facility
and an Orbiter Processing Facility were
built, and the Orbital Flight Test Program
began at KSC in 1979. Within three years,
KSC launched the Shuttle four times.

The current phase, commencing in 1982,
is called the Shuttle Operational Period
for KSC. The European-built Spacelab was
flown within 18 months, plus a variety of
observational, scientific and communica-
tions payloads. By 1983, KSC was
involved with paralle] processing of three
Space Shuttles. Today KSC continues lead
responsibility for Shuttle integration and
rollout, cargo processing, launch pad
operations, and Shuttle recovery. With the
launch of STS-26, the Discovery Orbiter,
KSC resumed its primary role in preparing
and launching America’s Space Shuttles.
KSC also continues its role of launching
unmanned rockets as America prepares to
enter the space station era 47
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Space Station
Payload
Processing Flow

|

will be designed for
the station, supplied
and resupplied by
the ground crew at
KSC. A pressurized
logistics module will
carry hardware and
consumables in a
benign temporary
storage facility,
accessible in orbit
without EVA equip-
ment. A fluids pallet
will handle the
resupply of consumables for the on-orbit
Environmental Control and Life Support
System, laboratories and satellite servic-
ing. An unpressurized cargo pallet will

carry tools, equipment, and supplies. Each
of these will be loaded into the payload
canisters for transportation and installation
in the Shuttle cargo bay at KSC and off-
loaded after return for refurbishing and
resupply in the Space Station Processing
Facility. Payload canisters are environ-
mentally controlled. Supporting subsys-
tems, such as instrumentation, monitoring
devices, fluids, gases and electrical power
are used as needed. Users will be expect-
ed to provide payload-peculiar Ground
Support Equipment (GSE) and technical
data documentation. All international and
domestic users must ensure interface com-
patibility of their equipment. Interface and
verification of payload-to-station and sta-
tion-to-Shuttle will be required before
canisters leave the

PAYLOADS

INTERNAL
PRESSURIZED

ATTACHED
PAYL OADS

MIDDECH

SPACE STATION PROCESSING FACILITY
ISSPF)

ATTACHED AND
INTE AMAL

MIDDECK
aND RAPID
AESPFONSE

VIFESCIENGE
SOECIMENS

LIFE SCIENCE
SUPPORT
Faciury @

IL55F}

AND ROTATION
FACILITY
ICCRF)

STATION

CANISTER CLEANING

Space Station

Processing Facility.
Various types of

payload processing

VERTICAL
PROCESSING

FACILITY (VPF|

or | facilities will be used

PAYLOAD
HAZARDOUS
SERVICING
FACILITY (PHSF)

to support SSPF
work, depending
upon the mission-
unique require-
ments. Meanwhile,
the orbiter will be
prepared for flight,
and mated with the
solid rocket boost-
SN ers and external

S tank in the Vehicle
Assembly building
(VAB) in Complex
39. The VAB covers
eight full acres and

stands 525 feet high, one of the largest
buildings in the world.

The orbiter and its stack will be moved
to the launch pad in a vertical position.
They will be carried by a crawler with
four double-track drives, each 10 feet high
and 41 feet long. They will travel along a
roadway as broad as an eight-lane turn-
pike at about two miles per hour.
Environmentally controlled canisters trans-
port payloads to the Space Shuttle for
installation into the payload bay. Most
Space Station Freedom elements will be
installed vertically at the launch pad after
the orbiter is rolled out to the launch pad.
Payloads loaded horizontally are installed
in the Orbiter Processing Facility prior to
VAB operations.

Nominal post-landing processing fol-
lows roughly the same procedure in
reverse. The returned payload from Space
Station Freedom will be transported to the
Space Station Processing Facility after the
Orbiter has been returned and the flight
systems hardware removed. At the SSPF,
Kennedy Space Center workers will exam-
ine the payload and return the experi-
ments or products to the users. The
reusable flight systems hardware will be
refurbished and tested for the next flight
to Space Station Freedom.

Currently, Shuttle flights to the station
are scheduled over a period of four years
with elements being flown in a “phased
construction” approach to space station
assembly. Payload processing can begin
from one vear to six months before flight.
At any one time, payloads for several
flights can be processed. &
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Traditional
Center Roles
and o
Responsibilities

The Langley
Research Center
(LaRC) is in
Hampton, Virginia,
on the tidewater
peninsula within the
mouth of
Chesapeake Bay
(Hampton Roads).
Langley’s history is a history of NASA
itself, having officially been established by
the National Advisory Committee for
Aeronautics (NACA), NASA’s predecessor,
in 1917. Popularly known as “Langley
Field,” the Center was dedicated as the
Langley Memorial Aeronautical Laboratory
on June 11, 1920, to honor Samuel
Pierpont Langley—a contemporary of the
Wright brothers who very nearly was suc-
cessful in his own quest to achieve the
first engine-powered, piloted flight. The
laboratory was NACA's first research cen-
ter—and remained its only such facility
until 1939. Langley’s first wind tunnel
began operation in 1921, and the Center

i has since garnered five Collier Trophies.

Langley has grown to cover more than

© 800 acres. The Center now manages near-
. ly 2,000 contracts and a work force of

JLH

approximately 5,500 civil service or con-
tract personnel, and is one of the world’s
premier aerospace research operations.
More than 50 major research and simula-
tion facilities are utilized for work in aero-
nautics or space technology, supporting

| |0 it

research and development in the fields of
aerodynamics, advanced materials and
structures, flight systems, information sys-
tems, acoustics, aeroelasticity, and atmo-
spheric science. Approximately 26 major
wind tunnels are now being used to
explore the entire flight range at a variety
of scales.

Aeronautical research accounts for 60
percent of Langley's work. Its programs
reflect studies over the entire range of
aeronautical design, from general aviation
and transport aircraft through hypersonic
vehicles. Researchers are working on
basic technologies to improve aircraft
through the development of advanced
avionics and new composite fabrication
materials, the investigation of vortex flow
and laminar flow, and research to find
ways to cope with dangerous weather
conditions such as wind shear, heavy rain,
and lightning. In addition, extensive work
was performed in helping NASA develop
the Space Shuttle, and the Center is now
applying its expertise to the design of the
proposed National Aerospace Plane.

Langley became part of the National
Aeronautics and Space Administration
when NASA was formed in 1958. The his-
toric Mercury program was managed at
the Center by its pioneering Space Task
Group. However, important unmanned
space programs have also been managed
at Langley. Langley’s Lunar Orbiter
Program successfully photographed candi-
date landing sites on the moon as a pre-
cursor to the Apollo program, and the
Center also managed the Viking Project
which, in 1976, placed two unmanned
spacecraft into orbit about Mars and two

Gl T BT it R oG et 6 b [l [ T
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unprecedented robotic landers on the sur-
face of the Red Planet. Viking Lander 1,
the first spacecraft to land successfully on
Mars, continued to take pictures and mon-
itor Martian weather at its landing site
until November of 1982.

Important NASA Space Shuttle payloads
have been developed at Langley, includ-
ing the Long Duration Exposure Facility
(LDEF) and ACCESS (Assembly Concept
for Construction of Erectable Space
Structures). ACCESS, an experiment
designed to demonstrate that large struc-
tures can be assembled, tested, repaired
and manipulated in Earth orbit, was flown
on STS Mission 61-B in 1985, its experi-
ence will be applied to the development
of improved structural assembly technolo-
gies that will one day be utilized in the
Space station.

LDEF contained 57 experiments con-
tributed by the United States and eight
other countries. It was brought back to
Earth during the STS-32 mission in
January 1990, after spending nearly six
years in space. LDEF data derived from
the effects—on various materials—of long
term exposure to space environments, as
well as data on the manmade and natural
debris environment in low Earth orbit,
will be extremely beneficial to the design
of the space station. &
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Space Station
Freedom Evolution
Configurations

Permanently Manned Capability (PMC)
» Development Program Baseline
Eight Crew Capabillity (ECC)
» Crew and Power Augmentation
Enhanced Operation Capability (FOC)
e Enhanced Aftached Payload and Micro-G Accommodations
Extended Operations Capability (XOC)
» Crew and Power Augementation for Increased R&D Utilization
Lunar Vehicle Capability (LVC)
» LTV Assemby, Test, Launch, Recovery and Turnaraound Operations
» Focused R&D
» Aggressive Life Sciences Research (CM Development)

Eight Crew Capabiiity (ECC)

Enhanced Operational Capability (EOC)

"

Extended Operations Capability (XOC)

BT
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configuration, including the study of sys-
tems needed to support initiatives to
return to the moon and undertake the
human exploration of Mars.

This responsibility includes conducting
evolution studies for Level I, advanced
program definition, change request evalu-
ation for impacts to evolution capabilities
and evolution technology analyses for
OAST. The goals of this work are to
define evolution configurations that are
consistent with both user requirements
and program constraints, and the baseline
accommodations necessary to satisfy evo-
lution requirements. A systems analysis
capability and an operations simulation
capability to study the operational feasi-
bility of growth configurations have been
or are being developed for this effort.

Systemns Engineering & Analysis
Langley’s space station office provides
Level I engineering support for various
systems engineering and analysis activi-
ties. The Center’s previous SE&I involve-
ment in the Space Station Freedom
Program included key studies associated
with configuration definition and launch
vehicle utilization, including single/dual
keel microgravity assessment, critical eval-
uation task force, rephased program
options, the Administrator’'s mixed fleet
study/report, the ASRM enhanced assem-
bly sequence and Shuttle-C utilization
options. A number of special studies were
also performed for agency management,
including the joint LaRC/GSFC station-
keeping platform, SSF assembly alterna-
tives, and the commercially developed
space facility (CDSF) definition. Langley
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The space station
modal identification |
experiment begins |
with the first -

assembly flight.
|

Utilization Representation

To ensure that the space station will
accommodate a variety of user activities,
Langley is responsible for representing the
research and engineering community
(industry, universities and government)
interested in in-space technology develop-
ment experimentation. This experimenta-
tion includes: basic or applied research to
improve understanding of phenomena
and buildup of engineering databases;
technology development involving test
and evaluation of prototype components
and subsystems; and demonstrations
involving proof of maturity and perfor-
mance verification in integrated system
context.

Langley is also responsible for conduct-
ing various use accommodation analyses

such as determining support equipment
outfitting needs, assessing the station’s
ability to accommodate all known tech-
nology disciplines, and developing and
maintaining a technology experiment
database of all planned technology exper-
iments. Langley represents OAST on vari-
Ous space station user panels and working
groups, including the user integration
panel; user design accommodation work-
ing group; design reference mission work-
ing group; ground operations panel;
multilateral payload integration emulation
study; small and rapid response steering
committee; and the support equipment
development steering committee which
defines and develops industry, academic
and NASA in-space experiments.

The program includes experiments in
space structures, space environmental

effects, power systems and thermal man-
agement, fluid management and propul-
sion systems automation and robotics,
sensor and information systems, in-space
systems, and humans-in-space systems.
These experiments will initially utilize the
Space Shuttle or ELVs (expendable launch
vehicles) but they will transition to the
space station as it becomes available. One
of these experiments, the Space Station
Modal Identification Experiment, is being
managed by Langley. This experiment will
instrument the space station and provide
valuable engineering data to validate com-
puter modeling codes and lay the basis
for future large space systems, including
space station evolution. &
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Traditional
Center
Rolesand
Responsibilities

Ames was founded
in 1939 as an aircraft
research laboratory
by the National
Advisory Committee
for Aeronautics
(NACA) and named
for Dr. Joseph S.
Ames, Chairman of
NACA from 1927 to 1939 and former
President of Johns Hopkins University. In
1958 Ames became part of NASA, along
with other NACA installations and certain
Department of Defense facilities. In 1981,
NASA merged the Dryden Flight Research
Facility with Ames. The two installations
are now referred to as Ames-Moffett and
Ames-Dryden,

Ames-Motffett is located in the heart of
Silicon Valley at the southern end of San
Francisco Bay on about 430 acres of land
adjacent to the U.S. Naval Air Station,
Moffett Field, California.

Ames-Dryden, which is located in the
high desert about 80 miles northeast of
Los Angeles, occupies about 520 acres
adjacent to Edwards AFB. This facility
was established in 1947 as a NACA flight
research station at the U.S. Army Air
Corps Test Facility, Muroc, CA (now
Edwards AFB). In 1959, the station
became the NASA Flight Research Center,
and in 1976 it was renamed the Dryden
Flight Research Facility in honor of
D. Hugh Dryden, Chairman of NACA from

1947 10 1958 and Deputy Administrator of
NASA from 1958 to 1965.

Ames specializes in scientific research,
exploration, and applications aimed
toward creating new technology for the
nation. The Center’s major program
responsibilities are concentrated in:

e Computational fluid dynamics,

» Advanced life support,

» Artificial intelligence,

e Flight simulation,

« Flight research,

¢ Life sciences,

¢ Computer science and applications,

* Rotorcraft and powered lift tech-
nology,

¢ Aeronautical and space human factors,

* Space sciences,

¢ Interplanetary missions,

» Airborne science and applications,

* Search for extraterrestrial intelli-
gence,

¢ Earth systems science, and

* Infrared astronomy.

About 2,200 civil service employees and
almost 2,100 contractor employees are
employed at Ames.

Along with other NASA Centers, Ames
significantly contributed to the Mercury,
Gemini and Apollo programs. The
Center’s achievements in atmospheric
entry systems and heating, aerothermody-
namics, and derivation of flight profiles,
contributed to the design of the Shuttle
Orbiter and the materials of its thermal
protection system. Ames-Dryden contin-
ues to handle the Shuttle landing opera-
tions as well as to manage flight research

on virtually every new military fighter and
experimental aircraft built in the United
States. The Pioneer series of spacecraft, an
Ames triumph, made the first trips
through the asteroid belt and on to Jupiter
and Saturn. The array of scientific experi-
mental equipment carried in these space-
craft resulted in significant discoveries,
culminating in June 1983 when Pioneer 10
completed history’s first flight beyond the
known solar system while still transmitting
data, as it does today.

Ames has some of the most unique
facilities in the country including:

e National Full-Scale Aerodynamics
Complex, which includes the
largest wind tunnels in the world,

* Numerical Aerodynamic Simulation
Complex, which houses the
world’s most powerful supercom-
puter system ,

e Ames’ fleet of airborne laboratories,

¢ Vestibular Research Facility,

* Human Research Facility,

* Suite of rotating devices for animal
and human research,

* Man-Vehicle Systems Research
Facility,

* Human Performance Research Lab,

» Automated Sciences Research
Facility, and

» Piloted flight simulation facilities.

New programs for the 1990s and beyond
include Space Exploration Initiative (SEI),
Stratospheric Observatory for Infrared
Astronomy (SOFIA), Comet Rendezvous
Asteroid Flyby (CRAF) and Shuttle life sci-
ences experiments.&#
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Habitats while providing selectable
gravity levels between 0.01 and
two-g; and

» Habitat Holding Units ~ standard
racks (approximately two file cabi-
nets in size), which serve as support
systems for Modular Habitats in the
ambient microgravity environment,

Ames will develop the required ground
operations units, software, Ground Support
Equipment, Flight Support Equipment,
and Orbital Support Equipment as part of
the Centrifuge Facility.

Other major hardware systems required
to support the research to be conducted
using the Centrifuge Facility are listed
below.

* A Life Sciences Glovebox to pro-
vide an isolated work volume for
conduct of laboratory procedures
and operations in which biospeci-
mens, consumables and equipment
are manipulated and transferred in
and out of Modular Habitats,
equipment transport modules and
Rodent Transporters;
A Service Unit to provide storage
of laboratory equipment, consum-
ables, and laboratory waste includ-
ing new and used specimen
chambers, waste trays, filters,
spares, etc., in close proximity to
the Life Sciences Glovebox; and
* Rodent Transporters to provide
environmental control and life sup-
port for rodents in the Space
Shuttle middeck during transporta-
tion to and from orbit.

]
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growth characteristics and productivity of
a variety of potential crop plants, and will
measure growth rates, times to matura-
tion, and other parameters relevant to life
support issues. The CELSS Test Facility
consists of equipment contained within
two standard international space station
racks, and will function in bioisolation
from the space station crew environment.

The Salad Machine

The “Salad Machine” is a unique applica-
tion of technology derived from the CELSS
program at NASA-Ames in collaboration
with industry, universities and other NASA
centers.

The primary purpose of the Salad
Machine is to provide fresh salad vegeta-
bles for consumption by crew members
on Space Station Freedom and other
long-duration missions, including an ini-
tial lunar base, or a Mars Transfer
Vehicle. The Salad Machine represents
the first step away from the total reliance
of astronauts on resupply for food. Work
completed to date within the NASA
CELSS program suggests that the tech-
nologies needed for growing plants in
the space environment are sufficiently
well understood to allow an early appli-
cation that can provide dietary benefits
and enhance the sense of well-being of
crew members on extended duration
missions. ¢

Human Factors, Architecture
and Habitability

Ames has supported the space station by
providing human factors and habitability
research on space station-specific ques-
tions throughout the Advanced
Development Program and continues to
advise the work package centers. Ames
participated in the early configuration def-
inition studies and contributed research to
the design of the space station configura-
tion and module architecture, including
the nodes, airlock, windows, cupola,
interim design and habitability enhance-
ment, Ames has worked closely with the
Man/Systems organizations at both
Johnson Space Center (JSC) and at
Marshall Space Flight Center (MSFC). For
both of these collaborations Ames drew
upon research to provide guidelines, crite-
ria and recommendations, for designing
and building prototype flight hardware for
human factors demonstration purposes.

Habitability and Wardroom

Under the Ames/Johnson Space Center
collaboration, Ames investigated the
requirements for a wide range of crew
performance and human productivity
needs and capabilities, including safety,
private sleep quarters, the “wardroom and
associated activities,” crew workload,
interior layouts and design, window and
window/workstation design. The deliver-
ables were typically design criteria and
guidelines, or prototype hardware, One
task that involved prototype development
was Crew group activities centered
around the wardroom where the crew

OO 0 2 PR

would prepare food, dine, hold meetings
and conferences, and perhaps assemble
or repair equipment. Ames developed a
prototype Space Station Wardroom Table
and module mockup to demonstrate these
findings.

Operdational Simulation

Ames developed “OpSim,” a low-cost,
operational simulation Macintosh
computer-based modeling tool to aid in
understanding the planned resource uti-
lization and the projected scenarios
involving space station crews, equipment
and mission objectives. Ames validated
OpSim against the actual flight logs of the
Spacelab 3 mission. Ames uses OpSim to
study crew safety, crew activity and oper-
ations questions, including Space Station
Life Science Mission Plan.

Element Control Work Station

Under the Ames/Marshall Space Flight
Center collaboration, Ames designed a
prototype Element Control Work Station
to monitor and control the critical func-
tions of the internal payloads of the U.S.
Laboratory Module and selected external
payloads. This work station includes a
Deployable Video Conference Table to
support video conferences between the
Lab Module crew and principal investiga-
tors on the ground. This multi-purpose,
group work station would provide the lab
crew with a place to meet and hold
“office hours” for principal investigators,
while simultaneously monitoring and
multiplexing the data and video links to
share them with their colleagues on the
ground.
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Human Performance
Research Laboratory
(HPRL) and the
Automation Sciences
Research Facility
(ASRF)

successfully controlled, monitored and
operated the functioning of the TCS
breadboard, without need of human inter-
vention.

TEXSYS demonstrated significant
enhancements over current conventional
means available to the thermal engineer
for the real-time analysis of faults, and
recovery from complex fault situations.
TEXSYS can analyze a fault situation, dis-
play pertinent schematics and data histo-
ries, recommend recovery actions, and
explain the analysis of the problem to the
human operators. The Thermal Control
System Testbed is a significant step for-
ward for automating thermal control sys-
tems in human spacecraft. It also
represents a new paradigm for automating
both the “system executive” and the
human-machine interface for a wide range
of other critical systems on spacecraft in
the future,

Advanced Space Station Freedom
Data Management System
Architectures

This ongoing task is to define and evaluate
the spaceborne hardware and system soft-
ware technologies, and the ground-based
automation programs that will lead to a
practical, evolvable and reliable data man-
agement system (DMS) for Space Station
Freedom. This goal is being accomplished
through the use of increasingly higher
fidelity software simulations and hardware
testbeds. This analysis places the options
for the DMS design in the perspective of
existing and past manned spacecraft com-
puter systems and the capabilities that
they were required to provide,

The most recent work concentrates on
the analysis of the Standard Data
Processors, the fiber-optic wide area net-
work, Software Standard Services and
Engineering, System Reliability (FDIR),
and the DMS support of Space Station
Freedom operations. Researchers at Ames
are performing a detailed analysis of the
DMS design to assess its adequacy to sat- .
isfy programmatic issues and performance;
requirements. These requirements include T

payload use, ground systems versus on- 7 ,
board system functional allocation, system'

safety, availability and reliability. This
analysis addresses high level program
requirements for failure tolerance, real-
time response, and central processing unit
(CPU) performance, specifically concern-
ing the Intel 80386 versus 80486 CPUs.

Supporting Facilities

. .Ames has developed and operates a num-
iber of unique life science research facili-

ties that will support both research and
operations on Space Station Freedom, and
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Life Sciences Glovebox and Habitats
Ames developed the Life Sciences
Glovebox and Modular Habitats for the
Centrifuge Facility on Space Station
Freedom. The Glovebox provides an iso-
lated work volume for conduct of labora-
tory procedures and operations in which
biospecimens, consumables and equip-
ment are manipulated and transferred in
and out of Modular Habitats, equipment

transport modules and rodent trans-
porters.

Life Sciences Centrifuge

Ames will develop a centrifuge, a 2.5
meter circular device, that rotates with
specimen habitats around its circumfer-
ence. Test subjects such as cells, tissues,
small plants and animals will be subjected
to variable gravity between zero-g and
two-g allowing investigators to examine
the effects of variable gravity. Obser-
vations of any changes in the test subjects
will be performed by the crew.

' Advanced Space Suifs

Ames developed the AX-5 prototype hard
suit. The suit is highly reliable, requires
little maintenance, and is more comfort-
able to wear. The suit can be put on or
taken off in just a few seconds compared
with several minutes for the current
spacesuit. The new suit has an internal
pressure of at least 8.3 psi which mini-
mizes the possibility of the crew getting
the bends. It is made from parts milled
from solid aluminum and assembled with
a unique set of rotating seals and bear-
ings.&r
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Canada

At the “Shamrock Summit”
in March 1986, Prime
Minister Brian Mulroney
and President Reagan
agreed to meaningful, visi-

ble Canadian participation
in the space station program, Canada has
committed $1.2 billion on the program
through the year 2000.

Canada will provide the Mobile
Servicing System (MSS) for Space Station
Freedom. The MSS will play the main role
in Space Station Freedom's assembly and
maintenance, moving equipment and sup-
plies around the station, supporting EVA
activities and servicing instruments and
other payloads attached to the station. It
will also be used for docking the Shuttle
Orbiter to the station and then loading
and unloading materials from the Shuttle’s
cargo bay.

NASA considers the MSS as part of the
station’s critical path; an indispensable
component in the assembly, performance
and operation of Space Station Freedom.
Canadian involvement in the space station
program includes total design, develop-
ment and long-term operations support of
the MSS through space station hardware
and extensive ground facilities.

The basic flight element of the MSS is
the Mobile Remote Servicer (MRS), which
consists of the MRS Base System (MBS)
and the Space Station Remote Manipulator
System (SSRMS). The MRS and its U.S.
provided, rail-mounted, Mobile
Transporter (MT), which will move along
the truss, comprise the Mobile Servicing

Center (MSC). The MBS will also carry ser-
vicing tools and support payloads.

The SSRMS will be the next generation
of Canadarm, currently being used on the
Shuttle Orbiter. The arm will be 58 ft.
(17.6 m.) Jong with a payload capacity of
128 tons (116,000 kg.).

The MSS has a second smaller robot,
called the Special Purpose Dexterous
Manipulator (SPDM), which has two arms,
each 6.65 ft. (2 m.) long, for more delicate
jobs such as working on electrical circuits,
fuel lines and cooling systems. The SPDM
will have exceptional mechanical dexterity
and will be able to work alone or mount-
ed on the SSRMS. It will contain tactile
sensors for “feeling” surfaces and carry a
set of tools to enable it to perform many
functions.

Crewmembers can operate the MSS
from internal control stations and can
carry out MSS maintenance and servicing
tasks using spare parts and tools housed
in the MSS Maintenance Depot (MMD).

In addition to the MRS, SPDM and
MMD, Canada will supply MSS work and
control stations, a power management
and distribution system, a data manage-
ment system and components of the video
system, all of which form part of the main
$pace station support systems,

On the ground, Canada is developing a
Manipulator Development and Simulation
Facility (MDSF) and will build mission
operations facilities and equipment,
including a Canadian Engineering Support
Center (CESC). The MDSF is being used
for the design and development phase of
MSS and will later be used in conjunction
with the CESC to provide support of MSS

operations as well as continued develop-
ment of MSS technology for growth appli-
cations on space station.

Besides the creation and operation of
hardware systems for the MSS, involving
advanced technology, Canada has put in
place a User Development Program (UDP)
to ensure that the Canadian scientific
community and industry can take full
advantage of Canada’s share in space sta-
tion utilization. The User Development
Program will enable Canada to expand its
program of microgravity research and to
capture its share of the large anticipated
market for products developed on Space
Station Freedom.

The Strategic Development Programs
aim to develop in Canadian industry the
capability to support MSS evolution
throughout the 30 year life of Space
Station Freedom and to maximize use of
MSS technology for other applications.

Project management is handled by the
Space Station Program Office, Canadian
Space Agency.&
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European
Space Agency
(ESA)

Columbus is the
name of a large,
multi-element pro-
gram with complex
interfaces to other
major ESA activities

which together make
up the international space station and a
European-based in-orbit infrastructure.

The Columbus philosophy aims at pro-
viding an in-orbit and ground infrastruc-
ture compatible with European and
international user needs from the late-
1990s onward. The program also provides
Europe, through international cooperation,
with expertise in manned, man-assisted
and fully automatic space operations, as a
basis for future autonomous missions. The
program also aims to ensure the establish-
ment within Europe of the key technolo-
gies required for these various types of
space flights. In this respect, the develop-
ment of the Columbus space elements
and associated ground infrastructure is
closely linked to that of other ESA pro-
grams such as Ariane 5, Hermes and the
European Data Relay Satellite.

The concept of Columbus was studied
in the early 1980s as a follow-up to the
successful Spacelab. The design, defini-
tion and technology preparation phase
was completed at the end of 1987. The
development phase is planned over a
duration of ten years (1988-1998) and will
be completed by the initial launch of the
following three elements:

i o el e

Columbus Attached Laboratory

This laboratory, often called the Attached
Pressurized Module (APM), will be perma-
nently attached to the station’s manned
base. It is about 38.7 ft. (11.8 m.) long
and 14.7 ft. (4.5 m.) in diameter and
weighs about 37,400 lbs. (17,000 kg.) at
launch, and will be used primarily for
materials sciences, fluid physics and com-
patible life sciences missions.

The internal architecture of the labora-
tory provides a “shirt-sleeve” environment
for the crew. The subsystems required to
sustain the laboratory functions and to
provide the necessary payload services
and crew life support are accommodated
under the floor and in standard equipment
racks. All subfloor subsystem equipment
and the standard racks can be exchanged
on-orbit. In addition to the internal user
accommodation volume of 20 standard
payload racks (of which 46 percent are
reserved for U.S. users and 3 percent for
Canadian users), an external viewing plat-
form for small experiments requiring
exposure to space vacuum is provided,

The APM will be launched from the
Kennedy Space Center on a dedicated
Shuttle flight, removed from the Orbiter
payload bay and berthed at Space Station
Freedom’s manned base.

Columbus Free-Flying Laboratory

This laboratory, also called the Free-Flyer,
will be operated in a microgravity opti-
mized orbit with 28.5° inclination, cen-
tered on the altitude of Space Station
Freedom. It will accommodate automatic
and remotely controlled payloads, primar-
ily from the materials sciences and tech-

P [EE

nology disciplines, and will be launched
together with its initial payload, by an
Ariane 5 from the Centre Spatial Guyanais
{CSG) in Kourou, French Guiana.

It consists of a two-segment pressurized
module for the accommodation of payloads,
and an integrated resource module which
provides the main utilities and services re-
quired by the Free-Flyer and its payloads.
It is about 39.4 ft. (12 m.) long and 14.7
ft. (4.5 m.) in diameter and weighs about
40,200 Ibs. (18,200 kg.). It will be routinely
serviced in-orbit by Hermes at approxi-
mately six-month intervals. Backup servic-
ing will be performed by the Shuttle.

Columbus Polar Platform

The unmanned Polar Platform will be sta-
tioned in a highly inclined sun-synchronous
polar orbit with a morning descending node
and will be used primarily for Farth obser-
vation missions. The platform is planned
to operate in conjunction with one or more
additional platforms provided by NASA
and/or other international partners, and
will accommodate European and interna-
tionally provided payloads.

The platform is not serviceable and is
designed to operate over a minimum of a
four-year lifetime. The platform will
accommodate between 3750 lbs. (1700
kg.) and 5290 lbs. (2400 kg.) of ESA and
internationally provided payloads.

Precursor Flights

Researchers have the opportunity to uti-
lize two Eureca free-flyers and two
Spacelab flights in the 1994 and 1996/97
time frames to prepare for Space Station

Freedom research. €7
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Japan

Japan initiated its
space station pro-
gram in 1985 in
response to the
United States’ invita-
tion to join the pro-
gram. The Space
Activities
Commission’'s (SAC)

Ad Hoc Committee
on the space station concluded that Japan
should take part in the program with its
own experimental module. On the basis
of the committee’s conclusion, the Science
and Technology Agency (STA) concluded
a memorandum of understanding (MOU)
with NASA. Under the supervision of STA,
the National Space Development Agency
of Japan (NASDA), which is a quasi-
governmental organization responsible for
developing and implementing Japanese
space activities, is currently conducting
the detailed definition and design of the
Japanese Experiment Module (JEM),
which will be attached to the international
space station. The JEM is a multipurpose
laboratory and consists of a pressurized
module, an exposed facility and an exper-
iment logistics module.

Pressurized Module (PM)

The PM is an approximately 33 ft. (10 m.)
long tubular cylinder with a diameter of
13.8 ft. (4.2 m.). It has a pressurized vol-
ume of approximately 140 cubic meters.
The PM can accommodate 10 internation-
al standard payload racks. Materials pro-
cessing experiments and life science

experiments will be performed in the PM.,
The PM will also accommodate the capa-
bilities of controlling and monitoring the

experiments on the Exposed Facility.

Exposed Facility (EF)

The EF is a box type experiment platform
connected to the PM by a berthing mech-
anism. Some kinds of activities on the EF,
such as an exchange of experimental
equipment and materials and construction
of large structures in space will require
crew access. However, by employing a
local manipulator and an equipment air-
lock, both operated within the PM, this
access can be partially accomplished
while minimizing extravehicular activity.
Scientific observation, communication
experiments, scientific/engineering and
materials experiments will be conducted
on the EF.

Experiment Logistics Module (ELM)
The ELM provides on-orbit storage vol-
ume and can transport JEM logistics sup-
plies such as experiment specimens, gases
and fluids, equipment for configuration
change and spare parts for maintenance.
The ELM will consist of two sections: a
pressurized section and an exposed sec-
tion. The pressurized section will store
and transport JEM logistic supplies in a
pressurized environment. It is designed to
have a pressurized volume of approxi-
mately 40 cubic meters. The exposed sec-
tion will transport JEM EF logistic supplies
in an unpressurized environment,

The JEM will be launched on two
Shuttle flights. The first flight will trans-

port the PM. The second flight will bring
up the EF and ELM.

Heading toward the space station era,
Japan is promoting many space experi-
ments. As to the Space Shuttle/Spacelab
program, Japan is preparing the First
Materials Processing Test (FMPT) project
planned in 1992 and is participating in the
International Microgravity Laboratory
(IML) program. The Space Flyer Unit
(SFU) is also being developed as a joint
program among the Institute of Space and
Astronautical Science (ISAS), STA/NASDA
and Ministry of International Trade and
Industry (MIT)/New Energy Development
Organization (NEDO) aiming at the
launch in 1994. Many governmental agen-
cies, universities and private companies
are also promoting basic research and
research support for space utilization in

Japan. &
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| Work Package Contractors
~

. Work Package 1

Company
Boeing Defense & Space Group
Teledyne Brown Engineering

TRW, Inc.
Allied-Signal AiResearch

Lockheed Missiles and Space Co.

Hamilton Standard

Arde

Loral Fairchild

Astro International Corp.
Grumman Aerospace Corp.
ILC Space Systems

Life Systems

Camus, Inc.

Harris Corp
Perkin-Elmer

Ball Aerospace Co.

ILC Technology

Work Package 2
Company
McDonnell Douglas
McDonnell Douglas

Lockheed Missiles & Space Co.

Lockheed Eng. & Sciences

Location
Huntsville, AL
Huntsville, AL

Huntsville, AL
Torrance, CA

Sunnyvale, CA

Windsor Locks, CT

Norwood, NJ
Syossett, NY
League City, TX
Houston, TX
Houston, TX
Cleveland, OH
Houston, TX
Melbourne, FL
Pomona, CA
Boulder, CO
Sunnyvale, CA

Location

Huntington Beach, CA
Houston, TX
Sunnyvale, CA

Houston, TX

Type of Work

Prime Contractor

Lab Outfitting Equipment, Payload Integration,
Ground-Support Equipment and Laboratory
Support Equipment

Systems Simulation and Training Software

Thermal Control, Environmental Control and Life
Support, Valves, Fire Detection

Life Sciences and Animal Research Facilities
Outfitting

Water Recovery (hygiene and potable), Temperature
and Humidity Control; Avionics Cooling,
Commode/Urinal Subassembly

ECLSS Tank Sets

Video Systems

ECLSS Processing Control Water Quality Monitoring

Design and Outfit Habitation Module

Galley, Laundry, Refrigerator, Trash, Storage

CO; Reduction, O3 Generator, Urine Processor

Mockups, Trainers, Simulators, Flight Hardware

Internal Audio/Video System

Atmosphere Composition Monitor

Fluid Subcarrier Tank Sets

General Lighting

Type of Work

Prime Contractor

Software Development, Operations Planning, Flight
Crew Integration, Airlock Testing

Thermal Control System, Support to EVA Rotary
Mechanisms

EVA Technical Support
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Management Support and Information Systems Contractors

Technical and Management Information Systems

Boeing Computer Services Reston, VA Prime Contractor for computer integration
of TMIS
Space Station Engineering and Integration Contracior
Grumman Space Station Program Support Division Reston, VA Level II SE&I Contractor for the Space
Station Freedom Program Office.
Providing support for program control,
management, information systems, opera-
tions, utilization systems, engineering,
SRM&QA and international integration
Software Support Environment
Lockheed Missiles and Space Co. Sunnyvale, CA Provide a program-wide software support
environment including architecture,
design, acquisition, development, imple-

mentation and maintenance.
Level | Support Contractors

BDM, International McLean, VA Provides technical services to the Director,
Space Station Engineering for evolutionary
growth.

Booz, Allen & Hamilton, Inc. Bethesda, MD Conducts technical and policy analyses

and performs engineering assessments
and trade studies to assist in developing
technical approaches, program planning
alternatives and operations and economic

analyses.
The Egan Group Washington, D.C. Provides policy support for commercial
utilization of Space Station Freedom.
Technical and Administrative Services Corporation Washington, D.C. Provides Level I with management and
(TADCORPS) administrative support services including:

Official Level I documentation, formal
presentations, general management status
reviews, conferences, workshops, Public
Affairs documents, technical writing and
editing, and support to all Divisions.
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Acronyms & Abbreviations

A&R
AC
ACRV

"~ ACS

Al
APA

 APM

ARC
ASI
ASRF

AXAF

BCD

BCDU
CAD
CAE
CAM

C&T
CDR
CELSS

CESC
CETA
CHeCs
CMGs

COP
CRAF

Automation & Robotics

Assembly Complete

Assured Crew Return Vehicle

Attitude Control System

Artificial Intelligence

Attached Payload
Accommodation

Attached Pressurized Module

Ames Research Center

Italian Space Agency

Automation Science Research
Facility

Advanced X-Ray Astrophysics
Facility

Baseline Configuration
Document

Battery Charge/Discharge Unit

Computer Aided Design

Computer Aided Engineering

Computer Aided
Manufacturing

Communications & Tracking

Critical Design Review

Closed Ecological Life Support
System

Canadian Engineering Support
Center

Crew and Equipment
Translation Assembly

Crew Health Care System

Control Momentum Gyro(s)

Co-Orbiting Platform

Comet Rendezvous Asteroid
Flyby

Canadian Space Agency

Center Spatial Guyanois
(Kouroer, French Guiana)

Direct Current

DCR
DCSU
DDCU

Design Certification Review
Direct Current Switching Unit
DC to DC Conversion Unit

DDT&E Design, Development, Testing

DMS
DOC
ECLSS

EF
EIC

ELM
ELV
EOC

EOS
EPS
ESA
ESC
ESS
EVA
FDIR

FEL
FF
FMS
FTS
GEO
GGSF
QZN
GN&C

GPS
GSE
GSFC
HMF
HPRL

HRF

& Evaluation

Data Management System

Discipline Operations Center

Environmental Control and
Life Support System

Exposed Facility

Engineering and Integration
Contract

Experiment Logistics Module

Expendable Launch Vehicle

Enhanced Operations
Capability

Earth Observing System

Electrical Power System

European Space Agency

Engineering Support Center(s)

Energy Storage System

Extravehicular Activity

Fault Detection, Isolation, and
Recovery

First Element Launch

Free-Flyer

Fluid Management System

Flight Telerobotic Servicer

Geosynchronous Earth Orbit

Gas Grain Simulation Facility

Gaseous Nitrogen

Guidance, Navigation and
Control

Global Positioning System

Ground Support Equipment

Goddard Space Flight Center

Health Maintenance Facility

Human Performance Research
Laboratory

Human Research Facility

i Ll il i [ ill il

HQ
ICD
IEA

IGA
IML

10C
ISAS

ITA
IVA
IWGS
JAVA)
JEM
JPL
JsC
KSC
LaRC
LCC
LCC
LDEF

LEO
LeRC
LvVC
MB
MBSU
MBPS
MCC
MITI

ML
MMD

MOD

MOU

Headquarters (NASA)

Interface Control Document

Integrated Equipment
Assembly

Intergovernmental Agreement

International Microgravity
Laboratory

Initial Operational Capability

Institute of Space and
Astronautical Science
(Japan)

Integrated Truss Assembly

Intravehicular Activity

Integrated Waste Gas System

Integrated Water System

Japanese Experiment Module

Jet Propulsion Laboratory

Johnson Space Center

Kennedy Space Center

Langley Research Center

Life Cycle Costs

Launch Control Center

Long Duration Exposure
Facility

Low Earth Orbit

Lewis Research Center

Lunar Vehicle Capability

Mission Build

Main Bus Switching Unit

Megabits per Second

Mission Control Center

Ministry of International Trade
and Industry (Japan)

Mini Laboratory

Mobile Servicing Center
Maintenance Depot

Mission Operations Directorate
(88O

Memorandum of
Understanding

il
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Glossary

Artificial Intelligence (Al)
The use of computers to perform tasks
(such as robotics, vision interpretation,
problem solving, etc.) with a minimum
of preprogrammed direction.

Ahtached Payloads
Payloads located on manned base
truss outside the pressurized modules,

Automation
Mechanization of a process or system
to proceed without human interven-
tion.

Baseline
A specification or product that has
been reviewed, agreed upon, and that
serves as the basis for further develop-
ment and can be changed only
through change control procedures,

Baseline Program
The first phase of the space station
program, during which permanently
manned capability is achieved, and
including on-orbit installation of the
following components:
—~ Horizontal (transverse) boom
— Photovoltaic arrays generating
56 kW of power
— Flight Telerobotic Servicer
~ Four pressurized modules
(U.S. Lab & Habitation, ESA
Columbus Lab, JEM)
- First increment of Mobile
Servicing System
— Resource Nodes

Co-Orbiting Platform (COP)
An unmanned platform, co-orbiting
with the space station manned base,
serviced by the Space Shuttle.
Provided for in the reference evolu-
tionary design of the space station
program. Nominally, co-orbiting
objects occupy different positions
(right ascensions) in the same orbit.

Columbus Attached Laboratory

The ESA-provided attached pressurized
module (APM) that is part of the baseline
space station program configuration.

Commonadlity
The use of the same or similar hard-
ware and software throughout the
space station program to accomplish
the same function, with the primary
objective of reducing costs.

Configuration
1) The arrangement of an information
system as defined by the nature, num-
ber, and chief characteristics of its
software and/or hardware functional
units. 2) The requirements, design,
and implementation that define a par-
ticular version of a system or system
component. 3) The functional and/or
physical characteristics of ,
hardware/software as set forth in tech-
nical documentation and achieved in a
product.

Element
One of the following components of
the space station:

L

U.S.-provided elements (pressur-
ized)

Habitation Module
Laboratory Module
Resource Nodes
Hyperbaric Airlock
Logistics Module

U.S.-provided elements (unpressur-
ized)
— Truss Element
— Mobile Transporter (MSS Base)
— Servicing Facility (Evolutionary
Phase)
— Solar Power Modules
~ Propulsion Assembly
— Unpressurized Logistics
Carriers

Internationally provided elements
(pressurized)
~ Columbus Module (ESA)
— JEM Laboratory and Exposed
Facility (Japan)
~ JEM Logistics Module (Japan)

Internationally provided elements
(unpressurized)
— Mobile Servicing System (MSS)
(Canada)
-~ MSS Maintenance Depot
(Canada)
- Special Purpose Dexterous
Manipulator (Canada)

Evolutionary Growth Phase
The third phase of the space station
program, during which the following
components might be added to the
PMC configuration:
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The manned base includes all the U.S
and partner-provided manned ele-
ments, plus all the related systems and
structure, except for co-orbiting plat-
forms and free-flyers.

Man-Tended Capability (MTC)
The capability to operate the space
station unmanned except for periodic
visits by the Shuttle crew for servicing
and maintenance.

Man-Tended Free-Flyer (MTFF)
An orbiting spacecraft that may
require servicing. Free-flyers may have
their own movement capability or
require another vehicle for orbit
maneuvers. The Columbus Free-Flying
Laboratory is a MTFF.

Mobile Servicing Center (MSC)
Includes the Canadian MSS (below)
and the U.S.-provided Mobile

W Transporter Element (MTE).

Mobile Servicing System (MSS)
The Canadian contribution to the MSC
consisting of the Mobile Remote
Servicer which includes the Space
, Station Remote Manipulator and its
| Base System as well as the Special
V Purpose Dexterous Manipulator.

Obmaao:n: Data System (ODS)
Those hardware and software subsys-
tems that interface with the sensors
and effectors of the orbital space sta-
tion elements and the data processing
facilities of the various users. It is

, _
A bell..... /R

composed of both spaceborne and
ground based subsystems.

Orbital Replacement Unit (ORU)
The lowest level of component or sub-
system hardware and software that can
be replaced in orbit.

Payload
An aggregate of instruments and soft-
ware for performance of specific sci-
entific or applications investigations or
for commercial production. Payloads
may be inside pressurized modules,
attached to the space station structure,
attached to a platform, or they may be
free-flyers.

Permanently Manned Capability
(PMC)
The capability to operate the space
station with a human crew on board,
24 hours a day, 365 days a year.
Achieved after the 17th assembly
flight.

Robotics
The technology and devices (sensors,
effectors, and computers) for carrying
out, under human or automatic con-
trol, physical tasks that would other-
wise require human abilities. (See
automation.,)

Scar
Aerospace jargon for design features
to accommodate the addition or
upgrade of hardware at some future
time.

Software Support Environment (SSE)
Computer hardware, nerworks, soft-
ware, standards, and procedures form-
ing an integrated whole. In the
context of the space station program,
the function of the Software Support
Environment is to enhance the design,
implementation, test, integration, and
maintenance of the Space Station
Information System software for the
duration of the program.

Space Station Remote Manipulator

System (SSRMS)
The station equivalent of the Shuttle
Remote Manipulator System
(Canadarm) but which is mounted on
a mobile transport mechanism. (See
MSS.) It will be able to access all criti-
cal areas on the exterior of the Station
and will be controlled by the crew
from inside the pressurized modules
and potentially during Extravehicular
Activity or remotely from the Shuttle
or Space Station Support Center.

System
One of the following components of
the space stations:
~ Electrical Power System (EPS)
— Data Management System
(DMS)
~ Thermal Control System (TCS)
— Communications and Tracking
System (C&T)
— Guidance, Navigation, and
Control System (GN&C)
— Extravehicular Activity System
(EVA)
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NASA Public Affairs Points of
Contact

NASA Headquarters
Mark Hess
Public Affairs Officer
NASA Headquarters
Code M-1
Washington, DC 20546
Phone: 202/453-4164
Fax: 202/472-6919
Debra Rahn
Public Affairs Officer
Code XI
NASA Headquarters
Washington, DC 20546
Phone: 202/453-8455
Fax: 202/453-2628

Marshall Space Flight Center
Mike Simmons
Public Affairs Office
Mail Stop CA10 Bldg. 4200
NASA Marshall Space Flight Center
Huntsville, AL 35812
Phone: 205/544-0034
Fax: 205/544-5852

Johnson Space Center
Kyle Herring
Media Services
Mail Code AP3
NASA Johnson Space Center
Houston, TX 77058
Phone: 713/483-5111 (525)
Fax: 713/483-2000

Lewis Research Center
Mary Ann Peto
Public Affairs Office
Mail Code 3-11
NASA Lewis Research Center
21000 Brook Park Road
Cleveland, OH 44135
Phone: 216/433-2902 (297)
Fax: 216/433-8143

Kennedy Space Center
Mitch Varnes
Public Information Office
PA-PIB
NASA Kennedy Space Center, FL
32899
Phone: 407/867-2468 (823)
Fax: 407/867-2692

Langley Research Center
Jean Clough
Public Affairs Office
MS 115
NASA Langley Research Center
Hampton, VA 23665
Phone: 804/864-6122 (928)
Fax: 804/864-6333

Ames Research Center
Del Harding
Chief, Public Information
Mail Stop 204-12
NASA Ames Research Center
Moffett Field, CA 94035
Phone: 415/604-9000
Fax: 415/604-3953

International and Contractor
Points of Contact

International Partners
Gilles-Andre Gosselin
Communications Director
Canadian Space Agency
500 Rene Levesque Blvd., 3rd Floor
Montreal H2Z 127, Quebec, Canada
Phone: 514/496-4011
Fax: 514/496-4039

Daria Robinson

Public Relations Officer
European Space Agency
8-10 rue Mario-Nikis

75738 Paris Cedex 15, France
Phone: (33) 1 42 73 74.12
Fax: 42 73 75.60

Mutsuhiko Masuda

Deputy Director, Public Relations Office
NASDA

World Trade Center Building

2-4-1, Hamamatsu-Cho

Minatoku, Tokyo 105, Japan

Phone: (81) 3-5470-4273

Fax: (81) 3-5470-4130

Space Station Level |
Manfred “Dutch” von Ehrenfried
Executive Vice President
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Space Station
Freedom
5 Payloads

I

This appendix sum-
marizes the payloads
which are under
consideration for
launch on Space
Station Freedom by
NASA’s Office of
Space Science and
Applications (OSSA),

=

The Centrifuge Facility

Office of Aeronautics
and Space Technology (OAST) and Office
of Commercial Programs (OCP).

OSSA Payloads

The Office of Space Science and
Applications is responsible for planning,
directing, executing and evaluating scien-
tific studies of the universe and studies of
physical problems on Earth. OSSA also
provides a scientific research foundation
for expanding human presence beyond
Earth into the solar system. In its role as a
sponsor of space station users, OSSA has
identified several payloads and payload
concepts as candidates for flight on Space
Station Freedom. They are being consid-
ered by OSSA’s Life Sciences Division and
Microgravity Science and Applications
Division.

OSSA Payloads: Life Sciences Division
(LSD). The OSSA LSD’s focus is to con-
duct a comprehensive program in opera-
tional medicine, biomedical monitoring
and countermeasures, space biology, exo-

biology, and Controlled Ecological Life
Support System (CELSS) development.

Currently, the LSD is studying five
space station facility concepts to support
life sciences research. The five facilities
are: Centrifuge Facility, Gravitational
Biology Facility, Biomedical Monitoring
and Countermeasures Facility, CELSS Test
Facility and Gas-Grain Simulation Facility.
Each facility is modular in construction to
support a large number of different scien-
tific investigations. The modularity also
enables the facility to be easily upgraded
when new equipment and techniques
become available and to accommodate
new directions in research that will occur
in the future.

Centrifuge Facility. The Centrifuge
Facility is expected to be the single most
important research tool for space life sci-
ences. The Centrifuge Facility is sched-
uled to be placed in a node and
launched on the first Shuttle flight after
PMC.

The Centrifuge Facility will be utilized
to conduct basic research to determine
the influence of gravity and radiation on
biological systems, and to develop coun-
termeasures to enable long-duration
human activity in space. The facility will
accommodate the diverse requirements of
a wide variety of biological investigations
using animals, plants, cells and tissue cul-
tures. The effects of the space environ-
ment, including gravity and radiation, on
reproduction, development and matura-
tion of living systems will be of particular
interest. By studying these effects down to
the cellular level, scientists will learn how

long-duration spaceflight affects living
systems over single and multiple genera-
tions. The facility will also be used to
examine the need for artificial gravity in
long-duration manned flight.

In order to investigate the effects of
microgravity in space, the Centrifuge
Facility provides animal and plant vivaria
at the ambient microgravity level (Modular
Habitats in Holding Systems) and housing
at controlled gravity levels (Modular
Habitats in the Centrifuge). The Centrifuge
Facility is composed of two major sys-
tems: a 2.5 m. Centrifuge Rotor and the
Habitat Holding Systems with Modular
Habitats.

The Modular Habitats are specimen
chambers for housing small animals
(mice, rats and monkeys) and plants,
along with the structure and engineering
subsystems required to supply consum-
ables, maintain the appropriate environ-
ment, control experiment sensors and
collect data. The habitats are modular and
have standardized interfaces allowing
them to be changed-out and used in the
Centrifuge Rotor, Habitat Holding Systems
and Life Sciences Glovebox.

The Centrifuge Rotor is able to gener-
ate fractional gravity levels between zero-
gravity (impossible to do on Earth) and
two-g, allowing investigators to examine
the effects of variable gravity. The Rotor
provides accommodations for a mixed
group of Modular Habitats, thus support-
ing concurrent research on multiple
species.

Gravitational Biology Facility. The
Gravitational Biology Facility will be a
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Crop Growih
Chamber

CELSS Test Facility

R S

CELSS Test Facility. The purpose of the
CELSS Test Facility (CTF) on Space Station
Freedom is to provide NASA with a test
bed to develop advanced life-support sys-
tems based on biological systems. The
long on-orbit time gives scientists the
capability to study plant populations
throughout complete life cycles and over
many generations in a controlled micro-
gravity environment. The monitoring and
environmental control of the experiment
will be fully automated, including a robot-
ic arm for specimen handling.

CTF results will be used to identify
candidate crops for future CELSS, to
determine how well the experiment’s
subsystems work and to pinpoint plant
growth techniques that yield the highest
quality and quantity of crops. The CTF's
experiments will determine the best com-
binations of environmental factors such
as lighting, humidity, temperature and
plant growth area. The amount of plant
growth area needed is particularly impor-
tant given the limited quarters on the
Station.

Gas-Grain Simulation Facility. The
Gas-Grain Simulation Facility will be used
to simulate and study fundamental chemi-
cal and physical processes, such as the
formation, growth and interaction of
clouds, dust grains and other small parti-
cles in microgravity. These studies will
help scientists address questions related to
phenomena such as solar system forma-
tion and the origin of life. Studies per-
formed in this facility will also address
scientific issues relevant to the disciplines
of exobiology, planetary science, astro-

Gas-Grain Simulation Facility

physics, atmospheric science, biology,
physics and chemistry. In the study of
small particle process, the demands on
experiment design are severe. Two com-
mon requirements are low relative veloci-
ties between particles and long time
periods during which the particles must
be suspended. Sufficiently long duration
suspension times to do this fundamental
research cannot be attained on Earth, but
can be investigated with this general-pur-
pose particle research facility in Earth
orbit.

il

OSSA Payloads: Microgravity Science
and Applications Division, Currently,
the MSAD is studying six Space Station
Facility concepts to support microgravity
research. The six facilities are: Advanced
Protein Crystal Growth Facility,
Biotechnology Facility, Fluid Physics
Dynamics Facility, Modular Combustion
Facility, Modular Containerless Processing
Facility, and the Space Station Furnace
Facility. Each facility is modular in con-
struction to provide the flexibility needed
to support a large number of different sci-
entific investigations. The modularity also
enables the facility to be easily upgraded
as new equipment and techniques
become available and to accommodate
new directions in research that will occur
in the future.

Microgravity
Science and
Applications Division
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Modular
Containeriess
Processing Facility

Modular Containerless Processing
Facility (MCPF). MCPF will accommodate
a variety of experiments requiring the
positioning and manipulation of materials
without physical contact with other solids.
This facility will allow researchers the
opportunity to conduct studies minimizing
contamination or other physical effects
from container walls.

The experiments being designed for
the MCPF will test theories pertaining to
phenomena that range from the behavior
of liquid drops to the characterization of
metal, glass and ceramic samples heated
to temperatures up to and even over
2700C. The individual experiment mod-
ules will employ acoustic, electrostatic
and magnetic forces to position the sam-
ples without using physical contact with
solid materials. Heating will be provided
by combinations of resistive furnaces,
induction, microwave and light beams.
Rapid cooling, needed by some experi-
ments, will be provided. The facility itself
will provide services and equipment com-
mon o many experiments such as

advanced optical diagnosis, non-contact
temperature measurement and data ser-
vices not otherwise provided by Space
Station Freedom. The configuration now
being planned will include three kinds of
test chambers for MSAD experiments. One
test chamber will be used to conduct
experiments at near ambient temperature,
The second will be used to conduct
experiments with ceramic, glass and metal
samples at temperatures up to about
1700C in an inert atmosphere. The third
experiment chamber will provide the
capability to process metal samples at
temperatures up to about 2700C in either
a vacuum or an inert atmosphere.

Space Station

Furnace Facility |

Space Station Furnace Facility (SSFF).
The SSFF will accommodate solidification
research in electro-optic materials, metals
and alloys, composite materials, glasses
and ceramics. Apparatus optimized to per-
form melt, vapor and solution crystal
growth will be included, as well as instru-
ments to perform thermophysical property
measurement of materials and directional
solidification of metals and alloys.

The SSFF will allow two furnace mod-
ules to be operated simultaneously, allow-
ing a high throughput of investigations
when resources are available. Crew inter-
action will be used primarily for furnace
reconfiguration, maintenance and repair.
The crew will also install the samples to
be processed and harvest them after an
experiment. Some crew interactive
research will be required for certain types
of experiments. The SSFF will accommo-
date the use of telescience, so that ground
investigators will be able to directly influ-
ence their experiments in near real-time
when the crew is unavailable.

OAST Payloads

The Office of Aeronautics and Space
Technology (OAST) is responsible for the
on-orbit evaluation of advanced space
technologies utilizing Space Station
Freedom. Advanced technology experi-
ments are those which gather data relating
to space environmental effects, communi-
cations, automation and robotics, informa-
tion systems, advanced space structures
and systems and human systems engineer-
ing. Some of the experiments which QAST
is considering for flight on Space Station
Freedom are as follows:

In Situ Trace Confaminants Analysis.
This is a real-time system consisting of a
mass spectrometer and sampling appara-
tus which will identify and measure trace
atmospheric contaminants within the
Station. This experiment will provide data
to validate current atmospheric trace
contaminants models and will demon-
strate the technology required to provide
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