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SPACE STATION ARCHITECTURAL ELEMENTS AND ISSUES
DEFINITION STUDY

Thomas C. Taylor*, John S. Spencer** and Carlos J. Rocha**¥*

SUMMARY

The Space Station will wultimately be judged in the commercial
sector by the same economic standards used to evaluate most
surface buildings. On the surface, square foot of functional
work space and human productivity are the users' criteria for
Judgement. In orbit similar criteria will be used, but micro-
gravity introduces the opportunity for innovation. Five subject
areas were explored for research issues. The topics researched
were Cylindrical Shell Wall Characteristics, Interior Arrange-
ments, Utility Routing, Sleep/Personal Quarters and Commercial
Work Volume. Each topic was defined, expanded with innovation to
produce alternative design solutions, examined for research
questions and then the research questions were summarized,

* Study Manager and President
** Architect
*** Graduate Student in Architecture



INTRODUCTION

The study 1is an innovative l1ook at five selected topics within

the future NASA Space Station. These produced new concepts, which
were expanded and explored for research issues. The next step is

a series of scale models expanding the concepts uncovered.

STATEMENT OF THEORY & PHILOSOPHY

The Space Station will play host to a wide variety of users over
a ten year or longer operating 1ife time. These users will have
diverse and sometimes conflicting requirements and goals. How-
ever, the majority of users will have at least one common goal.
That goal will be to use their time onboard the station as
productively and efficiently as possible.

Designing a productive work area and work station will require a
significant understanding of the user needs and requirements. At
this early stage 1in the station development, significant user
requirement information is not available. As the overall station
evolves, more user requirements will be established. For the
purpose of this study, we have identified some basic needs the
majority of users would have and focused on an approach in which
flexibility and adaptability are main design drivers.

Projecting some current trends in the development of Earth based
work stations may provide an insight into potential problems and

opportunities in space based work stations. Historically, tech-
nological 1innovation and change have occurred at a faster rate
than economic and social trends. A prime example of this phe-

nomenon can be observed in the business and personal computer
industry. A potential user often is faced with a decision not of
what to buy, but when to buy. The computer industry is inventing
new equipment and programs at an accelerating rate. A computer
purchased one year ago may be outdated. The way 1in which the
computer industry and user market is coping with these acceler-
ating changes is by designing and buying modular components that
plug into a main system and help keep the overall system updated.
This plug 1in approach can apply to the Space Station design
approach.

Technological innovation and dependency also puts a strain on the
service systems that support the equipment. Keeping up with the
ever increasing demand for more energy, more telephone and
computer hookups, new fiber optics and other systems has greatly
affected many existing structures and had a significant impact
on the current design approach to new buildings including housing
Today, architects and developers are increasingly concerned with
providing adequate utility and service space and service expan-
sion space than they were only five years ago,.
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The commercial user may look at the Space Station as a combina-
tion of a research laboratory, office building and hotel in
space, The wuser will be expending a significant investment in
the 1lease of space onboard the station and will expect all the
needed services and accommodations.

The office automation revolution 1is not just technological. It
is also influenced by the social and human factors issues which
effect the quality and quantity of work performed. Modifying the
work environment and the work station toward greater human
productivity has taken an increasingly significant role 1in the
planning, design and cost of development strategies. Enhancing
human productivity by integrating the technology, the work
environment and the training programs has had a positive effect
on efficiency and increased the return on investment in many
cases.

Continued research 1in the following main areas is recommended,
but outside the current scope of the present contract.

® Marketing studies to further define potential user needs.
® Clarification of the term "human productivity."

® Creation of a Scenario where NASA could take a leadership
role in the Human Productivity Trend by performing the
research for Space Station and encouraging the dissemination
to society. NASA-Ames is located in the "Silicon Valley"
geographic area, and an ideal opportunity exists to combine
NASA-Ames research, Space Station and Office Automation for
the near term benefit of society.

METHODOLOGY USED

Five topics are chosen in accordance with the statement of work,
as first priority and budgeted for 80% of the effort. Each topic
is researched in a variety of publications dating as far back as

Skylab and as near term as the Concept Development Group. The
topic 1is defined as far as possible without being restrictive in
the conceptual design stage. The goal of the research is to

determine previous work on the topic. The critical issues are
listed and expanded. Second and third priority topics are
discussed in text and graphic form. These topics are budgeted
for 20% of the effort.

The critical issues are explored conceptually from several dif-
ferent perspectives. The conceptual designs explore the areas
sometimes overlooked 1in previous designs. These alternative
conceptual designs are compared to previous thinking in the same
general topic area to determine the differences and similarities.



The study was broken into the following tasks:

@® SELECT 5 EACH FIRST PRIORITY TOPICS FROM S.O0.W. LIST AND
LITERATURE SEARCH

DISCUSS AND DEPICT SECOND AND THIRD PRIORITY TOPICS
IDENTIFY AND DEFINE THE BASIC ARCHITECTURAL COMPONENT/TOPIC
EXAMINE CRITICAL ISSUES WITH ALTERNATIVE CONCEPTUAL DESIGNS

DESCRIBE BASIC ADVANTAGES AND DISADVANTAGES OF ALTERNATIVE
DESIGN SOLUTIONS

IDENTIFY QUESTIONS WHICH REQUIRE FURTHER RESEARCH ON TOPIC

SUGGEST WAYS RESEARCH ON TOPIC CAN BE UNDERTAKEN

@® IDENTIFY RESEARCH ISSUES ON TOPIC - FUTURE RESEARCH/DESIGN
IMPLICATIONS

Each alternative design is depicted in conceptual drawing form
and summarized by listing the advantages and disadvantages of
each. Each alternative design is examined and a 1ist of questions
which require more research is prepared.

TOPICS SELECTED FOR FIRST PRIORITY

The following specific topics are selected as first priority
topics in the broad categories of the Statement of Work:

PRIMARY STRUCTURE CATEGORY

Topic 1. CYLINDRICAL SHELL WALL CHARACTERISTICS

Cylindrical shell wall characteristics of the Primary Structure
or Module is chosen as a first priority topic. It is defined as
the module exterior shell including the end caps or end struc-
tures.

SECONDARY STRUCTURE

Topic 2. INTERIOR ARRANGEMENTS

Secondary Structure of interior arrangements is chosen as a first

priority topic. It 1is defined as the placement of the major
functional divisions within the modules to specific interior

panels or workspaces.



SUBSYSTEMS

Topic 3. UTILITIES ROUTING AND DISTRIBUTION FROM BERTHING PORTS
TO USE POINTS

Subsystems of "Utilities routing and distribution from berthing
ports to use points” is chosen as a first priority topic. It is
defined as the routing of required services of a utility nature
and the distribution of these same services from the berthing
ports to the final use points.

HABITABLE SPACES/FUNCTIONS
Topic 4. SLEEP/PERSONAL QUARTERS

Habitable spaces/functions of sleep/personal quarters is chosen
as a first priority topic. 1t is defined as the bedroom and
private space of the crewmember.

Topic 5. COMMERCIAL WORKSPACE VOLUME

Habitable spaces/functions of Commercial Work Volume is added as
a first priority topic. It is defined as any volume or space in
which crewmembers work or perform work functions. It is to be
used by any of the many groups of individuals such as NASA,
government, foreign, academia and commercial. Commercial appears
in the title because it is suspected that the commercial communi-
ty may ultimately provide the most rigid user requirements.

The first four primary topics are from a list in the Statement of
Work and Topic 5 was added at Taylor & Associates request. Other
topics on the Statement of Work list will be <considered second
and third priority topics and mentioned in the text or in
graphics.
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PRIMARY STRUCTURE CATEGORY
Topic 1. CYLINDRICAL SHELL WALL CHARACTERISTICS

Most designers assume the containment of pressure is the primary
design driver of a module wall. This may be true, but in this
study an unconventional approach will be pursued to offer insight
into the final Space Station design and also uncover and define
research issues.

IDENTIFY - THE PRIMARY STRUCTURE IS MADE UP OF A CYLINDRICAL
SHELL WALL AND END CAPS. THIS MODULE WALL HAS CERTAIN
CHARACTERISTICS. THESE CHARACTERISTICS INCLUDE:
TRANSPORTATION VEHICLE PAYLOAD VOLUME SHAPE
MANUFACTURING TECHNIQUES

PRESSURE DESIGN CONSIDERATIONS

MODULE END CAPS

THE DEFINITION OF THE PRIMARY MODULE STRUCTURAL SHELL WALL IS A
CYLINDRICAL SECTION OF A VESSEL CAPABLE OF:

1. Containment of pressure at minimum weight

2. Efficient and effective barrier protection from some
micrometeoroid/debris penetration

3. Effficient and effective structural attachment via IVA for
secondary inside structure

4. EVA compatible structural attachment for external structure

5. EVA or RMS assisted attachment of one module to other
modules and the Space Station frame

6. Radiation protection
7. Provide productive interior volume for human use

The shell wall is defined as a «cylindrical shell structure
between the end caps. The module wall performs specific functions
in orbit. It may also perform different and specific functions on
the ground prior to orbital deployment. Containment of pressure
at the minimum weight is the <classical function. Weight has
historically been a strong driver, but long term maintenance,
repair techniques, internal reconfiguration, refurbishment crite-
ria and growth may diminish weight as a major driver. The modules
are volume limited, not weight limited, except for the logistics



module.

The wall with some enhancement Barrier shield mwmust provide
protection from penetration from outside sources. Some upper
limit of protection from a penetration particle size and velocity
must be defined.

Attachment to the interior wall should be permitted within Timits
which permit c¢leaning, inspection, repair and possibly sensing or
monitoring.

Attachment to the outside is permitted, but the exterior wall is
likely to be masked by a barrier shield and not cleaned, in-
spected, repaired or sensed from the outside. It is also the
outside surface where the module will probably be structurally
fastened to the Space Station Keel structure and to other modules.

The primary function of the module wall is sometimes obscured by
the above technical considerations. The module is in orbit to
provide a maximum of beneficial internal volume for internal
activity. In the long term, the module's effectiveness as a
structure may eventually be judged as Earth based structures are
evaluated economically.

The proposed method of evaluation of a «cost per productive
internal volume design is to create an evaluation system which
includes the l1ife cycle cost of the volume. This includes all the
standard factors, such as module costs, <interior equipment,
training, but also includes the 1ife cycle cost or productivity

factor to indicate the human productivity of the volume. The
cost impact of an increase in interior productivity by good
design could amortize the original cost of the module. Relating

this to the interior design is likely to produce a greater aware-
ness of the quality of the productive features of the design.

A secondary functional characteristic of the module wall may be
the ability to repair in an emergency, efficient maintenance,
unpredicted modifications as required in orbit, and a methodical
growth capability in unanticipated directions. These functions
are all life cycle related and may tend to get de-emphasized in
the initial design.

PRIMARY STRUCTURE - CYLINDRICAL SHELL WALL CHARACTERISTICS

Commercial and user requirements are often given as drivers, but
the research may require going beyond the simple asking of
questions of a "strawman or perceived" user community. The real
Space Station wutilization players may not yet be in the 1loop.
This may force the evaluation of modules using a modified Earth
pased approach such as volume efficiency, functionality, ultimate
benefit to the user, etc.

The trend 1in module configuration seems to be shifting from



ALTERNATIVE DESIGN SOLUTIONS

minimum weight containment to increased module commonality and
utilization. One result 1is a common module with a three fold
increase in the number of hatches. Ability of crew interface
through the wall of the module seems to lag behind pressure wall
and barrier design. In the case of microgravity most experiments
can be performed inside the module. In the case of hard vacuum it
may be a toss up whether the experiment is to be performed inside
the module with the vacuum brought inside or the experiment s
done outside with the crewmember using gloves or other methods
through the module wall. Inside experiments may be limited by
the size of the module interior while outside experiments are not
volume Timited, but they are reach limited - to about 2 feet. In
the case of observation activities the viewer is inside the
module, but the quality and dimensions of the window is of impor-
tance.

New material process research at Space Station will 1ikely force
a wall design different than that now anticipated.

Three of the key issues in the shell wall design which may not
get early attention are:

@® USEFUL INTERIOR VOLUME AND METHODS TO MAXIMIZE PRODUCTIVE
VOLUME

@ STRUCTURAL ATTACHMENT OF SECONDARY STRUCTURES TO PRIMARY
SHELL WALL

@® MAXIMIZE INTERACTION THROUGH THE MODULE WALL

Each of the above will be worked into a design in an attempt to
uncover and isolate some research issues.

USEFUL INTERIOR VOLUME AND METHODS TO MAXIMIZE PRODUCTIVE VOLUME

The maximizing of the interior volume can mean maximizing the
interior diameter and increasing the efficiency of the end caps
in such a manner so as to increase the interior volume. Figure
1 depicts an alternative solution called the Max Volume Wall. It
uses the maximum diameter possible in the STS Payload Bay. All
barriers and other cylindrical material is transported elsewhere.
The entire module is the same length as present Common Module
designs, but uses a Flat End Cap to maximize the interior volume
and solve some utility routing problems. The Flat End Cap comes
in four varieties weach wusing variations of the same basic
hardware. Figure 1 shows the Flat End Cap which is a structural
frame capable of distributing the 3 G launch 1loads from the
entire interior structure to the Shuttle Payload Bay. The best
aspect of this approach is the elimination of the radial port
segment “traffic zone." The key is that the interior 1loads are
never passed to or through the module <cylindrical wall at

- CYLINDRICAL SHELL WALL CHARACTERISTICS
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anytime. The interior secondary structures are supported on beams
in the floor and ceiling frame which transfers the load directly
to the Flat End Cap and to the Payload Bay. The end result is a
complete transfer of almost all functions possible from the
cylindrical wall to the end cap. This permits the module wall to
contain pressure, be clear of attachments and obstructions for
inspection, perform no other functions and maximize the interior
diameter.

The four variations of the Flat End Cap design include the same
basic hardware design including an outer pressure wall, an
interior 1load transfer frame or truss, end cap pressure wall (2
each), wutility "pass throughs" in the end cap pressure wall and
at least one hatch. The four basic designs include a one hatch
unit, a five hatch unit, Docking unit and a mid module unit.
Figure 2 depicts the four general variations of the basic design.
Figure 3 depicts the concept in perspective. The Single Hatch
Flat End Cap design includes the utility transfer provisions to
connect to the adjacent module and a single hatch.

The Five Hatch Flat End Cap includes the provisions to handle
five hatches with wutility transfer provisions. The utility
connection volume between the inner pressure boundary and the
outer shell boundary is a pressure volume outside the normal
crewmember connecting tunnels, but protected from the hard vacuum
by the outer wall of the Flat End Cap. This permits utility
connections to be performed, repaired, monitored and updated in a
volume 1isolated and protected from the crewmember volume. This
minimizes internal contamination from utility repair and mainte-
nance operations. The access to the volume is through "Quick
Opening Panels," but full pressure bulkhead panels in the tunnel
walls easily isolate using the air locks and hatches in the Flat
End Cap Design. The "Quick Opening Panels" are defined as man
sized access through the cylindrical or rectangular passage for
purposes of wutility interface. The Advanced Mid Module Unit
Design uses the same basic hardware to create a center of the
module capable of increasing the interface with the outside
including visual, experiments, arms, etc. It uses telescopic and
other techniques to increase the interior crewmember's interface
with the exterior experiments through visual and mechanical
means.

The connection of the Cylindrical Shell Wall to the Flat End Cap
is a design detail which can be explored, but requires additional
load analysis and conceptual research. An early solution 1is
depicted 1in Figure 4. It provides an outside <connection ring,
which is placed over two flanges to form the connection. An inner
bolted connection can be also used as shown. The key is the fact
that neither the structural or the utility connections in the
ground test operations or in orbit are at the end cap to module
interface, but inside the Flat End Cap volume. This moves the
problems associated with each to inside the Flat End Cap volume
where both of these problem areas can be handled in a different
manner than the conventional Apollo/Soyuz Docking Port Method
which concentrates these potential problem areas into a narrow

11
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interface neck. (Reference Marc Cohen's work in the Tri-Tet
studies). This concept transfers utility connections to a pres-
surized volume outside the module interior, but inside the con-
trol pressure volume of the end cap. All connections, most con-
trol valves, bleed down mechanisms, some storage and most mainte-
nance problems are confined to this volume.

The Flat End Cap interface volume for structural and wutility
connections parallels a concept used in Alaska by the author to
join two previously fabricated process units together using an
interstitial volume.

STRUCTURAL ATTACHMENT OF SECONDARY STRUCTURES TO PRIMARY SHELL WALL

The structural attachment of secondary structures to primary
shell wall will have an effect on the interior design and 1load
carrying structural design. The approach in the Flat End Cap
Conceptual Design 1is to transfer much of the 1load carrying
ability to the end caps and maximize the cylindrical diameter as
much as possible. The transport of the deployable barrier shield
may reduce this diameter by some as yet undefined amount, but the
barrier could be transported to orbit in some other location. The
interior end cap wall of the Flat End Cap design in the proposed
alternative design 1is not subject to the penetration repair
specification and becomes a major load carrying structure plus a
utility "Pass Through" surface. This also fits the vertical
nature of the Space Shuttle load carrying payload bay. The util-
ity routing is covered later in a different section.

Some 1load bracing and load attachment is likely to be needed for
the attachment of secondary structures to the Cylindrical Shell
Wall. The suggested alternative solution 1is a structural
thickening of the shell wall at selected 1locations. These
locations are probably required for other reasons such as the
thickening shown for the adjacent module load transfer shown in
Figure 1. The research into this structural thickening detail
requires specifics on the wall design, but a rough conceptual
design is shown in Figure 5. The thickened section has a minimum
of wall material which is not violated and special repair And
access procedures. It may be possible to eliminate all connec-
tions to the Cylindrical Shell Wall by the use of the Flat End
Cap Design.

The structural attachment between modules can be researched and a
movement away from the traditional capsule docking solutions can
lead to 1less repeatability 1in the connection and wundocking
aspects of the hardware solution which is more sensitive to the
utility interface. Figure 6 suggests several other load carrying/
connection locations other than the traditional docking module
approach. Actually three separate 1locations exist for the
transfer of structural 1load in orbit as shown in Figure 6.
Unfortunately, the structural loads in orbit are minimal and the
location used will probably be a function of convenient access

15
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from an EVA crewmember point of view rather than any other
reason. The three structural locations are:

1. Outer Rim of the Hatch Structural Frame

2. dJoint of the Flat End Cap as it intersects the similar unit
approximately 3 feet from the centerline

3. Outer rim of the Flat End Cap as it intersects the
Cylindrical Shell Wall (a 1ikely location for a thickened
section in the module wall)

The fourth structural location is the intersection of the Colli-
sion/Micrometeoroid Barriers, but this is not considered a good
location for connection even if it is the most accessible from
the exterior.

The wutility interface is a different situation. Much wutility
interface will occur in a restricted interface area and it will
require considerable research to find the optimum method. One
utility alternative design solution is shown in Figure 7. It is
probably an area which will always be short of sufficient volume
to make <connections and requiring an estimated 30% spares for
growth and flexibility for repair. Figure 7 suggests a
rectangular hatch and possibly a rectangular tunnel design, both
of which require much more full scale mock-up research before any
decision.

The concept suggested by this proposed max volume/diameter module
conceptual research is the transfer of most of the complexity of
the cylindrical shell wall and interior of the module to the Flat
End Cap hardware. This complexity includes, but isn't necessarily
limited to the following items:

@® Utility connections
Structural strength for launch
Structural support for the interior loads
Hatch design and frames
Windows

Penetrations through the shell wall

Possibly the difficult to repair portions of the ECLSS
equipment

The advantage and disadvantages of the "Maximum Diameter
Cylindrical Shell Wall" are yet to be fully researched, but it
does permit the module wall to be maximum diameter and provides a
relatively simple aluminum design concentrating on pressure
containment and maximized volume without the complications of
windows, hatches, attachments (interior and exterior) and may
have some advantages not isolated at this time. It has some
advantages in the ground assembly and outfitting of the module.

18
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Figure 11 Future Application of Flat End Cap

One disadvantage is the flat end wall supported by an internal
truss 1isn't necessarily the most efficient method of containing
the end cap pressure. This may be less of a problem when one
considers the IOC is volume limited and not weight limited.

The impact of the Flat End Cap and the Minimized Cylindrical
Shell Wall can be seen in Figure 8. Assuming a 6 foot wide end
cap design, the resulting 56 foot long common module would pro-
vide approximately 44 feet of interior length and approximately
6773 cubic feet.

The impact on the I0C can be seen in Figure 9. Figure 9 depicts
a simple 5 Hatch/Single hatch I0OC layout. Figure 10 depicts a b
Hatch Flat End Cap at each end and expanded interfaces with the
exterior environment for docking other vehicles, EVA work plat-
forms, exterior experiment racks, interface with the L.S.S.
equipment, etc. The resulting four modules with 32 each exterior
hatches as shown in Figure 10 may be excessive and a combination
more appropriate. A 16 exterior hatch I0C configuration would
result 1if one end cap has one hatch and the other has five
hatches, the same number as the current common module.

Future evolution of the Flat End Cap could produce either circu-
lar or rectangular hatch standards. Shown in Figure 11 1is a

conceptual depiction of a future module application of the Flat
End Concept.

23




MAXIMIZE INTERACTION THROUGH THE MODULE WALL

A concept which further modifies the Flat End Cap Concept and
creates a common module compatible hardware <concept 1is also
possible. Figure 12 depicts the concept in rough form. It uses
the basic hardware from the Flat End Cap to create a mid-module
insert specifically designed to address interaction through the
module wall. This interaction could include:

@ EVA

@® VISUAL OBSERVATIONS

@ EXPERIMENTAL INTERACTION
@ EXPANDED TUNNELS

@ TELESCOPIC DOCKING TUNNELS
@® RESCUE/RE-ENTRY EQUIPMENT

The insert hardware is placed between two end caps and also
provides utility "Pass Throughs" plus another structural 1load
transfer location to the Shuttle Payload Bay. The concept has 2
to 6 hatch or hatch like modifications.

The Second and Third Priority Topics of this study include:

2nd Priority - Module End Cap Geometry has been discussed with
the "Cylindrical Shell Wall" discussion.

3rd Priority - Window types and locations 1is identified as an
area of further research with these comments. The window in orbit
becomes a source of enjoyment, recreation, potential privacy and
social gathering. The I0C may initially provide enough window
viewing locations (up to 64 each if each module has a "Mid Module
Insert Hardware"). If these windows were sufficient size in the
standard hatch hardware and enhanced in some manner to increase
the viewing enjoyment, then the existing hatch locations could
provide a variety of window locations.

Window utilization is expected to be different than on Earth for
several reasons. First, no Earth window has the view from orbit.
Second, each window in orbit carries with it an element of danger
and maybe should be isolated in some fashion such as being within
a hatch frame and the airlocking capability of the hatch volume.
Third, the view according to past experience in orbit 1is so
enjoyable that it may not be suitable from a "glance from the
work location" point of view. Fourth, the view may be a personal
experience instead of a group enjoyed experience. Each may impact
the window design in some way.

24
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The result of the conceptual research is a concept which if
explored further may result in some useful research 1issues and
could result in a research program leading to a Cylindrical Shell
Wall Design providing a more productive interior volume.
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SECONDARY STRUCTURE

Topic 2. INTERIOR ARRANGEMENTS

The arrangement of the items within the pressure boundary of the
module 1is <considered the area of coverage of this topic. It
includes the placement and arrangement of +the work spaces,
functional volumes of the station, the floors and ceiling, the
location of the utilities in relation to the other items in the
module and crewmember interface with these items in such a manner
so as to maximize human productivity within the module.

The interior volume of the module is defined as the volume of
coverage of this topic. It has both surface and orbital based
requirements.

IDENTIFY - THE BASIC ARCHITECTURAL COMPONENT/TOPIC

The secondary structure is the frame and other structure that
supports the interior equipment, floors, utilities, crewmembers
and all other objects within the interior. The interior arrange-
ment of these items is identified as the topic Interior Arrange-
ments.

DEFINE

A1l ditems within the module are defined as the Interior Arrange-
ments basic architectural component or topic. The definition of
the interior arrangements 1is the 1location within the Space
Station module volume capable of use. This activity or work is
expected to be the evaluation criteria for the effectiveness of
module design and fabrication, but the surface based fabrication
and development work also must be considered. The work volume is
expected to be driven by technical, scientific, human productivi-
ty, cost and commercial requirements.

ALTERNATIVE CONCEPTUAL DESIGN - END SUPPORTED INTERIOR

The end supported interior uses the concept as described in the
previous Cylindrical Module Wall Conceptual Design. The floor and
ceiling (if they can still be referred to as floor and ceiling in
a microgravity environment) are fully supported in orbit by the
structural strength of the floor and ceiling members. The utili-
ties and small structural loads are transmitted to the end caps
through this secondary structure, Figure 13 depicts the general
interior arrangements using this method. The floor and ceiling
arrangements are the subject of mock-up research, but a type of
arrangement 1is shown in Figure 14, It tries to combine the
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structural member with the division of the separate utility.
Utility separation 1is important in most aspects of surface
utility design and will 1ikely dictate some of the thinking 1in
orbital utility design locations.

ADVANTAGES/DISADVANTAGES -~ END SUPPORTED INTERIOR

The above <concept requires no cylindrical wall attachments and
beglns to address the multitude of utility and future wutility
growth problems by providing a system of maximum volume for the
solution of these problems.

ALTERNATIVE CONCEPTUAL DESIGN - WORK SPHERE

The work sphere dis a 48 inch diameter work sphere interior
environment in which the user can control 1lighting, temperature,
air flow, sound and privacy. The work sphere is not necessarily
spherical in shape. Its shape will be a function of extensive
research into the design parameters which drive the shape of the
work sphere,. It is depicted as a sphere until it 1is properiy
researched and defined as a shape. The sphere has sliding doors
that when closed separates the user from other station activities
allowing the user long term comfortable concentration,

The work sphere can function as a mini office in the station. It
allows direct and effective access to the computers, records,
communication; it enables the user to produce in an efficient
manner.

The sphere concept lends itself to multiple functions.

a. Work space

b. Rest/nap/relax

c. Communication

d. Entertainment

e. Emergency sleep quarter

f. Experimental testing and monitoring

The work sphere can be positioned within the module in a variety
of arrangements and can be moved from module to module through
the 50 inch hatches.

The definition of a work sphere is a human interface volume
dedicated to concentrated human productivity using high tech-
nology equipment. The wuser environment created is by <client
specified, mission specific equipment and general work sphere
equipment.

The work sphere is a user defined volume designed to maximize the

human productivity 1in a hardware unit that contains general
modular equipment such as:
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Electrical

Air Flow
Temperature Control
Data Flow Network

o WN =

and user specified hardware such as:

1. Color Panels
2. Plug-in Units Mission Equipment
3. Discipline Specific Package

Some general equipment subsystems are standard in each work
sphere, but the majority is user defined and relatively easy to
reconfigure. See Figures 15 and 16 for one conceptual design.

Equipment layout can be modeled after automated office, aircraft,
and spacecraft cockpit design to facilitate efficiency, comfort,

and concentrated user effort. User view, reach, and lighting will
be main design objectives.

Equipment will be of the plug in/out type to facilitate repair
and replacement.

Support equipment will be stationed adjacent to the sphere to
extend the sphere capabilities. Sphere <can be 1linked to
experiments for monitoring and testing.

The work sphere permits a small concentrated work environment to
be located near the work location without a major commitment to

volume. In a semi-permanent environment it can be integrated
with other storage and equipment volumes.

SALIENT QUESTIONS - WORK SPHERE

1. How can this sphere be optimized anthropometricaliy?
2. What sphere user specific type equipment is required?
3. What type of "pull into position" equipment is possible?

4, How expandable or telescopic can the work sphere get? Can it
be expanded to sleep quarters?

5. What are the limits of hatch transfer of the sphere?

WORK SPHERE - ADVANTAGES

Sphere can be installed in station module prior to launch. Sphere
can be brought to the station in the Shuttle mid-deck in a shirt
sleeve environment. Sphere can be brought to station in Cargo Bay
of Shuttle in a space safe canister which attaches to the airlock
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Figure 16 Conceptual Work Sphere Details

for sphere transfer and/or the sphere can be made space safe
through design or packaging. 01d spheres could be brought back to
Earth in logistics module. Sphere 48" diameter allows movement
throughout entire station assuming 50" diameter passage clearance.
Useful in major interior arrangement re-organization. Sphere can
be arranged 1inside the station in several different <configura-
tions. Sphere is similar to spacecraft cockpit which astronauts
and technically oriented people appreciate. This appreciation
and familiarity could enhance the sphere's acceptance and use. A
Black Box Sphere can be brought to the station with a visiting
scientist, plugged into general services, used and then returned
to Earth with the scientist or only Black Box components and data
banks are removed from the sphere. Security possibilities are
excellent.

Work Sphere can contain closed environments that are monitored
and manipulated by an adjacent or remote sphere.

Work Sphere allows long term work (days, weeks, months) to be
conducted by one person without work area interrupted by accident.
Correspondent sphere on Earth will allow direct Earth/Station
link. Ground researcher can infuse data and information to
station sphere while sphere user is doing other work or not in
the sphere. Maintenance, testing and problem solving can be
conducted on Earth with duplicate sphere.
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WORK SPHERE - DISADVANTAGES

There 1is a potential for user psychological problems of confine-
ment and isolation. Potential problem with packaging of support
equipment, especially future upgraded equipment. Work sphere
form does not match inner hull. Potential problem of industrial
acceptance of new concept.

WORK SPHERE - ADVANTAGES

@ EASE OF INSTALLATION

@ TRANSPORTABILITY

@ DESIGNED TO FIT THROUGH THE HATCHES

@ PROVIDES PLEASANT ENVIRONMENT

® MAXIMIZES CONCENTRATION

@ PROVIDE MAXIMUM CONCENTRATION LEADING TO MAXIMUM HUMAN
PRODUCTION

@ USER CONTROLLED TEMPERATURE, AIR FLOW, SOUND, ETC.

@ USES PREFERENCE ON HUMAN FACTORS ISSUES SUCH AS TACTILE,
SMELL, ENTERTAINMENT, BODY POSITION, PERSONAL TURF HUMAN
FACTORS

@® VUSER DEFINABLE MODULAR EQUIPMENT

@ USER CONTROLLED ACCESS AND INTERRUPTIONS INCLUDING SECURITY

@® USER MODIFICATION ON SHORT NOTICE, USER RECONFIGURABLE

@® CUSTOMER COMMUNICATION VIA DUPLICATE SPHERE IN SPACE STATION

AND CUSTOMER SURFACE FACILITY. (COULD BE MAJOR ENHANCEMENT
TO SPACE STATION MARKETING SCENARIO).

WORK SPHERE - DISADVANTAGES

@ DOESN'T FIT WELL INSIDE THE EQUIPMENT INDUSTRY
STANDARDIZED ON SQUARE FORMS

PSYCHOLOGICAL PROBLEMS WITH CONFINED SPACE
ENCLOSED VOLUME - CLAUSTROPHOBIA

@ VUSER ACCEPTANCE UNKNOWN

33



CONSTANT FOCAL LENGTH

BOREDOM
@® HUMAN FACTORS AND ENCLOSED VOLUME LIMITS NEEDS
RESEARCH AND MAY VARY WITH INDIVIDUAL
RESEARCH QUESTIONS - WORK SPHERE
1. What type of work will be done in the station and how does it
relate to the work sphere?

A. Near term (first three years of operation)
B. Long term (beyond first three years)

2. What type of standard equipment and services will be necessary
for any type of IVA administrative and research work?

3. How can this sphere be optimized anthropometrically?

4. What other functions could a privately controlled environment
serve?

5. What types of sub-utility systems could be integrated into the

sphere? Can a technology transfer scenario be set up for societal
benefits from the Space Station?

SUGGEST WAYS RESEARCH CAN BE UNDERTAKEN FOR WORK SPHERE VIA NORMAL
ROUTE WITHIN NASA

RESEARCH WITH MODELS AND REFINE SHAPE

CREATE FULL SIZE MOCK UP

CHECK ERGONOMICS AND DETAILS

RESEARCH EQUIPMENT

SIMULATE EARLY HUMAN PRODUCTIVITY TESTS ON THE SURFACE

REFINE CONCEPT

SURVEY CURRENT COMPUTER/WORKSTATION INDUSTRY

CREATE A NORMAL GRAVITY EQUIVALENT WORK SPHERE

REFINE THE COMMUNICATIONS LINK FOR WORK SPHERE USE ON
SPACE STATION

FLIGHT TEST ON STS MID DECK PRIOR TO TESTBEDS
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@ UTILIZE ON TESTBED MISSIONS AND EVALUATE
@ PRODUCE FOR NASA AND COMMERCIAL MARKET
@ CONTINUED EVOLUTION IN MOCK UP FACILITY

ALTERNATIVE CONCEPTUAL DESIGN - CENTER SERVICE CORE

The Center Service Core is a result of the combination of the
requirements for interior arrangements, utility routing and
station circulation. The design goal 1is to create large
concentrated work and/or living volumes.

The Center Service Core Concept concentrates the utilities and
ECLSS plus the circulation volume in the center of the module
volume within a 50 inch to 5' - 6" wide zone extending the full
height and length of the module. The arrangement creates two
separate volumes, one on either side of the service <core. The
volumes <can be used for work or living and are 54 inches wide.
The <circulation zone is 72 inches high by 50 1inches wide and
permits easy access by the surface fabrication work force. See
Figure 17.

The Center Service Core Concept is similar to modern office
building planning which concentrates the mechanical, utilities
and circulation in a service core located in the center of the
building with large continuous office space surrounding the core.
The utilities and circulation volume in surface buildings becomes
smaller and more efficient as it radiates from the <core and
services fewer users. A larger more productive area is created
by this concept.

The Service Core Concept promotes efficient servicing of the
station in orbit and provides reasonable access to the wutility
volume while on the ground prior to launch, The lTarge
concentrated volumes <created offer new interior arrangement
opportunities for designing the volume by recognizing the neutral
body position as a functional design requirement.

The utility runs such as air ducts, electrical, etc. occupy in an
efficient manner the volume created by the curved interior wall
joint with the straight floor and ceiling. The <concept also
creates enhanced adaptability and flexibility for equipment
maintenance and repair.

SALIENT QUESTIONS - CENTER SERVICE CORE

1. How does the service core interface with the end cap
and hatch?
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Figure 17 Conceptual Design Center Service Core

2. How can the utility system design permit efficient access
to all parts of the system for inspection, servicing and
maintenance, repair and update?

3. Is the service core to be extended for additional ECLSS
upgrades, module additions and expansion?

4. What type of construction is required to maintain the
structural integrity of the service core during construction
on the ground and removed to go into orbit?

5. How is equipment to be placed near the service core to take
maximum advantage of the concept?

ADVANTAGES - CENTER SERVICE CORE

The Center Service Core concentrates service functions to a small
volume and permits the rest of the volume to be used for other
purposes. The concept provides enhanced three sided access to the
core of utilities and distribution system. This starts with two
level workspaces. This provides efficient interface to curved
surfaced by moving the previously side mounted equipment to the
center of the module and placing the back of the c¢rewmember
against the <curved surface and approximating the neutral body
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position.

The concept provides efficient utility runs and reduces circula-
tion volume required while it creates enhanced volumes for
productive work. It balances microgravity and surface fabrication

requirements by providing a hard walkway down the middle which
can be unbraced and lightened for orbital loads.

DISADVANTAGES - CENTER SERVICE CORE

The access to concentrated services below the utility runs may be
limited. The <concept creates more work volume by creating two
separate work/habitation volumes where one existed and may have a
crowding effect or feeling on occupants.
ADVANTAGES - CENTER SERVICE CORE
® CONCENTRATES SERVICE FUNCTIONS TO SMALL VOLUME
PROVIDES ENHANCED THREE SIDED ACCESS

@

@ PROVIDES EFFICIENT UTILITY RUNS

@® REDUCES CIRCULATION VOLUME REQUIRED
®

CREATES ENHANCED VOLUMES FOR PRODUCTIVE WORK

DISADVANTAGES - CENTER SERVICE CORE
@ ACCESS TO CONCENTRATED SERVICES MAY BE LIMITED
@ IT MAY COMPLICATE SURFACE INSTALLATION AND TESTING
@ CREATING TWO SEPARATE WORK/HABITATION VOLUMES WHERE ONE
EXISTED MAY HAVE SOME UNKNOWN EFFECT ON OCCUPANTS
IDENTIFY QUESTIONS THAT REQUIRE FURTHER RESEARCH ON THE TOPIC OF
INTERIOR ARRANGEMENTS OF THE SECONDARY STRUCTURE

What is the minimum and maximum volumes anticipated for the ECLSS
and utilities plus growth?

Can the sphere volume be utilized effectively in a basic c¢cylin-
drical module?

What is required for general sphere type equipment?
W