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TRODUCTION 



Space Station as to be completed in 
Phase 1 at a projected budget of 14.6 
billion (1988) dollars. 



The American Space Station has become a reality. 
Construction is expected to begin in the early 1990's. The Space 
Shuttle will be responsible for launching the elements and 
components of the Space Station. Astronauts will assemble the 
station in a low-inclination orbit of 28.5 degrees 300 miles 
above the earth. Habitation will be continuous 24 hours a day, 
365 days a year with resupply and crew transfer every 90 days. 
Due to budget cuts and pressure from congress to reduce costs, 
the station will be assembled in two phases. 

The initial phase at a cost of 14.6 billion (1988) dollars, 
will include manned and unmanned scientific platforms. The major 
elements of the configuration include five pressurized habitation 
and laboratory modules for crew habitation and for conducting 
experiments under microgravity conditions, Air locks for 
Extravehicular Activity (EVA), accommodations for attached 
payloads, a polar orbiting platform, logistics elements, power 
modules, truss assembly, and EVA capabilities J All aspects of 
the station must be versatile and incorporate expansion 
capabilities. The second phase of an undetermined amount of 
dollars, will allow the station to grow to a figure-8 design. 
This phase will allow for greater expansion capabilities than the 
first phase including the adaptation of new power systems. The 
Japanese, Canadians, and the European Space Agency are all 
expected to contribute elements of scientific orientation to the 
design of the Space Station. 

This Senior project will be taken from an analytical 
approach addressing the issues as realistically as possible. The 
focus will deal only with the crew quarters of the habitation 
modules. It will address issues primarily concerned with the 
interior environment of the Space Station, including space 
planning of major areas such as the kitchen/dining, sleeping 
quarters, toilet facilities, and an exercise/recreation area. 
These activities will take place in two modules: sleeping and 
hygiene in one module, and dining, recreation, and other 
interaction-oriented activities in the other. 

1  Space Station Development Plan; NASA ( November 1987 ): 
p. 5. 



This Senior project will also address such issues as the 
psychological and behavioral implications of confined and 
isolated spaces in design, effects of microgravity on the 
physical environment, and how these conditions might be altered 
and improved through major design issues concerning space 
planning, interior layout, lighting, color, and texture. It is 
not the intent of this project to deal with the areas deemed 
laboratory and logistic modules, for that requires extensive 
engineering and scientific applications, both beyond this 
project's scope. 

It is necessary to inform the reader of conditions that 
occur in space and in microgravity to establish an understanding 
of the issues and sensitivities required when designing for the 
Space Station. 
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No longer limited to the confines of earth, man has begun a 
great exploration of what is known as outer space. Man has 
always had the desire to explore new frontiers, and it is only 
natural that his next step be the space environment. Space is an 
environment unlike any experienced before. Everything necessary 
in space must be hauled there from earth. Unfortunately, with 
estimates of $2,000 per pound to blast items into orbit, few 
items except those of vital necessity will go. Space will be 
limited and the comforts of home will have to be left behind. 
Space environments and microgravity have also been shown to have 
adverse effects on the astronauts mental and physical condition. 
There may be other dangers unknown at this time that the 
astronauts may face. 

The question is frequently asked whether it is worth having 
a space station with both economical risks, and also risks to the 
well being of the crew that must live there. The government and 
the National Aeronautics and Space Administration (NASA), believe 
the benefits outweigh the risks. With the president's blessing, 

the construction of the Space Station is scheduled to begin in 
1992, the 500th anniversary of Columbus's journey to the new 
world. 

The Space Station is a unique concept. It will provide the 
United States with a permanently manned presence in space. It 
will also provide a research facility to further scientific 
knowledge, and help establish commercial endeavors in space. 

A few examples of research that will be conducted on the 
station include materials research and development. Materials can 
be manufactured with properties unobtainable on earth. For 
example, when a heavy and light metal are mixed on earth, 
convection properties cause the heavier components to settle 
before the mixture can cool into a solid state. There is no 
convection occurring in space due to the lack of gravity, so in 
weightlessness the mixture remains uniform. Incompatible mixtures 
on earth can be combined into consistent new materials. Foamed 
alloy is an example of a material unobtainable on earth. It is 



formed with tiny bubbles similar to those in a sponge. In theory, 
it could be stronger than steel and lighter than balsa wood. 
Certain pharmaceuticals are impossible to develop on earth but 
easy and inexpensive when manufactured in space. Urokinase (an 
enzyme that disolves blood clots) would cost $1,200 on earth, but 
is reduced to $100 when manufactured in space. 1  Defect- free 
crystals for use in computers could also be developed aboard the 
Space Station. The station will also be a place to study and 
observe atmospherical occurrences on earth and to study our 
universe more closely. The Space Station would provide advantages 
for future missions such as a journey to Mars that would require 
vehicle assembly in orbit due to the size of the vehicle required 
and the amount of money it would cost to get it into orbit. 

The Space Station will play a critical role in each of 
these endeavors. There is no doubt that the Space Station can 
help further the development of man in areas of medicine, 
computers, building materials, and scientific knowledge. It is 
also a stepping stone for further space exploration enabling 
capabilities of the future yet to be discovered. 

'David A. Anderton, Space Station (Washington D.C.:U.S. 
Government Printing Office, 1984), p. 11. 
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One of the more important aspects of designing the interior 
for the Space Station is to consider the people who will be the 
primary users. 

Initially, NASA would like the crew to be composed of six 
to eight persons who live in space for 90 continuous days. Each 
shift will be responsible for operations in all the modules 
instead of each module having its own crew organization. 

Everyday maintenance and operation of the station will be 
handled by two members of the crew. The remainder of the crew 
will then be free to conduct scientific research, commercial 
applications, and data gathering operations. A typical crew may 
include a commercial pharmaceutical researcher, a university 
based astrophysicist, a Japanese biologist, and a French 
geographer. 

Unfortunately, the Space Station can not be designed for a 
specific group of people. In the past, space flight crews have 
generally been male pilots in top physical condition having 
endured very rigorous testing. The Space Station crew, however, 
will be composed of men and women with a variety of physical 
conditions and limitations. Since NASA is hoping to develop the 
station as an international project rather than solely U.S., 
custom and social diversities become an issue of the design 
process. The contributing countries include Canada, Japan, and 
Europe. 

Conflict has been shown to arise easily in isolated and 
confining spaces. NASA will devise a crew selection process 
involving agency psyhcologists. The psychologists will try to 
balance personality types within each crew. They will be looking 
for personality types who are able to cope with confinement, 
boredom, and anxiety as well as being able to get along with 
fellow crew members. 

The diversity of the crew becomes a key issue. Personality, 
language, and customs will surely seem strange to each of the 
crew members. Their environment will also seem very strange. 
Therefore, NASA has stressed the importance of a flexible design 
with relatively easy usage and understanding of the Space 
Station. 
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To provide versatility and flexibility in the design of the Space 
Station so that new technologies and expansions are easily 
incorpor ated. 

To make working and living areas distinct from each other through 
use of design features such as furniture, lighting and acoustics. 

To simulate an earth environment to maintain the astronaut's link 
with the home planet. 

To enable astronauts to utilize all available space and to work 
from walls and ceilings as well as floors. 

To alleviate the psychological effects of confined an isolated 
spaces through design. 

To create living areas that feel spacious even though space is 
limited. 

To use color, texture, and lighting, to provide visual 
stimulation and variety. 

To provide visual clues regarding orientation aboard the Space 
Station. 
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It is essential to anticipate the hability issues of the 
space environment that could prove discomforting to a large 
number of space dwellers. The designer must think holistically 
about the environment to understand the effects not only on the 
physical but also on the psychological well-being of the crew as 

well. 

When designing the Space Station it is necessary to identify 
the conditions likely to cause stress to the inhabitants. Some 
psychological, emotional, and behavioral problems could affect 
work performance of the crew. It is necessary to deal with these 
issues while the station is still in the conceptual phase of 
design. 

VOLUME REQUIREMENTS 
Extra living area becomes costly and prohibitive when 

blasted into space. Until the time that the dwellings can be 
built in space, astronaut's quarters must be restricted in size. 
Since an individual will spend a large amount of time in all 
areas of the station, crowded conditions in space are likely to 
cause psychological effects. 1  There is limited understanding of 
what constitutes adequate space for an individual on long 
duration flights, and how the number of people sharing an area 
affects each individual's requirements. Most of the estimates of 
volume requirements assume the length of confinement to be an 
important factor. A minimum of 50 feet cubed per person is 
adequate for 1-2 days of confinement. 260 feet cubed per person 
is needed for 1-2, months and anything over two months requires 
600 feet cubed per person. 2  Therefore, with each crew member 
expected to spend three months in confinement aboard the station, 
approximately 600 feet cubed per person will be adequate for the 
duration of each mission. Generally this amount of space would 
seem very limited, especially if one takes into consideration 
that the crew cannot leave these areas to go outside. However, it 

'Mary M. Connors, Albert A. Harrison, Faren R. Atkins, 
Living Aloft ( Washington D.C.: NASA Scientific and Technical 
Information Branch, 1985 )p.97 

2IBID. p. 61. 
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orientati on t 
have the abi 
the walls . Ru 
9 states: 

ized that the astronauts have a 360 degree 
work from instead of a two dimensional one. They 
ty to work from the ceilings and floors as well as 
:ell Schweickart, who spent ten days aboard Apollo 

You would think if you were locked in a 
Volkswagen for 10 days you would go berserk. 
Well, you never have a sense of claustrophobia, 
and I think it is because you had total 
3-dimensional freedom. The space seemed more 
spacious than it would have in an environment 
where you had to go to the bottom of something. 3  

Currently, astronauts have a difficult time adapting to the 
3-dimensional usage of space obtained in microgravity. As time 
spent in space becomes more routine, this problem will easily be 
minimized. However there are still other problems to be dealt 
with concerning confinement. 

PRIVACY 

In space, physical space is restricted leading to forced 
interactions and reduced opportunity for retreatment from others 
in the group for personal territory. Privacy is required for the 

normal functioning of a human being. Each individual has the need 

for visual, physical,or psychological separation. The individuals 
often feel frustrated and deprived when it is impossible to 
escape from close proximity of the other crew members. This type 
of stress will eventually affect an astronauts performance and 
judgement. Anything that would help emphasize a person's 
individuality might offset the privacy issue. Variation in room 
sizes and shapes, interior layouts, lighting and color along with 

3Jan Kaplicky and David Nixon, "Living In Space," Futurist 

( March-September 1987 ): p. 56. 



better use of space could alleviate the problem. For instance, 
Skylab crews suggested that individual sleeping quarters be 
separated further.4 

Perhaps an effective method for dealing with the privacy 
need in space is to familarize potential crew members before hand 
with the environmental pressures they will encounter. 

WORK AND RECREATION 

Work dominates the interests of the confinees. They show 
relatively little interest in leisure activities and tend to 
hoard their work loads. Work keeps their minds focused away from 
their confined situations. Unfortunately, evidence shows that 
isolation and confinement can lead to impaired intellectual 
functioning.5 Several investigators have reported decreases in 
alertness, concentration, and memory. Therefore, it is essential 
that the astronauts be provided with recreational stimulation to 
relieve their insistent need to work and decrease the awareness 
of their confined situation. Persons in confinement show a clear 
preference for passive activities such as movies, books, 
television, music, and looking out the windows. They tend to 
avoid competitive activities that stimulate tensions already 
evident due to confinement. A separate recreational area with a 
variety of activities will be provided for the crew aboard the 
station. Providing them with a positive environment away from 
their work loads will help decrease the consciousness of 
confinement. Special design considerations must be taken because 
of the difficulty in duplicating some earth activities in a 
microgravity environment. 

SENSORY STIMULATION 

NASA is striving for a "stimulas environment" for the Space 
Station. By providing visual and sound variety, some of the 
monotony will hopefully be relieved. In a study conducted at 
NASA Ames Research Center it was shown that there is a universal 

4Mary M. Connors, Albert A. Harrison, Faren R. Atkins, 
Living Aloft ( WAshington D.C.: NASA Scientific And Technical 
Information Branch, 1985 ), p. 92 

5IBID. p. 11. 



aversion to environmental conformity. 6  Visual variety can be 
achieved through color, texture, interior layout, and lighting. 
Music is a stimulas that has powerful effects on the emotions as 
well as on the central nervous system. It has been shown to aid 
in concentration and help maintain work capacity. Music and other 
sounds such as bird singing and rain will be used on the Space 
Station. 

Life aboard the Space Station will not always be exciting. 
As routines are established, the astronauts will become more 
aware of their limited space, and lack of privacy and sensory 
stimulation. The designer must be aware of these situations and 
design accordingly with the research available to minimize the 
effects of confinement and isolation. 

6IBID. p. 99. 
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The human body goes through profound physical changes when 
it reaches the microgravity of orbit. For the first two or three 
days in orbit, about half the astronauts experience unpleasant 
nausea and dizziness. This condition is often referred to as 
"Space-adaptation syndrome"!, a condition similar to motion 
sickness experienced on earth. Space sickness occurs because the 
human body's balance mechanism does not always rapidly adjust to 
the microgravity environment. Astronauts seem to become 
disoriented when the visual signals do not agree with those from 
the inner ear. 

However, "Space-adaptation syndrome" is the least of the 
physical effects astronauts experience in microgravity. According 
to researchers at NASA Ames Research Center, people who spend 
their lives in space could lose the use of major bones and 
muscle. 2  On earth, muscles must operate against gravitational 
pressure. In a microgravity environment weight bearing is reduced 
which leads to the disuse of bones and muscle. Long exposure 
periods could result in conditions similar to muscle atrophy and 
osteoporosis. Strength of handgrip is also reduced in 
microgravity. Weakened reflexes and decreased bone size leads to 
decreased tolerance for physical work. Therefore, it is vital 
that the design include an exercise and recreation area to reduce 
the effects of microgravity on the body. Regardless of the 
astronauts attitude towards exercise, some kind of exercise, 
whether it be isometric or jogging on a treadmill, must be 
performed. Exercise may also reduce the tension of living in a 
confined space. In-flight exercise appears to be invaluable in 
retaining muscle tone; however, in-flight exercise does not offer 
complete protection. 

1  John Rhea, " The Flying I-Beam," Space World ( May 1987 ): 

p. 17. 

2"Effects of Living In Space," USA Today ( June 1984 ): 

p. 34 



Cosmonauts Berezovoi and Lebedev returned 
from their 211-day mission aboard Salyut 7 
in obviously debilitated condition. Although 
they had exercised daily, their muscles were 
so flabby that they were barely able to walk 
for a week, and for several weeks afterwards 
required intensive rehabilitation. 

The debilitated condition of the astronauts would certainly 
have been more extensive had there not been some form of daily 
exerc ise. 

Absence of gravity affects other functions including blood 
circulation. Lack of exertion causes the heart to lessen its pace 
resulting in reduced output of the heart, decreased heart rate, 
and less blood volume. The heart actually shrinks by about ten 
percent. Without gravitational influence, the fluids in the body 
are redistributed. Approximately one to two litres of blood shift 
from the lower body into the head, neck, and thorax. Heads feel 
stuffed-up, faces become puffy, and eyes are bloodshot. When the 
fluids shift, urination increases resulting in fluid loss and 
eventual body weight loss. 

So far the effects of microgravity have been reversible, 
but humans have never spent more than three months in space and 
results of long periods of exposure to weightlessness are unknown 

at this time. 

3Mary M. Connors, Albert A. Harrison, Faren R. Atkins, 
Living Aloft ( Washington D.C.: NASA Scientific and Technical 
Information Branch, 1985 )p. 25. 
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INTERIOR SPACE ANALYSES 

Included in the following pages are analyses of the spaces 
required for the living quarters of the habitation modules for 
the Space Station. Due to the uniqueness of the requirements, a 
brief discription of each requirement is included. Also, the 
amount of space required is addressed in cubic volume due to the 
3-dimensionality of a gravity free-environment. A segment 
pertaining to additional comments and points of interests that 
may or may not influence the design of these spaces is included. 

The format of the interior space analyses is as follows: 

Name of Area: 

Cubic Volume: 

Purpose: 

Additional Comments 
And Points of Interest: 



AREA: 

CUBIC VOLUME 

PURPOSE: 

REQUIREMENTS 

KITCHEN / DINING AREA 

260 FT 3  per person 

Eating is a primary function of 
extended space flight. It is a social 
activity as well as a necessity. The 
astronauts enjoy the rare opportunity of 
social interaction with all eight crew 
members. Therefore, the area must be large 
enough to accommodate all eight crew members 
at once. Besides eating, the area will be 
used as a conference space for there are few 
spaces with enough room for even two members. 

DINING TABLE 
The table must be large enough to 

accommodate eight persons. It should have 
thigh, footstraps, and triangular shoe 
restraints to keep the crew from floating 
away from the table. 

CONVECTION AND MICROWAVE OVENS 
Time and number of people dictate the 

necessity for three microwave ovens and a 
forced-convection range with a fan to blow 
air around in microgravity. A microwave and 
range could be combined to reduce volume. The 
oven should be self-cleaning. 

REFRIGERATOR 
A small-volume refrigerator is 

necessary which uses freon to preserve food. 
The interior must have easy-to-reach 
compartments because astronauts do not stand 
erect, but crouch in microgravity. 
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DISHWASHER 
Debate is still continuing regarding 

the necessity of a dishwasher. One idea is to 
use food packages in compact containers 
similar to a boxed picnic lunch. This would 
eliminate the need for storage of both food 
and dinnerware, and reduce the amount of 
clean-up time. Unfortunately, the large 
volume requirements of disposable dinnerware 
cancel most of the benefits obtained from 
this idea. If a dishwasher is to be used it 
must be a spray-type to minimize water usage. 
A special detergent needs to be developed to 
be compatible in a closed system in which 
water is recycled and brought back on line. 
However, dishes take up space, add weight, 
and add cost to the launch. 

TRASH COMPACTOR/STORAGE 
Ideally, NASA engineers would like to 

eject trash into orbit around Earth and then 
let it burn up as it reenters the atmosphere. 
However, an exact orbit is required each time 
and the "garbage torpedoes" 1  would change the 
orbit of the space station. Therefore, it is 
necessary to store trash for 90 days until 
the shuttle is able to take it back to Earth. 
Wet and dry trash are stored separately. The 
wet trash is frozen with chemicals 
eliminating mold and bacteria growth. Trash 
also has a tendency to decompact itself in a 
microgravity environment making it necessary 
to have solid storage compartments. 

"The Flying I-Beam," Space World (May 1987): 

23 



FOOD STORAGE COMPARTMENTS 
A crew of eight, each eating 270 meals 

during a 90-day mission, will eat 2160 meals. 
Enough food is provided for the duration of 
the mission with regular shuttle visits to 
replenish supplies. A fair amount of storage 
must be provided for food. 
Packages are difficult to remove in a 
weightless environment. Once an item is 
removed, other foods tend to float out of the 
open drawer. This problem could be solved 
through the use of magnetic strips or nets. 

OPTICAL CODE RECORDER 
This is a computerized system to keep 

track of the food inventory. It operates on 
the same principle as a supermarket checkout 
device that reads bar codes. 

HAND SINK 
A handwashing device is required. It is 

inclosed in a globe to prevent splashing of 
water droplets that would float in the 
environment, and possibly cause eye 
irritation and/or short-circuiting of 

electrical equipment. 

ADDITIONAL 
COMMENTS AND 
POINTS OF INTEREST: 

It is necessary for the kitchen to be 
efficient in area as well as arrangement to 
reduce time spent preparing food and cleaning 
up. The astronaut's time is very valuable, 
with cost of each crew member's labor 
estimated to be as high as $80,000 per hour. 2  

^Eleanor Smith, "Stress In Orbit," Omni ( November 1986 ) 
p. 102. 
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Food packaging is an art, especially 
when it comes to drinking liquids. An 
astronaut inserts a plastic straw with a clip 
that prevents a beverage from floating out of 
the straw when the straw is not in use. 

Cooking odors and vapors could be an 
irritating problem for eyes. Grumman 
Corporation suggests a catalytic converter to 
eliminate the problem. 

An international menu should be 
provided to satisfy the various crew member's 
appetites. 

The terms microgravity and zero gravity 
are used to mean the same thing in this 
program regarding the environment of the 
Space Station. Microgravity is a term 
scientists prefer to use because technically 
there is still an insignificant amount of 
gravity on the station due to the earth's 
gravitational pull. 



AREA: 

CUBIC VOLUME: 

PURPOSE: 

REQUIREMENTS 

RECREATION/EXERCISE/HEALTH 
FACILITY 

600 ft 3  per person 

Due to the debilitating effects of 
weightlessness on the human body, it is 
essential that the astronauts exercise for at 
least an hour to offset the effects upon the 
musculature, skeletal, and cardiovascular 
systems. Space for exercise equipment must be 

provided as well as medical equipment to 
monitor the status of the astronaut's 
physical condition. Also, it is necessary to 
provide the crew with a place oriented 
towards recreation and leisure time. With 
space being limited it is necessary to 
combine more active oriented functions within 
the same space. 

EXERCISE TREADMILL 

The treadmill is an exercise item that 
must have adequate space provided. In order 
to use it more effectively in a weightless 
environment adjustable springs and straps 
must be incorporated in the design. 

STATIONARY BICYCLE 

A wheelless bicycle equipped with a 
built-in ergometer. 

ISOMETRIC EXERCISER 

The isometric exerciser is an in-flight 
exerciser shaped to fit the hand, and used to 
maintain grip strength. 



ADDITIONAL 
COMMENTS AND 
POINTS OF INTEREST 

MEDICAL EQUIPMENT MONITORING SYSTEMS 

Adequate space must be granted for 
monitoring the physical conditions of the 
crew through vital signs, x-rays, and blood 
samples. 

RECREATIONAL ITEMS 

For the most part, crew members have 
specified a preference for passive non
competitive activities. The competitiveness 
emphasizes hostile feelings brought about 
under isolated and confined situations. 

The majority of the crew preferred 
activities such as television, movies, books, 
and music. Personal recorders with headphones 
are a must to limit intrusion of taste upon 
others. Cards could be played using card and 
deck retainers and using magnets to hold the 
cards to the table. 

Group activities preferred were, group 
singing, bingo, and talent shows. 

The astronauts on past missions have 
requested that a private communication booth 
be provided for conversations with relatives 
back on earth. 

A favorite activity of crew members on 
Skylab was darts. This was accomplished with 
Velcro on the surface of the target face. 
Each dart was a standard dart with Velcro 
hooks substituted for the pointed shaft. 



It is difficult to transfer many favorite 
activities of the earth environment to the 
microgravity environment without serious 
alterations to the method in which the 
activity is accomplished. New activities must 
be created specifically for the weightless 
environment. 



AREA: 

CUBIC VOLUME 

PURPOSE: 

REQUIREMENTS 

SLEEPING QUARTERS 

150 FT 3  per person 

Limited personal space and privacy are 
primary complaints of astronauts on space 
flights. With longer duration time aboard the 
station, these conditions will become even 
more annoying. NASA would like each crew 
member to have their own personal space. They 
strongly recommend the avoidance of "hot 
bunking" or sleeping in the same bed that an 
astronaut on another shift has just finished 
sleeping in. The space must also accommodate 
two persons at one time for personal 
conversations. 

BED 
In a weightless environment one may 

sleep vertically as well as horizontally. 
Therefore, orientation is of no concern in 
the design. The bed should include 
restraining straps for those who want the 
feeling of sleeping in a gravity environment. 

PERSONAL STORAGE 
Each astronaut will need a storage unit 

to place personal items in. It is very 
annoying and even dangerous to have items 
floating about, especially in the cramped 
sleeping quarters. 

WALL SURFACE MATERIAL 
The walls could be covered with foam 

padding in each sleeping area for thermal and 
vibration protection, and for insulation. It 



ADDITIONAL 
COMMENTS AND 
POINTS OF INTEREST 

has been suggested that the astronauts be 
able to pick their own decor. One idea is to 
attach adhesive wallpaper to the walls in the 
astronaut's choice then remove it when 
his/her mission is done. The time and 
difficulty of application in a weightless 
environment may prove to be unreasonable 

The rooms should be able to be sealed 
to light and sound so the astronauts will not 
be disturbed by movement and noise of the 
other crew. 

Recorded music from Mission Control has 
been the traditional wake-up call used by 
astronauts for the past twenty years. 

If a person were to sleep without any 
restraints to hold the body in position, the 
body would always end up in a position 
similar to floating in water: Knees bent, 
arms and hands out in front, and shoulders 
haunched up. 

The Space Station will orbit the Earth 
every 90 minutes. In space, an astronaut will 
experience 45-minute night cycles, 16 of them 
in 24 hours. 



AREA: 

CUBIC VOLUME 

PURPOSE: 

REQUIREMENTS 

TOILET FACILITY 1 

343 FT 3  

Two bathrooms are a necessity with a 
crew of eight. There is a personal hygiene 
area complete with shower, urinal, and 
handwashing device, and a waste management 
area with a commode/urinal. This allows both 
areas to be used simultaneously at peak 
times, notably during shift changes when one 
crew goes on duty and the other goes off. The 
bathroom should be close to sleeping quarters 
to ensure privacy. 

HAND SINK 
A handwashing globe similar to the one 

used in the kitchen is required. There is 

difficulty in having a face washing area. It 
has been suggested that astronauts use a damp 
washcloth to wash faces. 

SHOWER 
The shower is a small stall and should 

have round walls. Water and grime tend to 
accumulate in corners making it difficult to 
keep the shower clean. A nozzle in the shower 
will spurt water and a down draft of warm air 
will carry the floating droplets toward the 
feet. The water will be removed by a vacuum 
in the floor. The stall must be leak-tight to 
prevent water from floating into the other 
living areas. Clean up is a problem. Who 
cleans it, and who has the time? An idea is 
to direct the water towards the floor to be 
vacuumed out. Another idea is to teflon-coat 
the walls so they won't hold water droplets. 



ADDITIONAL 
COMMENTS AND 
POINTS OF INTEREST 

TOILET 
The toilet has a specially designed 

seat to position the body properly. Handrails 
and foot holds are necessary in anchoring the 
body to the seat. Air is sucked through the 
seat in a strong draft to separate waste from 
the body and move the waste down the chamber, 
because water floats in a weightless 
environment there is no water in this toilet. 
A strong downdraft of air would eliminate 
odors. 

URINALS 
Each astronaut, male and female, would 

have their own "funnel-like contraption" 
consisting of a cup with a hose attachment 

that has air flowing through it. The air 
would remove the urine out of the cup and 
into the waste chamber. 

STORAGE 
Storage is necessary for individual 

hygiene items and towels. Wet towels need 
special storage so they won't add extra 
humidity to the air and also so they won't 
get moldy. 

Water tends to cling to the body 
naturally in zero-gravity. If an astronaut 
were to become unconscious, enough water 
built up around him could accidently drown 
him. 

Lack of water for washing has been the 
number one annoyance to astronauts in the past. 

3 2  



AREA: 

CUBIC VOLUME 

PURPOSE: 

REQUIREMENTS 

LAUNDRY FACILITY 

100 ft* 

A Laundry Facility on the Space Station 
is essential. It would provide an area to 
clean clothing, bedding, and bathroom and 
galley towels that would otherwise have to be 
shipped back on the shuttle taking up 
precious cargo space, and additional expence 
would be incurred to cover transportation 
costs. Laundry washwater, urine, and other 
liquid waste water will be recycled. 

WASHING MACHINE 
A washing machine on the space station 

would probably be similar to those on earth, 
except it would have a bladder devise to 
contain the clothing and water so the two 
would mix in weightlessness. Instead of the 
spindle in the middle turning clothes and 
water around, the water outside the blader 
will move, pulling the clothes and the water 
around by friction. Once the clothes are 
clean, the outside basket will spin, pulling 
the water out by centrifugal force. Engineers 
are currently working on a way to remove dirt 
and soap from the laundry water. 

DRYER 
The dryer will be contained in the same 

machine as the washer to save space. 

STORAGE 
Storage is necessary for items used for 

laundering purposes. Storge should be 
provided for soiled items to minimize storage 
within individual sleeping quarters. 



ADDITIONAL 
COMMENTS AND 
POINTS OF INTEREST 

It has been suggeted as a way to save 
space, that the dishwasher and the washing 
machine be combined in the same unit to save 
space. Unfortunately engineers have not 
developed an acceptable solution - yet. 



AREA: 

CUBIC VOLUME 

PURPOSE: 

REQUIREMENTS 

TOILET FACILITY 2 

125 FT.3 per person 

The second toilet facility is to be 
located in the module which includes the 
kitchen/dining, and the recreation/exercise 
and health facility. The crew will not have 
to travel back to the sleepinig quarters 
module and risk disturbing those that may be 
asleep. The second toilet facility will also 
be benefical during shift changes when usage 
is likely to be at a peak. 

The requirements for the second toilet 
facility shall be in accordance with toilet 
facility 1, except there will be no shower, 
and less storage will be required. 
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DIAGRAMMING ONS 



1 KITCHEN DINING 

2 RECREATION EXERCISE 

3 SLEEPING QUARTERS 

4 TOILET FACILITY 1 

5 LAUNDRY FACILITY 

6 TOILET FACILITY 2 

LEGEND 
E S S E N T I A L  

D E S I R A B L E  

N O N  D E S I R A B L E  

o I n d i c a t e s  s p a c e s  i n  
m o d u l e  I .  

SPATIAL MATRIX 
T h e  d i a g r a m  i s  a  2 -

d i m e n s i o n a l  g r i d  w h i c h  

d e t e r m i n e s  a  p a r t i c u l a r  

a d j a c e n c y  r e l a t i o n s h i p  

b e t w e e n  s p a c e s  b y  t h e i r  

d e g r e e  o f  i m p o r t a n c e  t o  

o n e  a n o t h e r .  

O I n d i c a t e s  s p a c e s  i n  

m o d u l e  2 .  



— ESSENTIAL 

—  DESIRABLE 

- NON DESIRABLE 

LEGEND of SPACES 
1. KITCHEN / DINING 
2. RECREATION / EXERCISE / HEALTH 
3. SLEEPING QUARTERS 

4. TOILET FACILITY 1 

5. LAUNDRY FACILITY 

6. TOILET FACILITY 2 

PHASE 1 

Phase 1 will determine the 
relationships of the spaces 
in terms of essential, desirable, 
and non desirable in regards 

to the adjaceny of these spaces. 



ESSENTIAL 

DESIRABLE 

NON DESIRABLE 

L E G E N D  o f  S P A C E S  
1 .  K I T C H E N  /  D I N I N G  

2 .  R E C R E A T I O N  /  E X E R C I S E  /  H E A L T H  

3 .  S L E E P I N G  Q U A R T E R S  

4 .  T O I L E T  F A C I L I T Y  1  

5 .  L A U N D R Y  F A C I L I T Y  

6 .  T O I L E T  F A C I L I T Y  2  

PHASE 2 

1 

Phase 2 shows the spaces 
in relation to one another 
after important adjacencies 
have been determined regarding 
essential,desirable and non 
desirable locations of the 
spaces within the modules. 



PHASE 3 

E G E N D  o f  S P A C E S  
1 .  K I T C H E N  /  DIN I N G  
2 .  R E C R E A T I O N  /  EXE R C I S E  /  HEA L T H  
3 .  S L E E P I N G  Q U A R T E R S  
4 .  T O I L E T  F A C I L I T Y  1  

5 .  L A U N D R Y  F A C I L I T Y  

6 .  T O I L E T  F A C I L I T Y  2  

P h a s e  3  i s  a  g r o u p i n g  o f  t h e  

s p a c e s  b y  i m p o r t a n c e  o f  a d j a c e n c y  

i n  t h e  S p a c e  S t a t i o n  i n t e r i o r .  S i z e  

i s  n o t  y e t  a  f a c t o r .  



PHASE 4 

L E G E N D  o f  S P A C E S  

1 .  K I T C H E N  /  D I N I N G  

2 .  R E C R E A T I O N  /  E X E R C I S E  /  H E A L T H  

3 .  S L E E P I N G  Q U A R T E R S  

4 .  T O I L E T  F A C I L I T Y  1  

5 .  L A U N D R Y  F A C I L I T Y  

6 .  T O I L E T  F A C I L I T Y  2  

P h a s e  4  d e a l s  w i t h  t h e  a d j a c e n c y  

o f  t h e  s p a c e s  w i t h  r e g a r d s  t o  t h e  

v o l u m e  r e q u i r e d  f o r  f u n c t i o n s  i n  

e a c h  o f  t h e s e  s p a c e s .  



PHASE 5 

MODULE 1 

MODULE 2 

LEGEND Of SPACES 
1. KITCHEN / DINING 
2. RECREATION / EXERCISE / HEALTH 
3. SLEEPING QUARTERS 
4. TOILET FACILITY 1 
5. LAUNDRY FACILITY 
6. TOILET FACILITY 2 

Phase 5 shows the spaces as 
they are arranged into the pro
portional building envelope as 
dictated by the previous flow 
diagrams. Activity oriented 
spaces are in module 1, and 
quiet spaces are located in 
module 2. 

ENTER/EXIT 

ENTER/EXIT 



SYSTEMS 



Budget alterations and pressure from congress to reduce 
excessive costs have also altered the configuration of the 
station. Keeping life-cycle costs to a minimum particularly in 
the areas of development, transportation, and operations while 

maintaining crew saftey and mission requirements, NASA has 
developed the current configuration of the station into what is 
known as a dual keel design. The dual keel configuration is 
actually more versatile and will allow NASA to "build a virtual 
city in the sky". 1  Officials believe that the design will provide 
better balance and provide for more industrial operations than 

originally planned. The dual keel design is a structure about 300 
feet by 140 feet long. Placement of the habitation modules in the 
center will allow for almost five times the number of modules. 
Using what is called the Star Net System, astronauts are able to 
snap together the interlocking system of aluminum struts. Tools 
are not required and the main truss can be erected in a day. 

The pressurized shells of the modules are welded from 1/8 
inch thick aluminum. 2  The panels are 1 foot by 12 feet and double 
as meteorite bumpers and radiators of waste heat. Multilayers of 
insulation will line the shells. Each habitation module is 14.5 
feet wide by 43.7 feet long. They are cylindrical in shape. 

Economic and engineering considerations limit both size and 
weight of the station. Most of the weight will be devoted to 
propulsion mechanics, fuel, and navigational equipment. 
Scientific baggage will also require a large amount of space. 
The weight of the intial station is on the order of 36 metric 
tons. 3  This is a significant amount in terms of shuttle payload, 
but meaningless in the space environment. Again it should be 
noted that all functions of the station must have enhancement 
capabilities for future expansion. 

1  "Space City," Popular Mechanics (June 16, 1986): p. 89-92. 

2IBID. p. 89-92 

3David A. Anderton, Space Station p. 9 
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Space Station as to be completed in 
Phase 1 at a projected cost of 14.6 
billion (1988) dollars. 

Space Station projected configuration 
LQ be completed during Phase 2. 



Power for the initial phase of the Space Station will be 
supplied by solar photovoltaic cells. These cells transform the 
sun's energy into electrical energy in the form of a direct 
current voltage. The electrical system configuration consists of 
two photovoltaic modules on both sides with each module having 
two solar array wings. In order to supply power to assemble the 
station, two solar wings and other elements of the power system 
will be carried up on each of the first two Space Station 
assembly flights. The four wings will initially supply the 
station with 75 kilowatts of energy. thirty kilowatts will go 
towards the everyday operation of the station, and the remaining 
forty-five kilowatts will be utilized in scientific experiments.1 

The energy gathered from the cells will be stored in light-weight 
nickel hydrogen batteries. Appropriate power systems are 
distributed through the pressurized modules and regulated by 
computers. During the second phase of the stations operation, 
additional power will be supplied by a relatively new concept of 
solar dynamic dishes. This concept uses a large mirror to collect 
and concentrate solar energy on a liquid filled receiver. The 
liquid in the receiver is vaporized and the vapor is used to 
drive a turbine generator. Under the second phase, power will be 
boosted to 87.5 kw.2 Eventually, NASA is hoping the station will 
reach its goal of 300 kilowatts. 

\ John Rhea, "The Flying I-Beam," Space World (May 1987): 
p. 9-19 . 

2. John Rhea, "The Flying I-Beam," Space World (May 1987): 

p. 9-19. 



Solar Array power system to be 

used during the initial operation 

phase of the Space Station. The 

array will supply 75 kilowatts of 
e nergy. 

ARRAY 

BETA GIMBAL 

TRUSS 

-2ZOM 

HEAT PIPE 
RADIATOR 

PV STORAGE 
AND CONTROL BEY 

The Solar Dynamic concept which uses 

a large mirror t o collect and concentrate 

solar energy will be utilized in the 

second phase of the station. 



The Environmental Control and Life Support System (ECLSS) 
will offer a habitable environment for crew and biological 
experiments. The system maintains cabin atmosphere temperature, 
humidity, pressure, and composition of the oxygen /nitrogen 
atmosphere. At the Marshall Space Flight Center laboratory in 
Huntsville, Alabama, scientists and engineers are researching 
ways to recycle air and water at the Space Station. The ECLSS 
system will be closed to permit oxygen to be recovered from the 
carbon dioxide expelled by the crew, and will allow wash water 
and waste water to be used again. The key challenge is to make 
the station nearly self-sufficient and develop a system that is 
within the station's space and power constraints. By recycling 
water and air, transportation costs to and from the station will 
be greatly reduced. Only food and nitrogen will have to be 
supplied. ECLSS hardware is distributed throughout the 
pressurized modules. International agencies involved in the 
project are given guidelines to follow regarding the ECLSS system 
so the systems will be compatible when linked in space. The 
following subsystems will compose the ECLSS: temperature and 
humidity control, atmosphere control and supply, atmosphere 
revitalization, fire detection and suppression, water recovery 
and management, and waste management. 1  Each subsystem critical in 
maintaining human life is sized to support a crew of 8 for 45 
days under emergency conditions. The system will be computer 
adjusted and controlled for each environment. These systems will 
be located behind panels that are easily accessed for repairs. 

Lighting is an important consideration in the design of the 
interior of the Space Station. The Space Station orbits the earth 
every 90 minutes, causing the crew to experience sixteen sunsets 
and sixteen sunrises every twenty-four hours. Natural sunlight is 
available every 45 minutes. It will be necessary to establish a 
continuity in regards to day and night cycles. Intense glare and 
radiation could be a problem for the crew. A few problems with 
lighting in a space environment in the past have been disruptive 
contrast effects, and higher brightness levels than experienced 
on earth. This problem can be reduced by providing light controls 
on principle instruments. Lighting is a necessary and effective 
way of enhancing the visual environment, safeguarding vision, and 
minimizing lighting annoyances. 

l MSpace Station Development Plan," NASA Committee on 
Science, Space and Technology U.S.House of Representatives 

(November 1987): p. 70. 



The shuttles Discovery, Columbia, and Atlantis will be the 
primary transportation vehicles for the Space Station elements. 
The assembly sequence consists of 20 launches including 13 for 
the manned base assembly, four for logistics, two for outfitter 
and user payloads, and one for the deployment of the U.S. polar 
platform. After assembly of the first phase is completed, the 
shuttle will be responsible for resupplying the station, and 
providing the crew with transportation to and from the station. A 
unit called a multiple docking adaptor will provide a temporary 
connection between the station and the shuttle to allow transfer 

of crew members in a pressurized environment. 

The Orbital Manuvering Vehicle, (OMV) is another vehical used 
to provide additional mobility to the outer areas of the Space 
Station. This vehicle will be capable of bringing satellites to 
the station and servicing them, then returning them to their 
operational orbits. It is computer controlled by astronauts and 
is capable of traveling to a distance of 1,000 miles, way beyond 
the shuttle's capabilities. The OMV is brought to the station via 
the space shuttle. It is expected to play a key role in the 
intial assembly of the Space Station. 

The Extravehicular Mobility Unit, (EMU) is a mobile 
spacesuit designed for astronauts working outside the station. 
The suit comes in five custom made sizes; extra large, large, 
medium, small, and extra small. It comes with a fiberglass upper 
torso. Arms for the suit come in different sizes to assure a more 
comfortable fit. The arms of the suit mount directly to the 
torso. The suit consists of 5,000 parts, including a backpack 
life support system that contains oxygen for breathing, a battery 
for power, lithium hydroxide for carbon dioxide removal, and 
water for cooling. On earth, the body's ability to radiate heat 
is a natural and necessary process. In the vacuum of space and 
because of the lack of convection, the human body is unable to 
radiate heat away from the body, The human body generates as much 
heat as a 100 watt light bulb. Therefore, the astronaut's body 
temperature must be regulated with cool water circulating 
throughout the suit. The space suit consists of eleven layers of 
material. An undergarment containing ninety meters of plastic 
tubing through which cool water flows is the first layer. The 
suit can be put on in ten minutes and has a fifteen year 
lifecycle. 

Denise C. Brookman, "Halfway House to the Stars." Desiqn 
News (September 9, 1985): p. 62. 
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The shuttle will be the primary 
transportation of the Space 
Station elements. It will also 
provide the crew with transportation 
to and from the station. 



EMU Reservicing Unit 

0 
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EMU 

EXTRAVEHICULAR MOBILITY UNIT (EMU) 
A mobile spacesuit designed for astronauts 
working outside the Space Station. 



NASA eventually hopes to relieve astronauts of monotonous 
duties regarding basic operational functions of the station, 
allowing the astronauts to concentrate fully on scientific and 
commercial applications. A way to eliminate this necessary time 
expense would be to develop an automated system. Station keeping 
chores, such as maintaining an inventory of tools, equipment, and 
clothes and food used at the station, could be automated and 
assigned a robot helper. Inventory is estimated at about 100,000 
items. 

The exterior of the station will also require maintenance 
that may be too hazardous or difficult for a human operator in a 
cumbersome suit. NASA would like to incorporate robots to do the 
work under control of astronauts sitting comfortably inside the 
station. The initial robots will be strictly teleoperated, with 
the robot mimicking the movements of the astronaut. Eventually, 
the use of full automation robotics in the operation of the 
station will be necessary. Robotic devices will be called upon to 
take the place of human technicians, both in diagnosing equipment 
malfunctions and formulating and executing designated repair 
procedures. 

The future Space Station will incorporate new technologies 
including a plant growth facility. Man needs oxygen and produces 
carbon dioxide. Plants require carbon dioxide and produce oxygen. 
They also provide food and recycle waste. These environments must 
be carefully controlled to maintain a constant environment. 
Robots would come in handy in this operation by performing all 
cultivation, harvesting, and food conversion. The lack of human 
intervention eliminates a major source of unwanted bacteria. It 
also allows a plant growth environment of high temperatures, high 
concentrations of carbon dioxide, and low amounts of oxygen. 

Boeing Aerospace Corporation is currently developing a 
mobile two-armed robot with vision, a transportation system, and 
a control software that allows the robot to find and deliver 
tools upon request. A one-armed robot will be used in the 
laboratory to assist in experiments. 



(Above) Robotic manipulator arms 
that will be controlled by human 

operators. 

Model of a robot planned for 
use on the NASA Space station. 
Robots will preform many service 
operations either too risky or 
too difficult in a cumbersome 
pressure suit, (lower right) 



CASE S 



By looking at past examples of man's adaptation to the 
space environment, the designer will be more aware of the 
complexities and situations that arise in an environment that is 
unlike any experienced by mankind. 

Unfortunately, space travel is relatively new to man and 
there are few examples in which to obtain information. Other than 
the Soviet Salyut series, man has never spent more than a few 
weeks in the space environment. Information is still being 
gathered regarding the effects of the physical environment on 
science, materials, pharmaceuticals, and most importantly on the 
human body. 

There are few examples pertaining to the experince of 
living in a space environment. Included are the Apollo Series, 
Skylab, the Soviet Salyut series, and the more recent Spacelab 
experiments aboard the shuttle. The archetypes relating to this 
project are Skylab and the Soviet Salyut series with a total of 
seven missions, for they are the only examples of long term space 

duration. 

Much of the information obtained from both these 
illustrations has been compiled and applied towards advancing the 
technologies and developments of the Space station. 



CASE STUDY 1. 

PROJECT: SKYLAB 

LOCATION: High-Inclination Orbit, 50°. 268 miles above earth. 

INTRODUCTION 

Skylab is an example of man's effort at extended space 
flight to understand the effects of microgravity on science, and 
on man's ability to adapt to a weightless environment. Although 
it has been some time since the habitation of Skylab, much of the 
data still applies, and offers real evidence of experiments 
conducted in microgravity. This study will address issues 
relating to the interior design approach of Skylab. It is not 
this designer's intent to analyze any of the the engineering 
aspects related to Skylab. 

ANALYSIS 

Skylab's main intention was to study science. Little 
attention was payed to the actual layout and interior design of 
the lab. Astronauts showed little interest, for their main 
purpose was to work. At this time, little was known about the 
effects of isolation and confinement. NASA Engineers did not 
realize the importance of a stimulating environment upon the 
productivity of the crew. Unfortunately, as in the case of the 
Space Station, the cost of putting Skylab into orbit was a 
determining factor in the layout and equipment to be utilized. 
Also, no one had actually lived in space, and the requirements 
for sustaining an acceptable living environment were unknown. 

Skylab was 117 feet long, 21 feet in diameter, and had a 
usable volume of 12,700 cubic feet. 1  The laboratory and personal 
quarters were in the same area separated by a perforated wall or 
"floor". The rear portion consisted of a wardroom for food 

'Leland F. Belew and Ernst Stuhlinger. Skylab: A Guidebook 
Washington, D.C., U.S. Government Printing Office. 1973. 



preparation and eating; the sleeping quarters included a bag hung 
on the wall with very limited personal space, and a waste 
management and hygiene area. Bathing on Skylab consisted of a 
sponge bath and limited use of a shower system. Since water was 
not recycled, showers were limited to once a week with a maximum 
water usage of six pints. The environmental control system was 
achieved by an open-cycle life support system in which 
consumables such as oxygen and water were not reusable. 

Other than the lack of the comforts of home, everything the 
astronauts did and said was known to mission control. They had 
virtually no privacy. Even as they slept, their body functions 
were being monitored. In an effort to complete the experiments 
they had been assigned, they began to work constantly to get back 
on schedule leaving little leisure time for themselves. All this 
began to build and contribute to the hostility and frustration 
the crew began to feel. Instead of taking it out on each other, 
and on mission control, they became more aware of the 
restrictions of their environment and thus developed an open 
hostility towards their living conditions. Velcro was inefficient 
at holding things down, the toilet facility had an uncomfortable 
and inefficient toilet, and fire retardant "steel wool" 
washcloths was all that was available. About a compartment that 
contained a major system, Edward Gibson of Skylab 3 stated: 

If you want a good example of how not 
to design and arrange a compartment, 
the docking adaptor is the best example. 
Boy, it's so lousy... every time I think 
about how stupid the layout is, I get all 
upset . 2  

Even though Gibson had trouble working in the maze-like 
docking adaptor it became his favorite place due to the 
complexity and privacy it offered. 

3  E. Mary 
Distributed by 

Lou Balbaky. "Strike 
Harvard Business School. 

6 2  

In Space." Bos ton,Mass., 
1980. p. 10. 



Skylab was designed by engineers and technical people who 
were oblivious to the physical needs and limitations of its human 
inhabitants. Skylab became an operation that had been thrown 
together and this insensitivity attributed to the psychological 
strain felt by the astronauts. 

IMPLICATIONS 

The implications of the design of this facility towards the 
design of the Space Station involve studying the effects of 
isolation and confinement, and providing for the needs of the 
men and women who will inhabit the station. The time spent aboard 
the station will be of a greater period. As Skylab has shown, an 
environment cannot not be haphazardly designed and attention to 
the overall aesthic atmosphere cannot be over looked. The 
importance of the crew accomplishing their work tasks aboard the 
Space Station may be dependant upon the environment they live in 
24 hours a day, for 90 days, as well as their physical and mental 
well-being once their mission is accomplished. 

Skylab in orbit. 
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The waste management unit in June 
1971. Having the toilet mounted in 
the middle of the wall posed no 
problem in zero gravity. Between the 
toilet and the lap belt is the holder 
for the urine receiver. The foot rest 
raints on the floor proved to be of 
little use. 

In zero gravity, sleep orientation 
is of no concern. Here an astronaut 
sleeps vertically in a bag hung on 
the wall. The sleep reactions of the 

astronaut is being monitored. 
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Food table with leg restraints, and 
a window to the outside. 

Food trays and eating utensils for 
Skylab crew. Apollo astronauts had 
only the food packets shown in the 
foreground. 



An astronaut having fun within 
the zero-gravity environment 
with his own version of riding 
the wheelless bicycle. 

An Astronaut 
bicycle. His 
monitored by 

training on 
physical con 
an Ergometer 

the wheelless 
dition is being 
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CASE STUDY 2 

PROJECT: SOVIET SALYUT SERIES 

LOCATION: High-Inclination Orbit 52°. 220 miles above earth. 

INTRODUCTION 

The Soviet Salyut 
1971. Its purpose in spac 
hopes to accomplish with 
regarding science, materi 
the effects of weightles 
also exploring military r 
suggested such experiment 
has declined, instead 
Soviets, with the same pu 
approach to solving th 
extended space flight. 

series has been in orbit since April of 
e is to accomplish the same as what NASA 

the Space Station; to gather knowledge 
als,and medical research, and to observe 
sness on the human body. The Soviets are 
esearch applications. The Pentagon has 
s for the Space Station, but so far NASA 
emphasizing international peace. The 
rpose as NASA, have a slightly different 
e confinement and comfort issues of 

ANALYSIS 

The series consists of seven total missions, each 
responsible for different experiments with varying amounts of 
time in space. The station has two habitable modules, namely a 
working and living compartment, and a transfer and docking 
module. The station also from time to time uses an international 
crew. Recently, the Soviets nearly doubled the size of the 
modules to 43 feet. The structure currently houses 5 cosmonauts 
who are in space for an unspecified amount of time. 

The Soviets try to relieve the psychological effects not 
through their interiors as much as through psychological 
conditioning with music and images. On board the station, 
background music is an inseparable component of most activities. 



The crew 
set the ri 
Soviets 
rooms" as 
crew goes 
dimmed, th 
viewing sc 
of wild fl 
process ha 
percent. 

structure their musical programs 
ght mood for various work and 
are attempting to incorporate 

a way of reducing fatigue and e 
into a room for about 10 mi 

ey are seated in comfortable cha 
reens where they listen to musi 
owers and other elements in nat 
s been shown to increase worke 

to provide variety and 
rest activities. The 
"psychological relief 

motional overload. The 
nutes. With the lights 
irs in front of large 
c and are shown images 
ure. This stimulating 
r's productivity by 17 

IMPLICATIONS 

The psychological stimulation techniques incorporated by 
the Soviets in combination with appropriate interior design may 
help to alleviate the effects of confinement and isolation 
experienced in extended space flight. As extended space flight 
progresses, so will the technologies used in reducing the effects 
of confinement and isolation in space. The Space station must be 
prepared to incorporate and enhance the new technologies of the 
future. 

Orbital station 

Rendezvous 
antennae 

Solar arrays 

Soyuz spacecraft 

Control centre 

Soyuz spacecraft 

/ 
Shower Thruster motors Scientific 

laboratory 
Multi-spectral 
camera 
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