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Overview of NASA-USRA Activities at  the University of Colorado 

The  design of a manned, rotat ing space s ta t ion is the  result  of the NASA / 

University Advanced Space Mission Design Project a t  the University of Colorado, 

Boulder. The  Universities Space Research Association manages the program and the 

University of Colorado has been involved for  7 semesters. The  project is  under the 

direction of Dr. Marvin Luttges and his Graduate Assistant Steve Johnson. 

Several papers and presentations related to the project have been given during the 

last two years including: 

Presentations:  1985 NASA-USRA Design Review a t  Kennedy Space Center  1986 
NASA-USRA Design Review at Ames Flight Research Center 
The National Commission On Space 
Senator Harrison "Jack" Schmitt 
Astronaut Marsha S. Ivans 
NASA / Ames Sponsor Robert McElroy 

C.U. representative went to NASA / Langley to research the NASA CAD 
Software. 
C.U. Representatives went to NASA / Langley to present CAD usage in  design 
efforts. 
C.U. representatives went to the Architectural Concepts Review a t  NASA / Ames 
Research Center 
AIAA papers were presented at  the 1986 Region V student conference in 
Ames, Iowa. 
AIAA paper was presented at  the 1987 Region V student conference in 
St. Louis, Missouri 
Paper was presented at  the 1986 AAS Conference in Boulder, Colorado 

Design reviews have been held with local university, industry and space society 

representatives. The  turnout has been excellent and the response to the station design 

has been positive. Their input has been incorporated into the design of the station 

and this interface has proved productive for the university students. 



Introduction 

In the last few years the Low Earth Orbit (LEO) station has been discussed as the 
next logical step for  the United States space program, a step that is today becoming a 
reali ty.  A second generation s ta t ion will also play a logical and  vi ta l  role i n  the 
expansion of man into space. A second generation station will ensure that United States 
maintains the momentum and direction created by the LEO station. 

The groundwork for this expansion has been laid. An overview is outlined in  the 
report of the National Commission on Space. In this report second generation stations 
a re  discussed for  an  Earth-Moon libration point and in  lunar  orbit. The Solar System 
Exploration Committee of NASA’s Advisory Council has given detailed reports on the 
sc ien t i f ic  challenges, activit ies and  economic benefi ts  of planetary explorat ion,  
activit ies tha t  a second generation station can promote. The  National Academy of 
Sciences, which has of ten  been involved in  NASA’s long range planning, has held 
symposiums on the  possible benefi ts  and  technological requirements of Lunar  
development. A comprehensive groundwork has been laid fo r  space exploration. A 
second generation space station located beyond LEO should be a focal point fo r  this 
expansion. 

The conceptual design of such a station is outlined in  this report. The  primary 
design cr i ter ia  call for  the station to complement other space activities in  an  active 
manner and, as the LEO station will do, assist in the development and implementation 
of long term space habitation technologies. This second generation station or Manned 
Space Habitat  (MSH) should be operational by about 2010 to reduce the costs of future  
manned and unmanned space activities, specifically lunar operations, the exploration of 
Mars and the servicing of the Geosynchronous Earth Orbit (GEO). 

To be operational in this time period dictates a technology cutoff between 2005- 
2010. This  would allow for  15-20 years of technology growth beyond LEO station’s 
1980’s technology. Systems and subsystems described in this report reflect anticipation 
of moderate technology growth. A few key technologies still in their infancy, but vital 
to the MSH, have been included. 

The paper begins with a discussion of station activities. These activities dictate the 
location of the station. The justification for locating the station a t  the L1 Earth-Moon 
libration point follows that. Next some of the details regarding the crew of the MSH are 
outlined. Then  we just i fy  the use of a r t i f ic ia l  gravi ty  on the  MSH, followed by a n  
overview of the structure of the station. The evolution of the L1 environment is then 
discussed. Several select subsystems are then outlined and the report concludes with the 
description of how the L1 MSH will complete some of its activities. 
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Station Activities 

Past space endeavors have shown that space activities must be publicly justifiable. 
In fact  public justification has been the major factor affecting space policies. In order 
t ha t  the MSH be seen in  a positive political l ight,  i t  must promote nat ional  pride,  
national and  international interests, national security and economic development. In 
addi t ion ,  to survive the bureaucrat ic  horse t rading tha t  is par t  of any  polit ically 
activity, the MSH should play a key role in the overall space program. 

As outlined in  "Pioneering The  Space Frontier", fu tu re  space act ivi t ies  must be 
mutually supportive in order for  the space program as a whole to survive. The second 
generat ion s ta t ion space s ta t ion will serve other space program activit ies,  such as 
advanced communication networks, Lunar exploration and  colonization and planetary 
exploration, while advancing space habitation technologies. A second generation 
station must enable space activities otherwise not tenable using the Earth or the LEO 
station such as energy eff ic ient  satellite servicing and cost effect ive interplanetary 
mission staging. 

The planned station must provide a return in three ways. First, the station should 
be somewhat self supporting, generating a positive economic return to offest the initial 
investment a n d  continuing support  costs, perhaps by processing lunar  materials or 
servicing the GEO. Second, the station should reduce the costs of other space activities 
as compared to doing these activities from Earth or another space site. An example 
would be the reduced staging costs of a Mars mission from this station. Finally the 
station must provide technological support to the space program as well as to overall 
U.S. enterprises, by extending CELSS to other space missions or promoting advanced 
automation and robotics. Other scientific activities should complement LEO, GEO and 
Earth based astronomy, astrophysics and remote sensing of Earth phenomena. 

The following four categories outline the basic activities that will take place on the 
MSH. 

GEO Servicing - In  GEO, satell i te servicing, debris  removal a n d  satel l i te  
modification a re  needed. The station can provide an immediate economic return by 
performing GEO servicing. Two OTV's based a t  the station performing 20 satell i te 
servicing missions per year would save over one billion dollars in satellite replacement 
costs. Station-based GEO servicing requires less propellant to be launched to LEO. A 
4000 kg OTV with servicing equipment and equipped fo r  aerobraking would require 
129,000 kg of propellant be launched to LEO. This includes the 29,000 kg required for  
the servicing missions and the 100,000 kg required to move the OTV and propellant to  
GEO. Twenty  such missions based in  LEO would require a total  of 328,000 Kg of 
propel lant  to be del ivered to LEO. Missions or iginat ing a t  any  of the Earth-Moon 
l ibrat ion points would realize nearly identical  savings since the energy required to 
transfer from one point in GEO to another is nearly identical to the energy required to 
reach GEO from the Earth-Moon libration points. 

The MSH will provide a garage to service and resupply the vehicles that  will go to 
GEO to perfom servicing work. The MSH will serve as a "parts store" for GEO satellite 
service. I t  will also serve as a repair shop for satellites that need repairs that cannot be 
done on site in GEO. The hardware in GEO can be collected and used again providing 
a component base for which the launch costs have already been paid. This component 
base may be used for  other satellites and spacecraft, or as reaction mass in advanced 
station keeping systems. Satellite lifetimes can be extended, replacement costs will be 
reduced and vital orbit slots can be cleared of satellites no longer useful. 

S c i e n t i f i c  Technologies - The  MSH must complement LEO and  GEO science 

2 



activities. I t  should develop space habitation technologies. I t  also should utilize non- 
terrestr ia l  materials for  as many uses as possible. All such activit ies fa l l  into f ive  
different areas of technology need and development. 

1. Life  in  Space Testing - Testing of the effects of ar t i f ic ia l  gravity on humans and 
plants  will be a pr imary act ivi ty  on the MSH. The  testing, feasibi l i ty  a n d  use of 
Controlled Ecological Life  Support System (CELSS) and  Ecologically Controlled Life 
Support Systems (ECLSS) systems will also be a priority. Long-term human performance 
and adaptation questions can be seriously addressed. 

2. Materials Processing - Earth resources are  f ini te  and currently all materials used in 
space a re  launched from Earth a t  high cost. To maximize these limited resources we 
must produce products that  utilize all resources in a conservative manner, expending as 
l i t t l e  energy (hence dollars) as possible. Built-in reut i l izat ion schemes must be 
developed. The MSH will process and store materials from non-terrestrial sources such 
as the Moon and  Earth crossing asteroids. The location of the MSH a t  either the L1 or 
L2 l ibrat ion points provides an  economically advantageous site fo r  non-terrestrial 
material  coordination since minimal energy needs to be expended to travel to LEO, 
GEO, the Moon and the other planets. 

Space-obtained materials may be processed into metals, ceramics and glasses for  the 
production of communication lines, solar cells, and structural elements. They can also 
be used as shielding, to make foams, and to yield into propellant. The lunar regolith 
contains 0 2  (propellant), Si (solar cells); Al, Fe, Ti, (structure and electrical) Mg and Ca 
significant quantities. If water exists in the polar regions of the moon i t  could be used 
for  l i fe  support, chemical processing and as propellant. Although little is known about 
the makeup of all asteroids two major types are  of interest. The two types have been 
indicated by meteoroid strikes and are rich in  iron and nickel (providing high-priced 
alloys) and  carbonaceous compounds (providing volatiles tha t  may not exist on the 
moon). 

The  majority of the mass of a LH2/L02 rocket is oxygen. I t  is expected that 300 
tons of oxygen wil l  be required annual ly  f o r  space act ivi t ies  by the year 2000. 
Transporting this from the moon to L1 requires a delta-v of 2.4 km/sec compared with 
the delta-v of 12 km/sec from Earth to L1, similarly the delta v from the moon to LEO 
is 3.4 km/sec using aerobraking as opposed to a delta v of 8 km/sec from Earth to LEO. 
Although the production of lunar oxygen is not essential to the L1 MSH, it would vastly 
increase s ta t ion potential  to support  f u t u r e  space program activit ies.  Materials 
collection and processing from the asteroid belt and  the Martian moons Phobos and 
Deimos could also be coordinated from the MSH. Processing could take place on the  
station as well as on a free flying materials, collection and processing facility. 

3. Look Out  - astrophysics and astronomy will both be performed on free flyers and  
will be controlled by the station so as to benefit from station servicing and equipment 
upgrades. A radio antenna a t  L1 combined with Earth based observatories would yield 
an order of magnitude improvement in angular resolution compared with baselines on 
Earth. Solar observatories could provide near continuous observations. 

4. Look Down - L1 is a n  excellent location f o r  s tudying Lunar  effects  on Earth.  
Complementing GEO and LEO based weather, geoddessy and  Lunar observations, the 
MSH could provide excellent global monitoring. 

5 .  Radia t ion  Studies - The MSH offers  a n  opportunity to s tudy the GEO radiation 
environment with remote access and automated probes. On site experiments of the 
radiation would be possible through energy efficient access to GEO. Also the station 
environment should provide an excellent location to study a radiation environment that 
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is very similar to what man will endure during any space colonization or deep space 
exploration missions. 

Lunar Support - Shuttles departing from an L1 or L2 station could land anywhere 
on the Lunar surface, pole to pole, without significant delta-v penalty. This advantage 
is not possible from a low lunar orbit. In addition the proximity of L1 or L2 MSH to 
the Moon (59,000 km) will enable  near real-t ime communications with the  Lunar  
surface. (Round trip communication time from L1 and L2 is 1/3sec, from Earth 2.5 sec) 
This would simplify remotely controlled Lunar operations. Lunar communication from 
L1 i n  conjunction with a communications satell i te in  a halo orbit  about  L2  would 
provide nearly continuous coverage of the entire lunar surface. 

Planetary Staging - A staging base located a t  the station would yield significant 
energy savings over staging missions from LEO. The escape velocity from the Earth’s 
equator  is 11.2 km/sec. The  economic benefi ts  of a staging base a t  the top of the 
Earth’s gravity well are  illustrated by examining a sample Mars mission departing from 
L1. A Mars mission making a round t r ip  f rom LEO would require a total delta-v of 
6.50 Km/sec assuming co-planar Hohmann transfers and aerobraking a t  both the Earth 
and Mars. The same mission departing from L1 would require a total delta-v of 4.76 
km/sec. T h e  task of t ransport ing the mission to L1 could be minimized by using 
reusable OTV’s making several missions. 

This benefit of staging from high Earth orbit (HEO) are truly realized i f  the Mars 
t ransfer  vehicle is used more than once. Cycling space ships could use the L1 space 
station to refuel and resupply without going back down the gravity well. Crews could 
be t ransferred f rom the cycling space ships to and from the station. The  MSH can 
extend it’s CELSS to manned space ships so that  an ent i re  new system need not be 
launched from Earth. Space ships making sample return missions from the asteroids 
or f rom Jovian moons could utilize the station. The ar t i f ic ia l  gravity of the station 
will provide an  intermediate  s tep between microgravity environments ( a n d  Lunar  
environments ) and  the Earth’s gravity. As a quarant ine site, the MSH is essential. 
Table 1 shows a comparison of the delta v requirements for space missions originating 
in  LEO a n d  a t  L1. Table 2 i l lustrates the total  energy savings fo r  a multimission 
program. The overall savings a re  maximized if all the liquid oxygen is produced from 
lunar 02. 

Velocity Change Required for Transfer 

Destination Devarture site 

LEO L1 

GEO 3.1 km/sec 1.5 km/sec 
Moon 4.1 km/sec 2.4 km/sec 
Mars 6.5 km/sec * 1.9 km/sec * 
LEO N/A 1.4 km/sec * 
L1 39 km/sec N/A 

Table 1. Delta - V Comparison * = with aerobraking 
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Destination Number of Missions Delta V Savings 
by 2025 by departing from L1 

instead of LEO 

Moon 
Mars 
GEO 

25 42.5 km/sec 
15 69.0 km/sec 
100 1600 km/sec 

Table 2. Long Term Energy Savings 

The MSH can provide benefits in all of these activities. What the station can do 
best will depend upon the capabilities of the station and its crew. 

SITE SELECTION 

A second generation station should be located in high earth orbit. Operations from 
such a s ta t ion  will minimize the  cost of a long term program of colonization and  
explorat ion of t he  solar system, and  minimize the cost of maintaining v i ta l  space 
resources such as the GEO. Delta-v is the velocity change required to do a mission. The 
larger the delta-v the more propellant required to implement the velocity change. The 
delta-v savings of a mission or iginat ing in  high ear th  orbi t  is i l lustrated in  the 
following example. A single servicing mission to a GEO satellite f rom LEO requires a 
total delta-v of 6.3 km/sec. Servicing the same satellite using a GEO based Orbital 
Transfer Vehicle (OTV) would require a delta-v of only 1.6 km/sec, nearly a six fold 
savings in  energy expenditure. Servicing bases located in  high Earth orbits such as 
GEO and the Earth Moon libration points provide this magnitude of energy savings. A 
location that minimizes the expense of many space program activities should be chosen, 
so GEO and other high Earth orbits were considered. 

GEO was eliminated from consideration as the location for the MSH for  two major 
reasons. The orbital altitude of geosynchronous satellites is 35,786 km. This lies in the 
hear t  of t he  t rapped par t ic le  radiat ion belts t ha t  a r e  a pa r t  of the Earth's 
magnetosphere.  Radia t ion  levels here  reach an  average of 5000 rads per year. A 
permanently manned space station at  this location would require a shielding system that 
must operate around the clock in a failsafe manner. Only one operational example of 
such a system cur ren t ly  exists a n d  tha t  is a bulk shielding. In  addi t ion  to the 
extremely high weight of such a system the possibility of harmful secondary radiation 
persists. Alternatives to such a system do not exist and may not exist by the time the 
station is scheduled to be operational. In addition, adding a station, f ree  flyers and 
Omv's to GEO would fur ther  crowd and burden this dwindling resource. Because of 
these facts GEO was not considered an acceptable site for the MSH. 

The  f ive  Earth-Moon l ibrat ion points, L1 through L5, were also considered. A 
spacecraft can remain in  a small circular obit or "halo" orbit around a libration point 
without spending a significant amount of propellant, 160 - 300 mps/year. Figure 1 
shows the locations of these five libration points. 

T h e  L1 Ear th  Moon l ibrat ion point was chosen as  the  location f o r  the second 
generation station. Figure 2 gives a summary of the delta-v expenditures from L1 to 
several destinations. As noted earlier, station activities will determine the proper 
location for the MSH. The activities that location should permit are, in order 
of importance: servicing geosynchronous Earth orbit, supporting lunar operations 
and supporting solar system exploration and colonization. The L1 point best serves 
these activities as a whole. The analysis that leads to this conclusion follows. 
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Geosynchronous Earth Orbit  (GEO) is the commercial success in space. However, 
intra-satellite frequency crowding and actual physical crowding a t  desirable locations ( 
70 and  280 degrees longitude ) are  leading to a crisis a t  this vital resource. Figure 
3 shows the  dis t r ibut ion of satell i tes in  GEO. In addi t ion the possibil i ty of 
collision is increasing, 0.00006 probability in 1985, 0.04 in 1992. If this problem is 
not addressed i t  may lead to a crippling of GEO operations. There a re  190-200 
satellites are currently in  GEO and this number is expected to rise to 500 by the 
year 2000. These satellites, which have a n  average operational lifetime of ten years, 
a r e  joined by spent upper stages a n d  other large debris. Technological 
advances,such as bet ter  antennas,  can  al leviate  the severity of some of these 
problems. Something more than  these advances will necessary to  ensure the 
usefulness of GEO into the future. Satellite servicing is an excellent way of making 
the most of this limited resource. To help preserve this vital resource the station 
must enable satellite servicing. 

be 

The MSH can maximize the potential of the GEO if i t  is located to provide energy 
efficient access for  multiple OTV missions to GEO for  repair and refueling of satellites 
and removal of debris. A station located a t  any of the Earth-Moon Libration points or 
a high orbit  outside the Earth's radiation belts satisfies the requirement of energy 
efficient access. 

Twelve American astronauts have walked on the Moon. Since the return of Apollo 
17 there has been talk of returning to the Moon. Analysis of samples returned by the 
Apollo astronauts have shown that the lunar surface has great potential for  providing 
propellant and structural materials. For these and other reasons a Lunar base is part  
of the expansion plans for  the space program and detailed studies of Lunar bases and 
technologies have already been done. The second generation station must complement 
Lunar activities to be an integral part of the space program. The station should serve 
the Lunar environment by providing the following: A location for the processing and 
d is t r ibu t ion  of Lunar  mater ia ls  f o r  construction a n d  propellant purposes, a n d  a 
communications link for Earth-Moon and Moon-Moon transmissions. For these reasons 
the choice was narrowed to the L1 and  L2 libration points. L3, L4 and L5 do  not 
provide Lunar access as efficiently as L1 & L2. As noted previously a ship departing 
f r o m  a n  L1 or  L2 s ta t ion can land anywhere on the Moon, pole to pole, wi thout  
significant delta-v penalty. L2 is slightly better than L1 for Lunar support activities. 

There  has been a great  dea l  of ta lk  recently about  a comprehensive Mars 
exploration program that would involve many missions. The Soviets recently announced 
a n  elaborate  Mars sample return program. The space race may begin anew wi th  a 
"Race to  Mars" or  internat ional  cooperation may dominate  a comprehensive Mars 
program. The latter alternative is certainly more economically attractive. Any program 
involving many missions beyond the Moon would benefit from a base in  high Ear th  
orbi t .  T h e  l ibrat ion points a r e  co-planar wi th  the solar system minimizing energy 
expense for  planetary access. The station must assist in Solar system exploration and  
colonization by maximizing energy benefits of a high earth orbit. High earth orbit is 
ideal  f o r  serving cycling space ships, serving as  a logistical node f o r  refuel ing,  
resupplying and  constructing spacecraft ,  serving as a production and  dis t r ibut ion 
fac i l i ty  f o r  materials f rom the Ea r th  crossing asteroids and  the Mart ian moons, 
providing a re-acclimatization environment for  astronauts returning to Earth from the 
Moon and deep space missions. L1 is the better location for a base supporting planetary 
missions. It is more energy efficient than L2. 

These three basic cr i ter ia  - GEO servicing, Lunar  support  and  planetary mission 
support  a r e  best served by locating the station a t  the L1 Earth Moon Libration point. 
L1 provides lower energy access to GEO than servicing from LEO. The  L1 point is 
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located only 59,000 km from the Moon (delta-v of 2.4 km/sec) so i t  can support lunar 
activities. L1 is a n  ideal location for  starting planetary missions. Since i t  meets all 
three criteria well, L1 was chosen as the location for the station. 

Crew Requirements and Activities 

There  a r e  three possible levels of operation a t  L1: preprogrammed response or 
delayed response, teleprescence, and physical human presence. The first option involves 
predeterminat ion and def in i t ion  of the en t i re  mission and  is f a r  too rigid f o r  
productive staging and  satellite servicing. The second option, teleprescence - observing 
and controlling work in  near real time using video and communications systems, offers 
expanded capabili t ies and will most certainly be employed in many space activities 
including operations a t  L1. However, it  is still limited by the available level of robotics 
and  sensor equipment .  The  th i rd  level is the most f lexible  and  versati le level of 
operation. It will allow real time input and control. 

Man will play a vital role in space at  the L1 MSH. Despite the increased cost and 
complexity of a manned station i t  has greater flexibility and versatility, especially in 
the case of mechanical failures. Man is currently, and  will continue to be, the best 
operator of one-of-a-kind tasks. Man’s presence presents maximum advantages when 
unforeseen situations occur requiring immediate analysis and action - adaptation. Man 
improves data  quali ty assurance by providing real time sampling and corrections for 
anomalies. Man can  also screen data  tha t  is being sent to Earth fo r  comprehensive 
analysis, this will reduce the large volume of information that will be transmitted. 

Crew Size and Shifts - Initially astronauts will travel to L1 for short duration missions. 
At L1 they  wil l  per form satell i te servicing tha t  is to complex f o r  automation and  
teleoperations. 

The  exac t  crew size and  durat ion of s tay a t  the  completed MSH is s t i l l  a big 
question. However the L1 MSH will begin operations with a skeleton crew ( perhaps 5 
astronauts). This group of astronauts will f i rs t  concentrate on the f inal  construction, 
integration and systems checks, then they will begin complex staging (1 or 2 people) and 
servicing activities (1 or 2) and materials processing (1). The number of astronauts at  
L1 and  how they operate will be determined by the role of L1 MSH in space activities. 
A larger role means that more servicing, staging and materials processing will be done 
and additional astronauts will concentrate in these areas. 

As the crew size increases, split shift  operations will become the standard.  The 
crew can be split into to two shifts each operating on twelve hour cycles. The station is 
designed to handle  a t  least twenty astronauts  and  the  l i fe  support  systems can be 
upgraded to handle more for  short periods of time. Initially, crew shifts will remain on 
the s ta t ion f o r  three months with a 1.5 month stagger (one shif t  leaving as the other 
enters the second half of their tour) for multiple shift crews to maintain continuity. 

Crews will return to Earth for  extensive physiological and psychological testing to 
see what art if icial  gravity affects are evident. If all is well based upon testing a t  the 
station and on the Earth, then the shifts will increase to six months in length with three 
month stagger. Nine to ten hours per day will be spent on station activities and physical 
exercise, and 14-15 hours per day will be spent on daily living tasks such as cooking, 
cleaning, eat ing and  sleeping. Regardless of the exact crew size, several roles and  
duties can be discussed. 

Station Commander - The chain of command is vital. There will be one person that is 
the senior astronaut, he or she will be called the station commander. If there is more 
than one duty shift, there will still be one station commander. The duties of the station 
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commander (SC)are primarily the system maintenance of the L1 MSH. SCs will monitor 
the  s t a tus  of the s ta t ion control systems (thermal,  power, a t t i tude,  environment ,  
stability, communications) analyze problems and make operational corrections. He will 
have direct control over decisions made on the station. 

Station Operators - SO - The SO will be in  charge of both the internal and external 
systems on the station. They can be likened to the mission specialists on the space 
shuttle, except upon the station these people will not be limited to one activity. Some 
of these disciplines include: 

Communications- His/her job is to ensure that station personnel, ground based personnel 
and  in  f l ight  astronauts all have access to the information they need. This SO will 
coordinate communication between different sites. 

Medical Doctor - He/She will be in charge of both physical and psychological testing of 
the astronauts with an emphasis on determining the effects  of ar t i f ic ia l  gravity on 
humans and  the mental well being of those space bound for  long periods of time. The 
MD will perform minor surgery, and practice general health. 

BioloPist - He/She will be responsible for  the maintenance and health of the CELSS 
system. He/She will test different plants to study agricultural factors such as growth 
rate, strength and productivity and for  study artificial gravity effects. This may well 
be a full  time job. 

Satel l i te  Servicing Co ordinator  - One or  two astronauts  will coordinate  satell i te 
servicing by maintaining the OTV and its automated systems, finding the proper parts 
or fuel required from the stations stores and controlling the OTV and its systems during 
the f l i g h t  a n d  dur ing  the operations even i f  the en t i r e  operation is done using 
teleprescence and teleoperations. They will maintain space suits for all EVA activity. 

Materials Processinq - One mission specialist will concentrate on the coordination and  
processing of non terrestr ia l  materials including GEO refuse,  lunar  mater ia l  and  
asteroid material. 

Technicians will work with the automation and  robotics systems, making repairs and 
adjustments. Some of their duties include running scientific experiments, coordinating 
free f lyer  and the information they generate, making mechanical repairs and building 
new S/C busses from old GEO satellites. 

All station operators will be somewhat interdisciplinary. They will all act  as logistics 
officers constantly recording what is used and what is left. They will work together on 
d i f fe ren t  tasks. For example the MD may assist the CELSS biologist during testing. 
Everyone may prepare food and  help clean the station. On a s ta t ion of this  type 
missions specialists cannot be dedicated to single tasks as they are on the short duration 
shuttle missions. There will be a hierarchy of disciplines and roles with certain people 
in charge of one activity and others assigned to assist. A station operator who leads one 
project is likely to work under someone who was his subordinate on another task. 
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Justification for Artificial Gravity 

Art i f i c i a l  gravity will be implemented on the MSH by sp inning  the  torroidal 
structure. The reasons for implementing artificial gravity are: 

1) Crew productivity gain over operating in microgravity; 
2) Physiological problems in microgravity; 
3) Operational problems in microgravity. 

Productivity gains - In  microgravity, approximately 30% of all waking hours must be 
spent exercising to maintain body conditioning, 25% are  lost to human coordination 
problems and  equipment handl ing  problems, and  5% is wasted due  to  the  lack of 
comfortable accommodations (Gardner, 1986). The purpose of the MSH is to provide a 
manned space station a t  L1. By implementing artificial gravity within the MSH, 60% 
of all waking hours, or 35,040 hours per year for  a ten person crew, can be saved for  
productive mission-oriented work. Figure 4 illustrates the productivity benefits of 
artificial gravity. 

Physiological problems - The known physiological problems caused by microgravity 
are  many. Others remain to be discovered with longer space missions. Figure 5 lists 
some of the problems associated with zero gravity environments. Approximately one- 
half of all astronauts and  cosmonauts have been found to suf fer  from space motion 
sickness, also known as space adaptation syndrome, caused by vestibular disorientation. 
This can lead to nausea, disorientation, vertigo, and in  extreme cases vomiting. Since 
this malady usually lasts less than one week and no permanent effects a r e  suffered, 
space motion sickness is insignificant compared to the many long-term side effects of 
microgravity. A high loss of bone calcium in  microgravity causing a n  increase in  
calcium in  other parts of the body is one such long-term effect .  The microgravity 
environment also causes heart and skeletal muscle degredation, redistribution and loss 
of body f lu ids  resulting in  kidney malfunction, loss of muscle tone, a n d  weakened 
cardiovascular and  skeletal  systems (Nicogossian, 1982). By crea t ing  a n  a r t i f i c i a l  
gravity environment,  i t  is believed tha t  a l l  of the  physiological e f f ec t s  of the 
microgravity environment will be eliminated or reduced to insignificant levels. 

Operational problems - Physical containment of the fluids in the CELSS system will be 
greatly simplified in  artificial gravity. Also, physical systems such as showers, toilets, 
and livings spaces need no redesigning for  artificial gravity. Most conventional earth 
based technology can be used on MSH. Everyday activities will be greatly simplified 
through use of artificial gravity. 
In summary, a grav i ta t iona l  f ie ld  of 0.8 g will  be implemented on the  MSH. I t  is 
believed that this level of gravity will eliminate the majority of microgravity problems 
and increase overall productivity aboard the MSH. Implementation of 0.8 g will be 
consistent with structure and dynamic considerations of MSH. 
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PROBLEMS WITH 
M I CR OGR AVI TY 

PHYSIOLOGICAL 

0 SPACE ADAPTATION SYNDROME 

0 BONE DECALCIFICATION 

0 MUSCLE ATROPHY 

0 COORDINATION IMPAIRMENT 

0 LOSS OF BODY FLUIDS 

0 EXCESSIVE EXERCISE TIME REQUIRED 

OPERATI ON AL 

0 CELSS MANAGEABILITY 

0 MANAGEABILITY OF EVERYDAY ACTIVlnES 

F i g u r e  5 .  



STRUCTURES 
c 

To determine  the optimum configurat ion and  support  f o r  the Manned Space 
Habitat, the first  step will be to determine the design criteria and then integrate them. 
Following this, other constraints can be applied and a final choice can be made. Once 
the choice for  configuration has been made, some number crunching will be done and 
some specifications and subsystems can be developed. 

The implementation of art if icial  gravity will require that the station be rotating. 
This means that the added factor of dynamic stability must be attended to in addition 
to the structural  requirements associated with a non-spinning station. Satisfaction of 
the dynamic stability and the mission safety requirements are the two primary drivers 
i n  determining the opt imal  shape and  support  configurat ion.  The  Manned Space 
Habitat  will have a torus configuration and spin about the axis perpendicular to the 
plane of the torus. 

DESIGN CRITERIA - The list of criteria to ensure an  efficient structural design must 
include the mission design requirements and crew safety considerations. They include: 
1)  Ensuring rotat ional  stabil i ty and  s ta t ic  integrity with respect to both shear and  
tensile loads. This  is directly related to the safety and  eff ic iency of the crew and  
mission. 2) Providing technical research facilities and accomodating satellite servicing. 
The  satel l i te  servicing is sure  to  be controled,  to a n  extent,  by telepresence or 
teleoperation and the onboard direction of the computers and associated crewmembers. 
The quick, accessability of these on-board systems to the astronauts will be mandatory 
throughout the mission. 3) Accomodating despun facil i t ies,  minimizing the overall 
station mass, and most importantly, providing a safe living environment for  the entire 
mission by providing ar t i f ic ia l  gravity. The  communications, radiat ion protection, 
power, and  docking will all require despun sections due  to the directional na ture  of 
these subsystems. 

STABILITY - When designing a rotating structure,  the f i r s t  task is to determine a 
func t iona l  and  ef f ic ien t  shape with stabil i ty being the predominant dr iver .  To be 
stable, the spin axis  of a rotating body must be coincident with the major axis of 
inertia. After calculating the moments of inertia about each axis, they can be applied 
to a stability format of equations to determine if the given configuration is within a 
"stability tolerance envelope." This procedure is outlined in figure A. 

ACCESSIBILITY - Another key driver for  configuration, is how effectively the chosen 
shape will enable duties to be performed inside the station. In the present case, this 
specifically refers to the accessibility of module(s) with respect to one another. This is 
directly related to how efficiently inter-module activities can be carried out during the 
mission. 

THE OPTIONS - After examining several different  shapes for  the configuration and 
comparing their attributes, it was decided that the toroidal shape will best accomodate 
the design criteria.  Through the stability analysis the torus satisfied all constraints 
better than  o ther  shapes l ike the "dumbell '  and  the t r iangle  (tri-spoked). I t  also 
provided so-called "straight-line" access throughout the habitation modules, whereas, 
many other configurations would require that the crewmembers travel through the zero- 
g, center portion of the station. 

FINAL CONFIGURATION - There are two plausible orientations of the modules on the 
torus system: perpendicular to the spin axis or parallel to the spin axis. Accessibility 
would be a more complex problem and the overall mass would increase (due to longer 
access tubes) in the parallel configuration, but the differential gravity gradient (created 
by rotation) would be minimized, and visa-versa for the perpendicular system. The key 
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STABILITY ANALYSIS: 

Moments of Inertia by components for toroidal configuration: 

TORUS TUBFS; 

Major Axis: I, = 4 [ (1/12) m ( 3 6  + h2) + md2] = 4.5456 x lo6 kg*m 

Minor Axis: I,, = 2 [ (1/2)mr2] + 2 [ (1/12)m(3r2 + h2) + md2] = 2.282 x lo6 kgm2 

m = 15,600 + 4 = 3900 kg (ave.) 
r = 1.5 meters 
d = 16.04 meters 
h = 20.07 meters 

INTFR MODUE ACCFSS TUBFS; 

Major Axis: J z z =  (1/12)m(3r2 +h2) + md2 = 382,732 kgm2 
Icc total = 8 x IC, = 3,061,858 kg*m2 

Minor Axis: I,, total = [ 4((1/12)m(3$ + h2) + md,2) ] + [ 4(((1/2)mr2) + md22 ) ] 
I,, total = 1,532,088 kgm2 

m = 475 kg 
r = 2.5/2 = 1.25 meters 
d = 30.57 - (4.5/2) = 28.32 meters 
d, = 10.84 meters 
d = 26.1 6 meters 
h = 6.33 meters 

CENTRA1 HUB; 

Major Axis: I,= (1/2)m$ = 1,372,320 kg*m2 

Minor Axis: I,, total = (1/12)m(3$ + h2) = 1,321,493 kgm2 

m = 76,240 kg 
r = 6 meters 
h = 10 meters 
































































































































