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La station spatiale internationale ; 20 ans en 2018.

Altitude ≈ 400 km 
Masse = 450 tonnes 
Dimensions : 110 x 74 x 30 m 
Population : 6 (depuis 2009)



L’arrivée à la station orbitale ; 2001 l’Odyssée de l’espace (Stanley Kubrick, 1968).



Les pionniers

La station géostationnaire d’Herman Potočnik (1928)

1929



Editorial de Hugo Gernsback 
Air Wonder Stories, avril 1930.



Robert A. Heinlein

Vous avez vu la station en photo – un cylindre 
gigantesque, semblable à une grosse caisse de batterie, 

avec des ouvertures pour livrer passage à la proue des 
vaisseaux. On aurait pu faire tourner la station entière, 

mais un vaisseau ne peut pas accoster contre un 
derviche tourneur. C’est pourquoi on avait construit une 

partie pivotante pour le confort de l’homme et une partie 
fixe pour les déchargements, les réservoirs, les dépôts et 

le reste. On passe de l’une à l’autre par le moyeu. 
L’homme qui vendit la Lune (1950)



La roue orbitale

Roue orbitale de 76 m de diamètre faisant 3 tours/minute (1/3 g), 80 personnes.

 « La station spatiale sera aussi un 
hôtel, les astronautes pourront y 

vivre un mois ou deux de suite. Ils 
feront la navette entre la Terre et la 
station pour effectuer des travaux 

spéciaux. » - W. von Braun



La gravité artificielle - 1

A l’intérieur du Discovery One ; 2001, l’Odyssée de l’espace (Stanley Kubrick, 1968)



La gravité artificielle - 2

Simulateur d’une station en rotation (NASA Langley Research Center, 1966).



– Où est le bas ? Quelqu’un peut me le dire ? 
Ils le lui dirent. 
– Le vaisseau tourne sur lui-même et c’est cela qui donne l’impression que le bas existe. En fait, le 
plancher décrit une courbe dans cette direction. Suivez cette courbe et vous reviendrez à l’endroit d’où 
vous êtes parti. (…) 
Tout le centre de l’École de Guerre, le moyeu de la roue, est occupé par les salles de bataille. Elles ne 
tournent pas avec le reste de la station. C’est de cette façon qu’ils réalisent l’apesanteur. Pas de rotation, 
pas de bas. Mais il est possible d’amener les neuf salles de bataille devant l’entrée du couloir que nous 
utilisons tous. Lorsqu’on est à l’intérieur, ils déplacent l’ensemble et une autre salle se trouve en position. 

Orson Scott Card, La stratégie Ender (1985).

La Stratégie Ender (Gavin Hood, 2013)



This is a story of tomorrow, or the day after tomorrow, 
when men have built a station in space, constructed in 
the form of a great wheel, and set a thousand miles out 
from the Earth, fixed by gravity, and turning about the 
world every two hours, serving a double purpose: an 
observation post in the heavens, and a place where a 
spaceship can be assembled, and then launched to 
explore other planets, and the vast universe itself, in the 
last and greatest adventure of mankind — the plunge 
toward the… conquest of space!



Isaac Asimov
Les vaisseaux spatiaux ne sont pas conçus 

pour faire face aux caprices d’une atmosphère 
dense, c’est pourquoi des planètes telles que 

la Terre et Vénus, entourées d’épaisses 
couches d’air, doivent disposer de stations 

orbitales pour accueillir les vaisseaux 
intersidéraux et permettre aux voyageurs de 

poursuivre leur course dans des caboteurs 
planétaires équipés d’ailes rétractables grâce 

auxquelles ils se jouent des courants d’air 
capricieux jusqu’à la surface de la planète. 

David Starr (1952)



Le projet Nautilus-X (NASA, 2011)



Le vaisseau de Mission to Mars (B. de Palma, 2000).



La station cylindrique

Vaisseau génération de Cole & Scarfo (1964) : 32 x 16 km.



Le vaisseau Rama (1973)

Vue intérieure 3D du vaisseau Rama 
https://www.youtube.com/watch?v=UiO8CgGiWPM



Arthur C. Clarke

Nous avons appelé Plaine centrale cette portion de 
cylindre longue de cinquante kilomètres qui sépare les 

deux dômes. Il peut sembler insensé d’appeler « plaine » 
une surface aussi évidemment courbe, mais, à notre 

sens, cela est justifié. Elle nous apparaîtra plate quand 
nous nous y poserons, tout comme l’intérieur d’une 

bouteille peut paraître plat à la fourmi qui la parcourt. 
Rendez-vous avec Rama (1973)



Le cylindre de O’Neill (1974)

natural sunlight, an earthlike appear-
ance, efficient use of solar power and of
materials. The most effective geometry
satisfying all of these conditions ap-
pears to be a pair of cylinders. The
economics of efficient use of materials
tends to limit their size to about four
miles in diameter, and perhaps about 16
miles in length. (See figure 1.) In
these cylinder pairs, the entire land
area is devoted to living space, parkland
and forest, with lakes, rivers, grass,
trees, animals and birds, an environ-
ment like most attractive parts of
Earth; agriculture is carried on else-
where. The circumference is divided
into alternating strips of land area
("valleys") and window area ("solars").
The rotation period is two minutes, and
the cylinder axes are always pointed
toward the Sun.

Because the Moon is a rich source
both of titanium and of aluminum, it is
likely that these metals will be used ex-
tensively in the colonies. For conserva-
tism, though, the calculation of the cyl-
inder structure has been based on the
use of steel cables, to form "longerons"
(longitudinal members carrying the at-
mospheric forces on the end caps) and
circumferential bands (carrying the at-
mospheric force and the spin-induced
weights of the ground, of the longerons
and of themselves. For details of this
calculation and the assumptions it in-
cludes, see the box on page 34.) The
steel cables are bunched to form a
coarse mesh in the window areas. The
bands there subtend a visual angle of
2.3 X 10~4 radians, about equal to the
diffraction limit for the sunlight-adapt-
ed human eye, and so are nearly invisi-

Natural sunlight from planar mirrors
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1000 2000

Meters
3000

Section of a space-community main cylinder (top). The circumference is divided into alternat-
ing strips of land area (valleys) and window area (solars). Although the space-community val-
leys offer new landscaping opportunities and architectural possibilities, it is reassuring to note
that certain Earth features can be recreated: the side view of a cylinder end cap (bottom) in-
cludes a mountain profile taken from an aerial photograph of a section of the Grand Teton range
in Wyoming. Figure 1
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Table 1. Possible Stages in the Development
of Space Communities

Model
1
2
3
4

Length
(km)

1
3.2

10
32

Radius
(m)
100
320

1000
3200

Period
(sec)

21
36
63

114

Population*
10 000

100-200 X 103

0.2-2 X 106

0.2-20 X 106

Earliest
estimated

date
1988
1996
2002
2008

* Population figures a re for double unit; higher figures are the approximate ecological limits, for
conventional agriculture.

Table 2. Masses of Materials Required for
Model 1 (Metric tons)

Aluminum (container, structures)
Glass (solars)
Water
Generator plant
Initial structures
Special fabricated hardware
Machines and tools
Soil, rock and construction materials
Liquid hydrogen
2000 people and equipment
Dehydrated food
Totals

Total mass
required

20 000
10 000
50 000 l

10002

1000
1000
800

420 0001

5400
200
600

Mass required
from Earth

1000
1000
1000
800

5400
200
600

>500 000 10 000

1 Includesreplenishable reserves to be used to initiate construction of Model 2, and so are higher
than the minima required for Model 1.

2 For 100 MW plant.

Steel structure
For the structure, steel cables are assumed to be formed into longerons (average thick-
ness ArL) and circular bands (average thickness lrB). The value of ArL required is
Ar,. = Rp,,/2T

where R is the cylinder radius, po the atmospheric pressure and 7"the tension. For land
density pL and depth x,_, and bands of density pF, the total equivalent internal pressure pj
is

To solve for pj we note that
Arh = pTR/T

so that
PT =

(pt, + gp,,xL + gpFR/T)/a -
For an average soil depth of 150 cm, with an average density of 1.5 gm per cc,
Pn = gP[XL = 1.2.3 X 10' newtons/m2

To arrive at a conservative value for T, we note that half a century ago, the working
stress for suspension-bridge cables was 70 000 to 80 000 pounds per square inch.1 At
that time, D. B. Steinman argued1 for the use of stresses over 100 000 psi. If we use
1920's steels, hardened to bring the yield point to 90% of the ultimate strength, and work
at 75% of the yield point, the working stress can be 152 000 psi. If we take f a s
150 000 psi and R as 3200 meters, the averaged surface mass density is 7.5 tons per
square meter.

In the window (solar) areas, the longerons can be 0.8-meter cables in stacks of four at
14-meter intervals. The bands can be in the same arrangement, but with a 1.5-meter di-
ameter, and the mesh transparency will then be 84%. Considerably larger values of R
would result from the extensive use of titanium in the structure, together with a thinner
layer of earth.

ble. The windows themselves are of
glass or plastic, subdivided into small
panels.

There is no sharp upper limit on the
size of a space-community cylinder;
with increasing size, though, a larger
fraction of the total mass is in the form
of supporting cables. The figure 3200
meters for radius R is somewhat arbi-
trary. Economoy would favor a smaller
size; use of high-strength materials, or a
strong desire for an even more earthlike
environment, would favor a larger. In-
dependent of size, the apparent gravity
is earth-normal, and the air composi-
tion as well as the atmospheric pressure
are those of sea level on Earth. For R
equal to 3200 meters, the atmospheric
depth is that of an Earth location at
3300 meters above sea level, an altitude
where the sky is blue and the climate
habitable: At any radius r within the
cylinder we have

where
a = gpJ2Rp0 =

X 10-4/meter)
The length of a day in each communi-

ty is controlled by opening and closing
the main mirrors that rotate with the
cylinders. The length of day then sets
the average temperature and seasonal
variation within the cylinder. Each
cylinder can be thought of as a heat
sink equivalent to 3 X 108 tons of water;
for complete heat exchange, the warm-
up rate in full daylight would be about
0.7 deg C per hour. As on Earth, the
true warmup rate is higher because the
ground more than a few centimeters
below the surface does not follow the
diurnal variation.

Bird and animal species that are en-
dangered on Earth by agricultural and
industrial chemical residues may find
havens for growth in the space colonies,
where insecticides are unnecessary, ag-
ricultural areas are physically separate
from living areas, and industry has un-
limited energy for recycling.

As we can see in figure 1, it is possible
to recreate certain Earth features: the
mountain profile is taken from an aerial
photograph of a section of the Grand
Teton range in Wyoming. The calcu-
lated cloud base heights as seen in the
figure are typical of summer weather on
Earth: For a dry adiabatic lapse rate of
3.1 deg per 300 meters and a dew-point
lapse rate of 0.56 deg per 300 meters,
50% relative humidity and a tempera-
ture range between zero and 32°C, the
cloud base heights range between 1100
and 1400 meters.

Environmental control
The agricultural areas are separate

from the living areas, and each one has
the best climate for the particular crop
it is to grow. Gravity, atmosphere and
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The colonization of space
Careful engineering and cost analysis shows we can build
pleasant, self-sufficient dwelling places in space within the
next two decades, solving many of Earth's problems.

Gerard K. O'Neill

New ideas are controversial when they
challenge orthodoxy, but orthodoxy
changes with time, often surprisingly
fast. It is orthodox, for example, to be-
lieve that Earth is the only practical ha-
bitat for Man, and that the human race
is close to its ultimate size limits. But I
believe we have now reached the point
where we can, if we so choose, build new
habitats far more comfortable, produc-
tive and attractive than is most of
Earth.

Although thoughts about migration
into space are as old as science fiction,
the technical basis for serious calcula-
tion did not exist until the late 1960's.
In addition, a mental "hangup"—the
fixed idea of planets as colony sites—
appears to have trapped nearly every-
one who has considered the problem,
including, curiously enough, almost all
science-fiction writers. In recent
months I learned that the space pioneer
Konstantin Tsiolkowsky, in his dreams
of the future, was one of the first to es-
cape that hangup.

By chance, and initially almost as a
joke, I began some calculations on the
problem in 1969, at first as an exercise
for the most ambitious students in an
introductory physics course. As some-
times happens in the hard sciences,
what began as a joke had to be taken
more seriously when the numbers began
to come out right. There followed sev-
eral years of frustrating attempts to get
these studies published.

Friends advised that I take my ideas
"to the people" in the form of physics

Gerard K. O'Neill is professor of physics at
Princeton University.

lectures at universities. The positive
response (especially from students) en-
couraged me to dig harder for the an-
swers to questions about . meteoroid
damage, agricultural productivity, ma-
terials sources, economics and other
topics. The results of that study indi-
cate that
• we can colonize space, and do so
without robbing or harming anyone and
without polluting anything.
• if work is begun soon, nearly all our
industrial activity could be moved away
from Earth's fragile biosphere within
less than a century from now.
• the technical imperatives of this kind
of migration of people and industry into
space are likely to encourage self-suffi-
ciency, small-scale governmental units,
cultural diversity and a high degree of
independence.
• the ultimate size limit for the human
race on the newly available frontier is at
least 20 000 times its present value.

How can colonization take place? It
is possible even with existing technolo-
gy, if done in the most efficient ways.
New methods are needed, but none goes
beyond the range of present-day knowl-
edge. The challenge is to bring the goal
of space colonization into economic fea-
sibility now, and the key is to treat the
region beyond Earth not as a void but
as a culture medium, rich in matter and
energy. To live normally, people need
energy, air, water, land and gravity. In
space, solar energy is dependable and
convenient to use; the Moon and aster-
oid belt can supply the needed materi-
als, and rotational acceleration can sub-

for Earth's gravity.
Space exploration so far, like Antarc-

tic exploration before it, has consisted
of short-term scientific expeditions,
wholly dependent for survival on
supplies brought from home. If, in
contrast, we use the matter and energy
available in space to colonize and build,
we can achieve great productivity of
food and material goods. Then, in a
time short enough to be useful, the ex-
ponential growth of colonies can reach
the point at which the colonies can be of
great benefit to the entire human race.

To show that we are technically able
to begin such a development now, this
discussion will be limited to the tech-
nology of the 1970's, assuming only
those structural materials that already
exist. Within a development that may
span 100 years, this assumption is un-
realistically conservative. We shall
look at the individual space communi-
ties—their structure and appearance
and the activities possible for their in-
habitants, their relation to the space
around them, sources of food, travel be-
tween communities as well as to Earth,
the economics of the colonies and plans
for their growth. As is usual in physics,
it is valuable to consider limiting cases:
for this study, the limits are an eventual
full-size space community on a scale es-
tablished by the strength of materials,
and a first model, for which cost esti-
mates can reasonably be made. The
goals of the proposal will be clearer if
we first discuss the large community.

A cylindrical habitat
The geometry of each space commu-

nity is fairly closely defined if all of the
following conditions are required: nor-
mal gravity, normal day and night cycle,
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Generator plant
Initial structures
Special fabricated hardware
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1 Includesreplenishable reserves to be used to initiate construction of Model 2, and so are higher
than the minima required for Model 1.

2 For 100 MW plant.

Steel structure
For the structure, steel cables are assumed to be formed into longerons (average thick-
ness ArL) and circular bands (average thickness lrB). The value of ArL required is
Ar,. = Rp,,/2T

where R is the cylinder radius, po the atmospheric pressure and 7"the tension. For land
density pL and depth x,_, and bands of density pF, the total equivalent internal pressure pj
is

To solve for pj we note that
Arh = pTR/T

so that
PT =

(pt, + gp,,xL + gpFR/T)/a -
For an average soil depth of 150 cm, with an average density of 1.5 gm per cc,
Pn = gP[XL = 1.2.3 X 10' newtons/m2

To arrive at a conservative value for T, we note that half a century ago, the working
stress for suspension-bridge cables was 70 000 to 80 000 pounds per square inch.1 At
that time, D. B. Steinman argued1 for the use of stresses over 100 000 psi. If we use
1920's steels, hardened to bring the yield point to 90% of the ultimate strength, and work
at 75% of the yield point, the working stress can be 152 000 psi. If we take f a s
150 000 psi and R as 3200 meters, the averaged surface mass density is 7.5 tons per
square meter.

In the window (solar) areas, the longerons can be 0.8-meter cables in stacks of four at
14-meter intervals. The bands can be in the same arrangement, but with a 1.5-meter di-
ameter, and the mesh transparency will then be 84%. Considerably larger values of R
would result from the extensive use of titanium in the structure, together with a thinner
layer of earth.
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There is no sharp upper limit on the
size of a space-community cylinder;
with increasing size, though, a larger
fraction of the total mass is in the form
of supporting cables. The figure 3200
meters for radius R is somewhat arbi-
trary. Economoy would favor a smaller
size; use of high-strength materials, or a
strong desire for an even more earthlike
environment, would favor a larger. In-
dependent of size, the apparent gravity
is earth-normal, and the air composi-
tion as well as the atmospheric pressure
are those of sea level on Earth. For R
equal to 3200 meters, the atmospheric
depth is that of an Earth location at
3300 meters above sea level, an altitude
where the sky is blue and the climate
habitable: At any radius r within the
cylinder we have
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The length of a day in each communi-

ty is controlled by opening and closing
the main mirrors that rotate with the
cylinders. The length of day then sets
the average temperature and seasonal
variation within the cylinder. Each
cylinder can be thought of as a heat
sink equivalent to 3 X 108 tons of water;
for complete heat exchange, the warm-
up rate in full daylight would be about
0.7 deg C per hour. As on Earth, the
true warmup rate is higher because the
ground more than a few centimeters
below the surface does not follow the
diurnal variation.

Bird and animal species that are en-
dangered on Earth by agricultural and
industrial chemical residues may find
havens for growth in the space colonies,
where insecticides are unnecessary, ag-
ricultural areas are physically separate
from living areas, and industry has un-
limited energy for recycling.

As we can see in figure 1, it is possible
to recreate certain Earth features: the
mountain profile is taken from an aerial
photograph of a section of the Grand
Teton range in Wyoming. The calcu-
lated cloud base heights as seen in the
figure are typical of summer weather on
Earth: For a dry adiabatic lapse rate of
3.1 deg per 300 meters and a dew-point
lapse rate of 0.56 deg per 300 meters,
50% relative humidity and a tempera-
ture range between zero and 32°C, the
cloud base heights range between 1100
and 1400 meters.

Environmental control
The agricultural areas are separate

from the living areas, and each one has
the best climate for the particular crop
it is to grow. Gravity, atmosphere and
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Rick Guidice, NASA Ames Research Center



Rick Guidice, NASA Ames Research Center



Don Davis, NASA Ames Research Center



La station Cooper

Vue intérieure de la station Cooper, en orbite autour de Saturne (Interstellar, 2014).

R ≈ 200 m Période de rotation ≈ 30 secondes



L’installation Veggie de l’ISS

Expérience de culture végétales à bord de l’ISS (octobre 2017).



La station Cooper

Joueurs de base-ball dans la station Cooper, en orbite autour de Saturne.

h ≈ 10 m

δg/g ≈ 5 % !



Le tore de Stanford (1975)

Don Davis, NASA Ames Research Center



Don Davis, NASA Ames Research Center



Rick Guidice, NASA Ames Research Center



La station Elysium 
(Neill Blomkamp, 2013)



Les premières et rudimentaires maisons de 
retraite spatiales, à quelques centaines de 
kilomètres d’altitude, furent opérationnelles 

dans les toutes dernières années du deuxième 
millénaire. En dehors du coût, il existait un autre 

inconvénient grave : les dommages entraînés 
par l’apesanteur sur les os et le système 

vasculaire rendaient impossible tout retour dans 
le champ gravitationnel de la surface de la 

Terre. Mais pour certains riches vieillards, ce 
n’était qu’un inconvénient mineur : en échange 
d’une décennie de vie de plus, ils étaient trop 
heureux de prendre leur retraite dans le ciel, 

pour finalement y mourir. 
Contact (1985)

Carl Sagan



La station Apogeios (2011)
Rayon central : 470 m 
Côté du triangle : 1 565 m 
Masse : 750 000 tonnes 
Population : 10 000 habitants

Concept du à deux ingénieurs français, Pierre Marx et Olivier Boisard (http://www.planete-a-roulettes.net/APO/fr/)



Dear Stewart Brand, 
If you were familiar with my analysis of « The Pentagon of Power », 
you would know that I regard space colonies as another pathological 
manifestation of the culture that has spent all of its resources on 
expanding the nuclear means for exterminating the human race. Such 
proposals are only technological disguises for infantile fantasies. 
Lewis Mumford, historien de la technologie (1977).

Deux livres parus en 1977.



Manchu (2014)


