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3. EPISODE THREE – CONSTRUCTION OF SOLARIS 

 “Watch your mouth kid, or you’ll find yourself floating home.” 

 Star Wars 

3.1. MATERIALS 

 

Mining will be realized in Stages, which will optimize and help the mining sequence be more 
efficient. Therefore, after completing the construction of the settlement base and the construction 
robots, oxygen will be extracted from lunar soil and hydrogen will be obtained for fuel. Further 
proceeding, essential metals will be mined for after a proper scanning of the area searching the 
richest one in metal deposits. Finding at least three tons of metal and ten tons of oxygen, hydrogen 
and other fuel materials, the construction sequence can start. 

 

3.1.1. WHY ASTEROIDS? 

 

First of all, asteroids do not exert a big gravity, it will be neglected in calculus, as a leg power (so to 
speak) would be enough to get off an asteroid.  

Mining asteroids, therefore, will be easier than mining the Moon, or Earth while transportation 
expenses make them definitely cost-effective. Shipping materials from the Moon or Earth are by no 
means economically attractive.  

More than that, shipping materials from Earth or Moon implies increased risks, from crashes to 
explosions. No such risks arise when mining from asteroids. 

 

3.1.2. ASTEROIDAL MATERIAL 

 

The first asteroid ever discovered was Ceres in 
1801 (by Giuseppe Piazzi) and ever since, while 
our knowledge on planetology, cosmology and 
astronomy expanded, so did the amount of 
information on asteroids and their composition. 

An asteroid of 25 meters diameter is the 
equivalent of 1.5 million tons of construction 
material. Big asteroids, such as Ceres, now 
considered a dwarf planet, have been long 
known, but there still are dozens of smaller 
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asteroids (50 meters in diameter and below) containing enough construction material. A number of 
about 200,000 NEAs (Near Earth Asteroids) 100 meters in diameter and larger, circle or meet 
Earth’s orbit in one point.  

Asteroids have two main features we have to consider: they are extremely rich in metal - a planetoid 
contains 30 times the amount of metal ever mined from Earth, and they have a rocky-ice like 
texture.  

The water taken will serve as fuel for the steam rocket robot used to return material to Solaris. 
Moreover, all the metal can be used without complicated processing techniques. 

Another option would be mining the asteroids in The Asteroid Belt (between Mars and Jupiter), but 
due to the fact that Solaris will orbit the Sun closer than Earth, The Asteroid Belt would be a much 
expensive alternative, considering both time and costs.  

 

3.1.3. COMPOSITION 

 

Currently, there are no clear records or patterns in asteroid composition. Most asteroids contain 
iron-nickel, cobalt, platinum and a rocky-icy crust. Their percentages, however, may consistently 
differ. For example,  Ceres is thought to be composed of a rocky core and an icy mantle, while 
Vesta has a nickel-iron like core, olivine mantle, and basaltic crust (according to 
P.E.R.M.A.N.E.N.T. website). 

 

Composition Percentage of asteroids Examples 

Carbon 75% or more 1999 RQ36 

Silicate Less than 17% 
951 Gaspra (found generally close tot the inner 

region of The Belt) 

Metallic Less than 7% Vesta (nickel core + olivine metal + crust) 

Dark(basaltic) Less than 1%  

Composition 

Carbon

Silicate

Metallic

Basaltic
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Most scientists and scholars classify asteroid by their composition. Therefore, we have Carbon (C-
type) asteroids, Silicate (S-type) ones, and Metallic (M-type). Sometimes we may also find Dark 
(D-type) asteroids. There are the predominant C-type asteroids, mainly consisting of carbon and 
having a very low albino and a reddish-like color, there are the S-type ones, having silicate and 
metal composition, but no carbonaceous elements. 

In the end, and the ones and interest us most, the M-type asteroids represent a total of about 10% 
(enough to satisfy and even exceed our material needs). 

 

3.1.4. CLASSIFICATION OF ASTEROIDS 

 

Another way of classifying asteroids is by judging their position. We will present four 
classifications depending on locations.  

First of all, there are The Main Belt asteroids, situated between Mars and Jupiter - too far away to 
be taken in consideration in our space-colony building program. 

Secondly, we have the Amor asteroids. These approach Earth’s orbit, being situated between Earth 
and Mars. Mining them is would be useful, regarding the material needed for the expansion 
program. 

Thirdly, there is the Apollo “belt”. Apollo asteroids cross Earth’s orbit and will represent a main 
part in finding, mining, and retrieving material for Solaris. 

Last, but no least, the greatest amount of material shall be brought back from the Aten asteroids. 
They cross Earth’s orbit and spend most of the time inside it. They are close enough and represent a 
convenient and cheaper alternative (comparing to the other sources) to most solutions regarding 
material retrieval. 

A final classification method is the geochemical one. Asteroids are categorized depending on their 
chemical structure. Thus, we have the “Lithophile” ones, asteroid that are earth-loving, and consists 
of silicate rocks, calcium, magnesium, as well as other minerals. There are “Siderophile” asteroids, 
iron-loving ones, “Chalcophile”s, which are largely made of sulfur-like substances, and “Volatile”s, 
lost in liquid stage (according to P.E.R.M.A.N.E.N.T. website). 

 

3.1.5. LANDING ON AN ASTEROID 

 

You can not properly land on an asteroid. First of all, it does not have the necessary mass to 
generate gravity - actually the gravitational attraction is so small that if you try dropping a ball from 
your arm’s height, it would take about 5 minutes to hit the ground (and that’s the perfect definition 
of microgravity). So, there is no way you land on an asteroid. Instead, we will use two types of 
robots designed to attach themselves to the asteroid and mine. 
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3.1.6. MINING, PROCESSING AND TRANSPORTATION 

 

When mining for material we decided to mine the asteroid 
and bring the final product instead of bringing the raw 
material from the asteroid.  

The process of separating rock and dust from metal will be 
completed as described below. Asteroids are rich in nickel-
iron metal granules. In order to separate the precious alloy 
from dirt and complementary asteroidal components the 
Solaris mining robots will use magnetic separation. 

Since the robots have powerful magnets, the separation will 
encounter the followings: a magnetic field is created, 
silicate components are separated from metallic ones and 
thus the process is repeated until obtaining highly pure 
bags. The weakly magnetic silicates are deflected off while 
the magnetic ones stick to the magnet until the scrape off 
point. Increasing the magnets strength will increase the 
velocity of the attracted metal and may also flatten it during 
the process. 

Since we need more than metal to build Solaris and inhabit 
it, magnetic separation may also be used when separating 
minerals. This is done in mines on Earth. 

Minerals may be attracted, repulsed or unaffected according to their response to magnets. The ones 
that are magnetic are called paramagnetic and may be ferro-magnetic or feebly magnetic. Either 
ways we need any material we can get in space. Magnetic separation is the best alternative since the 
lower the gravity, the easier to magnetically separate metal (according to P.E.R.M.A.N.E.N.T. 
website). 

 

3.1.7. AUTOMATION 

 

The first robot to be presented is R3. It is endowed with an imager, gamma ray, x-ray, infra-red and 
neutron spectrometers, in order to determine the asteroid’s composition, and a sample analyzer - in 
order to decide whether the asteroid contains a break-even amount of metal. 

After finding the closest and most metal-rich asteroid, R3 moves towards it and attaches itself using 
the two harpoon-like penetrators (design inspired by the MIT students’ project on landing and 
mining on asteroids). R3 moves around the asteroid retracting one of the penetrators at a time. 
Using a medium power magnet, R3 mines for superficial layer of metal. Once the magnet is covered 
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by iron particles, R3 introduces it into the storage compartment and releases the iron particles by 
temporarily neutralizing the magnets. It then repeats the procedure. While mining, R3 scans the 
inner of the asteroid, evaluates the metal, and the kind of material that can be extracted. If the 
conditions are satisfied, R3 sends a message to M-4S for further and more complex mining. 

How does R3 find the closest asteroids? Solaris provides the answer to that in the below simple 
C++ sequence (at the Robotics part). R3 also uses a C++ code to assembly the colony’s parts. 

 

Results:  

Due to the fact that R3 only mines for superficial material, its purpose shall not be affected by the 
asteroid’s rotation. Therefore, when superficially mining, the asteroid’s rotation should not be 
stopped or influenced. When R3 works, it let go the asteroid by retracting the harpoon-penetrators. 
However, R3’s further trajectory will be indeed influenced by the asteroid’s rotation, and will be 
readjusted. 

It is important that we reduce materials and costs while building Solaris. Therefore, R3 will be a 
multifunctional robot, designed to scan asteroids for material, mine (as described above), and as a 
third function - construction and building of Solaris, further discussed in the Construction Episode.  

While superficial mining will be taken care of by R3, unfortunately most of an asteroid’s material is 
placed in its inner core. To get there, one is supposed to practically destroy the asteroid.  

Turning again to magnetism, Solaris introduces its second robot, the more imaginatively named M-
4S – standing from Mine 4 Solaris. 

Due to the fact that the asteroids mined by M-4S are larger than the ones mined by R3, Solaris has 
to stop the asteroids rotation. If it fails to prevent it, the robot will be launched into space with a 
speed proportional to the centrifugal force. 
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� 𝐹 = 𝑚× 𝑣2

𝑟
𝑣𝑟𝑜𝑏𝑜𝑡 = 𝜔𝑎𝑠𝑡𝑒𝑟𝑜𝑖𝑑  × 𝑟 

𝐹 = 𝑚 × 𝜔2 × 𝑟 

 

After having the rotation stopped, the mining process can start. When mining an asteroid to reach 
for the metal in its inner core, the rock above it will be destroyed and shattered. Practically, the 
robot will be made of a powerful magnet and a transportation system, considering that the scanning 
will have already been completed by R3. 

Since in the Universe nothing is lost and everything is used, it further will be described the usage 
and obtaining process of most asteroids’ predominant materials: metal, rock, and ice. 

The metal will be mined by using a strong magnet and some grinders to separate rock from metal 
granules. All the process will be unfurled in space.  

M-4S will bring metal granules to the building site and there they will be processed and transformed 
into building pieces (more details on this topic in the construction episode).  

In order to prevent surroundings being polluted with 
dirt, a huge canvas will create a tent-like bag in 
which the rocky remains would be stored (next 
photo).  

Throwing the nickel-iron-cobalt alloy in a direction 
opposing the rotation of the asteroid, but towards the 
Solaris building site will constantly slow down it’s 
rotation speed (as seen in diagram). 

The excess dirt stored in the canvas will be used as a radiation shield which combined with the 
electro-magnetic shield will confer extra safety (according to P.E.R.M.A.N.E.N.T. website). 

 

3.1.8. TRANSPORTATION 

 

Rockets are the main propulsion system in space, and thus are very important for Solaris’ 
development. They are used to burn fuel for propulsion, to launch space shuttles from Earth, to 
change orbit or even to adjust orbits.  

Therefore, the key products made from asteroidal and lunar materials will be rocket fuels. 

• With methane 

The hydrogen found at the asteroid’s surface (due to the hydrogen-composed solar wind) will be 
used as transportation fuel after combining it with carbon and resulting in methane. 

C  +  2H₂    CH₄ 
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But methane requires oxygen in order to burn and that leads us to: 

CH₄  +   2O₂   CO₂  +  2H₂O 

 

• Hydrogen-oxygen rocketry 

Solaris’ chemical rockets (each one, either used for launch or transport) will realize the fuel burn 
(chemical reaction between a fuel and an oxidizer) in the following way: two different tanks 
holding two different liquids (a fuel like liquid hydrogen and an oxidizer like liquid oxygen) which 
are pumped into a third tank at a high rate using high performance (fuel) pumps, mix and finally are 
combusted. 

A very good example describing a location for obtaining these two liquids is the Moon, their 
processing being fairly simple. Since oxygen makes up about 86% of an oxygen-based rocket, the 
rest 14% being hydrogen, and the percentage of oxygen in the Moon dirt raises at about 40%, 
hydrogen can be obtained or replaced with aluminum powder, etc. and, therefore, oxygen-hydrogen 
rocketry is yielded.  

Moreover, since asteroids are rich in carbon, hydrocarbon fuels may be obtained. 

 

Substance Moon Asteroids Rocket 

Hydrogen Extraction of water found at 
the poles followed by 

electrolysis 
Extraction of water1 Oxygen-hydrogen 

rocketry Oxygen 

Sulfur Abundant in spots Abundant Sulfur-based fuel 
propellants 

 

3.1.9. BASIC DESIGN 

 

It is important to use these thrusters only in space and regarding movement and transport to the final 
orbit. The thrusters have nothing to do with the launch of the basic structure from Earth. Different 
rockets and methods will be used and further explained in the construction episode. 

Chemical rockets are made of internal combustion heat engines. A solid rocket motor is made of a 
casing (made of steel and coated with a thermal liner on the inside, protecting it from the hot gases), 
a nozzle, which accelerates the exhaust gas out increasing thrust; direction control is, a grain 
representing the propellant charge and an igniter (according to P.E.R.M.A.N.E.N.T. website). 

                                                        
1 Water is heated and separated from other volatiles, after this “purification”, the liquid is subjected to electrolysis. 
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The solid mass (the grain) burns at a predictable rate given the chamber pressure, influenced by the 
nozzle orifice diameter which helps in determining the grain burn rate. The burn length is 
determined in function of the grain “web thickness”. Thrust is produced as a consequence of the 
exhaust gases. 

Generally, a chemical rocket can not be shut off since all materials burn in chamber. However, a 
solution has been found regarding this matter, and that is the usage of pulsed rocket motors, which, 
after being ignited command burn in segments. 

 

3.1.10. PROPELLANTS 

 

Solaris’ thrusters will either use BP (Black Powder) propellant, consisting of charcoal, potassium 
nitrate, and sulfur, or ZS (Zinc Sulfur) propellants, with zinc powder and sulfur.  

An alternative would be the Double-Base (DB) propellants, made of two monopropellants, a highly 
energetic, unstable one and a lower-energy, stabilizing, gelling substance. A common example of a 
DB propellant is nitroglycerin dissolved in nitrocellulose gel, solidified with additives. 

Other propellants properties include minimal smoke or high-energy composites (obtained from 
standard propellants with high-energy explosives). Important issues which need attention are the 
previous failures regarding thrusters and potential threats. These include fractures or air pockets in 
the grain, which causes instantaneous increase in burn surface area, therefore increasing the 
pressure and concluding in possible ruptures of the casing.  

 

3.2. MOON MINING 

 

Since Solaris will be built in the geostationary orbit, the Moon is a close source of valuable 
materials as nickel in extractable quantities, left-overs from asteroidal impacts. Metal, however, 
shall be mined from asteroids, leaving the Moon as a valuable source of oxygen (40% of moon dirt 
is oxygen), glass, minerals, etc. 

Advantages Disadvantages 
Economically attractive Not enough metal 
Low gravity Extreme temperatures 
Lack of gravity Rubbing friction in vacuum 
24/7 sun at the poles  
Rich in silicates  
Rich in oxygen  
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Considering the facts above, the conclusion is that the Moon is full of resources like silicates, 
oxygen, possibly hydrogen. Moreover, lunar bases are planned for further study of lunar 
composition and for engage in exploration. Resources unavailable on the Moon will be mined from 
asteroids. 

 

3.2.1. MAJOR LUNAR MATERIALS 

 

The four major lunar materials are aluminum, calcium, titanium, and oxygen. Since 40% of the 
Moon’s crust is made up of oxygen, metals are generally found as metal oxides, which generally 
bound to silica. A common compound would be olivine, a greenish mineral made of magnesium 
oxide and silica. Small quantities of iron exist, remnants of asteroidal impacts. Hence the iron, 
nickel and other metal compounds will be extracted from asteroids and meteorites. 

 

Material Generally 
found as 

Percentage 
Maria     Highlands Advantages Drawbacks 

Aluminum 𝐴𝑙2𝑂3 14.9% 24.0% 

Good electrical 
conductor; 

Lightweight; 
good reflectors; 

good fuel.1 

Expands and 
contracts with 
temperature 

more than other 
metals 

Oxygen 𝑂2 40% Fuel propellant; 
Life support.2  

Calcium CaO 11.8% 15.9% 

Fourth most 
abundant; 

Attractive in 
vacuum; 

Excellent electrical 
conductor; 

Easily shaped and 
modeled.3 

Burns 
spontaneously 
in contact with 

oxygen 

Titanium Ti𝑂2 3.9% 0.6% Strong.4  

Silica SiO2 45.4% 45.5%   

                                                        

1Atomized aluminum powder is a very good propellant and aluminum mirrors are great reflectors. Raw anorthite is 
good for making fiberglass. 
2 Oxygen makes up 86% of rocket fuel, the 14% remaining consisting of hydrogen which may be available from solar 
wind marks. If hydrogen is not found, substitutions as aluminum powder are available. 
3 Calcium is not used as a conductor on Earth because it burns spontaneously in contact with oxygen, but in vacuum 
there is no such problem. 
4 Grains on the Moon average 53%  Ti𝑂2 , 44% FeO, 2 % MgO and 1% various impurities. 
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Iron FeO 14.1% 5.9%   

Magnesium MgO 9.2% 7.5%   

 

Please note that not all lunar materials are presented in the table above and the percentages 
(according to Wikipedia) are only the ratio of the material in Moon’s soil. Oxygen is regarded as a 
total and is not measured according to the maria or highlands but as a general feature.  

  

 
 

 
 

3.2.2. LUNAR MINING AND PROCESSING 

 

Due to the absence of atmosphere, the Moon’s surface is powdery, therefore ideal for cheap and 
effective mining and mineral processing. A solar power plant will be placed at one of the moon’s 
poles, having 24/7 energy from the Sun, and thus generating useful power and energy. An important 
issue in space mining, both lunar and asteroidal, is the rubbing friction in vacuum. The friction 
increases in space in such a way that all tools must be coated with materials which minimize 
friction. 

Titanium 
Oxide 
53% 

Iron Oxide 
44% 

Magnesium 
Oxide 

2% 

Various 
Elements 

1% 

Grains on Moon-compostion 

86% 

14% 

Rocket fuel compostion 
Oxygen Hydrogen
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Another issue is represented by the great difference in the moon’s surface temperatures. 
Considering this, all materials and tools will be sheltered from extreme temperatures.  

 

3.2.3. TRANSPORT 

 

The transportation costs are lowered dramatically considering the facts that Earth is 81 times as 
massive as the Moon. Hence the Moon’s low gravity and the absence of an atmosphere, a 
gravitational slingshot will be used in order to launch objects from the Moon and a catcher will be 
placed in space to receive construction packages for Solaris. By the time the package reaches the 
catcher, its velocity will tend to zero, as it was slowed down by the Moon’s gravity. 

Calculus: 

The velocity needed to throw a material package of 1T on Moon’s orbit and then in GEO is the 
escape speed and an alterative velocity x required to place the object from Moon’s orbit to GEO. 

Assuming that the load is 1T and the length 
of the slingshot approximates 2 km, 
α = 45° , 𝜇 =6.67 × 10−11 , radius of the 
Moon is r= 1,738.14 km  

 

𝑣𝑒𝑠𝑐=�
2𝜇
𝑟  

 

The calculus will be done considering the 
throw as an oblique velocity-problem. 

The g between the lunar surface and the package’s final destination varies, but generally the g is 
considered constant all to the atmosphere, this case being regarded to only on Earth. On the moon, 
no atmosphere is present; therefore, the g will be calculated for three steps in the Moon’s 
gravitational fields.  

It is important that considering the slingshot’s length, the mass of the package and the velocity, an 
appropriate force must push the package and launch it. Calculus should be done for 𝑔𝑚𝑜𝑜𝑛=0.165 g, 
and the maximum height, distance and the time required to leave the orbit.  

The energy at the top of the throw is an 𝐸𝑡=𝐸𝑝+𝐸𝑐  and and the bottom, on the slingshot, the height 
being 0 the potential energy is 0, therefore 𝐸𝑡=𝐸𝑐 . 

For the minimum: 𝐸𝑡=𝐸𝑐=𝑚𝑣2

𝑟
, where v = 𝑣𝑒𝑠𝑐  = �2𝜇

𝑟
=2.38 km/s. 

For the maximum: 𝐸𝑡=𝐸𝑝+𝐸𝑐= mgh + 𝑚𝑣2

𝑟
. 
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3.2.4. LUNAR BASE 

 

For ideal mining of the lunar surface, Solaris will have its own semi-permanent base on the Moon. 
The lunar base has five medium sized 
observatories, both for astronomical observations, 
and for research process and exploration. 

Energy will be produced by the solar panels 
covering the roof of both, the main base and the 
observatories, as the lunar base will be situated 
close to the North Pole of the moon, where solar 
energy is available 24/7.—NASA energy, 
transport, etc. 

The main base is designed for industrial use, 
mining of the necessary materials and processing 
them. Food required by the occasional astronauts will be brought, and supplies will be brought by 
the usage of Elan Musk’s Falcon 9. 

 

Base Height Radius Temperature Pressure 
Main Lunar 

Base 20m 75m 25 C 1 atm 

Observatories 10m 10m 25 C 1 atm 
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3.2.5. SCOUTS 

 

Solaris has two different scouts which search for asteroid and space objects in order to mine metal 
and other materials, and explore outer space in search of new horizons and resources. 

 

Component Value for Arrow 
Scout 

Value Han Solo Scout 
 

Crew 
members 

5 astronauts 3 astronauts 

Passengers none None 
Length 40m 30m 
Wingspan 20m 15m 
Width 10m 7m 
Speed  Variable Variable, linear acceleration at very high speeds may be 

used in order to simulate gravity at times and be used as a 
measure for muscle atrophying and bone decays  in space 

Motors Chemical thrusters, 
ion Hall Effect 
Thrusters  

Chemical thrusters, when fuel reaches half, they are stopped, 
Han Solo advancing slowly by the use of ion Hall Effect 
Thrusters 
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3.3. ORBITAL LOCATION 

3.3.1. ORBITS AND 3𝑟𝑑 BODY PERTURBATIONS 

 

 

 

 

All the information in Orbits, Third Body 
Perturbations, and the calculus in Transport to 
Final Orbit have been obtained after reading the 
information on Orbital Mechanics, on NASA 
Space Settlement Contest, Teacher’s Page.  
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An orbit is a gravitationally curved path around a point or an object in space. Though typically 
elliptical in shape, orbits can be described as curves, ellipses, parabolas or hyperbolas, all depending 
on a parameter called eccentricity(e). Eccentricity, as a parameter is associated with every cone 
section and it describes how much an orbit varies from being circular. 

Other ways, if e=0 the orbit is circular, if  0<e<1, the orbit is elliptical, if e=1 the orbit is 
represented as a parabola and if e>1 the orbit is a hyperbola. 

In our Solar System, orbits are 
generally described as being 
elliptical. We also need to 
introduce the “true anomaly” 
which represents a body moving 
on a keplerian orbit. 

 

For further discussion and 
calculus regarding orbits we 
present the further formulas: 

 

𝑟𝑝 = 𝑎(1− 𝑒) 

𝑟𝑎 = 𝑎(1 − 𝑒) 

 

𝑟𝑝 representing the radius to the apocenter, and  𝑟𝑎 representing the radius to the pericenter;  

a is the semi-major axis, measured in meters. 

𝑉2 =  𝜇 ( 
2
𝑟 −

1
𝑎  ) 

This formula is used for determining the speed in an elliptical orbit. It is very important, therefore 
it’s named “vis viva”.  

“μ" represents the total mass of the planet around which we spin and “G”, a constant equal to  
6,67× 10−11 , both “μ” and “G” being different from what they represent in classical mechanics. 

𝑉𝑎𝑟𝑐 = �
𝜇
𝑟 = �

𝜇
𝑎 

               

𝑉𝑎𝑟𝑐  represents the speed in a circular orbit, and since its circular a=r therefore the equality. 

𝑉𝑒𝑠𝑐 = �2𝜇
𝑟  
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The formula above represents the speed required to escape an orbit. 

𝑇 = 2𝜋�
𝑎3

𝜇  

“T” represent the period of the orbit. How much time it took for the spaceship or celestial body to 
make a full rotation. 

These formulas were presented and detailed as we will use them along the construction of Solaris. 
For example in Defense, it will be required that we know the escape speed. Moreover, these will 
help us in orbit placement and maintenance. 

 

3𝑟𝑑 body perturbations 

Perturbations can be heliocentric and planet centric. Heliocentric speaking, the only possible 
influences we could feel would be either from Earth or from Venus. Earth’s sphere of influence in 
kilometers is 9.3 × 105, while Venus’s is 6.2 × 105.  In a planetocentric perturbation, the third 
body’s influence lowers proportional with the distance. In order to determine a body sphere of 
influence, we use the following 
formula: 

 

𝑟𝑆𝑜𝐼 = 𝑟3𝑟𝑑(
𝑀𝑚𝑎𝑖𝑛

𝑀3𝑟𝑑
)0,4 

 

The sphere of influence is equal to the 
third body’s sphere multiplied by the 
mass of the main body, divided by the 
mass of the third body at 0,4. Third 
body perturbations might be 
considered while determining Solaris’s 
orbit and its position. 

 

3.3.2. BUILDING LOCATION 

 

Launching a shuttle into space is very expensive; launching a whole colony would be even more 
expensive. According to NASA:”The Space Shuttle Endeavour, the orbiter built to replace the 
Space Shuttle Challenger, cost approximately $1.7 billion.”  
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Therefore, regarding the building location, we have two great alternatives: Earth’s orbit or Moon’s 
orbit. Earth’s orbit is divided in four main parts: LEO (Low Earth orbit), MEO (Medium Earth 
Orbit), HEO (High Earth Orbit), and GEO (Geostationary Earth Orbit).  

The options will be thoroughly analyzed. First, the possibilities regarding Earth’s orbit are analyzed. 

 EARTH  

 ADVANTAGES DISADVANTAGES 

LEO 
Not expensive to launch materials $2,000-
10,000/pound; close to Earth, a few hours 

away; sunlight; easy to move further away. 

Doesn’t move to Earth many sunrises 
and sunsets; 

Isn’t stable enough 

MEO 2,000-35,000 km, close enough to Earth Too  crowded, just as LEO 

HEO Unusual eight shape 
Very unstable, resulting in possible 
accidents during space settlement 

building 

GEO 
Quite stable; Close enough to Earth;  

Not crowded 
 

 

 

MOON  

ADVANTAGES DISADVANTAGES 

Stable orbit; Material provider A few days away 

 

In conclusion, Solaris will be built in GEO, as it is stable, not crowded, and close enough to Earth. 
Lagrangian points are not even taken into consideration in this section as it would be difficult to 
move materials to certain points in space and keep them there. They will, however be discussed in 
the Final Location part. 

All photos of the Moon that are displayed were taken at National Observatory “Amiral Vasile 
Urseanu” - in Bucharest, October 2011. 
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3.3.3. FINAL LOCATION 

 

When deciding Solaris’s final location, I took into consideration several facts, including an orbit’s 
stability, whether it is crowded or not, and how much sunlight the colony would receive if 
positioned there (remembering the fact that using professional solar panels, 60% of Solaris’ energy 
could be obtained only from the sun - much more than an average of 15% obtained using mass-
consume panels). 

 

3.3.4. ORBITING EARTH 

 

Whether to orbit Earth or not is the first question. The first thing taken into account was if Solaris 
received enough solar power. 24/7 solar energy is out of the question, since Solaris will not keep up 
with Earth, many sunrises and sunsets will occur, diminishing therefore the light Solaris gets. 
Moreover, during eclipses, it will get absolutely no solar power. 

The second criteria was the stability of an orbit around Earth. If the colony will be placed above 
MEO, there will be no stability issues, unlike LEO, which is not as stable. Finally, how crowded is 
Earth’s orbit? 

LEO, for instance, is very crowded. As we turn to MEO, HEO or even GEO, the number of 
satellites falls, but we still have space issues. 

The first satellite to be launched was Sputnik in October 1957, by the Soviet Union. Ever since, 
hundreds of satellites have been sent into space. Currently, there are about 3,000 operating satellites 
in Earth’s orbit. SSN tracked, on the other hand, 24,500 space objects, most of them fallen into 
unstable orbits. We cannot afford the risk of encountering a collision with another space object. 

Photo depicted was taken at Seattle Flight Museum, in the Summer of 2010. 

 

3.3.5. ORBITING MOON 

 

Orbiting the Moon is not taken into 
account as it does not bring significant 
advantages.  

We could gather materials from the Moon, 
but, as explained, it is much easier to mine 
asteroids for iron and import carbon from 
Earth in order to create steel.  
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Furthermore, it will not have 
constant solar power and since 
Solaris’ alimentation is based on it, 
placing the colony in with 
insufficient fuel is not acceptable. 

Concluding, although Moon’s orbit 
is stable and not too crowded, there 
are better alternatives. 

 

 

 

3.3.6. LAGRANGIAN POINTS 

 

The Lagrangian points are five positions in an orbital configuration where a small object affected 
only by gravity can be positioned and remain stationary due to the gravity of two larger objects. All 
five Langrangian points are to be further discussed. 

L1 lies between two masses. In the Sun-Earth 
system, L1 is the point which lies between 
the Earth and Sun. This Lagrange point has 
the advantage of never being shadowed it is 
therefore suited for solar observations and a 
colony placed in L1 would continuously 
receive solar power. 

L2 is like L1, only mirrored. It lays behind 
the smaller mass, in our case, Earth. L2 is not 
in Earth’s shadow and receives some 
sunlight, but not enough. 

L3 exists behind the larger mass, therefore 
behind the Sun. It is however visited by asteroids, such as the Hilda family. 

L4 and L5 are the Trojan points or the triangular points. They are very unstable, unlike the first 
three Lagrange points 

Calculations of the Lagrange Points are strongly related to the third body perturbations presented 
above, gravitational fields canceling each other. Now, that the main characteristics of the Lagrange 
Points have been summarized, all left to be done is taking into account the stability of these points. 

According to scientists and scholars, L1, L2 and L3 are as stable as a small ball on a needle. 
Therefore, taken into consideration the energy required placing a large colony in one of the 
Lagrange Points above and the energy to keep it there, moreover, the risk of not being able to 

http://en.wikipedia.org/wiki/Orbit
http://en.wikipedia.org/wiki/Gravitation
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maintain the proper coordinates, brings us to the decision of not placing Solaris in neither L1, L2 
nor L3.  

L4 and L5 are stable on the other hand, and even though small perturbations may move the colony, 
it shall move back to one of the Trojan Points in which it will be placed. However, L4 and L5 do 
not receive constant sunlight and it is too complicated to move a big colony from where it is built 
and place it in a Lagrange point. 

Therefore, the final possibility will be analyzed, and that is orbiting the Sun. 

Photo depicted was taken at Seattle Flight Museum, in the Summer of 2010. 

 

3.3.7. ORBITING SUN 

 

After analyzing all possibilities regarding Solaris’ final placement and deciding against them, the 
only alternative left is orbiting the Sun. Orbiting Sun brings many advantages, including 24/7 solar 
power, which is vital for Solaris colony’s functioning, since 60% of the energy will be obtained this 
way.  

Orbiting around the Sun is relatively safe and stable. More than that, it is not crowded. Mining for 
extra resources was thoroughly described before as not raising additional problems. 

Finally, Solaris will have the status of a planet, orbiting the Sun. Thus, endless research possibilities 
about our Solar System are brought up, since we shall travel through it. 
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3.3.8. TRANSFERRING FROM BUILDING LOCATION TO FINAL LOCATION 

 

Considering the NASA project, the “100 year starship”, it was decided upon the way in which to 
bring the colony to its final location. 

Firstly, we took into consideration a gravitational slingshot. The gravity of other planets can be used 
to move Solaris to its orbit. But our target was close enough to use only basic knowledge of 
interplanetary flight and maneuvers. In order to move Solaris from GEO around Earth to out I-orbit 
(imaginary orbit, that is), we will use an intermediate orbit, to say so, or a “transfer orbit”.  

 

Solaris will run through the following Stages: 

1) First, it has to accelerate, in order to leave Earth’s orbit, therefore it will increase its speed 
with Vesc-Vc0.  

2) After that, Solaris will slow down in order to get into the transfer orbit V∞, 1.  

3) Now, that Solaris is in the transfer orbit, it will have to slow down again to remain in the 
orbit. It will slow down until I reach 𝑽𝒕𝒂𝒓. 

 

It must be mentioned that the apocentre is the farthest point in the orbit, where the spaceship 
reaches its smallest speed, while the pericentre is the closest point with the greatest speed. 

Calculus: 

1) 

𝑽𝒅𝒆𝒑=�𝝁𝑺𝑼𝑵
𝒓𝒅𝒆𝒑

=29779,858m/s 

𝜇𝑠𝑢𝑛 = 𝑚𝑠 × 𝐺=13,2672× 1019 

𝜇𝑠𝑢𝑛 is the planet’s mass multiplied by G-a constant. 

G=6,67× 10−11 

𝑚𝑠 = 1,9891 × 1030 

r=1,486× 108m 

V departure is Earth’s speed around the sun. 

2) 

𝑽𝑪𝟎 = �
𝝁𝒅𝒆𝒑
𝒓𝟎

=3074,04 m/s 

µ =39,8439× 1013 

𝑟0 = 𝑟𝐸 + 𝑟𝐺𝐸𝑂=42164× 103m 
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𝑟0 is Solaris’ distance to Earth while 𝜇𝑑𝑒𝑝 is the as the constant above, only accordingly to Earth. 
𝑉𝐶0 is Solaris’ speed in GEO around Earth, where it will be built. 

3) 

𝒂𝒕𝒓 = �𝒓𝒂+𝒓𝒑
𝟐
�=133 994 966 000 m 

Where a is the semi-major axis of the transfer orbit 

𝑟𝑎 = 149642164000m, radius to apocentre 

𝑟𝑝=118347767500m, the sum of the distances between Sun and Venus and Venus and Solaris’ orbit 
(radius to pericentre). 

The decision was made on placing Solaris at d=10,347,767.5 km away from Venus. 

4) 

e=�𝒓𝒂−𝒓𝒑�
𝒓𝒂+𝒓𝒑

=0116774523, e being the eccentricity, a constant which tells us the orbit’s shape (if it’s 

equal to 0, the orbit is a circle, if 0<e<1, the orbit is an ellipse, if e=1 the orbit is a parabola and if e 
is greater than 1, the orbit takes the shape of a hyperbola. 

0<e<1, so the orbit is an ellipse, as expected. 

These are all data and parameters required. The main transfer calculus starts here. 

5) 

Now we will calculate the speed required to leave Earth. 

𝑽𝟏 = �𝝁𝒔𝒖𝒏( 𝟐
𝒓𝒑
− 𝟏

𝒂
)=27,9km/s 

6) 

𝐕𝟐 = �𝛍𝐬𝐮𝐧(𝟐
𝐫𝐚
− 𝟏

𝐚
)=35,382km/s 

This is Solaris’ when it reaches the orbit. 

7)  

𝑽∞,𝟏 = �𝑽𝟏 − 𝑽𝒅𝒆𝒑�=2400m/s 

This is the speed Solaris has to slow down with in order to decrease to reach the next orbit. 

8) 

𝑽∞,𝟐 = |𝑽𝟐 − 𝑽𝒕𝒂𝒓|=1900m/s 

𝑉𝑡𝑎𝑟 = �
𝜇𝑠𝑢𝑛
𝑟𝑝

=33481,9 m/s, which is the speed I must have when I reach the target. 

This is the speed Solaris has to decelerate with in order to stay in the right orbit. 
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9) 

𝑽𝒆𝒔𝒄 = �𝟐𝝁
𝒓𝟎

=4347,52780 m/s 

𝑉𝑒𝑠𝑐  is the speed Solaris needs to escape from my orbit in GEO. 

10) 

T=𝝅� 𝒂𝒕𝒓𝟑

𝝁𝒔𝒖𝒏
=154.838593 days, where T is the transfer time. 

 

3.4. CONSTRUCTION SEQUENCE 

3.4.1. PRE-CONSTRUCTION SEQUENCE 

 

Significant stages should be run through before the construction of Solaris actually begins. The 
mining of materials from Earth and Moon is fully depicted above, being vital for Solaris’ 
construction.  

In the first stage, mining consists of Near Earth Asteroid mining, this way obtaining funds in order 
to build several Moon Buggies, the Semi-Permanent Lunar Base, and finally Solaris. 

Mining will continue with the method described above, and is to be accomplished by robots.  

The Lunar Base is built next. It may serve as a storage area for materials before they are launched 
from the Moon in GEO, and it may also serve as a temporary observation base. The Lunar Base is 
made of pre-fabricated panels which are easy to assemble and disassemble. It is crucial that the 
Lunar Base is semi-permanent, as it is forbidden that any nation should built anything on the 
surface of a planet or satellite. 

The second stage consists of launching and placing all mined materials on GEO. Materials from the 
Moon will be launched using the depicted slingshot. Asteroidal material is brought to GEO with the 
transport robots, described in Materials section. 

 

Milestones Description Time lapse 

One Construction of spaceport, 
spokes and research torus. Suppositions regarding the construction 

duration may be too far away from the truth, 
as remarkable progress in technology will 
be made by the time Solaris will be built. 

Two Construction of residential 
tori. 

Three Construction of energy tori 

Besides the three main milestones, intermediary Stages in Solaris’ construction will be presented. 
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Stage One 

Construction of the spaceport and attachment of spokes is explained. In this way, any material 
necessary will be used easily as spaces shuttles may land on the now existing spaceport. 
Furthermore, it provides a base structure for the research tori and further development of Solaris. 

 
 

 

Stage Two 

Stage Two consists of building and finalizing the research torus, as well as gradually adding the 
angular velocity thrusters and preparing Stage Three.  

Preparing Stage Three implies the construction of the spokes and the connection to the residential 
tori.  
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3.4.2. MILESTONE ONE 

 

 

Stage Three 

In order to maintain the symmetry 
of the settlement, the parallel 
construction of the two residential 
tori will be unfurl in stage three. 
These, however, will not be 
inhabited until the completion of 
the construction.  

This stage is divided into Stage 
Three A and Stage Three B. Stage 
Three A involves the construction 
of tori, while Stage Three B 
handles the spokes and the 
command centers. 
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3.4.3. MILESTONE TWO 

 

 
 

Stage Four 

Stage Four is completed when both energy tori and both thruster tori sections are completed. All 
spokes must be fixed with frictionless 
bearings. The command centers must be 
finalized. 

Stage Five 

The 12 Solaris rays, constructed 
separately are attached, Volumes 
pressurized and oxygenized. An 
impulse generating gravity is given. It 
may take several months to reach the 
appropriate angular velocity, details 
being given in Technical Engineering - 
Episode Two. 
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3.4.4. MILESTONE THREE 

 

 
 

3.4.5. INHABITATION, ADAPTATION AND MONITORING 

 

Although Solaris accommodates up to 10,000 residents, inhabitation will start with a first group of 
1,500 Solariens. If the psychological state of mind proves to be positive, another similar group shall 
be brought to Solaris six months later. The others until reaching 6,000 shall be faster accommodated 
as they already will find their peers inhabiting the place. All 4,000 others shall be Solaris-born.  

Inhabitation of Solaris will be done by flying the future residents from Earth in economic, still safe 
space shuttles. Shuttles land on the spaceport, and then magnetically attach themselves to the 
human-usage docking port. From there on, persons are transported to the residential torus by the use 
of elevators.  

Since many space shuttles will be required to launch send people to GEO, to Solaris, low-cost 
shuttles designed and engineered by Elon Musk will be used. Such an example is given by Falcon 9, 
able to lift 5T in GEO.  Assuming an average of 100 people should be transported on one trip, 60 
trips will be needed. 
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Residents on Solaris are carefully chosen, conditions described in Chapter Four must be fully taken 
into consideration. If a citizen does not physically adapt, which is not likely since Solaris’ goal is to 
simulate Earth in a safe outer-space environment, should the resident choose to be returned home, 
immediate measures will be taken, and the Solarien will come back to Terra safely. 

Residents are medically and psychologically observed constantly. One crucial initial goal is to have 
them fully adapted as soon as possible after arrival. All these procedures are described in Episode 
Four. 

 

3.4.6. ECLIPSES 

 

When discussing satellites, an eclipse occurs whenever sunlight is obstructed, typically by Earth. In 
order to acknowledge the importance an eclipse implies on the construction Stage of a settlement, it 
is important to mention that in LEO, an eclipse may take up as much as one third of a complete 
revolution. 

This implies that he Sun is not available as a point of reference, that the settlement presents no 
energy inflow, neither for the power nor for the 
thermal control system. 

For safety and in order to optimize each Stage 
of constructing and populating Solaris, eclipses 
must be taken into account. 

Therefore, it is important that the total time of 
an eclipse in one orbital revolution is 
calculated. In order to do so, it must be clear 
that the orbit is circular (since it provides the 
stability and accessibility needed in the 
construction Stage). This means that no semi-
major axis variable will be present, this being 
replaced by R, and the radius of the orbit. 

 

Calculus: 

The calculus will be done in three steps. 

1) sin 𝜆=𝑟
𝑅
, r being Earth’s radius, and R being the orbit’s radius, equal to Earth’s radius and the 

distance from Earth to the construction orbit. 

sin 𝜆=20,67° 
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2) Following, the total orbital revolution time: 𝑇𝑜𝑟𝑏𝑖𝑡= 2π�𝑅3

𝜇
 , R=18044.8 km, which is one third of 

GEO orbit, μ a constant, explained in chapter two, and for Earth μ=398600.4415 𝑘𝑚
3
𝑠2� .  

𝑇𝑜𝑟𝑏𝑖𝑡=7678.36 s 

3) Finally, 𝑇𝑒𝑐𝑙𝑖𝑝𝑠𝑒= 2𝜋
360

× 𝑇𝑜𝑟𝑏𝑖𝑡, 𝑇𝑒𝑐𝑙𝑖𝑝𝑠𝑒 =877.379 s, this being the time in which the satellite will 
be in umbra and penumbra. Work on construction will continue however, appropriate measures 
being taken. 

 

 

 

 

3.4.7. TRANSPORT FROM GEO TO SUN  

 

Transport from GEO to the Sun is realized after inhabitation, as several shuttles aiming for the 
settlement orbiting the Sun imply several complications.  

Therefore, after inhabitation is completed, Solaris will move from the GEO orbit, to a Hohmann 
transfer orbit, and finally to its permanent orbit around the Sun (further details to be revealed in 
Episode Two). 
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