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2. EPISODE TWO - TECHNICAL ENGINEERING
2.1. PRESSURE

The AGH and the laboratory will have the same pressure as the one experienced on Earth at the sea
level, one atmosphere; as it does not induct breathlessness, it does not require extra effort, it is the
comfortable and ideal pressure for human beings, while also prevents heart beat rate and muscular
& bone system modifications.
Pressure will be induced by the gradual increase of air (under pressure). Using the equation
PV=νRT (1), where P equals pressure, V volume, T temperature, R is the universal constant of the
ideal gas and is equal with 8314,472 m3 Pa K-1 kmol-1, and ν is the mol number.
𝑚

We also know: ν= =
the molar mass.

𝑁

𝜇 𝑁𝐴

(2), m being the mass, N the number of mol, 𝑁𝐴 Avogadro’s number and 𝜇

𝑃𝑉

Considering (1), ν= , and considering (2)
𝑅𝑇

𝑅𝑇 𝑚

= =

𝑃𝑉 𝜇

𝑁

𝑁𝐴

We have R=8.3142 J/kmol, P=101.325 kPa, T=25°C = 298.15K, 𝑁𝐴 =6.023 and μ=28.98 g/mol.
Considering this we must induce m=

𝛍𝐏𝐕
𝐑𝐓

Volume

Air quantity

Plant floor
Entertainment
floor
Residential
Residential
floor
floor
Office floor

22628933.3𝑚3

319682.306

Deposit floor

22628933.3𝑚3

319682.306

74182500𝑚3

1.04798721 × 109

471000𝑚3

6 653887.05

Section

Residential torus

Research torus

Solaris research
Research
Hotel
Energy torus
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7542977.66𝑚3
3

7542977.66𝑚
7542977.66𝑚3

106560.767

2.2. OXYGENATION

Besides bringing oxygen from Earth, there are some other ways of obtaining it in space.
The first one is through chemistry, and the usage of chemical oxygen generators, which release
oxygen after a chemical reaction using inorganic superoxide, chlorate or perchlorate. These
substances are ignited and release oxygen along with final reaction products. As the reaction
requires ignition, chemical oxygen generators present a potential fire hazard.
Another way is through oxygen candles, which transform sodium chlorate (or potassium, lithium
chlorate or perchlorate) and iron powder in sodium chloride, iron oxide and 6.5 man hours of
oxygen per kilogram. These candles will be used in emergency cases.
The second way of obtaining oxygen in space is by importing it from the Moon. The Moon dust has
a high percentage of oxygen. The process of obtaining any kind of materials from other sources
than Earth, as the Moon or asteroids is thoroughly explained in the Materials episode.
The required volume of oxygen is calculated above for each inhabited section.
An alternative way, which creates and then reproduces oxygen, is by the use of plants. In order to
create oxygen, plants which produce much oxygen will be used, plants such as the Chlorella algae
which is the plant that gives out the most oxygen of all. Panels will be filled with Chlorella and
fixed all around Solaris in order to give away as much oxygen as possible. Solaris is filled with
green areas as parks, etc. and houses have flat, “green” roofs, in order to absorb as much carbon
dioxide as possible and produce more oxygen.
Following the simple calculus below, for every 10 square meter - 20 plants would be required, not
mentioning the Chlorella panels, around 5 per 10 square meters.
One average plant gives away 5ml of air per leaf/per hour. Assuming that a plant has 90 leaves
releasing 450ml/per hour/per plant, 0.45l; an average person takes 12 breathes per minute, finalizing
to about 50 l of air/per hour; thus, an average of 100 plants is needed. Yet, this calculus does not
take into account the fact that oxygen is already created, and that there are other means of making
extra-oxygen reserves.
Finally, without considering grass, etc., around 20 plants will grow in a 10 square meter area to
ensure and further sustain the creation of fresh oxygen, as azoth, etc. will be pumped in.
Important to be mentioned is the fact that plants only sustain the generation of fresh air, as they are
not counted on as a steady source; photosynthesis depends on many factors, such as the mineral
concentration in the soil, the carbon dioxide concentration, which must be under 5%, the water
level, the light source intensity, etc. Photosynthesis is a complex process and proper conditions
should be insured, for both plants’ and inhabitants’ well-being.
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2.3. FOOD
2.3.1. FOOD REQUIREMENTS

In order to maintain good health, a person needs a vast diet containing varied minerals, proteins,
nutrients, and so on. Since living in space is harsh, and due to the fact that negative psychological
effects are unwanted, the diet on Solaris will be adapted considering age, gender, sports, etc.
Group

Product

Nutrients

Grams/day

Energy, Protein,
Vitamins 𝐵1, 𝐵2 , Iron,
Fibre

170-200g

Protein, Fat, Vitamin 𝐵2 ,
Calcium

3 cups

Cereals
Rice
Grains
Breads
Pasta
Milk
Diary

Cheese
Other diary products
Chicken
Red meat

150g

Fish
Meat, eggs and
poultry

Protein, Vitamins 𝐵1, 𝐵2 ,
Calcium, Iron, Fibre, Fat

Egg
Peas

(protein quantity
may vary from 25g
in fish to 33-35g in
lamb)

Soybeans
Nuts
Mango
Fruit

Carotenoids, Folic acid,
Vitamin 𝐵2 , Energy,
Iron, Fiber.

Orange
Apple
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2 cups
(according to the
five fruit and
vegetables per day

rule)

Watermelon
Other fruit
Vegetables
Spinach

2-3 cups

Beans
Vegetables
Carrots

Carotenoids, Folic acid,
Vitamin 𝐵2 , Energy,
Iron, Fibre.

(according to the
five fruit and
vegetables per day
rule)

Energy, Essential fatty
acids

sparingly

Onions
Cauliflower
Fats
Fats and sugar
Sugar

Calories allocation vary from gender to age, therefore, specialized calculators will help Solariens
make sure they get all the necessary elements to stay healthy all life long.
Healthbot calculations will be based on the following factors and percentages: g=gender, h=height,
w=weight, a=age, b=bone structure, m=muscular structure, f=fat percentage. The last three factors
may be obtained by using specialized scales, which will exist on Solaris, as well.

Group

Percentage of total calories intake

Carbohydrate

40-60%

Protein

20-40%

Fat

20-30%

Nutrient and Vitamin

Quantity/day

Protein

50g

Fiber

25g
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Sodium

2400mg

Vitamin C

60mg

Calcium

1000mg

Iron

18mg

Magnesium

400mg

Zinc

15mg

Vitamin 𝑩𝟔

2mg

Copper

2mg

Iodine

150 micrograms

Vitamin E

30 I.U.

Vitamin K

80 micrograms

Potassium

3500mg

2.3.2. FOOD PRODUCTION AND DISTRIBUTION
•

Vegetables, Fruit, Sugar

Food group

Production method

Vegetables, Fruit

Harvest

Sugar

Harvest

Meat, poultry

In vitro

Diary

In vitro
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Crops exist for: beans, carrots, cucumbers, onions, spinach, vegetables, potatoes, cauliflower,
apples, oranges, watermelon and other fruit, in order to ensure Solaris’ independence from Earth
and the ability to feed its own residents.
The quantity required per torus is an approximate value, in order to make sure enough vegetables,
fruit, etc. are produced.

Vegetable/Fruit

Quantity required/residential
torus

beans

7,500 kg

Hydroponic/Aeroponic
Hydroponic
(Sprout Culture)
Hydroponic

wheat

30.24 L

carrots

4,550 kg

Aeroponic

cucumbers

1,550 kg

Aeroponic

onions

1,000 kg

Aeroponic

spinach

1,000 kg

Aeroponic

vegetables

10,000 kg

potatoes

5,500 kg

tomatoes

4,550 kg

cauliflower

2,000 kg

rice

3,500 kg

lettuce

4,780 kg

Aeroponic

apples

1,312.5 kg

Aeroponic

(Sprout Culture)

Hydroponic
(Nutrient Film Technique)
Aeroponic
Hydroponic
(Nutrient Film Technique)
Hydroponic
(Deep Water Culture)
Hydroponic
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(Deep Water Culture)

oranges

1,450 kg

Strawberries, raspberries
other berries

3,412.5 kg

watermelon

2,000kg

other fruit

3,000 kg

sugarcane

1,500 kg

Aeroponic
Hydroponic
(Deep Water Culture)
Hydroponic
Hydroponic
(Deep Water Culture)
Aeroponic

Example of production
Considering that a person needs 200g of grains/per day, it is safe to assume that a fourth of the
quantity will be given by bread. One bushel of wheat may produce 33 kg of bread/month. One
person needs 3 kg bread/month; therefore one bushel may feed 11 people. Since one residential tori
is inhabited by 5,000 people, we assume that 500 bushels will be required/month, the equivalent of
30.24L of wheat.
In conclusion, 30 % of the agricultural zone is used for wheat, sugarcane, beans, etc.
75,000 apples, one tree=100 apples=>750 trees=>3750sqm. Alternating fruits in one’s diet, the final
conclusion is that 30% of the agriculture sector will be devoted to fruit harvest. Considering this,
the total quantity of other fruits needed will be inferred.
Vegetables are a very important part of Solariens’ diet, therefore 40% of the agricultural zones are
used to harvest vegetables, etc. Vegetables area of production is generally divided equally between
different products of the same food groups.

Step

Procedure

Plant

Planting of seeds, roots, bulbs, etc. is automated, only checked by human crews.

Harvest

Harvesting is again automated, with robots handling final products.

Store

Storage is made in warehouses all around Solaris.

Distribution

Food is distributed to markets, etc.
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2.3.3. PRODUCTION AND HARVESTING
TECHNIQUES
Harvesting will be done using a combination made
of an aeroponic system and a hydroponic system.
These have been developed particularly for space
harvesting and food production, and therefore are
ideal for Solaris.
Aeroponic systems refer to the growing of plants in
air, suspended. Water with nutrients is sprayed on
the roots and due to the massive exposure to oxygen
plants have been known to grow faster. Moreover, the system keeps them free from pests or
diseases. It doesn’t require any plantings or soil, only sprayers, misters, foggers, etc. Plants have
been grown for food this way before.
Hydroponic systems imply the growth of plants in water solely, enriched with nutrients. It doesn’t
require soil, both water and nutrients may be reused, plants grow faster giving more crops, no pests,
diseases, etc. affect the plant. However, if exposed to too much water the plant may die, therefore,
hydroponics will be combined with aeroponics on
Solaris.
The system on the settlement is aeroponic to start
with. A plant is suspended in air, misters and
foggers surrounding the tube in which the roots
reside. If possible, the compartment is partially
filled with water to ensure a faster growth and the
use of nutrients and minerals. If the plant is over
exposed to water, then it is drawn back while the
system becomes aeroponic once again.

Moreover, depending on the plants, the system may be
hydroponic or aeroponic. Strawberries, for instance, have
been grown hydroponically and very good results have been
obtained. Therefore, rooty plants will be grown
aeroponically, while small, water-loving ones hydroponically.
The hydroponic systems used will be of four types,
depending on the plants’ size: Deep Water Culture, Sprout
Garden, Nutrient Film Technique, and Expandable Drip
System.
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Deep Water Culture is ideal for small plants, roots
being sunk in a nutrient rich solution. The water,
however, is kept oxygenized.
Sprout Culture is ideal for wheat and similar plants,
seeds sprouting and growing at a faster rate. No pumps
are needed.
The Nutrient Film Technique is designed for medium
to large plants. A thin layer of solution flows over the
roots of these plants. On Solaris, it will be combined
with the Deep Water Culture.
The last one, Expandable Drip System, is designated for large plants which are nitrified with water
solutions. Since there is a constant flow of nutrients pumped in the growing medium, the plants get
both oxygen and nutrients.
The Nutrient Film technique may be alternated/replaced with the Expandable Drip System.

Hydroponic systems will have Plasma
Growth Lights, which have the widest
spectrum and give the most light, and
Digital Ballasts, which give more light but
loose less electricity when heated.
Fertilizers are hydroponic and organic, and
propagation will be ensured by the usage
of clone gel in hydroponic systems and
clone spray in aeroponic ones. Testers and
adjusters will be placed in order to monitor
the PH.
The growth medium may be made of
coconut coir, which is replaceable,
rockwool, which is the most appropriate solution or may be soilless. Any of the ones mentioned
above work efficiently in space.
•

Meat, poultry, diary

Meat and diary will be produced in vitro, meaning that the meat has never been part of a living
animal but is generated from muscular cells and fibers. Fast growth will be ensured and a perfusion
system as well, in order to keep the growing muscle nitrified.
In vitro meat presents a series of advantages. First of all, when fully developed, it will be cheaper
than animal meat. Most of all, it is healthier. It will be 100% muscle, and no fatty oils at all, while
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omega-3 fatty acids will be added. Moreover, IVM will not present influenza, mad cow disease or
other diseases, bacteria, etc. Diary products and eggs can be produced the same way.
2.3.4. AREAS OF PRODUCTION

Torus

Floor

Subfloor

Food groups
apples
oranges

Tall plants sector

watermelon
wheat
sugarcane
beans
carrots

Residential

Plant floor (2 floors 40
m tall)

cucumbers
onions
spinach
Agriculture
vegetables
potatoes
cauliflower
strawberries
rice

Research

Life support
improvement

Genetics and Biology
(2 floors)

Meat, diary, poultry

More floors may be added, and regarding the small plants grown in hydroponic systems, they may
be put on different levels, whereas one floor may serve as four-five levels of hydroponic harvesting.
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2.4. WATER
2.4.1. WATER PRODUCTION
As water is essential for survival, in space it’s vital that Solaris would be able to produce its own
water and does not depend on Earth for it.
Several reasons exist due to which water should be created directly on the settlement, from transport
expenses, the fact that it is probably the most used substance and several safety issues.
There are many ways to create water, and they all will be extensively used.

Way of obtaining water

Phase

Chemical reaction

Construction

Moon

Construction

Plants

Final

Sabatier Reaction

Final

Byproduct of fuel cells

Final

The first way is by using oxygen and hydrogen and creating chemical reactions in order to obtain
water. Both oxygen and hydrogen are abundant on the Moon, and hydrogen is the most common
substance in space. Since the research tori is the first to be constructed, oxygen may be produced in
an early stage of construction.
𝟐𝑯𝟐 +𝑶𝟐 = 𝟐𝑯𝟐 𝑶 + E

The second way of obtaining water in space during the construction phase would be taking it from
the Moon. LCROSS found a shadowed area near the Moon’s South Pole, in the Cabeus Crater.
A third way of obtaining both oxygen and water would be by the use of plants. This water however
will be recycled and reused in the agriculture zone, as well as a great percentage of the water on
Solaris.
𝑪𝟔 𝑯𝟏𝟐 𝑶𝟔 +𝑶𝟐 =𝑯𝟐 𝑶 + 𝑪𝑶𝟐 + E

For the past decade, in space missions with a large time span, water has been obtained as a
byproduct of fuel cells, cells used to generate electricity from chemical energy. They require
constant fuel and energy, while these two exist, a fuel cell may produce energy continuously (and
water as a byproduct) at a price of $60 per kilowatt.
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The last and most effective way of obtaining water is through the Sabatier reaction. Oxygen is
produced through electrolysis. After respiration, as the carbon dioxide hydrogen is added, methane
and water are obtained. On Solaris, methane is saved as well, and the water is used, recycled and
reused as in the scheme below.
2𝑯𝟐 𝑶  𝑶𝟐 +𝟐𝑯𝟐 respiration𝑪𝑶𝟐 +𝟐𝑯𝟐 + 𝟐𝑯𝟐 2𝑯𝟐 𝑶 + 𝑪𝑯𝟒  C + 𝟐𝑯𝟐

In the third reaction, hydrogen 2𝐻2 is added. The last step of the cycle has not been realized,
methane generally being disposed of, and the cycle is not completed. If however methane would be
divided into the two compounds, we would have a complete cycle.
Water cycle

water

carbon and
hydrogen

oxygen and
hydrogen

carbon
dioxide and
hydrogen

water and
methane

Besides the 2L of drinking water/person/day, total amount of water used in washing, etc. must be
calculated in order to ensure hygienic and comfortable conditions for the Solariens. A Solarien may
use up to 200L of water per day, which fully covers all their needs.

2.4.2. WATER DISTRIBUTION

In order to save as much water as possible, water is collected from homes through pipes, Solaris
having its own sewer system. Artificial rain, water used for plants, in parks etc. are collected in
tubes and connected to the sewer system.
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2.4.3. RECYCLING AND REUSING

Since everything is recycled and reused in various ways on Solaris in order to lower living costs,
water must be recycled as well.
In order to ensure purification, it will be recycled according to the scheme below.

Water
Heat
Thermal
scheme

Grey water
(Washing)
Sterilization,
UV rays, etc.

Reusage

Black water(Toilet
water,after
centrifugal
separation)

Plants, parks,
rain water

Sterilization

Sterizilation

Nutrients

Nutrients

Compost

Reusage

2.4.4. STERILIZATION

In the scheme above, the steps water is reused are shown. In order to do so, water must be clean and
sterilized. The steps to hygienization are presented below.

Phase

Description

Area of application

Centrifugal separation

Separates solids from liquids

Black water and
bathroom/kitchen water

Ozone

Used to sterilize water and air.
It is very strong, covers a wide

bathroom/kitchen water
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range of pathogens and doesn’t
imply the use of hazardous
chemicals.

Hydrogen peroxide

Very effective, strong enough,
not toxic if concentration is
under 3%.

bathroom/kitchen water

Filtration

Prepares water for UV
sterilization, as it is more
efficient in low water turbidity

bathroom/kitchen water

Ultraviolet disinfection

Highly effective method,
doesn’t affect taste, odor or
clarity of water, chemical-free

bathroom/kitchen water and air

UV lamps should be regularly replaced and are cleaned. Lamps loose their capacity over time, and
their effectiveness lowers; lack of observing its replacement rule may lead to tragic consequences
varying from food poisoning to infections, etc.

2.5. DAY-NIGHT

2.5.1. LIGHT SOURCES

In order to mimic the conditions on Earth, a daynight cycle will artificially be created.
The primarily light sources used will be SOLEDs
(stacked organic light emitting device) and
TOLEDs (transparent organic light emitting
device) as they mimic natural sunlight better. Still,
typical light emitting diodes (LED) will be placed
all around the settlement. Fluorescent and
incandescent bulbs will simulate sunlight, as it is
proven that natural light is relaxing and enables
better results in individuals.
More than that, natural sky is simulated in
residential areas and offices, with the usage of LED panels that resembles the sky covered in clouds.
30

The clouds’ shape, color, and speed may be modified; the rain may be simulated, as well. LEDs
also are far more cost-efficient.
Still, natural sunlight is a vital part in simulating an Earth-like environment, and therefore, with the
usage of concave and convex mirrors, sunlight will be redistributed throughout the residential floor,
residential torus.
Though, as sunlight may be imitated for humans, plants can not be fooled, natural light having great
effects on their growth. This is why, concave mirrors are placed exterior of the torus in order to
reflect the sunlight towards the first level, the plants’ one.
Directing natural sunlight to the plant level ensure that plants get natural sun and perfectly simulates
environment on Earth.
Let C be the curvature of the surface of the lens and the index of refraction n, then the optical power
is: φ=(n-1)C. Therefore, depending on the windows’ thickness, its refraction index and lights
intensity when passing through, considering that an amount of light is refracted, it is simple to
compute the light’s intensity when reaching the plants.
Whether the light proves not be intense enough, adjacent LEDs will be powered up.
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2.5.2. ALTERNATION
𝑔

Considering ω= � =0.136 π/s. Therefore, the residential torus makes a full rotation every
2𝜋

𝑟

t= =2842.9s=47.38 minutes. This implies that Solaris receives natural sunlight every 25 minutes.
𝜔

This implies that 25 minutes natural sunlight will be given and 25 minutes artificial sunlight
simulators will work. Finally, the LEDs will function 350 every 12 hours. The 12 hours in the night
cycle imply that smart glass, component of the windows, will turn opaque. Smart glass works at
electrical impulses and may turn opaque gradually, and saves heat, creating dusk/dawn effects.
During the day, LED panels will be used in order to create artificial clouded sky effects.

2.6. WEATHER CONTROL

Weather control is an important part when simulating Earth-like
conditions. The LED panels described above, in the Day-night Cycle,
which are used to simulate the day-sky, may simulate clouds, which may
turn grey and change their speed across the sky, creating rain or bad
weather effects.
Since real clouds, snow, etc. can only be simulated in very large
settlements, the weather on Solaris must be reduced to fog, slight changes
in pressure, rain, drops in temperature, wind and warmth, summer heat.
There are certain parameters when changing weather and these are: pressure, humidity,
precipitation, wind, and temperature.
Pressure may be dropped by letting oxygen out, only in very small volumes, and raised back by
filling the volume with pressurized oxygen.
Humidity will be modified by inducing water vapors at warm
temperatures in a way similar to the hydroponic systems; fog will
be created in a similar way.
The temperature varies depending on the heat transmitted
(explained at temperature) and precipitations are created with the
use of sprinklers. Wind is simulated with powerful fans.
Finally, these attributes are mixed in order to create the desired effects for the current season, etc.
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2.7. RECYCLING
2.7.1. WASTE MANAGEMENT

Waste will be collected and separated. Generally, Solariens will make sure their waste is separated
from their houses, and then a second classification will be made according to the categories below.
The materials labeled “Recycled” are handled as they would normally be on Earth. The ones labeled
“Processed” are meant to be reused, but go through more complicated stages.

Cathegory

Example

Usage

Paper

Notebooks, etc.

Recycled

Aluminium

Tins, cans

Recycled

Steel

Pipes, tubes

Recycled

Plastic

Bottles, toys

Recycled

Glass

Bottles, etc.

Recycled

Baterries

Rechargeable batteries

Processed

Materials, textiles

Clothes

Processed

Organic waste

Food

Used as compost

Construction materials

Wood, fibres

Processed

Electronics

Laptops, batteries

Processed

First, the paper-recycling procedure shall be enforced. Since paper is recovered 80%, and since
Solaris is a very high-tech environment, with a reduced volume of paper used, two centers per torus
would cover the recycling, screening, re-pulping, cleaning, deinking, refining, bleaching, and papermaking. Also, paper can be recycled up to seven times, therefore, reducing the consumption, further
upgrading and making the recycling process highly improved, Solaris will limit its paper usage.
Separating metal into aluminum and steel will be done using magnets. From that moment on, each
metal will be recycled separately.
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Plastic is a luxurious material in space, such as wood, as it can not be obtained from outer space
sources easily. When recycling plastic, the most of it is reused, enabling large economies regarding
the plastic industry’s production on Solaris.
Still, instead of plastic bottles, etc. people are encouraged to utilize reusable bottles and so on, in
order to reduce costs even more. Aluminum reusable thermoses and vacuum flasks are largely
distributed.
Glass will be utilized largely as a construction material, and home commodities and decorations, but
not encouraged as drinking bottles or anything similar. It may be created in space (discussed in
Construction Episode, Material section) but it is desired to be recycled, and reused. Solaris being in
space and far from Earth, its residents must work together to keep the settlement running and
expanding-similar to a large organism.
Batteries are regarded to as harmful, hazardous waste, and therefore must be collected separately
and returned to the electronics department. On Solaris only rechargeable batteries shall be used, as
they are environmentally-friendly and minimize all expenses.
Materials and textiles are recycled separately and afterwards reused.
Electronics are always recycled separately. As a computer, for example, contains 23% plastic, 32%
ferrous materials, 18% non-ferrous materials, 12% electronic boards and 15% glass, these imply
that electronics are systems with a complex composition. Therefore, they will be separated and the
parts remaining will be recycled according to the category they belong to.
Construction materials like wood may be shredded and then glued up to make “light wood”
furniture, etc. Since wood and plastic are luxurious materials in space, it is important to recycle
them in every possible way.
Organic waste will be separated, and decomposing, organic food will be mixed with nutrients and
then be used as vermicompost.

2.7.2. AREAS OF COLLECTION

The garbage cans colors correspond to the
coloring in the table, one color for each
waste type.
Collection points are placed all over Solaris,
with different container for each category
described above. Larger items are taken to
special centers, 3 centers existing per tori.
Collection points are available every 30m.
It is forbidden to through waste in any other
place than the collection points.
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2.7.3. STORAGE

Very important when discussing recycling and sorting is storage and the recycling procedure. All
goods shall be stored in the deposit level on Solaris. If there was extra storage needed, the goods
would be taken into space in the settlement’s proximity until space was made or until they needed.
Depending on importance and on the quantities recycled, every category will have its own area.
Category

Number of storage centers

Paper

2

Aluminum

3

Steel

2

Plastic

3

Glass

1-2

Batteries

1

Materials, textiles

2

Organic waste

5

Construction materials

4

Electronics

2

Usage of organic waste
organic waste

food

separation

crops

mixed with
nutrients

used as
vermicomposr
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2.8. SOUND INSULATION

Considering the very low temperature in space, 4K, sound waves travel very slow which means that
outer space is very quiet. This phenomenon can easily be observed in winter, when if you yell or
scream, you will notice that it does not sound as loud as in summer. Moreover, the noise coming
from the frictionless bearings is negligible. These being considered, no further attention will be
given to the aspect of sound isolation.

2.9. THERMAL INSULATION

Temperatures in outer space can vary and either is very high or very low. Therefore, all Solaris
must be protected and heat insulated. Thermal insulation is the reduction of heat transfer between
two objects. The insulating capability is measured in R.
Since Solaris is outside Earth’s atmosphere, all surfaces exposed to the Sun heat up quickly. The
materials must have a wide range of temperature exposures insulation and must be light-weigh.
Considering spacecrafts or settlements, the thermal radiation insulation consists of multi layers,
foams, paints or different materials.
Isolative paint is paint that contains ceramic micro-spheres with heat-reflective properties. Solaris
will also use a ceramic based material that has heat-reflective properties as well and has the feel and
weigh of typical styrophoam.
The three best insulating materials are aero gels, micro porous silica and ceramic fiber, with thermal
ranges between 200 and 2000°C. Another way of insulating is polyurethane foam. These materials
however work wonderfully on Earth but in space, reusable, and lightweight, non-toxic and with
high insulating properties are required.
Finally, the thermal insulation will be made of materials used to insulate the ISS or other space
missions, materials as: Reinforced Carbon-Carbon (RCC), used to protect from temperatures higher
than 1260 degrees Celsius, High temperature reusable surface insulation tiles, made from Silica
ceramic (material mentioned above), used underside in order to protect and insulate from
temperatures lower than 1260 degrees, Fibrous refractory composite insulation (FRCI) which is
strong, durable and resistant and toughened fibrous insulation (TUFI).
These materials will be arranged in such a way that will provide the best thermal insulation,
strength and durability. A top coat of micro porous silica and aero gels followed by the protective
shield of metals will protected the fragile materials. For ideal thermal insulation the space
settlement will be painted with insulative paint.
Furthermore, since in space temperatures vary, and one side of Solaris may be very hot and the
other freezing cold, temperature adjustments will be made by good thermal circulation between the
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areas on Solaris. Therefore, under the material coat, another volume will be filled with air or a
conducting liquid, in order for the temperatures to reach equilibrium and to keep Solaris at a normal
temperature.
Volumes with this “chilling” coat are separated from one another. This way, the inhabitant may
reduce the volume in order to make the temperature higher. Still, it must be decided what gas or
liquid and how cold it must be in order to cool out the settlement. This again, depends on the
transformations’ type, the material specific heat and λ.
Depending on these, Q=m× λ or Q=m×c×ΔT.

So the question really is how cold the gas must be, so as to cool the 10 sq m sections of gas at
approximately 500°C. It is safe to assume the temperature is this cold as layers of thermal insulating
materials plus the ceramic plates above protect Solaris from all the deadly heat.

2.10. RADIATION PROTECTION

Radiation is energy moving through space and represents one of the main threats in outer space. In
order to fully understand and protect ourselves from radiation we shall discuss all radiation forms,
the possible damage and materials which are radiation insulating.

RADIATION TYPE

THREATS

INSULATIVE MATERIALS

ALFA

Not threatening, helium nuclei

A piece of paper

BETA

Electrons, not very threatening

A few cm of aluminum

GAMMA

Potential danger

Several cm of lead

NEUTRON

Dangerous

COSMIC RAYS

Dangerous

Magnetic field

X-RAY

Potential danger

Several cm of lead

The damages caused by radiation can be classified into two sections: human damage and
electronically damage.
Human damage from radiation may vary. Radiation causes temporarily sterility, bone-marrow
damage, damage to the central nervous system, cancer, radiation burns or chromosome breakage.
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These problems imply that the Solaris radiation protection system (SPR) is very well organized and
able to protect the residents from any of the health issues above.
Electronically damage is just as serious, as destruction of any electronical compounds on Solaris
may endanger the Solariens. Therefore, in cases of bad space weather satellites may veer out of
control, electronical compounds in the circuits may be affected if a single digit in the program is
changed and severe storms which cause the atmosphere to heat up and slightly expand greatly affect
orbits. The damage inflicted on satellites in classified as following

SHORT TERM

LONG TERM

SEE

DDD

-

TID

SEE (single event effect) represents a short-term radiation type which causes damage to the device
after its first strikes. DDD is represented by cumulative degradation and TID (total ionizing dose)
represents the long-term cumulative energy deposited in a material.
When discussing irradiation threats, we must consider the normal irradiation level we are exposed
to on Earth every day and its effect on our organisms. Typically, we are exposed to radiation
equivalent to 4 to 5 chest X-rays per year. In space on the other hand, with the necessary protection
the irradiation level an astronaut may be exposed to
be up to 8 chest X-rays per day. Therefore, Solaris
needs proper radiation shielding.
Radiation levels can be decreased by: lowering
exposure times, increasing distance from radiation
source and improving shielding.
Essential for radiation protection is the halving time.
For example, 1 cm of lead decreases the radiation’s
1

intensity by . A safe point is 0.0009765 of the initial
2

radiation. Since one cm of lead decreases the
1

radiation by , and the ideal is
2

1

210

, we need 10 cm of

lead surrounding the jagger. For safety reasons the
width of the lead section will be increased to 15 cm.
Other radiation insulating materials that will be used
are super adobe (earth bags) which have a high tensile
strength (1400 Mpa), provide resistance to solar
radiation, and are good thermal insulators; RTV
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adhesives or sealant gels, commonly used in aerospace engineering as aircraft sealers.
Finally, in order to protect Solaris from any type of radiation, a magnetic field will be generated in
order to capture particles from solar wind, defending Solaris and its inhabitants. Solar wind is
mainly composed of positive Helium nuclae, and since a charge, q, with a velocity, v, enters a
magnetic field, there is a force on it that is perpendicular on both the velocity and the field (Physics
for scientists and engineers, the right hand rule).
Therefore, we have two cases: one is the one in which the velocity of a particle is perpendicular to
the field, case in which the particle describes a circular orbit.
The second case, in which the velocity isn’t perpendicular, implies that we resolve v to components
and the particle describes a helix.
We will further analyze the generation of a magnetic field and the intensity needed for the first case.
It is important that we know the radius of the circular orbit described by the particle since the
particle, q, must never get in the proximity of Solaris.
F=qvBsin𝜃
F=ma=
qvB=

𝑚𝑣 2
𝑟

𝑚𝑣 2
𝑟

(1)

(2)

(1), (2) -> r =

𝒎𝒗
𝒒𝑩

.

r is the radius of the particle orbit around the electromagnetic fields’ lines. In order to compute the
radius of the electromagnetic field, r must be known so that R (radius of field) is much bigger than
r.
A given velocity of the particle in the solar wind will be used, and He’s mass. The proton, q, is
charged with +1.60 × 10−19 e+.

Furthermore, it is important to find out the orbital period of the particle and the frequency of the
cyclotron.
T=

Material

𝟐𝝅𝒓
𝒗

=

𝟐𝝅𝒎𝒗
𝟐𝒗𝑩

𝟏

and the frequency, f, f = =
𝑻

Characteristics
High strength

Super adobe
Aramid

𝟐𝒗𝑩

𝟐𝝅𝒎𝒗

Strength

Arguments

1400 MPa

Resistant to solar
radiations

2760 MPa

Heat, chemical, impact

Low thermal conductivity
Stabel compound
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Strong synthetic fibers

resistant

Combustion resistant
Corrosion protection;
Sealant foam

Insulator

45 MPa
Oxidation barrier

Restricts cracking
Very stable TiO2
Nitinol

Nickel titanium alloy
May be super-elastic, shape
memory(recovers shape upon heating)

900 MPa

Radiation protection
layer
elasticity

Superadobe is a natural building material used in earth bag construction with sand, clay, water and
fibrous, organic materials. It is resistant and stops radiation as well.
Twaron is a type of polyaramid, a strong, synthetic fiber, heat-resistant, nonconductive, with no
melting point and a high tenacity. Twaron and Aramid are used for cables, wires, flame-resistant
clothes and flame protection, jet engines enclosures and in Aerospatiale engineering.
Nitinol is an alloy of nickel and titanium, with properties like super elasticity and shape memory. It
is resistant but difficult to make.
Sealant gel is a sealing, rust and corrosion protection gel. Even in freezing temperatures it still
remains free flowing, it doesn’t run or evaporate, it repels dirt, it’s water resistant, it reduces friction
and it doesn’t crack.
These materials will be stratified in the following way: a 15 cm thick layer of lead will be followed
by 15 cm of adobe, 30 cm of nitinol, and another 15 cm of aramid. All these coats shall be kept
together by sealant foam.

2.11. ENERGY GENERATION AND STORAGE

On Solaris, energy is obtained in two ways: one of
them is the usage of solar panels, and since Solaris
orbits the Sun, it’s access to solar power is unlimited
and continous, never stopped by astronomical events
like eclipses. The other way is from the 2 working
nuclear power plants. Solaris has a capacity of 5
nuclear power plants, and in case a fullyfunctionating one stops, the construction process of a
new power plant will soonly begin.
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In order to decide how much energy must be obtained for the full function of Solaris, the amount of
energy consumed by and for one person must be known. USA will be used as a standard for living
conditions.
USA consumes 3.741 trillion kWh every year, having a population of 313,232,044. Therefore, an
US citizen consumes: 11,943.225 kWh per year. Finally, per year, for all its inhabitants, Solaris will
consume 119,432,250 kWh, meaning 327,211.64 kWh, every day. Solar panels use photovoltaic
cells (where more cells create a panel), in order to turn sunlight into energy. Since many
semiconductors create a triple-junction cell, each chosen to absorb a certain area of the solar color
spectrum, three different type of conductors are needed in order to make the conversion efficient.
The most efficient comercialized solar panels today convert 28.4% of the total sunlight they obtain.
We can safely asume that by the time Solaris will be built, much more progress being made in the
research are will lead us to the 60% conversion obtained in laboratories with carbon fibres.
The solar panels used on Solaris will be these gallium arsenide ones, with the total 28.4% rate of
conversion. Gallium arsenide solar panels also re-emit some of the photons as fluorescent light
instead of wasting them as heat. Although the by-product of alluminium melting, GaAs makes the
panels more expensive, they also are durable and more efficient.
An alternative to solar panels are the new nanoantennas, which measure about 1/25 the diameter of
human hair and are represented by small loops of metal placed on a sheet of plastic. They are
efficient, capturing 80% of the energy, but sadly aren’t adequate for space, only catch light in the
infrared spectrum, are hard to manipulate and although they do capture very much energy they are
not so suited for conversion.

Since Solaris can use any energy it
can get, solar power plants will be
built at one of the Moon’s poles,
both for powering the construction
of Solaris and for further assistance,
transmiting energy as waves. The
construction will be detailed in the
construction episode.
It is also important that a first
number of solar panels will be
shipped from Earth along with the
base of Solaris and the construction
robots. Following that, solar panels
will be built with lunar and
asteroidal materials, lunar glass for mirrors and even lunar sillicon, which is found in a sufficient
amount, for photovoltaic cells.
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Regarding the space settlement, the locations for the solar panels are the following: on the research
torus, on both the residential tori and on both the energy tori. In order to calculate the total number
of solar panels, it must be known that since there isn’t any air in space, there aren’t any obstructions
from weather, fauna or flora, a solar panel in space will produce 140% more energy than one on
Earth. Since a square meter of land is struck by 1000 W, it is safe to assume that 1400 W will strike
one solar panel.
Therefore, 387.6 W will be produced by each panel. Since Solaris consumes 327,211,640 W, we
need 845,508 panels, therefore, 845,508 sq meters of solar panels. The energy will then be
transmitted throughout all of Solaris using the cables situated in the spokes.
Since one Solarien consumes 11,943.225 kWh per year, an approximate total energy consumption
will be calculated regarding areas.

Section

Consumption

Time unit

Residential torus

59,716,125

year

Research torus

5,971,612.5

year

HETs

-

year

Since the quantity above covers energy costs related to agriculture, industrial expenses, etc., it is
safe to assume that it includes the same services on Solaris and no further calculations are needed.

2.11.1. AREA COVERED BY SOLAR PANELS

Section

Area (sqm)

Residential

200,000

Research

250,000

Energy

50,000
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2.11.2. POWER PLANTS

Since power plants are more efficient and generate more energy, and it is important that Solaris’
energy demand is covered, nuclear reactors will be used. These will work on Uranium, 235𝑈 , as it is
a very stable compound, and because one kilogram of Uranium generates three million times more
energy than a kilogram of coal. An alterantive to uranium is Plutonium, as it used by NASA
missions, on Mars, for example.
A nuclear reactor uses a fisionable material, a cooler, generally water or heavy water, carbon rods,
reflector and protection
Therefore, the nuclear fission will heat up the water in the reactor, water vapors power up the
turbines which power up the generators, and thus electric energy is created.
Calculus:
A bonding energy, W, must be calculated in order to obtain the stability of the compound,

𝑊

B= ,

and A the number of nucleons.

𝐴

W = Z× 𝒎𝒑 × 𝒄𝟐 + (𝑨 − 𝒁)𝒎𝒏 × 𝒄𝟐 -𝑴𝑵 𝒄𝟐
2.12. FRICTIONLESS BEARINGS

Solaris has two rotating sections, the research torus and the residential torus. Each body’s rotation is
not influenced by the others. Their rotation will be induced by an impulse at the end of the
construction process, and since there is no air in space and therefore no friction, the space-sections
will be able to continuously rotate. The slow down or the acceleration of the rotation will be
changed using frictionless bearings.
Frictionless magnetic bearings (FMB) are bearings which support objects without physical contact,
using magnetic levitation. They need continuous power input, but with the creation electromagnetic
suspension bearings being in progress, these ones using passive magnetic technology, do not require
electric power to work (the electrical currents generated by motion cause a restoring force).
Frictionless bearings are generally used in turbines, pumps, compressors, motors, and generators.
Since frictionless bearings create very little noise, and since in space (except near a star or a source
of light and heat) the temperature is about 4K, sound waves can barely travel; therefore, no noise
coming from the bearings will be heard at all (unlike using conventional bearings, which make
noise and can not function properly in a vacuum due to poor lubrication).
The advantages and disadvantages are presented in the table below.
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ADVANTAGES

DISADVANTAGES

Very low friction

Unstable static force

No mechanical wear

Oscillations may appear

Highest speeds-no known maximum relative
speed

High cost

Ability to run in a vacuum, without lubrication

Large size

Low noise

Considering all the above, frictionless bearings are very efficient.
Position of frictionless bearings

The non-rotating sections are the sections which do not require gravity in order to function properly.
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Such an example is given by the spaceport, the main part of the Solaris docking system, which must
not spin in order for space shuttles to land. The energy tori must be stable and non-rotating to avoid
influence on thrusters.

2.13. MAIN INDUSTRIES

Main industries and all business related chapters are to be presented in the Automation and
Business Episode, and fully detailed.

2.14. SPACEPORT

Solaris will be in a continous communication with Earth, therefore any visitors are welcome. But
both visitors and goods must come by space shuttle, and these need to land. Since Solaris’ tori are
rotating, they can’t provide a safe environment for the shuttles to land, therefore, a central
spacceport was build inside the tori.
Access to the spaceport will be made by entering through the gates (it’s prohibited to enter through
the top in order to prevent accidents, as thrusters reside in the area).

Component

Radius

Height

Properties

Spaceport

350m

30m

Slightly magnetic

Spaceport spoke

865m

25m

-

As the spaceshuttle aproaches the spaceport, the magnetic property is activated. The spaceshuttle is
then sealed to Solaris and the docking process may begin.
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2.15. DOCKING SYSTEM
2.15.1. SPACEVATORS
For a safe transport of goods from
outer space crafts to Solaris and the
tori, a docking system has been
established. Elevators will be placed at
every 300 m throughout the residential
tori, and at every 500 m in the research
tori. Both goods and people elevators have two floors for proper usage of space.
The floors and the handlebars are phosphorescent, both for iluminating purposes and for safety
issues. Moreover, elevators are magnetic, which makes them safer, as no strong cables with a high
GPa are involved, easier to use and to maintain. Since there is no proof that an isolated magnetic
pole exists, the movement of the elevators will be realised by continuously changing the magnet’s
polarity, and so thrusting up the elevator. Moving the elevators will require however powerful
magnets.

Type

Speed

Height

Radius

Weight

Capacity

Shaft
length

Shaft
width

Location

Goods

7 m/s

6m

3.5 m

T

4,500
kg/upper
floor, 500
kg/ lower
floor

4.5 m

4.5 m

Residential
to
Research
Energy to
Residential
Spaceport
to tori

Persons

5 m/s

5m

2m

T

450
kg/floor,
900 kg
total

3m

3m

Residential
to
Research
Energy to
Residential
Spaceport
to tori
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In order to calculate the magnetic intensity, we need the cinetic and the potential energy. The cinetic
energy (formulae) will be calculated for both the highest and the lowest point, the system having a
minimum and a maximum, and therefore,
intermediary stages.
The potential energy may be excluded, whereas
E(p)=mgh, where m is the mass, and g=9.80.
In the non-rotating areas g is 0, therefore the
potential energy is equal to zero and in the tori the
height is h=0, again meaning that the potential
energy is zero. Solaris uses elevators, as they are
space efficient and provide comfortable and safe
transport both for persons and for goods. The
airflow in the elevator will be ensured with the
help of air conditioning systems, systems distributed throughout Solaris. It is of great significance
to perfectly isolate the elevator in order to minimize oxygen loss in the spokes.
Top and side views elevators
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2.15.2. DOCKING SYSTEM

The goods enter Solaris through the 25m high, 25m wide, 25m long docking ports on the spaceport.
The docking ports are conected to the goods elevators, which are programmed by Solaris.
The goods will follow the right path in order to reach the tori.

People will enter Solaris the same way, as half the docking ports are destinated for human use.
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2.16. THRUSTERS
2.16.1. THRUSTER MECANISM SUPPORT

Six thrusters shall be placed on Solaris for its translation. Eight thrusters will be placed on the
energy torus, and six others on each of the residential one. These will be used to create the initial
impulse and rotation.
No friction followed by the frictionless bearings lead to a very small probability for the need of
another impulse. If there is one, the HETs will thrust the tori at the desired angular velocity.
The two thrusters placed for
translation reside on another
tori attached to the energy
one. Thrusters may be fired
separately in order to change
inclination
or
position.
Moreover, Solaris thrusters
have different thrust power, and may be used at two main
different powers and the intermediate levels.
Solaris has two thruster types, a chemical one, for emergency and fast movement and an ion one for
any irregularities in orbit induced by an asteroid or other space debris.
For ideal usage of energy and for minimizing fuel costs, Solaris will use the ion thrusters for
translation or movement and
adjustment
in
orbit
if the
administration conseille decides to.
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Thrusters

Type

Advantages

Disadvantages

Hall effect thruster

Ion thruster

Very high specific
impulse
Wide variety of
propellants
100% success rate

-

VASIMR

Magneto-plasma
electro-magnetic
rocket

No electrode erosion
Long term durability

Nuclear pulse
propulsion - ORION
Project thrusters

Nuclear pulse
propulsion

High specific impulse
Thrusts in the million
of tons

Lots of waste heat
Tesla-range magnetic
fields
Possible interactions with
the magnetosphere.
Banned
Nuclear danger, 1 to 10
people die at every
drawback.

The nuclear pulse propulsion is not considered since it is banned due to ethical reasons and because
of the nuclear danger. VASIMR are not efficient enough. Considering these facts, Solaris will use
the Hall Effect Thrusters. The HETs are ion thrusters in which the propellant is accelerated by a
magnetic field. The electrons are therefore trapped, they ionize the propellant, the ions are
accelerated and that results into thrust.
The propellants used may vary from krypton, argon, bismuth, magnesium and zinc. The average
speed of a ion thruster is 10-80 km/s equivalent to a specific impulse of 1000-8000 s. Considering
the specific impulse, in our case nuclear-based rockets or antimatter rockets would have been ideal
(the nuclear ones reaching 1 million and the antimatter ones 10 million). But since nuclear reactionbased rockets are dangerous and the antimatter ones as well (not to mention the fact that the
technology isn’t currently available in high quantities). The HETs, on the other hand, are safe, they
have been used since December 1971, with no accidents and 100% accuracy.
Their mechanism is based on a cylindrical tube with a spike in it, both ferrous. This created a radial
magnetic field. The base serves as an anode and there is a cathode exterior to the cylinder. A
discharge is then created to obtain thrust.
The main propellant used is xenon, with mass utilization of 90-99%. For emergency purposes,
Solaris will be endowed with chemical thrusters, which create a reasonable impulse over a short
period of time.
Thruster

Location

Usage

Size

HET

thruster section

translation

Radius=25m

HET

tori

initial angular velocity

Radius=25m

chemical

thruster section

translation

Could not be found
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Angular thruster scheme

2.16.2. ANGULAR VELOCITY AND THRUST

A Hall Thruster can reach up to 3N/second. As:
𝑚×𝑎𝑡𝑔

𝐹𝑡 = 𝑡ℎ.𝑛𝑢𝑚𝑏𝑒𝑟 , where m is the settlement’s mass and 𝑎𝑡𝑔 the tangential acceleration,

𝐴𝑡𝑔 =

𝑟𝜔
∆𝑡

, ∆𝑡 the time needed to reach the ideal angular velocity.

For the station to reach its designed angular velocity, thrusters are used to accelerate it. These will
be HET thrusters, as they are efficient and may be permanent. Although HETs are very efficient,
they only power up with 3N/s and would take much time to reach the desired angular velocity.
Therefore, a whole “band” of thrusters in placed, and when needed, a certain number may be used
and powered up.

2.17. VARIATION OF GRAVITY

For ideal life support, in inhabited areas gravity at a magnitude of 9.8 will be present at all times.
Artificial gravity must be present at all times in order to prevent SAS, space adaptation syndrome,
or space sickness. This is experienced by most space travelers and will probably be experienced by
the early Solariens.
51

This is mainly generated by the adaptation of the vestibular system to the new environment and the
stimuli adaptation. Symptoms are closely related to the ones of motion sickness.
Nevertheless, this is not the main reason Solaris should be endowed with gravity. In microgravity
environments, astronauts have been known to experience bone loss, at a rate of 1 or 1.5% a month.
The demineralization of the bones leads to kidney stones and early osteoporosis.
Moreover, prolonged stays in space affect the muscles, particularly the extremities, which may lead
to injuries. Still, one of the main problems is represented by the heart also being a muscle and
therefore astronauts experience low blood pressure. Other problems are related to the neuronvestibular system and may relate to SAS. SAS has also been known to generate sleep loss and
various sleep disorders.
There are many ways available in order to generate artificial gravity, from magnetism (obtained in
laboratory, and producing a 1g field in order to cancel Earth’s, this was done using superconductive
magnets and thus a small mouse mass made to levitate) to an artificial mass placed at the center of
the settlement or by linear acceleration.
The last option is not obtainable since it would imply high fuel costs and the acceleration being
linear, gravity will be present at the sections opposing the direction of the acceleration.
Judging all these, the ideal form of generating artificial gravity is by rotation, the gravity simply
being the reaction of the centrifugal force. These being decided, it is important to calculate the
angular velocity of Solaris and the Corriolis force.

We know:
𝒎𝒗𝟐

𝑭𝒄𝒇 =

𝒓

(1) and F=m×a (2),

But since a=g and (1), (2) we obtain
𝒗𝟐

But v=ωr, and therefore g=𝝎𝟐 r.

g= 𝒓 .
𝒈

Finally, the angular velocity ω is � , where g equals 9.80665 N/kg.
𝒓

The Corriolis acceleration, ac=2ωv and due to psychological concerns it must be under 2 rpm.
Many individuals adapt however, to accelerations over 2 rpm and below 7 rpm.
The rationale for the maintenance of low Corriolis acceleration is the comfort of Solariens, as the
Corriolis effect may manifest as nausea, dizziness or anything similar to sea or motion sickness.
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Section

Gravity value

Rationale

Residential tori

1g

Ideal; simulates Earth-like conditions;
doesn’t have any impacts on the
organism

Research torus

Variable

Variable for microgravity or adjustable
gravity research

Energy tori

Microgravity

Microgravity makes any massive, dense
or heavy industrial component easier to
transport move and store.

Spaceport

microgravity

The spaceport must not rotate in order
for spacecrafts to land.

variable

The spokes are made for connecting the
five tori and the elevators with which
Solaris is endowed are magnetic, so no
extra tension would be applied to the
cables since there aren’t any.

Spokes

Important to mention here is that the first main floor of the residential tori, where plants are grown,
will present a slight decrease in the gravity’s magnitude. That is because plants have been known to
grow faster in a lower gravity medium.
The storage floor of the residential tori presents a higher gravity magnitude. Since this does not
affect any material or resource, it will not be further discussed. The Corriolis acceleration is
computed considering a person walking 2.23 m/s.

Section
Residential tori
Research tori

Gravity
0.136560994
0.118321596

Corriolis acceleration
0.6090
0.5277

Energy tori

Microgravity

-

Spaceport

microgravity

-

Spokes

variable

-
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2.18. MATERIALS

The locations used for obtaining the necessary materials are presented in the Construction episode.
However, it must be discussed what materials Solaris will be built of, their thickness, layering and
rationale.
After a complete analysis of
materials used to coat Solaris, further
attention will be given to the
materials used inside it.
A tempting solution for resistant and
enduring
materials is carbon
nanotubes, being one the most
resistant materials available, with
great thermal stability, the greatest
tensile strength of 63 Gpa, and a
tensile strength of 24 GPa with no
deformation.
CNTs however are a nanotechnology and even though they will probably be available at a larger
scale by the time Solaris is built, they also have a fault - a miss-positioned atom may lower the
CNT’s tensile strength.
Still CNT’s are the most resistant materials available, and will be checked for faults when used or
shipped to Solaris. Further in the construction sequence, Solaris may be able to create its own
nanotubes, without adjacent help from Earth.
Experimentally, carbon nanotubes of 15mm have been created. An impressive evolution in
nanotechnology, as well as in the robotic system, is expected, and nanotubes will probably be an
available and widely used resource by then.
When looking towards carbon as a material, graphene is a most interesting option. Quite recently
discovered, and being one of the reasons responsible for the “Carbon Era”, graphene is 200 as
resistant as steel and it consists of only one coat of carbon atoms. It has been created by separating
different coats of graphite.
Graphenes’ applications in science and technology are very vast. From microchips to batteries, etc.,
graphene is suitable for it all. It is also a key component in the empty carbon nanotubes.
These being discussed, we will turn towards more available materials.
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Material

Ceramic
plates
Reinfroced
C-C

Description

Heat resistant; Stable under
compression; HRSI tiles
Used on NASA Spce Shuttle
thermal protection system

Tensile strength; Melting
point; Density

Thickness;
Total
quantity of
material

Heat resistance=1,260°C

17-20cm

Tensile strength=700 MPa;
Heat resistance=2000 °C

17cm

900MPa;

Location

15cm

Al, Ti, Mg
alloys

Electromagnetic shieling

Carbon
fibres

Five times more resistant
than steel; same weight

Aramid

Heat resistant; strong
synthetic fibres; insulating;
protecting

Kevlar

Lightweight, high strength,
may be replaced with
Twaron; used in woven ropes
and cables

Beta Cloth

Used on Apollo an Skylab;
similar to fiberglass; heat
resistant, may be coated with
Teflon

Sealant gel

Used in between coats

40MPa

3cm, between
every two
layers

Graphene

200 times as resistant as
steel, electricity conducting,
thin layers

Ultimate tensile
strength=130000;

When needed,
in electrical
equipments 1

Titanium density= 4.50,
Aluminium= 2.63
Ultimate tensile strength=
1600 for Laminate,
4137 for fiber alone; Density=
1.75

30cm

Tensile strength=2760MPa
Ultimate tensile strength=
2757; Density= 1.44.

Tensile strength= 3620;
Ultimate tensile strength=
2757; Density= 1.44.

Heat resistance=650 °C;

Density= 1.0

1

10cm

10cm

Exterior
coat, placed
in multiple
layers and
covering
the whole
area of the
settlement.
Layering is
fully
explained
and
presented
in a
diagram
below.

7cm

Graphene will be used in electrical equipments if a ”stop band” similar to the one in silicon will be created by that
time.
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Carbon fibres have a history in aircrafts, as they have been
previously used on the wings of the B-2 Stealth Bomber.
Another important issue regarding materials is the protection
of electrical circuits, since they keep Solaris running and are
responsible for communications and most life-support systems
throughout the settlement. This issolation and protection is
done using encapsulants.
Reinforced C-C is used in race cars and space shuttles.
Probably most of carbon-like materials will be brought to
Earth, but there are carbon rich asteroids, etc., so not all
material must be brought from Earth.
All metal is space obtained. Kevlar and aramid must be
brought from Earth, but componenets such as sillica, etc. can
be easily obtained outer-space.
Encapsulants have to respect the following requirments: they
must present thermal conductivity, ultraviolet resistance, a
high density, and fluorescent properties (for inspections). The
encapsulants size is of about 125 mm.
Layering is a key component in material efficiency. The coat of Solaris will be situatd above the
radiation protection material layer (dark grey, last before final sealant gel), presented above in the
same Episode. Colors in the table corespond to the ones in the image.
Although a layering containig empty spaces as used in the Whipple Shield may sound tempting and
quite useful, multimple empty spaces present danger to the settlements’ integrity.
Furthermore, Solaris is already protected from impacts by Whipple Shields situated all around the
settlement. These being mentioned, the only gap in Solaris’ construction will be between the
radiation protection coat shield and the main coat.
The separation between the coat and the radiation protection is stuck together by a thinner layer of
reinforced Carbon-Carbon. In case of an impact, an empty space minimizes velocity and impact
force, reducing damage.

2.19. COMAND CENTRES

Comand centres are key points for the communication with Earth and adiacent space shuttles.
They ensure safety for spacecrafts when landing and a clear organization of flights. Comand centres
are automized, but may be man-used because although in microgravity, the centres are both
oxygenized and pressurized.
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Solaris is endowed with 24 comand centres, each perpendicular two by two. Twelve spokes with
comand centres are placed in the centre of the settlement, six above the spaceport and six below.

2.20. STRUCTURAL STRENGTH
Structural strength is yet another important aspect of Solaris. The structure is the main skeleton, the
basis of Solaris’ construction and it ought to be resistant, built from Reinforced C-C and carbon
fibers.
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2.21. VOLUMES
Pressurized, unpressurized, oxygenized and rotating volumes are displayed in the image below.
These are the three crucial parameters when discussing life support systems and are thoroughly
presented in this episode.
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