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Design and
development of a

martian inflatable
greenhouse
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AeroSekur

Aero Sekur mission is to provide products and
services aimed to support life and survival of
defence and security forces, as well as
operation of air and battlefield vehicles, on the
basis of proven and best mechanical, software,
textile and advanced material technologies on
a National and International perspective.




Earth and Mars: Differences...

Earth Mars

Mass (10%% kg) 5.97 0.642

Equatorial radius

(km) 6378.1 3397

Mean Orbital

distance (10° km) 149.60 227.92

Gravity (m/s?) 9.78 3.72

Surface pressure 1.014  0.00636

(atm)

Average surface

temperature (°C) L i
Length of day o4 24,65
(hours)

Number of moons 1 2
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Mars Greenhouses: State of Art

Haugthon Mars Project: f
Field research project carried out near the Haughton -~} == |
impact crater on Canada's northern Devon Island. ~p-

Conducted jointly by SETI and Mars Institute, project |
goals are: .

procedures utilize in Mars-like environment

*study plants behavior in extreme landscapes.

Mars Greenhouse Project:

Low pressure greenhouse
demonstrator developed at <
University of Florida. )

Arizona University, Sadler
Machine Co. and AeroSekur
extreme environments
greenhouse project:

Demonstrator of an inflatable greenhouse for extreme
Mars-like landscapes.



Hydroponic culture”

Tanks for
nutritive
solution




Plants for Mars

Possible environmental conditions:

High pressure (~ latm) Low pressure (~ 0.4 atm)

/ N
Similar to Earth Optimal growth rate

LETTUCE WHEAT

0.4 atm

Tests carried out at laboratories of Horticultural Sciences and Biological &
Agricultural Engineering Department of Texas university, demonstrate that
plants grow better in low pressure atmosphere.
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The Italian colours of
Space exploration




Light and pressure

-Solar radiation on Earth:
1.36 KW/m?.

-Solar radiation on Mars:

*0.61 kW/m? outside the
atmosphere

*0.37 kW/m? on the surface
(in absence of dust).

- Minimum solar radiation to
correct vegetative growth:
0.3 kW/m?2.

In case of dust storm plants can suffer from lack of sunlight.

S~

To avoid this problem an additional artificial lighting system is
necessary.

Mars atmospheric pressure is 0.007 atm

<~

In order to reduce the load on the structure it’ s possible to consider an interna
pressure equal to 0.4 atm.
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Photo-synthetically Active Radiation transmittance

e T Y
t=0.60 for greenhouses t=1 with artificial light
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Photo-synthetically Active Radiation transmittance

e T Y
t=0.60 for greenhouses t=1 with artificial light







Optimal shape is cylindrical. The shape is given by two
hatches placed to the far ends.




Optimal shape is cylindrical. The shape is given by two
hatches placed to the far ends.




This layout is suitable for small This layout is suitable for tall plants as
plants like lettuce being the gap tomatoes, wheat and cucumbers.
between two layer ~ 50 cm.



Optionals:

Corridor link between greenhouse modules

Sadler
water-jacketed

lamps

Double-walled annular water-jacket
COURTESY OF SADLER MACHINE CO.



With an additional foam layer this
structure can be wuse for lunar
application too (buried layout).










ylon®:

Tear strength test |:> 1600 N: Applied force in order to tear the sample. K
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Max. stress = 93 MPa

2.79 cm

Max. displacement
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GREENHOUSE 30 m?

~g-

Surface panel 10 m?




*There are rocks of volcanic origin eroded from atmospheric agents.

* Maybe in the past here there was a lake or a river.
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