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ARCONLIRLOUSIY I abited orbiting platform:
ISSHEriauenalfSpace Station

de extends from 460 to 350 km
ernal Temperature (-/+ 140°C)
v' Meteoroids & Debris
v Microgravity condition
v/ Radiation
v' External vacuum

v 1 orbit every 90 minutes
v" orbital velocity:about 8 km/s |
v' Inclination: 51,6° over the equator |




pace Station

"~ More than 100 visitors
from 9 different Countries

- Manned continuously from 1300

days

November 20t ,2003:
5th year in orbit
36 launches
187 tons, 425 m3

(420 t_OﬂS, 1200 m3)_ Expedition 9: Commander G.Padalka,
5 agencies, 16 Countries Flight Eng M. Finche




ISS Supplies
Cost: ~30.000%$/Kg
2,5 / 3 tons each 3 months

v Soyuz (oct 2003)
v Progress 13 (jan 2004)

S Shuttle at | h
P Progress 14 (may 2004)

Soyuz capsule




- Maistaraet is -t%ensmre that the three fundamental
nts prov]d&c EW. V.

v Plants make for breathable air
(consuming CO, and releasing O,).

Food Production &
Woste Utilization

Waste

v Plants make for drinkable water.



are provided by NASA, ESA or
to support this area of research:

(March 2003) Zvezda Service Module
Russian BIO-5 Rasteniya-2/Lada-2 (Plants-2) plant growth
experiment




486 cm? x (5+35) cm
microgravity
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ADVANCED

ASTROCULTURE

S ima|  (NASA-US Lab
Commercial Plant Biotechnology s Bx P | Module)
Facility O
(NASA-US Lab Module)



2 centrifuges x 4 EC
60x60x100mm
or 2 AEC 175x147x125

BIOLAB FACILITY

EUROPEAN MODULAR (ESA- COLUMBUS lab)
CULTIVATION SYSTEM
(ESA- DESTINY lab)




5 that are equivalent
arent type

~—— kg ESM=2559,96+8,0t
—kg ESM=968,9+10,91

100

2559,96 + 8,0 t kg ESM bio-regenerative system
969,9 + 10,9 t kg ESM chemical-physical system




ology for Space
-

g technology for systems with:

igh performances
light weight

v Habitation Modules
v' Re-Entry Systems

v' Lightweight Antennas
v' Solar Arrays




Gravity
Photoperiod

Temperature
Humidity







~ MLI- MuIti-Lgver Insulation

Features
v" Debris protection
v Thermal insulation

Candidate materials:
- v'Mylar

v Nextel 312 0 440

v' Sonex

Simulated Rotational Gravity

e Gravimorphic limit 0,18 g = 2,65 rpm







~_— ISS Rigid Cover/Hatch
. v Connection with ISS
Maintenanc ing BF | ¥ Flexible/Rigid interface

v' Sealing

GreenHouse Modules
v'Plants cultivation .-

v Interface (flange) with beam .
v'Flexible /Rigid Interface  =a.- Aft cover

v Modu
Central Telescopic Beam

v’ Telescopic deployment

v' Cables and connectors
Interface flange with modules

v Artificial lighting ~ vShape keeping during deployment
v'Irrigation rack v'Structural resistance




1 Simulation
ane elements)

HODAL SOLUTION

STEP=1
SUB =102

s Von Mises stress
= 330 MPa

SEQV [AVG)
DMX =304.845 . 0-
SMN =12.448 4 B -

max

A”OW ple O |

Internal Pressure: 1,1 bar

Inﬂated VOIUme: 30 m3 12.448 82.856 153.263 223.671 294,079

47.652 118.052 168.467 258.875 : 329.283




aL SOLUTION
02

TIME=5
fEXEANDED

Uz [AVG)
RETS=11

DMX =304.845

SMN =-304.545
SMX =151.335

NODAL SOLUTION

STEP=]

SUB =102

TIME=5

{EXPANDED

UX (RVG)

REYS=11

DMX =304.845

EMN ==47.335

SMX =166.171
-47.335

-Z23.6l2

110835

Axial displacements
A,, =304 mm

= ax

-304.845 -203.471 -102.098 = TZ4925 100. 6448
-254.158 -152.785 -51.412 49.962 151,335

REGIE]

cements
mm




Results:

Limited displacement

Stresses within
allowable values

Promising concept

Demonstrator
and testing activity to be
performed to validate
the concept

vs. Uncetormec shape







FQ.-)r\- \/]Odu]e.__l -' Air Conditioning

+ pr Lighting

70 nm) 550 pmol/m2s |
) 70 pmol/m?2 Air speed
Wide spectrum 0,08/0,2 m/s

Cultivation environment

v’ Simulated Gravity
v Optimal Temperature (18°/25°)
! v Humidity (75 %)
4 v Light Intensity (150 W/m2)
» v Photoperiod (12h/16h)
v Conditioned Ventilation

i i
A Cultivation Inflatable Rack




1 String
-v Caﬂver Bean Potato Bean Tomato

Cycle Duration .;-oumo ~ 90-110 50-70  80-100 60-80  60-90

Photoperiod 16  >14 16 14 12 14 12

|
Temperature 8-20 8-20 8-20 12-23  13-25 1523  10-25
Light intensity = 350 350 350 350 350 350 350
UR (%) 65-70  60-80 65-70 70-80  65-70  70-80  55-60
pH 67 5565 5565 6-7 5.5-7 67  6.5-7.2
CE 1000 <1000 1000 1000 1500 1000 <2000

N:P:K 1:0.5:2 1:0.4:2.3 1:1:2 1:0.3:0.8 1:0.4:1.1 1:0.3:2.6 1:0.4:1.7
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