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M G | What is PFPU?

« MELISSA project
« Micro-gravity technology demonstrator

« Conftrolled production of edible tuberous plants from tuber-seed to ready-
to-harvest tubers

« Highly modular, allowing compartmentalization into independent, self-
contained, process-specific modules

« Step-wise development approach w
Y
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PFPU Experimental Insert

lllumination drawer

Growth chamber drawer
Nutrient management drawer
Microbial monitoring drawer

Power, command and
data handling drawer

PFPU overview
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Rack structure
Rack to El interface panel

Rack to ISS interface panel
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MEES) PEPY Nutrient

MAIN FUNCTIONS

 Provide nutrient solution o the root zone
 Provide DIl water to the root zone

« Provide air to the tuber zone

« Degas and Store recovered condensate

e Mix and monitor nutrient solution in situ

Delivery System

LEGEND
ACTUATORS

Sensors driving

Flexible bags

= NMU ¢
condenser .
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CENTRALISED NUTRIENT STORAGE
AND MIXING SYSTEM
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' PFPU Nutrient Delivery System

Custom units COTS units
Bellows reservoir (7L) Sensors:
Flexible/soft bag (1L) « pH
Membrane degasser  Water level
Membrane condenser « EC
 Temperature
* Pressure
Actuators:

« Pump (delivery)
« Pump (dosing)
o Stirrer




‘*‘f‘) COITS pH sensor

Main perf. requirements Tested sensors

« pHrange:55-46.5 Potentiometric

« pH accuracy: 0.3 at EoL « Endress Hauser Memosens
- Water EC range: 0.2 - 2.0 mS/cm CPS?27D

- Time w/o calibration: 5 months « Mettler Toledo InPro 4281i

Optical
e PreSens PH-1 mini v2

 Pyroscience PHROB-PK6-CL2
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COITS pH sensor

0,8

0,6

pH measurement drift over time (start@ EC ~0.2mS/cm - pH ~6)

——Presens pH-1 mini v2 (optical)
——Pyroscience PHROB-PK6-CL2 (optical)
Mettler Toledo InPro 4281i (potentiometric)

——Endress Hauser Memosens CPS97D (potentiometric)

0,2

0,4

-0,6

0,8

Days from test start

Test
campaign
@0.2mS/cm

Test
campaign
@0.5mS/cm

Functional
criticalities

Endress Hauser

Gelreference

Memosens |Acceptable|Acceptable :
depletion
CPS?97D
Difficult
Mettler Toledo Not Accentable recovery from
InPro 42811 [acceptable P microbial
contamination
PreSens . o
PH-1 mini v2 Acceptable|Acceptable|None identified

Pyroscience
PHROB-PK4-CL2

Not
acceptable

Acceptable

Sensor spot
detachment

PreSens optical sensor selected as

baseline
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Main perf. requirements

Measure bellows reservoir bottom
plate displacement up to 25cm
Accuracy: 0.3 mm (~10ml)
Minimize reservoir envelope
Impact

py= COTS water level sensor

Tested sensors

Laser Displacement Sensor

« More compact

« Space qualified unit not
available

Draw Wire Sensor

 Less compact
« Space qualified unit
available



‘f‘j COTS water level sensor

AMBIENTAIR % L 3.5L bellows tank characteristics (vertical up position w/o sensor)
= <
DRAW WIRE SENSOR ____|(PRESS.=P)) F = 005
Pulling the bellows ___* S PRE-LOADED SPRING
(K, = stiffness L Pushing the bellows 0,04
Fo.= pre-load) (K = stiffness A
Fos= pre-load) 0,03 /
/I\ WATER OR /
o NUTRIENT SOLUTION 0,02 2 ¢
o (PRESS. = Py) =
u?l/ _',? 0,01 /
BELLOWS % %
Kg = stiffness L— F
’ e — -
= s .
Sg = free length) 'iichL)‘T"g’Eifé‘s)E 5 oo | —Model (vertical up w/o sensor) |
g J/ .
_____ 00 —~Fill 4 (w/o sensor) |

—Fill 5 (w/o sensor)

0,08 —Fill 6 (w/o sensor) i

0,05 ‘ ‘

G (Pw — Pp)A + KpSp + K1.So, + For + Mpwsr g
KB + KL ’ SOO o o Wate::')\'o]oass [g] o o o o

Both sensor capable of allowing acceptable
evaluation of the bellows reservoir water level
during both fill and drain cycles
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COTS water pumps

It is possible to cover
the NDS water
pumping needs (7
pumps) with only two
different units (one is
used in 2 different
operative
configurations)

Pump Pump Water Water Performance Performance
ID. Model Source Destination @ 25+5°C @ 45+5°C
[ A A
P32/p42/ps2 | C'SPENSEPUMP 1~ oe | Diluted Nut. Rensid PENSd
p/n Nut. Sol Sol the range 0.1- | the range 0.1-3
LPDA1750330H ' ' 3 ml ml
Variabl [
d?rla e volume 1 =
P12 'Spe”;i PUMP 1 b 1water |  Diluted > 45 mi/min > 45 mi/min
Tank ) )
LPDA1750330H an Nut. Sol
Variable volume T
P51 dispense pump TS D.I.Water | > 45 mi/min > 45 mi/min
p/n Beker
Tank
LPDA1750330H
Fixed volume T2 T4
P2R/1R solenoid Pump p/n|Diluted Nut. Porous > 45 ml/min > 45 ml/min
LPGA2450618D Sol. plate




iy COTS stirrer

7L stirred

Teflon oE
|

hellows

pH|EC|Te R Gas
: 02[02 [0z | P62 vy IR @'
Stirrer [c]

Current baseline includes both
stirer and recirculation loop

Stirrer

+
Diffusion EC value known
<15s Mass -
Redundancy

Time for e e e e e e e e
. . NMU
Description solution Drawbacks - :
miXing @_Q “PC1 dens @
[ [ o [ec]
Stirrer o [z @
EC value” o — |
+ <15s Mass + bellows J - :
Diffusion No redundancy = !
! O~
Time - - o . 04] <0
Diffusion only| >2400s Mass ++ ! E
EC value? . H I
> ® PRO>
Recirculation [5) ;, v
<80s Time - mEE i
+ EC value known — SBE ;
. . = =
Diffusion NUT - pore E
i
I

+

Recirculation
Loop




WESL Phase-separation modules

Currently under
laboratory testing

—

343

Microgravity demonstrator
conceptual design completed




=" PFPU - Future work (2021-22)
oave ——————howy

Root Module Test in relevant environment

Nutrient Module Components verification
toward space environmental
loads

lllumination Module Prototyping and festing

Growth Chamber Prototyping and festing

Temperature Confrol Module Prototyping and festing

System Assembly of above modules
for testing (with and w/o
Crops)
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All presented activities were

carried on within ESA contract No.

4000114057/14/NL/AT ,
In collaboration with the below
project partners

-
'\\ a LEONARDO and THALES compan,

THANK YOU.

Giorgio Boscheri

Thales Alenia Space Italia
Giorgio.boscheri@thalesaleniaspace.com

www.melissafoundation.org

Follow us
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