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 Integrate and “acclimate” COTS batteries

« Space environment issues : - temperature
- vacuum

CubeSat standard issues : - limited dimensions and mass
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The thermal environment = 1st issue

@ Cycle Life

@® Operating
Temp.
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* Heat generation within the satellite
* Heaters controlled by mechanical thermostats

* Four questions :
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n thermostats ?
n thermostats’ arrangement ?
N heaters ?
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Which thermostats ? (o)

— electrical contact realised thanks

to a bi-metal Stationary

— open-on-rise model contact Movable

— differential : 16.7°C contact

— operational temperature : 23.9°C

— cost : $ 350 - |
Bi-metal Insulating

ceramic

Cross-section view
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Klixon 4BT Series: Advantages D

— electrical contact realised thanks

to a bi-metal Stationary

— open-on-rise model contact Movable

— differential : 16.7°C contact

— operational temperature : 23.9°C

— cost : $ 350 - |
Bi-metal Insulating

ceramic

Cross-section view
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Klixon 4BT Series: Advantages D

— electrical contact realised thanks SHes

to a bi-metal Stationary

— open-on-rise model contact Movable
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Klixon 4BT Series: Advantages D

— electrical contact realised thanks SHes
to a bi-metal Stationary
— open-on-rise model contact Movable
— differential : 16.7°C contact
— operational temperature : 23.9°C
< cost : $ 350 D T |
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Klixon 4BT Series: Drawback ()

— electrical contact realised thanks SHeS
to a bi-metal Stationary
— open-on-rise model Sl Movable
— differential : 16.7°C detrimental | contact
<= operational temperature : 23.9°C >
cost; $ 350 5 Bi-me;c*;rﬂ Insulating
ceramic

Cross-section view
Université E
8 — de Liege ha

‘.s




Which thermostats’ arrangement ?

« Two batteries, two thermostats per battery
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Which heaters ?

» Resistances (patch model) :
0.5 W thanks to Joule’s effect
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Which supply ?

 Direct supply from the battery to be reheated itself
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« Empty and cold battery ?
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3. Integration of heaters
and thermostats
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Battery support: imposed constraints —s

2. Space = 3" jssue BATTERIES

!

EPS PCB

Home-made
OBC PCB

Pumpkin
OBC PCB

3. Integration of heaters
and thermostats

Internal configuration of
OUFTI-1
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Battery support: imposed constraints

3. Integration of heaters

and thermostats <\> Heater §

® [hermostats
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Total mass = 197 grams
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Design features o

* Integration

 Aluminium

S
Université [
16 — deLiége -




Design features @

* Integration

 Aluminium
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Design features o

* Integration

 Aluminium
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Design features o

* Integration

 Aluminium
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Design features @

* Integration

e Aluminium
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The cover welcomes the thermostats
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Design integrated within OUFTI-1 ()
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In summary

—Available space and mass

Solutions:
—Heaters

—Mechanical thermostats
(redundancy)

— Appropriate design
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Analysis softwore for land, sea, air, & spoce
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