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Introduction

1 When solids are placed into contact a Thermal resistance is
created

‘ (] Effective contact area < Total interface area

HEAT FLOW
[ —————

d Parameters affecting the thermal
contact resistance:

solid 1 solid 2

* Pressure
« Surface finishing
« Mechanical properties

» Presence of interface material {

!

The spacecraft is under VACUUM in Space =\ 5 /{'i:»
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Introduction

Satellite equipment/panel typical interface

Equipment

_ _ Honeycomb panel
Thermal interface material

Radiator

Heat is rejected to g!pace by radiation

(a) Bare interface

e S ‘
Thickness
tis known

n\\\um

d thermal gasket
(b) Uncompressed thermal gaske far from the bolts

Uncompressed gasket | The low contact pressure

creates
thermal

} high contact
R SOROERE T Lvaries - E% resistance
C

ompressed gasket

(c) Compressed thermal gasket
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Study objectives

a) Development of a new test setup that simulates the
thermal interface between satellite equipment
baseplates and honeycomb panels and allows multiple
sets to be tested simultaneously under vacuum;

b) Experimental distribution of thermal resistance of the
Interface with different materials;

c) Experimental thermal contact resistance as a function
of temperature;

d) Impact of flatness and roughness of the surfaces on the
thermal performance;




Study objectives

e) Study of thermal performance stability after
temperature cycles;

f) Influence of the non-homogeneous heat dissipation
on the equipment;

g) ldentification of effective thermal resistance of the
Interface to be used in simplified TMMS;

h) Comparison of thermal performance: Vacuum Vs
I:)amb




Test setup

Al Dummy for equipment
baseplate simulation

Piece of Al sandwich
honeycomb panel

Typical satellite equipment
interface

Typical shape and size

B B
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Test setup

1 Honeycomb panel painted o
: : adiator
In_black to perform like a (black paint)
radiator

O Equipment dummy covered
with MLI blanket in order to

Insulate

Honeycomb panel

5 Nm for M5 bolts

/ MLI blanket

™ Kapton® heaters

Equipment dummy

Interfiller material

Torgque according to the DCS documents
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Test setup

d Kapton patch heaters to simulate the equipment
components heat dissipation

‘EI Heat flux oriented towards the radiator

|—>Through the interface

9) 9) k=l
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Operation mode Description
H1+H2+H3 All heaters ON
O H1 Only H1 is ON (close to the TRP)
H3 Only H3 is ON (far from the TRP)




Top view from the dummy

Test setup - sensors - @ @
Dummy  ° °
d Temperature sensors distribution:
dummy and panel AR I NN I
10 KO@25 °C thermistors

TC103

epoxy glue\ | thermistor

interface material

thermistor

black paint radiator

1 102 103
[ o
/' oy T-TC101 @) ©

TC102

12 TMs on the dummy
12 TMs on the panel
Corresponding TMs (in
pairs)

Indivitually calibrated TMs

!

Steinhart-Hart equation

1
C1+ C2In(R) + C3In(R)?

o 000

T =-273.15+




Test setup - assembly

L
e

d Test of 5 different

thermal Interfaces
simultaneously

0 Reusable apparatus I

A

—

All interfaces are
submitted to equivalent
thermal conditions!
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Tested materials

Thickness Thermal conductivity

Material Manufacturer (mm) (W/m°C)
Bare (no material) - - -
eGraf® Hitherm™ 1200 Series Graftech 0.25 10.0 /150.0
Indium foil (99.995%) SMC (Shanghai Metal Corporation) 0.20 ~90.0
Thermal Grease (340 HS Compound) | Dow Corning 0.20* ~2.0
RTV566 (cured-in) Momontive 0.20* 0.3

*at installation moment

heat sink compound

eGRAF

HITHERM"

Thermal Interface Materials

inventing possibilities
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Apparatus photos
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Test configuration scheme

Thermal Vacuum Chamber
(Ax1m)

Experiment suspended by insulating wires

Temperature controlled shroud
(T=-140 °C)

.. Heaters connector !

i TMs connectors

DC/DC power supply

TCs connectors

Experiment

D

\~
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2 |Test planning

1 Thermal Desktop® SINDA/FLUINT simplified TMM
O Heaters heat dissipation estimation
« Target temperature levels: (-40, -20, 0, +20, +45, +70) °C
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Test phases - plan

0
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thermal cycling

O 6 temperature levels: from -40to + 70 °C

O Electronic equipment qualification levels (20 °C margin)

Heaters 1+2+3 Heater 1 Heater 3

s] - Q C ° [+
-p: -

I:I 3 dissipation modes [°

Simulates the non-
homogeneous heat dissipation
(redundancy or operation

modes) @
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Preliminary test results
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Test phases - executeo

TC501 (RTV566)

’\-—\
———TC101 (bare)
90
——TC201 (eGraf)
80 ~——TC301 (indium foil)
ﬁ:‘ L / ——TC401 (thermal grease)
70 {\ \ y
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Bare vs Thermal Grease (vacuum)

3W

: H1+H2+H3 @ 33
H1 @ 33.3W
H3 @ 33

Phase 13

Phase 14

3W

Phase 15

H1+H2+H3 @ 47.8W

Phase 16:

e TMA01
s TMA402
s TM403
s TM 404
e TM405
e TM406
e TMA07
e TMA08
s TMA09
e TM410
s TM411
s TM412
e TM313
e TM314
s TM315
s TM316
s TM317

T™M321
s TM322

T™M323
TM324
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s TM 101
s TM 102
s TM103
s TM 104
s TM 105
s TM106
s TM 107
s TM 108

TM109

s TM 110
s TM111

T™M112

e TM113
e TM114

TM115
s TM116
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T™M118

T™M120
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T™M122

T™123
T™M124
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Indium foil vs RTV 566 (vacuum)

H1+H2+H3 @ 33.3W

H1 @ 33.3W
H3 @ 33.3W

Phase 13:

Phase 14

Phase 15

H1+H2+H3 @ 47.8W

Phase 16:

s TM501
s TM502

s TM503

s TM504

s TM511
s TM512
e TM413
s TM 414
s TM415
s TM416
s TM417
s TM418
s TM419
s TMA20

T™A421

s TMIA22

T™423

T™M424
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——TC401 (thermal grease)
——TC501 (RTV 566)

——TC101 (bare)
——TC201 (eGraf)
~—TC301 (indium foil)
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~—TC301 (indium foil)
——TC401 (thermal grease)

——TC501 (RTV 566)

—TC101 (bare)
——TC201 (eGraf)

Q=94 W
Tshroud: 25 °C

Vacuum vs P,
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Vacuum vs P, — bare interface
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3 |Preliminary rank (In vacuum)

Based on the observation of the test temperatures, it
can be Indicated the following order of thermal

performance: O
100 °C
f‘—' ——TC101 (bare)
90 °C ——TC201 (eGraf)
1' Thermal grease 80 °C ———TC301 (indium foil)
——TC401 (thermal grease)
2. RTV 566 70 °C \ {AH\ TC501 (RTV566)
3. Indium foil 60 °C /I\
4. eGraf 0°C F |
5 B 40 °C /\)
. are |
w1 H

|
i =i —
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%Future work — detailled TMM

[ Use the Thermal Desktop® SINDA/FLUINT detailed
TMM

» detailed dummy
» detailed honeycomb panel
» boundary conditions




3 |Future work — detailled TMM

1 Baseplate divided into 7 regions

O Each reagion has a couple of corresponded temperature
Sensors

1 Identification of effective thermal conductance for each
reagion — different contact pressure

Proposed regions| 0O




Influence of flatness/roughrr

All surfaces comply with flatness requirements

Honeycomb panel
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3 |Study about thermistor wires influence

J Wires act like radiation fin
1 Radiator blockage (~5%)

N

I Aleta radiativa
1

Termistor rs

PAINEL HONEYC OMEBE




Conclusions

d A unique test setup has been developed to simulate
the interface between satellite electronic equipments
and honeycomb panels;

d The test demonstrated that any of the tested materials
has a better performance than the bare interface;

O As a preliminary conclusion, the thermal grease
performed better than the others;

d There are a lot of data to be analysed from the first
test;

4 It is planned to use the apparatus to test different
Instalation methods for thermal grease and RTV 566
and other materials.
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