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Abstract

The EarthCARE spacecraft has electronics boxes for the ATLID, BBR and MSI instruments which
were produced by TAS in the UK and STFC RAL Space. The ATLID ACDM was thermally tested.
It was found that the thermal design and ESATAN model needed updates to help components meet their
derated limits. Various aspects of electronics design were investigated, looking at similar units (such as
Cryocooler Electronics) and consulting with other engineers. Attempts were made to auto-generate more
detailed 3D FE structure sub-models rapidly to improve predictions.
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Thales Alenia Space UK

An Introduction

3 sites in Bristol, Harwell and Belfast

180+

employees

thermal engineers

Capabilities
Prime Contracting
Propulsion Systfems & Mechanisms
Technology Demonstrators
System, Sub-system and Unit Design
Payload Modules & Constellations

Projects EarthCARE :
Prime for Broadband Radiometer (BBR)
ATLID ACDM electronics box
MSIHICU
BEPI Columbo ICU
ExoMars Reaction Control Subsystem
Microcarb
SMILE PLM
Plus many more
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ACDM Unit Design

ACDM = ATLID Data Control Management

Horizontal PCB layout of 5 PCBs & Backplane
Prime and Redundant sides
41 W dissipation
«  Components, power dissipation and PCB layouts were
changed affer CDR

Lightweighted thin side panels and central partition
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ACDM Unit Design

ACDM = ATLID Data Control Management

= Thin Aluminium stiffeners on PCBs for mechanical support

30.11.47
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«  Bolted to spacecraft panel interface by feet either side with
Sigraflex thermal gasket under the unit.
Birtcher Wedge-Lok retainers hold in PCBs

ThalesAkér?a
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Design & Model Changes

ESATAN-TMS model views

Electronics Design

Components were moved from high dissipation PCBs fo the baseplate
Extra components were added in parallel on the baseplate to move dissipation

location away from the high dissipation PCBs.

Detail

Lightweighted thin side panels, central partition and PCB stiffeners were modelled
in more detail. (Large effect)

More nodes on higher dissipation PCBs.

Radiative links omiffed due to large file size + slow speed and negligible benefit.

Conductance Couplings

Birtcher Wedge-Lok retainers hold in PCBs. Their conductive couplings were
removed and a contact conductance was used at the PCB fo shelf inferfaces.
Spacecraft interface contact conductance was reduced in the cenfre of the

baseplate.
301117

© 2017 Thales Alenia Space UK Ltd

THALES ALENIA SPACE OPEN

CDR Model

Flight Model
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FE Thermal Modelling Trials

Tests to generate conductances rapidly

1} STEP 204 import to e-Therm (TAS tool).
3D FE mesh created.

Automatic conductances generated fo include o table in DTMM.

2} STEP conversion in CADBench fo an ESATAN-TMS (2017 sp2} 2D FE mesh or FD geometry

Then found that you have to add a thickness

Slow for complicated shapes
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FE Thermal Modelling Trials

Side Panel Example

CAD View Side of unit: e-Therm View Side of unit: ESATAN View

STEP 204 imported to e-Therm.
3D FE meshing of volume
Conductances (GLs)

generated automatically.

+ STEP 204 imported to ESATAN
2D {via CADBench reduction)

+ Manual meshing of surface

+ Conductances (GLs) P

= ) M TS 2

generated fairly manually.
3DFE 2D FD
S0t )
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Thermal Balance Test

Temperature Requirements

Minimum Maximum
Qual/Accept Accept/Qual

-20 / -15 -10 to +50 +55 / +60

ThalesAlenia
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Model Correlation

ACDM - ATLID Data Control Management Unit Description

Correlation Factors added - mostly for conductances

PCBs in-plane conductance (Brecks in copper planes) iz
PCB Sliffeners 'ii"u‘
Backplane conductive link added é:ﬁi
A few components’ Case-to-Board EZ{
PCB and sfiffeners to structure oo

Match to ECSS requirements

« Average of difference <2 K i
- Standard Deviation <3 K -
+ Good correlation for TB test to Detailed TMM E"i
«  Good correlation for Detailed TMM lo Reduced TMM {deliverable spacecraft sub- ;%

model) 55

i )
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Lessons Learned

Some lessons learned from ACDM

»  Component Mounfing
+  MOSFET with flat SMD Carrier packages were originally used on PCBs.
+ It can be better fo screw high dissipation MOSFETs with a TO-254 package onto the metal panels of the unit. Especially where the panels will be heat
sinked - e.g. radiotor panel interfaces etc.
»  Melalwork lightweighting and thickness
«  There must be a trade-off between reducing the mass budget and thermal conductance. This can be hard to model between mechanical and
thermal with ESATAN which prevent rapid iteration.
»  PCB modelling
«  The ESATAN model had 2D averaged properties
< Itcan be better to use a 3D stack of layers to model the through and parallel to plane conductance. This can be strongly affected by very small

details breaking the continuity of copper layers.

FE use
«  Can be very useful to generate conductance rapidly for complicated objects.

+  When infegrated in with ofher sub-systems - trade-offs can be done rapidly in high detail.
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Lessons Learned

Some lessons learned from ACDM

Contact Conductances

Retainer Conductance
« Datasheet values were too optimistic because the test method is different to the way the parfs are

used. Only apply a contact conductance between pressured surfaces {when fightened].
Centres of base panels bowing on wide units
< Potentially a gap can occur between the centre of a unit and spacecraft interface because of the
width between the feet.
Thermal Gaskefs
« Datasheet values were too optimistic to use as measurements are typically lower.
+  Assumed an average of 200 W/m?2.K assumed across the baseplate. Higher under bolted

feet whilst lower under the cenfre.
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«  Straps - copper. aluminium, Annealed Pyrolitic Graphite (APG)

Electronics Box Configurations

Trade off of needs for mechanical, thermal, electronics and assembly designs

Box with 6 panels Modular Stacked Box

Trade off of needs for mechanical, thermal. electronics and assembly designs
Box Layout Horizontal or Vertical PCBs

Single side panels or Modular

PCBs fixed by Wedge-Lok style retainers or fasteners on rails

Components placement - PCB or metal sfructure

Heat sinks — thermal adhesives, Cho-therm, copper

301117
ThalesAlenia
e e~ SPACE

31% European Space Thermal Analysis Workshop

24-25 October 2017



176

Thermal Modelling of EarthCARE Instruments’ Electronics Boxes

Conclusion and Further Work

Cenglusion
Successful delivery to Airbus and ESA of qualified hardware ready for the EarthCARE mission:
Broadband Radiometer {BBR} Instrument
BBR ICU
Multi Spectral Imoger (MSI) ICU
ATLID Control and Data Management (ACDM} Unit

{Goptogon boasany /.

ESATAN-TMS and CADBench could have 3D Volume FE Meshing added as a feature

Further Work: Process Development
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+  Automaling CAD to Thermal model
+  STEP 204 import in MSC PATRAN/NASTRAN or similar for future trials
+ Testing simple 3D Finite Element meshes against Finite Difference models.

EarthCARE view. Credit: ESA

+ Automate electronics design (ICEDA) fo Thermal model
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