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Abstract

Thermal management is becoming a critical issue in electronic systems design due to the high dissipated
power in electrical architectures and to the environment to which they are submitted.
Multi-physics simulation is an efficient way to solve some of the raised problems at various development
steps. It helps designers in their choices by giving them more realistic predictions from the earliest stage
of their development process.
The objective of this presentation is to demonstrate the benefits of thermal integration at the predesign
stage of an electrical system. This integration is performed through a cosimulation technique which
couples two dedicated simulation tools:

• SABER (SYNOPSYS R©) for electrical / electronic modelling,

• IDEAS NX (SIEMENS R©) for 3D thermal studies.

Coupled by a communication bus (COSIMATE, CHIASTEK R©), they improve significantly the under-
standing of the system. Cosimulation becomes then a differentiating practice during the development
phase.
This approach will be applied here to the predesign of an autonomous water search drilling system
embarked on a spatial probe for MARS exploration. The objective is to develop a multi-physic Virtual
Test Rig in order to validate technological choices and anticipate integration issues in the probe working
environment (MARS atmosphere).
The methodology tested during this test case is generic and can be successfully applied to any system
design for which the account of heat dissipation is mandatory.
The conclusion of this work is that, if it is generalized at various stages of the system development V-
cycle, the "bus" cosimulation technique represents an efficient way to increase the designer confidence in
his architecture. It provides a realistic virtual test rig gathering all the most important thermal phenomena
influencing its piece of equipment functioning so that an early design error or integration issue can be
anticipated in a cost effective way.
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ALTRAN in few words

Skills and know-how

 Space systems/sub systems/units thermal modelling
 Flight and test prediction or rebuilding
 Thermal vacuum tests specification, follow-up and correlation
 Thermal architecture

 Platform, payload, propulsion, antenna
 Design and qualification of systems

 Optronics, electronics, RF
 Thermal tools development and maintenance

Space Thermal Engineering Offers

Team : 30 engineers in space activities

Thermal environment caracterisation, orthography, thermal control, tests, instrumentation, thermoelastic
analysis, round the clock team shifts …

Customers

Thermal study of a satellite 
antenna

Thermal study of an 
accelerometer

RF equipments sizing

Thermal analysis of 
Satellite payload 

electronic 
equipment

Thermal modelling of equipment with Miniature 
Heat Pipes
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4. Thermal model
5. Coupling method
6. Cosimulation Analysis
7. Added values
8. Conclusions
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Tested cosimulation method : 
“cosimulation bus”
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INTRODUCTION
Presentation context

• Objectives
– Demonstrate the benefits of a genuine multi-physics approach 

based on “bus” cosimulation (time saving, accuracy, 
representativeness)

– Demonstrate how co-engineering is enhanced by the use of 
cosimulation

• Test case
– Pre-design stage of a drilling system on a Martian Probe
– System integration in a realistic harsh environment
– Electrical / Thermal cosimulation coupled by a dedicated 

communication bus
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INTRODUCTION
Test case presentation

• Mars Probe with drilling system 
for water search

• Integration of electrical and 
thermal models
– SABER (SYNOPSYS®) for 

electro-mechanics and control 
laws.

– NX-TMG (SIEMENS®) for 3D 
thermal studies.

• Coupled together by the 
COSIMATE, CHIASTEK® 
communication bus 
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ELECTRICAL MODEL
Proposed electrical architecture

• Functional modeling approach in order to adapt to the 
thermal model time constant
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ELECTRICAL MODEL
Electrical system
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THERMAL MODEL
Environmental conditions

• Simulation cases
– Initial case: electrical system off except RTG
– Hot case
– Cold case

• Boundary conditions
– External convection  (pressure=600 Pa)
– Radiation
– Solar heating (580 W*m²)
– Convection into motor (usual correlation)

• Thermal management of the probe
– External Radiator and MLI
– Heat-Pipe
– RTG

Main radiator 
‐Y

RTG

MLI
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THERMAL MODEL
Mars probe thermal model

• The Martian probe is mainly composed of 
– a probe box and its feet
– four solar arrays
– a RTG = an autonomous power supply 

generator (uranium fuel)
– a drilling system including 

• a electrical motor
• an upper panel
• four guide rods
• some gearings
• a drilling screw
• a secondary screw
• a drilling screws charging box

– an electronic power equipment
– a battery
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COUPLING METHOD

Component 
processed :

Iron Motor

Coil Motor

Battery cells

Inverter unit

Boost unit

data 
exchange

NX TMG
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COUPLING METHOD

Tbus

SABER

NX-TMG

P1 P2 P3 P4 P5 P6 P7

T1 T2 T3 T4

P4 to NX-TMG 

T2 to SABER

P7 to NX-TMG 

T4 to SABER

TSABER

TNX-TMG

• Cosimulation type : softwares in // with a dedicated 
protocol cosimulation

• Approach in parallel : Both SABER and NX-TMG 
perform calculation based on previous time step results
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ANALYSIS 
Normal operating Hot-case

• Evolution of losses, temperature and battery charge level

Battery charge level (%)

Iron temperature (°C)

Iron losses (W)

Tmax, t=70281s
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ANALYSIS 
Normal operating Hot-case

• Probe and motor thermograph - t=70281s
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ANALYSIS
Failure case: motor over-heating

• Controlling rules test (motor temperature): System off 
when Tmotor > 100°C

Battery charge level (%)

Iron temperature (°C)

Iron losses (W)
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ADDED VALUES
Coupling vs not coupling

• Better accuracy 
– dissipations, 
– thermo-dependent quantity,
– battery charge,
– temperatures

• Better representativeness
• Re-use of existing models
• Low training necessary
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ADDED VALUES
Coupling vs not coupling

• Less margin
• Less mass
• Time saving
• Cost reduction

• Possibility to simulate more complex management 
(failure…)

• Remote co-simulation possible
• Possibility > 2 coupled softwares (thermal, electrical, 

mechanical…)
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CONCLUSIONS
• Simulation challenge : having data that makes sense
• Design challenge : reduction of cost & developpement 

cycle duration 
Co-engineering / multi-physics approach in one 

peforming answer
• Co-simulation in one solution

– enhances the data quality, 
– avoids worst case assumptions,
– works without models change

• With our test case, 
– feasibility method (co-simulation bus) is shown
– demonstration of advantages is highlighted

264
A comprehensive integration methodology based on cosimulation — Integration of thermal

management in early phases of an electronic / electrical design

30th European Space Thermal Analysis Workshop 5–6 October 2016



30th European Space Thermal Analysis Workshop

CONCLUSIONS

• Other co-simulation architectures exist (same software, 
API…)

Way forwards in space application 
• Electronic units (co-sim thermal-electrical)
• Sensitive optical instruments (co-sim thermal-

mechanical)
• Power supply management of battery, solar arrays… 

(co-sim thermal-electrical)
• On orbit Loop heat pipes performances (co-sim CFD-

thermal)
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APPENDIXES
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INTEGRATION IN 
COSIMULATION PLATFORM

Complete integration
• Communication ports

Name Ports Physical quantity Component

COSIMATEINPUT1 Input Power Dissipation Iron Motor

COSIMATEINPUT2 Input Power Dissipation Coil Motor

COSIMATEINPUT3 Input Power Dissipation Battery cells

COSIMATEINPUT4 Input Power Dissipation Inverter unit

COSIMATEINPUT5 Input Power Dissipation Boost unit

COSIMATEOUTPUT1 Output Average Temperature Iron Motor

COSIMATEOUTPUT2 Output Average Temperature Coil Motor

COSIMATEOUTPUT3 Output Average Temperature Battery cells

COSIMATEOUTPUT4 Output Average Temperature Inverter unit

COSIMATEOUTPUT5 Output Average Temperature Boost unit
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INTRODUCTION
Cosimulation approaches

• « Bridge » approach 
– Point to point communication
– Notion of Master/Slave => more 

difficult to control the cosimulation
– Developed by different companies => 

more difficult to setup the platform
– Difficult to instantiate more than 1 

instance

• « Bus » approach
– Cosimulation bus
– Acts as a unique communication 

controller => easier to control
– No notion of Master/Slave => each 

solver launched separately
– Multiple instances and multiple 

versions of a same simulator
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• Pre-sizing of the electrical pieces of equipment with Excel 
tables + analytical equations
– Motor => PMSM (800 W, η=80%)
– Battery => 144 cells (12x12, 1.8A/3.6V)
– Boost => Input 48V/Output 100 V (η=95%)
– Inverter DC/AC => Input 100VDC/Output 50V 3 AC (η=94%)

• Automatic generation of the CATIA Motor model

34

Reference‐PN Ref‐Rint Ref‐Rext Ref‐L Ref‐F‐Ep Ref‐F‐nbr Ref‐E‐instance Ref‐E‐longueur Ref‐E‐largeur Ref‐gap
moteur1 54,5mm 95,5mm 120mm 2mm 60 12 72mm 10mm 0,8mm

diamètre
entrefer

diamètre
moteur

longueur
de l'entrefer

épaisseur
des tôles du 
feuilletage

à calculer : F= D/E
nbr feuilletage

nbr
encoches

taille
encoches
C > H > B

largeur
encoches

jeu
moteur

Ref‐B‐jeu Ref‐B‐Ep Ref‐axeL Ref‐axeD Ref‐R‐Dext Ref‐R‐Dint Ref‐R‐Ep Ref‐R‐Dbille Ref‐R‐jeu Ref‐A‐Ep Ref‐A‐L
0,3mm 10mm 50mm 10mm 50mm 10mm 10mm 6mm 0,2mm 15mm 35mm

jeu
bobine

hauteur
chignon

longueur
axe

diametre
axe

D extérieur
roulement

D intérieur
roulement

Largeur
roulement

D des billes jeu
fonctionnel

épaisseur
aimant

longueur
aimant

Reference‐PN
moteur1

ELECTRICAL MODEL
Electrical pre-sizing
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