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Abstract

Using the recent improvements of GENETIK+, CNES tool that couple genetic algorithm to SYSTEMA,
a new method dedicated to thermal test follow-up and explotation has been developed and validated.
This method, based on the previous development on analytical model reduction using genetic algorithm,
offers the possibility to perform thermal sensors time extrapolation and near-real time thermal model
correlation.

First tested on simple example, the method has been applied during real thermal test in CNES facilities.
The objective of the presentation is to:

e Present the method

e Show the potential of this method on real example

30" European Space Thermal Analysis Workshop 5-6 October 2016
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CONTEXT OF THE STUDY

Since 2005 GENETIK+ is developed by CNES :
@ Allow to couple Systema with genetic algorithm
® 2015 upgrades:

4 Post processing module for full exploitation of results
4+ Investigation of genetic algorithm possibilities at each step of TCS development

Inputs:
Case definition
Variable definition
Post processing
GENETIK parameters

Fitness evaluation Call GENETIK subroutines

(csv file) (Definition of population/generation ) [—

Study file Population to evaluate
(definition of individual to evaluate)

Library h ;@ﬁﬁ J
570073650,
Physical analysis X FdeP niptepmu /
(Visualizing Response Surface,

Sensitivity Analysis, Uncertainties

Analysis.....) é cnes
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CONTEXT OF THE STUDY

How Genetic algorithms can be used for thermal test follow-up:

o Test follow-up is based on preliminary test predictions
4+ Performed using model not yet correlated ...
4+ Most of the time predictions are far away from test conditions

4+ No simple way to update test predictions during the test (access to thermal
software, computation time,...)

@ Thermal engineer need a simple tool for:
4+ Time extrapolation to estimate duration before phase ending
4+ Start investigation on which parameters to adjust for model to test correlation

® One flexible and simple solution:
4+ Provide an analytical formula for each thermal sensor

Temperaturerc = f(time, parameters)

]
5 30th European Space Thermal Analysis Workshop, 05-06 October 2016, ESA/ESTEC 05/10/2016 é CneS
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METHOD EXPLANATION

How to obtain a simple analytical formula:
® Simple example — aluminium bar

4 Test control parameters: radiative environment temperature, conductive interface

temperature

4+ Thermal model parameters: thermal conductivity, specific heat capacity, contact

coefficient

Radiative Environment
temperature

50

a0

Aluminium bar -
(A Cp) ¢

(h_contact)

ML ~

Thermocouple -7 *
”
on the top
Contact *
coupling

Conductive Interface
temperature

0 1000 2000 3000 4000 5000 6000 7000
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METHOD EXPLANATION

Problem simplification:

® Thermocouple = Thermal Node
® Heat equation = First order non linear system

@ Hypothesis : TC thermal behavior ~ First order linear system
4+ Radiative fluxes << conductive fluxes
4+ Conductive couplings constants over temperature

® F.O.L.S response to step : f(t) = a.G.(1 —e~77)
4+ a: Step amplitude
+ G : steady state Gain
4 t: Time constant

8 30th European Space Thermal Analysis Workshop, 05-06 October 2016, ESA/ESTEC 05/10/2016
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METHOD EXPLANATION

Problem simplification:

@ Superposition principle - TC = Multi inputs single output system

eriaird;im’:m Tc TC Radiative
temperalureé Transfer function éTempergxture environmenté

. evolution temperature Global TC

evolution evolution Global TC  — ova
Conductive Transfer function Templertgture
i evolution

Copductlvet TC TC environmentﬁ
environment m—3, Transfer function > Temperature temperature
temperature : .

? evolution evolution

evolution
® Superposition principle = 1 single formula for each thermocouple
— —t/T;
Trc(t) = z Gi.a;. (1 —e~t/%)
i

+ a, : Step amplitude of the input

+ G, : steady state Gain corresponding to the input variation

4+ 1; : Time constant corresponding to the input variation |

.
9 30th European Space Thermal Analysis Workshop, 05-06 October 2016, ESA/ESTEC 05/10/2016 i’ Cnes

METHOD EXPLANATION

Problem simplification:

@ Step discretization of inputs:

Tre(t) = 2 Tre(t — 1); + (Trc(e0); = Tre(t — 1)) (1 — e7/™)

4+ Trc(0);, steady state response o
for each contributor computed at | .
time t .

4+ t; time constant for each 0
contributor

\J
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METHOD EXPLANATION

Problem simplification:

® Dependency of Ty () and 7; to model parameters (A, h, mC,...)...

Trc(t, param.) = Z Trc(t — 1, param.); + (Trc (oo, param.); — Tre(t — 1, param.);). (1 — e~t/*®aram);)
7

@ To obtain the global analytical response
+ Trcoo: Steady state response to all the parameters variation
4+ 1;: Time constant to the test control parameters variation

éCﬂES
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METHOD EXPLANATION

How GENETIK+ can be used to obtain the global analytical response:

@ In the simple example - need to obtain:

+ TTC°° = f(TconductiveJF: TradiativeJF' }\' hcontact» Cp) MR \
+ Tconductive_IF = f(Tradiative_IF'}\r hcontact' Cp) o \ﬂ/ e
+ Tradiative_IF = f(Tconductive_IFﬁ)\f hcontact' Cp) "~

© GENETIK+ is used to smartly explore the space of solutions

4+ Genetic algorithm will focus on most variable areas - Minimize number of
calculation cases

4+ 2 optimization searches (min/max) to well characterize the space of solution

© GENETIK+ Post processing module is used to extract the space of
solution analytical formula
4+ Polynomial interpolation
4+ Coupled terms simplification > Sensitivity analysis (Sobol index)

1
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METHOD EXPLANATION

First results with nominal value of model parameters:

® Computed results vs. test data

A

Neoniae

C,
625 W.m2K"' | 875 JK kg

100 W.m1.K-!

500 W.m2K" [ 800 J.K" kg™

10
9
s
7
Testdata | 146 W.m"'.K-"
- g Initial
3 § - values
] 5 9 - TiFrad
H H Test_gata
& W 3 — Tcomputed
Abs. Error
3
2
1
0
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Time (s)
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METHOD EXPLANATION

Parameters correlation during test:

4+ First iteration after 840 s.

® GENETIK+ used to find the best set of parameters - Reduce global error

——— Abs. Error

A N ontac C,
» . Test data 146 W.m1.K-" 625 W.m2.K- 875 J.K1.kg!
Initial 100 W.m1K? | 500 W.m2K: | 800J.KLkg?
» ts va!ues
_ First 200W.m'K' | 850 W.m2K' | 810J.K kg
n s iteration
£20 e ey 25 ; - == TJFrad
g 3 —Testdm
® 1o ) K T_computed

) |

[ Initial value | First iteration
0.6°C | 0.44°C
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Parameters correlation during test:

- = = TF_cond.
- - = TJF_rad.

Temperature (°C)

Test_data

Absolute error (°C)

T_computed

Abs. Error

-——————————3,
o 500 1000 1500 2000 2500 3000 3500 4000 4500
Time (5)

METHOD EXPLANATION

© GENETIK+ used to find the best set of parameters - Reduce global error
4+ Second iteration after 4800 s.

15 30th European Space Thermal Analysis Workshop, 05-06 October 2016, ESA/ESTEC

)\ hr‘nn'nr‘? Cn
Test data 146 W.m".K! 625 W.m2.K" 875 J.K".kg!
Initial 100W.mLK? | 500W.m2Kt | 800J.Klkg!
values
_ First 200W.mtK: | 850 W.m2Ki | 810JKLlkg?
iteration
Second | 450w miKk | 600 W.m2K | 830 JK kg
iteration
[ Initial value | 2 iteration |
Mean error (over4800s.) |  0.76°C | 0.29°C |
N
05/10/2016 L cnes

Parameters correlation during test:

4 Final iteration after 10000 s.

- = = T_IF_cond

- -~ TJF_rad

Temperature ('C)

Test_data

Absolute error (°C)

T_computed

Abs. Error

Time (s)

METHOD EXPLANATION

® GENETIK+ used to find the best set of parameters - Reduce global error

16 30th European Space Thermal Analysis Workshop, 05-06 October 2016, ESA/ESTEC

)\ hr‘nmnﬂ Cn
Test data 146 W.m".K! 625 W.m2.K! 875 J.K'.kg"
Initial 100 W.m1K? | 500 W.m2K: | 800J.KLkg?
values
 First 200W.mLK? | 850W.m2K! | 810J.KLkg!
iteration
Second | 5w mikt | eoow.m2kt | 830J.K1Lkgt
iteration
Final s Wkt | 625 WmzKT | 875 0K kg
iteration
[ Initial value | Final iteration |
Mean error (over 10000s.) | 1.05°C | 0.38°C |
~
05/10/2016 L cnes
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Method summary:

METHOD EXPLANATION

« Test control »
parameters
definition GENETIK+ GENETIK+
Tyc space of Tre®
solution polynomial
correlation exploration interpolation
parameters
definition
GENETIK+ GENETIK+
T 7; space of
polynomial solution
interpolation exploration
GENETIK+ GENETIK+
Thermal sensors - —
Thermal test Iytical T L 7; space of
Data set ?na polynomial solution
unctions . N -
interpolation exploration
GENETIK+ GENETIK+
T 7; space of
polynomial solution
GENETIK+ interpolation exploration
Correlation
parameters
optimization
Best set of Validation with
parameters thermal model
17 30th European Space Thermal Analysis Workshop, 05-06 October 2016, ESA/ESTEC 05/10/2016
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APPLICATION ON REAL CASE

Method tested during thermal test in CNES facilities:

® PHU instrument - TARANIS payload : Thermal balance test in CNES
facilities

\J
19 30th European Space Thermal Analysis Workshop, 05-06 October 2016, ESA/ESTEC 05/10/2016 L Cnes

APPLICATION ON REAL CASE

Method tested during thermal test in CNES facilities:

@ Focus on electronics, box and only 1 optical head (21 TC)
® Thermal model quite detailed corresponding to phase C ~ 300 nodes

® 13 parameters taken into account:
4+ 4 “test control” parameters: Conductive and radiative environment, heat
dissipation, heating line
4+ 9 thermal model parameters: A, contact coefficients,...
4+ No parameter concerning thermal inertia
© Global computation time to obtain 21 functions = 120 hours (24 000
calculation cases)
+ Trco ~ 400 - 8000 calculation cases
4 1; =~ 20"- 4000 calculation cases - 80h to compute 4 t

i
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APPLICATION ON REAL CASE

Method tested during thermal test in CNES
facilities:

@ Preliminary results after model correlation with

GENETIK+

. Max abs. Error Global

Min mean

TC location abs. Without abs.
error Global transient error
phases
1 TRP 0°C 2.1°C <0.5°C 0.3°C
2 Box 0°C 3.6°C 2°C 1.2°C
3 Electronic 0°C 1.8°C <0.5°C 0.4°C
4 PH1 0.1°C 5.2°C <3°C 1.9°C
5 [ PH1 electronic 0°C 7.6°C <2°C 1.3°C
6 PH1 0°C 3.6°C <2.5°C 0.9°C
7 PH1 0°C 6.1°C <2.5°C 1.6°C
8 PH1 0°C 23.7°C <8°C 5.5°C
21 30th European Space Thermal Analysis Workshop, 05-06 October 2016, ESA/ESTEC 05/10/2016

APPLICATION ON REAL CASE

Method tested during thermal test in CNES facilities:

® Results after model correlation with GENETIK+

3000
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8
Absolute error (°C)
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000 1000 2000 3000 4000 5000 60.00 7000 8000
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APPLICATION ON REAL CASE

Method tested during thermal test in CNES facilities:

® Results after model correlation with GENETIK+

3000 10.00

2000

Absolute error (°C)

|
11y |
‘ | Il [l
i ]

| {h i
3000 L UAVWILTUILT ! 000
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APPLICATION ON REAL CASE

Method tested during thermal test in CNES facilities:

® Results after model correlation with GENETIK+

40.00 10.00
——Measured temperature
——Computed temperature
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Error abs
3000
20.00
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APPLICATION ON REAL CASE

Method tested during thermal test in CNES facilities:

® Results after model correlation with GENETIK+
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CONCLUSION

Conclusions:

® Based on the 2015 works on analytical reduction - new method
developed for thermal test follow-up

® GENETIK+ used to obtain the analytical function of thermocouple thermal
behaviour

@ Time extrapolation with simple formula gives good results

@ Possibility to use GENETIK+ to perform model correlation during the test
(only few seconds for each calculation case)

® Some improvements :
4+ Interpolation method to be upgrade (limited to 4t order)

4+ Impact of calculation case density on interpolated function accuracy - to be
studied

4+ Improvement of the methodology for correlation using GENETIK+ (multi criteria
optimization)

1
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