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Abstract

BepiColombo is the first European mission directed so close to the Sun and will provide the greatest
advance in understanding Mercury. It is an international cooperation coordinated by the European Space
Agency (ESA) with the participation of the Japan Aerospace Exploration Agency (JAXA).

The mission is composed of four spacecraft, the most important of which are the Mercury Planetary
Orbiter (MPO), which will map and study the planet surface and interior from a low orbit, and the
Mercury Magnetospheric Orbiter (MMO), whose main goal is to investigate the magnetosphere of the
planet closer to the Sun.

One of the most complex and demanding activities related to the BepiColombo thermal control concerns
the design of the MOSIF, the solar shield which will protect the Japanese module (MMO) during the
journey from the Earth to Mercury. BepiColombo will be exposed to an ever increasing solar heat flux
along the whole cruise: up to ten times higher, once orbiting around Mercury, than when launched from
the Earth.

A Thermal Balance Test (TBT) of MOSIF was held in ESA/ESTEC in November 2010. This presentation
compares two different methods for correlating the test data with the TMM analysis results.

The first part is focused on a brief description of the activities related to the correlation of MOSIF TMM,;
this work has been carried out by applying the rules specified by a TAS-I internal procedure. The second
part reports the process followed to achieve the same correlation level in a different way, which consists
in implementing a stochastic approach by means of iSight™. Eventually, advantages and disadvantages
in using these two different methods are highlighted.

25" European Workshop on Thermal and ECLS Software 8-9 November 2011



Thermal Correlation of BepiColombo MOSIF 10 Solar Constants Simulation Test 273

)
ThalesAlenia

A Thales / Finmeccanics Coribany Sp ace

THERMAL CORRELATION OF BEPICOLOMBO
MOSIF 10 SOLAR CONSTANTS SIMULATION

B TEST

Written by: Tiziano Malosti, Gianluca Filiddani
Presented by: Savino De Palo
-Elfrastructure and Transportation T H A L E s
25" European Workshop on Thermal & ECLS S/W, 8-9 Nov. 2011
INTRODUCTION i
Tha IesA ia
A Thaas  Frunacoarics Cira pace / N

U MOSIF = BepiColombo solar shield which shades the MMO (the
Japanese orbital module) during the cruise mission phase

U Two different approaches for the correlation of MOSIF TMM with 10
solar constants Thermal Balance Test (TBT) held in ESA/ESTEC in

November 2010 :

1. Standard / classical method
2. Optimization / DoE approach using iSight™
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MOSIF TEST ARTICLE INTO LSS — ESARAD MODEL

NOMINAL POSITION SURVIVAL POSITION
_and Transportation T H ALE 5

25th European Workshop on Thermal & ECLS S/W, 8-9 Nov. 2011

STANDARD CORRELATION i

ThalesAla%

A Thales. Frmecosrica oS pace / _\
< |

STANDARD CORRELATION MAIN RESULTS

1. GMM Replacement

B Original MOSIF Sunshade GMM provided by manufacturer did not
reproduce the concavity on +Y side (see next chart) of the test item

B Original GMM replaced with a new one derived from CATIA model,
meshed with HyperMesh tool and exported to ESATAN-TMS via
NASTRAN .bdf import capability

2. MLI parameters refinement

B MLI thermo-physical parameters (equivalent emissivities used in radiative
conductor calculation) were updated to obtain a proper simulation of MLI
performances
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: STANDARD CORRELATION i
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0 MOSIF Sunshade TMM was correlated with TBT results, obtaining fully

acceptable values of Delta-T and standard deviation (o) for all cases as
showed by table in the following slide

|
-

U The correlated values of MLI thermo-physical parameters are reported in the
table here below

Thermo-Physical
Parameter

Old Updated

Test article items Value value

Equivalent emissivity in
the radiative conductor
Equivalent emissivity in MLI ext 2" layer &> MLI inner layer Titanium
the radiative conductor (APPLIED IN THE +X HGA CONCAVITY)
Equivalent emissivity in MLI ext 2" layer & MLI inner layer Titanium
the radiative conductor (APPLIED IN THE MLI GAP)
Equivalent emissivity in MLI ext 2" layer &> MLI inner layer Titanium
the radiative conductor (ALL THE OTHER SUNSHADE ZONES)

External 1% layer (Nextel) > MLI ext 2" layer | 0.140 0.140

0.019 0.023

0.019 0.024

0.019 0.019
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STANDARD CORRELATION i
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Phase 3 - Cold calibration | Phase 4 - Hot Final Cruise Phase & - Survival Phase 7 - Intermediate Cruise | Phase 8 - Initial Cruise

Post |TESTDATA| AT Post |TESTDATA| AT Post |TESTDATA| AT Post |TESTDATA| AT Post |TESTDATA| AT

MOSIF SUNSHADE MLI Correlation [ 0211212010 | (Test- |Correlation | 041122010 | (Test- [Correlation| 05122010 | (Test- |Correlation| 071272010 | (Test- |Correlation | 081272010 | (Test-
results | 18.51.00 | Analysis) | results | 13.07.00 | Analysis) | results | 134600 | Analysis) [ resuits | 10.42.00 | Analysis) | results | 162100 | Analysis)

¥ UPPER {Owtor Tilayar) 4480 | 1386 9.4 4.7 79.1 344 798 526 272 247 a7 240 824 12 212

+¥ UPPER (Ti layes behind nextsl) A762 | 1332 | 430 | 2687 3136 449 83 163 75 146.1 180.4 344 379 68.0 30.1
+¥ MEDWW {Outor Tilayer) 4313 | 1353 40 487 7.2 285 608 46 46.2 204 0.2 19.9 753 £0.0 163
+¥ MEDIUM (Tilayer behind nextel) 732 | 1326 | 406 | 2723 | 3030 | 307 328 1181 | 863 | wso | 125 | 236 0.0 615 215
+Y LOWER (Outer Ti layer) 1126 | 1254 | 128 56.3 98.3 420 499 6.9 56.8 122 151 272 84.7 495 15.2
+¥ LOWER (Ti layer betind nextel) 1688 | 1278 | 410 | 2744 3328 587 276 1474 | 1188 | 1503 193.3 430 12 76.1 349
+¥+X UPPER (Outer Tilayer) 4481 | 1483 03 35 176 211 439 922 483 £0.3 362 241 -105.1 815 236
++X UPPER (Ti layer behind nextel) 761 | 1501 | 260 | 1725 | 1662 63 %47 | 2032 | 185 79 65.2 8.7 16.6 29 | 103
45X MEDIUM (Outer Tilayer) 4302 | 438 | 136 25 27 202 479 107 | 628 532 295 237 4.7 746 20.1
¥R MEDIUM (T1 epor bobin nestol) 728 | 507 | 221 174.6 1736 1.0 269.8 3468 | 77.0 735 78.1 46 153 16.0 07

+Y+X LOWER (Outer Tilayer) 106.3 138.2 319 44 6.2 18 56.1 118.4 623 464 395 6.9 80.3 7841 22
¥+ LOWER (Ti layer behind nextel) A66.7 | 471 196 161.5 566 | <1049 | 2711 3449 | 738 635 43 £7.9 223 £33 414
Y UPPER (Outer Ti layer) 252 | 1340 88 938 850 8.8 525 287 238 | 1113 | 1097 15 4193 | 1237 44

Y UPPER (Tilayer behind nextel) A717 | 505 | 212 | 1414 | 1159 | 255 39.7 409 12 578 | 1336 | 242 | 665 | 1434 | 231
¥ LOWER {Dules Tiiayer) A108 | a227 | 19 83.1 83.2 01 475 8.1 294 985 | 1037 52 4051 | 1143 92
Y LOWER (Ti layer behind nextel) 168.2 1428 254 1416 4141 275 346 80.1 455 -156.2 1291 271 163.6 136.9 26.7

MOSIF SUNSHADE MLI AVERAGE DELTA T 10.3 14.5 48.2 12.8 10.5
MOSIF SUNSHADE MLI STD DEVIATION 22.8 36.7 32.7 257 19.7

Post Test Predictions vs TBT
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STANDARD CORRELATION i
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Phase 3 - Cold calibration | Phase 4 - Hot Final Cruise Phase 6 - Survival Phase?7 - Infermedine Phase 8 - Initial Cruise
Sun from +X Cruise
Post [TESTDATA| AT Post |TESTDATA| AT Post |TESTDATA| AT Post |TESTDATA| AT Post |TESTDATA| AT
MOSIF SUNSHADE MLI Correlation | 021122010 | (Test- [C i (Test. |C i (Test- |C i (et |c: s
results | 18.51.00 | Analysis) | results | 13.07.00 | Analysis) | resuits | 14.46.00 | Analysis) | results | 10.42.00 | Analysis) | results | 162100 | Analysis)

+¥ UPPER (Outer Tilayer) 527 | 4386 | 144 813 79.1 22 59.4 526 6.8 26 07 33 £4.5 612 33
Y UPPER (Ti layer behind nextel) 4745 | 4332 | 413 | 2044 | 3136 | 192 96 16.3 67 1659 | 1804 | 145 526 68.0 15.4
[ 4450 | 1353 9.7 843 772 74 35 146 ER 5.4 02 56 £14 0.0 14

+¥ MEDIUM (Ti layer behind nextel) 1723 1326 39.7 297.3 303.0 57 1109 118.1 72 168.2 1725 43 543 615 72
¥ LOWER (Outer Titayer) 1193 1254 .1 923 98.3 6.0 18 6.9 5.1 134 15.1 1.7 50.8 49.5 13
+¥ LOWER (Ti layer behind nextel) 163.7 1218 359 302.6 332.8 302 1343 7.4 1341 1724 1933 209 516 76.1 185
+Y+X UPPER (Outer i layer) 531 | 1483 48 121 176 55 86.6 922 5.6 495 36.2 132 99.7 815 182
L¥+X UPPER (Ti layer behind nextel) 745 | 4504 | 244 | 1696 | 1662 34 | 3014 | 2832 | 182 | 696 65.2 45 18.2 2.9 87
¥+X MEDIUM (Outer Tilayer) M32 | 1438 | 06 284 21 57 1006 | 1107 | 10.4 36.3 295 68 8.7 46 141
+¥+X MEDIUM (Ti layer behind nextel) 705 1507 19.8 17738 1736 42 303.4 346.8 434 76.0 781 21 133 -16.0 27
+Y+X LOWER (Outer Tilayer) 1226 1382 | 156 -10.8 6.2 17.0 miz 1184 6.8 £0.7 395 212 95.3 78.1 17.2
+Y+X LOWER (Tilayer behind nextel) -163.0 471 15.9 87.9 56.6 =313 314.0 3449 31.0 7.2 4.3 -11.5 £2.5 633 08
Y UPPER (Outer Ti layer) 129.0 134.0 50 83.8 85.0 12 29.0 28.7 03 107.6 109.7 241 1202 az3.7 36
¥ UPPER (Tl layer behind nextel) 1673 | as05 | 168 | 24 | 1159 | 105 | 530 09 | 421 | 75 | 4336 | 140 | 1595 | 1434 | 162
¥ LOWER (Outer Ti layer) Ans | az7 | 109 | 788 832 4.4 213 181 9.2 970 | 037 [ BF | 053 | 443 | 90
Y LOWER (Ti layer behind nextel) -160.7 -142.8 179 129.7 1141 156 60.6 80.1 195 -146.5 1291 17.4 -155.1 136.9 18.2

MOSIF SUNSHADE MLI AVERAGE DELTA T 12.6 3.1 7.5 5.1 6.6
MOSIF SUNSHADE MLI STD DEVIATION 17.5 14.1 15.1 10.5 10.1

Standard Correlation Results vs TBT
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OPTIMIZATION / DoE CORRELATION i
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0 MOSIF Sunshade TMM correlation redone through an Optimization /DoE
approach

Q Main goals of this “exercise” were:
» Confirm and refine results obtained with the standard method

» Test the applicability of the software to the correlation task

QiSight™is a Dassault Systeme product sold under the Simulia™ brand is
able to run multiple TMM cases through an automatic procedure which
allows the variation of specified parameters within user-imposed ranges to
perform DoE, Optimization, Stochastic analysis, Monte Carlo Simulation
etc.
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QiSight™ provides a suite of visual tools to set up and manage computer
software required to run simulation-based design processes:

B commercial CAD/CAE software
B internally developed programs
B Matlab™, Excel™ spreadsheets, etc.

U Advantage of the tool:
B Rapid integration of applications
B Automatic run of calculation chain with significantly speed up the design/test
space exploration

B Advanced techniques for Optimization, DFSS (Design for Six Sigma),
Approximations and DoE (Design of Experiment) available with the tool
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OPTIMIZATION / DoE CORRELATION i
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U Selection of significant parameters for the Optimization / DoE took advantage of
the experience gained from the standard correlation: correct physical
understanding of the TMM response to the changes of all the most significant
thermal parameters

U 3 equivalent IR emissivities were selected for this scope

Thermo-Physical

Test article items Parameter Name
Parameter

i iSSivity i st nd
Equivalent emissivity in | External 15t layer (Nextel) > MLI ext 2 MOSIF_EPS_12

the radiative conductor layer

- —— v -
Equwal_en_t emissivity in MLI ext 2" Iay_er%_ MLI inner layer MOSIE SS EPS
the radiative conductor Titanium - -

Equivalent emissivity in
the radiative conductor

MLI on GAP position MOSIF_GAP_EPS

QO Optimization/DoE _goal: minimization of the temperature differences between

TMM and TBT
_ and Transportation T H A L E 5
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TARGETS of Correlation:

Delta temperatures Test — Analysis,
calculated with an Excel Spreadsheet

TEST CASES:

(Maximum) Solar Heat Flux =13000 W/m?2
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OPTIMIZATION / DoE CORRELATION i
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St MOSIF_EPS_12 15
\I — MOSIF_GAP_EPS | .
e~ . MOSIF_SS_EPS
Integrated iSight™ model consists of several
“elements” that automatically performed N
following operations: Y
Esatan Th
* TMM execution (ESATAN)
ouT
. - ’
 TMM results manipulation for Delta-T, between oo
test and analysis results, calculation (Excel) Temperatres
. . . , N
« Evaluation of new simulation parameters’ values v
(DoE / Optimization Algorithm) |
Exce
Spreadsheet
ouT
y
Mean
Delta Temperatures
(Test-analysis)
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B Isight Design Gateway : MOSIF_correlation_nodes_mapped (MOSIF_correlation_ALL_nodes_mapped_withMLIsupport_phased.2mf) B [=]E4]
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I’? OPTIMIZATION / DoE CORRELATION
ThalesAlenia
ummmmmm«a;wSpace //’_,_—— _N
N S
QO At the beginning 5 DoE (Latin Hypercube -20 levels) were performed, starting
with
B MOSIF_EPS 12 starting range 0.01-0.9
B MOSIF_GAP_EPS and MOSIF_SS_EPS starting range 0.01-0.1

U The first set of DoE are in line with the standard correlation results especially for
MOSIF_EPS_12 and MOSIF_SS_EPS (see table below).

Correlated Values
(Standard Correlation)

MOSIF_EPS_12 0.14 0.123
MOSIF_GAP_EPS 0.024 0.015
MOSIF_SS_EPS 0.019 0.018

DoE Results

U Refinement of DoE results were carried out with an Optimization (Downhill
Simplex method) run for Phase 4 (Hot Final Cruise)
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OPTIMIZATION / DoE CORRELATION i
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U Optimization results for Phase 4 — Hot Final Cruise
Correlated Values
_ (Standard Correlation)
MOSIF_EPS 12 0.14
MOSIF_GAP_EPS 0.0258 0.024
MOSIF SS EPS 0.0186 0.019
Mean AT Standard Deviation
(Standard (Standard
Phase 4 Correlation — Correlation —
Phase 4) Phase 4)
MOSIF Beam 3.0 4.9
MOSIF Lower Ring 3.6 2.9
MOSIF Upper Ring 4.3 54
MOSIF Arms 7.1 8.7
MOSIF I/F Ring 39.8 1.4
MOSIF Internal Panels 4.6 3.9
MOSIF S/A Panels 1.0 3.6
MOSIF Sunshade MLI 3.1 14.1
MOSIF MLI Support 3.1 14.4
[IESIIRESTUGlres and Transportation THALES
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U Phase 4 Optimization results was validated against Phase 6 (Survival) test data
Mean AT Standard Deviation
Phase 6 (Standard (Standard
Correlation — Correlation —
Phase 6) Phase 6)
MOSIF Beam 3.01 6.81 4.0 7.0
MOSIF Lower Ring 1.88 3.82 3.0 4.3
MOSIF Upper Ring 1.04 5.47 1.8 5.6
MOSIF Arms 9.00 8.23 8.4 8.4
MOSIF I/F Ring 39.92 2.14 39.4 2.2
MOSIF Internal Panels 4.63 5.08 4.0 5.2
MOSIF S/A Panels 0.97 4.68 0.1 4.9
MOSIF Sunshade MLI 4.30 14.58 7.5 15.1
MOSIF MLI Support 1.80 17.39 2.7 17.9
U Better results (lower Delta-T w.r.t. standard correlation) are obtained also for
Phase 6
_d Transportation T H A L E 5
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(SA) panel Delta-T.

U Starting from DoE results, another Optimization was performed over Phase 6
data, with a decreasing of MOSIF_EPS_12 but also an increasing of Solar Array

O Results of Phase 4 optimization are preferred since minimize the most important
MMO Solar Array panels Delta-T

I’? OPTIMIZATION / DoE CORRELATION i
ThalesAIe a

s et ST i ——— _T
o . 21

Standard Standard Optimization
Correlation Correlation Phase 6
(Phase 4) (Phase 6) Results
MOSIF _EPS 12 0.14 0.14 0.1259 0.1200
MOSIF GAP_EPS 0.024 0.024 0.0258 0.0269
MOSIF SS EPS 0.019 0.019 0.0186 0.0211
Mean DT MLI 3.1 7.5 0.056 0.731
Mean_DT_MLI_support 3.1 2.7 1.89 0.541
Mean DT _SA panel 1.0 0.1 1.98 3.725
Selected Values /
[IESIIRESTUGlres and Transportation THALES
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Optimization/DoE advantages w.r.t. Standard approach:

0 Computes the actual emissivity values that minimize the target of
correlation (AT and Standard Deviations) => MOSIF_EPS_12 decreasing
example

U Time saving: integrated iSight model build-up and run took about 7
working days instead of several weeks needed for the standard
correlation method.

but...

U Results obtained with Optimization/DoE analyses must be critically
assessed

Q Always verify that the optimal solution is numerically correct and also
realistic
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- Thanks for your attention
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