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ABSTRACT

This document contains the minutes of the Fifteenth European
Thermal and ECLS Software Workshop held at ESTEC, Noord-
wijk, The Netherlands on the 9th and 10th October 2001. It is in-
tended to reflect all of the additional comments and questions of
the participants. In this way, progress (past and future) can be
monitored and the views of the user community represented. The
final schedule for the Workshop can be found after the table of
contents. The list of participants appears as the final appendix.
The other appendices consist of copies of the viewgraphs used in
each presentation and related documents.
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1. Tuesday 9th October: Morning Session

1.1. Welcome and Introduction

O. Pin (ESTEC)welcomedeveryoneto the workshop,andsaidthat he appreciatedthe effort
thatpeoplehadmadein coming,in spiteof recentinternationalevents1. Hedescribedtheaims
and structure of the workshop. (See Appendix A)

He explained that the workshop was intended to have three main purposes:

• allow an exchange of views on the use of thermal analysis software
• provide a forum for contact between the developers and the users
• present new versions of the software and get feedback from the users

He introduced the teams from ESTEC and Alstom.

Heexplainedthechangein theformatof theworkshopawayfrom presentationsonly to having
morningsdedicatedto suchpresentations,with moreinformal softwaredemonstrationsin the
afternoons.Theroundtablediscussionwould moveto theendof the first day ratherthanthe
end of the workshopwhen many peoplehad to rush for flights. Topics for discussionhad
derived from questionnaire answers received prior to the workshop.

He informedeveryonethat5 PCshadbeensetupat thebackof theroom,eachwith adifferent
softwaretool,andpeoplewereencouragedto playwith thetoolsandaskfor demonstrationsand
help as appropriate.

HeremindedeveryoneabouttheICESconferencein 2002,andthatthedeadlinefor thereceipt
of abstracts had almost arrived.

1.2. Managing the Interface between ThermXL and ESARAD

A. Robson(Astrium-UK) presenteddetailsof workingwith bothESARADandThermXLand
therequirementsandproblemsof transferringinformationbetweenthetwo. (SeeAppendixB)

F. duLaurens(Alstom) notedthat thepresentationhadinvolved theuseof ThermXL version
1.0.HesaidthatThermXLversion2.0wouldbedemonstratedlaterin theday,andthisversion
did havean ESATAN file export facility. O. Pin (ESTEC)saidthe ESATAN export facility
provideda static view of the nodes.It was not possibleto export the time and temperature
formula for eachconductor,so it was difficult to model variableconductors.However,the
softwarewould highlight any areaswhere there might be problemswith the conversion.
F. duLaurenssaidthatThermXL version2.0wasnow undergoingfinal testing,andwould be
available shortly.

O. Pin saidthatoneof thecurrentESARAD developmentswasanexportfacility so thatdata

1. The attack on the World Trade Center in New York on the 11th September 2001.
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could be imported into tools suchas ThermXL. A work packageto import suchfiles into
ThermXL was currently being defined.

P.Poinas(ESTEC)askedwhethertherewasanESATAN importfacility. Hefelt thatThermXL
was a tool for local analysis,and he didn’t seeany point in exportinga 10-nodemodel to
ESATAN, but he could seethe needfor extractinga set of nodesfrom an ESATAN file.
A. Robsonsaidthat themainreasonto improvethe interfacebetweenthetoolswasthemove
from thequick designsizinganalysis,wherethemodeltendedto developquickly, but thenit
wasdifficult to convertfrom ThermXL to ESATAN. O. Pin saidthathetook P.Poinas’point
and that ESTEC would look into the matter.

O. Pin askedwhetheranyoneelsehadusedThermXL.M. Molina (CarloGavazziSpace)said
that he hadtried, but hadbeenunableto run it. O. Pin askedwhetherthe PC wasconfigured
with anItalianenvironment,with commaasthedecimalseparator,butM. Molina saidthatthe
PCwasconfiguredwith theUK environment.E. Cosson(EADS) saidhehadusedit, but had
experiencedslight problems.O. Pin remindedeveryonethat therewas a known problemof
usinga commaasthe decimalseparatorfor thosemachineswith non-UK settings.S.Kasper
(Jena-Optronik) said that he had been using ThermXL without any problems.

1.3. An Introduction to G-DELTAN V3 - An Interactive Thermal Analysis
Tool

C. Williamson (Eutelsat)describedthe developmentof a simplethermalanalysistool which
interpretedthe input data and which didn’t require a compilation stage.He also gave a
demonstration of the tool. (See Appendix C)

P.vanLeijenhorst(FokkerSpace)askedwhetherit waspossibleto useG-DELTAN to perform
a completethermal analysiswithout plotting any data,and then plot the areasof interest
afterwards.C. Williamsonsaidthat it was.P.vanLeijenhorstaskedwhetherthewholeof the
analysiscouldbesavedfor useata latertime.C. Williamsonsaidit was,andthatall datacould
be saved to disk, including the text.

O. Pin (ESTEC)askedwhy therewasa 500 nodelimit. C. Williamson answeredthat it asa
relativelyarbitrarylimit, althoughhehadfoundthatthesoftwarebecamelessandlessefficient
as the arrays became larger. The solver ignored unused node numbers in the input.

J.Persson(ESTEC) asked whether it was possible to generateconductorsin the nodal
breakdownwhenusingtheautogenfunction.C. Williamsonsaidthatit waspossiblefor simple
shapes.J.Perssonaskedwhich shapesweresupported.C. Williamsonsaidthat for nodesand
conductors the supported shapes were rectangles, cylinders, disks, fins and loops.

O. Pinaskedwhetherit wastransparentwhatalgorithmswereused.C. Williamsonsaidthatthe
userenteredthepropertiesfor thenodes,andthenthesoftwareusedasimpleiterationtechnique
rather than a specific algorithm.

O. Pinaskedwhetherit waspossibleto haveavariableconductordependingonthetemperature
whenusingautogen.C. Williamsonsaidthatit wasnotpossiblewhenusingautogen,but it was
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possible elsewhere.

M. Molina (CarloGavazziSpace)askedwhatwasthesuggestedsizeof modelwhich couldbe
handledby thesoftware.He realizedthat therewasa limit of 500nodes,but wantedto what
numberwasbest.C. Williamson admittedthat he didn’t haveany empiricaldataon this, but
would guess that 300 nodes probably the optimum number.

M. Molina askedwhy the softwarehad beendevelopedwhen MINITAN had alreadybeen
available.C. Williamsonsaidthathenowhadaroleasacustomerratherthanasub-contractor,
and often neededto do simple analysis.O. Pin felt that G-DELTAN was not really like
MINITAN. It was more like ThermXL becauseit provided real-time plotting capabilities.
C. Williamsonadmittedthat it waspossibleto do a lot of thingsusingExcel,but felt that the
overhead of using Excel made any analysis slow.

M. Molina askedwhatplanstherewerefor distributionof thesoftwareoncethebetatestinghad
beencompleted.C. Williamson answeredthat therewere no definite plansat the moment.
M. Molina askedwhetherit would bepossibleto distributethesoftwareoutsidethecompany.
C. Williamson said that it would be possible because it was his software.

P.Poinas(ESTEC)askedwhethertherehadbeenanycomparisonof thespeedof G-DELTAN
comparedto ESATAN. C. Williamson said that you had to be careful in making any such
comparison.ESATAN was optimised for larger models.G-DELTAN wasn’t intendedto
replaceESATAN. G-DELTAN wasintendedto bea tool for quick analysis.Therewasa hole
betweenusinghandcalculationsandusingESATAN. G-DELTAN wasahead-startinto filling
this hole.

P.Poinasaskedwhetherit wouldn’t bepossibleto reduceESATAN run timesby reducingthe
sizesof the arraysused.C. Williamson felt that he could not really commenton ESATAN.
G-DELTAN couldusesmallarraysbecauseit wasintendedfor smallmodels.O. Pin saidthat
ESATAN runs involved a lot of overhead.A lot of checkinghad to be donebecause,for
example,theusercouldswitchon nodesin eachiteration.All of this checkingtook time. He
admittedthattheESATAN solverswhereold, andagreedthattheremight bea needto look at
whether more modern solvers and software techniques might be better and faster.

P.Poinasaskedwhethertherehadbeenanyresearchinto thetimeproblemsin ESATAN.O. Pin
saidthatalot of thetimecouldbeaccountedfor in theVARIABLES1 blockhandling.Thishad
beendiscoveredduringthework with CNESinto theFHTSsolvers.Initially it wasthoughtthat
thenewsolverroutineswerethesourceof theproblem,but thetime wasactuallytakenin the
serviceroutineswhich areusedto checkthe variousproperties.What wastrue for the FHTS
solver probably applied to a certain extent to the ESATAN solvers.

C. Williamson said that ESATAN loseswhenusingsmall modelsbecauseof the additional
overhead involved in pre-processing the model and generating and compiling the Fortran.

1.4. Improving Ray-Tracing Algorithms for Monte-Carlo Simulations.

B. Shaughnessy(RAL) presentedsome ideas on using discrete probability functions to
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determine the path of rays after multi-reflections. (See Appendix D)

HP.deKoning (ESTEC) askedwhetherB. Shaughnessywas awareof the extendedview
factorsin ESARAD. Thesehadcertainsimilaritiesto the presentationin that they combined
incidentandspecularbehaviour.B. Shaughnessyhadlookedinto usingthe Markov chainof
transition probabilities and matrix algebra.

P.Renard(Astrium-SAS)askedwhetherthe accuracyof the resultswas dependanton the
meshing.B. Shaughnessysaid that it was,but notedthat so far he had only studiedsimple
geometries.He didn’t yet know whetherthe algorithmwould scaleto handlemorecomplex
geometries.If it didn’t work with morecomplexgeometries,thenhewould beforcedto drop
this approach.

1.5. New Ray-Tracing Technique for THERMICA

M. Jacquiau(Astrium-SAS)describedimprovementsto theray-tracingusedin THERMICA to
make use of oct-trees and other techniques. (See Appendix E)

HP.deKoning (ESTEC)askedwhetherthe oct-treealgorithmstartedwith a cubeor with a
rectangularblock.M. Jacquiauansweredthattheyusedarectangularblock,andusedvoxelsof
the same ratio.

F. duLaurens(Alstom) wonderedabouthow well the model was encapsulatedin the voxel
space.He askedaboutthevoxel breakdownfor anunmeshedsphere.M. Jacquiausaidthatat
thesurfaceof thespheretherewould bea lot of smallvoxels.During initialization thesphere
would be meshed,but voxelswereonly requiredfor the surface.It waspossibleto tunethe
initial meshing.

O. Pin (ESTEC)askedaboutthe numberof levelsof voxelsin the oct-tree.M. Jacquiausaid
that theoct-treetypically wentdownto between6 and8 levels,but for pathologicalcasesthe
oct-treecouldhavemorelevels,even20.However,it wasn’tusuallypossibleto havetoomany
levelsfor thewholemodel,somorelevelswereonly usuallyusedfor specificsmallareassuch
aselectronicequipment.O. Pin askedaboutthe criteria which wereused.When therewere
emptyvoxels?How was it possibleto stop the increasein levels?M. Jacquiausaid that the
recursionusuallystoppedwhenthevoxelwasempty,but it wasalsopossibleto limit thelevels
by stopping when there were just 2 or 3 surfaces in the voxel.

1.6. Report on TFAWS and Introduction to ThermPlot

HP.deKoning (ESTEC) describedthe TFAWS workshopand highlighted the interesting
developments.Hewentonto describeThermPlot,autility writtenby HumePeabodyof Swales,
and presented at TFAWS. (See Appendix F)

B. Shaughnessy(RAL) askedaboutthemaximumsizeof ESATANfile whichcouldbehandled
by ThermPlot.O. Pin (ESTEC)saidthathehadbeenableto processa 16Mb ESATAN output
file for METOPcorrespondingto atransientcase.HP.deKoningsaidthatthemodelcontained
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about 1200 nodes.

O. PinadmittedthatprocessingtheESATAN outputfiles did taketime.It wasusuallybetterto
work with binary datafiles ratherthan parsingASCII files. He said that it took 3 hoursto
processtheESATAN outputfile for METOPin orderto obtaintheheatbalances.This wason
a systemwith a 400MHz Pentium3 processorwith 128Mb of memory.M. Molina (Carlo
GavazziSpace)askedhow big theESATAN outputandExcel files hadbeen.O. Pin saidthat
theESATAN outputfile for this particularMETOPmodelwas16Mb.This file containedheat
balancedataratherthantemperaturedata.TheExcelfile producedfrom thisby ThermPlotwas
10Mb. Howeverthesizeof the files would vary on a caseby casebasis.If theusercreateda
largenumberof plots,or aplot involving a largenumberof nodes,thentheresultingExcelfile
could become much larger.

O. Pin askedwhetheranyonewould be interestedin usingThermPlot.It wasa free tool, and
couldbedownloadedfrom theSwalesWebsite.This wasa first but still limited answerto the
recurrentneedfor apost-processingtool.HesaidthatHumePeabodywasveryenthusiastic,and
wasvery responsiveto problemreports.He stressedthat theESATAN sideof ThermPlotwas
still in beingtested.E. Cosson(EADS)andtwootherssaidthattheywereinterested.O. Pinsaid
that in any event, various people at ESTEC would experiment in using ThermPlot.

K.Caire(Alcatel)askedwhetherThermPlotalsohadaninterfacefor TMG. HP.deKoningsaid
HumePeabodywasworkingonprovidingaTMG interface,buthewasworkingsingle-handed.
HP.deKoningsaidthatThermPlotwasaniceinitiative,butit dependedonasingleperson.The
software was free, but there were also no guarantees about its future.

2. Tuesday 9th October: Afternoon Session

2.1. Artifis/Topic/ThermXL

F. duLaurens(Alstom)describedtheuseof threelight weighttoolsfor earlydesignstudies,and
demonstratedArtifis andTopic. He saidhewould demonstrateThermXL after thesessionto
anyone interested. (See Appendix G)

O. Pin (ESTEC)askedwhetheranyonehadusedtheversionof Artifis thathadbeenincluded
on the ESARAD4.2 CD. A. Robson(Astrium-UK) said that he had testedit, but had not
actually used it. He agreed that it was very quick.

J.Persson(ESTEC)askedwhetherit would bepossibleto extendtheTopic demonstrationto
usetheSTK file asinput.F. duLaurenssaidthathedidn’t haveSTK installedonthePC,but it
wouldbepossibleto usetheSTK compatiblefile whichhadbeengeneratedduringtheprevious
run of Topic. All that was needed was to remove the initial comment line from the file.

O. PinaskedwhetherthedatacouldbeeasilyimportedintoExcel.F. duLaurenssaidthatit was
possible, and users could also create and Excel macro to extract data.
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O. PinsaidthatArtifis andTopichadbeendistributedontheESARAD4.2CDROM,andasked
how peoplecouldaccessthetoolsnow.F. duLaurenssaidthatit would bepossibleto include
themwith thenextversionof ESARAD, if therewassufficientdemand,andif it wasOK with
ESA. It might then be possible to incorporate D.Gibson’s speed improvements.

P.vanLeijenhorst(FokkerSpace)notedthat the usercould seethe percentageof eclipseper
orbit,butaskedwhetherit waspossibleto seethecompletedurationof eclipseduringthewhole
mission.F. duLaurenssaidthattheuserwouldcurrentlyneedto setthemissiontimestepto be
thesameastheorbitalperiod,andthensumtherelevantcolumnsof datain atool suchasExcel.

K.Caire(Alcatel)wasinterestedin theLow EarthOrbit capabilities,andspecificallywantedto
computethe orbital drift. F. duLaurenssaid that Topic could handleJ2 perturbationsto the
standard Keplerian orbits, so the orbit precession could be taken into account.

T.Basset(Alcatel)askedwhetherArtifis andTopichandledyawsteeringin theattitudecontrol.
F. duLaurens said that Artifis and Topic used the so-called “Euler angles” just as in
ESARAD3.2.Theuserhadto fix theattitudeat thestartof the run usingtheseEulerangles.
HP.deKoning (ESTEC)said that it wasn’t currently possibleto do yaw steering.The user
could not changethe attitudeof the geometrywithin an orbit. This could be one possible
extension of the tools.

The discussion went on to the presentation of ThermXL by H.Brouquet (Alstom).

O. Pin said that in the new versionof ThermXL the usercould call the solversfrom Visual
Basic, so it was now possibleto do parameterruns by using Visual Basic to generatethe
parametersandthencall the solvers.O. Pin stressedthat any modelwhich hadbeenbuilt in
ThermXL1.0 would still be valid in ThermXL2.0.

V. Perotto(Alenia) remarkedthat ThermXL could calculatethe heatflux for eachnode,and
askedwhetherit wasalsopossibleto calculatethesink temperature.O. Pinsaidthatthiswasa
goodideain principle,but askedwhatV. Perottomeantby sink temperature.Thequestionof
sink temperatureshadbeenraisedat previousworkshops,but therehadneverbeencomplete
agreement on the definition.

O. Pin saidthattherehadbeena demoversionof ThermXL1.0which alloweda maximumof
21 nodes.ThermXL2.0 would probablybe releasedin a commercialversiononly, with no
demo version, but it would only cost 1000 euros (i.e. 2 days of engineer time).

2.2. Stochastic Approach to Spacecraft Thermal Control Subsystem

F. Lamela(CASA) describeda stochasticmethodof performingthermalanalysis,to identify
the critical parameters in a spacecraft thermal design, for example. (See Appendix H)

C. Williamson (Eutelsat)askedaboutthe calculationof the variationof parametersfor MLI.
F. Lamelasaid that in order to decidethe interval for the normal distribution usedfor the
parameters,it wasnecessaryto negotiatewith thedesignersof theotherpartsif possible,but
therewasnotreallyanydistributionlaw whichcouldbeappliedto satellitecomponents.Forthe
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MLI theyhaduseda normaldistribution.For dependantvariables,thesoftwarewould accept
anyformula,sotheusercouldspecifya logarithmiclaw for example,but userwasfreeto use
a normaldistribution,or whatevermadesense.The softwareoffereda “calculator” panelto
allow theuserto input theformulausedto calculatethevariabledependency.He stressedthat
user often had to push to get information about the other subsystems to use as input.

C. Williamson askedhow the stochasticapproachaffectedsystematicerrors.F. Lamelasaid
that theuserdid not needto assumethat therewould besystematicerrors.Thesoftwareused
MonteCarlomethodsandthesamplingusedacombinationof data.C. Williamsonaskedabout
purecalculationerrors.F. Lamelasaidthat they hadrun 100 ThermicaandESATAN model
cases.

S.Kasper(Jena-Optronik)askedhow theESARAD resultshadbeenexportedinto ESATAN.
In running parametriccasesthere was a need to perform a lot of runs without manual
intervention,sosomesortof batchfile wasrequired.F. Lamelasaidthatit hadbeendifficult in
ESARAD, but Thermicaallowed the userto add a copy commandto get the datainto the
ESATAN file. S.Kaspercommentedthat it was often necessaryto have additional small
programs to manage parameter data.

HP.deKoning(ESTEC)askedhowmuchCPUtimeandpowerhadbeenneededfor thebattery
analysis.F. Lamelasaidthat theCPUtime for theoverallanalysiswastheCPUtime for one
run multiplied by the numberof runs,thereforethe userneededto find waysof reducingthe
time perrun. Oneway wasto adda subroutineto theESATAN modelto readtheparameters
eachtime,ratherthenpre-processingthewholemodelwith anewsetof parameters.Usingsome
READ statementscould savea lot of time. HP.deKoning askedhow long the analysishad
taken.F. Lamelasaidthat thebasicanalysishadtakenonehour for theMiniSat case,but the
stochastic approach had needed only 24 hours for 80 cases.

HP.deKoning askedwhetherthe softwareran on a Linux cluster.F. Lamelasaid that the
softwareonly ranononeCPU,butsomecleverscriptingwasneededto sendtheESATAN runs
to other machines.

C. Puillet (CNES)askedhow it waspossibleto know the confidenceinterval for the results
without knowing the distribution law for the parameters.F. Lamela said that by using a
probability density function on the results, it was possibleto order the temperaturesand
accumulatecases.When 95% of them matched,the user knew that the resultshave been
achieved.

O. Pin (ESTEC) announced that ESA intended to open an ITT on the subject.

2.3. ESARAD

F. duLaurens(Alstom)presenteddetailsof variousassumptionsusedin ESARAD,andtipsand
usefulpiecesof informationwhich couldbeusedto improvetheusers’modellingcapabilities.
(See Appendix I)

H.Rathjen (Astrium-D) asked why the user couldn’t put the capacitancevalues in the
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VARIABLES1 block so that they could be usedto define temperaturedependencies.O. Pin
(ESTEC) answered that this was possible, and the user could do it using cut and paste editing.

S.Kasper(Jena-Optronik)commentedthat when the cutting facilities are used,sometimes
ESARAD is unable to calculatethe capacitances.F. duLaurenssaid that the capacitance
calculationshouldwork, evenfor cut surfaces.If S.Kasperhad a model with this specific
problem he should forward it to user support for investigation.

S.Appel (ESTEC)askedwhetherthethicknessparameteraffectedtheoutersurfaceof a shell.
F. duLaurenssaidthatESARAD workedwith thin shellgeometries,sothethicknessis only a
notionalvaluewhich givesa meansof calculatingthemassof theshellanddoesn’taffect the
geometry as such.

S.Appel askedwhethertherewasanylimitation in thevalueof NBDIV which theusercould
specify,becausetherewasnomentionof this in themanual.F. duLaurenssaidthathewasnot
sure,andwould needto check.P.Renard(Astrium-SAS)said that NBDIV wasusedby the
planet flux calculations,in a different parser.NBDIV was not the samething as the box
meshing. In Thermica, NBDIV was not a user parameter.

P.Renardhada questionabouttheprojectionof theSunontotheboundingbox in thecaseof
non-parallelsolarflux. Thecircle representingtheprojectionof theSunon theenclosingbox
was very small. This implied that NBDIV would haveto be large. F. duLaurenssaid that
normallytheuserleft theNBDIV parametersetto zero.In thiscase,ESARADwouldcalculate
the optimal value for NBDIV.

B. Shaughnessy(RAL) askedwhethertheintersectiontestbetweentheray from thespacecraft
to theplanet,or thesun,waswith theedgeof theboundingboxorwith thevoxels.F. duLaurens
said that the test was made with the projection on the bounding box.

HP.deKoning (ESTEC) said that there was a publicly available ESARAD algorithms
documentwhich explainedall of the calculations.This documenthad beensuppliedwith
ESARAD3.2, but was still valid, and could be made available to users.

S.Kasperaskedabouttheexp3to2utility. Wherecouldhefind it? F. duLaurensrepliedthatit
wasonly relevantto thePCversionof ESARAD,andcouldbefoundin theESARAD_DIR\bin
directory of a PC installation.

I. Renouf(Astrium-UK) mentionedthathehadexperiencedproblemswith importingGFFfiles
into ESARAD. S.Kaspersaidthathehadusedthis, but wonderedwhetherit waspossibleto
havemorethan8 coloursfor displayingtheresults.F. duLaurenssaidhewasawareof this.The
userhadto click on thecolourselectiondialogbox.Thedefaultnumberof colourswas8, but
the user could select up to 16 if needed.

HP.deKoning warnedeveryonethatunderWindowsNT, therewasaninherentlimit of 2GB
maximummemorywhich could be usedby any particularprocess(asopposedto mostUnix
platformswhich provideup to 4Gb memoryper process).Therefore,if the modelwasvery
large,or thereweremanyorbit positions,it waspossibleto getpastthis memorylimitation by
usingthe batchprocesses.This releasedthe memorywhich would otherwisebe usedby the
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GUI.

S.Appel saidthatwhenrunningbatchversionsof a model,it wasoftenconvenientto beable
to run severalversionsof thesamemodel,eachwith slightly differentparameters.This could
beachievedby resettingthe$HOME variableto point to thecurrentdirectorysothatdifferent
versions of the model could be run in parallel in different directories.

A. Robson(Astrium-UK) commentedthatESARADgeneratedasingleESATAN file andthat
this often neededto be split up further in order to include the different blocks in a master
skeleton ESATAN file. He wonderedwhether there was any way of automating this.
F. duLaurenssaidthatoneproblemwith this wasthatESARAD didn’t know aboutESATAN
sub-models.HP.deKoning acknowledgedthe problem and addedthat the next releaseof
ESARAD would allow theuserto defineanESATAN templatefile containingplace-holders
for the blocks of interest.The ESATAN file formatting would then insert the blocks at the
appropriate places. This feature should be in the next major release.

F. duLaurenssaidthathewould betalking abouttheup-comingreleasesin a presentationon
the following day.

2.4. Round Table Discussion

HP.deKoning (ESTEC) introducedthe last part of the day, which was a Round Table
Discussion(evenif thetablewasn’t really round).He told everyonethatO. Pin (ESTEC)had
sentout a questionnairewith a spaceto indicatesubjectsfor discussion.ESTEChadscanned
theserepliesfor commontopics.Heshowed“bullet-lists” of themainpoints.(SeeAppendixJ)

2.5.1. Model reduction

The first common topic was “model reduction”.

HP.deKoningaskedwhy peoplefelt thatmodelreductionwasimportant.Wasit for reasonsof
computingtime?Or to simplify post-processingof results?Or for the integrationof models
from sub-contractors.

J.Persson(ESTEC)answeredthat for the InternationalSpaceStationanalysistherewas an
obviousneedto havereducedinterfacemodelsotherwisethe analysiswould be completely
unmanageable.Thiswasanexampleof a reducedmodelbeingmadeavailablefrom thesystem
level for the sub-system or payload level analysis.

S.Price (Astrium-UK) said that the integrationof sub-contractors’models into an overall
satellite model was the main reasonin Astrium-UK. O. Pin thought that integratinglarge
numbersof detailedandreducedmodelswould alsobedifficult to manage.S.Priceadmitted
that these resulted in very large models.

O. Pin askedwhethertheywould havethesameapproachif the thermalsoftwaretoolscould
handle models of 10000 nodes.
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S.PricesaidthattheCPUtimewasalsoanimportantfactor.ForasatellitesuchasRosettawith
20 instrumentsub-models,if eachsub-modelwasallowedto have1000nodesthentheoverall
model would be too large. There was the questionof CPU time, as well as the physical
capabilities of ESATAN and ESARAD.

J.Perssonfelt that the useof reducedmodelswas a systemintegrationissue:eachmodule
developer was not interested in the details of the other modules.

HP.deKoningagreedthattherewereactuallytwo kindsof reducedmodelusage:thetop-down
interfacespecificationapproachneededin phasesA andB andthebottom-upapproachneeded
in the phase C/D verification of interfaces, etc.

F. Lamela(CASA) askedwhat was the real meaningbehindmodel reduction.If thereis an
interfacefor a primecontractor,whatwerethemainparametersfor themodel.Thesupplierof
theplatformwasonly interestedin theoverallheatflux. Whywasit necessarytosupplyamodel
to specifysingleheatfluxes?The reducedmodelcould be assimpleasa tableof fluxes, or
temperaturesof keypoints,andneedonlycontain20values.S.Pricesaidthatit reallydepended
on how many instrumentsexistedin the model. There was also the issueof whetherthe
integratorwasalsothesupplierof thenon-thermalsideaswell. It wasn’tsufficient to simply
definethe interfacein termsof temperaturesor fluxes becauseoften the completegeometry
model was neededtoo, for thermal-radiationinteraction.HP.deKoning agreedthat if the
interfacewaslimited to a conductivemountingplateonly, thenjust supplyingtemperaturesor
fluxes was fine, but if there were radiative links then something more was required.

F. Lamelasaidthat modelsoften contained100 to 200 nodesto model internalnodeswhich
werenot neededfor theexternalinterface.Therewasa differencein thequality of themodels
requiredinternally and that neededby the prime contractor.S.Price arguedthat the prime
contractoralsoneededtheinternalinteractionin orderto gettheheatflows from theinstrument
into thespacecraft.F. Lamelaadmittedthatthefinal decisionwastheresponsibilityof theprime
contractorandthattheymightneedthewholemodel.S.Pricesaidthatthedetaileddesignwas
doneby the instrumentsub-contractors,but they still neededrealisticflight conditionsat the
spacecraftlevel. The prime contractorneededgeometricalmodels,andnot just the interface
temperatures.He stressedthat what was requiredwas a representativemodel,and that this
didn’t necessarily have to be a detailed model.

F. Lamela said that a condensedmodel gave information on the temperaturesof 15 or so
elements.Whentherewasa smallproblem,thetemperaturescouldbeextrapolatedfrom these
elements.This washow it hadbeendone20 yearsagoby thestructurespeople.A modelwas
neededfor theinterfaces.A condensedmathematicalmodelcouldbeusedfor extrapolationin
the whole model. S.Price felt that a condensedmodel only reflecteda limited numberof
parameters,andthattheywereonly valid for certainconditions.F. Lamelasaidthatthemodels
shouldcontainindependentparametersonly.HP.deKoningsaidthatthemainparameterswere
usuallyrepresented.S.Pricesaidthis gavea reducedmodelwhich theprimecouldusebut it
wasstill betterto takethedetailedmodelin orderto removeanerrorsintroducedby themodel
reduction,providedthesoftwarecouldhandlethecompletedetailedmodelHP.deKoningsaid
theprimecontractorcouldkeepon runningthecompletemodel,but therewereproblemswith
configuration control and integration.
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O. Pin felt thattherewasaproblemof feasibility in usingthedetailedmodels.Thereweretwo
optionswhich neededto beconsideredfor futuredevelopments.In the first casewhereusers
neededto work with the completemodels,the tools had to be scalableto handlethe large
models.In thesecondcasewhereusersneededto work with reducedmodels,thetoolswould
need to support model reduction or help to automate it.

HP.deKoningsaidthatthethermaltoolsneededto beadaptedto handlelargemodelsin order
to make the completemodel approachfeasible.The questionof model reductionalways
generatedlotsof discussion.Therewasalsotheproblemthatseriousverificationof thereduced
modelagainstthedetailedmodelwasoftenverydifficult, andsometimesimpossible.Everyone
needed to have confidence in the results.

S.PricesaidthatAstrium-UK hadspecificationsof howto definemodelsandtherelationships
betweendetailedand reducedmodels,even though using reducedmodelscould introduce
errors.

HP.deKoningfelt thatmodelreductionwasenoughof aproblemthatverificationof anymodel
reductiontoolswasnecessary.Thesewereoftenablackboxwith somematrix linking input to
output.

S.Pricefelt thatmostlargeprojectshadspecificationsfor modelreduction,andmosthadsome
softwareto help do it. He was concernedabout trying to analyseconditionsfor which no
correlationdatawasavailable,becauseoftentherewasno way to aska sub-contractorfor the
datayearsaftertheoriginalwork hadbeencompleted.To investigatesuchcasesananalysisrun
for Envisat would take 24 to 36 hours even with the reduced instrument models.

O. Pinsaidit lookedasthoughmodelreductionwassomethingthateveryonewouldhaveto live
with, but he askedwhethertherewasa standardway of doing it. ShouldESA addressthis?
Shouldtherebestudiesinto automaticmodelreductionfunctions?Thequestionwould thenbe
howto comparethedifferentmodelreductionschemes.Hefelt thatin theendit wouldall come
down to engineering judgement.

S.Pricesaidthat Astrium-UK hadbeeninvolved in Rosetta,EnvisatandMetop.A common
approachhadbeendevelopedwithin Astriumonhowto providemodelsto othergroupswithin
Astrium. This approach would also need to look at reducedmodels.

C. Williamson (Eutelsat)felt that therewas not one correctanswerwhen it cameto model
reduction.Themodelreductionrequiredfor oneinstrumentmight not bethesameasrequired
by another instrument. The prime contractors needed to have a pragmatic approach.

HP.deKoning summarized the discussion so far:

• for the foreseeablefutureeveryonewould have to live with reducedmodels.For example,
theISSenvironmentspecificationshadto betop-down, but allow a bottom-upapproachfor
integration.

• in additionto theECSSstandardfor thermalcontrol,therewasa needto have checklistfor
model reduction in order to standardise the procedures used.

• projectspecificationscould thenrefer to this checklistandguidethediscussionstowardsa
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common approach.

HP.deKoning informedeveryonethatW. Supper(ESTEC)would give a shorttalk aboutthe
ECSSThermal Standard.He felt that the level 2 documentscould focus on such thermal
analysisissues.O. Pin askedwhetheranyonewould be interestedin taking part in the ECSS
Working Group.

C. Puillet(CNES)saidthatmodelreductionhadbeendiscussedin previousroundtablesessions
andthata lot couldbeachievedby specifyinga sink temperature.O. Pin saidthattheThermal
ControlStandarddid provideonedefinition,butnoteveryonewasagreedonthisdefinition.He
went on to say that the ThermalControl Standardcould also provide modelling and model
reductionguidelines.He felt that this wasan issuebecausepeopleoftenneededto work with
someoneelse’smodels.He saidthathehadbeencalledin to helpwith problemsin ESATAN
models where the model reduction had been a real mess.

P.vanLeijenhorst(FokkerSpace)remarkedthat if you didn’t trust the model,or weredoing
shadowengineering,thenthisneededadifferentapproachto workingwith aninterfacemodel.
Whendealingwith aninterfacemodel,it couldbetreatedasablackboxandyoudidn’t needto
careabouttheinternals.If youneededthemodelfor shadowengineeringthenyouneededto be
able to understand the model.

A. Aguilar (SpaceContact)askedwhetherit waspossibleto haveacombinedinterfacebetween
modelsin orderto allow severalsub-modellersworking in parallel.O. Pin repliedthat if we
took ESATAN as an example,which allowed the user accessto the Fortran, it would be
necessaryto have message-passingbetweenthe different sub-modelparts. HP.deKoning
admittedthat, technicallyspeaking,suchmodel couplingwaspossible:it would requirethe
additionof verycleaninter-processcommunicationto ESATAN.However,hefelt thatit would
notsolvetheproblemof managingamultitudeof models,andtherewouldstill beproblemsin
integrating models.

K.Caire (Alcatel) said that every thermalmathematicalmodelwhich sheworkedon always
resultedin areducedmodel.Everyoneknewthatthereducedmodelisnotatruephysicalmodel,
but it could be used for random parametervariations. You don’t always have enough
informationabouttheheatflow in thereducedmodelandit wasdifficult to correlate.GAETAN
could do it, but it was not complete.Shesaid that the main criterion was the heatbalance.
HP.deKoningagreedthatto verify thatareducedmodelrepresentsthedetailedmodeltheheat
balances should be similar.

O. Pin once more asked whether there were any volunteers to work on the ECSS standards.

F. Koorevaar(FokkerSpace)askedaboutNASA standards.O. PinsaidthattherewasaNASA
handbook from Marshall Space Flight Center, but this was not available to everyone.

S.Price said that Astrium had a working group which was trying to tackle these issues.

V. Perotto(Alenia)saidthathewasalittle puzzledabouttheusefulnessof modelreduction.He
hadbeeninvolved in caseswheremodel reductionhadbeentried, but they hadendedup in
usingthedetailedmodelsanywaybecauseit waslesswork to usethedetailedmodelsthanto
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provethat thedetailedandreducedmodelswereequivalent.Whenyou needto usea reduced
model from elsewhere,it was alwaysnecessaryto identify the requirementsas to why the
reducedmodelhadbeenproduced.If thesewerenot well definedthenyou canhavea reduced
modelthatisdifficult tocorrelateto thecomplexmodel.Oftenyouendupreducingthecomplex
modelagain,andthis couldn’t bedoneautomatically.Therewassomeneedfor supportin the
post-processingof models.Howeverit wasimportantnot to loseany visibility in the model,
especially if there was a need to use the model again at some point in the future.

HP.deKoning askedwhether automaticmodel reduction was only realistic for interface
models. He felt that humans needed meaningful numbers in the model.

2.6.2. Cryogenic Systems

The secondissuewhich had beenidentified from the questionnairesconcernedcryogenic
systems, and HP.deKoning asked about the specific issues which needed to be discussed.

B. Shaughnessy(RAL) saidthatRAL hada numberof projectsinvolving cryogenicsystems.
Therewereproblemsof gettingmodelsto convergein variouscoldstages,or in thecool-down
stages.

S.PriceansweredthatontheAstriumprojectsinvolving cryo-coolerstheyusedtheirownlogic
and software rather than using ESATAN solvers directly.

HP.deKoning saidthat for Herschel-Plancktherewasonesensorwhich neededto bekeptat
0.1K.Therewasaheatbalancewhichwasverysensitiveto smallchangesin theheatflux, and
this sensorwas not far from a unit with an 800W dissipation.The model was very ill
conditioned.

HP.deKoning askedwhetheranyonehad any more specific issuesrelating to cryogenic
modelling.

I. Renoufremarkedthatasthesystemsbecamecooler.theconductivitiesof thematerialsalso
wentdown.Thisoftenmeansthatthemeshingneededto bechangedfor thelowertemperatures
because if the nodes were too big then the results were too optimistic.

F. Lamela said that achievingconvergencein somecaseswas sometimesdifficult, and to
overcomethis they usedtransientruns over 5000 secondsinsteadof a simple steadystate
calculation.O. Pin agreedthat this wasoneway of doing it, andin fact the samestrategyof
obtaining a steady state by time marching was used in fluid systems and with heat pipes.

F. Lamelasaidthatevenwhenusingthesamesoftwarethesolutionwashighly dependenton
theactualconductors.It waspossibleto reacha solutionwith virtually no heatimbalance,but
if a singlehigh conductancewassuppressedthe resultscould be different. It waspossibleto
reachasolutionwheretheheatbalancewasperfectbutaddingor removingasinglenodecould
makea differenceof 20 degreesin theresults.This madeit difficult to performcorrelationor
sensitivity analysis.
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S.Pricesaidthat theAstrium cryogenicsolvertook this into account.O. Pin askedwhetherit
useda time-marchingor a SOLVIT typeapproach.S.Priceansweredthat it usedsteadystate
iterationsandthatthenumberof nodesmadeabig differenceastheconductivitychanged.This
wasimportantfor exampleonastrapwhichhadadifferentconductivityateachendbecauseof
thetemperaturedifference.He askedwhatassumptionsweremadein theESATAN equations
for thesteadystatesolverswhich werenot valid for cryogenicanalysis.HP.deKoning added
that for transientanalysisusingSLFWBK the$VARIABLES1 block wasonly calledonce,at
the start of eachtime step,and this meantthat the valueswere often out of dateas far as
cryogenic processes were concerned.

P.Renard(Astrium-SAS)commentedthatwhenusingESARADor THERMICA for verycold
partsof the model, the useof the extinction parameterin the ray tracing could makea big
difference.In THERMICA thiswasnormallysetto 1%.Thiswasusuallyacceptablefor normal
temperatureranges,but not for cryogenicconditions.The userneededto set the extinction
threshold to a low value and specify more rays to improve the accuracy.

2.7.3. CAD and FEA Software

Thenext issuethrownup by thequestionnairesrelatedto theuseof CAD andFEA software.
HP.deKoning asked whether people needed to use it on a routine or an occasional basis.

P.vanLeijenhorstsaidthathehadonly neededto useit oncein 11 years.V. Perottosaidthat
Alenia didn’t use it.

K.Caire said that Alcatel hadmissionswhich involved the useof CATIA. They tried to use
CATIA surfaces,but were always obliged to constructanothermodel for conversionto
THERMICA for use in the thermal analysis.HP.deKoning said that they could use the
idealisationof the CAD modelwithin the CAD tool to give a simplified geometricalmodel.
E. Cosson(EADS) said that they had the sameapproachusing IDEAS, and convertedthe
geometricalmathematicalmodel to THERMICA. HP.deKoning askedwhy they didn’t use
IDEAS/TMG and was told that they hadn’t used it for the thermal side for a long time.

JP.Dudon(Alcatel) saidthatAlcatelhadaproblemwith a tool whichhandledtheconnections
betweenCORATHERMandaCAD tool.Theywerecurrentlysub-contractingsomeextensions
to OPEN/CASCADEin orderto becompatiblewith newrequirements.HP.deKoning asked
whethertheidealisationwasbeingdonemanuallyor automaticallywithin thetools.JP.Dudon
repliedthattheywerestill at thefirst stepof thedevelopmentandwereworkingoncreatingall
of the geometriesin the tool. The secondphasewould be to import the geometriesfrom the
CAD tool andthemsimplify them.O. Pinwantedclarificationthattheideawasto usetheCAD
tool. Hewonderedwhathadhappenedto CIGAL. JP.DudonsaidthattheyhadusedCIGAL in
thepast,but werelooking at a periodwhenbothCIGAL andtheCIGAL-compatiblenewtool
could be used, but after certain point only the new tool would be used.

A. Aguilar commentedthat there had beena presentationabout introducing NURBS into
ESARAD at the previous workshop. He felt that this would solve the problem to some extent.

HP.deKoning explainedthat therehadbeena studyinto convertingSTEPAP203geometry
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into ESARADandusingNURBSfor ray-tracing.Thestudyhadalmostbeenfinalizedandhad
resultedin afunctionallyworkingproduct.However,it wascomputationallyveryexpensive,so
it wasn’tobviouswhetherit wouldbeusablein its currentform. It wasn’tclearwhetherthebest
approachwould involve usingtheNURBSdirectly or whethertheNURBSwould behandled
using facets.He notedthat therewere other areaswhich could be investigated,suchas the
oct-treeimplementationusedin TSSandalsopresentedby Astrium-F,but therewasn’taneasy
solutionto handlinglargemodels.Goodmeshingalgorithmswereavailablein Finite Element
tools,sononewdevelopmentwasreallynecessarythere,butnewalgorithmswouldbeneeded
in thethermaltools.Howeverit wouldbetheinterfacewhichwouldbedelivered.Forexample,
it would be possibleto input CATIA modelsinto ESARAD. If NURBS were usedfor the
primitive shapes,thenit wouldbepossibleto recognisetheseandsimplify themto theprimitive
shapesratherthancontinuingto treatthemasNURBS.HP.deKoning askedwhetheranyone
had any experience in exporting models or results back into the CAD/FEA tools.

C. Williamson said that he had neverhad to do this for the designphase,but had needed
suppliers’temperaturemapsin theCAD model.Thiswouldbetherealapplicationof anexport
capability.

2.8.4. Post-processing

The final issuewhich had beenselectedfrom the questionnairesrelated to genericpost-
processing.

HP.deKoningsaidthattherewerealot of issuesconcerningpost-processing,andtrying to find
budgetand resourcesto duplicatewhat was alreadyavailable in commercialoff-the-shelf
(COTS) packages would be very difficult.

F. Lamelasaidthatasfar asCASA wasconcernedthis wasan issuewhich couldbe ignored.
ESATAN neededto calculatetemperatures,andit neededto do it well. Othertools could be
usedto performotherfunctions.It wasalwayspossibleto generatepost-processingsoftwareto
usethe ESATAN resultsandESARAD geometryinformation.Howeverthis would present
problemslaterbecauseeachcompanyhaddifferentneeds.Thiswasalsotruewithin companies.
An antennaanalysishadonesetof requirements,a completesatelliteanalysishaddifferent
requirements, etc.

HP.deKoning stressedthat therewasa needto getawayfrom monolithicapplicationswhich
did everything.If therewasa setof standarddatafiles, thenit would be possibleto develop
suitesof toolswhich madeuseof thestandardformat.He felt that it would bebetterto have
Unix-type filter tools to do the post-processing of these standard files.

F. Lamelasaidthatasfar asthepost-processingfor thestructuralpeoplewasconcerned,they
didn’t alwaysknowwhattheywanted,or themodelswerenot fully compatible,or therewasa
needto interpolateresultsin bracketassemblies,etc.Allowing a generalformula wasa little
dangerous. One important area was the visualisation of results.

A. Aguilar commentedthat it would be interestingto allow the userto havesometemplate
functionsso that theusercouldselectthe formatandcontentof output,to havetabseparated
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output, or spaces,or whatever,in order to allow the integrationwith in-houseor COTS
software. He felt the user should be allowed to define the output format.

HP.deKoning said that the HDF5 binary dataformat had completeC and F77 application
programmerinterfacesto enableusersto readthedata.Thiswasoneapproach.Anotherwidely
recognisedformat wasthe useof commaseparatedvariablelists. He felt that thereshoulda
smallnumberof simple,straight-forwardformats,or space-efficientformats,andthatshouldbe
all thatthetoolsshouldsupport.Hewouldhesitateaboutdevelopingspecificformats,because
there would always be someone with a new requirement.

V. Perottosaid that the post-processinginformation was interesting,but felt that the users
wouldbeableto doa lot morefor themselvesif aclearexplanationof ESATAN’s COMMON
blocksweremadeavailable.Everyonehadbeenobliged to experimentwith the COMMON
blocksif theywantedto extendtheoutputfor post-processing.He askedwhy this information
had never been made available. HP.deKoning admitted that many people had reverse-
engineeredthis informationso that they could useit for their own tools.Maybeit would be
possibleto createa featurerequestfor the supplyof the COMMON block specification.The
original reasonfor notdisclosingtheformathadbeento allow Alstomtheflexibility to change
the implementation of the software and COMMON blocks without affecting the users.

A. Aguilar said that Alstom shouldproducesomeAPIs to allow retrieval of datafrom the
COMMON blocks.HP.deKoning repeatedthatHDF5 hadsuchAPIs.He stressedthatdirect
accessto theCOMMON blocksendangeredtheportabilityof thesoftwareandmodelsbetween
partners,or with SINDA, andcouldmakeshadowengineeringdifficult. Whatwasneededwas
a simple call in the $OUTPUT block to dump data into a standard format.

P.Renardsaidthathehadsomeexperienceof convertinganESATAN modelto SINDA for a
customer.He warned that using knowledge of the ESATAN COMMON blocks within
MORTRAN subroutinesmadeit harderto convertthemodelto SINDA. HP.deKoningagreed
that the moreMORTRAN therewas in a model, the more likely it was that therewould be
problemsin modelportabilitywith SINDA, etc.If modelsneededto beported,thenmaximum
portability could only be achieved if only the standard features of the software were used.

3. Wednesday 10th October: Morning Session

3.1. Temperature Control Loop Analyzer (TeCLA) Software

V. Perotto(Alenia) describedwork doneby his colleagueF.Burzaglion theTeCLA software.
(See Appendix K)

M. Molina (CarloGavazziSpace)notedthat thesoftwareworkedfor singlephaseloops,and
askedhowmucheffort wouldbeneededto handletwo phaseloops.V. PerottosaidthatAlenia
did not haveany two phaseloopsin their part of the ISSwork, so therehadbeenno needto
provide a two phase capability.



15th Thermal and ECLS Software Workshop ESA-WPP-193

23

O. Pin (ESTEC) asked whether it would be difficult to provide a two phase capability.
V. Perotto said that it would be necessary to find the correct transfer functions. The control
interface with the loop was not usually done on the branches which had two phase flow. These
were normally only single phase. Adding the control interface which truly reflected the physics
of the loop could greatly increase the complexity of the model. M. Molina summarised by
saying that the physics of the loop was changing in one place, but the control was actually
handled elsewhere. V. Perotto said this was the case, and changes to the model would need to
reflect the physics.

O. Pin remarked that, at ICES, V. Perotto had mentioned the use of EcosimPro to handle the
control laws, and wondered whether they had thought about using it. V. Perotto confirmed that
they had tried EcosimPro, but had only used in the same way as they used ESATAN/FHTS or
FLUINT, so this was not really different. They needed to run lots of cases with changed
parameters, and spend a lot of effort for multiple parametric runs. O. Pin said that it was possible
to create components to handle this, but it was still necessary to identify all of the control
coefficients. He added that functionality was available in EcosimPro to identify the control
parameters. V. Perotto agreed. It was necessary to identify the control coefficients in advance
to be able to perform parametric studies.

3.2. Analysis of Spacecraft Thermal Stability

B. Shaughnessy (RAL) presented some ideas on the start of a project to determine the stability
of spacecraft thermal design and analysis. (See Appendix L)

HP. de Koning said that if ESARAD was used for the prediction [it was], then ESARAD used
double precision throughout, but the transfer to ESATAN via an ASCII file caused truncation.
There was some work in progress to look at a full binary transfer process in order to preserve
the accuracy of results.

HP. de Koning asked whether the trade-off between lumped parameters and finite difference
and finite element methods had been considered. He felt that finite element methods might
provide a better representation. B. Shaughnessy said that the lumped parameter approach was
better for representing spacecraft. The different projects at RAL used ESATAN, so this
investigation into the analysis methods was to validate the original work. If the investigation
disproves the accuracy of the results, there would be a need to look again at the methods being
used. HP. de Koning said that it would be possible to use hybrid systems, with finite element
analysis for the optical instruments and ESATAN for the rest of the spacecraft. B. Shaughnessy
said that the results had to be mapped to the structural finite element models eventually anyway,
and that would be another area where errors could be introduced. With more methods the
requirements became less well defined.

V. Perotto (Alenia) asked whether it was possible to use the standard tools for analysis such as
ESATAN, ESARAD and finite element methods. He wondered whether an analytical
simulation might be better, or a combination of using the standard tools down to a certain level
and then use values from that level as boundary conditions or input to the next layer of analytical
tools. Perturbations could be calculated using Fourier transformations. B. Shaughnessy felt that
it was a good suggestion to couple finite difference methods with something else.
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C. Williamson (Eutelsat)remarkedthat therewould alwaysbe uncertaintyin the data.In the
examplegiven during the presentation,therewereuncertaintiesin the temperaturegradients
within the sphere. He felt that conductivity and capacity values were also needed.

G. Barbagallo(ESTEC)commentedthatthethermalrequirementshadbeenexpressedin terms
of the spectralpowerdensityat a certainfrequency.He askedaboutthe thermalfluctuation
whichneededto bepredicted.B. Shaughnessysaidthatthetemperaturevariationwasapeakto
peakdifferenceof 2.0x10-6 kelvin atroomtemperature.G. Barbagalloagreedandsaidthatthis
would give 10 -11 kelvin perroot hertzat certainfrequencies.Therewastheneedto divide by
thebandwidth.He wonderedhow the10 -4 figurehadbeenobtained.B. Shaughnessysaidthat
this numberhadbeenspecifiedin the structuralanalysisreport.G. Barbagalloremarkedthat
ESATAN hadnotbedesignedfor suchasmallvariation.HP.deKoningsaidit wasaquestion
of whethertheusercouldlive with theconvergencecriteria.It mightbenecessaryto look at the
heatbalanceratherthan the temperaturedifferences.O. Pin (ESTEC)said that this areaof
ESATAN wascurrentlybeinginvestigated,but hewasscepticalof whetherthis would really
help for suchrequirements.HP.deKoning said that normal doubleprecisionwas accurate
down to 10 -13, andoffered13 significantdigits, so the analysisneededaccuracywhich was
already quite close to the limits of what was achievable.

V. Perottosaidthatif asolvercouldbeupgradedto supportconvergenceontheheatbalance,it
would alsobe interestingto work with the energy,which wasthe integrationwith respectto
time.

C. Williamson commentedthat this accuracywas requiredduring PhaseA. Thinking ahead
though,if thehardwarewasactuallybuilt duringPhaseB or C, howcouldit everbevalidated?
B. Shaughnessysaidthat verification would be someoneelse’stask.F. Lamela(CASA) said
thatit wouldbepossibleto measureit opticallyusingthelaserin theinstrument.HP.deKoning
agreedthat the instrumentitself couldbeusedin theverification. It wasclearthough,that to
ensure the spacecraft worked, it needed to be simulated with a high degree of accuracy.

3.3. An Overview of Bepi-Colombo Thermal Analysis

I. Renouf(Astrium-UK) gaveanoverviewof theBepi-Colombomissionandthechallengesfor
thethermaldesignto handlethewiderangeof thermalenvironmentsfor thedifferentphasesof
flight, as well as the orbit and landing on Mercury. (See Appendix M)

F. duLaurens (Alstom) askedwhether I. Renouf would be interestedin wider planetary
modellingin ESARADatsometimein thefuture,or ahyperbolicorbit capabilityfor modelling
theVenusfly-by. I. Renoufsaidhewouldbeinterested,andsaidthattheycoulddiscussit after
thepresentation.It wouldcertainlyberelevantfor thethermalanalysis.Thedesignfor thefly-
by behindVenuswasimportantbecauseof theneedto keepthespacecraftwarm.F. duLaurens
askedwhetherI. Renoufhadusedhis own routinesfor planetarymodelling.I. Renoufreplied
that he usedin-houseroutinesfor varying the temperature.F. duLaurensaskedwhetherthis
temperaturewas basedon the sub-satellitepoint, or usedthe field of view of the planet.
I. Renouf said that it used the average value.

C. Williamson (Eutelsat)commentedthat he hadalso tried doing something,but it was not
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elegant.He hadusedThermicawith different planettemperaturesheld in arrays,with some
logic to selectdifferent temperaturesfrom thearrayat variouspointsaroundtheorbit. These
arrays had to be generated in advance, and added to the ESATAN model as well.

I. Renoufsaidthat the main problemsin the designandanalysishadto do with the scalean
variationin theflux valuesfor thedifferentphasesof theflight andwithin thefinal orbit.At the
closestpoint to Mercury, the altitude was 400km with flux valuesabove10000W/m2. The
variationof theflux aroundtheorbit wasalsovery rapid.He wasconcernedaboutthescaling
effects.

3.4. ECSS Initiative

W. Supper (ESTEC) gave an impromptu explanationof the ECSS standardswork, and
describedsomeof theresultssofar. Hesaidthateveryoneshouldrememberthehomepagefor
the ECSSstandardsin order to downloadthe existing standards.Thesestandardscould be
downloadedfor free.Thereasa lot of informationon managementaspects,productassurance,
quality assuranceand varioustechnicalareas.For ThermalControl, the level 2 documents
alreadyexisted,andtherewereon-goingactivitiesto definelevel 3. He hada limited number
of old news letterswhich peoplecould take away with them, but anyonecould download
electronicversionsof the latestnewslettersfrom the web site. He stressedthat the process
neededinput from, andco-operationof different teamsfrom the spaceindustrywith Europe
rather than just from ESA.

The web address was http://www.estec.esa.int/ecss

O. Pin (ESTEC) emphasizedthat volunteers were required to help with this work.
HP.deKoning(ESTEC)saidthatEuroSpacewerehelpingto co-ordinatethework of all of the
different spacecontractors.EuroSpacewould pay for the travel and subsistenceof those
contractorswho participatedin ECSSmeetings,so not all of the costshad to be borneby
industry directly.

W. Suppersaidthatthehigh level ThermalControlstandard,level 2, hadalreadybeenissued,
althoughthereweresomeerrorswhichneededto becorrected.Threelevel3 documentswhere
foreseen:

• thermal handbook(one version had beendevelopedfor CDROM, but this would need
reworking to be a paper-based document)

• reference data (solar constants, etc. so that everyone worked with a common set of data)
• guidelines for analysis (a cookbook containing working practices)

Themorepeoplewho wereinvolvedin providinginput, thebettertheacceptancelevel across
Europeanspaceindustry. This was better than a small group developinga standardto be
imposed on everyone else.
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3.5. Application of CORATHERM for Spacecraft Thermo-Elastic Analysis

JP. Dudon (Alcatel) described the current state of CORATHERM, and the recent developments
of the tool to improve its use in the thermo-elastic analysis of spacecraft. (See Appendix N)

S. Appel (ESTEC) was interested in hearing more about the method used to transfer
temperatures from the thermal nodes to the finite element nodes. JP. Dudon said that the
software made use of the partial nodes used in the EQUIVAL method. These gave local
temperature information on structural panels, or the power on unit nodes. Then it was possible
to use the recalculation process to transfer the temperatures from the automatically created
partial nodes onto the classical thermal model. Points could be created on the finite element
mesh which matched these nodes.

S. Appel asked whether this was a consistent method. JP. Dudon said that it was difficult to
discuss the method without needing to go into more detail than could be given in such a short
presentation. The engineers at Cannes had found that combining the radiative and conductive
aspects of panels gave a better way for the conductor processing, and allowed the possibility of
having local information about the geometry and the interpolation of values between points.
O. Pin (ESTEC) said that in EQUIVAL the panels were meshed finely, and then star delta
transformations were applied to the mesh to reduce it, taking environmental conditions into
account.

JP. Dudon gave an example of a panel which was cut into element nodes. The conductive and
radiative links of the nodes were calculated. Some nodes could be eliminated and some
combined to give classical thermal nodes. The thermal nodes have the averaged temperatures
of the partial nodes which have been eliminated. Unit nodes were considered as classical nodes.

HP. de Koning (ESTEC) asked whether the method was limited to rectangular shapes.
JP. Dudon said that there was a constraint on using rectangular shapes at the moment.

3.6. Transient CPL modelling with ESATAN/FHTS and SINDA/FLUINT

C. Puillet (CNES) described work to model capillary pumped loops using FHTS and FLUINT,
and the new capillary pumped elements in FHTS. (See Appendix O)

O. Pin (ESTEC) asked whether anyone else in the audience had used the capillary pumped loop
(CPL) elements provided with ESATAN/FHTS 8.6. V. Perotto (Alenia) said that they had tried
at Alenia, but they had used a simpler loop than C. Puillet had shown. The loop had consisted
of only one evaporator and one condenser. They had found similar problems to the ones
presented, such as the time step, and the sensitivity to the number of nodes. He was concerned
about how well physical phenomena could be modelled. He wanted to know when a method
would be available which got rid of the current test cycle of building the loop and running the
tests just to verify the model.

O. Pin asked whether C. Puillet could be more precise about the physics which the loop had
represented. What still needed to be investigated? C. Puillet answered that low mass flow rates
leading to stratified flow had not been modelled, therefore the results were not accurate. It was
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necessary to have a high mass flow rate in the experiment in order to give homogeneous flow.

O. Pin said that there was a paradox. It would be possible to add more physics to FHTS, but the
real requirement for thermal engineers would be to get rid of FHTS. Everyone would be happy
to overcome the use of fluid nodes.

O. Pin asked whether Alenia could provide more feedback on the problems they had
experienced. V. Perotto explained that they had tried to get rid of the pre-built capillary pump
elements. They had modelled specific capillary elements using subroutines, but they were still
not happy with the result. They had a student who had been looking into this, but he was
currently away on military service. He felt that rather than develop the tool further, there was a
need to develop experience of modelling such loops. C. Puillet agreed that experience was
needed which matched the models, for example, models having no stratified flow.

O. Pin said that one of the major problems had been how to test the CPL elements themselves
(evaporator, condenser and isolator). The results had to be verified against unit testing of the
elements themselves, and not in experimental loops. C. Puillet admitted that it was not easy to
get a model to match the experiment.

3.7. Status of Model Data Exchange

HP. de Koning (ESTEC) described the growing interest amongst the tool vendors in STEP, and
the current state of development of the STEP-TAS and STEP-NRF interfaces. (See Appendix P)

H.Rathjen (Astrium-D) asked how cut surfaces from ESARAD were handled by STEP-TAS
and imported into other software tools. He had tried using STEP-TAS for converting ordinary
surfaces from ESARAD to Thermica but had found that coordinate information was missing.

HP. de Koning said that all surfaces where converted to a point definition within STEP-TAS,
so a rectangle which had been defined by width and height in ESARAD would be converted to
use a P1, P2, P3 definition in STEP-TAS. The final coordinates also depended on how
translations and rotations were handled in the database, so some intermediate coordinate
transformation information might also be lost in the conversion. H.Rathjen said that losing
coordinate information made model transfer difficult. HP. de Koning agreed. Another problem
area was that labels were lost, but this would be corrected. In the current converters, this
information was not properly mapped, but this would be fixed. Cut surfaces were not taken into
account in STEP-TAS exchange. The existence of the surface was transferred, but not the
surface itself. The primitive surfaces used as operands to create the cut surface were transferred,
but not the resulting cut surface. Therefore the receiving tool needed manual intervention to
handle the cut surface.

F. du Laurens (Alstom) remarked that user support had received many calls about transferring
Thermica models to ESARAD via the STEP-TAS interface where there were a lot of statements
such as SHELL A = SHELL B + SHELL B. He wondered whether this was a similar problem.

HP. de Koning admitted that there were several bugs in the converter which needed ironing out.
The three different levels of interface used in the conversion all had bugs. This was one reason
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to simplify the architecture, remove the old SET-ATS layer, and identify where the bugs
occurred. The implementation of the converter for different tools had unearthed various bugs,
issues to be resolved, and feature requests. These would all be corrected or consolidated in
future releases. Even though it was a slow process, he felt that there was convergence.

M. Molina (Carlo Gavazzi Space) commented that Carlo Gavazzi Space and OHB had been
using the Trasys to ESARAD converter successfully.

HP. de Koning said that anyone who was interested in using the converter should send him a
request via electronic mail. There were a lot of test cases for the converter so it was relatively
completely validated.

A. Robson (Astrium-UK) asked whether the opportunity existed to use the STEP protocols to
transfer thermal results into finite element models. HP. de Koning said that Lockheed Martin
had asked him to expand AP2092 to include thermal data, but this was still under consideration.
This would be a logical way of doing it. However, it would still take time. The other tools were
slowly going the same way. Patran was the only tool which handled AP209 so far, so handling
results was still limited.

4. Wednesday 10th October: Afternoon Session

4.1. Thermica v4.

P. Renard (Astrium-SAS) described the reasons behind the development of a new interface for
Thermica, and gave a demonstration of the new GUI and interactive model builder prototypes.
(See Appendix Q)

O. Pin (ESTEC) asked whether the multi-shape node shown in the interactive model builder
used the centre of gravity for the conductive link. P. Renard replied that it was the geometric
centre rather than the centre of gravity. The density of the material was not taken into account.

H. Rathjen (Astrium-D) asked whether the new user interface would allow the user to specify
cutting tools. P. Renard answered that new shapes had been required in the geometry to handle
cutting tools, but this had now been done. Work was still required on the ray-tracing to support
cut surfaces, but the goal was to support cut shapes in Thermica.

V. Perotto (Alenia) asked for more details of the albedo and infra-red modelling. P. Renard said
that currently the models used constant albedo or temperature values for the planets, but many
people wanted to have different albedo or temperature values for different areas of the planet
model. This could be achieved in the future by allowing the user to edit a table of values.
V. Perotto asked whether such an infra-red model would compute the infra-red fluxes based on
these temperatures. P. Renard replied that there would be no computation within the model. The
temperatures could be used to model the effect of an atmosphere.

2. AP209 is the STEP protocol for the exchange of FEM data.
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F. Koorevaar(FokkerSpace)saidthatin previousversionsof Thermicait hadbeendifficult to
seethe differencebetweenactive and inactive surfaces.P.Renardsaid that this had been
improved.

F. duLaurens(Alstom)askedtowhatextentdidThermicasupportthecalculationof conductive
links. P.Renardsaidthat thecontactconductancebetweenclassicalshapeswashandled,such
as disk with cylinder, etc.

J.Persson(ESTEC)askedwhethercut surfaceswould be handled.P.Renardansweredthat
conductivelinks for surfaceswith booleanoperationsstill neededto be investigated.The
current idea was to re-mesh the cut shape and then check the conductive links.

A. Robson(Astrium-UK) askedwhether it would be possibleto run the conductivelink
calculationin batchmode.P.Renardadmittedthat batchmodewasalsoimportant,but there
was a need to prioritise which features went into the next version.

4.2. Developments in ESARAD, ESATAN and User Support

F. duLaurens (Alstom) and H. Brouquet (Alstom) describedthe latest developmentsin
ESARAD andESATAN, andexplainedthe self-helpideasbehindthe Alstom web site. (See
Appendix R)

A. Robson(Astrium-UK) remarkedthat thenewcyclic solverroutinein ESATAN would not
convergeif themodelcontainedlogic to controlheaters.Themodelmight convergeby itself,
but the heater would interfere.

HP.deKoning (ESTEC)askedwhethertheusercouldspecifya rangeof nodesfor which the
convergencecriteriaapplied.H. Brouquetsaidthatthis waspossible,or theusercouldspecify
a sub-model.

O. Pin (ESTEC)saidthat thefact that thecalling interfaceallowedtheuserto specify“ALL”
or “NONE” wasbecausefuture work wasforeseento implementevents.This featureof the
calling interfacewasthefirst steptowardsthis implementation.HP.deKoning explainedthat
events would be named, so the user would be able to specify a particular event.

F. Lamela(CASA) askedatwhattime themin./max.calculationtookplace.Theusermightbe
interestedin partialvalues,of thoseat thebeginningor endof particulartimesteps.Whatif the
useronly wantedthe min./max.temperatureafter 52.55seconds?O. Pin answeredthat when
usingthenewcyclic solverroutinetheusermight only want themin./max.valuesduring the
final solutionstage.TheusercouldspecifywhentheSTORMMroutinewascalled.Onewayto
do it couldbeto usethecyclic solverfirst, thenrun oneadditionalorbit which containedcalls
to STORMM. H. Brouquetexplainedthat theuserneededto addsomelogic to theESATAN
modelso that if the time wasgreaterthana certainvalue,for example,STORMM would be
called.F. Lamelawas relievedthat the modelwould not needto be restartedwith different
startingconditionsin order to extractthe correctmin./max.valuesfor a particularrangeof
times.
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In answer to a question from C. Williamson (Eutelsat), H. Brouquet said that the min./max.
routine compared the variable which had been defined, and stored the result in other variables.
HP. de Koning said that the user could access these variables if required. There was a minT
variable for each node in the model. H. Brouquet said the user had access to all of the standard
nodal attributes as well as those defined in USRNOD.DAT.

P. Renard (Astrium-SAS) asked whether the introduction of FlexLM would give rise to an
additional cost to the user. F. du Laurens said that there would be no additional cost to the user.
The use of FlexLM would allow the user to have 4 floating licences.

D. Labuhn (OHB) asked about the status of POLYTAN. F. du Laurens answered that
POLYTAN was now a project rather than a specific product. New features of ESARAD would
fall under the POLYTAN project. HP. de Koning explained that originally POLYTAN was to
have been a new product. Work started in 1995/6 and there had been a number of prototypes for
various aspects of the tools. However, it was decided that the POLYTAN product was just too
ambitious, and there were likely to be problems with a smooth migration from the existing tools,
and problems with backwards compatibility. Current space projects ran for many years, so there
would still be a need to use the original tools for a long time, so the switch to a completely new
tool would have been difficult to manage. POLYTAN functionality could only have been added
a little bit at a time. Therefore the decision was made to provide a series of incremental upgrades
to ESARAD and ESATAN, and to build the POLYTAN functionality into successive industrial
releases of the existing tools. F. du Laurens announced that the version of ESARAD which
could be considered as forming part of POLYTAN release 0 was scheduled for release in
February 2002. HP. de Koning said that this version would feature better integration with
ESATAN to allow splitting the model into the different ESATAN blocks, mission capabilities,
and improvements to the visualisation.

E. Cosson (EADS) said that there was often a need to handle ESATAN internal variables for
determining the heat balance, or to monitor the phase change of materials, or just to test the
variables themselves. The QRATES routine gave the imbalance, but it was not possible to use
this as part of a test. O. Pin asked whether he needed access to these variables in order to modify
the user logic. The answer was yes: access to these variables was required. HP. de Koning said
that it should be possible to declare a nodal entity and to check this entity in the user logic. He
agreed that there was a need for someone to write some example code to show users how to do
it.

V. Perotto (Alenia) had some comments on the latest version of ESARAD. He said that they
had tried ESARAD 4.3.2, but it was not really being used. They were running across a network,
and the processing times for the geometry were worse than the old version. Running the
geometry took longer. HP. de Koning asked whether this was using the esrdg batch process.
V. Perotto answered that this was just loading and processing the geometry in interactive mode.
F. du Laurens suggested to process the geometry using batch mode and then load this into the
GUI. V. Perotto said that he was not sure of the details, but he thought that the batch process
was used, and then the geometry was loaded into the GUI. F. du Laurens said that it should only
take about 10 to 15 seconds to load a 3000 node model.

V. Perotto said that they had also had problems with transfer orbits. To model Mercury orbiting
the Sun, they had found some strange fluxes. It appeared there was a problem with solar
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constantsnot being calculated.F. duLaurens said that the solar constantwas currently
calculated as the mean value over the transfer orbit, but this would be changed in the future.

V. Perottosaidthat to calculatetheorbital fluxesfor theBepi Colombomissionto Mercury it
hadbeennecessaryto havetwo runs in order to takeMercury’s slow rotation into account.
Mercury only had 3 planetaryrotationsevery 2 Mercury years.However, modelling two
successiveorbitswasnot simplein ESARAD.HP.deKoning saidthat if themodelcontained
24 orbit positionsbut they were unableto run 48 orbit positionsin sequencethen this was
problem.This neededto be investigatedandresolved.V. Perottosaid that they hadrun two
models and then combined the fluxes.

S.Appel (ESTEC)askedwhetherthe Web site could also be usedfor reportingproblems.
F. duLaurenssaidthatthiswasnotpossibleat themoment,butwasanideafor thefuture.The
usershouldbe able to recall and track reportedproblemson line. He said that usersupport
wouldcontinueto handleelectronicmail, but theWebsiteshouldtakeoverasthefirst pointof
contact.S.Appel askedif hesentelectronicmail to usersupport,would his problembeadded
to the Web. Would he have accessto the problem reports submitted by other users?
F. duLaurensansweredthattherewasnodirectinterfacebetweentheusersupportmail system
and the Web site. Userswould only haveaccessto their own problemreportsbecauseof
confidentiality issues.

4.3. Workshop Close

O. Pin (ESTEC)saidthatall of thepresentationswould bemadeavailableon theESTECweb
site, and people who were new to the Workshop would be added to the mailing list.

He saidthatproducingtheMinutesof theWorkshophadto beon a besteffort basis:it took a
lot of work to produce the Minutes and there were always other tasks to be done.

He thanked Alstom and the other presenters for the effort they had made for the Workshop.

He hoped to see everyone again the following year at the next Workshop.
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Appendix A: Welcome and Introduction

Welcome and Introduction

O. Pin
ESTEC/TOS-MCV
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Workshop objectives

• To promote the exchange of views and experiences amongst
the users of the Agency's (and others) software packages in
the fields of thermal control and ECLS

• To provide a forum for contact between end users and
software developers

• To present new versions of the software tools and to solicit
feedback for development
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Olivier Pin ESATAN, FHTS, ThermXL & EcosimPro
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Frédéric du Laurens Support Manager
Henri Brouquet ESATAN/FHTS and User Support
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Programme

• Mornings - Presentations on the use of thermal analysis tools and
methodologies (with 5-10 mins discussion at the end of each
presentation).

• Afternoons - Interactive demonstrations of 45 / 90 minutes.

• 17:15 today - ESA Round-Table discussion (Hans Peter de Koning).
Topics have been chosen according to your questionnaire answers.

• Discussion on major feature requests for ESARAD and ESATAN/FHTS
will be covered  tomorrow afternoon by ALSTOM.

• PCs are available at the back of the room to try the software ESARAD,
ESATAN, ThermXL, ThermPlot and EcosimPro
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Powerpoint file) with D. Gibson or O. Pin before end of Workshop. Please
leave a paper copy if possible to avoid problems with embedded
fonts/logo’s or Mac.

• Workshop Minutes (for morning sessions and round-table discussion) will
be supplied to participants on the Web.
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Practical Information

• Lunch: 13:00 - 14:00. The “foyer” tables are reserved for us

• Cocktail today at 18:00 outside the Workshop room

• Restaurant booked today for 20:00 (maps available). Please let us know
by 14.00 if you need a lift to the restaurant

• Fax (+31-71-565-5949) and telephone available outside the Workshop
room

• Check your details on the list of participants and inform the Conference
Bureau of any modifications.
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ICES 2002

• The 32st International Conference on Environmental Systems will be held
15-18 July 2002 in San Antonio, Texas

• Deadline for submitting abstracts: 19 October 2001

• Thermal software related abstracts to be sent to: Charles Stroom -
Charles.Stroom@esa.int
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Appendix B: Managing the Interface between ThermXL and Esarad

Managing the Interface
between

ThermXL and Esarad

A. Robson
Astrium-UK
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Summary

• Thermal Modelling Tools
• ThermXL Overview
• The Thermal Modelling Process
• Esarad Interface
• Other Interface Issues
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Thermal Modelling Tools
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other tools

Too
cumbersome

for early study
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HAND
CALCULATION

Quick
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HAND
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SYSTEMA
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What is ThermXL?

• An add-in for MS Excel that provides Thermal modelling and analysis
capabilities in a spreadsheet environment.
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Why ThermXL?

• ThermXL provides a flexible and simple environment for performing early
study thermal design and analysis.

• Fast turn-around of analyses

• Spreadsheet functionality
- Ability to define time and/or temperature dependent values using Excel

formulae or macros
- Direct plotting facility using Excel charts as required

• Flexibility
- Ability to change parameters easily and see instant results
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The Thermal Modelling Process
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The ThermXL Model

• ThermXL used by Astrium UK for preliminary Bepi Colombo model development
• ESARAD used for geometry modelling
• Steady state fluxes for interplanetary cruise phases and for the Mercury Surface

Element (MSE) in situ
- no problem inserting ESARAD results into ThermXL

• Transient fluxes for orbiting elements, such as the Mercury Planetary Orbiter (MPO),
and the descent phase of the MSE with its Chemical Propulsion Module (CPM)

- Interfacing tools required to import Esarad results into ThermXL

© Astrium8 October 2001
15th European Workshop on Thermal/ECLS Software

Importing ESARAD generated GRs

• Fixed GRs are manually imported from ESARAD, with Excel formulae to modify
optical properties during design iterations
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Importing ESARAD Generated Fluxes

Importing the data is an issue for two reasons:

• Esatan output format not compatible with ThermXL, so importing tool
required.

- Tool written with Visual Basic macros to deal with the format

• Excel does not support interpolation
- Interpolation performed using a sequence of Excel formulae with the

spreadsheet

© Astrium10 October 2001
15th European Workshop on Thermal/ECLS Software

Flux data after importing to ThermXL
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Interpolating the Data

• A series of Excel formulae are used to interpolate the data during the
solution, to give a QS value for any specified time during the analysis.

© Astrium12 October 2001
15th European Workshop on Thermal/ECLS Software

Flow chart to import Esarad data to ThermXL



© Astrium13 October 2001
15th European Workshop on Thermal/ECLS Software

Other Interface Issues

• Inactive Nodes.
- ThermXL does not support 'inactive' nodes. ThermXL users must therefore delete the

ESARAD generated node and all the couplings to it as part of the process of importing
to ThermXL.

• Couplings Between a Node and Itself.
- ThermXL does not support ‘Self Couplings’, where a node is connected to itself. While

such links have no impact on the heat balance, they are retained by ESARAD for
information, so they must be manually removed.

• Export to Esatan format
- There is no function to export ThermXL models into ESATAN format. This step will

always be necessary when the scale of the model exceeds the practical limits of
ThermXL.

- It would be a simple matter to generate an Excel macro to format the nodes,
couplings, fixed heat sources, and analysis control into ESATAN form. However, this
would not deal with any functions and macros used during the analysis for time or
temperature varying properties, functions to vary fluxes and couplings according to
thermo-optical properties, and so on.

© Astrium14 October 2001
15th European Workshop on Thermal/ECLS Software

Conclusion

• The BepiColombo proposal analysis was successfully completed and
ThermXL was found to be a very suitable tool for early phase thermal
design and analysis.

- Short model development time

- Simple and Intuitive to build and develop the model
- Very quick to analyze parameter changes

- Simple to plot results on Excel charts

• The most significant issue with using ThermXL is the amount of work
needed to import the results from ESARAD. Astrium UK has developed a
solution to this interface which results in much faster turn-around of
analysis.
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Appendix C: Introduction to G-DELTAN V3

Introduction to
G-DELTAN V3

An Interactive
Thermal Analysis Tool

C. Williamson
Eutelsat S.A.
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An Interactive Thermal
Analysis Tool

By Craig Williamson, Eutelsat SA

G-Deltan V3

9/10 Oct 2001 15th Workshop on Thermal & ECLS Software, ESTEC 2

G-Deltan Contents
• Broad Specification
• Capabilities
• Variables
• Solution Routines
• Features
• Model Interpreter
• User Interface
• Benchmarks
• Autogen
• Postpro
• Development
• Annex - Syntax
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G-Deltan Broad Specification

• Compatible with PC using Windows 95+
• Stand alone program
• Ease of use
• Rapid user interaction
• Complex problems
• Simple data transfer

9/10 Oct 2001 15th Workshop on Thermal & ECLS Software, ESTEC 4

G-Deltan Capabilities

• 500 Nodes
• Linear, radiation and fluid conductors
• User defined constants
• Steady state, transient and combined

analysis
• Algebraic definitions of parameters
• Variable properties
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G-Deltan Solution Routines

• Steady state: successive single point
iteration with user set over-relaxation
(damping) factor

• Transient: explicit forward difference with
automatic reset of time step if required

• Results validated against industry standards

9/10 Oct 2001 15th Workshop on Thermal & ECLS Software, ESTEC 6

G-Deltan Variables

• Power: thermostat, cyclic interpolation,
update with time

• Conductance: vs temperature, update with
time, natural convection

• Capacitance: vs temperature, update with
time

• Limits: stop analysis at defined node
max/min temperature
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G-Deltan Features

• Word processor style interface
• Familiar syntax
• Model interpreter requires no compilation
• Numerous output formats (T, Q, C, etc.)
• Real time on-screen plotting of transients
• De-bugging and error trapping
• Help files in HTML format

9/10 Oct 2001 15th Workshop on Thermal & ECLS Software, ESTEC 8

G-Deltan Model Interpreter

• Parses model and loads program arrays

• Free format input
• No limit for expression length

• Predefined variables: Pi
• Operators: + , - , * , / , ^ , div, mod

• Functions: cos, sin, sinh, cosh, tan, arctan, exp,
ln, log10, log2, logN, sqrt, sqr, abs, int

• Bracketing to a level of 20
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G-Deltan Screen Plot

• Nodes and title loaded
from model

• Automatic real time
scaling

• Fully editable chart
parameters such as line
styles and colours

• Zoom feature
• Copy, print and save

options (EMF)
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G-Deltan User Interface
• Menus for all file, print and edit operations

together with run start and help
• Buttons for most common functions
• Blank nodes, conductors, etc. added by a simple

click
• Tabbed window for access to model, outputs and

chart

• Log window
• Line/column counter for model window

• Progress indicator
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G-Deltan Benchmarks

• Favourable performance compared with
ESATAN for small to medium sized models

Model Step G-Deltan ESATAN
105 node
SS

Prepro/parse
Solve
Total

<1
1
1

8
14
22

22 node
TR

Prepro/parse
Solve
Total

<1
11
12

2
19
21

22 node
TR + real
time plot

Prepro/parse
Solve
Total

<1
70
71

N/A

NB: G-Deltan run on a 600
MHz PIII laptop PC.
ESATAN was compiled
and run on a Sun Ultra 1
workstation. Transient
simulation of 24 hours,
outputs each 60 s.



9/10 Oct 2001 15th Workshop on Thermal & ECLS Software, ESTEC 13

G-Deltan Autogen

• Automatic generation of nodes and
conductors and meshing for common
shapes (rectangle, cylinder, fin, disc, loop)

• User input of dimensions and material
properties

• Visual feedback of meshing
• Copy/Paste data to G-Deltan

9/10 Oct 2001 15th Workshop on Thermal & ECLS Software, ESTEC 14
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G-Deltan Postpro

• Generation and printing of multiple charts from
transient output file

• Full editing capabilities for line styles and colours
• Automatic scaling

• Zoom feature
• Charts can be copied and pasted into Word

documents, etc. for reports
• Charts can be saved as EMF files

9/10 Oct 2001 15th Workshop on Thermal & ECLS Software, ESTEC 16
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G-Deltan Development

• V3 currently in Beta phase
• GUI being refined
• Additional solution algorithms desirable for

speed and flexibility
• Further variable routines required
• Users sought for testing and de-bugging

9/10 Oct 2001 15th Workshop on Thermal & ECLS Software, ESTEC 18

G-Deltan Syntax: Control
• Control of run and outputs

• Examples:
Model  = " Demo 105" ;  { Model  Fi l ename}

Comment 1 = " 105 Node model . . . " ;  { St r i ng <= 70 char s}

Comment 2 = " and …. . " ;  { As Comment 1}

Run = St eady;  { St eady,  Tr ans,  Bot h,  Di ag f or  er r or  checki ng}

Damp = 1. 65;  Rel ax = 0. 001;  Loops = 100;  { SS}

St ar t  = 10;  End = 3600;  St ep = 15. 0;  Out  = 60. 0;  { TR}

Pr i nt  = Di ag;  Temp;  Tab;  CondL;  CondR;  Pow;  Fl ow;  Mi n;  Max;
Tau;  Cap;  Summ;  { Out put  r out i nes,  sel ect abl e}

Pl ot ;  P1 = 1;  P2 = 2;  P3 = 3;  P4 = 4;  P5 = 5;  P6 = 6;
{ Scr eenpl ot ,  6 nodes}
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G-Deltan Syntax: Constants

• Const  = St r i ng;  Val  = Number ;  Comment
{ Comment  opt i onal  not  used by pr ogr am}

• Examples:
Const  = PRGPL;  Val  = 0. 9;  Per cent age cover age

Const  = AMBI ENT;  Val  = 12. 5;

Const  = MASSFL;  Val  = 10 *  0. 15 /  25. 4;

• Note: Constants must be defined before they are called

9/10 Oct 2001 15th Workshop on Thermal & ECLS Software, ESTEC 20

G-Deltan Syntax: Nodes

• Node( I ) { <=500} ;  Type = D{ B=Boundar y or
D=Di f f usi on} ; C: =No{ Capaci t ance} ;  T =
No{ St ar t i ng t emp} ;  Q=No{ Power } ; Name =
St r i ng{ <= 30 char s} ;

• Examples:
Node( 104) ;  Type = B;  T = 20. 0;  Name = Boundar y[ 104] ;

Node( 105) ;  Type = B;  T = 10. 0;  Name = Boundar y[ 105] ;

Node( 1) ;  Type=D;  C=15000;  Q=4* 8. 3;  T=20;  Name=PCB[ 1] ;

Node( 2) ;  Type = D;  T = AMBI ENT + 5;  Name = PCB[ 2] ;
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G-Deltan Syntax: Conductors

• GL( Node i ,  Node j )  = Val ;  { GL f or  Li near
conduct or ,  GR f or  r adi at i on,  GF f or  f l ui d}

• Examples:
GL( 1,  2)  = 0. 1234;

GL( 5,  57)  = PRGPL *  2. 3 /  0. 76;

GR( 34,  345)  = 0. 63;

GF( 45,  46)  = MASSFL *  CP;

• For GF the upstream node is placed first

9/10 Oct 2001 15th Workshop on Thermal & ECLS Software, ESTEC 22

G-Deltan Syntax: Variables

• Examples:

ThSt at ( 2) ;  Ton=25;  Tof f =30. 0;  St at =Of f ;  Q=50. 0;

Cycl i Q( 1) ; Pt s=5; Per =800; 0; 0; 240; 15; 400; 20; 600; 15; 800; 0;

Var i aG( 1, 21) ; Type=GL; Pt s=4; 0; 150; 50; 175; 100; 200; 150; 225;

Updat G( 1, 21) ; Type=GL;  Ti me > 1500. 0;   New = Ol d *  Pi / 2;

Li mi t s( 3) ;  Mi n = 0;  Max = 50;

Updat Q( 12) ;  Ti me > 1000;  New = 5;
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Appendix D: Improving Ray-Tracing for Monte Carlo Simulations

Improving Ray-Tracing
Algorithm

for
Monte Carlo Simulations

B. Shaughnessy
RAL
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Rutherford Appleton Laboratory
Space Science and Technology Department
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Improved Ray-Tracing Algorithm for Monte
Carlo Simulations

Bryan Shaughnessy

Space Science and Technology Department
Rutherford Appleton Laboratory

 Oxfordshire, OX11 0QX, UK.

Tel: +44 (0)1235 445061
Fax: +44 (0)1235 445848

e-mail: b.m.shaughnessy@rl.ac.uk

Rutherford Appleton Laboratory
Space Science and Technology Department

15th European Workshop on Thermal and ECLS Software, 9-10 October 2001, ESTEC, Noordwijk, Netherlands. 2

Monte Carlo (MC) Approach

• Exchange-factors are calculated through ray-tracing the paths of many
discrete ‘energy-bundles’.

• complex geometries can be modelled.
• but, lengthy computation time to achieve adequate convergence.

• Emitted and reflected directions are selected randomly from probability
functions.

• About 75 - 95% of the ray-tracing process is due to ‘intersection
calculations’ [1].

• Conventional speed-ups:
• bounding volumes, graphics hardware, vector/parallel computing.
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Discrete Function Monte Carlo (DFMC) Approach

• Change in data structure used for ray-tracing. Remove or reduce the
number of intersection calculations.

• Discrete functions describe the probability of radiation exchange between
each surface.

• Instead of sampling directions, the destination of the ray is sampled.

• Pre-processing is required to evaluate the ‘transition probabilities’.
• Less ray-intersection calculations are required compared with

traditional Monte Carlo.
• Specular/bi-directional reflection:

• ‘n-bounce’ approximation.
• mesh refinement.

•  Very fast algorithms can be used to determine the paths of each ray of
radiation (ray-intersection calculations are NOT required).

Rutherford Appleton Laboratory
Space Science and Technology Department

15th European Workshop on Thermal and ECLS Software, 9-10 October 2001, ESTEC, Noordwijk, Netherlands. 4

Direction Selection in MC and DFMC

θ
MC DFMC

p12
p13

p14

(1)

(4)

(3)
(2)
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Advantages of the DFMC Approach

• A new way of looking at radiative heat transfer calculations.

• Computational speed improvements.

• Discrete probability functions are independent of (overall) radiative
properties.

•  Pre-processing not required if properties are changed.

• Data structure permits rapid updates of the discrete probability functions:
•  Moving geometry.
•  Transient simulations.

Rutherford Appleton Laboratory
Space Science and Technology Department

15th European Workshop on Thermal and ECLS Software, 9-10 October 2001, ESTEC, Noordwijk, Netherlands. 6

Analysis Case

• ‘North’ enclosure wall (2 ≤ ξ ≤ 3) at 320 K.

• Rest of geometry at 300 K.

• Emissivity:

•  εenclosure = 0.1
•  εobstruction = 0.9

• Reflections (‘one-bounce’ approximation):
• Specular.
• Bidirectional:

x
ζ = 1

ζ = 4

ζ = 3
ζ = 2

ζ = 0

ζ = 5.5 ζ = 5

ζ = 6 ζ = 4.5

y



Rutherford Appleton Laboratory
Space Science and Technology Department

15th European Workshop on Thermal and ECLS Software, 9-10 October 2001, ESTEC, Noordwijk, Netherlands. 7

Computational Speed Improvements

Simulation time relative to
Monte Carlo, %

Convergence
criteria Specular case Bi-directional

case

Reference

±5%

(99% conf.)
13 17 [2]

±10%

 (95% conf.)
33 50 [3]

Rutherford Appleton Laboratory
Space Science and Technology Department

15th European Workshop on Thermal and ECLS Software, 9-10 October 2001, ESTEC, Noordwijk, Netherlands. 8

Comparison of Local Heat Fluxes for Specular Case
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Conclusion

• A very fast ray-tracing algorithm for Monte Carlo simulations has been
presented.

• Initial simulations have indicated that speed-ups to a factor of 8 are
possible.

• Suited to high-reflectivity geometries.

• The data structure:
• permits changes to the radiative model to be assessed quickly.
• offers many possibilities with respect to numerical methods.

• Starting point for developing a new improved radiation simulation
technique.

Rutherford Appleton Laboratory
Space Science and Technology Department

15th European Workshop on Thermal and ECLS Software, 9-10 October 2001, ESTEC, Noordwijk, Netherlands. 10
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Appendix E: New Ray-Tracing Technique for THERMICA
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Ray Tracing EvolutionRay Tracing Evolution

• Octree technique description

• Main purpose

•  First results

•  Development status

Marc Jacquiau
Astrium

© Astrium2
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WhyWhy use  use thethe Ray Tracing Ray Tracing

     • Model physical phenomena
based on rectilinear propagation of particles

     Applications : •  thermal radiation
•  radiation dose
•  perturbing forces/torques
•  contamination
•  électromagnetism
•  micrometeoroids ...
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Present Present technique (Thermica/technique (Thermica/EsaradEsarad))

     • Space discretization
in homogeneous voxels

     • Ray propagation in voxels :
simple & fast algorithm
(few integer additions)

     • Intersection tests with each surface of 
voxels along the ray path :
directly impacts Performances

© Astrium4
15th European Thermal Workshop
ESTEC, Noordwijk, October 9-10 2001

Engineering Engineering evolution constraintsevolution constraints

⇒ Reduction of voxel size

     • Today ’s modelling requires (all together) : 
- bigger models
- more accuracy (i.e. more rays)
- parametric studies 

⇒ Exponential increase of the memory size
⇒ Reduction of the ray propagation speed
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Industrial approachIndustrial approach

     • Development of a new technique :
- solving the engineering modelling problems for the next 10
years

⇒ think of additional features
- with optimal investment (other priorities exist)

⇒ avoid too sophisticated methods
- available quickly

⇒ use what is already proven

     • CPU and memory evolutions are likely not to be sufficient

© Astrium6
15th European Thermal Workshop
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Octree Octree methodmethod

0 1 2 3 4 5 6 7

level 1

level 5

     • The space decomposition is represented by a tree with 
nodes being terminals or fathers of 8 other nodes

     • Initialisation is the most delicate process :
- not enough nodes/levels

⇒ CPU consumption during RT
- too many nodes/levels

⇒ CPU consumption during initialisation
⇒ memory size
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First results First results (HB7 model)(HB7 model)

Strike time (s)

24,58
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Development statusDevelopment status

• Performed on classical Thermica shapes, including
prisms and revolution shapes
Additional tests still necessary on various big models 
to confirm the initialization method

 • Current development on cut surfaces
with significant improvements compared to MMS 
algorithms developed in Esarad phase 1 (1990).

• Ray-Tracing on Nurbs and Meshed surfaces to be 
done

• Ray-Tracing implementation in Thermica V4 foreseen
in June 2002



15th Thermal and ECLS Software Workshop ESA-WPP-193

77

Appendix F: Report on TFAWS and Introduction to ThermPlot

Report on TFAWS

and

Introduction to ThermPlot

HP. de Koning
ESTEC/TOS-MCV
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12th Thermal and Fluids Analysis Workshop

NASA Marshall Space Flight Center / Univ. of Alabama

Huntsville, AL, USA, September 10-14, 2001

http://tfaws01.msfc.nasa.gov

Hans-Peter.de.Koning@esa.int

Sheet 29+10 Oct 2001 15th European Workshop on Thermal and ECLS Software

• 5 days - 196 registered attendees

• 13 half-day Paper Sessions (mostly 2 tracks in parallel)
– Spacecraft and Vehicle Fluid Systems Design, Analysis and Test

– Spacecraft and Vehicle Thermal Systems Design, Analysis and Test

– Interdisciplinary Analysis and Integration

– Propulsion and Launch Vehicle Thermal Systems Design, Analysis and Test

• 4 Keynote addresses

• Product Overview Lectures / Short Courses

• Hands-On Computer Classes
– 4 classrooms equiped with 40 PCs or SGI workstations each
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• CFD Tools
– CFDRC: CFD-Fastran, CFD-ACE+, CFD-GEOM, CFD-VIEW, MDICE

– NASA: Corsair, Gridgen

– ???: FIELDVIEW

• Spacecraft / instrument thermal control and thermo-hydraulics
– Cullimore & Ring: Thermal Desktop/RadCAD, FloCAD, SINDA/FLUINT

– Harvard Thermal: Thermal Analysis System (TAS)

– Maya / SDRC: I-DEAS/TMG and FEMAP/TMG

– NASA-MSFC: Generalized Fluid System Simulation Program (GFSSP)

– Network Analysis: SINDA/G, SINDA/ATM (FEMAP), THERMICA

– Space Design: TSS, SINDA/FLUINT 3.0

Sheet 49+10 Oct 2001 15th European Workshop on Thermal and ECLS Software

• “Usual”  mix of overviews, case studies, specialist subjects

• Highlights (personal selection)
– Inovative application of optical fiber to measure (radiation) temperature

– ThermPlot Excel-based postprocessor for SINDA and ESATAN
Freeware by Swales (Hume Peabody)

• Good response to ESA Thermal Model Data Exchange using
Open Standards “evangelist”  paper
– Maya will start STEP-TAS interface implementation in TMG

– MSC/Patran now has a beta-version STEP-TAS interface
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• Increase in interest for thermal control and CFD
– Large programs: NASA’s 2nd Gen Reusable Launch Vehicle (RLV)

• Back to basics: improvements of basic algorithms
– new sparse matrix solvers

– enhancements for ray-tracing

• Connect to CAD and structural FEA
– increase scaleability of tools for very large models

• Engineering analysis process integration / speed-up
– multi-disciplinary and multi-physics analysis

– concurrent engineering

– computer aided workflow & configuration control

Sheet 69+10 Oct 2001 15th European Workshop on Thermal and ECLS Software

• Use of Conjugate Gradient sparse matrix solvers
– SINDA/G and TMG claim significant solve speed increase

• Advanced oct-cell algorithm in TSS to speed up ray-tracing
– For large models (several thousand surfaces) need to go to 12 levels deep

• Thermal Desktop focus on “CAD-like”  GUI modelling
– Some users like this: model building speed, quick results

– Other users dislike it: difficult to know/verify/control/rerun model

• MS-Office (Excel, Visio) toolkit for SINDA/G

• FEMAP/TMG sister product to I-DEAS/TMG
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• Well organised, very practical workshop

• Very interesting detailed hands-on courses
– At beginner, routine, advanced user levels

• Open atmosphere - even between competing tool developers

• Renewed interest in thermal control and CFD

• Trend: integration of thermal analysis into engineering process
– Ingest CAD / FEA models

– Analysis with large set of surfaces

• Renewed activity in thermal tools development

Sheet 89+10 Oct 2001 15th European Workshop on Thermal and ECLS Software

• Tool developed by Hume Peabody of Swales Aerospace, USA

• Used successfully on METOP Phase C/D analysis
– Swales is responsible for the US instruments on METOP

• Freeware - download from www.swales.com after registration

• Can read files from standard output routines of
SINDA/G, SINDA/FLUINT, ESATAN

• ESATAN interface can be considered a beta release
– No formal validation performed (yet)

• Need to use quite high spec PC: 128+MB RAM, 500+MHz
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Artifis

Topic

ThermXL

F. du Laurens d’Oiselay
Alstom
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ARTIFIS / TOPIC / ThermXL
Henri Brouquet
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ALSTOM Power Technology Centre
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ARTIFIS – Thermal Analyser

A.R.T.I.F.I.S.: ‘Accurate Reference Tool for
Incident Fluxes Impinging on Spacecraft’

• Presented at ESTEC in 1996 (ECLS Workshop)

• Benchmarked with handbook ‘Spacecraft thermal
control design data’

• Acted as reference to validate incident fluxes
calculated by ESARAD v-3
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ARTIFIS – Features

• Pre-phase A in-house thermal analyser
• Fast and easy to use
• Same ‘concept’ as ESARAD

• Simple orbiting surfaces
• Batch process, MS-DOS / Unix

• Incident fluxes calculated by means of analytical
expressions
• Accurate and reliable results
• One single orbit
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ARTIFIS – Current Developments

• Already in use at ESTEC since 1998

• First version distributed with ESARAD v-4.2 earlier
this year

• Improvements carried out over the last year by
Duncan Gibson (ESTEC)

• New code standards
• CPU improvements

• No new major functionality
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ARTIFIS – Geometry

• Flat plate

• Cylinder

• Sphere

• Cube

• Spin available for flat plate and cylinder

• Coating is assumed to be black paint
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ARTIFIS – ‘Kernel’

• Same standards as ESARAD v-3
• One single orbit
• LOCS – planet or ‘Sun’ oriented

• Euler angles – ϕ, ψ and ω

• Incident fluxes calculated by means of analytical
expressions
• Simpson’s integration method
• Accurate and reliable results
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ARTIFIS – Ouput

• Output Files
• FluxResults.rpt

• FluxResults.GFF
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ARTIFIS – Quick Demo
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TOPIC – Thermal Designer

T.O.P.I.C.: ‘Thermal and Orbital Propagated
Information Calculator’

• Presented at ESTEC in 1998 (ECLS Workshop)
• Built on top of ARTIFIS

• Benchmarked with handbook ‘Spacecraft thermal
control design data’
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TOPIC – Features

• Pre-phase A in-house thermal designer
• Fast and easy to use
• Simple Earth-orbiting surfaces
• Analysis performed throughout a mission timeline

• J2 perturbation, Sun-synchronous orbit
• Batch process, MS-DOS / Unix

• Incident fluxes calculated by means of analytical
expressions
• Accurate and reliable results
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TOPIC – Current Developments

• Already in use at ESTEC since 1999

• First version distributed with ESARAD v-4.2 earlier
this year

• Improvements carried out over the last year by
Duncan Gibson (ESTEC)

• New code standards
• CPU improvements

• No new major functionality
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TOPIC – Geometry

• Flat plate

• Cylinder

• Sphere

• Cube

• Spin available for flat plate and cylinder

• Coating is assumed to be black paint
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TOPIC – Thermal Design

• Same standards as ESARAD v-3
• One single orbit
• LOCS – planet or ‘Sun’ oriented

• Euler angles – ϕ, ψ and ω

• Incident fluxes calculated by means of analytical
expressions
• Simpson’s integration method
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TOPIC – Ouput Files

• FluxDetails.rpt
• Flux values in detail, each orbital position

• Thermal.rpt
• Fluxes, eclipse, β angle, solar constant...

• Solar.rpt
• Equation of time, Julian date, solar declination...

• MinMaxESH.rpt
• Min and max values, ESH...

• Orbits.rpt
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TOPIC – Quick Demo
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TOPIC – Future Developments
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ThermXL v-2.0 – Status

• Final testing currently on-going
• Actual release expected late October 2001

• Four major enhancements
• Heat balance calculation for each node
• Worksheet ‘User Results’ automatically generated

• ESATAN file export
• Possibility of using Visual Basic (macros...)
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ThermXL v-2.0 – Imbalance
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ThermXL v-2.0 – User Results
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ThermXL v-2.0 – ESATAN Export
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ThermXL v-2.0 – VB Macros



15th Thermal and ECLS Software Workshop ESA-WPP-193

96



15th Thermal and ECLS Software Workshop ESA-WPP-193

97

Appendix H: Stochastic Approach to Spacecraft Thermal Control

Stochastic Approach
to

Spacecraft Thermal Control
Subsystem

F. Lamela Herrera
CASA
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STOCHASTIC APPROACH TOSTOCHASTIC APPROACH TO
SPACECRAFTSPACECRAFT

THERMAL CONTROL SUBSYSTEMTHERMAL CONTROL SUBSYSTEM

ESTEC 15th Thermal and
ECLS Software

October 2001 2

��
Scatter on physical parametersScatter on physical parameters
–– ThermoThermo-optical properties-optical properties

–– Contact Contact conductancesconductances

–– Handling processHandling process

–– DensityDensity
��

Scatter on environment parametersScatter on environment parameters
–– External fluxesExternal fluxes

–– AOCSAOCS
��

Scatter on interface definitionScatter on interface definition
–– Units power dissipationUnits power dissipation

–– HarnessHarness

STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

Why?Why?
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��
Creating a Mother mathematical modelCreating a Mother mathematical model

��
Selecting input parameters and giving them a variation lawSelecting input parameters and giving them a variation law

��
Selection of a combination of input values with the Monte CarloSelection of a combination of input values with the Monte Carlo
methodologymethodology

��
Cloning the Mother model for each set of input variablesCloning the Mother model for each set of input variables
combinationcombination

��
Running deterministic cases with a cloned model perRunning deterministic cases with a cloned model per
combinationcombination

STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

How?How?

ESTEC 15th Thermal and
ECLS Software

October 2001 4

STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

What?What?

��
Thermal Problems on SpacecraftThermal Problems on Spacecraft
–– Radiation and conductionRadiation and conduction

��
Fluid SystemsFluid Systems
–– CPL and Loop Heat Pipes (bubbles, non-homogenous wicks, ...)CPL and Loop Heat Pipes (bubbles, non-homogenous wicks, ...)

��
Launchers Launchers Aerothermal Aerothermal FluxesFluxes
–– Angle of attack, density,…Angle of attack, density,…

��
Reentry VehiclesReentry Vehicles
–– Angle of attack, density,...Angle of attack, density,...
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��
Uncertainty analysisUncertainty analysis

��
Correlation of test resultsCorrelation of test results

��
Design improvementsDesign improvements

STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

Thermal problems on spacecraft solved by STORMThermal problems on spacecraft solved by STORM

Stochastic ProblemsStochastic Problems Non Stochastic ProblemsNon Stochastic Problems

��
Critical design cases selectionCritical design cases selection

��
Definition of designsDefinition of designs
–– Radiation areasRadiation areas

–– Robust heating systemsRobust heating systems

ESTEC 15th Thermal and
ECLS Software

October 2001 6

STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

Uncertainty analysis of a satelliteUncertainty analysis of a satellite

��
Typical Uncertainty AnalysisTypical Uncertainty Analysis
–– Steady StateSteady State

–– TransientTransient
��

Output is the temperature of an item (i.e. equipment) byOutput is the temperature of an item (i.e. equipment) by
combining all input parameters simultaneouslycombining all input parameters simultaneously

��
Identification of highly sensible parameters in order to propose,Identification of highly sensible parameters in order to propose,
if necessary, a specific development test or interface controlif necessary, a specific development test or interface control
follow-upfollow-up

��
Definition of maximum uncertaintyDefinition of maximum uncertainty

��
Definition of uncertainty with levels of confidence (98%, 95% orDefinition of uncertainty with levels of confidence (98%, 95% or
90%) in one run90%) in one run
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��
Example: Spanish MINISAT equipment response varying:Example: Spanish MINISAT equipment response varying:
–– AbsorptivityAbsorptivity of the rear frame of the rear frame

–– EmittanceEmittance of rear frame of rear frame

–– MLI shape factor (2 to 7)MLI shape factor (2 to 7)

–– Power dissipation of units (±20%)Power dissipation of units (±20%)

Note: All input variables have uniform distribution.Note: All input variables have uniform distribution.

 Initial phase for uncertainty analysis. Initial phase for uncertainty analysis.

In the final project phase the distributions will beIn the final project phase the distributions will be

changed to Normal or Uniform  distribution, as definedchanged to Normal or Uniform  distribution, as defined

STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

Uncertainty analysis of a satellite (Uncertainty analysis of a satellite (contcont.).)
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STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

Uncertainty analysis of a satellite (Uncertainty analysis of a satellite (contcont.).)

��
SIGNIFICANT INPUT VARIABLESSIGNIFICANT INPUT VARIABLES
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STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

Uncertainty analysis of a satellite (Uncertainty analysis of a satellite (contcont.).)

��
SIGNIFICANT INPUT VARIABLESSIGNIFICANT INPUT VARIABLES

MLI FactorMLI Factor the most significant for the Battery         the most significant for the Battery                                                The Power andThe Power and MLI factor MLI factor the most the most

                                                                                                                                                                                                          significant for thesignificant for the OBDH OBDH

ESTEC 15th Thermal and
ECLS Software

October 2001 10

STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

Uncertainty analysis of a satellite (Uncertainty analysis of a satellite (contcont.).)

��
SIGNIFICANT INPUT VARIABLESSIGNIFICANT INPUT VARIABLES

MLI FactorMLI Factor and its Power the most significant              and its Power the most significant                                                       The Power ofThe Power of OBDH, OBDH, its Powerand its Powerand MLI MLI

 for the for the PCU                                                              PCU                                                                                                               factor factor the most significant for thethe most significant for the TRP TRP
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STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

Uncertainty analysis of a satellite (Uncertainty analysis of a satellite (contcont.).)

��
SIGNIFICANT INPUT VARIABLESSIGNIFICANT INPUT VARIABLES

ESTEC 15th Thermal and
ECLS Software

October 2001 12

STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

Uncertainty analysis of a satellite (Uncertainty analysis of a satellite (contcont.).)
��

PROBABILISTIC DATA OF UNCERTAINTY ANALYSISPROBABILISTIC DATA OF UNCERTAINTY ANALYSIS

                                                                                 PCU            PCU profileprofile

   Batt profile                                                 Batt profile                                                           OBDH              OBDH profileprofile
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STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

Uncertainty analysis of a satellite (Uncertainty analysis of a satellite (contcont.).)

��
PROBABILISTIC DATA OF UNCERTAINTY ANALYSISPROBABILISTIC DATA OF UNCERTAINTY ANALYSIS

N.Var Num . shots   Im portanceX_Min X_Max Conf_Mean-Mean Conf_Mean+ Conf_Std-Std Conf_Std+ Var

in_0 80 0.37 0.42 0.391 0.395 0.399 0.015 0.0174 0.0206 0.0003

in_1 80 0.35 0.44 0.389 0.395 0.401 0.0238 0.0275 0.0325 0.00075

in_2 80 0.87 0.91 0.887 0.89 0.893 0.0123 0.0142 0.0169 0.0002

in_3 80 0.4 0.7 0.538 0.553 0.567 0.0584 0.0675 0.0799 0.00455

in_4 80 2 7 4.11 4.49 4.86 1.48 1.71 2.03 2.94

in_5 80 20 30 24.4 25 25.6 2.5 2.89 3.42 8.33

in_6 80 8.01 10.9 9.28 9.48 9.67 0.754 0.872 1.03 0.76

in_7 80 9.51 14.9 11.9 12.2 12.6 1.41 1.63 1.93 2.66

in_8 80 4 6.9 5.25 5.45 5.64 0.765 0.884 1.05 0.782

out_0 80 4.42 8.13 5.76 5.96 6.15 0.774 0.895 1.06 0.8

out_1 80 19.4 36.3 26.2 27 27.9 3.2 3.7 4.38 13.7

out_2 80 12.9 25.9 18.1 18.7 19.3 2.32 2.68 3.18 7.19

out_3 80 17.6 34.6 24.3 25.1 25.9 3.26 3.76 4.46 14.2

ESTEC 15th Thermal and
ECLS Software
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STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

Uncertainty analysis of a satellite (Uncertainty analysis of a satellite (contcont.).)

��
PROBABILISTIC DATA OF UNCERTAINTY ANALYSISPROBABILISTIC DATA OF UNCERTAINTY ANALYSIS

N.Var Modal class-Modal c lass+ CV(%) Avdev Skewness Kurtosis Descrip tion

in_0 0.407 0.414 4.4 0.0152 -0.0219 -1.31 ALPHA Rear Frame CLEAR A.

in_1 0.35 0.361 7 0.024 -7.47E-06 -1.24 ALPHA Rear Frame CHROMIC A.

in_2 0.87 0.875 1.6 0.012 -7.55E-06 -1.3 EPS Rear Frame CLEAR ANOD.

in_3 0.475 0.512 12.2 0.06 0.158 -0.246 EPS Rear Frame CHROMIC AN.

in_4 2 2.62 38.2 1.49 -0.00899 -1.24 MLI FACTOR

in_5 25 26.2 11.5 2.45 -0.00318 -1.12 OBDH POWER

in_6 9.82 10.2 9.2 0.768 -0.0243 -1.3 TRP POWER

in_7 11.5 12.2 13.3 1.39 0.00353 -1.22 PCU POWER

in_8 4.36 4.72 16.2 0.765 0.00477 -1.27 MW POWER

out_0 4.88 5.35 15 0.742 0.558 -0.399 Batt Temp

out_1 27.8 29.9 13.7 3.05 0.0917 -0.621 OBDH Temp

out_2 17.8 19.4 14.3 2.07 0.408 0.226 TRP Temp

out_3 21.9 24 15 3.05 0.238 -0.348 PCU Temp



ESTEC 15th Thermal and
ECLS Software

October 2001 15

STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

Uncertainty analysis of a satellite (Uncertainty analysis of a satellite (contcont.).)

��
PROBABILISTIC DATA OF UNCERTAINTY ANALYSISPROBABILISTIC DATA OF UNCERTAINTY ANALYSIS

��
PCU RESULTSPCU RESULTS

Mean Std Uncer Tmax Uncer Tmax Uncer Tmax

Batt Temp 5.96 0.895 1.48 7.44 1.75 7.71 2.51 8.47
OBDH Temp 27 3.7 6.12 33.12 7.25 34.25 10.40 37.40
TRP Temp 18.7 2.68 4.43 23.13 5.25 23.95 7.53 26.23
PCU Temp 25.1 3.76 6.22 31.32 7.37 32.47 10.57 35.67

90% Confidence level 95% Confidence level 99% Confidence level

ESTEC 15th Thermal and
ECLS Software

October 2001 16

��
Critical Cases Selection based on temperatures for a fixedCritical Cases Selection based on temperatures for a fixed
design and not based on environmentsdesign and not based on environments
–– Steady StateSteady State

–– TransientTransient
��

All thermal parameters (Radiation data, heat inputs and thermalAll thermal parameters (Radiation data, heat inputs and thermal
model) can be changedmodel) can be changed
–– Orbit altitude, inclination, ascending node…Orbit altitude, inclination, ascending node…

–– Satellite attitudeSatellite attitude

–– External Radiation values (solar, External Radiation values (solar, albedoalbedo, terrestrial), terrestrial)

–– SeasonSeason

–– ConductancesConductances

STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

Critical cases selectionCritical cases selection
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STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

–– Thermal CapacitiesThermal Capacities

–– Heating Power and/or thresholdsHeating Power and/or thresholds

–– Unit power dissipation (sunlight/eclipse)Unit power dissipation (sunlight/eclipse)

Critical cases selection (Critical cases selection (contcont.).)

Note:Note:

–– THERE IS A CRITICAL CASE FOR EACH UNIT OR SATELLITE ELEMENTTHERE IS A CRITICAL CASE FOR EACH UNIT OR SATELLITE ELEMENT

–– CRITICAL CASES SELECTION  DEPENDS ON THE RESPONSE OF THECRITICAL CASES SELECTION  DEPENDS ON THE RESPONSE OF THE
DESIGN, NOT ON THE INPUTSDESIGN, NOT ON THE INPUTS

ESTEC 15th Thermal and
ECLS Software
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STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

��
Example: Spanish MINISAT. 3 years of flight .Example: Spanish MINISAT. 3 years of flight .
–– Radiators on lateral facesRadiators on lateral faces

–– Sun pointed (Sun pointed (NutationNutation up to 7 degrees) up to 7 degrees)

–– Attitude around sun axis 0÷360°. YAW angleAttitude around sun axis 0÷360°. YAW angle

–– Orbit inclination 150° (any ascending node)Orbit inclination 150° (any ascending node)

–– Note: Any combination of orbit ascending node, season andNote: Any combination of orbit ascending node, season and
satellite attitude is feasible depending on launch day.satellite attitude is feasible depending on launch day.

Critical cases selection (Critical cases selection (contcont.).)
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STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

��
Example: Spanish MINISAT. 3 years of flight .Example: Spanish MINISAT. 3 years of flight .

Critical cases selection (Critical cases selection (contcont.).)
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STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

Critical cases selection (Critical cases selection (contcont.).)

–– Transponder Y OBDHTransponder Y OBDH
Tmax Tmax 30.94°C30.94°C
Yaw   178 °Yaw   178 °
AscenAscen node 340 node 340
Season DecemberSeason December

–– MW, Battery, PCU, PDU and EMWMW, Battery, PCU, PDU and EMW
Tmax Tmax 31.95°C31.95°C
Yaw   107 °Yaw   107 °
AscenAscen node 0 node 0
Season DecemberSeason December
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STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

�� 0° and 180° rotation w.r.t. Sun pointing vector based on max/min0° and 180° rotation w.r.t. Sun pointing vector based on max/min
external heat inputs identified during system study (external heat inputs identified during system study (ClassicalClassical
Environmental critical cases selection) .Environmental critical cases selection) .

�� A stochastic analysis for critical cases selection based onA stochastic analysis for critical cases selection based on
temperatures shows unexpected more extreme temperature profilestemperatures shows unexpected more extreme temperature profiles
for YAW angles of 178 and 107. Flight data confirms this new criticalfor YAW angles of 178 and 107. Flight data confirms this new critical
case.case.

�� For other satellite units additional critical cases were found. StochasticFor other satellite units additional critical cases were found. Stochastic
analysis supplies more information for accurate determination ofanalysis supplies more information for accurate determination of
critical design cases.critical design cases.

Critical cases selection. Critical cases selection. “LESSONS LEARNED”:“LESSONS LEARNED”:
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STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

��
Check temperature deviationsCheck temperature deviations

��
Select a parameter. Modify modelSelect a parameter. Modify model

��
Verify the response for allVerify the response for all
thermocouplesthermocouples

��
Select other parameter. Modify modelSelect other parameter. Modify model

��
New runs and verification of resultsNew runs and verification of results

��
Repeat process to meet correlationRepeat process to meet correlation
criteriacriteria

��
Total analysis loop working time inTotal analysis loop working time in
weeks to monthsweeks to months

Thermal test correlationThermal test correlation

Present ApproachPresent Approach Stochastic ApproachStochastic Approach
��

Definition of main parameters related toDefinition of main parameters related to
heat transfer in the model.heat transfer in the model.
CORRELATION MATRIXCORRELATION MATRIX

��
Selection of parameters variation rangeSelection of parameters variation range
and interval to move their range.and interval to move their range.

��
Run all test cases imposing objectivesRun all test cases imposing objectives

��
Verification of feasible correlationVerification of feasible correlation
results.results.

��
Local problems solutionLocal problems solution

��
Total analysis working time in daysTotal analysis working time in days
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TMM UPDATING

TBT TEST

TEST PHASES SENSITIBITY

MEASURED TEMPERATURES

ACTUAL TEST CONDITIONS

TEST SPECIFICATION

CORRELATION CRITERIA CORRELATION

FLIGHT PREDICTIONS

TMM

TEST

TEST PREDICTION

TMM UPDATING

TBT TEST

TEST PHASES SENSITIBITY

MEASURED TEMPERATURES

ACTUAL TEST CONDITIONS

TEST SPECIFICATION

CORRELATION CRITERIA CORRELATION

FLIGHT PREDICTIONS

TMM

TEST

TEST PREDICTION

GROUPS OF RESPONSE SEL ECTION

TC´s CORREL ATION M ATRIX
STOCHASTIC ANALYSIS

MAIN THERMAL PARAM ETERS 

IDENTIFICATION

INPUT/OUTPUT CORRELATION M ATRIX

TEST PHASES VALIDATIONGROUPS OF RESPONSE SEL ECTION

TC´s CORREL ATION M ATRIX
STOCHASTIC ANALYSIS

MAIN THERMAL PARAM ETERS 

IDENTIFICATION

INPUT/OUTPUT CORRELATION M ATRIX

TEST PHASES VALIDATION

CORRELATION OBJECTIVES

TEMP MEAN VALUE

TEMP STANDARD DEVIATION 

STOCHASTIC 

ANALYSIS

CORRELATED MODEL

LOOK FOR TENDENCIES

IDENTIFY DEVIATIONS

SELECT PARAMENTERS

ESTABLISH PARAMETER SCATTER RANGE

UNCORRELATED MODEL

CORRELATION OBJECTIVES

TEMP MEAN VALUE

TEMP STANDARD DEVIATION 

STOCHASTIC 

ANALYSIS

STOCHASTIC 

ANALYSIS

CORRELATED MODEL

LOOK FOR TENDENCIES

IDENTIFY DEVIATIONS

SELECT PARAMENTERS

ESTABLISH PARAMETER SCATTER RANGE

UNCORRELATED MODEL

TEST RESULTS CORRELATION TEST RESULTS CORRELATION && FLIGHT PREDICTIONS. PHASE C/D FLIGHT PREDICTIONS. PHASE C/D

��
APPLICATIONAPPLICATION

STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS
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��
Example of XMM-MSP thermal balance testExample of XMM-MSP thermal balance test
Temperature depends onTemperature depends on

 three main parameters three main parameters

 (Conductance to SVM, MLI conductance, (Conductance to SVM, MLI conductance,

Closing foil internal Closing foil internal emittanceemittance))

Thermal test correlation (Thermal test correlation (contcont.).)

STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS
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Thermal test correlation (Thermal test correlation (contcont.).)

STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

��
Test correlation requirementsTest correlation requirements
–– Mean deviations lower than 2 degrees.Mean deviations lower than 2 degrees.

–– Standard deviation lower than 3 degrees.Standard deviation lower than 3 degrees.

–– Critical elements deviation lower than 5 degrees.Critical elements deviation lower than 5 degrees.

ESTEC 15th Thermal and
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Thermal test correlation (Thermal test correlation (contcont.).)

STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

��
Test correlation requirementsTest correlation requirements
–– Mean deviations lower than 2 degrees.Mean deviations lower than 2 degrees.

–– Standard deviation lower than 3 degrees.Standard deviation lower than 3 degrees.

–– Critical elements deviation lower than 5 degrees.Critical elements deviation lower than 5 degrees.
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Thermal test correlation (Thermal test correlation (contcont.).)

STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

��
EVALUATION OF SIGNIFICANT INPUT PARAMETERSEVALUATION OF SIGNIFICANT INPUT PARAMETERS

��
Global correlation matrix                                  Main significant parametersGlobal correlation matrix                                  Main significant parameters
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Thermal test correlation (Thermal test correlation (contcont.).)

STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

��
MAIN OUTPUT CORRELATION MATRIX. GROUPS OF RESPONSEMAIN OUTPUT CORRELATION MATRIX. GROUPS OF RESPONSE



ESTEC 15th Thermal and
ECLS Software

October 2001 29

Thermal test correlation (Thermal test correlation (contcont.).)

STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

�� CORRELATIONCORRELATION EXERCISE IMPOSING OBJECTIVES EXERCISE IMPOSING OBJECTIVES

Nominal 
value

Variable range

Interval of movement

Nominal 
value

Variable range

Interval of movement

Nominal 
value

Variable range

Interval of movement

Nominal 
value

Variable range

Interval of movement

Objective

Combination of 
minimum 
distance

Objective

Combination of 
minimum 
distance
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Thermal test correlation (Thermal test correlation (contcont.).)

STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

��
CORRELATION EXERCISE IMPOSING OBJECTIVESCORRELATION EXERCISE IMPOSING OBJECTIVES

Var1

Varn

Var1

Varn
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Thermal test correlation (Thermal test correlation (contcont.).)

STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

��
CORRELATION EXERCISE IMPOSING OBJECTIVESCORRELATION EXERCISE IMPOSING OBJECTIVES
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Thermal test correlation (Thermal test correlation (contcont.).)

STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS

��
IS IT POSSIBLE TO REACH ALL OBJECTIVES?IS IT POSSIBLE TO REACH ALL OBJECTIVES?

It is not possible to reachIt is not possible to reach

a mean deviationa mean deviation cero cero

and standard deviationand standard deviation cero cero

That is the effect of non usedThat is the effect of non used

input variablesinput variables
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FLIGHT RESULTSFLIGHT RESULTS CORRELATION. PHASE  CORRELATION. PHASE EE

��
OBJECTIVESOBJECTIVES
–– To To verify in-orbit performancesverify in-orbit performances
–– To justify anomalies and deviationsTo justify anomalies and deviations

��
PROBLEMS IN THIS PHASEPROBLEMS IN THIS PHASE
–– Correlation between model and telemetry data with uncertain enviromental conditionsCorrelation between model and telemetry data with uncertain enviromental conditions
–– Limited data from S/C to assess anomalies and deviationsLimited data from S/C to assess anomalies and deviations

��
PROPOSALPROPOSAL
–– Stochastic analysis combining all parameters and statistical treatment.Stochastic analysis combining all parameters and statistical treatment.

�� Great amount of scenarios to be evaluatedGreat amount of scenarios to be evaluated
�� PathologicPathologic  bbeehaviorshaviors
�� Levels of confidence to support conclusionsLevels of confidence to support conclusions
�� Corrective actionsCorrective actions

STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS
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DESIGN IMPOSING OBJECTIVESDESIGN IMPOSING OBJECTIVES
�� RADIATORS SIZE AND LOCATION DEFINITIONRADIATORS SIZE AND LOCATION DEFINITION

STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS
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NOMINAL DESIGN AND DESIGN LIMITS. PHASE ANOMINAL DESIGN AND DESIGN LIMITS. PHASE A

�� APPLICATIONAPPLICATION

–– The design is a input variableThe design is a input variable..

–– The range of data is larger than the nominal ones.The range of data is larger than the nominal ones.

PCU              35W±20%

RWLS          13W±30%

GYRO E       35W±20%

OBDH          45W±15%

Exper 1         60W±20%

Camera         18W±40%

PCU              35W±20%

RWLS          13W±30%

GYRO E       35W±20%

OBDH          45W±15%

Exper 1         60W±20%

Camera         18W±40%

PCU              32,2W   37,4 W

RWLS           11,3W   11,7W

GYRO E       30,3W    37,8W

OBDH          47,0W    44,5W

Exper 1         58,9W     60,2W

Camera         21.2W     19,5W

PCU              32,2W   37,4 W

RWLS           11,3W   11,7W

GYRO E       30,3W    37,8W

OBDH          47,0W    44,5W

Exper 1         58,9W     60,2W

Camera         21.2W     19,5W

STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS
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DESIGN IMPOSING OBJECTIVESDESIGN IMPOSING OBJECTIVES
��

COATINGS SELECTIONCOATINGS SELECTION

��
PATTERN between black coating and PATTERN between black coating and aluminiumaluminium. . TmaxTmax<50ºC<50ºC

STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS
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CONCLUSIONSCONCLUSIONS
�� Utilization of probabilistic analysis methods directly considering the scatter ofUtilization of probabilistic analysis methods directly considering the scatter of

parameters and their distributions (e.g. loads, geometry, and material properties)parameters and their distributions (e.g. loads, geometry, and material properties)
provideprovidess additional information of the design additional information of the designss..

��
IIntroductionntroduction of concepts such as Robustness, Flexible, Optimum or Cost Effective of concepts such as Robustness, Flexible, Optimum or Cost Effective
allowallowss choosing the  choosing the ““ BEST DESIGNBEST DESIGN””

�� DDrawbacksrawbacks::  The use of massive analysis requests  The use of massive analysis requests a a very well conditioned heatvery well conditioned heat
transfer phenomena of the S/C. This method does not substitute expertise bytransfer phenomena of the S/C. This method does not substitute expertise by
number of uncontrolled runs.number of uncontrolled runs.

��
IImplementmplementationation  atat EADS CASA  EADS CASA EspacioEspacio::
–– Soil Moisture and Ocean Salinity (SMOS) instrument, (phase A)Soil Moisture and Ocean Salinity (SMOS) instrument, (phase A)..
–– XMM Mirror Support Platform and XMM Mirror Support Platform and MeteosatMeteosat Second Generation thermal test Second Generation thermal test

correlationcorrelation..
–– Spanish Spanish MinisatMinisat flight performance verification. flight performance verification.
–– NEXT: GalileoSat, A5 Vehicle Equipment BayNEXT: GalileoSat, A5 Vehicle Equipment Bay

STOCHASTIC APPROACH TO SPACECRAFT TCSSTOCHASTIC APPROACH TO SPACECRAFT TCS
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Appendix I: ESARAD

ESARAD

F. du Laurens d’Oiselay
Alstom
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1515thth European Workshop on European Workshop on
Thermal and ECLS SoftwareThermal and ECLS Software

ESTEC, The NetherlandsESTEC, The Netherlands

October 9-10, 2001October 9-10, 2001

ESARAD v-4.3

Advanced Support

Frédéric du Laurens d’Oiselay – Support Manager
ALSTOM Power Technology Centre

+44 116 284 5748
esa.support@power.alstom.com
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Objectives

• Run a model through a complete loop
• Geometry modeling to temperature mapping

• Make use of advanced features
• Capacitance calculations
• Visualisation of complex attitude

• Defining complex orbit
• Importing a model into ESATAN

• Retrieving temperatures in ESARAD

• Batch mode techniques
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Analysis Loop – Geometry

Capacitances

Kernel

Temperature
mapping

Geometry

AttitudeVisualisation

GFF

Orbit
ESATAN file
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Geometry – Interactive Modeling

• Geometry building
• Model tree
• Visualisation

• On-line help

• Visualisation
• Customisable
• Additive

• Interactive
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Analysis Loop – Capacitances

Capacitances

Kernel

Temperature
mapping

Geometry

AttitudeVisualisation

GFF

Orbit
ESATAN file
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Geometry – Capacitances

• Creating a bulk
• Density

• Specific heat
• Conductivity

• Defining shell
• Geometry

• Bulk
• Thickness
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Capacitances in ESATAN

• Capacitance definition
• Ability of a material to store energy
• C = density ·volume ·specific heat = mass ·Cp

• Stored in ESATAN in $I NI TI AL
$CONSTANTS
    $REAL
        # Mat er i al  dat a f or  ' Al '
        Cp_Al  = 902. 000000;
        Dens_Al  = 2710. 000000;
$I NI TI AL
      C100 = 0. 001000 *  Cp_Al  *  Dens_Al     # box
      C101 = 0. 001000 *  Cp_Al  *  Dens_Al     # box
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Analysis Loop – Kernel

Capacitances

Kernel

Temperature
mapping

Geometry

AttitudeVisualisation

GFF

Orbit
ESATAN file
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MCRT Method in ESARAD

Unit box meshing (NBDIV)

Sun projection

Planet projection

Boxel

Empty boxel

Discretised boxel

Full boxel

Page 10 / 41  Frédéric du Laurens - ESARAD v-4.3 Advanced Support - © ALSTOM Power UK Ltd

Analysis Loop – Orbit

Capacitances

Kernel

Temperature
mapping

Geometry

AttitudeVisualisation

GFF

Orbit
ESATAN file
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Orbital Parameters

• Classical orbital parameters
• a – semi-major axis

• e – eccentricity
• i  – inclination

• ΩΓ – right ascension of the
ascending node (RAAN)

• ω – argument of periapsis

• θ – true anomaly

• ESARAD orbital
parameters
• ha = a·(1 + e) – Rplanet

• hp = a·(1 – e) – Rplanet

• i = i

• ΩICS = ΩΓ – αS(t)
αS(t) – right ascension of
the Sun at time t

• α = ω
• θ = θ
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In-Orbit Satellite Positioning

i

Ascending

ΩΓ

ω

Γ

Perigee

Apogee

hpθ

Equatorial plane

Orb
ita

l p
lane

Line of nodes

Node
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ICS and J2000

First point of Aries

αS

αS

Γ

Γ

XICS

XICS

AN

ANΩΓ

ΩICSΩICS

ΩΓ

ΩICS = ΩΓ – αS(t)
Vernal equinox direction Γ

Line of nodes

Ascending Node AN
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Sun-Synchronism

• Sun-synchronous orbits (SSO):
• Low altitude (~ 800 km), circular orbit
• Inclination i > 90° (~ 98°), related to altitude
• Fixed local solar time of ascending node LST

• Achieved in practice by drifting the ascending node of
the orbit
• dΩΓ/dt ~ 0.985 °/day i.e. 360° over 365.24 days
• Angle between Earth-Sun vector and line of nodes is

constant throughout the mission
• Drift physically induced by natural shape of Earth
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Sun-Synchronism in ESARAD

Line of nodes

Ascending Node AN

XICS

• SSO are easy to model in ESARAD since the
reference line XICS points always at the Sun

• ΩICS = (LSTh – 12h) · 360° / 24h
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Geostationary Orbits

• Virtually constant equatorial sub-satellite point
• Period = 23h 56min 4.09 sec = 86164.09 sec
• Solar day = 24h 0min 0.0 sec = 86400.00 sec
• (86400 – 86164.09) × 365.2414 = 86164.09 !

First point of Aries

Γ

Γ

 solar

 sidereal
day

day
Earth’s orbit
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Sun Centred Orbits

AN
ΩICS

• So-called TRANSFER_ORI ENTED

• XICS points to an arbitrary direction (e.g. Γ)
• Altitudes ha and hp are actually distances from

centre of Sun

XICS

hp

haLine of nodes

Ascending Node AN
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Analysis Loop – Attitude

Capacitances

Kernel

Temperature
mapping

Geometry

AttitudeVisualisation

GFF

Orbit
ESATAN file
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Variable Euler Angles – Orbit

• Euler angles are attributes of orbit
• Orbit is attribute of radiative case

• Need to define an orbit up-front
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Variable Euler Angles – Arrays

• Define a radiative case
• Define 3 arrays of reals

• Need to know the number of orbital positions

ORBI T sso_or bi t ;

. . .

RADI ATI VE_CASE r ad_782km;

. . .
REAL OMEGA_ANG[ 21]  = { 180. 0,  40. 0, …,  300. 0,  310. 0} ;
REAL PHI _ANG[ 21]  = { 0. 0,  40. 0, …,  300. 0,  310. 0} ;
REAL PSI _ANG[ 21]  = { 0. 0,  80. 0, …,  40. 0,  80. 0} ;
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Variable Euler Angles – Rad Case

• Affect first angle values to I NI Tial values

sso_or bi t . I NI T_PSI  = PSI _ANG[ 1] ;
sso_or bi t . I NI T_PHI  = PHI _ANG[ 1] ;
sso_or bi t . I NI T_OMEGA = OMEGA_ANG[ 1] ;

r ad_782km. ORBI T = sso_or bi t ;

• Affect the pre-defined orbit to radiative case

Page 22 / 41  Frédéric du Laurens - ESARAD v-4.3 Advanced Support - © ALSTOM Power UK Ltd

Variable Euler Angles – Loop

• Affect the Euler angles at each iteration
• Affect the pre-defined orbit to radiative case

I NTEGER or bi t _i ndex;

FOR ( or bi t _i ndex = 1;  or bi t _i ndex <=
r ad_782km. NUM_ORBI T_POSI TI ONS;  or bi t _i ndex = or bi t _i ndex + 1)

    sso_or bi t . I NI T_PSI  = PSI _ANG[ or bi t _i ndex] ;
    sso_or bi t . I NI T_PHI  = PHI _ANG[ or bi t _i ndex] ;
    sso_or bi t . I NI T_OMEGA = OMEGA_ANG[ or bi t _i ndex] ;

    r ad_782km. ORBI T = sso_or bi t ;
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Variable Euler Angles – Analysis

• Launch analysis from GUI via Copy/Paste
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Analysis Loop – Visualisation

Capacitances

Kernel

Temperature
mapping

Geometry

AttitudeVisualisation

GFF

Orbit
ESATAN file
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Visualisation – Shade Settings
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Visualisation – Colour Settings
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Visualisation – Clipping Planes
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Visualisation – Matching Kernel

• Visualisation process independent from kernel

• Apply the orientation of the first orbital position
throughout the orbit

• Any parametrisation within the kernel should be
plugged into the visualisation Command/History
window
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Analysis Loop – ESATAN File

Capacitances

Kernel

Temperature
mapping

Geometry

AttitudeVisualisation

GFF

Orbit
ESATAN file
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ESATAN File Formatting

• Takes geometric model and calculated results

• Outputs an ESATAN input file representing the
thermal model

• User specifies which quantities to output e.g. REFs
and HFs

• User can specify a minimum cutting threshold and an
average deviation threshold

• A  number of different thermal models can be output
from a single geometry
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ESATAN File Output

• Thermal Model     Open…
• Output     Case Results…

• File     ESATAN Output...

Check it!
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Analysis Loop – Creating GFF

Capacitances

Kernel

Temperature
mapping

Geometry

AttitudeVisualisation

GFF

Orbit
ESATAN file
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Running ESATAN

• Filter exponents in file * . d – PC only
• exp3to2 < outputfile.tan > outputfile.d

• Set capacitances in $I NI TI AL and GLs

• Call routine DMPGFF in $OUTPUTS

• Run steady state and transient case

• ESATAN will create two GFF output files:
• * . GFF1 – corresponds to steady state

• * . GFF2 – corresponds to transient case
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Importing GFF into ESARAD

• Open appropriate...
• Model
• Radiative case
• Thermal model

• …and import GFF file
• Steady state: GFF1

• Transient: GFF2



Page 35 / 41  Frédéric du Laurens - ESARAD v-4.3 Advanced Support - © ALSTOM Power UK Ltd

Analysis Loop – T°(C) Mapping

Capacitances

Kernel

Temperature
mapping

Geometry

AttitudeVisualisation

GFF

Orbit
ESATAN file
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Temperature Mapping Setup

• Display Post-Proc Thermal...
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Analysis Loop – T°(C) Display

Capacitances

Kernel

Temperature
mapping

Geometry

AttitudeVisualisation

GFF

Orbit
ESATAN file
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In-Orbit Temperature Display

• In-orbit results
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Single Temperature Display

• Single position • Average results
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Running ESARAD in Batch

• Easier
• DOS/Xterm environment
• Handling text files

• Faster
• Geometry loading
• Kernel run

• Configuration control
• Choose version of model

• Chaining analysis
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Batch Analysis Techniques

• File names
• training.erg
• training.erk
• training.ere

• Extra files
• training.era
• run.bat
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Appendix J: Round Table Discussion

Round Table
Discussion

H.P. de Koning
ESTEC/TOS-MCV
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Hans-Peter.de.Koning@esa.int

Sheet 29+10 Oct 2001 15th European Workshop on Thermal and ECLS Software

• Model Reduction

• Analysis of cryogenic systems

• Connection to CAD/FEA models

• Generic post-processing
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• What is the purpose of model reduction?
– Acceptable computation time?

– Manageable post-processing / interpretation?

– Manageable integration subco models in system model?

• Model reduction versus
reduced/consolidated view of model and results,
and keep running the complete model

• How is reduced model verification handled?

Sheet 49+10 Oct 2001 15th European Workshop on Thermal and ECLS Software

• User experience?

• Particular requirements for modelling

• Numerical accuracy

• Handling non-linearities

• Adequate representation of materials/properties

• ESARAD/THERMICA, ESATAN OK? Special pre-cautions?
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• Are users importing CAD/FEA models routinely?
– What standards? Or proprietary interfaces?

• How is idealisation done?
– By hand / automatic? In CAD tool? In thermal modelling tool?

• Typical model size?
– Hundreds of surfaces? ~1000? ~5000?  ~10000? ~50000? ~100000?

• Closing the loop: export back to CAD/FEA necessary?

Sheet 69+10 Oct 2001 15th European Workshop on Thermal and ECLS Software

• Asked many times…

• Is it possible to agree on common functionality?

• Can current proprietary packages be merged into one public one

• Build around common open standard results data format
– STEP-NRF / HDF5 results format is planned to become available in 2002

– Then output routines for ESATAN, ESARAD, ...
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Appendix K: Temperature Control Loop Analyzer (TeCLA) Software

Temperature Control Loop Analyzer
(TeCLA)
Software

F. Burzagli
Alenia Spazio
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Temperature Control Loop Analyzer (TeCLA)
Software

F. Burzagli - S. De Palo - G. Santangelo
(Alenia Spazio)

Fburzagl@to.alespazio.it
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Foreword

A typical feature of an active loop thermal system is to guarantee a tight
temperature range to external and/or internal users through a stable and fast
control dynamics.

This goal is obtained through a compromise between

- stability (“bullet-proof”, relatively slow system)

- performance (reactive, potentially nervous system)

This compromise is not always possible.
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Standard Temperature Control Configuration

3-way Valve

Hot B r a n c h

C o ntr o ller

C ol d  B r a n c h

T em p er atu r e

S ens o r

HX

L o o p  H eat  L o ad

α
�

Loop Heat Load

Controller

Temperature
Sensor

3-way Valve
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Regenerative Temperature Control Configuration

α
�

3-way Valve

Hot B r a n c h

C o ntr o ller

C ol d  B r a n c h

T em p er atu r e

S ens o r

HX

W a r m  B r a n c h

Controller

Temperature
Sensor

3-way Valve
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Approaches to Stability Analysis

Method Pros Cons

Experimental 
Testing

�
 Stability directly assessed for the tested 

    configurations

�  Usually expensive
�  Huge number of scenarios to be investigated
�

 Stability not guaranteed in other configurations 
    than the tested ones

Numerical 
Simulation

�  No test set-up costs
�  Utilization of standard simulators

�  Huge number of scenarios to be investigated
�  Stability not guaranteed in other configurations 
    than the tested ones

�  Modeling uncertainties

Theoretical 
Analysis

�
 Extensive investigation of all the possible 

    loop configurations
�  Worst case identification (parametric)
�  Possible use of robustness indicators

�  Simplified representation of the loop
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Approaches to Stability Analysis (cont’d)

A detailed analysis of the loop stability and performance has to consider the
following points:

• investigation of stability based on automatic control theory (linear and/or non-
linear) 

�
 [theoretical analysis]

• choice of “optimal” and “robust” control law coefficients 
�

 [numerical
simulation and theoretical analysis]

• identification of operational worst case scenarios 
�

 [theoretical analysis]

• simulation of transients leading to worst case scenarios (verification of
stability regions) 

�
 [numerical simulation]

• optional testing campaign focused on worst case operational scenarios
(verification of stability regions and system performance) 

�
 [experimental

testing]
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Node 2/Columbus Testing Experience

Examples of the experimental activity are the testing campaign on Node 2
Breadboard and on Columbus Water Loop Step IV (both carried out in the
period July-August 1998) .
Some limits of the trial and error methods were highlighted:

• the stability/instability assessment of the system was limited only to the
tested cases;

• various sets of control coefficients were tested to investigate the influence on
the system stability;

• evidence about the reliable identification of the worst case scenario was not
obtained;
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TeCLA Code

Temperature Control Loop Analyser (TeCLA) was developed by Alenia to
perform stability analysis on Node 2 layout and software. The main features
of the code are:

• The loop layout can be interactively inserted by the user

• 3-way and heat exchanger hydraulic and thermal data are interpolated by
means of neural network

• the worst case scenario is found inside a range of operational parameters
given by the user (and derived from requirements)

• stability regions in terms of controller gains are evaluated

• stability regions evaluated on the basis of Nyquist (linear) and circle (non-
linear) criteria

• robustness indicators (vector, phase or gain margin) are given for each pair
inside the stable zone
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TeCLA Code - graphic user interface
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TeCLA Code - stability region screen shot

KD

KP
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Application to Node 2 LT and MT loops
(iso-phase margin curves - standard configuration)

LTL Standard Configuration - Phase Margin Curves
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Application to Node 2 LT loop
(iso-phase margin curves - regenerative configuration)

SPCU Regenerative Configuration - Phase Margin Curves
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SINDA-Fluint Simulations vs. TeCLA predictions

LTL Standard Configuration - Transient Simulation
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SINDA-Fluint Simulations vs. TeCLA predictions (cont’d)

LTL Standard Configuration - Transient Simulation
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TeCLA ongoing development

 The software is being updated in order to:
– cover a wider range of layout configurations (100% completed, debugging

ongoing)

– cover a wider range of control laws (50% completed)

– utilize a wider spectra of stability and robustness indicators (20% completed)

 TeCLA will be structured in two separate units:
– the solver (ANSI C) runs on Unix platform
– Intranet/Internet access to graphic pre- and post-processing (Java)

 Development schedule:
– mid 2002
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TeCLA Architecture (ongoing development)
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• Coefficient optimization:
Insert an inverse Laplace transform routine to provide information on the system performance inside
the stable region

• Mission control utilization:
Link of the software to real-time flight telemetry to analyze off-nominal scenarios and verify the
stability of the implemented control law parameters

• Extension to pressure and mass flow rate controls

• Software validation:
In the framework of Node 2 Testing activity at integration level (if possible)

NOTE: once the Java I/F has been assessed for TeCLA, its use can be extended to develop connection
tools between mission control telemetry and simulation software (SINDA-FLUINT, ESATAN-FHTS)
to analyze flight transient with considerable time saving.

Future Work
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Appendix L: Analysis of Spacecraft Thermal Stability
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Analysis of Spacecraft Thermal Stability
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Objectives of Presentation

• A short study is just underway to assess the Phase A thermal stability
analysis that has been made for the Laser Interferometer Space Antenna
(LISA).

• The study aims to:
• assess the validity of the standard thermal modelling approaches

when investigating small temperature fluctuations.
• recommend methods for improving analysis of spacecraft thermal

stability.

• The purpose of this presentation is therefore to describe the work in
progress:

• summarise the initial review of uncertainty and error sources.
• place the review in the context of spacecraft thermal stability analysis.
• invite ideas and suggestions.
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LISA Mission Summary

• Gravitational wave detector based on a Space interferometer:
• Measures changes in separation between free falling test masses to 10pm

accuracy.
• Six test masses on three spacecraft in an equilateral triangle formation.

• Major thermal disturbances are due to:
• Variation in solar constant due to Sun’s normal modes of oscillation.
• Fluctuations in electrical power dissipation.

• Thermal stability requirements:
• Optical Bench temperature stability better than 1×10-6 K/Hz1/2 at 1 ×10-3 Hz.
• Electronics temperature stability better than 1.2×10-3 K/Hz1/2.
• Telescope optical path length changes resulting from thermo-elastic effects <

40pm/Hz1/2

Rutherford Appleton Laboratory
Space Science and Technology Department
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LISA Mission Summary
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Thermal Modelling

• The thermal response of the unit is assessed by applying fluctuations, at specific
frequencies, due to:

• Solar Constant.
• Electrical power dissipations.

• The semi-amplitude of temperature fluctuations is obtained from the absolute
temperature predictions (i.e., ½(Tmax - Tmin)).

• numerical stability must be achieved

• Therefore, the thermal model must be able to identify temperature differences smaller
than 2×10-6 K (the difference between the absolute temperature predictions).

Rutherford Appleton Laboratory
Space Science and Technology Department

15th European Workshop on Thermal and ECLS Software, 9-10 October 2001, ESTEC, Noordwijk, Netherlands. 6

Thermal Stability Analysis Issues

• Understand the sources of instability
• numerical instability.
• ‘real’ instability.

• How to select appropriate model parameters
• time steps.
• meshing density.

• What are the limits on the accuracy for stability analysis predictions?
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The Three Main Sources of Numerical Error

Data Uncertainty

Differences between the thermal model and the final ‘as-built’ spacecraft.
For example,

• Heat capacities.
• Radiative exchange-factors.
• Conductances.

Rounding

Computer approximation to the real number.

Truncation

Replacing the exact partial differential equations with finite difference
approximations.

Rutherford Appleton Laboratory
Space Science and Technology Department

15th European Workshop on Thermal and ECLS Software, 9-10 October 2001, ESTEC, Noordwijk, Netherlands. 8

Data Uncertainty

• LISA thermal analysis is for Phase A - details of the final spacecraft
configuration are not known.

• The data uncertainty can be reduced to some extent as the design is
developed (e.g., through Phases B and C).

• Sensitivity analysis can be used to quantify these uncertainties.
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Data Uncertainty Example

• Object at uniform initial temperature Ti

• Immersed in fluid at temperature T∞ at t=0

• Convective coupling = hA = 0.1 W/K

• Heat capacity = C = mcp = 1.0 J/K
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Sensitivity to Heat Capacity, C
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Sensitivity to Convective Coupling, hA
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Rounding

• A characteristic of computer hardware.

• Floating point number system: y = ± m x βe-t, 
where m = mantissa; β = base;  e = exponent range; t = bias.

• The sign, mantissa, and exponent range only are stored to represent
floating point numbers.

• The two main floating point formats are:

Type Size
(bits)

Mantissa
(bits)

Exponent
(bits)

Unit
roundoff

Range

Single 32 23+1 8 ~ 6×10-8 10±38

Double 64 52+1 11 ~ 1×10-16 10±308

• ESATAN solution routines use Double Precision
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Accumulation of Rounding Errors

•  Theoretically, in finite difference routines the rounding errors accumulate
linearly with time.

• the occurrence of rounding errors is not random.

• Minimising the time step will increase the rounding errors.
• ‘larger’ time step is desirable.

•  Cancellation
• is when two nearly equal numbers are subtracted.
• can exacerbate problems.
• occasionally beneficial because errors are also cancelled.
• avoid subtracting values that are in error.

Rutherford Appleton Laboratory
Space Science and Technology Department

15th European Workshop on Thermal and ECLS Software, 9-10 October 2001, ESTEC, Noordwijk, Netherlands. 14

Truncation

• Truncation error would exist even if a computer had perfect representation
of numbers and no round-off error.

• Truncation errors are associated with the discrete approximation of a
continuous quantity.

•  time-steps.
•  spatial discretisation.

• Minimising time step and refining mesh is desirable.

• Spatial discretisation is generally coarse in Phase A models and becomes
finer, as appropriate, during Phases B and C.

• A fine mesh is desirable for predicting temperature gradients over low
conductivity structures.



Rutherford Appleton Laboratory
Space Science and Technology Department

15th European Workshop on Thermal and ECLS Software, 9-10 October 2001, ESTEC, Noordwijk, Netherlands. 15

Truncation

• The ESATAN ‘SLFWBK’ solver was used for the LISA Phase A thermal
analysis:

• Crank-Nicholson forward-backward difference method.
• centred on the midpoint of the time-step.
• ‘implicit scheme’: simultaneous solution of temperatures at each time-

step.
• numerically stable for any size of time-step.
• the time discretisation is ‘second order’ correct (i.e., proportional to

the square of the time step):
• halving the time-step reduces the truncation error by a factor of

4.

Rutherford Appleton Laboratory
Space Science and Technology Department

15th European Workshop on Thermal and ECLS Software, 9-10 October 2001, ESTEC, Noordwijk, Netherlands. 16

Midpoint Scheme

• The slope of the tangent to a function at the midpoint is a better
approximation to the derivative than the ‘forward difference’ scheme
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Influence of Step-Size on Truncation and Rounding

• Simply reducing the step-size as much
as possible does not achieve the best
accuracy.

• truncation : minimise step-size.
• rounding : ‘larger’ step-size.

• The optimal step-size therefore needs to
be determined.

• Can the transient response be analysed
to identify optimal step-size:

•  statistical.
•  noise.

Rutherford Appleton Laboratory
Space Science and Technology Department

15th European Workshop on Thermal and ECLS Software, 9-10 October 2001, ESTEC, Noordwijk, Netherlands. 18

Conclusions

• Three main sources of error that can influence thermal stability analysis:
• data uncertainty.
• truncation.
• rounding.

• Planned work:
• Complete review of error sources.
• Assess hardware/software characteristics.
• Develop methodology for setting up and undertaking thermal stability

analysis.
• Is present analysis capable of assessing the LISA thermal

requirements?
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Summary

� About BepiColombo
� Thermal Design Issues
� Required Thermal Analysis
� Thermal Modelling Issues
� Proposed Software Developments
� Conclusions



© Astrium3 October 2001
15th European Workshop on Thermal/ECLS Software

About BepiColombo
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What is BepiColombo?

� ESA mission to Mercury (Cornerstone 5)
� Consists of 3 science spacecraft

- MPO: Mercury Polar Orbiter, performs close range study of the planet
surface and investigation into gravity field & rotational state

- MMO: Mercury Magnetosphere Orbiter, performs measurements of Mercury
magnetosphere (supplied by ISAS, Japan)

- MSE: Mercury Surface Element, a lander to record data from the planet
surface

� Includes 2 propulsive modules
- SEPM: Solar Electric Propulsion Module, provides ∆V to spacecraft to

perform transfer to Mercury (uses Ion engines)

- CPM: Chemical Propulsion Module, provides ∆V to spacecraft to perform
Mercury orbit injection manoeuvres, and descent to surface

� All modules travel to Mercury as a single composite
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Mission and Spacecraft

� Launch date: 2009/2010
� Launched by Ariane V
� Transfer lasts 2½ years
� Arrive in Mercury Orbit: 2012
� Performs 2 Venus flybys (1 inside,

1 outside)

MPO

MMO

SEPM CPM

Picture ESA

© Astrium6 October 2001
15th European Workshop on Thermal/ECLS Software

Mercury Transfer Path

Simulation of a 2010 launch
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Thermal Design Issues
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Thermal Issues

The thermal subsystem for BepiColombo must maintain the
temperature of all components in the system with
temperature limits for all phases of the mission.

This includes a wide variation in environmental conditions
(Earth to Mercury). In addition the thermal environment at

Mercury is very extreme, in a hot case scenario.

The thermal subsystem on the entire BepiColombo
spacecraft will push the limits of what can be achieved with

current (or near) technology. As such the thermal
performance is a critical item with respect to the success of

the mission (more so than almost any previous mission).



© Astrium9 October 2001
15th European Workshop on Thermal/ECLS Software

Thermal Environment

� Earth = 1370 W/m² (1 AU)
� Venus = 2940 W/m² (0.7 AU)
� Mercury [Apohelion] = 6290 W/m² (0.45 AU)
� Mercury [Perihelion] = 14490 W/m² (0.3 AU)

The Solar Flux environments that are seen  in the mission include:

� Earth = 260K [black body temperature]
� Venus = 232K [black body temperature] (atmospheric = 720K)
� Mercury [Apohelion] = 600K (sub-solar point)
� Mercury [Perihelion] = 700K (sub-solar point)
� Mercury (dark-side) = 100K

The Planet Surface Temperatures that are seen  in the mission include:

© Astrium10 October 2001
15th European Workshop on Thermal/ECLS Software

Critical Hardware Items

� Chemical propellant tanks
� RCS thrusters
� Main chemical engines
� Solar array wings
� Cruise configuration and effects caused by it
� MPO structure
� MPO instrument cooling
� MSE landing site environment
� Thermal parameters of Mercury surface

The following have already been identified as critical items that must
be thoroughly addressed by the thermal analysis:
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Required Thermal Analysis

© Astrium12 October 2001
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Overview of Thermal Analysis

� Transfer analysis
- LEOP @ Earth: Transient, Complete Spacecraft Composite

- Fly-bys @ Venus: Transient, Complete Spacecraft Composite
- During Transfer: Steady State, Complete Spacecraft Composite

� In Mercury orbit manoeuvring analysis
- Mercury Orbit Acquisition: Transient, Spacecraft Composite minus SEPM
- MMO to MPO Orbit Transfer: Transient, MPO+MSE+CPM Composite

- MSE Descent: Transient, MSE + CPM
� MMO Orbit: Transient, MMO & MPO+MSE+CPM Composite
� MPO Orbit: Transient, MPO & MSE+CPM Composite
� MSE In-Situ: Steady State/Transient, MSE
� Planetary Surface Modelling: Steady State/Transient

Analysis in the following areas will be required during the project:
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Overview of Thermal Models Required

� SEPM: Detailed and Simplified
� CPM: Detailed and Simplified
� MMO: Detailed and Simplified
� MPO: Detailed and Simplified
� MSE: Detailed and Simplified
� Combined models of above
� Planetary and Planetary feature models

The following system level models will be required during the project:

© Astrium14 October 2001
15th European Workshop on Thermal/ECLS Software

Thermal Modelling Issues
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Modelling Issues (1)

� Simulation of the Mercury body in Planet flux calculations
- IR fluxes from the planet are more influential than solar flux at some points in

the orbit

- A common (and easy to use) solution is recommended

400°C
350°C 300°C

Varying temperature across planet surface

Spacecraft in orbit
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Modelling Issues (2)

� Defining analysis cases (controlling amount of analysis performed)
- It is important that the design driving analysis cases have been identified
- There is potential for very large amount of analysis to be required

� Updating the design based upon thermal performance
- Some of the primary design features are driven by the thermal performance
- There is little thermal performance margin, therefore design changes could

have a significant effect
- A clear understanding of the thermal performance is mandatory for the

project to be successful
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Modelling Issues (3)

� Model Control
- The common Astrium modelling philosophy is being used

- This provides control of model updating
- Selection of common software is recommended

� Compatibility of Module models
- Models of the various modules in numerous configurations are required to

perform the analysis
- A system is required to ensure that combination of thermal models for

different modules is as straight forward as possible (part of the Astrium
modelling philosophy)

- This will reduce the time and effort required (resulting in savings in cost and
schedule)

- Reduce the possibility for errors to be introduced

© Astrium18 October 2001
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Modelling Issues (4)

� Issues relating to thermal testing for this program require considerable
consideration. Particularly in relation to:

- Performing thermal testing capable of producing realistic data for model
correlation at Mercury

- Obtaining thermal performance data for materials in Mercury environment
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Proposed Software Developments
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Proposed Software Developments

� Common development of a method of planet modelling (varying planet
temperature across the surface)

- Recommended that this is added as a new feature of ESARAD and
SYSTEMA

- Alternatively, is it possible to implement this as a function in ESATAN?
- Development of some method of modelling this is crucial for the project!

� Common development of model control/processing tools
- Such tools have been developed by Astrium within the MetOp project for

example to manipulate the data coming out of ESARAD

- These can be further refined, developed and documented to become
integral with performing thermal analysis on this program

- Such tools can result in significant improvements in the thermal analysis
process (and with respect to the amount of analysis required on this
program this could be critical)
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Conclusions
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Conclusions

� The major thermal design issues have been identified

� The required thermal analysis has been identified

� The major thermal modelling issues have been
identified

� A number of key software developments have been
proposed
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Appendix N: CORATHERM for Spacecraft Thermo-Elastic Analysis
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APPLICATION OF CORATHERM TO SPACECRAFT

THERMO-ELASTICITY ANALYSIS

T. Basset, J.P Dudon

ALCATEL SPACE
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Summary

�
 1 – About CORATHERM capabilities

�
 2 - Developments dedicated to Thermo-elasticity

(T-E) analysis
�

 3 - Validation of the developments :

⇒ New method for the computation of thermo-elastic

deformations on spacecraft panels.
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1- CORATHERM capabilities

�
Thermal Model nodes for panels :

⇒Structure nodes : averaged temperature

⇒ Unit nodes : isothermal nodes
�

Out of Model nodes :

⇒ Elementary conductive nodes : automatically generated
and eliminated

⇒Partial nodes : Local thermal information within nodes

STEP 1

UNIT  node n°4

UNIT  node n°5

Panel Structure
Elementary Nodes

Structure
Nodes 1, 2 and 3 UNIT node n°5

UNIT
node n°4

Par tial Node of
Structure Node 2

Par tial Node of
Unit Node 5

 STEP 2
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2 - Development dedicated to T-E
application

�
Objective : Accurate evaluation of the structure
deformations under effect of thermal gradients

�
In-house development of specific tools

⇒ Main development : Automated interface PATRAN/
CORATHERM/ NASTRAN specifically dedicated to
mechanical engineers for improving T-E analysis

TUP

TDOWN

Mechanical Meshing
(Neutral fiber)

Specific Thermal Meshing
(Upside panel)

Specific Thermal Meshing 
(Downside panel)
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�
Technical and Industrial Objectives :

⇒ Increasing accuracy

⇒ Saving time

⇒ Increasing reliability
�

Main requirements :
⇒ Keep advantages of both thermal (CORATERM) and

mechanical (NASTRAN) framework

⇒ Does not increase the Thermal engineer’s work

⇒ Allows rapid and optimised data exchange between
both domains

Development dedicated to T-E application
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1- EF
mechanical

mesh

2- Classical
thermal
meshing
(nodal)

3- Final thermal model (up)

Created
Partial nodes

Preserved
Thermal Model
nodes

Mixing

• Pre-processing

Development dedicated to T-E application
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�
 Temperature computation

⇒ On classical thermal model nodes (Equivalent Temp.)

⇒ On par tial nodes (Local Temp.) in a recalculation

process

⇒ Using a physically consistent method (Equivale)

⇒ For steady and transient cases
�

 Interface toward NASTRAN

⇒ Affectation of local temperatures to the corresponding

mechanical nodes (EF terminology)

⇒ Generation of NASTRAN format temperature file

Development dedicated to T-E application
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3 - Application to T-E Computation



















∆

∆
∆

=





























N

SENS

Z
j

Y
j

X
j

Z
j

Y
j

X
j

T

T

T

M

R

R

R

T

T

T

...
2

1

�
 Thermo-elasticity is a linear phenomenon

⇒ Separation  between :
→  Structural behaviour (MSENS)

→  Thermal behaviour (variation of temperature)
�

Classical computation method
⇒ CORATHERM provides classical thermal inputs

→ Rough thermal mapping in PATRAN

⇒ NASTRAN computes Thermo Elastic deformations
→  Limited to steady state computation

�
Current method (new)

⇒ CORATHERM NG provides accurate and detailed thermal
inputs

⇒ Transient effects are still ignored
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�
 Application to a Telecommunication Satellite

PATRAN thermal inputs from CORATHERM NG

Application to T-E Computation
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�
The MSENS concept (in study)

⇒ Use of linear aspects of Thermo-Elasticity

⇒ Accurate thermal mapping is provided by CORATHERM

⇒ MSENS is computed using NASTRAN (pre-treatment) for a
given instant

⇒ Applicable to transient calculations
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�
Application to Jason Model : deformations of 15 DOF

out of eclipse eclipse out of eclipse

⇒High accuracy of the results
→  avoid over or sub-sizing

⇒ Better understanding of the phenomenon with the transient behaviour
→  determination of realistic sizing cases

radians

secondes

Application to T-E Computation
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4 - Conclusions

�
 Validation of a new methodology to compute T-E
deformations

⇒Optimisation of Thermal (∆T) and Mechanical (MSENS ) analyst`s
know-how

�
 New possibility to Compute accurate thermal mapping on
honeycomb panels

⇒ Prevents from abusive approximations

⇒Direct impacts on pointing budget
�

Automated procedures are now validated
�

 Transient results are provided
⇒ Better understanding of the phenomenon
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Appendix O: Transient Capillary Pumped Loop Modelling

Transient Capillary Pumped Loop Modelling
with

ESATAN/FHTS
and

SINDA/FLUINT

C. Puillet
CNES
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• INFLUENCE OF NUMBER OF NODES

• ANALYSIS

• CONCLUSION
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CNES/MMS 5kW AMMONIA CAPILLARY PUMPED LOOP

DEVELOPPED UNDER CNES
CO-FUNDED R&D CONTRACT
(1993-1994)

5 CAPILLARY EVAPORATORS 
4 CONDENSERS (IN PARALLEL)
1 VAPOUR LINE
1 LIQUID LINE
1 TWO-PHASE RESERVOIR
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CAPILLARY EVAPORATOR PRINCIPLE

LIQUID

 10 to 40 mm

VAPOUR
CHANNEL

POROUS
MATERIAL

LIQUID
INLET

VAPOUR
OUTLET

POROUS MATERIAL

0.05 to 0.5m

HEAT
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OBJECTIVES

• START-UP MODEL OF 1st EVAPORATOR FROM FULLY FLOADED LOOP.
  DEVELOPPED IN MID 90’s USING MECHANICAL PUMPS AND VALVES. 

• MODEL CONVERTED IN ESATAN/FHTS IN 99, PRESENTED AT 13th EWTES.

• REMAINING ISSUES :
• USE OF FHTS CAPILLARY ELEMENTS
• COMPARISON WITH SINDA/FLUINT

• OBJECTIVE :
• TO EVALUATE ESATAN/FHTS CAPILLARY ELEMENTS
• TO GET A MODEL SIMPLER AND MORE PRACTICAL TO USE

• MAINS POINTS :
• FLUID TIME CONSTANTS (little solid inertia)
• EVAPORATORS CLEARING (EVAP. 2 TO 5)
• VAPOUR FRONT DISPLACEMENT
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MODEL

MECH. EVAPORATORS

EVAPISOL.

ISOLATOR

CAPIL.  EVAPORATORS

CAPILLARY
EVAPORATOR

Pressure
drop EVAP.

OUTLET

VAPOUR LINE
• Convective coupling with air
• Global pressure drop

CONDENSER
• Cooling loop @ 0°C

LIQUID LINE
• Convective coupling with air

PRESSURISER
• Heater with prop. regulation

MODEL GEOMETRY CORRECTED
MECHANICAL PUMPS MODELLING AS CLOSE AS POSSIBLE TO CAPILLARY PUMPS
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=> HIGH MASS FLOW RATE
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SINDA/FLUINT WITH CAPILLARY PUMPS

Débit massique Evaporateur1
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OSCILLATIONS MORE SEVERE
THAN WITH MECHANICAL PUMPS

SAME GLOBAL BEHAVIOUR

(blue line : cap. evap. plotted as negative)
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ESATAN/FHTS WITH CAPILLARY PUMPS
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TEMPERATURE (MECHANICAL PUMPS)

Comparaison des Température à divers endroits de la boucle
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Essais - Fin tube liquide

FLUINT - Fin tube vapeur

FLUINT - Début tube liquide

FLUINT - Fin tube liquide

VAPOUR FRONT MOVES TOO FAST

Temperature : end of vapour line, beginning & end of liquid line
results vs. test measurement

end of vapour (test)

end of liquid (test)

beg. of liquid (test)
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TEMPERATURE ESATAN/FHTS
mechanical vs. capillary

Température à divers endroits de la boucle
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Temperature : end of vapour line, beginning & end of liquid line

THE VAPOUR FRONT MOVES EVEN FASTER WITH CAPILLARY PUMPS

(NO CONTROL ON MASS FLOW RATE FOR FIRST BUBBLES GENERATION IN
THE CAPILLARY PUMP)

mech.

capil.
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INFLUENCE OF NUMBER OF NODES
Q < 0

Q < 0

Isolator

INITIAL STEADY-STATE :

THEN THE HEAT EXTRACTION IS REMOVED ON THE UPPER LINE

FINAL STEADY-STATE :

Q < 0

INFLUENCE OF NUMBER OF NODES ON MASS FLOW RATE WITHIN ISOLATOR ?

vapour liquid
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CONVERGENCE IN TIME STEP
MASS FLOW RATE IN ISOLATOR

CPU:   0.02 s / 42 s,    0.004 s / 81 s,    0.0008 s / 146 s
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INFLUENCE OF NUMBER OF NODES

1) CONVERGENCE REQUIRES
A VERY HIGH NUMBER

OF NODES

2) FRONT MOVES FASTER

CPU: 16 / 1mn21s, 28 /  2mn19s, 52 / 5mn12s, 100 / 10mn6s, 196 / 21mn4s, 388 / 60mn6s
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ANALYSIS

• ABILITY TO SOLVE START-UP FROM FULLY FLOADED LOOP WITH PARALLEL LINES

• TYPICAL CPU TIME : ESATAN/FHTS SINDA/FLUINT
 MECH. PUMPS        120 mn       10 mn
 CAPIL. PUMPS     180 mn       50 mn

• LARGE INFLUENCE OF PRESSURE DROPS ON RESULTS
• NUMERICAL DIFFICULTIES TO SOLVE IF VAPOUR FRONT IS BLOCKED BY
  EVAPORATORS BEFORE IT REACHES THE CONDENSER
• VERY SMALL TIME STEPS

• HOWEVER, QUESTIONS ABOUT COHERENCE OF PHYSICS MODELLED WITH REALITY
• LUMPED PARAMETER METHOD
• HOMOGENEOUS MODEL

• => MORE ANALYTICAL AND EXPERIMENTAL WORK WOULD BE REQUIRED ON A
       SIMPLER LOOP (1 EVAPORATOR , 1 CONDENSER) TO GET CONFIRMATION



17

Division Mécanique Thermique Energétique

15th European Workshop on Thermal & ECLS Software - 9-10 October 2001 - Noordwijk, NL 

CONCLUSION

THE ESATAN/FHTS CAPILLARY ELEMENTS WORK PROPERLY WITHIN
THE LIMITATION OF THE PHYSICAL MODEL

CAPILLARY ELEMENTS SIMPLIFY THE WORK OF THE USER 

THE MODELLING OF START-UP IS POSSIBLE

 HOWEVER, MAYBE IT SHOULD BE LIMITED TO MODELS IN WHICH
FLUID TRANSIENT IS NEGLIGIBLE 

• MORE QUESTIONS THAN ANSWERS AT THE END OF THE WORK

• DOUBT ON THE POSSIBILITY TO GET A  SIMPLER AND MORE
  PRACTICAL MODEL FOR FLUID START-UP
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Appendix P: Status on Model Data Exchange

Status
on

Model Data Exchange

HP. de Koning
ESTEC/TOS-MCV
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• Brief introduction to STEP

• Brief overview of STEP-TAS and STEP-NRF

• State of STEP-TAS implementations

• TRASYS/STEP-TAS and TRASYS/ESARAD converters

• ESARAD STEP-AP203 import and NURBS support

• Road ahead

• Announcement NASA/ESA Aerospace Product Data Exchange
based on Open Standards Workshop



Sheet 39+10 Oct 2001 15th European Workshop on Thermal and ECLS Software

• STEP = STandard for the Exchange of Product model data
= casual name for ISO 10303

• “ ISO 10303 is an International Standard for the computer-
interpretable representation and exchange of product data. The
objective is to provide a mechanism that is capable of describing
product data throughout the life cycle of a product, independent
from any particular system. The nature of this description makes
it suitable not only for neutral file exchange, but also as a basis
for implementing and sharing product databases and archiving.”

(From ISO 10303 Part 1)
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Electrotechnical design: AP210 and AP212
Electrotechnical design: AP210 and AP212

Structural analysis: AP209
Structural analysis: AP209

Documentation: PDF
Documentation: PDF

Propulsion: STEP-PRP
Propulsion: STEP-PRP

Mass-CoG-MoI: STEP-MCI (subset of AP214)
Mass-CoG-MoI: STEP-MCI (subset of AP214)

Optical analysis: NODIF
Optical analysis: NODIF

… (other discipline oriented protocols)
… (other discipline oriented protocols)

Thermal analysis: STEP-TAS
Thermal analysis: STEP-TAS

Mechanical and assembly design: AP203 and AP214
Mechanical and assembly design: AP203 and AP214

system       product definition       analysis & simulation & test    results & delivery
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Systems engineering & PDMSystems engineering & PDM

ERP & Integrated Logistics SupportERP & Integrated Logistics Support
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schema
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AP214
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AP203 CC1 PDM schema

PDM schema
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• Targets engineering-discipline independent exchange of bulk
results data from analysis, test or operation
– Representation of engineering objects by network models consisting of

discrete nodes and node-relationships

– Hierarchical tree of network models / submodels

– Definition of properties

• Quantitative, descriptive and functional properties

• Scalar, vector and tensor property values

• Property values only at discrete locations / discrete states

– Full annotation of  analysis / test / operation context

• Campaign, case, phase, run

• Facility/tool, environment, date and time, organisation, person, ...
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Each gridpoint in the 3D
dataspace is a property
value

Each can be scalar,
vector, tensor

Data model and
implementation
designed to handle
sparsely populated
dataspace efficiently
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STEP-NRF
protocol

(discipline-
independent)

NRF
Dictionary
Structural

NRF
Dictionary
Thermal

NRF
Dictionary
Electrical

NRF
Dictionary

...

STEP-NRF SDAI
programming library

HDF 5
programming library

NRF – HDF mapping

HDF5
binary

results file

User Application
(Reading or Writing

Results Data)

AP203
STEP file AP209

STEP file
(future)

reference to product (-part),
shape, location

reference to FEM / FE

COTS or PD
Data Analysis / Visualisation

Application with HDF i/f
(also via WWW)

discipline-specific dictionaries

HDF5 = Hierachical Data Format v5
- Public domain from NCSA
- Efficient portable binary storage format
- Full C, Fortran, Java libraries on >10 platforms
- Standard for all NASA EOS missions
  and some ESA earth observation
- Info/downloads at hdf.ncsa.uiuc.edu
- Many COTS / PD tools with HDF interfaceHDF5 is an

efficient
alternative
for Part21
for large
amounts of
similar data
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• Self contained, complete Application Protocol
– AAM, ARM, Mapping Table, AIM, Express-G (586 pages)

– Conforms to TC184/SC4 methods and guidelines

• Geometry defined as AP203 CC4 surfaces

• Thermal-radiative model faces added as associated features
– Including possibility to support hierarchical submodel tree

– Associated notional thickness, surface material and bulk material

– Thermo-optical, thermo-physical properties for named material

– Concept of material property environment (Part 45)

• Kinematic model conform STEP Part 105
– for articulated rigid bodies (e.g. rotating solar arrays, gimballed antennas)
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• Space mission aspects
– orbit arc (Keplerian and discrete ephemeris)

– space co-ordinate system, celestial bodies

– orientation, general and named pointing, spinning, linear rotation rates

– space thermal environment, including constant or lat/long dependent
albedo / planetshine tables

• Boolean construction surfaces available for advanced tools

• STEP-TAS CC1 Abstract Test Suite
– conform STEP Part 3xx series

– test suite has been used in validation of TAS processors
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• Shapes
– Primitives: triangle, rectangle,

quadrilateral, disc, cylinder, cone,
sphere, paraboloid

– Compound shapes

– Shapes conform to AP203 CC4
non-manifold surfaces

• Thermal-radiative model
– associates thermal-radiative faces

with surface shapes

– thermal mesh
(uniform and non-uniform)

– surface and bulk material
properties by reference to material
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ENTITY keplerian_orbit_arc
SUBTYPE OF (orbit_arc);
kepler_parameters : kepler_parameter_set;

END_ENTITY;

ENTITY kepler_parameter_set;
  semi_major_axis : length_measure;
  eccentricity : REAL;
  inclination : plane_angle_measure;
  right_ascension_of_ascending_node :
    plane_angle_measure;
  argument_of_periapsis : plane_angle_measure;
  true_anomaly_at_start : plane_angle_measure;
WHERE
  wr1: semi_major_axis >= 0.0;
  wr2: eccentricity >= 0.0;
  wr3: (-180.0 < inclination) AND
       (inclination <= 180.0);
  wr4: (-360.0 < right_ascension_of_ascending_node)
    AND (right_ascension_of_ascending_node <= 360.0);
  wr5: (0.0 <= argument_of_periapsis) AND

(argument_of_periapsis < 360.0);
  wr6: (-360.0 < true_anomaly_at_start) AND

(true_anomaly_at_start <= 360.0);
END_ENTITY;

governing_celestial_body

main body  (of spacecraft)

periapsisapoapsis

true_anomaly

eccentricity < 1



Sheet 139+10 Oct 2001 15th European Workshop on Thermal and ECLS Software

+ Y  sh aft-Y  sha ft

ma in b od y

+ Y  yoke

- Y yo ke

+Y  p a ne l 1

+Y  p a ne l 2

-Y p an e l 1

-Y p an e l 2

+X

+Y

+Z

ma in  bo dy

+ Y  yoke- Y yo ke

+ Y p an el 1

+ Y p an el 2

-Y  p a ne l 1

-Y  p a ne l 2

is a  k i n em a ti c_ l i n k

is  a k i n em a ti c_ j o i n t

(a ) S che ma ti c sh ap e  m od el  o f a  typica l
com mu nica tio ns sate llite  w ith two  fu lly
de p loye d so la r ar ray wi ng s

(b ) The  cor re spo nd in g ki n e m at ic _ mo d el
pr ese nte d a s a  to p olo gi cal g ra ph

+ Y sh aft

- Y sh aft

Sheet 149+10 Oct 2001 15th European Workshop on Thermal and ECLS Software

thermal-radiative model 
with basic geometry

kinematic 
model

constructive
geometry

space mission
aspects

CC-1

CC-2

CC-3

CC-4

CC-5

CC-6

�

�

�

�

�

�

�

�

� �

� �

� � �



Sheet 159+10 Oct 2001 15th European Workshop on Thermal and ECLS Software

• Programming interface is close to thermal tools
– hides STEP complexity

– full set of reading/writing functions in ANSI-C and F77

– full documentation, examples and test suite

– Baghera-View to perform independent visual inspection

• Available to tool developers at nominal cost (from Simulog)
– Platforms: Windows, Sun/Solaris, HP-UX, Compaq/Tru64, SGI/Irix

• Enables efficient converter implementation
– Reduces validation / verification effort

– All converters share reading/writing approach - increased reliability

• Extensibility at affordable cost - e.g. for HDF5 and XML
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STEP-TAS

EXPRESS

data models

STEP-TAS

EXPRESS

data models STEP-TAS

physical file

ISO 10303-21

or

XML

STEP-TAS

physical file

ISO 10303-21

or

XML

Thermal Analysis Tool
(ESARAD, THERMICA, TRASYS, 

TSS, RadCad, TMG, ATM, 
TAS, Patran…)

Thermal Analysis Tool
(ESARAD, THERMICA, TRASYS, 

TSS, RadCad, TMG, ATM, 
TAS, Patran…)

STEP-TAS High Level L ibrar ies
C and For tran API
(Simulog, France)

STEP-TAS High Level L ibrar ies
C and For tran API
(Simulog, France)

SDAI  C L ibrary (ISO 10303-24)
ST-Developer  (STEP Tools Inc., USA)

or  Open Source STEP/XML (ISO 10303-28)

SDAI  C L ibrary (ISO 10303-24)
ST-Developer  (STEP Tools Inc., USA)

or  Open Source STEP/XML (ISO 10303-28)

Native

Tool

Format

Native

Tool

Format
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TRASYS
(NASA-JSC)

TRASYS
(NASA-JSC)

STEP-TAS

TSS
(Space Design)

TSS
(Space Design)

Thermal Desktop / Radcad
(Cullimore &  Ring)

Thermal Desktop / Radcad
(Cullimore &  Ring)

ESARAD
(ALSTOM Power UK)

ESARAD
(ALSTOM Power UK)

THERMICA
(Astr ium)
THERMICA

(Astr ium)

CORATHERM
(Alcatel Space)
CORATHERM
(Alcatel Space)

TAS
(Harvard Thermal)

TAS
(Harvard Thermal)

SINDA/ATM (FEMAP)
(Network Analysis)

SINDA/ATM (FEMAP)
(Network Analysis)

Nevada
(TAC Inc.)

Nevada
(TAC Inc.)

Baghera View
(Simulog)

Baghera View
(Simulog)

STEP-TAS CC1 converter in industrial
release 4.1.x since mid 1999
Large model cross-validation initiated

Planned start implementation 2001 /Q4

NASA-JPL demonstrator

One shot Mars Rover demonstrator 1998
NASA-JPL demonstrator

Can use beta from Thermal Desktop
ESA full TRASYS/STEP-TAS converter 2001/Q4

Will be made freely available for download

STEP-TAS CC1 converter
developed - industrial
release 2001/Q1
Large model cross-
validation initiated

NASA-JPL demonstrator

NASA-JPL demonstrator

NASA-JPL demonstrator
Industrial beta release in v3.4

Patran
(MSC)
Patran
(MSC)

Beta release implementation 2001/Q3
funded by NASA-LaRC

I -Deas/TMG
Femap/TMG

(SDRC &  Maya)

I -Deas/TMG
Femap/TMG

(SDRC &  Maya)

Planned start implementation 2001 /Q4

Part of STEP-TAS CDT
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• Full stand-alone TRASYS / STEP-TAS CC1 converter
– Development by Simulog started Jan-2001

– Currently in beta testing / closing out phase

– User option for English/SI unit conversion

• In parallel: TRASYS-to-ESARAD converter
– Reference implementation by ESA (TOS-MCV) for independent validation of

TRASYS/STEP-TAS converter

– Supports break up of non-uniform meshes

– Supports conversion of complex shapes (ogive, toroid, spheroid)

– Full test suite

• Both will be made available at www.estec.esa.int/thermal
– Free for download - target release November 2001
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TRASYSTRASYS
ESARADESARAD

Sheet 209+10 Oct 2001 15th European Workshop on Thermal and ECLS Software

TRASYSTRASYS

ESARADESARAD
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• Developed at ESTEC

• Use: STS / ISS interface model conversion

• Currently Eng/SI unit conversion is being implemented

• Will be made available free of charge 2001/Q4
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• Web-based collaboration on further development:
STEP-TAS Implementors’  Forum (start 2001/Q4)

– ftp://ftp.estec.esa.nl/step-tas/index.html as a start

– Will use sourceforge.net open source software development environment

• distribution of documentation and code

• bug tracking, configuration control, test suites

– E-mail tech support

• Take European / US collaboration to a next stage
– Action ESA and NASA together with Simulog

– Clarify/establish intellectual property rights and support
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• Trade-off for best ‘Return on Investment’  next 5 years
– Appropriate level of formal publishing (ISO, ESA and NASA)

– Much simplified exchange model (STEP-TAS ARM)

– Most likely moving to XML physical file (STEP part 28)

– Upgrade high level API to support all STEP-TAS constructs

• e.g. submodelling, non-uniform meshing and node numbering

• Upgrade STEP-TAS CDT (planned 2001/Q4-2002/Q1)
– Resolve all reported issues / bugs

– Use open source software approach

– Upgrade converter options (e.g. length unit selection / conversion)

• Complete test suite for large model cross-validation
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• TRASYS/STEP-TAS-CC1 bi-directional converter
– Stand-alone tool by Simulog on ESA funding

– Will be made available freely

• Upgrade BagheraView capabilities
– By Simulog sponsored by CNES

– Release v1.3 beta ready Sep-2001 (now supports Windows 2000)

• Resume NRF developments
– HDF5 binding (co-operation with EDF, NCSA and others)

– ESATAN, SINDA/G, SINDA85 converters via STEP-NRF (with NASA)

– Links with STEP Engineering Analysis modules - ISO 10303-50 series

– Pilot web-based remote consultation of structural test results
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NASA/ESA Workshop
Aerospace Product Data Exchange based on Open Standards

• 9-12 April 2002, ESTEC, Noordwijk

• 3rd edition after 2 successful previous workshops at NASA-JPL
– See step.jpl.nasa.gov for archive of previous presentations

• Domains: Engineering Analysis, CAD, PDM

• Standards: STEP/ISO 10303, XML/W3C, OMG, ECSS, NASA

• STEP AP 209 (FEM exchange) Seminar

• If interested send e-mail to Hans-Peter.de.Koning@esa.int
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• STEP-TAS and STEP-NRF were developed under ESA contract
in co-operation with CNES by:
– Simulog (F, prime)

– Fokker Space (NL)

– Association GOSET (F)

– Epsilon Ingénierie (F)

– Alstom Power (UK)

• Special thanks to
Georg Siebes (NASA-JPL) and Ruth Amundsen (NASA-LaRC)
who are and have been the driving forces for the development
and acceptance of STEP-TAS in the US
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Appendix Q: Thermica v4

Thermica
v4

P. Renard
Astrium-SAS
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© Astrium1
15th European Thermal Workshop
ESTEC, Noordwijk, October 9-10 2001

Thermica V4Thermica V4

•  Demo

•  Short description

Patrice Renard
Astrium

© Astrium2
15th European Thermal Workshop
ESTEC, Noordwijk, October 9-10 2001

Context andContext and objectives objectives

• Increase in 2001 of the engineering software distribution
(Thermica and others) inside Astrium and outside the
company

• User interface getting old. Graphics not taking advantage
of the potential of PC computers

• Improvements optimizing ROI (avoid cosmetics !)

⇒

Team reinforcement

Interactivity as main driver for the new interface

New functions
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Strategy Strategy for for thethe new interface new interface

• PC look and feel
• Portable code for Unix and PC (Windows and Linux)

• Interactivity for model building,
for mission modelling,
for conduction modelling

• User-friendly menu-driven functions to reduce the
learning time and avoid programming

• Up compatibility with previous version to facilitate
transition for the current users ;
also in the way to use the software

© Astrium4
15th European Thermal Workshop
ESTEC, Noordwijk, October 9-10 2001

Development statusDevelopment status

• Developed :
- Interactive model builder
- Interactive conduction module
- Orbit and Kinematics calculation modules with

enhanced features
- Prototype interface

• Under development :
- New shapes
- Sub-models
- Kinematics user interface
- Albedo and IR models

• Schedule :
- Beta version in March 2002
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DemoDemo

• First part :
- Interactive model builder
- Interactive conduction module

shows functions in a temporary user interface

• Second part :
- Prototype interface
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Appendix R: Developments in ESARAD, ESATAN and User Support

Developments in
ESARAD,
ESATAN

and
User Support

F. du Laurens d’Oiselay
Alstom



15th Thermal and ECLS Software Workshop ESA-WPP-193

230



Page 1 / 20  FLO / HB - Developments in ESARAD, ESATAN and Support - © ALSTOM Power UK Ltd

1515thth European Workshop on European Workshop on
Thermal and ECLS SoftwareThermal and ECLS Software

ESTEC, The NetherlandsESTEC, The Netherlands

October 9-10, 2001October 9-10, 2001

Developments in
ESARAD, ESATAN and

User Support
Henri Brouquet – Frédéric du Laurens d’Oiselay

ALSTOM Power Technology Centre
+44 116 284 5748

esa.support@power.alstom.com
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Summary

• Status on:
• ESARAD v-4.3.2
• ESATAN/FHTS v-8.6 – CPL
• ESATAN v-8.7

• Developments on user support
• Web site
• Future developments
• Contact details
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ESARAD v-4.3.2 – Status

• Released end of May 2001

• Stabilisation improvements

• Feedback so far:

• Better stability

• Few minor bugs or problems identified

• Performance problem through Unix network
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ESARAD – Next Step

• Maintenance release planned

• No new feature

• Numerous minor bugs fixed

• Windows 2000 porting

• Performance issue still outstanding on network

• Tune eXceed

• VNC environment could be an alternative
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ESARAD – Next Version

• New version planned Q2 2002

• Improved visualisation

• Mission enhancements

• Pointing

• New license mechanism: FLEXlm®
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ESARAD New Visualisation
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ESATAN/FHTS v-8.6 – CPL

• ESATAN/FHTS v-8.6 released in June 2001
• Capillary Pumped-Loop facility implemented
• Four new elements to model a CPL (and LHP)

• Capillary evaporator
• Tube
• Capillary filter
• Two-phase reservoir

• Two new facilities
• Evaporative link
• Phase separation

B

Liquid line 2

Liquid line 1

Reservoir line

Vapour line

Heat Load

RESERVOIR

FILTER CONDENSER

EVAPORATOR
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ESATAN v-8.7 – Introduction

• Release planned mid-October 2001

• Two new major facilities

• Cyclic transient solver

• Min/max routine

• Feature requests & bugs fixed

• New license mechanism: FLEXlm®
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 ESATAN v-8.7 – SOLCYC

• SOLCYC is a ‘meta-solver’ to attain a steady cyclic
solution

• Consecutive runs of a standard transient solver
until convergence is reached according to the user-
defined criteria

• Convergence calculated on temperature and on its
derivatives w.r.t. time

• Report at the end of each cycle
• Number of the cycle
• Maximum ∆T and node corresponding
• Maximum ∆(dT/dt) and node corresponding
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 ESATAN v-8.7 – SOLCYC – Ex.

•• One thermal boundary nodeOne thermal boundary node

•• One thermal nodeOne thermal node

•• Sinusoidal temperature appliedSinusoidal temperature applied

to the boundary nodeto the boundary node

•• GR between the two nodesGR between the two nodes

•• SLFWBK solverSLFWBK solver

$EXECUTI ON$EXECUTI ON

      CALL SOLCYC( ’ SLFWBK’ ,  0. 01D0,  0. 05D0,  3600. 0D0,  10,  ’  ’ , ’ NONE’ )      CALL SOLCYC( ’ SLFWBK’ ,  0. 01D0,  0. 05D0,  3600. 0D0,  10,  ’  ’ , ’ NONE’ )
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ESATAN v-8.7 – STORMM

• Used to store the minimum and maximum values
attained at each node during a transient solution

• For all nodal entities (T, C, P) and user-defined
entities

• User-defined nodal entities have to be defined in
USRNOD.DAT

$VARI ABLES2

      CALL STORMM( ’ T’ ,  ’ Mi nT’ ,  ’ Ti meMi nT’ ,  ’ MaxT’ ,  ’ Ti meMaxT’ )
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ESATAN v-8.7 – Enhancements

• New minor enhancements
• TAB character is now allowed in the ESATAN input

deck
• Very large models are now supported without getting

an unrecoverable error condition in SICOPY

• SETNDR, SETNDI, SETNDZ set the value of a nodal
entity

$I NI TI AL

      CALL SETNDR( ’  ’ ,  ’ Mi nT’ ,  1. 0D+10,  CURRENT)
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ESATAN v-8.7 – Bugs fixed

• The following bugs have been fixed:
• Maximum length for $LOCALS and $CONSTANTS

increased to 255 characters
• 3-digits exponent allowed in an array definition

• HXKL3 element corrected for the GP calculation
• On HP-UX, the output format for the temperature

depending on the node number is fixed (ex: T1000)

• The limit value of DYSTOR as it is defined in the user
manual is now usable for the user
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Web Site – Introduction

• www. t echcent r euk. power . al st om. com

• Launched Q1 2001
• Facilities available:

• News
• Download
• Self help
• Forum
• ...

• Impact on support
• Future plans
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Web Site – Member Login

• ESARAD

• ESATAN

• ESABASE

• DLguest
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Web Site – Download Section
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Web Site – User Self Help
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Web Site – Impact on Support

• User Self Help
• Record common and frequent issues
• Include ‘top tips’

• Users should check this section before
submitting a problem

• Next step:
• On-line recording problems
• On-line progress and management

• Forums
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Web Site – Quick Demo
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User Support – Contact Details

• Frédéric du Laurens – Support Manager
• +44 116 284 5748 (direct line)

• +44 116 284 5464 (fax)
• email: esa.support@power.alstom.com

• Hélène Harris – Admin Support
• +44 116 284 5521 (direct line)

• +44 116 284 5463 (fax)
• email: helene.harris@power.alstom.com
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