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ABSTRACT

This document contains the minutes of the 17th European Thermal and ECLS
Software Workshop held at ESTEC, Noordwijk, The Netherlands on the 21st
and 22nd October 2003. It isintended 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 fina
schedule for the Workshop can be found after the table of contents. Thelist 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 21 October 2003: M orning Session

1.1. Welcome and I ntroduction

C. Stroom(ESA/ESTEC)greetedhe participantso the workshop,gavethe objectivesof the
workshopandintroducedvariousmemberf theworkshoporganizatiorteam.(SeeAppendix
A)

1.2. ESATAN, FHTSand ThermXL current status

H. Brouquet(ALSTOM) describedhenewfeaturesavailablein themostrecentreleasesf the
tools. (See Appendix B)

H. Peabody(TMS) askedwhethertherewasa possibility of transposinghe comma-separated
valueoutputproducedby the new ESATAN outputroutinesto avoidthe “256-columnlimit”.

H. Brouquetsaidthat it was Excel which waslimited, not ESATAN, but evenso, it wasn't
possibleto transposéhe columns.H. Peabodysaidthathe hadoftenneededo work the other
way, with valuesacrosghe columnsandnodesdowntherows. Theability to transpos¢hedata
was useful when dealing with a large number of nodes.

1.3. THERMICA - news of the year

M. Jacquiau (EADS-ASTRIUM) presentedsome of the latest features being added to
THERMICA anddescribedhe currentpriorities for future work, basedon a surveyof users
within Astrium. He also commentedon dataexchangessues,the Astrium position on the
harmonisation activities, and THERMICA funding and licensing. (See Appendix C)

R. Schlitt (OHB System)noted that the CAD interfaceto THERMICA which had been
describectontainedbothSTEPAP203andCATIA solutions He askedvhy bothwererequired
whenit shouldbe possibleto importa CATIA modelusingSTEP.M. Jacquiatsaidthathehad
first wantedto supportonly a STEPinterface,but hadfound in practicethat the amountof
informationcontainedn the STEPfiles madethemvery largewhencomparedo similar files
in the native CAD formats.Thereforeit wasmoreefficientto usenative CATIA files directly.
He notedthat the OpenCascadébraries provided accessto both STEP and CATIA files.
HP.deKoning (ESA/ESTEC)saidthathis understandingvasthatthe CATIA importfacilities
of OpenCascadwere not availablefor free. M. Jacquiauagreedthat they were not free to
developerdout the import facilities were free for end users,althougha CATIA licencewas
needed during the input of the CATIA model.

M. Molina (Carlo GavazziSpace)askedaboutthe new functionality for calculatingthermal
radiationforceson spacecraftHe wantedto know the magnitudeand relative importanceof
theseforces,and which sort of applicationrequiredthis information. M. Jacquiausaid that
Boeinghadaskedfor this functionality, but Boeinghad not given any informationaboutthe
applicationarea.He thoughtthatit might relateto GPSsystemsHP. de Koning commented
thatthe forceson the solararrayswere significantfor GPSsatellitesbecause¢hesehadtight
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pointingrequirementsM. Jacquiawsaidthatthis relatedto emissionfrom thermalradiators:f
thetemperatureacrosgheradiatorsverenot uniform, thenthedifferencein thermalradiation
forces could result in a slight torque on the spacecratft.

O. Pin (ESA/ESTEC)askedwhy M. Jacquiaudid not considerTASverterasa suitablelong
term solutionto the dataexchangegroblem.M. Jacquiausaidthat he did not haveall of the
technicaldetailsof TASverter,andthereforedidn’t know whetherTASverterwould be well-
suited for the long term. He wanted to be pragmatic and take the best solution.

F. Boursier (EADS-SPACE) noted the description of using NTP files to visualize the
temperatureesultson the THERMICA model.He wantedto know how to produceNTP files
in ESATAN for usein THERMICA. Wherewasthis documented®. Jacquiatansweredhat
this wasdescribedn oneor two pagesn the THERMICA documentationHe suggestedhat
anyoneneedinghelpwith this shouldcontactAstrium for help. Therewasa subroutinefreely
providedby Astrium aspartof the THERMICA distribution,which neededo be calledfrom
within theESATAN code He saidthatthis subroutinavasnotavailableassourcecode butthe
same routine for SINDA was.

J.Kanis (Dutch Space)said that one limitation of THERMICA was the lack of boolean
operation®n surfacesHe wantedto know whetherthesewereplanned M. Jacquiawsaidthat
hehadnotgivenanyinformationaboutTHERMICA versiond, butoneof thefirst requirements
wasfor booleanoperationsaandthe managementf morecomplexshapesHe saidthattheray-
tracing code was ready to handlebooleanoperations but the modeller and the rest of the
frameworkwasnotyetcomplete Thepurecalculationpartwasalreadyavailablefin version4]
and confirmed that THERMICA would handle boolean operations in future.

1.4. ESARAD current status

B. Castelli(ALSTOM) describedhenewfeaturesn therecentreleaseof ESARAD suchasthe
Improvedspacecrafpointingoptions,the simplified languagdor invoking the calculation the
NASTRAN modelimport facility, andthe first stageof the automaticconductorgeneration.
(See Appendix D)

H. Peabody(TMS) askedwhetherthere were any plansto supportBAR elementsin the

NASTRAN importfacility aswell asthe TRIA andQUAD elementsB. Castellidid notknow.

H. Peabodyexplainedthatthe BAR elementwasa linear conductorandwould easilyconvert
to ESATAN. He saidthatit wasusefulfor electronicboxesattachedo plates.B. Castellisaid
that this functionality had only recentlybeenreleasedand he welcomedany userfeedback
aboutit. C. Kirtley (ALSTOM) stressedheneedfor userfeedbackn orderto providetheusers
with what they really wanted.

S. Appel (ESA/ESTEC)askedwhetherthe NASTRAN interfacejust provideda list of shells
from the databasewvhich the ESARAD userthen neededio combinemanually.B. Castelli
confirmedthat the userneededo combinethe flat list of shellsmanually,andthen setthe
appropriatehermo-opticaland materialproperties.This waswherethe new functionality for
recursiveattribute editing camein useful. In fact, this was one of the main drivers for the
developmenbf recursiveattributeediting. S. Appel saidthat it might be anideato join the
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shells automatically based on their material properties.

M. Gorlani(Blue Group)askedwhetherthelink betweerESARAD andNASTRAN workedin
bothdirectionsB. Castellisaidthattheinterfaceworkedfrom NASTRAN to ESARAD, butnot
in the other direction.

1.5. Capabilities of the ThermPlot Pro Thermal Post-Processing Pogram

H. Peabody{TMS) presented hermPlotPro,aprogramfor producingplotsandderivedresults
from the outputof the standardhermalmodellingtools.He describedhe simplificationof the
interfaceto ThermPlotwhich was currently underdevelopmentand the new featuresbeing
introduced. (See Appendix E)

V. Perotto(Alenia Spazio)wantedio knowwhethertheimplementatiorof thesinktemperature
for any particularnodeconsideredhe contributionsfrom all nodesor whetherit waspossible
to limit it to specificnodesof interest,or groupsof suchnodesH. Peabodyexplainedthatthe
calculationswerebasedon the externalRadK'’s, andthat therewasthe capabilityto consider
rangesof nodes.For calculatingback-loadsthe engineerdid not usuallywantinstrumentto
instrumenexchangeslhefreeflier modelhandledhis. It wasalsopossibleo considetheself
view rangeaswell astheback-loadrange V. Perottoaskedwhetherit waspossibleto exclude
the spacenode from the sink temperaturecalculations.H. Peabodyansweredhat this was
possibleby includingthe spacenodein the “self include” range,andthereforeexcludeit from
the calculation.

V. Perotto askedwhether the groups feature could be usedto perform model reduction.

H. Peabodysaidthatit could,but hedid notknowthathewould do so. Theengineeineededo

know how to subdividethe nodesinto groupsin orderto give the total conductancebetween
groups.This subdivisionwasvery modeldependentHe hadnot usedthe groupfunctionality

for modelreduction.HP. de Koning (ESA/ESTEC)askedwhethertherewere any checksor
constraints on the grouping, and was told that each node could only be assigned to one group.

1.6. Overview of GAETAN's latest deelopments aound ESATAN-FHTS

M. Imhof (Silogic) describechow GAETAN couldbeusedfor all phase®f spacecraftiesign,
and the integration of ESATAN-FHTS into the environment. (See Appendix F)

O. Pin(ESA/ESTEChotedthatESATAN hadbeerrelease@dnLinux, andaskedvhetherthere
wereany plansto provideGAETAN on Linux too. M. Imhof saidthattheywerestill thinking

aboutit, buthadnotdoneanythingaboutportingto Linux sofar. C. Marechal(CNES)saidthat
if GAETAN usersaskedfor a Linux version,the priority for a Linux versionwould become
higher.

M. Gorlani(Blue Group)askedwhetherthe CONDOR modulewithin GAETAN madeuseof
its own solver or whetherit usedESARAD. M. Imhof said that the userhad ESARAD for
handlingcomplexgeometriesM. Gorlaniwantedto know whetherCONDORcould calculate
fluxes directly. M. Imhof explainedthat CONDOR hadits own solvers,but that thesewere
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limited to simplegeometriesHowever it waspossibleto useCONDORto generateheinitial
missionparametersandthenchaintheseto ESARAD. M. Gorlaniconfirmedhisunderstanding
that for simple geometries it was possible to just use CONDOR.

R. Schlitt (OHB System)askedwhetherGAETAN wasrestrictedio Frenchusers He wastold
that it was not.

1.7. Web Support and Future Developmentson ESATAN, FHTS, ESARAD
and ThermXL

C.Kirtley (ALSTOM) describednew functionality that had already been, or was being
implementedin the developmentersionsof the tools, and gave someideasaboutfeatures
which were still being consideredHe stressedhat ALSTOM werereally interestedo hear
from usersaboutthe featuresvhich they actuallyneededHe saidthatthe ALSTOM website
now allowedusersto submitfeaturerequestaswell assupportproblems andencouragedhe
user community to make use of it. (See Appendix G)

H. Brouquet(ALSTOM) gaveademonstratiomf ALSTOM'’s website,andshowechow users
could generateéSoftwareSupportRequestsandhow the visible statuschangedasthe support
deskdealtwith eachrequestHe alsodescribedheon-lineusersurvey,andhighlightedthefact
that ALSTOM would be giving away a electronicorganizerin a prize draw of all eligible
respondents.

There were no questions.

2. Tuesday 21 October 2003: Afternoon Session

2.1. Harmonization of thermal and space environment analysis software

R. Schlitt (OHB System)describedhe currentstatusof the harmonizatioractivity which had
beensetup sincethe previousyear’'sworkshop,andthe compositionof the steeringboardof

which hewaschairman He haddeliberatelyincludedseveralprovocativestatementén order
to stimulatediscussionHe emphasizedhat althoughHP. de Koning (ESA/ESTEC)hadbeen
shownasthe co-authorof the presentationhe might not agreewith all of the statementsnade.
(See Appendix H)

HP.deKoning notedthatan ALSTOM representativladsincejoinedthe steeringooardasan
observer He also saidthat the steeringboardhad commissionedh first study, to be lead by
eta_max, and involving Astrium (UK, D, F).

Questions were deferred until the round table discussion at the end of the afternoon.

10
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2.2. Open Source Software for Engineering Purposes

M. Haupt (TU Braunschweig) described the results of a search for third party and open source
software packages which could be used in the production of engineering software. (See
Appendix I)

Questions were deferred until the round table discussion at the end of the afternoon

2.3. Applicability of OSSto Space Thermal Engineering

R. Schlitt (OHB System) gave details of the study which he had mentioned in his previous
presentation and to which M. Haupt’ s presentation also related. (See Appendix J)

R. Schlitt noted that part of this study had involved the production of aweb site which could be
used to support athermal community software development.t

Questions were deferred until the round table discussion at the end of the afternoon.

2.4. Innovationsin using Finite Element Modelersfor Spacecraft Thermal
Design

R. Behee (Network Analysis) described the differences in approach between typical thermal
analysis software using a small set of geometrical shapes with ssmple meshing compared to
finite element analysis software which uses simple planar shapes to represent more complex
geometries. He explained that some of the advantages of both approaches could be incorporated
into new thermal tools. (See Appendix K)

There were no questions.

2.5. Application of the Open Source Approach to Space Environment
Analysis Tools

H. Sdunnus (eta_max) described the development of PC-ESABASE using severa open source
software packages to form the Open Frontier supporting framework into which the ESABASE/
Debris module could be plugged. (See Appendix L)

B. Castelli (ALSTOM) asked whether any enhancements had been made to the ESABASE/
Debris module. H. Sdunnus said that some enhancements had aready been made before the
project had started, and that these enhancements had not been implemented in the last industrial
release of ESABASE.

M. Jacquiau (EADS-ASTRIUM) asked which open source software solution had been chosen
for the ray-tracing. H. Sdunnus said that this had not yet been addressed, and that they were till

1. See http://www.therm-oss.org

11
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usinga self-developeday-tracer.The softwarewould be distributedwith the new ray-tracing
routines.The IPR would restwith ESA. C. Kirtley (ALSTOM) askedwhetherthis ray-tracing
codewould beavailableasopensourcesoftware H. Sdunnusaidthatthehopedso.Everything
in the Debrisplug-in belongedo ESA, andit would beup to ESAto decidewhetherto release
it asopensourcesoftwareor not.C. Kirtley askedvhetherthisincludethesourceor theDebris
module as well. HSdunnus said that ESA still needed to decide.

C. Stroom(ESA/ESTEC)saidthatthe generaimechanic®f releasingsoftwareasopensource
wasstill underdebate Thedifferentgroupswithin ESA knewwhattheywantedon atechnical
level, but the legal and contractualevelsweretaking a lot moretime to define.He saidthat
discussions were on-going.

2.6. Round Table Discussion

HP.deKoning (ESA/ESTEC) introduced some viewgraphs showing possible points for
discussion. (See Appendix M)

C. Stroom(ESA/ESTEC)askedfor the users’opinionson opensourcesoftware.He saidthat
this was an informal workshopand that userscould speakon their own behalf, ratherthan
needingto representheir respectivecompaniesHe madethe appealfor usersto speakfreely
because ESA needed the users’ honest input.

HP.deKoning stressedhat the currentOSSprojectswere an experiment,and could not be
consideredasfixed developmentsvith all aspectsastin stone.He saidthatthereweremany
opportunitiesfor the usersto getinvolved. He notedthat R. Schlitt (OHB System)had made
many provocativestatementsn his presentatiorin orderto elicit discussiorandto provoke
userdo give their opinions.He saidthatno decisionsvould be madeduringthe sessionit was
intendedfor discussioronly. The steeringooardcoveredall areasof the usercommunity,with

all major spacecompaniesheing representedHe addedthat peoplecould still apply to be
membersof the steeringboard. He hopedthat the harmonizationhad a good chanceof

succeeding.

C. Stroom asked whether everyone agreed witBdRlitt, but nobody responded.

C.Kirtley (ALSTOM) askedwhathadbeendecidedaboutthe licenceagreementor the open
sourcesoftwaredevelopmentsHP. de Koning (ESA/ESTEC)saidthat no licenceagreement
had been selectedso far. There were various issuesconcerninghow to proceedwith
development,intellectual property rights, etc. that were still undecided,and hence still
completelyopen.He saidthatit wasone of the tasksof the steeringboardto find a suitable
licensing model.

O. Pin (ESA/ESTEC)saidthatit wasworth mentioningaboutthe “go/nogo” decisionfor the
opensourcedevelopmentHP. de Koning explainedthat the first study phasetaking 4 or 5
months wasintendedto establisha working modelfor cooperation|PR, licensingandlook at
maintenanceand funding issues.The outcomeof the study would be a “go” or “nogo”
recommendationo the ESA Council. Eventhoughthis would be opensourcedevelopment,
funding would still be requiredin the end. The projectwas enteringthe study phasewith all

12
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optionsopen,andwould probablycontinuewith thecurrentopenbasis putthechangdgo amore
commercial way was still possible.

JP.Dudon(ALCATEL) askedwhowaspartnerto the“go/nogo” decisionHP. de Koning said

thattherewerel4votingmembersonthesteeringooard,andit would bedecidedoy a majority

vote.Thiswouldinvolvevotesfrom ESA,CNES,the CanadiarBpaceAgency,Alcatel, Alenia,

Astrium, Carlo GavazziSpace EADS, eta_max,OHB, Onera,Qinetigand RAL. Additional

membergepresentindeSA, CNES, Astrium andMayawould not be ableto vote? C. Stroom
said that the harmonizationeffort was concernedwith both thermaland spaceenvironment
software combined.

C. Marechal(CNES)askedhow thefirst studyhadbeenawardedo Astrium andeta_maxHe

wantedto know why no-oneelsehadbeeninvolved. HP. de Koning saidthatthe decisionfor

thefirst partof the studyhadbeenmadewith a major practicalconsideratiorfor speed.This
hadbeenthetopic of thefirst meetingof thesteeringooard,andAstriumandeta_maxhadbeen
choserby thesteeringooardasawhole. Theoutcomeof thevotehadto beacceptedby theother
members of the steering board.

J.Kanis (Dutch Space) asked who had selectedthe membersof the steering board.
HP.deKoningsaidthatESA hadinvitedthespacecompanieso participatebutonly thosewho

hadrepliedpositively hadbeenconsideredor the steeringboard.C. Marechalaskedwhether
othermembersf theaudiencavould like to applyto the steeringboardwho hadnot received
theoriginalinvitation.J. KanissaidthatDutchSpacéhadnotreceivedheinvitation.F. Crampé
(Silogic) saidthat Silogic wereworking on GAETAN, andthatthey hadn’tbeeninvolvedin

anymailinglist. HP. de Koning saidthatL. Ney(Silogic)shouldhavereceivedheinformation.
C. Stroomadmittedthatknowingwho to includeon a mailing list wasalwaysa problem,butin

principlethelist which hadbeenusedshouldhavebeenthe sameasthatusedto inform people
about the workshop.

A. Sgambat{Laben)saidthatthiswasthefirst time thatLabenhadheardabouttheuseof open
sourcesoftwarein ESA andthe involvementof the whole spacecommunity. She said that
Labenwerenotawareof theopensourceactivities.O. PinsaidthattheITT for theopensource
activity hadbeenavailableto all companiesA. Sgambatsaidshedidn’t knowwhy Labenhad
notreceivedheinformation.C. Stroomsaidthatall of theon-goingopensourceactivities,such
as PC-ESABASEand THERMOSS, had all beenissuedas opencalls for tenderon ESA’s
EMITS system.Theseactivities were part of the ESA’s GeneralStudiesProgramundera
headingsuchas“applicability of opensourcesoftwareto spaceprojects”.He saidthattheyonly
werelistedon EMITS, andnot sentoutto eachcompanyexplicitly. A. Sgambatsaidthatthey
hadonly receivedhe mail for theworkshopanddidn’t know the purposeof theworkshopwas
to discuss open source development.

F.Lamela(EADS-CASA) felt thathe wasworking undersomemisunderstandinggnd asked
whethereveryonewnasseriouslytalking aboutthe developmenof radiationanalysiscodebased
on opensourcesoftware.He said that many yearsof effort had alreadybeenspenton both
THERMICA andESARAD, andhewonderedwhy this time shouldbe lost. He saidthatfor a

2. This was the membership of the steering board at the time of dhlestAbp. It vas possible for other
companies to apply to become members in the future.

13
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small company like CASA it was important to have competition to improve the tools, and
argued that ESARAD had reached its current level because of competition from THERMICA.
He said that there was always something announced for ESARAD which became availablein a
future development of THERMICA, and vice versa.

HP. de Koning argued that the application of open source software did not have to be black and
white, and that there needed to be a balance between the different areas. There might be some
areas where open source devel opment would be useful, and others where competition would be
important. He felt that it was important to have the steering board in the driving seat in order to
determine the way forward.

O. Pin said that it was important to have a common framework. He said that there was
commonality between ESARAD and THERMICA, but these two examples had made different
choices. He felt that there was a need to look at why these choices had been made. He said that
it might be necessary to have competition for the individual modules that plugged into the
common framework. C. Stroom agreed that there could still be competition if that waswhat was
required. What had been said about open source software was quite valid, but it usually related
to large user communities with alarge number of contributors to the software. He said that the
open source software model had not really been tried in a small user group such as the space
thermal community. He emphasized that THERMOSS was a prototype, a vehicle to test
whether open source software would work for the space thermal community. He said, yes, it was
possibleto build atool using open source software, but would the process work in this particular
community. He said that ESABASE/Debris was a running tool, THERMOSS was an
experiment.

M. Jacquiau (EADS-ASTRIUM) wanted to know whether open source software was the unique
solution to the problems of harmonization. C. Stroom answered that open source software might
not be the answer to all of the space thermal community questions, but that it was a serious
contender that should not be excluded out of hand. It was something which needed to be
considered serioudly. Yes, you could take open source software and use it for free, but if it was
to survive in the space thermal community, it was necessary to give something back.
M. Jacquiau admitted that open source software looked interesting, but said that the
harmonization should look at frameworks too. He suggested that any future open source
software solution should be compatible with the proprietary software so that the user could
choose to use one or the other as required. He gave the example that building a spacecraft
geometry could be done using open source tools, the mission aspects could be provided using
THERMICA, and the radiative calculations could use ESARAD. C. Stroom agreed that this
should be possible.

HP. de Koning agreed that this interaction between the different aspects of design and analysis
was the reason why thefirst set of open source software tools had to be data exchange modules.
Datainput and output would form an important part of any tool, and it would be a big advantage
to be able to release data exchange modules as open source to provide the basis of such a
framework.

M. Jacquiau was concerned that the current tools aready existed: ESARAD and THERMICA

had already reached a certain level of maturity. He asked how long it would be for similar open
source software tools to reach the samelevel of maturity. C. Stroom wondered whether it might
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not be sooner than many people would think, and said that one of the reasons for proceeding
with THERMOSS had been to discover the answers to this sort of question. He said that
M. Jacquiau had already shown that THERMICA was benefiting from using open source
software such as vtk and fltk. HP. de Koning said that it always took time to assess the quality
of any given software. It took time to learn how to useit. It wasn’t possible to decide based on
the documentation and afew screen-shotsalone. Hefelt it important that there had to be arobust
verification of what the tool was supposed to do.

M. Jacquiau noted that for any tool to provide efficient cal culation modules it was necessary to
have competent people in both the software and thermal areas. He felt that any developer had
to be close to the users, and to have a good relationship with them, just like the THERMICA
development team had with Astrium’ sinternal users. Hewondered whether it would be possible
to find the same user community mix for the open source software tools. He agreed that
examples of open source software such as Linux and FreeBSD were successful, but their user
and developer communities were quite big. However, the space thermal community was very
small. C. Stroom said that this was one of the objectives of the THERMOSS study: to set up a
web site, provide a download area, and a forum for discussion and comment. One of the
guestions was whether it would work, whether people would even look at it. He said that
everyone's remarks on the thermal tools were valuable, and that was one reason for the
workshop: to provide a place where users could discuss their requirements in front of the
developers. However, it was necessary to try out other ways of communicating, such as the
Internet, with a user forum and discussion groups.

H. Sdunnus (eta. max) said that people should be careful to avoid acommon misunderstanding.
The open source software activity didn’t aim to replace the existing thermal tools, and in fact it
might be that the proprietary tools proved to be better in the long run. What was needed was a
common framework for plug-ins to overcome the shortcomings of existing tools. One example
aready given had been the user framework for SINDA. He said that the open source activity
should aim to provide a framework which could permit access for both proprietary and open
source software solutions.

O. Pin noted a theme from the space environment discussion, and that was that the tools were
“sophisticated” and that the components used to build them were complex. He said that the
thermal users were not software people. He wondered whether it was realistic to assume that in
5 years the thermal guys would still be participating in any open source development. He was
not sure that the open source maintenance model would work for the space thermal community.
To make it a success would require 20 devel opers like Hume Peabody dedicated to the tools.

HP. de Koning said that maintenance could be a paid activity, or involve some sort of
contribution in kind. He said it was unlikely that the small user community would be able to
maintain such aframework in the usual open source way without some additional funding and
some development effort to keep the forum and web site running. He said it was not the same
as other open source packages such as POVray where users could make contributions in kind.

O. Pin noted ageneral issue with the current way of software development. The Bepi-Colombo
project had specific new requirementswhich had been missingin ESARAD [and THERMICA],
and that it had taken some timeto gather the requirements and to get the development going. He
wondered whether open source software development would be any more flexible. He said that
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there may be individual users who could address their short term needs and develop an internal
modul e as a plug-in to an open source tool framework, but this model was not applicable to the
space thermal community as awhole.

C. Stroom said that this could be handled via the maintenance model, where someone could be
paid to maintain the tools, which was what currently happened anyway. What would change
was that if auser required a particular function, then the user could add this feature for himself
If necessary. Thiswas not possible for most of the users at present. Almost al of the companies
have this expertise already because they already develop their own tools if the main thermal
tools don't offer what they require. With open source software tools a company would be able
to see what changes would be needed, and could implement them internaly, or ask the
developer of the module to implement specific changes for them. The current tool architecture
did not support this. C. Stroom said that any open source devel opment would need to have well
documented data structures and algorithms in order for different developers to work together.
C. Stroom felt that the architectures of the current tools had just grown over time to the point
where it was no longer possible to add new data structures and functionality easily.

JP. Dudon (ALCATEL) raised a question about THERMOSS as a prototype thermal software
tool. He wanted to know when it had been decided to implement such atool, and who had been
invited to participate. HP. de Koning said that theinitial ITT had been availableon EMITS, and
it had been opentoall. C. Stroom said that 8 or 9 offers had been received from different groups.
JP. Dudon wanted to know who wasinvolved in the development. C. Stroom said that the group
consisted of OHB, IFL, MakauMedia and Deimos: OHB had defined the user requirements,
MakauMedia had built the web site; and Deimos had been involved in the orbit definition and
calculation.

H. Peabody (TMYS) said that the critical point on the viewgraph to be considered was “Would
you participate as adeveloper?’ and added that if nobody wanted to participate in development
then the rest of the questions were irrelevant. If the people you are going to help are also your
main competition, what reason do you have to cooperate? HP. de Koning said that this was the
whole point of having the harmonization. C. Stroom remarked on the example that R. Schlitt
had given where most of the playersin the automotive industry had agreed to harmonize certain
activitieseven though they were all competitors. H. Peabody argued that space thermal software
was such anichefield. If only 10% of the community agreed to participate, then it would simply
not be enough to sustain development. C. Stroom countered by asking how many developers
were involved in ThermPlot. H. Peabody answered that there was only one devel oper, himself,
but that it was in his own interest to do it. R. Schlitt said that there were already a lot of
developersin Europe, each one developing tools such as CONDOR, ALTAN, etc. H. Peabody
argued that in these cases there was funding to address the needs of some project, and such
developments were away of guaranteeing that your own requirements were satisfied once and
for all.

C. Stroom said that open source software tools did not just float around and each group
modified them in isolation. There needed to be a maintenance model, which usually involved
some sort of custodian of the code. A user could make changes to the code and should then
submit them to the custodian for inclusion in the main devel opment if the custodian considered
the changes appropriate. R. Schlitt said that open source software meant that the source code
itself was available to the user. He was sure that THERMICA would have been easier to
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produce if the source code for ESARAD had been available for inspection. He said that for new
requirementsin the future, such asthe next mission to Mercury, the project would receive some
funding for the implementation of the new requirements and it would be possible for them to
have access to the source code of any open source software tool and they could make any
changes necessary.

C. Kirtley (ALSTOM) said that he would be surprised if companies would be willing to hand
over thousands of lines of source code. He could not see any competitive advantage in it.
R. Schlitt said that the automotive industry had agreed to standardize on using NASTRAN and
CATIA, but even so, there were still some cars that were better than others. He said that simply
using THERMICA or ESARAD would not guarantee the success of the satellite.

C. Marechal recalled the statement that the voting members of the harmonization steering board
were not supposed to be software devel opers. He wanted to know how OHB and eta_max were
voting memberswhen they were clearly devel opers. HP. de Koning acknowledged that thiswas
avery grey area. Astrium were major users of the thermal tools, but were also developers of
tools. He admitted that the composition of the steering board had involved some compromise.
However, he felt that in general the companies which had voting rights tended to be more user
than developer. C. Marechal argued that OHB seemed to be the leader in the open source
software activity. C. Stroom said that OHB were representing the users of the software, and had
produced the user requirements. The developers were actually MakaluMedia, IFL and Deimos.
HP. de Koning stressed that the steering board was not a secret society. All companies should
have received an invitation to join, but there was a need to berealistic. It would not be practical
to have a steering board of 100 members. C. Stroom noted that if of the all companies who had
ever developed software had been excluded from the steering board, then only afew companies
would have qualified. Almost all companies had developed software at some point.

C. Marechal asked whether there was any link between the steering board and the ITT for the
ESATAP activity. O. Pin said that the only link was that ESA had been involved in defining the
ITT and in the formation of the steering board. The ESATAP statement of work had been
produced before the steering board ever existed. C. Stroom said that the ITT for ESATAP was
under the full responsibility of ESA, and had not even been mentioned in the steering board.

C. Prouvost (OpenCascade) said that OpenCascade would also like to be represented on the
steering board. C. Stroom said that anyone wishing to join should contact the secretary of the
steering board. E-mail addresses would be provided | ater.

A. Crutcher (FSC) said that if the open source activity was being run as an experiment, then the
experiment was being undermined by having user involvement. He felt that open source
development and user involvement were different things. He said that the concept of the
experiment was good, athough he did not agree with many of the assertions which had been
made. He felt that the requirement for the activity to be user lead would kill the initiative. He
wondered how many users would turn up for steering board meetings. He said that the purpose
of most businesses was to make a profit, and wondered how a company could submit its work
to everyone else free of charge. HP. de Koning said that the key phrase here was “free of
charge’. A. Crutcher said that everyone wanted to benefit from the work of other people, but it
was necessary to have rea projects to work on in order to make money. HP. de Koning
responded that people were already doing open source software development in commercial
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companies. A. Crutcher asked who would pay for the space open source development, and was
told that ESA could be a source of funding.

C. Stroom (ESA/ESTEC) commented that the best example for open source devel opment was
thefield of science, which was completely open and people were ableto build on top of thework
of others and develop science further. He said that the payment for doing the open source
software development was digunct from the open nature of the software itself: it was on a
different axis. HP. deKoning said that software development could be characterized by
different axes: there was the axisfrom compl etely open to compl etely closed proprietary source
code; there was another axis describing intellectual property rights from public domain to
restricted use; and so on.

A. Crutcher was till dubious about the question of user involvement: his own experience with
the ThermXL development had shown that nobody had come to the user requirements meetings
that had been organized. C. Stroom countered that users tended to behave differently in open
source software development, which typically needed far more user involvement because they
were doing the development as well.

M. Molina (Carlo Gavazzi Space) wanted to answer the question about whether they would
participate. He said that Carlo Gavazzi Space didn’t have the relevant skills in the software
areas, and in fact he felt that the space industry did not have the critical combined users and
developers required. He felt that it would still be necessary to use more dedicated software
companies.

M. Molinacommented on theissue of dataexchange using STEP-TAS. Hefelt that nobody was
going to certify whether a particular software tool complied. Would Thermal Desktop be
certified? Who would do it? HP. de Koning said that ESA had now made the first robust release
of the STEP-TAS converters and was now looking to provide verification tools. If these
Independent verification tools could be used to determine whether there was a conflict between
vendors implementations it would then be possible to arbitrate between them.

M. Molina repeated his call from the previous workshop for improved communication via the
mailing lists. He said that the mailing list already existed. He knew that it would be a violation
of the rules about ITTsif al announcements were made to the whole community, but he felt it
would be helpful if the community could be kept up to date with some of the developments
within the running contracts. C. Stroom said that thiswas adifficult area, and he would need to
verify whether it would be possible to bypass the official channels in order to provide
information in this way.
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3. Wednesday 22 October 2003: Manng Session

3.1. Simulation of Furnace Inserts and Sample Cartridge Assemblies using
the Thermal Modelling tool CrysVUn

M. Hainke (Fraunhofer)describedhe CrysVUn systemfor simulatingthe physicsof crystal
growthwithin a furnace,andthe extensiondeingmadeunderESA contractto allow the user
to modelindividual experimentartridgesHe thengavea demonstratiorof the software.(See
Appendix N)

M. Molina (Carlo GavazziSpacepskedwhetherthe CrysVUnsoftwarewasavailableto other
usersandhow. He alsowantedto know whetherthe softwareprovidedwindowsanddoorsto
allow it to communicatdo externalsoftwarepackagesM. Hainke saidthatthe Institute sold
the programcommercially,andthattherewere currentlyabout50 licences He saidthatthere
were no links to other systems.

3.2. Plant Growth Chamber Simulation using EcosimPo

L. Ordofiez(ESA/ESTEC)describedo useof EcosimProto simulatethe growth of various
food plantsaspartof anregenerativdife supportsystentor longdurationspacemissions(See
Appendix O)

H. PeabodyTMS) askedwvhetherplantsgrewtallerin low gravity conditions andwhethetrthis
would leadto volumeconstraintsL. Ordéfiezsaidthatthedifferencesdbetweerplantresponses
on Earth and in space were not well known yet. He was waiting to see experimental data.

3.3. Thermal and fluid dynamic analysis of the air cooling/conditioning
system on board the MDS (Mice Drawer System) facility

A. Sgambat(Laben)presentedietailsof the Mice DrawerFacility, anexperimento beflown

on the ISS involving the study of mousedevelopmentnd behaviourduring a hundredday
periodin micro-gravity.Shedescribedhesolutionto thedifferentthermalconstraintsmposed
during the transfer to the ISS compared to the main operation. (See Appendix P)

M. Molina (Carlo GavazziSpace)askedwhetherit had beenpossibleto checkthe results
obtainedusingFHTS againstany experimentameasurement#. Sgambatsaidthattheyhad

abreadboardystemn Genoaandalsoalaboratoryat Labenfor checkingsystencomponents,
suchasthefans,etc. TheyusedTMG/IDEAS to checkthecomponentsndto modelthehybrid

cold plate. The results had been consistent.

M. Molina askedhow muchheatwas contributedto the systemby eachmouse A. Sgambati

saidthateachmouserepresentea 1W heatsource sothe systemhadto handle6W from the
mice. The actual heat produced was related to the family of mouse being used.
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3.4. Thermal Aspects of Long Term Operationson a Comet Surface.

HP. Schmidt (DLR) described the parameters for the Rosetta mission and the constraints
imposed by its new target of Comet 67P/Churyumov-Gerasimenko. He gave details of the
different operating scenarios avail able asthe battery temperature could be maintained for longer
with comet orbit approached the Sun. (See Appendix Q)

There were no gquestions.

3.5. Accessto ESA funded developments

O. Pin (ESA/ESTEC) gave an unscheduled presentation about doing business with ESA, and
the access to information on ESA funded developments. (See Appendix R)

O. Pin said that some of the discussions during the previous day had shown that there was alot
of confusion about how the “ESA system” worked, especially over who had accesstotheITTs.
He said that ESA had to be very strict in applying the rules, and he wanted to make this point
absolutely clear to everyone. All new developments were usually published as open tenders
except for some very specific cases for which direct negotiation could be justified. ITTs were
published on the EMITS system. Thetwo I TTswhich had been mentioned the previous day (the
Thermal Concept Design Tool and ESATAP) had been visible to all companies registered with
EMITS. It was the responsibility of industry to look for business and to consult EMITS
regularly. ESA did not advertise the ITTs nor send out notification to companies.

He said that ESTEC/TOS-MCV maintained four different mailing lists and that these related to
ICES, the Workshop, TASverter and the Harmonization activity. In total these contained about
200 e-mail addresses. He admitted that it was difficult for anyone to know whether they were
missing from the mailing lists because they would never receive information.

He explained that the “planned” MCV R&D projects were funded from the GSP, TRP and
GSTP budgets. The open source software and harmonization activity was only at the feasibility
study stage. So far it had been for research only, with only one contract in place so far. In
particular, projects and other developments funded under the GSP didn’t affect the funding for
ESARAD and ESATAN.

Preparations were currently under way in ESTEC for submitting proposals for TRP and GSP
funding. Users and projects had been consulted, and 17 proposals had been submitted, of which
only 4 related to the open source software and harmonization activity.

Projects which were proposed for GSTP funding would need to have support from the national
delegates, so it was important for companies to make sure that their national delegates were
aware of any proposals which needed support. Which proposals were selected would be the
result of aboard decision.
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3.6. HDF5 and STEP/NRF database for SINDA/G

R. Behee (Network Analysis) outlined hiscurrent ideasfor using aneutral fileformat for storing
the model database in afuture version of SINDA, and the potential benefits of exchanging such
amodel database between tools. (See Appendix S)

R. Schlitt (OHB System) asked whether the import of CAD modelsinto SINDA/G would bevia
STEP or using a direct conversion. R. Behee said that the tools supported the STEP standard,
but that SINDA currently pulled the data directly from the CAD file. He wanted to let the
modellers deal with the STEP side by pulling the knowledge of the finite element data out of
the codes.

H. Sdunnus (eta_max) asked whether the tool offered support for configuration control of the
model. R. Behee said that it did not, but recognized this as a good idea and said he would note
it down.

C. Stroom (ESA/ESTEC) said that the viewgraph had shown SINDA reading data from the FE
codes: this was effectively a database read, and writing would involve the same format.
R. Behee said that PATRAN used PCL (Patran Command Language) to write the node data, etc.
One way to continue would be by writing the PCL datainto HDF files. He said that the transfer
of information was currently one way, and that it would only be necessary to send back the
temperature and the heat flow to PATRAN.

C. Stroom asked whether R. Behee had considered restructuring the data completely, reading
information into a database and then solving directly from the database. R. Behee said that
SINDA was similar to ESATAN, and that the data file contained all thermal data on nodes,
conductors, etc. Another file provided the directory. He wanted to be able to preprocess all data
into HDF files, and maybe to store the SINDA model itself in HDF to alow model export. This
would allow similar tools to work on the preprocessed file. C. Stroom asked whether R. Behee
would be prepared to publish such adataformat. R. Behee said that he would. He said that if all
tools could preprocess their models into the same data file format maybe everyone would be
able to see that the tools are more similar than they thought. He reasoned that it may be better
to store this model datafile in some standard format such as STEP-NRF. HP. de Koning (ESA/
ESTEC) said that this had been the whole point of developing STEP-NRF, to have common
attributesin acommon format. R. Behee agreed, and said that to convert modelsfrom ESATAN
to SINDA maybe it would be possible to use STEP.

HP. de Koning commented that the harmonization effort now appeared to stretch across the

Atlantic, and that if people were prepared to push, the community might actually get better
Interfaces between the tools.

3.7. GOCE - Thermo-Elastic Distortion Analysis

L. Weimer (EADS-ASTRIUM) described a method on integrating both structural and thermal
analysis using “unit load cases’ for each area of interest on the model. He also gave details of
the strong frequency constraints on the thermal stability. (See Appendix T)

21



17th Thermal & ECLS Software Workshop ESA-WPP-219

H. Peabody (TMS) asked whether there had been any comparison of results with the more
traditional “stop” analysis to see the difference with the typical thermo-elastic applications.
L. Weimer said that he hadn’t used the traditional approach. He had made two models so far,
the second one with 88 loops, and had compared them. The level was almost the same but with
some small variations. The other analysis had been performed by the prime contractor.
F. Lamela (EADS-CASA) said that CASA had passed the thermo-elastic data to Alenia
H. Peabody said he was interested to know more because he would be involved in performing
a“stop” analysis soon for another project. H. Peabody asked about the restrictions in defining
the model. L. Weimer said that he didn’t have large temperature gradients between areas in the
model.

M. Gorlani (Blue Group) asked how the different configurations had been handled, with the
loaded and unloaded cases, etc. L. Weimer said that he had made some experiments with the
different linearisation. As the gravity decreases with the square of the distance, moving the
masses further apart givesreduced effectsin the error. The linearisation error was less than 1%.
Same analysis for the gradients had revealed similar results. M. Gorlani asked about the change
in configuration between cases. L. Weimer said that the GOCE configuration did not change
enough to make it worth redoing the analysis.

F. Lamela questioned the applicability of this methodology. He said that he had worked on an
antenna system where the PATRAN/NASTRAN run only took 15 seconds so it would have
been no problem to rerun 88 cases. However, the interpolation in the mechanical model had
been a disaster because the temperatures appeared within the model. The structural analysts had
run so many models and had discovered gradients between the MLI and radiators, etc. The
conclusion had been that it was necessary to have better models in al areas, but this was
prohibitive. The question was how to select the areas of importance in order to reduce the
gradients, thiswas the critical art.

M. Molina (Carlo Gavazzi Space) asked whether the analysis had considered both Earth
temperature and albedo variation. L. Weimer said that both had been taken into account, but he
had only shown one during the presentation.

M. Molinasaid that these new satellite and mission requirements were opening up hew domains
in spectral analysis, and that everyoneinvolved really needed to agree on anew vocabulary. He
gave the example of spectral density being applied to rotational spectral density. He said that
his own presentation later in the afternoon would address this very subject.

L. Weimer said that the micro-kelvin variations in the frequency domains were not useful in
ESATAN when most analysis was geared to a4 or 5 degree variation

S. Appel (ESA/ESTEC) asked whether L. Weimer had been aware of the SINAS tool
developed for ESA. This provided the interpolation of ESATAN temperatures to finite element
nodes and handled gradients. He felt that SINAS was more robust than the technique which had
been described during the presentation and had a wider range of applications. L. Weimer said
that his group performed the thermal analysis, and the structural analysis had been carried out
in Spain. The approach described had reduced the amount of work need to interface with the
group in Spain. S. Appel commented that if both groups chose to keep the mapping between the
thermal and structural models fixed, then the interfaces would remain the same.
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3.8. Methodology for Thermal Model Ar chiving

F.Lamela(EADS-CASA) describedhe perennialproblemof archivingand maintainingthe
analysismodelsfor spacecrafprojectswheredifferent partsof the analysiswere handledby
differenttoolsandstoredin differentareasof thefile systemHe presentec smallFORTRAN
application for pulling the separate models into a single file for archiving. (See Appendix U)

HP.deKoning (ESA/ESTEC)wantedto know more aboutthe model with the high value
conductorwhich had been mentioned,becausea problem like that really neededto be
investigated F. Lamelasaid that it had beena model of an antennasystem,severalyears
previously,wherea structuremodelledas two nodes,which shouldhavehad a temperature
differenceof lessthan0.5 degreeactuallyresultedn adifferenceof manydegreesin theend,
the structurehad beenreducedto a single node.O. Pin (ESA/ESTEC)suggestedo usethe
energybalanceto controlthe calculation.F. Lamelasaidthatthis could leadto a differentset
of problemsRelaxingtheenergybalancdifferencefrom 0.0to 0.06couldgive alot of locally
unbalanced nodes, even though the overall solution could be globally balanced.

F. Lamelasaidthatthis problemhadbeenreducedo a modelof justthreenodestwo of which
representea batteryand a radiator. They had calculatedthe power generatedand the heat
rejectedby the radiator. They had found 6W in the battery, but had 15W at the radiator.
C.Kirtley (ALSTOM) suggestedhat the model could have beenconvergingslowly to the
solutionin the steadystate but had jumped out of the calculationbefore the solution had
stabilized F. Lamelarememberedhattherewerespecificrequirementsvhich meantthatthey
were using the transient solvers.

S.Kasper(Jena-Optronikkcommentedhathewasan ESARAD user,andhe alsopreferredto

haveall relatedmodelsin asinglefile setin orderto runthemvia batchmode.He notedthatit

waspossibleto do this usingthe ESARAD languageandthe appropriateadiativeandanalysis
casesF. Lamelasaidthatthe programhe hadpresentedhadbeenintendedfor their SGI1/Unix
environmentwhere they were using THERMICA. He had no knowledge of ESARAD.

S.Kaspersaidthat this facility wasalreadyincludedin ESARAD, so no extrasoftwarewas
required.

3.9. The far field method for 1D conductor computation

S. Appel (ESA/ESTEC)presentech methodfor approximatingthe 1D conductancdetween
touchingshellsby calculatingthe heatflow betweerthe interfaceandthe mostdistantpartsof
the shell, as seen from the thermal point of view. (See Appendix V)

M. Molina (Carlo GavazziSpace)askedhow the calculatedconductancevasaffectedby the
choiceof epsilonwhencalculatingthefar points.S. Appel saidthathe hadfoundthatthe size
of thefar edgewasimportant,andthattherewerevariouswaysto handleit. Experimentsising
differentvaluesof epsilonfrom 0.5downto 0.0hadshownthatthemethodwasnotsosensitive
toits value.Thevalueof 0.15appearedio beusefulfor mostof theshapesonsideredalthough
an ‘exotic’ configuration might call for additional tuning.

J.Kanis (Dutch Space)askedwhetherthe contactconductancdiad beentakeninto account.
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S. Appel said that if you had two finite element meshes next to each other, it was possible to
introduce an additional conductance between the finite element nodes using the spring type
elements in NASTRAN. Therefore it was possible to represent contact conductance.
HP. de Koning (ESA/ESTEC) said that the result would be a formula containing the contact
conductance, and not a simple parameter.

M. Jacquiau (EADS-ASTRIUM) asked whether an approach considering only pairs of nodes
was sufficient. Why not consider the whole geometry? S. Appel said that the solution had been
designed to allow therma engineers to play with individual, physically meaningful,
conductances between nodes. He said that various studies had been made in the past into using
1D conductors for the 2D and 3D approach. Most star methods resulted in negative conductors,
and some thermal engineers did not want to deal with negative conductors. Some methods
resulted in solutions where many nodes had conductors to non-neighbour nodes, and some
thermal engineers did not like that either. This method provided an easy way for the thermal
engineer to work with simple shapes, and meaningful conductors between them,

M. Jacquiau asked whether this method could be extended to several surfaces sharing a
common edge. He wondered whether a triangle/star reduction would be sufficient. S. Appel
said that he had not investigated this yet, the current solution method was based on pair-wise
comparison. M. Jacquiau suggested that a system of three nodes sharing a single edge, and
solved on a pair by pair basis could overestimate the couplings in each pair. S. Appel stressed
that this method offered a 1D solution, and M. Jacquiau was talking about a2D problem. O. Pin
(ESA/ESTEC) said that this method ssimply automated what the users were aready doing.
However, nothing had been said about the meshing: if the meshing was not fine enough then the
conductances would not be calculated properly.

C. Kirtley (ALSTOM) asked whether there had been any validation of the method on complex
real models. S. Appel said that he had run various tests with simple shapes, somewith agrowing
hole, and with cut sections. He asked for the definition of complex. HP. de Koning (ESA/
ESTEC) said that it was only possible to validate this method for pairs of shapes for which
analytical solutions already existed. The method had been validated for those pairs for which
analytical expressions existed, and it appeared to be mathematically well behaved.

M. Molinaasked what would happen if a non-uniform power source was applied to the edge of
the node. Was the method still well behaved? S. Appel said that the method assumed a uniform
field from far away, and offered only a 1D solution. He said that 1D conductances could not be
used as the perfect solution for a 2D temperature field. This method could only ever be an
approximation, but in reality, that was all the thermal engineers were using anyway.

A. Robson (EADS-ASTRIUM) noted that the example model had shown node B having 2 far
field edges and asked how the -Q value was split between the edges. S. Appel said that the -Q
was the total heat for the two far field edges, and you could choose to split this valued however
you wanted, using the ratio of the edge length for example. A. Robson said that you could also
choose to use the distance between the far field edge and the interface between the nodes, but
thiswould give a different conductance value.
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3.10.An Excel Database for the generation of ESATAN and SYSTEMA
Thermal Models

S.Barraclough(EADS-ASTRIUM) describeda systemfor the automaticupdateof relevant
ESATAN and SYSTEMA modelsbasedon spacecrafcomponentiocation and orientation
information held in an Excel spreadsheetThe use of this system had simplified the
configurationof differentstudycasesluringtheevolutionof theAEOLUS satellitedesign(See
Appendix W)

H. Peabody(TMS) askedwvhetherthe orientationof surfaceswith respecto the spacecraftvas
limited to the standard X, Y and Zor whetherodd anglescould be used.S. Barracloughsaid
oddangleswverepermitted thereactionwheelsuseda45 degree®rientation butwerenotused
in general.

O. Pin (ESA/ESTEC)askedwhethermorethanoneengineemhadbeenworking on the model
becausenulti-useraccessvasdifficult to handlein Excel. S. Barracloughsaidthattherewas
the conceptof one control engineerwho had accessto changethe spreadsheeflThey had
experimentedavith havingamasteffile whichwasthenusedto updateslavecopies putthishad
provedtoo complicated O. Pin notedthatthis implied manualconfigurationcontrol,andsaid
thatif the systemhadbeendesignedarounda properdatabasehenthe configurationcontrol
could be automatic, with the export of specific model configurations to Excel.

M. Gorlani(Blue Group)notedthatfor thegeometrianathematicamodelit wasstill necessary
to input all of the data.Thereforehe wantedto know wherethe systemreally helpedto save
time. S. Barracloughadmittedthatthe userstill neededo typein thegeometricatlata butmost
of the time wassavedin the automaticgeneratiorof the thermalmathematicamodel.It had

previouslytakenseveraldaysto movea unit asit involved updatingand checkingall of the
models by hand. The new system reduced this time to half a day.

4. Wednesday 22 October 2003: Afternoon Session

4.1. RadTherm

R. Habig (ThermoAnalytics)describeda softwaresystemfor calculatinginfra-redimagesand
signature®f systemsandvariousadditionalpackage$or simulatingair flow andheattransfer.
(See Appendix X)

There were no questions.

4.2. Robust industrial model exchange between ESARAD and THERMICA
with STEP-TAS

HP.deKoning (ESA/ESTEC)describedthe currentstatusof the STEP-TAS/NRFprotocol

25



17th Thermal & ECLS Software Workshop ESA-WPP-219

development, and the availability of TASverter from the ESA web site. He discussed possible
ways forward in integrating the STEP interface into the different thermal tools. E. Lebegue
(Graitec) provided additional viewgraphs showing the application of STEP in the French
building industry. (See Appendix Y)

M. Jacquiau (EADS-ASTRIUM) asked what solution he should use in THERMICA to import
and export STEP-TAS files: to extract modules from TASverter, or to use the C++ libraries.
HP. de Koning said that it would be easiest to use TASverter. He said that it was ESA’s
intention to transfer the THERMICA part of TASverter to Astrium, and it would then be
Astrium’ sresponsibility to keep the interface up to date if changes were made to THERMICA.
However, it was up to Astrium to decide whether to use the Python or the C++ libraries in the
long term. HP. de Koning said that it would be necessary to re-implement the mapping from
SYSBASto STEP-TASin order to migrate from the old to the new version of STEP-TAS.

O. Pin (ESA/ESTEC) suggested that HP. de Koning give details of the conversion of the
Herschel and Planck models. HP. de Koning explained that TASverter had been tested against
avery extensivetest suite, and had al so successfully provided full conversion of many industrial
models, including the ISS, METOP and Herschel/Planck. It had therefore been stress-tested on
very large model's, and he was confident that the whole conversion chain wasworking correctly.

M. Molina (Carlo Gavazzi Space) asked whether there were any constraints on the ESARAD
and THERMICA versions which were handled by TASverter. HP. de Koning said that the
interface was with the ASCII SYSBASfile for THERMICA and the erg file for ESARAD.

C. Stroom (ESA/ESTEC) noted that HP. de Koning had given the long term objective of the
STEP activities, and emphasized that the current priority was to define tools for the validation
of STEP-TAS files. These would give a complete description of the STEP-TAS files, whether
they were valid, and would help to characterize the files. These tools could then be used to
validate STEP-TAS files, and any non-conformance could be checked back with the tool
implementors in order to resolve conflicts when converting between tools. In thisway it would
be possible to resolve any discrepancies between vendor A and vendor B.

4.3. THER-CFD: aTHERMICA/GAMBIT gateway

F. Boursier (EADS-SPACE) outlined the typical problems encountered during the thermal
analysis of the combined Ariane and spacecraft configuration during the launch phase, taking
into account air flow in the fairing, etc. He described the use of THERMICA and GAMBIT
packages, and transferring information between them. (See Appendix Z)

C. Kirtley (ALSTOM) asked if the geometry was always updated in THERMICA, or whether
it wasaround trip process. He could see that in GAMBIT the engineer needed a detailed model,
so what happened when the model was changed in THERMICA? F. Boursier said that the
amount of information which needed to be exchanged varied on a case by case basis and the
level of change required in the model.

HP. de Koning (ESA/ESTEC) noted that the VIF file only offered six digit accuracy for the
numbers and wondered whether this gave rise to any problems with cumulative error.
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F. Boursier said that he had not seen any. There were various criteriaimposed on meshing, and
therefore it was possible to tell whether the meshing was correct.

4.4. Highlightsin thermal engineering at CGS: Thermal Stability in the
frequency domain and THERMAL DESKTOP/ESARAD trandation
tools.

M. Molina (Carlo Gavazzi Space) covered the trangation tools first because most of it had
aready been covered during previous presentations and discussions. He then described the
current trend in spacecraft modelling, and the need to agree awhole new set of terminology to
represent it. (See Appendix AA)

HP. de Koning (ESA/ESTEC) had a remark about data exchange when using STEP-TAS on
THERMAL DESKTOP. He said that the import/export facility had been devel oped three years
previously using the old version of the STEP-TAS libraries. The protocol had been updated
since then, and therefore it would not be possible to use the current version of the THERMAL
DESKTOP STEP interface with other tools using the new libraries. ESA would communicate
details of the new protocol and libraries to the various tool vendors.

L. Weimer (EADS-ASTRIUM) said that the temperature flux could cause a small deformation
of the optical bench and wanted to know whether the requirements related to the alignment or
only to the temperature fluctuations. F. Lamela (EADS-CASA) said that the expansion
coefficient for the optical bench was of the order of 10e-13.

A. Robson (EADS-ASTRIUM) had a question for ESA. He said that this frequency based
thermal technology was completely new, and that most of the thermal engineers in industry
were working with the old technology. Consequently each group was inventing its own
technology and techniques for the new areas. He wanted to know whether ESA was planning
on doing anything to harmonize such things. HP. de Koning said that it was clearly an important
area, and that ESA had been thinking about it. However, he said that there was more to consider
than just the area presented. There were new devel opments and requirementsfor satellites using
cryogenic systems as well as the frequency based thermal systems. He suggested that it might
be necessary to set up a working group to discuss the new technologies. M. Molina said that
O. Pin (ESA/ESTEC) had suggested providing the background theory for frequency based
thermal systemsin afuture document in the ECSS series.

V. Perotto (Alenia Spazio) asked whether any sensitivity analysis had been made of the results
in the frequency domain. M. Molina said that there had only been a sensitivity analysis
performed on the steady state solution, and not on the transient.

F. Lamela noted that there were various possibilities. One was to work in the time domain, but
then the engineer did not usually know the sources of the variation. The power profile of the
instrument was known. He suggested that in future, engineers should avoid the time domain and
consider the thermal spectral density only. Working with heat inputs and sources for electronic
units was easy, but working with the Sun was more of a problem. Every 3 minutes there was a
solar flare. The LISA analysis had avoided MLI because of the sensitivity issues introduced.
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M. Gorlani (Blue Group) asked what consideration had been given to the sensitivity related to
the configuration of the linear model. F. Lamela said that the main architecture had been based
on the optical bench, the thermal shield and another system. A three node model had been used
to tune the parameters.

4.5. Designing for milli- and micro-kelvins

V. Perotto (Alenia Spazio) presented a series of questions and musings related to the new trends
in satellite missionsto work at or beyond the boundaries of the current analysistechnology. (See
Appendix AB)

M. Molina (Carlo Gavazzi Space) commented that of course Carlo Gavazzi Space needed to
move from standard parameters or experiment with convergence criteriabecause they knew that
they were working in a completely new domain. For SINDA they were not yet working at the
kelvin stability level.

H. Peabody (TMS) suggested that rather than try to work directly on thermal solutionsin milli-
and micro-kelvin that the engineer could scale everything in order to work in the “normal”
domain and so avoid number round-off and loss of precision. V. Perotto said that this had not
been tried, the work had only been an exercise so far in order to see whether the solvers were
capable of providing the required accuracy and precision in this temperature domain.

Y. Rubin (Open Engineering) said that it should be possible to estimate the inaccuracy of going
from a natural to a 1D model. He said that it would be easy to check those cases which had a
simple analytical relation. He suggested that other cases could be checked against results
obtained from nature. V. Perotto argued that these other cases could only be verified by using
test data, and that this would introduce other sources of inaccuracies. Y. Rubin concluded that
this meant that it would never be possible to verify whether the requirements for milli- and
micro-kelvin systems had been satisfied.

4.6. Conclusionsand Workshop Close

C. Stroom (ESA/ESTEC) said that one of the goals of the workshop, expressed during the
welcome and introduction, had been to improve the communications between the different
players in the space thermal community. There had certainly been alot of discussion about the
harmonization activity as well as the general discussions. He said that he would try to let
everyone know about what was happening viathe e-mail list. Hefelt that the workshop had once
again proved useful. He thanked all of the authors for sharing their experiences with the rest of
the space thermal community.
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Appendix A: Welcome and I ntroduction

Welcome and Introduction

C. Stroom
ESA/ESTEC
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(€ 32.00 p.p. exc. drinks. )

A selection of six different starters
XXXX
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Duck dishes
Chicken dishes
Tenderloin of pork dishes
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Served with steamed rice, fried rice and fried noodles.

XXXX

Bavarian
XXXX
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Appendix B: ESATAN, FHTS & ThermXL current status

ESATAN, FHTS
& ThermXL

Current Status

H. Brouquet
ALSTOM
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ESATAN v8.9

Henri Brouquet

ALSTOM

5) ESATAN V8.9

ALSTOM
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ESATAN 8.9
ALSTOM

- State in the Field -




ESATAN v8.9 ALSTOM

e ESATAN v8.9
— Released in June 2003
— Now available on Linux

e OQOutstanding issues in v8.7

— Apostrophe sign [ ] in comments not supported
— To comment the $| NCLUDE (# $I NCLUDE)
— Subroutine in $EXTERNAL model not recognised

— Reserved names not properly tested by ESATAN
— Missing substitution data in predefined elements not tested

[1 All have been solved in ESATAN v8.9

- State in the Field -

) ESATAN v8.9 - New Developments ALSTOM

e Pre-Processor Improvements

- Continuing Commitment to Development -




)) Pre-Processor Improvements ALSTOM

e Improvements on processing data
— very large models
— large number of conductors

e Examples from test suite & user models
— 40,000 nodes / 100,000 GLs - 8 times faster
— 2,800 nodes / 5,500 GLs / 310,000 GRs - 6 times faster

- Pre-Processor recommanded against Syntax Checker -

)) ESATAN v8.9 - New Developments  ALSTOM

e Pre-Processor Improvements
e Thermal Solver Optimisation

- Continuing Commitment to Development -




SOLVFM Optimisation ALSTOM

e Improved band-width optimisation
e Improved algorithm

e Improved energy balance control
e ‘Unconnected Node’ support

e Near linear scalability

- SOLVFM Recommended Steady-State Solver -

ALSTOM

e Performs transient thermal analysis using Crank-Nicholson method

e Unique Temperature Rate of Change criterion DTROCA used for
determining the maximum time step length to be used during a
transient

e Arithmetic node optimisation with new control constant ARITH

- Transient Solution -




)) ESATAN v8.9 - New Developments  ALSTOM

e Pre-Processor Improvements
e Thermal Solver Optimisation
e Heat Balance Convergence Criteria

- Continuing Commitment to Development -

)) Heat Balance Convergence ALSTOM

e Convergence can now be defined in terms of energy balance

* INBALA (absolute nodal energy balance) vs ENBALA

* INBALR (relative nodal energy balance) vs ENBALR

e Supported in steady state thermal solvers SOLVIT & SOLVFM

- Increased Analysis Control -




)) ESATAN v8.9 - New Developments ALSTOM

Pre-Processor Improvements
Thermal Solver Optimisation
Heat balance convergence
Comma Separated Value format

- Continuing Commitment to Development -

)) PRNCSV Subroutine ALSTOM

e New user-callable subroutine for outputting to Comma Separated
Value

PRNCSV( ZLABEL, ZENTS, CNAME, ORDER, FI LE)

e Output any nodal entities and conductors

PRNCSV (*, ‘T’, CURRENT, ‘NODE’, ‘temperature.csv’)

- Plotting, Archiving, Database Import, etc. -




ALSTOM

$HODEL H_SECTION
*

SMODEL BAR1, NOLIST
SEXTERNAL NON_LINEAR_EAR
SENDMODEL BARL

SMODEL BAR2
SREFEAT BARL
$ENDHODEL BARZ2
*
SNODES
D100, T = 20.0, C = Density * Volume * INTRPL{T100.

SpecificHeat. 1):

K
SCONDUCTORS

GL(100, # Set in VARIABLES1

GL{100]

BAR1:3)
BAR2:3)

*
$CONSTANTS
SREAL

£
CrossSectionaldrea = 0,025 = 0.025;
5

Density = 2 z
Yolune = 4 = 0.025 % 0.025:
Delta¥i = ,
Delta¥2 = 0.0125:
*
SCONTROL
*
TIMEND = 500.0:
OUTINT = 10.0;
DTIMET = 1.0:
RELXCA = 0.01;
NLOOP = 100
b -
$ARRATS
SREAL
*
Conductivity(2, 4) = -73.33, 200.0, 37.78, 356 ALS I |M
93.33, 580.0, 148.89, 845.0
*
SpecificHeat{2, 4} = -73.33, 1.3E03, 37.78, 1.7E03
93.33. 2 1E03, 148 83, 2 8ED3

*
SVARIABLES1
*

QI:BAR2:1 = 0.0

GR:BAR2: (1. 10. 2) = 0.0035

GL(100. BAR1:3) = 1 ~

& [Delta¥l / [CrossSectionalirea
& Delta¥2 - (CrossSectionalirea

* INTRP1(T100.
* INTRP1(T:BARL:3.

Conductivity, 13}

GL(100. BAR2:3) = 1 ~
& (Delta¥l / (CrossSectionalirea
& Delta¥2 ~ (CrossSectiomaldrea

* INTRP1(T100. Conductivity, 13}

4
BaR1:Conductivity. 13))

5 +
* INTRP1(T:BaR2:3, BAR2:Conductivity, 1)})

SExECUTION
CALL SLFWEK SOUTPUTS
SOUTPUTS *
* CALL PRNCSV(' ', 'T', CURRENT, 'NODE', 'templl.csv') H CALL FRHCSV({' ', 'T', CUREENT, 'NODE', 'templl.csv')
SR PRNCSIET Mg M Ty SURKMTT RNIERY Mrenpiiiessi) CALL PREMCS¥(' ', 'L. T', CURRENT. 'ENTITY', 'tenpZ2.csw')

*
$ENDHODEL H_SECTION

#
SENDMODEL H_SECTION

- Plotting, Archiving, Database Import, etc. -

ALSTOM

ESATAN +8.9.2, MODEL H_SECTION; TIME 16 OCTOBER 2003 15:43:03

TIME TI00 TBART 1 TBART:2 TBARI3 TBART4 TEARIS TEARI 10 TBARZ 1 TBARZZ2 TBAR23 T-BAR24 TEBAR2S5 TEBARZID
02 00E+01 267E+01 267E+01 267E+01 267E+01 267E+01 2.73E+02 267E+01 267E+01 267E+01 267E+01 267E+01 2 73E+02
10/ 236E+01 3.37E+01| 2 86E+01 | 2.59E+01 260E+01 260E+01| -2 73E+02 2.59E+01| 2 58E+01 | 2.52E+01 2 58E+01 2B0E401 -2 73E+02
20 263E+01 366E+01 30SE+01 2.71E+01 262E+01 2 55E+01 | -2 73E+02 2.63E+01 2536401 2.652E+01 2.53E+01| 2 53E+01 -2 73E+02
30 2E1E+01 3.68E+01 3.27E+01 2.89
40/ 2B9E+01 4.06E+01 3.43E+01 2.94 Temperature vs Time
50/ 2.75E+401 4.21E+01 357E+01 3.04
60 2.82E+01 4.34E+01 3B9E+01 3.14
70/ 288E+01 4.46E+01 3B1E+01 3.24 80
80 295E+01 4.58E+01 3.92E+01 3.39
90 3.02E+01 4.69E-+01 4.02E+01 3.44 0 Nl

100 3.08E+01 4.80E+01 4.12E+01 3.51
110/ 3.15E+01 4.90E+01 4.22E+01 3.6( /
120/ 3.22E+01 5.00E+01 4.32E+01 3.69 0
130/ 3.30E+01 5.10E+01 4.41E+01 3.74 /
1400 3I7EHD S20E401 450E4D1 388 O o |
150| 3 44E+01 529E+01 459E+01 3.9 &
160 3 52E+01 5.39E+01 469E+01 4.09 / /
170 360E+01 5496401 478E+01 4.14 40
160 367E+01 5.58E+01 4.87E+01 4.2

II 190 3 75E+01 5.67E+01 4. 96E+01 4.24
200 383E+01 5.76E+01 5.04E+01 4.35 20 e
210 391E+01 5.83E+01 5126401 4.44
220 399E+01 5.90E+01 520E+01 4.59 20 : : : : . . . : :
230 4 07E401 5.97E+01 5 27E+01 | 4.69 0 =0 100 150 200 250 300 350 400 450 500
240 414E+01 B.O4E+01 5356401 4.69 ”
250 4.22E+01 BATE+01 5426401 4.77 Time (s)
260 4.30E+01 BA7E+D1 5.49E+01 4.34
270 4.37E+01 B.24E+01 556E+01 4.93
2800 4 45E+01 B.31E+]1| 5 63E+H01 | 4.99EFIT 40001 F00E+0T | 2.7 S0 TSOEFIT BEFOT 3.00ER] T 3.06E+0T OEFIT 2.7 SE+12
290 4.52E+01 B.37E+01 570E+01 5.06E+01 4.93E+01| 4.87E+01 -2.73E+02 3.67E+01 393E+01| 4.08E+01 3.94E+01| 3.88E+01 2.73E+02
300 4.50E+01 6.43E+01 576E+01| 5.13E+01 5.00E+01| 4.94E+01 -2.73E+02 3.95E+01 401E+01) 4.16E+01 4.01E+01| 3.96E+01 2.73E+02
430 551E+01 7.21E+01 B5SEH0] | B.O1E+11 5B88E+01] 5 83E+01| -2 73E+02 4 91E+01 497E+01| 5. 11E+01 4.97E+01] 4 92E+01 2 73E+02
440 5.58E+01 7.25E+01 BEAE+01 B.07E+]1 5.95E+01| 5.90E+01 | -2.73E+02 4.98E+01 5.04E+01) 5.17E+01 5.04E+01| 4.99E+01 -2.73E+02
450 5B5E+01 7.29E+01 B70E+01 6.13E+01 B.0TE+01| 5.98E+01 -2.73E+02 5.05E+01) 5.11E+01| 5.24E+01 5.11E+01| 5.08E+01 -2.73E+02
460 5.71E+01 7.33E+01 B74E+01 B.19E+01 B.07E+01| 6.02E+01 -2.73E+02 5.12E+01 5.18E+01 5.31E+01 5.19E+01| 5.13E+01 -2.73E+02
470 5.77E+01 7.37E+01 B79E+01 6.24E+01 B.13E+01| 6.0SE+1 -2.73E+02 5.19E+01 525E+01  5.38E+01 5.25E+01| 5.20E+01 -2.73E+02
450 5.83E+01 7.40E+01 G.83E+01 6.29E+01 B.19E+01| 6.14E+01 -2.73E+02 5.26E+01 531E+01| 5.44E+01 5.32E+01| 5.26E+01 -2.73E+02
490 5.89E+01 7.43E+01 B.S7E+01| 6.34E+01 6.23E+01| 6.19E+01 | -2.73E+02 5.32E+01 5356401 5.51E+01 5.39E+01| 5.33E+01 2.73E+02
500 5.95E+01 7.46E+01 BO1E+01 6.39E+01 B.20E+01| 6.24E+01 2.73E+02 5.39E+01 544E+01| 5.57E+01 5.45E+01| S40E+01 2.73E+02

- Plotting, Archiving, Database Import, etc. -




)) ESATAN v8.9 - New Developments

ALSTOM

Pre-Processor Improvements
Thermal Solver Optimisation
Heat balance convergence
Comma Separated Value format
Model Name & Node functions

- Continuing Commitment to Development -

)) Model Name & Node Functions

ALSTOM

SINITIAL

to return

e SUBMOD (ATTRIB)

returns model name of current model

SUBM =
to return
SUBM =
to return

SUBM =

H Ruuw BER RRR &

SWARTABLES2
#

CHARACTER = 20 SUEM
"MAIN:SUEL:SUEZ"

SUBMOD{ "ALL" )

"MAIN:SUEL"

SUBMOD( "ROOT " )

E=11)=riy

SUBMOD{ " SUBMODEL " )

CHARACTER =20 SUEM

e SUBMDN (NODE, ATTRIB) ¥ v seni

returns model name given the A
. to return
internal node number NODE

+

SUBM

to return

H O RRR kR

SUBM

- Increased Modelling Flexibility -

"HAIN:SUR1:SUB2°

= SUBMDM(NCSGMH. “ALL")

"HATH:SUEL"

= SUBMDH{NCSGMH, “ROOT’)

TEUEZ2Y

= SUBMDM(NCSGMN, ~SUEMODEL" )




)) Model Name & Node Functions

ALSTOM

e NODNUM (NODE)

returns the user node number given

the internal node number NODE

e INTNOD (CNAME, NODE)

returns internal node number given

user node number NODE in model
CNAME

SVWARTABLESZ
INTEGER THODE

# returns the user node number wvhere
# CS5G 1= minimal
#

THODE = NODMUM({HNCSGHH )

SVARTABLESZ

. INTEGEE INODE

ﬁ returns the internal node number of D100
# in CUEEEHT model

* INODE = INTHOD{CUREEHT, 100)

# returns the internal node number of D10
# in MAIN:SUBLl:SUB2 submodel
#

INODE = INTHOD({MAIN:SUBL.SUEB2, 103

- Increased Modelling Flexibility -

)) ESATAN v8.9 - New Developments ALSTOM

Zero Flow Solution

Pre-Processor Improvements
Thermal Solver Optimisation
Heat balance convergence
Comma Separated Value format
Model Name & Node functions

- Continuing Commitment to Development -




)) FHTS Zero Flow Solution ALSTOM

e Handling analytically mass-flow links with zero flow rate

e Solution formulation adapted to treat low pressure drop case
* AP < MINDP : default to 1.0E-03 Pa
* All fluid solvers address MINDP

[J Overcomes problem of modelling closed branches

- Increased Modelling Flexibility -

)) ESATAN v8.9 - New Developments ALSTOM

Pre-Processor Improvements
Thermal Solver Optimisation
Heat balance convergence
Comma Separated Value format
Model Name & Node functions
Zero Flow Solution

Progress Monitoring File

- Continuing Commitment to Development -




Progress Monitoring File ALSTOM

e A progress file is automatically created containing current state of
the analysis

» modelname.MON
» frequency of output is controlled by PRGFBK (default 10)

e File produced in Comma Separated Value
» easy to import to programs such as Excel

e Data available Real time, SOLVER, TIMEN, TIMEN/TIMEND %,
DTIMEU, STEPCT, LOOPCT and RELXCC
> extra data available for FHTS model (such as RELXMC...)

- Increased Modelling Flexibility -

Progress Monitoring File ALSTOM

Realtime SOLVER TIMEMN % DTIMEU | STEPCT| LOOPCT RELXCC

08:39:45 SOLVFM O.00E+00 0 0.00E-+00 0 I
08:39:45 SLFWBK 20 20 2 10 2 752E12
083945 SLFWBK 40 40 2 20 2| 7EE-12
08:39:45 SLFWBK B0 B0 2 0 2| 729E-12
08:39:45 SLFWBK E0 80 2 10 2| 729E-12
08:39:45 SLFWBK 100 100 2 £0 2| BBOE-12

e PROGHD and PROGRS new user-callable subroutines to print out
extra data

» PROGHD(UNIT) writes out column header
» PROGRS(UNIT) writes out one line of data for each call

SINITIAL

£ OPEN{UNIT=21, FILE='fesdhack cvs')
Call PROGHD(Z1)

§VARIABLE51

i WRITE(21. *) Variable

gVARIABLEsz

s Call PROGRS(21)

- Increased Modelling Flexibility -




)) ESATAN v8.9 - New Developments ALSTOM

Pre-Processor Improvements
Thermal Solver Optimisation
Heat balance convergence
Comma Separated Value format
Model Name & Node functions
Zero Flow Solution

Progress Monitoring File
Further Developments

- Continuing Commitment to Development -

)) Further Developments ALSTOM

e Control Constant DTMAX is now used in conjunction with DTMIN
throughout all transient solvers

e User Constants can now be defined with MORTRAN/ other User
Constants in $CONSTANTS block

» changes in the value of the first one will propagate to the second one

- Increased Modelling Flexibility -




)) ESATAN v8.9 - Summary ALSTOM

e Pre-Processor Improvements

e Thermal Solver Optimisation

e Heat balance convergence

e Comma Separated Value format
e Model Name & Node functions
e Zero Flow Solution

e Progress Monitoring File

e Further Developments

- Conclusion -

ALSTOM

www.techcentreuk.power.alstom.com
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Appendix C: THERMICA - news of the year

THERMICA

news of the year

M. Jacquiau
EADS-ASTRIUM
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EADS
ASTRIUM
THERMICA — News of the year
ESTEC Thermal/ECLS Workshop 2003
5 engineering.software@astrium.eads.net
Page 1
+
THERMICA — News 2003 S

ASTRIUM

Content

« Schedule v3/v4 updated

« Delivery of new « summer release » 3.2.19

« Capabilities in v3.2 not well known, but useful !

« What will follow quickly in v3.2 (still ready)

» Position of Thermica in the harmonization of thermal SW

« Financement - commercialization of Thermica

Page 2




ASTRIUM

THERMICA — News 2003 E

Development schedule

Review of ASTRIUM internal users (in 2003)

- For users, FULL PRIORITY has to be assigned
for the import of CAD geometry — big change

- The development schedule is therefore updated

THERMICA v3.2

CAD module \
IHERMICA v4

2003 2004 2005
- Version 3 will continue for at least 1 year
- CAD module available in january in Astrium
» Quick delivery to external users

- Version 4 will arrive ASAP, in 2004

» Whole thermal application in the SYSTEMA framework
Page 3

s

ASTRIUM

THERMICA — News 2003

CAD module to come in january

« Import of STEP AP203 files / Catia v4 files (v5 available later)
Export of SYSTEMA/THERMICA geometrical files

« Capabilities to define Thermica shapes with picks of points in th
CAD geometry

« Organization of data in a hierarchised tree like Thermica does

« Compatible with Thermica v3

« Technical solutions : whole framework in C++, and OSS libs
OpenCascade : data structure & memory management
VTK : display & pre-post processing
FLTK : graphical user interface

This module will be the model builder of version 4

Page 4




THERMICA — News 2003 EADS
ASTRIUM

New release 3.2.19 (available since 08/2003)

« Globally : « same software » as the previous release ...

Geometry import/export

Full user-friendly mission (orbit, pointing) with a lot
of pre-defined capabilities

Thermal application (radiative, conductive) with
user-friendly menus

Pre-processing — Post-processing (2D,3D,...)

« ... But new extended capabilities :

T3D as an interactive model builder
Variable planetary fluxes (longitude, latitude, time)
Angle-dependant thermo-optical properties

« Full documentation available in PDF format

Page 5

THERMICA — News 2003 EADS
ASTRIUM

Extended capabilities in 3.2.19 : T3D model builder
« First designed for an internal usage in Astrium, T3D is now
fully available as a model builder
» High interactivity with mouse / keyboard

» High interactivity for the definition / modification / motion of
shapes and objects

» Nice visualization of properties / results on the geometry

» Compatibility with the Sysbas language

il

1 transformations (X1S)

Target

System Local 1

B L e e U RO
H

s L




THERMICA — News 2003 E

ASTRIUM

Extended capabilities in 3.2.19 : Planetary fluxes

« Planetary IR & albedo now latitude/longitude/time dependent
Useful for scientific missions

Also useful for the Earth
If accuracy is needed
« Extension of the previous algorithm

For each orbital position, the planet
has a non-uniform emission

The global flux level is integrated
from all possible solid angles around the spacecraft

o m w @

aaaaa

EEEEDEEEEOCEES
g
H
ODEEEEEEEEEEOO

Page 7
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ASTRIUM

THERMICA — News 2003 E

Extended capabilities in 3.2.19 : Planetary fluxes

« Easy input data for the user : use of a simple structured text
file, eventually provided by any spreadsheet

i

Visualization
in Thermica

Spreadsheet table Text file

Page 8




THERMICA — News 2003

Extended capabilities in 3.2.19 : Angle-dependant thermo-
optical properties

« All coatings defined in the material database of Thermica
can now have angle-dependant thermo-optical properties

« No change to do in the material database : use of an
external text file (can come from any spreadsheet)

« Angle-dep. Properties : q, €, p,, Pe: Ty T
- Ray Tracing algorithms have been extended
« Available for both REF and Fluxes calculations

[E1 ANGLEDEFPROP - Notepad
Flle it Search Help

EADS+

ASTRIUM

Spreadsheet table Text file Ray tracing in Thermica

Page 9

THERMICA — News 2003 EA/I\)5'|§|UM
Capabilities that people usually don’t know
+
» Display of temperatures after ESATAN or SINDA/G esatantlsnoacl EsATANISINDAG
Thanks to binary output file format NTP 3 %
2D plots, 3D on the geometry (animated)
NTP file NTP file
= Post-processing attributes —:l—zll — e - + +
[ s | THERMICA | || THERMICA |
Thermal Properties =

{— Coloured Variables

fode
los ———————————————
s
s
00
s

[Tino: 3 / e A

—l || resrons  posnasas

Anim.| Mve Apply| GQuit erti ===
T = b

thut Ray “lxl

Available even if the ESATAN / SINDA/G process is
executed outside the Thermica front-end

Page 10 » We provide (freely) the subroutine (and support) for the output of NTP




|

THERMICA — News 2003 E
ASTRIUM
A , k
Capabilities that people usually don’t know
[S¢ THERMICA V3.2.19_1 Windows — Copyright 003 ASTRIUM 545 <
: eur | e SAMPLE1FLB
«  Flux budget from the NTP file : 2
THERMICA Gl[ ITotal rad. flux I I 1 | 11.0502E+02]100. 00|
ITotal cond. flux 1 I ] 13.8805E+01 1 5
ITotal source flux | I I 15.0602E+01]| | 48.18]
- THERMAL I i i | 1 i |
Ana YSIS OT 1luxes || [ b i i sersseonl o
I TUOLS— ITotal Flux 1 1 1 11.0502E+02] 1. 0502E+02| 100.00|
. FLUX BUDGET a
sorted by in lportance, EDITOR MENY : : :
Quit Help... 1\Eudast s i {
|nC0m|ng/OUtCO| ning i prerl ()| i xiee i 32590 win i
! System.. Print... Area 1.5000£400 m2
—1 Equivalent emissivity 7.0899E-01
- - - — Themmal rejection 35. 6459 W/n2
Bmbient temperature -199.622 ¢
radiative/conductive/... |[cedsesimo ||| {55 SR, oo BB E . e
& 5 Z68.081
SAMPLEI.FLE on PhEoREERSh =
- No file OFF I 1 | w/ nr |lat tp (C)| cpl value| in. flux| out. flux| % 1
m | 1 4.63818+01] | aa.05
Ambient ten \perature, o e ore 1 I
i 1 500|] -10.599|1.9550E-01]1.1238E+01]| | 10.67
blole oFe 1 i | 600] -50.053|3.8840E-01]7.0020E+00] | 6.65
M M i I 400] -38.418]1.8670E-01]5.5381E+00 I 1 5.26
No file OFF I iss. | | 5.0000E+00| | 4.75
i | 3000| -52.853|1.2954E-02|4.3086E-01| | 0.41]
1 No file OFF I 1i | 600] -50.053|2.3190E-04]9.3174E-03 1 1 0.01
JoEE| i | I |
- — - - Radiative link 1 999| -269.000|1.0503E+00 11.0529E+02] 100. 00
| | |
I I IIn/I I Ia,X S| Reopydl] ERest ~Cp.at/dt I I 1.4425E+01] 1 13.70
T e T i 1-aszsg oz 1 52a8709] 1.1
ITotal rad. flux ] ] | 11.0485E+02] 100.00|
. Search Up Down ITotal cond. flux | I I 13.9044E+01] 1 37.24]
For eac tl me step IToiatl e i | | i 15:13015 101 | 45001
; 1 | | i |
Beplace:sting I-cp. ar/at i i i 11.44258+01] | 13.761
Replace one _ Up Down ITotal Flux 1 | | 11.0485E+02] 1.0485E+02]100.00]
or glObal mean epaceat | [oown | ||| «
Block selection OFF I 1 I I
ot L] | Budget on node | 100 I
Line 1 Goto I ) )
. . | Tine | 3.2029E+01 min 1
- Col 1
» File conversion : NTP ~ ASCII o
&l | B

For cross-platforms exchanges
For immediate import in Excel (nicely structured)

Page 11
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EADS

ASTRIUM

THERMICA — News 2003

What will follow quickly in v3.2 (still ready)

« Enhanced link between Thermica and other applications of SYSTEMA
POWER : Flux & REFs are transferred into an electrical\network for
the design of spacecraft electrical architecture (still available)

OUTGASSING : Outgassing of materials depends on their
temperature

PERTURBATIONS : A new module has been developped\(in
addition to others : solar/earth rad. pressure, gravity gradient, air
drag, J2 effects, ...), for thermal radiation forces & torques

» Each surface of a spacecraft has its own radiative emission : a force whi
amplitude is eaST#

» For specific spacecraft missions, this physical phenomena needs to be simulated

» The modelisation is entirely performed by Ray Tracing, with transfer of forceftorque
for each interaction between rays and surfaces

Page 12




THERMICA — News 2003 EADS
ASTRIUM

What will follow quickly in v3.2 (still ready)

- Display of rays for THERMICA and other applications in SYSTEMA
based on Ray Tracing E=

JJEIJUKIJJ@JM ———

Configuration View =12 - 3D View

(Selection of nodes)

Useful :
- to debug complex configurations

« to find rays escaping from
enclosures

- to compare analytical / facetised
geometries, especially with specularity

- to have a better feeling of the
physical phenomena

L

system

Output Box

Page 13 E; iE|
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THERMICA — News 2003 EADS

ASTRIUM

Thermica and Harmonization on thermal software

« Requirement from Astrium users / Astrium thermal SW team in
terms of harmonization :

Definition of standards for data exchanges

Definition of functionalities to be provided by any SW
for a given issue

— No more need to impose any specific software on space projects

« Industrials are mature enough to decide by themselves their
processes in terms of SW tools

In each space project, no more need to provide file
format X for the official deliveries

» The official format should always be STEP-TAS or STEP-SPE

Page 14




THERMICA — News 2003 EADS
ASTRIUM
Thermica and Harmonization on thermal software
« As developer / provider of Thermica, Astrium wants to play a
positive role in the standardization of data exchange
We want to integrate the updated STEP-TAS
libraries as soon as possible
We want to enhance the information stored in
STEP-TAS files : orbit / kinematics / results (NRF)
Usage of HDF files is really necessary for results
Great interest : worldwide user community
« Usage of TASverter or pure C++ STEP-TAS libraries
Short term : maybe TASverter could be sufficient
For extended usage, and for V4 : C++ libraries
will probably be preferred
Page 15
THERMICA — News 2003 EADS+
ASTRIUM

Financement of THERMICA

Thermica is financed by two main incoming « fluxes » :

- 1) Astrium internal financement : Astrium wants to invest
to have thermal SW developped internally

2) External users : worldwide diffusion, still growing (- but the price never grows !)
- Professional structure for development / commercialization / maintenance / user support

No objective to make profit with software but to have efficient tools develgpped by
experts close to thermal engineers, with fast interactivity

SYSTEMA / THERMICA licenses SYSTEMA/THERMICA licenses SYSTEMA / THERMICA price

™~ 7120

100 Europe
M — 59%

r8o USA

33%

™ r60

r40

20

— others Asia

1% 7%

12.98  12:99  12:00 1201 1202  12-03 - - - . -

T
12-03

— Great success for european algorithms designed by ESA / Matra in the 80
aworldwide reputation for this european expertise

Page 16
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ASTRIUM

THERMICA — News of the year

ESTEC Thermal/ECLS Workshop 2003

&5 engineering.software@astrium.eads.net
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Appendix D: ESARAD current status

ESARAD

current status

B. Castelli
ALSTOM
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ESARAD v5.4

Bruno CASTELLI

ALSTOM

)) ESARAD V5.4 ALSTOM

e ESARAD v5.4 released in June 2003
e Previous version released: v5.1
e Version 5.2 was used for developments

e New numbering convention:
— odd second digit: for developments (5.3)
— even second digit for commercial releases (5.4)

- Workshop 2003 -




)) ESARAD V5.4 ALSTOM

e List of new features
— New Combine Shell
— Recursive Attribute Editing
— Spacecraft Orientation
— Simplified Kernel Language
— ACG
— New Custom Menu
— NASTRAN Converter
— New HDF Data Format

e Short demo if time
permitting

- Objectives -

)) ESARAD V5.4 ALSTOM

Geometry - New features

e New Combine Shell Dialog

e Recursive Attribute Editing

[

I e
IS S
Y ACG Tfrﬁgbb S

!

- Geometry Summary -




ALSTOM

File

Wl 2@ B

Tree Edit haodel Detfine  Help

Transform (Abs.)..

Transform (Rel)...

Azsemble... # Combine Shells

Process Conductive |

Target Shells

Source Shells

model

- Select shells from

TPO_2_Moteur_base
GG_6_Moteur_base
TPH_4_Moteur_coupe
TPH_4_Muoteur_base
LEH_1_Muoteur_base
LTH_1_Moteur_coupe2
LTH_1_Moteur_coupe1
LTS _3_Moteur_base

pocty _______H

Combine List

LTH_1_Moteur_base
Souffletd_2_PTM_basze
SouffletH_1 _PTM_base
Demarreur _4_Moteur_base
SouffletH_2_PTM_base
LTS 1 _Moteur_base
Conel_PTM_base
GG_3_Moteur_base
LTH_3_Moteur_base

the left hand side list.

- Put them in the right
hand side list.

- Enter a Target name.

GG_5_Moteur_coupe2
GiG_5_Moteur_coupe!
Demarreur _2_Moteur_coupe =
TPH_3_Moteur_coupe
GG_5_Moteur_base
Target Shells TRO_2_Moteur_coupe
Soufflets_1_PTM_base

o II:'aY‘L'-"ad Demarreur_2_koteur_basze
= CIICk On Combine Shelks | LTH_3_hoteur_coupez

R TRO_4_Moteur_base
“Combine Shells”. LTH_5_Moteur_covpet
TPH_3_Muoteur_base

LED_1_Moteur_coupe
LEO A hdeteir hase

Dizplay &l Shells |_ Fick Shells

Helg | Dismiss |

- Geometry New Features -

ALSTOM

File Ecit Madel

W | o8l

Tree Operations

Thermo-optical Property... Shell Properties
= Bulk...
il Pairt... ~Side 1 ~Side
[F-= Conel1_PTM _
[E-= Demarreur 2_Moteur Coordinate... Colaur: EREEN Vl Colavr: I URGQUOISE 'I
= Conductive Interface. ..
. Mocle Mumberin Mode Mumberin

B = Aute EEnerate Eanciictivy 9 o
—1]
= Active: ECTIVE Vl Active: ECTIVE VI
' = Submodel I Submodel I
= LI # Transform (&bs.)
= L~ Oa" Transform (Rel.) Mocle Mumber 150 Mode Mumber &0
= LT )
=L Display Cptical Propetties: Optical Propetties:
i - Undizplay
=1 Costing: Flic:kel Vl Coating: EI_T?SSQ VI

= Report

= Dielete Criticality: FIORMAL Vl Criticality: FORMAL VI
= S
= 5 " Expand from selected —Bulk Praperti
. . pettie
= T| x Contract to selectad Miaterial m - Ok | Cancel |
[#-= THH_3_Moteur
[F-= TPO_2_Moteur Thickness: 15 - Help |

= TPO_4_taoteur =
% maodeld

- Geometry New Features -




@) Acc ALSTOM

Automatic Conductance Generator

e Automate Calculations of Linear Conductances
e Recognise interface between two shells

e Output GL value to ESATAN file

e \Works on uncut shell primitives

e Contact on common straight edge

e All intra GLs computed

e Inter GLs between Quads and Triangles only

- Geometry New Features -

ACG ALSTOM

1st Option: Automatic

After having assigned the model, still in the Geometry workspace:
# ESARAD - Geometip

File Tree Edit Model Operations EES{GEE Help

E!I B 8 E . g Shel.

= J Madel Shell Properties...
= ni Geometny Thermo-optical Property...
a iz5L acglE Bulk..
[+~ | materials ;
> ----- _| Radiative Cases Paint. ..
] Analysis Cases Coordingte...
Ll Thermal Models Eimahazts -
_| “ariables e T AR S —
..... _| Spins Auto Generate Conductive Interfaces..
L B e Y R

ESARAD will automatically detect the conductive interfaces, display them
in the visualisation window and pop the dialog to process the interface type

- Geometry New Features -




ALSTOM

ci_t iaed_] e 819657, 1.2572... [[8.19857, 1.2572... [NOT_PROCESSED

isualisation # ESARAD - Geometry 19 [=1 B3
= 4‘|.‘_| File Tres Edit Model Operstions Define Help
clm[++] \\ Hia 2@ ddice e B RERR k4= 2% 4&
4+ |+ =
a @ |a ‘ g Geometry Wisuslisation | Kernel | Reporting | ESATAN | LLitarary) |
}1' * # Process Conductive Interfaces
3' ‘Conductive-Irtert.. Shel & =l Start Poirt End Foirt Connect Type
) :
T
1

9.14621, 0 6973... [9.14621, 0.6973... |NOT_PROCESSED
6.19657,1.2572... [[9.14621, 0.6973... |NOT_PROCESSED
9.14621, 06573... [10.0,1.8560000... |NOT_PROCESSED
819657, 1.2572... [8.19657, 1.2572... |NOT_PROCESSED

[ Apply Change to
. Shelll & [ it P =l | Gonnect Tvpe: [FUSE |
el | 1ol P =] Gortact Cari... A5
¥l

earching Ci

& Display &1 Conductive Interfaces
" Fitter.

[orTn_[Face |

Filer By Goli.. |Gonnect Type =
Coteiia Apply Fiter

Close Help

The interfaces are default to NOT_PROCESSED

- Geometry New Features -

ACG ALSTOM

1st Option: Automatic

e The Connection type can then be changed to one of the following:
- FUSE: two shells form a single continuous surface

- JOIN: two surfaces are linked by a contact conductance
- NOT_PROCESSED: default
- NOT_REQUIRED

e The Connection type can then be changed by either:
- Clicking in the visualisation window on a conductive interface
- Selecting the interface from the list in the dialog

- Geometry New Features -




ALSTOM

2"d Option: Manual

After having assigned the model, still in the Geometry workspace:

# ESARAD - Geometry
File Tree Ecit Model Operstions Help

r . - ot -
H & = <’= "'>= oyl EiEl # Define Conductive Interface (2 of 2)
=4 Modal 4 Shell Properties ... Primitive Shell Mames:
=5l Seometry b Thermo-optical Property... % SelectShell & Select Shel B
a test_nastran Bulk... : »
| Materials quad_2 = Conductive Interface Propertie:
;' Radiative Cazes guad_1
;' Analysis Cases tri_19 T
* - Shel &
] Thermal Models . ive Interface. tri_18
] spins = oncluctive Interfaces. .. ti_16
1 Mancnase tri_15 | Start Point: [ 191525, 5 354221 7]
tri_14
w13 End Pairit: I, 1.66665, §.376685] Vl
uad 12 Conneation Type:
cuad_11
quad_10 Cantact Canductance: Ig )
tri_za
tri 27 4
Finizh | Cancel | Helg |

- Geometry New Features -

ALSTOM

2"d Option: Manual

«|
;l R N
. . . = fff?/r\
To visualise the Conductive Interfaces = [ [T Doy
W <
and their parameter: e LLLB//

# ESABAD - Geometry

File Tree Edit hodel

Ha B@ «f
=24 Model

Define  Help

[Fece [ e |_crt. [Sreliene] Tvee [_act | coos o dosi  [orThraea

Transform (Aks.)...

B EEEE k4= P Pe% U |

Vewstsai || are |

Tran=form (Rel.). ..

e | e | o

El ﬂ Geametnr Azzemble.
a test_nastra Combine...
| Materials

: _| Radiative Case
S ] Analysis Case [
----- Ll Thermal Modals

onductive Interfaces...

- Geometry New Features -




() ACG ALSTOM
| Outputting GLs to ESATAN

# ESARAD - ESATAN

File Tree Edit Radiative Case EGEGERIRGEN Analysis Cage  bon-&

1..Calculate Linear Conductance O o @ ofofg Oen.
in the Thermal Model Menu: £ 4 Model «

-md Geometry b erme AliHores
& test_nastran
_| Mlaterials ~ ) _
“oe ] Radiative Cases {  Calculate Linear Conductances
------ ;I Analysis Cases
e ﬁl Thermal Models

Analysis Case Wl gyt
(Redefine. ..
H Qpen...

# Qutput Esatan
Copy...

2. Click Output GL in the peete ¥ Steady St B
- enerate Template. .. [ Transient [ Output REFs
Analysis Case: atitn o

[~ Output HF =

[ Output Wiew Factars

Background defaults

to White

Display

Reset Refresh
Axis Display
[v] Wadel [v| Aszembly

Hodes Display
Size [opt ][ | “dsible

Clear Table

Face Mode Crit Shell Mame | Type Act £ pd, ps, 7,0, pd, ps, T OPT M. |Face &
926 B000 M EFLM:TEL . [PARS |V 020,059, 921,000, 050, 340, 000, 000  [MFA, 9.96
1957 6003 I SWMH_R_ [RECT i 7&0, 220,000,000, 130,520, 000,000  [MFA, ]
798 7012 EPLK:SO... |RECT \d §20,.180,.000,.00 0,.00 3

- Visualisation New Features -




ESARAD V5.4 ALSTOM

Kernel - New features

e New Spacecraft orientation

L Slmpllfled Kernel Language FoR égﬁﬁiﬂggix; iéase HITH_ORBIT_POSTTIONS

orbit_index = orbit_index + 1)

CALCULATE ¢
radiative case = rcase,

calc_types = "REF. SDF. SAF".

po=_index = orbit_inde=x.

eclipse check = TRUE):
END_FCOR

- Kernel Summary -

New Spacecraft orientation ALSTOM

e Primary and Secondary vectors make it easier to define the
spacecraft orientation within the orbit

# Define Attitude (4 of 6)

{+ Pointing Yectors and Directions € LOCS Orientstion and User Defined Movemert

—Pointing Vectors and Direction:

Primary Secondary
e Select vectors . .
Pointing Vector[0.0, 0.0, 1.0] =l Pointing Vector[0.0,1.0,0.0] |
fI’O m th e G U I Pointing Direction|ZENTH =] Pointing Direction|GENERAL =l
ADIR =
General Direction S | General Directionf-1.0, 0.0, 0.0] =]
TRLE_SLIN

ANTI_TRUE_SUN
VELOCITY

ANTI_VELOCITY
pi " | Rotation Rete[o o
Ll=el MORMAL_TO_ORBIT = it
ANTI_NORMAL _TO_ORBIT
S Posrtlons|=1

—Spacecraft Mowvement

4

e OIld LOCS Orientation method still working

- Kernel New Features -




«' )) Simplified Kernel Language ALSTOM

All the previous calculate functions have been replaced with one new calculate method

\

CALCULATE_ORBIT_POSITION
CALCULATE_ORBIT_POSITION_WITH_SPIN
CALCULATE_PLANET_ABSORBED_FLUX_MATRIX
CALCULATE_PLANET_ABSORBED_FLUX_RAYTRACING
CALCULATE_PLANET_DIRECT_FLUX

CALCULATE_SOLAR_ABSORBED_FLUX_ MATRIX > CALCULATE (

CALCULATE_SOLAR_ABSORBED_FLUX_RAYTRACING
CALCULATE_SOLAR_DIRECT_FLUX
CALCULATE_VIEW_FACTORS
CALCULATE_RADIATIVE_EXCHANGE_FACROTRS_MATRIX
CALCULATE_RADIATIVE_EXCHANGE_FACROTRS_RAYTRACING /

- Kernel New Features -

Simplified Kernel Language ALSTOM

Example of a new CALCULTE method for a moving

geometry:

FOE (orbit_index = 1;
orbit_index <= rcase. HUM_OREIT POSITIOHS:
orbit_index = orbit_index + 1)

CALCOLATE
radiative_caze = rcase.
calc _tyvpes = "RHEF, SDE, SAF",
po=_1ndex = orbit_index.
eclip=e _checl = TRUE])
END _FOR

- Kernel New Features -




ESARAD V5.4 ALSTOM

Library - New features

oo 2

Mlesw 1 Edit
e New Custom Menu = Dot -

Mastran_App

Ezarad_to_StepTasz
StepTas_to_Esarad

OutputFile- [ __Browse |
e NASTAN Converter Newrrocess? [

- Library Summary -

New Custom Menu ALSTOM

e Allows external process to be called from within ESARAD
e Can integrate user’s application to work with ESARAD

e Can launch program or access system functions without
needing to leave ESARAD J coson 8
AET

e Call NASTRAN converter | Mew /Edt I
e Call STEP-TAS converter . L,
_ Mastran_App
e In the Library workspace Esarad_to_StepTas
StepTas_to_E=sarad

- Library New Features -




)) NASTRAN Converter ALSTOM

# Nastran_Conversion

File Hame I Browse I

Connect Lines | | -connect

Output File | Browse |

Mewr Process 7 |_

Run | Cancel |

e Converts MSc/NASTRAN input files into ESARAD

e Only supports thin shells and elements (TRIA and QUAD)
e Maps GRID points = ESARAD Points Variables

e Maps FE elements = ESARAD shells

e Does not translate Material data yet

e Can be used with Combine Shells & Recursive Attribute

- Library New Features -

)) NASTRAN Converter ALSTOM

Examples

Nacelle Air-Inlet Turbine Blade

- Library New Features -




ESARAD V5.4 ALSTOM

Data Format - New features

e New Data Store HDF (Hierarchical Data Format)
e Neutral Binary

Platform Independent
— same model can be opened from any platform
— can transfer a complete model (with all data) to another site

e Only compatible with ESARAD v5.4 onwards

- Data Format New Features -

ESARAD V5.4 ALSTOM

Conclusion

Chris KIRTLEY will present future
developments after the break.

- Conclusion -




ESARAD Demo

Bruno CASTELLI

ALSTOM

)) ESARAD V5.4 Demo ALSTOM

e Import a model from NASTRAN
e Assign the model

e Define properties

e Run ACG

e Export the model to ESATAN

- Demo Objectives -




BEGIN NODEL Nacells  ECARAD_NODE HUMDERING ECARAD_GENERETED
1 8 ¥acelle Model POINT POINT_20 = [7.756000=-001. 6. 174700=-001. -2 798000s-001]:
2 5 Hodes of the Entire Modsl POINT POINT 21 = [7.756000=-001. 5. 195400e-001. —4 438000=-001]:
3 GRID 1 84,332 747553 284 677 EOINT POINT 22 = [7.756000=-001. 3.691100s-001. -5 603000=-001]
4 GRID 2 24,4176 230045 226 886 POINT POINT 23 = [7.756000=—-001, 1.904300e-001, —6.276000e-001
© GRID 3 94,4581 691363 289099 EOINT POINT 24 = [G.406600=—001, 0.000000e+000, 6.219500=—001]:
EOINT POINT 25 = [4.807400=—001, 1.548600e-001, —6.002000e—001];
? gg% é gj gégg ég%ié; ggégég EOINT POINT 26 - [4.748900=-001, 4.778000c-001, —4.199000=-001];
5 GRID : 04 5730 040566 298 2o3 EOINT POINT 27 - [6.381200=-001, 1.237600c-001, —6.272000e—001];
: : POINT POINT 28 - [6.023300=-001, 1.513800c-001, 6.1895200=-001]:
@ GRID 7 84,7758 325148 297.832 EOINT EOQINT 29 = [6.2137002-001. 3.054500e-001, 5 714600e-001]:
10 GRID 8 848929 A7RET73 300222 POINT FOINT_30 = [4.446300e-001. 1.248900e-001, 5.994100e-001]:
11 GRID 3 85 0255 004253 302 455 e
12 GRID 10 85,173 307932 304.692
1% GRID 11 85,3344 587332 306.328 SHELL quad_1;
i4of... quad_1 - SHELL_QUADRILATERAL (
15 CTRIAZ 1 1 55 a7 56 3 pointl = T 124,
16 CTRIAY 2 1 38 56 37 Fo th atest nows, slf e and portant point2 = POINT 1,
17 CTRIAZ 3 i 37 i3 34 information abou known Scues,pease vist point3 = POINT 3,
18 CTRIAZ 4 1 20 38 13 pointd = POINT_145.
www.techcentreuk. power.alstom.com colourl = "CYAN",
19 CTRIAZ 5 1 19 1 20 ; W EERN
20 CTRIAZ 6 1 2 20 1 ALSTOM Frd Bulihoad” .
21 CTRIAZ 7 1 1 38 57 109,
22 CTRIAZ 8 1 39 57 38 nbase? = 1139,
23 CTRIA: 3 1 38 20 39 optl = AMS4311 coat,
24 CTRIAZ 10 1 21 39 20 opt2 = AMS4901 coat,
25 CTRIAZ 11 1 20 z 21 bulk = AMS45801_mat.
o0 thick = Ti32_thick):
27 CQUADS 103 1 163 145 146 164 (R
26 CQUADE 104 1 145 127 128 146 n ] SHELT tri 43
29 CQUADL 105 1 127 109 110 128 3 B bri 43 = BHELI TRIAWGLE (
20 COUADY 106 1 109 a1 a2 110 File Hame astran.n rovwse Tointl = POINT 3,
31 COUADE 107 1 91 73 74 a2 point? = POINT 1,
12 COUADY 108 1 164 146 147 165 Connect Lines | | -connect point3 = POINT 25,
3: CQUADE 109 1 146 128 129 147 colourl = “VHITE",
34 CQUADE 110 1 128 110 111 129 Output File Iesarad_er Browse | colour? = “VHITE",
35 CQUADA 111 1 110 92 93 111 m 25:::; = ggg
36 CQUADE 112 1 9z 74 75 93 2 =208, .
37 CQUAD4 113 1 165 147 148 166 st (RiEEEEs 7 Sided = phacTIvED
30 COUAD4 114 1 147 129 130 148 ik - Al271a g
39 COUADE 115 1 129 111 112 130 thick = B163. Thick):
40 COUADY 116 1 111 EE 94 112 - .
41 ¢ Referenced Coordinate Franes Run Cancel PURGE_MODEL () ;
4: ENDDATA a594743b END_MODEL

NASTRAN .ns file ESARAD .erg file

- Demo -

ALSTOM

ESARAD - Geometry
Fle Tree Edit Model Operstions Defins Help

Hoil e HEisy < B BEEE &+ =

-4 Model = Geometry Wisualisation | e
-l Geomatry

FL Hacelle

Load geometry file

Eclit Geametry Laok in: |_| Ezaradhocels

Edit Ketnel ] visTreesrays
i
editor esarad

cedricvd erg [= g
TerraSAR_INT ery myData.ns —

Mastran.ns -
nastranz.erg —
GOCE_MEW.erg File name; [Esaraa. ery (U Load geametry fle I
Filez of type: IAII Files (**) _VI Cancel |

-

Create et open the
model in ESARAD

Macelle.erg

quad_3z
quad_33
quad_z4
quad_35
quad_36
quad_3T
quad_33
quad_39

quad 4 _vl

fvmdal Nacelle succassfully loadsd

\J
(EX AR N NN E RN NN NEEERENNN N RN NN N NN NN NN
]
e b
& o

pndel has not been assigned

- Demo -




ALSTOM

I :
1. Define Optical Densiy e 2. Define
. p SpecificHest  |1187.0 | bu | ks

Properties P e —
[/ Define Thermooptical oty | oK | [ concer | Help |

rinfrared

Emissivity 0. 3268 Diffuse Reflectivity 0.64

Transmissivity ID .0 Specular Reflectivity ID .0

~Solar

Absorptivity ID .4 Diffuse Reflectivity ID LB

Transmissivity ID i) Specular Reflectivity ID i) el e
Colour e ~ Celour: JGHT_cREY =

| Node Humbering Hode Numbering

Active: Jective < Active: JumcTrve -
Submode! Submodel
hode Number Made Mumber

Optical Properties: Optical Properties:

Coating [erasagnt_coat =] Goating [emsast1_coat -
3 Q SS i g n Criticalty: FORMAL - Criticalty FORMAL -
Bulk Properties——————————————
Material lKMsam 1_mat ~ Ok Cancel
p ro p e rtl e S Thickness:  [rioa_thick < —

Irtblkd_fissy

Ok | Cancel | Help

- Demo -

AU AOE ALSTOM

ESARAD - Geomety

File Tree Edit Model Opersions Defie Help
: o W — Visualisation

We 2@ B-fsaw < Mm@ B = 2 pE
3 Model wisuglisation | Kernel | Repor &
55 Geometry -
=~ ¥y Naselle
= Inthikd_sssy
4 Skin
g TA_Out

= Tee_Pipe

4k piccalo

Geametry

& AMSA11_n
& Auzz19_mat|
] Radiative Cases

) Analysis Cases Shell & | JR2 = |

~&pply Change to Selection

- 2] Thermal Models :
) variables ShellE; | B2 | =l |
Display Undisplay
41~ | Conductive Interface: ~Sarting Criteria Reset Refrash
B il COWDUCT IWE
| b Axis Display INTERFACE
Frimary Conducti... »| & Ascending S0t [ opu Bl LT PROGESSED

Hodes Display
size [opt ][ wsible

Seconda... [Conducti.. | % Ascending Clear Tabl
lear Table

" Descending

€ Descending

Face | Move | cri. |sheimame] Type | set | ¢ pd, ps, 1,9, pd, ps, T | ot .. |Face a..|




Export model to ESATAN ALSTOM

Thermal Model EEETE Rt
1. Run a kernel |'- reasel —

ergeiones.
ferae Al Hades. ..

mefine submadel.

2 . Cal C U I ate LI n ear CO n d u Ctan Ces Calculate Linear Conductances

Glose..

Mor-Analys

:

Thermal Model

Working Directory [3-\Esaradi5. 4. 51 Bsaradliodel s NaceLLet esabantacase Browse
Qpen...
ZOp.
Tempiate Fie ITemplate,tpl Browss
[DElEte
ESATAN Mocel File ftode1. a Browse

[ Ratative G Thermal

. |
3. Open an Analysis Case o
Synte Chesk:
Ere-Process
Salve
Fre-Process & Salie
InEpest St

GIEEE Cancel <Prev Next> Help

Geometry

Zenerate Template:..
stalidete Template

- Demo -

# Output Esatan

(Beclefine...

- open | Steady State

’ Copy... [~ Transient [~ Output REFs
Delete [ Qutput HFs

4. OUtpUt tO ESATAN Generate Template. ..

Malidate Template
ESATAMN Cutput ...

[ Output View Factors

Mon-2naly:
(Reldefine. ..
Open... # Inspect File
ogy . Look in: | acase
Delete

1] Mocdel.d

Template tpl

Generate Template...
“alidate Template
ESATAN Output ...

5. Inspect Output Syrta Check

Pre-Process

Solve

File: natme: prodel.a Inspect File |
Files of type: [l Files (7 %) =] Cancel |

Pre-Process & Solve

Close

- Demo -




1 # E=zarad wersion 5.4.5, run date 11:40 Mon 20 Ozt 20032 40 SARRAYS
2 # Model name: Hacelle Analy=is caze: acase 41
3 S$MODEL Hacelle_acase 42 $SUBROUTINES
1 STOCALS 43 SUBROUTINE QCYCLC LAHG = MORTRAN
[ SHODES 44 RETUEN
f D1 = ‘'PFiccolo', T = 0.000000. 45 END
7 & = 0.021944, AIP = 0.400000. EPS = 0.360000: 4t SUBROUTINE OAVERG LANG = MORTRAN
8 D2 = 'Piccolo', T = 0.000000, in END
13 ( )A = 0.021944, ALF = 0.400000, EPS = 0.260000: 49 SHEROUTINE RCYCLE LAHG = MORTRAH

ce 50 RETURN
11 51 END
iz $CONDUCTORS £2
13 GRi(204, 205) = 0.000447918:; £3 STHITIAL
14 GR{204, 206) = 0.000167911: £4 C101 = 0.000019 = Cp_AMS4901_mat * Dens_aMS4901_nat
ig ‘ ?Rizual, 2073 = 0.000107477; 43 C102 = 0.000038 * Cp_ANMS4901_mat * Dens_AMS4901_mat

SR C102 = 0.000037 * Cp_AMS4901_mat * Dens AMS4901_mat
17 57 (...
1g GLi203,204) = k_Al2219 _mat = 0. 00744496 1]
19 GL{267,2B7) = k_&l2219 mat = 0.00426211; 59 $WARIABLES1 .
20 GLi281,290) = k_Al2219 mat = 0 0055G5R27: EE IF (ggTﬁEEgé‘:}ééG.EQ. S5') THEHN
R G
37 ¢ 1 62 ELSE

] CALL QCYCLC
gi scgggﬁm‘s 4 CALL RCYCLC
2t # Haterizl data for 'AMS4901_mat' gg stmgggng
26 Cp_4MS4901_mat = 0.000000;
27 Dens AMS490L mat = 4511900000 87 SEAECUTION
Se g Sns_ —mat = - “ 3] # Steady State Solution
] RELCA=0.001

249 # Material data for 'AHMS4911 _mat' 70 NLOOF=1000
an Cp_AMS4911 mat = 0.000000; 71 CALL SOLVIT
31 Dens_ AMS4911 mat = 4428 . 859000 72 # Transient Solution
iz ¢ 73 TIMEND=FERICD
33 # Material data for '"Al2219 _mat' 74 DTIMEI=TIHEND.100.0
34 Cp 412219_mat = 0.000000; 75 OUTINT=TIMEND.-10.0
a5 Dens_412219_mat = 2768 037000; 76 CALL SLEWEEK
I # 77 SOUTPUTS
37 # Conductivity from bulk 'A12219_mat’ 7a CaLL PRHDTE(' '.'L.T.0S, OE.QA4 C' CURRENT)
38 k_A12219_mat = 120.000; 74 CALL DMPGFF( .CURRENT
39 50 SENDMODEL #Hacelle acase

www.techcentreuk.power.alstom.com
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17th Thermal & ECLS Software Workshop

Appendix E: ThermPlot Pro

Capabilities of the
ThermPlot Pro
Thermal Post-Processing
Program

H. Peabody
Thermal Modeling Solutions
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SOLUTIONS 5

Use of ThermPlot Pro Software for Quick
Evaluation of Thermal Model Results

Hume Peabody
Thermal Modeling Solutions

ThermPlot Pro - Overview THERMAL 1o

SOLUTIONS 5

 Few tools exist to allow a thermal analyst to
quickly filter thermal model output to areas of interest.

 Often thermal analysts write additional logic to output
specific information. If new data is needed, the model must
be rerun to generate the new information.

« ThermPlot Pro uses standard output files and allows the user
to define Objects (DataSet, Plot, Table, Parameter, Group) and
Options (e.g. Include Descriptions, Selected Nodes Only,
HeatMaps)

e ThermPlot Pro then processes the input and generates a
icrosoft Excel® workbook containing the data and objects
specifi the user

 All datais then a ble in Excel for further study




ThermPlot Pro — Features THERMAL ==

SOLUTIONS 5

* Process wide range of thermal solver formats and
multiple files (allowing for comparisons and trend studies)

* Options to output only particular nodes of interest
* Include Node Descriptions from Input File
* Transpose output for dense timestep models

* Plot transient data with complete control over line and marker
characteristics and axes properties

 Tabulate simplified parameters (e.g. Min, Max) including limits
and conditional formatting

* Group nodes to simplify complicated models
» Create interactive HeatMaps or Compare Heatmaps
Data for any Node/Group or Timestep available

. | utilities to calculate Backloads/EqSinks and Process
: 3
ThermPlot Pro — Main Screen (Classic) THERMAL ==

Sorutions | &2 [P

. ThermPlot = O] x|
File' Make Ewcel Optionz FPlotz Tables Goups Help
It FulE:I B;l |_L’EI

File 1.  |Filename I | [E’l g
Format ISINDABE—T "I %L Sheet |Data1 L|
Excel Output File I [irj@
MoDataFiles:[i Mode Filter (2.9 | Ll E’j@
Group List —:jl Current Table: 1 Filtered Mode Lizst —:1 Current Plat: 1
Mrode Ligt
] =

T

take Excel | Get Nodes’ 4




ThermPlot Pro — Main Screen (New) THERMAL

SOLUTIONS
[ Thermplot o (+2.0:2) - Beta Demo Model S ST .
File: Make Excell Options Plots Tables Groups  Help [ O ptl 0 n S S et b y u
Filename I CAThermplotSourceCodel\SamplesiSample_1.out E?i Bll .
Fommat  [SINDAGST 7| % Sheet|Data ] ¢ Obj ects created by
Working Mode List ThermPlot Objects Modesz in Current Object u S er
Scanner - = Optionz | |HOKIESA
= p o ] Inciude Min/syaMa = HObIES — DataSets
H i [ ] Include Node Descriptions %
oo [ ) Filker Output i HOKIES 5 — Plots
[ ] Selected Modes Only :g?:gg? _ TableS
{ } g:;:‘:;HeatMap HOKIES &
[ Tranzpoze Output Ll - G rou pS
“eve [] U pdate Existing Work boak Param eterS
= DataSets -
[ [t 1
; - Data2
e R . Dat_a added to
HOKIES 105 f ﬁﬁ:mnal Fles Obj ects frO m
HOKIES. 105 : e Plat] 1] H 1 n
L | Working Node List
®
ke 2 * Excel™ Workbook
: e b abor B
FiokiEs 501 T B o o created based on
HOKIES 552 = o - Radiator = ted dat d
Get Modes I Mode Filter (e.g.) I j Test | req u eS e a a an
[ Active Object Tupe: DataSets | Active Dbject: Datal [SINDASST] I & o bJ ecC t S
THERMAL
ThermPlot Pro — Supported Formats S
SOLUTIONS | +¥|;

« Many formats and parameters are supported in
ThermPlot Pro including:

Format Parameters
SINDAS85 & SINDA/FLUINT® T,Q, G, C*
SINDA/G® T,Q,G,CF
ESATAN (PRNDBL) T,Q, QS, QA, QE, QI, QR, G, GL, GR, C*
ESATAN (PRNDTB) T, Q, QS, QA, QE, QI, QR
TMG® T, Q (QNODEF), Q (REPF), G
TAK2000® T,Q,G,C*
TSS® Q, G*
~__| Thermal Desktop® Q*, G*
Comma Separated Value N/A
Space Delimited—__ N/A

* Planned




ThermPlot Pro — Options THERMAL

o
b

o

SOLUTIONS |

=
]
e

* Include Min/Avg/Max — Automatically appends Minimum, Average,.and
Maximum over Last Orbit period to end of data

* Include Node Desciptions — Adds node descriptions from input files to
Tables

* Filter Output — Output only data meeting the user specified filter criteria
(e.g. 1-100, MAIN.1000-1100)

» Selected Nodes Only — Outputs only nodes referenced by a ThermPlot
object (e.g. Group, Plot, etc.) or selected in the “Working Node List” at the
time of creation

* HeatMap and Compare Heatmap — Specialized workbook with macros to
calculate heat flow between Nodes and Groups

* Transpose Output — Outputs data with Nodes across and Timesteps down,
used for output with many data points (Excel limit of 256 cols)

e Existing Workbook — Append data to existing Workbook, rather
g a new Workbook

ThermPlot Pro — DataSet Properties THERMAL

o
b

*==

SOLUTIONS |

_7,‘
]
e

o
Filename I ChThermplotSource Coded\Samples\Sample_1.out [;?n’: |__'€‘,;,I .
Format [SNDABST v L Sheet[Datal E  Select File, Format, an
Timesteps - Unit Conversion Data Sheet Name

5995.02 -
5335116 -_I

0 —“—NoneTim'_a —— » Specify Timesteps to

Sttt MW output

SgctoDay .

M tabh « Convert Units

it bo D'

“nﬂf;,\fﬂ — Time

rtala

Dy o Sec — Temperature

Sl

Temperature - Heat

e — Area

Ttk

ol — Conductance

ftfﬂﬁc — Capacitance
S'trpil Kiof « Unit conversion options
Include |1 = Timesteps 2" _ .
@ || loaded from user-defined

file




ThermPlot Pro — Plot Properties (New and

ic)

THERMAL

. Current Properties for Plot: 1

Flat Ttitle |Mai0r Components of HOKIESAT| %L Shest |p|0t1

X-Axis Primary vY-Axis Secondary Y-Axis
Minimum [Default Min =] Mirimum [Defauicdin =] Minimu [oetauttiin =]
tl awirnLim |Default Max vl M aximum IDeFauIt hax VI Masimum IDetauIt b & 'l

M ajor Divizion |1 o0

Minar Division |20 Minor Divigion |-| Mirior Diisian |-|
Uriits: |S Lirits Ioc LItz I\N'
Apply Awxes Properties to All Plats |
*ill Properties for Series (1) Datal:HOKIES. 503 {Pri)
Line: ~ harkers
Style: | Solid j Symbol: | Mane j
Color: I D efault vI Fore Calar: I Default -I
W'might: | Thin ;l Back Color. I Default -I

(=[S

Major Divigion |5

Maijor Bivisian |5

v Marker has same Fore Color as Line
W Marker has same Back Color as Fore Color
v Disable Back Color for Mon-Fillable Markers

v Apply Marker Size/Freq changes ta all Series

barker Size [3 :I'pc-ints ™ Shadow

Mark Every [1 ﬂ data points

Apply Senes Properties bo Al Plots |

\

SOLUTIONS

* Complete control over
Axes Properties
— Minimum, Maximum,
Divisions, Units
— X, Y (Pri), Y (Sec)
» Complete control over
Series Properties
— Line Color, Style, and
Weight
— Marker Color, Style,
Size, Frequency
» Apply properties from one
plot to all other plots for
consistency

ThermPlot Pro — Table Properties (New)

THERMAL

\

&_ Current Properties for Table: 1 -0} x|
HL Shest Marne [Tablel #9485y 570, Col: 5 Apply ta Al Tablasl Clear Table |

Diata Availahla

v Advanced.. -

Sheet 1 Parameter 1 Timesteps 1 DOperation Sheet 2 Parameter 2 Timesteps 2
B A [yae
55 A
0.000000E +00 Max of Sheets M a
8.326498E 02 in of Sheets S5
0166530 Timestep
0.243735 Lirnit
0.333060
0416325
0.4339530 :I Add to Table I

Limits

Formatting Options

HOKIES. 9
HOKIES. 101

Limits Limit Filename - .
FighL it [E-Thempit SaueCac\Gansles\aanple Im = M Enable Conditional Formatting
Lol ik ™ Conditional Formats are Bold

Conditional Format 1 Conditional Format 2 ~ Aulumatl’cally Eorma Eotlers
ake text - Bl »| Make text Detault -
k I. i J l £ J ¥ Sheets on Top/Farams on Bot
IFvalueis [ «[than [LowLimit vl IF walue iz -I thar I >
" RepeatHeader on each Page
Conditional 1 | < LowLimit=5 _ | | > HighLimit=3
Conditional 2 | | |
Lirrits Datal
Hode Highlimit | LowLimit Min I g I Ml
HOKIES. 4
HOKIES.S
HOKIES.€
HOKIES.7
HOKIES.8

FPre-Defined Tahble Styles
Pre-Defined Table Sample

tultiple Cases [Min, Ava, Max
ultiple Cases [Min, Max]

Datal
Avg

Data?

Min Max | Min Avg
=

Max |

Compare Dutputs [Min, Ava, Max)
Compare Dutputs [Min, Max]
Compare with Deltas [Min]

Compare with Deltas [Ava)

SOLUTIONS |« i

» Select Tabular Data

Minimum, Maximum,

and Average

Specific Timestep

Limits

Differences between

DataSets

Minimum/Maximum of

multiple DataSets

» Conditional Formatting to
Highlight Out-of-Limit
Conditions

* Predefined tables for
guick creation

10




ThermPlot Pro — Working with Groups THERMAL =

b

=
]
3

o

SOLUTIONS |

*Groups are a method for simplifying results from
large, complicated models.

*They allow up to three levels of sub-grouping: Major, Minor, and Sub
(Instrument:Region:Component) and may be renamed, modified, or
deleted.

*Options exist to automatically created groups from submodels and to
display nodes in sub-groups when parent group is selected.

*When combined with HeatMaps, user may examine heat flow at various
levels throughout a model. (e.g. spacecraft to instrument, panel to
motor, etc.)

*Plan to add “Dynamic Groups”, where a user may expand or collapse
groups within Excel to examine areas of interest, without the need for
tail in other groups. For example, a particular major group for an
t may be expanded to its sub groups, while all other major

11
ThermPlot Pro — Working with HeatMaps THERMAL 1o
3 T
Sorutions | S8

*HeatMaps allow the user to examine heat flow through a model. The e similar to

QDUMPS or QMAPS, but do not require massive outputs of data at each call.

*To use this feature, a user must have output for all Temperatures, Heat Loads, and
Conductors at EVERY output timestep and in the same order. In addition, the input data file
must also be specified in order to determine the two nodes connected by each conductor.
(ESATAN and TMG are exceptions to this rule.)

*To enable HeatMaps, Include Heatmaps must be checked under Options. Upon enabling
HeatMaps, the number of files will default to 3 and the format will automatically select *~T
for File 1, *-Q for File 2, and *~G for File 3. Selecting a file for any of the three will
automatically select the same file for all three cases.

* Many of the options for filtering output are disabled since ALL data is needed to calculate
the heat flows. The Include Max/Min/Avg option is by default unchecked when Include
Heatmaps is selected.

*HeatMaps are a powerful capability when combined with Groups. Heatflow may be
examined between two nodes, a group to nodes, a node to groups, and between two groups.

must exercise caution when outputting data from the thermal solver since HeatMap
files can g ery large with T, Q, and G output at every timestep. It is the responsibility of
the user to use € on sense; it is not uncommon to have a 50+ MB Excel® file,
depending on model size:

12




ThermPlot Pro — Working with HeatMam LOERNET, o

SOLUTIONS |

*Once the Workbook is created, the user will specify the Temperature Offset
(Tostser), the Stefan-Boltzman constant (Sigma), the timestep of interest, and the no
of interest. User entered data is highlighted in Red.

b

===

x
R
s
=
)
L

*Once T.eer Sigma, and the timestep have been selected, heatflow through all conductors
and between groups and nodes is calculated. Once a Node/Group is selected, data specific
to the selection is output and sorted according to the header.

* The user selects the type of heatflow (e.g. Group-to-Node) by selecting the proper Heat To
(either Group or Node) and entering a Group or Node as Node i.

* A Minimum heat value to output may be specified to eliminate negligible heat flows.

* A summary of Heatflow into or out of the Group/Node by mode (i.e. Radiative or Conductive)
is displayed, as well as the Heat Applied to the Node/Group.

» A sample HeatMap Workbook is shown below.

A [ E] [ e T o T E [ F T G [ H [ K L
|1 Description BASEPLATE FOOT - MH/MY SUMMARY: In Qut
2 Node i I 55701 _ITemp 11.20 Conduction 0.452 0.452
\”37 Time 5000 Time Col Y Radiati - -
4 Sigma 5.67E-08 Min Heat 0.0 Source 0.000 -
(6 Toffset 27315 Heat to Mode Sum 0.4682 0.4682
6
i Low (Oul) to High (in): High {In) to Low (Out):
& .
9 Description j Node j Type Cond Temp j Heat j Description j Node j Type Cond | Temp j | Heat j
10 AWHRR bracket 40707 Lin 228E+107 11.00 -0.45 BASEPLATE UMDER SCAM CAY | 855711 Lin SA4EO01] 11.73 0.28
1 SIDE EXTERMAL PANEL 85757 Lin 118E-02 ] 1088 0.00 BASEPLATE UNDER SCAN CAW 55711 Lin TA0EO1] 11.73 0.06
12 SIDE EXTERMNAL PANEL jalardat) Lin 329E05] 1042 0.00 BASEPLATE UNDER SCAN CAV 56718 Lin 4.02E02] 11.83 0.03
T SINE EYTEDR AL DANE] FEIEn Mo Pk QL A DACEDI ATE [INNED 2o AR A, | EE710 Tim EE=ha B E] 13
a1
*Backloads are a method for providing a spacecraft SOLUTIONS | 2|1

environment to instrument contractors via a simple set of heat loads.

*The RadKs from any Node i (in the “Backload” Range) to any Node j are
processed along with sigma and the Tj4. All of these terms are summed for each
Node i in the “Backload” range and a set of heat loads generated.

*To use the backloads, the instrument contractor simply runs the free-flying instrument model
to generate a new set of radiation couplings with increased views to space (since spacecraft
blocking surfaces are not present in the instrument model).

*These increased views to space are offset by the backload heat added to the surface.
« Environment heat loads are also provided to provide the complete S/C environment.

« Equivalent sinks are similar, but produce a Sink Temperature/RadK set for each node.

Backload (I nstrument)

14




ThermPlot Pro — Backload/EqSink Cachnt’d) THERMAL

o
b

” E—X-
ETBackload and Equivalent Sink Generation Program v2.0.1 1 10l x| LRt :|>
~Backload Fil SOLUTIONS ol
Rad Coupling File (TS5 ) | | Ei Jﬂ
Temperature File [ SINDAAG | | Ei Jﬂ
BL Made Range Ii .
Backioad Dutput File [ SINDA/G ] | = Ll ° Req uires RadK and
i~ Enviranmental Heatrate File: Te m p e r at u re O u t p u t
IR H File [ TSS H H
s rie e =141 . Option to include
¥ Heatrate File (TS5 | = L& .
= UV and IR Seperate UV and IR combined EnV|r0nment (UV and
— Spacecraft Modesand Eondustins I R O r CO m b I n ed)
Thetrat Madet Input file [ SINDAS | | Jil J_r‘a!
S - ‘ * Supports SINDASS,
B
— Dpti and P — Input File Formats SI N DA/G y ESATA N
- [ Initial Array Ma Im Temperature  [T55 +| HeatRate TA K 2000
I°[; vI Temperature U nits |TSS 'I Fadk SINDASG | Backload .
« Component file for
IS.E?B'DS [wim™2 K.4] -I Stefan Boltzmann Constant | Dutput Type ags
IU_ Meimalization Dibital Paiiod £+ |R Backloads @ E'EEivDa::téii:il:osnment traC eab I I Ity
—Additional C ts — Dutput Options - Spaceciatt Node Temps ® I n C I u d e Sp aC eC raft
. e @t ||V =0 interface couplings
£~ Only Steady-State =l ified (e. .mou ntl n feet M L I
£~ Only Transient |U'[' j I g g !
" Include Self View " Beephen Done — Environment Dutput — Include couplings to closeou tS)
Self Wiew range same - take component e R o spacesralt nodes
as BL Range File ¢~ Dont Include
[™ RuninBatch Mode [ PostProcess Output Erwiranment 15

ThermPlot Pro - Radk/HeatLoad Post-m AL CIERATRT, S

b

. Queries and Actions...

_7,‘
=)
3

*==

SOLUTIONS |

b
I

Input File 1|

Input File 2 |

 Variety of Options to:

Cutput File |

¥ |8 8
i &2 [

— Remove Submodel

Radks T HeatLoads T ThMs

— Renumber

Action |List to File

For |Cl:|nduc:ll:|rs connected to.__.

|52303

List of Actions Load From File| Save ToFie |

— Scale

— Sum

— List

— Comment or Delete
* For conductor sets:

— All Conductors

Remove Submodel Name FOR All Conductors

R enumber starting with... 100000 FOR all Conductors
Comment out FOF Conductors connected bo. 77777
Scale by, 1.6 FOR Conductors connected to. 52303
Sum FOR Conductors connected o 52303

List to Filz FOR Conductors connected to... 52303

Add Hemovel Clearl Dptionsl Go |

— Connected to Node i
— Between Nodes i and |

» Currently supports TSS
output only

About |

16




ThermPlot Pro — Future Plans THERMAL 1o

SOLUTIONS

*Support for TSS variable conductors, and RadCad Conductor
and Heat Load output

*Unit conversion for Conductors, Capacitances

*Output matrix of group-to-group heatflows for entire model within HeatMap
workbook

*Reduction in conductor output for non-varying conductors

*Dynamic groups allowing user to specify complexity of grouping as needed for
different areas of a model

*QuickPlot and QuickTable capabilities which will allow a user to preview the data
within the ThermPlot environment before writing to an Excel workbook

*Radk Evaluation and Compare Utility

17
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Appendix F: GAETAN development or ESATAN/FHTS

Overview of GAETAN'’s
latest developments
around
ESATAN-FHTS

M. Imhof
Silogic
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velle informatique

Overview of GAETAN's
latest developments

Marie Imhof

SILOGIC
Scientific software engineering Dpt

6, rue Roger Camboulives
31100 Toulouse

10/21/03 Overview of GAETAN's latest developments

®
@SILOGIC

velle informatique

Overview plan

* GAETAN
* GAETAN-FHTS
* CONDOR

» Conclusions and perspectives

10/21/03 Overview of GAETAN's latest developments
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@SILOGIC

ingénierie pour la nouvelle informatique

GAETAN 1/3

WHAT ?
GAETAN : Environment for thermal analysis

- based on ESATAN
- many pre-processing and post-processing features

WHEN ?
Developed since 1996

GAETAN V3.0.0 (2003)
WHO ?
CNES + 3 French industrial users

SILOGIC in charge of extensions and maintenance

10/21/03 Overview of GAETAN's latest developments 3

®
@SILOGIC

ingénierie pour la nouvelle informatique

GAETAN 2/3 |

(ESATAN input deck) (GAETAN input)

3 modules : D D
* Pre-processing N

: GAETAN
- Structured input data pre-processing

- Simplified programming of a model v
. GAETAN ESATAN
* Processing (ESATAN) processing >
- Data base generation >
] GAETAN
- Run control functions binary results

database

GAETAN GAETAN II
outputs

post-processing |4

* Post-processing

10/21/03 Overview of GAETAN's latest developments 4
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@SILOGIC

ingénierie pour la nouvelle informatique

GAETAN 3/3

Post-processing tools
* Node grouping, node condensing, temperature difference calculation...

» Comparisons with calculations or tests...

« Statistic, entities values, thermal balances, average temperature...

$bloc_de_donnees
TRANSTTOTRE

$titret

aleul TRANSITOIRE - Sensibilite :

cas
i .
tod Temperature time dependance
5
¢ on 3.0.0 ESATAN Wersion 8.7 03:07:27 20/10/03
5
n es des neeuds de type DIFFUSIF
$al 36
* TEST: 2002+ TEST: 2005*
sl 5 38
: TEES (5 3 G 384
nature_paranetre
* caLcuLr caLcuLr caLCULY g -40
$identification_paranetre Sl A | Node 2002
;n TEMPS (s )% TEMPERATURE (CJ*  TEMPERATURE (C)* B A2 [
nnnnnn 5
* 0.00 50.00 -50.00 * 3 444 Node 2005
- 1.00 42.02 -41.28
- 2.00 42.02 -41.28 * 5 -46 4
300 42,02 41124
nnnnnnnnn 4lo0 42.02 -41.24 * -48
5.00 42,02 41024 =
5.00 42,02 41024 = 50 T
. 7.00 42,02 41024 =
Toas - 1018 .00 22002 Tiio 0 5 10 15 20
0o 42.02 4124 %
10,00 47.02 4124 »
" 11.00 42.02 -41.24 * Time (s)
nnnnnnnnn 12.00 42.02 4124
5

10/21/03 Overview of GAETAN's latest developments
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ingénierie pour la nouvelle informatique

GAETAN-FHTS 1/2
Updates

* Fluidic nodes and entities available in GAETAN

- All ESATAN-FHTS fluidic nodes entities (T, P, FE, VQ...)
and functions (COND, CP, RHO...)

- Computed entities (TQ, HVF)

* Fluidic node grouping and node condensing

New features

* Mass and volume balances

* Fluid state report available for thermal balances

10/21/03 Overview of GAETAN's latest developments
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ingénierie pour la nouvelle informatique

GAETAN-FHTS 2/2

Thermal Balanc

es computing

» Conductors (GL,

GR, GF) between solid and fluid nodes taken into

account in solid node group detailed thermal balance

Bilans detailles par groupe de noeuds

Thermal balance for Paroi group

N

al

(=}

o
\

|
| Bilan therwique (W J: Paroi
} Groupe de noeuds de type "Diffusif”

|
Entrees | sorties
|

2000 -

! —o— L. CONV. From Neceud K

| Destockage / Stockage
} Dissipation electrique

|

|

|

|

0.00 | 579.18 |
4500.00 | }
|

|

1500 -
—=—L. CONV. To Neeud K

Convective transfert (W)

| 1000 -
| Transfert convec.]. avec Hoeud K 129.18 | —s— L. CONV. To Fluid
| Transfert convec.l. avec Fluides 1 | 2025.00 | 500 -
| Transfert convec.1. avec Fluides 2 | 2025.00 |
| ! | vvwee st PIRRPOOOSDY
| Recapitulatif du bilan (W ) 4623.18 | 4629.18 | 0 < ag
| | |

0 5 10 15 20
Time (s)

10/21/03
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ingénierie pour la nouvelle informatique

Presentation

CONDOR 1/3

» Software for worse-case external flux conditions evaluation
- Fast pre-phase analysis
- Analysis on large models for complex pointings (chaining on

ESATAN)

* GUI based on a freeware XML editor

- License free

- Standard and light developments

- Easy to tune

10/21/03

Overview of GAETAN's latest developments
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ingénierie pour la nouvelle informatique

Example of a GUI screen view

CONDOR 2/3

Easy
pointing

BIHMC Parametrage CONDOR
File Edit Insen Selection Tools Help

Visualise orbit

O|e@ERR] =] x| =22

o I e e S R NP (T TN

E e

5 5 e 6

seomeTie| omeire ATTITUDE | calcut |
[PonTace _racte

B8 ronrace_erenou

[T raeLE_ousternons

W

e T
CCTER GEOMETRE | AXE %
55 <o

P " = T
ECTEUR_GEOMETRIE, ;OR!O <Hone=

WOINTAGE_VECTE o Normale_orbite_positive
I o coneraE 5
RING_PARFAIT
A7 STEERING
VECTELIR_GECMETRIE PERP SOL.. shones
ECTEUR_GEOMETRIE_PERP_SOL... =Mone=
SOLEL_DANS_HEMISPHERE_AKE  <hone=

Vale

<Hone=
=Hone=

haud.xml (mod)

HJB < DOCTYPE COMDOR SYSTEM "ihte stel =

ol o

through Esarad

On a cube

=@ GEOMETRIE
[T cUBE: ABSORPTIVITE_DDY. 0.1, ABSORPTMITE_FDV: 015, EMSSIVITE
=0 orsiTe

i HELIOSYNCHE g ALTITLDE: 625, HERE_SOLARE_AU_NA: 22115,

T e T L
ol oot

B FLUK_MOVENS_ANNUELS: NOM_CAS_DE_CALCUL: Cube revetu par du S

OLEL_DANS_HEMSPHERE_COO... =Nore=

Apply

Miessages

_______ Sunsynchronous
orbit

T~ Flux yearly

averaged

10/21/03 Overview of GAETAN's latest developments 9
ing?ieréo!rl; Qlleigrr!atiqg
Output example
_ / Worst case
. scenario for sink
Modele COROT
(ESARAD/ESATAN/GAETAN /
e g p— temperature
el s : on day 290
& 'ﬁ' ;‘ P
; mi € ,Kﬁ §T
g 2% T~ Attitude changes
- 7.
A T over the year
1 20 40 60 A0 100 120 140 160 160 200 220240260 200 300320340360
TEMPS ()
planche T-1: Temperatures de Puits Noir
10
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Conclusions and perspectives

Conclusions
GAETAN :

Simplifies the launching of ESATAN

Emphasises ESATAN results with advanced analysis
functions

Evolutive software (users requests for improvements)

CONDOR/GAETAN/ESATAN/ESARAD :
Complete environment

10/21/03 Overview of GAETAN's latest developments 11
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velle informatique

Conclusions and perspectives

Perspectives
GAETAN :

Improvement of the user interface
(use of structured input files)

Improvement of the monitoring of the application

Help for model reduction
SILOGIC : thermal / GUI / model definition / output treatment...

Several skills ready to be used for the next generation
of thermal tools (ESATAP)

10/21/03 Overview of GAETAN's latest developments 12
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Appendix G: Web Support and Future Developments

Web Support & Future Developments
on
ESATAN, FHTS, ESARAD & ThermXL

C.Kirtley
ALSTOM
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Current Product Developments

& Web Support System

Chris Kirtley, Product Manager
Henri Brouquet, Support Manager

ALSTOM

%) Introduction

ALSTOM

Presentation in two-parts,

Current product developments

|

New web support system

- Presentation Structure-




Introduction ALSTOM

e Large number of developments underway
e Developments at different levels of maturity
e Present current developments

— Detall depends upon maturity

e Scope for further suggestions to be included
— Henri will present new web support system
— Use it to suggest enhancements to the tools

- Introduction -

Presentation Contents ALSTOM

FHTS Solver Enhancements

- Development ltems-




ESATAN Developments ALSTOM

Solver Developments
Two-phase quasi-transient solver
— FGENFI extended to handle quasi-transient
P & W assumed steady state
— Selected as an option via QTRSOL (=YES || NO)
— Need for pressure boundary removed

» Assumes fixed fluid mass within loop
» Mass initialised at start of each time step

— Significant speed improvements seen

— FGENDA made obsolete

- Two-Phase Solver Extended -

ESATAN Developments ALSTOM

Solver Developments

e Single-phase transient humidity solution
— fltntf, fltnts and fltmts being extended to handle wet air
— Hydraulic steady state assumed (P & W)
— Water-vapour inertia term to be included

- Fluid Loop Modelling Capability -




Presentation Contents ALSTOM

New Elements

- Development ltems-

ESATAN Developments ALSTOM

Functionality Enhancements

e Provision of new elements.
— Flexible pipe model
— PID Controller
— Peltier device

e Requirements taken directly from user requests
— Close collaboration with CNES

- New $ELEMENTS -




- fdf File Format -

Presentation Contents ALSTOM
[
o
e Fluid property definition
o
o
[
[
[
- Development Items-
ESATAN Developments ALSTOM
o O_pen architecture for fluid property definitions
$FLUID WATER \
$RHO )
$LIQUID
definition
$SAT_LIQ :
definition } Region
$SAT_VAP >
definition } Property
$TWO_PHASE
definition } Fluid Type
$VAPOUR
definition }
$CP J




ESATAN Developments ALSTOM

Functionality Enhancements
— Definition can take the form of,

* a constant
* interpolation (1D, 2D or fixed interval)
» procedure (FORTRAN + reserved variables PROPL, ...)

— No difference between system and user properties
— Easy to add new or modify system properties

— Similar approach proposed for def'n of htc’'s
— Additional condensation correlations provided

- Fluid Property Definition File -

Presentation Contents ALSTOM

Groups, Events & Phases

- Development ltems-




ESATAN Developments ALSTOM

Functionality Enhancements

e Ability to define & refer to a group of nodes.
— Average group data
— Group min & max temperature
— Heat flux between groups
— Group data output

e Events & Phases
— Simplify modelling control logic
IF(Event) THEN
do something

- Groups, Events & Phases -

Presentation Contents ALSTOM

ESARAD Modelling Enhancements

- Development ltems-




)) ESARAD Developments ALSTOM

Functionality Enhancements

e Developments to meet BepiColombo project
requirements

— Planet temperature map (Alpha release now available to
the project)
— Removing assumption of parallel sun rays

e General implementation

- BepiColombo Requirements -

)) ESARAD Developments ALSTOM

Functionality Enhancements

e Planet temperature map
— Used in planet flux calculation

* Matrix of temperature
- T vs longitude/latitude

® Calculate map.

- Radiative Case: Temperature Map -




)) ESARAD Developments ALSTOM

Parallel Rays
~ ST
// !
/ 1
/

Ref. Line ./ Y
Rays from sun at infinite 2 eemmmmmmmmmmmmmemsmmmmssssIIoSomoTTIT O
distance ’ d
N~
-~
Rays from sun at finite <
distance
~
e
Rays from finite sun at 2
finite distance
~

- Radiative Case: Solar Rays -

)) ESARAD Developments ALSTOM

Functionality Enhancements \

Orbital Arcs Development
— Orbit segment defined
— Additional options for orbit
definition
— Associate orbit segment
to radiative case

— An analysis case contains
one or more radiative case

b {YBSCENDING HGDE

I TY

B acTIvE
B necTIvE

- Radiative Case: Orbital Arc -




Presentation Contents ALSTOM

ESARAD Visualisation Development

- Development ltems-

) ESARAD Developments ALSTOM

Functionality Enhancements

e 3D graphics using OpenGL
— No third-party licence restrictions
— Also available on Linux
— Makes use of hardware graphics accelerator
* Performance improvements
— Offers much more powerful graphics capability
» Functionality enhancements to be defined

e Tell us what you would like to see

- Visualistion: OpenGL -
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ThermXL developments

- Development ltems-

' )) ThermXL Developments ALSTOM

e Two development programmes underway

e First phase nearing completion

— Additional modelling capability
 Flexible interpolation function
» Sensitivity analysis capability
» Solver performance

e Further developments under definition

- ThermXL Development -
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hrisk_Example_3.xls
3 Fle Edit Wew Insert Format Jools Data Window Help Thermil

NEEee GRY BB 5 o B® =0 BSD o @ ) e n|BRE

el “oc|Bzu|E==E% %, @9 -0 A |Felwre]|aEE
Fo1 =
A I B I C| I D I E I F | G || [ T w T [ ™A
Name Active Value & Cell Ref > var% Tvark Nominal e P
Selected parameters Radiator Area 0.24 -10.0% 10.0% 2.40E-01 2.1BE-01 2B4E01
Linear Conductars 1 A10.0% 10.0% 1.00E+00 9.00E01 1.10E+00
Radiative Conductors 1 A0.0% 10.0% 1.00E+00 9.00E01 1.10E+00
Internal Dissipation 10 15.0% 15.0% 1.00E +1 B50E+00 116E401

Selected output

Output Parameters

Name Active Vaiue & Celi Ref > |

Enable

Al Temperatures oN
Matix !
[ | Linear
4 Input Parameters > _Radiator Area__ Conductors RSS User Sum
[25] 0.0% 0.0%
10.0% 10.0%
|27 input Parameters Data 240E01 1.00E+00
[25] 216E01 9.00ED1
264E01 1.10E 400
|30] 343% 6.9%
ETN -26% -5.6%
[32] Electronics 14.838 14.838
[33] 5094 1023 12584 I
32| + varl 438 0829 11.395 T
u l ! u Dout/Din (Crhage)] 0.474 0,093
[38] ~var %] E1.0% 50%
Eal +var % -43.0% -4.0%
E3 Box hase Nominal 10.180 10.180
[39] “var] 5093 0.505 12078
|20 + varl 4388 -0.406 10.882
Dout/Din (Crkage)] 0.474 0,035
ar %) 24.3% 57%
+var % 38.1% -4.6%
Box side 1 Nominal 11.508 11.508
“var] 5094 0653 12218
+ varl k) 0.5 11.024
Dout/Din (Crkage)] 0.474 0,059
k 28] ~var %] 546% 14%
49| +var % -47.0% 35%
|50 Box side 2 Nominal 9.328 9.328
|7 4[> I3 Thermit anslysis A Results £ Thermi, Lser Results L el A Therm. Resul o e JJ
T

DE—2s 1100am

Ready

istart | (5] Exploring - Siiriripe_retl...| 8 Nick CAUAN - Thermit v3. . | B Micrasaft Word - THERMY. .| [ Sensitity_6.bmp - Pt |[SGMicrosaft Encel Chri

- ThermXL: Sensitivity Analysis -
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)) Further Developments ALSTOM

e Further development underway

e Usability of ESATAN a key area

e User survey and direct contact being made

e Results feeding into current and long terms strategy

e During 2 days | will be listening to what you want
from the products

® Henri to present new web support system

- Further Developments -

ALSTOM

www.alstom.com
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Appendix H: Harmonisation

Harmonisation
of
thermal and space environment
analysis software

R. Schlitt
OHB System
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Harmonization of Thermal and
Space Environment Analysis
Software
Reinhard Schlitt, OHB System AG
Hans Peter de Koning, ESA / ESTEC

21.- 22.10.2003 17th Thermal and ECL S Software
Workshop

(s, s se= e

&H\gesa LIFrIBsYSTEM

e Overview
— Background of ESTEC Harmonisation Activity
— Present Situation and Need for Action

— Inauguration of Steering Board
» Objectives, list of members, working procedures

* First Steering Board Meeting
* Intended activity roadmap and actions

17th Thermal and ECL S Software
Workshop

21.- 22.10.2003
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« Background of Harmonization Activity

— T& SE Tools Harmonization Roadmap was
presented on December 4 + 5, 2002 to Nationa
Delegations (A, CND, DK, F, D, N, S, CH, GB
were present)

— Consensus reached that

 Standardized model data exchangeis of primary
Importance

» T& SE tools are essential for space product development.

» Long term availability of such toolsis of strategic
Importance for European Space Industry.

21.- 22.10.2003 17th Thermal and ECL S Software 3
Workshop
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— Conclusions/ Actions

* (1) Continue with present program of activities for data
exchange standards

 (2) Establish a,, Steering Board“ involving the user
community
— Clear mandate, but following existing ESA rules

— Study existing solutions, cost benefit of new components, Open
Source S/W

— Define architecture and interfaces of a European library of S/W
components to build thermal and space environment analysis tools

— Recommend Go / No-Go decisions for development/implementation

* (3) Maintain existing tools until equivalent (better?) tools ate
available and/or required by running / planned ESA projects

21.- 22.10.2003 17th Thermal and ECL S Software 4
Workshop
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» Present Situation and Need for Action

— Many thermal S/W tools are existing, which are
sometimes similar or have overlapping functionalities

— Obviously no easy way to counteract this devel opment

 Quotation from a 1994 ESA study:

— ,» Therearea great many SWtoolsin use for space-related thermal
engineering, but many of them are monolithic, not easily extendible
and have overlaps in functionality, leading to a lot of functional
redundancy and extra maintenance effort*

The situation 10 yearslater has not changed or is even

wor se
21.- 22.10.2003 17th Thermal and ECL S Software 5
Workshop
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— Selection of existing und future tools:
o ESATAN, THERMICA, ALTAN, TOPIC, ARTIFIS,
CORATHERM, GAETAN, Condor, ThermXL, Cat (CAP and
Power) and many more...
» And more to come: Concept Design Tool, ESATAP,
THERMOSS. ...
» Immediate consequence: Data exchange tools are needed and
under development: STEP-TAS, STEP-NRF, STEP-SPE, SET-
ATS, TASVERTER...
* Interesting to observe: A mandatory exchange tool between
SINDA and ESATAN is yet missing
21.- 22.10.2003 17th Thermal and ECL S Software 6
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— Thissituation is very surprising and not easy to understand

— T& SE tools are more or less non-commercial in nature due to the
small user group (specialization in space engineering)

— In many cases they are devel oped and maintained by public
funding. But then: Why so many tools??

— There are probably two main reasons for this situation:

» System companies develop own tools (sometimes supported by national
agencies) with the intention to reach a competitive edge in the space
market

» Developmentsin ESA and national agencies sometimes not sufficiently
based on user requirements

21.- 22.10.2003 17th Thermal and ECL S Software 7
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— Development at System Companies

» Development of own engineering toolsis based on a wide-spread
misconception that own tools improve an industry* s competitiveness. The
contrary isthe case:

— Development of engineering tools cost invest budget and
development resources

— Maintenance difficult and costly, developers may |eave the company

— For tools developed for a certain project: What happens after
termination of the project?

— More important: System companies need to share data and recourses
with subcontractors, which would not have the same software (also
system companies are currently merging)

— As consequence data conversion tools need to be developed, which
again are costly and use valuable resources

21.- 22.10.2003 17th Thermal and ECL S Software 8
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» Automotive industry as a good example: Competing companies are sitting
together in an effort to harmonize true commercial engineering tools, in order to
facilitates data exchange with common suppliers

» European space industry moves in the opposite direction: With no realistic need
different tools are produced, which need then to be harmonized by costly data
exchange tools!

— Tool Development at ESA and National Agencies (public funding):

» Severa tools have been devel oped, which could not be successfully introduced
into the user community
* Probable reasons:

— User community was not really involved in the beginning and during definition of
reguirements

— “Marketing” of ready products was not sufficient

— Thereisacertain reluctance at companies to get involved in new S/'W, because of
personndl training, compatibility with existing tool infrastructure...

Let’s continue with what we have!

21.- 22.10.2003 17th Thermal and ECL S Software 9
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* The need for a“ Steering Board“ (SB)

— One important objective of the SB isto involve the user community from the
beginning of atool development

- SB declares
* SB setspriorities Tool development in successful
for short /long term ESA transforms industry (preferably development
development N SB r&su_lt_smto ) w_stem company __p| asstandard
. competitive with S/'W developer tool
* Defines user ITT's beontract
requirement road as subcontractor) IPR with ESA
map
21.- 22.10.2003 17th Thermal and ECL S Software 10

Workshop




(e i

‘esa LIFiEsvsTen

A
=
=

0

[4

» The need for a“ Steering Board* (cont.)
— We possibly need to change the way how we develop engineering tools

The primary rule should be:

To develop thermal engineering tools for the user
community (and not solely for the customer)

» Developing contractors should therefore be requested
— to communicate with the user community viaamailing list

— to inform the community on the progress and ask for comments, discuss
requirements

— to have userstest the S/W before delivery
— to preferably use aweb based information system, etc.

21.- 22.10.2003 17th Thermal and ECL S Software 11
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Major board assignments
* Increase user community involvement in W tool development

» Conceive aconcept for acommon thermal / environmental S/W
architecture, which is modular for selective application and successive
development

» Ensure modular architecture to define individual tasks for short / long
term devel opment

» Implement existing and to be developed S/W for use by the entire
community

* Regulate maintenance

» Convince companies to use common tools, which fulfill user
requirements, in lieu of proprietary engineering tools

e Careto avoid duplication. There should be only one tool for a certain
functionality in this non-commercial environment

21.- 22.10.2003 17th Thermal and ECL S Software 12
Workshop
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* Major board assignments (cont.)

» Represent the user community (although not al users are
members of the board)

» Have the mandate to declare a certain tool as an engineering
standard for the ESA user community.

» Users shall preferably commit themselves to apply such tools
» Ensurethat relevant ESA ITT' S are based on Board decisions

21.- 22.10.2003 17th Thermal and ECL S Software 13
Workshop
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* QOrganization of the Board

— The SB consists of representatives of the T& SE user community from ESA
member states

— The SB has now 14 voting members and 8 observers

— Members are balanced between Prime-Contractors (4), SME (3), Research
Institutes (3), Agencies (4)

— Observers are Prime-Contractors (3), Agencies (4), S'W Developer (1)

— S/W developers are non-voting members and have status of observes

— Voting members shall not be guided by company interests, but by the overall
objective to establish autonomous European capabilities to improve
competitiveness and quality

— Members have selected R. Schlitt as Chairperson and H. P. de Koning as ESA
Secretary

— Board decisions are taken by mgjority voting of present voting members

21.- 22.10.2003 17th Thermal and ECL S Software 14
Workshop
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e Board Tasks
— The SB analyses and decides on mgjor strategic items, including
» User requirements
» Development options
» Strategy and coordination
* Priorities
* Interfaces
* Maintenance
* Distribution and support
— The SB extends and/or amends board rules by a 2/3 mgority of the voting
members
21.- 22.10.2003 17th Thermal and ECL S Software 15
Workshop
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» Executive Team

— The SB has nominated an Executive Team (ET) consisting of three SB
members (Hans Peter de Koning [ESA], Eric Werling [CNES], Darius
Nikanpour [CSA])

— The ET performs the day-to-day management of running activities

 Board Mandate

— Mandated to take all decisions concerning developments of future T& SE
analysis software (based on ESA' s infrastructure budget)

— ESA will make best effort to ensure implementation of decisions taken by the
SB (the SB has formally no budget authority)

21.- 22.10.2003 17th Thermal and ECL S Software 16
Workshop
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o First Study
— Thefinal Harmonization meeting agreed on an initial study phase to define a
development road map, which addresses the following:
* Identify and list existing solutions and products
» Conduct a cost benefit analysis for components and/or blocks to be devel oped
* Investigate the applicability of the OSS methodology
» Estimate total cost to completion and yearly maintenance costs
 Establish schedule and priorities
 Establish methodology for distribution and maintenance
— Thetask shall be performed as a Business Case Study
» SOW to be established by the ET
» Contractin DN to ASTRIUM (D, FN) and Eta_Max (D)
— Next meeting of the SB takes place in November 03
21.- 22.10.2003 17th Thermal and ECL S Software 17
Workshop
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rst_name ast_nam e affiliafion coun fry |discipline voting [remar|
. Patrick Hugonno t Alcatel Space France |thermal 1|Prime
Indus tri es con tractor
Board VOtI ng Valter Perotto AleniaSpazio Italy thermal 1|Prime
con tractor
M ernbers Burkhard Behren s Astrium GmbH Germany |thermal 1|Prime
(EAD S/ST from Jduly con tractor
2003 )
Marku s Huch ler Astrium Gmb H Germany |thermal Prime
con tractor
And rew Rob son Astrium Ltd. UK thermal Prime
1|con tractor
Philippe Ch éoux-Da mas/Astrium SAS France |thermal + Prime
space con tractor
environment
Christian Vettore Carlo Gavazz i |Italy thermal 1|SME
Eric Werling CN ES France |thermal 1|Agency
Darius Nikanpou r CSA Canada |thermal 1|Agency
John Serensen ESA TOS-EMA space 1|Agency
env ironment
Han s Peter  |de Koning ESA TOS-M CV thermal 1|Agency
Holger Sdunnus eta_max Germany |space 1|SME
environment
Reinh ard Schlitt OH B System Germany |thermal 1|SME
Jean- Franco is|Rou ssel Onera France |space 1/Research
environment institute
Peter Truscott QinetiQ UK space 1/Research
env ironment institute
Bryan Shaughne ssy  |Rutherford-App leton UK thermal 1/Research
Lab's institute
total 14
21.- 22.10.2003 17th Thermal and ECL S Software 18
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Board Observing
Members
first_name |last_name affiliation country |discipline observer|remark
Markus  Huchler Astrium GmbH |Germany thermal Prime
Andrew |Robson Astrium Ltd. UK thermal Prime
Philippe | Chéoux-Da mas/Astrium SAS  |France [thermal + 2|Prime
space
| environment
Pierre Bou squet CNES France |space 1 Agency
environment
Luca Maresi ESA IMT-TH techno logy 1/Agency
harmonisation
& strategy
Eamonn |Daly ESA TOS-EMA space 1|Agency
| environment
Charles  |Stroom ESA TOS-MCV thermal 1|Agency
Kevin Duffy Maya Heat Canada thermal 1|/Developer
Transfer
Techno logies
total 8
21.- 22.10.2003 17th Thermal and ECL S Software 19
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M. Haupt
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Applicability of OSS to Space Thermal Engineering
Open Source Software for Engineering Purposes

17th Thermal and ECLS Software Workshop
21. — 22. October Noordwijk ESA/ESTEC

IFL Matthias C. Haupt

Institute for Aircraft Design and Lightweigth Structures Reinhard Schlitt (OH B)

Institut fir Flugzeugbau und Leichtbau .
Technische Universitat Braunschweig Frank Bodendiek (OHB)

m.haupt@tu-bs.de
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Agenda

N Background

N Open Source Software
N Tool Integration

N Application

N Conclusions

Institut fir Flugzeugbau und Leichtbau, TU Braunschweig ~/ IFL




_Background

N Therm-OSS Project:
. Application of the open source software (OSS) development model
. Thermal design and analysis tool
. ... made of OSS existing modules

N Therm-OSS Approach:
. Survey of suitable OSS for the tool and the development
. Development of the general architecture
. Implementation, test and ...

Institut fir Flugzeugbau und Leichtbau, TU Braunschweig ~/ IFL

_Background

N Approach of the OSS survey:

. What we have looked for:
@ Functions for modelling and simulation
s geometry, properties, grid,
s mission and environment,
s radiation, conductances,
s solver, postprocessing
@ Engineering environment
s scripting language, configuration control, graphical user interface
@ Development infrastructure
s CASE (design and implementation)
s configuration and installation
. How we have done the search:
@ collecting information available at team members and interested people

@ Searching in the internet at potential sites, e.g. http://sal.kachinatech.com/,
http://sourceforge.net

@ keword search with seach services, e.g. www.google.com , www.google.de ,
www.lycos.com

@ |ook over the link collections of (OSS) internet pages ~ /

Institut fir Flugzeugbau und Leichtbau, TU Braunschweig IFL




_Background 5

N Formal criteria of software selection:
. Initiation of the project (age) and Version development (continious development)
. License type
. Dependency on other software (language, OSS, non-OSS, complexity) and operation systems

N Functional criteria:
. Provided functionalities
. Architectural features
. Algorthmical core (correctness)
. Documentation (theory reference, user manual, tutorials, examples, ...)
. Software quality (source code, configuration,version control)

N Subjective criteria:
. Expected future of the project (continuation, user community, )
. Recommendation for Therm-OSS (suitable, integration)

Institut fir Flugzeugbau und Leichtbau, TU Braunschweig ~/ IFL

OSS: Geometry, Properties and Grid 6

Considered Tools: (support of primitives and structured grids)

@  Ayam www.ayam3d.org CSG, NURBS, RenderMan, tcl

@ Blender www.blender3d.org Meshes, NURBS, animation, rendering, radiosity,
Python

@ Giram wWww.giram.org Primitives, CSG, POV, AutoCAD

@ innovation3d innovation3d.sourceforge.net Meshes, (NURBS), (RIB)

« K-3D k3d.sourceforge.net Primitives, Meshes, CSG, RIB, animation,
div. scripting

@ OpenCascade www.opencascade.org Primitives, CSG, ... CAD

@« VRS www.vrs3d.org Primitives,Meshes, Animation, library, Tcl-GUI

@  Chalmesh www.na.chalmers.se:80/~andersp/chalmesh 3D overlapping grid generator

@ Gmsh www.geuz.org/gmsh 3D FEM grid generator, build-in CAD, post-processing

@ NETGEN www.hpfem.jku.at/netgen 3D tetrahedral mesh generator, CSG, Brep(STL),
OCC, solver

e QMG www.cs.cornell.edu/home/vavasis/gmg-home.html

Geometric modelling(Brep), 2/3D mesh generator,
solver, Tcl/Tk

Institut fir Flugzeugbau und Leichtbau, TU Braunschweig ~/ IFL
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OSS: Geometry, Properties, Grid
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OSS: Geometry, Properties, Grid
N k-3d
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of the object model
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N
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OSS: Mission and Environment 12

Considered orbit propagators: (DEIMOS Space contribution )

Predict - Satellite tracking and orbit prediction programm (SGP4,SDP4), additional tools (time
converters, Calculate_Solar_position, Calculate_LanLonAlt, ...)
www.gsl.net/ks2bd/predict.html

@ GLSat - satellite tracking and visualisation utility (SGP, SGP4)
http://sourceforge.net/projects/glsat

@  Project Pluto - Orbit predictor (SGP4/8,SDP4/8), additional tools (ALT_AZ, CLASSEL, EARTH2000)
http://www.projectpluto.com/sat_code.htm

® ORSA - Orbit reconstruction, Simulation and Analysis framework for celestial mechanics.
N-body integrators; http://orsa.sourceforge.net
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_OSS: Mission and Environment 13
Predict -
Real-time satellite tracking and
orbital prediction information

@ System console

@ Command line

@ Network socket

vV

[ | gsat 1.1.0: Real-Time Satellite Trackin

g Display

Connect | Disconnect|  Grid  [OTCTme | Satelte | @ie | Tack | Autorres AzEL | Prefs | satne | awow |

Satelite | PCSAT Orhit ISSBU Date IFri Aug 22 17:02:27 2003 LOS at |Fri Aug 22 17:03:34 2003

Latitude | SESOM  ddiuth | 3781cdey  Range  |2896.39km Aftituce [ 808268 km Phase |153.5 de

Used by Langitude I 4772 Elevation |+4 00 deg Footgrint |B1DS B0 km “elocity I 745 kmis Sequint i,

@ NASA: Goddard Spaceflight Center | ;o rragueney [remzs

Uplink Frequency  [145825 | Fator Dappler Shift |3E|25.54 Hz Doppler Frequency |145828.03kHz | Radio

Doppler Shift |-3025 54 He Doppler Freguency |145821 87 kHz  _| Radio

] US Na\/al Research Laboratory Beacon Frequency | 144390 R i A Doppler Shift I-ESBS.?? Hz Doppler Frequency |144367.00 kHz | Radio

@ Interferometrics: AMRAD-OSCAR-27
@ SUNSAT-OSCAR-35 Satellite Command Team

|Connected to predict server version 2.2.2 on ked2bd |5ate\|ite is in daylight

N  Gsat client connected to Predict

@ Stanford University's Space System Development Laboratory (SSDL)

@ Caltech: aligning radio telescopes against the sun position %A
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OSS: Environment and Loads 14

Considered radiosity tools: (DEIMOS Space contribution )

POV-Ray - Renderer for photo-realistic images, radiosity method similar to Radiance;
http://www.povray.org

Radiance - Radiosity appoach for lighting simulation, (view dependent);
loyd.lbl.gov.radiance.

Blender - Integrated modeling and rendering; (hard to extract the radiosity module);
http://www.blender.org

Glutrad - simple and fast radiosity engine;
http://lwww.cix.co.uk/~colceck/glutrad.htm

HELIOS - C++ code of the book: Radiosity, lan Ashdown (1994);
http://lwww.cs.bilkent.edu.tr/~gudukbay/helios.tar.gz

Raddoom - Java code of dynamic surface subdivison radiosity;
http://perso.wanadoo.fr/psychomad/logiciels

Radiator - Matrix, progressive and wavelet radiosity with clustering;
http://lwww-2.cs.cmu.edu/afs/cs/user/ajw/wwwi/software/

RadiosGL - (Non-)Realtime radiosity renderer, form factor calculation using hemicube method,
http://hcsoftware.sourceforge.net/RadiosGL/RadiosGL.html

RenderPark - Various ray-tracing and radiosity algorithms; (Support?)
www.cs.kuleuven.ac.be/cswis/research/graphics/RENDERPARK
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OSS: Conductances and Solution 15

N Radiance
N Lighting Simulation and Rendering System

- *-._‘jg_ 5

N Actual lighting for Z1 target array capture N  Predicted lighting for Z1 target array capture
(video downlink)
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OSS: Conductances and Solution 16
Considered FEM/FDM solver: (support of heat transfer / structured grids)
@ Dealll -library for adaptive FEM with error estimation http://www.dealii.org/

e Feat - System for FEM (domain description, mesh generation, shape functions, loads,

boundary conditions, solution, error evaluation, graphical postprocessing
http://www.featflow.de/

@  FreeFem - Implementation of a language dedicated to the finite element method.
Http://www.freefem.org/

e  MODULEF - library for FEM (automatic mesh generation, loads, boundary conditions, ... )
http://mwww-rocq.inria.fr/modulef/english.html

@ Mouse - OO framework for FVM on unstructured grids http://fire8.vug.uni-duisburg.de/MOUSE/
e  Ofel - library of finite element C++ classes http://ofeli.sourceforge.net/

@  Overture - object-oriented code framework for solving partial differential equations with FDM, FVM
http://www.lInl.gov/casc/Overture/

@ Tochnog - FEM system, http://tochnog.sourceforge.net/
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OSS: Conductances and Solution 17

N

Vv VvV

Tochnog

Commercial support by FEAT (NL)
GPL.

Equations: Yes | gn
s Convection-diffusion I:

e Stokes and Navier-Stokes

o Elasticity. — .47
o Elasto-Plasticity.
» Hypo-Plasticity.
@ Damage.

» Thermal stresses. wr 0.93
s Hypoelasticity.
s Viscoelasticity.
@ Viscosity.

1.65

— 1.29

— 1.11

@ Wave equation.

0-208 N 3D thermal analysis of a sphere.

0.0279 N Residues on the adaptively refined grid.
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OSS: Conductances and Solution 18

Considered general solvers:

LASPack - Iterative solver package (CGN, GMRES, BiCG, QMR, CGS, BiCGStab),
multilevel, multigrid; www.tu-dresden.de/mwism/skalicky/laspack/laspack.html
PETSc - Krylov subspace methods, Newton-based nonlinear solvers,
timestepping (ODE) solvers; www-unix.mcs.anl.gov/petsc/petsc-2
SUNDIALS - Solver for initial value problems for ordinary differential equation systems and
nonlinear algebraic systems.
www.lInl.gov/CASC/sundials
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OSS: Postprocessing 19

Considered plotting tools:

@ Chaco - presentation quality scientific 2D graphics on a variety of output devices,
http://www.scipy.org/site_content/chaco

@  Gnuplot - command-driven interactive function plotting program, http://www.gnuplot.info/

@ Grace -WYSIWYG 2D plotting tool for the X Window System and M*tif.
(export of eps, pdf, MIF, SVG, PNM, jpeg, png; FFT analysis; curve fitting)
http://plasma-gate.weizmann.ac.il/Grace/

@ PLplot - library of scientific plot functions, can be used from C, C++, FORTRAN and Java, and
Octave, Python, Perl and Tcl; http://plplot.sourceforge.net/.

@ VisAD - Java component library for interactive and collaborative visualization and analysis of
numerical data. https://sourceforge.net/projects/visad/.

Considered 3D visualisation tools:

@ OpenDX- software package for the visualization of scientific, engineering and analytical data.
Motif and X GUI, enhanced data model, advanced execution environment;
http://www.opendx.org/

@ VTK - C++ class library for 3D computer graphics,support for Tcl/Tk, Java, and Python;
http://www.vtk.org
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OSS Plotting tools 20

Chaco is a platform independent plotting library for Python

Enthought, Inc. for the Space Telescope Science Institute (STScl)

BSD license. i

Graphics toolkits: | = = = |
wxPython = =
Tkinter
OpenGL
PDF

» SVG

s PIL

4

V

V

| | = | |
0 05 -1 15 -2 25 3 2175 1251075 0250 -0.5
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OSS Plotting tools 21
Chaco is a platform independent plotting library for Python
N  Enthought, Inc. for the Space Telescope Science Institute (STScl)
N BSD license. Broperties X
N  Graphics toolkits: Man |Layout| Border | Plot | Margin| Cursor | Misc |
» wxPython - =-hy N [

! Index Axis:

Tkinter I ¥ % e ﬁ‘ RS
Value 2 GG

OpenGL : : ﬁ Value 3 ’ r .'1

2 H H
PDF L ey R .
2 SVG LY dexed
e TOEKE TYPE ( Filled ® Line (" Smaller
s PIL ﬁ Value 4 " Histogram " Notequal (" Stacked
: ﬁ Valia 5 ( Larger (" Scatter
e m Canvas 2 Scale Factor
L : !ﬂ Value 6 Index Axis: 1
i i ﬂ Value 7 Value Axis: iq_u
; . TrHe1
! Canvas
: L__ Default Axis Background Color: (5.0 74, G
"} Defauttindex Axis

Is Visible? [+
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OSS: Tool Integration

Three considered Integration Environments:

@  SCIRun - Problem Solving Environment;http://software.sci.utah.edu/scirun.html

@ XCAT - Common Component Architecture (CCA) of the Indiana University, Extreme Lab;

http://www.extreme.indiana.edu/xcat/

@ Ccaffeine - A CCA prototype framework for distributed memory message passing High
Performance Computing; http://www.cca-forum.org/ccafe/.

@ (fls -Aintegration environment build of OSS components, based on Python and VTK
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OSS: Tool Integration _ | 23

N SCIRunisa
Problem Solving Environment
N Computational Workbench
@ Rapid Prototyping
@ Module Development Tools
@ Extensible: Data, Algorithms
N Visual Programming
@ Computational Steering
@ Dataflow Interface
N Modeling, Simulation and Visualiz:
@ Model Construction and Manipulation
@ Numerical Approximation and Solution of PDE's
@ Scalar, Vector, and Tensor Field Visualization
N High-Level Utilities
@ Scene Graph and Widget Libraries
a Math, Geometry, and Field Libraries
N Low-Level Utilities
@ Thread, Memory and Task Management Y.
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OSS: Tool Integration 24

N SCIRuUnN is a Problem Solving Environment
N Example: Bioelectric Field Simulation

Ble  Edit Visual |

117832 palygons in 0.41 seconds

287395 polygonsisscond e, [
0.5 frames/sec Views Go home J
R e N
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OSS: Tool Integration

25

| fI s —Objectives of our development:

. Automation and integration of the workflow

. Flexible data transfer between tools

. Integration of different source codes as well as (commercial) executables
. Simplicity, clearness, flexibility and robustness of the integration approach
. Efficient rapid prototyping for new (sub-)tasks

. Interoperability with project partners

. No monolithic tool but building blocks (build your own application)

We develop methods to solve our engineering problems

. Use of available technologies, standards and tools

. .. Suitable Open Source Software (OSS)

Institut fir Flugzeugbau und Leichtbau, TU Braunschweig ~/ IFL

Application: Airplane Design

26

Task in Airplane Design and Analysis:

. Generic design with parametric geometry
. Use of proper design tools (e.g. CAD)

. Direct link to simulation and analysis codes with feed back
. Derivation of corresponding analysis models (e.g. FVYM, FEM, MBS)
. Flexible postprocessing ... system properties

. Mono- / Multidisciplinary studies in one environment
. Optimization w.r.t. various criteria and arbitrary design variables
. Integration into a Product Data Management Environment

. (Incorporation of knowledge based methods)
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OSS: Tool Integration 27
Basic components of i f| s:
Cl ass MWyd ass:
N Pyt hon "A sinple exanple cl ass”
Object-orientiented scripting language ljef fl(zi) :
contains elements of traditional if x>0
languages return 1
Nice, simple syntax el se:
Modular structure return 0
. Great number of books
Unix, Windows, ... very stable b Standard packages of Pyt hon
. Scientific computing - Tkinter:
Increasing acceptance Widgets from Tk for GUI's
Nurreri cal :
Vector / matrix objects
Scientific Python:
Scientific tools, MPI, NetCDF, Optimization, ...
Interface generators
. pyfort: Fortran
. swig: C CHt
P A
Institut fir Flugzeugbau und Leichtbau, TU Braunschweig IFL
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OSS: Tool Integration

N Visualization Tool Kit vt k

3D computer graphic system,
defines the architecture

. compiled kernel C++
. Wrapper for Tcl , Java and Pyt hon

Render windows, renderers, actors,
properties, lights, cameras

Data objects (general, grid data),
Process objects (source, filter, mapper)
Reference books and examples

. OpenGL ... WinTel, Unix

I/O for VRML, IGES, 3DS, HDF, ...
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OSS: Tool Integration

Visualization pipeline of vt k

N

. Sources interface to external data (Reader)

Reader = Sourcebject ()
Data Objects

represent information

Methods to create, access and delete this
information

Methods to obtain characteristic features
Dat aObj 2. Updat e()

Process Objects

operates on input data to generate
output data

or generate data from local parameters

Filter require one or more input data objects
and generate one or more output data

objects N Pipeline Execution
Mapper objects are used to convert data into

graphical primitives causes process objects to operate

Implicit control implemented demand-driven
. Process object execution if input change
. Two-pass process: update and execution

Dat aObj 1 = Reader. Get Qut put ()
Filter = ProcessObject ()

Filter.Setlnput( DataCbj1l )
DataObj 2 = Filter. Get Qut put ()
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OSS: Tool Integration

Integration environment i fl s

N

Extension modules
ut k connects vt k and pure Pyt hon objects to maintain pipeline mechanisms
usr extents the cababilities of the vt k-process objects

dt n with special data and process objects for geometry and grid generation based on
DTNURBS (I GES) and Gri dLi b

st k with process and import/export objects for analysis and simulation in a distributed
environment

(Structure: Ansys, MSC, Abaqus, Fluid: HI SSS, Fl ower, Cavecats, Tau)

Graphical editor

Interactive manipulation and visual programming
Analyses the programmed object interactions/networks
Visualizes the object interactions (tree / graph )

Coding conventions for the automatic generation of the networks, object editors and
documentation (html, latex, postscript, pdf).

Pyt hon codes are executable without the graphical editor in batch mode, because the
GUI is an optional feature.
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OSS: Tool Integration

—

Graphical Editor <2

Eile Edit View Options

non-vik objects | LE

dinCurvesToCurvesFilter
dinCurvesToPointsFilter
dtnCurvesToProjectedCurves
dinCurvesToSurfacesFilter
dinDatahase

dtnGeomData

dinGeomSource T
dtnGeomToGeomF iter —I. g WakeCurvesF s

dtnGeomTalnstructuredGri L]
dinGridonCurve
dinGridToUnstructureddGrid
nHISSSANalYsis

. TrailingEdgeF
L WingGridCurvesF ]

WakeBlenderF

dtnHISSSGridWriter Ll |

dinPlanes <
dinPaintandMomalTaPlane 3

ctnPoints WakeGrdCurvesF
dinFointsFromSurface ‘ =

wik Objects [Grid|Prop

VIKEMraciGrd £
WikExtractlnstructuredGrid

]
vikGridSynchranizedTemplatesaD dinGeomTolnstructuredGrid

YikLODPrapaD C

wikhdassProperties dinGridToUnstruciuredGrid
wtkOpenGLPropery u L

ikProp GeamMapper

VHkPIopAssembly
wtkPropCallection
wikPrapPicker =
e vikOpenGLACtor
vikPropery2D

iKRIEProperty
wikRectilinearGrid
wtkRectilinearGridGeometryFilter
vikRectilinearGridReader
vikRectilinearGridsource
wtkRectilinearGridWriter
wikStructuredGrid

ikStructured GridGeomstry Filter -
wikStructuredGridOutlineFilter
wikStructuredGridReader
ikSticturedGridSource
wikSiructuredGridWriter

L]
GrtMapper

[

wikOpenGLActor tactapper

vikOpenGLActor

vikOpenGLRenderer
L]

— = Methods of dinWingReader (mS

GinCombineCurves B 1 - c

e ipeline _ Narme OF WReader Adress:  84167b8
nComhineGeamData dinWingReader p

nCambineSutaces R T T Classhame: dtnwingReader .

dtnCurves Classes;  dinwingReader — | ManPage| DoxPage|

ook ey BT e Get | set ‘Gemuuﬁamnve| State | onorri Repr |

dtnCurvesFromSurtace WingBlendsrF

dtnCurvesFromSurfacelntersection w Getsiet Methds

‘WakeEdgeF

WakeGrdF

Status: |Cut, copy or paste

dinFaintandhormalToRlane

Set| Database

= |
Sef| FilsNams [
=W set] output [i
Mame: = Sef| Progress [
ClassMar

Set| ReferenceCount |

|
Classes: |w) Sef| SymmetryPlane |
Getset || =i Set| Symmetry ||
|

T

dinGridOnCurve (5415e58)
Debug; Off
Mo Delete Method
Madifled Time: 1308
Reference Count 2
Mumber Of Required Inputs: 1
Input 0
dinCurves (8307320)
Debug: Off
No Delete Method
Madified Time: 3164
Reference Count:
DEFainter. [3500,
DataBase
dinDatahase (6417a15)
Debiug: Of
Mo Delete Method

e <3 i

wikl

3
G756, 9016, 9274, 9532, 9790, 10045

vikStructu

— M

dtnWingReader Class Reference - read wing geametry from data file and creates section curves

Public Methods
Get methods

[E—

int GetHumberOfOutputs ()
int GetHumberOfinputs ()
utkDataobject Getinputs ()
char GetClasshame ()
char GetParents ()
int GetMTime ()
char GetParentsStrng ()

Object
Getet mEﬂmdSEha’ GetFileName () DO C u m e n t t

void SetFileName ( char name )
int GetReference Count

void SetReferenceCount ( int count)
dtnDatabase GetDatabase ()
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Geometry by
DTNURBS

wing, fin, wake
*. db (Pr ADO)

Grid by Gri dLi b
* msh (H SSS)

Results
*. sca (H SSS)
* plt (Tecpl ot)

Aerodynamic
Loads

Derivatives
Optimization
Interactive
variations
Student projects
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Application: Aeroelasticity 33

N Reference
geometry

N Euler code
MSC/Nastran
N Coupling
iteration
for the
equilibrium state

4

Resultants:
X: 13048.89
Y: -45535.15
Z: 741158.09

N Deflection transfer by vt kPr obeFi | t er and self-developed hybride techniques
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Application: Airport Environment 34

N Flight dynamic simulation with JSBSI mfrom the Fl i ght Gear -Project

N Complete set of
the equation of
motion including
ground forces
and FCS

N XM.-formatted
description of
Geometry
Massprops
Aerodynamics
LandingGear
Propulsion
Initial state

Vvvirvirvwy

N Servoelasticity
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Application: Airport Environment 35
A + —
—=FGCoefficient——FGEFactorGroup
o olumnVector3 1 I H i 1
B N Fllght. dynamic S|mul_at|on with
B T JSBSI mfrom the Fl i ght Gear -Project
%FGRocket
—=FGEngine EGTurboJet
e TSRSIM
. = SOSIM
FGFl.?pS . e
—=FGFCSComponent gggi;gient f}fome
FGSurF\mer . -
—FGFPDMEXeC Feswiten
—=FGfdmSocket
Hmnmg.mmmterﬁgiggiiii‘iler N Complete set of the equation of motion for
Ccasnnaca. |rEOTRITialcondition FeRoter the simulation in the time domain
—=EGLGear .
B N Class diagramm (end of 2001)
*»E‘GAircrﬁa/ft
—=EFGAtmosphere
—=FcAuxiliacy
—=FEEFCS . i .
IR & A C++implementation
- assBalance .
[ rcoutpur N Wrapped by swi g
—=FPosition
et N XML generator for HI SSS
L »FGETrans lation aerodynamics
—=FGitate
= N maneuver loads
—=FGTrim . . .
—=FGTrimaxis B SCI’Ipt Or |nteraCt|Ve USe
=FoUtility
L sMatrixException A
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Application: Therm-OSS 36

N Therm-OSS - Statement of work:

»The system to be developed, will be able to perform the complete thermal
analysis of a spacecraft, or part thereof. This includes:

N the definition or modification of a model of the spacecraft or component
N the definition or modification of a model of the environment;

N the definition or modification of a model of the mission and scenario;

N the definition and execution of the analysis, defined by the above steps;
N the evaluation or assessment of the results.

To build a model of a spacecraft, or component, the user will have available a
catalogue building blocks (or objects). In this first version, the geometrical
forms will be limited to a few simple ones, such as plane quadrilaterals,
boxes, complete cylinders and complete disks. The building blocks and the
assembly tree will be stored, together with all related thermo-physical
properties in an object-relational database (e.g. PostgreSQL )*
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Application: Therm-OSS 37

N Proposed
design:

Geometric
modeling
Physical
modeling
Radiation
processing

Discretisation
definition
exchange

Conductivities

Configurable
Script based
Application Integration Framework
with
YTK Object Behaviour

Python Interpreter

aoeLIAu]
Jasn
[eaiydeis
aseqereq
[euoneay-123lqo

JUNISVL 4318
JUNISV] 4318
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Application: Therm-OSS 38

N Engineering
infrastructure:

Geometric
modeling
Physical
modeling
Discretisation
definition
Radiation
exchange
Conductivities
processing

Configurable

Script based
Application Integration Framework Extended ut k

with ofifls
YTK Object Behaviour

Python Interpreter

SN —

aseLiau|
Jas
leaiydein

Extended GUI
ofifls

ZopeDB, Post gr eSQL

JHNISYL 18
Uodxg

JUNISY]L 3185
aseqejeq]

[euoneay-123lqo

‘ PyExpr ess L
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Application: Therm-OSS 39
pyExpr ess/ ut k Pr edi ct Hel i os Pyt hon/ C++ Super LU/ PETSc
Bl ender, K-3D

\

Geometric

modeling
modeling
definition
Radiation
exchange
Thermal
analysis

processing

Physical
Conductivities

Discretisation

Configurable
Script based

Application Integration Framework
with
YTK Object Behaviour

Python Interpreter

aseLau)
13sq
[eaiydein
aseqeieq
[euoneay-123lq0

JHNISVL d318
J4NISYL 4318

N  Potential functional modules: A

Institut fir Flugzeugbau und Leichtbau, TU Braunschweig ~/ IFL
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Application: Therm-OSS 40

N Integration of modules/tools as ProcessObijects:

N VTKising:
N C++ programming: deriving classes from VTK
abstract base classes, e.g. vtkProcessObject,

N Python programming and the output will be a
standards VTK data object using the
vtkProgrammableSource class,

N using the ifls extension utk, which is a reimple-
mentation of some basic VTK classes in
Python.

The essential work is the implementation of the,
‘Execute’ method, which do the input to output
transformation.

Component
C, C++ or

Fortran

Pythonised
Component

Input data converter
Output data converter

Data base writer

VTKising

2 integration varia

N Data Transforming:

N\ This task converts the input formats of the VTK
enabled class into the individual formats of the
components and vice versa if required.

N This task can be implemented in a seperate
process object as well.

Component

C, C++ or
Fortran

Input data
converter
[
Fortran
Output data
converter
C, Ce+,
Fortran

Pythonised
Component

E)
@
=
=
=
@
I3
<
=
[}
i
©
(=]

VTKising
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Application: Therm-OSS 41

N Integration of modules/tools as Process Objects:

N Data Transforming:

N\ This task converts the input formats of the
VTK enabled class into the individual formats
of the components and vice versa if required.

N This task can be implemented in a seperate
process object as well.

Component
C, C++ or

Fortran

Pythonised
Component

Input data converter
Output data converter

N Pythonising: means that the Python interpreter
can communicate with the component, which is
necessary in first two cases of VTKising.

N using a shell command to execute a
complete tool (Python build-in functions),

N\ using a wrapper generator to build C, C++ or
Fortran to Python bindings,(swig,
Boost.Python and pyfort)

N using communication protocols (e.g.
Sockets, SOAP, Corba) for remote execution

Data base writer

VTKising

2 integration varia

Component

C, C++ or
Fortran

Input data
converter
C, Ce+,
Fortran
Output data
converter
C,C++
Fortran

Pythonised
Component

L)
@
=
‘=
=
@
0
]
=
i)
i
)
(=]

VTKising

Institut fir Flugzeugbau und Leichtbau, TU Braunschweig ~/ IFL

Application: Therm-OSS 42

N  Data Objects:
N VTKincludes data objects for grid based datas (structured, unstructured grids, polygonal data).
N Therm-OSS requires the the handling of other datas (e.g. geometry, mission definition, results).

N Implementation:
N VTKising - map the information onto the existing VTK data objects
Benefit: Reuse of existing objects, Deficit: Mapping is
difficult/uncomplete/impossible
N Pythonising - new data objects derived from utk base
classes Benefit: No restrictions, Deficit: No
available process objects..

N Information:

N\ Free definition - defining new data objects with
properties/attributes Benefit: Enables quick prototyping, Deficit:
Probably not general enough

N\ STEP definition - taking STEP TAS/NRF schemas as basis for the
properties/attributes Benefit: Sophisticated information model, use of existing
STEP tool, Deficit: Complex model and implementation,
except use of pyExpress (ESA/ESTEC)
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Application: Therm-OSS 43

1

| NRF_submodel_usage | | NRF_any_netwark_node

| NRF_network_node_relationship |

\\

| TAS_bounded_face_set_submodel_usage | | TAS_thermal_lumped_parameter_nade_relationship |

/

| TAS_thermal_lumped_parameter_submodel_usage |

l

| TAS_thermal_lumped_parameter_madel |

NRF_network_model
57

TAS_bounded_face_set_madel

| NRF_: |_node_| ‘

\r\

| TAS_thermal_lumped_p

NRF_netwark_node

| TAS_thermal_lumped_parameter_node |

TAS_boolean_difference_face_set |

| TAS_primitive_bounded_face_set

| TAS_compound_bounded_face_set | | TAS_bounded_face_set_by_submodel ‘

|ms_, lified pound_primitive_bounded_face_set

N UML class diagramm of STEP TAS/NRF observable item
N generate by Umbrello http://uml.sourceforge.net
N From pyExpress generated Python classes
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Application: Therm-OSS A4

pyExpress extended with utk (Pythonizing)
N Extensions by deriving ExpressEntity from utkDataObject

Add of 'capitalized' Methods

Modification of ifls documentation classes

Automatic support of the GUI and documentation environment
Documentation important for interactive use

ExpressEntity

Vv vivFv

i

! node_class

MWRF_security_classification_level | | MRF_observable_item |
= UML, DoxyGen P G |
- e ! N e __ security_class TAS_axis_transformation
! ; ! . ~
[ -
| i ! E . seeurity_class [ NRF_netwark_fizm i
| ! I !
[ ' . o |
| security_class .
| ! - |
I | - |
| | security_class 5 | NRF_any_network_node_or_relationship |
| | s |
| security_class | A | transformation
| | . |
| | MNRF_any_network_node | | NRF_network_node_class |
| =
I ~ - - 4 |
- . < node_class | |
| - - |
I I

N Collaboration diagramm generate by doxygen
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‘herm-OSS

Application:

Yiew MouseMode RBendering Size Export

N Simple Model

Bz | 0@ B ool BB e ool oG e | build from STEP-
TAS primitives.
» Cone
* Cylinder
* Disc

* Sphere
* Parabolid
» Quadrilateral

N Visualization of
the primitives
with VTK

N Interactive editing
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non-vik Ohbjects I | Graph | Tree |
ExpressDataSet E [T11] =
ExpressEntity J TAS_guadrilateral | TAS_3d_cartesian_point? |
MRF_address Tas_colour_rgh

MNRF_advanced_datacube

MRF_any_datacube
MRF_any_function (1]

TAS 3d_cartesian_pointa |
MRF_any_netwvork_model TAS_paraboloid |
TAS_primitive_bounded_face_set | I

NRF_any_network_node
MNRF_any_network_node_or_relationshi]
MRF_any_property
L] TaS_sphere |

TAS_3d_cartasian_pointd |

MRF_any_guantity

MRF_any_unit paraboloidFaceSet |

MRF_appraval LLL]

MRF_pasic_quantity ~ !. cone | -
TAS_cylinder |

MRF_calendar_date sphereFaceSet | I e

MRF_case

— ' ' {8
R = H F Set

vtk Objects | n __coneFacesa 5

vtkaDSImporter El TaS_primitive_kounded_face_set discFaceset |
wikI0Widg et I

vtkactor I
vikActorZD =

vikActorzDiCollection

vtkActorCollection TaAS_bounded_face_set_model |

vikAmoebakinimizer
vtkappendFilter
vikAppendPolyData

vikApproximatingSubdivisionFilter tag3DGeometryFilter | LELL
vikCubefxesActorZh |

vikarcPlotter
vtkArrayCalculator

vikArowSource u
vikAssembly n ( 1]

vikAssemblyMode vtkOpenGLRenderer |

wikassemblyPath =

|._;. o | = ] = : = '

Status: |
:
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Simple Model build from STEP-TAS primitives.

Graph representation in the ifls GUI




Application:

‘herm-OSS

a7

=+ ifls - Graphical Editor

File Edit Wiew Tools

Help

E=pressDataSet
ExpressEntity
MRF_address
MNRF_advanced_datacube
MRF_any_datacube
MRF_any_function
MNRF_any_netwark_model
MRF_any_network_node
MNRF_any_network_node_or_relationshi]
MRF_any_property
MNRF_any_guantity
MRF_any_unit
NRF_approval
MRF_basic_guantity
MRF_calendar_date
NRF_case

| e ]

non-+tk Objectsl

(e

vtk Objects

yik3DSImporter
wik3DWidget
vikactor

vikactorzD
vtkActorzDCollection
vikactorCollection
vtkamoebaminimizer
vtkappendFilter
wikdppendPolyData
vtkapproximatingSubdivisionFilter
vikiércP lotter
vikarrayCaloulator
vtkarrowSource
vikassemhly
vtkassemblyMode
vikassemhlyPath

0z

Graph

| Tree |

=gll-tkCpenGLRenderer ren
vtk OpenGLRenderWindow renWin

i
||
|

tas 3D GeometryFilter a3DGeometryF1
SEITAS_hounded_face_set_model faceSetModel
TaS_primitive_bounded_face_set discFaceSet
TAS disc disc
M TAS_3d_cartesian_point TAS_3d_cartesian_paintl
EITAS 3d_catesian_point TAS_3d_carttesian_point2
W TAS_3d_caresian_point TAS_3d_cartesian_pointd
TAS colour_rgh TAS colour_rghl

SEITAS_primitive_bounded_face_set coneFaceSet
3

TAS_cone cone

_colour_ _calour_

Tas_col gh TAS_col bz
=@l TAS_primitive_hounded_face_set sphereFaceSet
3

TAS_sphere sphere

ElTAS_colour_rgh TAS_colour_rgb3

=@ TAS_primitive_bounded_face_setlg
P E- TaS_paraboloid paraboloid
M TAS_colour_rgh TAS_colour_rghd
= TAS_primitive_bounded_face_set cylinderFaceSet
TﬁS_cyIinder cylinder
ETAS colour_rgh TAS_colour_rghs
=@l TAS_primitive_bounded_face_set quadrilateralFaceSet
TAS?quadriIa{eral guadrilateral
M TAS_colour_rgb TAS_colour_tghB
vikCuhefxesactorzD CubefxesActorzDi
vikCubesxesactorzD Cubedxesactor2Dl
vtkOpenGLLIght OpenGLLIGht
vtkFrustumCoverageCuller FrustumCoverageCuller]
vtkOpenGLCamera OpenGLCameral

N  Simple Model build
from STEP-TAS
primitives.

B

N Tree representation in
the ifls GUI

| =1 ] =

Status: |
.
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Application: Therm-OSS

N Functional modules:

N Use case of the complete design

and analysis cycle.

N Current work:

development in the solver region.
N FDM matrices for the primitives
N Load vectors and matrices
N Building the system equations

N Solution

GeometryBuilder

Geometry

PropertyAssigner

Geometry+Props

MissionBuilder

GridGenerator

on+Orientation

Grid+Props

ConductancesBuilder

ConductancesMatrix

ViewFactorBuilder

SolarFluxBuilder

ViewFactorMatrix SolarHeatflux

Results
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Concluding remarks

N

N

V

Powerful tools for design, analysis and tool integration
are available as OSS

Open Source approach of a tool integration platform
i flsissuccessful ... and makes fun

Finding and evaluation of OSS is not easy

License problem (free for research, not for commercial)
Codes for the lumped parameter approach are hard to
find

Need for data and tool standards

Outlook for Therm-OSS

N First use case implementation finished in 2003
N Integration of alternative tools in 2004

N Common Component Architecture for High-Performance-
Applications as one standard (?)
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Appendix J:  Applicability of OSSto Space Thermal Engineering

Applicability
of
Open Sour ce Software
to
Space Thermal Engineering

R. Schlitt
OHB System
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Applicability of OSS to Space
Thermal Engineering

Reinhard Schlitt, OHB System AG
Frank Bodendieck, OHB System AG
Matthias Haupt, University Braunschweig
Charles Stroom, ESA/ESTEC
ESA Contract: 17162/03/NL/CP

21.- 22.10.2003 17th Thermal and ECL S Software
Workshop
IFL, TU Braunschweig
e Overview

— Assessment of OSS for Space Thermal Engineering

— Establishment of an European Thermal OSS
Community

— Software Tool Development
— Software Architecture and Elements

21.- 22.10.2003 17th Thermal and ECL S Software
Workshop
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o Assessment of OSS for Space Thermal
Engineering
— OSS has generally abad reputation for use as a
“professional” engineering tool
» “Free" software not professional

« Bad quality and thus low reliability

» To give source code away means to loose control, to
strengthen the competitor and not to gain any profit

21.- 22.10.2003 17th Thermal and ECL S Software 3
Workshop

IFL, TU Braunschweig

— Principles of OSS Concept
» Performed in alarge developer community

» Development performed by an abundance of specialists and
not any more by afew personsin a single company

» The source code will be released to anyone, who is interested.
Developers catch up the code for checking, debugging,
improving, extending and redistribute it to the community

» An open source license scheme is the vehicle to regul ate this
approach (GNU General Public License, Sun Community
Source License Principle and others)

21.- 22.10.2003 17th Thermal and ECL S Software 4
Workshop
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— Advantages of the OSS Approach

» Development is shared among many (excellent) devel opers, which are
presently out of reach for a single company

* The OSS community cares for inclusion of advancement in the software
state-of-the-art

» Maintenance and implementation is shared among the users

» New features (or modules) related to specific applications can be set up on
distributed codes, which avoids redoing the entire job

» S/W remains alive whatever happens to a single developing company
(Thisisin contrast to the present closed source approach, where asingle
company, which owns a particular source code, could disappear from the
market)

21.- 22.10.2003 17th Thermal and ECL S Software 5
Workshop

IFL, TU Braunschweig

— Advantages for Space Engineering Tools

» Development, maintenance, implementation resources and associated
budget can be shared between the users and thus reduced for asingle
company

» Approach ensures long-term availability (present risk that a devel oper
with propriety S'W disappears from the market is deleted)

» User dependency on S/W developersis greatly reduced (development will
be performed by the user himself and not by a S/'W house which
sometimes have reduced space system and engineering background)

» Development of specific applicationsis cost-effective, since it can be set
up on existing source codes

21.- 22.10.2003 17th Thermal and ECL S Software 6
Workshop
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* Quotation from the Open Source Initiative web page:

“ Because the user can get access to the source, he can survive the
collapse of the vendor. The user is no longer totally at the mercy of
unfixed bugs. The user is not shackled to every strategic decision the
vendor makes. And if the vendor’ s support fee becomes exor bitant, the
user can buy support from elsewhere. For thisreason alone, every
software customer should absolutely demand open source and refuse
to deal with software vendors who close and shroud their code. It'sa
matter of controlling the users own destiny.”

21.- 22.10.2003 17th Thermal and ECL S Software 7
Workshop

IFL, TU Braunschweig

— Prerequisite for introducing the OSS appr oach

e Spaceindustry (i.e. their managers) must recognizes that

— Propriety closed engineering tools and the investment to establish them will not
increase the competitiveness of a company (see the example automotive industry)

— OSS will not transfer know-how to the outside — in the contrary, the company will
gain knowledge through many excellent outside developers, which are now out of
reach

— A company will receive back application software modules from the community,
which he otherwise needs not to develop himself

— The OSS approach will deliver software products, which are as robugt, reliable
and validated as today’ s propriety programs or are even superior

— The OSS approach saves budget and manpower for a company since
devel opment, maintenance and implementation is shared within the user
community

— Companies do not engage in the risk of development discontinuity in case
software developers of a certain program are no longer available to the company.

21.- 22.10.2003 17th Thermal and ECL S Software 8
Workshop
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» QObjective of the Present Study

— It shall be demonstrated that a thermal engineering tool from
reliable and mature OSS building blocks can created. In case
building blocks are not available a specific routine can be
programmed to fill the gap. (Will be presented by Matthias
Haupt)

— A user community shall be established which operates according
to the principles of the OSS philosophy

— Demonstration that the organization is capable to involve the
members as active partners for testing, feedback and
mai ntenance according to the principles of the OSS philosophy.

— Shall be seen as pre-runner of a future membership organization

21.- 22.10.2003 17th Thermal and ECL S Software 9
Workshop

IFL, TU Braunschweig

e User Community Concept

— Membership limited to organizations within the ESA member states (this restriction
must be in accordance with OSS license schemes)
— Responsibilities of members:
» Acceptance of OSS working principles by signing a license agreement
 Distribution and re-distribution of source codes shall be the rule
* Propriety software accepted case-by-case by the community for an interim period.

* Members are develop new software according to OSS interfaces of the community, check
new software,elaborate alterations and extensions, report bugs....

— Responsibilities of the leading organization (OHB for the study)
» Caresfor validation of all software, performs configuration and version control
» Decides on modifications, extensions, new software to be included
» Decides whether propriety software shall be included
» Provides quality maintenance, support, custom engineering, and training services

21.- 22.10.2003 17th Thermal and ECL S Software 10
Workshop
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—Basically three types of members:

 Software houses, which devel op software to make profit. Business shifts however
from traditional software “manufacture” to support, tailoring, implementation,
custom design, etc.

» System companies, who use software as tools to support development of their
Space products

» Academia
— Dedicated study community web site:
http://www.ther m-oss.or g/
» Contains open and restricted part
* Includes:
— Discussion forum, mailing list, S/'W problem reporting system
— Possibility to down-load / up-load source codes

21.- 22.10.2003 17th Thermal and ECL S Software 11
Workshop
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Innovations in Using Finite Elemen
Modelers for Spacecraft Thermal
Design

October 21st, 2003

Ron Behee
Network Analysis Inc

3 INDA/G"

by Network Analysis, Inc.

" Two Basic Approaches for building
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MINDA/G® Geometric Thermal Model of
Py Network finalyeis, ine Telecommunication Satellite

Mostly planer surfaces

INDA/G* Geometric Approach ha; been Implementgd in
)”W:?NWAV/ Modelers Using Two Different Technologies

 FEA Meshing Based Model Builders

— Create 3D solid geometry or import from CAD and divide geometry into finite
elements using FEA meshers.

— These model builders are general purpose and are frequently used by many
different analyzers (thermal, structural, CFD).
» Radiation Shape Based Model Builder

— Create model using several geometric shapes that are supported by the thermal
radiation code.

— These model builders are usually tied to one thermal radiation code, and will not
easily work with another.




M[NDA/G® Commercially Available Geometric

by Network Analysis, Inc.

Shape Model Builder

Modelers for SINDA/G

Meshing Model Builder

THERMICA

TSS

ESARAD

NEVADA (SPARKS)
Thermal Desktop

SINDA/G For MSC.Patran
SINDA/G for FEMAP
MSC.Patran Thermal

TMG for I-DEAS or FEMAP

Geometric Approach

M[NDA/G® Radiation Shape Based Model Builders

by Network Analysis, Inc.
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)WVSINDA/G® Geometric Approach
4 by Network Analysis, Inc. FEA Meshing Based MOdel BU”derS
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).WVSINDA/G® Advantages and Disadvantages of the Two
‘ v Networlc Analysis. fne. Types of Geometric Modelers

 FEA Meshing Based Model Builders

— Good connection to CAD

Good connection to FEA structural/fluid programs

Typically have flat plat connection to radiation/orbital heating programs
Models solids, orthotropic materials and laminate materials

— Thermal models with complex shapes work well.

» Radiation Shape Based Model builders
— Poor connection to CAD
— Poor connection to FEA programs
— Excellent-full shape connection to radiation/orbital heating programs
— Usually only models surfaces and use isotropic materials

— Some Geometries are difficult to model and thermal models may contain
inaccuracies in the conduction network.




. Example of Difficult Geometry for
INDA/G
MNIYA/ Shape Based Modelers
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Biggest Problem of FEA Meshing
(NM,SINDA/G Based Model Builders

by Network Analysis, Inc
Radiation Model Consists of Multiple Small Flat Plates

FEA Mesher Based Model Builder Radiation Shaped Based
Modeler

3
Hydrazine Tank Modeled with Hydrazine Tank Modeled with
112 Flat Plates 4 True Geometric Surfaces
Produces 6000+ radiation conductors Produces 6 radiation conductors

- SINDA/G How to Combine the Best of Both Types
By Neswerl Analysie, ine of Geometry Modelers

» Use FEA Advantages
— Good connection to CAD
— Good connection to FEA
— Can model complex shapes

— Supports solids, plates, and complex conduction
models

» Use Shape Advantages
— Support full radiation shapes




MINDA/G® Various Approaches Different Software
by Network Analysis, Inc. COm panles Have Taken

» Radiation shaped based approaches
— ESA — Complex surfaces and Boolean operations on shapes in
ESARAD

— Astrium — Ability to create shapes on top of CAD geometry and
Boolean operations on shapes

 FEA meshing based approaches

— TMG - Directly use 10,000 to 100,000 small shapes (including
Quad 8 curved shapes) and have a faster radiation code
(hemicube method). Also supporting shapes from FEA mesher
but the shapes are not integrated into the FEA modeler.

M[NDA/G® Conclusions

by Network Analysis. Inc. Radiation Shape Based Model Builders

Shape-based radiation models offer quick solutions
that are helpful in performing trade studies and
optimization analyses. During the early stages of
satellite and instrument development programs, the
thermal engineer will need to explore various surface
coatings and geometry combinations. Shape-based
models allow the thermal engineer to quickly change
geometry and surface properties without having to re-
work intricate meshes.




»wm2INDA/G"  Example of Combining Both Technologies

by Network Analysi:

As the design matures, many odd shapes will begin to appear in
the spacecraft or instrument geometry that are not easily modeled
with primitive shapes. However, the native shapes should not be
eliminated altogether. For example, the conceptual design of the
SOFIE instrument onboard the AIM spacecraft, the SOFIE
instrument is modeled with high-fidelity using finite elements. The
remaining items in the model, such as the spacecraft and other
instruments, are approximated by large single-element surfaces or
primitive surfaces.

().W\,SINDA/G Detailed Payload and Simplified Spacecraft

by Networic Analys Using Both Technologies
.
“1
9744I
-4
.
N
g .
A

SOFIE instrument aboard the AIM spacecratft




2w SINDA/G” Conclusions

3 by Network Analysis, Inc. Possible Best Solution

» Start with FEA model builder that has excellent connection
to CAD, and supports FEA flat and curved elements for
radiation.

» Add curved plate elements to the radiation code to
minimize the faceted errors and reduce the number of
elements to model curved surfaces

* Add the ability to create common radiation shapes such
as a cylinder, sphere or disk.

» It also should also have the ability to group smaller FEA
type elements into larger radiation shapes to reduce the
number of Radiation Exchange Factors (REF’s).

).WVSINDA/G® NAI's New Product Development
‘ Py NSERork Snsiyes. inc. NASA Phase Il SBIR Contract

» Use the most widely accepted FEA model builder MSC.Patran
(used by MSC.Nastran).

 Have MSC add common radiation shapes to MSC.Patran.

* Have at lease one radiation code developer add a curved
element type shapes to their radiation code.

— Quad 8 elements, Quad 16 elements (unique to Patran) or more
complex surface.

 Create radiation “super elements” that group a fine conduction
mesh into a larger radiation mesh

NAI will be working on these concepts during the next 2 years
under a NASA research contract and we invite you to share with
us your feedback, experiences and needs.
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of the
Open Source Approach
to
Space Environment Analysis Tools

H. Sdunnus
eta_max space
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eta_max space Richard-Wagner-Str.1, 38106 Braunschweig

Application of the Open Source
Approach to Space Environment
Analysis Tools

eta_max space GmbH

Seventeenth European Thermal & ECLS Software Richard-Wagner-Str.1
Workshop D-38106 Braunschweig

Tel: +49-531-3802-400

21 — 22 October 2003 Fax: +49-531-3802-401
info@etamax.de

www.etamax.de

Application of the Open Source Approach to Space Environment Analysis Tools

Seventeenth European Thermal & ECLS Software Workshop, 21 — 22 October 2003, ESA/ESTEC, Noordwijk, The Netherlands page 1
Outline
el, ax
eta_max space Richard-Wagner-Str.1, 38106 Braunschweig

» Background

e The “Open Frontier” platform
x Components
x Licensing Issues
x Data model
x Architectural Design

« The ESABASE/Debris plugin
x Open Frontier + ESABASE/Debris = PC ESABASE
x PC ESABASE Online Presentation

e Summary + Outlook

Application of the Open Source Approach to Space Environment Analysis Tools
Seventeenth European Thermal & ECLS Software Workshop, 21 — 22 October 2003, ESA/ESTEC, Noordwijk, The Netherlands page 2
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Background
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» ESA Study

»Porting of the existing ESABASE/Debris Application to PC platform*

Study Manager: G. Drolshagen (TOS-EES)

Duration: 01/2003 - 06/2004

Usage of Off The Shelf (OTS) tools and Open Source software strongly recommended
Open Interfaces (STEP) is a “must”

x

x

x

* Approach:

x Provide a generic platform offering everything a high level SE analysis tool needs (Open Frontier)
x  Plug in ESABASE/Debris (pre-processors, post-processors and solver)

* Open Frontier + ESABASE/Debris = PC-ESABASE

» Open Frontier plugin philosophy is open to other pre- and post processors, solvers and
also to different disciplines

Application of the Open Source Approach to Space Environment Analysis Tools
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» Problem

x Ageing Space Environment Analysis Tools
e Cumbersome user interfaces
» Restricted data models
* Platform dependence
» Undefined or non-existent interfaces to external tools
» Extensive Pre- and post-processing

x Serious constraints of their acceptance and availability (ESABASE;..)

 Task (= related to ESABASE/Debris)

x Provide a PC based solution (Windows; Linux)
x Replace the existing framework
x Retain existing kernels (solver) as far as possible (ESABASE/Debris)
x Provide interfaces to external tools (CAD > STEP)

Application of the Open Source Approach to Space Environment Analysis Tools
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* Usage of “Off The Shelf” (OTS) Software
x prevents re-invention of the wheel and may save development effort
but ...
x OTS solutions are normally far from providing ‘plug + play’ capabilities
x Not every problem is solved by an OTS solution

* Open Source Software
x avoids ‘proprietary’ dead-ends
but ..
x does not always provide a business case

Application of the Open Source Approach to Space Environment Analysis Tools
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Open Frontier

Components
Licensing Issues
Data model
Architectural Design

Application of the Open Source Approach to Space Environment Analysis Tools
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 What is needed ?
x Framework Components
» Graphical User Interface Eclipse
» Geometrical Model Viewer + Builder Open Cascade
* Result Viewer (2D; 3D graphs; ‘Special Plots’) VisAD
* Report generator JFreeReport
x Platform
» Flexible, transparent + scalable data model OCAF
» CAD data exchange (STEP compliance) Open Cascade
Application of the Open Source Approach to Space Environment Analysis Tools
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A Graphical User Interface

et nlbx Eclipse
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£= esabase2005 - Plug-in Development - AWT _IEII_&!
File Edit Source Refactor Mavigate Search Project Run Wlndow Help
¥ -H lallis LBLE | & re-|® 2
|40 - g 5 A
ﬁ Package Ex., abasez005 + X Y i =it |
ole @[ x & ey =l
= ~——— return Class.forName ["sun.awt
m AWTIntegration.java | 3 —
T H E E c I_ 1 P S E P R i Ij Base.java catch (Exception oExc)
|j EsabasePerspective.jave 1
D header, bt - try { s
o [ (e ‘mn_;'_!
Package Ex.. |H|erarchy |Plug ins e
=} Properties |l mE 0 > x
a2z Outllne .3 Propert | value |
:'5 H, =] Marne eu.esa.estec.esab...
= (3 P\WTIntegratlon -
+I @5 AW TWindowListe
m’ addWmdolester.J
Fang g createPanel{Com
i m % getEmbeddedFra
4| r Tasks |Error Log | Console |Pmperties |
IWritabIe |Insert |53 16
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* What is Eclipse?
x |BM states that "Eclipse is an IDE for anything, and for nothing in particular.”
x  Wide distribution as Java IDE, but also in the IBM commercial tool world (WebSphere)

» Eclipse is a high level GUI platform
x  Widely accepted Look & Feel
Native GUI components > native user experience
Existing framework > less components to develop
Primitive GUI elements > Buttons, Checkboxes, Textfields, Trees
complex display/edit views > Viewers, Editors
Always state-of-the-art in contrast to self-developed solutions

X X X X%

» Eclipse is Open Source

» Eclipse encourages platform building
x Plugin model with well defined interfaces
x Built-in plugin development environment

Application of the Open Source Approach to Space Environment Analysis Tools
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A Geometrical Model Viewer + Builder
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f,ASCADE

7
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* What is Open Cascade?

x Open Cascade is a geometric modelling toolkit
» Create primitives such as prism, cylinder, cone and torus
» Perform Boolean operations (addition, subtraction and intersection)
» Compute properties such as surface, volume, centre of gravity, curvature
» Compute geometry using projection, interpolation, approximation

x Open Cascade is a 3D Viewer
» ready-to-use user interaction and visualization services
» 3D rotation, Zoom, Shading, graphical selection of geometrical objects

x Open Cascade is Open Source

x Based on the Swing Java 2™-based library, the Java Application Desktop (JAD -
commercial) makes the application portable on all platforms running the Java 2™
Virtual Machine

Application of the Open Source Approach to Space Environment Analysis Tools
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* Open Cascade allows data exchange through standard interfaces
x STEP
« AP 203, 214

» [209], “rough implementation” in latest release
» SPE — PC ESABASE compatibility to be established by eta_max under ESA contract

(prime:Simulog)

x CAD
* IGES, BREP, CSFDB
» CATIA - free for users if bought by developer (license required)

Application of the Open Source Approach to Space Environment Analysis Tools
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A Result Viewer
VisAD
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Bl visAD Tutorial example 3_07 [EEEESTS

=l visAD Tutorial example 4_05 s Efe

SANET4T|
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e What is VisAD?

x VisAD is dedicated to the visualisation
of scientific results

x VisAD provides a wide range of
customisation capabilities plus the possibility to extend the
analysis and visualisation features.

% VisAD is open source

* VisAD Benefits
% highly customizable
x huge feature range
x supports 2D and 3D chart types
x supports data manipulations

» VisAD is very well suited to visualise scientific data I WM

» Geometry related results are mapped to geometry elements I e 3 .
and displayed by means of OCC AR oY i

Application of the Open Source Approach to Space Environment Analysis Tools
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'Fi*lﬁ='-'.zi-i'n‘='ﬁ ' o080
£ € P AR [ox~] @ » JFreeReport supports

Java Look and Feel Graphics Repository

x formatted on-screen display,
x printer output and
X
X

k anel Feal Graphics Repasitory

hetp://developer. i techbocs/hi/rapository.

The design of this report is deseribod i the JFrackeport PDF documentation,

PDF output.

XML based templates to define
report formats.

Category: development

Fize:

[ PP

Page 1 of O =
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Licensing Issues
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Open Cascade

= o
% being licensed under the Open Cascade Public % % g
License. It allows the distribution of | g 1|
H H " 2 H H 8 8 0.
.Derivative Programs" with different licenses. 111 9 8
. Zero Cost - X - X X X
EC“pse Source available - - - X X X
x  Common Public License ,[...] this license is Copying possible - X X X X X
intended to facilitate the commercial use of the Modification possible - - - X X X
Program [...]* Reselling possible - - - - X X
VisAD 2>LGPL
JFreeReport 2>LGPL
Open Frontier -> to be agreed with ESA
PC ESABASE -> to be agreed with ESA
Application of the Open Source Approach to Space Environment Analysis Tools
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» The establishment of a“good” data model is seen as a key issue

» OCAF supports a key-driven data structure
% Allows to use any type topological and non-topological data
x  Allows free form data model structure as well as a hierarchical structure

* OCAF allows label attributes
x Ready-to-use attributes as well as user-defined attributes

e OCAF Features

x  Existing data browser - transparent and ‘readable’ data model
x  Open/Save functionality -> allows creation and exchange of data model images
x Undo/redo mechanism -> allows data model changes at run time
x Accessible from high level programming languages and from script languages

» Open Frontier data model as implemented by means of OCAF is flexible, easily
maintainable,scalable.

Application of the Open Source Approach to Space Environment Analysis Tools
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B Analysis: Debris
F=particle size limits
Bmin particle diameter

.max particle diameter

..

B particle size limits
®\sEd|tabIe
(DTooITlpText

Document
x a complete data tree

x capable of loading/saving into/from
files

Node/Label
x a container for data parameters
Leaf/Parameter

x a named variable containing a single
value or an array of values

Property

x each leaf/parameter has assigned a
list of properties that describe the
parameter and its behaviour in the
GUI

Application of the Open Source Approach to Space Environment Analysis Tools
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A Open Frontier
Data model top level structure
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Analysis Project
—Geometry model

pacecraft geometry
ointing capabilities

inematic char.

—Analysis: Debris

“PC ESABASE specific model

article size limits

ebris model parameters
eteoroid model parameters
amager/fallure equations

—Mission

rbit

erturbations

ission specifications

Output

rbital points
bject orientations
esults

abular results

Open Frontier generic model
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Open Frontier
+ ESABASE/Debris

=PC ESABASE

Application of the Open Source Approach to Space Environment Analysis Tools
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The platform concept
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— Open Frontier — Debris Analysis Tool
Graphical User Interface
Input Acquisition Visualisation Debris Editor
Plug-In Module API
Debris Analysis
Data Model
Geometry ~ Mission Output Analysis: Debris
geometrical data orbit pre-processing Debris model
pointing time geometrical results Meteoroid model
kinematic perturbations tabular results Damage/Failure eq.
material information
General Services
Meshing Position Attitude Raytracing
Application of the Open Source Approach to Space Environment Analysis Tools
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Zip 0 ﬂ GUI Fra_mework
(Eclipse)

< 4
o =
3 X
Java
e : % % -
e © ® =
| ! = 3 3 ®
i Rep i pd > >
! : () .
A VisAD JFreeReport
(Java) (Java)
| C++ stubs o
° Pre - Proc.
Open Cascade m
STEP P ocar | |5 EEL | Solver: ESABASE
(C+4) ('5 (Fortran Binaries)
~
@) Post - Proc.
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&= Esabase 2005 - Mission Editor - Eclipse Platform =lol x|
File Edit Mavigate Search Project Window Help
m-grae[2[%ve-= -
=
% Project Explorer
— || List of available
data files,
organised in
project
directories
Outline M ) ) )
Structured, displays the appropriate editor for the opened file
generic CrET T AT . -
wfsualllsatlcci)n Property Explorer | Console
8 sefﬁcte Generic editing Display of analyser output
ata file of data
model content
d
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Online Presentation

Application of the Open Source Approach to Space Environment Analysis Tools
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Implementation Approach: Purist Workflow
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T5 Mavigatar - x
e ft e B 1 | -4] .=§='
-1z Demo with 155
\project *
akw . geometry
Hal o= =Tl N2
- Endtime =] Properties B e v X
- Perturbations Propert | Walue
- Output i 3000.0
- Specifications
- Data <<l 0.05
- Skep TNCT =R
OELONG 3.0
RAAMN 0.0
SOLTIM 7.0
- TRARND 57.0
Choose File Type 3

Choose Section

Edit Property
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Implementation Approach: User Friendly
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Orhit
Cascade by Choice J—
Semi-majar [krn] Perigee Radius: | 4216423 g
Eccentriigy [-] Apogee Radius: W i
Incination: |0.0010 S
Right Ascension: IQDD— [d=a]
Ca|CU|atIOI"I by OtherS True Anomaly: E?_-D— [dea]

Mission Time

start €ate: |1980-7 - D

End Date: IZDDD T -7 atF ¥ h-lsg

Orhital Points

Date Editor with Dialog

Time Interval: | 240

Orbit Data | Yisualization
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* Open Cascade is integrated by an JNI contract
x Eclipse file matches OCAF document
x Tree nodes match OCAF labels
x OCC view panel is integrated into Eclipse geometry editor

R G=— Oitling = AfDebris | e Mission [ , x|
H= Type: [Result 7| Poink: [arbitalpoint_2 ¥| Farmula [avg.Im.vellknys] |
E CE
- ‘Q Diemo Wlth ISS

BEE <[5 [9]

/-] PartSizeLim
7] Raytracer
El (7] DebrisMadel
+-[_ ] Meteoroidiodel

W[~ DamageEquation

< ----- g GeomModel

----- ¥ Mission
& Result
-G RemtBeme

e Results

5 = o = =
OCAF documents OCAF labels OCC panel
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Implementation Approach: VisAd Integration
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e VisAd is included via AWT/SWT integration bridge
x VisAd panel is placed into an SWT editor panel
x Commands are piped from OCAF to VisAd thru an automatic synchronization model

b 4

Nasa 96 Flux vs. Azimuth angle

. e E ¥ x
137 = | Propert [ walue |~
R Absalute 1T CHARTS/NDE_MFX
4 BACKGROUNDCOLOR  Calar,white
E 1 ‘ BOX on
i | DIMEMSION 2
e | | Properties FOREGROUMDCOLOR.  Colar, black
2 ] | ‘ ;
1 MIMORTICKS OFF
Al ) . | . | , 1 . FARAMETER
50 150 PROJIECTICN RECTANGULAR b
sazimuith angla [dagran] RATIO 2.0:1.0
REFID ZE445667-FA11-48...
ey £
Graph Menu | Attribute: ;I Walue: I ;I
Run 3D Results | N36_MFX \N9&_ELE |N96_azZI |
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Summary and Outlook
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» Based on Open Source OTS tools the Open Frontier Platform has been created
Open Frontier provides

x An ergonomic framework for user input acquisition and visualisation

x A highly flexible and scalable data model

x An interface to external CAD tools

x A generic plugin model for solvers from various disciplines

The Plugin approach allows also proprietary plugins

Open Frontier + ESABASE/Debris = PC ESABASE
x Beta version providing most functions in principle implemented and running

x  The PC ESABASE tool providing all existing capabilities of ESABASE/Debris plus the Open
Frontier advantages will be available in the second half of 2004

Open Frontier demonstrates the applicability of Open Source software to high-profile
analysis tools
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e axXx

eta_max space GmbH
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17t European Thermal and ECL S Software Workshop Round Table

Opinions on harmonisation activity

* Open Source versus Proprietary COTS
o Community (restricted membership) versus Global public OSS
» Prescribed single toolset versus Required data format standard
» Free of charge versus Paid membership
* Representation by steering board
* Would you participate

— Asuser

— Asdeveloper

17t European Thermal and ECL S Software Workshop Round Table

FEA for thermal

* Need for FE modelling?

— Experiences with high number of elements in radiation computation
* Need for hybrid FD/FE models?

— FD for system/environment representation

— FE for details (complicated geometry, critical gradients)




17t European Thermal and ECL S Software Workshop Round Table

Need to support multi-disciplinary
engineering & analysis

» How important is concurrent engineering?
» Priority of interfaces
— Mechanical design (CAD)
— System engineering
— Structural
— Optical
— Product Data Management
— Electrical power
— Aero-thermo-dynamics/ flow-fields (CFD)
— Control engineering & real-time simulators
- AOCS

17t European Thermal and ECL S Software Workshop Round Table

Computing platforms?

* PC/Windows
— XP, 2000, NT, 98
e PC/Linux
— Redhat, Suse, Mandrake, Debian, ...
— Whoisusing Linux clusters for affordable high performance computing?
e Sun/Solaris
« HP/HP-UX
» HP/Compag/Alpha TRU64
o SGI/Irix
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Appendix N: Furnace Insertsand Cartridge Assembliesin CrysvUn

Simulation of Furnace Inserts
and Sample-Cartridge Assemblies
using the Thermal M odeling T ool

CrysvUn

M. Hainke
Fraunhofer Institute
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Crystal Growth Laboratory
Fraunhofer Institute of Integrated Circuits and Device Technology (11SB)
Erlangen, Germany

Simulation of Furnace Inserts and Sample-Cartridge
Assemblies using the Thermal Modeling Tool CrysVUn

M. Hainke, J. Dagner, J. Friedrich, G. Miller

L esa
ESTEC contract No. 16462/02/NL/JS

17t European Thermal & Fraunhofer
Institut
ECLS Software WOkahOp Integrierte Systeme und

Bauelementetechnologie

Contents

1 Introduction
2 The thermal modeling tool CrysVUn
3 Application of CrysVUn in microgravity research

4 Presentation of the thermal models of LGF and SQF and
specific CrysVUn software extensions

5 Conclusions

6 Online demonstration
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The Material Science Laboratory and Modeling Tasks

3

Furnace inserts (FIs)

Facility Contrel Unit
A s

Power Supply Unit

- Dedicated
Elactrenics

Sample Cartridge
Assembly .

Experiment Dedicated ¢
Electronics rd
pre-amplifier box 3
., Process
Chamber

Exchangeabls
Furnace Insert

eLow Gradient Furnace (LGF)
/ «Solidification and Quenching Furnace (SQF)

Expeciment Several types of different sample-cartridge
assemblies (SCAs), dependent on FI and
i specific experimental requirements.

MSL User Support Program

Support users and hardware developer
with a thermal modeling tool (TMT) in

Vacuum Gas Subsf:;mm Gas Suppl;lora'wer inlwnalhlerﬂunling Loop .ConStrUCtlon Of the SCA
«Definition of the process parameters
«Evaluation of experiments
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Contents

1 Introduction
2 The thermal modeling tool CrysVUn

3 Application of CrysVUn in microgravity research

4 Presentation of the thermal models of LGF and SQF and

specific CrysVUn software extensions
5 Conclusions

6 Online demonstration
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Modeling of solidification processes with the TMT CrysVUn %

Physical phenomena: - Time-dep. magnetic fields
- (Laminar) convection (rotating, travelling, alternating)
- Radiative heat transfer (semitransparent media) - Alloy solidification

Working with CrysvUn: Heat transfer by conduction (anisotropic) Flow in porous media

- Inverse simulation - Resistance and inductive heating Macrosegregation

- Unstructured grids - Thermal stress Microsegregation modelling

- Easy transfer of CAD-files

- Automatic grid generation

- User-friendly graphical interface QAKEREE

AN
A
Technical details:

- Finite-volume technique

i

AV

T
A

N

PR

v
K

Yl

- Axisymmetric/2D-geometry

=
%

- Direct/indirect solvers

K7

- Unix/Windows systems

- Parallelisation of view-factor

......

computation = ) ED
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Finite Volume Technique on Unstructured Grids %

Integral form of a general conservation equation:
I LAV + j/\ccw MdS = f/\d OemdS+ [s,dv
Q Q Q Q

unsteady term convection term conduction term source term

Unstructured grid and construction of a control
volume, surrounding a vertex .

17t European Thermal &
p Fraunhofer | ... .
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Idea of Inverse Modeling %

* forward simulation: {P,} O T(x)
heater powers are given, like in experiments, problem is

mathematically well posed
ﬁ4\ | * inverse simulation :
° selection of N points {Xy, ... X}
where N temperature {9, ... 9y} are given
B .
mathematical problem:
) find the heating powers P, so that T(x,)=9, for all n (1<n<N),
S 3 this problem is mathematically ill-posed
I M N
: strategy of solution within CrysVUn
7
62 P, 2 2
n+1 1 — o ( ) — i
2 an(T(Xn) 19n) + 2 Z Pm =min
n m
weak formulation regularization
17 European Thermal & Fraunhofer . 7
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Contents %

1 Introduction
2 The thermal modeling tool CrysVUn
3 Application of CrysVUn in microgravity research

4 Presentation of the thermal models of LGF and SQF and
specific CrysVUn software extensions
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6 Online demonstration
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Application of CrysVUn in Microgravity Research | ip
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Application of CrysVUn in Microgravity Research Il

— Modeling task: Definition of process conditions for
the re-flight of ARTEX, scheduled for TEXUSA41, but now
equipped with an additional rotating magnetic field (RMF).

Example: Solidification of AISi7 including

a RMF liquid channel
formation
/N i TRy SR, i
// \ igral B = InLens
F A |
i Vi
«“///\‘\\\\X
\,f‘/,‘@) i
R
© o
S e
N axial Si
§ segregation
1S

from left to right: azimuthal flow velocity, streamlines,
segregation and liquid volume fraction

(source: IRS, DLR)
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Thermal Model of LGF

TTTTETE]
Ity

i 4 heaters in hot zone

" heater multi-layer insulation (MLI)
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| adiabatic zone
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Thermal Model of SQF

7 4 heaters in hot zone

electromagnet

Il heater multi-layer insulation (MLI)

™~

adiabatic zone

heat sink housing

ez
mmis
1158 |
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Pre-Processing SCA Models Independently from Fl Models

select appropriate Fl .

model from a list

||| —
B - generate
1 I engineering
@ model (EM)

modify pre-processed ) . @

@

SCA model or design SCA run thermal
model from the scratch analysis
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Extended Material Database in CrysVUn iy

Materials used in the Fls and test SCAs FI related materials are locked
are taken from a central material database. for the Users.
< hdaterial database Local materials:
N Mame _/ |Rrev. | stats B e / | status |
& Sepcarbdn 1.00 u;:tn:date ;I Z pﬁen u;::m:uate
& Tantalum 1.00  Up_to_date <,, | & skpcarban Up_to_date Old material
& Tantalum{Rod) 1.00  Up_to_date & Tgntalum Up_to_date .
& Tantalum(Transpa.. 1.00 Up_to_date Update all | & Thntalum{Rod) Up_to_date Vg propertIeS Used
& Tungsten 1.00  Up_to_date & Jantalum(Transpa... Up_to_date .
st : Save sl | Na/rungsten Up_to_date in a thermal
ed ‘Water Cooling
( = model are
” - I _ LozkiUniack_| (g pen : identified.
S pEN 1.00 Up_to_date & vacuum Up_to_date
/ =1 Sacuum 1.00 UE_{U_da{e 4 Delete & vacuum_opague Uz_tu_dale
Revision control Heknn
in the case of — e — |
changed material 0 p
properties.
oK | Apply Réel | Canl:ell
\
Changed material properties are displayed in the GUI.
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Conclusion and Qutlook

The TMT CrysVUn was further developed according to ESA’s software
standard PSS05-lite to fulfill the user requirements defined by ESA.

Thermal models for the FI Low Gradient Furnace (LGF) and Solidification
and Quenching Furnace (SQF) were developed according to ESA’s
software standard PSS05-lite.

The detailed validation of the thermal models is underway.
Currently, CrysVUn is applied on behalf of EADS to support the development

of the Sample-Cartridge Assemblies which shall be used by the different
European MSL users.
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Online Demonstration of CrysVUn using a VGF toymodel ip

top heater

side heater

insulation \
\\
™A
\
o

crucible |

Quick-start in CrysvVUn:
*making a forward simulation
emaking a inverse simulation
sevaluation of results
schanging the geometry

sample

J—

gas — ||

bottom ]
heater

steel vessel

17t European Thermal & Fraunhofer . . 19
ECLS Software WOI’kShOp I:ielgl:ierte Systeme und

Bauelementetechnologie




17th Thermal & ECLS Software Workshop ESA-WPP-219

Appendix O: Plant Growth Chamber Simulation using EcosimPo

Plant Growth Chamber
Simulation
using
EcosimPro

L. Ordéiiez Inda
ESA/ESTEC
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Plant Growth Chamber Simulation
using EcosimPro®

17" European Thermal and ECLS Software Workshop
Noordwijk, 21st-22"d October, 2003

Luis Ordofiez. ESA/ESTEC TOS-MCV

eSa
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Presentation Overview

1. Introduction
2. Plant Model

3. EcosimPro® model
4. Results

5. Conclusions

Luis Ordofiez. ESA/ESTEC TOS-MCV
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Introduction (1)
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v MELiISSA

» Stands for Micro-Ecological Life Support System
Alternative

MELISSA ADVANCED LOOP CONCEPT

Non Edible Parts of Higher Plants

* It is a closed ecosystem intended as a tool to
gain understanding of artificial ecosystems and to
develop new technologies for a long term manned
mission life support system

* To facilitate the study, the system is divided in
five compartments: three bacteria compartments,
the photosynthetic compartment and the crew
compartment

2
&
e

P.
/

{/ Hi lant

|/ Compartment

i
/

* The photosynthetic compartment is as well
divided in two: photo-autotrophic bacteria and
higher plants

Luis Ordofiez. ESA/ESTEC TOS-MCV

-CSa
Introduction (Il)

v' Life Support functions of plants
« CO,reduction, O, production
» Fresh food production (lowers logistics penalty)
* H,O regeneration
+ Positive influence in crew psychology
v' Draw-backs
* High power demand
« High mass and volume penalties
« Crew time intensive
To weigh the positive effects against the penalties trade-offs are

required. Multiple sources indicate plants may be favorable for
long term missions

[0 Simulations needed

= NESHEHIINIIECSD@EEISO
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Introduction (Ill) L cosimero
v EcosimPro® < —
» Multi-disciplinary simulation tool B
» User-Friendly visual environment (similar to Microsoft Visual
Studio®)
» Object oriented approach towards creating reusable libraries of
components

» Allows the simulation of a given set of algebraic equations, ODEs
and discrete events

» Avoids the need for the user to call the solvers, to order the
equations, to handle numerical problems (algebraic loops, high
index problems)

» Permits graphical modeling (drag and drop, connect components)
» Easy post-processing tool (EcoMonitor®)

Luis Ordofez. ESA/ESTEC TOS-MCV
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Plant Growth Model

* The model selected for this investigation is the Modified
Energy Cascade Model
— Itis a dynamic top level plant growth model

— It considers:

« Environmental conditions (light, CO, concentration, temperature and
relative humidity)

« Different periods in plant growth (juvenile phase, panicle initiation,
heading, grain fill, canopy closure time, time of senescence)

* Monoculture strategy
- It does not consider:
* Nutrient limitations
« Water and nutrients uptake
» Germination period of plants

Luis Ordofez. ESA/ESTEC TOS-MCV
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Model Flow
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.

-

-CO,
> production
e | <

-Biomass
Transpiration Production
Rate -H,0

Exponential production
profile APAR \

LEGEND
LAI: Leaf Area Index MLR: Multi-variable Linear Regression
CQY: Canopy Quantum Yield MPR: Multi-variable Polynomial Regression
Gs: Stomatal Conductance APAR: PPF fraction absorbed

PPF: Photosynthetic Photon Flux  Xq,: CO, Concentration

T: Temperature

Luis Ordofez. ESA/ESTEC TOS-MCV

CSA.__, . . neceeso
Light Absorption Model

» The Absorption efficiency increases with leave area and is bound by
canopy closure, which depends on the temperature of the growth
environment

Canopy Closure Time

0 100 200 300 400 500 500 700 500
Time (h)

Luis Ordofez. ESA/ESTEC TOS-MCV
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Growth model

» The growth model is based in an overall efficiency of carbon fixation. The
Canopy Quantum Yield (CQY) is defined as the ratio of carbon fixed (C-
mol) over the total light absorbed (# of photons)

= NESHEHIINIIECSD@EEISO

» CQY is calculated using a multivariable polynomial regression based on
experimental data. It depends on the total light flux (PPF) and the carbon
dioxide concentration (X.,)

Canopy Quanum Yield (%)

CQY = CQY(PPF, Xcoy) —

= 1500

500

A0 350
w5

Light Intensity (umol # m2 / s 20 4557

€02 concen tration (pprr)

Luis Ordofez. ESA/ESTEC TOS-MCV
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Transpiration Model

* The driving force for transpiration is the difference in H,O saturation vapor
pressure and H,O vapor pressure in the chamber. Hence, the transpiration rate (TR)
is given by the following equation:

TR=a [Gc alpsat _ Pvap a: Units Conversion Factor
Patm

= NESHEHIINIIECSD@EEISO

» Two conductances are defined:
* gA: Chamber aerodynamic conductance
» Gs: Canopy stomatal conductance
* gA is considered constant and does not pose a limitation on the transpiration

» Gs is a multivariable linear regression depending on carbon fixed, temperature and
relative vapor pressure difference

Global conductance [ Ge= gAIGs
gA+Gs

Luis Ordofez. ESA/ESTEC TOS-MCV - 10-
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EcosimPro® Model

In the context of the previously developed MELISSA library the
model has been adapted to EcosimPro® with the following
additional features:

* General gas phase modeling considerations: mass balance,
pressure dynamics, relative humidity

» Time events to introduce harvesting cycles and staggered culture
strategy

» Conventional control strategy (PID) to maintain optimum and
relatively constant values of CO, concentration and relative humidity

Luis Ordofez. ESA/ESTEC TOS-MCV S 11-

.o CSa
Case 1: Lettuce

* The controlled variables are maintained around the set-points of 1000ppmcg,
and 70% relative humidity

= NESHEHIINIIECSD@EEISO

P e e . » Mean production rates:
’ . Biomass: 7.24g,4,/m?/d
i O, 7.72g/m?/d
- H,O: 0.47kg/m?/d
- ; - * Mean consumption rates:
e e e o | CO,: 10.61g/m2/d
Relative Humidity vs. Time CO2 concentration vs. Time

02 Consumption Rate (mol /m2 /1)
g

Biomassvs. Time CO,production vs. Time
Luis Orddfiez. ESA/ESTEC TOS-MCV
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Case 2: Rice

* The controlled variables are maintained around the set-points of 660ppm.,

= NESHEHIINIIECS @B

and 70% relative humidity

~ » Mean production rates:
IRRVA o Biomass: 31.41g4,/m?/d
15 T O, 36.85g/m?/d
H,0: 3.50kg/m?/d
* Mean consumption rates:
o A Rr e [ CO,: 50.67g/m?/d
Relative Humidity vs. Time CO2 concentration vs. Time
£
Biomassvs. Time CO,production vs. Time

Luis Ordofez. ESA/ESTEC TOS-MCV
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Staggered vs. Non-Staggered: lettuce

T — ” 016

Time [h] Tire (b}

0
0 20 40 B0 B0 000 1200 1400 1600 1800 2000 2200 2400 200 2800 3000 0 200 400 600 00 1000 1200 1400 BOD 1800 2000 2200 2400 2600 2800 3000

O, production vs. Time. CaseN = 1 O, production vs. Time. CaseN =5

» The mean production rates are unchanged
» The instantaneous production rates fluctuate around the mean value.
[ Easier control, less buffer capabilities needed

Luis Ordofez. ESA/ESTEC TOS-MCV
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Staggered vs. Non-Staggered: rice

000 7000 8000 G000 10000 19000 12000 6000
Tire (h] Tie (H)

O, production vs. Time. CaseN = 1 O, production vs. Time. CaseN =5

» The mean production rates are unchanged
» The instantaneous production rates fluctuate around the mean value
[ Easier control, less buffer capabilities needed

Luis Ordofez. ESA/ESTEC TOS-MCV - 15-
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Conclusions

*The model is capable of simulating plant growth under variable conditions

*EcosimPro® permits the simulation of staggered culture strategy thanks to
its capability of handling discrete events

*Additional experimental data is necessary to improve and adjust the model

*Model predictions may help implementing a predictive control strategy for a
MELISSA Higher Plants Compartment

*Upon completion of data collection for the remaining candidate crops
(tomato, potato, soybean, spinach, onion and wheat), the model will allow
sizing the MELISSA Higher Plant Compartment

Luis Ordofez. ESA/ESTEC TOS-MCV - 16-
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Appendix P: Thermal and fluid analysis of the Mice Drawer System

Thermal and fluid analysis of the
air cooling/conditioning system
on board the
Mice Drawer System facility

A. Sgambati
Laben
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Thermal and fluid dynamic analysis of the
air cooling/conditioning on board of MDS
(Mice Drawer System) facility

C(B|A Centro Biotecnologie Avanzate
®
AlB|C Advanced Biotechnology Center ESTEC 2 1'22 OCt 2003
LABEN > G
a Finmeccanica Company ! . \ J‘A - 1 L
1 Gravity Group — o

MICE DRAWER SYSTEM

 MDS main features:
— Facility dedicated to experiment on mice strains

— able to host till 8 grouped mice or 6 individually

— able to delivery dedicated quantity of food and liquids

— able to supply air flow for mice well being

— able to manage mice waste

— able to sustain experiment phase for 100 days
ESTEC 21-22 Oct. 2003
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MICE DRAWER SYSTEM

e MDS main features:

— Double Middeck Locker replacement payload

— able to interface Middeck during on orbit transportation

— able to interface Express rack in US lab on orbit

— able to interface crew for maintenance

— able to minimise crew time w.r.t. animal needs

ESTEC 21-22 Oct. 2003
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MDS

e Mice Chamber (MC)

« Air Conditioning Subsystem (ACS)
» Food Delivery Subsystem (FDS)

e lllumination Subsystem (ILS)

e Liquid Handling Subsystem (LHS)
» Observation Subsystem (OSS)

« Payload Control Unit (PCU)

» External Container
ESTEC 21-22 Oct. 2003
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EXTERNAL CONTAINER

» The principal structural part of MDS is the External Container that supports all
the subsystems and it's packaged with Pyrell Foam and inserted into DMDL

*Nodalization of EC and DMDL box
*GL conductors with Pyrell foam

*The model is defined into elemuser.dat
sand called by main programm

ESTEC 21-22 Oct. 2003
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VIEW INSIDE EXTERNAL CONTAINER

» Three separated zones are
present inside MDS:

— Habitat volume

— Avionics volume with
electronic box, LHS, etc.

— The zone connected to the
AAA.

Right Panel

Habitat Volume

] Front Panel

Avionics Volume

m-=»rv Oro0

Habitat Volume

Volume Connected
to the AAA Left Panel

ESTEC 21-22 Oct. 2003
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HABITAT VOLUME :Life Air ‘Support Loop

HEAT SINK AND

TEC RADIAL FAN

WASTE FILTER

AIR DIFFUSER
ESTEC 21-22 Oct. 2003
jo]
LABEMN DA ‘@il
u Gravity Group e g~
HABITAT VOLUME: Life ‘Air Support Loop P/L-ISS
‘ OUT _ISS

FRONT PANEL

<4mmmm |\ |SS

TEC

ESTEC 21-22 Oct. 2003
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o

7000
TEC_COLDSIDE O

HEAT SINK

70
@ Q/
O
100 101

ISSCABIN IN

@2

ﬂ

8000
HEPA FILTER

TEC LD SIDE
4 f C_COLD S|
HEAT SINK
%
A

6 @ 200
O @)
——> Pe—] 25 201

LIFE AIR SUPPORT NETWORK

Elemuser contains the fluid network

to simulate the life air support loop

in each habitat.

*Fan is defined using mass source/sink
*The pressure drop into the waste filter
and pre-filter is defined using GP link

— —
’ sHeat exchanger is connected to air loop
8O thanks a GL =eff*S*hc
5 o «Tec cold side is connected to HX by
- 1 °11 S linear conductance GL with thermal
“i grease characteristics and assembly by
== torlon screws
lm *Nodes:2-1 represents the boundary
! (Type R) of ISS Cabin conditions.
— ESTEC 21-22 Oct. 2003
O
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« HYBRID COLD PLATE

Cold Plate model:

*Coldplate of FHTS element
*Definition of parameters of
discretization and all inputs about
material property and flowrate.
sLinear conductive link between
heat load and plate thermal nodes
*The cold plate is fixed by screws
to the rear EC, but there is a
thermal decoupling by insulating
material

ESTEC 21-22 Oct. 2003
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COLD PLATE ELEMENT

(@) (@) (0} ()
° p° i ® Thermal node
) e P o © 9 o e Fluid node
(@) @ @ 15}
) Each cold plate element is modelled as 2D
plate containing a U-shaped fluid tube.
Capability to specify discrete heat source
corresponding to thermal nodal within the plate
ESTEC 21-22 Oct. 2003
LABEN A%
M !

VOLUME CONNECTED TO THE AAA

* In this volume there are the cooling ribs and four axial fans.

_|Heat sink is modelled
using a conductive and
convective GL and M
for flowrate through the
fins.

_\\l_
o

- —

The Avionics fans suck up
the air from the Avionics Bay

ESTEC 21-22 Oct. 2003
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* PAYLOAD CONTROL UNIT

\7 «Semplified model for each
board (1 node)

Link between the board
and box using experimental
value of GL conductors
*Link between PCU-Cold
Plate nodes

output

g . | MaxT for all boards
- - *Sides’ temperature of the
S box

ESTEC 21-22 Oct. 2003
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*Thermal Design

«Survival operational mode

- Life Air Support Loop

-Avioncs Air Loop ( supplied by Avionics Air Assembly)

*Experimental operational mode
- Life Air Support Loop
-Moderate temperature water Loop ( supplied by ISS)

ESTEC 21-22 Oct. 2003
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Survival operational mode

All subsystem are turned off, except:
-4 radial fans for the air recirculation in mice volume
-radial fan for the air blowing to the ISS
-12 TEC
-ILS (electrical power reduced to 50%)
*Cooling system is AAA

Experimental operational mode

All subsystem are turned on

*Cooling system is MTL ESTEC 21-22 Oct. 2003
LABEN > “@Qul
Mg G AL P

THERMAL ANALYSIS

THERMAL REQUIREMENTS

The facility has to withstand the following thermal requirements:

* The maximum return temperature from the payload to the MTL shall be less than
48.9°C

* The maximum return temperature from the payload to the AAA shall be less than
48.9°C

* The pressure drop between the inlet and outlet QDs of payload utilizing MTL shall
be 19.3 + 1.03 KPa at the desiderate flow rate

* The MDS habitat air temperature shall be kept between 25 - 30°C

ESTEC 21-22 Oct. 2003
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THERMAL MATHEMATICAL MODEL

BOUNDARY CONDITION

Survival mode:

AAA flow rate 750 I/min

AAA pressure 101 KPa

AAA temperature (worst case) 29.4°C

ISS Cabin Pressure 104.8 KPa

ISS Cabin temperature 28°C

AIr recirculation into mice chambers volume 480 I/min

Air blowing to the ISS 17 l/min

MDL Temperature 35°C

ESTEC 21-22 Oct. 2003
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Experimental mode:

Water coolant flow rate

Water pressure

Water temperature (worst case)
ISS Cabin Pressure

ISS Cabin temperature

Air recirculation into mice chambers volume

Air blowing to the ISS
MDL Temperature

100 Ibm/hr
834 KPa
23°C

104.8 KPa
28°C
480 I/min
17 I/min
40 °C

ESTEC 21-22 Oct. 2003
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Thermal budget

Survival operational mode

*T mice =29°C - TMDL=35°C

HEAT LOAD
HABITAT +TEC

63.6 W

+15% = 73 W

PCU + ILB + %2
RADIAL FAN

39 W

+15% == 45W

TOTAL HEAT LOAD -
dissipated into the
cold plate

118 W

ESTEC 21-22 Oct. 2003
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AAA Fans (their
contribut is on
the AA in output)

12 W

15% mmp 13.8

% Radial Fan +
LED (Front
panel)

6.4 W

+15% =) 7.4

TOTAL HEAT -
LOAD
dissipated out of
the cold plate

21.2 W

THERMAL BUDGET =139 W

ESTEC 21-22 Oct. 2003
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Experimental operational mode
*T mice =25°C - TMDL=40°C

HABITAT 118 W
HEAT LOAD AND TEC

PCU 43 W
OSS-LHS /W

TOTAL HEAT LOAD 166 W
Dissipated into the CP

ESTEC 21-22 Oct. 2003

)
_LElS 1o AP @l
U Gravity Group - ogmrtz'acfigﬁgmle
RADIAL FAN 5W

P/L to ISS CABIN
LED ON THE FRONT 1W
PANEL
TOTAL HEAT LOAD 6 W
Dissipated out of the
cold plate

THERMAL BUDGET =172 W

ESTEC 21-22 Oct. 2003
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Avionicsfans

HEAT FLUX PATH

Avionicsair path

Q habitat

Debristrap ,
S _ AAA
Q|TEC

|_©jQ| )
Diffusers = >

S

Diffusers

Upstream filterg

1 !

11

Upstream filterg

FRRRaay

Mice cages " Mice cages
/ Waste filters Qfan/21 Waste filters ﬂ
/ Odour filter — ” odour filter A
I HEPA. I | ‘
II ouT ! HIEPA \
ODOUR \
/ leed air f ©|C> ‘
Bleed s
Qpar/2 arfen Vo Qparl2

ESTEC 21-22 Oct. 2003
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MAIN

SUBMODEL DMDL
EXTERNAL CONTAINER

\ SUBMODEL RAMOSX SUBMODEL RAMODX \

FUNCTION PELT (DT(TEC),Q LIFE ZONE, TEC COMPONENTS)
heat load TEC

*FLOW CHART
The main sub_models are:

*Sub_model EC/DMDL
*Sub _model ramosx
*Sub_model ramodx
*Sub_model Coldplate

SUBMODEL LHU SUB MODEL PCU

*Sub_model PCU

SUBMODEL COLD PLATE
FLOW RATE =0
FLOW RATE =100 Ibm/h

IF FLOW RATE =0 lbm/h

*Sub_model LHS
*Sub _model OSS Module

HEAT SINK MODEL
AAA BOUNDARY CONDITIONS

CALL FLTNSS

call OUTPUT

ESTEC 21-22 Oct. 2003
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Parameters and function for simulation

» Main contains the links between all subsystems in

elemuser.dat and calls Elemsys.dat (coldplate) and solver

routine

* Elemuser.dat contains the subsystem submodel

(PCU,LHS,0OSS,HABITAT,EC,DMDL)

» GP allows to define the concentrate pressure drop in the
filter ,pipes and QDs

» Mass source/sink define the fans
e Peltier function simulates the real TECs behaviour and

power
ESTEC 21-22 Oct. 2003
LABEN ¥
a Finmeccanica Company _M‘—"A @I>
1 Gravity Group — g~
RESULTS
*SURVIVAL
LOCATION NODES T [°C] P [Pa]
AAA_OUT 600 37.5 101288
Mice 7 29 104691
chambers
Fan_Out_ISS [201 443 104800
Cabin
PCU 1021-1044... 39
6021-6044

ESTEC 21-22 Oct. 2003




LABEN =
a Finmeccanica Company _M ‘J‘A @ I
1 Gravity Group — g~
RESULTS
EXPERIMENTAL

LOCATION NODES T [°C] P [Pa]
MTL_OUT 800100 26.5 821487
Mice 7 25 104692
chambers
Fan_Out_ISS |201 44 .3 104800
Cabin
PCU 1021-1044... 29
$Platel 6021-6044
LHS 1018-1045 27
$Plate2

ESTEC 21-22 Oct. 2003

CONCLUSIONS

 Flexibility of the model management
« Capability to simulate the mission profile

« Easiness to change parameters of main thermal
components (Fan choice,Hx efficiency,cold plate
performance)

 Advanced simulation of TEC behaviour

ESTEC 21-22 Oct. 2003
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Appendix Q: Thermal Aspects of Operationson a Comet Surface

Thermal Aspects
of
Long Term Operations
ona
Comet Surface

HP. Schmidt
DLR
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ROSETTA LANDER

Thermal Aspects of
Long Term Operations
on a Comet Surface

ESATAN
a simulation tool for experiment timeline optimisation

HP. Schmidt, DLR

canr & F Gesa @ - < Kl ME - RAL S &

S

Introduction

« Aim of Rosetta Lander:
— In situ investigation of physical and chemical properties of a comet
nucleus during the approach of the comet to the sun
» Heliocentric distance: 3 to 1.x AU
» Duration: about 6 months
» Target: Comet 67P / Churyumov-Gerasimenko
* Launch: Feb-2004
* Landing: Nov-2014

2 Seventeenth European Thermal &ECLS Software Workshop / ESTEC
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ROSETTA LANDER

3 Seventeenth European Thermal &ECLS Software Workshop / ESTEC
T
Fact Sheet
Comet 67P / Churyomov-Gerasimenko
Perihelion 1.3 AU
Aphelion 5.7 AU
Orbital period 6.57 years
Radius of nucleus (evaluated from HST observation, 1980 m
March 2003) *)
Rotational period (evaluated from HST observation, 12.7 h
March 2003) *)
Albedo 0.04
Thermal emissivity 0.94

*) DPS (Division of Planetary Science) 35the Mtg, Sept 2003, Ames, Moffett Field, Cal

4 Seventeenth European Thermal &ECLS Software Workshop / ESTEC
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ROSETTA LANDER

Nucleus of 67P / Churyumov-Gerasimenko

based on HST Observations

Courtesy ESA

5 Seventeenth European Thermal &ECLS Software Workshop / ESTEC

/—\.\
ROSETTA LANDER

* Problem:
— Low energy availability for long term operations on comet surface

95

Energy [Wh]

a0

a5

a0

75

Energy of Solar Generator per Comet day

Heliocentric Distance [AU]

30 29 28 27 26 25 24 23 22

* Request:

— About 9 W only for basic subsystems (power control, command
and data management, telecom system) operations

6 Seventeenth European Thermal &ECLS Software Workshop / ESTEC




« Conclusion:
— Continuous operations impossible

 Consequences

— Interruption of operations results in cooling down of Lander warm
(electronics) compartment in particular during comet night

— Wake-up and active temperature control requested, when power
available again, before resuming operations
» Basic plan for long term operations

— Phases of some days used for energy collection in sec battery
followed by

— Phases of experiment execution

7 Seventeenth European Thermal &ECLS Software Workshop / ESTEC

e Thermal constraints

— Lander operations possible, when compartment temperature
above —45°C

— Battery recharging possible, when battery temperature above
Lower Limit of Charge (LLC =0°C)

— Battery discharging possible, when battery temperature above —
30°C

» Thermal Control has a major impact on long term
operations

8 Seventeenth European Thermal &ECLS Software Workshop / ESTEC




Key Issues Thermal Control

» 3 independent control mechanisms

— Hibernation Heater System

» Activated by Orbiter during Lander and Orbiter hibernation in cruise
phase

* Hot redundant system
— Thermal Control Unit
» Active, when Lander is active
» Cold redundant units for heater control and temperature monitoring
— Wake-up Heater System in Combination with Power Enough Mode
» Controlled by thermostat and Bus Voltage measurement

» Active during cruise and on Comet, when Lander temperature below
—47.5°C or electrical power not sufficient to operate Lander

9 Seventeenth European Thermal &ECLS Software Workshop / ESTEC

Thermal Control Unit - TCU

» Operational Constraints

— PSS and CDMS operating, i.e. about 6 W electrical power
requested

— Ops power request : about 130 mW per TCU unit (heater power
excluded)

— Main or/and redundant

e Tasks

— Temperature monitoring (31 temperature sensors per TCU unit,
most redundant)

— Heating of compartment (6 individually controlled heater units per
TCU unit, redundant)

— Heater current monitoring

10 Seventeenth European Thermal &ECLS Software Workshop / ESTEC




TCU continued

Heater supply power (28V main bus) provided for each TCU on 3
lines for
— Compartment heaters (4*2 W for each TCU)
— Heater in primary battery (2.6 W for each TCU)
— Heater in secondary battery (2.4 W for each TCU)
* Power is en/disabled by nominal CDMS/PSS ground TC
« Control of individual heaters is en/disabled by nominal TCS ground
TC
» Heating control according set-point (hominal)
— Common set-point for

» Compartment heaters (Group A)
» Battery heaters (Group B)

— Set-point (—40°C default) may be updated individually for each group by
nominal TCS ground TC

11 Seventeenth European Thermal &ECLS Software Workshop / ESTEC

Wake-up Heater System

in Combination with Power Enough Mode

» Active when
— temperature of PSS electronics below —-45°C/-51°C
or
— Bus Voltage <18.5V

» Available Power
» generated per solar generator (on comet)
or
» provided by Orbiter (during cruise)

dissipated in ,wake-up“ heater

12 Seventeenth European Thermal &ECLS Software Workshop / ESTEC




ROSETTA LANDER

Wake-up Heater System continued

No
T22150-CGUP 7

Lander i wake-up phass
Cold guard thermostat in
cel” peation No ESBATT » ESBATTM

and
TBATT > TBATHD.

Pdiss purstack = 0,347 W
P diss yebox_wall = 2 466 W
P diss pyrobox = Pel-3413

Pdiss pwrstack = Pel'0.2775
P diss yebox_wall =P el*0 7225

13 Seventeenth European Thermal &ECLS Software Workshop / ESTEC

ROSETTA LANDER

Implementation into ESATAN Model

SINITIAL
Define Comet / Lander parameter
Rotation period
Co-ordinates of landing point
Local time of landing
Read: Start conditions
Actual time
Heliocentric distance
Actual energy in secondary battery
Temperature start vector

$VARIABLES1
AU = AU(t)
Comet_surface_temperature= f(t)
Thermal_power_input(t)
Solar_generator_output(t,T)
Control operations
Lander operating QI=f(t)
hibernating/wake-up QR=f(t)
battery heating / no heating  QR=f(t,T)

A battery charge / discharge Qelec=f(T,P)
$EXECUTION <> QI=f(T,P)
Define operations mode <+»| $VARIABLES?2
Update energy content of secondary battery
CALL SLFRWD
$OUTPUT
>

Store /print AU, T,QIl,QR,Qelec,E_sec_batt

14 Seventeenth European Thermal &ECLS Software Workshop / ESTEC
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Thermal Analyses

« Long term operations

— Start after completion of ,First Science Sequence”

» Started immediately after landing at
- 3AU

Near equator,

Lander Z-axis to Zenith

Lander X-axis to South

Landing time 4:30 (Comet time)

» Duration 60 hrs
» High power dissipation (power provided by primary battery)
» Average compartment temperature at about 25°C

— Primary battery exhausted

— Operations rely on electrical power generated by solar generator,
supported by secondary battery

— Only basic subsystems (PSS, CDMS, Telecom in receiving mode) active
» Activated Thermal Control Units (only control of heater in secondary
battery enabled) optional
— Transient analyses executed for 210 Comet days (2520 h)

15 Seventeenth European Thermal &ECLS Software Workshop / ESTEC
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ROSETTA | LANDER

Thermal Analyses continued

PSS,CDMS Both TCUs One TCU
Tel Heater in Sec Battery Heater in Sec Battery
elecom enabled enabled
1.1 continuously continuously
1.2 continuousl only during
) y daytime

2.1 continuously continuously

only during

2.2 continuously daytime

23 only during only during
) daytime daytime

3 continuously continuously

16 Seventeenth European Thermal &ECLS Software Workshop / ESTEC




ROSETTA LANDER
Expected Solar Generator Power
25
Cormet day 1
— — average @ Comet day 1
Carmet day 210
— — average @ Comet day 210
20 4
Hoon Sunset Midnight Sunrise
15

Power (W)

Time (h)

* In first order independent of operational option

17 Seventeenth European Thermal &ECLS Software Workshop / ESTEC

ROSETIA LANDER
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T e
Duration of operational Phases
per Comet day
10-% —opt 1.1
t i
Time [Comet days]

o 10 20 30 40 50 60 0 a0 90 100 110 120 130 140 150 160 170 180 190 200 210

19 Seventeenth European Thermal &ECLS Software Workshop / ESTEC
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ROSETTA LANDER
200
180
160 ~ —opt 1.1
—opt 1.2
140 —opt2.1
opt2.2
120 - —opt23
g i —opt3
= 100
= i
=
2 1
80
i
60 I
|
40 4 |
| 1
20 . “'._ /
e Time (Comet days)
1} T T T T T T T T T T T T T T T T T T
I} 10 20 30 40 a0 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210
20
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Conclusions

 Rosetta Lander

— On the basis of the analytical results the following
recommendation for long term operations is derived

» Schedule phases of energy collection followed by phases of
experiment execution (high power consumption)

* Inhibit night operations during phases of energy collection

« Thermal Analyser S/W
— Esatan is an adequate tool to simulate thermal conditions of S/C
operations
— Esatan allows the implementation of relative complex operational
constraints for transient analysis

21 Seventeenth European Thermal &ECLS Software Workshop / ESTEC
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Appendix R: Accessto ESA funded developments

Accessto ESA funded developments

O. Pin
ESA/ESTEC
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Access 1o ESA funded developmenits

Olivier Pin
ESA/ESTEC D/TOS-MCV
17th European Thermal and ECLS Software Workshop
&
cesa-=ll===ﬂ;lll IES@msEIza 21_22 OCtOber2003
Mechanical Engineering Department
Thermal and Structures Division Sheet 1

ITTs for Space Thermal Engineering
Tools

» Reminder: All* new developments are supported by Open Tenders,
openly published at
— Therewere currently 2 ITTs open:
» Thermal Concept Design Tool
« ESATAP

» Wedo not advertise new ITTsviamailing listsin order to promote
fair competition. It is up to you to look for business opportunities.

— For example, al companies who had questions are already registered on EMITS
and have the same level of information as any other bidder.

*  Except when direct negotiation is justified, and thisis rarely the case (used for existing
products, very short time frame, etc)

17th European Thermal and ECLS Software Workshop
Eesa

- TEHIIINED@mEsEIZn 21_22 OCtObel’2003
Mechanical Engineering Department
Thermal and Structures Division Sheet 2




TOS-MCV “planned’” R&D
(GSP, TRP, GSTP)

* Preliminary comment: as indicated by Hans Peter, the work on
harmonisation/OSS is pretty much at the feasibility stage. So far:
— One contract has been awarded
— Within the frame of GSP
— Does not affect our support for other tools, e.g. ESARAD/ESATAN

* TRP 2004-2004 and GSTP-4 are in preparation
— Usersand ESA projects have been consulted
— 17 TOS-MCV proposals (4 linked to harmonisation)
— Mgjority are GSTP
— Waiting for TRP/GSTP board decision
— Do not yet know which activities will be endorsed

@ esa 17th European Thermal and ECLS Software Workshop
- TEHIIINED@mEsEIZn 21_22 OCtOberZOOS

Mechanical Engineering Department

Thermal and Structures Division Sheet 3

TOS-MCV Mailing Lists

o Usedfor:
- ICES
— Workshop
— TASverter
— Harmonisation
o Approximately 200 e-mail addresses
— Participants of previous workshops
— People who replied to the harmonisation user survey, etc.
— Includes 3 people from one of the companies with questions for example

 If youwould like to be on our mailing list, please let us know!

@ esa 17th European Thermal and ECLS Software Workshop
- TEHIIINED@mEsEIZn 21_22 OCtOberZOOS

Mechanical Engineering Department

Thermal and Structures Division Sheet 4
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Appendix S HDF5 and STEP/NRF database for SINDA/G

HDF5 and STEP/NRF
database
for
SINDA/G

R. Behee
Network Analysis
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INDA/G"

, by Network Analysis, Inc.

HDF5 and STEP/NRF Database for
SINDA/G

October 22st, 2003

Ron Behee
Network AnalysisInc

ISINDA_G

?M’VSNHYQA/G Why NAI Chose HDF5

» Widely used for scientific data

* Proposed database for STEP/NRF
e Public domain from NCSA

e (Good user documentation

« Efficient, flexible and compact binary storage
format

» Cross platform compatible
 API's based on C, Fortran and Java




INDA/G" Why NAl is Implementing a SINDA/G
\ by Network Analvsie. Ine: Database based on HDF5 and STEP/NRF

« Simplifies interface to multiple FE systems

* Needed for “Next Generation” SINDA/G that is currently
being designed

* Provides powerful post processing capability

= | STEP/NRF - Network thermal model and results
ISINDA G

FEA and Shape data (geometric)

by .{jylk%%/g STEP/NRF — Proposed by ESA

A

?

Can AP209 STEP FE data be
stored in this data model, or will
we need to create our own
structure?

Central NRF data structure is the ‘data
cube’

- each element of the cube is a scalar,
vector or tensor property for a specific
(item, quantity, state)

- state quantity is normally time or
frequency




<’W"_§ NHYQA/G SINDA/DB Schema

* FEA data structures
— Element, Node, Property, Load
— Shapes
— Materials-specific Coordinate Systems
— Coating for Radiation Loads
— Fluid for Convection Loads
— Function dependant values

» SINDA Model/Sub-model hierarchy

 Results
— SINDA/G Results

— Ability to import results from other sources (i.e. test or computed data
from another code

M!IYQI%/C.; Need for Finite Element Database

SINDNG Plug-in

SINDA/G
Thermal Analyzer

FEA Interface to _
all Popular Codes i/llm(;e IEéeT;nt
oae ullaer
- Patran ' FE to SG & Radiation i
- FEMAP Translator ;
- 3G.Author i
CAD Interface to / - ANSYS S\ :
all Popular

Systems

all Popular Codes

) Radiation/Orbital Heating to
Open Interface Design




A by .{lylk%%/q SINDA/G for Patran

Model is independent of the radiation code

=1=]x]
Ele Group Viewport Viewing Display Preferences Tools t (A
LREEBbAR]FEG o[RS0 8E B - G e e[ ] ]
"'@;rx&aua(@'@@n
Geom Eleme... Loads/... Materials Proper... Load Fields | Analysis Results Insight XY Plot
wport - default_group - Entity e
SINDA/G - Network Analysisinc =]
MSC.Patran 2001 13 09-Jul-03 09:09:08 0 Radiation Solver Setup
Fringe: try_enclosure333, steady state: Tempgerature, Nodal-(NON-LAYERED) 7.64+001
= Radiation Constant Setup
6.23+001 Stefan Bolzmann Constant
SIGMA 5670E-008

Offset Temperature

TMPZRO 27315

Orbital Time Scale Factor
I=Hour, BO=Minte, 3600=Sacond
'3§6803 ’ TIMESCALE[10

00s003 - Winimum Element RADK Term

8 +g(]3 e MINRADK |1.000E-006
+00: e = |

5903 2 Radiation Gption Setup
™ Reduced Rark Allacation Method
¥ Use Space Nods

© Space Temp € Space Node
Specifying Templ-273.14999

Space [ode fio [0

i
(&

¥ Select Radiation Solver

TRASYS
THERMICA

NEVADA (Default)

602543, 1.453460 ) 1SS
=l |
Radiation Sclver Setup <]

For Help, press F1 lcap um | 4

by .{lylk%%/q SINDA/G for FEMAP

\

Model is independent of the radiation code

Unlitled - SINDA/G Modeler [CF1=]
File Took Geomety Model Mesh Modfy List Delete Group Wiew Help

G| «lse][+] +[B|D]D ¢| Elr|ol=| P +x| @] @2l

Radiaton Solver Setup [ x]

Problem Name | oK I
Stefan Boltzrann Corstart [5.6700E-02 - Select Radiation Solver; Caneal
 IRASYS
Dffset Temperatue  [273.150 & THERHMI

~ THERMICA Orbital Ervironment

— Space Node fambient enclosure)-

B =l [ Rk |8

¥ Liss Spaces Hods Solar Flus 1380,0000
& Space Temp  SpaveMode Mo | | piaperar, Albade | T
Specilying Temp, 273150 Flanet Blackbody -19.00
- THERMICA, - THERMICA
I Reuse esisting result (f avalable] 5|
I~ Orbitsl Dption .l
I fisioive i sl a

i
) THERMICA VF raps
Radial

THERMICA fus rays

]
Aial ! Energy cutaff lsvel
! ]

Angular

Mesh for axisymmetic elements

Corfidence level (%)

GRID closure tolerance

Orbital time scale factar 10 THERMICA planet
[1=hr, BO=rnitr. 3600=22c] RS
r

Discard element RADK
I™ Restart Option

terms smaller than

[Fiop'0 L2 [Con:0 [Gip 0 [




2 INDA/G" Use of HDFS5 File for FE Model Builder
by Network Analysis, Inc. Interface

R
FE database based
on HDF5
SINDA/G Analyzer

Radiation Solver

[ INDA/G"

oy neowork anaivais, me. SJINDA/G FE Database Implementation

Using existing HDF5 libraries
Languages

— C/C++

— Fortran 95

ANSYS, FEMAP & Patran file readers
Planned release by 2004 Q1




2 INDA/G" Why NAl is Implementing a SINDA/G
: by Network Analvsie. Ine: Database based on HDF5 and STEP/NRF

* Needed for “Next Generation” SINDA/G that is currently
being designed

* Provides powerful post processing capability

E | Network thermal model and results
ISINDA G

= FEA and Shape data (geometric)
IGeometry

¥

A ®
M{NQI%/G SINDA/G use of HDF5 Database

S T e

SINDA/G HDF5 Database

» Preprocessed SINDA/G models

» All SINDA/G model data (STEP-NRF) <+
* Results (STEP-NRF)

\¥/—/




M(’y{?’ﬂ/c.; ltems Needed to be Stored in Database

* Preprocessed SINDA models.

» SINDA/G Model in STEP/NRF format to facilitate model
exchange.
— Data Blocks
— Operation Blocks

« SINDA/G Results (time dependent)

— Temperatures, conductor values, heat flows
capacitance values

— Results from radiation codes — fluxes, REF, VF
— Test results or results from other codes

)*NVSHYDA/G SINDA/G Data Objects

: F & M statements in Operations Blocks that
* Network Objects difficult to store in a non-proprietary manner
— Node
— Conductor Possible Solutions
— Source . .
B . » Use option codes in the data blocks to
minimize function and subroutine calls
— Arrays
o Operation Objects » Develop a common language that
Mai N encompasses all features of the various
— Main SINDA’s and ESATAN. Encourage
— Execution developers to implement this in future
— Variable 2 > _
_ aulamifie * Translate all Fortran into a pseudo
0 language that can be translated back to
— Output various codes using their unique function
- and subroutine names.




Z ®
INDA/G Post Processing of STEP/NRF data

by Network Analysis, Inc.

Want to change the way people look at thermal data from SINDA.

» Don’t decide before the run what you want printed out.
* Plots and tables are attached to the database and automatically

updated after the run.

* Plotting
 Tables

« Data reduction
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GOCE
Thermo-Elastic Distortion
Analysis

L. Wemer
EADS-ASTRIUM
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EADS

ASTRIUM

GOCE
Thermo-Elastic Distortion Analysis

22.10.2003

Lars Weimer
EADS Astrium GmbH
D-88039 Friedrichshafen

Seite 1

)
DB
. : : DS
GOCE - Thermo-Elastic Distortion Analysis RQRRum

Content

« GOCE Mission

« Analysis Approach

« Mechanical and Thermal Model and Analysis
« Results

Summary
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GOCE - Thermo-Elastic Distortion Analysis ASTRIUM

GOCE Mission - Objectives

-> Provide global and regional models of the earth’s gravity field with

high spatial resolution and high accuracy

Measurement Techniques used:

Satellite gravity gradiometry - SGG - technique (gravity gradient
tensor by Gradiometer (EGG))

Orbit determination by satellite-to-satellite tracking (SST) with
GPS and GLONASS and

Laser Ranging

Seite 3
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GOCE - Thermo-Elastic Distortion Analysis ASTRIUM

GOCE Mission - Requirements

Stringent requirements for GOCE Platform induced thermal
distortions in time and frequency domain cover:

- Self-gravity acceleration

- C.0.M. stability

- Instrument alignment
MBW: 0.005 Hz to 0.1 Hz

Thermo-Elastic Distortion Analysis to demonstrate that the
requirements are not violated for all measurement phases
(incorporates detailed thermal and structure analysis)

Main distortion sources: time-dependent external heat loads (orbit
height = 240-270 km) and internal dissipation of units and thrusters

Seite 4
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GOCE - Thermo-Elastic Distortion Analysis ASTRIUM

Analysis Approach - Common Approach

Mapping
Finite Element Model «@—— Thermal Mathematical M odel
(FEM) (TMM)

Translation, Rotation

l

Self-Gravity, C.0.M. stability, alignment

- Time for load case runs and re-runs
- Amount of output data/postprocessing

- Amount of data exchange between TMM and FEM (mapping)

Seite 5
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GOCE - Thermo-Elastic Distortion Analysis ASTRIUM
Analysis Approach — GOCE PFM Approach
Finite Element Model Thermal Mathematical Model
(FEM) (TMM)
Unit Load Case Results Temperature Arrays

Self-Gravity, C.0.M. stability, alignment

+ reduced amount of output data - rapid identification of main
distortion sources and design improvements

+ reduced computation time, quick re-analysis, variations and
sensitivity analyses possible

+ re-analysis without new FEM analysis

o linearization error for self-gravity computations small

Seite 6
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Analysis Approach — GOCE PFM Approach

FEM (MSC/Nastran):
» GOCE platform divided into 88 thermal areas
« The thermal areas define the unit load cases

- Starting from a temperature of 20°C for the whole S/C, the
temperature of all FE Model nodes of one thermal area is increased
by 1°C (remaining FE Model nodes still at 20°C)

« All the required instrument alignment, C.0.M. and self gravity data
Is calculated per unit load case

« This step is repeated for all unit load cases (thermal areas)

Seite 7

)

RE
N : : EADS
GOCE - Thermo-Elastic Distortion Analysis ASTRIUM

Analysis Approach — GOCE PFM Approach

TMM (ESATAN V 8.7, ESARAD V4.2):

- Computation of transient temperatures for the 88 thermal areas for
all time steps

« All temperatures with respect to 20°C (undisturbed)

Computation of total distortions for each time step
(MS Excel, Mathematica V4.2):

« Multiplication of unit load case results and temperatures (super
positioning) - results in time domain

« Fourier transformation afterwards - results in frequency domain
(power spectral density - PSD)

Seite 8
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GOCE - Thermo-Elastic Distortion Analysis
Mechanical and Thermal Model and Analysis

The unit load case results are multiplied with the
in-orbit temperatures, calculated with the TMM by
using the principle of superposition

Floor 7pX
LC3650

Floor 6pX  Floor 5pX
LC3550  LC3450
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LC40000
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Floor 1pX
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Xenon Transp 1
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MTofquer 3 PXFA
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)

EADS

ASTRIUM

GOCE - Thermo-Elastic Distortion Analysis
Mechanical and Thermal Model and Analysis
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.9295383606E-10|-8.1044716273E-09|-9.3657207478E-09

-1.7509160973E-08|-1.1105508006E-08

9076172623E-09(-2.2125240715E-08|-1.4961697966E-08

8667657530E-07

4432586857E-07

2545831229E-08|-3.3663528150E-08

2077259350E-07| 3.4830347968E-07

0148420464E-08| 7.4979953208E-08

8415715892E-09(-3.7384855428E-09

5893007650E-09| 2.5161050589E-08

A4749155112E-08)-4.9036693799E-08

9290055225E-07| 4.0962574000E-07

6413425651E-07| 1.8325968256E-07

1701141282E-09|-1.3388898488E-08

8764546377E-08] 1.3532339641E-07

8500048200E-08 7.1825415137E-08

6628238642E-09(-3.9634244999E-09

Unit load case count
Unit load case no.
Unit load case description Basic Launcher I/F Ring | Launcher I/F Ring
1 GASRF - SSARF 1 phi-xi [ra 0] 2.0450179579E-09]-1.4789500570E-09
phi-yi [ra 0] 1.4721318705E-09]-1.1449934390E-09] §
phi-zi [ra 0] 2.6024812443E-10] 4.8060144420E-10]-8.4465606150E-09
2 GASRF - SSARF 2 phi-xi [ra 0] 1.8981965241E-09]-1.3824049455E-09] 1
phi-yi [ra 0] 1.4673246385E-09]-1.1424602507E-09] S
phi-zi [ra 0] 2.5958083233E-10
3 GASRF - SSARF 3 phi-xi [ra 0]-1.0728666226E-10
phi-yi [ra ]
phi-zi [ra 0]-3.2646073895E-10
4 GASRF - SARF phi-xi [ra 0]-2.5743256470E-09
phi-yi [ra 0] 2.7638708409E-08|-2.5737705421E-08| 1.7840012717E-07
phi-zi [ra 0]-3.5159165961E-08| 3.8763968453E-08(-3.7684338597E-07 |
5 GASRF - GRF phi-xi [ra 0]-1.2301600788E-10)
phi-yi [ra 0] 1.8805552084E-10]-2.0721312731E-10
phi-zi [ra 0]-9.5468844183E-10]
6 GASRF - GARF phi-xi [ra 0]-6.1306692827E-06] 5.0379672508E-06]-4.0458430205E-06]-1.4130023329E-07
phi-yi [ra 0] 9.2223273830E-07 4.2069688315E-07
phi-zi [ra 0] 3.7238262550E- 610583121E-05| 1.0506284211E-06
7 GASRF - MTA -X-Y-Z _|phixi [ra 0]-3.2152642739E-07| 6.5288479329E-07
phi-yi [ra -2.8256988549E
phi-zi [ra 4778127199E-06] 6.3306277666E-07
8 GASRF - MTA +X+Y+Z |phi-xi [ra 4.7938048305E-10]-4.8995452572E-10
phi-yi [ra 5557400299E-10|-1.1065694081E-09]-1.1170631120E-09| 4.9037693967E-08|
phi-zi [ra -3.3377565687E-10| 1.38985311501
9 GASRF - ITA +Z phi-xi [ra -5.6065490868E-09| 5.8197352369E-09]-¢
phi-yi [ra 7653220094E-07| 1.9014537657E-07] ¢
phi-zi [ra 0]-4.7973758124E-07| 4.8069717289E-07
10 GASRF - GPS -X phi-xi [ra 0] 1.4213347151E-08]-1.4017198597E-08
phi-yi [rai 0]-2.4358975233E-10]-1.8357473823E-09
phi-zi [ra 0]-3.8384429625E-08| 3.8502896767E-08
11 GASRF - GPS +X phi-xi [ra 0] 9.0694493574E-09]-8.9662037867E-09
phi-yi [ra 0]-1.5465026925E-09|-3.3030934658E-09| 4.2241795371E-08] 1.4769733180E-07 |
phi-zi [ra 0[ 4.9872752134E-08[-4.9860463895E-08] 2.2761015047E-08[ 6.3573824187E-08|

Seite 10

Alignment Data computed with FEM (Basic Case and Unit

Load Case 1-4 shown)
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GOCE - Thermo-Elastic Distortion Analysis
Mechanical and Thermal Model and Analysis

Transient Temperature Computations with the thermal model
include:

Eclipse/ no eclipse phases

Fluctuation of external heat loads vs. declination (data from
CHAMP mission adapted to the GOCE orbit)

Time dependency of unit power dissipation
Thrust Profile
Atmospheric Heating

Seite 11
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GOCE - Thermo-Elastic Distortion Analysis
Mechanical and Thermal Model and Analysis
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GOCE - Thermo-Elastic Distortion Analysis

Dissipation [W]
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Mechanical and Thermal Model and Analysis
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GOCE - Thermo-Elastic Distortion Analysis

Temperature [*C]

Mechanical and Thermal Model and Analysis

Temperature Gradient With Respect to 20°C
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Results
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GOCE - Thermo-Elastic Distortion Analysis
Results

EGG - Star Sensor m.ative Rot ati on I
Spectral Density - SSARF1 - x- Conponent
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Results

Satellite CoM x-Position Spectral Density

%;%
Satellite CoM x-Position Spectral Density \j'\
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Results '
Contribution of S/C Panels
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GOCE - Thermo-Elastic Distortion Analysis ASTRIUM
Summary

- Experiences with GOCE PFM analysis approach:
- Fast and reliable check if requirements are met with high accuracy
- [Easy to vary parameters and to conduct sensitivity analyses

« Quick configuration checks and determination of influence of
individual components on the overall results

« No re-run of FEM required for new thermal load cases

-> Suggestiones for (Software) Improvements:

ESATAN — functionality for processing thermo-elastic distortion
relevant data - routines to read ‘unit load case results’, generate
distortion vs. time output (, compute spectral density)

ESARAD — more detailed planet models required - real earth
temperature and albedo factor depend on orbit position/ declination

Seite 18
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Annex

Seite 19
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GOCE Mission - Orbit and Load Cases

Caset HOT-CASEz | COLD-CASEg|
. . LST Ascending: 18:00h B:00h
Main Orbit Parameters: Nodex
Thermo-optical ECL: BOL
- dawn-dusk or dusk-dawn Ploparoe:
Earth-IR-Flux-[WWim2]s 261-(average)| 189-(average)
- Orbit helght 240 — 270km Albedo-Coefficient= | 0.4 (average)] 0.2 (average)
Altitude [km]= 240 250
. . . °
- inclination 96.5 Inclination-[deg] %65 9.5
Solar Constant: 1408 1323
[ 2] 1
SolarDeclination: -13.00 23.45
[deg]=
Beta-Angle- [deg]« B83.5 73.05
Eclipse Duration- 0 10
[rmin]s=
3-Angle [deg]= 90-deg 270-deg
Attitudes narninal narninal
Unit-dissipationss Max-(EOL) Win-(BOL)
Heatergs Enabled Enabled

Seite 20




)
T
. : : EADS
GOCE - Thermo-Elastic Distortion Analysis ASTRIUM

GOCE Mission - Configuration 1

SCGLAR ABSORPTIVITY

ulvies
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=]
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L 225
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0,050
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GOCE Mission - Configuration 2

IR Emissivity 3‘262 | ]
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GOCE - Thermo-Elastic Distortion Analysis
Mechanical and Thermal Model and Analysis

Basic

Launcher I/F Ring

Launcher I/F Ring

Unit load case count 1 2 3 4
Unit load case no. 900 940 1000 1006
Unit load case description S/C Lateral Panel | S/C Lateral Panel

+Z-Y

+Z-Y

axi(+x) [m/s”2]

5.2244433632E-09

5.2244437744E-09

5.2244440763E-09

5.2244433262E-09

5.2244431264E-09

axi(-x) [m/s"2]

-6.1323390129E-09

-6.1323382266E-09

-6.1323375849E-09

-6.1323391596E-09

-6.1323390082E-09

ayi(+y) [m/s"2]

-6.7900107660E-09

-6.7900110939E-09

-6.7900097959E-09

-6.7900111551E-09

-6.7900113691E-09

ayi(-y) [m/s"2]

-8.1676499037E-10

-8.1676540917E-10

-8.1676442773E-10

-8.1676682072E-10

-8.1676508200E-10

azi(+z) [m/s"2]

-2.5769425791E-09

-2.5769424682E-09

-2.5769425105E-09

-2.5769425775E-09

-2.5769410747E-09

azi(-z) [m/s"2]

1.4633527638E-09

1.4633526648E-09

1.4633525573E-09

1.4633539866E-09

1.4633535272E-09

Seite 23
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GOCE - Thermo-Elastic Distortion Analysis
Mechanical and Thermal Model and Analysis

Z
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Mechanical and Thermal Model and Analysis
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Earth Temperature [K] vs. Declination [deg.]
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Mechanical and Thermal Model and Analysis

Hot Case Orbit 1
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GOCE - Thermo-Elastic Distortion Analysis
Mechanical and Thermal Model and Analysis

INTEGER orbit_index;

/* 97 orbit positions = 92 + 1 start=stop at equator + 4 eclipse entry/exit */
REAL ALBEDO_FAC [97] = {

0.14348174,

0.13528350,

0.09871711,

0.05825458,

0.03680240,

0.13099252,
0.13296514,
0.14348174

CALCULATE_PLANET_ABSORBED_FLUX_RAYTRACING (
ir_paf = COLD_BOL_p23p45.IR_PAF[orbit_index],
coord = COLD_BOL_p23p45.0RBIT_POSITIONSJ[orbit_index],
albedo_paf = COLD_BOL_p23p45.ALBEDO_PAF[orbit_index],
planet_rad = COLD_BOL_p23p45.0RBIT.PLANET_RADIUS,
planet_temp = PLANET_TEMP [orbit_index],
albedo_reflect_coeff = ALBEDO_FAC [orbit_index],
solar_char = COLD_BOL_p23p45.SOLAR_CONST_OVERRIDE);

Seite 27

ESARAD — example albedo factor
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GOCE - Thermo-Elastic Distortion Analysis
Mechanical and Thermal Model and Analysis

Temperature Gradient With Respect to 20°C
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Results
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Results

Satellite CoM x-Position Spectral Density

Satellite CoM x-Position Spectral Density
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Linearization Error
1/d2
v(d+e? [ |
} } \Tangent approach
| | used b_yth|s
| e } analysis
Distc;rtion
* linearization error is given by the thermal unit load cases
« the gravity potential d is non-linear
e error by multiplying the unit load case result by the actual
temperature swing
« error is negligibly small as long as the distortions are in the
range of only a few microns and the distance of the mass
points are larger than 0.5 m
Seite 31
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GOCE - Thermo-Elastic Distortion Analysis
Linearization Error
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Appendix U: Methodology for Thermal Model Archiving

M ethodology
for
Thermal Model
Archiving

F. Lamea
EADS-CASA
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EADSJF Seventeenth European Thermal &
CASA ESPACIO ECLS Software Workshop

"THOLOGY FOR THERMAL
MODELS ARCHIVING

ESTEC, 22 Oct. 2003

|

Kos™ Seventeenth European Thermal &
CASA ESPACIO ECLS Software Workshop
OBJECTIVE:

1. To create amethodology and the associated software two
archive the thermal model (THERMICA/ESARAD and
ESATAN)

2. To define athermal model delivery requirements

ESTEC, 22 Oct. 2003
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CASA ESPACIO ECLS Software Workshop

BENEFITS:
1. ARCHIVE THERMAL FILESIN ASCII FORMAT
o Storing al the data
» Possibleto rerun the cases
2. DELIVERY FORMAT with trace ability of the data
INTERNAL AUDIT
4. BATCH RUNS

w

ESTEC, 22 Oct. 2003
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EADS Seventeenth European Thermal &

CASA ESPACIO ECLS Software Workshop

ARCHITECTURE:
1. Pre TERESA Fortran program

o Generate aunique datafile, called input file

o Generate acontrol file with:

* Name and number of radiative and thermal model files

2. Run_TERESA Fortran program

o Split theinput file

* Runthe Thermicamodels

 Mount the ESATAN models

e Run ESATAN models

ESTEC, 22 Oct. 2003
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CASA ESPACIO ECLS Software Workshop

Preprocessing: Pre TERESA

e Input file generation

ASK about number of ESATAN MODEL X ESA
models and names MODELY .ESA
ASK about total number of MODELZ.EA

THERMICA models

ASK about total number of internal
THERMICA models MODELA

MODELB
ASK about total name of external MODELC
and interna THERMICA models

MODELD

ESTEC, 22 Oct. 2003

A
EADS | Seventeenth European Thermal &

CASA ESPACIO ECLS Software Workshop

Preprocessing: Pre TERESA

e Input file generation

ASK about additional files number Powerl dat
and names Power 2.dat

ASK about PATH of ESATAN
models

ASK about PATH of THERMICA
models

ASK about PATH of Additiona
files

ESTEC, 22 Oct. 2003
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Preprocessing: Pre TERESA

Input file

Seventeenth European Thermal &
ECLS Software Workshop

MODELA.SYSBAS
MODELA.THER
MODELA.TRIJINP
MODELA.PNTINP
TEMP.MODELA

MODELC.SYSBAS
MODELC.THER
TEMP.MODELC

Powerl.dat
Power2.dat

MODELX.ESA
MODELY .ESA.

ESTEC, 22 Oct. 2003
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Seventeenth European Thermal &
ECLS Software Workshop

REQUIREMENTSFOR ESATAN FILE (.(ESA)
GR’s > 7?include=RMODELA99R.TAN
ARRAY heat inputs - ?include=HMODELA99H.TAN
Subroutine = 2include=SMODELA99H.TAN
Average 2 2include=sAMODELA99H.TAN
Additional files 2> ?include=powerl.dat

ESTEC, 22 Oct. 2003




REQUIREMENTSFOR THERMICA FILE (.ESA)

-
EADS | Seventeenth European Thermal &

CASA ESPACIO ECLS Software Workshop

« SYSBAS, ORBIT, POINTING and SSIMULATION FILE have

the same name MODELA

* Run asubprocess

 Openthe*.COM file and delete the execution line

e PATH+ Thermic32SGI

o Executethe*.COM file and appears TEMP. XXX
« Rename TEMP.XXX to TEMP.MODELA

ESTEC, 22 Oct. 2003

|

USES:
« OneESATAN Case
* Oneexternal mode
« Several internal models

e HOT and COLD ESATAN cases
« Two external models
« Several internal models
« HOT and COLD power files

EADS Seventeenth European Thermal &

CASA ESPACIO ECLS Software Workshop

ESTEC, 22 Oct. 2003
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CASA ESPACIO ECLS Software Workshop
USES.
« GENERAL CASE

o Several ESATAN models (hot stowed, cold stowed, hot
deployed, cold deployed, survival,...)

o Several external models (hot stowed, cold stowed, hot
deployed, cold deployed, survival,...)

» Several internal models

o Several power files (OFF, ON maximum, ON minimum,
survival, heaters,...)

ESTEC, 22 Oct. 2003
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EADS Seventeenth European Thermal &

CASA ESPACIO ECLS Software Workshop
THERMAL SOFTWARE REMARKS:
* Filtering of radiative couplings
* Percentage or minimum value

 Don't useformulafor conductive couplings

 Conductor valuelower than 20

« Material data base

» Softwarefor thermooptical and material degradation

ESTEC, 22 Oct. 2003
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Appendix V: The far-field method for 1D conductor computation

The Far Field Method
for
1D Conductor Generation

S.Appel
ESA/ESTEC
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Aviomated
One-Dimensional Conducftfor Generaftion
using the Far Field approach

Hans Peter de Koning and Simon Appel

(Hans-Peter.de.Koning@esa.int)  (simon@thermal .esa.int)

(ESA/ESTEC D/TOS-MCV, The Netherlands)

17th European Workshop on Thermal and ECL S Software

ESA/ESTEC, Noordwijk (ZH), The Netherlands
21-22 October 2003

Cesa..........c....

Mechanical Engineering Deparfment - Thermal and Structures Division

Topics

» Why automated linear conductor generation ?

* TheFar Field Method
— Assumptions
— The method

e Conclusion

@ esa 17th European Thermal and ECLS Software Workshop
=T ENIIECSmEED

21-22 October 2003

Mechanical Engineering Deparfment - Thermal and Structures Division Sheet 2




Why aviomated linear conductor
generation ?

e 1D-Linear conductors (GLS) in thermal lumped parameter network
models are generally calculated by “hand”, with spreadsheets or in
some tools with shape specific formulas

» Analytical expressions are only available for alimited number of
combinations of simple geometrical shapes which represent the
thermal nodes

e Conductor calculation consumes arelatively large part of the
thermal model preparation effort

— In addition it is tedious and error-prone

@ esa 17th European Thermal and ECLS Software Workshop
=S EINIIE S EsEEn 21-22 October 2003

Mechanical Engineering Deparfment - Thermal and Structures Division Sheet 3

The Far Field Method: Assumpftions

» Thermal nodes are considered pair by pair

» Heat isflowing through the two nodes from aremote heat source
to aremote heat sink: From one “Far Field” to an other “Far Field”

» The geometry and the properties of the two thermal nodes and their
interface are evaluated Interface edge

\ Therma node B

Thermal node A

@ esa 17th European Thermal and ECLS Software Workshop
=S EINIIE S EsEEn 21-22 October 2003

Mechanical Engineering Deparfment - Thermal and Structures Division Sheet 4




The Far Field Method: Assumpftions

* The geometry can be meshed with afinite e ement mesh

N
a

7

XN
i

RORISN

'AAVIAVI}AA ALK\ ESARAD SHELL sub-divided into 9

faces/thermal nodes meshed with finite
el ements

@ esa 17th European Thermal and ECLS Software Workshop
=G TEINNIINIED@EIER

21-22 October 2003

Mechanical Engineering Deparfment - Thermal and Structures Division Sheet 5

The Far Field Method: Assumpftions

» Adequate representation of interface conductance has to be
implemented:
— Interpolation for non-matching FE-meshes
— Introduction of contact resistance (if any)

Interface edge

\ Thermal node B

Thermal node A

@ esa 17th European Thermal and ECLS Software Workshop
=G TEINNIINIED@EIER

21-22 October 2003
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The Far Field Method: The Method

Step 1: Find the FEM-nodes at the “Far Field” edges of the thermal
nodes:
“Far Field” edge =

Part of the edge of the thermal node, which has the highest “thermal

distance’ to the interface
Interface edge

\ TLPnode B

TLP node A

@ esa 17th European Thermal and ECLS Software Workshop
=T ENIIECSmEED

21-22 October 2003
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The Far Field Method: The Method (cont’d)

Step 1: Find the “Far Field” edges of the thermal nodes

e Consider asingle thermal node and its interface:
— Constrain the FEM-node temperatures at the interface
— Apply auniform heat flux

Uniform heat input

Constrain FEM-node temperatures/V
at interface edge
TLP node B

— Produces atemperature field
in the thermal node

@ esa 17th European Thermal and ECLS Software Workshop
=T ENIIECSmEED

21-22 October 2003
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The Far Field Method: The Method (cont’d)

Step 1: Find the “Far Field” edges of the thermal nodes
Temperature of FEM-nodes at the Far-Field edge fulfill:

Tmax (1 - 8) S T"Far Field edge" S Tmax

TLPnodeB

Interface edge

Tmax = maximum temperature due to uniform heat
flux and constraint at interface edge

& =tolerance controlling size of Far-Field edge
W Far field edge TLP node B

@ esa 17th European Thermal and ECLS Software Workshop
-

== FEInEomsEnEn 21-22 October 2003
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The Far Field Method: The Method (cont’d)
Step 1: Find the “Far Field” edges of the thermal nodes

<T<T

max

Constraint interface FEM-nodes

== FEInEomsEnEn 21-22 October 2003
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The Far Field Method: The Method (cont’d)

Step 2: Simulate Far Field induced temperature field in two
interfacing thermal nodes

Solve temperature field for:

Thermal node B

Thermal node A

el

Far field edge of thermal node A
with applied positive heatflow +Q

One FEM node constraint at
interface edge to make solution

statically determined Far\field edge of thermal node B

with applied negative hestflow -Q

@ esa 17th European Thermal and ECLS Software Workshop
=T ENIIECSmEED

21-22 October 2003
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The Far Field Method: The Method (cont’d)

Step 3: Calculate average temperature and conductor value

» Weighted average temperature of the thermal nodes is computed
from the FEM-node temperatures

T B
av

Average temperature

for thermal node B

T A

av
Average temperature
 for thermal node A

T B _TA
GLAB — av av

V\

21-22 October 2003
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Conclusion

» A study has shown the robustness of the method for different
geometrical shapes of the thermal nodes

» For ssmple shape combinations (e.g. rectangle to rectangle) the
method converges to the known analytical results

* Intheframe of ongoing work Alstom has been given a contract to
implement the Far Field method in ESARAD

@ esa 17th European Thermal and ECLS Software Workshop
=T ENIIECSmEED

21-22 October 2003
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Appendix W: Excel Database for generating Thermal Models

An Excel Database
for the generation of
ESATAN and Systema
Thermal Models

S. Barraclough
EADS-ASTRIUM
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and Systema Thermal
Models

Simon Barraclough
EADS Astrium UK — SM5

17t European Workshop on Thermal
and ECLS Software

B EAps |

ASTRILM

Summary

Introduction

The Thermal Model Database
Pre-processing

Post-processing

Summary and Future Development

CApE e DN
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Introduction

Introduction /ﬁEQl\US* RARRu

Y sensethe wind

« Atmospheric Dynamics Mission ADM-Aeolus Program.
« Global observations of wind profiles in clear air in:

— the troposphere.

— the lower stratosphere.

significant improvement of weather forecasting skills.

« Atmospheric Laser Doppler Instrument (ALADIN), a Direct Detection
Doppler Lidar (D3L) operating in the ultra-violet spectral region.

 Polar-orbiting Aeolus will provide ALADIN a near global coverage.

Page 4 Tuesday, 11 November 2003
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Thermal Modeling

Spacecraft thermal model consist the following elements:

-Spacecraft structure ,
-Units

-Propulsion equipment
-Power equipment
-Thermal Equipment

Thermal Models:
-Geometric Mathematical Models (GMM)
HGeometry of the spacecraft
b Radiative Exchange factors and environmental fluxes
-Thermal Mathematical Models (TMM)

> Thermal Conduction, Capacity and Dissipation

b Temperature Prediction
Page 5 Tuesday, 11 November 2003

e
EADS '

The Thermal Model S

Done by hand with each iteration of
/ the configuration  »GLQlLC

L35

GMM GR, TMM
Systema

File Fluxes Files

ESATAN T°C

Post Process

Modification to the Configuration:
« Re-build and run GMMs
« Re-build and run TMMs

-Internal Panel Conductances

-Unit interface conductances
-Unit properties (capacity)
-Cleat couplings

Page 6 Tuesday, 11 November 2003 -DISSIpatIOHS
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Process Improvement

Many Configurations during Phase B
Method of thermal modelling can be improved:
— A central database of modelling information

— Reducing the number of data input errors
— Automatic generation of repetitive calculations

Page 7 Tuesday, 11 November 2003
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Excel Thermal Database

« Developed during the Phase B of the Aeolus platform
« Written using Excel 2000

« Extensive use of Visual Basic Macros and functions

 Information categorised on separate sheets broken
down into the components of the spacecraft

« Spreadsheet processes the relevant information and
generates text files

« Text files collated in Unix to create the TMM and GMM
input files (no additional input)

Page 9 Tuesday, 11 November 2003
Structure AR
Several Spreadsheets used to define the Configuration:
Panels T Units - AU
tPaneI Nodes | / jisicats
& Geometry | » Doublers
Reference
Data » RCS
Radiators / MLI | > Heat Pipes
Power

N
GMM Files| | GMM Files PanelGEN
_»[ ]T » TMM Files

Page 10 Tuesday, 11 November 2003




Generator Interface

 All outputs controlled from
the main page

« Buttons activate the
relevant macros to output
the thermal data to Unix

Page 11 Tuesday, 11 November 2003
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Aeolus Model Generator

Created by: Simon Barraclough

Froject Phaze: B
File hlame: Aeolus CE¥2BEHS zis

Gieneral
Generate Split List |

Internal GMM

Create Internal Fanel Sysbas Filei

Create Int Unit SYSBEAS file i

Ezternal GMM

Create External Panel Sysbas file |

Create Ext Unit SYSBAS file J

THMM
Fanel 15

Create Fanel Gen file I

Create Cleat GL file !

TrAM Only Modes ! Create ML fF filz

! Create Unit Cap file !

Unit Limits & Fower=

i Create Unit IF GLfile, RCS

Enu Link = included

Thermo-elastic Analysis
Thermo elastic Panel
Centre Clutpuk

Panels & Cleats

« Define in spreadsheet by:

> Number and Label

> Material

> Node Number Series
» Dimensions

» Location & Orientation
» Optical Properties

« Cleats in spreadsheet by:

» Start & Finish points

AU

(X0 ¥oi Z,)

b b

, Y1r Z1)

!

)

EADS

ASTRIUM

b

A B & D [ E [ F G [ H [ 9 [ K L [ M [ N 0 [P [ @
1] Panel Node Numbers Dimensions (mm) | Location wrt origin Orientation Optical Properties
2 Panel Material Inner Outer MLI x ' X Y Z Unit X UnitY UnitZ | Int Surface  MLI Radiator
(30 +Z Floor Main_panel | 71100 | 71200 71300 [ 1600 1600 -800 800 1621.6] +X +Y -Z Black Paint MLl OSR
| 4 | + Wall Main_panel | 52100 | 52200 @ 52300 680 1400 800 340 2216 -Y +Z X Black Paint MLl OSR
| 5 | +1 Wyall Main_panel | 61100 | 61200 B1300 [ 1600 1400 -600 | -800 | 2216 +X +7 =Y Black Paint MLl OSR
B Mid Shear Wall |Shear_panel| 57100 | 57200 A& 1600 1400 u] -800 2216 + +7 +{ | Black Paint  MLI OSSR
Page 12 Tuesday, 11 November 2003
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« Define in spreadsheet by:

>
>
>
>
>

>

TMM Only Node

Number and Label
Capacity

Geometric type and dimension
Panel and location
Orientation of the unit geometry
Optical Property

Panel

w

/

v

(92]

—
0

/

A I B £ F G [H[ V[ FIK[L] M HIN NG e @ R[S T
1 U n it Geo Dimensions (mm}) Location wrt origin Orientation
2 Node |Capacity| Type  x i z | Dia Panel X Y Z  |Unit X Unit¥ UnitZ| Opt Prop
3 |ALADIN SM Units TLE1 25100 [ 25309.2 |BOXS | 500 | 275 | 205 +Z Floor 1103 | 137.5 1621.6]| +2 - -£ |Black Paint
4 |Data Handling CDMU 40100 | 23200.1 |BOXS | 500 | 260 | 280 +¥-¥ Shear Wall | -110.3 | 340.0 6006 | +£ - +Y |Black Paint
5 |AOCS IMU Head 4410 | 4951.8 a u] 278 282 -¥-¥ Shear Wall | -362.4 -340.0 14006 Black Paint
B MU Head ML 41415 0 CYl2 0 0 273 282 - Shear Wall | -362.4 | -340.0 14006] -Z -A -y YDA ML
T RW Baseplate 41541 | BS10.7 |DISCO 0 u] 125 |351 -Z Floor -150.0 500.0 351.4 | +x¢ + +Z |Black Paint
8 R Cover 41542 o] cyl2 0 o] 125 351 -Z Floor -150.0 500.0 3514 | +¢ + +Z |Black Paint
Page 13 Tuesday, 11 November 2003 Different Geon |etry Types
- . . .
- iImiiar type or Input IS adone 1or tne
.
[ T A I E C o[ E | F I [ H] ! | ] K C [ ™
i EN| WF Cond Ealts
_U n I t I n t erfac eS ™ | Uinit hode | | cond Y Tupe| W WFnode | GLwvalue | Mom | tpe |
| 5 |ALADIN 5M Units | TLE1 2500 e | 1 hand | GL_|_unitto hestpipe 71401 12,000 ]
4 A I & | =R I i | 3 | L 1 [ N [=] 1|
=7 yminal Sizing Limits___Op Limits
Control Made | Limit | Thermistor MMadel Installed™ Damping| Measurement Heated | Hester Circuit
Circuit | Label imanimin) | Mode | Fiange inty | Upper Lower | Upper Lower | Power  Coeff Mode MNode | Fower Ratio
—H eat e rS 1| Tankt | 88010 | an 5 7 23 2 ‘ 25 20 ‘ 4 o1 ‘ 80103 80103 ‘ 025
1
§ A | B [= o e = | T 1 S P I o
> |_1_|RCS Links to panel
z [oa| GL | Fipe - Panel 0024785 m
R(:S Pl 5| 5 c o ELEl & Bl ¢ 3 K 1 L mlwule
] (4 F "7 | LEOP Calil Safe
i g PWRCASE 1 2 5 4 5 [ 7 8 3| 1
8 5 |Hu SS Op Duty
3 4 Unit Node Cyele Coast 1AM Prep to Nom{ Min BOL Min EOL Maz |Min BOL Min EOL Maz | Min Maz
T 25100 100 B & = 1280 153.0 1280 1530 = B
g 25000, L00 n - = % dz0n, - - J20.0 o "
a A b SR =3 [=] E Il G I H ; I [3 ] L M M
] |_1_|Data used for PanelGen Losation Start Lacation Finish
n Heat Fipe Embedded Panel
= Hode  Panel  Suface |Suface| % ¥ z Mode % ¥ z Mode
5 FOT | 1 Surace Sig| Iner | 803 | 2125 | 6216 | 70 | 740 | q2igs | ete | 7wz | TLE | 6i7
" A il & B [TE [Te el w (I 0 0|
= 0L Tolerence 0001 mm | Fiadiator 1 Fadiator 2
16" e it Fanel | Hstar  starr  end  Yend | Mstam  Vstam  Mend  Vend
17 |RCELine | 8 7m0z 1 L L
18 [ACSTank 8 | Moz 2 B e s et e ]
ol ) 0| 7o s Tolerence 0 mm Hele 1
20 |Bamenz Saeti
21 |Reation ! s e 4 Hstart | Ystart | Mend | Yend
22 |Reaction R 5 +Z Floor
23 |Reaction’ 21 | T 3 =,
24 |Reaction ' Resdl 714851 7 A ] E FI1 G H [ [ 4
25 |TLEIMam_ 23 | Fes TH52 ) i Tolerence, 0 mm Daubler 1
—Holes R e T : Bl B i v s Yong
27 25 18| TMEd 10 2 +Z Floor
27 |vv uad 26 (nva| B T [+ 2 -2Fisor
27 |-y Duae 27 TG 0| TM52 . 3 <X wall +Y side
2 [ Al B | C D EIF G | H 1 T L M 0
27 |+={ 1 External GMM Internal GMM TMM
Date By hot # Date iy Note # Date I3 Hote
. 3 1 000803 SME Start of Phase CO model, POR 1 0W08/03 SME Start of Phase CD model, PDR 1 0#08/03 SME  Start of Phase CD model, PDR
Mew esternal model generated Mumber of batteries reducedto 2, Corrected L¥A MLIlinks to
4 2 15/03/03 SME based oninternal changes 2 15/09/03 SMEB dimensions 2 0408/03 SMB include G, not 2 GL terms
Mew esternal model generated Transmitters changed to SSPAs 'DF model uncertainties used for
p | 5 3 1703003 SMB basedoninternal changes 3 15/08/03 SME and Modulators 3 0TH08/03 SME  heater sizing
» Added new limits from supplier
Madulstor reduced to Tunit [ALE information for IMU, MTQ, Rv's,
B 4 17008/03 SMBE inone] 4 1408/03 SMB STEs, XPDRs, Transmitters,
Dimensions for ACDM, GPS s, IMU Electronics min dissipation
7 § 1708/03 SME STE, RW, WDE, Coax updated 5 14/08/03 SME increased
Page 14 Tuesday 11 November 2003 3 6 170303 SME Bsttery smissivity shange 1203 & Wioa03 SME_STE dissipation hanged
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Pre-processing ‘
y_Ag

3 S

Panel Node Breakdown

Panel Components:
— Doublers

— Radiators
— Holes
— Units

//
» Panel splits =
! |

PanelGen (panel conduction)

Page 16 Tuesday, 11 November 2003
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Location Macro

« With panel node breakdown info Excel works out the links to the
relevant panel node for:

—Cleats
—Units 327
_RCS Location
-
—Heat pipes Macro g %4
—Holes Panel Splits /
—Radiators
Panel I/F |

—Doublers //

/

Page 17 Tuesday, 11 November 2003
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Output Files - GMM ASTRIUM

« Geometric data from database combined with other
model files in Unix

 Internal Geometry Model

External Geometry Model

Page 18 Tuesday, 11 November 2003
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Output Files - TMM ASTRIUM

Thermal model built using data from various different files:

TMM $MODEL AEOLUS
—b&l NCLUDE "/ phase_b/ Excel _out/ Conment s. dat "
$NCODES

Excel Database Output »5I NCLUDE "/ phase_b/ Excel _out / TMvhodes. dat "
P51 NCLUDE "/ phase_b/ Panel Gen/ Panel gen_nodes. dat "
P51 NCLUDE "/ phase_b/ Al adi n_Model / Al adi n_nodes. dat"
PaneIGen ReSUItS »51 NCLUDE " Syst ena/ nodes. dat "
$CONDUCTORS
i $1 NCLUDE "/ phase_b/ Excel _out/Unit_I F. dat"
Supp“ed MOdeI #$I NCLUDE "/ ghase_b/ Excel _out/C eat _GL. dat"
51 NCLUDE "/ phase_b/ Panel Gen/ Panel gen_GLs. dat "
GMM RESU|tS 51 NCLUDE "/ phase_b/ Al adi n_Nbdel / Al adi n_conds. dat "
»5| NCLUDE " Syst ema/ CRs. dat "
$CONSTANTS
TM M ContrOI InpUtS »i5I NCLUDE "/ phase_b/ Const ant s. dat " |
$CONTROL
##’I,I NCLUDE "/ phase_b/ Control _var.dat" |
$ARRAYS
»5| NCLUDE "/ phase_b/ Excel _out/ Unit _Power. dat"
»51 NCLUDE "/ phase_b/ Al adi n_Model / Al adi n_arrays. dat"
One main TMM file used for P3| NCLUDE " Syst ema/ Ext _f|ux_array. dat"

$SUBROUTI NES

all cases BI NCLUDE "/ phase_b/ Excel _out/ Uni t _cap. dat "

$I NCLUDE "/ phase_b/ Excel _out/Unit_power.dat"

$I NCLUDE "/ phase_b/ Al adi n_Mbddel / Al adi n_subs. dat "
| NCLUDE " Syst ema/ HCYCLC. dat "

\ 4

Yy
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Post-processing Applications

 Information within the database used for:
— Comparisons of temperature predictions with limits
— List of nodes for heat flow analysis
— Locating interface node temperatures
— Thermo-elastic analysis

Page 21 Tuesday, 11 November 2003
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Thermo-elastic Temperatures

Thermal Model Node Temperatures
N Mapped to NASTRAN Grid Points

Thermal / °
. % o

Nodes | .

- \

[ Interpolation }4

Page 22 Tuesday, 11 November 2003
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Thermo-elastic Temp Maps

NASTRAN NASTRAN Grid Point
Grid Points Temperature
Distribution File

Node : o
Temperatures Panel Splits //4{\&\

e m24-25
I Lk
w2223

- =21-22
o20-21
m19-20
m 1819
o17-18
= 1617
= 15-15
w1415
01314
012-13
m11-12
210-11

Thermal Model Temperatures 114
g
Page23  Tuesday, 11 November 2003 NASTRAN Grid Point Temperatures
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Summary — Future Development

« Thermal Model Database for Aeolus

« Successfully applied for Phase B

« Model creation reduced to 1week

« Model modification time reduced from =3 days to %2 day
« Systematic updating of models

« Useful tool in post-processing applications

« Improvements
— More generic
— More user “friendly” (i.e. drop down menu options)
— Ability to update from a system database

Page 24 Tuesday, 11 November 2003
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Appendix X: RadTherm

RadTherm

R. Habig
ThermoAnalytics
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15/12/03 ThermoAnalytics Europe LLC — Dornstadt — Ger many.

Thermal and infrared signature analysis
in aerospace and aeronautics

Author: RalphiHabig
M Sc for- Aerospace Engineering
Managing Director Europe

15/12/03 ThermoAnalytics Europe LLC — Dornstadt — Ger many.
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ThermoAnalytics uxope ILILC

ASEACE
It is more and more common to use numerical analysis software tools for aerospace and
aeronautical applications. Human lives depend on these systems. Based on the wide range
of activities, it is more necessary than ever before to predict the thermal behavior and
protect equipment and systems from thermal damage. In many cases such systems are
not fully protected against extreme thermal loads, such asintense solar impingement.

This presentation shows you the current state of software development at
ThermoAnalytics, Inc. TAI's thermal and IR signature analysis software (RadTherm /
MUuSEY) is designed to provide answers to thermal design questions and to cover these
deficiencies.

A smple case study preﬁented in this paper will demonstrate how eff|C|entIy the

15/12/03 ThermoAnalytics Europe LLC — Dornstadt — Ger many.

e | ntroduction
e Procedure
e Examples

e Conclusion

15/12/03 ThermoAnalytics Europe LLC — Dornstadt — Ger many.
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:’,E ThermoAnalytics Europe LLC

|
=
R

Commercial Thermal Analysis Military SlgnatureAnalyas

15/12/03 ThermoAnalytics Europe LLC — Dornstadt — Ger many. Page-5-

Thermal and infrared signature prediction is
mor e and more common and useful for

e discover heat sources
e enhanced cover of targets

e predict complexe scenarios

* Procedure
s Results
» Conclusion

15/12/03 ThermoAnalytics Europe LLC — Dornstadt — Ger many.
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i

VA

("'""h

iS)
1996 ThermoAnalyticsIncorporates

o 1998 RadTherm 4.1 commercial release

e 1999 RadTherm 5.0 released

e« 2000 TAI receives Tibbitsand Army SBIR Quality Award

o« 2001 TAI awarded Army Prime Contractor of the year
RadTherm interface with CFD & Post-Processors

002 TAI awarded I1. Army Prime Contractor of the year

* Procedure
s Results

» Conclusion

15/12/03 ThermoAnalytics Europe LLC — Dornstadt — Ger many. Page- 7 -

_,E ThermoAnalytlcs Europ e LILC

Radiation Physics

Computational Fluid Dynamics
Thermal System M odeling

» Cross-Platform Softwar e Development

» Code Optimization

» Conclusion

15/12/03 ThermoAnalytics Europe LLC — Dornstadt — Ger many. Page-8-
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2 Sun

microsystems

15/12/03

AV,
&

FLUENT

INCORPORATED

15/12/03

Microsoft:

Thermo

Thermo

AnalyticsEurope LLC

N\ pTC
> Enterprise
Software
¥| Partner

AnalyticsEurope LLC

— Dornstadt — Germany:

ICEM CFD
Engineering

AU VYEA TR

invent

o | nireductien

SiliconGraphics
Al il » Example

» Conclusion

Page-9-

* | ntredlction

» Example
» Conclusion
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Systems Leve
Thermal Modeling

lwl ) SO = AL - “ﬂﬁ*
-~ -- e L
A\ M NN --1-4-&..

InfraRked
Signature Miodeling

ﬁ——\

» Conclusion

Page-11-

llnv -.(.-; | ;

 Radiation
Single and multibounce radiation
Automatic calculation of view factors and solar projected
(apparent) areas, using a voxel-based ray tracer

 Conduction
Automatic Conduction Linkages

e Convection
Specify H and T,
A utomatic Convection Librar

Calculated Wind Convectioni(nat. enviren's
1D EtId Elew (advection) - Example

[MPENCHEDNRESI IS " condlusion

_/\44

ThermoAnalytics Europe LLC — Dornstadt — Ger many. Page-12 -
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15/12/03

A .

e Advanced Thermal Simulation

e Extremely Fast Thermal Solver

e Large-scale system-level Thermal Analysis

e Flexibility to manipulate your system with easy
e Rapid Prototyping

N0

* [ntrodichion

ThermoAnalytics Europe LLC — Dornstadt — Ger many.

LA

Aircraft in standby or hovering
incl. solar loading

Aircraft on mission incl. terrain
on lower or upper atmosphere
incl. solar loading

Infrared signaturein standby,
idel, hovering or on mission

» Example
» Conclusion

Page-13-
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» Example
» Conclusion
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Automotive

Underbody, Exhaust & Underhood,
Climat Control & HVAC, Vehicle
Interior & Thermal Comfort,
Electronics & Lighting

Electronics

Architecture

» Conclusion

15/12/03 ThermoAnalytics Europe LLC — Dornstadt — Germany: MRege- 15—

_,E ThermoAnalytics Europe LLC

1013y

___v\/;_l_ ~ — —_

Only Surface Geometry

Convection Coefficient &
Fluid Temperature

viexywitn sead i fjgeriigllk s » Introduction

Olher Convection 1Feols

» Conclusion
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Thefollowing example will discrib a project for an UAV
system development on an attitute of 30000 ft

* [ ntredlction
* Procedure

» Conclusion

15/12/03 ThermoAnalytics Europe LLC — Dornstadt — Ger many. Page- 17 -
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MODTRAN Weather File

to predict m diurnal direct solar radiance
o diffuse solar radiance
a thermal sky radiance
o apparent ground radiance

Direct solar radiance

to predict the solar radiance, we ran MODTRAN in “transmitted

solar irradiance” mode (IEMSCT = 3) using the solar waveband
(4,000 to 50,000 cm-1, 0.2 to 2.5 microns)

* Procedure

» Conclusion

15/12/03 ThermoAnalytics Europe LLC — Dornstadt — Ger many. Page- 18 -
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Thermal sky radiance

To run the thermal sky radiance simulation we used the same input deck that we
used for the diffuse solar radiance except we used athermal waveband (200 to
5,000 cm-1, 2 to 50 microns). This waveband corresponds to the spectrum typically
measured in the field for thermal sky radiance.

Apparent ground radiance
To run the apparent ground radiance simulation we used the same input deck that
we used for the thermal sky radiance except:
* Set the zenith to 145 degrees (ANGLE on CARD 3)
* Set the boundary temperature (TBOUND on CARD 1) to diurnal ground
temperature

» Procedure

» Conclusion

15/12/03 ThermoAnalytics Europe LLC — Dornstadt — Ger many. Page- 19 -
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MODTRAN INPUTS

« USSTANDARD DAY 1976 Spring/Summer
» Without multiple scattering

* Rura extinction haze 23 km visibility

e Zenith for sky = 55 deg

 Zenith for ground = 145 deg

» Day of year = 188

» UTC = Hancock Time + 4

» Ground albedo = 0.2 (emissivity = 0.8)

» Procedure

» Conclusion

15/12/03 ThermoAnalytics Europe LLC — Dornstadt — Ger many. Page- 20 -




ThermoAnalytics ouxope I

B weather-10km-070202.xt - Editor
Datel Bearbeten Format Anscht 7

= <0001
[ #UEATHER LOCALE-LAT, LON, STO_LON, ELEV 47,13 88.6 60 10000
#DATE 'TIME  WINDSPD WINDDIR TAIR ~ RHUM _ PAIR  HELIOM PYRAN
[ #0DMMYY SECNDS KNOTS  DEGREES C FERCENT MBAR w2 w/M2
[ #4 DIFsOLAR ST IRSKYT CLOUD  RAIN  RAINT  SOLARY SOLARY
o4 wmz < Tenths mm/hr  C ZENITHY AZIMUTH
020702 o o =50 5.6 65
i -120.3 -120.3 0
020702 3600 O o -s0 5.6 65
+ -120.3 -120.3 o
020702 7200 @ B 50 5.6 65
i -120.3 -120.3 0
020702 10800 O o 50 5.6 65
* -120.3 -120.3 0
020702 14400 O o =50 5.6 65
i -120.3 -130.3 0O
020702 18000 O o -s0 5.6 65
i -120.3 -120.3 o
020702 21600 O o 50 5.6 65
i -120.3 -120.3 O
020702 25200 O o 50 5.6 65 57.6  987.6
* -120.3 -120.3 O
020702 28800 O o =50 5.6 65 130 1130
» -120.3 -120.3 0
020702 32400 -s0 5.6 65 1184 184
i -120.3 -120.3 o
020702 3801 st 5.6 65 211 211
i -120.3 -120.3 0O
020702 306 o o 50 5.6 65 226 226
* -120.3 -120.3 O
020702 432 =50 5.6 65 235 235
i 5 -120.3 -120.3 0
020702 485 o B -s0 5.6 65 240 240
i -120.3 -120.3 0O
020702 504 =51 5.6 65 241 241
i -120.3 -120.3 0O
020702 5401 o o 50 5.6 65 240 240
i -120.3 -120.3 O
020702 576 =50 5.6 65 235 235
i -120.3 -120.3 0
020702 612 -s0 5.6 65 226 226
i - -120.3 -120.3 0O
020702 B4 st 5.6 65 211 211
i » -120.3 -120.3 0O
020702 68400 O o 50 5.6 65 184 184
4 -120.3 -120.3 O
020702 720 =50 5.6 65 130 1130
i 5 -120.3 -120.3 0O
020702 73600 O B -s0 5.6 65 87.6  987.6
i ¥ -120.3 -120.3 0O
020702 78200 O B 50 5.6 65
i -120.3 -120.3 0O
020702 82800 o
020702 86399
i -120.3 ©
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Robust industrial model exchange
befween ESARAD ancd THERMICA with
STEP-TAS

Hans Peter de Koning, Simon Appel, David Alsina Orra
(ESA/ESTEC D/ITOS-MCV)

with some contributions from Simulog and Graitec
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Topics

 Brief recap of STEP-NRF and STEP-TAS protocols
 Why TASverter ?

» Scope and purpose of TASverter

» Development approach

» Updatesto NRF and TAS protocols

e Current status

« Outlook
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Recap STEP-NRF (1)
(Network-model Results Format)

» Generic, discipline-independent exchange of models & results
— Model definition, using a discrete network representation
 Supports model/submodel hierarchy
— Results data, produced in analysis, test or operation
— Meta-data, which records details of actual analysis, test or operation performed

Only discrete observations

— |.e. sampled results at discrete locations for discrete states of the model / object
under observation, no support for continuous fields or similar

Any property value has explicit (physical) quantity and unit
Data model designed to cope efficiently with large amounts of results
— Built-in support for scalar, vector, matrix, tensor data

@ esa 17th European Thermal and ECLS Software Workshop
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Recap STEP-NRF (2)
(Network-model Results Format)

Central NRF data structure is the ‘datacube’

- each element of the cube is a scalar, vector or tensor
property for a specific (item, quantity, state)

- state quantity is normally time or frequence

- ‘'simple’ and ‘advanced’ SUBTYPEs, respectively for
literal and generalised functional property values

ENTITY HRF_any_datacube
ABSTRACT SUPERTYPE OF( ONECOF({ MRF_simple_datacube, HRF_advanced_datacube ) ):
—— & (hyper)cubic vklus space in ¥ dinensions: state. gquantities and items
—— the ordering of the nested list of wvalues is determined by wvalus order

id : NRF_identifier:
security_class  : OPTIONAL NRF security_classification_level:
walue_order WRF_datacube_order_type!
quantity_base : HRF_gquantity_list:
iten_base HRF_observable_item_list
state_guantity : WRF_scalar_quantity:
state_base : HRF_state_wvalus list:
DERIVE
nunber_of_states : INTEGER := SIZEOF{ state_base.state_walues ):
INVERSE
dataset : NRF_dataset FOE datacubes;
END_ENTITY:

ENTITY NRF_simple_datacube
SUBTYPE OF( WNRF_any_datacube ).
values : LIST [1:7] OF NREF _real_or_integer literal;

WHERE

wrl: SIZEOF{ walues ) = guantity_base number_of_elements # SIZEOF(item_base.items) * nunber_of_states:
END_ENRTITY:
ENTITY NRF_advanced_datacube

SUETYPE OF( WRF_any_datacubs ).

values LIST [1:7] OF MRF_any_real_or_integer_ value;
WHERE

wrl: SIZEOF{ values ) = quantity_base number of_elements * SIZECF({item_base. items) * nunber of_states:
ENWD_ENTITY:
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Recap STEP-TAS
(Thermal Analysis for Space)

» STEP-based application protocol

— Initial scope: Exchange of thermal-radiative models for space, including rigid
body kinematics and orbit / attitude / orientation specification

» Geometry represented by bounded face model with minimal topology
(compatible with AP 203 CC4)

— Extended scope: Exchange of thermal lumped parameter network models
» Targetting exchange between various SINDAs, ESATAN
— STEP-TASisapure superset of STEP-NRF (Used as ‘ integrated resource’)
— Developed since 1996 mainly on ESA funding, supported by CNES, NASA
* Originaly full ARM / AIM according to 1SO TC184/SC4 procedures
» Accompagnying STEP-TAS library (C and F77 API) provided since 1998
» Many tools implemented prototype or industrial beta converters

17th European Thermal and ECLS Software Worksho
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Why TASverfter ?

o STEP-TAS converters did not deliver industrial solution up to now

— Only ESARAD, THERMICA and Thermal Desktop have STEP-TAS
exchange included in industrial releases

— Exchangeis dow, often not reliable, and fails for large models
» Existing STEP-TAS architecture had too many layers

— Bad performance (CPU / elapsed time) ‘STEP-TAS high level API
— Inefficient memory usage, huge memory requirements (C and F77)
— Expensiveto verify and maintain STEP-TAS ARM
— Difficult to distribute on multiple STEP-TAS AIM
platform/compiler combinations SDAI-C
« However principle of providing protocol + library (TR, e B
was very good and should be retained! R
repository handler (COTS)
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Scope and purpose of TASverfter

 TASverter isaninitiative of ESA/ESTEC D/TOS-MCV to:
— Offer usersfinally a properly working solution for exchange of thermal models
* First between major European analysistools ESARAD and THERMICA
— Remove complicated dependency on (at least) 4 developers
o STEP-TASand STEP library developers, Tool X and Tool Y developers

— Produce afully functional (open source) framework for validation and
verification of STEP-based data exchange protocols and implementations

— Lay asolid basisfor the future
» Low threshold for implementation
» Maintainable and cost-effective
» Ensure long term availability (no dependence on closed 3rd party software)

‘ 17th European Thermal and ECLS Software Worksho
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Development approach (1)

* Implementation in pure Python (v2.2)
— Following positive experience with earlier ‘ad-hoc’ converter devel opments

* Internal data storage uses STEP-TAS (ARM) data model

— Implemented in * STEP-TAS Repository Handler’, which is largely generated
automatically with pyExpress from the STEP-TAS EXPRESS schema

 For each supported tool/format a ‘reader’ and a ‘writer’ is created

 Full testsuite built up alongside devel opment
— Unit, integration and large model testcases under configuration control
 Integrated validation and fine-tuning of STEP-NRF and STEP-TAS
— Goal isrecreation of models which are understandable and editable by humans
— Efficient update cycle is possible with pyExpress STEP-TAS library generator
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Phase 1

THERMICA
SYSBAS-to-VIF-export

THERMICA

ESARAD

VIF " temporary route via

.VIF for quick
development and
verification

.erg
THERMICA

.SYSBAS

thermica_VIF_reader

esarad_erg_reader |

thermica_VIF_writer

‘ esarad_erg_writer

thermica_SYSBAS_reader -/
thermica_SYSBAS. writer }4_ STEP-TAS Repository Handler

(produced by pyExpress)

............... > TRASYS_reader Part_21_reader }4—\
TRASYS TRASYS_writer Part_21_writer ‘ STEP-TAS
; Part 21
.inp .stp
e
........................... Phase 2
‘ 17th European Thermal and ECLS Software Worksho

@esa-=ll===+lll nEs@EERED p p
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Development of pyExpress

* Provide a STEP converter development environment, that
— can be used by converter developer with minimal STEP knowledge

— can be used as a Rapid Application Development tool for prototyping and
near-real time validation and refinement of application protocols

— hasvery strong string manipulation capabilities
— maps well onto EXPRESS object oriented data models
— leadsto industrially robust converters, with acceptable performance and
memory requirements, also for large models
» pyExpressisa STEP/EXPRESS compiler / code generator
— Generates Python class library for implementation of converter in Python
— Generates C++ classlibrary for implementation of converter in C++
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PYExpress architecture

HTML
SPARK pyExpress API manual

EXPRESS

schema A

utils for Python
EXPRESS

MetaModel

class library A

Handler

Scanner /
R Tokenizer

Early binding
Python

Python Z /v class library

Code for schema A

Generator \_/‘

Parser

C++

Early binding

Semantic Code
C++
Analyzer Generator \

class library

pyExpress for schema A
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Outline of converter
based on pyExpress

Converter X-A-Y
File or
in-memory data
for Tool X Support library ——
Tool X to < for Schema A: —
= ' writer
Schema A . macro &
< |
reader ® convenience ISO 10303-21
“(_2 functions : iz
% A Generic for dataset
Schema A 5 v STEP repository conforming to
- to Tool Y 5 Generated handler Schema A
File or writer _§ class library
in-memory data s
a for Schema A
for Tool Y To be produced Part 21
by converter T :
developer ‘Schema A Library provided by pyExpress’
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EXPRESS - Python Example (7)

ENTITY TAS kepler_ parameter_set:
==ni_mnajor_axis
eccentricity
inclination
right_ascen=sion_of_ascending_node
argument_of_periapsis
true_anomaly_at_start

HEF_length_neasure;

REAL:

HREF_plane angle_measure;
HRF_plane_angle_measure:
HREF_plane angle_measure;
HRF_plane_angle_measure:

WHERE
wrl: =emi_major_axi=z »>= 0.0:
wr?: eccentricity = 0.0;
wr3: { -180.0 ¢ inclination <= 180.0 };
wrd: { —360.0 ¢ right ascension_of ascending node <= 360.0 1}
wrS: { 0.0 <= arqument_of_periapszis < 360.0
wrb: { -360.0 < true anomalvy_at_start <= 360.0 }:
END_ENTITY:

de

=

def

class TAS kepler_paraneter_ set (HxpressEntity)
_attr_list=[
[ 'seni_major a=is',

'HREF_length measure'],

[ 'eccentricity', 'REAL'],
['inclination', 'WRF_plans_angle_mesasures'].
[ 'right_ascens=ion of ascending node', 'HRF plane angle measure'].

[ 'argument_of_periapsis’',
['trus_anomaly_at_start'.
_attr id maxlen=33

'NRF_plans_sngle measure'],
'HREF_plane_angle_mneasures']]

def __init__i=self,

=emi_major_axis = Hone, # HRF length measure
eccentricity = Hone. # REEAL

inclination = Hone. # HRF_plane angle_neasure
right_ascen=zion_of_ ascending node = Hone, # HEF plane angle neasure
argumnent_of_periapsis = Hone. # NRF_plane angle_mneasure
true_anonaly_at_start = Hone): # HRF_plane angle neasure

ExpressEntity __init_ (self)

azzert
a==ert
assert
azzert
a==ert
assert

self
self
=elf
self
self
=elf

set_semi_najor axisiself.

aszert

self seni_mnajor_axis =

=eni_mnajor_axis =
.eccentricity =
.inclination =
right_ascension_of_ascending node =
.argument_of_ periapsis =
.trus_anomaly_at_start =

_i=type HEF_ length measure(semi_major axis)
_istype_REAL(eccentricity)

_i=stype_NRF_plane angle measure(inclination)
_istype_NRF_plane_angle measure(right_ascension_of_ascending_node)
_i=stype_NRF_plane_angle_measure(argument_of_periapsis)
_istype_NRF_plane_angle measure(trus_anomaly at_start)

seni_major_axis
eccentricity
inclination
right_ascension_of_ascending node
argunent_of_ periapsis
true_snomaly_at_start

seni_major_axis):
_istype_NRF_length_measure(seni_major_axis)
seni_major_axis

self compute derived_attributes()

get_seni_najor_axisiself)
return self . semi_najor axis

Eesa._......ee...
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PyEXPRESS auvifomatic generaftion

EXPRESS
STEP
TAS/NRF

4

PyEXPRESS
Generator

write/read
— automatically generated from EXPRESS schema
* Validated on:

Windows NT4/2000
Silicon Graphics/Irix 6
SUN/Solaris 8

STEP-TAS/NRF API
(Python)

TAS Verter

STEPFile
(AsCll
Part21)

Complete Open Source code of new STEP-TAS/NRF C++ AP, including STEP-21

STEP-TAS/NRF API
(C++)

Eesa_
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New STEP-TAS/NRF C++ API Example

ENTI TY TAS triangle class Tas_triangle : public Tas_primtive_bounded_surface

SUBTYPE OF {
(primtive_bounded_surface);

public:

1 : geonetric_construction_point; . .
P g - -P //construction destruction

2 ri nstr ion int; .
p geonetric_construction_point; Tas_triangle():

p3 : geonetric_construction_point;
END_ENTI TY;

~Tas_triangl e();

/lattributes
Tas_geonetric_constructi on_point* get_pl() const;

voi d set_pl(const Tas_geonetric_construction_point *& pl)
throw (St epException);

V = Tas_geonetric_constructi on_point * get_p2() const;
e voi d set_p2(const Tas_geonetric_construction_point *& p2)
SIMULOG throw (St epException);

Tas_geonetric_construction_point * get_p3() const;
GRAITEC voi d set_p3(const Tas_geonetric_construction_point *& p3)

throw (St epException);

@ esa 17th European Thermal and ECLS Software Workshop
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Updates fo NRF and TAS profocols (7)

* Removed AIM and mapping table, focussed on robust ARM
— Interoperability with AP203 was not achieved in practice
— Better do an executable AP203/TAS converter (retained mapping table for this)
— Cost of full AIM implementation, verification and maintenance too high

» Major clean-up and replacement of unclear terminology
— Resolved many issues collected over the years
— Includes artificial constructsin ARM from original AIM/GR mapping

» Changed TAS navigational structure from bottom-up to top-down
— Much easier / more natural to use in OO repository AP

» Revalidated relationshipsfor TAS geometry, meshing, thermal -

radiative faces and made data model more consi stent
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Updates fo NRF and TAS profocols (2)

» Updated NRF definitions for ‘ datacube’, quantities and properties
— Permitted all permutations of ordering (item, quantity, state)
— Added a dedicated datacube for material properties

» Started to move protocol documents from MS Word to XHTML
 Revadidated all WHERE and RULE constraints
« Madeal INVERSE attribute definitions consi stent

» Consequenceisthat new STEP-TAS (ARM) Part 21 files are not
compatible with previous STEP-TAS (AIM) Part 21 files
— Not aserious problem since STEP-TAS was not yet really in industrial use
— Last chance for this kind of updates
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Current TASverftfer staltus

» Started in October 2002; 4th release made per 10 Oct 2003

— Sdf-contained Windows, Solaris, Linux, Irix executables

* No need to install Python

— Free download from http://www.estec.esa.int/thermal/tool Stasverter.html

— THERMICA .VIF and .SY SBAS readers/writers

— ESARAD .erg reader/writer

— STEP-TAS Part 21 reader/writer

— Configuration controlled testsuite with unit and large model testcases,

including fully automated run scripts for verification and regression testing

o CIGAL-2 reader/writer in progress

— By Alcatel Space + OpenCascade (with some assistance from ESTEC)
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TASverter example 71: ISS cold
THERMICA 1o ESARAD

X

System

711 thermal-radiative surfaces, converted in less than 15 seconds.
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TASverfer example 2: ATV
THERMICA o ESARAD

Session  File | Configuration  Processing Pol ' Select  View  Applcations 7 |
PR T TS R N T S e ?l %
Configuration view il

> 3D View =l
o CABLE AD
i CABLE AD
ANTENNA * i
¢ olzl]
%@ gl |
= i e
= | —
L

i Start| S Command Prompt -esrad |[¥3 ESARAD - Visualisation B 2P

1700 thermal-radiative surfaces, converted in less than 25 seconds.

Model hierarchy and coordinate transformations fully retained.
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TASverfer example 2: ATV
THERMICA 1o ESARAD

€1.1.1.1.4.4.2» ANTEMHA LAT MAIN EODY
SINEOD COLOUR=ELUE
$C_PROPERTY

C_COATIHNG=PSG_120_FD_cold

STSHAPE ~ CYLINDER P1=( 0. 0. —4.380) &
P2={ 0. 0. —4.400% &
P3=( 0.155. 0. —4.3800 &
DIAM=0.154
HESH WODE=(1.1)} ELEM=(1,1) SIDE=POS
$THERM HAME=(9966)
SAXIS TRAX=0.04 TRAT=-0.333

<1.1.1.1.4.4,3> ANTENNA UFF MAIN EODY
SIHFO COLOUR=BLUE
$C_PROPERTY

C_COATING=PSG_120_FD_cold

$TSHAPE DISC Fl=( 0. 0. —4.400) &
P2=( 0. 0. —4.480) &
Pa=( 0,155, .0, —4.400) &
DIAM1=0.154 DIAMZ=0.045
HESH HODE={1,1) ELEM=(1,1) SIDE=P0OS
S$THERM HAME=(9965)
S$AHIS TRAX=0.04 TRAV=-0.333

| Original THERMICA .SYSBAS

SHELL ol 1 1 1 4 4 2=01;

"IN <1.1.1.1.4.4. 2",

radius = 7.70000000000000=—-002,
hnaz = 2.00000000000005=—002,
hnin = 0.00000000000000=+000,
angmax = 3.60000000000000e+002,
angmin = 0.00000000000000e+000,
=idel = "ACTIVE".

=ide2 = "THACTIVE".

optl = PSG_120_FD_cold.
nbasel = 9966,

ndeltal = 1.

colourl = "ELUE".

colour? = "BLUE",

nodesl = 1.

nodes2 = 1.

ratiol = 1.000000,

ratio2 = 1.000000,

thick =0.0):

ol_1_1_1 4 4 2=s01 =

x_ang = 1.8000000000000=+002,
v_ang = 0.00000000000000e+000,
z_ang = 0.00000000000000e+000):

ol 1 1 1 4 4 2=01 =

x dist = 0 00000000000000=+000,
v_dist = 0.00000000000000e+000,

z_dist —4.38000000000000e+000%
SHELL ol 1.1 1 4 4 2;
ol 1 1 1 4.4 2 =
(o171 1.1 4_4_2s01);
ol =

TRANSI.ATE (object_name = ol _1_1 1 4 4
z_dist = 4 DUDUDDUUUDUDDDB o0z,

Generated ESARAD .erg

Eesa,
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Verification Tes# Svifte

» Morethan 200 unit tests
Documented as a website

 with naming convention for subdirectories per testcase
« actual and reference results for regression testing
Fully scripted to run and be diff-ed automatically

* Rea mode tests
— ATV modd

— METOP C/D full spacecraft model

— |ISS mode

— Herschel and Planck full spacecraft models

Eesa__
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Short ferm priorities

» STEP-TAS Verification Tool (in progress)

— Semi-automatic verification of STEP-TAS Part 21 files

— 3D visualisation for visual inspection

— Extraction of key characteristics of exchanged model
» Total surface area, surface area per aggregation level
» Overall geometric envelop
» Materias and material properties
* Number of faces, surfaces
* Number of thermal lumped parameter nodes, node ranges

Goal isto enable ESA to verify (certify) correctness of STEP-TAS datasets produced
by different converters and to isolate cause of possible errors

* Up-to-date STEP-NRF and STEP-TAS documentation (in progress)
— Including converter implementation examples
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Outlook (shorf ferm)

o Submit STEP-NRF and STEP-TAS protocolsto ISO TC 184/ SC 4
for ballot as ISO PASor TS

 Publish schemas and tools/toolkits in open source (harmonisation)
— pyExpressand TASverter
— develop full capability pyExpress with University of Manchester
— STEP-TAS and STEP-NRF schemas, Python and C++ libraries
* Provide and verify pyExpress generated C++ librariesfor STEP-TAS
— |If requested by thermal analysis tool vendors
o ESA development STEP-SPE (Space Environmental Analysis)
— Contract awarded, real work starting 27-Oct-2003
— Extends TAS for micro-meteorites/debris, contamination, atomox, radiation ...
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Outlook (longer ferm)

* Promote implementation STEP-TASin US, Canadian tools
— TMG, Thermal Desktop, TSS, ...

» Possibly extend TASverter with new reader/writer plug-ins
— Transform existing TRASY SIESARAD converter to TRASY S reader/writer

— Transform existing SINDABS/ESATAN converter to SINDASS reader and
ESATAN writer

— Add more SINDA/ESATAN-like readers/ writers
— Add AP203 reader/writer, with primitive shape recognition capability

* Can be derived from existing AP203/ESARAD converter plusold TAS
AIM mapping; possibly add facetting of remaining NURBS surfaces

— Construct HDF5 mapping and libraries for STEP-NRF
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Related: STEP in the Building Industry
Characteristic of Building Industry

— A lot of independent large constructors and SME involved in one (big) building

— Building becoming more and more complex
 Structural, thermal, acoustic, electricity... GRAITEC
* Hardregulation

— CAD : Very large objects models

STEP for building = IFC (Industry Foundation Classes)
— Based on EXPRESS and STEP-21
— Building dedicated integrated model :
 architecture, materials, structural, thermal, HVAC...

SIMULOG partnership, for STEP, CAD, Post-pro
with GRAITEC
— 3 European software editor in the
building industry
e +3500 customers
e +8000 licences CAD/analysistools
» +100 000 buildings designed
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PyExpress IFC-API (C++) A&:
used in 2 major projects ==

* Building Design Chain (CSTB, Mediaconstruct)

Engineers -> On-site workers ->
Thermal Analysis, measurement

Synthesis in

Architects, designers -> Engineers -> virtual reality

CAD, Structural Analysis Acoustic... immersion room

IFC-BRIDGE (SETRA)
" : vINCI -r:o

fsetec)

——
CSIRO
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Appendix Z: THER-CFD: aTHERMICA/GAMBIT gateway

THER-CFD:
a
THERMICA/GAMBIT
gateway

F. Boursier
EADS-SPACE
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THER-CFD :
a THERMICA/GAMBIT Gateway
F. BOURSIER
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CONTENTS

1 PURPOSE

I LAUNCH THERMAL ANALYSIS
I'THERMAL ANALYSIS FLOW

1 SOFTWARES

1 FROM THERMICA TO GAMBIT
1 CONCLUSION

F. BOURSIER
THER-CFD : a THERMICA/GAMBIT Gateway
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T
EADS
SPACE
TRANSPORTATION

PURPOSE

THER-CFD is a Fortran/Unix Software developed by
EADS SPACE Transportation in the frame of the
Launch Thermal Analyses

The aim is to build quickly a geometry usable with
GAMBIT meshing software based on a geometry
available in THERMICA format

F. BOURSIER
THER-CFD : a THERMICA/GAMBIT Gateway

Page 3
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LAUNCH THERMAL ANALYSIS

OBJECTIVES :

to predict the thermal behaviour of the payload
during ground and flight phases

H@E- To check the thermal compatibility of
the spacecraft with the launch vehicle

F. BOURSIER
THER-CFD : a THERMICA/GAMBIT Gateway
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EADS
SPACE
TRANSPORTATION
TEST RUNS
VALIDATION OF
DATA TRANSFER AND METHOD
SATELLITE
THERMAL MODEL DELIVERY MODEL INTEGRATION
ARIANE 5
- CAPACITANCES < UPPER SECTION
- CONDUCTANCES
- RADIATIVE COUPLINGS
- CONVECTIVE COUPLINGS
l MISSION CONDITIONS
COMPUTATIONS - LAUNCH TIME
PRELAUNCH AND LAUNCH PHASES - GROUND EXT. TEMPERATURE
- AEROTHERMAL FLUXES
I - SPACE RADIATION
TEMPERATURE PREDICTION
COMPARISON
F. BOURSIER PREDICTIONS/REQUIREMENTS
THER-CFD : a THERMICA/GAMBIT Gateway
Page 5
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SOFTWARES

caNAUX INTIALISATIQN EMPERATURES
CONVECTIO) TOUR I CALCULT IMPOSEEST D'SS'PA“O’F

« Fichier

FLUX ANOMMEMENT ~GESTION
EXTERNE EXTERNE CALCUL

TEMPERATURE SOLVER :
SISTHER

(Nodal representation)

Extraddion,  gatsat conv;

CONDITION
CALCUL

DONNEES
BE02

/)E'J

BE02

SAUVEGARBE BILAN ) TRACE ) JoB )

TEMPERATURE, °C

a9
kL)

SAUVEGARD]S PROFIL g;
az2

LISTING COURBEX a1
S’ S’ a0

AUTOMATIC CALCULATION CHAIN : LOGIAT

(about 150 elementary tasks)

MR RN
@@

F. BOURSIER WS METOP/SOYUZ FAIRING

THER-CFD : a THERMICA/GAMBIT Gateway
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EADS
SPACE
TRANSPORTATION
AIR FLOW CALCULATION : GAMBIT / FLUENT
m@ to refine convective coefficients
determination
m@E— to check that air velocity stays
below maximal allowed levels
Page 7
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EADS
SPACE
TRANSPORTATION

SOFTWARES
RADIATION : THERMICA

40000 50000

30000

=
=
=
=
o

-30000 -20000 -10000 0 10000

External heat fluxes
during flight

Radiative couplings
inside a closed cavity

F. BOURSIER
THER-CFD : a THERMICA/GAMBIT Gateway
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From THERMICA to GAMBIT

GAMBIT/FLUENT

A

THERMICA

F. BOURSIER

/

THER-CFD : a THERMICA/GAMBIT Gateway

Page 9

THER-CFD

)

EADS

SPACE
TRANSPORTATION

17th European Thermal & ECLS Software Workshop - Noordwijk, October 21-22, 2003

From THERMICA to GAMBIT

<1,1, 2,1> DI SQUE EPAI SSEUR PROTECTI ON AC - 26001
4 26001 0 1 4 -1. 000000 -1
. 00000E+00 . 00000E+00 . 56470E+01 . 00000E+00 . 00000E+00 . 57470E+01
. 70711E+00 -.70711E+00 . 56470E+01 . 00000E+00 . 00000E+00 . 00000E+00
. 52140E+01 . 51940E+01 . 00000E+00 . 00000E+00 . 00000E+00 . 36000E+03
. 10000E+01 . 00000E+00 . 00000E+00 . 00000E+00 . 10000E+01 . 00000E+00
. 00000E+00 . 00000E+00

THERMICA .VIF FILE

F. BOURSIER

vertex create « pl » coordinates 0 0 .564705+01

vertex create « p2 » coordinates 0 0 .574705+01

vertex create « p3 » coordinates .707115+00 -.707115+00 .56470%+01
coordinate create cartesian vertices « pl » « p2 » « p3 »

vertex copy
vertex nove
vertex copy
vertex nove
edge create

circle

face create
vertex copy
vertex nove
vertex copy
vertex nove
edge create

circle

face create

pl » to « vertex.4 »

vertex.4 » offset 2.607 0 0

pl » to « vertex.5 »

vertex.5 » offset 0 2.607 O

cercl » center2points « pl » « vertex.4 » « vertex.5 »

di squel » wireframe « cercl » real

pl » to « vertex.6 »

vertex.6 » offset 0 2597 0

pl » to « vertex.7 »

vertex.7 » offset 2.597 0 0O

cerc2 » center2points « pl » « vertex.7 » « vertex.6 »

GAMBIT .JOU FILE

di sque2 » wireframe « cerc2 » rea

THER-CFD : a THERMICA/GAMBIT Gateway

Page 10
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From THERMICA to GAMBIT
EXTRA GEOMETRIES ADDED WITH GAMBIT

GAMBIT

Acoustic
protection

Air inlet deflector

F. BOURSIER

THER-CFD : a THERMICA/GAMBIT Gateway Venti ng hole

Page 11
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From THERMICA to GAMBIT

THERMICA

i

[
IEEHL

F. BOURSIER -
THER-CFD : a THERMICA/GAMBIT Gateway ATV ARIANE 5mpeg
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CONCLUSION

THER-CFED ALLOWS A TRANSITION FROM
THERMICA TO GAMBIT WHICH LEADS :

m@E~ To use a more acurate geometrical
definition of the domains considered

m@E— To lower the cost of CFD
calculations thanks to shorter
processes

F. BOURSIER
THER-CFD : a THERMICA/GAMBIT Gateway
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Appendix AA:Highlightsin Thermal Engineering at CGS

Highlightsin Thermal Engineering at CGS:
Thermal Stability in the frequency domain

and
THERMAL DESKTOP/ESARAD trandation tools

M. Molina
Carlo Gavazzi Space
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CARLO GAVAZZI SPACE

Highlights in thermal engineering at CGS:

1) Thermal Stability in the frequency domain

2) THERMAL DESKTOP® translation tools

Marco Molina and Christian Vettore
Mechanical and Thermal Engineering Department
mmolina@-cgspace.it
Carlo Gavazzi Space SpA

17t Workshop on Thermal and ECLS Software-ESTEC, 21-22 October, 2003
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2) ESARAD (via STEP-TAS)/ESATAN
translation from
Thermal Desktop® 4.6

17t Workshop on Thermal and ECLS Software-ESTEC, 21-22 October, 2003
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Enabling ESATAN Output .Y

e Simply turn on the ESATAN button

User Preferences [x]

Units I Graphics VISIbIMyI Graphics Size  5fF Outgut IAdvancedI

— Format for output of all SINDA data — Output Units For SINDAFLUINT models
I Auto Determine (4.5) =05
" BINDAFLUINT 458 COERG
C SINDAFLUINT 4.5 MNote:Onky used if a FLUINT rmodel exists

© SINDAFLUINT 4.4
 SINDAFLUINT 4.3
 SINDAFLUINT 4.1
' SINDAG

* ESATAN

(6] | Cance| | Helg |

17t Workshop on Thermal and ECLS Software-ESTEC, 21-22 October, 2003
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Thermal Desktop® 4.6 _ma
features

Nodes,

ESATAN |«—____ Conductors,

sSources,
Heating rates = THERMAL

GR DESKTOP

STEP-TAS

ESARAD

17t Workshop on Thermal and ECLS Software-ESTEC, 21-22 October, 2003
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How to fill the gap

CARLO GAvVAZZI

ESATAN

THERMAL
DESKTOP

__y|STEP-TAS

TASVerter

ESARAD

17t Workshop on Thermal and ECLS Software-ESTEC, 21-22 October, 2003
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Thermal Desktop ® v
Radiation Calculations

e Geometries built in Thermal Desktop are
exported in STEP-TAS format
— Current limitations
« all geometry must be placed in a single submodel

« STEP-TAS can be imported into Thermal
Desktop

« RADK and Heating Rate calculations are
output in ESATAN format

17t Workshop on Thermal and ECLS Software-ESTEC, 21-22 October, 2003
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Sample Output (RADKS)

C SINDA/FLUINT data created with Thermal Desktop 4.6

C  Generated on Fri Oct 17 08:41:04 2003

C Generated from database BA SE-RcOptics.rck

C Bij Cutoff factor: ~ 0.0010000

C Conductor units are: m"2

C

C radk format:

C node 1l node 2 Area*e*Bij$ Bij Bji

C
GR( 1, 999)= 0.50000; $ 1.0000
GR( 2, 999)= 0.50000; $  1.0000
GR( 3, 999= 0.50000; $ 1.0000
GR( 4, 999)= 0.50000; $  1.0000

C

C Summary data for nodes with Bij sums < 1.0000 or > 1.0000
C BijSum always contains Bij Self

C

C node area rays emiss Bij Bij Bij Weighted
C sum sdf inact % Error
C MAIN.1 050000 5000 1.0000 1.0000 0.0

C MAIN.2 0.50000 5000 1.0000 1.0000 0.0

C MAIN.3 050000 5000 1.0000 1.0000 0.0

C MAIN.4 0.50000 5000 1.0000 1.0000 0.0

CARLO GAvVAZZI

CARLO GAVAZZI SPACE
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Sample Output (Heating Rates)

GENMOR

IF(NSOL.GT.1.0)THEN
QS:1=INTCYC(TIMEM ARTIME,ARSAMAIN1,1,5676.98D0,0.0D0)
QS:2=INTCY C(TIMEM, ARTIME, ARSAMAIN2,1,5676.98D0,0.0D0)
QS:3=INTCYC(TIMEM ARTIME,ARSAMAIN3,1,5676.98D0,0.0D0)
QS:4=INTCY C(TIMEM ,ARTIME,ARSAMAIN4,1,5676.98D0,0.0D0)

ELSE
QS:1=193.242
QS:2=192.891
QS:3=191.811
QS14=192.912

ENDIF

CARLO GAvVAZZI

\

CARLO GAVAZZI SPACE
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CARLO GAvVAZZI

Sample Output (Heating Rates) . ¥

CARLO GAVAZZI SPACE

# Time Array
ARTIME(17)= 0.0,4.730820e+002,9.461640e+002,1.419250e+003

#

1.764227e+003,1.767633e+003,1.892330e+003,2.365410e+003
2.838490e+003,3.311570e+003,3.784650e+003,3.909347e+003
3.912753e+003,4.257740e+003,4.730820e+003,5.203900e+003
5.676980e+003;

# solar albedo planetshine - MAIN.1 Area= 0.500000 Avg = 112.887535 31.783997 48.570499
ARSAMAIN1(17)=4.880749e+002,4.282346e+002,2.696814e+002,5.125848e+001

#

1.733135e+002,4.857050e+001,4.857050e+001,4.857050e+001
4.857050e+001,4.857050e+001,4.857050e+001,4.857050e+001
1.734149e+002,5.122900e+001,2.669101e+002,4.294877e+002
4.880749e+002;

# solar albedo planetshine - MAIN.2 Area= 0.500000 Avg = 113.716866 31.922405 47.252102
ARSAMAIN2(17)=4.929644e+002,4.238430e+002,2.660976e+002,4.994052e+001

1.747323e+002,4.725210e+001,4.725210e+001,4.725210e+001
4.725210e+001,4.725210e+001,4.725210e+001,4.725210e+001
1.762022e+002,5.012827e+001,2.717307e+002,4.300657e+002
4.929644e+002;

. MoreArrays...

17t Workshop on Thermal and ECLS Software-ESTEC, 21-22 October, 2003
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ESATAN v

CARLO GAVAZZI SPACE

* Node, Conductor, and Heatloads are output
In ESATAN format

. N i J/ \ 1
WX @ ) Pt
% :
i& P2 f o
/ I W N // /jé\ I X\ \
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CARLO GAvVAZZI

ESATAN Sample Output (from

CARLO GAVAZZI SPACE

Thermal Desktop® 4.6)

# SINDA Data generated with Thermal Desktop 4.6
# Generated on Fri Oct 17 08:35:37 2003

# TDUNITS, Energy = J

# TDUNITS, Time = sec

# TDUNITS, Temp = K

# TDUNITS, Mass = kg

# TDUNITS, Length = m

# TDUNITS, Orbit = km

# TDUNITS, Pressure= Pa

$NODES

D1="MAIN #1', T=293.15, C=INTRP1(T1,AR2,1)*0.00025;
D2="MAIN #2', T=293.15, C=INTRP1(T2,AR2,1)*0.00025;
D3="MAIN #3', T=293.15, C=INTRP1(T3,AR2,1)*0.00025;
D4="MAIN #4', T=293.15, C=INTRP1(T4,AR2,1)*0.00025;

B999="MAIN #999', T=0,;

$ARRAYS
#DEFAULTk
AR1(10)=

0., 1.

100, 5.

200., 7.

300., 10.

1000., 11.
# DEFAULT.rhocp
AR2(8)= 0., 100.

100., 105.

200., 150.

500., 175.
$CONDUCTORS
GL(1.2)=INTRPL( (T1+T2)*.5, AR1,1)*0.001;
GL(1,3)=INTRPL( (T1+T3)*.5, AR1,1)*0.001;
GL(2,4)=INTRPL( (T2+T4)* .5, AR1,1)*0.001;
GL(3,4)=INTRPL( (T3+T4)*.5, AR1,1)*0.001;
$VARIABLESL

17t Workshop on Thermal and ECLS Software-ESTEC, 21-22 October, 2003
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Conclusions

\

CARLO GAVAZZI SPACE

Thermal Desktop 4.6 translates

model+sources+heating rates into ESATAN

Open point

Translation to STEP-TAS under testing

— How to ‘certify’ the compatibility with STEP-TAS?

Important applications

— 1SS (NASA standard required)

— Large Space Simulator (@ESTEC): GMM and TMM
models now only available in ESATAN/ESARAD.
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1) Thermal Stability in the frequency
domain

Marco Molina, Federico Pamio,
Alberto Franzoso, Christian Vettore

17t Workshop on Thermal and ECLS Software-ESTEC, 21-22 October, 2003
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INTRODUCTION _ma

LISA (Light Interferometer Space Antenna)

Constellation of 3 S/C, Heliocentric orbit, average distance 5*10°
km

Scientific purpose:
Gravitational Wave Detector

— 3 couples of free-floating test
masses to detect differential
displacements (of the order of
10-12 m, 1/10 the atomic size!)

— Laser beams bouncing between
test masses, to build up a 2-3
arms interferometer

17t Workshop on Thermal and ECLS Software-ESTEC, 21-22 October, 2003
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SCIENTIFIC GOAL

LISA detects Gravitational Waves, Space-time distortions due to:
Black Holes
Supernovae

Binary massive
systems (e.g.
Neutron Stars)

CARLO GAvVAZZI

CARLO GAVAZZI SPACE

A chance to test General Relativity predictions on the most
energetic events in Universe

17t Workshop on Thermal and ECLS Software-ESTEC, 21-22 October, 2003
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Detector Description (1) l

The scientific core of each satellite is
contained in a Thermal Shield (TS), to
lower the thermal noise

Inside the TS an Optical Bench (OB) is
located, hosting Laser beam optics

A couple of Inertial Sensors (1S) lies on the
OB. Each IS is a ultra-vacuum enclosure
for the Test Mass, the Caging Mechanism
(CM) and the Electrode Housing (EH),
located around the TM.
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Detector Description (2)

CARLO GAvVAZZI
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Inside the Inertial Sensor:
The Caging Mechanism

— To block the Test mass during
non-scientific phases

The Electrode housing
— To allow re-positioning
The Test Mass

— Free floating, the “mirror” at the
interferometer arm ends

17t Workshop on Thermal and ECLS Software-ESTEC, 21-22 October, 2003
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Thermal Analysis v
requirements

 Thermally driven changes of the distances on the OB will
degrade the measurement accuracy if they differentially
affect the two arms of the laser interferometer

» LISA detects GW within a defined frequency range =>
temperature requirements given in the FREQUENCY
domain

17t Workshop on Thermal and ECLS Software-ESTEC, 21-22 October, 2003
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Physical quantities A
DEFINITION

e TSD = Temperature Spectral Density = [K?/HZ]

T2
TSD = [im —
Lim

 TPSD = (Thermal) Power Spectral Density = [W?/Hz]

2
TPSD = [jm >

Af -0 f
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TPSD = (Thermal) Power Spectral Density \ 4
Example L A R

» Single Photo-diode (located on OB) av. dissipation : 1mW
* Overall av. dissipation power of 10mW throughout the OB
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» Photo-diodes power fluctuation: two levels OARLS GAVAZZI SPAGE
*DP/P = 4*103 [ ]/VHz for frequencies 21.8* 103 Hz
*DP/P = 6*10° [ ]WVHz for frequencies <1.8* 102 Hz

10!

io® Analysis Input

relative power
[uctuations | 1/ Hz]

10

Diode
characteristic

10

107

111 1 1 1 11 111
1072 107!
frequency [He)

10

Once multiplied by the Power (W) and squared
this is really a (Thermal) “POWER” Spectral Density
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Physical quantities v
DEFINITION

* T rus = Square root of the Area under the TSD

vs. frequency curve

— It is the root mean squared 1-sigma temperature
fluctuation

* For 68.3 % of the time, the temperature time history would
have peaks no exceeding the 1-sigma temperature

» For 99.7% of the time, the temperature time history would have
peaks no exceeding the 3-sigma temperature

17t Workshop on Thermal and ECLS Software-ESTEC, 21-22 October, 2003
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INPUT

Temperature Spectral Density

CARLO GAVAZZI SPACE

1.00E-05

TSD
K?/Hz

T 1.00E-06

1.00E-07

1.00E-04 1.0¢E-03 1.00E-02 1.00E-01 1.00E+00 1.00E+01
Frequency

17t Workshop on Thermal and ECLS Software-ESTEC, 21-22 October, 2003
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Optical Bench requirements v

REQUIREMENTS REQ. VALUE
OB temperature 20+ 10°C
OB temperature stability 104 K/ Hz
OB temperature gradient stability 104 K/ Hz

FREQUENCY RANGE:
101 + 104 Hz
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Boundary conditions for LTPA ¥

CARLO GAVAZZ| SPACE

(LISA Technology Package Architecture)

« As an input for the OB stability
requirement study, temperature
stability over the S/C interfaces of
10-3 K/VHz was considered.

» First step: An aluminum thermal
shield, made up of a cylinder with
the internal and external surfaces
goldized to damp the external
temperature changes, was designed.
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OB thermal insulation A
mechanical design

The Optical bench assembly is mechanically
fixed to the thermal shield by means of a
system composed by pyroceram rods and
titanium brackets

An insulating washer has been foreseen under
each titanium brackets attachment point;
brackets are fixed to a C-shaped ring, and low
emissivity coating was foreseen
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Thermal modelling steps A

 PHASE 1: Simplified 3-nodes mathematical model
— Test bed to get comfortable with frequency domain
— Develop general metodology

 PHASE 2: Linearization of the 3-nodes system
— Transfer function
— Fast tuning

« PHASE 3: Detailed model

— Refine and confirm preliminary results

— Response to random boundary condition in the whole frequency
range

17t Workshop on Thermal and ECLS Software-ESTEC, 21-22 October, 2003
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LTPA — Phase 1

 3-nodes model: TS, IS, OB

» identify allowed conductive values provided by
the OB structural supports, to satisfy the LTP
thermal requirements

e provide a guideline to the structural design

» oscillating temperature was applied to the TS,
no direct power introduction has been
considered TS

CARLO GAvVAZZI

GR
GR: 2

Krsos

IS Kisos OB
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LTPA — Phase 2

Linearization of 3-nodes model

Linearization => to use the analytic Ry GRe
expression of the transfer function

CARLO GAvVAZZI

-?gll—o GAVAZZI SPACE

] ] Krsos
Linearized system:

IS Kisos OB
En kIS—OB (6TOB - 6TIS) - kTS—OB (6TOB - 6Ts) =
- P
0 ~ oY T Krs-o8
O R(LIN
S’ kIS—OB (6T|s - 6TOB) —OAg (4T|s;6T|s - 4Tszq§Ts): ( )

oT

: C0

IS Kis-os OB
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LTPA — Phase 2 ma

 Linearization at equilibrium:
« TRANSFER FUNCTION

G = AT|s — AIS ATSS 1s€1s F|s—s
R
ATTS (1 —&s )ATSSTS FIS—S T € 5€q15 ATS + (1 —&1s )AISS IS FIS—S

* Where: A =IS external area

. A;s=TS internal area

. £,5=IS emissivity

i Ers=TS emissivity

. Fis.1s=IS-TS view factor
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LTPA — Phase 2 A

 Requirement: attenuation of input temperature
Trs (10°K?2?/Hz ) on the output temperature
T\s (10® K?2/Hz ), wWhich is equivalent to require a
transfer function of

c -BTs _Tasis 107 K/vHz _

" DTy [Taee  10°K/VHzZ

« Geometrical/optical/physical parameters can be
adjusted accordingly

0.1
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Temperature Spectral Density v
1.00E-05
Input TSD E
. * - 1.00E-06
TSD
- 1.00E-07
= . K“/Hz
"1 | Output = required
e TSD
e - - -~ 1.00E-08
1.00E-09
1.00E-04 1.00E-03 1.00E-02 1.00E-01  1.00E+00  1.00E+01
Frequency
Hz
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LTPA — Phase 2 results

» 3-nodes model: Applied boundary + transfer function

CARLO GAvVAZZI

CARLO GAVAZZI SPACE

Te = Te +ATsin(w ct) = 293+ 0.293sin(2n110™t)

* Frequency of the sinusoid: 104 Hz (it is sufficient to verify the thermal
requirement at the lower extreme of the relevant frequency band)

ATTENUATION FACTOR G

Radiative+tlinear |Radiative only

Optical bench 0,105398 0,09077
Inertial sensor | 0,105405 0,09091
top
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LTPA — Phase 2 ma

* The frequency of the external perturbation was
chosen to be the LOWEST in the frequency domain
of interest

 The thermal models are LOW PASS FILTERS

* Once the requirements are met at the minimum
frequency, then we are confident they will be
respected at higher frequencies

* The three-nodes model system equation linearization
led to an analytical transfer function explicitly
dependent on the thermal parameters, allowing their
quick tuning.
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LTPA — Phase 3 v
Geometric model

MODEL FINAL DIMENSIONS:

* 51 Submodels

+2300 Nodes
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Interfaces definition (1/3) v

CARLO GAVAZZI SPACE

RADIATIVE INTERFACES : LTP has been wrapped by a sphere, simulating
external environment

e LTP radiative environment
(sphere) static T : 20°C +/- 10°C

e LTP radiative environment
(sphere)
TSD:10% K2/Hz

* Sphere has been considered
black painted
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Interfaces definition (2/3)

CONDUCTIVE INTERFACES : Boundary temperatures have be assigned
to the glass fiber
struts end parts

CARLO GAvVAZZI

CARLO GAVAZZI SPACE

» LTP attachments points
(struts ending) static T :
20°C +/- 10°C

» LTP attachments points
(struts ending) T stability:
TSD: 10 ¢ K?/Hz
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Interfaces definition (3/3) ...

CONDUCTIVE INTERFACES : Boundary temperature has been
assigned also to the FEE and coupled to the Electrode Housing
through coaxial cables as in IS analysis.

* FEE static T : Copper conductor
20°C +/- 10°C

Cdlloflon dielectric

« FEE T stability
TSD: 10 ¢ K?/Hz

«— | Polyester jacket

No radiative coupling has been implemented
No other cables modelled
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CARLO GAvVAZZI

CARLO GAVAZZ| SPACE

LET'S GENERATE
a time history of a known TSD
signal!

SINDA mmm) Matlab | interface
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Spectral analysis A

« Given a Temperature Spectral Density (TSD), the
time dependent (periodic) signal is:

Vj% % sin(2n @0 t)

 where X is the mean value

X(t) =X+
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Input signals (plots from MATLAB)...Y. ...

Temperature Spectral Density

1.00E-05
+ 1.00E-06
Temperature Oscillation [K]
0.015 T T T
TSD
+ 1.00E-07 K2/Hz 0.014-
0.013
+ 1.00E-08
0.012}
1.00E-09 o
1.00E-04 1.00E-03 1.00E-02 1.00E-01 1.00E+00 1.00E+01 A
Frequency :
Hz
0.008
0.008 -
0.007 -
0.0086 -
0.005 : L t L L L L L L
o] 0.5 1 15 2 25 3 35 4 45

tls]
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Is the plot below A
a RANDOM signal?

A real random signal cannot be plotted
— As soon as we plot it, it becomes deterministic!

Temperature Oscil lation [K]

0.008

0.008

0.006

0.005,
0 25 3 35 4 45 5
tis] x10°
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CARLO GAvVAZZI

Guidelines for the Analysis A

* After the modelling phase, transient runs were made to
study the temperature stability

* Sampling frequency : 1Hz (10 times higher than the
higher extreme of the frequency band of interest, to avoid
aliasing problems)

* Double precision calculations
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Analysis results v

CARLO GAVAZZI SPACE

* The TSD of the output signals was calculated as follows:
N-1 —ion Mk
X(f_,P)= ATZ;x(k)Ee

* Where At is the sampling time (1sec), m is the index of the discrete
frequency values at which the Fourier Transform is calculated:

m

fo=_
NAT

* The desired output signal TSD is given by:
T (1,) = 2 {X(f,, P
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Example: Analysis results

CARLO GAvVAZZI

CARLO GAVAZZ| SPACE

Time transient
for a node on the
Electrode
Housing

303 -

303

[K] a3l VT ——————]
Thermal system =
damping effected =

303
o]
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Let’'s go random! v

CARLO GAVAZZ| SPACE

In order to generate a nonperiodic input signal (more similar to
what we expect as ‘random’) the sinusoidal signals at different
frequencies where summed with a RANDOM PHASE

1000
X(t) = X + VJT%) > sin(2r @0t +
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CARLO GAvVAZZI

Random input signal

CARLO GAVAZZI SPACE

303.0015

303.001 '

303.0005 -
T
§ 302.9995 |[{{[ !
% 302.999 -
IS
302.9985

207008 | +3-sigma= 19 E-5 [K]

302.9975

1 1001 2001 3001 4001 5001 6001 7001 8001
Time (S)
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Input temperature distribution '

CARLO GAVAZZI SPACE

25000

20000 -

Teye= 3.2 E-5[K]

15000

10000

5000
O —
B S R - CHEN & ¢ & &
& P &GP P P o S %Qo §
oSV of o e oS oS o e o of of
temp [K]
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OUTPUT SIGNAL RESULTS ...Y_.

* Temperature profile of a internal node
* Damping effect of the thermal system

30: r /V‘\\ f
1.4E-5 [K] * \W, / \\[ " /

v ! Trms
(6Taus) o+ |
A .

A

T aus= 2.3 E-6 [K]
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CARLO GAvVAZZI

RANDOM SIGNAL RESULTS _ .Y

CARLO GAVAZZI SPACE

The TSD of the output signal has been computed:
TEMPERATURE STABILITY REQUIREMENT
TSD < 1*108K2/Hz

eMaximum TSD : 6.6*10° [K?/HZ]

K2/Hz

*Requirement met
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CARLO GAvVAZZI

* The system act as a low-pass filter: e
3"3 / M '\i\ m Im J
\ it w
\ \‘ \f
2 I
[ ”rJ NARRRARD k
299955 06 07 08 09 1 11 1.2.1.3 1.4)(1015.5 IN OUT ’° 0“6 017 0.‘8 0.‘9 ‘1 1“1 1“2 1‘.3 o
| Temper‘atureSpe(‘:tral Dens!t‘y . - v T

; TSD
weor 52 [K2/HZ]

w7 |8.2E-BK  Tgys 2.3E-6K
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Conclusions v

CARLO GAVAZZI SPACE

* Disturbing signals were created as time dependent temperature
series, starting from their TPSD or TSD

* The output signals TSD was calculated and compared with max
temperature fluctuations, for a cross check

* Comparison with analytical results shows good correlation

* The system meets stability requirements in terms of thermal
stability and thermal gradient stability

* TSD concept must be handled with care!
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Appendix AB:Designing for milli- and micro-kelvins

Designing for
milli- and micro-kelvins

V. Perotto
Alenia Spazio
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A FINMECCANICA COMPANY
Designing for mK / uK
A challenge also for thermal solvers?
S. MANNU, R. MARTINO, V. PEROTTO
ALENIA SPAZIO S.p.A. - Environmental and Fluid Dynamic Systems
Strada Antica di Collegno 253, 10146 TORINO (ITALY)
Tel.: +39 011 7180215 Fax : +39 011 7180239
E-mail: vperotto@to.alespazio.it
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= Alenia peggning for mK / uK - A challenge for thermal solvers ?

SPAZIO
A FINMECCANICA COMPANY

INTRODUCTION

* In some space programs (e.g. GAIA, GOCE) a high
accuracy and precision are requested to numerical
simulations, down to the levels of milli-Kelvin or even to
micro-Kelvin (for temperatures and gradients).

Precise / Precise /

not accurate :
Not precise / accurate

Not precise /
accurate

not accurate

Accuracy -> average deviation Precision -> standard deviation
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Designing for mK / puK - A challenge for thermal solvers?

INTRODUCTION

« Are the available solvers able to guarantee adequate results
in front of these requirements ?

 To verify this, a simple 2-nodes model has been built to
compare the ESATAN numerical solution with the analytical
one.

« This very simple problem allows to assess the ESATAN
numerical precision and accuracy and also to identify the
parameters which affect them.
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SPAZIO
A FINMECCANICA CON

Designing for mK / puK - A challenge for thermal solvers?

2-NODES MODEL WITH IMPOSED THERMAL POWER
@) = THERMAL NODE - DIFFUSIVE
@_\Q o = THERMAL NODE - BOUNDARY
*M/— = LINEAR CONDUCTOR GL

= POWER DISSIPATION Q

Thermal balance equation:
C*dT(t) /dt=Q(t) + GL - [ Tboundary -T() ]
with: Q) =A"- (1 +coswt)
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2-NODES MODEL WITH IMPOSED THERMAL POWER (cont'd)

» Analytical solution:

A 1 A A
|- CED( t Tt %@Xp(—ﬂt)+—m+6%—mﬂCosoot+oosnwt)

T(t) = Tboundary + @tho boundary
where:a =GL/C, w=2m1/T

» Several test cases have been made, each characterized by
different values of parameters (linear conductor GL,
specific heat, mass, boundary temperature, dissipated
power)
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2-NODES MODEL WITH IMPOSED THERMAL POWER (cont'd)

e For each test case several runs have been made to assess
the effect of the ESATAN convergence control
parameters.

 The difference ESATAN — analytical solution is the
accuracy (actually the accuracy should be the average
deviation of error for all runs with different values of
control parameters, but in an analysis campaign such
parameters are not explored estensively).

 The deviation of the accuracy with the
convergence control parameters corresponds y

to the precision.
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VERIFICATION OF ESATAN PERFORMANCES

Case with: Time ESATAN | Theoretical | Difference
Solution Solution

A=100W, m=1kg, c =900 J/kg-K, Tb=T0=20°C,GL=1W/K |_I[s] [°C]
0| 20.000000 0.000000
Integration time step At = 0.01 s, Period T =6 hrs 1200] 165.292930 0.000022
2400| 193.988628 0.000063
3600| 184.465538 0.000100
0150 200 4800| 159.444963 0.000128
= 11809 6000| 127.631248 0.000141
3 01007 + 160 3 7200] 94.360541 0.000136
5 11408 8400| 64.040898 0.000114
s 0050 - g 9600 40.433468 0.000080
s _ T 120 - 10800| 26.413110 0.000036
£ 0000 — z 12000] 23.678121 -0.000013
<= 2 o > 5 13200] 32.560291 -0.000060
< 0050 | D 14400| 51.988800 -0.000100
W = 15600] 79.620417 -0.000128
M 0100 2 16800| 112.122395 -0.000141
18000 145.574526 -0.000136
19200 175.941990 -0.000115
0150 20400| 199.562024 -0.000080
Time [hrs] 21600| 213.585703 -0.000036
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VERIFICATION OF ESATAN PERFORMANCES (cont’'d)

Maximum AT [mK]
ESATAN - Analytical solution Integration time step [s]
Relaxation Constant 0.07 0.1
1.00E-10 0.141 1.403
1.00E-05 0.141 1.403
1.00E-03 0.141 1.403

From all the test cases:

* No effect of RELXCA on solution accuracy can be
appreciated for little models

 Very small time steps and RELXCA not compatible with
ESATAN internal limit (one million steps maximum)
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CONCLUSIONS

For this very simple linear model (no GR) the accuracy of
ESATAN is of the order of 0.1 mK

Accuracy can be somewhat reduced (not to pK levels)
using very small time steps, but this is unfeasible with
large models

Accuracy for complex models can not be assessed, but it

IS reasonable to assume it is higher than mK

« With networks containing GR instead of GL, error is
expected to increase as effect of non-linearity and
necessary iterations within ESATAN
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CONCLUSIONS
OPEN POINTS:

* Is it possible to design a TCS with requirements in terms
of mK / pK with the standard solvers ?

* Is it possible to improve the standard solvers accuracy ?
* Is it necessary to calculate also precision?

* Is it possible to achieve a TCS with requirements in terms
of mK / uK with the classic procedure based on analysis
(iterations design/analysis and subsequent tests) ?
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