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Summary

In June2000a two-yearjoint programmeby Fokker SpacgFS),Centreof Lightweight Structures
(CLC), andthe NationalAerospacd.aboratoryNLR wasstartedto develop, manufcture,and
qualify ademonstratofairing. The programmas fundedby the NetherlandAgengy for
AerospaceéProgrammegNIVR) within the framewvork of the nationalNRT programmeWithin
thejoint programmeNLR contritutedto the preliminarydesignandwasresponsibldor the
designoptimisation.The designoptimisationwasperformedwith the B2000code.

In the preliminarydesignphaseheloadson, andtherequirementgor, the Liquid Oxygen(LOX)
fairing wereinvestigatedDifferentoptionswereconsideredor materialsmanufcturing
processeanddesignconceptsTrade-ofs supportedy preliminaryanalyseshavedthata
CFRPstiffenedskin concepin combinationwith VacuumAssistedResinTransferMoulding
(VARTM) technologywasthe mostpromisingconceptin termsof costreductionweight
reductionandpossibilitiesto usethe sameconcepfor otherfairingsaswell.

For thedesignoptimisation first the LOX fairing wasdiscretisednto a FEM analysisnodel.
This hasbeendonemanuallyusingthe Input DescriptionLanguag€IDL) of the B2000code.
Usingthis scriptinglanguaget is possibleto build the modelin substructuresAlso loads,
boundaryconditionsandmaterialsweretranslatednto B2000FEM-format. Next, aFEM
optimisationmodelwasmade.The optimisationmodeldescribesvhich designparametersnay
vary, which conditionsshouldbe met,andhow the searchor betterdesignss controlled.The
descriptiorwasdonemanuallyusingthe OptimisationModel Input DescriptionLanguage
(OMIDL) of theB2000code.Thesamekind of structuringhasbeenusedasfor theanalysis
model.

Severalinitial designseachwith a differentnumberof stiffeners have beenanalysedand
optimised resultingin arangeof optimiseddesignsfrom which onedesignhasbeenselected
andanalysedn detail. This designis theresultof analysesndoptimisationswith estimated
materialproperties B-basisallowableswill becomeavailablefrom atestprogrammeywhich will
be completedn the beginning of 2001. The B-basisallowableswill beusedin anew setof
optimisationsandanalysestesultingin afinal design.This designwhichwill befurtherdetailed
andanalysede.g.connections)will resultin theissueof productiondrawings of amouldandof
afull scalefairing demonstratom theyear2001.
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1 Introduction

Fokker Spacg(FS)is a Europearsupplierof launcherstructuralsystemsFShasbeen
collaboratingon the developmentof the Ariane 5 launchvehicle(seeFig. 1). However, for the

www . starshi pmodeler.com

Fig. 1 The Ariane 5 launch vehicle

traditionalexpendabldaunchvehicles,commercialcompetitionis increasingwith theassociated
demandor dramaticcostreductions Arianespaceés looking for a substantiafeductionin
recurringcosts.A greatdealof costreductioncanbe achieved by designoptimisation.However,

it is recognisedhatadditionalsavings canberealisedby theintroductionof new manugcturing
technologiesA suney onthecomponentandassembliesf themainengineframeof Ariane5
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indicated thatsignificantsavings canbe achiezed on the fairingsover thefuel linesthroughthe
introductionof a compositeproductionprocessThe currentfairingsaremadeout of formed,
stiffenedandrivetedaluminiumsheet.The manugcturingprocesss labourintensive andhence
costly FSproposedo replacethesemetalassemblieby compositecomponentsvith a high level
of partintegration. Theaimis to reducetherecurringcostsby 50%. Reductionof weightis nota
requirementput the compositefairingsshouldnot becomeheavier thanthe currentmetal
fairings. Threefairingsarecoveringthe LOX line (seeFig. 2). It wasdecidedto redesigrthe
upperLOX line cover, becausét is themostcomplex of thethreefairings.

|
|

fairing

©1999 Vince Hoffmann

Fig. 2 Fairings on the Ariane 5

In June2000atwo-yearjoint programmeby Fokker Space Centreof Lightweight Structures
(CLC), andthe NationalAerospacé_aboratoryNLR wasstartedio develop, manufctureand
qualify ademonstratofairing. The programmaes sponsoredy the NetherlandsAgengy for
Aerospacé’rogramme$NIVR) within thenationalNRT programmeWithin thejoint
programmeNLR contritutedto the preliminarydesignandwasresponsibldor the design
optimisation.The designoptimisationhasbeenperformedwith B2000(Ref. 1- 5).
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2 LoadsontheLOX line cover

Duringflight, differentmissionphaseseachwith theirown loads,canbedistinguishedDuring
missionphasel (ignition) only acoustidoadsoccur During missionphase2 (attake-off) blast
wave loadsandacoustidoadsoccur During missionphase3 (atmospheridlight) acoustidoads
andaerodynamidoadsoccur Thesdoadshave beencorvertedby FSto staticpressurdoadsfor
thedimensioningof the LOX fairings. For theacoustidoadstwo loadlevels duringatmospheric
flight canbedistinguishedWhenthe eigenfrequencof the LOX fairing is highenough,
considerablyfower pressurdoadscanbe applied. The dimensioningoadsduringthe
optimisationwerethe combinedacousticandaerodynamidoads.An ultimatesafetyfactorequal
to 1.25shallbeappliedto thesdimit mechanicaloadsfor dimensioningwith respecto failure of
the LOX fairing.

In additionto the pressurdoads,athermalload hasbeendefined.Thereforethe LOX fairing is
coveredwith alayerof thermalprotection.The peaktemperaturef the skin underthelayer of
thermalprotectionis foundto be approximatelyl47°C.

3 Design requirements

3.1 Geometrical requirements

Thecompositefairing shouldhave the samenterfacesasthe aluminiumfairing, with the
exceptionof asupportrig in thetaperedsectionof thefairing. This supportrig canberedesigned
if necessaryAlterationsto the outergeometryof thefairing areallowed, but the nev composite
upperfairing shouldnot exceedthe envelopeof the currentmetallic structuretoo much. Further
astay-outzoneattheinsideof thefairing hasbeendefinedwherethe LOX line is placed.This
restrictsthe geometryof the compositdfairing in suchaway thatonly smallvariationsare
possible. The geometryof the compositefairing will bevery similarto thealuminiumfairing.

3.2 Stressrequirements
Failure of the structureis not allowedbelav DesignUltimate Load. As stresdailure criterionthe
Tsai-Hill criterionhasbeenchosen:

2 2 ] 2
v = (2) (2 - e ()
01 g2 0102 T12
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3.3 Buckling requirements
Local buckling shouldnot occurbelav limit load. Globalbuckling of the structureshouldnot
occurbelaw ultimateload.

3.4 Eigenfrequency requirements
No actualrequiremenhasbeendefinedfor the eigenfrequencof the structure.However, when
thenaturalfrequeny is highenough(f,, > 176.8 H z) theacoustidoadsduringatmospheric
flight becomeconsiderablyower. Thereforetwo differentdesignmethodscanbe used:
1. Use"heavy loads”for calculationof stressesjo not apply constrainton eigenfrequengc
2. Use’light loads”"for calculationof stressesapply constrainton eigenfrequengc

Theoptimisationwill shav which designis preferred.

For the calculationof the eigenfrequencthe influenceof thethermalprotectionhasto betaken
into account.lt is assumedhatthethermalprotectiondoesnot contritute to the stiffness(and
strength)of the structure However, the massof thethermalprotectioncannotbe neglected.The
eigenfrequencvariesapproximatelyfinearly with \/% in which k is thestiffnessandm is the
mass.As the contritution of massof thethermalprotectioncanbe up to 50% of thetotal mass,
the eigenfrequencof the structurecanbe reducedwith 30%.

4 Preiminary design, the different design concepts

In the preliminarydesignphasethreedifferentdesignconceptsvereconsidered:
1. A sandwichconstructiorwith CFRP/GFRRacingsandfoam coreproducecdby vacuum
prepre.
2. A CFRP/GFRRingleskin producedoy VacuumAssistedResinTransferMoulding
(VARTM) or vacuumpreprej.
3. A CFRP/GFRHRstiffenedskin producedoy VARTM or vacuumprepra.
Trade-ofs supportedy preliminaryanalyseshavedthatthe CFRPstiffenedskinin
combinatiorwith VARTM wasthe mostpromisingconceptin termsof costreductionweight
reductionandpossibilitiesto usethe sameconcepfor otherfairingsaswell. Becausef the high
operatingemperaturesf thefairing, aresinsystemwith asuficiently highZ,, (£200°C) has
beenchosenThisresinsystemis relatively expensve, makingthetotal costsof the fairing
stronglydependenof theamountof materialused(andthusof the structuralmassof thefairing).
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Thecurrentmetallicfairing is composedf a prismaticsectionandataperedsection(seeFig. 3).
In the preliminarydesignit wasrecognisedhatthe sharpcornersin thetaperedsectionarea

2,

Fig. 3 The outer geometry of the current metallic upper LOX fairing

problemareain termsof stresseandin termsof manufcturing. Therefore anenv geometryhas
beendesignedseefFig. 4) which slightly exceedghe envelopeof themetallicfairing. As stiffener

L

Fig. 4 The outer geometry of the composite upper LOX fairing
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concepthat-stifenerswerechosen(seeFig. 5). Thesidesof the stiffenersonly containangle
plies(£45° fabric). Extralongitudinalpliesareplacedin thetop of the stiffener(0°/90° fabric).
Theskinonly containghe 0° /90 fabric. Thefabricis a 2x2 Twill with anequalamountof tows
in warpandweft direction. The 0° directionis in thelongitudinaldirectionof the stiffener

0°/90° fabric

—emmmm- - 4450 fabric

Fig. 5 The hat-stiffener concept

At theedgewf thefairing the stiffenerswill have to end. To compensatéor thelossof bending
stiffness,extralongitudinalplieswill beaddedo the skin. Further extra angleplieswill be
addedto theskinto increasahe bearingstrength(the edgesareboltedto the main stageengine
thrustframe). Theseextra pliesstartat the edgeof thefairing andrun underneathhe stiffenerto
acertainextent. Extraangleplieswill beaddedto the endof the stiffeneraswell to createaload
pathfrom thetop of thestiffenerto the skin.

5 Theanalysis model

Thestructureof the LOX line cover, definedin the previous chapteris discretisednto a FEM
analysismodel. This hasbeendonemanuallyusingthe advanced’Input DescriptionLanguage”
(IDL) of theB2000code(Ref.4). Usingthis scriptinglanguaget is possibleto build themodel
in substructuresThe modelis almostcompletelyparametrisedA few patchesn themodelhad
to beimportedfrom Patran,which hasmorepossibilitiesfor modellingandmeshing.The
parametrisatioenablegjuick changesvithin the model,suchasnumberof stiffenerswidth and
heightof the stiffeners lay-upandmeshdensityof the LOX fairing. Also loads,boundary
conditionsandmaterialsaretranslatednto B2000FEM-format.
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Theentiremodelis split upin differentfiles, eachfile modellinga differentpartof thestructure,
i.e., skin prismaticsection stringerprismaticsection,skin taperedsection stringertapered
section.etc. Thesesubstructurearesplit up againin sub-substructuresg., stringerfoot, stringer
top, etc. The B2000input processohandleghesefiles asa kind of subroutinesn acomputer
code.Thereis a”"main programme’(thefile 'LO X.inp’) which callsall the othercomponents.
Thedifferentparametersisedin the model,aredefinedandexplainedin afile called
‘global.def.inp’. Whena componenti.e. the stringerin the prismaticsection,is calledin aloop,
it is possibleto vary the numberof stringers.An exampleof the "subroutine”
‘prismatic_section.inp’canbeseenin appendixA.

5.1 Geometry and topology

A FEM modelof the configuratiorwith 3 stiffenersin the prismaticsectionand2 stiffenersin the
taperedsectionis shawn in figure 6. Only half the structurehasbeenmodelled becausdoth
structureandloadingsaresymmetric.All elementsn the FEM modelarefour-nodedStanley
typeshellelementsThetheoryof theseelementss describedn referenceb.

=0

=| 3D Benderer

The LOX fairing

wwwwwww
||||||

|| B2000/BASPL Version 2 91

Fig. 6 The FEM model of the composite upper LOX fairing (3-2 configuration)
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52 Materials

Thematerialpropertiesof the CFRPpliesusedin the analysismodelareestimatedroperties.
B-basisallowableswill beobtainedn atestprogrammeaccordingo ASTM STP460(Ref. 6),
whichwill becompletedn the beginningof 2001.Oncetheseallowablesbecomeavailable,they
will beusedin a new setof optimisationsandanalyse®f the LOX fairing.

All shellelementsaaremodelledaslaminates Someof theseelementsave to be givenanoffset
(e.g.theskin beneathhestiffeners).This hasbeendoneusing’air plies’, seefigure 7 and
reference3. Air pliesareplieswith athicknesshut withoutary significantelasticpropertiesor
mass.Thethicknesof theair pliesshiftsthe effective centerine. This enablegor examplethe
shifting of the nodalgrid lines, preservinga correctrepresentationf propertiedeadingto correct
secondarypendingmoments.

neutralaxis of theelements

e

=— ’air plies’

Grid linesof FEM-model

in the centerof the structural

material Grid linesof FEM-model
atthebottomof thestructural
material

Fig. 7 The usage of air plies in the FEM-model

As saidbefore,for the calculationof the eigenfrequencof the structurethe massof thethermal
protectionhasto betakeninto accountwhile the stiffnesspropertiescanbe negglected.Againplies
with athicknessandwithout ary significantelasticpropertiesareaddedo thelaminates Only
thistime the plieshave masspropertiessqualto the masspropertiesof the thermalprotection.

5.3 Loading ontheLOX fairing

Thedifferentload casesaredescribedn chapter2. Blastwave, acousticandaerodynamidoads
werecorvertedby FSto staticpressurdoads. Thesepressurdoadshave beenappliedon the
elementsn the skin aselementioads.Thenon-linearpressurdoadin thefront of the prismatic
sectionhasbeencorvertedto aconstanpressurdoad for eachelementusinglinearinterpolation.
Themagnitudeof the pressurdoad depend®n the x-coordinate®f the cornersof theelements.
TheB2000input processof’b2ip’) convertsthe elementoadsto nodalforces.
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5.4 Boundary conditions

Along theedgeghefairing is boltedto the mainstageenginethrustframe. The boltedconnection
is assumedo give simplesupportto the edgesof thefairing. The supportrig in thetapered
sectiononly carriesradialandtangentialoads.

As boththe structureandtheloadingonthe LOX fairing aresymmetric,only half the fairing has
beenmodelledand,for the calculationof stressef thefairing, symmetricboundaryconditions
have beenappliedto thenodesin the symmetryplane.For the determinatiorof the
eigenfrequencandbuckling load of the structure calculationshave beendonebothwith
symmetricboundaryconditionsandwith anti-symmetridooundaryconditions to find themode
with thelowesteigenfrequencor buckling load,which canbe symmetricor anti-symmetric.

6 Theoptimisation model

An analysisnodeldescribeshe FEM modellingof the structurein termsof nodesglements,
materialsboundariesndloads.An optimizationmodeldescribesvhich (material/geometric)
propertiesnayvary, which conditionsshouldbe metandhow the searchor betterdesigngs
controlled.Thedescriptionis donemanually usingtheadvanced'Optimization Model Input
DescriptionLanguage{OMIDL) of theB2000code(Ref.2). Thesamekind of structuringof
theinputdecksis usedasfor theanalysismodel:a"main programme’called’LO X.opt’ (shavn
in appendixB) controlstheinput andcalls”subroutines”.

Thechangesn designarerepresentetly designvariables]ik e thethicknessof thelongitudinal
pliesin theskin. In orderto link thesevariablesto the pliesof individual elementghe so-called
linking matrixis used.The optimizationis subjectto allowablestresdevels, allowablebuckling
loads,a minimum eigenfrequencandgeometricconstraints.

6.1 Design variables
Thefinal lay-up of the structureis determinedy the optimisation.Thereforethe following
thicknessefave beendefinedasdesignvariables:
1. Ply thicknesof thelongitudinalpliesin theskin.
Ply thicknessof theanglepliesin thestiffeners.
Ply thicknessof thelongitudinalpliesin thetop of the stiffeners.
Ply thicknessof the extraanglepliesin theendof the stiffeners.

o~ w DN

Ply thicknessof longitudinalpliesin theflat rearpartof thefairing.
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Further two geometricalariableshave beendefined:

6. Width of the stiffeners.

7. Heightof thestiffeners.
Theangleof the sidesof the stiffenerwith respecto the skinremainsconstan{60°?), sowhenthe
top of the stiffenerbecomesvider, naturallythe basebecomesvider aswell. Noticethatthebase
alsobecomesvider, whenthe stiffenerbecomesigher

6.2 Design variableLinking
Herea shortdescriptionof thelinking of designvariableso FEM detailsis given. Thetheoretical
backgroundccanbefoundin referencel.

Theprinciple of designvariablelinking is simple:thelinking matrix reflectsthelinear
combinationof changesn designvariableswhich resultsin the changeof modeldetails.

{Mpréew - MPgld} = [CZJ] : {‘ngew - x]old}
In this relationMP standdor Model Parameterx is the DesignVariable(DV) and[C;;] is the
linking matrix.

For example,DesignVariable6 is called’'width of the stiffeners’. WhenDV 6 increasesthis has
to resultin anew modelwith wider stiffeners.The x-coordinate®f thenodesn thestiffeners
will have to beadaptedThex-coordinateof eachnodeis a Model Parameteandthe magnitude
of thechangeis definedin thelinking matrix. Noticethatwhenthe stiffenersbecomewider, the
skin hasto becomenarraver, soDV 6 is notonly linkedto the nodalcoordinate®f the stiffeners,
but to thenodalcoordinate®f the skin aswell.

6.3 Constraints

Constrainton the designarestressconstraintsbuckling constraintsandeigenfrequengc
constraintsn cas€’light loads”areapplied.They have beendeductedrom the design
requirementgchapter3). As stresdailure criterionthe Tsai-Hill criterionis used.Eachply in
eachelementhasto satisfythe Tsai-Hill criterion,but only the outerplieswithin anelementhave
to bechecled.

Globalbuckling is notallowed belonv DesignUItimate Load. Local buckling is notallowed
belon DesignLimit Load. Thebuckling constrainfprovedto be notanactive constraintduring
the optimisation.Therefore pnly afinal checkwhetherthis constraints satisfiedjs reported,
which saredlots of computingeffort duringthe optimisation.



-19-
NLR-TP-2001-150

"Light loads”insteadof "heavy loads”maybeappliedto the LOX fairing whenthe
eigenfrequencis higherthan176.8 Hz. Thisresultsin two separat@ptimisations:

1. Use"heavy loads”for calculationof stressesjo not apply constrainton eigenfrequengc

2. Use’light loads”for calculationof stressesapply constrainton eigenfrequenc
Theconstrainis imposedon thefirst four eigenmodesf the structurewhenthe”light loads”are
applied.

Anothertype of constraintwithin B2000is the objective itself. The objective is the structural
massof theentireLOX fairing, becausehetotal costsarestronglyrelatedto the mass.

7 Optimisation procedure

Several configurationsof the fairing wereanalysedandoptimised first with the heavy loadsand
thenwith thelight loadsin combinationwith the eigenfrequencconstraint.To achieve afully
optimiseddesignthefollowing optimisationprocesshasbeenused:

1. build analysismodelwith initial geometryandthicknesse¢'b2ip’)

2. build optimisationmodelwith initial geometryandthicknessegb2omip”)

3. runoptimisation(’b2opt’) with amaximumof 6 Maxi-cycles

4. Corvemgence?

e No: returnto 1. usingtheresultsof the optimisationfor theinitial geometryand
thicknesses

e Yes:stop
This methodhasbeenusedbecaus®f the following. The structureis in a stateof static
equilibrium:
K-U=P

Theoptimisationusesthe derivative with respecto the DesignVariableof this equationto
calculatethe displacement/streggadients:

Ky, U+K-U,=P,

Usuallytheright handtermcanbe neglected(P, = 0). However, thisis notallowed here.As
saidbefore,the pressuralistribution is convertedto nodalloadsby theinput processorThe
changeof geometrycauses non-uniformpressuralistribution onthe LOX fairing (illustratedin
figure 8), whichin reality is notthecase.Iln otherwords,the nodalforcesdependn the
geometricalvariableg(stiffenerwidth andheight)andthereforeP, # 0. Figure9 shavs the
influenceof the neglectionof P, on the optimisationfor the configuratiorwith 3 stiffenersin the
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Initial design

bopt

Fig. 8 The nodal loads due to the internal overpressure on the LOX fairing (before and after
optimisation)

85 T T T T T T T
Optimisation history for procedure with neglection force gradient (restart in cycle 6 and 11) —+—
Optimisation history for procedure without neglection force gradient (no restart) ---<---

Weight [kg]

2 4 6 8 10 12 14 16
Maxi-cycle

Fig. 9 The optimisation history with/without neglection of the force gradient P, for the 3-2 config-
uration. The curve without neglection of the force gradient is an expectation, the procedure
is not operational yet

prismaticsectionand? stiffenersin thetaperedsection.ln Maxi-cycle 5 and6 the declineof the
objective is only very smallandthe optimisationhasalmostachia/ed corvergence but the new
optimisationwith aredistritution of the nodalforcesshavs a muchstrongerdeclineof the
objective (Maxi-cycles7, 8, and9). If the optimisationwould not have beenrestartedthe nodal
forceswould not have beenredistritutedandthe wrong optimumwould have beenfound. Of
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coursethereareotherwaysto solve this problem.The changeof nodalforcescould be solved by
linking the geometricadesignvariablesto the nodalforces,but ideally this problemwould be
solvedby the optimisationitself. This featurewill be programmednto the developmentcode(in
theinput processotopip’), butit is notfully operationalet. In figure9 the optimisationis
shavn asis expectedfor the procedurdakinginto accountheforcegradientP,.

8 Optimisation results

Severalfairing configurationhave beenoptimised.Theresultsshavedthatthe configuration
with 4 stiffenersin the prismaticsectionand3 stiffenersin thetaperedsectionhasthe lowest
weight. The optimisationresultsof this configuratiorwill bediscussedherein greaterdetail.

Thehistoryresultsof the optimisationcanbe seenin figures10to 17. The optimisationwith the
heary loadsstartedwith aninitial designthatwasalreadycloseto the optimiseddesign.As
startingpoint for the optimisationswith thelight loadsandthe extra constraintonthe
eigenfrequeng the previously optimiseddesign(for the heary loads)wasused.It canbeseen
thattheresultsof bothoptimisationgdheary loads/lightloads)for this configurationdo not differ
much. Thestressei the structurecanbe seenin figures18 and21. Stressearelower
throughouta greatpartof thefairing for the designoptimisedwith thelight loads.

Theeigenfrequencof the design,optimisedwith thelight loadsandwith the extra constrainton
theeigenfrequeng endsup beingcloseto thecritical eigenfrequenc Theeigenfrequencof
(andthereforetheloadson) this designwill be sensitve to changesn thermalprotectionmass;a

12 12

08 =t 1 08

ss [mm]
[mm]

06 1 2 06

ply thickne
ply thickness

04 T 04 Ko

,,,,,,,,,,,

———— e —_

Maxi-cycle

Fig. 10 Ply thicknesses during the optimi-
sation (heavy loads) for the 4-3
configuration

02°F

Maxi-cycle

Fig. 11 Ply thicknesses during the optimi-
sation (light loads) for the 4-3 con-
figuration
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highermassof thethermalprotectionwill leadto alower eigenfrequencandcouldpossiblylead
to failure of the structurewhile (for this particularconfiguration)only a very smallweight
reductionis offeredby this designcomparedo the designoptimisedwith the heary loads.
Thereforeit wasdecidedto usethe designwhich wasoptimisedwith theheary loads,in the
furtherdevelopmentof the demonstratofairing. All ply thicknessesf this optimiseddesign
weretranslated/roundedp to a discretenumberof plies. On this designa stressanalysishas
beenperformed(not shavn here).Further thefirst two eigenfrequencmodesandbuckling
modesof this designcanbe seenin figures22 to 25. Finally, the compositd_OX fairing offersa
structuralweightreductionof almost50% comparedo the currentmetallicfairing.

9 Conclusions

Severalfairing configurationseachwith a differentnumberof stiffeners have beenanalysedand
optimisedwith the Finite ElementcodeB2000. By usingthe "Input DescriptionLanguage’and
the"OptimisationModel Input DescriptionLanguage’'the modelhasbeenalmostcompletely
parametrisedndthis enabledhe quick change®f numberof (hat-)stifeners lay-up,mesh
density etc.

On eachconfigurationtwo separat®ptimisationshave beenperformed.In oneoptimisation
heavier loadswereappliedwith stressconstraintsin the otheroptimisationlower loadswere
appliedwith the samestressconstraintsandwith anadditionalconstrainton the eigenfrequenc
Thefairing configurationwith four stiffenersin the prismaticsectionandthreestiffenersin the
taperedsectionresultedin the designwith thelowestweight. The eigenfrequencof the”light
load” designendedup beingcloseto the critical eigenfrequenc Theeigenfrequencof (and
thereforetheloadson) thefairing would be sensitve to changesn thermalprotectionmass A
highermassof thethermalprotectionwould leadto alower eigenfrequenc(with heary loads)
andcouldpossiblyleadto failure of the structure while (for this particularconfiguration)only a
very smallweightreductionis offeredby this designcomparedo the designoptimisedwith the
heary loads.Thereforeit wasdecidedo usethe designwhich wasoptimisedwith the heary
loads,in thefurtherdevelopmeniof the LOX fairing (translationof ply thicknesseso discrete
numberof plies,buckling analysesetc.).

Initial calculationginvolving theamountof material,labour etc.) shavedthattheaim of a50%
reductionof therecurringcostswill beachieved. In addition,thecompositeOX fairing offersa
structuralweightreductionof almost50% comparedo the currentmetallicfairing. The
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compositedOX fairing designis theresultof analysesndoptimisationswith estimatednaterial
properties B-basisallowableswill becomeavailablefrom atestprogrammewhich will be
completedn thebeginningof 2001. The B-basisallowableswill beusedin anew setof
optimisationsandanalysestesultingin afinal design.This designwhichwill befurtherdetailed
andanalysede.g.connectionsandtheseactivities will resultin theissueof productiondravings
of amouldandof afull scalefairingdemonstratom theyear2001.
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Fig. 19 The Tsai-Hill criterion (heavy loads) in the elements of the LOX fairing (optimised design)
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Fig. 22 The first eigenmode of the final design, f, = 173H z
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Fig. 24 The first buckling mode of the final design, A = 1.23 - Limit Load
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Appendix A B2000 analysismodel input deck, ’prismatic_section.inp’

(phi 1_psr=(phi 1_ps*pi/180));
(phi 2_psr=(phi 2_ps*pi/180));
(chi _psr=(chi _ps*pi/180));
(phi _str=(phi _st*pi/180));

#skin formx0 to first stringer

(x=(x0_ps));

(Wi dt h=(x1_ps-(s_ft_ps+s_st_ps/2+h_st _ps/tan(phi_str))-x0_ps));
(nnx=(nnskl_ps));

(i bound=1);

@ki n_ps.inp;

#first stringer
(x_st=(x1_ps));
(i bound=2);
@tringer_ps.inp;

#second, third, n'th stringer + skin between stringers

(k=1);

if (n_str_ps>1) (
(x_strpch=((xn_ps-x1_ps)/(n_str_ps-1)));

)

while ( k<(n_str_ps) ) (

(k=(k+1));

(x=(x_st+s_ft_ps+s_st_ps/2+h_st_ps/tan(phi_str)));

(W dt h=(x_strpch-(2*s_ft_ps+s_st_ps+2*h_st_ps/tan(phi_str))));
(nnx=(nnski _ps));

(i bound=2);

@ki n_ps.inp;

(x_st=(x_st+x_strpch));
(i bound=2);
@tringer_ps.inp;

)

#skin formn'th stringer to x=L_psts
(x=(x_st+s_ft_ps+s_st_ps/2+h_st_ps/tan(phi_str)));
(wi dt h=(L_psts-x));

(nnx=(nnskn_ps));

(i bound=2);

@kinn_ps.inp;



-30-
NLR-TP-2001-150

Appendix B B2000 optimisation model input deck, 'L OX.opt’

#****************************************************************************
This is the Optim zation Mddel Input file for the B2000 FE-opti m zations
on the Lower Drag Brace Design. It consists of an intuative input
| anguage (I1DL), with which the entire nodel is created in paranetrized form

#
#
#
#
# This input file 'calls subroutines’ ie. other input files for nodelling
# specific parts. There are the followi ng 'subroutines’:
#
#
#
#
#

gl obal _def ; consists out of all user defined paraneters which
make up the entire structure
cons_weight ; Defines the total weight of the structure (bj.)

PR AR R R R EEEEEEEEEEEE R R AR R R EEEEEEE R

#****************************************************************************

# G obal definitions
#
@ obal _def.inp

PR AR R R R EEEEEEEEEEEEEEE R EE R EEEEEEE R

# Start input deck: Design variable definition

#
DESV
M =0.9 MA=1.1111
SCORDV=1. 0
# idv nane xl b xanal Xi nit xub
# (xI b=0. 050); (xub=10.00);
# 1 T_angl e_skin (xI'b) (tply_ask*1.e3) (0.220) (xub)

(xI b=0.050); (xub=0.2933);
2 T_longi_skin (xI' b) (tply_Isk*1.e3) (0. 257) (xub)

(xI b=0. 220); (xub=10.00);
3 T _angle_stif (xI'b) (tply_ast*1.e3) (0.270) (xub)

(xI b=0. 050); (xub=10.00);
4 T_longi_stif (xI'b) (tply_lst*1.e3) (0.550) (xub)

(xI b=(tply_aov*1l.e3)); (xub=((tply_aov+3*tply)*1.e3));
5 T_angl e_over (xI'b) (tply_aov*1.e3) (xub) (xub)

#  (xI b=0.220); (xub=0.220);
# 6 T_l ongi _over (xI'b) (tply_lov*1l. e3) (0.220) (xub)

(xI b=0. 050); (xub=10.00);
7 T_longi_rear (xI' b) (tply_rea*1l.e3) (0. 260) (xub)
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(xI b=20.00); (xub=50.00);
8 Stiffener_wi dth (xlIb) (s_st_ps*1.e3)

(xI b=20.00); (xub=30.00);
9 Stiffener_height (xlIb) (h_st_ps*1.e3)

END

(s_st_ps*1.e3) (xub)

(h_st_ps*1.e3) (xub)

#****************************************************************************

# Design variable linking
LI NK
MODEL =1,
AMP=TH;
# I DV=1 (coeff=1.0e-3); @ink_t_angle_skin.opt;
I DV=2 (coeff=1.0e-3); @ink_t_longi_skin.opt;
I DV=3 (coeff=1.0e-3); @ink_t_angle_stif.opt;
| DV=4 (coeff=1.0e-3); @ink_t_longi_stif.opt;
| DV=5 (coeff=1.0e-3); @ink_t_angle_over.opt;
# | Dv=6 (coeff=1.0e-3); @ink_t_|longi_over.opt;
I DV=7 (coeff=1.0e-3); @ink_t_longi_rear.opt;
| NDEX=1;
| DV=8 (coeff=1.0e-3); @ink_stfwdth. opt;
I DV=9 (coeff=1.0e-3); @ink_stfhght.opt;
ENDIMODEL
END

PR AR R R EEEEEEEEEEEEEEEE R R R R EEEEEEEEEE R

# Constraint definition
CONS
# Total Mass (bjective)
(coeff=one); lo=(zero); up=(large); index=0

Cl D=1; METH=1; CTYPE=mass nane=t ot al _wei ght; @ons_wei ght . opt ;

SI NGLE=ON,

(coeff=(one)); 10=176.8; up=(large); coef=(coeff);

(coeff=(one)); 10=176.8; up=(large); coef=(coeff);

(coeff=(one)); 10=176.8; up=(large); coef=(coeff);

H OH OH O H OH OH K H K H

(coeff=(one)); |0=176.8; up=(large); coef=(coeff);

ci d=401; rmeth=4; ctype=buck; nanme=buckli ng;
(coef f=one); case=4 ; lo=(-0.1); up=(0.8);

ci d=11; ctype=freq; nane=ei gen_frequency_node_1; neth=1

1

cid=12; ctype=freq; nane=ei gen_frequency_node_2; neth=1

2

ci d=13; ctype=freq; nane=ei gen_frequency_node_3; neth=1

3

ci d=14; ctype=freq; nane=ei gen_frequency_node_4; neth=1

4

coef=(coeff) 1 2 3 4;
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# Stress constraints
# cnmp=17 => Tsai-H I/ Von M ses
# cnmp=13, 14,15 => Principal stresses (sorted in ascendi ng order)
# cnp=25 => Maxi mum shear stress max[ (P1-P2)/2 , (P1-P3)/2 , (P2-P3)/2 ]
#

SCORCN=- 1. 0;

ci d=1001; net h=+3; ctype=signm nane=stress;

cnp=17; (coeff=one); case=1; lo=(-(large)); up=(one); @ons_stress. opt;

END

PR R R R R EEEEEEEEEEEEEE R R R R R R EEEEEEE LR

# Optimzation control
OPTC
oBJ=1;
MAXCYC=6; REPS=1.0E-6; EPS=1. 0E- 6;
CVM=4; HTRESS=-0.1; FTRESS=-0.3; |AL=2;
END

RUN
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