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■HThickness5HfromHx):HtoH6HmmHforHtheHcuffsHandHfromH3HtoH6)7HmmHforHtheHdisc;H
■H°spectHratioHofHtheHdisc5H3)0HandH6)44HwithHmajorHaxisHofH30xHmmHandHminorHaxisH
respectivelyHofH3xxHmmHandH2xHmm;
■HFoundaryHcondition5HupperHendHofHtheHcuffsHfreeHtoHmoveHalongHtheHz(axisHonlyH
.configurationH3,HandHupperHendHofHtheHcuffsHwithoutHconstraintsH.configurationH6,)

IntroductionHandHbackground
%hemicalHvaporHdepositionH.%V*,HdiamondHwindowsHareHaHcrucialHcomponentHinH
heatingHandHcurrentHdriveH.HP%*,Happlications)HInHorderHtoHminimizeHtheHamountH
ofHreflectedHpowerHfromHtheHdiamondHdiscVH itsH thicknessHmustHmatchHtheHdesiredH
beamHwavelengthVH thusHproperH targetingHofH theHplasmaH requiresHmovableHbeamH
reflectors)H ThisH isH theH caseVH forH instanceVH ofH theH IT9RH electronH cyclotronH HP%*H
system)H HoweverVH lookingH atH *9MOVH theH higherH heatH loadsH andH neutronH fluxesH
couldH makeH theH useH ofH movableH partsH closeH toH theH plasmaH difficult)H TheH issueH
mightH beH solvedH byH usingH gyrotronsH ableH toH tuneH theH beamH frequencyH toH theH
desiredHresonanceVHbutHthisHconceptHrequiresHtransmissionHwindowsHthatHworkHinH
aH givenH frequencyH rangeH .e)g)H 3x7(30xH GHz,VH suchH asH theH FrewsterH window)H ItH
consistsH ofH aH %V*H diamondH discH brazedH toH twoH copperH cuffsH atH theH FrewsterH
angle)H TheH brazingH processH isH carriedH outH atH aboutH :xx°%H andH thenH theH
temperatureHisHdecreasedHdownHtoHroomHtemperature)H*iamondHandHcopperHhaveH
veryH differentH thermalH expansionH coefficientsVH thereforeH highH stressesH buildH upH
duringH theH coolH downH phaseH thatH mightH leadH toH failureH ofH theH disc)H %onsideringH
alsoH theHcomplexHgeometryHofH theHwindowHwithH theHskewedHpositionHofH theHdiscVH
analysesH areH requiredH inH theH firstH placeH toH checkH itsH feasibility)H TheH coolH downH
phaseH wasH simulatedH byH F9MH structuralH analysesH forH severalH geometricH andH
constraintH configurationsH ofH theH window)H °H studyH ofH anH indirectlyH water(cooledH
configurationH wasH alsoH performedVH consideringH theH powerH absorptionH inH theH
diamondHdiscHdueHtoHaHH933HmodeHbeam)

Methods
Reference configuration

Geometric and constraint configurations

Indirectly water-cooled configuration

Results
Reference configuration

Geometric and constraint configurations

Indirectly water-cooled configuration

FirstTprincipalTstressTxPa)TonTtheTtopTsideTofTtheTdisc.

%onclusions
■HF9MHstructuralHanalysesHhaveHshownHthatHtheH%V*HdiamondHFrewsterHwindowH
isHaHfeasibleHbroadbandHwindowHsolutionHforHHP%*Happlications)HInHtheHreferenceH
configurationVH theHmaximumHfirstHprincipalHstressH isHbelowHtheHpermissibleHstressH
ofHdiamondHwhichHisH37xHMPaH.ultimateHstressHisH07x(7xxHMPa,)
■HValuesHofHcuffH thicknessHgreaterH thanH3)6HmmHandHofHdiscH thicknessH lessH thanH
3)1HmmHareHnotHrecommended)
■HTheHaspectHratioHofHtheHdiscHaffectsHtheHfirstHprincipalHstressHbyHlessHthanH4M)
■HTheHconfigurationsH3HandH6HleadHtoHstressHvaluesHinHtheHdiscHhigherHthanHthoseH
obtainedHinHtheHreferenceHconfigurationHandHaboveHtheHpermissibleHstress)
■HTheHstressH fieldHgeneratedH inH theHdiscHbyH theHcoolHdownHphaseHofH theHbrazingH
processH andH theH appliedH temperatureH gradientH isH wellH belowH theH permissibleH
stress)

■H9llipticalH%V*HdiamondHdiscH32xk:xHmmVH
thicknessH3)8HmmVHFrewsterHangleH21)66°;
■H%ylindricalHOFH%HcopperHcuffsHofHinnerH
diameterH7xHmmVHthicknessH3HmmVHtotalH
lengthH6xxHmm;
■HSymmetryHalongHtheHdiscHmajorHaxis;
■H%onstantVHtemperatureHdependentVHnonH
linearHmaterialHproperties;
■HFixedHsupportHatHtheHtwoHendsHofHtheHcuffs;
■HStructuralHanalysisHwithHequilibriumH
temperatureHofH:xx°%HandHappliedHthermalH
conditionHofH6x°%)

■HOFH%HcopperHcoolingHcircuitHaddedHtoHtheH
referenceHconfiguration;
■H%F*HanalysisHwithHtheHfluidHdomainHonlyHtoH
calculateHtheHheatHexchangeHcoefficient;
■HThermalHanalysisHbyHapplyingHtheHheatH
generationHloadHtoHtheHdiscHaccordingHtoHtheH
H933Hpattern)HTemperatureHdistributionsHwereH
calculatedHforHabsorbedHpowerHvaluesHbetweenH
x)6HandH3HkW;H
■HStructuralHanalysisHofHtheHreferenceH
configurationHwithHsecondHloadHstepHgivenHbyH
theHtemperatureHgradientHcorrespondingHtoHtheH
absorbedHpowerHofHx)0HkW)

EquivalentTstressTxPa)TonTtheTcopperTcuffs.

DeformationTmechanismTxm)TbetweenTreference

configurationTxleft)TandTconfigurationT1Txright).

EquivalentTplasticTstrainTdistributionT

betweenTreferenceTconfigurationTxleft)

andTconfigurationT1Txright).

FirstTprincipalTstressTxPa)Ton
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configurationT1.

TemperatureTx°C)TdistributionTfor
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MaximumTtemperatureTasTaTfunctionTofTtheTabsorbed

powerTfractionTwithTrespectTtoTaT1TMWTpowerTbeam.

FirstTprincipalTstressTxPa)TonTtheTtop
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