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Hamlet Isunts

Development of a new technology for manufacturing particle beam output
windows in accelerator technology

SUMMARY

This work presents a comprehensive and systematic investigation of titanium foil
accelerator output windows and their implementation in ConFlat (CF) flange assemblies,
combining advanced finite element modeling with targeted experimental validation. The
primary focus of the research was to understand the stress-strain state, deformation behavior,
and sealing performance of first and second-grade titanium foils subjected to mechanical
loading during flange tightening and vacuum pumping, as well as to identify design
parameters that ensure reliable long-term operation in accelerator and ultra-high-vacuum
(UHV) systems.

The sealing behavior of titanium foils in CF flange assemblies was investigated using
a combined experimental-numerical approach that accounted for flange tightening, vacuum
pumping, and frictional interactions. The results demonstrated that although stress
distributions during flange tightening are relatively similar across the sealing zone, vacuum
pumping leads to substantial stress relaxation and redistribution, particularly in the regions of
contact between the knife edge, foil, and gasket.

Experimental measurements, including high-precision coordinate measurements of
flange flatness and foil deflection profiles, confirmed the validity of the numerical models.
The results showed excellent repeatability and stability of the foil deformation behavior, even
after multiple vacuum pumping cycles, thereby demonstrating the mechanical durability and
reliability ofthe proposed designs. The comparison between simulations and experiments also
enabled the identification of realistic friction coefficient ranges for the relevant material pairs,
improving the accuracy and predictive capability of the numerical models.

Overall, the results obtained in this dissertation establish a solid scientific and
engineering basis for the design of titanium foil accelerator output windows and CF flange
assemblies. The findings offer practical design guidelines and validated modeling approaches
that can be directly applied to future upgrades of the AREAL linear accelerator and extended
to similar accelerator and vacuum systems at other research facilities.
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McyHy Mamnet Apamkosumy

Pa3pa60TKa HOBOW TEXHOMOr N U3rOTOB/IEHNS BbIXOAHbIX OKOH MNMYy4Ka 4YaCTul, B
yCKOpVITe]'IbHOVI TeXHUKe

PE3IOME

B paboTe npeacTaBneHO BCECTOPOHHEE W CUCTEMATMYECKOe MCCefoBaHue
YCKOPUTENbHbIX BbIXOAHbLIX OKOH C TUTaHOBbIMW (PONbFaMv U UX NPUMEHEHUSI B y3nax C
tnaHuyamm Tuna ConFlat (CF) ¢ ucnonb3oBaHMEM COBPEMEHHbLIX METOAO0B KOHEUHbIX
3/1EMEHTOB W Lie/IeHanpaBfeHHOM 3KCnepuMeHTanbHol Banugaumn. OCHOBHOe BHMMaHWe
YAENEHO M3YYeHUK HanpsHKEHHO-AeOPMUPOBAHHOIO COCTOAHUS, Ae(OopMaLMOHHOI0
NOBEAEHUSI N TePMETU3NPYIOLMX CBOMCTB TUTAHOBLIX (ONbI 1-r0 M 2-ro Kaaccos npu
MeXaHMUYECKMX Harpyskax, BOSHUKAIOLWMX NPY 3aTsHKKE (PraHLEeB M BaKyyMHOW OTKauke, a
TaKke OnpefeneHN0 KOHCTPYKTUBHbLIX MapameTpoB, 00eCMeymBaloWnX HaAeXHy W
[0NTOBPEMEHHYIO 3KCMNyaTaLnNio B YCKOPUTENbHbIX N CBEPXBbICOKOBAKYYMHbIX CUCTEMAX.

epmeTM3vpytollee noBeAeHWe TUTaHOBbIX (onbr B y3nax ¢ CF-thnaHuamm
nccnefoBaHO C  MCMOMb30BaHMEM KOMOGMHMPOBAHHOIO 3KCMEPUMEHTaSIbHO-YNCIEHHOMO
noaxoAa ¢ y46TOM 3aTSHKKWU (hnaHLEeB, BaKyyMHON OTKaYKM U TPEHUA B KOHTAKTHbIX 30HaX.
lMokasaHo, YTO XOTA pacrnpedeneHne HanpsHKeHWA B 30HE FepMeTM3auMu Mpu 3aTsHKKe
(hnaHUEeB SIBNSETCS OTHOCMTE/IbHO CXOXKUM, BaKyyMHast OTKauka MPUBOAUT K CYLLECTBEHHOWA
penakcaumm n nepepacnpegeneHnio HanpsXkeHMin, 0CO6eHHO B 06/1aCTAX KOHTaKTa «pexyLuas
KPOMKa - (Dofibra» 1 «pexxyLas KpoMKa - YNA0THUTENbHOE KOMbLIO».

JKcnepyMeHTa/IbHble  U3MEPEHUSl, BK/IHOYaA BbICOKOTOYHbIE  KOOPAMHATHbIE
N3MepPeHUss MIOCKOCTHOCTM (hrlaHueB M npodguneid npormba ¢onbrvu, MNOATBEPANIN
[OCTOBEPHOCTb  YMC/EHHbIX Mogeneil. Pe3ynbTaTbl MPOAEMOHCTPMPOBANN  BbICOKYH
BOCMPOWN3BOANMOCTb M CTabUbHOCTL AehOpMaLMOHHOI0 MoBeAeHUs (onbrn Jaxe rnocne
MHOTOKPaTHbIX LMK/I0B BaKyyMHO OTKauku, 4TO CBUAETENbCTBYET O MeXaHWYEeCcKoM
NPOYHOCTM WU HAAEXHOCTU NpPeANoOKEHHbIX KOHCTPYKLMIA. CpaBHEHME pPacUETHbIX W
3KCMEPUMEHTA/IbHLIX ~ JaHHbIX MO3BO/IUIO  OMpeAennTb  PeaICTUYHbIE  AManasoHbl
KO3(h(DMLNEHTOB TPEHWUSI ANA COOTBETCTBYIOLWMX Map MaTepuasioB, MOBLICUMB TOYHOCTb W
NMPOrHOCTMYECKNe BO3MOXHOCTM YMCIEHHbIX MOAENENA.

B Lieniom nonyyeHHble B guccepTaumn pesynbTaTbl JOPMUPYIOT MPOYHYH HayUHYHO
N VHXEHEPHYD OCHOBY [ANSi MPOEKTUPOBAHUS YCKOPUTENbHbLIX BbIXOAHbLIX OKOH C
TUTaHOBbIMK thonbramn M CF-thnaHueBbix y3noB. peAcTaBneHHblE BbIBOAbI M METOAMKWN
MOryT 6bITb HEMOCPEACTBEHHO MCMO/b30BaHbI MPU MOAEPHU3ALMN IMHEAHOTO YyCKOpUTens
AREAL, a Takke NpUMeHeHbl B aHa/IOTMYHbIX YCKOPUTENIbHbIX WU BaKYYMHbIX CUCTEMAX
[ApYrux Hay4Ho-uccneoBaTebCKMX LeHTPOB. N
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