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OceBast cwia Ha paauainbHO-yrmopHbeM noamunHuk (PYII) sBusercs daktopom, cepbE3HO
BJIMSIONIMM Ha €ro JOJITrOBEYHOCTh. B X0/1e ucnpITaHuii Ta30TypOMHHBIX IBUTATENEH U3MEPUTEIILHOE
o0opy/oBaHue, YCTAaHOBJIEHHOE Ha CTEHJIE, MO3BOJISET OMPEIEIUTh OCEBYIO CUIY, ACHCTBYIOUIYIO Ha
paavanbHO-YIOPHBIA MOAIIUIIHUK POTOPA, HO, B CIy4yae IPEBBILICHUS €€ TOMYCTUMOrO 3HaYCHUs, HE
na€t moapoOHOM MHGpOpMAIMK O MpHYMHE €€ BOSHUKHOBEHHS: OOBEM MpernapupoBaHUS OMOPHI B
YacTHU YCTAaHOBOK TPYOOK M JIaTYMKOB JABJIEHUS YaCTO OrPAaHUYEH KOHCTPYKTUBHO. Kpome Toro, muki
JIOBOJIOYHBIX MEPONPUSTUN, OCHOBBIBAIOIINICA HA UTEPATUBHOM JOpaOOTKE KOHCTPYKIIMHU, B OCHOBE
KOTOPOM JIe’KaT UCKIIIOYUTENBHO SKCIIEPUMEHTAJIbHbIE IaHHBIE, SIBISIETCS 3aTPATHBIM, JUIMTEIbHBIM U
HEIeJIecCO00pa3HbIM MYTEM JOCTHXKEHUS TpeOyeMbIX XapakTepucTuk wuznenus. [loaTomy anHamus
COCTaBJIIIOIUX OceBOM cwiibl Ha PVYII wacTo cBs3aH ¢ pacy€THOM OLICHKOM YCWJIMM Ha 3JIEMEHTHI
MPOTOYHON YacTH KOMIIpeccopa U TypOHMHBI, a TAK)KE OCEBBIX CUJI HA POTOP CO CTOPOHBI BHYTPEHHUX
BO3AYILIHBIX MTOJIOCTEM.

JUis  OCTHKEHUSI OCEBBIX CHJ, YIOBIETBOPUTENBbHBIX C TOYKHM 3peHUs obecreyeHus
nonroseyHoctd PYIL, npu HeoOxomumocTH, GopMupyroT pasrpy3ounsie nmonoctu [ 1]. DopmupoBanue
pa3rpy304yHbIX MOJIOCTEH MPOUCXOJUT 3a CYET OTACICHUS BO3AYLIHON IMOJOCTH C JOCTATOYHO
0OJIBIIION OCEBOW MPOEKIUEH IUIOMIA[A OT APYTrUX MOJIOCTEH C MCIOJb30BAaHUEM YIUIOTHEHUU TPHU
HOJIBOJIE BO3/lyXa OoJiee BBICOKOTO JaBJIEHUS WJIM cOpoce Bo3/ayxa B 00JIaCTh HM3KOTO JlaBieHus. B
cllydae, €CiM MOJBOJ BO3JyXa WM €ro cOpoc OCYLIECTBIISIETCS uYepe3 BHEUIHHE TPyOONpOBOJHBIE
MarucTpaiu, BO3MOXXHO 00eCleUnTh HACTPOMKY OCEBBIX CHJI MO pe3yJbTaTaM U3MEPEHUs JaBJICHHUS.
OpnHako JaHHBIM MOAXOJ YCHOXKHSET KOHCTPYKIUIO ONMOPbI M CHMXKAET HAAEKHOCTh U3/ENINS BBUIY
HaJIM4Ms JOMOJHUTENbHBIX 3JIeMeHTOB. [103TOMy 3auacTyro oceBasi cujia HE MOXeET ObITh HaCTPOEHA
10 pe3yJbTaTaM MCIBITaHUMN, a JOJKHA ObITh oOecriedeHa 3a c4€T BbIOOpa reOMETPUU KOHCTPYKIIHH,
dbopMupYyIOLIEeH YIIIOTHUTENBHBIE Y3JIbl Pa3TPy304HbIX MOJOCTEH, a TaKkKe COOII0ICHMEM BEIOPaHHBIX
JIOTTYCKOB Ha COOTBETCTBYIOLINE Pa3MEpBhl.

OceBas cuia Ha PYII poTopa BeICOKOr0 IaBieHMsI, KaK PABUIIO, TIOJBEPIKEHA, BO3IECHCTBUIO
MHEPLUOHHBIX (aKTOPOB 3JIEMEHTOB pOTOpa U (PaKTOPOB, CBSA3AHHBIX C TEIUIOBOM WHEpIHen
KOHCTPYKLMHU. DTO SABJIAETCS MPUYMHON CYIIECTBEHHOIO M3MEHEHUS BEJIWYMH PAaJUaJIbHBIX 33a30POB
JaOUPUHTHBIX YIUIOTHEHUM B Ipoliecce 3KCIUTyaTallud UM BbIPAOOTKHU cpadaThIBAEMbIX MOKPBITUH C
JAIbHEUIINM  yBEIMUYEHUEM paJualbHBIX 3a30poB. Kpome Toro, mporecchl, CBsI3aHHBIE C
OTKJIFOUEHUEM H3JIeTHs TpH padoTe Ha peXMMaXxX MOBBLIIMIEHHOW TSITU, MOTYT MPUBECTH K TOMY, YTO
IIPU MOCIIEAYIOINIEM 3allycKe pabodne pagraibHble 3a30pbl MOTYT OBITH CyIlIeCTBEHHO Oousbiie. BBuay
TOTO, 4YTO YIUJIOTHEHMs, (OpMUpYIOIIKME pa3rpy30uHble Mosioctd portopa BJI, pabortator mnon
3HAUUTENBHBIMH NIEpenajaMu JaBJICHUs, Ja)Ke HE3HAUUTEIbHOE YBEIMUEHUE 3a30pa MOKET MIPUBECTH
K CYIIECTBEHHOMY YBEIMWYEHHIO 0ceBOM cuibl Ha PYIL. B cBsi3u ¢ 3TUM, 71 TOCTOBEPHOW OLIEHKH
OCEBBIX YCWJIMH HEOOXOAMMO Halu4he MOJIXO0J0B, IO3BOJIIOMINX OMNPENeNarTh (HaKTUUECKOe
M3MEHEHHUE BEIMYMH PaJUaIbHBIX 3a30POB JTAOMPUHTHBIX YIUIOTHEHHH MPH IKCILTyaTalluy U3IEITHS.

B pabote ObuT BBIMONMHEH pacuéT M3MEHEHHS OCEBOW CHWIIBI, JEHCTBYIOIIECH HAa paauaIbHO-
YIOPHBIM MOALIMIIHUK POTOpa BBICOKOTO JAABJIEHUS INpPH SKCIUTyaTalluu O Lukiy. OmnpenencHue
pabounx paauaIbHBIX 3a30POB JIAOMPUHTHBIX YIJIOTHEHUH BBIOIHSIIOCH B paMKax HECTAllMOHAPHOTO
TEPMOMEXAHUUECKOTO aHajIn3a KOHCTPYKUMHM [2]. AHanu3 pe3ysbTaToB MOKa3ajl HAJIMYHME BpE3aHUS
VIUTIOTHUTEIbHBIX TpeOHEl, (HOpMUPYIOIINX pa3rpy304YHbIE MOJIOCTHU, B cpabaThiBaeMble MOKPHITHS.
ITocnenyromuii y4€r Bpe3aHUs II03BOJIMI OLICHUTh yBeJIMYeHHE oceBoro ycwius Ha PVYII npu
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HOBTOpHOM MOI[GJII/IpOBaHI/II/I 3KCHJIyaTaLII/IOHHOFO IMUKJIA. CI[CHaH BBIBOJ O HGO6XOI[I/IMOCTI/I
MPOBEICHUS PabOT MO CTAOMIIM3AIUK PAIUAIBLHOTO 3a30pa JJAOMPUHTHBIX YIUIOTHEHUH Pa3rpy309HBIX
IOJIOCTEH.

Cnncok JiuTeparypbl

1. benoycor A.W., MBanoB A.M. PacueT oceBBIX CHJI, NEUCTBYIOIIMX B TypOOMAIWHAX.
Kyiiopmmes: KyAU, 1981. 84 c.

2. e W.T., HOeidan E.Il. Bo3aymHoe oxnaxaeHue razoBbix TypOuH. Kues: Haykoma
nymka. 1974.

Caenenust 00 aBTOpax

benenko Kcenusi AlnekcanapoBHa, HH)XKEHEP-KOHCTPYKTOp. OOJacTh HAyYHBIX HHTEPECOB:
YUCJIEHHBIE METObI PACYE€Ta CUCTEMbBI BHYTPEHHUX BO3YLIHBIX IOTOKOB.

TucapeB Anzapeit IOpbeBuu, KaHA. TEXH. HayK, JOLIEHT, CTaplIMi Hay4HbI COTPYAHUK.
OO6nacTh Hay4YHBIX HHTEPECOB: YHCIECHHBIE METOJbI pacuéTa CHCTEMbl BHYTPEHHHUX BO3MYIIHBIX
IIOTOKOB.

BunorpagoB Aunekcanap CepreeBud, I-p TE€XH. HayK, mnpodeccop, BEAYIIUA Hay4HBII
corpyaHuk. OOyacTb Hay4HBIX MHTEPECOB: HCCIECAOBAHHE TEIIOBOro cocrosiuusa omop [T/,
oTpezieNieHUue XapaKTEPUCTUK OECKOHTAKTHBIX U KOHTAKTHBIX YIIJIOTHEHUH.

PROBLEMS OF THE CALCULATED DETERMINATION OF THE AXIAL FORCE
ON THE ANGULAR CONTACT BALL BEARING OF A HIGH-PRESSURE ROTOR

Bedenko K.A.!, Tisarev A.Y.!?, Vinogradov A.S.?
'PJSC «UEC-Kuznetsov», Samara, Russia, ksalex96@gmail.com
2Samara National Research University, Samara, Russia.

Keywords:axial force, angular contact ball bearing, high pressure rotor.

The axial force on the angular contact ball bearing is a factor that seriously affects its
durability. Therefore, it is necessary to analyze the components of the axial force on the angular
contact bearing, which is often associated with the calculated assessment of the forces on the elements
of the flow part of the compressor and turbine, as well as the axial forces on the rotor from the internal
air cavities.

In this paper, the calculation of the change in the axial force acting on the angular contact ball
bearing of the high-pressure rotor during cycle operation was performed. The determination of the
working radial clearances of labyrinth seals was carried out within the framework of a non-stationary
thermomechanical analysis of the structure. The analysis of the results showed the presence of
embedding of the sealing ridges forming the balance chamber in the wearable coatings. The
subsequent consideration of the embedding allowed us to estimate the increase in the axial force on
the angular contact ball bearing when re-modeling the operational cycle. It is concluded that it is
necessary to carry out work to stabilize the radial gap of the labyrinth seals of the balance chambers.

63


mailto:ksalex96@gmail.com

