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UCCJIEJOBAHUE PABOTOCHOCOBHOCTH T'MBPUIHBIX MO JIIMITHUKOB KAUEHMS
PA3HBIX KOHCTPYKLIMI1 B O’KUJTAEMBIX YCJIOBUSIX DKCILTYATALIMA
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ANALYSIS OF DIFFERENT DESIGN HYBRID ROLLING BEARINGS EFFICIENCY IN EXPECTED
SERVICE CONDITIONS

Petrov N.I., Lavrentyev Y.L. (Central Institute of Aviation Motors named after P.l. Baranov, Moscow, Russian
Federation)

This article presents results of hybrid bearings tests (steel rings, ceramic rolling elements SizN,) in service con-
ditions on the aircraft engine. There has been described two types of angular bearings 126126 (130x200x33 mm) and
126206 (30x62x16 mm), and two types of roller bearings HCN1006-K-M1SP (30x55x13 mm) and HCN1010KM1SP
(50x80x16 mm). The tests have been carried out on bearings test rigs in Central Institute of Aviation Motors (CIAM).
Test results have been shown that the hybrid bearing 126126 is suitable for use at speed index d,-n up to 3.5-10°
mm-rpm. Has been performed comparative test of 126206 bearings with skewing of 10" and 20" minutes. Temperatures
in hybrid bearing are less than in all steel bearing. Hybrid roller bearings have been analyzed on the test rig to confirm
their efficiency in helicopter gearbox. Roller bearings have been also tested with defects at two rollers, and have been

developed diagnostics indicators.
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J10JITOBEYHOCTD MOALIUITHUKOB Ka4eHUS B
OIoOpax POTOPOB BBICOKOOOOPOTHBIX TIa30TYp-
ounnbix neurareneit (I'T/I), mapamerp ObicTpO-
XOJHOCTH  KOTOPBIX  OOJbIie dm-n22-106
MM'00/MHMH, Kak TMpaBWJIO, OIPAaHUYHUBACTCS
JOJITOBEYHOCTBIO JTOPOKKU KaUYEHUsI HAPYKHOTO
KOJIbLIA, KOTOpasi BOCIPUHUMAET IOIOJHUTEIb-
HbIE€ HATPY3KU OT LIEHTPOOESKHBIX CHJI TNl Kade-
HUdA. B cBsA3M ¢ 3TUM B Hacrosiee Bpems BCE
OoJbllle HAXOJAT MPUMEHEHHE MOIIIMITHUKHU C
JNErKUMHM  KEPaAaMUYECKUMM TelaMU KadyeHHs
(ruOpHIHbBIE TOAIIUITHUKY).

Kepamuueckuii Marepuai, Takoll Kak
HUTpUJ KPEMHHs, NPUMCHSAEMBI B KadyecTBE
Tel KayeHus B MOJUIMIIHUKAX, MMEET MHOI0
[IPEUMYILECTB Iepel, TPAAULMOHHBIMU IOJ-
LIUITHUKOBBIMUA CTaIAMU. Hwu3kass IJIOTHOCTS,
BBICOKast TBEPAOCTb, XOpOLIas KOPPO3HMOHHAS
CTOMKOCTb, HU3KUI K03 ULIneHT TepMUIecKo-
o pacIIMpeHus, U COXPAaHEHHUE CBOMCTB IIPU
BBICOKOH TEMIIEpaType IelaacT HUTPUI KPEMHUS
[IPUBJIEKATEIbHBIM Ul UCIIOJIb30BAaHUS B Kaye-
CTBE Marepuasa Tell KaueHUs MOAIIUITHUKOB.

[I10THOCTE HUTPUAA KPEMHUS COCTABIIAET
40 mpouEeHTOB OT IUIOTHOCTH CTald H, TaKUM
0o0pa3oM, MO3BOJIUT BBIUTH Ha 0OoJiee BBICOKHE
YacTOTHI BPAILCHUS IIYTEM CHUXKEHUSA LIEHTPO-
OeXHOU HArpy3ku OT LIApPUKOB Ha HAPYKHYIO
JNOPOXKKY KaueHMsI, KOTOpasi OrPaHUYMBAET CKO-
POCTb BpALLICHHUS.

Llens pa®oT mo uccinenoBaHHIO PabOTO-
CMOCOOHOCTH TUOPUIHBIX TOJIIUIIHUKOB B

[MUAM wum ILUW. bapaHoBa cocrosina B TOM,
YTOOBI OIICHUTH 0KHUJIAEMYIO BBITOJIy MIPUMEHE-
HUS TaKUX MOJIIUITHUKOB 10 CPAaBHEHUIO C Tpa-
JTUITUOHHBIMH CTABHBIMU TTOAIIHUITHUKAMH.

HccnenoBanusi paboTOCMOCOOHOCTH U Te-
MJIOBOTO COCTOSIHUS TUOPUHBIX TOITUITHUKOB
MPOU3BOJIUIIOCH HA TOJUIUITHUKOBBIX CTEHAX,
Ha KOTOPBIX CO3/aBalIUCh YCIOBHUsI, OJHM3KHE K
peXuMaM SKCIUTyaTallMd TMOAIIUITHUKOB B TIO-
pax poropoB I'T/[. B pamkax temsl «Omnopa
IIN» coBmecTHO co crenuamuctamu I[IAO
«HITO «CarypH» mnpoBeIeHbl HCCIEAOBAHUS
TUOPUIHBIX PaIUaTbHO-YIOPHBIX IIAPUKOTIO-
HUIMHAKOB Tuma 5-126126 (130x200x33 Mm)
pa3HOl KOHCTpYKIWHU. JIBa U3 HUCCIEIyeMBbIX
MOJAIIUITHUKOB OB 0€3 MOKPBITUS JOPOXKEK
KaueHHs KOJIell U JBa MOJIIMITHUKA C HAHEeCEH-
HBIMH Ha JOPOXKM KaueHHUs CHEeIHaTIbHBIMU
noKpbITUsAMU. [loamunuuky 6e3 MOKPHITHI ObI-
JU YKOMILIEKTOBAHbl KEPaMUYECKUMU IlIapamMu
3apybesxHoro mpousBoactsa (Cerbec) u oreue-
ctBeHHOTO (OAO «KOMIO3UT») MPOU3BOCTBA.
[ToAMMITHUKY € TOKPBITHAMH TOPOKEK KaUSHUS
ObUIM YKOMIIJIEKTOBaHbl KEPaMUYECKUMU IIa-
pamu 3apy0OexHOro mpou3BoAcTBa. VcmbiTaHue
MOAIIUITHUKOB MO OIIEHKE UX paboTOCIOCOOHO-
CTH U TEIJIOBOTO COCTOSIHUS MPOBEJEHBI B JUa-
naszone yactoT Bpamenus N=10000...21200
00/MHH, TIPU OJHOBPEMEHHOM JIEHCTBUU pPajH-
anpHoi (400 xrc) u ocesoii (1000...3000 krc)
Harpy30K M Tpu Mpokauke Macia 4, 5 u 7
J/MUH.
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B pesynbprare ucnplTaHul MOATBEPKIACHA
paboTOCIIOCOOHOCTh MCCIIEIOBAaHHBIX ITOIIIUII-
HUKOB IpH Om'N<3,5-10° MM-06/MuH. Bbimonse-
Hbl CPAaBHUTENBHBIC HCCIICOBAHUS TETIOBOTO
COCTOSIHUSI KOJIEI] THOPUIHBIX TMOAIIUITHUKOB C
3apyO0eKHBIMUA M POCCHMCKUMH KePaMHUYECKUMHU
[Iapamu, a TaKKe HUCCIIEeIOBaHUS TEIUIOBOTO CO-
CTOSIHHSI TIOJIITUITHAKOB C Pa3bIMU MOKPBITHIMH
JOPO’KEK KaueHUs KOJIEII.

C wmenpio OIEHKHM paboTOCIOCOOHOCTH
TUOPUIHBIX MTOAIIUITHUKOB TIPU MEPEKOCE KOJIEI]
MIPOBEJICHbl CPAaBHUTEIbHBIC HCIBITAHUA THO-
PUAHOTO H CTAIBLHOTO MOANIMITHUKOB THUIA
126206 (30x62x16 mMm) ¢ mepekocom 10° u 20°
MUHYT IpH ASHCTBUM paauanbHoi Harpy3ku 30
Krc, oceBoit Harpy3ku 50...100 krc Ha yacTtoTax
BpameHust 5000...25000 06/MuH npu mpoKauke
Macia 4epe3 moAamunuuk g=1,1 i1/mus.

Pe3ynbTaThl CpaBHUTEIBHBIX HCIBITAHUN
noammnHuKa 126206 moka3zanu, 94To B Iporiecce
UCTIBITAHUN TEIJIOBOE COCTOSIHHE THUOPHIHOTO
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MOJIIMITHUKA HIKE CTAJBHOTO HAa BCEX PEXKU-
Max HCIBITAHUH C IEPEKOCOM.

Ha mnomgmunaukoBeix creHma [IUAM
TakXKe IPOBEJCHbI HCCIEIOBAaHUS paboToCHO-
COOHOCTH THOPHUIHBIX POJHMKONOIIIUITHUKOB
HCN1006-K-M1SP  (30x55x13 wmMm) wu
HCN1010KM1SP (50x80x16 mM) mpou3BOACT-
Ba FAG (I'epmanust) B yCIOBHSX HX JKCILTyara-
LIUHA B COCTABE BEPTOJIETHOIO PELYKTOpA. Y CKO-
PEHHBIMM PECYPCHBIMH MCIBITAHUSIMH  TIOJI-
TBEPKJEHAa UX PabOTOCIOCOOHOCTh HAa Hayallb-
HBIM pecypc sl BBIIOJIHEHUS MEPBBIX MOJETOB
Bepronéra. Takke MoATBepXkIeHa paboToCHO-
COOHOCTh KEpPaMHMYECKHX POJIMKOB O3THX IOJ-
LIUITHUKOB TIOCJE HCKYCCTBEHHOTO HAHECEHMS
Ha poJMKH AedeKToB B BUJE pucoK. Hanecenue
ne(eKToB Ha POJIMKU Jajl0 BO3MOXKHOCTH C I10-
MOIIBI0 BUOPOIATYUKOB 3apETUCTPUPOBATH JIU-
arHOCTMYECKHME IMPU3HAKU MOSIBICHUS TPEUIVH
Ha KEPaMMUYECKUX TeJax KaueHusl.

BAJINIALIASI HECTALIMOHAPHOI MOJIEJIM TEUEHMS
3A TOPEJOYHBIM YCTPOMCTBOM KAMEPBI CTOPAHMS
T'A30TYPEMHHOI'O JIBUT ATEJIS
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THE EXPERIMENTAL VALIDATION OF COMBUSTION AND NON-REACTING FLOW SIMULATIONS
IN GAS TURBINE POWER PLANT COMBUSTION CHAMBER BURNER

Zubrilin ILA., Budaybekova Ya. M., Didenko A.A., Matveev S.G. (Samara National Research University,
Samara, Russian Federation)

In this article, has been carried out the validation of a mathematical model for the isothermal flow and flow with
the combustion in the power plant combustion chamber burner. Computation and experimental data are compared by
the flow velocity and combustion products chemical components. The flow structure has been investigated in details.
Characteristic of the recirculation zone are defined in combustion and nonreacting conditions.

B nannoit paboTe mpencTaBieHbl pe3yabTa-
Thl BaIUAALMU MAaTeMaTUYECKOM MOJENH Teue-
HUS 3aKPYYEHHOTO MOTOKA 33 TOPEJIKOW KaMephl
cropanus razotypounHoro asuratens (I'T)
SHEPreTUYECKOW YCTAaHOBKHM HA3€MHOIO MpHUMe-
HeHus. [openka MCTONb3yeTCsl A CHKUTaHMS
00eTHEHHON TPEeBAPUTENHLHO MOATOTOBIEHHOM
TOIUJIMBOBO3JIYIIHOW CMECH. JKCHEPUMEHTAJIb-
HbIE U3MEPEHUsI NPOBOJUINCH C UCIIOJIb30BaHU-
€M JIa3epHOM JIOIUIEPOBCKOW aHEMOMETpPUHU
(LDA) nns u3MepeHHMss CKOPOCTH IIOTOKAa M
xpomartorpaduueckoro o0opynoBaHus Ui OI-

pelencHnsT KOHIIEHTpAIMi MPOJYKTOB Cropa-
Hust. UHCICHHOE MOJEIMPOBAHKME OIS CKOPO-
CTell MOTOKAa MPOBOIWINA C HCIIOJIB30BaHUEM
noaxona kpymabix Buxpeit (LES) mst moxenu-
poBanus TypOynentaoctu u Flamelet Generated
Manifold mns monmenupoBanus ropenus. Ha
IIEPBOM dTare oTpabarbiBalach METOIUKA 3a/a-
HUSI HECTAI[MOHAPHBIX TYpOYJICHTHBIX TPaHUY-
HBIX YCIIOBHUI U ONpeeNsyics KPUTSPHid pa3Me-
pa 3JeMEHTOB PacUYETHOM CETKH. 3aTeM IPOBO-
JUIIOCH CPaBHEHHE PAaCYETHBIX M IKCIIEPHMEH-
TaJIbHBIX JAHHBIX. [l0Ka3aHO, YTO PEe3yJbTaThl
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