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IMPROVEMENT OF METHODS VIBRODIAGNOSTICS WEAR
OF TEETH OF A DIFFERENTIAL REDUCER

Avramenko A.A., Kryuchkov A.N. (Samara National Research University, Samara, Russian Federation),
Plotnikov S.M., Sundukov E.V. (PJSC «Kuznetsov», Samara, Russian Federation),
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In the article presents results of complex research of vibration state of the differential reducer of turboprop
engine on the basis statistics of products with repaired reducers and delivered in for repair. The conducted researches
have allowed to establish a source of resonant oscillations of design elements of the compressor, leading to their brea-
kage. It is established that this source is determined by the kinematics of the reducer and is associated with the wear of
the teeth of its gears. Based on the work carried out the norms on intensity of the corresponding discrete component of
the spectrum of vibration of the reducer and on the amount of permissible wear are substantiated and established.
Identified the complex of diagnostic parameters of wear based on intensity components of the auto-spectrum and spec-
trum of maxima, the depth of amplitude modulation in some narrow-band processes, their characteristics based on the
parameters of the current frequency and mutual characteristics. It is shown that for the whole complex of received
diagnostic parameters their dependence on the wear value is satisfactorily approximated by a linear characteristic. The
obtained results can serve as a basis for development of complex vibration diagnostic methods of differential reducers.

3yOuaTble 3alelyieHus Tra30TypOUHHBIX
npurateneit (I'T/), Hapsay ¢ MOMIIMITHUKAMH,
ABJISIIOTCSA IIUPOKO PacIpOCTPaHEHHBIMU Y3JIa-
MU UX KOHCTpyKIuH. Hanboee HarpyKeHHbIMHU
SBJISIIOTCS TUTAHETApHbBIE PEIYKTOPBI TYpOOBUH-
toBbix aurateneid (TBJ). AxTyanpHOCTH pas-
BUTHUSL M COBEPIICHCTBOBAHUS METOJIOB BHOPO-
JMAarHOCTUKHU IJIAaHETapHBIX PEAYKTOPOB
CBs3aHa HE TOJBKO C UX IIUPOKUM IPUMEHECHHU-
eM B KoOHCTpykuuu TBJI, HO U ¢ UX UCIOJIB30-
BAHMEM B IIEPCIICKTUBHBIX CXE€MaxX ABUTAaTEIICH
IITOr0 U IIECTOro mnokosieHui. Mccnenosanus
CHTK unm. H. [I. Ky3uenosa u I'Tl «MBuenko -
IIporpecc» nmokasanu, 4To rpagueHT pocTa Mac-
Chl TYpOOBEHTHJIATOPHBIX U TYpOOBUHTOBEHTH-
JSITOPHBIX JBUTaTeNell ¢ 0e3peyKTOPHBIM IpH-
BOJIOM BEHTUJIATOPA CYLIECTBEHHO BBILIE, YEM Y
ABUTATENEH ¢ IPUBOJOM Yepe3 pexykrop [1].

OnnuMm U3 HaumboJiee pacnpoCTPaHEHHBIX
nedexkroB muaHeTapHeIX pexykTopoB I'TJ[ sB-
asieTcss M3HOC 3yObeB miecTepéH. OmacHOCTh
3TOro fAeeKTa CBA3aHa C BO3MOXKHOCTBIO BO3-
Oy)XIeHHs pe30HAHCHBIX KOJICOAHUH JIEMEHTOB
KOHCTPYKIUU KOMIIPECCOPA, MPUBOAAIINX K UX
[OoJIOMKaM. B gacTHOCTH, IIpU TOBOAKE OLHOTO
u3 I'TH ¢ nuddepeHunanbHbBIM PETyKTOPOM,
ObUTM OTMEYEHBI CITyyaH MOJIOMKH paboyux JIo-

MaTOK U JTMCKOB KOMIIPECCOPA, BBI3BAHHBIC I10-
BBIIICHHBIM HW3HOCOM 3yObeB miecTepéH [2].
Bo30Oyxaenue 3tux kKonebaHui OMIMO0YHO CBSI-
3bIBAJIOCh C HWHTEHCHUBHOCTHIO BHOpamuu Ha
4acToTe, COOTBETCTBYyMommIed 19 rapmMoHuke oT
4acTOTHI BpaIEHUsI pOTOpa TypOOKoMIpeccopa
(TK). Onnako BuOpaiusi Ha JaHHOW YacCTOTE
(GU3MUECKM HUKAK HE CBSA3aHA C KUHEMATUKOU
peaykropa.

ITokazano, yro psiom ¢ 19 rapmonukoi
MPUCYTCTBYET JIOCTATOYHO MHTEHCUBHAS COCTaB-
nstrorast, ¢ kpatHocteio 19.145, xoropast omnpene-
JSIeTCsl KUHEMATUKOM penykropa u siBisiercs: 21
TapMOHHMKON OT YacTOTHI BpalllEeHHsI poTopa Typ-
OokoMITpeccopa B MPHUBEACHHOM JABIKeHUU. Ha
OCHOBE aHajK3a CTATUCTHKH HHTEHCUBHOCTH CO-
craBsitoniel ¢ kparHocthio 19.145 no 18 npura-
TesiM, mpolemmuM  peMoHT [3], ompeneneHa
npenBapurelibHas Hopma (Anp) Ha €€ MHTEHCHUB-
Hocth (FOCT P MCO 13373-2-2009)
AHH:_A+2.8'SA ,
rme A — cpeaHee 3HaUYCHHE WHTEHCHBHOCTHU CO-
CTaBIIIIOIIEH

SA — cpeZIHEeKBaIpaTHYECKOE OTKIIOHEHHE.

CoOTBETCTBYIOIIMI PAacU€T NAET BENUUYMHY
Apy =15.6 M/c?, O6paboTka maHHBIX 15 nBUTrare-
JIeld, MpUIIEIINX B PEMOHT, TIOKa3aia, 4To Ipe-



BBIIIIEHUE YCTAHOBJIEHHOW HOPMBI 3a(hMKCHpOBa-
HO TOJIBKO JUIl JBUTraTels, B KOTOPOM BBISBJIEHA
II0JIOMKA JIOTIATKH / CTYIIEHU KOMIIpECCopa.

OcHOBHO# M3HOC 3yObEB IIECTEPEH PEyK-
TOpa MPOUCXOJUT B Iape <«LEHTpajbHas BHYT-
pEHHSA 1IecTepHsl — care/umTh». [Ipu uccneno-
BaHUM PAaCCMaTPUBAIUCh YETBIpE BapHUaHTa
M3HOCA:

- TeKYLIMii - MAKCUMaJIbHBII U3HOC 3yObeB
HCHTPAILHOH BHYTPEHHEH IIeCTepHU (MaKCH-
MAIBHBI U3HOC OTHOCUTEIBHO 3BOJIBBEHTHI II0-
CJIC TIOCJICTHETO PEMOHTA);

- TeKYLIU# MOJIHBIA - MAKCUMaJIbHbIN W3-
HOC 3yObeB LEHTPAIbHON BHYTPEHHEW ILIECTEpHU
OTHOCHUTEJIBHO UCXOHOM 3BOJIBEHTHI;

- TeKyIMil CyMMAapHBIA - CyMMa MaKCH-
MaJIbHBIX W3HOCOB 3yOb€B LIEHTPAILHOH BHYT-
PEHHEH LIECTEPHU U CATEJLIUTOB;

- CYMMApPHBIH MNOJHBIA - CyMMa MaKCH-
MaJIbHBIX W3HOCOB 3yOb€B LIEHTPAILHOM BHYT-
PEHHEH IIECTEPHU U CATEIUIMTOB OTHOCHUTEIIBHO
HCXOJHBIX 3BOJIbBEHT.

Ha ocHOBeE NOIIy4eHHOTO HKCIIEPUMEHTAIIb-
HOTO Marepuana ObUIM PacCMOTPEHBI HECKOJIBKO
THUIIOB JMarHOCTUYECKUX MTapaMeTpoB Ha Oaze:

- MHTEHCUBHOCTH CIIEKTPAJIBbHBIX COCTAB-
JISIOIIMX B aBTOCIIEKTPE U CIIEKTPE MAKCUMYMOB;

- TIyOMHBI aMILIATYIHOH Moaysiiuu (AM)
HEKOTOPBIX Y3KOIOJIOCHBIX COCTAaBJIIOLIUX;

- [apaMeTpoB TEKYILIEH YacTOThl Y3KOIO-
JIOCHOT'O TIpoLiecca, B TOM YHUCIIE UHEKCA YacTOT-
HOM MOJYJISIUH,

- MapameTpoB (QYHKUIUHM KOTE€PEHTHOCTH U
B3aMMHOTO CIIEKTpa.

Bbein paccMoTpeH OOJBIIONH KOMILIEKC HarHo-
CTUUECKUX TapaMeTPOB, U3 KOTOPBIX OBUIO BBI-
6pano 20. ITomy4yeHHbIe SKCIIEpPUMEHTAILHbIE 3a-
BUCUMOCTM HMHTEHCUBHOCTH JUarHOCTUYECKOIO
rapamMerpa OT BEJIMYMHBI M3HOCA YIIOBIETBOpPU-
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TENBHO aNMPOKCUMHUPYIOTCS COOTBETCTBYIOIIMMU
JIMHEHHBIMU XapaKTePUCTUKAMU.

Hcronb3ysl aHAJMTHYECKYIO 3aBHCHMOCTh
MHTECHCUBHOCTH COCTABIISIOIIEH C KPaTHOCTHIO
19.145 ot BenMUMHBI TEKYILEro MOJHOTO M3HOCA,
YCTaHOBJIEHA HOpMa Ha BEIWYMHY 3TOr0 M3HOCA,
pasnas 0.027 mm.

Takum 00pazoM, MpoBeeHHbIE UCCIIEI0Ba-
HUS TIO3BOJIVJIH:

- BBISIBUTH MCTOYHHMK PE30HAHCHBIX Koseba-
HUI 3JIEMEHTOB KOHCTPYKIMIA KOMIIPEeccopa, BbI-
3BIBAIOIIMI UX MTOJIOMKY;

- YCTQaHOBUTh HOPMBl Ha WHTEHCUBHOCTh
COOTBETCTBYIOIIEH COCTaBIIIOLIEH CIIEKTpa BUO-
paLuM peryKTopa U BEJIMYMHY U3HOCA,

- TOJIY4UTh KOMIUIEKC JMAarHOCTHYECKHX
mapamMeTpoB  M3Hoca  mecTepéH  auddepeH-
nuabHOro penykropa TB/I.
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CFD INVESTIGATIONS OF HPT VANE ENDWALLS WITH DIFFERENT COOLING METHODS

Gorelov Yu.G., Ananyev V.V. (Design Engineering Bureau of Advanced Research FSUE Gas turbines man-
ufacture “Salute”, Moscow, Russian Federation)

Consequently 3D conjugate calculation in ANSYS CFX carried out comparison of the cooling effectiveness of
HPT vane endwalls with film cooling and convective-film cooling. Showed that for examined convective cooling scheme



