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Annomayus: Bononxen anaiu3 RPpudUH 603HUKHOBEHUS 8bIX00d U3 CIMPOS MEXAHUZMOG U NPUEOOOE 2PY30-
HOOBEMHBIX, CRIPOUMENbHBIX, OOPOICHBIX MAULUH HA OCHOBe Nepedayd 3ayeniienueM, a marice nepeoay vepesiy-
HOZ0 K1acca, KOMmopviMi A8JIAI0MEs KOKMAKAHbIE Pa3pyuleHis akmugHsix nogepxHocmeti 3y6veg 3y64amblx Ko-
Jec, RPUGOOAWUX K HEUCRPAGHOCHIAM, NOJOMKAM, OMKA3aM 8 Guoe U3HOCA i 3a0upos. llpusedera yuxnozpamma,
xapakmepusyiowas pedcum pabomst 3y0uamoil napel, Y4umsleaonas oeticmeue MaKkcuMaibHol Hazpy3Ku Ha
KOHMAKMHYIO 8bIHOCTUBOCHIb U HA GbIHOCIUGOCHb 3yDbes RPpU u3s2ube U KOmopas ucnob3yemcs npu paciemax Ha
HPOYHOCHb RPAMO3YOBIX U KOCO3Y0bIX YUIUHOPULECKUX nepedaH.

Obocnosana HeoOX0OUMOCIb CO30anUs Memooa pacyema no U3HOCy CRUPOUOHBIX Nepeoay ¢ y4emom nepe-
MEHHO20 PedCUMa Ha2pydiceHts U epeMentl Oelichaus Hazpy3Ki Ha OCHO8e AHATU3A 2PpaiiKo8 HACPYICEHU MexXa-
HU3ZMOG U IPUBOO0E NOOBEMHO-MPAHCHOPMHBIX MAWUuH 1 060pYOosaHuUs, 20e NPUMeHsLemcs OaHHbII U nepedat,
6 YACMHOCMU @ NPUEOJE MEXAHUIMO8 3aNOPHOI apManiypel, 8 NPUBOOE GUHINOEO20 20PU3OHMAIBHO20 KOHEeliepa,
8 KabeecbopoyHoM Mexanuzme 31eKmponozpy3yuKd, 8 npusode ma206oi tebedxu yiadoynozo kparna VK-25/9-
18 Ona nepemazusanis NAKenog 36eHbed PelbCOUNATbHON PeuLenKi.

Paspabomanuwiit Meniod HO360J5eN ¢ Y4eNoM PedibHblX PelCUMO8 IKCHIYamayuy nodbeMHo-mpaicnopni-
HbIX MAUiH, 060pyO08aHUs U MEXaHUIMOG 1O IKCHEPUMEHMATbHO RONVHEHHOU 306UCUMOCIU UHMEHCUGHOCIU
usHauueanus 3y0bee chUupouono2o Kojeca oni 3HadeHuti paiaioye2o MOMeHma Ha 6biX00HOM 8AUlY CHUPOUOHOZ0
pedykmopa onpeoeims sHaYeHUus UHMEHCUBHOCHIU USHAMUBAN U U PACCHUMANb Pecypc CRUPOUOHO20 pedyK-
Mopa ¢ Y4emom OTUmeabHoCHU Oelicnausl 3Ha4eHUil payaioife20 MOMeHMA 8 COOMBEMCmauU ¢ YCIMaHo8NeHHbIM
2paghuromM nepeMeHHo20 HazpyAceHUs MeXanusmMos epy30n00beMNbIX, CHPOUMENbHBIX Ul OOPOICHBIX MAULUH.

Kinrouesvie cnosa: usHoc;, uHMeHCUGHOCHb USHAUWUSANUSA, Nepedayu 3ayenienuem,; pecypc; ChupouoHdas ne-
peoaya, epauk nepeMeHHo20 HazpyHCeHU.

Abstract: A brief analysis of the causes of failure of the mechanisms and drives of lifting, construction, road
machines based on gear transmissions, as well as on worm class gearing, i.e. contact destruction of the active
surfaces of gear teeth, resulting in malfunctions, failures in the form of wear and scuffing. The study presents a
cyclogram that describes the mode of operation of the gear pair taking into account the effect of the maximum
load on the contact endurance and on the endurance of the teeth at bending and that is used in strength calculations
of spur and helical gears.

The necessity of creating a method for calculating the wear of spiroid gears, taking into account the variable
loading mode and loading time, is substantiated based on the analysis of loading schedules of mechanisms and
drives of hoisting-and-transport machines and equipment where this type of gear is used, in particular, in the drive
of stop valves mechanisms, the drive of screw horizontal conveyor, in the cable assembly mechanism of the electric
loader, in the drive of the fraction winch of the packing crane UK-25 / 9-18 for dragging the pacts of the rail and
sleepers grid.

The developed method allows, taking into account the actual operating modes of hoisting-and-transport
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machines, equipment and mechanisms for experimentally obtained dependence of the wear rate of the teeth of the
spiroid wheel on the torque values on the output shaft of the spiroid gearbox, to determine the values of wear
intensity and to calculate the service life of the spiroid gearbox taking into consideration the duration of the torque
values in accordance with the established schedule of variable loading mechanisms for lifting, construction, and

road cars.

Key words: wear, wear rate; gearing; service life; spiroid gear, variable loading graph.

B pesynsrare aeiicTBHA MNOCTOAHHBIX MIH Iiepe-
MEHHBIX B TEYCHHE BPEMEHU IOJIE3HBIX CONPOTHBIIE-
HHUIl, B IPOLECCE IKCIIyaTALMHU, BO3HHUKAIOLIMNX HA
pabodem oOopya0BaHHM, B 3yOYATHIX 3aLCIICHHAX
MEXaHHYECKHX nmepeaayd 00pas3yrTCs KOHTAKTHBIC Pa3-
PYIICHHA AKTHBHBIX IMOBCPXHOCTCH 3BCHBLEB, H3HOC,
3aIUPBI 10 OOKOBBIM IIOBEPXHOCTSM 3YOBEB U H3IOMBIL,
YTO ABIACTCS MPHYMHOH BBIXOJA M3 CTPOS MEXAHHU3-
MOB NPUBOJA IPY30HOIBEMHBIX, CTPOHUTEILHBIX H J0-
poxxHbIX MamuH [1-5]. JaHHbI BHO paspylUCHHA Xa-
PaKTepeH A5 3aKaJCHHBIX IOBEPXHOCTEH 3yObeB 3y0-
YaTBIX KOJIEC M BBLIB/LACTCA MPOTPECCHUPYHOIUHM BbI-
KPAIWBAHHCM MATCPHUAJIA, KOTOPOC MOKCT JOCTHTATh
3HAYMTEIBHBIX PA3MEPOB, 4 TAKKE HA YIPOYHCHHBIX
MOBEPXHOCTAX 3yOBCB OTCIANBAHHEM KPYTHBIX Y4AaCT-
KOB CJI0s MeTauia [6-11].

Jlms1 3y0UATBIX KOJICC KAK OTKPBITHIX, TAK H 3aKPbI-
THIX TICPEIAY M MEepeaay YCPBIYHOTO KiIacca, pabdora-
IOLIUX B CPeJe 3aCOPEHHOIT a0pa3HBHBIMU YaCTHLAMH
XapakTepHOM MPUYKHHOM 0TKA34, ABIAETCI H3HOC H 3a-
caanue 3yoneB (puc. 1) [12].

OtmmuuTe TbHO 0COOCHHOCTBIO MICPEIAY UCPBI-
HOTO KJ1accCa SBICTC OTHOCUTE/IBHOC CKOJIbLKCHHC B
Tr000H TOYKE KOHTAKTA AKTHBHBIX TIOBEPXHOCTEH 3Be-
HBEB NAPBI, BETUYHHA CKOPOCTH KOTOPOTO BO3pPAcTaeT
C VBCJIMYCHHEM IICPEIATOYHOTO OTHOLUCHHS.

Ipu pacyerax Ha MPOYHOCTD MPAMO3YOBIX H KOCO-
3yOBIX IHIHHAPHYCCKHX 3y 0UaTBIX MEPEAAY CO CTajlb-
HeIMH Konecamu, coriacHo ['OCT 21354-87 ucnoms-
3YHOT HUKJIOTPaMMY (pHC. 2) YUHTHIBAIOLIYIO AeHCTBHE
MAKCHMATBHOM HATPY3KH F¢1) HA KOHTAKTHYH) BBIHOC-
JHBOCTB H HA BRIHOC/IHBOCTH 3yObeB mpu u3rude [13].

Jns MEeXaHH3MOB TIPHBOAOB TIPY30MOIBEMHBIX,
CTPOMTENBHBIX U J0POKHBIX MALUHMH XapAaKTEPHBI 1O-
BTOPHO-KPATKOBPEMEHHBIE PEKHMBI HATPYKEHHsA C H3-
MCHEHHEM BPAIIAKIIUX MOMCHTOB HA BHIXOTHOM BaJIy
PEAVKTOpA B TCUCHHC PAab0Yero BPEMCHHU IHKIA 3KC-
nyatauuH. [ JaHHBIX PEKHMOB XapaKTCPHbI Manas
OKpY’KHAsA CKOPOCTh H COITY TCTBYIOINHE MOBBILICHHBIC
HArpPy3KH, a TAKIKE YACTBIE ITYCKH H BBICOKHE KOHTAKT-
HBIC HANPDKCHHS, NPUBOIAINUC K Pa3pyLICHUK) MO-
BEPXHOCTH 3yObeB KOHTAKTHPYIOLIMX 3BEHBCB M, KaK
CIEICTBHIO H3HOCY.

[TapanienpHO ¢ YepBAYHBIMH IEpeJaYaMH II0-
CICAHHC MONBCKA B PAa3IMYHBIX OONACTAX TCXHHKH
MPHMCHSIOTCSI CIUPOUTHBIC IICPEIAUU, KOTOPBIC OTHO-
CATCH K uepBAuHOMY THmy (puc. 3 [12, 15-16]). Onu
MOJYYHIIM IIHPOKOE PACHPOCTPAHCHHE B MPHBOJAX
MEXaHU3MAX MOJABEMHO-TPAHCMOPTHBIX MALIHH H 000-
pyaoBaHus, PadOTAOMX KAK IPH MNOCTOAHHOM TaK U
NpPH NEPEMEHHOM PEKHMAX HATPYKCHHSL.

B tabmuue 1 npeacTaBaeHs Tpa()MKH HATPY KCHHUS

MEXAHH3MOB I10IbEMHO-TPAHCIIOPTHBIX MALIHH H 000-
PYIOBAHHA, TJAE NPUMEHAETCA CIHPOUIHBIE pPEIVK-
TOpA.

Tabmuma. 1. I'paukn HATPYyKCHAS MCXAHH3MOB
MOABEMHO-TPAHCMOPTHBIX MAUIHH W 000PYyJI0BaHHA,
re NPUMEHACTCH CIHPOUIHBIH PEaYKTOP.

B cBs3u ¢ TEM, YTO 3HAYUTCIBHOC YHCIO IPHBO-
JIOB MCXaHM3MOB TPY30TIOXBCMHBIX, CTPOHTCIBHBIX H
JOPOKHBIX MALIHH 3KCTUIYaTHPYETCH MPH PEKHMAX C
IEPEMEHHOH HArpy3Koil Ha padoueM 00OpYIOBAHHH B
TEUEHHE LUK, CO3JAHHE METOJa pacuera pecypca
CIUPOUTHON MCPEAavYH IO H3HOCY, YUHTHIBAKOLLCTO
MICPCMCHHOCTD HATPY3KH, CTAHOBHTCS AKTYAIBHOI 3a-
Jayeii,

CHoKHOCTh CO3AHHS YHHBEPCATBHOTO METOAA
pacueTa 3y0uaThIx nepesay Mo H3HOCY 3aKIFYAETCH B
OIpPCIC/ICHHM 3HAUCHHH BPAILAMOIMX MOMCHTOB Ha
BBIXO/IHOM BAIy PCAYKTOPA B TCUCHUC LMKJIOB HATPY-
JKCHHS ¥ IIPOJOJLKHTEILHOCTH HX JCHCTBHA C yUETOM
VCIIOBHH JKCIUTyaTalMH TPy30MOABEMHBIX, CTPOH-
TCJIBHBIX H JOPOKHBIX MALIUH.

Taxke OOMBIIYIO TPYAOCMKOCTH H CJIOKHOCTB
NPEACTABIACT IKCICPHMCHTAIEHOC OMPEICICHHC HH-
TCHCHBHOCTH W3HAIIMBAHHA MATCPHAJTOB 3yO4YaTOTO
KOJeca, 4To TpedyeT co3JaHHsA 1a00pPaTOPHOTO YHH-
BCPCAIBHOTO OOOPYIOBAHHUS I WCHBITAHUS HATYP-
HBIX M MOJCIBHBIX 00pPa3LoB, KOTOPOC 00CCICYHBATIO
OBI MHPOKHIT THAMA30H H3MCHCHHA YCIOBHI HCIBITA-
HUi, HMHTHPYIOLIAX PEaNbHbIC PEXKHMBI IKCILTyaTa-
LHH MALIHH U MCXaHU3MOB.

Ha puc. 4 npuBeacHBI IKCTICPUMECHTATEHBIC 3aBH-
CHMOCTH MHTCHCHBHOCTH .J/; H3HALINBAHUS H pecypca
L 3yObeB CTUPOMIHOTO KOJIECA OT 3HAYCHUIT BPALAO-
LIETO MOMEHTA HAa BLIXOJHOM Bany pexykropa 7. Jlan-
Hasg 3aBUCHUMOCTb J;=[F (7)) MO3BOJMET HANTH HHTCH-
CHBHOCTH M3HAIIHBAHUA 3y0a CIHPOMIHOTO KOJIcca
JUTA COOTBETCTBYIOIINX 3HAYCHHIT BPALIAIOMICTO MO-
MeHTa 7 YCTAHOBICHHOTO Trpa(uka TEepeMEeHHOTO
HArPYKCHHUA.

IHHopagok pacyera pecypca COHPOHIHON Iu-
JIMHJIPHYECKOl TIepeIavl NpH NepeMEeHHOM pe-
JKHME HATPYKeHHs

1. YcranaBmuBaeTcsi rpa)uk HArpy;KeHHs Mexa-
HH3Ma B COOTBETCTBHH C KOJHYECTBOM PAHKHPOBA-
HBIX OTHOCHTC/IBHBIX 3HAUCHUIT BPAMIAFOMIMX MOMCH-
TOB HA BBIXOJHOM BaJy CIIHPOUIHOTO PEAYKTOPA B HO-
PAAKE YMCHBIICHHS H OTHOCHTCIBHOI P00 KHTE b~
HOCTBIO HX JeHCTBUSA (puC. 5).

2. PaccUMTBHIBAKOTCSI OCHOBHBIC ITAPAMETPHI CITUPO-
HIHOTO PEIYKTOPA, HCOOXOIMMBIC I pacyeTa pe-
cypca (tabmuua 2).
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3aaup Ha NOBEPXHOCTIX 3yObeB

H3noc
a) 3v0a 6)
Puc. 1. Cnupouonwie xoneca {12]
a-usnoc 3yba; 6-3a0up Ha nogepxHocmAx 3y0ves
Fig 1. Spiroids
a-tooth wear; 6- scoring on teeth surfaces
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Puc. 2. [Juxnozpamma, xapaxmepusyloujas pedcum pabomusi 3y6uamoii naput [13-14]
Fig.2. The cyclogram characterizing the mode of operation of the gear pair

Puc. 3. Chupouonai nepedava
Fig.3. Spiroid gear
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Tabmuua. 1. I'paduku HArPYI)KEHUS MEXaHH3MOB IO bEMHO-TPAHCIIOPTHBIX MALIIHH H 000PY J0BAHUSL, TAE MPH-
MCHACTCS CIIMPOHAHBIH PEIYKTOP.
Table. 1. Charts of loading the mechanisms of hoisting-and-transport machines and equipment, which use a
spiroid gearbox.

Ne HasBanue mexanu3ma I'padux
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Tabmuua. 2. OCHOBHBIE HapaMeTPhl CIMPOHIHOTO PEIYKTOPa HEOOX0AMMBIE 151 pacyeTa pecypca B COOTBET-
ctuu ¢ 'OCT 22850-77

Table. 2. The main parameters of the spiroid gearbox necessary for calculation of the service life in accordance
with GOST 22850-77
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3. PaccunTeIBacTCS MPEACTBHO JOMYCTHMBIH H3-
HOC 3yOBCB CITHPOHAHOTO Koeca [h2] [17-20]:

[h2] = [1157 - (tgaxR + tgaxL)]mr (1)

4. V nenpHas pacyeTHAS CUNA B 3aLEMIICHAHN COOT-
BCTCTBYHOLIAA BPAIIAKOMICMY MOMCHTY Hd BBIXOJHOM
Bany peaykropa 7;[17-20]:

Whgi = T::iwyamax! 2)

rae 7 /Tma-OTHOCHTEIbHBIC 3HAYCHHSA BPAILAO-
LIETO MOMEHTA, OMpeAe/ieMble H3 YCTAHOBICHHOTO
rpadyHKa MEPEMCHHOTO HATPYKCHHS, W fjEma-Y ICIbHAS
pacyeTHAA CHITA B 3aICTUICHHH COOTBCTCTBYIOMIAA BPa-
LIAIOMEMY MOMEHTY HA BBIXOJHOM Bally PEeavKTopa
T

5. OmpeesieTCs 3HAUYSHUE H3HOCA 3y0a CIUpOKI-
HOTO KOJIECA PEAYKTOpA 3a LUK PabOThl MEXAHH3MA,
COOTBETCTBYIOIIECE 3HAUCHHIO PadOYETo BPALIAIOMIETO
MOMCHTA Ha BBIXOJHOM Bajly peaykropa 7 U mpoaon-
JKHTEIBHOCTH ero aeicTeus £, MM [17-20]:

hi = 2,25]3 Wi (Prea1,2)r %nzi (é—; s
3)

rjae J,-IKCIEPUMEHTANIBHO OMPEIC/ICHHOE 3HAYE-
HHC HHTCHCHBHOCTH M3HAIIHBAHHS MaTCpHasa CIIHPO-
HIHOTO KOJIECA COOTBETCTBYHOIIAA paboueMy BpaInaro-
meMy MoMeHTY 7 (onpeaensercs no rpaiuky puc. 4);
fi-BpeMs ACHCTBHS PAadOYCTO BpALAXOIIEro MOMEHTA 7}
HA BBIXOJHOM BAIV CIHPOHIHOTO PCAYKTOpAa Mexa-
HH3MA 3a UK eTO Pab0TH B COOTBSTCTBHH C YCTAHOB-
JCHHBIM TPA(HKOM TEPEMEHHOTO HATpPYKEHHs (puc.
5), ¢; i=1-4mCI0 Map 3auenICHHA C pACCMATPHBACMBIM
3y0UaTBIM KOJIECOM.

6. YcTaHaBIHMBACTCs 3HAYCHUEC LHUKIOB paboOTHI
MEXaHH3Ma [0 MOPEICIbHO JOMYCTHMOTO H3HOCA
3y0BCB COMPOMIHOTO KoIeca [/12] [17-20]:

h
Np =2 )
i=1"

rac n-HoOMCp CTYNCHHU HArpy:KCHHUA COTJIACHO,
YCTAHOBJICHHOI'O rpa(l)m{a NEPEMCHHOI'0O HAIPY KCHHA.

7. PaccuMThIBacTCA peCypc CIUPOMUIHOTO PEAVK-
TOpa MCXAHU3MA C YCTAHOBJICHHBIM TpaukoM mepe-
MCHHOIO Harpy:xcHus [17-20]:

_ Nsty
= 3600 )

BuiBoab1

1. ITonyucHa 3KCTICPHMCHTAJBHAS 3ABHCHMOCTB
HHTCHCHBHOCTH W3HALIMBAHUA J; 3VObEB CIHPOMI-
HOTO Kojeca (Matepuan Oponsa bpA9XK4) ot 3Haue-
HHI BPALIAIOLICIO MOMCHTA HA BBIXOJHOM Bajy CIH-
pougHOTO peaykropa 7 TMO3BOLMOMAS OMPEICATH
3HAYCHHS MHTCHCHBHOCTH W3HAIUMBAHHSA H PACCUH-
TaTh PECYPC CIHPOHIHOTO PEayKTOpa C YCTAHOBJICH-
HbIM rpa()ukOM MEPEMEHHOTO HATPY KEHUSL

2. ITpuBeacH aaropuT™M pacucTa pecypca CIHpo-
HIHOTO PCAYKTOPA MO H3HOCY CTHPOHIHOTO KOJICCA HA
OCHOBEC 3KCNCPHMCHTAIBHOI 3aBUCHMOCTH HHTCHCHB-
HOCTH HW3HAIIMBAHHA OT HATPY30YHOTO MOMEHTA
J ;,:F (T,)

3. 3HAYUTEILHOC KOJHYECTBO MEXaHN3MOB H IIPH-
BOJOB TPY30TOBEMHBIX, CTPOHTCIBHBIX H JOPOKHBIX
MALIHH YKCIUTYATHPYETCA TPH TIEPEMEHHBIX PEKHMAX
HArPY KEHHUA.
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