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Annomayusa. Ha OCHOBe paHee NPEMJIOKEHHOIO aBTOPOM METOAA JUIsl ONpeneieHUs
napaMeTpoB KOHTAKTa MPH B3aMMOJEWCTBHM JBYX KPYTOBBIX LIMJIMHIPOB B YCIIOBUSX
IIEPEKOCa, pelleHa aKTyajlbHas 3a/ada O pacHpelei€HUU Harpy3Kd IO JUIMHE POJIMKa B
paauaIbHOM MOJUIMITHUKE ¢ OOMOMHHPOBAHHBIMU POJIMKAMH B PEAYKTOPHBIX CHUCTEMax
aBUAMOHHON TexHUKU. [lonmydensl aHamuTHueckue GOpMyIIbI ISl ONPEEIeHUs paanyca
«00YKM», a TaKKe OMMCaH MOAXOM JJIS OLIEHKM MOBBIIICHUS HArPY30YHON CIIOCOOHOCTH
POJIMKOBOTO MOIIMITHUKA B PE3yJIbTaTe OOMOMHUPOBAHUS POJIUKA.
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Abstract. The presented article has studied the problem of radial bearing rollers barreling
in detail. It is indicated that due to the edge effect, occurring in roller bearings in the ring-
roller contact, concentrations of contact stresses originate at the ends of the rollers, the
value of the latter herewith may be several times higher than the Hertz ones, in which
concentrations of stresses are not being accounted for. Owing to this phenomenon, the
load capacity of the bearing is drastically reduced. It is noted that one of the effective
methods to countereact this phenomenon in roller bearings is the rollers barreling, and in
this case, the problem consists in determining the “barrel” radius.

To solve the problem analytically, the author employs his previously proposed
method for the contact parameters determining during interaction of the two circular
cylinders under conditions of a skew angle. For this method application, the end sections

of the roller are replaced with discs of different diameters. Practically speaking we get a
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stepped roller. However, as the thickness of the roller tends to zero (or their number to
infinity), the surface of the roller is smoothed.

Further, a system of equations, namely the compatibility of deformations,
displacements and gaps, on the one hand, and equilibrium, on the other is being compiled.

The obtained system of equations was solved in this work analytically. The optimal
radius of the roller “barrel” has been obtained, which ensures the absence of the contact
stresses concentration at the ends of the roller, which indicates an increase in the load
capacity of the roller bearing.

The results may be employed in the design of rolling-contact bearing with increased
load capacity.
Keywords: roller bearing; barrel-shaped (combined) roller; contact interaction; roller
contact with the bearing ring
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HccnenoBanuio poOTMKOBBIX MOIITUITHUKOB TOCBSIICH Psil pab0T OTEYECTBEHHBIX H
3apyOekHbIX yueHbIX [1-16]. Ha ocHOBe sKCIepUMEHTAIbHBIX JaHHBIX YCTAHOBJICHO, YTO
JOJITOBEYHOCTh POJIMKOBBIX OIMOP IO TPHU3HAKY YCTAJOCTHOTO BBIKPAIIMBAHHS CHIIBHO
3aBHCHT OT MaKCHMMaJbHOTO KOHTAKTHOTO jaaBiieHus [17]. M3BectHo [17], yTo Ha KOHIAX
pPOJIMKOB, B pe3ysbTaTe KpaeBoro 3ddekra, HaOMIOMACTCS 3HAUUTEIBHOE YBEJIUUYCHUE
KOHTaKTHBIX HANpPsDKEHHUH. (711 yMEHBIICHUS 3TOTO SIBJICHUS, HA KpasX POJIMKOB JIEJAIOT
dacku wnm 3akpyrieHne KpoMmok. OpHako Oonee dS(O(PEKTUBHBIM SBISETCS TakK

HaspiBaeMoe OomOmHHMpoBaHuWe ponukoB [18]. Jlns ompenenenus pamuyca OOYKH
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(OomOuHMpOBaHMSI), B JIUTEPAType CYIIECTBYIOT pPa3lWYHbIE MOIXOIbI, HCIOJIh30BaHHUE
KOTOPBIX TO3BOJISICT PELIMTh MIPOOJIEMY YUCICHHBIMU MeToamu [18].

B Hacrosmelr paboTe Mg MCCIENOBaHUS BOIpoca OOMOWMHHPOBAHHUS POJIMKOB
OyZeM UCIONB30BaTh paHee MPENJIOKEHHBIA aBTOPOM METOA JUIS  OIpeaeTCHHUS
MapaMeTpOB KOHTAKTA MPHU B3aUMOACHCTBUH JIBYX KPYTOBBIX LIMJIMHAPOB B YCIOBUSX YIiia
nepekoca y [19-20], 4ro mMO3BOMUT pemIUTh MaHHYIO 3aaady aHamuTHdecku. CyThb
YKa3aHHOTO METOJ[a, KOTOPBIM HCIOJB3YeTCS MM PEHICHHs] Pa3IUYHBIX MPHUKIAIHBIX
3a/lady MaIllMHOCTPOEHUs, 3aKitouaercs B cieayromeM. [IpenctaBum MWIMHIP B BUJC
Habopa KPYTJIbIX TOHKUX 3JIEMEHTAPHBIX JIMCKOB, CMEIIEHHBIX OTHOCUTEIBHO JAPYT JApyra
TakuM 00pa3oMm, 4TOObl oOOpaszoBasica yroi mnepekoca Yy (cMm. puc.l). Ilycts mgiunHa
ucxoxHoro munuHApa |, Torma a,-n=1 , rue a, - TommuHA 3JIEMEHTapHOTO JUCKa, N -
KOJIMYECTBO JTUX JUCKOB. [lollydaeM BMECTO UCXOMHOTO IIWJIMHIpA JPYyrou -
"cTynmeHuyatblii", KOTOpBI TMpU NOPHIOKEHUH HArpy3KH IIO3BOJISIET  KaXIOMY
AJIEMEHTAapHOMY JUCKY BCTYIATh B KOHTAKT 0€3 Mmepekoca.

[TycTh mocne mpuiiokeHus Harpy3Ku B KOHTAKT BXOMAT N sJIeMEHTapHBIX TUCKOB

(N —# ouck TONBKO BOIIEN B KOHTaKT, HO MOKa Harpy3ky He BocmpuHuUMaeT: Py = 0),

TOT/a JUITMHA KOHTaKTHOM JuHu |, Oyzer -

B TtakoMm cnydae, 3amaya CBOAMTCSA K PEIICHUIO CHUCTEMbl W3 CJIEIYIOIINX

YPAaBHEHHI: YPaBHEHUS PABHOBECHS
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Puc. 1 Mopenb KOHTaKTa MWIMHAPA C YIPYTUM OCHOBAaHUEM IPH MEPEKOCce

Y YpaBHEHUS] COBMECTHOCTH JiehopmaIuii, mepeMeiieHuii 1 3a30poB

a, =W. +S., 1=12;3..N,
rie «;,W,,S,,P.- nepemenienue, koHTakTHast qeopMaliys, 3a30p UM Harpyska Ha i- M
AJIIEMEHTE COOTBETCTBEHHO.

Paccmotrpum posmk noammnHuka. [IycTe OH B3aMMOIEMCTBYET C KOJBLIOM MOJ
JCHCTBUEM paaralibHOM cuitbl Q, puc.2, rae ( - moronHas Harpyska, g =Q/I, |, d — nnuHa n
JAMaMeTp pOJIMKa COOTBETCTBEHHO. Kak moka3pIiBaloT nccienoBanus [18], nz-3a kpaeBoro
apdexra, Ha TOpIHAX PpOJMKA BO3HUKAIOT HAIMPSHKEHUS B pPa3bl MPEBBIMIAIONINAEC
HanpspkeHus o [epiry. [TosToMy, st ycTpaHEHUs 3TOTO SIBICHUS, peajiaraeTcs J1eaaTh
poJiiky OOMOMHUPOBAHHBIE, T.€. JIeJIaTh X O0UYKOOOpPa3HBIMH.

I[J'ISI AHAJIMTUYCCKOTO OIMPCACICHUA pagnycCa «OOYKN» BOCIIOJIB3YEMCA MCTOJA0M,



Puc.2. COmmkeHue o pojarKa U KOJIbIIa IMOAIIUITHHAKA MO AeHCTBHEM CHITBI Q

OIKMCAHHBIM BbIIIC. J{JIs1 3TOr0 Ae/IMM POJIHK HA TPH y4acTKa, IEHTPAIbHYIO YaCTh JTMHON
lo ocTaBUM B IpeKHEM BHUE - HUIMHIPHUIECCKON, a JIMHBI KOHIICBBIX YYaCTKOB, B 00IIEM
Buae Oynyr |y, |, , onHako, ecau HeT mepekoca, To cieayeT npusaTh |y = |, . Kpaiinue
YYaCTKH JellaeM KpyIibIMH, paauycoM R. Jladee KpHUBOIMHEHHBIE YYaCTKH POJIMKA

3aMCHICM HaGOpOM n DUWIMHAPHYCCKUX JHCKOB TOJ'IHJ;I/IHOf/JI do, T.C. ao 'nzll , KakK

noka3zaHo Ha puc. 3. Takum 00pa3oM TOPLEBBIE YYACTKH MOJYYAIOTCS CTYINEHYAThIMHU,
(04eBUAHO, YTO MPU JOCTATOYHO OONBIIOM 7 JIaHHAs MOBEPXHOCTh CIJIAKUBAETCS), UTO
MO3BOJISIET KaXJAOMYy JIUCKY TIpU HAarpyX€HWHW BCTYINUTh B KOHTAKT C KOJbLOM
MOAIIMITHAKA KaK JIBa IWJIMHJpPA C MapaiieIbHBIMU OCAMH.

[Tycts mon neiictBueM BHemrHed cuibl Q B pe3ynbrare nedopManuu 371€MEHTOB
COTIPSKEHUI MPOUCXOTUT COJMKEHHE KOJIbLIAa C POJIMKOM HAa BEIUYHMHY o , (Ha OJHOM
KoHTakTe). M mycTh J1s1 MCKITIOYEHHs] KOHIICHTPAlMU HAapsDKEHUH OT KpaeBoro 3dekxra,
n — ¥ IACK BXOAUT B KOHTAKT, HO HArpy3Ky He nepenaet. [Ipu Takoi mocTaHOBKE 3a1a4H,
npobiemMa CBOAMTCS K CHUCTEME ypaBHEHWUl: coBMecTHOCTH gaedopmarmii W,

HepeMEIICHHH ¢ U 3a30pOB S IS | —T0 AKMCKa ¢ OJHON CTOPOHBI,
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Puc.3 Pacuernas Mozaens 60MOMHUPOBAHHOTO POJUKA TTOIIAITHUKA

Wi=a-S, 1i=0,1,2,...n, (1)

Y PAaBHOBECHS POJIMKA, C APYTrOH
2P +Py=Q, (2)
rae

P1=Py+Pp+..+ Py, (3)
a ynpyras aedopMmarus i -ro aucka onpenensercs [16]

Wi=Pyid,, 1=0,1,2,...n, (4)
31ech Ppj — cuiia Ha | — OM JHCKe; O, MOJATIMBOCTh JIEMEHTAPHOTO JTUCKA TPU CHKATUH
[19].

N3 (4) u (1) MOXKHO MOTYYUTh CUCTEMY YpPaBHEHUN
Pi1d6,=a-S;

PlZBﬂ:a'SZ (5)



P 1n Sﬂ =a- Sn ,
rac ajsi | - 'O 3a30pa HCCJIOKHO ITIOJIYUHTH HpI/I6JII/I>KeHHy}0 3aBUCHUMOCTB B CIICAYIOIIICM
BUJIC

2
_Ii

S. =1 | 6
=on ©)
C ydyeTom nocienHeil 3aBUCUMOCTH, CUCTEMY (D) MOKHO MepenucaTh
1-at
P11 811 =a- ZRO
22.4¢
P126H:06' 2R0 (7)
n®-at
P, 0, =a- 0
o 2R
N3 cuctemsl ypaBHeHui (7) mojiydaeM COOTHOIIICHUE
— 1.1 52 2 a§
SH(P11+P12...+P1,1)—110€-E(l +2°+..+n )E, (8)
Wi
laf-
SﬂPlznoc-—%’n, (9)

rae n= %n(n +1D)(2n+1) .

[Toxcrassist monmydeHHbIe 3HaueHus: P1, Py B ypaBHEeHHUs paBHOBecHsI (2), MOTYyYUM

2 f—
a[2£+iJ— S %5_q. (10)
6, 9O, 256, R
117 1 agn
HO T.K. S, = SR TO a = > , crenoBaresibHO U3 (10) momyyaem
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EE+I§IOE_ N ng,
RK, 2RK, RK,n

OTCIOJIa ONpEAETSieM PaIuyC «O0UKM»

E 1A.E |I®nE
R=|12 = 40n0=_ n =10, 12
[”R 2K, Kan3jQ 12

o

He ciio’)kHO moka3ath, 4TO Npu OOJBIIOM # OTHOIICHUE % :% , Torma uz (12)
n
OKOHYATEIbHO MOJy4aeM
3
Re-2h (1,3k) (13)
3K,Q 4 |

Pacnipenenenne BHEIIHEN CHIIBI IO YCIIOBHBIM y4acTKaM poJiMKa onpezaenstores. U3

dbopmys (9) cneayer
_no 1 a; -
| {
6, 294,R
1 a’n? K
WM, YYUTHIBasi COOTHOIICHUSA O =S, = > OR , 0, = “E , TIOJTy4aem
dy

ICE 1 an°E -
1= S 3 n
2K,R 2RK_n

OTCI0Aa OKOHYATCIIbHO ITOJTY4YHUM
P, =IJE/3K,R, (14)

a IPYTyI0 COCTABJISIONLYIO Py MOTy4yaeM U3 ypaBHEHUSI paBHOBECHUS
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COmmkeHue poirka U Kojblla Oyer
a=K, P, /l,E .
JIiss  OICHKHM TIOBBIICHUS HArpy304HOM CIOCOOHOCTH TOJIIAITHUKA, MOKHO

OIIPCACIINTL KOHTAKTHBIC HAIIPAKCHUA O0OBIYHOTO poOJInKa U 6OM6I/IHI/IpOBaHHOFO.

QE

[Tonyyaem, o, =0,418 T Ui OOBIYHOTO POJIMKA, U O, = 0,418
np

I,R

- It
np

OoMOMHHpOBaHHOrO. PacueThl Ha  KOHKPETHBIX pOJMKax I[OKa3aldh, 4YTo Y
OOMOMHHPOBAaHHBIX POJUKOB HANpsKEHUE OOJIbIIE YeM y OOBIYHBIX, PACCUUTAHHBIX IO
dbopmyne T'epua, Ha 10-15%, (6e3 ydyeTa KOHILIEHTpAIIMK HAMPSIKEHUM), OAHAKO, €CIIU
y4€eCTb, YTO U3-3a KpaeBoro 3(pQexra HanmpsHKEeHUs: Ha TOpUAx y 0ObIYHOrO poIrKa 0OoJIbIIe
reprieBckux B 2-3 pasa [18], To moBbIlIeHHE TPy30MOABEMHOCTH Y OOMOMHHUPOBAHHBIX
POJIMKOB HAJIULIO.

TakuM oOpa3oM MOJIy4eHbl aHAIUTUYECKHE (POPMYJIbl Ul ONpPENENICHUs paaunyca
«O0YKM», YTO OYEHb BAXKHO MJIsi TMOBBIIMICHUS HArpy304HOW CIIOCOOHOCTH POJMKOBBIX
MOJIIMITHUKOB. TakKe TaHbl PpEKOMEHIAINN — KaK, UCIIONIB3Ys MOJyYeHHBIE PEe3yIbTaThl,
CeJIaTh OLIEHKY MOBBIIIEHUS TPY30M0IbEMHOCTH POJIMKOBOIO MOJAIIUITHUAKA B PE3yJbTaTe

OOMOWMHUPOBAHUS POJIHKA.
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