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HUccnemyercs TEMIOBOH MpoLiece B paJuaibHOM MOAIIHUITHAKE CKOJTBKEHHS U3 HAallOJTHEHHOTO (hTopoIuiacTa, pa-
00TaroIIEM B BO3BPaTHO-BpALIATEIIbHOM PEXUME. TEII0BOH MPOLIECC B ITOAIIMITHUKE CKOJIBKEHHUSI OLIUCHIBATICS TPEX-
MEPHBIM YPaBHEHHEM TEILIONPOBOJHOCTH B IMIMHIPUYECKUX KOOpAMHATaX. BivsHME BO3BpaTHO-BPAILATENBHOIO
JIBVDKEHNS BaJia Ha HecTarmoHapHoe 3D TeMrepaTypHOe MoJie yYUTHIBAIOCH KOHBEKTUBHBIM WICHOM YPaBHEHHS TeTl-
JIONpOBOAHOCTH. [ IpH TOMyIIeHn: MaJTOCTH SKCLEHTPUCHTETA TOJIIHITHUKA MPETIOKEHA YIIPOLIEHHAS 3aIHCh YCIIO-
BUA (PPUKLHMOHHOTO TEIIO00PA30BaHus B 30HE KOHTAKTa. /711 onpeiesieHus: HeCTallMOHAPHOTO TEMIIEPATYPHOTO MOJIS
B MO/IIIMITHUKE CKOJIBKEHHSI MCTIONIB30BAJICS M3BECTHBIN METO/ KOHEUHBIX pa3HOCTEH ¢ pacilierieHHeM 1o IpOCTpaH-
CTBEHHBIM T€PEMEHHBIM, 3aKJTIOUAOIIMIICS B MOATAITHOM PEIEHHH OTHOMEPHBIX Pa3HOCTHBIX ypaBHEHui. [ pe-
LIEHNS OTHOMEPHOT'O YPABHEHN 10 YITIOBOW KOOPJMHATE C KOHBEKTHBHBIM WICHOM, YIUTHIBAIOLIM BO3BPAaTHO-Bpa-
IIaTeNIbHOE JBMKEHHE BaJla, HCTIONh30BaJIaCh MOHOTOHHAS Pa3HOCTHAs cxeMa. MOHOTOHHAsI cXeMa MO3BOIISIET HaXo-
JIATH PEIlICHHE ypaBHEHMI TIUIONPOBOIHOCTH MPH JIFOOBIX Iarax Mo BPEMEHHOM U YIIIOBOM riepeMeHHo. M3 MHo-
KECTBA TAKMX MPUOIIHKEHHBIX PELICHHH NPEIIOKEHO BEIONpaTh pereHne npu uucie Kypanra pastom 1. Paccmar-
pHBaeTCs MpUMEP pacyéTa TEIIOBOro MpoLecca MOMIHMITHAKA cKombkeHns n3 @4K20 co cnemyronmmu reomeTpaye-
CKUMH pazmepamut: paauyc Bana 0,0125; pamrycel Brynku — 0,01 u 0,016, nymna Bana v nopummanka — 0,096 u
0,022 M. BeruricrurenbHble 3KCIEPUMEHTHI IPOBOIINCH IPU OTMHAKOBOM Harpy3ke 2400 H 1 pa3nuyHbIX 3HAUSHUSIX
aMIUTUTYIbI U YyacToThl Kadanuil. [Ipu yacrore 1 'y m amrumuryne nBrkeHus Bajga 60° OTMEUEHO HEPUOANYECKOE
KOJIeOaHME TeMIIepaTyphl BO BPEMEHH € aMILIMTY 106 mpuMepHo 2,5 °C. Pacuramul ¢ BappUpOBaHUEM TEIUIOEMKOCTH
NP KOHBEKTUBHOM YJICHE TTOKA3aHO, UTO KoNleDaHust TeMIiepaTyp 00yCIIOBIIeHbI IBIDKEHHEM Basia. PaspaboTaHHbIe Me-
TOZIBI PACUETa MOT'YT OBITh UCIIONIE30BAHbI B KAUECTBE METOIMKH ONPEIEICHIS] KHHEMATUUYECKHX YCIIOBUIH, IPY KOTOPBIX
B MaTeMaTHYeCKOi MOJIENH TEIJIOBOrO MpoLiecca HEOOXOMMO YUUTHIBaTh CKOPOCTh JBIKEHHs Basia. [lomydeHHble pe-
3yJBTaThl MOI'YT OBITH UCTIOB30BaHbI PH TETIOBOH IMArHOCTHKE TPEHHS B PEATbHBIX MOIIMITHAKAX CKOTBKEHHSL.
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Abstract

The thermal process in a radial bearing sliding made of filled PTFE, operating in a swinging movement mode,
is investigated. The thermal process in the sliding bearing was described by a three-dimensional heat conduc-
tion equation in cylindrical coordinates. The influence of the swinging movement of the shaft on the nonsta-
tionary 3D temperature field was taken into account by the convective term of the heat equation. Assuming
the smallness of the eccentricity of the bearing, simplicity of the condition of frictional heat generation in the
contact zone is proposed. To determine the non-stationary temperature field in the sliding bearing, the well-
known finite difference method was used with splitting in spatial variables, which consists in the step-by-step
solution of one-dimensional difference equations. A monotone difference scheme was used, to solve the one-
dimensional equation in the angular coordinate with the convective term, which takes into account the swing-
ing movement of the shaft. The monotonic scheme makes it possible to find a solution to the heat equation
for any steps in the time and angle variables. From the many of such approximate solutions, it is proposed to
choose a solution with the Courant number equal to 1. An example of calculating the thermal process of the
sliding bearing made of FAC20 with the following geometric dimensions is considered: shaft radius 0.0125;
bushing radii — 0.013 and 0.016, shaft and bearing length — 0.096 and 0.022 m. Computational experiments
were carried out with the same load of 2400 N and different values of the amplitude and frequency of oscil-
lations. At a frequency of 1 Hz and shaft motion amplitude of 60°, periodic temperature fluctuations in time
with amplitude of approximately 2.5 °C were noted. Calculations with varying heat capacity at the convective
term show that temperature fluctuations are due to the movement of the shaft. The developed methods of
calculation can be used as a technique for determining the kinematic conditions under which it is necessary
to take into account the speed of the shaft in the mathematical model of the thermal process. The results
obtained can be used in thermal friction diagnostics in real sliding bearings.

Keywords: sliding bearing, temperature, calculation, swinging movement, thermal process, finite difference
method, thermal friction diagnostics.
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