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BNUAHUE TEXHONOIMYECKNX ®AKTOPOB YNIbTPA3BYKOBOW
CTABMNN3ALMN KONEL nOoALLUMNMHUKOB HA CTABUIIbHOCTb
MX TEOMETPUYECKNX NMAPAMETPOB

PaccmaTpuBatoTcs OCHOBHblE (haKTopbl, MPUBOASILLME K CHMXKEHWIO TOYHOCTY AeTanei. YBenmyeHue oTKNoHEHW Ux hopmbl, BbidbiBaeMoe
penakcauuen HanpspKeHU, Hen3GeXHO NPUBOAUT K CHDKEHWMIO HAAEKHOCTU U YMEHBLUEHUIO CPOKa CryXObl MaLUMH, CHUXKEHUIO UX 3KCTnyaTaLm-
OHHbIX CBOWCTB. OCOGEHHO OCTPO 3ajaya cTabunusaumm reoMeTpuyeckux NnapameTpoB CTOUT nepea NPOU3BOACTBOM MPELM3NOHHBIX MOALWMMIHU-
KOB KaueHUsi KNacCoB TOYHOCTM 6 1 BbILLE, KOTOPLIE LUMPOKO UCMONb3YIOTCS B Pa3fnyHbIX MallMHax v arperatax. [Jaxe HesHauuTesrlbHoe U3MeHe-
HWe pa3MepoB B TeYEeHWe ornpeaesieHHOro MHTepBana BpeMeHU NPUMBOOMUT K PE3KOi NoTepe TOYHOCTU STUX MOALLUMHUKOB.

AHanus HanpspkeHHOro COCTOSIHUS AeTanemn Tuna «KomnbLOo MOALMMHMKA» MOKa3blBaEeT, YTO €CIU UX NOMepeYHoe U NPOAOSbHOE CeYeHve
CUMMETPUYHbI OTHOCUTENBHO FMaBHbIX LIeHTParibHbIX OCei 3TUX CeYeHWUi, TO OTKIOHEHUS reoMeTpUYeckoi hopMbl KOMeL, C TeYEHMEM BPeMeHU
He BO3HMKaeT. B peanbHbIX YCNOBUSIX M3rOTOBMEHUSI KOMEL UX MOMEpeYyHoe W MpoAdosibHOe CeyeHue He SIBMSOTCH CUMMETPUYHLIMU OTHOCH-
TEMbHO MMaBHbIX LLEHTPasbHbIX OCe 3TUX ceveHuit. Tak kak CKOPOCTb penakcaummn 3aBUCUT OT YPOBHS HaNPSXKEeHWI, TO penakcaumsi NponCXo-
[T, Mpexae BCero, Ha Tex y4acTkax KosbLa, rae AeiCTBYIOT MakcumanbHble HanpshkeHus.

OGbeKTOM vccneaoBaHuii B AaHHOW paboTe sSIBNATCS KonbLa NOALUMMHMKOBOIO y3na PeMEHHOro HaTshKHOro YCTpOoWCTBa aBTOMOGUISA
(HaTsbkHbIX ponukoB) TunoB 2108-1006120-01, 2112-1006120-01. KoHTponb uccnedyeMbix napaMeTpoB AeTanei NpoBoAMncst C NPUMEHeHneMm
cnepytoLlero obopyaoBaHus, a uMeHHo: ancdpakrometp MAP 3, koopanHaTHo-u3MepuTensHas mawmHa FARO ARG EDGE.

MpeacTaBneHbl TEOPETUHECKME M IKCMEPUMEHTASbHbIE 3aBUCYMOCTU BEMYMH AedopMauumn Konel, NoALWUIHUKOB U OCTaTOYHbIX Hanpsi-
KEHWUI B 3aBUCUMOCTM OT BPEMEHU YrnbTPasByKOBON CTabUIM3aLmm BHYTPEHHWX HaNPsHKEHW N1 HEOBXOAMMOro BpeMEHN yrnbTpa3BykoBoi obpa-
6OTKM OT TpeBGyeMbIx 3HaYEeHWUI BENUYMH AeOpMaLMK 1 OCTATOUHbBIX HANPSPKEHWUI KoneL, NOALUUMTHUKOB.

KnioueBble crnoBa: NoaLWwunHyK, OCTaTouHblE HANPSHKEHWs!, penakcauysi, 0BasibHOCTb, NapaMeTpbl, KOHTPOSb, CpeHee KBaapaTuyHoe oT-
KMOHEHWeE, Nnosie paccesHUsi, MaTeMaTUyYeckoe OXuaaHve, AUCrepcus, yrnbTpassyk.
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INFLUENCE OF TECHNOLOGICAL FACTORS OF ULTRASONIC STABILIZATION
OF BEARING RINGS ON THE STABILITY OF THEIR GEOMETRIC PARAMETERS

The article considers the main factors leading to a decrease in the accuracy of parts. An increase in deviations of their shape,
caused by stress relaxation, inevitably leads to a decrease in reliability and a decrease in the service life of machines, and a decrease in

their operational properties.

The task of stabilizing geometrical parameters is especially acute for the production of precision rolling bearings of accuracy classes 6 and
higher, which are widely used in various machines and assemblies. Even a slight change in dimensions during a certain period of time leads to a

sharp loss in the accuracy of these bearings.

An analysis of the stress state of parts such as a bearing ring shows that if their transverse and longitudinal sections are symmetrical about
the main central axes of these sections, then there is no deviation in the geometric shape of the rings over time. In real conditions of manufactur-
ing rings, their transverse and longitudinal sections are not symmetrical with respect to the main central axes of these sections. Since the relaxa-
tion rate depends on the level of stresses, relaxation occurs primarily in those parts of the ring where the maximum stresses act.

The object of research in this work are the rings of the bearing unit of the belt tensioner of the car (tension rollers) of the following types
2108-1006120-01, 2112-1006120-01. The control of the studied parameters of the parts was carried out using the following equipment, namely: a
MAR 3 diffractometer, a FARO ARG EDGE coordinate measuring machine.

Theoretical and experimental dependences of bearing rings deformations and residual stresses depending on the time of ultrasonic stabili-
zation of internal stresses and the required time of ultrasonic treatment on the required values of deformations and residual stresses of bearing

rings are presented.

Keywords: bearing, residual stresses, relaxation, ovality, parameters, control, standard deviation, stray field, mathematical expectation,

dispersion, ultrasound.

OnHoOlf W3 IVIaBHBIX B COBPEMEHHOM MAIlIHO-
CTPOCHUU SBJIACTCA npoGneMa IIOBBIIICHHUA HAICKHO-
CTH ¥ JOJTOBEYHOCTH MAIIMH M MexaHu3MmoB. Oco-
OeHHO ocTpo TpobIeMa CTaOMITU3aMd TOYHOCTH CTO-
UT TI€pe] TPOU3BOJCTBOM IOJIINITHUKOB KAadEeHUS U
JPYTHX TOJOOHBIX W3IEIHH, KOTOpbIE LIMPOKO HC-
MOJB3YIOTCS B Pa3IMYHBIX MAalIlMHaX M arperarax.
TpeOoBaHusI K TOUHOCTH MAIIMH HEIPEPBIBHO BO3pac-
TatoT. Ha coBpeMeHHOM Jrame pa3BUTHS MallMHO-
CTPOEHMS OJTHOM M3 Ba)XHEHWIIMX 3a]ad SBISETCS pas-
pabotka Oomnee 3(h(HEeKTUBHBIX TEXHOIOTHIECKUX TIPO-
LIECCOB M3TOTOBJICHUS A€Talel, 00eCIIeUnBAOMINX HE
TOJIBKO JIOCTHIXKEHHE BBICOKOW TOYHOCTH IPU MUHH-
MyME 3aTpaT NpU HM3TOTOBJIECHHH, HO W COXpaHEHHE
MEPBOHAYANIBHBIX IOKA3aTelel TOYHOCTH B TEUCHUE
BCEro Cpoka Ciryk0bI usmemnus [1].

OnHUM M3 OCHOBHBIX (PaKTOPOB, MPHUBOISIIUX K
CHIXEHMIO ITI€pBOHAYAJIbHOW TOYHOCTU AETajlel, fB-
JIIETCSl peslakcalls OCTaTOYHBIX HampspkeHuit [2—10].
VBenuueHne OTKIOHEHHH (hOpMBI jaeTajiell, BhI3bIBae-
MO€ penaKcanuell HanpsHKeHNH, Hen30€KHO TIPUBOTUT
K CHI)KEHHIO HAJIS)KHOCTH M YMEHBUICHHIO CpPOKa
CITy>)KObl MalllMH, CHIDKCHUIO HMX JKCIUTyaTallMOHHBIX
cBoiicTB [3; 11-15]. B CcBSI3U ¢ 3THM OCYIIECTBIAETCS
U pa3BEpPHYTOE N3yUCHNE OCHOBHBIX 3aKOHOMEPHOCTEH
nporiecca (OPMHUPOBAHUS OCTATOUHBIX HANIPSHKCHUHN, U
BJIMSIHHE Ha HETO ImapameTpoB oopadoTk [3; 11].

Jnsl OLICHKM BIMAHUE TEXHOJIOTHYECKHX (haKTo-
POB yJIBTPa3BYKOBOH CTaOWIIM3alMU KOJIEL MOILIHII-
HUKOB Ha CTaOMJIBHOCTH WX T€OMETPHUYECKHX Iapa-
METPOB OBUTH TTOCTPOECHBI TEOPETHUYECKUE 3aBHCHUMO-
CTH, KOTOpBIE TIO3BOJISIIOT ONPEJCIUTh CTENEHb
BJIMSAHUA TEXHOJOTHYCCKUX IMapaMETPOB OI€palnu

yIBTPa3BYKOBOH pelakcaliy CTaTOYHBIX HANPSKEHUH
yepe3 KUAKYIO CpPelly, BO3HHKAIOIIMX B IPOLECcCEe Me-
XaHUYECKOH 00pabOTKM Ha CTaOMIBHOCTH I€OMETpPH-
YeCKHX mokazareneh [2; 16-23].

Ha (puc. 1, 2) npeacraBieHbl TEOPETUUESCKHE U
OKCIICPUMECHTAJIbHBIEC 3aBUCHUMOCTU BECJIMYNH ;leq)op—
Malyy KOJel MOJIINIHUKOB W OCTaTOYHBIX Hamps-
JKEHUH B 3aBUCUMOCTH OT BPEMEHM YJIbTPa3BYKOBOMH
CTa0MJIM3allil BHYTPEHHUX HAaIpsHKEHUH W HeoOXo-
JMIMOTO BPEMEHH YJIbTPa3BYKOBOI 00pabOTKH OT Tpe-
OyeMBIX 3HAUYECHUHN BENWYHH NePOpMAldN U OCTATOU-
HBIX HaNpPSDKEHUH KOJIeI MOIIHITHUKOB.

[TpencraBneHa 3aBUCHMOCTb BEJUYUHBI aedop-
MaIy KOJell MOIIAIMHUKA (#) OT BPEMEHH YIbTpa-
3BYKOBOW CTaOMIM3aliil BHYTPEHHHX HampsDKEHUH
(puc. 1, a, 6, ) npu pa3IMYHBIX 3HAYCHUSIX OCTATOY-
HBIX HalpsHKeHuH kosen. Kak BUIUM M3 dKCIIEpUMEH-
TaJIbHBIX JAQHHBIX M TEOPETHYECKUX PACUeTOB, ITA 3a-
BUCHMOCTb SIBJISICTCS JIOTapU(PMUUECKON QYyHKIHEH.

Ha (puc. 2) npencraBneHa TeopeTuyeckas 1 9KCIe-
pUMEHTaNbHAs 3aBHCHMOCTh HEOOXOJUMOTO BpEeMEHH
YABTPA3BYKOBOM CTaOWIM3ALMK OT BEJIMYUHBI TPEOyeMo-
IO M3MEHEHHs OCTAaTOYHBIX HAIIPSDKEHHH KOJIel TOA-
LIAITHUKOB, NMEIOIINX Pa3IMIHYI0 UCXOAHYIO BETHUHHY
nedopmaruu.  [lpencraBneHHble 3aBUCHMOCTH HMEIOT
JIMHEUHBIN XapakTep, 3TO MO3BOJIAET CHENAaTb BbIBOX O
TOM, 4TO 00pabOTKa KOJbIA, UMEIOIIETO epPBOHAYAIIb-
Hyto nedopmarto u = 0,014 MM, B TeueHne 3 ¢ TMO3BO-
JIACT CHU3UTH BCJIUYUHY OCTATOUYHBIX HaHpﬂ)KeHI/Iﬁ
6 =0,5 10 0,2, U151 TAKOTO KE YMEHBILIEHHUsI OCTATOYHBIX
HanpspkeHuH KoJblo, uMetoriee ¥ = 0,009 MM, HeoOxo-
Mo oOpabatsiBaTh B TedeHnd 10 ¢, a KOJIbIO MOIINTI-
HUKa, y Kotoporo aedopmanust u = 0,005 MM, st goc-
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THDKSHUSI TAKOT'O JKE pe3yJIbTarta He0OX0IuMO 00padaThi-
Bath B TeueHue 35 c¢. Takum oOpa3omM, yiabpTpa3ByKoBast
00paboTka Kolell B Te4eHue 35 C Mo3BOJISIeT HOydYarh
KOJIbI[a C BEChbMa HE3HAUYUTENHHOW BEIMYMHON OCTATOY-
HBIX HampsokeHuit 6 = (0,2, HE3aBHCUMO OT HMCXOJHON
BEJIMYMHBI JlehopMaLiiy KOJIbLIA U.

Teopernueckuii aHaNW3 HAMNPSIKEHHOTO CO-
CTOSTHUS JeTallell THIa «KOJIBLIO MOIIIUITHUKAY I0-
Ka3bIBACT, YTO €CJIU HMX IMOIMEPEYHOE U MPOJIOIHHOEC
CEUCHUE, a TAKXKE JMIOPHI OCTATOYHBIX HAPSIKCHHM
CHMMETPUYHBl OTHOCHTENIBHO TJIABHBIX IEHTPab-
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HBIX OCeH 3TUX CEYEHU, TO OTKIOHEHUS] T€OMETPH-
4eCcKOoU (hOPMBI KOJICI] C TEYCHHUEM BPEMEHHU HE BO3-
HUKaeT. B peanpHBIX YCIOBHSAX H3TOTOBJICHHUS KO-
Jiell MX MONEepPeYHOe U MPOJ0JIbHOE CEUCHHE, a TaK-
K€ SIIOPbl OCTAaTOYHBIX HAMPSIKEHUI HE SIBISIIOTCS
JIaBHBIX  II€H-
TpajbHBIX OCEll 3THX ceuyeHuid. Tak Kak CKOpPOCTb

CUMMETPUYHBIMHU OTHOCHUTEIIBHO

penakcanuM 3aBHUCUT OT YPOBHS HaIlpsKEHUH, TO B
3TOM Clly4yae pejaKcalds HayuHAaeTcCs, NPEXIEe BCe-
ro, Ha Te€X Y4acTKaX KOJbLA, I'le NEHCTBYIOT Mak-
CHMAaJIbHBIE HAIIPSKEHMUSL.
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Puc. 1. 3aBucumocts u = f{f) (Bennuunsl AeopMaLiK KOJEL OT BPEMEHHU YIIbTPa3ByKOBOM

CTabMIM3anuy BHYTPEHHHUX HAIPsHKEHUI:

— OKCHICPUMCHTAJIbHAsA 3aBUCUMOCTD,

— TeopeTnieckas 3aBUCUMOCTh): a — u = 0,014; 6 — u = 0,005; ¢ — u = 0,009
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t = f(sigma)
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Puc. 2. 3aBucumoctb HGOGXOI[I/IMOFO BPEMECHU ynLTpa33yK01301?1 CTa6I/IJ'II/133.IlPII/I OT BCJIMYMHBI Tpe6yeM0r0 HU3MCHCHUA OCTa-
TOYHBIX Hapr{)KeHPIﬁ KOJICI: a — OKCIICpUMCHTaJIbHas 3aBUCUMOCTb; 60— TCOPETUYICCKAsA 3aBUCUMOCTb

B pesynbraTe penakcanus HalpsDKEHUR 1O Bee-
My 00BeMy KOJblia IPOTEKAET C Pa3HOW MHTEHCUBHO-
CTBIO, YTO MPHUBOJNUT K HAPYIICHUIO PABHOBECHS TIOJS
OCTAaTOYHBIX HAIPSDKEHUH M BOSHUKHOBEHHWIO Ha pas-
HbIX Y4YacCTKax KOJiblla pas3IMYHBIX IO BCJIMYMUHE HEC-
YPaBHOBEIICHHBIX BHYTPCHHHUX CHJIOBBIX (DaKTOPOB
(cu ¥ MOMEHTOB), BBI3BIBAIOIIUX OTKIOHEHHE T€O-
MeTpuueckoir Gopmel Kojem. IIpu mpoumx paBHBIX
YCJII0BHUAX BCJIMYHHA OTKJIOHEHUH reOMeTquecxoﬁ
dopmsl Korer OyaeT Tem OombIne, YeM OObIIe pas-
HULa BEIWYUH HEPABHOMEPHBIX CHJI M MOMEHTOB,
BO3HMKAIOIINX Ha Pa3HbIX y4acTKax KOJIbIIA.
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