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mMaTepiany  NOBEPXHEBOro
BigOyBa€eTbCsl 3HWXKEHHS 1T
BUKOHYyBaHWX pobiT. Tomy

npouecax BiQHOBNEHHA AeTanen Benuky ysary
cnig npuainaT nnacTmyHoMy aedopMyBaHHIo, Lo
(onTumaneHi)  SKiCHI
WO CnpusoTb

3abe3neuntb  HeoOXxigHi

napameTpy MOBEPXHEBOro Luapy,

npobnemu.
eKkcnnyartauii TeXHiKM B pes3ynbTaTi 3HOLYBaHHS
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YOK 621.43

MEXAHIYHI KONIMBAHHA B
TEXHONOIN4YHUX NPOLECAX
BIOHOBJIEHHA OETANEWN
MALLUUH

B pobomi  posansaHymi  numaHHS  id8UWEeHHS
0oseos8iYHOCMI MOPWHEBUX MNanbyig asmompaKkmopHUX dguayHie
3a paxyHOK eukopucmaHHsi eibpauiliHux KonugaHb i@ 4ac ix
8IOHOBIEHHS.

ExkcnepumeHmarnsHO 8uUsi8/IeHi onmumaribHi 3HaYeHHs
Kyma yxurly obpobitogaHo20 iHCmpymeHma — ryaHcoHa i tiozo
8r/IU8 Ha Be/UYUHY HanunaHHs Memary Ha pobo4y MoB8epXHIo
ryaHcOHa, WO 3HUXYe sKicmb 06pobrogaHoOl  MoeepxHi
rnopwHesux nasnbyig i nidguulye HepisHoMmipHicmb deghopmadii 8
padiaribHOMYy HarnpsIMKYy | 1o QOXUHI.

lMokasaHO  3MiHy  3anuwkosoi  deghopmauii o
308HIWHBOMY | 8HYMPIWHBLOMY diamempy MOPWHe8020 nanbus
npu gibpauitiHomy deghopMy8aHHIO.

OmpumanHi MamemamudyHi 3anexHocmi 3MIHU
3anuwkoeoi Oecpopmauii Mo  308HIWHBLOMY Oiamempi  8i0
8€JIUYUHU MPUMYCKy Ha 0bPObKY.

EkcnepumeHmarnbHO 8usierieHa 3anexHicmb, Wo 38'a3ye
3anuukosy 0eghopmauiio 3i 3HOCOM MOPWHe8UX nasbuje.

Pesynbmamu pobomu 6ydymb eukopucmaHi 0ns
PO3POGKU MEeXHO02IYHUX rpouecie 8iOHOB/IEHHST MOPLHEBUX

nanbyie i 8MY/IOK BEPXHIX 20/I080K WamyHie  Pi3HUX
asmompaKkmopPHUX dsuzyHie memodom sibpauiltiHo2o
OeghopMy8aHHH.

Knro4oei cnoea:. mexHonoz2iyHUli npouec, MexaHidHi
KonueaHHs, HarnurnaHHsi Mamepiasny, 3anuwkoea Oegopmauiisi,
npuryck 06pobku.

Mg yYac nopwHeBi nanbui, BTYNKAM BEPXHIX FONOBOK
WaTyHiB i iHWWX aBTOTPaKTOPHMX AgeTanen

Jetanen  3acTOCYBaHHS mMeToay NNacTU4HOro
pecypcy i skicTb gedopmyBaHHss  ODMEXeHO Yy  3B'A3Ky 3
TEXHOMOMYHUX  HEegOCTaTHLO BVBYEHICTIO HanpsiMKiB

nepeMilwleHHa maTepiany Jetanen nig 4ac

00poBKM TUCKOM 3 BUKOPUCTAHHSM BibOpaUiiHMX

KonvBaHb 06po6nsa4oro iHCTpyMeHTY [1, 2].
HocnigxeHHsmn  pagy ByeHux Ckobno

NigBULLEHHIO 3HOCOCTINKOCTI MaTepiany. T.C. [3], lpurop’eBon H.C. [4] BcTaHOBNEeHa

BOoockoHaneHHs iCHYI4YMX TeXHOMOrYHUX
NnpoLeciB SABMSETLCA OO4HMM i3 HanpsMiB, LWO

3anexHictb MK  OCHOBHMMU MoKa3HMKamMu
NMOBEPXHEBOrO LWapy MaTepiany o6pobnioBaHux

3abesnevyoTb AKICTb getanen npu X MmaTepianis i noro eKkcnnyartauinHumm
BUIOTOBJIEHHI Ta BiAHOBMNEHHI. BI1ACTUBOCTAMMW.
[Mpobnema nigBULLIEHHS SIKOCTi Monsirae B Ha agymky Ckobno T.C. [5] ans

3aCTOCYyBaHHI MPOrPECUBHUX TEXHOMOriIN 0OpO6KM
TUCKOM, WO CNpUsaoTb MiABULLLEHHIO MILHOCTI,
NMACTUYHOCTI, KOPOS3IAHOI  CTIAKOCTI, NiABULLEHI
3HOCOCTINKOCTI MaTepiany getanen MawuH i Tomy
SABNSAETBCA aKTyarnbHO0.

AHania ocmaHHix  docsioxeHb i
ny6nikauit. [Ons petanen, WO npauloloTb B
ymMoBax Ail 3HaKo3MiHHUX HaBaHTaXeHb, Taki 4K

59

NiABULLLEHHSA 3HOCOCTINKOCTI TEPTbOBMX MOBEPXOHb
[OCUTb MaTy TOBLLWHY 3MiLIHEHOTO LWapy A0 2 MM.
3 uinno  nNigBULLIEEHHS  [OOBroBiYHOCTI
TEpPTbOBUX MOBEPXOHb AeTarnen HeobxigHO MaTtu
3MiLUHEHY CTPYKTypy, sika Moxe OyTu oTpumaHa
BiOpaUinHMM NoBepXHEBUM AehOpMyBaHHSAM.
AHani3z ymoB poboTM BKasaHWx JdeTanewn,
BUOY LiOYMX HA HMX HaBaHTaXeHb i XapakTepy
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3HOWYBaHHA  crnpude  BUMOOpPY  edEeKTUBHOIO
TEXHOMNOrM4YHOro npowecy BiJHOBMEHHS i
ONTUManbHUX PEXMMIB 0OPOOKN.

®opmyeaHHss memu docnidxeHb. [0
yucna ePeKTUBHMX MeToaiB niaBULLEHHSA
[JOBrOBIYHOCTI BULLIE MepernivyeHux getanen Moxe
OyTM BigHeceHa TEXHOMOorisl  BiAHOBMNEHHS |
3MIUHEHHA X NOBEPXHi 3  BMKOPUCTAHHAM
BiOpaLinHmMX KONnMBaHb. Towmy, BENbMU
akTyanbHUM  ABNAOTbCA  AOCAIMAXKEHHS Mo
BU3HAYEHHIO ONTUMarbHUX napameTpis
TEXHOOMYHOro npotiecy BiOpaLinHoro
aedopmyBaHHA. B UbOMYy 3B'A3Ky US TexHosoris
mMaxe OyTu BigHeceHa [0 4ucna akTyarnbHWX
3aBAaHb  Ans PO3BUTKY  arpornpoMUCIOBOro
komnnekcy YkpaiHu. Linnio pobotn sBnsetbcs
NigBULLEHHS  OOBrOBIYHOCTI  geTtanenm  Tuny
«BTynKka» npu  iX  BiOHOBMEHHI  MeToOOM
8ibpauitiHo2o deghopMyBaHHS.

Buknad OCHOBHO20
00C1iOKeHHS. dopma o6pobnstoyoro
iHCTPYMEHTY (MyaHCOHa) iCTOTHO BMNMBAE Ha
AKiCTb 06pobnoBaHOi NoBEPXHi AeTani.

[na BuaBNeHHS oNTUMarnbHOro 3HaYeHHS
KyTa yxuny obpobrsto4oro iHCTpYMEHTY B NpoLeci

Mamepiany
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3BMYaviHoro i BibpauiiHoro  gedopMyBaHHsI
eKkcrnepumeHTarnbHi - JOCNIOKEHHS NpoBoAUNU i3
HacTynHMMK KkyTamum yxuny (: 10° 11°; 12°.
Mpunyck Ha obpobky 3miHioBanu Big 0,1 go 0,5
MM.

EkcnepyMmeHTanbsHO  BCTaHOBMEHO,  LWO

HanWnaHHsa MeTany Ha MOBEpPXHIO MyaHCoHa i
30BUr Woro OO0 Topusa fgeTani Mae HeraTuBHUN
BMMAMB Ha npouec AedOopMyBaHHSA: 3HWXKYETHCS
AKicTb  0OpobNtoBaHOI  MOBEPXHi, MiABULLYETHLCS
HepiBHOMIpHICTL Aedopmauii k B pagiansHomy
HanNpsMKy, Tak i NO OOBXWHI 3paska, a TakoX
3poctae 3ycunnsa  gedopmyBaHHA.  BkasaHi
BEMVYMHM HaxoOaTbCA B 3anexHOCTi Big KyTa
yxuny nyaHcoHa . 3 36inblueHHAM KkyTa
nigBULLYETbCA 3YyCUNNA, WO BUTPaYaeTbCa Ha
posgady 3paska no AdiameTpy, i 3gBuUr metany no
OOBXMHI 3paska.
B 1abn. 1 npuBeneHi 3Ha4YeHHs BENUYUHN MeTarny,
LLIO Hanunae Ha NoBEepXHI0 NyaHCOHa B 3aMneXHOCTi
BiJ, KyTa yxuny, mMatepiany obpobnioBaHux
petanen i cnocoby aedopmyBaHHS 3paskiB
posxuHow 1=90 mm i wewmakocTti 06pobkn v=0,03
M/C 3arapToBaHux 3paskis i3 CT. 45.

Tabnuus 1.
BennunHa HanunaHHA MeTany
BennumHa HannnaHHA Q, 1
Mpunyck 1, mm 6=10° 6=11° 12° 6=10° 6=11° 6=12°
3BuyaliHe gedopmyBaHHA BibpauiiiHe aepopmyBaHHA
0,1 - - - - - -
0,2 - - - - - -
0,3 0,001 0,002 0,004 - - -
04 0,004 0,006 0,008 - - -
0,5 0,008 0,010 0,013 0,002 0,001 0,003
11°, MabyTb, 3’ABNSETbCA onTUmarnbHe
HocnigpkeHHaMn  BCTaHOBMEHO, WO i3 CNiBBIQHOWEHHS MK [OBEpPXHE KOHTaKTy i

36iMbLUEHHSAM KyTa yXury fnyaHcoHa 36inbLuyeTbes
KINbKICTb Hamunawyoro metany Ha noro pobody
MOBEPXHIO B YMOBax 3BMYaWHOrO i BiGpauUiHOro
aedopmyBaHHA. Tak, mpu npunycky Ha obpobky
M=0,5mm i kyTi yxuny nyaHcoHa fS=11° npu
3BUYariHoMy AedpopMyBaHHI 3arapToBaHUX 3paskiB
i3 crani 45, BenuuMHa Hanunal4oro mMetany
ckmana 0,010 r, a npu BibpauiitHomy
aedopmysaHHi — 0,001 r.

3MeHLUEHHA KyTa yXuiy fnyaHCcoHa crnpusie
30iNbLUEHHIO  MOr0  MOBEPXHi  KOHTaKTy 3
AedOopMyIo4MM  3pas3koM, Lo, B CBOK uepry,
npussede [0 30iNbLUEHHS HanvNaHHa metany.
Mpn  36inNblUEHHI KyTa MNOBEPXHHA  KOHTaKTy
3MeHwyeTbes. Lle Bu3mBae 36inbLueHHS MMTOMOro
TMCKY | npu3BoauTb [0 OiNblIOro HanumnaHHA
MeTany Ha NoBepxHi nyaHcoHa. [Mpu kyTi yxuny
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BEMUYUNHOIO MUTOMOTO TUCKY.

lMpoBeaeHi JocnigkeHHs nokasanu, LWo
KiNMbKICTb Hanunaw4yoro MeTany 3anexuTb Big
Matepiany BigHOBMNIOBaHWX geTanen. Yum BuLie
TBEpPAICTb i Ginblle Moaynb NPYXHOCTI martepiany,
TMM MeEHLIEe BeNnuYuHa HanunaHHsa MeTany Ha
NMOBEPXHI0 pOBOYOro iIHCTPYMEHTY NMyaHCOHa.

I3 36inblIeHHAM npunycky Ha oBpobKy
3MIHIOETbCA  MUOMHA  PO3MOBCIOOKEHHSI  30HU
nracTuyHoi gedopmalii, Wo Bu3nBae 36inblLUEHHS

3anuwkoBoi  gedopmadii Mo 30BHILLUHBOMY
OiameTpy.
3miHa  3anuwkoBoi  gedopmauii Mo

30BHILULHBOMY | BHYTPILUHBOMY JiameTpamMm npu
BiOpaUinHOMy AedopMyBaHHIO BKa3aHo Ha pwuc. 1.
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Ad

40

e

a4 a5 1l mm
Puc. 1. 3miHa 3anuwkoBoi aedopmadii no
BHYTpilWHbOMY Ad i 30BHilWHLOMY AD
piameTpam npu BibpauinHomy gecopmyBaHHIO

AHania  KpuMBMX  3MiHM  3anNULLKOBUX
nedopmadii nokasye, WO NS BKa3aHWX NPUMNyCKiB
BenuumnHa Aedopmadii 3paska Mo BHYTPILUHLOMY
OiameTpy  Moxe Oy BupaeHa  yepes
Aedopmauijio  MOro no  30BHILLIHBOMY diameTpy
HacCTyNHUM PiBHAHHAM:

Ad =KAD. 1)

KoedpiuieHT Kk 3 pgoctatHbow  Ans
NPaKkTUYHUX PO3pPaxyHKiB TOYHICTIO MOXe OyTu

NPUAHATUNA:
k=2(Q1-11). )
ExkcnepumeHTanbHa KpvBa  3aneXHOCTi
11 = f(AD) waranye napaGony, piBHSHHS SIKOi
MOXXHa 3anucaTy B HacTynHOMY BUrMA4;:
8
I1=a(AD)*, 3)
e a i 8 — HeBigomi KoediuieHTn, ki
HeoOXiAHO BU3HAYUTW.
B norapudpmiyHoMy BUrnsagi Le pPiBHAHHSA
MOXHa NPeAcTaBuUTM Y BUMNSAAI NPsIMOI TiHii, SIKLWO

npwinste 19 717 =y, IgAD = X:

y=Ilga+ex. (4)

lga> IgAD — Y IgAD - Ig 17+ 63 (IgAD)? =0.
i=0 i=0 i=0

Ona 3HaXO4XeHHs1 3Ha4YeHb a | 8
HeoOXigHO po3B’'A3aTM  CUCTEMY  OTPUMAHUX
PiBHSHb Ha nigcrasi eKcrnepuMeHTarnbHoO
OTpUMaHuX gaHux (tabn. 2).
Po3B’asaHHAM

OTPMMAEMO:
lga=-0,1422; a=0,72; ¢=0,554.

TakMm 4YMHOM, piBHAHHA napabonn Mmae

cuctemm piBHSIHb

BUrMAAa:

I1=0,72AD">*. (12)

EkcnepmeHTanbHO BUSBMEHa 3aneXHiCTb

61

ma mexHoJs1o2isIx
2019

[na BU3HAYEHHSA HEBIAOMUX BENUYMH a i 8
BUKOPUCTOBYEMO MeETO HaMeHLUMX KBajparTis,
BiQNOBIAHO AKOMY, wob cyma

S= Z(y — Iga — 8)6)2 mana MeHLUe
i=0

3HAYeHHS B MOPIBHAHHI 3 iHWWUMKW dYyHKUiAMK, 3

yncna akux BUbrpaeTbcs LykaHe HabnuxeHe.
3HaueHHs KoedilieHTiB a i 8 MOXyTb OyTH

3HaveHi po3B’si3aHHAM CUCTEMU PIBHSAHD:

@ =0; @ =0. (5)
oa 06
BusHavyaemo okpemi noxigHi Bupasy S:
D _Sa(y-lga-e)(-222) o,
(98. i=0 a
(6)

0S I
—= ZZ(y— lga—ex)(-x)=0. (7
06 3
Micna nepeMHOXEeHHS | CKOPOYEeHHHA Ha
NOCTINHI BENMYMHU OTPUMAEMO:

D (y-lga—ex)=0, (®)
i=0

Z(x'lga—xy+6x2):O. 9)
i=0
3amitiooun y=1g71 i x=IgAD,

Ma€emMO CUCTEMY PiBHSIHb:

ZIgH—nIga—eZlgADzQ (10)
i=0 i=0

(11)

AD=M+0,03, wo nos'ssye BenuuuHy

3anuvwKoBoi gedopmaldii i3 3Hocom M. BenuunHa
0,03 MM MiHIManbHUA MAPUNYCK Ha LWAiPyBaHHS
NopLUHEBUX NanbLiB Nicns po3gaBaHHS.

AK nNokasylTb eKkcnepumeHTanbHi  AaHi
nigyac 3Hocy nopwHeBux nanbuis Big 0,02 go 0,06
MM HeobOxigHa 3anuwkoBa Adedopmadis no
30BHILLHBOMY AiaMeTpi Moxe ByTu gocsarHyta npu
o6pobui 3a oguMH nNpoxia 3  MPUMYCKOM
r1=0,17...0,25 mm.
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Tabnuus 2.
3HauyeHHA napameTpiB Aansd 3HaxoaXXeHHA Benu4dunH a ie
AD 17 lgAD lg 77 lgAD-1g 77 (IgAD)?
0,2 0,160 -1,6990 -0,7930 1,347645 2,886603
0,4 0,234 -1,3979 -0,6328 0,884313 1,954122
0,6 0,290 -1,2218 -0,5373 0,656838 1,492795
0,08 0,348 -1,0969 -0,4587 0,502821 1,203188
0,10 0,370 -1,000 -0,4295 0,429502 1,000000
0,12 0,426 -0,9208 -0,3719 0,342167 0,847873
0,14 0,465 -0,8540 -0,3313 0,283155 0,729145
0,16 0,500 -0,7959 -0,3027 0,240996 0,633458
0,18 0,533 -0,7447 -0,2717 0,202279 0,554576
0,20 0,590 -0,6990 -0,2277 0,159163 0,488601
MlgAD= | YllgiT= | > lgAD-Ig/7= | > (IgAD)’ =
=-10,4299 | =-4,3566 | =5,04886 =11,79036

JocnigkeHHAMM BCTaHOBMEHO, LLO nigyac
aedopmyBaHHA 3pas3kiB 3  Pi3HOW  MMNBMHO
3arapToBaHoro wapy B Mexax 0,5-1,5 mm i
MOCTINHAM  MPUMYCKOM  OCTaHHA He pobutb
CYTTEBOrO BMMAMBY Ha BENUYMHY 3anULIKOBOI
aedopmadii o 30BHILLHLOMY AiameTpy. Tak, npwu
[1=0,3 MM BenMYmMHa 3anuLikoBoi aedopmadii npu
rmMubuHi 3araptoBaHoro wapy 0,75 mm cknana
0,056 mm, a npu rmmnéuHi 1,3 mm — AD =0,061.

BucHoBok. [laHi, oTpumaHi nigyac
eKcnepumeHTanbHUX JocnigXeHb, oyayTb
BUKOPUCTaHi  Ans po3pobKM  TEXHOMOTYHUX
NPoLECIB  BiAHOBNEHHA MOPLUHEBMX NanbuiB i
BTYNIOK BEPXHIX TOMOBOK  LIATYHIB  Pi3HUX
aBTOTPAKTOPHMX ABUIYHIB 3 LN NigBULLEHHS X
JOBroBiYHOCTI i HAAINHOCTI TEXHIKN.
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MexaHu4yeckue KonebaHusi B TeXHONTOrMYECKUX
npoueccax BOCCTaHOBIIEHUA AeTanen MawuH

B pabome paccmMompeHbl — 80rpoChl
roebIWeHust doneoge4yHocmu MOpUWHesbIX
nanbuyes asmompakmopHbix deusameniel 3a
cyem ucronb308aHuUsi subpayuoHHbIX KornebaHul
80 8pPEMSI UX 80CCMaHOB/IEHUSI.

OkcrnepumeHmarbHO 8bIsIBIIEHbI
onmumaribHble 3HayeHust yana YK/IOHa
obpabambigarouie2o UHCMpPYMeHmMa — ryaHCcoHa u
€20 8/UsIHUE Ha 6eIUMUHY Hanunadus memarsna

Ha pabouyto r1oeepxHoCMb ryaHCoHa,
CHUXXarouw,eao Kayecmeo obpabambieaemoli
rnosepxHocmu MopUIHESbIX nanebyee u

rosbiwaroule2o HepasHoMmepHocmb deghopmauyuu
8 paduaribHOM HaripassieHuu u ro OruHe.
[TlokasaHO  u3MeHeHue  ocmamo4yHoU
deghopmayuu o BHEWHEeMY U 6HYMPEeHHEMY
duamempy ropuwHe8o020 nanbya npu
subpayuoHHoMm OeghopmuposaHuU.
lNonyy4eHsbl Mamemamu4decKkue
3asucumocmu UBMEHEeHUsI ocmamoyHoU
deghopmayuu Mo  HapyxHoMmy duamempy om
8€e/1UYUHbI rpurycka Ha 06pabomky.
OkcnepumeHmasnbHO 8bisig/ieHa
3asucuMocmb,  cessblgarwass  OCMamoyYHyo
degbopmayuto ¢ U3HOCOM MOPLWHESBbIX Nabyes.
Pe3synbmamai pabomnbi bydym
UCronb308aHsb! ons paspabomku
MEeXHO/I02UYECKUX TPOUECCOo8 B0CCIMaHOB8/IEHUSs
MOPWHEBbIX Masnbyes U 8myrioKk 8epXHUX 20/1080K
wamyHos PasiuYHbIX asmompaKmopHbIX
Osucamenel memodom 8ubpayuoHHO20
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OeghopmuposaHUs.

Knrodeeble crnoea: mexHomosudeckull
npouecc, MexaHudeckue konebaHus, HanurnaHue
Mamepuarna, ocmamoyHasi 0egbopmayusi, NPuUnycK
obpabomku.

Mechanical oscillations in the technological
processes of restoration of machine parts

The paper addresses the issues of
increasing the durability of piston pins of
automotive and tractor engines through the use of
vibration oscillations during their restoration.

Experimentally found the optimal values of
the angle of inclination of the machined tool —
punch and its effect on the amount of metal
sticking to the working surface of the punch, which
reduces the quality of the processed surface of the
piston pins and increases the non-uniformity of
deformation in the radial direction and length.

ma mexHoJs1o2isIx
2019

The change of the residual strain along the
outer and inner diameter of the piston pin during
vibratory deformation is shown.

The obtained mathematical dependences
of the change in residual strain on the outer
diameter on the value of the allowance for
processing.

Experimentally found a relationship that
associates residual deformation with the wear of
piston pins.

The results of the work will be used for the
development of technological processes for the
restoration of piston pins and bushings of the top
heads of connecting rods of various autotractor
engines by the method of vibration deformation.

Keywords: technological process,
mechanical oscillations, sticking of the material,
residual deformation, processing allowance.
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