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Abstract: Ensuring competitiveness of products
bearing capacity of the industry both in domestic and
international markets due to the increase of quality of
products manufactured.

Exploiting reliability bearings and their production
costs are largely determined by finish grinding bearing
rings, in which mostly formed dimensional accuracy,
roughness and waviness working and base surfaces of
revolution.

Stability as grinding bearing parts is achieved by
increasing the number of grinding operations, but it is
necessary to reduce stress mode processing.

Keywords: grinding, roughnesst, waviness, depth of cut,
bearing, allowance, training, fluctuations.

NTRODUCTION

For large series and mass production of bearings
have high cutting conditions, a relatively small allowance
for grinding process, determining the accuracy and
rigidity of grinding machines, the quality of abrasive tools
and process fluids, leading to grinding in unsteady modes
when cutting conditions continuously change over time
and the allowance without reaching constant values. In
managing the process of grinding parts bearing as output
and controlled variables taken into consideration
technological parameters, namely cutting force, power,
cutting speed, feed and depth of cut [3]. As the controlled
variable in the process of grinding parts bearings taken a
parameter that most affects the treatment process quality
indicators [2].

Grinding process requires careful analysis and
treatment of conditions accompanied by intense power
and thermal processes in the cutting zone. Changing
conditions result in error processing the values
parameters accuracy and roughness of polished surfaces
[4].

The quality of the polished parts is evaluated by a
number of factors: the size of accuracy, precision
geometry parts, surface roughness, internal tension and
other parameters [5]. However, to find the relationship of
any controlled quantity indicators are all problematic.
Consider the factors that affect the quality of grinding
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AHomauis: 3abesneyeHHs KOHKYpeHmo-
CrPOMOXXHOCMI npodyKuii nidwWuUnHUKo8oi
rpomucrioeocmi KK Ha 8HYmMpiWHbLOMY, maK | Ha

MiXXHapOOHOMY PUHKY rog's3aHe 3 riG8UUeHHSM SKocmi
rpodyKuii, sika U20MO8IIEMbCS.

EkcnnymauitiHa HaditiHicmb nidwunHuKie i sumpamu
Ha X eu20mMOBriIeHHSI 8 3HauyHil Mipi eu3Hayarombcs
wiigpysanbHOO 06pObKOK Kineub MiOwUnHUKIG, 8 X00i
SIKOI 8 OCHOBHOMY (DOPMYIOMbCS MOYHICMb pPOo3Mipis,
wopcmkicmb ma xeunsacmicms poboyux ma 6a3osux
108epxoHb 0bepmaHHs.

CmabinsHicms  Akocmi  wricpysaHHss  Oemarnel
nidwunHukie ~ docszaembcsi  WASAXOM  36inbUWEHHS
Kirlbkocmi  winigpysanbHux onepauid, ane npu ybomy
HeobxiOHO 3mMeHwumu HarnpyXeHHs pexumy
06p0obieHHs.

Knroyoei cnoea: winichysaHHs1, WOPCMKicMb, X8UISICMICMEb,
enubuHa pisaHHs, MIOWUMHUK, MPUMYCK, 3a2apmyeaHHs,
KOSUBaHHS.

BCTYN
Ona 6GaraTocepinHoro i mMacoBoro BupOOHMLUTBA
NIAWWNHUKIB  XapaKTepHi  BUCOKI  pPeXumMu  pisaHHs,

BiAHOCHO Mani npunycku Ha wnidysansHy o6pobKy, Lo
BM3Ha4alOTb TOYHICTb | KOPCTKICTb  LMidyBanbHUX
BepcTaTiB, sAKICTb  abpa3uMBHOrO  iHCTPYMEHTY i
TEXHOMOTYHNX PiAuH, Npu3BOAATb A0 wniyBaHHS B
HecTauioOHapHUX pexumax, KOnMM pexnMm  pisaHHs
6e3nepepBHO 3MIHIOIOTLCA B 4aci i Mo npunycky, He
pocsararum cranux 3HayeHb. [Mpu ynpaBniHHi
TEXHOMOMYHUM npouecom wnicpyBaHHsa  geTaneun
NiAWWMHAUKIB B SIKOCTi BUXIOHWUX i perynsoBaHuUX BeNUYMH
BPaxoBYylOTbCA TEXHOMOrYHI napameTpu, a came: cuna
pi3aHHsA, MNOTYXHICTb, LWBUAKICTb pi3aHHA, nojada Ta
rmnbuHa pisaHHa [3]. B skocTi perynboBaHoi BENWYMHM, B
npoueci winicpyBaHHs petanen nigWwWunHUKIB,
NPUNMAETLCH TakUi NapameTp, SK1A HanbinbWw BNnMBae
Ha sIKiCHi Noka3HUKK Npouecy 06pobneHHs [2].

[Mpouec wnipyBaHHA BUMarae peTenbHOro aHaniasy
YMOB OOpOGMeHHs i CYNpOBOMKYETLCS IHTEHCUBHUMU
CUNOBUMM | TENNOBUMM NPoOLecaMn B 30Hi pidaHHA. 3MiHa
yMOB 00Opo6GneHHs npu3BOAMTL [0 MOXMOOK 3Ha4YeHb
napameTpiB  TOYHOCTI i LWOPCTKOCTI  wrnichoBaHUX
NoBepXOHb [4].

Axicte wnidoBaHNX aeTanen OUIHIETbCA UINUM
pPSOOM  MOKAa3HUKIB:  TOYHICTIO  PO3MIpiB, TOYHICTIO
reomMeTpuyHoi chopmMu AeTtarni, LOPCTKICTIO MOBEPXHI,
BHYTPILLHIMN Hanpy>XeHHAMU HanpyXeHHAMWU Ta iHLWMMK
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bearing parts (Fig. 1).

napameTtpamu [5]. OgHak, 3HanTV B3aEMO3B’A3kN Byab-
SIKOI perynboBaHOi BEMMYMHM 3 yciMa MOKas3HUKaMu €
npobnematnyHo. PosrnaHemo, Aki dpaktopm

BNNMBalOTb  Ha  AKICTb  LWMidyBaHHA
nigwunHukie (puc. 1).

netanen

DAKTOPKM, Akl BNNKMEAKTE HA AKICTE WNidyeaHHA aeTansi
nigwwnHugis! Factors affecting the quality of grinding
bearing parts

v

TexHonoriudi daktopw’ Technological
factors

MNapameTpy 3aroToskW Logging
Options

Pexiami wnidyeanHa Modes
grinding

Cnocif oxonoJ#eHHA Ta
MECTHNEHO-0X0M0IHYHHNX
piguk/ The method of cooling and
lubricating fluid

MapameTpy pizansHoro iHCTpymeHTy,
Pararneters cutting tool

Cnocid wnidgyaaqHA! The method
of grinding

CTaH Ta TMn meTanoobpodHoro
ofinagHaHHAl The state and the
iype of metal-working

v

DiznKo-MexaHiyHi EnacTueecTif Physical
and mechanical properties

HeogHopigHICTE piyum:
BNAcTHBOCTEM Kpyral
Heterogeneity cutting properties

HepieHoMipHICTE nogadi kpyral
Uneven supply wheel

3MiHa TEMNEpPATYPH B 30HI
pizaHHAl Changing the
temperature in the cutting zone

BiSpoakyCTWUHI KONWBAHHA
enemMeHTIE BepcTaTal
Vibroacoustic vibrations of the
machine elements

MNepiogWuHi KONWEAHHA CHNM
pizaHHAl Periodic fluctuations
cutting force

Fig. 1 - Factors affecting the quality of grinding, authoros’/ YuHHuKu , siKi 8nnueatoms Ha SKicmb WiighyeaHHs
asmopcbKa po3pobka

PROBLEM STATEMENT

One of the main tasks of Manufacturing Engineering is
to provide a given quality details at a certain production
activities at the lowest cost. The main indicator of quality ring
bearings are precision bearing surfaces, defined by the
values of deviations macro- and microheometric  error
handling. Other quality indicators are known to include: the
state of the surface layer of the surface, the physical and
mechanical properties of parts and material compliance with
specified requirements [5].

To ensure quality rings, on which depends largely on
operational reliability of bearings, the processing on modern
grinding machines must consider not only famous methods
of mechanical engineering technology, and methods and the
theory of automatic control. Last enable management to
effectively implement the accuracy of feedback from active
control devices, including several information parameters
and process parameters to consider transience grinding.

Numerous studies domestic and foreign authors in
engineering and manufacturing experience found a whole
range of factors that affect the quality of the polished
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NMOCTAHOBKA NMPOBJIEMU

OaHuUm 3 OCHOBHMX 3aBOaHb TexHonorii
MalnMHOOyayBaHHA € 3abe3nedveHHs 3aJaHoi  AKOCTI
getaned npu  NEBHIN  BUPOOHWYIM  AisnbHOCTI 3
HanMeHWwnMn BuTpataMmn. FONOBHMM MOKA3HUKOM SIKOCTI
Kineub NigWWNHUKIB € TOYHICTb MOBEPXOHb KOYEHHS, SKa
BM3HAYaETLCA  3HAYEHHAMW  BiAXWNEHb  Makpo- i
MikporeoMeTpU4Hoi noxmnbku obpobku. [o iHLIMX
NOKa3HWKIB  SKOCTI, $K BiQOMO, BIAHOCATb: CTaH
MOBEPXHEBOro  LWapy MOBEPXHi,  Pi3MKO-MeXaHiyHi
XapakTepucTuku peTtanen Ta BignoBigHICTbL MaTtepiany
BCTaHOBMNEHUM Bumoram [5].
[nsa 3abe3neyveHHs1 SKOCTI Kinelb, Big sIKOi B 3Ha4YHI Mipi
3anexuTb ekcnrnyaTtauiiHa HaginHIiCTb NiAWWNHKUKIB, Npu
o6pobui Ha cyyacHux wrnidyBanbHUX ~aBTOMaTax
HeoOXiHO BpaxoBYyBaTW HE TiNbKM AOCUTL BiJOMI MeToau
TexHororii  mMawunHobyayBaHHA, a W meToan Teopii
aBTOMAaTU4HOro ynpaeniHHsA. OCTaHHi JaloTb MOXNUBICTb
edeKTMBHO pearni3oByBaTU YnNpaeniHHA TOYHICTIO 3a
NPWUHLUXNOM: 3BOPOTHOrO 3B'SI3Ky HA OCHOBI Npunagis
aKTUBHOrO KOHTPOM, B TOMY u4uchi 3  KinNbkoma
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surface. In the works of Yakimov [7], Lebedev [2], Marchuk
[5], Petrakov [6] established basic laws of formation of the
surface layer in view of thermal processes in the cutting
zone, leading to the formation of various defects.

These work considered important patterns forming macro -
and microheometric surface. management, connected in
particular with the transience processing modes require
more detailed analysis.

MAIN ARTICLE

To describe the dynamics of non-stationary processes,
characterized by continuously variable cutting mode, you
must know the dependence of cutting forces on character
interaction tools and the details We know a number of
methods for determining the cutting force during grinding,
one of which is as follows [1]:

Ae (s, - coefficient that takes into account the physical
and mechanical properties of the material of the bearing
parts,

V, — circle speed,

V, — speed of the part,

S —innings, mm,

t — cutting depth, mm,

X1,X, X3 — coefficients for different materials.

Such dependence are based on experimental studies
coefficients and exponents vary widely. Note that
between the cutting depth and power of cutting power
dependence exists, and the grinding bearings of different
steels.

The radial cutting force imaginary abrasive grain unit
length of the cutting edge is [2]:

F =
rad. sinaq

l, - the average grain isolated slice thickness across
the width of land wear,

a - angle between resultant force vector and the
cutting speed,

a, - angle shear,

l, - the average length of the width of wear,

7;- the average tangential stress.

Tangential cutting force imaginary component of the
grain is determined by:

X1

_ (V3.25'11 sina
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iHpopmauinHMMM  nNapameTpaMmy, a TakoX BpaxyBaTu
HecTaLioOHapHICTb NapamMeTpiB NpoLecy WidyBHHS.

YucneHHi JOCNIOXKEHHS BITYM3HAHWUX | 3apyBikHUX
aBTopiB B ranysi MawuHOOyAQyBaHHS, a  TakoX
BMPOOHUYOro JOCBIAY BUSIBUMM MPaAKTUYHO BECb CMEKTP
UMHHUKIB, WO BNNMBaKOTb Ha SAKICTb  LwnipoBaHol
noeepxHi. ¥ pobotax O.B. Akimosa [7], B.I'. Jlebeaesa
[2], B.l. Mapuyka [5], FO. lNMeTpakoBa [6] BCTaHOBNEHO
OCHOBHi  3aKOHOMIPHOCTi (pOpMyBaHHS  MOBEPXHEBOIrO
Wwapy 3 ypaxyBaHHAM TEMNOBUX NPOLIECIB B 30HI pi3aHHs,
LLIO NPU3BOAATL 40 YTBOPEHHS PisHMX AedekTis.

Y umx poboTax PpO3rNAHYTI BaXNMNBi 3aKOHOMIPHOCTI
hOpMyBaHHSI Makpo - i MiKpOreoMeTpuyHMX napameTpis
TOYHOCTI  WAidPyBaHHSA MOBEPXHi i BMMMB Ha HUX
wewuakocti obepTaHHs kpyra. OcobnuBocTti npouecy
wnidyBaHHA Kineub sk ob'ekTa ynpasniHHSA, MOB'A3aHi,
30Kpema, 3 HecTauioHapHICTIO pexnmia 06pobneHHs,
BMMaratoTb 6inbL AeTanbHOro iX aHaniay.

OCHOBHUW TEKCT CTATTI

[na onucy AvHamikv HecTauioHapHWX Mpouecis, SAKi
XapakTepuayloTbcsl 6e3nepepBHO 3MiHHUMU peXMMamMu
pi3aHHs, HeobXigHO 3HaTW 3anexHiCTb CWUM pi3aHHA Big
XapakTepy B3aemofii iHCTpymeHTiB i 06pobntoBaHoi
getani. Binomo pag MeToaiB BU3HAYEHHSI CUMK pi3aHHA B
npoueci wWniyBaHHsA, OAHa 3 SKMX Mae€ HaCTyMmHUN
Burnag [1]:

@

Ae Cyy - KoedilieHT, K1t BpaxoBye (isNKO-MeXaHiyHi
BNacTUBOCTI MaTtepiany AeTtanen nigwmnHvka,

Vi — WwBMAKiCTb 0bepTaHHs Kpyra,

V; — WBMAKICTb obepTaHHA geTani,

S — nogaya, MM,

t — rMnbuHa pisaHHs, MM,

X1,X2, X3 —KOEILiEHTN Ona pi3HMX MaTepianis.

Taki 3anexHocTi OyayTbea Ha OCHOBI
€eKCNepPUMEHTaNbHUX  OOCHI4XEHb, KoediuieHTn i
NMOKa3HUKN CTEeneHs 3MiHIOITbCA B LUMPOKUX MeXax.
BigsHaummo, Wwo mixx rmubrHo pidaHHs i CMNOK0 pi3aHHS
iCHye cTeneHeBa 3anexHicTb, MPUYOMY Npu LWNiyBaHHI
NiAWWMHUKIB Pi3HUX cTanewn.

PapianbHa cuna pisaHHA  ysBHUM  abpasvBHUM
3€pHOM 3 OOWHWYHOK [OBXMHOK PiXKy4Oi Kpawku piBHE

[2]:

@

e l; - cepedHs TOBLUMHA 3Pi3y OAWHWUYHMM 3EPHOM
no LWWPWHI AiNSHKU 3HOCY,

a - KyT MK pPiBHOZIIOYOI CUMNK i BEKTOPOM LUBUAKOCTI
pi3aHHs,

@y - KyT 3CyBy,

l, - cepeiHs NO WWPWHI OOBXWHA OiNsHKN 3HOCY,

T1- CEPEOHsi JOTUYHA HaMNPYXKEHHS.

TaHreHuianbHa cknagoBa CWUMAUM  pPi3aHHs  YSIBHUM
3epHOM BU3HaYaeTbCs:
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Ftan. sina

l, - the average grain isolated slice thickness across
the width of land wear,

a - angle between resultant force vector and the
cutting speed,

ay - angle shear,

L, - the average length of the width of wear,

7;- the average tangential stress.

u — coefficient of friction of a circle on the workpiece.

The downside expressions (1) and (3) for a
description of transients is that force dependence on the
thickness of the cut given in implicit form, as the angle
between the resultant vector force and cutting speed
depends on the thickness of the slice.

Cutting forces that occur on the abrasive wheel,
which derived from probability-theoretic techniques allow
for the fact that not all grains that are working on - disk
surface in contact with the material. The radial cutting
force components calculated by summing the radial
forces acting on individual abrasive grains.

Thus, analytical and experimental curves indicate
power dependence of cutting forces on the depth of
grinding exponent less than unity.

According to
work [5] depending on the processing modes that
determine the intensity of the heat in the cutting zone and
duration of heat exposure of the grinding wheel on the
workpieces surface, there are two main types of
structural changes in the depth of the surface layer in
grinding detail class bodies of revolution:

» upper layer of secondary hardening austenito -
martensite, is allotted a layer of metal (troostite and
martensite);

 the top layer of the second metal allotted to the
structure and martensite troostite goes to the structure of
the base metal layer by hardening the structure of
secondary austenito - martensite, sometimes secondary
hardening layer there.

Then heat source power dependence of the depth of
cut is given by:

p =

Je q,- const,

n > 0.35.

Moreover, the rate of thermal process increases with
depth cutting, if cutting forces increase depending on the
depth grinding is the power of greater than 0.65.
Otherwise, the rate of thermal process decreases.

Thus, the depth of structural transformations in
general, linked to dependence grinding depth:

_ (\/3.25-11 cosa

+0.5'M'lp)'T1

©)

ae l; - cepefHs TOBLMHA 3Pi3y OOUHUYHUM 3EPHOM
no LWMPWHI AiNSHKN 3HOCY,

a - KYT MK PiBHOZIIOMOI CUMNW i BEKTOPOM LUBWOKOCTI
pi3aHHs,

a, - KyT 3CyBY,

L, - cepefHsi Mo WMPWHI JOBXMHA OiNAHKN 3HOCY,

T1- CEpeaHs A0TUYHA Hanpy>KeHHs,

U — koediuieHT TepTa kpyra no obpobnioBaHii

getani.

Heponikom Bupasis (1) i (3) cTocoBHO onucy

nepexigHMX npoueciB € Te, WO 3anexHiCTb cun Big
TOBLUMHW 3pi3y AaHa B HeABHIM DOPMi, TOMY LLO KYT MiX
PiBHOLIIOYOI0 CUMOK | BEKTOPOM LUBMAKOCTI pi3aHHS
3anexuTb Big TOBLUMHU 3pi3y.
Cwvnu pi3aHHs, SiKi BUHMKaOTb Ha abpa3nBHOMY Kpya3i, LLO
OTPMMaHi Ha OCHOBiI TEOPETUKO-MMOBIPHICHUX METOAIB,
003BONAOTL BpaxyBaTW Te, WO He BCi 3epHa, LWo
3Haxo4ATbCA Ha PoBOYIN MOBEPXHi Kpyra KOHTaKTyloThb 3
obpobnioBaHMM MaTepianom. PagianbHa cuna pisaHHs
064YMCrIIOETECA MiACYMOBYBaHHAM pafianbHUX CKNagoBux
cun, siki OitloTb Ha okpeMi abpa3nBHi 3epHa.

TakuMm 4MHOM, aHaniTUYHI Ta eKcnepuMeHTanbHi
3aNeXHOCTi  BKa3ylTb Ha CTEMEeHeBY 3aneXHiCTb cun
pi3aHHs Big rmMubrHK wnidyBaHHA 3 NOKA3HUKOM CTEMEHS
MEHLLE OONHULL.

3a gaHumu poboTu [5] B 3anexHocTi Big pexumis
06pobneHHs, siki BU3Ha4atoTb iIHTEHCUBHICTb BUAINEHHS
Tenna B 30Hi pi3aHHS i TpuBamicTb TEMMOBOrO BMMUBY
wnidyBanbHOro Kpyra Ha MOBEpXHi 3arOoTOBKM, MOXHa
BUAINUTN ABa OCHOBHWX BUAW CTPYKTYPHUX NEPETBOPEHb
no rnubuHi NOBEpPXHEBOro Lapy npu LWwnidyBaHHi
aetanen knacy Tin obepTaHHs:

e BEepxHih wWwap BTOPUHHOrO  3arapTyBaHHS
ayCTEHITO - MapTeHCWUT, NeXuTb Ha wapi
BignyLeHoro metany (TPOOCTIT i MapTEHCUT);

e BepxHi wap BApyre BignyweHoro metany 3i
CTPYKTYpPOIO TpoOOCTUTY i MapTeHCUTY
nepexoavTb OO0 CTPYKTYpUM OCHOBHOIO MeTany
yepes Llap BTOPUHHOrO rapTy 3i CTPYKTypolo
aycTeHiTo -  MapTeHcuTy, iHoAi  wapy
BTOPWUHHOrO  3arapTyBaHHs  Hemae.  Togi
3anexHicTb NOTYXXHOCTI TENMOoBOro Axepena Big
rMUOUHM Pi3aHHs! BU3HAYaETbLCSA BMPA30M:

q, - 1" (4)

[e ;- KOHCTaHTa,

n > 0.35.

Mpuyomy LWIBMAKICTL TENMOBOrO NpoLecy 3pocTae 3
poCTOM MUOWHM  pi3aHHs, SKWO 3pOCTaHHA CWMK
pi3aHHst B 3anexHocTi Big mMubMHM  WnidyBaHHSA
BinObyBaeTbCcA B crTeneHi OGinbwomy, Hix 0.65.Y
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NPOTUNEXHOMY BUNAAKy LUBWAKICTb TEMMOBOrO npoLecy
3MEHLWYETbCA. TakmMm 4YMHOM, rnubrHa CTPYKTYPHMX
nepeTBOpeHb B 3aranbHOMYy BWMagKy noB'A3aHa 3
rMUBOMHOLO LLINiPYBaHHS 3aNEXHICTHO:
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h=C2'ta

C,- coefficient of proportionality,

t - grinding depth,

a - exponent.

To describe the unsteady regimes bearing parts
processing is necessary to consider dependency
allowance for handling and processing time on the rigidity
of the machine.

In [5] allowance and time for individual processing
steps discussed in the assumption of the nonlinear
dependence of the rigidity of technological system of
cutting forces during grinding, and the rigidity of the
machine is defined as follows:

(5)
ae C,- KoeilieHT NponopuUinHOCTI,
t - rmubuHa wnidysaHHS,
a - NOKa3HWUK CTYMEHS.
Ons onucy HecTauioHapHUX pexumiB 06pobneHHs
aetanen NigWwnnHUKiB HEOOXiAHO PO3rMSHYTU 3anexHICTb
npunycky Ha o6pobneHHa i 4Yacy o00pobneHHs Big
YOPCTKOCTi BepcTaTa.

B po6orTi [5] npunyck i yac Ha okpemi eTann o6pobku
pPO3rNsHYTO B MPUMYLLUEHHI NPO HEMiHiNHY 3anexHicTb
XOPCTKOCTi TEXHOMOrYHOI CMCTEMW Bif CWN pi3aHHA nig
Yac wnidyBaHHA, MNpUM LbOMY XOPCTKICTb BepcTaTa
BU3HAYaETLCSA HACTYMHUM YMHOM:

j = khP

e j —rigidity,

h — tension,

B = 1 assumptions made.
Then, allowance for nursing:

ne V, — force of cutting,
hq — elastic deformation,
Ty — processing time.
and incubation time:

b = 2 (2
an_By Vs

e V, — force of cutting,
Ty — processing time.
The value of the time constant T, determine the test —

cycle Ty = ;l—;l and used to calculate the fair allowance for
the party details, allowance is adjusted on the results of
the processing every detail. Similarly, allowance is
determined by time and other processing steps. It is
shown that the nonlinear dependence of the strain of
cutting forces significantly affect the process parameters.

It is necessary to assess the impact of the removal
rate allowance for precision machining and surface
roughness.

It is known that the mean square error handling due
to instability removal allowance rate at the date of

processing is:

)By

[e j- XKOpCTKiCTb,

h — HaTsr,

B = 1 NnpunHATE [OMYLLEHHS.
Togai, Nnpynyck Ha BUXOAXYBaHHS:

(6)
I
=7
ae V, — cuna pisaHHs,
hy — npyxHa gedopmallis,
Ty — vac 06pobku.
a 4ac BUXOOKYBaHHSI:
~1] ™

ae V, — cuna pisaHHs,
Ty — 4ac o6pobku.
3HayeHHA MNocCTiHOI Yacy T, BU3Ha4yalTb B TECT —

. h .
LMK T0=V—‘,’1 i  BMKOPMCTOBYIOTb [ONsl  PO3PaxyHKy
0
YMCTOBOrO MNPWUMYCKY ANs napTii getanen, npunyck
KOpUryetbCd  3a  pesynbTatamm  OBpOGKM  KOXHOI

getani. AHanoriyHoO BUW3HayaeTbCa NPUMYcK i 4ac Ang
iHWwMx eTaniB  obpobku. [lokasaHo, WO HeniHiHa
3anexHicTb BenuuuHM aedopMadinn Big Cui  pisaHHsA
iCTOTHO BNNMBAaE Ha NapameTpu nNpoLecy.

HeobxiaHO OUiHUTK TakoX BMMWB LUBWUAKOCTI 3HATTS
NPUMNYCKY Ha TOYHICTb 0BPOOKM i LLOPCTKOCTI NOBEPXHI.

Bigomo, Wwo cepeaHs kBagpaTnyHa noxmbka oOpobku,
obymoBneHa HecTabinbHiCTIO LUIBUAOKOCTI 3HATTA
NPUNYCKYy Ha MOMEHT NPUNMHEHHS1 0OPOOKM, AOPIBHIOE:

o= \[(fc 0v) + (Vi o)’
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t.- average response time allotment mechanism of
the grinding wheel,

oy~ Standard deviation removal allowance rate at
the time of termination processing,

V.- average speed removal allowance at the time of
termination processing,

g~ mean square deviation of the time of operation of
the circle withdrawal mechanism.

Significant impact on the transition process and the
results provide grinding fluctuations in the "tool - detail."
The process leads to fluctuations:

* increased waviness of the machined surface;

« the heterogeneity of the surface roughness;

« the occurrence of structural changes in the surface
layer,

Under transient data affecting the quality of the
surface layer of the tracks bearing rings leads to a
decrease in the durability of bearings.

In accordance with the foregoing, the problem of
quality and productivity grinding bearing rings on the
machines - the machines can be represented as a circuit
shown in Fig. 2.

Internal and external grinding characteristic building
multi working cycle accelerated filing, roughing and
finishing feeding, nursing and edit circle. It should be
noted that depending on the specific conditions of
processing construction duty cycle can vary. The main
criterion for optimizing the operating cycle is to ensure
stable performance as surface, polished with minimal
time for its processing [5].

ne t.- cepefHin Yac cnpaubOBYBaHHS MeXaHi3aMy
BiABeAEHHS WNidhoBanbLHOro Kpyra,

oy, - CepeaHe KBaapaTUyHe BiAXUNEHHS LUBMAKOCTI
3HATTS NPUMNYCKY B MOMEHT NPUNMHEHHSI 06po6KM,

V- cepeqHs WBMAKICTb 3HATTA MPUMNYCKY B MOMEHT
NPUMNUHEHHST 0B6PO6GKN,

O;,- CepefHe KBagpaTUYHE BiAXMIEHHS
crnpauboBYyBaHHSA MeEXaHi3My BiflBEAEHHS Kpyra.

IcTOTHMI BNAMB Ha nepexigHi npouecu i pesynbtati

wnidyBaHHA  HagalTb  KONMBAHHSA B  cuUCTeMi
«IHCTPYMeHT — geTanb». [pouec KonuBaHHA NPU3BOAUTL
fo:

yacy

e MiABULLEHHA XBUNACTOCTI 06pOo6neHoi NoBepXHi;

e [0 HEOAHOPIAHOCTI LWOPCTKOCTI NOBEPXHI;

e [0 MOSIBM CTPYKTYPHWX 3MiH B MOBEPXHEBOMY

Lapi.

BignosigHo AaHi mepexigHi npouecy BNAuBalTb Ha
AKICTb MOBEPXHEBOTO LUapy AOPIXKOK KOYEHHs Kineupb, LU0
NpU3BOANTb, 40 3HMKEHHSA OOBrOBIYHOCTI NIALLUWMHUKIB.

Y BignoBigHiCTb 3 BULLEBUKIAAEHUM, 3aBOaHHSA
yNpaeniHHA SAKICTIO Ta NPOAYKTMBHICTIO  LWMiddyBaHHS
Kineub MigLWMMHWKIB Ha BepcTaTax - aBToOMaTtax, Moxe
OyTn npeacTtaBneHa y BUMMsS4i CxemMu, HaBeAeHO! Ha
puc. 2.

BHyTpilwHe i 30BHIWHE wWnipyBaHHA XapakTepHe
nobygoBoto  BaraTocTynmiH4acToro pobo4oro  UMKNy:
npuckopeHa nojaya, YopHOBa | u4ucToBa Mopjaui,

BMXOOKYBaHHS Ta npaeka kpyra. Cnig 3asHaunty, Wo B
3anexHoCTi BiAd KOHKpeTHMX yMoB 006pobku nobymosa
poboyoro  uukny  Moxe  3miHioBaTucs. OCHOBHUM
KpuTepiem onTuMisauii pobo4oro umkny € 3abeaneveHHs
CTabinbHUX NOKA3HUKIB SIKOCTi MOBEPXHI, IO LWMidyeTbCA
npuv MiHiManbHWX BUTpaTax yacy Ha ii 06pobky [5].

MigenwenHA e@ekTUEHOCTI WNiYBaHHA Kineus
nigwunHukie’ Improved grinding bearing rings

A

MigeniLenHA AKocTi odpodkw/ Improving the
quality of treatment

Y¥MPAaBnNiHHA TOYHICTH po3Mipie
(AKTHEHWA KOHTPONE posMipie)
Management accurate size (size active

YNPaENiHHA AKICTIO NoBepxHI/ Quality
control surfaces

A-""'Hq_‘—h-——__,_‘
YnpaseniHHA ¥NpaeniHHA
LWIOPCTEICTH XBMMACTICTHYS
Management Management

roughness undulation

MicnAonepauifHWA KOHTPONE MOBEPXHI
(EMXpOCTPYMOER
pederTockoniaVPostoperative contral
surface (eddy current flaw detection)

MigenweHHA NpoaykTHEHOCTI 0Gpodim/

Increased prucessingpeﬁ‘mmame

Y¥NpaeniHHA UWENomM odpodem!
Management cycle processing

Y¥NpaeniHHA pexmani’ Management
modes
|

PauioHanizauisa nocnigoBHoCT
podogoro UuEny odpodial
Rationalization working order
processing cycle

BuAeneHHA Ta o0exeHHA ETpAT/
Identify and limitlosses

Fig.2 - Scheme of control accuracy and productivity grinding bearing rings, authoros’/Cxema ynpaeniHHs
moyHicmio ma npolyKmueHicmio winighyeaHHs Kineub riOWUrHuKie, asmopckbka po3pobka
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The research shows that improving the quality and
productivity of the grinding surfaces of rolling bearing
rings is achieved through the use of combined
management, including the management of dimensional
accuracy and quality of the surface layer, and
management components processing cycle.

In all the above cases, the important measurement
accuracy of this allowance and other parameters in
processing, especially in the indirect measurement of
such elastic deformation of the technological system to
speed removal allowance.

CONCLUSIONS

The analysis of scientific literature, to set the

following:

e dependence using to calculate the grinding
forces indicate a non-linear relationship with
depth grinding force and grinding the elastic
deformation of the technological system, said
non linearity has a significant impact on the
transient cutting conditions arising in the
technological system with a non-uniform change

in the feed;
e means automatic distribution of feed rate on
allowance (active control devices size),

effectively reducing the impact of conditions in
the grinding processing results, but do not take
into account existing factors, so control is based

on the least favorable or most likely a
combination of processing conditions.
Accordingly, this leads to cost or faulty
processing.
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lMpoBeaeHi JoCniaXeHHS NOKasyoThb, WO MNigBULLEHHS
SAKOCTi Ta NPOOYKTUBHOCTI WIipyBaHHA MOBEPXOHb
KOYEHHS Kineub NiAWWNHUKIB AOCAraeTbCs
3a [0MoMOroto BMKOPUCTaHHS KOMOiHOBaHOro
yNpaeniHHS, O BKIOYaE yNpaBniHHA TOYHICTIO PO3MIpPY i
AKICTIO MOBEPXHEBOro LIapy, a TaKoX YMpaBIiHHS
CKIagoBUMK LUKy o6pobneHHs.

Y BCiX pO3rsHYTUX BUMNagKkax BaXnuMBe 3HAYEHHs
Ma€ TOYHICTb BUMIpPIOBaHHS NOTOYHOIO MPUMYCKY i iHLINX
napameTpis B npoueci 06pobku, TuM OGinblwe npu
HenpsAMOMY BWUMIpi, HaNpuknag npyxHow Aedopmadieto

TEXHONOrMYHOI CUCTEMM MO  LUBMAKOCTI  BMAANEHHS
NpUNycKy.
BUCHOBKU

AHania HayKoBO-TEXHIYHOI niTepaTypu, [03BOMSE
BCTAHOBWUTMW HACTYMHE:

e 3anexHocTi, AKi BWKOPUCTOBYIOTb ans

pospaxyHKy cwn LwnipyBaHHs, BKasyloTb Ha
HEeniHiMHMA  3B'A30K cunn  WnipyBaHHa 3
rnnbuHoto winidyBaHHs i NPYXHOIo
nedopmaliero TEeXHOMNOri4YHOT CUCTEMMU,
3a3HayeHa He MiHiNHICTb pobUTb ICTOTHWIA BNNUB
Ha HeCTauioOHapHi pexXxvMu pisaHHdA, WO
BUHMKaOTb B  TEXHOSOMYHIN  cucTeMi npwu
HepiBHOMIPHIN 3MiHi nogay;

e 3acoby aBTOMaTWYHOrO PO3NOAINY LBWMAKOCTEN

nogad no npunycky (npunagM  akTMBHOMO
KOHTPOMNIO  pO3MipiB), €(EeKTUBHO 3HWXKYIOTb
BMAMB YMOB LWNiPyBaHHA Ha pesynbTatu

06pobneHHsi, ane He BPaxOBYKTb ICHYUMX

dakTopiB, TOMY yMpaBriHHSA 3A4INCHIOETLCA
BUXOASMM 3 HaWMeHWw cnpusitiveoro abo
HanbinbLL NMOBIPHOTO ~ MOEQHAHHA  YMOB
00pobneHHs. BignoeigHO Ue npuBOAWUTL A0

BuUTpaT, abo g0 aedekTiB 0O6pobneHHs.
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