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Annomauusn:

I nughosanenvie uncmpymennsl He HOJIHOCHIBIO UCROIB3YION CBOU NOMENYUabHble go3MoNcHocmu. Oclog-
Has NPUYUHA 3M020 HeAOCHAIMKA COCHIOUM € MOM, YIo 3éPHA, AGNAIUUECs PeXCYUUMU dNeMeHmMaMu Mux
UHCIPYMEHINOE, UMeIOn Npou3s0abHVI0 QOpMy U xaomuutoe pacnonoxceHue. Omcymemeue YnopaoodeHHol
2eomenipuit 3épen npenamcmeyent sdghexmusHomy npoyeccy cpesanus memania. Onio creoyen i3 cpagHeHis
2e0Mempuit Ne36UIHbIX UHCHIPYMEHINOE (Pe3yoe, cgepl, gpes u Op.) co unugosansnbim. V nezeuitnsee uncmpy-
MEHmMOo8 pexcyujue KIUHbs 3aMadueaionica ¢ 6blCOKOU MOYHOCHbIO U 8 COOMBEMCMEUU ¢ PEKOMEHOAYUAMU
cnpasouHukos. A y uLiugosaibHuIX UHCIPYMEHNOG 2e0Mempus 3¢peH RPOU3B0JbHO USMEHAENCA 8 WUPOKOM
OUanasone om U30Mempu4eckux 00 RJIACIMUHYambIX pasHoeuonocmeii. Kpome mozo, Ha 2eomempuio pesxcyuyux
KIUHbe8 36peH enuaen ux RoNodceHue & mene uHchipymenma. Ipeonodicensl chocofsl no yereHanpagieHHoMmy
noobopy gopmer 1 opuenmayuu 3¢peH, RO3BOJIAIOUfUE NOGBICUMb PABOMOCNOCOOHOCIIb 3¢peH U UHCIMPYMEHMO8
6 yelnom. Ynopsadouenue ghopmul 3¢peH docmusaloch nymeM cenapayiu ucXooHol adpasueHoil Maccel Ha 6ub-
PAYUOHHOM cenapamope Ha psao ¢pakyuii ¢ oouHaxosoii gopmoii 3épen. Opuenmayua 3épeH obecneyusanacs 3a
cuem 21eKMmpocmamuyeckozo sghgekma u cneyuaivio paspabomannozo cnocoba. Cnpoekmuposana mexmono-
2Us RO U320MOBTIEHUI0 SKCNEPUMEHIMANBHBIX ULTUDOBANBHBIX KPY206 C KOHMPOIUPYEMOT (hopMoti i opueHmayi-
el 3épen. Hzzomoenena onbINHag NApmUA dKChepuUMeHmManbiblx uiigosansisix kpyeos. Paspabomana xon-
CIMPYKYUs UCHBIMAMENbHO20 CMEeHO0a Ol OYeHKU IKCHIVAMAayuOHHbIX XAPAKMePUCuK 3KCHepUMEeHM A bHbIX
Kpyeos. Ilposedenvl cpashumeibHble UCHBIMAHNS MAKUX KPYeo8 Npu NAOCKOM WAUDOGAHUY NO OMHOULEHUIO K
CMAaHOapmHbIM UHCMpYMennam. B xode ucnslmanuii KOHMpPOIUPOSANUCh CIeOVIOuUe NAPAMEmPbL: Pelcyiyas
cinocobHocmb, Kodgdhuyuenm waugosaniis, cCOCasnionjue Clllbl pesaniis, ¢hdhekmusnan MowHoCMb, nmemMne-
pamypa npozpesa Oemaii, Uepoxoeamochiv oGpabameigaeMsblx nogepxHocmeti. Pesyismamut ucnvimanuii no-
Ka3vl8aion, 4mo OnblMHbIe UHCHPYMEHmbl O paoy KCHIYAMAYUOHHBIX HOKasamenel npegocxoosm CmaH-
oapmimsie Kpy2u.

Knroueevte cnoea: uinighoganvivie UHCMPYMeHMbl, opMa U opueHmMayus 3¢épeH, uz2omogieHue Kpyeoe,
cpasHumenbHble UCHLIMANUSA, IKCRTYAMAYUOHHbIE ROKAZAMET.
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Abstract:

Grinding tools do not fully use their potential capabilities. The main reason for this drawback is that the
grains that are the cutting elements of these tools have an arbitrary shape and a chaotic arrangement. The ab-
sence of an ordered geometry of grains impedes the effective process of cutting metal. This follows from a com-
parison of the geometry of blade tools (cutters, drills, milling cutters, etc.) with grinding. With blade tools, the
cufting wedges are honed with high precision and in accordance with the recommendations of the directories.
And in grinding tools, the geometry of grains varies arbitrarily in a wide range from isometric to lamellar varie-
ties. In addition, the geometry of the cutting wedges of grains is influenced by their position in the body of the
tool. Methods are proposed for a purposefil selection of the shape and orientation of the grains, which make it
possible fo improve the performance of grains and tools in general. The ordering of the grains was achieved by
separating the original abrasive mass from the vibratory separator into a series of fractions with the same grain
form. Orientation of the grains was provided due to the electrostatic effect and a specially developed method.
The technology for manufacturing experimental grinding wheels with a controlled shape and orientation of the
grains has been designed. A pilot batch of experimental grinding wheels was made. The design of a test bench
Jor evaluating the performance characteristics of experimental circles has been developed. Comparative fests of
such circles with flat grinding relative to standard tools have been carrvied out. During the tests, the following
parameters were monitored: cutting capacity, grinding coefficient, culting force components, effective power,
heating temperature of the part, roughness of the surfaces to be treafed. The results of the tests show that the

experimental tools for a number of performance indicators exceed standard wheels.
Key words: grinding tools, shape and orientation of grains, manufacture of wheels, comparative tests, per-

Jormance indicators.

Kaxmoe sepHo, Haxomameecs Ha paboueil mo-
BCPXHOCTH HITH()OBAIBHOTO KPyTd, TNPEACTABIACT
coDoii pexymuii KIMH B MHKpoMacutade, KOTOPBIM
OCYIIECTBIIACTCA IPOLECC CPE3AHHUSA MHKDPOCTPYIKEK.
B oTimyHe OT Ie3BHHHBIX HHCTPYMEHTOB (pe3LOB,
cBepa, (pe3)., rAc PeKYLIMI KIHH 3aTauHBACTCA C
0OMBIOI TOYHOCTBIO M B COOTBETCTBHH C PEKOMCH-
JAUMAMH CTIPABOYHHKOB, B ITH()OBATBHBIX HHCTPY-
MEHTAX PE)KYLIHE KIHHBS 3EPCH HMCIOT IIPOH3BOIIb-
Hyro reomerputo [1. 2, 3, 4. 5]. D10 00ycioBICHO
JAByMs (haKTOpaMH — MPOH3BOIBHOM (popMoii 3EpeH U
HX TIPOHM3BOJBEHOM PACIOJIOKEHHEM B Tele HHCTPY-
MEHTA . THIIOBBIM TEXHOJIOTHAM H3IOTOBJICHHS LITH-
(poBANBHBIX 3epeH CBOHCTBEHHO HAMHYHE B OOmEit
Macce aOpasmea 3¢peH, oOmamarommx (opmoil oT
H30METPHUCCKHX 10 TIACTHHYATHIX Pa3HOBHIHOCTCH
[6, 7]. [Ipu U3roTOBNEHUH U3 TAKHX, Pa3HBIX IO (op-
Me 3¢peH, MT(OBATBHEIX HHCTPYMEHTOB, 03 Lere-
HAMPABIEHHOH HX OPHEHTALHH, MOTYyHalOT PEKyIIHe
KJIHHBS, MHOTHE M3 KOTOPBIX HE B COCTOAHHH CPE3aTh
marcpuan [8]. TTostomy paboTOCHOCOOHOCTH CTaH-
JAPTHBIX OUTH(DOBATBHBIX HHCTPYMCHTOB HE MPCBOC-
xoaut 10-20% 0T UX MOTCHUHAIBHBIX BO3MOKHOCTEH
[9].

Ha xadeape meTammopeKymux CTAHKOB M HH-
ctpymentoB KysI'TVY npeanosxeHsl cnocoObl mo ymo-
pAnoucHHr0 (hopMbl UITH(OBATEHBIX 3EPEH M HX 1ie-
neHanpasiaeHHol opuenTtauun. [loabop ompeneneH-
HOI1 (hopMBI 3EpeH U3 00MECH MacChl HCX0AHOTO abpa-
31MBa 0OCCIICYMBACTCS 32 CUCT BHOPALIHOHHOTO CIOCO-
0a coprupoBkn Menkux 00bekToB [10]. CyTh cnocoba
COCTOHT B PA3HOW TPACKTOPHH MABHXKCHHA YACTHI
pa3HOit (opMBI O BHOPHPYIOLICH HAKJIOHHOW IJIOC-
KOCTU. B COOTBCTCTBHH C JaHHBIM CIIOCOOOM paspa-
00TaHO YCTPOMCTBO AJs cenmapauuH NLTH(OBATBHBIX
sepeH 1o (opme [11]. mosBonsAromee pa3aciIATh HC-
X0IHYHO Maccy aOpasuea Ha 12 — 14 (paxuuii ¢ ogu-
HaKoBO# (popmoii 3épeH. a1 waeHtuuxammu Qop-

MBI 3€peH pa3padoTaH KOIHYECTBCHHBIH METO OLCH-
KN WX (DOPMBI, OCHOBAHHBIH HA MPUMCHCHHH CTICIH-
AMbHOTO TPOTPAMMHOIO OOECTICUCHHS, MHKPOCKOTA,
ckaHepa u kommbroTepa [12]. Popwma 3epHa oueHuH-
Bajack ko3(pduumeHrom ¢opMbI, paBHBIM OTHOLIC-
HHIO JHAMETPOB OMHCAHHBIX H BIUCAHHBIX OKPY’KHO-
cTeit B MPOEKIHHU 3¢PEH HA MIOCKOCTH HIH C(EphHl B
obseme [13].

Jna mpunaHud 3€pHaM ONpeJcICHHOH OpHEHTa-
LUH B TEI¢ HHCTPYMEHTA pa3padoTaH crnocod, OCHO-
BAHHBII HA HCIOIB30BAHHH 3JICKTPOCTATHUCCKOIO
MOJs, B 30Hy ACHCTBUA KOTOPOT0 MOMECIIAKTCH 3EpHA
[14]. Ilox pelicTBHEM 3TOr0 mojis 3EpHA pa3BOpAYH-
BAKOTCA CBOUMH OCTPBIMH BBICTYIIAMH B HANPABICHUH
CHJIOBBIX JTHHHH. DIECKTPOCTATHUECKOE MONE (POpMHU-
pyeTcd 3a CYCT UCTOYHHKA BBICOKOTO HAMNPSLKCHUA U
3NMEKTPOAOB, HMMEHIUMX CINEOUAIbHYK KOH(HIypa-
w0, KoHUCHTpHUYECKHE 3JCKTPOABI  MO3BOJIAIOT
(hopMHPOBATE paJWATBHOE PACNOJIOKEHHE 3EPEH B
KpYI€, a PAOUAIbHBIC H HAKIOHHBIC YICKTPOIBI — Ja-
FOT BO3MOJKHOCTH OPHCHTHPOBATH 3¢PHA  HAKIOHHO
HJTH MAPALICIBHO MJIOCKOCTH PE3aHHsL,

B cooTBeTCTBUH ¢ NMpeAsOKEHHBIMH Croco0amMu
cenmapauuu 3¢peH mo (JopMe U OPHEHTAIHH HX B TEJIC
HHCTPYMEHTOB Pa3padOTaHbl TEXHOIOTHH IO H3IO-
TOBJICHHK)  JKCICPHMCHTAJIBHBIX  ITH(DOBAIBHBIX
KpyroB [15]. JlaHHBIC TEXHOJIOTHH OTIHYAKOTCA OT
THIOBBIX TEXHOJIOTHIf TEM, YTO B HHX J0OABIEHBI ABE
omepanuu — 1o oTéopy 3EpeH ¢ Tpedyemoii hpopmoii u
M0 UX OPHEHTALMH B HHCTpyMeHTe [16].

Ha ocHOBe ymOMAHYTBIX TEXHOJOTHI H3TOTOBIIC-
HA OTIBITHAS MAPTHA UITH()OBATBHEIX KPYTOB MPIMOTO
npodmmrs (IT1), koTopas mpoumua CpaBHHTEJIBHBIC
HCTIBITAHUS CO CTAHJAPTHBIMH NITH()OBATEHEIMHA KPy-
rdMH B YCJIOBHAX IJIOCKOro nuaH(oBanus. g mpo-
BEICHHS MCTIBITAHWI CKOHCTPYUPOBAH CTCHI Ha 0ase
niaocKonuTH(poBaIbHOTO cTaHka wMoaemd 371 c
YCTABICHHBIM HA HET0 KOMIUIEKCOM H3MEPHTEIbHOM
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Puc. 1. Pexcyuas cnocobnocme wiughosaibHuIX KpYeoe ¢ pasiudHol
opuenmayueii sépen (@ = 0° & = 90°) no cpagnenuio ¢ Kpyeamu uz oobianbIx 3épen (O = var).
Fig. 1. Cutting capacity of grinding wheels with different grain orientation (0 = 0°, @ = 90 °) com-
pared with circles of ordinary grains (6 = var).
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Puc. 2. Koaghpuyuenm winughosarus npu ucnoiv308anuu uiuhosanvruix
Kpy2o& ¢ opueHmupogantvivu 3épramu (6 = 0°, @= 90°) no cpasHenuio ¢
obbrynbIMU KpYeamu (6 = var)
Fig. 2. Coefficient of grinding when using grinding wheels with orientated grains (@ = 0 °, @ = 90 °) com-
pared to conventional circles (@ = var)
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Pue. 3. Cuna pesanua Pz npu uiniughosanuu kpyzamu ¢ pasnoti opuenmayued 3épen
Fig. 3. Cutting force Pz when grinding in circles with different orientation of the grains

annaparypsl. B cocraB amnaparypsl BXOJHIH. JBYX-
KOMIIOHCHTHBIH JMHAMOMETP (I H3MCPCHHS Paau-
anbHOI M TAHTCHIHMATBHOMH COCTABIAIOIIMX CHIBI pe-
3aHUA), BUAECOKAMEpa (A1 OJHOBPEMEHHOH 3allHCH
MOKA3aHUI BAaTTMETPA M JMHAMOMETPA) U BeO-Kamepa

(1 mepenaud MOKA3aHMH JHHAMOMETpPA HAa 3JKpaH
HOYTOVKaA ), HOYTOYK (a1 0OpadoTku BUACOHH(OP-
MaIH).

HcnbiTaHuA NPOBOIHINCH HA CIEAYIOINX PEKH-
Max pe3aHus: CKOpOCTb pe3anusa — 27 M/cC:
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Puc. 4. Cuna pesanus Py npu winughoeanuu Kpyeamu ¢ pasnoii opuenmayueti 3épen
Fig. 4. Cutting force Py when grinding in circles with different grain orientations
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Puc. 5. Dpehexmuenas MougHoCHb WAUPOSAHUA KPY2aMUl ¢ pA3HOT OpueHmayueil 3épex
Fig. 5. Effective grinding power in circles with different grain orientation
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Puc. 6. Temnepamypa npozpeea demanu npu utiioeanuy Kpy2amu ¢ OpueHnuUpoSanHbiMy 3épuamu (6 =
0°, &= 90°) no cpagHeHuIo ¢ 06bIYHBIMU KpYZamU (€ = var)
Fig. 6. The temperature of the part's heating during grinding with circles with oriented grains (6 = 0 °, & =
90 °) compared to the usual circles (& = var)

npoxoabHas mogada — 10,6 MM/MHH, HONEpevHas
nogaya — 0,6 mm/xoa; rayouna pesanusa — 0,01 mm,

HInuoBarno MOaBEPraTuCh AETATH U3 JETHPO-
BaHHOIi cramu HIX-15 ¢ pasmepamu 100x50x10 mm.

B kadecTBe OJKCIUTyaTALHOHHBIX IAPaAMETPOB
OIIBITHBIX ITH()OBATIPHBIX KPYTOB H3MEPSUIUCH:

- pCKymas CIOCOOHOCTh KpPYrOB (KOJIHHYCCTBO
CPE3aHHOTO MATEpHaja 3a ONPEACICHHOE H OJUHAKO-
BOC YHCJIO TPOX0A0B, Q I/IHKIL),

- W3HOC LUTH(OBANBHBIX KPYTOB (MOTEPS MAcCh
HHCTPYMCHTA 34 ONPEIACICHHOE YHCIO0 MpoxoaoB, Qm
r/UMKT),

- k03(ppuuucHT mH(poBaHuA (OTHOLICHAC KOJH-
YECTBA CPE3AHHOIO METAUIA K KOJTHYECTBY M3HOLIEH-
Horo abpasusa, Ku),

- CHJIBI PE3aHHSA H MOITHOCTH TPH ULTH(OBAHUH
(Py. Pz, W),

- TEMmepaTypa MPOTpPeBa JETATH TPH LLIH-
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Puc. 7. Kauecmgo nogepxnocmmnozo cos npu waigoganuil Kpyeamil ¢
opuenmupoeanuvimu 3épuamu (0 = 0°, @= 90°)no cpaguenuio ¢ 06bIYHLIMU
Kpyeamu (@ = var)
Fig. 7. The quality of the surface layer when grinding wheels with oriented grains (& = 0 °, & = 90 °) com-
pared to conventional circles (© = var)

(poBanuu (T).
PesynbpTarel HCOBITAHHA HPEICTABICHBI HA Ipa-
(pukax puc.1 — puc.7

BbIBO/IbI

Pesynbrarel NpoBeIEHHBIX HMCCIEIOBAHHN TOBO-
pAT 0 TOM, uTO, OJaroJaps HCHOIb30BAHUIO 3EPEH C
KOHTPOIHpYEMO# (JOPMOH H OPHECHTALHMEH, MOIKHO!
MOBBICHTB PCKYIIYHO CHOCOOHOCTH Kpyros Ha 21%,
MOBBICHTh KO3()(pHUHMEHT mun(poBaHus Ha 59%, cHU-
3WTH TEMIICPATypy Hporpesa Jetajeii Ha 7%, moHm-
3UTh LIEPOXOBATOCTE 0OpabaTBIBAGMBIX MOBEPXHO-
creii HA 16%, CHH3HTH PAIHANBHYI0 H TAHTCHIHATD-
HYIO COCTABJIAFOLIYIO CHIIBI pe3anust Ha 25% u 36%, a
MOIIHOCTH HiudoBaHus — Ha 9%.

Taxkum oOpaszom, mMoATBEPIKIAETCs LienrecooOpas-

HOCTb M3TOTOBJCHUS LITH()OBATBHBIX KPYTOB C KOH-
TpoaupyeMoi (OPMOH W  OpHEHTAUHEH 3EpeH.
Hau0oabmuii >pPeKT TaKue KPyTH HOKAKYT B CIVYae
H3TOTOBJICHUS MX MOJ KOHKPCTHBIC 3aJa4yH LLTH(O-
BaHuA. Tak, ecmu Tpe@yercs 00nbIION CheM MaTepH-
ana, TO CIEAYeT MCIOIb30BaTh KPYTH C PaJHaIbHOL
OpPHEHTALMEH 3EPEH, €CIH HEOOX0AUMO CHHM3HUThH INE-
POXOBATOCTh 00PAOATHIBACMBIX IIOBCPXHOCTCH, TO
0o1ce MOAXOMAIHMMHE OKAKYTCA KPYTH ¢ TAHTCHIH-
AJIbHOM OPHEHTALHMEN 3EPEH; TAKHE KE KPYIH Xapak-
TEPH3YFOTCS IOHWKEHHBIM M3HOCOM H HaudoJee BbI-
cokuM Kod((puuuenTom maudosanus. B cayuae,
ecm TpeOyeTcs CHU3UTh TEMIICPATyPy HLIH()OBAHUA,
TO 3TO MOTYT OOCCTICHHTB KPYTH C PagHANBHOI (hop-
MO 3EpeH.
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