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MOJIEJJMPOBAHUE ITYTEMA NOBBIIEHUS Y3®®EKTUBHOCTH
AJIMA3HO-ABPA3UBHOI'O MHCTPYMEHTA

Y cmammi npoeedeni OocniodcenHs npoyecié 6U20MOGIEHHA MA BUKOPUCTNAHHA ATMAZHO20
incmpymenma. Jocnioxcenti enemenmu cucmemu "obpobnosanuti mamepian - 3epHo - memaiogasa -
36'a3xa". Ananiz 30iticniosascs winsxom 3D moodemosanns HanpyoiceHo-0e(popmMOaHo020 cmany 30HU
winighysanns. 3a pesyromamamu OOCHIONCEHH. 6CMAHOBIEHO, WO AIMA3HI WAIPYBATbHI KpYeU HA PI3HUX
36'A3KAX MAOMb NOYAMKOGY OeheKmHicmy y 8UNiA0i 3PYUHOBAHUX 6 NPOYeCT CNIKAHHA ANMA3ZHUX 3€peH.
Pospobneni 3D-modeni npoyecy cnikanHs ma winighy8aHHs AIMAHUMU KPYeamu, WO 6paxoeyroms
ani3omponiio e1acmMuBoCmelt aiMasHUX 3eper ma ix gopmy.

B cmamve nposedenvi uccredosanus npoyecco8 uzeomoGieHust U UCNONb308AHUSL ATMAZHO20
uncmpymenma. Hccenedosanvl  snemenmuvt  cucmemvl  "obpabamuisaemvlii  mMamepuan - 3epHO -
memaniopaza - ceaska". Awamuz ocywecmensncs nymem 3D modenupoeanusi HanpadliceHHo-
Oepopmuposannozo cocmosnus 30Hbl winugosanus. Ilo pezyromamam ucciedo8anus YyCmaHoseneno,
umo armasnvle WaUGosanbHble Kpyeu HA PA3TUYHLIX CEA3KAX UMEIOM UCXOOHYI0 0eheKmHOCMb 8 Gude
PA3PYUEeHHbIX 8 Npoyecce CNeKanus aamasnvix 3epen. Paspabomanvl 3D-modenu npoyecca cnexanus u
WAUDOBAHUS AIMASHLIMU KPY2aMU, VYUMbBIGAIOWUEe AHUOMPONUIO CEOUCME AJIMA3HBIX 3€PeH U UX

dopmy.

In this paper described researches of process of manufacture and grinding by diamond tools.
Researched elements of system “work material - grain - metalphase - sheaf”. The analysis was carried
out by 3D modeling tensely-deformed conditions sintering and grinding area. By results of research it is
established, that diamond grinding circles on different bands have initial deficiency as the diamond
grains destroyed during sintering. The 3D-models of sintering of diamond tools were developed, taking
into account the anisotropy of diamond properties and the shape of grains.

Coznanue MeTofojoruyeckux ocHoB M cucteMbl 3D-CAD monenupoBaHust
aJIMa3HO-KOMIIO3UIIMOHHBIX MaTepuaioB (AKM) Ha »Tamax MX HM3TOTOBJIEHUS U
AKCILTyaTallly TI03BOJIMT CYIIECTBEHHO MOBBICUTH AP )EKTUBHOCTh NX 00PaOOTKH 1
npuMmeHeHus. [Ipemmaraemas 3D Meromosorusi HCCIEIOBAHUS — IIPOLIECCOB
M3roTOBIeHUA U HKcruryaramn AKM  oxBaThIBaeT BCE OCHOBHBIC 3Tallbl
KU3HEHHOTO IMKJIA M3/ICTHS.

Kakx ycranoBneHo HayuyHoil mkonoi akagemuka H.B. Hosuxoma [1], B
YCIOBHUSAX BBICOKOW CHUIOBOM M TEIUIOBOM HANpSKEHHOCTU B 30HE CIEKaHMA
alMa3Hble 3€pHa MOTYT pa3pylIaTbCsi, U3MEHSAS HCXOIHYIO 3E€pHHCTOCTh. OTO
MPUBOAUT K U3MEHEHHIO UCXOJHON XapaKTEepPUCTUKH anMa3HOro kpyra. OCHOBHOMI
MPUYMHON TaKOTo SBJIEHUS CIEAYyeT CUNTATh HAIWYHE METAITIMUECKUX BKIIOYEHUN
B aJMa3HBIX 3€pHAX, YTO NPUBOIAMT K CHIDKCHHIO MX IPOYHOCTH M OCOOCHHO
TEPMOCTOMKOCTH IIPH HAarpeBe CHHTETHYECKUX alMa3oB JI0 TemrepaTypsl > 850°C.
CyliecTBeHHOE pas3inyue B 3HAYEHHUSIX KOI(P(PHUIMEHTOB JMHEHHOIO pPacHIMpEeHHs
MeTautoda3sl W aIMa3HOTO 3€pHAa IPH HAarpeBe BBI3HIBAIOT IIOSIBICHHE B
MOCTETHUX PACTATUBAIOIINX HAMPSKCHWH, BEIMIHMHA KOTOPBIX MOJXET MPEBBICHTH
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npejien MPOYHOCTH anMasa. B pesynbTare 3TOro ajJMaszHOE 3€pHO pa3pbIBacTCA.
Yewm BbIIE KO3D(DUIMEHT TEPMUUECKOTO PACIIMPEHUs] MeTaiodasbl, TeM OoJblie
HaINpsOKEHUS. B aJIMa3HOM 3epHE M TeM OOJbllie BEpOATHOCTH €ro pa3pyLIeHUs B
IpolLecce CIIeKaHus aIMa3HOrO Kpyra.

AJMazHble KOMITO3ULINH, U3 KOTOPBIX COCTOUT paboymii CJION NUIN(OBAIBHBIX
KPYroB  SBJIFIOTCS  Pa3HOBUIHOCTBHIO KOMIIO3UI[MOHHBIX ~ MaTepHasos,
MPEACTABIIONIMX COOOH COYeTaHHE pPAa3HOPOAHBIX KOMIIOHEHTOB C YETKOH
rpaHuned pasgena. PaxTopamu, BIMSIONIMMHI Ha LEJIOCTHOCTH aJIMa3HBIX 3€PEH,
SABJISTFOTCSI, IPEXE BCETO, TEXHOIOTUIECKHE OCOOCHHOCTH U3TOTOBIICHNUS KPYTOB, a
TaKKe COCTaB CHEKAEMON KOMITO3HIIUH.

Anma3sHble 3€pHA OIPEAETICHHOM MapKH, 3€pHHCTOCTH W KOHIICHTpAIWH,
CBsI3KAa OINpPENENICHHOTO THUIA U MapKkd, B KOMIUIEKcE OOyCIaBIUBAIOT
paboTOCIIOCOOHOCTh HHCTPYMEHTA.

Mapka cBA3KH Kpyra B OOJBIION CTENEHH ONpeAessieT TEeXHOJIOTHYECKUe
PEXUMBI CIEKaHHA anMa3oHOcHOro cios. [loaToMy BiMSHHE €€ CBOHCTB H
pexxuMoB  criekanuss Ha 3D HampsbkeHHO-e(OPMHUPOBAHHOE  COCTOSIHUE
aJIMa30HOCHOTO CJIOA SIBJIETCS. B3aUMOCBS3aHHBIM.

Jns u3ydeHus BIMAHMSA KOHIIEHTPALMK ajdMa3HbIX 3epeH B Kpyre Ha ux HJC
B IIPOIIECCE CIIEKaHMs aIMa3HbIe 3epHAa MOAEIMPOBAINCH B (JOPME OKTa’pOB, a
BEJINYMHA KOHIICHTPAIINH 33JaBajach PAaCCTOSHUEM MEXKAY 36pHAMH.
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Pucynok 1 — Ilosst HanpsHKEHUH B CHCTEME «alIMa3HOe 3epHO- MeTaiuodasa- CBSI3Ka» IpH
100% (a) u 200% (6) KOHIICHTpAIMX aIMa30B B KpyTe.

KoHuenTpanus anmazHbIX 3epeH B CIIEKaeMOM ajIMa30HOCHOM CJIO€ BIUSET HA
HaINPsHKEHHO-Ie(OPMUPOBAHHOE COCTOSHHE €TI0 COCTABJISIONIUX ITyTeM U3MEHEHUS
KOHTaKTHBIX HampshKeHUi B cucteMe (pucyHok 1). C yBenmU4eHHEM KOHICHTPAIUU
3epeH BO3pACTAeT BEPOSITHOCTh HAJIOKEHUS MOJIEH HANpPSKEHUI COCEIHUX 3€pEeH,
YTO MOXET MPUBECTH K TOSBIECHUIO KPUTUUECKOW BEJIIMYMHBI HAMPSDKEHUH U
paspyuieHuo 3epeH (pPUCcyHoK 1).

IIpoBeneHHbIE TEOpPETHYECKHWE HCCIEAOBAHUS IMOKa3ajld, YTO TeMIeparypa
CTIEKaHWsl aJIMa30HOCHOTO CJIOsl OKa3biBaeT HamOomblnee BiausHue nHa HJIIC
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aJIMa3HOE 3EPHO-CBSI3KA. YBEJIMUCHHWE HANpsDKEHHH B 3€pHaxX HaOJOmaeTcs Mo
KOHTYpY c(hepbl, BINCAHHOW B OKTa’/p, U B MECTaX COCPEAOTOYECHUS METaLI0(ha3bl
B 3epHe. Hammume OOJBIIOrO KOJNMYECTBA METAUIMYECKHX BKIIOYCHUH B
KPHCTaJIaX MPUBOJIUT K CHU)KEHHIO UX MPOYHOCTH U OCOOCHHO TEPMOCTOMKOCTH.

Panee, npu nccnenoanuu 3D HJIC cucremsl «3epHO-MeTamiodasza-cBsI3Kay
pacueTHas MOJAENb CTPOMJIaChb Ha OCHOBAaHWMHU JOMYIIEHHS OTHOCHTEIBHO
HM30TPOITHOCTH CBOWCTB BCEX MaTepHalioB cucTeMbl [7]. OZHAKO W3BECTHO, UYTO
KpUCTaJUl ajMas3a, KaKk ¥ HOJMKPHCTAUIMYECKoe oOpa3oBaHHe, obiazaer
CyIIeCTBEHHOH aHM30Tponuel cBoiicTB. B muteparype [3] mpuBeneHbI pe3ynbTaThl
UCIBITAaHHH C LEeJBI0 BBIABICHUS CBONCTB aMasa IIPH Pa3InYHbIX OpHEHTAIX. B
HAllUX pacyeTax NPHHAT BAapHAHT, NPU KOTOPOM MOAYIb YIPYTOCTH HPH
BO3JICHCTBIM Ha OAHY M3 Tpex ruiockocreit casura {110}/{111}/{101} paBHseTcs
cootBercTBeHHO 900/750/700 MIla. Pesynbrarel pacueroB, NpenCTaBICHHBIE Ha
pucyHok 2 (a, 0, B,) oroopaxkaror HJ/IC cuctemsr «3epHO-MeTaiodhasa-cBsi3Ka
NPU OPHEHTHPOBAHUH (PPOHTAIBHON IJIOCKOCTH B Ka4ECTBE IIOCKOCTH KpHCTAIlIa
{110}, {111} u {101} cooTBeTCTBEHHO.

B
Pucynok 2 —Pacnpenenenus HanpsbkeHuit B 3D Moaenn «3epHO-MeTamiohasa-cBs3Ka» ¢
Y4ETOM aHU30TPOIHHU CBOKCTB ajaMa3a IPH OPHEHTUPOBAHUH (POHTATBHOH INIOCKOCTH B
KadecTBe IUIOCKOCTH Kpucramia {110} (a), {111} (6) wm {101} (B)

Takum 00pa3oM yCTaHOBJICHO, YTO aHM3OTPONHS CBOICTB aJIMa3HBIX 3epeH
MOJKET OKa3bIBaTh CYIIECTBEHHOE BIIMSTHAE HAa UX TEXHOJOTMYECKHE CBOMCTRA.

Ilocne wmopmenmupoBaHHWA Tpolecca CIEKaHHS KPYrOB W ONpEAeICHHUS
pPallMOHATIBPHOTO COYETAaHMS MapKHd ajlMa3HBIX 3epeH WX 3EPHHUCTOCTH H
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KOHLEHTPAlMM C  COOTBETCTBYIOLIEH  MapKOH  CBS3KM  NPHUCTYNHIM K
MO/ICTIMPOBAHUIO Tpoliecca MITH(OBAHMS ITUMH KPYTaMH.

D hexTHBHOCTH Mpolecca aaMa3Horo NUIH(OBaHUS KPyraMH Ha Pa3iIMyHbIX
CBsI3KaX B OOJBLION CTENEHH OMNpenieNseTcss CTa0MIBHOCTBIO IapaMeTpoOB HUX
paboueii noBepxHocTH. [IpHHIMIINAIBEHOI 0COOEHHOCTBIO Mpoliecca HITH(OBaHUSL
CT™M SBISIETCST  PAaBEHCTBO IO  TBEPIOCTH WHCTPYMEHTAJBHOTO U
oOpabatpiBaeMoro  marepuanoB (OM) [5]. U3BectHo, dro oOpaboTtka
CBEPXTBEPABIX IMOJUKPUCTAIUIMYECKUX MATEPUaJOB CONPOBOXKAACTCS BBICOKHMMH
3HAYCHUSIMH YACITHHOTO pacxona anMas3HbIX Kpyros [4]. dnsa m3ygenns HJIC B 30ne
nuTQOoBaHUS TPH 3aTOUKe HHCTpyMeHTa 3 CTM ObUTH HCTIONB30BaHbl pacueTHHIE
kommiekcsl ANSYS, LS-DYNA, Cosmos, Third Wave AdvantEdge. Ilpu
noctpoeHun 3D-Moperned, MMUTHPYIOUMX MPOLECC pE3aHus INPHUMEHSIAch
cucrteMa aBToMatu3anuu mpoekTHeix padot (CAIIP) SolidWorks. beuta moctpoena
3D-Mozenp «cBsi3ka — 3epHO — MeTauiodasa — oOpabareiBaeMblii Matepuai». B
UCXOAHOW Mojenu ObUIa HUCIONb30BaHA KepaMuuecKas CBs3Ka, KOOalbTOBas
MeTamiodasa, aIMa3HOe 3€PHO U 3arOTOBKAa M3 MEAHOIO CIIaBa. 3aroToBKa U
(parMeHT CBS3KM NMPEACTABISUINCH B BUJE IUIACTHH, a alIMa3HOE 3epHO B (opme
OKTadzpa. B xoxme pacdeTHOro SKCIepUMEHTa, MOJCINb HarpyxKanach HOpMaJbHON
cuton ot 0,5 nmo 4 H, uyro MozenupoBano yCWiIME NpPHKUMaA aIMa3HOTO
NUTQOBaIBHOTO KpyTa BO BpeMs abpa3uBHOIT 00paboTku (pUCYHOK 3).

™ R

Pucynox 3 — 3D-Mozens «cBs3Kka — 3epHO — MeTayuodasa — OM»
C KOHEUHO-DJIEMEHTHOM CETKOM

3amaueil mcciemoBaHMUA OBIJIO ONPEACICHHE BIMSHUS TEMIIEPaTyphl B 30HE
pe3aHusi Ha IEJOCTHOCTh aJiMa3HOro 3epHa, myreM ompenenenus ero HIC. B
MCXOJIHOM MOJIEJM paccMaTpuBalioch aimasHoe 3epHo Mapku AC100 (200/160),
MaKCHMaJIbHOE PACTATUBAIOLIEE HAIPSKEHHUE M1 KOTOPOIO Oper=2,18 ITla.
Cornacuo nanaeiM H.B. HoBuxkoBsa [1], mpoyHOCTH KpHCTa/Ia MPUPOAHOTO amMasa
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npu cxatun cocraBiaster 12,9 TITla. Kpome Toro, mpouHOCTh KpUCTAJUIOB
CYLIECTBEHHO 3aBHUCHT OT UX Pa3MEpOB U COBEpIIEHCTBA CTpoeHusd. B mepBoii
9acTH PacdyeTOB MOJAEIMPOBAJIOCH JIUIIb YCHINE MPIKUMa alMa3HOro 3epHa oT 1
g0 4 H, Bo TOpoil uacTM pacuyeToB K YCWIHIO MpWXAMa J00aBIsuach
TeMIlepaTypHas Harpys3Kka Ha anMasHoe 3epHo BeauuuHoi 500 u 800°C.

Pacnpenenenue HanpskeHMH B aaMa3HOM 3€pHE B 3aBHCHMOCTU OT YCUIIHA
MPYKUMa OTOOPaKeHO Ha PUCYHKE 4.

leTa.‘mod)aza

Cpa3ka: KepaMHIecKan
Metaniodaza: MeIHAA

Venane npmxava: 1 H

3Havenne Oy = 4,33 1112

Cea3ka: KepaMHIecKas
Mertanrodasa: MeaHan

Vennue npmsava: 3 H

3HaverHe Oqyp = 12,96 Tla

Pucynok 4 — PacnpeneneHne 5KBUBaJICHTHBIX HANPSDKEHUH IPU Pa3IMUHbIX yCHIIUSIX
MIPUXKKMMA aJIMa3HOTO 3€pHa

PesynbraThl pacuyera mokaszajm, 4TO C YBEJIHMYCHHUEM YCHIIHUS MPHKHMa Kpyra
k 3aroroBke oT 1H 1o 3H mnpuBeneHHble HanpspKeHHS B 3€pHE BO3PACTaioOT
MpUMEpPHO B 3 pasa.

Kak ycranoBnmeno panee [7], cymecTBeHHO BimsHHEC Ha 3(dekTuBHOCTH
mmgposanust CTM okasplBaeT KOHIIEHTpanusl ajlMas3HbIX 3epeH B kpyre. s
MOJICIUPOBAHMS BIMSHUS KOHIIGHTpaLuu co3nansl 3D moxemu cuctemsl « CTM —
3epHO-MeTaiiodasza-cBsa3ka-OM», B KOTOPBIX  KOHIEHTpAlMs  33a/1aBajiach
N3MEHEHHEM pPACcCTOSHUS MEXIy aiMa3HBIMH 3€pHAMH. YCTAaHOBICHO, YTO
yBenudeHue KoHueHTpauu ot 100% 1o 200% npuBOANT K POCTY HANpSKEHUH B
MEcTax CONPHKACAHMSA aJIMa3HBIX 3€pPEH M HEOOIBIIMX MOCTHKAX CBA3KH MEXIY
HUMHU (PUCYHOK 5). DTO TPHBOIUT K Pa3pyIICHUIO YACPKHUBAIOIIETO O0beMa
CBS3KM M BBIMAJCHUIO €Il LebIX alMa3HbIX 3epeH. IloaToMy sl CHMXKEHus
BEPOSITHOCTH HAJIOXKEHUsI TI0JICH HANPSHDKEHUH CIIeyeT yMEHbIIaTh KOHIEHTPALHIO
3epeH B KyTe, KaK BUJHO U3 pucyHKa 5 (0).
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a 0
Pucynok 5 — Pesynbratsl pacuera 3D H/IC B cucteme «3epHO-cBs3ka-MeTamiohasa-OM»
npu 100% (a) u 75% (6) KOHLIEHTpallUK AIMa3HbIX 3€PEH B KPyre

Hnsa m3yuenus HJIC  cuctemsl «3epHO-cBs3ka-metaiuiodaza-OM» mpu
IUHAMUYECKHX Harpy3kax OBUTM TIPOBENCHBI HCCICAOBAaHHUA TIPH IIOMOIIH
BeIUUCIHUTENbHOrO KomIuiekca ANSYS. Panee nuHamuueckue ucCieI0BaHUS
MPOBOAMINCEH HAa 2D MoAensaxX Juid eAMHUYHOTO 3epHa 03 3aJIeNIKH €ro B CBSI3KE U
MY OTCYTCTBHM METAJUINYECKHUX BKIIIOYCHHUH [7].

BrusHEE CKOpPOCTH COyHapeHHs JJIEMEHTOB CHCTEMBI «3EpPHO-CBS3Ka-
MeTautodaza-OM» mpeacTaBiIeHbl Ha pUCYHKE 6 (a, 0).

nonm

MeTtannodasa

ObpabaTbiBaeMbiit
marepuan

a 6
Pucynok 6 — Pesynbrarsr pacuera 3D H/IC B cucreme “3epHo-cBsizka-mMetaiuodaza-OM”
pu ckopoctu coynapenus 20 m/c (a) u 40 m/c (6)

AHanu3 MOJyYeHHBIX PE3yIbTAaTOB MTOKA3all, YTO MaKCHMAIbHbBIC HAIPSIKSHUS
OpY JUHAMUYECKOM MOJAEIMpPOBaHUM Bo3pocau Ha 20% 1O CpaBHEHHIO CO
CTaTHYECKUMH pacyeTaMH, YTO TOBOPHUT O HEOOXOJMMOCTH COBEPIICHCTBOBAHUS
MOJIeNIeH ¢ Iepex0I0M K TUHAMUYIECKUM MOEIHHBIM dKCIIepUMeHTaM [6].
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BoeiBonel: BmepBble mpu MoAENUpOBaHMM Mpolecca CHEKaHWsS aIMa3HbIX
KPYroB y4YTeHa aHM30TPONHMS aJMa3HBIX 3€peH, YTO TO03BOJIMIO YCTaHOBUTH €€
CYIIECTBEHHOE BIIMSIHAE Ha TEXHOJOTMYECKHE CBOMCTBA alMa3HO-aOpasMBHBIX
WHCTPYMEHTOB.

MopenpHble 3KCIEPUMEHTHl B CHEIMAIM3HUPOBAHHOM IIaKeTe IPOrpaMM
CosmosWorks 1o ucciejoBaHHIO BIMSHUS KOHIIEHTPALWH aJMa3HbIX 3epeH Ha 3D
HAC B 30He nmmdoBaHus MOKa3and, 9To yxe mpu Temneparypax ot 500°C B
aJIMa30HOCHOM CJIO€ MHCTPYMEHTa BO3HHMKAIOT pa3pylIalolife HaNpsKeHHUs,
MPOTPECCUPYIOIUE C MOBBIIIEHHEM TEMIIEPATYpP.

ITpoBeneHHbIE MOJEIBHBIE SKCHEPHMEHTHI B CICIHAIN3UPOBAHHOM IaKeTe
nporpaMM ANSYS npu auHammpueckux Harpyskax nokasanu, uro 3D HJIC B
cucreMe ‘“3epHO-CBs3Ka-MeTamtodaza-OM” CyIIECTBEHHO 3aBHCHUT OT CKOPOCTH
man($oBaHUs, MapKd M KOJMYecTBa MeTamioda3sl B alMas3HBIX 3€pHAX.
Pe3ynbraThl JUHAMHYIECKHUX MCCICAOBAHNI UMEIOT CYIIECTBEHHBIE MPEHMYIIECTBA
M0 CPABHEHHIO CO CTATHYECKHM MOJICINPOBAHHUEM.
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