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UCCJIEJOBAHHUS 3®PEKTUBHOCTH NMPOLLECCA
MATHUTHO-ABPASUBHOH OBPABOTKHW LLHJIIMHAPHYECKHX
HETAJIEH

B nocjeaniie roapl NPaAKTHYCCKOE NPHMEHEHIIE HAXOAUT METO ﬂﬁpﬂl 18-
1Hoil 0GpaGOTKH B MarHHTHOM MOJE C HCNO/ABL30BAHHEM (DePPOMATHITHOTO
HOPOWIKA, KOTOPLIT HAXOAUTCSH B NOABHAKNO-CBAZANHOM 11 CKOOPANNIPOBAL-
HOM COCTOSIHITH OTHOCHTEJNBLHO OGPEGHTHHHCM() NOBEPXHOCTH ACTaMN, K na-
CTOAEMY BPEeMEeHH HAKOMJIeH 3HAUNTEAbHLI SKCHEPHMEHTAaJbHLIT MaTe-
pHaJ, No3BOASIOULNII ONpefe/inTh (aKTOPLI, BAUSIOLIHE HA CHIKEHHE Wepo-
XOBATOCTH N pasMepHbiil (MaccoBbiit) chem meranaa. Takumn pakropami
SIBJSIOTCS BEJINUHHA MaTHUTHOMN HHAYKUHH B paGouem 3a3ope; (H3IKO-MeXa-
HilecKHe CBOiicTBA MaTepHana o6paGaTLIBAEMOIl AeTann W MarniTHo-abpa-
3UBHOTO NOPOUIKA; BeJAHYHHA PaGOuero 3a3opa; CKOPOCTh OTHOCHTEILHOTO
nepemeleniis MopowKa i AeTaan; HadHuHe OCLH/INPYIOUEro ABIKEHNHS 10~
JHOCHBIX HAKOHEUHHKOB (A€Tajii); COCTOSIHHE HCXOAHOM HOBEPXHOCTI CO-
€TaB cMa3ouHo-oXJAaxAaiomux xuakocreii (COXK); aucnepcrocts nopoika
[1, 2]. Mansueiiman uHTeHCHOUKALHA NpOLECCa MOXKET ObITb AOCTHIHYTA
NnyTeM CO3JaHHsi MOAYJIHPOBAHHOTO MAarHHTHOro moJs [2].

Lleab nactosiweii paGoThl — onpejesenie BAHAHUS BEIMHKHL 1 Xapak-
Tepa TOKa, MHTAIoWeEro o6GMOTKH HHAYKTOPA, HA OCHOBHLIE Pe3y.bTaThl Mar-
HHTHO-a6pa3uBHO 06paGOTKH.

Jlas npoBefiesis 3KCNEPHMEHTANbHbIX HCCACAOBAHNI GLLIH HCMO/BL3O-
BaHLl YCTAHOBKA, CO3/ianHasi Ha Gase TOKAPHO-BHHTOPE3HOTO CTAHKA, H Pa3-
paGoranuslii A5 370 UeaH 60K MHTaHHA,

OGpabaTbiBaeMasi eTa/ib KPemiaach B MATPOHE 1 LEHTPE NMHHOAN 3aj-
Heii 6aGkn. Bpautenne aerann o6ecneunBanoch KHHEMaTHUECKOil LENLIO
BpAlLEHIS WHAeAS. DNEKTPOMATHHTHEI  HHAYKTOP, BLIOJAHEHHLIT 10
cxeme MaruuTHo-aGpasusHOii o6paGoTku Ten Bpawennsi [1], yerauasai-
BAETCS HA NONePeUHbIX HANPaBJAIOLHX CYNNoOpTa CTaHKA I BKJIOYACT Ka-
PeTKIl ¢ MAarHHTONPOBOAAMH, SJEKTPOMATHHTHLIC KATYWIKH 11 CMEHHLIE N0-
JIOCHBIe  HAKOHEUHHWKH. MaruntHoe nojie B paboueM 3a3ope co3faercs
KaTylkami, HacakeHHLIMH Ha Maruutonposoan. B kauectse COXK npu-
MeHsIcs BOAHBIT pacTBop AKBOJ-3. COBOKYNHOCTb NPOLECCOB, MPOHCXOAS-
ux B paGoueii 30He, NPH MarHHTHO-aGPA3HBHOM NOJIHPOBAHIN ONpEAEs-
ercsi B KOHEUHOM HTOre BHEWIHHM MarHHTHBIM [10J€M, [POHH3LIBAIOULIM
3ony ‘o6paGorki. [lpunuunuaibhas cxema JeiicTBHsI uyacTi B pabouem
NPOCTPAHCTBE, UX KHHEMATHKAa W JAHHAMHKA MOAPOGHO PAaccMOTpeHbl B pa-
Gorax [1, 2].

Henwityemble 06pasitbl H3TOTOBJISIACH 13 HOPMAJNH30BAHHON KOHCTDPYK-
wionHof ctaan 45 B BHAE KOJEI C HAPYXKHBIM AHamMeTpom 40 MM, BHYTpeH-
M — 22 Mm H wHpHHO# 20 MM, OnpaBKa ¢ 3aKpelVIeHHBIMH Ha Heil KOJib-
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uaMil  yCTAHABIMBAJIACH B LEHTPAX MEXAY TOJIOCAMH 3/1eKTPOMArHuTa.
B paGoune 3a30pbi (§=1 MM) KOHLEHTpHUECKONl (OpMbI 3ackinanach 103H-
pyemasi nopums nopoiuka. Onpaske cooG6liaoCh BpallaTe/bHOE ABIKENIe
co ckopocThio v=98 M/MuH. YacToTa Bpaulenlis nepein KaxAbiM ONLITOM
KOHTPOJIHPOBaJach TaxoMerpoM. Ilo okowuanun o6paGoTku 06pasiibi B3Be-
uiBajnch Ha JaGopaTopunix Becax momean BJIP-200 n onpegensiach ue-
POXOBATOCTh O6PA0ATHIBAEMOI TOBEPXHOCTH.
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Puic. 1. 3aBHCHMOCTS CheMa MeTaata Am OT BEAHNHHB MAKCHMAABHOTO ToKa [ (f=2 min,

3epuncTocTs nopomwka 100 mxm)

Pue. 2. Bpemernas 3aBHCHMOCTh WIePOXOBaTOCTH 00pasuos (Rq): [ —I1=2 A; 2—4

AaBath Ha OOGMOTKH 3JEKTPOMATHHTOB TOCTOSIHHOE, NYJbCHPYIOLLEE OO~
noAApHOe H ABYXNOJAPHOE HAMPsIKeHHE.

B onbiTax ¢ MOCTOSHHBIM TOKOM BapbHPYEMBIMH mapaMeTpaMmil siBisiinCh
BeNHUHHA MAaKCHMAaJbHOTO TOKAa B OOMOTKax m Bpemsi oGpaGotii. Ilpu
3TOM B KauecTBe (h)epPOMArHHTHOTO aGPa3UBHOTO MOPCLIKA HCMOAL3OBAJICS
kepmer ¢ 85 mac.% senesa i 15 mac.% kapGuua THTaHa, MHKPOTBEPAOCTHIO
24,5-10° H/m?, sepuucroctsio 100 i 160 MkM.

Mexanusm BozjeiicTBist (peppoMarHuTHOl a6pa3uBHOi MacChl B MarHuT-
HOM [0Jie BecbMa CJ0XKeH. 3/1ech MefCTBYIOT TakHe (akTopbl, Kak nepeme-
uieHHe M yjlepkanue uacTHi, aGpasuBa B 3a30pe, KO3(D(HIHEHT MOJE3HOrO
HCTIONB30BAHKS MJIOIAAH paGoyero 3a3opa, MarHHTHAsl WHAYKUHSA, COOTHO-
wenne TBEPAOCTEll, «CaMO3aTauHBAEMOCTb», COOTHOIUEHHE MEXy npoilec-
caMi MHKpOpe3auHs W noiuposamus, Bausnue srna COXK n tepmuuecknx
addexron. Tpu uanammsannu B a6pasuBHOil cpefe BOIMOKHO cnennpuie-
CKOE WapXKHPOBaHHe H OTPHUATEbHBIE H3HOCH [2, 3] .

3aBHCHMOCTb CheMa MeTawia Am OT BeJHUYHHLI MAaKCHMalbHOro Toka /
HOCHT HEeMOHOTOHHBII (BoJHHCTHI) xapaktep (puc. 1). Ecam nckmounts
(aKTOpBl, HEe MEHSIONIHEeCs B XO/le SKCTePHMEeHTa, @ TakKe yUecTb, TO Ha-
Janune COJK B paboueii 30He NpPENATCTBYeT afre3vH KOHTAKTHPYIOUIHX Ma-
TepHasoB 3a cueT GBICTPOrO 06PA3OBAHHS MJCHOK HA IOBEHHJbHBIX yuact-
Kax MOBEPXHOCTH AeTann [2], ToO OCHOBHBIMH (haKTOpaMH, ONpee/sIomiMI
XapakTep MOJYYEHHOH 3aBHCHMOCTH, MOXKHO CUHTATL MATHHTHYIO HHAYKLHIO
i TepmuueckHe shheKThl. AHAJIOTHUHOE sABJEHHe, HazBanHOe 3S(dexTom
3u6eas—Keasn [4], COCTONT B HEMOHOTOHHO!H 3aBHCHMOCTH H3HOCA NPH
YBEJMUEHHI HOMHHAIBLHOTO JaBJEHHs Ha JKeJe30cojepxauiux o6pasiax.
10 sBaenne OOBACHAETCS CMEHON MeXanW3MoB paspyuienns. B sone / n3-
HaLIBAHHE NPOHCXOAHT VIABHLIM O6PA30OM B YC/OBHSX MJAaCTHUECKOro je-
(opmupoBanns; B 30He /I HWHTEHCHBHOCTb H3HALIMBAHHS =~ YMEHbIIACTCH 3a
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cuer 06pasoBanusi OKHCHBIX MJIEHOK; B 30He [/] paspyluenue npOHCXOAMT
B yCJOBHSIX npeoGiajanus ynpyroro aedopmuposanis, B 30He /V uanaum-
BaHHE BHOBb MPOHCXOAMT NMPH NJIACTHYECKOM AepOPMHPOBAHHH C Mepexo-
nom B abpasushoe. Mcenonbsopanne sddexra 3nbeas—Kens aas obbacie-
HHSl NOYUeHHOM KPHBOH (pHC. 1) OCHOBHIBAETCS HA 3aBHCHMOCTH AdBJACHHS
NOpoUIKa Ha MOBEPXHOCTb 06pasua ot MarHUTHOH HuAYKuHH [2] M, caeno-
BaTesbkio, Toka /. M3 npusepennsiX Jaunupix  (pue. 1) BuAHO Takxke, uTO
BOJIHOOGPa3HbIil XapakTep AaHHON 3aBHCHMOCTH NPH OOl TeHAEHIHH BO3-

Am,r

04

03 o
02| Ity

1 :i—]t

l o

P R
o1 0z 03 0% 05 06 07 08 09T

Prc. 3. Bausiue OTHOCHTEBHON JUIHTE/BHOCTH WMAYJBCA TOKA T Ha CLeM Metasaa Am
(t=3 mun, /=4 A, T=5¢)

pactaHus cbhbema Mmeranasaa HabJiofaeTcs U B AajibHeiilem Ha yuactke 2.
IMo-suanmomy, 3aech ckaswiBaercs Hajoxenne Ha 3(dexr 3ubens—Kens
TAKHX B3aHMOCBA3aHHBIX quTOpoﬂ, KaK MOBbLIIIEHHbI Harpes jaetanmu TO-
KaMH, BOSHHKAIOWHMH TPH €e BpalleHHH B MAardHUTHOM MOJe€, HacbllleHne
MarsnTHol CHCTEMbI, @ TAaKXXe BLIHOC MNOPOMIKA H ero nepepacnpejaesiesue
B pabounX 30HaX.

Ananus BPCMEHHOﬁ 3aBHCHMOCTH LIEPOXOBATOCTH MOBEPXHOCTH 06p33~
UOB NpH MOJHPOBAHHH HX MOPOWIKOM 3epHHCTOCTBIO 160 MKM nokasuiBaer,
UTO H3MEHeHHe MATHHTHO! MHAYKUHH NPAKTHUECKH HE OKA3LIBAET HA Hee
BJIHAHHSA. I.Llepoxoaamcrb TIOBEPXHOCTH DGPEJU.OB 3aMETHO CHHXKaeTcsi B
TeuerHe nepsbix 60 CekyHa NOJHPOBAHHS, a 3aTeM OCTAETCH MOYTH HEH3-
MEHHOIi.

Ipu nutanHH O6GMOTOK 3JEKTPOMATHHTOB MyJLCHPYIOUIHM OJHOMOASP-
HBIM TOKOM MarHHTHOE mnojie B paGoueM 3a30pe He TOJIbKO NpepLIBAeT KOH-
TAaKT PEKYUIHX 3€PeH C JeTaiblo H 0CAAG/AET CHALI TPEHHs, HO H CHOCOG-
CTBYeT NEepeMelInBaHHIO MOpolKa H coobuiaer 3epHaM  JAONOJHHTENbHOE
OCUHAJIHpYIOUlee JABHXKE€HHe B BEPTHKA/JbHOM HanpasJeHHH — ONycKaHHe
TNopolKa BO BpeMsi Nay3bl MHTAIOUIEro TOKAa H NOJAHSITHE BO BpeMs Nojauu
uMnyabea [2). 310 ocuHAAMpYIOLLee ABHXNKEHHE NOPOUIKOBOH Macchl Hal,iio-
Aanoch BH3ya/lbHO BO BPEMSl SKCINEPHMEHTOB. 3aBHCHMOCTb CheMa MeTaana
OT NepHoAa CJeIOBAHHA NPAMOYIOJbHLIX OAHOMOJSPHBIX HMIYJBCOB HOCHT
BoHOOGpasHbifi Xapaktep. [Ip 3TOM MaKkCHMa/bHOE 3HAUEHHe CheMa Me-
Tasia nojyueHo npu nepuofe T=4 c. Ita BeJHUHHA CHEMA HECKOJIBKO HIKeE,
UeM NpH MHTaAHHH 06MOTOK 3JIEKTPOMATHHTOB NMOCTOSAIHHBIM TOKOM MpH 1Po-
YHX PaBHLIX YCJOBHAX. OTKAOHEHHE OT YKA3aHHOro 3HaueHHs nepuoja
TNPHBOAMJIO K CHHXKEHHIO CbéMa MeTaJJa. Hau6oabmas PasHoOCTh HCXOAHOM
H KOHe4HOft EepOXOBATOCTH MOJyYeHa MPH 3HAYEHHH NEPHOAA, COOTBETCTBY-
omero MHHHMaJbHOMY CbeMy MeTaJjuia. 3HAYHTENBHOTO CHHIKEHHS wepoxo-
BATOCTH NOBEPXHOCTH MO CPABHEHHIO C BAPHAHTOM NHTAHHA 06MOTOK 10CTO-
SIHHLIM TOKOM HaMH He MOJYy4YeHO. 310 MOXKHO OGBACHHTL TeM, UTO BEKTOp
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OCUHJHPYIOUIEro JBHXKeHHs (heppoMarHuTHON abpasHBHOfl macchl coBna-
JlaeT ¢ HanpaBJeHHeM HCXOIHLIX HEPOBHOCTEl Ha MOBEPXHOCTH AeTaJH noc-
JIe NpeBapuTe bHOH MexaHnueckoil 06paGoTKH.

B onbiTax ¢ nyJibCHPYIOUIHM ABYXMOJISPHBIM TOKOM HCCJIEA0BAIOCH BN~
Hie AJANTENLHOCTH H NEpHOja CIeIOBAHHS NPAMOYTONbHLIX HMIYJIbLCOB Ha
nHTeHcHBIKALNO npolecca 06paGoOTKH NPH NMOCTOSHHOM 3HAUEHHH TOKa H
aepHicTocTH nopourka — 160 mxm.

3asncumocts Am=Ff(t), rae 1=t,/T (puc. 3), umMeeT CHMMETPHUHBIT Xa-

paKTep ¢ MHHHMYMOM TIPH OTHO-

Am,r cHTeabHOil anuTeabHocTH T=0,5.
051 Ipu 3TOM 3HAuYeHHH T MOJyueHa
TAaKKe HAHMEHblIas WepoXosa-
TOCTb, COOTBeTCTBYIOWAA Ro=
Lo =0,12 mem. CHixenne cbema
Merajja # IWepoXoBaToCTH NpH
03+ sHauennsx 10,5 MOKHO 06bsIC-
HHTb  yMeHbIICHIEM CyMMap-
HOfl  CHJbl B MecTe KOHTaK-

o2y
orr Puc. 4. 3apncHMocTh Chema  MeTaana
OT NepHONA CICNOBANHS HMIYJBCOB:
— 0 ¢; 2—60; 3—90; 4—120;
gt 5—150; 6—180; 7—210 (/=4 A;

L 0
7 2 3 % 5 4 7 8 9c T=05)

Ta (eppoMarHHTHBIX 3epeH C TNOBePXHOCTHIO JeTajH, a TaKke ua-
cTHUHOl noTepeii nopoulka 1 Gojee HHTEHCHBHHIM €ro mepepacrpesieeHiem
BHYTPH 3a30poB. M3-3a HHAYKTHBHOCTH OGMOTOK HHAYKTOpAa TOK B OGMOT-
Kax HapacTaeT 3aMelJeHHO H He yCneBaer JAOCTHUL CBOEro aMILIHTYJXHOTO
3HaueHns c yseanuenneMm vuactorel [=1/T. IIpn 3Hauennsix v, GJAHIKHX K
HY/IO W eIHHHI, BBHAY KPATKOBPEMEHHOCTH HMNYALCOB fy 0 (T—ty) npo-
HCXOAAT JHIIL BCIJIECKH TOKAa Ha ()OHE €ro MOCTOSHHOTO —aMIIMTYAHOrO
3HaueHts. DTOT PeXHM N0 MapameTpy AJHTENbHOCTH HMIYJbCOB MOXeT
6biTh PEKOMEHA0BAH AJist (PHHHIIHON AOBOAKH (MOAHpOBaHus) Aeraneii.

Buiio ycTaHOB/IEHO, UTO C yBesHueHIeM BpeMeHH o6paGoTKH H nepHoaa
CJIelOBAHNS HMINYJBCOB pacTeT i chem Metajna (puc. 4). Ilo-suanmomy,
He CJIe/lyeT upe3MepHO NOHHXKaTth napamerp T NpH CTPEMJICHHH OGECTeHThH
BLICOKYIO MPOM3BOMHTENLHOCTh MOJHPOBaHHA. DTO HMeeT 3HAuEHHe B TeX
cayuasix, KOrja noc/ie npeasapurtesbuoii o6paGoTKi Ha NOBEPXHOCTH JeTait
HMeloTes HeGoJblHe PAKOBHHLI 1 IEPOXOBATOCTH, KOTOpPHe ClEAyeT yaa-
anth. B npakTHuecKOM nuane AaHHbie 3aBHCHMOCTH NO3BOJSIOT YCTAHOBHTH
BEJIMIHY ChbeMa MeTajia NPH KOHKPeTHLIX 3HAueHHsX MepHoja Cef0BaHNs
HMIY/IbCOB H BpeMeHH 06paGOTKH.

Hamenenne nepuosa c/ie0BaHHs HMIYJIbCOB TOKAa He MPHBENO K 3amer-
HOMY CHHJKEHHIO 1IepPOXOBATOCTH NoBepXHOCTH. Kak i B ONBITaX ¢ HCNOJb-
30BaHHEM MOCTOSHHOTO TOKA JUISi MHTAHHS OGMOTOK 3/1€KTPOMArHHTOB, MIe-
POXOBATOCTH MOBEPXHOCTH 3aMETHO CHH3HJAch HAa 06pasuax ¢ ANHTENb-
HOCTBIO 06paGoTKH Gosee 60 ¢ H ocTaBajach Ha TOM JKe yPOBHE HE3ABHCHMO
OT 3HaveHHs NePHO/A C/Ie/IOBAHHS HMITYJICOB.

Takum 06pa3oM, B OCHOBY HHTEHCH(HKaUHH mpouecca Mar{uTHO-aGpa-
3uBHON 06paGOTKH WHJAHHAPHUECKHX AeTaJeil J0JKeH GbiTh NOJoXKeH aud-
(pepenunpoBannblii NOAXOA. B 3aBHCHMOCTH OT TOrO, HYTO MbI CTPeMHMCS
HHTEHCH(HILIPOBATh — ChEM MEeTa/Ja WIH CHHXEHHe IIepOXOBATOCTH, He-
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06X0HMO HCHOJB30BATH JHGO NOCTOSHHHIA TOK, JHGO TMEepeMeHHbIH, HMeo-
1Kl COOTBETCTBYIOIHE 3HAYEHHS JUIHTEJILHOCTH H MepHoja  CJ/eAOBaAHHS
HMITYJIbCOB.

0O6o3nauenns

& — paGounii 3a30p KOHUEHTPHUHON (HOPMH; U — OKPYyKHaA CKOPOCTh 0GpabaTHBAEMOrO
Koablla; Am — cbem Meraina; / WAa TOKA; R, — napametp MEPOXOBATOCTH: T — OTH
CHTEAbHAS AAHTEABHOCTL HMIYAbCA; [y — NPOACAKHTENBHOCTD NOJOKHTEABHOIO HMIIYALC:
T —nepuoj CAEAOBAHHA HMIYALCOB; {— BPeMs 06paGOTKH; f— yacToTa nyabcaunii ToKa,

Nomenclature

& — working clearance of a concentric shape; v — peripheral speed of the processed
ring; Am — mefal removal; / — current intensity; Ra — roughness paramefer; t— rela-
tive pulse duration; , — positive pulse duration; T — repetition interval of pulses; ¢ —
processing time; [ — frequency of current pulsatins.

Figure Captions

1 Dependenve of mebal pemoval A on the valie of maximum curent /2
granulanty ol powder 100 pm).

Fig. 2. Temporal dependence of specimen roughness (Ra): [ —/=2 A; 2 —4.

Fig. 3. Influence of relative duration of current pulse t on metal removal Am(t=
=3 min, /=4 A, T=55s).

Fig. 4. Dependence of mefal removal on the periodicily of pulses; I — (=30 s; 2—
60; 3 — 90; 4 — 120; 5 — 150; 6 — 180; 7 — 210 /(=4 A; 7=05).

Summary

Studies is the effect of the paramelers of electric current carried to electromagnelic
inductor windings on the value of metal removal and surface roughness in the process
of magnetic-abrasive treatment of cylindrical workpieces.
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