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Pa3paboraH crnocob obecrneyeHusi
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N3 UBETHbIX METaJIJIOB U X CI/1aBOB.
OnpepgernieHa cxeMa yCTaHOBKM 04
HeobxoanMble yCcrI0Bus npoLecca

ux o6paboTkn, paccYNTaHHOIro

Ha coYyeTaHue MexaHN4ecKoro

Uy aHO4HOIro BO3A4eiCTBUS

Ha NOBEepPXHOCTb 3arOTOBKU.
KomninekcHasi TexHosiorusi no3Bossiet
AOCTUraTh rnpesycMoTPEeHHbIX
Ka4eCTBeHHbIX XapaKTepucTuK

Y LLUIMPOKO BapbnpoBaTh napameTpbl
Kak npuv onepaunsx TO4eHNs, TakKk

u ppe3epoBaHns geTaseri TPaHCIOPTHbIX
arperaros, y3/108 U MaLLWH.

KnroyeBbie crioBa: TPAaHCMNoOPTHbIe MaLLIVHbI,
0b6paboTka getaneu, atoMUHWIA, CUITYMUHBI,
ToYeHne, ppesepoBaHme, napameTpb
KayecTBa, LLIepOX0BATOCTb, SJIEKTPOJIUT,
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FEesceee JImumpuii
ITennaoueeuu — dokmop
MexXHU4ecKux HaykK,
npogeccop Mockoscko-
20 20cy0apcmeeHH020
YVHUBepcumema nymei
coobuenus (MUHUT),
Mockea, Poccus.
Kyauxoe Muxaua FOpo-
eeus — 0OKMop mexHu-

uecKux HayK, npogheccop
MHUHUT, Mockea, Poccus.
Hnosemuee Bumaauii
Eeeenveeuu — kanouoam
MexXHU4ecKux HayK, cm.
npenodasamens MUHUT,
Mocksa, Poccus.
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PUMEHEHHE BbICOKOTEXHOJOTMYHBIX
MaTepuajoB MO3BOJISIET 00ECIICYUTh
TpeOyeMblii ypOBEHb KauecTBa Malll-

HOCTPOUTEJIbHOM MpoayKuuu. TexHojsoruu

MPOU3BOJCTBA MAaTePHUAIOB IIOMOTAlOT CO3/1a-

BaTh B OOJILIIMHCTBE CJy4aeB yXKe TOTOBBIC

neTalu 0e3 JOIOJHUTEIbHBIX OIepaluii

(dopmoobpazoBaHus. OTaenbHbIE KAaTETOPpUN

METaJUIOU3E/INIA MOIYy4aloT, IPUMEHSIST YK~

CTOBYIO MeXaHMYECKYyI0 00paboTKy. [ToaTomy

MPOOJIEMBbI, COITYTCTBYIOIINE TTOAOOHBIM OITe-

paLMsIM, OYeHb aKTyaJlbHbI U TPEOYIOT MHIM -

BUJIyaJIbHOT'O IMOAX0/A K UX PEIICHUIO.

O0OpaboTKa LIBETHBIX METAJIJIOB U MX CILIa-

BOB — M3 3TOr0 paspsijia, U OHa TpeOyeT He-

TPUBMAJIBHBIX PEIICHUI M TEXHOJOTUYECKMX

noaxonoB. M3BeCTHO, YTO IIMPOKOE IIpUMeE-

HeHUe, K IPUMepY, AJIIOMUHMS U €ro CILIaBOB

Ha XeJIE3HOIOPOXHOM TPaHCIIOPTE €CTh pe-

3yJIbTaT YCUIINIA, HaITPaBJICHHbBIX HA CHYDKEHUE

OCEBOI1 HArpy3Ku, TaK1ue MaTepHalibl 001aaa-

0T BceMU (pU3UKO-MEeXaHUYECKMMU KOH-

CTPYKLIMOHHBIMM CBOMCTBAMU U HE IOJBEP-

JKE€HbI KOPPO3UM; KPOME TOI'0, MHOTHUE aJIio-

MUHHUEBbIE CILIaBbl XOPOIIO IMOIAAAITCS



cBapke. Bripouem, nx MexaHudyeckasr oopa-
0oTKa 3aTpyIHEeHa ITpY HU3KOH 1IepOX0BaTO-
CTU TIOBEPXHOCTH JIeTaJIeil N 3aTOTOBOK.

1.

DKCTIepUMEHTAIBHO TTOATBEPXKIEHO, UTO
3(PPEeKTUBHBIM CITOCOOOM JJISI TTOJYUYEHUS
TpeOyeMBbIX IMapaMeTpOB KauyecTBa MOBEPX-
HOCTHOTO CJIOST JIeTaJIeld U3 IIBETHBIX U TIOPH -
CTBIX METAJUIOKEpaMUUYECKNX MaTepUuaioB
SIBJISIETCSI JIe3BUITHAST aHOTHO-MeXaHuIecKast
obpadbotka (AMO) [1].

Jle3Buitnass AMO nipu TOUEHUM TTPEICTaB-
JISIeT cOYeTaHNe METOIOB YIaJIeHUST OCHOBHOM
YacTH TIPUITYCKa MeTajla MeXaHUIeCKUM
CIT0COOOM 1 OTHOBPEMEHHO aHOIHOTO pac-
TBOPEHMUS MeTajlIa 00pabaThIBaEMOI IMOBEPX-
Hoctu. [llepoxoBaTocTh MOTydaeMoii ToBepX-
HOCTU 3aBUCHUT OT PEXMMOB MEXaHUYECKOU
00paboTKU, (popMUpPYIOLIEH TTpeaBapuUTeIb-
HYIO CTPYKTYPY TTOBEPXHOCTHOTO CJIOSI, BbI-
cTynaronieit 6a30Boii i1 aHOTHOTO TTpoliecca
00paboTKu. Yem Jydllre 111epoXoBaToCTh MO-
BEPXHOCTH B pe3yJibTaTe JIE3BUIHON 00padboT-
KU, TeM 3(D(heKTUBHEE CKa3bIBACTCS ICCTBIEC
AHOJHOW 00pabOTKM MPU JOCTUKEHUU OKOH-
YaTeJIbHBIX TTapaMEeTPOB IIEPOXOBATOCTH |[2].

B xone ne3suitHoit AMO BO3MOXHBI pa3-
JITIHBIE COUYETAHMS MEXaHUTIECKOM 1 JIEKTPO-
XUMUYECKOW COCTaBJISIONINX, KOTOPhIE pea-
JIU3YIOTCS C TIOMOIIIBIO CXEM BBEJICHUS IJIEK-
TPUYECKOTO TOKA B 30HY pe3aHus. B Hammx
WCCIIeNOBAHUSIX OIpeesieHa Hanbosee (-
(bexTUBHAs 2EKTpUUECKas CXeMa, TTO3BOJISI-
0111ast TOCTUYh HAMMEHBIIIEH IIepPOX0BAaTOCTH
TMTOBEPXHOCTU M3 MEIHBIX U aTIOMUHUEBBIX
CIIJIaBOB.

Hcxons 3 aHanm3a UCTOYHUKOB [1, 2],
pu 06paboTKe AeTajeil BApbUPOBAIUCH Clie-
nytoire akTopbl: pabouee HaTpsTKEHUE —
U, B (12—24 B), ckopocTb pezanust — V, M/MUH
(100—350 M/MUH), KOHLICHTPAIINS TTPUMEHSI-
€MOro ayiekTposuTa — o, % (20—40). Ocrajib-
Hble (aKTOpbl (PUKCUPYIOTCS M OCTAIOTCS
TTOCTOSTHHBIMM.

HccenoBanust mpoBOIUINCH C TIPUMEHE-
HUEM TPEX CXeM C Pa3IMIHBIMU TUTIAMU TIOT -
KJoueHus ayekTponos (puc. 1). Bo Bcex
CITydasiX TOJIOKUTEIbHBIN 3apsifi 3JIEKTPU-
YECKOTO TOKa TOJIBOIMIICS Ha 0OpabaThIBae-
MyI0 JieTaib. B KaXmoil n3 cxeM BapbUpOBa-
JIOCh TIOJIOKEHUE BTOPOTO OTPUIIATEIBHOTO
anekTpona. B 1-ii cxeme Takoil anekTpon
MMOJBOJMIICS HETIOCPEICTBEHHO K PE3ILY.
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Cxema 1

Cxema 3

Puc. 1. MpuHunnnanbHble cXeMbl yCTaHOBOK AJIsI
npoBefeHns aHoOQHO-MeXaHN4eCcKov 06paboTku:
1 — pexxyLmnii UHCTPYMEHT; 2 — 3aroToBKa;
3 — anekTponut; 4 — metannnyeckas Tpyoka;
5 — uctoyHuk nuT. ; 6 —nep I1i pe3ncTop;
7 — MUKpoammnepmeTp.

Bo 2-it — B éMKOCTb ¢ a5ekTpoanTom. B 3-i1 —
K 30He pe3aHud Ha paccrossHue 0,1—0,5 MM
OT 00pabaTbhIBaEMOIt IeTaIN.

Kaxk rmokasanm pe3yabraThl UcclieIOBaHUI
(puc. 2), BIIpoliecce pe3aHus CUIIYMIHOB ITPU
ne3BuitHoii AMO HanMeHbIasg IIepoxXoBa-
TOCTb TOCTUTACTCSI TIPU MCTIOJIb30BAHUHM CXE-
MBI 3, B KOTOPOI TOCJIe pe3aHusI ITPOMCXOIUT
aHOIHOE PaCcTBOPEHME 0OpadaThIBacMOIA T10-
BepxHocTU. M3BecTHO, 4YTO oOpa3oBaHUe
OKHCJIOB Ha 00pabaThIBaeMOM MTOBEPXHOCTH
3HAYUTEJIBHO CHIDKACT ITOKA3aTeId 3JICKTPO-
XUMHUUYECKO 00paboTku. OCoOeHHO 3TO
3HAYMMO ITPY aHOTHOM PACTBOPCHUY aJTFOMU -
HUEBBIX CIUIABOB, UMEIOIINX BHICOKYIO CITO-
coOHOCTh K okuciaeHuto [3]. [IpumeHenue
WMEHHO 3TO# CXEMBI MO3BOJISICT MOIYIUTh
HaMMEHBIIYIO IIePOXOBATOCTh TTOBEPXHOCTH
B mpoiecce ae3BuitHoit AMO. B nanHom
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clyyae OCHOBHOM MPUITYCK YHAISIETCS Jie3-
BUUHBIM UHCTPYMEHTOM, OCTaBIIUCS TIPU-
ITyCK YOAJISICTCS TIOCIIC aHOTHOTO PACTBOPEHUS
1 OKOHYATEJIbHBIN MUKpopeabed dopmupy-
€TCs B XOJIe SJIEKTPOXUMHMYIECKOM 00paOOTKH.

2.

JanpHe1me ncciaenoBaHus MIPOBOIMINCH
MPpU UCIOJb30BaHUU cXeMbl 3. MI3BeCTHO
0oJIbIIIOe BIMSIHUE COCTaBa BJICKTPOJIMTA
Ha TT0Ka3aTesIn 3JeKTPOXUMUUECKOl obpa-
60TKM [3]. B XauecTBe 2JIEKTPOIMTA BLICTYIIA-
JIM BOOHBIE PACTBOPHI — XJIOpUIa HATPUS
1 HUTparta Hatpus. Kak moka3aim pe3yasraThl
(puc. 4), Haubosee 3(pHEeKTUBHBIM 3apPEKO-
MEHIOBaJI ceOsl BOMHBIN pacTBOP XJIOpHIa
Hatpus. [Iponecc 0o6pabOTKM MPOXOIUT
¢ OoJiblIIelt oTHavell Mpy KOHLIEHTPAIlUK pac-
TBOpa 0KoJ10 25—30%. YBenuyeHue ero KoH-
IeHTpauKu 10 00jiee BHICOKOTO YPOBHS
YXyAIIaeT MIEPOXOBATOCTh 00paboTaHHOM
ITOBEPXHOCTH, YBEJIMUMBACT BI3KOCTh PACTBO-
paanekTposuta [3, 4], 4To TPUBOIUT K YMEHb-
IIEHWIO TIPOU3BOIUTEIBLHOCTHU IIpollecca
AHOIHOTO PACTBOPEHMUSI.

H3MeHeHMe HANPSDKEHUST B 3JCKTpUYe-
CKOW Lenu nmpu ne3BuitHoit AMO Takxke
BIUSIET HA LIEPOXOBATOCTh 00padOTaHHON

Ra, MKM
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noBepxHocTH. [1o Xomy ncciaemoBaHMil HAIIPSI-
JKeHHUE B LTI BapbHUPOBAJIOCh B THAIla30HE
12—24 B. JlanpHeiilnee yBeIndIeHUE HAIIPSI-
JKEHUSI TIPUBOMINT K IIPOOOIO B MEXKIICKTPOI-
HOM 3a3ope. TeM He MeHee U3 pe3yabTaToB
9KCIIEPUMEHTOB ciienyeT (puc. 3), 9To pocT
HATIPSDKEHUSI B TSI TTOJIOXKUTEIBHO BIIUSICT
Ha KayeCTBO IIIEPOXOBATOCTH.

bonbmoe comepkaHue adTlOMUHUS
B 00pa3uax cuuiyMruHOB (0K0J10 87 %) crioco6-
CTBYeT YBEJIMYECHUIO CKOPOCTH IIpoliecca
AHOOHOTO PACTBOPEHUS IPU JIE3BUNHOU
AMO. [ToaTomy 006paboTKa OCYIIECTBISIACH
Ha BBICOKUX CKOPOCTSIX TIPU UCITOIb30BaHUM
TaKMX YCIOBUU TpaBJICHUSI, KOTOPBIC TIO3BO-
JITIOT CHU3UTH YPOBEHDb IIEPOXOBATOCTH.
Hccnenosanus mokaszanu (puc. 2), 4T0 MUHU-
MaJibHas IIepOXOBAaTOCTh 00paboTaHHOM
TMOBEPXHOCTU CYUIYMHHOB IOCTUTAETCS TP
CKOPOCTAX pe3aHud B auamnaszoHe oT 200
1o 300 M/MuH.

B pesymbrate skcnepuMeHTaTbHBIX MCCIIe-
MOBaHU (hOPMUPOBAHUS KauecTBa ITOBEPX-
HOCTH IIpU 00pabOTKe CHIIYMUHOB YCTaHOB-
JIEHO, YTO LIEPOXOBATOCTb 00paboTaHHOM
noBepxHocTu gocturaer Ra < 0,60 MM ripu
ne3uitHoit AMO ¢ ucrionb3oBanuem 30%-ro
BoxHoro pactBopa NaCl, pu cKOpocTH pe-
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0,9
Puc. 3. BnnsHune HanpsokeHus ’
an1eKTpuYecko uenum 0,8
Ha LWepoxoBaToOCTb MOBEPXHOCTH Npu
06paboTKe CUTYMUHOB. 0,7

e V=1 00M/MUH
il /=2 50M/MUH
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Ra, mkm

0,8

Puc. 4. BansHne KOHUeHTpaunn
3J1IeKTPOJINTA Ha LLIePOXOBaTOCThb
06paboTaHHOIi MOBEPXHOCTH
CUJTYMUHOB.

0,5

0,4
100 150 200 250 300

3aHus 250 M/MUH M HalpSDKEHUU 3JIEKTPU -
yeckoit uenu 24 B.

dopmupoBaHUe IIEPOXOBATOCTH 0OPabOo-
TaHHOI MOBEPXHOCTU CUJIYMUHOB MpU MC-
MOJb30BAaHUU 3-i 2MEKTPUUECKON CXEMBbI
se3BuitHoit AMO cocTOUT U3 ABYX TOCJIeN0-
BaTeJIbHBIX 3TAIOB: CHATUS MPUITYCKa C IO-
MOLIbIO IE3BUIHOI MeXaHUUYeCKOi 00paboT-
KU Y TTOCJIENYIOLIETO aHOAHOIO PaCTBOPEHUS
MeTajuia MMOBEPXHOCTH, BbILIEAIIEeH U3-T10]
MHCTpyMeHTa. Pa3paboTaHHas paHee MaTeMa-
TUYECKast MOJEJIb (POpMUPOBAHUS LIIEPOXOBA-
TOCTU 00pabOTaHHOI MOBEPXHOCTU [5] mpu
ne3BuitHoit AMO culyMUHOB U C YYETOM
XapakTepa mpolecca npuoopeTaeT Ciaeayro-
LIWIA BU:

Rz =hl1+h2+h3+h4—h5, (D
rne Rz — cpeaHsist BbicoTa Mpoduis 1mepoxo-
BaTOCTH;

h1 — cocTaBnasioiast npouis lepoxoBa-
TOCTH, OOYCJIOBJICHHAsI TeOMETpUE U K1He-
MaTUKON mepemeleHus paboueil 4acTu UH-
CTPYMEHTA;

h2 — cocTaBasioiast npouis lepoxoBa-
TOCTU, OOYCJIOBJIEHHAS KOJIEOAHUSIMU MHCTPY-
MEHTa OTHOCHUTEJIbHO 0OpabaThiBaeMoOil IMo-
BEPXHOCTH;

h3 — cocTaBasioiast npouis lepoxoBa-
TOCTU, OOYCJIOBJIEHHAS TJIACTUYECKUMU Je-
(opmanMsiMu B 30HE KOHTAKTa MHCTPYMEHTa
U 3aTOTOBKU;

h4 — cocTaBasioiast npouis lepoxoBa-
TOCTHU, OOYCJIOBJIEHHAsI IEPOXOBATOCThIO
pabouyux MOBEPXHOCTE MHCTPYMEHTA;

h5 — BennunMHa u3MeHeHUs MPOPUJIS 1ie-
POXOBAaTOCTHU, OOYCJIOBJAEHHAs! aHOAHbBIM
pacTBopeHueM mpu Je3BuiitHoit AMO.

B pesynbrate cratucTuuecKoit 00paboTKu
9KCMEPUMEHTAIbHBIX JAHHBIX MOAeIb (hop-
MUPOBaHUS LIEPOXOBATOCTH 00pabOTaHHOM
MOBEPXHOCTH AJ1s e3BuitHoit AMO nostydaet
BUJ:
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(2)
rae Ra — mokasarenb 111epoxoBaTocTy (MKM);
V — cKOpOCTb pe3aHus (M/MUH); » — KOHIIEH-
Tpauus sekrpoaura (%); U — 3HayeHUe
HanpsxkeHus (B).

3.

Bbina mpoBeneHa u onTuMu3aIus yeaoBui
G opMUpPOBaHUS IIICPOXOBATOCTH 00pabOTaH-
HOW IMTOBEPXHOCTU CWJTyMUHOB TIPU Pa3BEPTHI-
BaHUU U pe3bboHape3aHun metogom AMO.
I[MpuHUMN neiicTBUS B 3TUX OMepanusIx
CO cTIaBaMU HECYHIECTBEHHO OTIMYAETCS
ot ne3BuiiHoit AMO toueHreM. OCOOeHHOCTD
TMOOOHBIX MPOLIECCOB 3aKJIIOUAETCSI B MHOM
B3aMMO/JICHCTBUN PEXYIIET0O MHCTPYMEHTA
C MOBEPXHOCTHIO 3aroTOBKU. [1pu pa3BépThI-
BaHUU U pe3b00OHape3aHNU KPOMKa pexyIieit
YacTW MHCTPYMEHTA MO3BOJISET MOJIYIUTh
OCHOBHBIC T€OMETPUUYECKUE TTapaMeTpPHhI,
a MoceAyIOIUN TPOLECC aHOJHOTO PACTBO-
peHust PopMUpYyeT OKOHYATETbHBIE TEOMETPH -
yeckue MmapaMeTpbl 00paboTaHHOI TOBEpX-
HOCTH.

B pesymnbraTe mosydyaemM MaTeMaTUIeCKyIO
MOJIEJIb YMEHBIIIEHUS 1IEPOXOBATOCTU TIO-
BEPXHOCTHU NPU JIe3BUIHONW 00paboTke
1 AMO 1ipy pa3BepThIBAHUU:

201545 4 0039

R <l

ITocie COOTBETCTBYIOLIMX PACUETOB U TIPE-
oOpa3oBaHUll MaTemMaThuyeckass MOJEb
YMEHbIIIEHUSI 1IEPOXOBATOCTU MTOBEPXHOCTU
p Je3BuitHoir AMO Ha 3Tare pe3booHape-
3aHUS PUOOPETAET CASAYIOIINIA BUA;

8,39 0,66
e e

R .

OnTtuManbHbIE YCIOBUSI pe3aHUs TIpU
pa3BEPTHIBAHUU W pe3bOOHApE3aHUMU:

Ra

Ra
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V=20wm/mun, U =24 B, 30% xsopuna HaTpust
¢ noGasneHueM 2% HuTpuaa HaTpus (1Iepo-
XOBATOCTh TPU Pa3BEPTHIBAHUU COCTaBUIIA
Ra 0,51 MM, npu pe3bOOHape3aHUu —
Ra 0,21 mxm).

[Ipu yrcToBOiT 0OPAOOTKE ATIOMUHUEBBIX
CITJTAaBOB PEKOMEHTyeMasi CKOPOCTb Pe3aHUs —
400—500 m/muH [6]. Kak rmokasanu ucciieno-
BaHud, npu AMO onTUManbHOW SIBISETCS
ckopocthb 250 m/MuH. [IpoBeneHHBIE CTOM-
KOCTHBIE UCITBITAHMS CBUIIETETLCTBYIOT O TOM,
YTO CHIDKEHWE CKOPOCTH Pe3aHusI IIPU YUCTO-
BOI 00pabOTKe ATIOMUHMEBBIX CILJIABOB ITO3BO-
JISIeT YMEHBIIIUTh MTHTEHCUBHOCTH Pa3MEPHOTO
u3Hoca B 1,5—3 pa3za npu 3HaYUTETbHO MEHb-
LIEl IEPOXOBAaTOCTU 00PaOOTAHHON MOBEPX-
HOCTU (CHUKeHHMe 0oJiee yeM B JiBa pasa).

Hcxoms 13 3TOro MpenMyIiecTBOM YUCTO-
Boii ie3BUiiHON AMO CUITyMUHOB O CpaBHE-
HUIO C TPAAUIIMOHHBIM TOUEHUEM CUMTAETCS
0oJtee HU3Kas 1IepOXOBATOCTh 00pabOTaAHHOM
noBepxHocTH (Ra 0,6 MkM nipoTtuB 1,3 MKM)
Mpu 3HAYUTEIbHO Oosee HU3Koi (B 1,5—3
paza) MHTEHCUBHOCTH pa3MEpPHOTO M3HOCA
WHCTPYMEHTA, TIOCTUTaeMOIl 3a CYET CHUXKE-
HMS CKOpOCTH pe3aHust. [1pu ucronb3oBaHum
TPaIUIIMOHHOTO YUCTOBOTO TOUYECHUST MUHU -
MaJjibHas IepoxoBaTocTh Ra cocraBiser
1,25—1,3 mkMm. TToaToMy Ajis1 TOCTUKEHUS
mepoxoBaroctu Ra 0,6 MKM B 3TOM clydae
HEOOXOJIMMO BBOJIUTD NOTIOJTHUTEIbHBIEC TEX-
HOJIOTMYECKUE orepalny (PUHUIIIHOMN oOpa-
0OTKM, KOTOPBIE 3aMETHO YBEJIMUUBAIOT TPY-
JMIOEMKOCTbh BCETO TIpollecca MeXaHMIeCcKOoi
00pabOTKU neTaneil U3 CUWIYMUHOB.

HccnenoBanue (popMrpoBaHUs KayecTBa
TTOBEPXHOCTH JIeTaJIel U3 AIIOMUHMS U aJlio-
MMHUEBBIX CIIAaBOB B Tpoliecce dhpe3epona-
HUSI TAKKe TTOJITBEPIKIAeT 11e1eCo00pa3HOCTh
npuMeHeHUs1 AMO. 3aKOHOMEPHOCTh (op-
MOO0Opa30BaHUSI TIPU ITOM TOXKE OTIMCHIBAET-
cs1 (popMmyitoit (1), HO B JaHHOM cJllydae Hallo
YYUTBIBATB €11le U MHOM XapaKTep B3auMOIel -
CTBUSI PEXYILEr0 MHCTPYMEHTa C 00pabathI-
BaeMOi1 TOBEPXHOCTHIO, HATMUNE HECKOIBKIX
PEXYIIMX KPOMOK, YTO MOXKET CITOCOOCTBO-
BaTh POCTY IIIEPOXOBATOCTU Ha MAaKPOYPOBHE.
B xone uzyyeHust TexHojsoruu ¢ppesepHoit
00paboTKM [7] ycTaHOBJEHO, YTO OTCYTCTBYET
Kakasi-JIM0o TecHast B3aUMOCBSI3b MEXTY I1Ie-
POXOBATOCTBIO Y PEXKMMHBIMU TTapamMeTpaMu
obpaborku. IIpeobaanaiouiee BAUSIHUE
Ha I1IepOX0BATOCTh OKAa3bIBAIOT MapaMeTphl
000pyI0BaHUS: JOMYCTUMBII KPYTSIIUIA MO-
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MEHT Ha IITTUH/EIE, MOIITHOCTh, KECTKOCTb.
TIpu coboneHr ycTaHOBJIEHHBIX TpeOoBa-
HUIT K 000pyIOBaHMIO B Ipoliecce ppe3epo-
BaHWST AJIIOMUHUEBBIX CIUIABOB IIEPOXOBa-
TOCTh 00pabOTAaHHOU MOBEPXHOCTU MOXKET
HaxoauThes B npeaesiax Ra 0,6—0,8 mxwm.

Bonbioe BiusiHUe Ha KauecTBO (popMu-
pOBaHUS TTOBEPXHOCTHOTO CJIOS JeTaneit
13 aJTIOMUHUEBBIX CIIJIAaBOB OKa3bIBAET KECT-
KOCTh M TOYHOCTh MO3UIIMOHUPOBAHUS
MPUMEHSIEMOTO TeXHOJOTMYECKOTO 000py-
noBaHMs. B HacTosIiee BpeMs mapameTphl
KadecTBa 00eCIeYnBAIOTCS MPU HATUUNU
COBPEMEHHBIX BBICOKOIIPOM3BOANTEIBHBIX
CTAHKOB C YMCJIOBBIM ITPOTPAMMHBIM YITpaB-
JIEeHUEM, TMO3BOJSIONINX OCYIIECTBISATH
BBICOKOCKOPOCTHYIO MeXaHO000paboTKy
HSM (High Speed Machining). E€ oTimmumn-
TeJIbHOI 0COOEHHOCTBIO SIBJISIETCS] BHICOKAS
CKOPOCTh pe3aHus, IPU KOTOPOil 3HAUM-
TeJIbHO YBEJIMIMBAETCS TEMIIepaTypa B 30He
o0pa3oBaHUs CTPYXKH, MaTepuan oopabda-
THIBAEMOI IeTaI CTAHOBUTCS MSITUE, U CH -
JIBI Pe3aHUST YMEHBIIAIOTCS, UTO TTO3BOJISIET
WHCTPYMEHTY IBUTATHCS C OOJbIION pado-
et momaueit [4].

HoctuxeHue appexkra HSM obyciosne-
HO CTPYKTYPHBIMU U3MEHEHUSIMU MaTepraia
B 30HE OTPbIBA CTPYKKHU. DTO CBSI3aHO € 0Opa-
30BaHMEM IIAaCTUYECKUX nedopManuii,
TPOUCXOISIINX C BRICOKO# CKOopocThio. [Tpu
TMOBBIIIEHUU CKOPOCTH Je(opMaIinii CHIIbI
pe3aHusl TIepBOHAYaIbHO PACTYT, a MTOTOM,
C JOCTVDXKEHUEM OTpeeICHHOM TeMIiepaTy-
PBI B 30He 00pa30BaHUsI CTPYXKKH, HAUMHAIOT
3HAYUTEILHO coKkpatmathcst. [Ipu aTom Bpemst
KOHTaKTa pexXyllell KpOMKU C 3arOTOBKOM
U CTPYXKOH TaK Majo, a CKOPOCTb OTPhIBa
CTPYKKM CTOJIb BBICOKA, YTO OOJIbIIIAs YaCTh
Teruta, oOpasylolierocs B 30He pe3aHus,
ynajsieTcsl BMEeCTe CO CTPYXKOI, a 3aroToBKa
W MHCTPYMEHT HE€ YCIIEBAIOT CYIIECTBEHHO
HarpeBaTbcs. DTOT 3P PeKT yke ObLT U3Bec-
TeH paHee. OnqHaKo OOHOBJIEHUE TEXHUKU
Hen30eXHO BJeYeT 3a CO00I HEOOXOAUMOCTh
COBEPIIEHCTBOBAHUS yIPABJISIOMIUX TPO-
rpamMm a9 HSM-tpaexkTopuii. Ha ocHoBe
WccaeqoBaHU TpolleccoB 00paboOTKM
1 HSM-nporpaMmMupoBaHus CrieliMaanucTa-
MU [9] BeIpaboTaHbI pa3InyHble PeKOMEHIa-
1Y, CBSI3aHHBIE HETIOCPEICTBEHHO C BHIOO-
poM o0OpynOBaHUS, PEXUMOB pe3aHUsI
¥ TIO3UIIMOHUPOBAHUS PEXYIIET0 UHCTPY-
MEHTA.
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4.

B 3akiioueHue cienyeT Noq4epKHYTh, YTO
MHOTHMMM CHEIUATUCTaMU IIPU3HAHO TIPeu-
MYILIECTBO MCIIOJIb30BaHUsI aHOTHO-MEXaHM -
YyecKoit 00paboTKu [8], ¢ TOMOIIBIO KOTOPOIi
MOXHO I10JIy4aTh JeTalu 00Jiee BHICOKOIO
KayecTBa, a TAakKe 00eCIICUUTh 3HAUUTEIbHOE
MOBBILIEHUE PAOOTOCIIOCOOHOCTH U U3HOCO-
CTOMKOCTH PEXYIIEro nHCTpyMeHTa. OmHaKO
aHOJHO-MeXaHMYecKoe (ppe3epoBaHue IMOKa
He MMeeT IIMPOKOIro paclpoCcTpaHEeHUs.
B 10 X)e Bpems uzBectHo [§, 9], 4yTO Mpu Uu-
CTOBBIX U (DPMHUIIHBIX OINEPALIUSIX aHOIHO-
MexXaHU4YecKoit 00padboTku Hanboee apdek-
THUBHBI CXeMBbI pe3aHusl, BKIIOYAIOIIe B ce0s1
MOCJIeI0BaTEIbHOE IEHCTBUE MEXaHUIECKOM,
a 3aTeM 2JIEKTPOXMMHUYECKOM COCTABJISIIOLIICH.

B ocHoBe Takoro criocob6a 06paboTKM Jie-
JKUT COYETAaHMUE DJIEKTPOKOHTAKTHOIO B3au-
MOJICICTBUSI MHCTPYMEHTA U 3arOTOBKU (Me-
XaHUYECKOe pa3pylieHue Wik (opMor3MeHe-
HUE METaJUIMYECKUX MTOBEPXHOCTEM, IIPOU3-
BOJIMMOE OJJHOBPEMEHHO C HarpeBOM WJU
pacIuiaBJIeHHEeM 3TUX [IOBEPXHOCTE AIEKTPH -
YeCKHMM TOKOM) Y TaJIbBAHMYECKOTO IIpoliecca
(B TaHHOM cJlyyae — aHOJIHOI'O PaCTBOPEHUSI
MeTajia ¢ oopabaTbiBaeMoii TOBEPXHOCTH).
JBMXYIIUIACS MHCTPYMEHT He TOJIbKO ITOJIBO-
JIAT TOK U yIajsieT pa3MsrdeHHbIA MeTaJll,
HO U Ojarogapst BUOpalluyd CIIOCOOCTBYET
BO3HMKHOBEHMIO MHOXKECTBA IPEPBIBUCTHIX
KOHTAKTOB, HEOOXOIMMBIX /151 00pa30BaHUsI
JIYTOBBIX pa3psiioB [ 10]. DieKTpoKOHTaKTHAas
00paboTKa MOXET BBIMOJHSITHCS KaK B BO3-
JYIITHOM, TaK U XUJKoM cpene. I[IpousBoau-
TEJIBHOCTb 00Pa0OTKM ITOYTHU JIMHEHHO pacTeT
C YBEJIMYCHUEM HAIPSDKEHUS] U MOIIHOCTHU
MCTOYHUKA ITUTAHUSI.

CyliecTBeHHOE BO3ICIICTBIE Ha KAYeCTBO
(bopMuUpyemMoil TIOBEPXHOCTHU MPU aHOTHOM
(bpesepoBaHUM ATIOMUHUEBBIX CILJIABOB OKa-
3bIBAIOT: MaTepUall 3arOTOBKU U PEXKYIIEro
MHCTPYMEHTA, YMCJI0 3yObeB (Ppe3bl, peXKMMbI
pe3aHus, TeOMEeTPUYECKHUE MapaMeTphl
M TOYHOCTh MTO3ULIMOHUPOBAHUSI IIPUMEHSI -
€MBIX CMEHHBIX PEXYIIUX IUIACTHH, B3aM-
HOE pacnoyioXeHue (Qpe3bl OTHOCUTEIbHO
3arOTOBKM (CUMMETPUYHOE/HECUMMETPUY -
HOe), HampaBjieHue ppe3epoBaHus (BCTpey-

HOE/TIOMYTHOE), HAapOCTOOOpa3oBaHue, Be-
JIMYMHA TOKA U HATIPSIKEHUS B 30HE KOHTaK-
Ta MHCTPYMEHTA 1 3aTOTOBKH, HAJTMYME 1 BUL
CMa304YHO-0XJaXKJalo1Iei TeXHOJOrM4eCcKon
cpenbl (MIM COCTaB U KOHIICHTPAIIUS 3JICK-
TPOJINTA), a TaKxKe crmocob e€ nmomauu. Ce-
JIOBaTeJIbHO, aHOMHOE (Ppe3epoBaHUE TTO3BO-
JISeT yInpaBJsTh KaueCTBOM 00paboOTKu
1 ONITUMU3UPOBATh TEXHOJIOTUUECKUI TIPO-
1IeCC 32 CUET IIIMPOKOTO CIIeKTPa BO3MOXKHBIX
3HAYEHM I JTI000TO U3 BO3AEHMCTBYIOIINX
(dakTopoB.

3agava CeTOMHSIITHETO JHS: 00JIee TTOTHO
HCCIIe0BaTh M OMHOBPEMEHHO UCMOb30BaTh
BO3MOKHOCTH TaKMX KOMITJIEKCHBIX METOIOB
00paboTKU, JOOMBATLCS YIYUIIEHUS KauyecT-
BEHHBIX XapaKTePHUCTHUK JAeTaleil TPaHCIIOPT-
HBIX MallWH, MOABUXHOTO COCTaBa s XKe-
JIE3HBIX TOPOL.
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ABSTRACT

A method of providing the quality of surface of
assembly parts made of non-ferrous metals and their
alloys is developed. A scheme of unit is determined,
providing the necessary conditions of machining,

designed for combination of mechanical and anode
impact on the workpiece surface. Complex technol-
ogy allows to achieve a set of qualitative character-
istics and widely vary parameters in the operations
of both turning and milling.

Keywords: transport machines, processing of assembly parts, machining, finishing, aluminum, silumin,
turning, milling, quality parameters, surface roughness, electrolyte, cutting speed.

Background. Application of high-tech materials
allows to provide the desired level of quality of
engineering products. Technologies for production
ofthese materials allow to create in most cases ready-
made parts without additional forming operations.
Certain categories of metal product are obtained by
applying the finish machining. Therefore, problems
accompanying these operations, are very urgentand
require an individual approach to solve them.

Processing of non-ferrous metals and their alloys
belongs to this kind of problem and requires search
for special solutions and technological approaches.
It is known that the widespread use of, for example,
aluminum and its alloys in the railway sector is the
result of efforts aimed at reducing the axial load, as
these materials possess all the physical and
mechanical properties of structural materials and are
non-corrosive. Besides, many aluminum alloys are
well handled by welding. However, machining of these
alloys is hindered at low roughness of the surface,
components and assembly parts.

Objective. The objective of the authors is to
consider new methods of finishing of assembly parts
made of non-ferrous metals and their alloys.

Methods. The authors use general scientific
methods, methods and techniques of mechanical
engineering, simulation, comparative analysis, graph
construction.

Results.

1.

It is experimentally confirmed that an effective
way to obtain the required quality parameters of the
surface layer of parts made of non-ferrous and porous
ceramic-metal material is edge cutting anode-
mechanical machining (hereinafter - AMM) [1].

Edge cutting AMM in turning is a combination of
methods of removal of the main part of excess metal
mechanically and simultaneous anodic dissolution of
the metal of surface to be processed. The roughness
of the surface obtained depends on machining
modes, forming a preliminary surface layer structure
which is a base for anode processing. The better is
surface roughness achieved by cutting edge
machining, the more effective is the action of anodic
treatment for achieving final parameters of surface
roughness [2].

In case ofedge cutting AMM different combinations
of mechanical and electrochemical components are
possible that are implemented by various modes of
introduction of electric current to the cutting area. Our
studies determine the most effective electric circuit
that allows to reach the lower surface roughness of
copper and aluminum alloys.

Based on the analysis of the sources [1, 2], in
processing of assembly parts the following factors
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varied: operating voltage — U, V (12-24V), cutting
speed - V, m/min (100-350 m/min), concentration
of applied electrolyte — », % (20-40%). Other factors
are fixed and remain constant.

Studies were conducted using three different types
of circuits with different types of electrodes’ connection
(Pic. 1). In all cases the positive charge of the electric
current was fed to the workpiece. In all three schemes
position of the second negative electrode varied. In the
first scheme, the electrode was brought directly to the
tool. Inthe second scheme, the electrode was fed into
the tank with the electrolyte. In the third scheme it was
fed to the cutting zone by a distance of 0,1 to 0,5 mm
from the workpiece.

As shown by the results of studies (Pic. 2) during
the cutting of silumin with edge cutting AMM the
lowest roughness is achieved when using the circuit
3, in which after cutting anodic dissolution of the
treated surface takes place. It is known that the
formation of oxides on the treated surface
substantially reduces the performance of
electrochemical treatment. This is particularly
significant for anodic dissolution of aluminum alloys
having high ability to oxidize [3]. Application of this
scheme allows for the lowest machined surface
roughness in the process of edge cutting AMM. In
this case, the primary excess metal is removed by
edge tool, remaining excess metal is removed after
anodic dissolution and final microrelief is formed
during electrochemical machining.

2.

Further studies were carried out using the
scheme 3. Alarge influence of electrolyte composition
on the performance of electrochemical treatment is
known [3]. The electrolyte was aqueous solutions of
sodium chloride and sodium nitrate. As the results of
the study (Pic. 4) show, the most effective is the use
of an aqueous solution of sodium chloride. The
processing takes place effectively at a solution
concentration of about 25-30%. Increase in its
concentration by a higher level impairs the machined
surface roughness, increases the viscosity of the
electrolyte solution [3, 4], which leads to a decrease
in productivity of anodic dissolution process.

The voltage change in the circuit during edge-
cutting AMM also affects the machined surface
roughness. During the research voltage in circuit
varied in the range of 12-24 V. Further increase in
voltage leads to a breakdown in the electrode gap.
Nevertheless, these experimental results (Pic. 3)
show that increase in the voltage in the circuit affects
roughness quality positively.

The high content of aluminum in the samples of
silumins (about 87%) increases the rate of anodic
dissolution during edge-cutting AMM. Therefore,
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processing was performed at high speeds using such
etching conditions that reduce the level of roughness.
The results showed (Pic. 2), that the minimum
roughness of processed surface of silumins is
achieved at cutting speeds ranging from 200 to
300 m/min.

During experimental studies of forming surface
quality when processing silumins, it was found out that
the machined surface roughness reaches Ra <0,60um
at edge-cutting AMM using 30% aqueous solution of
NaCl, at a cutting speed of 250 m/min and a voltage
of electric circuit of 24 V.

Formation of roughness of processed surface of
silumins using the third electric circuit of edge-cutting
AMM consists of two consecutive stages: removal of
excess metal with the help of edge-cutting mechanical
machining and subsequent anodic dissolution of the
metal of the surface, which came out from under the
instrument. Previously developed mathematical
model of the roughness of the machined surface [5]
during edge-cutting AMM of silumins taking into
accountthe nature of the process, takes the following
form:
Rz = h1+h2+h3+h4-h5, (1)
where Rz is average height of roughness of the profile;

h1is component of the roughness profile due to
geometry and kinematics of the movement of the
tool’s working part;

h2 is component of the roughness profile due to
fluctuations in the tool relative to the treated surface;

h3 is component of the roughness profile due to
plastic deformations in the zone of contact between
the tool and the workpiece;

h4 is component of the roughness profile due to
the roughness of the working surfaces of the
instrument;

h5is the value of change of the roughness profile
due to anodic dissolution in edge-cutting AMM.

As a result of statistical processing of experimental
data model for forming the roughness of the machined
surface for edge-cutting AMM has got the following
form:

0,039
2]

Ra=——+—+————+
60,106 .V0,06 .U0,0SZ ’

(2)

wherein Ra is indicator of roughness (um); Vis cutting
speed (m/min); ® is electrolyte concentration (%);
Uis voltage (V).

Also, the optimization of conditions for forming
the roughness of machined surface of silumins when
deploying and thread cutting by method of edge-
cutting AMM was performed. The operating principle
in these operations with alloys is insignificantly
different from edge-cutting AMM by turning. The
feature of these processes is in a different interaction
of the cutting tool with the workpiece surface. When
deploying and thread cutting edge of the cutting
portion of the tool allows to get basic geometrical
parameters, and the subsequent process of anodic
dissolution forms geometric parameters of the
processed surface.

As a result, we get a mathematical model to
reduce the surface roughness during edge-cutting
AMM when deploying:

0,1545 0,03
01545, 0099

= om0 (3)

As a result of relevant calculations and
transformations a mathematical model to reduce the
surface roughness via edge-cutting AMM during
thread cutting acquires the following form:

Ra

Scheme 1

Pic. 1. Schematic diagrams of installations for carrying
out anode-mechanical machining:
1 - cutting tool; 2 — workpiece; 3 — electrolyte;
4 — a metal tube; 5 — power supply;
6 — variable resistor; 7 — microammeter.
68,39 . w0,66
Sy (62

The optimal cutting conditions when deploying
and thread cutting: V = 20 m/min, U = 24V, 30%
sodium chloride solution with the addition of 2%
sodium nitride (roughness when deploying was
Ra 0,51 um, roughness at thread cutting was
Ra 0,21 um).

When finishing aluminum alloys recommended
cutting speed is 400-500 m/min [6]. As shown by
research, during AMM optimal speed is 250 m/min.
Conducted wear resistant tests indicate that the
reduction in the cutting speed at finishing aluminum
alloys allows to reduce the intensity of dimensional
wear by 1,5-3 times and to achieve much lower
roughness of the treated surface (reduction by more
than twice).

Inthat regard, advantage of finishing edge-cutting
AMM of silumins compared to conventional turning is
lower machined surface roughness(Ra 0,6 um versus
Ra 1,3 um) ata much lower ( 1,5-3 times) intensity of
dimensional wear of the tool, achieved by reducing
the cutting speed. When using traditional finish turning

Ra
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the minimum roughness Ra reaches about 1,25-
1,3 um. Therefore, to achieve roughness Ra 0,6 um
in this case, it is necessary to introduce additional
technological operations of finishing, which
significantly increase the complexity of the entire
process of machining of parts made of silumins.
Study of the formation of the quality of the surface
of parts made of aluminum and aluminum alloys in the
milling process also confirms the appropriateness of
AMM. The pattern of forming is also described by the
formula( 1), butin this case itis necessary to take into
account different nature of the interaction of the
cutting tool with the work surface, and presence of
multiple cutting edges that can promote the growth
of roughness at the macro level. In the study on
improving the efficiency of milling technology [7] it

® \WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 13, Iss. 5, pp. 40-49 (2015)

was found that there is no close relationship between
roughness and operating parameters of machining.
Also, the predominant influence on the roughness
belongs to parameters of equipment: allowable
rotational moment on a spindle, power, rigidity. If the
requirements for the equipment during milling of
aluminum alloy are met, machined surface roughness
can be between Ra 0,6-0,8 um.

Rigidity and accuracy of positioning of
technological equipment used in the operations are
of greatimportance for the quality of the formation of
the surface layer of parts made of aluminum alloys.
At present quality parameters are provided through
the use of modern high-performance machining
equipment with NC, this equipment allows for high-
speed machining (HSM). Its distinguishing feature is
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high cutting speed at which the temperature in the
area of chip formation increases considerably,
workpiece material becomes softer and cutting forces
reduce, which allows the tool to move with great
working feed [4].

Achievement of HSM effect occurs due to
structural changes in the material in chip separation
area. This is associated with the formation of plastic
deformations occurring at a high speed. With increasing
deformation speed cutting forces initially grow and
then, with achieving a certain temperature in the area
of chip formation, begin to decline significantly. The
time of contact of the cutting edge with the workpiece
and the chip is so small and the rate of chip separation
is so high that most of the heat generated in the cutting
area is removed along with the chips, and the
workpiece and the tool do not have time to significantly
warm. This effect has already been known. However,
modernization of equipment inevitably leads to the
needto improve control programs for HSM-trajectories.
On the basis of many studies of processing and HSM-
programming experts [9] developed a variety of
recommendations directly connected with the choice
of equipment, cutting conditions, the selection and
positioning of the cutting tool.

4.

In conclusion, it is worth noting that many
specialists admit advantage of using the anode-
mechanical machining [8], which can be used to
obtain higher quality parts, and provide a significant
increase in performance and durability of the cutting
tool. However, anode-mechanical milling is not
widespread. It is also known [8; 9] that in finishing
operations of anode-mechanical machining those
cutting schemes are the most effective, which include
the consistent action of mechanical, and then of
electrochemical component.

The basis of this method of treatment is a
combined electrical contact interaction between tool
and workpiece (mechanical destruction or
deformation of the metal surfaces produced
simultaneously with heating or melting of these
surfaces with electric current) and plating process
(in this case, anodic dissolution of metal from the
treated surface takes place). Moving tool not only
brings current and removes the softened metal, but
also due to vibration, contributes to a plurality of
intermittent contacts necessary for formation of arc
discharges [10]. Electric-contact processing may be
performed in air or in a liquid medium. Processing
performance increases almost linearly with the
increase of voltage and power of power supply.

An important role in achieving quality of the
formed surface during the anode milling of aluminum
alloys belongs to: material of workpiece and cutting
tools, the number of teeth of millers, cutting modes,
geometry and accuracy of positioning of used
replaceable cutting inserts, relative position of the
miller relative to the workpiece (symmetrical /
asymmetrical milling), milling direction (counter/

transverse), built-up forming, current and voltage in
the contact area between tool and workpiece,
presence and type of lubricant-cooling technological
environment (or composition and concentration of
electrolyte), as well as to a selected method of its
supply. Therefore, the anode milling allows to control
quality of processing and optimize the technological
process due to the wide range of possible values of
any of the influencing factors.

Conclusion. The challenge of today is to to study
more fully and to take advantage of these complex
processing techniques, to seek to improve the quality
characteristics of parts of transport vehicles, rolling
stock for railways.
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