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BIIJIMB MIKPOAYTI'OBOI'O OBPOBJIEHHSA
HA 3MIHY PO3MIPY AJTIOMIHIEBUX JIETAJIENA
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Anomauia. Y pobomi 6usueHo 3MiH)y pO3MIpI8 00pOOIIOBAHUX 3DA3KI6 (ANIOMIHICI CHasu) Nicis
OKCUOYBAHMHSA 8 JIYIHCHO-CUTIIKAIMHOMY eIeKMpPOLimi 3a aHOOHO-KamooHomy pedcumy. Tlooano 0gowia-
pogy 6y008y noxpumms anrominiesux cnaaeie nicas MIO-o0bpobnenns. 3mina posmipy oemaneti u-

3HA4YAeEmMsvC (i)(l306u./l/l CKIIAOOM nokpummsi.

Knrouoei cnoesa: antominiesi cniasu, Mikpooyeose 00pobaenHs, (hazosull cKiao, moGUWUHA NOKPUMMSL,

PO3MIp 3paska.

Beryn

Mixkpoayrose okcunysanns (MO) — oauH 3
HAWMEPCIEeKTUBHIIINX METO/IIB TOBEPXHEBOTO
00poOJIeHHsT JeTanel, BUTOTOBICHUX 3 BEHTH-
JBHHUX MeTanliB Ta cmiasiB [1, 2]. Bono mo3Bo-
Jsie OTpUMyBaTH OaratoyHKIiOHaJIbHI TTOKPHT-
TS 3 YHIKQIPHHUM KOMIUIEKCOM BJIACTUBOCTEH.
OcobmuBictro MJIO € ywacte y mporeci ¢op-
MYBaHHS TOKPUTTSI MOBEPXHEBHX MiKpOPO3psi-
IIiB, M0 HANAIOTh ICTOTHOTO Ta CIENU(IYHOTO
BIUTUBY Ha TOKPUTTA, 10 ¢opmyerbes [1, 2].
MJIO- mokputTs, ski copmMoBaHi 3a onTHMa-
JHHUX PEXKHUMIB, TIOEIHYIOTH BHCOKY JIOBTOBiY-
HICTBH (3HOCOCTIHWKICTB, CITeIiadbHi BIACTHBOCTI)
ta HamiiHicTh [1, 2]. BoHu 30iiblIyIOTH €KC-
TUTyaTalliifiHy CTIHKICTh JeTajeil MalllviH Ta iH-
CTPYMEHTIB, [JO3BOJSIOTH BiJHOBIIOBATH 3HO-
IIeHy TOBEPXHIO i 3MEHIIyBaTH MOTpedy B 3a-
nacHux dyactuHax [1, 2]. 3a JA0MOMOrow MoK-
pUTTIB BHpOOM HaOyBalOTh OCOOJIMBHUX BIACTHU-
BOCTEeH poOOYMX TIOBEPXOHb (PKAPOCTIHKICTB,
3aJlaHui KOeQIIIEHT TepTs), 110 A€ 3MOTY 3Ha-
YHO PO3LIUPUTH CHEPU 3aCTOCYBAHHS AJTFOMIHI-
eBHX cruaBiB [1-3].

ANe akTyalbHUM Ha CBHOTOJIHI € HUTaHHS
BIUIMBY TPOIIECY MIiKpPOJyTOBOTO OKCHIYBaHHS
Ha 3MiHy T€OMETPUYHHUX PO3MIpiB AeTayeil, mo
00pOOIISIFOTHCS.

AHaJi3 myOaixanii

HuHi € nocTaTHRO BenMKa KiNbKICTh poOIT 3
1i€l TEXHOJIOTIT, BU3HAYCHI JEAKI 3aKOHOMIPHO-
cTi GopMyBaHHS MOKPHUTTIB, 3B’SI30K CTPYKTYPH
3 BIIACTHBOCTSIMHU, pexuMu 3aidcHenHs MJIO-
o6pobuienns [1-3].

Merton mikpoayrosoro okcuayBanas (MJ]O)
BeHTHWIIbHUX MaTepianiB (Al, Ti, Mg, Zr Tormo)
MIEPETBOPIOE MOBEPXHEBI IIapH B OKCHUAHY Ke-
paMiKy 3 VHIKQJIBHHM TIOETHAHHIM (hi3HKO-
MEXaHIYHUX BJIACTHBOCTEH (TBEPIICTh, 3HOCO-
Ta KOpo3iliHa cTilikicTh ToIm0). Take 0OpoOIeH-

HSl ICTOTHO po3mmpioe chepy 3aCTOCYBaHHS Ta
MOJXJIMBICTh 3aMiHM TPAJAMLIAHUX MaTepiaiiB.
TexHONOTiA HANEKUTh 0 PO3PALY EKOJOTIUHO
YHUCTHX.

AJIoMIHIE Ta HOro CIUIaBH € OJHUM 3 Haii-
BXIUBIIINX MaTepianiB y cy4acHiil mpoMucIio-
BocTi [4]. Mama Bara, BHCOKa IUIACTHYHICTH,
KOpO3iifHa CTIHKICTh, 3BapPIOBAHICTh — II€ BaX-
JIUBI BJIACTUBOCTI, SKi BHUKOPUCTOBYIOThH JIJISt
BUTOTOBJICHHSI PI3HOMAaHITHHX AETalei Ta ele-
MEHTIB KOHCTpyKuiii [4]. Posmmputu chepy
3aCTOCYBaHHS aJllOMiHIEBUX CILIABIB MOJKHA
HaHECEHHSM PI3HOMAHITHUX TMOKPUTTIB Ha BH-
poou [1-3, 5]. Cepen HaiibinpmI HAyKOBO-
TEXHIYHUX MpoOIeMHa ChOTO/IHI € CIociO HaHe-
CCHHS 3aXHMCHUX TIOKPHUTTIB Ha METaH, SKi
3milicHioBaM O QyHKIiT0 nudysiitHoro 6ap’epa
JUISL TaJIbMyBaHHS JIOCTYITYy arpEeCUBHHX Cepelio-
BUII, 3a0€3Meuyroun 3axucT Bix kopo3sii [1, 5].
Kpim Toro, mOKpHUTTS IO3BOJISIIOTH HAJATH Me-
TaJeBUM BUPOOAM 3HOCOCTIMKOCTI, JAF0UN MOXK-
JUBICTh BUKOPHCTaHHS IX Yy Mapax TepTs s
BITHOBJICHHSI 3HOIICHHUX JIeTaled, a TaKoX
CIIPHSAIOTh BUPIIICHHIO JIEKOPAaTUBHHUX 3aBJIaHb
[6-7]. IcrorHum momentom mix wac MJIO €
3MiHA PO3MIpIB JeTaneld, 10 OOpPOOIISIOTHCS.
Ha »kaup, 11e muTaHHs 11 B IPOLEeCi BUBYCHHS.

Meta Ta nocTaHoBKa 3a1a4i
Mertoro pobOTH € BHBYCHHSI 3MiHU PO3MIpiB
00poOFOBaHMX 3pa3kiB (ITFOMIHIEBI CILIABH)
MICJIsE OKCUAYBaHHS B JIY)KHO-CHIIIKATHOMY elie-
KTPOJIITI 32 aHOJHO-KAaTOJTHOTO PEXUMY Ta BH-
3HAYCHHS OCHOBHUX (DaKTOPIB, L0 BILIMBAIOTH
Ha 3MiHY PO3MIpy AeTalei.

PesyabTaTi 10ocaigKeHHs
ExcriepuMeHTaIbHO BH3HAUYEHO, IO B MPO-
teci MJIO ¢GopmyBaHHS OKCHIHOI 3HOCOCTIH-
KOi TUTIBKH 3IiHCHIOETHCS HE 3 30BHINIHBOTO
00Ky, a MiJ IJIiBKOIO, IO TACUBYE, Y MICIIi pO3-
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MTOIUTY TUTIBKa-MeTall. BHYTpIITHS 30Ha CKiIama-
€TbCS 3 0E3BOTHO-KPUCTATIIYHOTO OKUCY aJoMi-
Hif0, 1 TOMy BOHA IIUTbHA Ta TBEpJa. 30BHIIIHA
30HA CKIIAZIAE€THCS 3 OKUCY ATFOMIHIIO Ta MPOIY-
KTiB HOTO B3a€EMOJIi 3 KOMIIOHEHTaMH E€JIEKTPO-
niTy. BoHa myxka, MEHII >KOPCTKa 1 HE3HOCO-
crivika. Takum umHOM, MetogoM MJIO mokHa
OTPUMATH JIBOIIAPOBY OYA0BY MOKPUTTS (puc. 1).
[IpakTHYHOIO WIHHICTIO € BHYTPILIHI IIapH, a
30BHINIHI IMapH € TEXHOJOTIYHUM ITUIAKOM,
SKHW Ma€ BUAATUTUCH MiJl Yac CTBOPEHHS TOBeE-
PXHI TepTHL.

Puc. 1. Mikpoctpykrypa MIO-nokpurrs Ha
crasi AJI9

Oxucen aliOMIHIIO, IO YTBOPIOETHCS, MA€E
OuIpIIMH 00’€M, HDK BHUXIJIHHH MeTajJeBUH
AITIOMIHIH, SKUH TIEPETBOPIOETHCS B OKCHJL, TOMY
B nipoueci GpopmyBanHs MIO-NOKPUTTIB JiHiH-
Hi po3Mipu 3pa3ka NmoBUHHI 30inbmuTHCH. Of-
HaK y mporeci GOpMyBaHHSI MMOKPUTTS Tapalie-
JILHO 3 HApOIIyBaHHIM IUIIBKU BiOyBa€Tbes il
PO3YMHEHHS Ha 30BHILIHIM MEXI TUI1iBKa-PO3UHH.
Ha cryminp 3MiHM pO3MipiB Ma€ BIUIMBATH THII
Moau(ikaiii OKCUIy aJFOMIHIIO Ta IXHE KiJIbKi-
CHE CITIBBIIHOIIIEHHS B CKJIaJli TTOKPUTTS, OCKi-
JBKA Pi3HI MOAMQIKAIT OKCUIY aTFOMIHIIO Ma-
I0Th Pi3HYy mUTOMYy Bary (tadum. 1).

Tabauus 1 — [liapHICT aOMIHIO Ta HOTO

OKHCJIIB
daza UlinbHicTS, p, T/cM3
Al 2,7
OL-A|203 3,99
Y-A|203 3,68
3Al,03-2Si0; 3-3,1

Y po0oTi 3aificHEHO pO3paxyHOK 3MiHH PO3-
Mipy 3pa3ka, 3yMOBJICHHI 301JIbIICHHAM O0CSTY
B Tpolieci popMyBaHHsI OKCHIHOI MuTiBKH. CriB-

BITHOITICHHS TOBITUHU TOKPUTTS (O) IO TOBIIHU-
HU 1mapy amoMiHito (B), 3 skoro yTBOpHBCS
OKCHJI, O0UHCIIOETHCS 32 (HOPMYIIOI0

8 _ParMaizo;
B pa05-Mal’

ne pAl, pAl;Os — nuToMa Bara BiamoBiaHUX (a3;
MAI;O3 — MomekyisipHa Bara OKCHAY aJiOMi-
Hiro; MAI — exBiBajeHTHA Bara ajarOMIHIIO.

Po3paxyHKH eMOHCTPYIOTh, IO B pa3i me-
peBaxknoro yrBopeHHs a-Al;Os; cmiBBigHOMIICH-
Hs 0/B cranoButh 1,28, a B pas3i yTBOpeHHs Y-
Al,O3 cniseinnomenns 6/B cranosuts 1,55,
skiio ytBoproethess Myt (3 Al0302Si0»),
criBBigHoOmEeHHs 2,23.

TakuM YMHOM, PiBeHb 3MiHH PO3MIpIB 3pa3Ka
micat MJIO ictoTHO 3anmexuTh Bix (azoBoro
CKJIa/Ty CaMOT0 TIOKPHUTTSI.

ExcniepiMeHTanbHa mepeBipka Ha Pi3HHX
CIUIaBax Ta PI3HUX EJIEeKTPONiTaX MiATBepAMIa
PI3HHH CTYIiHB 3MIHA PO3MIpPYy 3alIeXKHO Bif
($a30BOTO CKIIAAy MOKPHUTTS, IO BHU3HAYAETHCS
pexxumamu MJ1O 1 CKITaoM eNeKTPOIIITY.

Tak, eKcrepuMeHTaTbHE 3HAYCHHS IS
crutapy {16 micis MJIO 3a pi3HUX pexXuMiB
smiHOeThes Big 1,0 g0 2,0; mns criaBy B96 —
1,15-2,76; mns cimasy AMr6 — 1,46-2,55.

BuiesasnaueHi pe3ysibTaTé HajlexaTh J10 3a-
ragbHOI TOBIIMHK C(HOPMOBAHOTO TIOKPHTTSI.
3 orysily Ha JIBOUIAPOBY OYAOBY MOKPHTTS 1 Te,
10 TOBIIMHA ITyXKOTO LIapy, IO Ii/UIATa€e BU-
nanenHtro, craHosuth 15-50 % Bim 3araiabHOL
TOBIIMHHU, 3MiHa PO3MIpIB JIETall MiCiIs OCTaTO-
YHOTO TEPTs TOBEpXHI Mae OyTH HE3HAYHOIO.
ExcrieppumMeHTanbHO BU3HAYEHO, IO 3i CILIaBiB
16, B96, AMr6 3a ontuMalibHHX DPEKUMIB
MJIO (ToBIIMHA 3HOCOCTIMKOTO TIOKPUTTS —
100-150 mx™) 30inpIIeHHS PO3MIpY JETali cTa-
HOBUTH 5—10 MKM. Y CTPYKTYpi MOKPUTTS ITH-
BapHMX CIUIaBiB (Hampukian, AJI9), 1110 MiCTATh
MOMITHY KUIBKICTb MYJITY, 301IbIIEHHS pO3MIpY
neTani 3 Takoro cruiaBy micist MO, € Oinbimum
(sx mopiBHATH 3 AeOPMIBHUMHU CILIaBaMH) i
cranoBuTh 20-30 mMxm. Lli 3mMiHu po3mipy Ma-
10T OyTH BpaxoBaHi I yac 0O0poOJIeHHs JeTa-
Je 3 MalMMH JIOIycKamMy a0o yCYHyTI depe3
YacTKOBE BHJAJICHHS OCHOBHOTO 3HOCOCTIHKOTO

miapy.

BucHoBku
1. Po3paxyHOK Ta IOCHIJDKEHHS IEMOHCTPY-
I0Th, II0 PiBEHb 3MiHM PO3MIpiB 3paska Micis
MJIO icToTHO 3aleXuTh Bia (Pa30BOro ckiamy
CaMoro MOKPUTTSL.
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2. 3 oIy Ha JBOLIAPOBY OYIOBY MOKPHTTS
1 Te, M0 TOBIIMHA MYXKOTO APy, IO ITiJISrae
BHJIAJICHHIO, cTaHOBUTH 15-50 % Bij 3arambHOL
TOBIITUHY, 3MiHAa PO3MIPIB IETai MICJISI OCTaTO-
YHOTO TEPTS MOBEPXHi Ma€ OyTH HE3HAYHOIO.
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Influence of microarc machining on resizing of
aluminum parts

Abstract. Problem. The change of the sizes of the
processed samples (aluminum alloys) after oxidation
in alkaline-silicate electrolyte at the anode-cathode
mode is studied in the work. The two-layer structure
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of aluminum alloys after MAO processing is shown.
The change in the size of the parts is determined by
the phase composition of the coating. Goal. The goal
is study of the changes in the size of the processed
samples (aluminum alloys) after oxidation in
alkaline-silicate electrolyte at the anode-cathode
mode. The change of the sizes of the processed
samples (aluminum alloys) after oxidation in
alkaline-silicate electrolyte at the anode-cathode
mode is studied in the work. Methodology. X-ray
structural analysis (Dron - 3) in radiation Ka-Cu,
microhardness measurement (PMT-3) with the load
of 100 gr., measurement of coating thickness (vortex
thickness gauge BT — 10NTs). Results. It is shown
that in the case of predominant o- Al,O3 formation
the 6 / B ratio is 1.28, in the case of y-Al,03
formation, the 6 / B ratio is 1.55 and in the case of
mullite formation (3Al,03 * 25i0,) — 2.23.

The calculation showed that the level of change in
the size of the sample after MAO significantly
depends on the phase composition of the coating.
Experimental testing on different alloys and different
electrolytes confirmed the different degree of change
in size depending on the phase composition of the
coating, which is determined by the modes of MAO
and the composition of the electrolyte.

Thus, the experimental value for alloy D16 subjected
to MAO in different modes varies from 1.0 to 2.0; for
B96 metal — 1.15-2.76; for AMg6 metal — 1.46-2.55.

The results presented above relate to the total
thickness of the formed coating. Given the two-layer
structure of the coating and the fact that the thickness
of the loose layer to be removed is 15-50 % of the
total thickness, the change in the size of the part after
the final finishing of the friction surface should be
insignificant. It has been experimentally established
that from alloys D16, B96, AMg6 at optimal modes of
MAO (thickness of wear-resistant coating 100— 150
um) the increase in the size of the part to the side is

5-10 um. As for cast alloys (for example, Al9), the
structure of the coating which contains a significant
amount of mullite, the increase in the size of the part
of such alloy after MAO and refining, more
(compared to deformed alloys) and is 20—-30 microns
Al,Os. Originality. The calculation and research
showed that the level of change in the size of the
sample after MDO significantly depends on the phase
composition of the coating itself. Considering the
two-layer structure of the coating and the fact that
the thickness of the loose layer to be removed is 15—
50 % of the total thickness, the change in the
dimensions of the part after the final proofing of the
surface should be insignificant. Practical value.
Changes in the dimensions of the part must be taken
into account when processing parts with small
tolerances or eliminated by additional finishing by
partially removing the main wear-resistant layer.

Key words: aluminum alloys, microarc treatment,
phase composition, coating thickness, sample size.
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