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2. Scientific and technological bases of part manufacturing and product assembling, strengthened by plasma
electrolytic oxidation of an aluminum layer

Pedepar:

1. O6’eKT mOCimKeHHS — TEXHOJIOTi4Hi MPOLleCH BUTOTOBJIEHHSI [IeTajeil Ta CKJIalaHHs BUPOGIB i3 3MilITHEHHSIM
po60u4nX [IOBEPXOHb MIKPOAYTOBUM OKCHIYBaHHSIM. MeTOI0 poOOTH € pO3p006JIeHHSI HAYKOBO-TEXHOJIOT{YHNUX OCHOB
BUTOTOBJIEHHS JeTajieil 3i 3MiLIHEHHSIM iX pOO0YMX IIOBEPXOHb MIKPOJYrOBAM OKCUIYBaHHSIM aJIIOMIHIIO Ta
CKJIaJlaHHS BUPOOIB 3317151 MiABUILEHHS pecypCy iX poOOTH Mif] Yac eKCIIyaTalii B arpecuBHUX i abpa3uBHUAX
cepenoBullax. Y nucepTaliiiHiil poboTi BUpillleHa akTyajlbHa HayKOBO-TEXHiYHa IpobJiemMa B 00J1aCTi TEXHOJIOTi]
MalmKUHOOYAYBAaHHS: PO3PO6JIEHO TEOPETUYHI OCHOBY Ta TEXHOJIOTIYHI 3aCcO0M [1J14 MiABUILEHHS pecypcy podoTu
Ha(PTOra3zoBOro 06JIalHAaHHS IUISIXOM MiKPOJyrOBOrO OKCHYBaHHS IOBEPXHEBOTO aIOMiHI€BOTO APy JeTasnei

MamuH. JJoCaiIyKeHO HalPYy>KEHN CTaH JABOLIAPOBOT0 NOKPUTTS IiJl JOBIBHO OPi€HTOBAHUM JIOKQJIbBHUM



HABAaHTAXEHHSM, PO3PO0JIEHO METOAMKY PALliOHAJIBHOTO NPOEKTYBaHHSI IIAPYBATOr0 MIOKPUTTS 3a KPUTEPISIMU
MILIHOCTi MMOKPUTTS Ta MiJIKJIaIKW. 3allpOIIOHOBAHO MOJIEJIb aDMYBaHHS CyOCTpaTy [J1s MifBUILEHHS HECY4Oi
3/1aTHOCTI IIOKPUTTS. Po3paxoBaHO HaNpy>KeHHs B LWJIiHAPUYHIN AeTai 3 JBOIapOBUM IIOKPUTTIM. Po3pobieHo
IPYIIOBUI TEXHOJIOTIYHUM [TpoLec (POPMYBaHHSI KOMIIO3ULIIHUX IIOK-PUTTIB KOMIIJIEKCHUM METOMIOM i3
BUKOPUCTAaHHSAM MIKPOAYrOBOrO OKCUAYBaHHS aJIlOMiHi-€BOr0 APy Ha KOMIIAKTHOMY Ta HAIIMJIEHOMY aJIIOMIiHii.
O6rpyHTOBaHO BUOIp aJIlOMiHI€BUX CILJIABiB, CTaJIell Ta TEXHOJIOTIN (POpMYBaHHS 3arOTOBOK. Po3po6sieHo
0671aiHaHHS 1J151 MiKPOJyTOBOTO OKCHYBaHHSI, [J1s1 €JIEKTPOLYTOBOrO HANIWJIEHHS [IOKPUTTIB i3 CYLiZIbHUX APOTIB Ta
MIOPOUIKiB, MOJIEPHI30BaHO YCTAHOBKY [1JIs1 BIOPOEJIEKTPOICKPOBOrO JIeryBaHHs. PO3p006JI€HO METOIVKY BU3HAYEHHS
3aJIMIIKOBUX HAIIPYXEHb B IIOKPUTTSX, €JIEKTPOXiMiu-HMX BUMipIOBaHb Ta KOPO3iliHi BUIIPOOOBYBAHB i
BUIIPOOOBYBaHb Ha 3HOIIYBaHHS. OOrPYHTOBAHO TEXHOJIOTIUHI MapaMeTpiB IIPOLECIB BiiLLlEHTPOBOrO apMYBaHHSI Ta
€JIEKTPOJYrOBOT0 HalIMJIEHHS 3ar0TOBOK. ONTHMMIi30BaHO TEXHOJIOTIUHI IapaMeTpu NpoLecy MiKpoIyroBoro
OKCH/IyBaHHSI B IPOTOYHOMY €JIEKTPOJIITI AJ1s 3a6€e311e4eHHs TTOKa3HUKIB SKOCTi IOBEPXHi Ta TOYHOCTI (popmMu
IeTtasneil. BuBueHo CTpyKTypy i ¢pasoBuii ckian, ¢pizuKo-MeXaHiuHi BJaCTUBOCTI Ta IOPCTKICTh OKCUIHOTO
IOKPUTTS1. BUBYEHO 0COGJIMBOCTI CKJIAJJaHHS KJIEMOBUX 3'€JHAHHb 3 HEITIOBHMM OXOIJIEHHSIM Bajsa. Po3pobiieHo
BapiaHT Teopii HAHTOBOI raliKu 3 MiANPYKUHEHMMU T1EJII0CTKaMU. JIOCIIIPKEHO CKIIalayIbHi HAIIPYKEHHS B
eJleMeHTaxX po60Yyoro KoJjieca Bif[lleHTPOBOrO BEHTUJISITOPA «IUCK — KOHIYHA 000JIOHKa». 3alIpOIIOHOBAHO
KOHCTPYKIIiI0 CKJIaJIeHOro IIJIyH)XXepa Hacoca i3 pisb00BUM 3'e€JHAHHSIM i3 KyIeloBUM IpoiapkoM. Po3pobiieHo
METOJIMKY PO3PaxyHKy IIPUITYCKiB HA ME€XaHIYHY OOPOOKY AeTajell 3 OKCUTHUMU MOKPUTTSIMU. ONITUMI30BaHO
peXXUMM pi3aHHs MiJ] yac aJIMa3Horo uulidpyBaHHs. [IpoBeleHO CTeH10Bi BUITPOOOBYBAHHS 3MillHEHUX AeTaeil.

3aIpoIIOHOBAaHO CXEMY pereHepaliii Ta yTusisalii BiflllpalibOBaHOTO €JIEKTPOJITY.

2. The object of research is the technological processes of manufacturing parts and assembly of products with the
strengthening of working surfaces by micro-arc oxidation. The purpose of the work is to develop scientific and
technological bases for the production of parts with the strengthening of their working surfaces by microdurgical
oxidation of aluminum and assembly of products in order to increase the life of their work during operation in
aggressive and abrasive environments. The actual scientific and technical problem of the mechanical engineering
technology field was solved: the theoretical bases and technological means for oil and gas equipment resource
increasing by the plasma electrolytic oxidation of an aluminum layer were developed. The ways of layered coating
bearing capacity increasing, formed by the plasma electrolytic oxidation of an aluminum layer, were grounded. The
schemes of layered coatings have been developed. The stress-strain state of a two-layer coating under for an
arbitrarily oriented local load is studied. The method of rational design of a two-layer coating for local load is
developed. The influence of the oxide layer thickness on the resistance of the ceramic-aluminum coating to
inculcation is studied. A model of substrate reinforcement - an aluminum base with particles of aluminum oxide -
is proposed. An estimation of the oxide coating bearing capacity reinforced layer thick-ness was carried out and
the increase of the bearing capacity of the oxide coating was determined, as well as the robustness of the two-
layer aluminum-aluminum oxide coating for bending with the twist of the cylindrical part was estimated. The
group technological process of composite coating formation by a complex method with the use of plasma
electrolytic oxidation of an aluminum layer has been developed. Studied material selection - aluminum alloys and
steels and technologies of forming of blanks - is grounded. Strengthening technologies and equipment for plasma
electrolytic oxidation of compact aluminum and aluminum coatings in electrolyte have been developed. An
installation for spray coating of composite coatings by an arc method has been developed from the material of
continuous wires and powders, which are introduced from the feeder. An installation for vibroelectric doping of
the substrate before coating was modernized. Studying methods of coating properties, which allow to determine
the level of residual stresses in coatings, to conduct electrochemical measurements and corrosion tests and tests
on hydro- and gas-abrasive deterioration of parts with oxide coatings are developed. The plasma electrolytic
oxidation technological parameter influence on the accuracy and quality of part surfaces is experimentally studied.
The technological parameters of the plasma electrolytic oxidation process in the flowing electrolyte are optimized
to ensure the quality of the surface and the accuracy of the shape of the cylindrical parts. The structure and phase
composition of the oxide layer formed by the plasma electrolytic oxidation have been studied. Empirical



dependencies were obtained for determining the surface roughness after diamond polishing of the oxide coating.
The physical and mechanical properties of the oxide coating formed by the plasma electrolytic oxidation, the
residual stresses in them, corrosion properties and wear resistance of the formed oxide layer are determined.
Electrochemical method determines the level of admissive stresses in parts with coatings. The assembly of
components from parts reinforced with the plasma electrolytic oxidation has been studied. The wheel assembling
peculiarities of axial fans with clutch joints with a nut are studied. The method of designing a threaded connection
with a collar nut is developed. The assembling stresses in the elements of the working wheel of the centrifugal fan
- disk - conical shell have been studied. The design of the composite plunger of the pump is proposed: a steel shaft
- a working cylinder, which strengthens the plasma electrolytic oxidation of the surface layer. The connection of
the steel shaft to the working cylinder is carried out using a threaded connection with the adhesive layer. The
method of calculating allowances for mechanical processing of parts with oxide coatings is developed. The cutting
modes of round diamond grinding of the oxide coating layer are optimized. The bench testing of parts
strengthened by the method of the plasma electrolytic oxidation: protective shaft of shafts of centrifugal pumps,
piston rod piston pumps, two-way pumps, compressor pistons. The analysis of harmful factors that arise during
the process of the plasma electrolytic oxidation is carried out and the scheme of purification, regeneration and
recycling of spent electrolyte is proposed.
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