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JOCJII)KEHHS 3HOCOCTIMKOCTI IIJIABMOBUX ITOKPUTTIB
B YMOBAX ABPA3BUBHOI'O 3HOLIIYBAHHA

Hagedeno pezynomamu excnepumenmanbHux OO0CHIONCEHb MEXHON02I] HAHeCceHMHs.
KOMNO3UYILIHUX NIAZMOBUX NOKPUMMIE HA OCHOGI HiKemo i 3ani3a ma ix 3Hococmili-
Kicmb 6 YM08ax Hexcopcmko3axpinienozo aopasusy SiO,. Bcmanoeneno mexawizm
BHOULYBAHHA NOKPUMMI6, KL HaHocuaucv Ha Jnezosany cmanv 30XI'CA ors oanux
ymoe mepmsi. OOIPYHMOBANHO NEPCHEKMUBHICTND [ OOYLILHICMb 3ACMOCYBAHHSL KOM-
NO3UYIUHUX NIAAZMOBUX NOKpUMMmie Ojisi 0emani 6y3iie mepms agiayitiHoi mexHiKu,
SKI NPAYI0Ioms 8 yMosax aopasusy.

Knrouosi cnosa: xomnosuyiini niasmosi noKpummsi, abpasus, CmpyKmypa, 3HOCO-
cmitikicmo.

Beryn. HapiiiHicTs 1 TOBroBiYHICTh Cy4acHOI TEXHIKM O€3MOCepe/IHLO TIOB’s3aHa 3
Mpare3IaTHICTIO BY3MiB TepTs. XapakTep Ta iHTEHCHBHICTh 3HOITYBAHHS BU3HAYAETHCS
YMOBaMH MEXaHIYHOTO HaBaHTAXKEHHSI , HASIBHICTIO 1 CKJIAJIOM CEPEIOBHIIA, HOro XiMid-
HOi aKTUBHOCTI, BJIACTUBOCTEH KOHTAKTYIOUMX MaTepiaiiB. Bce 11e BU3HAYae OIHY i3 OC-
HOBHHX XapaKTEPHUCTUK MApH TePTs 3HOCOCTIUKICTB.

Ha cporojHi OCHOBHHMM NIISIXOM TTIBHUIIIEHHSI 3HOCOCTIMKOCTI POOOYMX MOBEPXOHb
JieTayieil MaIIiH, IHCTPYMEHTIB Ta TEXHOJIOTTIHOTO OOJIaHAHHS € HacTymHe: 1) 3MiHa Xi-
MIYHOTO CKJIaJy TIOBEPXHEBHX IMIApiB iX JIETYBaHHSM ISl CTBOPEHHSI CTPYKTYp, SIKi Oy-
JyTh YMHHUTH OIIp ITPOIIEcaM 3HOIIYBAaHHS, a B OCOOMMBOCTI TaKMM KaTaCTPO(IUHUM 5K
CXOIUICHHS, (hPETHHT-KOPO3is, abpa3uBHE 3HOITYBAHHS; 2) MEXaHIYHHH 1 (a00) TEIUTOBHMIA
BIUTMB Ha ITOBEPXHEB1 IApH METay, KUl 0OyMOBIIIOE CTPYKTYPHI IEPETBOPEHHS, IO
cripusie 3a0€3MEUCHHIO TIPAIE3aTHOCTI IMap TepTs; 3) HAHECEHHS Ha TIOBEPXHIO TEPTs
3HOCOCTIHKHX TTOKPHUTTIB [1].

[IpiopuTeTHUM HampaBIeHHSIM y TEXHOJOTTIHUX MPOIECaX TMOBEPXHEBOTO 3MIITHEH-
HS AeTaneill By3iiB TepTs aBiamiiHoi TexHiku (AT) sBISIOTECS METOIM Ta30TePMITHOrO
HAITWJICHHS], 4 CaMe TUIa3MOBOTO.

Orasaa my6aikaniii Ta aHami3 HeBUpilIeHUX MPo0JieM. AHAI3 CTATUCTUIHAX
nmaHnx nedexramii merameit AT mpu BHKOHaHHI KamiTadbHOTO PEMOHTY JO3BOJISIE
CTBEp/DKYBATH, III0 HAWOLIBINA KUTBKICTh X OpPaKyeThCS 3 MPUYHUH CYTTEBOTO 3HOCY,
BTOMHOTO pyHHYBaHHS Ta KOpo3ii. OCOONMBO 1€ CTOCYEThCS JNeTaled BY3JIB TEPTH,
SIKi TIPAIFOIOTh B YMOBaX aOpa3WBHOTO, €pO3IHOT0, Ta30- i Tixpoabpa3uBHOrO 3HOIIY-
BaHHA Ta iH.

3ayBa)KMMO, IO MUTAHHSIM a0pa3WBHOTO 3HOIIYBAHHS MaTepialliB MPUCBIYECHO
BEJHKA KUTBKICTh TOCIIIKEHb [2-9 Ta iH.], Kl MOKa3all CKIIaJHICTh IbOTO MEXaHi3My
3HONIYBaHHS. AHAII3 JIITEpaTypHUX JDKEpeNl CBIIYUTH MO Te, [0 HAa IHTEHCHBHICTH
aOpa3vBHOTO 3HOIIYBAaHHS BEIWKHHA BILIUB 3IHCHIOIOTH OpMa, TBEPIICTh 1 TEOMET-
pUYHI po3Mipu aOpa3MBHUX YaCTWHOK, HABAHTA)KEHHS, MIBUAKICTH MepeMillleHHs a0-
pasuBy, Qi3UKO- MEXaHIYHI BIACTUBOCTI MTOBEPXHI JIeTali sKa 3HOMIY€EThCs. PizHOBHIN
[IMX YMHHHKIB, @ TAaKOX iX HEOJHO3HAYHWH BIUIMB Ha IPOIECH aOpPa3sHMBHOIO 3HOMIY-
BaHHSA YCKIIAJHIOIOTh pO3pO0IEHHS METOJIiB 3aXUCTY BiJl 3HOCY JieTanell TpruOOBY3IiB.
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BusHayeHHIO OCHOBHUX BH[IB 3HOLIYBaHHsI 1 AiarHOCTUKM Aertaneid AT, MexaHiz-
My Ta KIHETHKH iX po3BUTKYy mpucBsiueHi podotu O.®. AkcbonoBa, B.A.borycnaesa,
J.M. TI'apkynosa, M.JI. T'onero, M.B. Kinapauyka, K.O. Kpunora, b.I. Kocrenpkoro
B.M. .JlozoBchkoro Ta iH [10]. o crocyeTbcs aOpa3uBHOrO 3HOIIYBAaHHS, TO IIEH
MPOIIEC € OCHOBHMM JUIsI IeTajIe IIaci JliTakiB TUIY AH, TakK sIK BOHH YaCTO €KCIUTya-
TYIOTBCSI HA IPYHTOBUX aepoapoMax. Y 3B 3Ky 3 IIUM PO3POOJICHHS 3aXOJIiB 3 ITiIBU-
LICHHS Mpaine3aTHOCTI aetanedt By3miB TepTs AT € oiHi€r0 3 MepiIoueproBux 3aaau.

BpaxoByrouu iHTEHCHBHICTh CTapiHHS aBiallifHOrO MapKy, MUTaHHS BiJHOBJICHHS
3HOIICHUX JeTaNeH 3a IOMOMOI0I0 CyYaCHUX TEXHOJIOTIYHUX METOJIIB € aKTyaJbHUM.

Meta po6oTu. JlociipKeHHs BIUIMBY 1 CKJIay CTPYKTYPH IUIA3MOBUX MOKPUTTIB Ha
3HOCOCTIHKICTh KOHCTPYKIIiHHOI cTai 30XI'CA B ymMoBax aOpa3MBHOIO 3HOIITYBAHHSI.

Metoau aocaimxennsi. MeToauyHa yacTHHa poOOTH CKIIAJA€ThCS 13 TPHOX €Ta-
miB: 1) METOJMKKM HAHECEHHS MJIa3MOBUX IMOKPUTTIB; 2)METOMKH BU3HAYEHHS 3HOCO-
CTIHKOCTI Ha MaIllUHI TepPTs; 3)METO/iB BU3HAUYEHHS (PI3MKO-MEXaHIYHUX BJIaCTHBOC-
Tel MIKPOCTPYKTYpH 1 a30BOro CKiaay MOKPUTTIB.

[Tna3MoBe HaNMJICHHS KOMITO3UIIIMHUX MOPOIIKIB Ha OCHOBI HIKEJIIO 1 3ai1i3a 3ikic-
HIOBaJIM Ha pomuciioBiit ycraHosii YITHC-304 monepHi30BaHUM IJIa3MOTPOHOM 3 YacT-
KOBO BUHECEHOIO JIyTOFO 1 JIOJIATKOBUM OOJIyBaHHSM TIA3MOBOI'O CTPYMEHSI KOHIIGHTPHY-
HHM [TOTOKOM 3axucHoro ra3y [11]. Ctpym ayru BcraHoBiroBaBcs B Mexax 80-90 A, npu
Harpy3i 35-50 B, npomyKTHBHICTIO /10 4 KI/TOJ i3 3aTAJIbHOI0 BUTPATOKO IIa3MO yTBO-
PIOFOYOr0 Ta3y, TPaHCIOPTYIOUOro 1 3aXHCHOrO Ta3y (aproHy) Si/xB. 3aBISIKM TaKAM
KOHCTPYKTUBHHM OCOOJIBOCTSIM 1 TEXHOJIOTTYHAM PEXHUMAaM, XapaKTep Tedil IIa3MOBOT0
cTpyMeHsi OyB ONM3BKHIA 10 JIAMIHAPHOTO, IO 3a0€3MeUyBaIO CIIPUATINBI YMOBH IS
30epeKeHHS Ta MIEPEHECEHHS Y IIOKPUTTS ITOPOIITKOBUX MaTepiaiB.

Tpubomorivai TOCTiKEHHS TPOBOAWIN B YMOBaxX BUTHHO HE KOPCTKO- 3aKpiIie-
HOro abpasuBy Ha cTaHAApTHI#N ycranosmi [12]. B sxocti abpa3suBy BUKOPHCTOBYBAJIH
kBapiieBuii micok (SiO) Tpbox (pakiiii. 3HOC BU3HAYAIM HA EIEKTPOHHUX Barax 3 TO-
yHicTio 10 0,0001T.

Di3UK0-MeXaHIYHI BIIACTHBOCTI, SIK CaMOTO IMOKPHTTS, TaK 1 CHCTEMH «OCHOBA-
MTOKPUTTSD BU3HAYAIH 33 pe3y/IbTaTaMH MEXaHIYHHX BUMIPOOyBaHb HA 3THH Ha yCTa-
nosii moneni KOGEL (Himerunna). BunpoOyBaHHS MPOBOAMIMA Ha 3pa3Kax 3 Ia3-
MOBHUMH MOKPHUTTAMHU ToBITHHOO 50-100 MKM, siKi Oyiin HaHeceHi Ha OJIuH OiK 3pa3Ka.
MikpocTpykTypa 1 XIMIYHUH CKJIa] MOKPUTTIB BU3HAYAIIN 32 TOTIOMOTOI0 CKHYIOUOTO
€NeKTPOHHOTO MIKPOCKOITY 3 €HEeproAucIiepcCHUM MikpoaHaiizatopom PEM-106. Jlu-
(bpakTOMETPUYHHI aHaIi3 MPOBOAWIN Ha PEHTreHiBcbkoMy mudpakromerpi Rigaku
Ultima IV. MikpoTBepaicTh OTpUMAaHUX MOKPHTTIB BHU3HAYAIH HAa MIKpOTBEPIOMIpi
[IMT-3. MinHicTh 34erieHHs] MTOKPUTTS 3 OCHOBOKO BU3HAYANM y BilMTOBIMHOCTI CTaH-
nmapty ASTM C633.

Pe3ynbraTu gociaigkenHs Ta iX 00roBopeHHs. 30BHIIHIA BUTIISA MTOPOIITKOBO-
ro MaTepiaxy Ha OCHOBI HIKEIIO IMOIaHo Ha puc. 1.

Buxigna reomerpudHa ¢dopmMa YaCTHHOK JIAHOTO TOPOIIKY pi3HOOIYHA, IO
YCKJIaTHEO€ TEXHOJIOTIYHHI NPOIIeC HAHECEHHS TIOKPHUTTSL.

YacTUHKHM NOPOLIKOBOIO MaTepiay Ha OCHOBI 3alli3a MaJI KyJIBbKOBY (OpMY, IO
3a0e31eyyBaio TEXHOJIOTYHICTh POIECy TIa3MOBOTO HAIIMIICHHS PUC. 2.

3HococriiikicTs ctani 30XI'CA no HanvieHHS i 3 TOKPUTTAM Ha puc. 3. Sk BHIHO
i3 puc. 3, 3HOCOCTIMKICTh KOMITO3UIIHHUX TIA3MOBHUX TOKPHUTTIB 3 HAMTOBHIOIOYHMH
iHTEepMeTallilaMy BUILE Y MOPIBHIHHI 31 3HOCOCTiHKIcTIO JeroBaHoi ctam 30XI'CA.
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Puc. 1. 30BHIIIHINA BUTJIS MOPOIIKOBOT0  Pric. 2. 30BHIMIHII BHUIISAI] OPOIIIKOBOTO

MaTepialy Ha OCHOBI HIKeJIo MaTepiary Ha OCHOBI 3ai3a
3nococriiikicts crani 30XT'CA o HanuiIeHHs 1 3 MOKPUTTSIM Ha puc. 3.
31/km
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Puc. 3. 3noc crani 30XTI'CA 3 ra3MoBUME MOKPUTTSMH Y 3aJI€KHOCTI BiT pakiii
abpaszuBHux 3epen SiO2 (1-50mkm, 2-25 MkM, 3-10 MKM, cripaBa — Ha JIiBO)

A TIOKPHUTTA CTPYKTYPHOTO CKJIaAy «MEXaHIYHA CyMIID» 3ai30-aJTIOMIiHii BOIO-
TUIOTh HU3BKUMHU TPUOOTEXHITYHUMHU XapaKTEPUCTHKAMH.

/
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WD: 7.62 mm ! VEGA3 TESCAN SEMHV: 20,0 kV. WD:8.24 mm VEGA3 TESCAN
View fekd: 174 ym Det: BSE : View feld: 95.8 ym Det: BSE 20pm
SEMMAG: 800 x | Date(midy): 09/1820 Technologies High Energy SEMMAG: 145 kx | Date(midy): 0971820 Technologies High Energy

Puc. 4. Mikpodororpadii kommosuriiiaoro miazmosoro mokpurtst NiAl:
a — BHX1JTHAa TIOBEPXHSI; 6 — IOBEPXHS MiCISI TEPTA
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MexaHi3M aOpa3WBHOTO 3HOIIYBaHHS IUIA3MOBUX MOKPUTTIB HA OCHOBI HIKEJIO
(puc. 4, a) BU3HAYAETHCA HE TUTBKH 1X MIIHICTIO, @ 1 CTYIEHEM MPYKHOTO JehopMy-
BaHHS, MIPY 3aHYPCHHI TBEPAUX a0pa3UBHUX YaCTUHOK (3€pEH), SKi Y MPOIECi TepTs y
OUTBIIIOCTI BHIIAJKIB 3aJIMINAIOTHCH HiMMH. Metanorpadiyai JOCTIiIKEHHS MOBeEp-
XOHb TEPTS MOKPHUTTIB CBIAYATh MPO MIAP)KYBaHHS TBEPAUX YACTHHOK, 110 00yMOBJIe-
HO X OUIBII BHCOKOIO TBEPAICTIO y MOPIBHSAHHI 3 MaTPUYHUM MatepiaioM, 3aBAsSKd
BHCOKOI TUTACTHYHOCTI SIKOTO TPOIIECH MIiKpopi3aHHs BiacyTHi (puc. 4, 6). Anami3 po-
004YMX TTOBEPXOHb MOKPUTTS HA OCHOBI 3aiiza (puc. 5, @) 1 micns tepts (puc. 5, 6) na-
FOTh MOXKJIUBICTh CTBEP/PKYBATH, 110 y JJAHUX YMOBaX TEPTS BiOYBA€ThCS IUIACTHYHE
nedopMyBaHHS 3aTi3HOI OCHOBU TIOKPHUTTS 0€3 TTMOOKMX BHUPHBIB Ta BY3JIiB CXOIJICH-
Hs1. [Tpy 11bOMY HIOPCTKICTh POOOYHMX MOBEPXOHB OKPUTTS 3MEHIITYETHCS.

SEM HV: 20.0 kV WO: 8.23 mm 111 VEGA3 TESCAN|

View field: 99.0 ym Det: BSE 20 m
SEM MAG: 1.40 kx  Date(midiy): 09118720 Technologies High Energy

o
Puc. 5. Mikpodororpadii KOMIO3HIIHHOr0 MmIa3mMoBOro MOKpuTTs FezAl:
a — BUXI1JTHAa TIOBEPXHSI; 6 — IOBEPXHS MiCIsl TEPTA

VEGA3 TESCAN

View fieid: 567 pm
SEMMAG: 245 Date{midy): 0918120 Technologies High Energy

JUIsl TIa3MOBOTO MOKPHUTTS BEMMYMHA Aa0pasWBHUX YaCTOK HE3HAYHOIO MIpOIO
BILJIMBA€ Ha 3HOC, a 3HOoC ctai 30XT'CA 3i 30utbieHHsM (pakiiii abpa3uBy 3pocTae.

TakuM 4MHOM pe3yNbTAaTH MPOBEICHUX TOCIIHKEHb € OCHOBOIO ISl 3aKITIOYCHHS
HACTYITHUX BHCHOBKIB: 1)yCTaHOBIIEHO MeXaHi3M aOpa3WBHOTO 3HOIIYBAHHS ILIA3MO-
BUX TIOKPUTTIB JUIS JAHUX YMOB BHUIPOOYBaHb; 2) OOIPYHTOBAHO MEPCHEKTHBHICTH 1
JOLIIBHICTh 3aCTOCYBaHHA IJIA3MOBOIO HAIIMJICHHS AJIs1 HAHECCHHS IOKPUTTIB Ha Je-
Taji By3JIiB TepPTs aBialliifHOl TEXHIKH SKi IPAIIOIOTh B yMOBax abpas3uBy
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RESEARCH OF WEAR RESISTANCE OF PLASMA COATINGS IN
THE CONDITIONS OF ABRASIVE WEAR

Reliability and durability of modern technque is directly related to the performance of
friction units. To ensure their durability today are used a variety of methods of surface harden-
ing, among which the plasma method is appropriate. Composite plasma coatings were applied
to 30 XI'"CA alloy steel samples, which have been widely used in tribotechnical systems of
aviation equipment. Spraying of powders on the basis of III'-CP2 was carried out by a special
plasmatron with a partially removed arc and additional blowing of the plasma jet with a con-
centric stream of shielding gas. Due to the design features and optimal modes, the flow was
close to laminar, which provided high productivity of the technological process.

Physical and mechanical, both the coating itself and the system "base-coating™ are deter-
mined by the results of mechanical bending tests on the installation of the KOGEL model
(Germany). The wear resistance of the coatings was determined on a standardized installation
for abrasive wear under conditions of non-rigid abrasive (SiO5).

The homogeneity of the structure and the adhesive strength of the composite plasma coat-
ing was ensured by heating in a muffle furnace to the melting temperature.

Optimization of the composition and microstructure of the sprayed coating made it possi-
ble to obtain the necessary physical and mechanical and, directly, tribotechnical characteristics
of this friction pair.

According to the results of studies of the coating of the structural composition, the me-
chanical mixture has low tribological characteristics. Composite coatings which has the inter-
metallics in the structure as the fillers, have much higher tribological properties. It is noted that
more promising are composite coatings based on iron, due to their low cost compared to nick-
el-based coatings. The mechanism of abrasive wear of plasma coatings for these test conditions
is established. The prospects and expediency of the use of plasma spraying for coating parts of
aircraft friction units operating in abrasive conditions are substantiated.
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