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JTOCJIIKEHHA BJIACTUBOCTEN NOBEPXHEBUX IIIAPIB
INOPIIHEBUX KUIELD ITICJIA
I'A3OTEPMIYHOI'O HAITMJIEHHSA

I'nymxosa /I. b., barpos B. A.
XapkiBcbKHUil HAlIOHAJIbHUI ABTOMOOIJILHO-10POKHIN YHiBepcUTeT

Anomauia. Hagedeno pezynomamu 0OCHONCEHHA CIMPYKMYpU mMa MUny 3MiHU meepooCmi No6epXHi
NOPUIHesUX Kileyb NiCia 2a30MepMIiuH020 HAnUIeHH s, 8 npoyeci wnigyysantsa, ookamy i npobizy ouse-
ni6. Buznaueno, wo opmysanis 2a3omepmiuHo20 ROKpUmms nio 4ac 0OHO4YACHO20 HANUTIEHHS MO~
00eny i cmani 11X18M na nopwnesi Kinbys 3 4a8yHy hOPMYEMbCA WAPY8AmMa CMpyKmypa, sKa CKid-
0ae€mMbCs NEPeBaAN*CHO 3 YACMOK cmali ma Mmoaib0eHy. JosedeHo, wjo ekcniyamayiini 61acmueocmi
CMAb-MONI00eH08020 NOKPUMMA NIOBUWYIOMbCA 8 3—4 pa3u, K NOPIGHAMU 3 MPAOUYTUHUMU MemOo-

oamu.

Knwuogi cnosa: cmanv-moniooenose NOKpUmms, CmpyKmypd, MIKpomeepoicms, NnopuiHesi Kinbiys,

2a30m€pMillH€ HANUJIeHHA.

Beryn

Huni opHiero 3 BakmuBUX HpoOieM Maiiu-
HOOyIyBaHHS € TIiABHILNEHHS HAIIHHOCTI i TOB-
TOBIYHOCTI MAIlIMH, 30KpeMa 30iTbIIeHHST 3HO-
COCTIMKOCTI JeTajeil. AKTyaJJbHUM TaKOX €
MUTAHHS IBUIICHHAS JOBTOBIYHOCTI Map TepTs
MOPIITHEBOI TPYIIX NapH KiJbIle-TiIb3a.

HepnocraTHs 3HOCOCTIMKICTH MarepiajiB Jii-
MiTy€e 30iJbIICHHS MPOJYKTHBHOCTI MAaIlllMH 1
TEepMiHIB TXHBOI eKcInTyaTarii, 301IbITy€e BUTpa-
TH Ha PEMOHT 1 3allaCHi YaCTHHHU.

He 3aBxau HEOOXITHUN € KOMIUIEKC BJIACTH-
BOCTEH MOPITHEBUX Kiselb Moxke O0yTu cpopmo-
BaHWUHU TPaJWIIHHUMH METOJaMH TEPMIidHOTO i
XiMiKO-TepMiuHOTO 00poOseHHs. Bce wacrimie
JUI TiABUIIEHHS €KCIUTyaTaliifHUX BJIacTHUBOC-
Tell BUKOPUCTOBYIOTH HOBI METOAU IOBEpXHE-
BOIr'0 3MII[HEHHS.

AHaJi3 myOsikanii

Jlo mporpecHBHUX CHOCOOIB 3MII[HEHHS Ta
BIJTHOBJICHHS JieTaiell MalluH, 30KpeMa JIo IH-
JHAPO-TIOPIIHEBOI TPYIIH HallekKaTh BUCOKOTE-
MIIEpaTypHi METOIW HAaHECEHHS IOKPUTTIB —
TUTa3MOBI, Ta30IUIA3MOBI, EJIEKTPOMYTH HaIH-
aeunst [1-4]. ¥V ramysi BiTYM3HSIHOTO ¥ 3aKop-
JIOHHOTO MaIlTMHOOYAYBaHHS IMOKPHUTTS 3 €IEKT-
POJIITUYHOTO XPOMY B JISAKHMX BHUIAJKaX 3aJ0-
BOJIHSIIOTH BUMOTaM, 1[0 BHUCYBAIOThCS JIO I10-
PIIHEBUX Kijenb. Mar4u TOCTaTHIO TBEPIICTh,
XPOMOBaHI TIOKPUTTS 3a0e3MeUy0Th CTIHKICTh
o abpasuBHOTO 3HOMIEHHA. OAHAaK TOPHCTUH
miap Xxpomy, TOBIIHHOIO 40—50 MKM, 3a AeKiTbKka
TOJIUH CIPAIbOBYETHCS. ENEKTPOMITHYHUI XpoM
HE3aJI0BUTFHO TPAITIOE HA TEPTS Ta 3HOITYBAHHSA

32 BUCOKHX TEMIIEpaTypax, 10 MPU3BOAUTH IO
3HEMIIHEHHS.

Hwuni B ramysi mamuHOOYTyBaHHS BHKOPHC-
TOBYIOTh TNPOICC HAMWICHHS MOPIIHEBUX Ki-
nelp MojioaeHoM [5]. BiH MIiCTHTH KOMILIEKC
pi3HOMaHITHHX (Hi3MKO-MEXaHIYHUX BIIACTHBOC-
TEil.

[lepcrieKTUBHUM € TPOLIEC HAIWJICHHS Ha
MOPIIHEB] KIUTBIM Pi3HOMAHITHUX CIUIaBiB a0o
IICEBJIOCIUIABIB, Kl MICTIThL MOJiOaeH. OcTaHHI
HAMJTIOIOTBCS 3 JIBOX a00 Oijblie pi3HOPIAHUX
MaTepiajiiB, MO0 Ja€ 3MOTy OTPUMATH TeTepo-
TeHHY CTPYKTYpY.

3milficCHEHHS WX TPOIIECiB TMPHU3BENO 10 imei
BUKOPUCTAaHHS Ta30TEPMIYHAX KOMOIHOBaHUX
MOKPUTTIB, IO CKJIAJAKOTHCS 3 MEXaHIYHOI Cy-
MIIII KOMITOHEHTIB 1 MPOAYKTiB IXHKOT B3aEMOJIIT
Yy BUCOKOTEMIIEPATYPHOMY CTPYMEHI.

Merta Ta mocTaHoOBKa 3a1a4i
Mertoro i€l pobotn Oyno BHUBYEHHS CTPYK-
TYypH Ta THITy 3MiHH TBEpPIOCTI MOBEPXHEBOTO
1rapy, OTpUMaHOI'0 Ta30TePMiYHMM KOMOiHOBa-
HUM HalWJICHHAM Miciis LUTiQyBaHHA, OOKaTy Ta
npoOiry amsens, TOOTO Ha BCIX CTalisX BHPOO-
HUYOTO ITUKITY.
3aBmaHHs OCHTiKeHHs: 1) BU3HAYUTH 0C00-
JIUBOCTI (hOpMyBaHHS ra30TEPMIYHOIO MOKPUTTS
MijJl 4ac OJIHOYACHOTO EJEKTPOJYrOBOTO HAITH-
neHHs1 Monioneny i crani 11X18M Ha noprne-
Bi KiJIBLS 3 YaBYHY; 2) TOPIBHATH MIKpPOTBEpPIO-
CcTi JpoTiB MomibaeHy W crami 31 crane-
MOJIIOJICHOBUM MOKPUTTSIM TIiJ] 4aCc HAMMICHHS;
3) BU3HAUUTH CTIHKICTH CTajie-MOJiOIEHOBOTO
MOKPUTTS 10 TEMIIEPATypHOI'O BILIUBY.



Bicunk XHALLY, Bun. 94, 2021

19

Marepiau i MeToqUKA TOCTiAKEHHS
O06’eKTOM TOCHIJPKEHHS € Ta30TepMiyHe TOK-
PUTTS 3 MOMOICHOBOI CTajIi, HAHECEHE Ha BHCO-
KoMirHUH Y9aByH. [IOKpUTTS Ha KUTBI HAHOCHIIH
METOJIOM JABOJIPOTOBOI MeTaji3amii 3 He3aJex-
HOIO mojauero ApoTiB 3i crami 11X18M 1 momi6-
neHy. Y Tabn. | HaBeeHO pekrM HaITIICHHSL.

Tabuuus 1 — PexxuM HanuIroBaHHS

Twuck ctuc- .
Cuna Hiametp
Hanpyra HEHOTr'0 .
. CTpyMY, . TIOBITPSTHOTO
Ha ny3i, B A MOBITPS, COTUTA. MM
MIla ’
40 400 0,5-0,55 8

[l BUBYEHHSI CTPYKTypH OTPUMaHOIO IOK-
PUTTS  BHKOPHCTOBYBAJIM  MeTalorpadiqauit
Mmikpockorm NEOPHOT 2. Ctan moBepxHEBOTO
Hrapy IMicisi HAHECEHHS MOKPUTTS, UuTihyBaHHS,
o0KaTKu ¥ poOiry nu3emnst BUBYAIH 33 JIOTIOMO-
TOI0 BUMIPIOBaHHS MIKPOTBEPAOCTI Ha MpHOOpi
[IMT-3.

Pe3yabTaTu gociaigxeHb
Ta iX 00roBOpeHHA

MertanorpadiuHi JOCHiKEHHST HAHICHOTO
1I1apy BU3HAYWIM IIAPYBaTy CTPYKTYPY NOKPHT-
TS, 30KpEeMa YaCcTKH CTalli Ta MOIIIOIEHY PO3MO-
JIJIeHI B KOKHOMY TOTIEpEYHOMY TepPEeTHHI He-
PIBHOMIPHO, a TOCHIJIOBHO IIapaMH, [I0 Yepry-
10TbCs. Takwid pO3MOMALT YacTOK 3YMOBIEHHIA
0COONMBOCTSIMHA PYyXy B Ta30BOMY CTPYMEHI
YaCTUHOK Pi3HOT MacH.

OCKibKM HEMOXJIMBO OyJ0 BHOpaTH THUI
TpaBUTENs, IKUH OJTHOYACHO BU3HAYAE CTPYKTY-
py MomibeHy 1 Heip»KaBKOi CTaii, TO 3aCTOCO-
BYBaJIM TOCJIJIOBHE TPaBJICHHS IIAPiB HA OAHY
(puc. 1, 6), a moTim Ha iHIy ckiagoBy. Ha puc.
1 HaBeZIeHO MIKPOCTPYKTYPY HAIHJICHOTO IIapy.

HaiiBaxknMBIIIOI0 XapakTepUCTUKOI HAIHU-
JICHOTO Iapy, IO BHU3HAYAE THI POOOTH IIOK-
PUTTS, € HOTO 3B’SI30K 3 TIOBEPXHEIO TTiJIKIIa]IKH.
Mertanorpadiunuii aHami3 Mexi MOy craie-
MOJIIOJICHOBOTO IIOKPUTTS — YaBYH JJIs OaraTbox
KiJIEIh 1 PI3HUX JUISHOK OJHOTO KUTBIS JEMOH-
CTPYE, L0 MOKPUTTS IIIILHO B3AEMOJIIE 3 K-
JaIKOI0 B3JIOBX YCHOIO Npo(iaro HaHECEHHS
(puc. 2).

Busnauena metanorpadiuyHa CTpyKTypa 4ac-
THHOK MOJIOJICHY IEMOHCTPYE TXHIO ApIOHO3e-
pHHCTICTh. Lle 3yMOBIEHO THM, IO IIBHAKICHA
KpHCTaNi3alis IMiJi THCKOM CIPHs€E€ CTBOPEHHIO
JIPiIOHO3EPHUCTOI CTPYKTYPH.

Puc. 1. MikpocTpyKTypa HalMJIEHOTO Mapy: a —
MoBHE TpaBieHHs, X115; 6 — TpaBmeHHs Ha
Momibaen, x115

Puc. 2. Mexa moainy craje-MoIiOaeHOBOTO
MOKPUTTSI — YaBYH: a — MOJIPOBaHUH 3pa3ok;
0 — TpaBaenHs; X300

Ha puc. 3 HaBeneHa MiKpOTBEpIiCTh MOIIO-
JICHOBOI CKJIaJIOBOT Micisi HaNwieHHs (a), [uTi-
¢yBanus (6), ookary 100 r (B), a Ha puc. 4 —
MiKpOTBepAicTs cki1anoBoi cram 11X18M micns
HanuieHHs (a), norigysanus (6), ookary 100 T
(B), ne Pi — cepenne 3Ha4YeHHS MIiKPOTBEPIOCTI
Ha 3pa3Kax IiJ] Yac BUMIPIOBAaHHS y BiJICOTKaX.

Jlyis BU3HAYCHHS BIUTUBY YMOB €KCILTyaTarlii
Ha  CTPYKTypy Ta  TBEpAiCTh  crale-
MOJIIOJICHOBUX TOKPUTTIB Oy/IHM BCTAHOBJIECHI
MOPILHEB] KiJbLsg 3 HAHECEHHMH Ha HHUX MOK-
PUTTSIMH Ha HapHUX Ojiokax 10-IUITIHIPOBOIO
nBurysa terososa. Ilicias 100000 kv npoOiry,
mo gopieHioe 4000 ronuHaM pobOTH, OyiH 3HsI-
Ti ¥ TOCII/PKEHI KOMIUIEKTH 3 YOTHPHOX KiJIeIlb.

V tabi. 2 HaBeeHI 3HAYCHHS MIKPOTBEPIOC-
Ti AOCTIIKyBaHUX MaTepialiB.
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Pia PiA

8HXO0 4 6 8H_,>><1D3

u H

4 6

PiAa

4 6 8HXO

B “

Puc. 3. MikpoTBepAicTh 4aCTHHOK MONiOACHY:
a — Micig HanwieHHs; 6 — micys nutidyBaH-
Hs1; B — micist o6kary 100 rox

Pia PiA

4 6 8HMF 4 6 B8HXT
a §
PiA
4 6 8HXTF
B

Puc. 4. MikpoTBepaicTh YaCTWHOK cTaii: a —
micJsl HAIMWICHHS, 0 — micis NDTiQyBaHHS;
B — IiCJIsl O0OKaTy

[TopiBHsUIbHUI aHaNi3 JaHWX, HABEJACHHUX B
TabJI. 2 1 Ha puc. 3, CBIAYUTH PO 3HAYHE 3Mill-
HEHHsI MOmiOaeHy B mporueci HanuienHs. Haii-
OinpIa KUTBKICTh YaCTUHOK MOJIIOJIEHY MiCTHTD
MikpoTBepaictb Hu B miamazoni 5000-7000, a

MIKPOTBEPAICTh BHXITHOTO IPOTY CTaHOBHUTH
maire 2000. Lle mop’s3aH0 3 HAHOUTBIIMM HACH-
YeHHSIM MOJIO/eHy MOMIITKaMH, SIKe 3MiHCHIO-
€TBCSA B TIpolleci HamwieHHS. Metamorpadiddi
JOCHIDKEHHS IEMOHCTPYIOT, 1110 OCHOBHA Maca
YaCTHHOK Ma€ CTPYKTYpY MEepeHaCHYEHOTO TBe-
pIOTO PO3UUHY 3 MOYATKOBUMH CTalisIMU CTa-
pinHA. OCHOBHOIO CTPYKTYPOIO YaCTHHOK CTaji
€ YaCTUHKH 31 CTPYKTYpOIO OUIBII-MEHII PiBHO-
MIpHO PO3MOIIJICHIX B MAaTPHIl 36pHUCTUX Kap-
O1iB.

Tabmuus 2 — TBepAiCTh AOCIIKYBaHUX MaTepialiB

Marepian MikpoTBepmicTsb,
Hp

JpiT Moi61eHOBUI 1800-2000
Hpit craneBuit 2900-3200
Crane-Moni0OIeHOBE TOKPHUT-
TSI IICJISl HATMJICHHST:
MonibneHoBa ckiagoBa 4000-8000
Ckiagona crani 11X18M 3000-6000
Crane-MomiO1eHOBE MTOKPHUT-
Ts1 mmicJist nutiyBaHHS
MonibaeHoBa ckiagoBa 5000-8000
Cxiagosa cram 11X18M 3000-6000

YacTHHKM CTaldl TakKOX IIOMITHO 3MIIIHIO-
10ThCcs. HalOinplny KiIbKICTh YacTOK Mae TBe-
paicte Hp 4000-5000.

[lopmHeBi KinmbId 31 cTae-MoJi0IeHOBHM
MOKPUTTSIM 32 TEXHIYHUMH YMOBaMH EKCILTya-
TytoThes Ticis untidysanns. [licns nporo Haii-
OinpIa KiMbKiCTh YaCTWHOK MOJIONEHY BiAro-
BiJIa€ Jliara3oHy MIKPOTBEPIOCTI, IO JOPIBHIOE
5000-6000, aie crocrepiraeTbcs MOMITHE 3pY-
menHs TBepaocTi B iHTepBani 6000-7000, sx
HOPIBHATH 3 HAITMJICHHSIM.

Jus crami (puc. 4, a, 6) micns unTigpyBaHHS
30ULIBIIYETHCS KUTBKICTh YacTOK 3 TBEPIICTIO B
inTepBasi 4000-5000. Takum umHOM, BinOyBa-
€ThCS JIESAKE IMIBUIICHHS MIKPOTBEPAOCTI CTai
(puc. 4).

TeopeTHuHMi 1 NPaKTUYHHUNA iHTEPEC MA€E THUIT
3MiHH MIKPOTBEPIOCTI JOCIIIKYBAaHUX IMOKPUT-
TIB MICJIsSI MOJANBIIOT0 OOPOOJICHHS, 30Kpema
miciis oOKaTy.

Sl neMOHCTPYIOTh Tpadiki, MiKpOTBEpAiCTh
YaCTUHOK MOIIOJeHy Ta cTani Ticis oOKaTy
30iabIIyeThess.  CTPyKTypa CKJIQJ0BOI  IiCIA
00KaTy AOpPiBHIOE BUXiTHOMY CTaHYy.

ExcriepuMeHTabHI JIaH1 CBi4aTh Mpo cTadi-
JTBHICTH TBEPAOCTI K YaCTHHOK MOIIOJCHY, TaK
1 4acTOK cTalli, IO € BaKJIMBOIO YMOBOIO JUIS
POOOTH MOKPUTTS B YMOBaX €KCILTyaTallii.
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Pia Pia
4 6 8HXO 4
a
PiA PiA

BHXP 4 6 8 HD

Puc. 5. MikpoTrBepaicTb MOIiOIEHOBOI CKIlan0-
Bo1 micist mpo6iry 1000000 kM: a, B — BEpXHE
KIJbLE; O, T — HIDKHE KIIbLIE

PiA PiA
4 6 8HXC 4 6 8HXO
a 0
PiA PiA
. i,
4 6 BHXO 4 6 BHXO

Puc. 6. MikpoTBepiCTh YACTUHOK CTaJIA TICIIs
npo6iry 100000 xMm: a, B — BepXHE Kijible; O,
I — HUDKHE KiIble

HeoOximHO 3a3HaunMTH HASIBHICTH CTaOLUIb-
HOCTI CcTpYKTypHu. JlocmigkeHHsT TOBEpPXHI 3HO-
HICHHS CBIIYHTS, 10 3/1€0UTBIIOT0 Peali3y€eThCs
a0pa3uBHE 3HOIIICHHS.

TakuM YWHOM, 3aNpOIIOHOBaHA TEXHOJIOTis
HAHECEHHS Ta30T€PMIYHOTO HAIMJIEHHS iCTOTHO
MIIBUITYE TEPMiH BUKOPHUCTAHHS ITOPITHEBHX
KiJIeI[b, SIKi MPAIFOIOTh B YMOBaX 3HOIIICHHSI.

BucHoBku

1) Bu3HaYeHi 0COOIMBOCTI (OPMyBaHHS Ta-
30TEPMIYHOTO TTOKPHUTTS B TPOIECI OTHOYACHO-
T0 eJEeKTPOAYTOBOTO HAIWIICHHS MOJIOIEHy Ta
crami 11X18M Ha NOpIIHEBI KiJbIA 3 YaBYHY.
®dopmyeThCs mapyBaTa CTPYKTYpa, Ka CKiaja-
€THCSI TIEPEBAYKHO 3 YACTOK CTaNi Ta MONIOACHY.
Bu3HaueHO MPUYMHM IIUPOKOTO Jiama3oHy Bia-
CTUBOCTEH 4acTOK crami Ta Moiionaeny. [losene-
HO, IO eKCIUIyaTalliiiHi BIaCTUBOCTI CTale-
MOJITIGICHOBOTO TOKPUTTS 3yMOBIEHI WOTO aH-
TUPPUKUIHHUMHA BIACTUBOCTSIMH, IMOPHUCTICTIO,
gKka 3a0e3medye caMO3MAallyBaHHS ITOBEPXHIi
TEPTs, aare3i€ro 3 MiAKIAAKOI0, SKa ITiIBUIIIY-
€Thcsl B 3—4 pa3u Ha BiIMIHY BiJl TpaauIliifHUX
METO/IB;

2) TOpIBHSUIBHUH aHai3 MiKpOTBEPIOCTI
IpoTiB  MomibmeHy Ta cram 31 cranme-
MOJIIOJICHOBIM TOKPHUTTSAM CBIIYHUTH MPO 3HAY-
He 3MIIIHEHHS YaCTHHOK MOJIIO/IEHy Ta CTald B
npoleci HaNWJICHHS, IO MOSCHIOETHCS MpoILe-
CaMH CTPYKTYpOYTBOPEHHSI.

[Tix gyac moganporo MUTiIQyBaHHS MOKPUTTSI
BiIOYBa€ThCs AEsIKE MiABUINEHHSI MIKpOTBEPHIO-
CTi;

3) BuU3HaYeHa CTIHKICTh cTane-MoJi0aeHOo-
BOTO MOKPHUTTS IO TEMIICPaTypHOTO BIUIHUBY.
[Tin wac marpiBanasa no 300 °C TBepIicTh TMOK-
PUTTS HE 3MEHINYETHCS, a 30UIBIIYETHCS BHA-
CIIJIOK 3HOIIEHHS MOJIOIEHOBOI CKJIAIOBOI Ta
3MEHIIIEHHS KiJIbKOCT] 3aJIMIIKOBOTO ayCTEHITY
B ctaii. [IpoaHanmizoBaHi 3MIiHM CTPYKTYypU Ta
BJIACTUBOCTEH CTane-MONiOJCHOBUX IMOKPHUTTIB
y mporieci ekcruryararii. BusHadeHo, mo i
4yac eKCIUTyarallii, SK 1 MiJl 4ac CTeHIOBUX BH-
npoOyBaHb, CHOCTEPIracThesl JOAATKOBE 3Mill-
HEHHS TOKPHTTIB.
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Research of surface layer properties of piston
rings after gas thermal spraying

Abstract. Problem. Today, one of the important
problems of mechanical engineering is to increase
the reliability and durability of machines. A special
place in this matter is occupied by increasing the
wear resistance of parts. As for diesel construction,
the problem of increasing the hardness and wear
resistance of piston rings is very important. Goal.
The goal is study of the structure and nature of
changes in the hardness of the surface layer obtained
by gas-thermal combined spraying, after grinding,

running-in and mileage of the diesel engine, i. e., at
all stages of the production cycle. Methodology.
The coating on the rings was applied by the method
of two-wire metallization with independent supply of
wires made of 11X18M steel and molybdenum.
Metallographic analysis was used to study the struc-
ture of the obtained coating. The condition of the
surface layer after coating, grinding, running-in and
diesel run was studied by measuring the microhard-
ness. Results. Metallographic analysis of the inter-
face between steel and molybdenum coating — cast
iron for many rings and different parts of one ring
shows that the coating interacts closely with the
substrate along the entire application profile.
The structure of molybdenum particles demonstrates
their fineness. This is due to the fact that the rapid
crystallization under pressure contributes to the
creation of a fine-grained structure. Comparison of
the microhardness of molybdenum and steel wires
with steel-molybdenum coating indicates a signifi-
cant strengthening of molybdenum and steel particles
during spraying, due to the processes of structure
formation. Experimental data indicate the stability of
the hardness of both molybdenum particles and steel
particles, which is important for the coating in op-
eration. Originality. Features of formation of a gas-
thermal covering at a simultaneous electric arc
spraying of molybdenum and 7/X18M steel on piston
rings from pig-iron are established. It is shown that a
layered structure is formed, which consists mainly of
steel and molybdenum particles. The reasons for the
wide range of properties of steel and molybdenum
particles have been clarified. It is proved that the
operational properties of steel-molybdenum coating
are due to its antifriction properties, porosity, which
provides self-lubrication of the friction surface, good
adhesion to the substrate, which increases by 3—
4 times compared to traditional methods. Practical
value. The proposed technology of gas-thermal
spraying significantly increases the service life of
piston rings operating in wear conditions.

Key words: steel-molybdenum coating, structure,
microhardness, piston rings, gas-thermal spraying
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