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Abstract — The aim of the work is to conduct a comparative
analysis of durability of the over welded layers with four
commercially  available boron-containing cored wires
(150B6Til0, 150Cr10B2VMn, 90Cr12SiB, 70Cr20B3Ti). All
investigated coatings have been developed in order to increase
the operating time and to reduce the maintaince period of the
mashine parts that operate under the conditions of the severe
abrasive wear. The microstructure and microhardness of the
layers have been investigated on the cross-sections. A
resistance against abrasion wear has been tested by an
operating temperature of 150 °C and the velocity of abrasive
particles (200 um sand) of 36 m/s. It was found that the
average hardness of the clad layers due to the formation of the
carbides and borides rises to the values of 642 — 1028 HV0.2.
The highest values were measured for 150Cr10B2VMn layers
and the lowest — for 150B6Til0 layers. The last can be
explained by the formation of the crack network in the hard
boron rich matrix. The maximal abrasion wear resistance was
observed for the layers with a matrix with austenitic
microstructure and carbide inclusions. The best 150B6Til0
coatings demonstrate an increase in abrasion resistance more
than twice if to compare with a substrate 10CrSiNiMn
material.

Key words — over weld, cored wire, electric arc welding,
abrasion wear resistance, austenitic matrix, hard phase
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I.Bctyn

JlonaTku 1 KOpiHHI AMCKK poOOYOro Kojieca MINHOBOTO
BEHTHJIAITOPA TEIUIOBOI EJIEKTPOCTAHIIIl MPAaIolTh B
YMOBax ra30a0pa3WBHOTO 3HOILIYBaHHS, /i€ B SIKOCTI a0-
pasuBy ciyrye momapiOHeHe BYriuis. MexaHi3M 3HOIIY-
BaHHs MOJATa€ y B3a€EMOJII TBEPAMX YaCTHHOK i3 IO-
BEPXHEI0 3HOIIYBaHHs. PyliHyBaHHsI BinOyBaeThCs ILIsI-
XOM pi3aHHS Ta BUTICHEHHS B Pi3HHX MEXaHi3Max epo3ii.
Jlist 3axucTy BiA ra30abpa3uBHOTO 3HOIIYBAHHS JAeTallel
3acTOCOBYIOTH nopoikosi aporu (IT1) (1).

Jlomatku Ta JUCKM pOOOYMX KOJIC BEHTHIISATOpA
BUTOTOBIAIOTE 13 ctanmi 10XCH/, sika Mae HM3BKHH omip
ra3oa0pasuBHOTO 3HOIIYBAaHHS, IO CHPUYMHIOE 3MEH-
IIEHHS pecypcy Mmia Aielo mozapidHeHoro Byrimisa. [lpu
3HOIICHHI JIONATOK MJIMHOBOTO BEHTHIISITOpA 3MEHIIY-
€ThCS MPOIYKTUBHICTh Ta BHHUKAE BiOpallist Koieca, Io
MOXE NPHUBECTU 10 BUXONY 3 Jiaay Iijoro Bysna. s

MiIBUIICHHS] PECYpCy JIONMATOK BEHTWIISITOPIB Ha iX TO-
BEpXHI Ta OOKOBI CTOPOHHM KOPIHHOTO JIHCKY HAaIUIaB-
JSIOTh 3aXHMCHI Iapy HAMiBaBTOMAaTHYHUM METOIOM.
3acToCyBaHHS MOKPHUTTS 3 CTIMKUMH BJIaCTHBOCTSIMH JIO
ra30adpa3WBHOTO  3HONIYBAaHHS TMPOIOBXKYE TEPMiH
excrutaTamii y 2,5 pasu.

Il. MeToauka Ta acnekTn AOCnimKeHHs

Jns onepkaHHS JOCHITHUX TOBEPXOHb BHKOPUCTO-
BYBaJIM MOPOILKOBI JIPOTH JiaMeTpoM 3,2 MM y CTajeBii
o6omonmi ToBmmHOKW 0,4 MM i3 crami O8km. Komrmo-
HEHTHHH CKJIaJl IIUXTH MOPOIIKOBHX JPOTIB HaBeJCHHUN
Tabmuui 1. PexuMu HamiaBieHHS IOBEPXOHb 3
MOPOIIKOBHUX JpoTiB: ctpyM 420 A, nanpyra 30- 31 B,
BHJIT EJIEKTPOAHOTO IPOTY 50 MM.

TABJIMLIA 1
CKJIAJl LIUXTH [TOPOLLIKOBUX JIPOTIB

Mapka BwmicT neryBanbHUX e€1€MeHTiB, Mac. %
HOPOIIKOBOTO
Hpory C |B|[Cr|[Ti|[Mn|Si|[V]| Fe
150P6T10 LS|6| - |10 - - | - | Pem
150X10P2OM | 1,5 2 [ 10| - 1 - | 2 | Per
90X12I'CP 09| 1 ]12]| - 2 | - | Pemr
70X20P3T 0713120 1 - - | - | Pem

['a30abpa3uBHE 3HOLIYBAHHS HAIUIABJICHUX IOKPUTTIB
Jocimiami Ha yctaHoBli (puc. 1), sKy 3MOHTYBajJIH Ha
OCHOBI eJIeKTporieyi. YCTaHOBKY OCHACTHJIM CHCTEMOIO
NOAaBaHHsS a0pa3uBy Ta KOHTPOJIOBaHHSA W MIATpHU-
MyBaHHs TemrepaTypu. LIIBuakicTh nojaBaHHs abpasuBy
perymoBail 4YuCIoM 00epTiB enekTponBuryHa. AOpa-
3WBHY 3HOCOCTIMKICTH TOKPHBIB OIIIHIOBAH 332 BTPATOIO
Macl 3pasKiB Icis BHIPOO YHOPOMOBXK 2 TOOWH 32
IIBUIKOCTI pyXy aOpa3mBy 36 m/cek. Sk abpa3wB BHKO-
pHUCTaIH KBapIOBUH MiCOK 3epHUCTICTIO 10 200 MKM.
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Puc 1. Cxema ycraHOBKH /17151 BUIPOOyBaHHS Ha ra3oadpa3nBHE
3HOIIIYBaHHS MOKPHBIB 3a MiBUIIEHOI TeMIepaTypu: 1-
eNIEKTPOIiY; 2 — IacoBa nepeaaya; 3 — IBUI'YH IOCTIHHOTO
cTpyMy; 4 — TpyOKa; 5 — matpyOku; 6 — o0pyd; 7 — 3pa3ku 3
HOKPUBaMH, 8 — EMHICTb 3 a0pa3uBOM; 9 — OJIOK KepyBaHHS.

[ll. PesynbTatn gocnimxeHHs
Ta IX y3aranbHeHHs

TOPOIIKOBHX  JIPOTIB:
90X12I'CP, 70X20P3T
Ile 3yMOBIEHO BHIMKOIO

HamnmaBneni moxpurra i3
150P6T10, 150X10P2®M,
MalOTh BHCOKY TBEPIICTb.
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KUIBKICTIO BYTJIMITIO Ta BMICTOM JIETYIOUHX €JIEMEHTIB:
TuTaH, 6opoM. HafiBuma tBepaicte HV crocTepiraerbes
y TOKPHTTIB HAIUIABICHHX MOPOLIKOBHMH JAPOTAMH
70X20P3T ta 150X10P2®M. 3HadueHHS CTaHOBIATH 847
ta 1028 HV BiznosinHo.

MiKpOoCTpyKTypa HAIUIABJICHHUX IOKPHUTTIB MICTHTH B
co01 TBep/i YaCTUHKH KapOiniB XpoMy, kap0OiniB Oopy Ta
KapOiniB TUTaHY. 3HOCOCTIHMKICTh CIUIABIB TaKHX CHCTEM
3aJ€KHUTh BiJ KUIBKOCTI BYIVIEIIO, Xpomy, Oopy Ta
TUTaHy, a TaKOX, Bijl BIACTHBOCTEH TBEpAOT0 po3unHy. B
CTPYKTYpI XPOMHUCTHX CTajeldl YTBOPHOIOTBCS CTiHKi
kapoigu (Fe, Cr);C, (Fe, Cr);Cs, (Fe, Cr),Cs, ski €
3MINHIOBATBHOIO  (ha30ro, 1m0 3abe3ledye  BHCOKY
3HOCOCTIiHKicTh. 3arBepmiBaHHs Kap6Oimie (Cr, Fe),C;,
Cr,C; mpoXoAWTh y BEpPXHIX IMapax, SKi OCiIaloTh 3
po3mIaBy mpH IMBUAKOMY 3aTBephiBaHHi (2). KapOixg
xpomy Cr;C; moOpe Bimommii CBOIM BiIMIHHUM TMO€M-
HaHHAM, BHCOKOIO TBEpIICTIO, BIAMIHHOIO 3HOCO-
CTIMIKOCTI, @ TaKOX BHCOKHM OIIOPOM KOpO3ii OKHC-
JICHHS,TOMY BiH HIMPOKO BHKOPHCTOBYETbCS B SIKOCTI
3MIIHIOBATBHOT (Pa3y B KOMIO3UITIHUX MOKPUTTSIX (3).

3HauHe MiJBUIIECHHS 3HOCOCTIMKOCTI CIUIaBiB CHUCTEMH
Fe-C-Cr pmocsaraetbcss mpH J10JaTKOBOMY JIeTyBaHHI
6opom. CrocTepiraeTbCsi CTPIMKHAN PIiCT TBEPAOCTI HpH
BMicTi 60py 1o 0,99 mac. %, a TOTIM 301IbIIYETHCS OLTBII
moBimeHO (4). bBymoBa OopumHOi ¢asum mpu 1mBOMY
3aJIeXKHTH BiJl BMICTY HE TiJIbKH O0py (BMICT, 10 1 %), a i
BYTJICIIO, 3MIHIOIOUHCH Bill KyOiuHOTO OOopHmy Mey;(B)e
(mpu 0,9—1 % C) mo TerparonansHoro MeBC (pn 2—
2,9 % C). 3i cruiaBiB, sAKi MICTITh y c00i MeHIe, HiX 1
% C, mpukinagoM Moke OyTH HaIUIaBJIEHUH MeTall.
Bucoka 3HOCOCTIHKICTh CIUTaBy BU3HAYAETHCS HASBHICTIO
B €BTEKTHILI TBEpIoi OOpUAHOI (a3, sika CKIaAaEThCs 31
cnonyk (Fe, Mn, Cr),;(BC)g i Fe,B.

Puc 3. MikpocTpyKTypa HaIlUIaBI€HUX IOBEPXOHb, MaPOK
MOpOIKOBHX apoTiB: a -70X20P3T, 6 — 90X12I'CP, B —
150X10P2®M, r — 150P6T10

Kpim xapbigHoi ¢asm, aycreHiTHa MaTpuIsl 3HOCO-
CTIHKOTO HAIUTABIIEHOTO METally MOXE MICTHTH y cOO0i
THTaH, KapOiJ] TUTaHy,a TAaKOX, OOpUAHY 1 KapObobopuIHy

¢asu. Lle mocsraerbcs nmeryBaHHAM OopoMm (mo 5 % i
OinpIIe) TPU OJHOYACHO BHCOKOMY BMICTI THTaHy
(9-10 % i Oimpmre). Y mpoMy BHUIAIKy HAIUIABICHUN
MeTal TNPaKTUYHO HaOyBa€ BJIACTUBOCTEH IHMCIEPCHO-
3MIIIHEHOTO KOMITO3HUIIIHHOTO MaTepialy — HaaTBepAi
YaCTWHKH Y B'SI3KIH 1 ITTACTHYHIA MaTPHUIIAX.
JocnimkeHHs ra30a0pa3uBHOI 3HOCOCTIMKOCTI 3pa3KiB
i3 HaIUIaBICHUMH [Iapamy. BusHauwinu, mo HalMeHury
3HOCOCTIHMKICTh MalOTh HAIUIaBJICHI LIApH ITOPOLUIKOBUMHU
apotamu 150X10P2OM ta 90X12I'CP. MakcumanbHy
3HOCOCTIHMKICTh MalOTh HAIUIABJICHI IIAPH i3 ayCTEHITHOIO
MAaTPHIICIO 13 BKIIFOYCHHSMH KapOi/liB: THTaHy Ta Oopy.

TABJIULIA 2
3HOCOCTIMKICTb JIOCJIJIHUX MATEPIAJIIB
MAPKA T1]1 HV02 | BTPATA v, T/M?
MACH, T
150P6T10 667 0,0096 48
150X 10P2OM 1028 0,0180 90
90X 12I'CP 795 0,0105 52,5
70X20P3T 847 0,0161 80,5
10XCH/T 250 0,0210 105
BucHoBku

MakcumasabHa 3HOCOCTIMKICTh HAIUIaBJICHHX IIApiB
3abe3nedyeThes NMpH (HOpMyBaHHI HAIIABICHOTO METaIy
3 ayCTEHITHOIO MAaTPHUIICIO B SIKiil € BKIFOUCHHS KapOiIiB.

3HOCOCTIMKICTh HAIUIABJICHOTO IMapy i3 MOPOIIKOBUX
IpOTiB 3pOocTae i3 30UIBIICHHSAM OOpy Ta XpoMy B
HaIlJIaBJICHOMY Iapi, i MakCHMaJbHOTO 3HAYCHHS OIIp
ra3oa0pa3uBHOMY 3HOIIYBAHHIO € IIPH BMICTI THTaHY
10 % Bar. Ta 60opy 6 % Bar y mopoIKoBOMY JPOTI.

JlocnmipKeHHSIM MeXaHIYHUX XapaKTepHCTHK Ta CTPYK-
TypH HAIIABJICHUX IIApiB BHU3HAUCHO, MO HAWBHIIHIA
Omp [0 3HOIIyBaHHS Ma€ HAaHECEHe MOKPHUTTS i3
nopoukosoro apory ITJ] 150PT10, sike Mae y aBivi BuILy
3HOCOCTIMKICT HixK cTtans 10XCH/I.
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