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TPUBOJIOTTYHA ITOBEJAIHKA EJIEKTPOAYI'OBUX IIOKPUTTIB I3
HOPOLIKOBUX JPOTIB CUCTEMM Fe-Cr-B-Al 3A POBOYUX
YMOB HITOKIB 3AINIPHUX BEHTHUJIIB TEC

Pe3tome. Jlocniosceno mpubonoziuny nosedinky earekmpody2oeux nokpummis iz I1/] cucmemu Fe-Cr-B-Al
3a pobouux ymos wmoxkie 3aniphux eenmunie TEC. Bcmawnoeneno, wo koegiyicnm mepms 00CiONCy8AHUX
NOKpUMMI6 3a yMO8 CYX020 mepms ma npukiadenomy naganmagicenni oinvwe 4 Mlla € makum dce, K i 015
cmani HIX 15. Bussneno, wo oani nokpumms 0obpe npayioroms y KOHMAKMI 3 2papimosum yuyiibHeHHIM.
Taxodic 6UA61EHO NOUMUBHUI 6NAUE NPOCOUYBAHHS €IeKMPOOY208UX NOKPUIMMIE CUHMEMUYHUMU OAUBAMU O
VMO8 pobomu Cyxo20 mepmsl, Wo 3yMOGIEHO IXHbOIO CIMPYKMYPOIO, | He 3aNedHCUMb 6i0 CUCIEMU N1e2YBaAHH.

Knrwuosi cnoea: enexkmpooyeosi nokpumms, 3HOCOCHMIUKICMb, Koeiyichm mepms, WMOK 3anipHO20
eeHmus, epagim, nopucmicms.

V. Pokhmurskyy, M. Student, T. Stupnytskyy, V. Gvozdeckii, Y. Sirak
TRIBOLOGICAL BEHAVIOUR OF ARC SPRAYED COATINGS

MADE OF Fe-Cr-B-Al CORED WIRES UNDER THE SERVICE
CONDITIONS OF THE HTTP VALVE SPINDLES

Summary. The tribological behavior of arc sprayed coatings made of Fe-Cr-B-Al cored wires has been
investigated under the service conditions of the heat power plant valve spindle. The arc sprayed coatings have a
characteristic lamella structure, lamellas being the solidified droplets separated by oxide films of different
nature and thickness, the grinded surface of which is the composite —in the matrix from steel lamellas the
particles of oxide phases are available, therefore the structure of such coatings causes their special tribological
behavior.

It was investigated, that in the dry friction condition under loading of 2 MPa, the friction coefficient of
the LLIX 15 steel is lower than for the coating obtained from Fe-Cr-B-Al cored wire, and is equal to 0.32, and
under loading more than 4 MPa it equals 0.42. It testifies that under loading less than 2 MPa the tribological
properties of LLIX 15 steel are better, however with the increase of loading this phenomenon is not available.

It was suggested to investigate the influence of solid lubricant CaF', on the friction coefficient behavior
of arc sprayed coatings made of Fe-Cr-B-Al cored wires. The adding of the CaF, powder to the mixture of cored
wires provides the change of the coating friction coefficient and its behavior is similar to the behavior of the ILIX
15 steel friction coefficient, but, nevertheless, the nominal values are too high and under loading — 5 MPa it
equals 0.4.

1t was found that under the dry friction condition when the loading was 5-6 MPa the temperature on the
surface of the coating equals 250-300°C and the oxide films are formed there. The oxide film is formed on the
surface on steel — less-alloyed Cr, on coatings — much-alloyed Cr. In the friction tests these oxide films break
and form abrasive particles which cause the significant abrasive wear of both, coating and counterbody — 3X13
steel.

It was found that such coatings have very low values of friction coefficients — 0.12-0.15 under
conditions of the dry friction in contact with counterbody with built-in graphite. Moreover, with the increase of
loading from 2 to 10 MPa the friction coefficient decreases. It was explained by the fact that arc sprayed
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coatings have on its surface pores and the graphite is accumulated in them during friction and then it forms the
boundary friction film on the friction surface.

It was found that during wear resistance tests the IIIX15 steel wears the least but its counterdody made
of 3X13 steel is subject to significant wear under the dry friction condition, therefore the total wear of this
friction pair is higher than for the arc sprayed coating.

The positive influence of sealing arc sprayed coatings with synthetic oil was revealed too for the dry
friction condition. It was determined that sealing of arc sprayed coatings made of Fe-Cr-B-Al cored wires with
synthetic oil Synth SW40 provides the increasing of their wear resistance in 12 times as compared with those
made of LLIX 15 steel and in 9 times as compared with unsealed coatings. The sealed arc sprayed coatings made
of Fe-Cr-C-Al cored wires provide the increase of their wear resistance in 9 times in comparison with IIIX 15
steel and in 5 times as compared with unsealed coatings. Such influence of sealing coatings with oil on their
wear resistance is likely to be caused by their structure which depends on spraying parameters and doesn’t
depend on their alloying system.

Key words: arc sprayed coatings, wear resistance, friction coefficient valve spindle, graphite, porosity.

IMoctanoBka mnpodjemu. ExoHOMiWHICTE poOOTH eNEKTPOCTaHIIi BHU3HAYAETHCS
HEBUPOOHUYMMH BTpaTaMH, CEpe]] SIKUX 3HAYHHUU BiJICOTOK 3aliMAlOTh BTPATH KOHJEHCATY.
3aranbHi BUTpaTH kuBmIbHOT Bou Ha 1 koten TEC 3a pik ckitanae B cepenapomy 2000000 T.
Tomy 3HMKEHHS BTpAT KOHJEHCaTy TUTbKH Ha 1 % mpu moTyxHOCTI arperari 150 MBT moxe
naTv piuHy ekoHoMiro B 280 THcC. T. yMOBHOro manuBa. Bimomo, 1110 OCHOBHOIO MPUYHHOIO
BTpAaT KOHJIEHCATy € HeNIUIbHICTh 3amipHoi apMaTypu. OAHMM 13 BaXKJIMBHUX EJIEMEHTIB
3amipHoi apmaTypu € mrtoku. [ITok mpairoe B ymMoBax MOCTIHHOTO a00 MEPiOJUYHOTO TepPTs
13 cigyom 3i ctani 3X13, canbHUKOBOIO HaOMBKOIO Ta Pi3bOOBOIO BTYJIKOK PyXOMOTO BY3Ia.
[lin yac poOOTH BEHTWIIB, NpPU CIPAIIOBaHHI TPa(iTHOTO YIIIIBHEHHS, NUJIIHIpHYHA
MOBEPXHS ITOKIB BEHTWIS KOHTAKTY€E 13 METaJeBUM KinblleM. [Ipu mbOoMy peaizoBYIOTHCS
YMOBH CYXOTO TEPTSI 1 MOKJIMBE MPHUIIBUANICHE 3HOITYBAHHS KOHTPTLIA — CTATBHOTO KUTBIIS
Ta OIYHOI YIIUTBHIOBAJIFHOI MOBEPXHI INTOKA, YTBOPEHHS 3aJUpIB i, SIK HACIIIOK, BTpaTa
TepPMETUYHOCTI CaJbHUKOBOTO By3na (puc. 1). Buacnmigok He3aqoBinbHOT poOOTH 3amipHOi
apMaTypu 3HIKYETbCS HAJINHICTh, €PEKTUBHICTh Ta €KOHOMIYHICTh POOOTH TEIIOCHUIOBOTO
00JIaTHAHHS €JIEKTPOCTAHIII, 10 MOXKE CIPUYMHUATH HEOOX1AHICTh punuHeHHs poootn TEC
abo 11 okpemuXx cHcTeM. Y 3B’S3Ky 3 IIUM HaJilHICTH poOOTH apMaTypu Oarato B 4OMY
BU3Hauae HaniiHicTh podotu TEC [1-4].

AHaJi3 ocTaHHIX Aocaifkens i mybJikaniii. Ha cboronHi ymiapHIOBaJIBHI MOBEPXHI
NITOKIB 3aXWINAIOTh UISIXOM HAHECEHHS HA II0 IMOBEPXHIO TBEPAOrO TIbBAHIYHOTO XPOMY,
KW Ma€ BUCOKI TBEPIICTh Ta KOPO3ilHY CTIMKICTh y BOIHUX cepepoBuinax. OmHak mporiec
TaJIbBAaHIYHOTO XPOMYBAaHHS € €KOJIOTiYHO HebOesneunuid. JupekruBamu €BpPOCOIO3yY
nepeadaueHo MOBHY 3a00pOHY BUKOPUCTaHHS 1bOTO Mpotecy micig 2020 p. Y 3B’s3Ky 3 UM
IHTEHCUBHO MPOBOJISITHCS €KCIIEPUMEHTAIbHI JOCIIIKEHHS 13 3aMiHU MPOLIECY FaIbBaHIYHOTO
XpOMYBaHHsI Ha albTEPHATHUBHI TexHoJorii. Hallbinpm TeXHOIOTIYHUMH 13 HHUX BBa)XarOTh
ra3oTepMiyHi METOJM HaHEeCceHHs MOKPHUTTIB [5...10]. Haiinemesmum, HalOPOAYKTUBHIIIUM
Ta TEXHOJIOTIYHO HAWMPOCTIIIMM 3 HHUX € CJIICKTPOJYTrOBE HANWICHHS 13 BUKOPHCTAHHSIM
MOPOIIKOBHX APOTiB. [IOPOIIKOBI APOTH JTO3BOJSIFOTE OTPUMYBATH €JICKTPOAYTOBI MOKPUTTS
i3 Bucokumu TtBepaicTio (1000...1300 HV) ta abpa3uBHOIO 3HOCOCTIHMKICTIO, TPOTE 3
BHCOKOIO XIMIYHOIO TeTEPOTCHHICTIO Ta TopucTicTo [11].
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Pucynok 1. Xapakrep pyliHyBaHHS YIIiJTHHIOBAJIEHIX IOBEPXOHB!
1) 3agmpwm; 2) Kopo3ilfHO-epo3iiiHe pyHHyBaHHS
Figure 1. Breaking character of sealing surfaces:
1) strips; 2) corrosion-errosion breaking

Mera po6Gotu. [ocmiguta TpPUOOJIOTIYHY TOBEIIHKY E€JIEKTPOAYrOBHX IOKPUTTIB
cucremu Fe-Cr-B-Al 3 ymictoMm Cr 13% B nmapi 13 koHTpTUIOM 31 cTaiti 3X13 B ymMoBax cyxoro
TEpTs, a TAaKOXX BHSIBUTH BIUIMB IMPOCOYYBAHHS MACTHJIOM IIMX MOKPHUTTIB HA iXHIO
TpUOOJIOTIUHY MOBEAIHKY. BCTaHOBUTH NMPUAATHICTH ENEKTPOAYTOBUX IMOKPUTTIB CHCTEMU
Fe-Cr-B-Al 3 ymicrom Cr 13% anst BiTHOBIIEHHS 3HOIIEHUX TOBEPXOHB 3aIiPHUX BEHTHUIIB.

Metoauka gociaimkenb. [lokputrs i3 [1/] HaHOCKIM €EKTPOYrOBUM METAIi3aTOPOM
OM-17 3a takux pexumis: Hanpyra — 30-32 B, ctpym — 150 A, tuck nositps — 0,6 Ml1a,
JTUCTaHINS HanmwieHHs — 150 MM, ToBmIMHA TOKpUTTS micis uturipyBanas — 0,7 M.
Temmeparypy MOBEpXHiI TepTs MiJ Yac CyXOro TEPTS 3aMipsuld JIa3epHHM IipOMETPOM
“Cmotpuu 8M”.

HocnimxyBanu IIJ] cucremu Fe-Cr-B-Al ta Fe-Cr-C-Al 3 ponaBaHHSIM TBEpAOTo
mactmiia CaF; (tabm. 1).

Tabmums 1. Ximiuauit cxman mocimimpkyBaHux T1]]
Table 1. Chemical composition of researched cored wires

Cr B Al | C CaF,

Fe-Cr-B-Al
13,0 3,0 6,0 - -

Fe-Cr-B-CaF,-Al

130 |30 |60 |- 3,0
Fe-Cr-C-al 13,0 |- L5 |1L1 |-
5
Fonomea
Touperrrs
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Pucynox 2. Cxema IOCTiHKeHHS 3HOCOCTIHKOCTL
MTOKPUTTIB IIPH CYXOMY TEpTi
Figure 2. Scheme of wear resistance tests
under dry friction condition

BumnpoOyBaHHs Ha 3HOLTYBaHHS MOKPUTTIB MPOBOAMIN B YMOBAX CyXOTo TEpTs B mapi 3
kostozkoro 3i cram 3X13 (HRC-42) 3a cxemoro auck—konoaka Ha ycranosii CMII-2 (puc. 2)
3a nuromMux HaBaHTaxeHb 2—10 Mlla. BuwmiproBaHHs BTpaTd Macu TPOBOJIWIM Ha
eJeKTPOHHIN aHamiTHyHik Ba3i Mapku KERN 3 tounictio 0,0001 r.

[Inidosani mokpurts Harpisazu g0 100°C ta IPOCOYYBAIId B cepeAoBHUILI 0B Synth
5W40, makcumanbHa poboya TeMIieparypa sSKoi CTaHOBHUTH 225°C, ynpoaoBx 2 roa. Tak sk
Ha TOBEPXHI MOKPUTTS (Y BEHTWIII) BEpXHIH IIap MacTHja MOKE BUMHUBATHCS Mapoio, TO B
HAIIOMY EKCIIEPUMEHTI MOJEITIOBAIMCS YMOBH MAacTWJIBHOTO rojiogyBaHHs. [Ipocouenwmii
OJIMBOIO Ta MUTI(OBAHMIA 3Pa30K 13 TTOKPUTTSAM IMPOMHUBAIN Y cepeoBuii OeH3uny “I"amoma”
B yJibTpa3BykoBiii BaHHI mpotsiroM 30 xB. Ilicms Takoro mpoMuBaHHS y BEpXHIX IIapax
MOKPUTTA ONHMBa — BiACcyTHs. Jlani 3pa3ku HarpiBaiu 10 300°C 3 BHTPHMKOIO IpH Iiid
temneparypi 1 roa., IS TOro, mo0 MpoWIuIa AECTPYKIis OJIMBU, IO MPOHHUKIA B MOPHU
MOKPUTTS.

PesyabraTin nociigxeHnsi. EexTpoAayroBi MOKPUTTS MarOTh THIIOBY JIaMEJSIpHY
OynoBy. Jlameni — 3akpucTani3oBaHi KpAIIMHK, PO3IITICHI MK COO0I0 OKCHIHUMH TUTiIBKAMU
pizHOI pupoau i ToBImMHU. KpiM TOro, y CTpyKTypi HOKPHUTTIB € KPYITHI JIaMelli 13 OKCHIIB

enexTpoHax (B) y Binoutux enexkrponax (C)

Figure 3. Characteristic microstructure of the arc sprayed coatings (A); Grinded surface of coatings at

SE (B) and BSD (C)

(puc. 3A). LlnidgoBaHa MOBEPXHS SIBIIsSIE COOOI0 KOMITIO3UT — B MAaTPHIIi i3 METAJICBUX JaMesen
€ ocTpiBKU okcuaHux ¢a3 (puc. 3 B, C).

Taka CTpyKTypa 3yMOBIIOE OCOOJIMBY TpPHUOOJIOTiYHY IHOBEIIHKY SIK 32 YMOB CYXOTIO
TepTH, TaK 1 Mijl 4ac TepTs 32 yMOB I'PAaHUYHOI'O MaIllEHHS.

BcranonneHo, 110 3a BUNIpoOyBaHb MPHU CyXOMY TepTi AJid mapu auck (cranp HIX 15) —
kosozka (cranp 3X13) HaBiITH MpU MaloMy MUTOMOMY HaBaHTaxeHHi (2 MIla) koedimieHT
TEPTS € BUCOKUM 1 TPOXOAUTH MIKPOCXOTUICHHSI MK KOHTaKTYIOUHMH OBEPXHSMH (pHcC. 4A),
npo IO CBiTYaTh CKadkd KoedimieHTa TepTs B dYaci. 31 30UIBIICHHSAM ITHUTOMOTO
HaBaHTaxeHHs Big 2 10 6 Mlla xoedimieHT TepTs 3pocTae Ta 3pOCTa€ KUIBKICTh AITISTHOK
CXOIUICHHs Ha MOBEpXHsX TepTs (puc. 4B)
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Pucynox 4. 3anexnictb koedinienrta tepts craii LIX15 Bix yacy (A) Ta nmuromoro HaBaHTaxeHHs (B)
Figure 4. Dependence of the 111X 15 steel friction coefficient on time (A) and loading (B)
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Pucynox 5. 3anexHicts koedinienta Teptsa napu Tepts nokputts 3 I1/] Fe-Cr-B-Al — crans 3X13 Bin
gacy (A) Ta muToMoro HaBaHTaKeHHA (B) 32 yMOB cyxoro tepts
Figure 5. Dependence of the friction coefficient of friction pair cored wire from Fe-Cr-B-Al- 3Cr13 steel on time
(A) and loading (B) under dry friction condition

Jus mapu teptst mokputts 3 [1J] Fe-Cr-B-Al — crans 3X13 npu 2 MIla koedimieHT
TepTs Aeuto Bulmii — 0,4, a 3 yacoM XapaKTepHU3yeThCS TAKOXK CTPUOKaMHU, IIO CBIAYATh MPO
CYTT€BE CXOIUICHHS MIOBEPXOHb TEPTS, HE3BAXKAIOUM Ha HASIBHICTh OKCUIHOI (ha3u y CTPYKTYpi
noKpUTTA (puc. SA). 31 301IbIIEHHIM TUTOMOTO HaBaHTaxeHHS Bia 2 10 6 Mlla koedimieHt
TEPTS 1i€l Tapy MPAKTUIHO HE 3MIHIOEThCA (puc. SB).

Jnst 3HmwkeHHs Koedimienta Ttepts y mmxty I1J] Fe-Cr-B-Al momaBamm 3 % wac.
TBEpAOro MacTmia — nmopomky CaF,, mo npu3BOAMTE 10 IESKOTO 3MEHIIEHHS KoedimieHTa
TEpTS NMPU MAIUX NMHUTOMUX HaBaHTaKEHHSX (puc. 6A), omHaK npu 30UTBIICHHI MUTOMOTO
HaBaHTAXXCHHS BiH CyTTEBO 3pocTae i Bke mpu 5 Mlla cranoButs 0,4, npuitmMaroun Takui

piBEHb, K 0€3 TBEPAOro MacTHIIA.
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PucyHox 6. 3anexHicts koedinieHta Tepts napu tepts nokpurts 3 [1/] Fe-Cr-B-Ca-F-Al — crans 3X13
Bi yacy (A) Ta muTOMOro HaBaHTaxxeHHs (B) 3a yMoB cyxoro Tepts
Figure 6. Dependence of the friction coefficient of friction pair cored wire Fe-Cr-B-Ca-F-Al- 3Cr13 steel on time
(A) and loading (B) under dry friction condition

3aramom moBefiHKa koedimieHTa TepTs mokputTs 3 CaF, 3a pi3HUX HaBaHTaXeHb
noaiona no crani (puc. 4B, 6B). lonaBanns CaF, y muxty [1/] BusiBiiiocs HeeeKTHBHUM.

3’scOBaHO, IO MPH CyXOMY TepTi Bke mpu 5—6 MIla temmnepaTypa MoBepxHi AuCKa
cranoBuTh 250-300°C. IIpn npoMy Ha NMOBEpPXHI YTBOPIOETHCS ILIIBKA OKCHJIIB Ha CTalll —
maioneropana Cr, Ha NOKPUTTAX — 3HayHO JieroBaHa Cr (puc. 7A, B). Ilpu Tepti okcuaHi
IUTIBKM PYHHYIOTBCSI Ta CIYyTyIOThb aOpa3sMBHUMM YaCTMHKaMM, L0 BUKJIMKAIOTh CYTTEBE
aOpa3uBHE 3HOLIYBaHHS K IOKPUTTS, TaK KOHTpTLIA — cTam 3X13.

Tmm BNeKTpOHHO® MIOBPAXEHINS 1

Enementu % Mac. Enementu % mMac.
C 6,84 B 3,53
0] 11,10 Cr 12,41
Si 0,38 Fe 84,06
Cr 3,53
Fe 78,15

Pucynox 7. Ctpykrypa noBepxHi ctaii LIX 15 (A) Ta MOKpUTTS eNeKTpo yroBoro nokpurts (B) micis
BUIPOOOBYBaHb Ha CyXE TEPTS
Figure 7. Structure of IIIX15 steel surface (A) and arc sprayed coating (B) after tests under dry friction
condition

P
Tpadit
Komomxa

ﬂ IlorpuTTa

Pucynox 8. Cxema BHIIPOOOBYBaHb 3HOCOCTIHKOCTI MMOKPUTTIB HA CyXe TepPTs 3 rpaiTHOIO BCTABKOIO
Figure 8. Scheme of wear resistance tests with counterdody with built in graphite under dry friction condition

Juis imiTamii peanpHUX YMOB pOOOTH YIIUTBHIOBAIBHUX MOBEPXOHB INTOKIB BEHTHIIA,
JIOCIIJKEHHS IPOBOAMIIM 32 CXEMOIO JIUCK — KOJIOJKA, IPU IbOMY B KOJOJKY 31 ctaii 3X13
BMOHTYBaJIM IpadiTHy BCTaBKy (puc. §). 3a Takux yYMOB BHUIIPOOOBYBaHb JUIs Mapu TepTs
cranb [1IX15—crans 3X13 BcraBka rpadiTy y KOJOJKY CYTTEBO 3MEHIIYye KOe(ilLieHT TepTs,
MPOTE BiH TAKOX 3pOCTa€ 31 301IbIICHHAM MUTOMOTO HaBaHTaxeHHS Bia 2 mo 8 Mlla, ax 1y
BUIIAJIKY, KOJIH KoJiosiKa 0e3 rpadiTHoi BcTaBku (puc. 9).

st mapu Tepts mokputts cucremu Fe-Cr-B-Al — crans 3X13 BcraBka rpadity CyTTEBO
3HIKye KoedimieHT Tepts (puc. 10). [Ipudomy ynm BHUIUI piBeHb MUTOMOTO HaBaHTAKEHHS,
TUM CWIBHIIIE 3MEHIIyeThCsl KoedimieHT Tepts. [Ipm muromomy HaBanTakeHHi 6-8 Mlla
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koedimieHT TepTs craHoBUTh 0,12.
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Pucynox 9. 3anexHicTh KoedilieHTa TepTs

N

napu
cranp 1IX15-3X13 Bix nuromoro HaBantaxeHus (1 —
cyxe TepTsi; 2 — TepTs 3 rpadiToOBOIO BCTABKOIO)

Figure 9. Dependence of the friction coefficient of
friction pair [IIX15-3Cr13 steels on specific loading
(1 — dry friction; 2 — friction with graphite)
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Pucynox 10. 3amexnicth KoedimieHTa TepTs

0,10

napu
TepTs mokputts cuctemu Fe-Cr-B-Al- crans 3X13 Bin
HaBaHTaxeHHA (1 — cyxe teprs; 2 — T1epra 3
rpa¢iTOBOIO BCTABKOIO)

Figure 10. Dependence of the friction coefficient of
friction pair coating made of Fe-Cr-B-Al —3Cr13 steel

on loading ( 1- dry friction; 2 — friction with graphite)

Takwii HU3bKHMH piBeHb Koe(dimieHTa TEpTS 3yMOBIEHUH HacTynHUM. Hanmneni

NOKPUTTSI MAlOTh Ha CBOIH MOBEpXHI MOpPH TIMOWHOIO JO MIKpOHA Ha BiAMIHY BiA cTaii,

npodinorpamu skux HaBeneHo Ha puc. 11 Ta 12. Ilpm teprti mo Bkiagmi 3 rpaditoM BiH

MPOHUKAE y TOPH, K y KHUIIEHI, i1 TaM akymymntoerbes (puc. 13). Ilpu BHCOKMX HMUTOMHUX

HAaBaHTA)KEHHAX BiH CIIYIrye JKEpCJIOM MacCTHJIa Ta JOHAAaTKOBO (1)OpMy€ rpa(biTHy HJ'IiBKy Ha

MMOBCPXHAX TCPTH.
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Pucynox 11. IIpodinorpama nokpurrs
Figure 11. Profilogram of an arc sprayed coating

3.0

Pucynox 12. TIpodinorpama crami
Figure 12. Profilogram of steel
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Pucynox 13. Mikpoctpykrypa nokputts Fe-Cr-B-Al Pucynox 14. Tepmorpama BeHTHIIS
Ticist BUIpoOOBYBaHb Ha CyXe TepTs 3 TpadiTHOO Figure 14. Thermogram of the valve
BCTaBKOIO

Figure 13. Microstructure of Fe-Cr-B-Al coating after
wear resistance tests with graphite under dry friction
condition

Ha tepmorpami BenTwis (puc. 14) HaBeeHO TeMmIepaTypHi [iala3oHH, B SKHX
IPALIOIOTh JeTall BeHTWISL. Sk 6auMMo, MakCUMajbHa TeMIepaTypa LWIIHIPUYHOI TOBEPXHI
IITOKA, 10 TIPAIIOE B KOHTAKTI 3 TpadiTHAM yIiinbHEHHSM, cTaHoBuTh 325°C. Brxomstun i3
IIbOTO, BUHHKJIA i7iesl TIEPEBECTH CyXe TepTs abo TepTs i3 HasABHICTIO rpadiTHOI IJIIBKU B
rpaHudHe TepTs. SK BiIOMO, MakcHMMalbHa poOoda Temreparypa OJHB, SKi KOMEpPLIHHO
BHTOTOBIISIOTH Ta HPOJAIOTh y BIIKPUTOMY mpoiaxy, craHosuts 350°C. Ile onmBi Ha
CHJIIKOHOBI OCHOBI. J[ng Hammx npocnijkeHb BuOpanu jpocTynHiumly onuBy Synth SW40,
MakcUMajibHa poOoya TeMiepaTypa Kol CTAaHOBUTh 225°C.

ITpu cyxoMmy TepTi IPOCOYEHUX TAKOIO OJIMBOIO 3pa3KiB y MepIIUil MOMEHT yacy 10 20—
30 cek. koediuieHT Tepts nocsrae 0,2, ogHak WBUAKO 3HWXKYeTbesa A0 0,07. OueBuaHO, 110
IPOJYKTH ACCTPYKIIii OJNMBHU, SKi 3HAXOAUTHCS B HIDKHIX IIApax MOKPUTTS, Y MIKPOIYCTOTaxX
MOKPUTTS 5K IO KAIJIsipax MiJHIMAOThCS y BEPXHI IApH 1 TaM Ha MOBEPXHi TepTs GOPMYIOTh
IpaHUYHY IUTIBKY.
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Pucynox 15. 3anexHicTb KoedimieHTa TepTs mapu TepTs moKputTs cuctemu Fe-Cr-B-Al (moxputts micis
MPOCOYCHHS MacTUIIoM) — cTaib 3X 13 (A) Big yacy; (B) Big muToMoro HaBaHTaXKEHHS
Figure 15. Dependence of friction coefficient of friction pair coating made of Fe-Cr-B-Al (sealed with oil) —
3Crl13 steel on time (A) and loading (B)

[Ipu upoMy KOE]IIliEHT TEPTS CYTTEBO 3MEHIIYEThCs (puc. 15A), HaBITh 32 BUCOKHX
MMTOMUX HaBaHTaxeHb (puc. 15B).

BumnpoOyBaHHsI Ha 3HOCOCTIMKICTH TNPH CyXOMy TepTi 0e3 TpadiTHOI BCTaBKH
MOKA3aJIy, 10 MIPH MUTOMOMY HaBaHTakeHHI 2 Mlla HaliMeHIe 3HOMIY€EThCS TUCK 31 cTaii
HIX15, mpore BiH HaifOutpme 3HOmye KOHTPTUIO 3X13, i cymapHmii 3HOC 1€l mapu €
HalOUTEIMM (pucC. 16).
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Pucynox 16. BunpoOyBaHHs Ha 3HOCOCTIHKICTB IIPH CYXOMY TEpTi
Figure 16. Wear-resistance tests results under dry friction condition

IIpocouyBanHs MacTHiIoM NOKpUTTIB cucteMu Fe-Cr-B-Al 3 HacTynmHUM npoMHBaHHSAM
y Gemsuui Ta BuTpumii 3a Temmeparypu 300°C cyrreBo 3menmye ix 3moc (puc. 17) i,
OYEBHIHO, MO 1€ HE3aJeKHO BiJ] CHCTEMU JIETYBAaHHS, a 3YMOBJIEHO iX IIOPHUCTOIO

CTPYKTYpPOIO.
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Pucynox 17. BunpoOyBaHHS Ha 3HOCOCTIMKICTD TIPH TEPTi (TEPTS MiCHsI IPOCOYCHHS TTOKPHUTTIB MACTHIIOM )

Figure 17. Wear-resistance tests results( friction of sealed with oil coatings)

BucnoBku

Koediuient teprs mokputrts (I11 Fe-Cr-B-Al) B mapi 3 koutp tiiom (crans 3X13), 3a
YMOB CYXOTO TEPTs, PH MaJINX HABAHTAKEHHSX € OUTBIINM, HIXK JJIS TTapyu TepPTS CTallb
HIX15 — crans 3X13, a mpu 30inbIIeHH]I HaBaHTa)keHHs moHax 4 Mlla ctae piBHEM.

3a yM0B TepTs 13 rpadiTHOO BcTaBKOw KoediuieHT Tepts nokputts i3 [1/] Fe-Cr-B-Al B
napi 3 KoHTpTUIoM (ctanp 3X13) € B 2...4 pasu MEHIIUM, HIK JUIA Tapu TEPTS CTallb
X155 — crans3X13.

CymapHe 3HOmyBaHHS mapu TepTsa (mokpurrsi cucremu Fe-Cr-B-Al 6e3 tBepmoro
mactmiia — ctaib 3X13) € Ha 30% MeHmuM, HiX s mapu tepTs (ctanp IX15 — crams
3X13).

[IpocouyBaHHsS TMOKPUTTIB CHHTETUYHUMH OJMBAMHU 3 HACTYIIHUMH BUTPUMKaMH 32
HiIBUIIEHUX TEMIIEPaTyp 3yMOBJIIOE YTBOPEHHs B IOpax Ta Ha IOBEPXHI MOKPUTTIB,
IPOAYKTIB IECTPYKIIii OJUBH, SKi MOXKYTh 3a0€3MeYnTH 30UThIIEHHS 3HOCOCTIMKOCTI 10
7 pasiB i, OYEBHAHO, HIO II€ HE3AJIEKHO BiJ] CUCTEMHU JIETYBaHHS, a 3YMOBIECHO iX
cTpykryporo. Ilicis Takoi 00poOKHM eIeKTPOaYroBi MOKPHUTTS 3 HiABHIIeHUM ymicToMm Cr
MOYKHA PEKOMEHIYBATH U POOOTH B YMOBaX MiABUIIEHUX TEMIIEPATYpP Ta CyXOT0 TEPTSL.

Conclusion
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The friction coefficient of the friction pair coating made of cored wires Fe-Cr-B-Al —
3X13 steel under small loading during the dry friction is higher than for the friction pair
IX15 steel — 3X13 steel, but with the loading increase more than 4 MPa it becomes
equal.

Under the friction conditions with a counter body with built in graphite the friction
coefficient of the friction pair coating Fe-Cr-B-Al — 3X13 steel is in 2..4 times lower
than for the friction pair IIIX15 steel — 3X13 steel.

Total friction pairs wear (Fe-Cr-B-Al coatings without solid lubricant-3X13steel) is by
30% lower than IIIX15 steel — 3X13 steel friction pair wear.

Sealing of coatings with the synthetic oils and further aging at the raised temperatures
causes the formation of oil destruction products in the pores and on the surface of the
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coating, which can provide the increase of wear resistance in 7 times and it is unlikely to
depend on their alloying system, but is caused by their structure. After such treatment arc
sprayed coatings with the increased Cr content can be recommended for application
under conditions of raised temperatures and dry friction.
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