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Annoranus. [ToBsiieHre pecypca gerasneii moyBoo0padaThIBAIOIICH TEXHUKH TPUMEHEHHEM HAILTABOYHOTO apMHUPOBAHUS
pabovrX OBEPXHOCTEH HAIILIO JOCTATOYHO IUPOKOe puMeHeHue. OTHAKO TPOBEICHHBIC UCCIICIOBAHUS ObLTH OPUCHTUPOBAHBI
Ha JIeTaJi, MeTaJL1 KOTOPBIX He TOJIBEpPraJicsl peBapuTeIbHOMY TEPMOYIIPOYHEHHUIO. B mocieaHue rofipl oYTH BCe KOMIUIEKTYIOIIHE
palboYrX OPraHOB CENMBX030PYIUH YIPOUHSIOTCS TepMO0OpadoTKO. OCOOCHHO 3TO XapaKTEPHO IS U3IEITUIA UMIIOPTHOTO POU3BOJICTBA.
HcenenoBanuii o apMUPOBAHUEO JICTaJICH, MPOIIISIIIINX TOA00HOTO poa 00paboTKyY, HeoCTarouHo. [103TOMY B 3319y FCCIICIOBAHII
BXOJIMJIO U3y4EHHE CBOMCTB TEPMOYIIPOUHEHHOM cTtanu 651" mocie e€ HartaBoyHoro apmupoBanust. [Ipu npoBeeHNH SKCIIEpUMEHTOB
B KaueCcTBE OCHOBHOI'O METaJllIa MCTIOJIL30BAJIMCH JICTHI peccop u3 ctaimu 651" ¢ TBeprocthio okono 45 HRC. B kauecTBe HariaBOYHOTO
MaTepraia MpUMEHUTHCH eKTpoabl T-590, mpeqHa3HaueHHBIC IS HATUTABKH JICTANICH, SKCILTYaTUPYIOIIUXCS B aOpa3uBHOM cperie.
HccnenoBanmuck Tpu 00pasiia: 6e3 HAIUIABKH, C HATUIABKOM OJTHOTO BAJIMKA, C HATUIABKOW JIBYX BaJIHKOB. JJOCTOBEPHOCTH MOTyYCHHBIX
PE3YIIETaTOB TapaHTHPOBATIACh OOJBIINM KOJIMIECTBOM U3MEpeHUN. MeXaHHYeCKHEe CBOMCTRBA OIICHUBAITUCH TBepAocThio HRC.
B pesynbrare 3xcriepMEHTOB YCTaHOBJICHO, UTO 3HaueHUe TBepAocTH B 44...47 HRC y nucToB peccop, CHATBIX C 3KCILTyaTaluy, JaéT
OCHOBaHHE [T MX IPUMEHEHHUS B KAU€CTBE PEMOHTHBIX MaTepuaioB. [Ipy HaruiaBKke OHOTO BaJIMKa UCXOAHAs TBEPIOCTH OCHOBHOTO
MeTaljia OCTaeTcs Ha IIPEKHEM YPOBHE, HAIUIABKA JKe JABYX BaJIMKOB MPpUBOAUT K cHIbkeHnto HRC Ha 9 ent. YuacTok Mex Iy BaluKaMu
XapaKTepU3yeTCsl HaTMIueM TpEX 30H. Hanmmure apMUpyIOIIIX BATMKOB HA TIOBEPXHOCTH TepMO0OpadboTanHoH cramm 651 obecrieunBaeT
yBemueHUe &€ CITy)KeOHBIX CBOMCTB 3a CUET MX BBICOKOM TBEPIOCTH, YMCHBIIICHHS TyTH KOHTAKTHPOBAHHUS a0pa3UBHON YaCTHUITHI
¢ paboueli MOBEPXHOCTHIO M 00Pa30BaHMS MEXKITY BATMKAMH «IICEBIOCKIKEHHOTO) CIIOS TIEPEMEIIArOIIEHCs aOpa3uBHOM CpeIbl.
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Abstract. Increasing the service life of soil-cultivating equipment parts by the use of surfacing reinforcement of working
surfaces has found a fairly wide application. However, the studies carried out on this problem were focused on parts, the metal
of which had not been subjected to preliminary heat hardening. Meanwhile, in recent years, the components of the working
tools of agricultural implements are almost completely hardened by heat treatment. This is especially true for imported products.
Information on the reinforcement of parts that have undergone this kind of processing is extremely scarce, and sometimes
contradictory. Therefore, the research task was to study the properties of heat-strengthened steel 65G after its surface reinforcement.
During the experiments, as the base metal, use was made of spring sheets made of 65G steel with a hardness of about 45 HRC.
T-590 electrodes were used as the surfacing material, intended for surfacing of parts operated in an abrasive environment.
The reliability of the results obtained was guaranteed by a large number of measurements. Mechanical properties were evaluated
by HRC hardness. As a result of experiments, it was found that the hardness value of 44...47 HRC for leaf springs taken out
of service makes them suitable for use as repair materials. When surfacing one roller, the initial hardness of the base metal remains
at the same level; surfacing two rollers leads to a decrease in HRC by 9 units. Three zones are distinguished in the area between
the rollers. The use of reinforcing rollers on the surface of heat-treated steel 65G increases its service properties due to their high
hardness, a decreased contact path of the abrasive particle with the working surface and forms a “fluidized” layer of a moving
abrasive medium between the rollers.
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BBenenme. ApmupoBanue nyteM (OpMHUPOBAaHUS Ha-
MJIaBKOM Ha pabodel MOBEPXHOCTH JIeTallel BaJMKOB C OIpe-
JICNIEHHBIM IIIarOM HAIJI0 NPUMEHEHHE IpPH YIPOUSHHH
1 BOCCTaHOBJICHMM psifja JETajeil CelbCKOXO3HCTBEHHBIX
opyauii [1, 2]. JlauHslii cnoco® ObLI IIHUPOKO anpoOHpOBaH
MPUMEHHUTEIBHO K YIIEPOAUCTHIM CTaIAM 0e3 TepMOyNpod-
HeHHs [3] kak B J1aOOPaTOPHBIX, TaK U B MOJEBBIX YCIOBH-
ax [4, 5], HO3TOMY ero 0COOEHHOCTH HM3y4YEHBI JOCTATOYHO
nonHo. [IpuMeHeHHe ke HAaIlIaBOYHOTO apMUpPOBaHHS IS
MOBBIIIICHUS CITYKEOHBIX CBOICTB cTanei, MpOLIeIIINX Tep-
MOYNpPOYHEHHE, TPEOyeT MPOBEICHNUS OTJCIbHBIX HCCIISI0Ba-
HH, 0COOCHHO €ClIM apMUPYIOLIHE BaJUKA (OPMHPOBAIUCH
HAIIaBKOHM 3JEKTPOAaMH, MpeaHa3HAYeHHBIMHU [UIS MOJIyde-
HHSI METaJljla C BRICOKMMH TBEPIOCTBIO U aOpa3UBHOM M3HO-
COCTOMKOCTBIO.

Hear wucciaenoBaHmii: H3yy€HUE BIWAHMUS HAIUIaBKU
TBEPIBIX APMHUPYIOIINX BAJIUKOB HAa IOBEPXHOCTH TEPMO-
yOpoYHEeHHOU cTtanu 651" Ha U3MeHeHne TBepAOCTH 00JIacTH
TEXHOJIOTMUECKNX BozeicTBuil. (B manHoM cimydae TBep-
JIOCTb MOXET SIBIATHCS KOMIUIEKCHOM OLIEHKOW MeXaHude-
CKHX CBOWCTB.)

Marepunan u Meroabl. B kauecTBe HMEKTPOTHBIX Ma-
TEepUajoB IS HAIUIaBKH NPHUMEHSUIMCH 3MeKTponasl T-590,
KOTOpBIE 00ECTeYHBAIOT TBEPIOCTh METalja BajdKa OKOJO
61 HRC u B cTpyKType KOTOPBIX MPHCYTCTBYIOT BKIIOYCHUS
KapO0OOpHIOB.

HamnaBka mnpoBoamiach 3JIEKTPOJAMH JUAMETPOM
4 MM c cuioit cBapouHoro Toka 200...220 A Ha Tepmo-
ynpouHeHHble oOpasmsl u3 crtanu 60C2, mpencrasis-
onume co0ofl  MpsAMOYrojbHBIE IUIACTHHBI TONIIWHON
12 mm (puc. 16). TepmoympoyHeHHE 3aKJIIOYaJIOCh
B 3aKajJKe B Maclie M IMOCIEAYyIOIIeM CpeIHEM OTITyCKe.

TemmeTsl co cHOpPMUPOBAHHBIMU BaJMKaMHU HPOJAEMOH-
CTPUPOBaHBI Ha pUCYHKax 2a' u 206'.

Takum 00pa3oM, HCCIICAOBAINCH TpU oOpasia: 0e3 Ha-
IIaBKH, C HaIJIaBKOU OJITHOro BaJIMKa, C HarjaBKoM JBYX Ba-
JIMKOB.

Jnst ynobcTBa M3MepeHuil MOBEpXHOCTh BAIMKOB (pese-
poBayiack Ha Tiryouny 0,2 MM.

OKCHEepUMEHThl TPOBOAWINCH B TPH ATama: MEpPBBIHA
9Tamn — ONpeNeleHNe TBEPAOCTH IUIACTUHBI B UCXOIHOM CO-
crostHuu (puc. la, 6); BTOpoil 3Tam — ompeneleHue TBEp-
JOCTH B TIONEPEYHOM CEUeHHH o0pas3la ¢ OIHHM BajH-
koM (puc. 2a, 0, a', 0'); TpeTuii 3Tam — KOHTPOJIb TBEPIOCTH
Ha o0pasue ¢ AByMs BaJUKaMH (MMHTALUS apMHPOBAHHOU
ITOBEPXHOCTH).

MecTa u3MepeHH#l OmNpenessUTUCh NEePECEUCHUEM cede-
HUH, 0003HaYCHHBIX nuppamMu U OykBamu (puc. la, 2a, 0).

JlOCTOBEPHOCTh Ppe3yNbTaToOB TapaHTHPYETCs OOIBIINM
KOJIMYECTBOM HM3MepeHuit: oT 35 mo 77 ormeuarkos. Ilpen-
CTaBJISICMBIC rpa(bnqecm/le 3aBUCHUMOCTH BBIYHUCIIAJIINCH KaK
CpeIHre 3HaYCHUS U3 BCETO 00beMa JaHHBIX.

Pesynbrarbl u 00cy:xkaenue. Hannuue 35 ormedarkos,
HaHECEHHBIX Ha MOBEPXHOCTH OMBITHOIO 0Opasia MpH OT-
CYTCTBUH HaIlJIaBKH, ITO3BOJIMJIO ITPOBECTU UX CTATUYCCKYIO
00paboTky. B pesymbrare ymamoch yCTaHOBHTH, YTO Mak-
cuManbHble 1 MuHuMainsasle HRC HaXoasaTCsa HCECKOJIBKO
HIDKE TBEpIOCTU cTaiu 651, mpomreniieit 3akaiky co Cpe-
HUM OTIYCKOM. IIpHuMHOl yCTaHOBIEHHOTO SBUJIOCH HC-
IIOJIB30BAHHUC OJI1 U3IOTOBJICHHUA OIIBITHBIX O6p33HOB CTaJIn
JIUCTOB peccop, YTPATUBIINX CBOIO KECTKOCTh B IIpoIecce
skcmutyaranuu. (M3 HCTOYHMKOB W3BECTHO MpUMEHEHHE
BTOPHYHBIX MAaTEPHAJIOB IIPH BOCCTAHOBJICHUH JeTanel Ma-

muH [6, 7].)
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Puc. 1. Cxema u3mepenuii TBepaocTH (2) U ONBLITHBIA o0pa3en (0)

Fig. 1. Hardness measurement scheme (a) and prototype (b)
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Puc. 2. Cxema uzmepenuii HRC apmupoBaHHBIX 00pa310B OIHUM BAJIHKOM ()
U IBYMsl BaJiukaMu (0); onbITHBIN 00pa3en ¢ OAHUM BaJukoM (a') U ¢ 1Byms Bajaukamu (0')

Fig. 2. Scheme of HRC measurements of reinforced samples:
with one roller (a), two rollers (b) and prototypes; with one roller (a"), with two rollers (b')

PesynbraTs!l HccnenoBaHui NOKa3any CIeIyOLIEe: — paszopoc 3HaueHmit HRC HeBemuk, u 3TO0 mOA-

— TBepHOCTh Haxoautcs B npenenax 44...47 HRC, yro yka-  TBep)kIaercss MajbIM 3Ha4eHHEM Kod(p¢HIUEHTa Bapua-
3bIBaCT Ha BO3MOXXHOCTH IpHMeHeHMs1 orpaboraBumx pecypc  1mmu (V = 2%), cBUAETEIBCTBYIONIMM O CTAaOMIBHOCTH Tep-
JIMCTOB PECCOp B Ka4eCTBE U3HOCOCTOMKUX MarepuajoB (puc. 3);  MOYIPOYHEHHS;

Mikhalchenkov A.M., Ulyanova N.D., Feskov S.A., Gutsan A.A. 65
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— pacnpesesieHie TBEPIOCTH HE MOJUYUHSIETCS HOpMailb-
HOMY 3aKOHY U HOCHUT SKCIIOHEHIIMAIbHBIN XapaKkTep;

— Haubonee BeposTHHI (Pi = 17%) MakcumanbHbIE 3Ha-
yenusi HRC, Taxke noxaTBepikAaomue parvoHaIBbHOCTh
WCIIONIb30BaHUSI OTPAa0OTABUIMX JIMCTOB PECCOP B KavyeCTBE
a0pa3MBOCTOWKMX PEMOHTHBIX MaTepHajoB.

pi% 20
16
12
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Pexomennyemast psaom uccienopareneit [8, 9] BenuunHa
TBEPIOCTU AOKHA coCTaBIATh okoso 53 HRC. TToatomy mpo-
BEJICHHEC YIPOYHSIOMICTO HAIUIABOYHOTO apMHUPOBAHHS B STOM
cllydae SIBJSICTCSI HEOOXOMUMOM Mepoil st 0O0ecreYeHusl 13-
HOCOCTOMKOCTH Pa0OYUX TTOBEPXHOCTEH JETaJICH, SKCILTyaTH-
PYIOIIAXCS B CpeJie C MPUCYTCTBHEM a0pa3HBHBIX YaCTHII.
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Puc. 3. 'ncrorpamma pacnpejaesneHusi TBepA0OcTH 00pa3ua 0e3 TEXHOJIOTHYECKUX BO3/1elcTBUI

Fig. 3. Histogram of the sample hardness distribution without technological influences

OmIopsl pacHpenencHns TBEPJOCTU B MOMEPEYHOM Cede-
HHUH SKCIIEPUMEHTAIFHBIX 00pa3LoB C IPHCYTCTBHEM BallU-
KOB HOCST «KJIACCHMYECKHH XapakTep» IO CBOeH (opme s
mofo0HOTO pona HariaBok [9, 10]. B To ke Bpems OHU UMe-
IOT HEKOTOPYIO CIICIUDUKY.

Namenenne HRC mno mmpuHe oOpasiia ¢ OJHUM BaJId-
KoM (pHc. 4) oOpasyeT TpH ydacTka: MepBblii — 00JIaCTh OCHOB-
HOT'O MeTaJljIa, BTOPOil — 30Ha TEPMUUECKOIO BIMSHUS, TPETHI —
MeTaul Bamka. HarnaBka (hakTidecky He BIMSET Ha TBEPIOCTh
MCXOIIHBIX 00pa3LoB, KoTopasi cocrasisieT okono 45 HRC.

30Ha TEPMHUUYECKOTO BIUSHUS XapaKTEpU3yeTCs pe3-
KMM MaJ€HUEM TBEPJOCTU OTHOCUTEIBHO KaK OCHOB-
HOTO MeTa/ula, TaKk W MeTalla BaJuKa, OOYCIIOBJIEHHBIM
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CTPYKTYpHO-Z1e(OpMallMOHHBIME TIporieccamu. Creayer Io-
Jlarath, 4TO Ha JaHHOM y4acTKe OyIyT NPHCYTCTBOBATb pas-
pYLIEHHsS Ha CTPYKTypHOM YpPOBHE (MEX3EpEeHHBIE pas3py-
IICHUS).

[MpuunHoli 006pa3oBaHMsI MEKXKPUCTAUINTHBIX MHKPOTpe-
IIMH SBISIIOTCS PacTATMBAIOLINE HANPSDKEHHs, BO3HUKAIOIINE
IIPY KPUCTAIM3AIMY HAIUIABJICHHOTO METajlyla M 30HBI Tep-
MUYECKOTO BIIMSIHUS, KOIZIa OCHOBHOM METaJll OCTAaeTCsl TBEp-
aeiM. HRC nHarmuiaBneHHOro Merajuia paBHa TBEPIOCTH, OTO-
BOPEHHOW HOPMATHBHBIMHU JOKyMEHTaMH Ha 3nexrpon T-590,
u cocrasisier 60...62 HRC (puc. 4). HeznaunrensHyio Hepas-
HOMEPHOCTb TBEPAOCTHU BAJIMKa CIIETYeT OTHECTU K HEKOTOPOH
CTPYKTYPHO! pa3HOPOJHOCTU U NOTPELIHOCTU U3MEPEHUH.

30 T T T T T
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Jauna nonepeyHoro ceyenusi, L, Mmm
Length of the cross section, L, mm

Puc. 4. Dniopa 3HaueHHii TBEPAOCTH B MONEPEYHOM CeYeHUH 00pa3ua ¢ OAHMM BAJTUKOM:
1 — OCHOBHOH MeTaJlT; 2 — 30Ha TEPMUUECKOI'0 BIMSHUS; 3 — METAJLJI BaJIUKA

Fig. 4. Plot the values of hardness in the cross section of the sample with one roller:
1 — base metal; 2 — heat affected zone; 3 — roller metal

ITo cBoeit popme smropa HRC st 06pasiioB ¢ aAByMsI apMu-
PYIOUIMMHU BaJiMKaM# (PaKTUUECKH HE OTJIMYACTCs OT PacCMo-
TPEHHOH BBIIIIE, OTHAKO OHA UMEET Psiji 0COOCHHOCTEH (pHC. 5).

[Tocne mpoBeneHHs HAIUIABKU TBEPAOCTh OCHOBHOTO Me-
Taya cHmwkaerca 10 37...42 HRC, uro Hike ITOKasaTeei
y oOpasmoB 6e3 HarmaBku Ha 9...4 ex. besycnoBHo, 3T0 sBIS-
€TCsl OTPHIATEIIBHBIM MOMEHTOM, TaK KaK CHIKEHHE TBEPIOCTH
BIIedeT 3a co0O yMEHBIIICHHE aObpa3suBHOW M3HOCOCTOMKOCTH.

B 1o e Bpems NpUCYTCTBHE TBEpIBIX BAIUKOB HUBEIHPYET
maneane HRC. Kpome Toro, ymeHbIIeHIE ITyTH KOHTaKTHPOBa-
HUS aOpa3suBHBIX YacTHI] C pabodell TTOBEPXHOCTHIO M 00pa3o-
BaHKE TICEBIOCKIKEHHOTO CJIOSi Ha o0parHOM oOpe3e Bajlika
OyIyT CII0COOCTBOBATH CHIDKEHHIO MX BIMSHUS Ha MPOIECC U3~
Hoca [11]. Takoe mamerne TBEpAOCTH OOYCIOBICHO OoJiee BBHI-
COKOH TMPOAOIDKUTENIFHOCTRIO MpoLiecca OXNIaKACHHs o0pasia,
YeM TPH HaIIaBKe OHOTO BAJTMKA (OTXKHUTAroIui 2 dexT).

MwuxaneyeHkoB A.M., YnbaHosa H.[., ®ecbkos C.A., MyuaH A.A.
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Puc. 5. Dniopa 3HaueHnii TBepPAOCTH B NONEPEYHOM CeYeHUH 00pa3ua ¢ ABYyMsl apMHUPYIOIIUMHU BAJTUKAMU:
1 — OCHOBHOI MeTalT; 2 — 30Ha TEPMHUYECKOTro BiIHsiHUS « OCHOBHOM MeTaul 00pa3iia-MeTall BaJIuKay;
3 — Mmerann Banuka; 4 — 30Ha TepMuuecKkoro BiusHUA «I1IoB MeTaiT BaJMKa-0CHOBHON METaJll HPOMEKYTOUHON 00IacTh;
5 — MeTay1 MPOMEXYTOUHOM 001acTH

Fig. 5. Plot the hardness values in the cross section of the sample with two reinforcing rollers:
1 — base metal; 2 — zone of thermal influence of the “basic pattern metal — roller metal”; 3 — metal roller;
4 — heat affected zone “roller metal seam — primary metal staging area”; 5 — intermediate zone metal

CHIKeHHe TBEPAOCTH B 30HE TEPMHYECKOTO BIIHSIHUS
M0 OTHOIIEHWIO K OCHOBHOMY MeTamury coctasiuser 4 HRC
npotuB 10 HRC mns o6pa3moB ¢ OOHUM BaJIMKOM, YTO 00y-
CJIOBJICHO 00J1€€ BBICOKMM 3HAYEHHUEM CTEHCHH TEPEOXIaKie-
HUS TPH KPUCTAJUIM3AIMU B YCIOBHSAX HAIUIABKH JIBYX Ballu-
KOB. B cBoI0 odepenp, pa3sHOCTh MEXIY TBEPAOCTBIO BalIHKa
Y 30HBI TEPMHUYECKOTO BIHSHHSA COCTAaBIAET COOTBETCTBEHHO
26 HRC u 29 HRC aiist 06pa3noB ¢ OTHAM H AByMS BaJIMKaMH.

IIpoMeKyTOUHBIM YyYacCTOK MEXIy BaJIMKaMH IPEICTaB-
JIEH TPeMsl 30HaMHU: JByMs OOJIACTSIMH — 30HBI TEPMHYECKOTO
BIHMAHUSA «Baik — 0CHOBHOI MeTa MpOMeXyTOYHOH 00671a-
CTH»; 00JacThI0 5 — OCHOBHOM METaJlI MPOMEKYTOYHOH 00-
nactu. [Ipu 3TOM npomeskyTodHast 061aCTh UMEET TBEPIOCTh
44 HRC, uro ykmanpiBaeTcs B AUANa30H 3HAYCHHUH, TTOTyUeH-
HBIX Ha 00pa3Iax B UCXOJHOM COCTOSTHUH.

Hanmumne «mpoBanoB» B obmacTé 5 Taxke OOBSCHIETCS
MHUKpOpa3pyIIeHHAMH U H3MEHEHHEM CTPyKTypsl. Heboib-
mrag mmpuHa (5...8 MM) 308BI magenns HRC e sBusercs
MIPUYMHOM, OTPHULATENbHO CKa3blBalOIIECHWCAd Ha BEIUYH-
He abpa3uWBHOW M3HOCOCTOHKOocTH. Kpome TOro, yBETHMYWB
paccrosiHue MeXAy BaimukaMu coracHo [3] mo 30...40 mwm,
MOkHO m30exars nmagenns HRC.
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CHATBIX C JKCIUTyaTalliH, YKa3blBaeT Ha BO3MOXKHOCTH HX
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