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AnHomayus. OnTuMHU3anus TEXHOJIOTHYECKOTO MPOIecca M3TOTOBICHUS [UIMHHOMEPHBIX PEJIBCOBBIX IUICTEH SIBISIETCS CIIOXKHOM 3a7adeil, Tak Kak
MOMHMO OOJIBIIION0 KOJMYECTBA OINEpaIMi, UCIIOIb3yEMOE CErOfHs JUIsi KOHTAKTHOM CTBIKOBOI CBApKH JKEJIE3HOIOPOKHBIX PEIILCOB METOIAOM
IMYJILCUPYIOLIETO OIJIABICHHUS 000PY/I0BAaHUE HMEET OOJIBIIOE KOJINYECTBO TEXHOJIIOIHUECKHX MTapaMeTpoB (BXOIHBIX (PaKTOPOB), BO3IEHCTBYIOLIMX
Ha Ka4yeCTBO IMOJy4aeMOro CBapHOIO CThIKa (BBIXOJIHBIC (akTOpbl). Takoe KOJMYECTBO MapaMeTpOB HE MO3BOJSIET B MOJHOW Mepe moao0paTh
ONTHUMAJILHBIC PEKHMMBI CBAPKUA U MPUBOJUT K HEBO3MOXKHOCTH TPUMEHEHHs IOJHOTO WM JpOoOHOro (hakTOpHOro sKcrepuMeHTa. B pabore
C MOMOIIBIO PErpecCMOHHOrO aHaJIM3a MpoBeieHa 00paboTKa NaHHBIX 79 ONBITHBIX CBApOK. BbIiENICHBI OCHOBHBIE STAIbl MPOLECCa CBAPKH:
MEepBbIi ATall OIUIABICHHS; BTOPOH ATam oruiaBieHus; (GOpCHpoBKa; ocajaka. Mcxoms M3 MONYYEHHBIX OCHMIUIOIPaMM Mpolecca CBapKH Ha
penbcocBapounoi Mamuae K1100 npu cBapke penbcoB tuna P65 kareropun JIT350, onpeneneHsl cpejHrie 3HAYSHUS CHIIbI TOKA, HAIIPSKEHHUS,
CKOPOCTH MePEMEIICHHS OIBHKHOM CTAHMHBI Ha PA3JIMYHBIX ATAIaxX OILUIABICHHS, a TAKXKE YCHIINS OCAIKH, BPEMsI 0CAIKH O] TOKOM, ITyTH OCAIKU
Ha rocieHeM srare. [lomydeHHbIe perpecCHOHHBIC YPaBHEHUS, ONPEICISIONINE PE3yIbTaThl HCIIBITAHUI HA CTAaTHYECKUIl TPEXTOUCUHbIH N3rHo,
OBUTH TPOAHATIM3UPOBAHBI U U3 HUX MCKIIIOYECHBI HEYAOBICTBOPSIOIINE MTapaMeTphl 1o /~-kpureputo CTeroneHTa. [lomydeHHbIe B KOHEYHOM UTOTE
PerpecCHOHHBIC YPaBHEHUS! YYUTHIBAIOT BIMSHUE KaXKA0TO TEXHOJIOTHYECKOTO ATara Mpolecca KOHTAKTHOM CTBIKOBOW CBAPKH JKEJIE3HOJOPOXKHBIX
PEIbCOB Ha BBIXOAHBIC CBOWCTBA M MOJENb SIBISETCS aAekBaTHOW mo F-kputeputo Dumepa. C MOMOIIBIO JaHHBIX PETPECCHOHHBIX MOjeneit
MOJIy4Y€Hbl PEKOMEHIOBAHHBIE PEKMMbI KOHTAKTHOW CTBIKOBOM CBAapKM ITyJIbCHPYIOIIUM OIUIABJICHHEM M TPOBEAEHO MX ONpoOOBaHHE Ha
PEITBCOCBAPOIHOM MPEANPUSITHH.

Karueswle c/108a: KOHTaKTHAs CTHIKOBAsI CBapka, pejibCcoBas CTallb, HCKpOBOfI IIPOMEXKYTOK, CHJIAa TOKA, STAIlbl OIUIABJICHUS, pErPECCUOHHOC YPAaBHECHUC
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Abstract. Optimization of the technological process of manufacturing long-length rail lashes is a difficult task, since in addition to a large number of
operations, the equipment used today for contact butt welding of railway rails by pulsating reflow has a large number of technical parameters (input
factors) affecting the quality of the resulting welded joint (output factors). Such a number of parameters does not allow us to fully select the optimal
welding modes and leads to the impossibility of using a full or fractional factor experiment. In the work, data processing of 79 experimental welds was
carried out using regression analysis. The main stages of the welding process are highlighted: the first stage is melting; the second stage is melting,
forcing, precipitation. Based on the obtained oscillograms of the welding process on the K1100 rail welding machine, average values of current,
voltage, speed of movement of the movable bed were obtained at various stages of melting, as well as precipitation forces, precipitation time under
current, precipitation paths at the last stage when welding R65 rails of the DT350 category. The obtained regression equations determining the results
of tests for static three-point bending were analyzed and unsatisfactory parameters according to the Student’s 7-criterion were excluded from them.
These equations in the end take into account the influence of each technological stage of the process of contact butt welding of railway rails on the
output properties and the model is adequate according to the Fischer’s F-criterion. With the help of these regression models, the recommended modes
of contact butt welding by pulsating reflow were obtained and their testing was carried out at a rail welding company.
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B BBEAEHME

JKenesnbie moporu 0OECIEUUBAIOT MEPEBO3KY TI'PY30B
Y MTACCAXKUPOB B OOBIINX 00beMax U Ha OOJIBbIIUE PACCTOS-
HUSI, TIPY ATOM C KaXKIBIM TOJIOM PacTeT o0Iuil 00beM re-
PEBO30K M TPY30HANPSDKEHHOCTD IMyTH. Bee 3To mpuBoauT
K HEOOXOJMMOCTU CTPOUTEIHCTBA HOBBIX U PEMOHTA CTa-
PBIX KeNe3HOAOPOXKHBIX myTeH [1 — 3].

[lpu 3TOM OCHOBHAs Harpy3Ka JIOKHTCS Ha PENbCHI,
a CTBIKHM PEIIbCOB SBIIIOTCS Hanboiiee CIadbIM MECTOM
MyTH, TaK KaK B HUX BO3HHKACT JONOIHUTEIBHOE JHUHA-
MHUYECKOE BO3/EHCTBHE Kosleca Ha pesibc. OCHOBHBIM CIIO-
co0OM YMEHBIIICHHS JAHHOTO BO3ICUCTBHS C JABHHUX IIOD
SIBJSICTCSl YBEIHMUCHHUE JUTMHBI PEIECOB C yYMEHBIICHHUEM
KOJIMYECTBA CTHIKOB [4, 5].

B Hacrosimiee Bpemsi MpOTpecCUBHON KOHCTPYKLHEH
JKEIIE3HOIOPOKHOTO MOJIOTHA SIBJISIETCS] OSCCTHIKOBOH MY Th,
KOTOPBIH TO3BOJISIET CO3/aBATH CKOPOCTHBIC JKENIE3HOO-
POKHBIC MAruCTPall IMPH OTCYTCTBHH CTHIKOB PEIbCOB
C TPHUMEHEHHEM IPOTPECCUBHBIX pecypcocOeperarommx
TEXHOJIOTUI CTPOUTEIHCTBA U TEXHUYECKOTO OOCIYyKHBa-
HUS JKEIe3HOM0pokHOrO TyTH. HambGonee 3¢deKTuBHBIM
[0 TEXHUKO-YKOHOMHYECKHM ITOKa3aTeIsIM CII0COO0M coe-
JTUHEHUSI PEIIECOB B OECCTHIKOBOM IyTh SBISIETCS MX AJICK-
TPOKOHTAKTHAsI cBapka. B HacTosee BpeMst IPUMEHSIETCSI
METO]] IYJAbCHPYIONIETO OIUTABICHUSI, KOTOPBIA MO3BOJISET
BBIOMpATh ONTUMAJIBHBIA TEPMHUYCCKUI UK TPH CBAapKe
PEIBCOB B 3aBUCHMOCTH OT XMMHUYECKOTO COCTaBa CTAIH.
BwMmecTe ¢ TeM, CynIecTBYIOT TPYAHOCTH 110 CBAPKE BBHICOKO-
YIJIEPOJUCTON CTallH, U3 KOTOPO COCTOSIT PeNIbChl: HE00-
XOJJMMOCTh TEPMOOOPaOOTKHU IMOCIEC CBAPKU LIS IOITyYe-
HUSI HOPMATHBHBIX TMOKa3aTelell MEXaHMYECKHX CBOWCTB,
HETOCTOSIHCTBO MEXAaHHYECKHUX ITOKa3aTeNiei OT CBapKH
K cBapke. [Ipu 3TOM 1eeKTh B CBAPHOM CTHIKE 3aHHMa-
10T 35 % Bcex BUIOB AedekToB. B Hacrosiee Bpems Ha
PEITBCOCBAPOYHBIX MPEINPUATHAX ITOKA3aTeNieM KadecTBa
CBapKU SIBJSIFOTCSL PE3YIBTAThl CIUIONIHOTO YIBTPa3BYKO-
BOTO KOHTPOJISI CBAPHBIX CTHIKOB, & TAKXKE PE3yINBTATHl Me-
XaHUYCCKUX HUCIBITAHUA 00pa3IoB CBAPCHHBIX PEIIHCOB
Ha TPEXTOUCYHBIN M3TH0 C MOTyYCHUEM 3HAUCHUN YCHITHS
pu U3rude U BEJIMYUHBI CTpesbl poruda [6, 7]. [Toatomy
Ba)XHO IMPOBECTH aHAIM3 M3MCHEHUS IIOKa3aTeled Mexa-
HUYECKUX CBOMCTB CTHIKOB B 3aBUCHMOCTHU OT U3MCHCHHS
TEXHOJIOTHIECKUX MapaMEeTPOB CBAPKH, a TaK)KE ONTHMU-
3aIUI0 TAPAMETPOB CBAPKH C LIEJIBIO TOBBIIICHUS KaueCcTBa
CBapHBIX CTHIKOB PEIIHCOB.

Lenpto HacTosimedi pabOTHI SIBISCTCS IOBBIIICHUE
Ka4eCTBa CBAPHBIX CTHIKOB AUPPEPEHIUPOBAHHO YIIPOY-

HEHHBIX JKEJIE3HOIOPOXKHBIX PEIbCOB, CBAPCHHBIX DJICKT-
POKOHTaKTHBIM CIIOCOOOM ITyTeM ONTHMHU3AIUH TEXHOJIO-
THYECKHUX MapamMeTpoB.

[l MATEPUAN U METOAMKA UCCNEAOBAHUM

OnTUMH3aLKs TapaMeTpoOB MPOBOJMIACEH IO AJITOPUT-
My, TIpe/IcTaBIeHHOMY Ha puc. 1. Pabora cocrosuta u3 cie-
IYIOIINX JTAIlOB:

— cOOp JaHHBIX IO TSITH 3TAIlaM CBAPKH;

— KOppEJIALMOHHBIN aHaIN3;

— pacdeT mapamMeTpoB U TOCTPOCHUE PErpecCHOHHBIX
Mozese Uit KaXJ0ro 3Tamna cBapku penbcoB (10 ypaBHe-
HUI JUTS KaXKI0W MAaIlMHBl — MO BBIXOAHBIM MapamMeTpam
(ycunuto uzruda u crpene nporuda));

— BBISICHCHHE CTaTUCTUYCCKON 3HAYMMOCTH, T. €. TPH-
TOIHOCTH MOZETH ISl HICTIONB30BAHNUS €€ B IICIIIX IPOTHO-
3UPOBAHMS 3HAYCHUH OTKIIMKA;

— BBISBIICHHE BHIOPOCOB M UX yIaJICHHE;

— BBIOOpP Hanboee 3HAYMMBIX (hPaKTOPOB C TANbHEHIITNM
UX BKIIFOYEHUEM B OOIIYIO0 MOJIEIb;

— TIOICTAaHOBKA B MOJIEJIb ONITUMAJIbHBIX 3HAYCHUN Ma-
paMeTpoB Ha OCHOBE 3HAKOB PErPECCHOHHOIO ypaBHEHUS
H anpoOarysi mojrydeHHoro pexxuma [8 — 10].

Jns ontummzanuu mponecca KOHTaKTHOM CTBIKOBOM
cBapku penbcoB [11, 12] mymbcupyrommm OIIaBICHU-
em Ha MamumHax K1100 B ycioBHSIX PenbCOCBApOYHOTO
HpPEANpUATHS OBUT HCIIONB30BAaH PETPECCHOHHBIN aHaIN3
MIPOU3BOJICTBEHHBIX JaHHBIX KOHTPOJS CBapKH pPeNIbCOB
U UCHBITaHUA OOpa3lOB pEIbCOB HA CTATHYECKUU U3-
ru6 [13 —15]. COop naHHBIX MPOBOAMWJICS B JBa JTara.
CHavana ObUTH COOpaHBI JaHHBIC CBAPKH PEIHCOB H HCIIHI-
TaHUI Ha CTAaTUYCCKHUH TMOTIEPEYHbIH H3TH0 3a JIBa MecsIa
no Tpem mammHam K1100. Ha Bropom sTarne mocie Haxox-
JICHHsI ONITHMAJIbHBIX 3HAUCHWH MapaMeTpoB MO TPEM Ma-
IMHaM ObLIM COOpaHbl JAaHHBIE CBAPOK W WCIBITAHUHA Ha
onuoi mamuue K1100 [16 — 18].

IIpousBoncTBEHHBIE JaHHBIE 00padaThIBAINCh C UCTIONb-
30BaHUEM ITaKeTa MPUKIATHBIX mporpaMm Statistica 10.0.
OnHUM 3 €0 Ba)KHBIX CBOUCTB SIBISICTCS OBICTPOICHUCTBHE
pu pabore ¢ 6OIBIIM 00bEMOM JaHHBIX W BEIYUCITUTEIb-
Hasl MOIMHOCTh TNPIJIOKEHHH, TPeOYIOMHMX PETYIIPHOTO
MOCTPOCHUS 3aMPOCOB K 0a3aM JTaHHBIX U KOMILICKCHOTO
yIpaBICHUs JaHHBIMH. Takke MakeT MporpaMM BKIFOYaeT
B ce0s rpaduyecKkuil MOmysb, colepKalnil ynoOHble WH-
CTPYMEHTBI JJIsl BU3yaIU3allui JaHHBIX U TPOBEICHHS Ipa-
(uaeckoro anammsa [19, 20].
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HOCTpOCHI/IC YpaBHCHUA PErpeCcCrU U OLICHKA 3HAYUMOCTH

Mo/ieMpoBaHKe ONTHMAIbHBIX 3HAYCHUH [TapaMeTPOB CBAPKH
10 KPUTEPUIO MEXaHUYECKUX CBOHCTB

Puc. 1. Anroput™ npoBesieHUs UCCIIEA0BaHUM

Fig. 1. Research algorithm

[ PE3YNLTATBI UCCNEAOBAHUI U UX OBCYXAEHUE

Ha mammnue K1100 66110 cBapeHo 79 CTBIKOB, KOTOpBIE
B MOCJIEAYIOUIEM OBLJIM MCIBITaHbl HAa CTAaTUYECKUH Tpex-
TOYEUHBIN M3rud. B Tabn. 1 nmpuBeaeHB HHTEPBANIBI 3HAUC-
HHW KOHTPOJMUpPYEMBIX mapamerpos, rne 7', T — miu-

Hau’ T

TCJIBHOCTD IIEPBOI'0O U BTOPOTO dTArla OIJIaBJICHUS I —cuna
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ToKa, A; U — Hanpsixenue, B; V' — ckopocTs cBapku (J1BrKe-
HUS TIOJIBMJKHOM CTaHUHBI), MM/C; P — JaBlieHre B THIPO-
CUCTEME, aTM.; S — IyTh, MM.

Ha xaxxmoM sTame (HepBBIif 3Tall OIUIABICHUS, BTOPOI
9TaI OIUTaBICHUSI, (POPCHPOBKA, OCA/IKa, TPATOCHEM) OBUIH
IIOCTPOEHBI PErPECCUOHHBIE MOJEIU C BBIXOJHBIMU IIapa-

metpamu P u f, » ¥ PACCUHTAHEI k03 HUIUEHTHI 1eTep-
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Tabnuma 1

I/IHTepBaJILI 3HAYEHH I nmapaMeTrpoB CBapKu Ha penbcocnapoqﬂoifl MalluHe

Table 1. Intervals of values of welding parameters on a rail welding machine

WurepBaibl 3HaYCHUI TAPAMETPOB CBAPKH
HasBanwme srama
T, c I, A U,B P, atm. V, MM/c S, MM
1 sram oraBieHus 28—46 | 7—1088 |335—-440| 27-42 | 0,00-0,67 44-54
II atam ornasnenuss | 60 — 100 | 24 — 736 | 148 —424 | 26 -35 | 0,22 -0,89 7,0
dopcupoBka 42-6,1 | 110—788 |280—-443 | 27-33 |1,33-1,89 6,5
Ocanka 1,1-30 | 6-1174 | 2-423 |25-129|1,56-933 | 17,8-18,6
I'parocrem 1,0 2-324 1-105 | 71-129 | 0,11 -0,56 0,1-1,0
MUHauuy, e P — ycunue usruoa, kH; f , — CTpera mpo- — MOJIeNTh Ha dTare POPCUPOBKHU
ruba, Mm; SHPHH, Sn03 — MyTb, MPOUICHHBIN CTAHWHOMN NpHU
MPUITYCKE Ha OIUIaBICHUE U HA HAYAJIbHOM 3TaIre, MM; HUXK- P =5792,22 + 159,64 ch +60,29V  +33,69V .+
HUE€ WHJEKCHI «CP», «MUH» M «MaKC» 03HAualoT Cpe/IHEe,
MHHHAMAaJIbLHOE U MAKCUMAJIBHOE: + 4’72S11pm1 — 15,538, +52,83P op 130,84P  +
— MOJIeJIb [IEPBOTO ATana OIJIaBICHUS
+5538pP,  — 11,82U_+0,15U  +11,43U —
p MHH MaKc
P =5129,96 +49,02 ch +9,63V, 12,54V — —4711_ 035 —0291 _+1428T  —029T, |
P MHH MakKkc JUIAT Hay
-10,14S _ —-392§8 —51,61P_+6,82P _+
TIpUI o3 cp MUH R2 — 0’15’
+19,54P +859U, -795U —2,69U —
P MHH Makc

[ ==T75.95 4,68V, + 430V, + 147V, +

=372+ 151, — 1211, —2.24T

AT ?

R>=0,24, +1,908, , ~ 0378, +0.82P ~2,30P, -~

fo= 100444322V, + L0LS,,, 2.96P,, ~2,98P, +0,19U, ~0,04U, +021U,, +

~0,61P, +0.55U, —0,35U, -+ 0,08]_ + +0,04f, - 0,022, + 0577,
+0,100, 0,22, R*=0,20;
R2 - 0’50’ — MOJCJIb Ha 3Tari€ OCaakKu
— MOZECJIb BTOPOTI'O dTalria OIJIaBJICHUA P"31. — *1856,13 + 200’10ch o 43’91 VM"H + 6,52VM8KC _

P, =11497,07+57,11V, + 178,46V, 86,14V, - ~ 18,405, 15,055, +22.86P, ~332P, +

— 0,995 — 2,125, — 119,85P — 69,42P, — +61,72P,  +7.28U, —0,07U,, —13,67U, —

7 2LITE e~ 11160 + 0850, = 049U, * 2,631, ~ 0,191, +3,921,, +39,64T,, —043T,,,

+2,401 + 5241, +1,70L, —022T, —139T

T Haa’

R?=0,24,
R?=0,20,

iy =-161,50 +2,007, 0,01V, +0,16V,

H Makc

[y =~ 436,24+ 1,92V, +7.94V, ~049V, +
- 0,145, 0265, —082P_+0,10P, -+
+5.925, 403325, ~003P ~024P - rpun @ o

44TP, 056U, + 007U, 011U, + 0221 - +242P +0,11U_ 006U, —0,02] -
— 0 05] — 0 02[ — O 03T - O’OIIMI/IH + 0’031Makc + 0’79T;[nm - 0’01 THa‘I’
> MUH ’ MaKc 2 JUTAT ?
R?>=10,27, R?>=0,15;
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H Makc’

R?*=0,18.

Koadduumentsr nerepmuHanum A Kaxaod MOJeNn
HU3KHE. ITO TOBOPHUT O TOM, UTO BXOJHBIC IEPEMEHHbBIC Ha
KaXXIOM OTAEIBHOM dTare Npolecca KOHTaKTHOH CBapKu
HE B IMOJIHOW Mepe OTPaXKarT CBOE BIUSHHE HA BBIXOJHBIC
napaMeTpbl. O4eBUIHO, YTO KAXKABIH U3 9TANlOB OKAa3bIBAET
BIIMSIHME Ha BBIXOJHBIC MapaMEeTpPhbl, HO TMOJHOE BIIMSHUC
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1 — daxruyeckue 3HaueHus; 2 U 3 — MAKCUMYM U MHHHUMYM

Fig. 2. Spread of the average current values at melting stage /:
1 — actual values; 2 and 3 — maximum and minimum

BXOJIHBIX IEPEMEHHBIX MOYKHO OIIEHUTH TOJIBKO B COBOKYII-
HOCTH THX DTAIlOB.

OTOpOCHB HEYAOBICTBOPSIONINE MAPAMETPHI 1O #-KPH-
tepuro CThIOZICHTa U cOOpaB 3HAYUMBbIE TApaMETPhl Kax-
JIOTO 3Tana B OJHOM YpPaBHEHHH, TOJIYYMIIH CIEIyHOIINe
MozienH, ornrchiBatomue st mammabl K1100 Bech miporiece
B ILICJIOM:

P =814,08— 1293 +40,84U
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R?*=0,71.

U3 79 mwabmrofeHuid mocie  ygaleHuss  BbIOpO-
coB octaioch 62. 3HaunmMmocTh 1o F-xputeputo Du-
mepa (misn P, npu ypoBHe 3Hauumoctu o = 0,05:
Fd)m =9,88 > FKp =0,38; s fnp MIpU YPOBHE 3HAUYNMOC-
™ o =0,05: Fcpam =6,90 > FKp =0,38). dus P, = cpennss
OImMOKa anmpoKcUMManuu cocrasnser 2,8 %. [l f » Cpet-
HIsl omMOKa anmpokcuMmanuu paBHa 5 % (IpH yCIOBHU
€< 10).

TokoBbIE TpaHUIBI IEPBOTO JTana MOKA3aHbI Ha puc. 2.
Pe>krMBI CBapKy ¢ N3MEHEHHBIMH 3HAYMMBIMH TTapamMeTpa-
MU yKa3aHbl B Ta01. 2. Pabota Moeny mpu U3MEHEHUH Ma-
pamerpa [ Ha IIepBOM STarle NPUBEICHA Ha pHC. 3.

VYpoBEHBb KOPPEISINN MEXIy YCHIIHEM H3ruba U cTpe-
01 Tporuba Mpy MCHBITAHNH Ha N3TM0 B 3aBUCUMOCTH OT
MpUMEHsEMOW MalIWHBI MOKa3aH Ha puc. 4. Takum obOpa-
30M BHJHO, YTO MPOIECC MOYKHO MOZEINPOBATh TOIBKO IO
OJHOH 3aBMCHMOM IEPEMEHHOM, TaK KaK BTOpasi IEpPEMeH-
Has TaKXKe M3MEeHsAeTCs.

Ha nanHoM 3Tamne ObLIH HaliieHBI IO TOIyYCHHBIM MO-
JIeTsIM ONITHMAJTbHBIE TIapaMeTPhl HA OCHOBE 3HAKOB KO3 (-
¢unuentos perpeccun (tadm. 3). Ilpu Beibope Hambomee

Tabnuia 2

Pexxumpl CBapKH ¢ UIBMEHCHHBIM 3HAYCHUEM Icpl 1 NMPOU3BOACTBCHHBIC MapaMeTPbI

Table 2. Welding modes with a modified 7, , value and production parameters

P 1 V P P U T f
cpl? cpl? cp4> Makc4 * MHH4 Makc4 * Makc4 * MuH4® Hau4’ Makc5? Makc5 usr’ 2
Mapaverp aTlI)VI. A MN[I’/C aTM. | aTM. B A A © B xH I\jlrpM
Pexum 31 448 8,56 123 99 372 1109 | 975 | 128,3 | 102 314 | 2670 | 37,1
Monenb 31 448 | 8,56 123 99 372 1109 | 975 | 128,3 | 102 314 | 2580 | 38,2

490



IZVESTIYA. FERROUS METALLURGY. 2022, vol. 65, no. 7, pp. 486-493.
Kozyrev N.A., Bashchenko L.P, Shevchenko R.A., Mikhno A.R. Optimizing the mode of contact butt welding of railway rails

3100

3000 - 2923

2900 - 2791

2800 -

2659
2700
2580

2600 -

Veunenue useuba, kH

2500

2400 1 1 1 1 1 1
440 450 460 470 480 490 500

510

Cpe()Hee 3HA4Yerue mokKa onjiasjilenus Ha nepeom smane, A

Puc. 3. 3aBucumMocTh ycuiusi n3ruda ot CpeiHero 3Ha4CHUs! TOKa
Ha [EPBOM STaIle OIIABICHUS
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of current at melting stage /
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Fig. 4. Correlation between the bending force and the deflection boom
during the bending test, depending on the machine used

Tabonuma 3

OnTuManbHble 3HAYeHHsA napaMeTpoB MamuHbl K1100

Table 3. Optimal values of K1100 unit parameters

Mapawerp | > | g | o | Dot | | St | gt | g | | B | e
3HaK ypaBHEHUS - + + + - - + - - + -

MuHEMYM 30 434 | 1,56 123 25 359 | 1074 6 99,1 2 6

Makcumym 32 521 | 9,33 129 124 423 | 1174 | 1075 | 1449 | 105 324
OnTuMaTbHBIH 30 521 | 9,33 129 25 359 | 1174 6 99,1 105 324

OnaronpusTHBIX TAPAMETPOB 3HAYEHUH yCHiThe u3ruba P,
cocrassier 8437,37 kH. Pacuetnoe 3nauenue P, 1pakTu-
YeCKH B TPH pasa BbIlIe cpeHero. Ha peansHoM mponecce
JaHHBIC PEKUMBI OCYHICCTBUTL HEBO3MOKHO, TAK KaK Ha
TMISITOM JTare OIUIaBIeHHe He MPOUCXOIMT, TOK MPOTEKaeT
YK€ TI0 BCEMY CEUCHMIO CBAapHOTO peibca. B pesymbra-
TE HET BO3MOXXHOCTH OCYIIECTBIISITH PETYIHPOBKY CHIIbI
TOKA OTIJIABJICHUS C TIOMOIIBIO MEPEIBIKCHUS MTOABHKHOM
CTaHWHBI (B JJAHHOM CJIydYae CHJIa TOKa IPONOPIHOHAIbHA
HanpspkeHnto). IloaToMy onHOBpeMEHHas MOICTaHOBKA
MHUHUMAJIEHOTO 3HAa49eHHs HAIPsHKEHNS ¥ MaKCHMAJIbHOTO
3HAQUCHMSI CHIIBI TOKa HeKoppekTHa. lloxcTaBmsist cHavama
MaKCHMaJIbHbIe 3HAa4€HHs, a IT0TOM MHHHUMAJbHBIE 3Ha-
YEHMS HaNpsHKeHHs W Toka msroro srama (U o, [ . o),
MoJy4nM HanOosee ONM3KHE K MCTHHE 3HAUCHUS YCHIIHA
npu m3rude 3923,07 u 3828,29 kH coorBercTBenHo. Ta-
KM 00pa3oM, HaJIMYHE TOKa IT0CIIe 0Ca/IKH B CBAPHBAECMBIX
penbcax MOJOKUTEIBHO BIUSICT HA KAaueCTBO CBApHOTO
coenunenus. 3uauenue T, , TAKKe yKasblBAaeT HA TO, YTO
MUHUMAJIBHOC BpEMs OIUIABJICHHS IO3BOJIACT IMOJYYUTH
JydIIve nokasareian KadecTsa. [Iporrosupyemslie no naH-
HBIM MOACJISIM PETpeCCUN 3HAYCHUS YCUIIUA TIPU n3rude u

cTpenbl nporuda cocrapisiror 3923,07 kH u 75,83 MM co-
OTBETCTBEHHO.

[ Buisoap!

Pazpaboranbl MareMaTndyeckue MOJAEIH IIpolecca
KOHTaKTHOU cBapku penbcoB Ha MamuHe K1000, kotopsie
MTO3BOJISIIOT OIICHUTH ITOMHOTY BIUSHUS [MapaMeTpOB TEX-
HOJIOTHYECKOTO IPOIecca KOHTAKTHOM CBapKH PEIbCOB
Ha Ka9eCTBO CBapHOTO ImBa. C IIOMOIIBIO PETPeCCHOHHBIX
MoJIeNell TpeaaraeTcsl MPOTHO3MPOBATE KAUeCTBO CBap-
HOTO IIIBAa W YIIPABISATh TEXHOJOTHYECKHMHU ITapameTpa-
MU TIpoliecca KOHTAaKTHOW cBapku penbcoB. Ha ocHoBe
BbIOOpa 3HAUUMBIX (HAKTOPOB MOJYUCHBI OOIIME MOJEIN
Ipoliecca CBapKu C YUETOM BIHSHMS MAapaMeTPOB Kax10-
0 3Tana Ha Bechb Ipoliecc cBapku. IIposenena anpodarus
MOJyYCHHBIX MOAENEH B YCIOBUSAX PEIbCOCBAPOUHOTO
npennpusaTis. BolgBieHO, YTO OAHON M3 MPUYUH CHHXKE-
HUSI MCXaHUYECKUX CBOMCTB PENBCOB, & UMCHHO YCHIIUS
TIpH U3THOE U CTPEIBI IPOTHOA, SIBISETCS HEBO3MOKHOCTD
MOAJICPKUBATh B TpeIesiaX PEeKUMOB CPETHHHA TOK Ha
KaXXJIOM JTarre.

491



N3BECTHUSA BY30B. YEPHASI METAJIAYPIUA. 2022. Tom 65. Ne 7. C. 486-493.

Kosvipes H.A.,, bawenko JL1I1, llleguerko PA., MuxHo A.P. OnTrMu3anus pex<uMa KOHTAaKTHOW CTBIKOBOUM CBapKH JKeJIe3HOJ0POKHBIX PEJIbCOB

10.

11.

12.

13.

14.

15.

16.

17.

492

PoGoTtu3upoBaHHbIil perbcocBapouHsblii arperar / XKenesusie 10po-
ru mupa. 2012. Ne 12. C. 64-67.

Mortazavian E., Wang Z., Teng H. Repair of light rail track through
restoration of the worn part of the railhead using submerged arc
welding process // The International Journal of Advanced Manufac-
turing Technology. 2020. Vol. 107. No. 7-8. P. 3315-3332.
https://doi.org/10.1007/s00170-020-05208-x

Ceprienxo 10.B., XKyk B.1. 3BaproBaHHS CTHKIB peliOK B IOJBOBUX
yMoBax // AKTyallbHbIe Hay4YHbIE HCCICIOBAaHHS B COBPEMEHHOM
mupe. 2021. No. 1-1 (69). P. 237-240.

Iyp E.A., Pezanos B.A. KoMIIeKCHBIH METO{ KOHTAaKTHOH CBapKu
pesscoB // Bectank BHUMIKT. 2012. Ne 3. C. 20 — 22.

Gavrilov P., Ivanov V. Analysis of rail profile 610 E1 joints welded
by means of mobile rail welding machine // Proceedings of the Int.
Sci. Conf. “Engineering for Rural Development”. 2018. Vol. 17.
P. 1969-1977. https://doi.org/10.22616/ERDev2018.17.N021
Pe3anos B.A. MeToauka HcciIe[OBaHNS U3MECHEHHS TEMIICPATypEI
Ha Pa3IMuHOM PAcCTOSHUH OT CTBIKOB IIPH CBapKe pelibcos // Bect-
nuk BHUMKT. 2011. Ne 4. C. 40-43.

Kapnauesckuii B.B., HoBakoBrnu M.B., 3anasckuii B.H. O cBapke
PEBCOBBIX IUICTEH MPH HU3KUX TEMIIEPATypax ¢ OJHOBPEMCHHBIM
BOCCTaHOBIICHHEM HX TEMIIEPATYphl 3aKPEILICHUS C IIPUMCHCHHEM
noztorpesa // Tpyzbl POcTOBCKOTO rocynapCcTBEHHOTO YHUBEPCUTETA
myTeit coobmenust. 2016. Ne 4. C. 30-32.

Gong L., Zhu L., Zhou H.X. Effect on hardness and microstructures
of rail joint with ultra-narrow gap arc welding by post weld heat
treatment // Key Engineering Materials. 2017. Vol. 737. P. 90-94.
https.//doi.org/10.4028/www.scientific.net/KEM.737.90

I'magkoB D.A. VYmpaBnenue mporeccaMd W 00OpPYIOBaHHEM IPH
cBapke. Mocksa: Akazemust, 2006. 432 c.

Voronin N.N., Seydakhmetov N.B., Rezanov V.A. The influence of
technological parameters on the thermal cycle at butt flash welding
of rails / Welding International. 2019. Vol. 33. No. 7-9. P. 328-334.
https://doi.org/10.1080/09507116.2021.1881346

Mutton P., Cookson J., Qiu C., Welsby D. Microstructural characte-
risation of rolling contact fatigue damage in flashbutt welds // Wear.
2016. Vol. 366-367. P. 368-377.
https.//doi.org/10.1016/j.wear.2016.03.020

Tawfik D.P., Mutton P.J., Chiu W.K. Experimental and numerical in-
vestigations: Alleviating tensile residual stresses in flash-butt welds
by localised rapid post-weld heat treatment // Journal of Materials
Processing Technology. 2008. Vol. 196. No. 1-3. P. 279-291.
https.//doi.org/10.1016/j.jmatprotec.2007.05.055

Voronin N.N., Seydakhmetov N.B., Rezanov V.A. Development of
the combined flashing method in welding of rails // Welding Inter-
national. 2017. Vol. 31. No. 12. P. 984-987.
https://doi.org/10.1080/09507116.2017.1369066

Koseipes H.A., IllleBuenxko P.A., KproxoB P.E., Ycompuer A.A.
Pa3paboTka HOBOIM TEXHOJIOTMH CBAapKH PEJILCOB JUISl BBICOKOCKO-
poctHoro nBrxenus // YepHas Metautyprus. brojierens HaydHO-
TEXHUUECKOH M 3KoHOMHYecKoi nHpopmarmu. 2018. Ne 8 (1424).
C. 50-57. https://doi.org/10.32339/0135-5910-2018-8-50-57
ITonesoii E.B., llleBuenko P.A., KozsipeB H.A., Kymes /1.1O., IOny-
coB A.M. HccnenoBanue HeMETaNIMYECKUX BKIIIOYEHHH, 0Opa-
3YIOIIUXCS TPU SJIEKTPOKOHTAKTHOM CBapKe pEJIbCOBOW cTanmu //
Becrauk CHOUPCKOTO TOCYZAapCTBEHHOTO HHIYCTPUATBHOIO YHU-
Bepcutera. 2019. Ne 1 (27). C. 8-12.

Kossipes H.A., llleByenko P.A., Yconbues A.A., Kprokos P.E., Mux-
HO A.P. HccnenoBanne W3HOCOCTOMKOCTH CBApHOTO CTBIKA JKeJe3-
HOJIOPOXHBIX penbcoB // UepHast merawtyprus. bromiereHp Hayd-
HO-TEXHHYECKOU M 3KoHOMHYecKol nHpopmanun. 2020. T. 76. Ne 8.
C. 818-825. https://doi.org/10.32339/0135-5910-2020-8-818-825
Cob6oneB A.A., TasukoB D.b., XKykos J[.A. [lpumenenne TexHo-
norun Gupmbl Elektro-Thermit ms cBapku penscoB B Poccun //
HoBble MaTepualibl 1 TEXHOJIOIMU B MamuHOCTpoeHun. 2004. Ne 3.
C. 89-91.

1.

10.

11.

12.

13.

14.

15.

16.

17.

Robotic rail welding unit. Zheleznye dorogi mira. 2012, no. 12,
pp. 64—67. (In Russ.).

Mortazavian E., Wang Z., Teng H. Repair of light rail track through
restoration of the worn part of the railhead using submerged arc
welding process. The International Journal of Advanced Manufac-
turing Technology. 2020, vol. 107, no. 7-8, pp. 3315-3332.
https://doi.org/10.1007/s00170-020-05208-x

Sergienko Yu.V., Zhuk V.. Welding of rail joints in the field.
Aktual’'nye nauchnye issledovaniya v sovremennom mire. 2021,
no. 1-1 (69), pp. 237-240. (In Ukr.).

Shur E.A., Rezanov V.A. Integrated method of contact welding of
rails. Vestnik VNIIZhT. 2012, no. 3, pp. 20-22. (In Russ.).

Gavrilov P., Ivanov V. Analysis of rail profile 610 E1 joints welded
by means of mobile rail welding machine. Proceedings of the Int.
Sci. Conf. “Engineering for Rural Development”. 2018, vol. 17,
pp- 1969-1977. https://doi.org/10.22616/ERDev2018.17.N021
Rezanov V.A. Method of investigation of temperature changes at
different distances from joints during rail welding. Vestnik VNIIZhT.
2011, no. 4, pp. 40-43. (In Russ.).

Karpachevskii V.V., Novakovich M.V., Zalavskii V.N. On weld-
ing of rail lashes at low temperatures with simultaneous restora-
tion of their fixing temperature using heating. 7rudy Rostovskogo
gosudarstvennogo universiteta putei soobshcheniya. 2016, no. 4,
pp- 30-32. (In Russ.).

Gong L., Zhu L., Zhou H.X. Effect on hardness and microstructures
of rail joint with ultra-narrow gap arc welding by post weld heat
treatment. Key Engineering Materials. 2017, vol. 737, pp. 90-94.
https://doi.org/10.4028/www.scientific.net/KEM.737.90

Gladkov E.A. Control of Processes and Equipment during Welding.
Moscow: Akademiya, 2006, 432 p. (In Russ.).

Voronin N.N., Seydakhmetov N.B., Rezanov V.A. The influence of
technological parameters on the thermal cycle at butt flash welding
of rails. Welding International. 2019, vol. 33, no. 7-9, pp. 328-334.
https://doi.org/10.1080/09507116.2021.1881346

Mutton P., Cookson J., Qiu C., Welsby D. Microstructural charac-
terisation of rolling contact fatigue damage in flashbutt welds. Wear.
2016, vol. 366-367, pp. 368-377.
https://doi.org/10.1016/j.wear.2016.03.020

Tawfik D.P., Mutton P.J., Chiu W.K. Experimental and numerical in-
vestigations: Alleviating tensile residual stresses in flash-butt welds
by localised rapid post-weld heat treatment. Journal of Materials
Processing Technology. 2008, vol. 196, no. 1-3, pp. 279-291.
https://doi.org/10.1016/j.jmatprotec.2007.05.055

Voronin N.N., Seydakhmetov N.B., Rezanov V.A. Development of
the combined flashing method in welding of rails. Welding Interna-
tional. 2017, vol. 31, no. 12, pp. 984-987.
https://doi.org/10.1080/09507116.2017.1369066

Kozyrev N.A., Shevchenko R.A., Kryukov R.E.; Usol’tsev A.A.
Development of a new technology of welding of high speed move-
ment rails. Ferrous Metallurgy. Bulletin of Scientific, Technical and
Economic Information. 2018, no. 8 (1424), pp. 50-57. (In Russ.).
https://doi.org/10.32339/0135-5910-2018-8-50-57

Polevoi E.V., Shevchenko R.A., Kozyrev N.A., Kushev D.Yu., Yu-
nusov A.M. Investigation of non-metallic inclusions formed during
electric contact welding of rail steel. Vestnik Sibirskogo gosudarst-
vennogo industrial nogo universiteta. 2019, no. 1 (27), pp. 8-12. (In
Russ.).

Kozyrev N.A., Shevchenko R.A., Usol’tsev A.A., Kryukov R.E.,
Mikhno A.R. Study of wear resistance of railway rails welded joint.
Ferrous Metallurgy. Bulletin of Scientific, Technical and Economic
Information. 2020, vol. 76, no. 8, pp. 818-825. (In Russ.).
https://doi.org/10.32339/0135-5910-2020-8-818-825

Sobolev A.A., Tazikov E.B., Zhukov D.A. Application of Elekt-
ro-Thermit technology for rail welding in Russia. Novye mate-
rialy i tekhnologii v mashinostroenii. 2004, no. 3, pp. 89-91. (In
Russ.).


https://doi.org/10.22616/ERDev2018.17.N021
https://doi.org/10.1080/09507116.2017.1369066
https://doi.org/10.32339/0135-5910-2018-8-50-57
https://doi.org/10.22616/ERDev2018.17.N021
https://doi.org/10.1080/09507116.2017.1369066
https://doi.org/10.32339/0135-5910-2018-8-50-57

IZVESTIYA. FERROUS METALLURGY. 2022, vol. 65, no. 7, pp. 486-493.
Kozyrev N.A., Bashchenko L.P, Shevchenko R.A., Mikhno A.R. Optimizing the mode of contact butt welding of railway rails

18. Gavrilov P., Ivanov V. Research of weldability of rail profile 60 El
manufactured in factory “Arcelor Mittal”. In: Transport Means —
Proceedings of the 23rd Int. Sci. Conf., Palanga, 2—4 October 2019 .
Palanga: Kaunas University of Technology, 2019. P. 945-949.

19. Gavrilov P, Ivanov V. Study of exothermic welded joint grinding
by “speno” rail grinders. In: Proceedings of the 18" Int. Sci. Conf.
“Engineering for Rural Development”, Jelgava, May 22-24, 2019.
Jelgava: 2019. P. 1013-1021.
https://doi.org/10.22616/ERDev2019.18.N132

20. Kuchuk-Yatsenko S.I., Shvets Y.V., Didkovskii A.V., Chvertko
P.N., Shverts V.O., Mikitin Ya.l. Technology and equipment for re-
sistance flash welding of railway crossings with rail ends through
an austenitic insert / Welding International. 2008. Vol. 22. No. 5.
P. 338-341. https://doi.org/10.1080/09507 110802205365

L L L/ INFORMATION ABOUT THE AUTHORS

Hukoaaii Avamosveguy Ko3wipes, .m.H., npogeccop, 3amecmumens
dupekmopa Hay4Ho20 YeHmpa KadecmeeHHbvlx cmauell, lleHTpasb-
HBbIM Hay4YHO-MCC/Ie[J0BaTeNbCKUM MHCTUTYT YEPHOH MeTasllypruu
uM. W.II. BapauHa

ORCID: 0000-0002-7391-6816

E-mail: kozyrev_na@mtsp.sibsiu.ru

Jlodmuna Illemposna Bawjenko, k.m.H., doyeHm kagedpbl mensio3-
Hepaemuku u skos02uu, CHOUPCKUHN rocyjlapCTBeHHbIH HHYCTPUA/Ib-
HBIM YHUBEpCUTET

ORCID: 0000-0003-1878-909X

E-mail: luda.baschenko@gmail.com

PomaH Anekceeeuu IlllegyeHko, k.m.H., doyeHm Kagedpbl memannyp-
2uu YepHbIX Meman08, CAGUPCKUI roCcy1apCTBEHHbIH HHAYCTPUAb-
HBIM YHUBEpCUTET

E-mail: shefn1200@mail.ru

Aunexkcell PomaHosu4 MuxHo, achnupanm uHcmumyma MawuHocmpoe-
Hust u mpaHcnopma, CAGUPCKUH rocyiapCTBEeHHBIN HHAYCTPUATbHbBIN
YHUBEPCUTET

ORCID: 0000-0002-7305-6692

E-mail: mikno-mm131@mail.ru

L./ CONTRIBUTION OF THE AUTHORS

H. A. Ko3bIpee - opMUpOBaHe OCHOBHOH H/ieH UCCIeJ0BaHUH,
pa3paboTka MeTOZ0JIOIMH PabOThI, aHAJIU3 Pe3y/IbTaTOB UCCIe[0Ba-
HUH, OJrOTOBKA MaTepHaJsIoB JJIsl CTaTbH.

JI. II. BawjeHko - Mo/160p ¥ aHAJIM3 UCTOYHUKOB MHPOpMaIHH,
aHaJIu3 pe3y/bTaTOB UCC/Ie0BAaHUM, TOATOTOBKA MaTepHUaJIOB AJ1d
CTaTbH.

P, A. lllesueHnko - onpeiesieHUe Liesiel U 3a/a4, 000 U aHAJIU3
HUCTOYHMKOB UHPOPMALIMHU 110 TEME ITPOLECCOB.

A. P. MuxHo - 1poBeJieHHe CBapKH ¥ C60pP CTATUCTUYECKUX JaHHbIX,
MO/ rOTOBKAa MaTepHaJsoB AJIfl CTaThH.

18. Gavrilov P., Ivanov V. Research of weldability of rail profile 60 El
manufactured in factory “Arcelor Mittal”. In: Transport Means —
Proceedings of the 23rd Int. Sci. Conf., Palanga, October 2—4, 2019.
Palanga: Kaunas University of Technology, 2019, pp. 945-949.

19. Gavrilov P, Ivanov V. Study of exothermic welded joint grinding
by “speno” rail grinders. In: Proceedings of the 18" Int. Sci. Conf.
“Engineering for Rural Development”, Jelgava, May 22-24, 2019.
Jelgava: 2019, pp. 1013-1021.
https://doi.org/10.22616/ERDev2019.18.N132

20. Kuchuk-Yatsenko S.I., Shvets Y.V., Didkovskii A.V., Chvertko P.N.,
Shverts V.O., Mikitin Ya.l. Technology and equipment for resistance
flash welding of railway crossings with rail ends through an austeni-

tic insert. Welding International. 2008, vol. 22, no. 5, pp. 338-341.
https://doi.org/10.1080/09507110802205365

Nikolai A. Kozyrev, Dr. Sci. (Eng.), Prof., Deputy Director of the Scientific
Center for High-Quality Steels, L.P. Bardin Central Research Institute of
Ferrous Metallurgy

ORCID: 0000-0002-7391-6816

E-mail: kozyrev_na@mtsp.sibsiu.ru

Lyudmila P. Bashchenko, Cand. Sci. (Eng.), Assist. Prof. of the Chair
“Thermal Power and Ecology’, Siberian State Industrial University
ORCID: 0000-0003-1878-909X

E-mail: luda.baschenko@gmail.com

Roman A. Shevchenko, Cand. Sci. (Eng.), Assist. Prof. of the Chair of Fer-
rous Metallurgy, Siberian State Industrial University
E-mail: shefn1200@mail.ru

Aleksei R. Mikhno, Postgraduate of the Institute of Mechanical Engi-
neering and Transport, Siberian State Industrial University

ORCID: 0000-0002-7305-6692

E-mail: mikno-mm131@mail.ru

N. A. Kozyrev - formation of the main idea of research, development
of the work methodology, analysis of the research results, preparation
of materials for the article.

L. P. Bashchenko - selection and analysis of information sources,
analysis of the research results, preparation of materials for the
article.

R. A. Shevchenko - formation of goals and objectives, selection and
analysis of information sources on the processes.

A. R. Mikhno - welding and statistical data collection, preparation of
materials for the article.

IToctynuna B penakuuio 24.02.2022
Iocne nopadorku 15.06.2022
[punsita x myonukaiwn 16.06.2022

Received 13.03.2018
Revised 15.06.2022
Accepted 16.06.2022

493


http://orcid.org/0000-0002-7391-6816
mailto:kozyrev_na@mtsp.sibsiu.ru
http://orcid.org/0000-0003-1878-909X
mailto:luda.baschenko@gmail.com
mailto:shefn1200@mail.ru
https://orcid.org/0000-0002-7305-6692
mailto:mikno-mm131@mail.ru
http://orcid.org/0000-0002-7391-6816
mailto:kozyrev_na@mtsp.sibsiu.ru
http://orcid.org/0000-0003-1878-909X
mailto:luda.baschenko@gmail.com
mailto:shefn1200@mail.ru
https://orcid.org/0000-0002-7305-6692
mailto:mikno-mm131@mail.ru
https://doi.org/10.22616/ERDev2019.18.N132
https://doi.org/10.22616/ERDev2019.18.N132

