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IHCTUTYT bi3nKM TBEPOOro Tina, MmaTtepiano3HaBCcTBa | TEXHONOrin HauioHansHoro
LeHTpy XapkiBCcbKoro ¢isnko-texHiyHoro iHctutyty HAH Ykpainum, Xapkis

*Hikononbcbkuin baxosun konemx HauioHanbHOT MeTanyprinHoi Akagemii
YKkpainu, Hikononb

**HauioHanbHa meTanyprinHa Akagemis Ykpainu, JHinpo

Poboma npucesuena npobnemi — nioguuyenno 3H0cOCMitiIKocmi mpyoHO2O iHCMPYMeHmYy
0151 XONOOHOI PONUKOBOI MPOKAMKU KOPOZIUHOCMINUKUX MpYd, w0 00YMOBIEHO 1020 3HAYHOK
8apmicmio i 8ANCKUMU YMOBAMU pOOOMU. 3aNpONOHO8AHO YOOCKOHANIEHHS MEXHONOo2Ii mepmiyHOl
00pOoOKU NPOKAMHO20 THCMPYMeHny OaA GUPOOHUYMSBA KOpO3iUHOCMINIKUX mpyd (onpasox,
ponukis, onopuux nianok) iz cmanei 4XSM®@IC i 60C2XDA. 3amicme 36uuatinoi mexnonozii —
2apmyeaHHs ma 6iONYCK, NPOBOOUNYU 2aPMYSAHHS, 6I0NYCK MA HACMYNHE IOHHEe A30MYE8AaHHAM 6
nnasmi 080CMYNeHes8o2o 8AKYYMHO-0Y208020 pO3psady 6 Moougixkosanitl ycmanosyi «bynam-6y.
Hocniosiceno mikpocmpykmypy 3paskie cmanei. [Ipogedeno nopigHaHHs MIKpOmMEEepooCcmi 3pasKie
nicna mpaouyitinoi 00pobku i 3anpononosanoi. 3Hococmilikicme iHcmpymenmy (onpasku  3i
cmani 60C2XDA) 0ns x0n100HOI ponukosoi npokamKu 0cobIU80 MOHKOCMIHHUX KOPO3IUHOCMIUKUX
mpy6 dociioxcysanace 6e3nocepedHvbo Ni0 Yac NPOMUCIOBUX BUNPOOYBAHb 8 3A800CLKUX YMOBAX.
Hocniosicennss mikpocmpyxkmypu nHa PEM azomoeanoco wiapy nicis ioHHO-nIA3M0B020 A30MY8aHHS
suABUIU OpIOHOOUCHepCHY OVoce MiyHY e-¢ghazy. 3asisaku ii HaseéHOcmi 6 nogepxHesoMy uLapi
meepoicmeb A30mMo8aHUX demaneli NiOGUIWYEMbCS 3a PAXYHOK YMBOPEHHS CMIUKUX y npoyeci
Haepieanns Kap6idis, Himpudis, kapoonimpudie. Cmans Habysae 8UCOKOI M8ePOOCHI HA NOBEPXHI,
3HOCOCmiliIKocmi ma Kopo3itiHoi cmitikocmi. Bunpobysanns onpagok 6 3a800CbKUX yMOBaAX, U0
000amKo80 Nid0asany IOHHOMY A30MYBAHHIO, NOKA3AN0 30invutenHs ix cmiukocmi Ha 25-30 %.
Taxooic 3HUdICEHT 8UMpPamu No nepepodyi 6U20MoGIeHHs mpyo i NOKpauyeHa AKiCMs 8HYMpiHbOl
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nogepxuHi mpy6 (8iocymmuicme nnigok, nopizie ma iHwux Oeghexmis KopoziiHocmilikux mpyo).
3amina cmani 60C2XDPA na emopunnomeepoiouy cmane 4XSMDIC ons eucomosnenus ponuxie
i ONOpHUX NIAHOK KPIM NOKPAUeHHSl AKOCMI iX GHYMPIUHbLOI NOGEPXHI NiOGuWula CMItKicms
incmpymenmy ¢ 2,7-3,0 pasu.

Knruoei cnoea: ponuxu, onopi nianxu, onpasku, Xon00Hd NPOKAMKA, mepmMiuHa 06pooKa,
ioHHe a30my8aHHA.

TOHKOCTiHHi TpyOu TijBUIlleHOi gKocTi AiameTpoM Bin 4 MM o 120 MM i3
KOPO3iHHOCTIHKMX CcTajeil MUPOKO BUKOPHUCTOBYIOTHCI B PIi3HUX Taly3dx
IIPOMUCJIOBOCTI (aBiarii, pakeToOy/lyBaHHi, aTOMHi#l eHepreTuili, cyiHOOY/lyBaHHi
TOmO). IX BHIOTOBJISIOTH IpecyBaHHAM Ha TpyOonpodilbHUX Ipecax,
ajle Haifyacrtilie, craHax XoJoJHOI posmkoBoi mpokarku Tpy6 (XIITP) ne
BUKOPUCTOBYETbCS i BUTPAYAETHCH  BeJMKA KiJbKiCTb TPYOHOTO iHCTPYMEHTY
(puc. 1 a) (poaMKu, ONOpPHI IUIAHKKM i IWIHJAPUYHA OIIpaBKa), BapTiCTh
SIKOTO JlocsiTae 25 % BiJl BAPTOCTi 1mepepoOKH  BCHOTO TPYGONPOKATHOTO — IIEXY
[1]. Bix 1mporo migBuiryetTbcsd coGiBapTicThb TNPOAYKINT 1 3HMIKYETbCS il
KoHKypeHTo3naTHicTb. [Iponec XIITP BigpisHgeTbest Bifi XOJIOAHOI MiJbrepHOT
MPOKAaTKM TPYyO BUKOPUCTAHHSIM POJIUKIB 3 PiBUYAKOM TMOCTIHHOTO pajiiycy
[2], mpodiab skoro myra [I1 (puc. 1 6) e 3oBHimHIM giaMerpoM Tpy6u. Ilpn
[IPOKATINI POJIMKK KOTATHCS O ONOPHill moBepxHi miaHok (puc. 1 B), a Jiamerp
onpasku (puc. 1 1), 1o Moxe GyTH IUJIIHAPUYHOK a60 i3 MaJO0 KOHYCHICTIO,
Bi/IMIOBi/la€ BHYTPIillIHbOMY JiaMeTpy TpyOu (a6o merio MEHIIOMY 3a HBOTO)
[3, 4]. Tlpu HOpMaJsbHOMY Tpolieci TmacTu4HOi Aedopmaiii Ha cranax XIITP
POJIMK i MOBEpPXHA IJIaHKKU JepOpMYIOTbCS BHACJI/IOK 3HAYHUX TTMTOMUX THUCKIB
(J10 JIeKiJIBKOX CcOTeHb TOH) Ha TOBEPXHi KOHTAKTy Iard poJuKa 3 OHOPHOIO
IUIAHKOIO, 3HAKO3MiHHMX HABAaHTAKEHHSAX Uepe3 TIepeMillleHHSI MHUTTEBOTO
ocepesiky nedopmaliii B3J0BK OcCi TPOKATKM Ta AuHaMivHuX yaapis [5]. Ile
MPUBO/IUTD /10 BUKPUITYBAHHS MeTaysy Ha poOOYUX TOBEPXHIX i CBIUUTH TPO
HEJIOCTATHIO KOHTAaKTHY 3HOCOCTiHKicThb Ta TBep/licTb. B Toil ke yac HeoOXi/Hi
TOYHi pPO3MipH, BHUCOKMN KJIAC UYKWCTOTU TOBEPXHi, 3HOCOCTIMKiCTh, J0OCTATHS
TBEP/ICTb B TIOEJHAHHI 3 TMPYXKHICTIO i B'g3KicTio iHcTpyMmeHty [2]. Tpy6uwmii
iHcTpyMeHT (OIpPaBKU, POJIMKHK i OTOPHI IJTAHKK) Hailvactille BUTOTOBJSIOTH 3i
craneit 60C2XMDA a6o 4XSMD1C i3 tBepaictio nmoBepxHi 50-56 HRC micas
TepMiuHOi 06poOKM [5], gKa BKJOYAE rapTyBaHHS 1 Biamyck. BuactuBocti
TPYOHOTO iHCTPYMEHTY OGYMOBJIIOIOTH MPOAYKTUBHICTD CTAHIB i SKiCTh TPYO, 110
BIIBAE i HA iX cO6iBapTicTh 3a PAXYHOK KiJbKOCTi 3aMiHEHWX €JIEMEHTIB, SKi
BUHIILJIK 3a HOMiHAJIbHi PO3Mipu BHACJIJIOK 3HOCY. 3HauHi BUTpaTtu TPYOHOTO
IHCTPYMEHTY (1o 25 % Bin BapTOCTi BCiel HpOJ_[yKui'i) CBifuaTh MPO HEOOXiJHICTD
CTBOPEHHSI NPOKATHOTO iHCTPYMEHTY, 3HOCOCTiHKicTb MOBepXHi sgkoro 6ymaa 6
BUIIE 3a iCHYIOUY, 1O /I03BOJIMJIO 6 CKOPOTUTH PO3XiJ[ iHCTPYMEHTY i IiJIBUIIUTH
AKicTb TPYO.

[TigBuIieHHST 3HOCOCTIMKOCTI TOBEPXHiI MeTajeBUX BHUPOOIB MOXKJIUBO
JIEKiJIbKOMa MEeTO/IaMU: 3aMiHOI0 MapKU CTaJli; KOperyBaHHAM PeKUMiIB TepMivHOi
06pO6KHU;  JOJATKOBOIO XiMiKo-TepMiuHOI0 06po6koio  (XTO); po3poOKoio
pecypcosbepiraiounx TtexHosoriii XTO Ha OCHOBi 3acTOCyBaHHS BaKyyMy,
KUIJISYOTO  1MIapy, HUKJIIYHOI O6GpoOKM B 3aMKHYTOMY IIPOCTOpi, [IXKepesa 3

HaykoBo-texniunmii skypHaa "MeTan103HaBCTBO Ta 06po6ka Merauis”  4'2022 41



TexHiuHa iHpopmaLin

“fi;‘i*f’.’fii;fffﬁ
a 5
' R i
lu -— I=f { iy *f a r
e A7)
" . .
gz
R, =T,
B
L L
Wy T "
4+ 5] -
145 R i
. L
-

Puc. 1. 3oBHiwHin Burnsa iHcTpymeHTa ctaHa XIMTP (a) Ta cxemun ponuka crtaHy XIMNTP (6), onopHOT nnaHku
(B, 1), peryniotoyoro knuHa (B, Il) i onpasku cTany (r).

Fig. 1. The appearance of the tool of the XITTP machine (a) and the scheme of the XITTP machine roller (6), the
support bar (B, 1), the regulating wedge (B, 1) and the mandrel of the machine (r).

BHCOKOIO KOHIIEHTpallieo eHeprii (T/il040ro, AyroBoro po3psjiB, eJeKTPOHHOIO
Ta sasepHoro HarpiBy, CBC-TexHOJOTii); PpO3pOOKOI HOBHUX TEXHOJOTI
3HOCOCTIWKUX i KOPO3iHOCTINKIX MOKPUTH, 30KpeMa OCA/KEHHIM 3 Ta30Boi (a3n
[6, 7]. dns migBumieHHS 3HOCOCTIWKOCTI TPyGHOTO iHCTPYMEHTY JAJST BKA3aHOTO
copTaMeHTa TpPy6 [Jesiki TeXHOJOTii, HANpHUKJA[, eJeKTPOHHUN Ta JIadepHUi
HarpiB MOBEPXHi MAJONPOAYKTUBHI, i X 3acTOCyBaHHA [OLiJbHE JJIA INTYYHUX
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Bi/iMOBifaTbHUX BUPOGIB. [HII MeToAM TPOCTO HEAOCTYTIHI, BUXOASYH i3 JIOKAIlil
mignpueMcTBa. ToMy MeTa gaHoi po6OTH — MiIBUNUTH 3HOCOCTINKiCTh OCHOBHOTO
Tpy6HOTO iHCTpyMeHTY st ctaniB XIITP gus Bupo6HUIITBA KOPO3iltHOCTIHKIX
Tpy6G HAUOGIJIBIT TPOCTUM 1 JOCTYITHUM MeTO[OM. B HamomMy BUMNAAKYy TaKuM
MeTo/oM OyJio 06paHoO ioHHe a30TyBaHHS BUPOOIB IMicJst X TapTyBaHHS i BiIIyCcKy
[7, 8].

Hocraimxenns mpoBoanan Ha 3paskax 20x20xd> MM Ta iHCTpYMEHTi [AJis
XOJIOJTHOT POJIMKOBOI MPOKATKM OCOOGJUBO TOHKOCTIHHUX KOPO3iHHOCTIHKNX TPYyO
(onpasku, posmky i onopHi mranku) i3 craneit 60C2XDA (JICTY 8429:2015) i
4AX5MD1C (CTY 3953-2000), ximMiuHUii cKJIa/ SKUX HaBeJIeHO B TaGJIUIIi.

XimiyHUIA cknag gocnigXyBaHux ctanen, % no maci

Chemical composition of the studied steels, % by mass

Ni[co| s | e

Craib C Si Mn Cr A\ Mo
e 6ijbIie

60C2XDA | 0,56-0,64 | 1,4-1,8| 0,4-0,7 |0,9-1,2(0,1-0,2 - 0,25(0,20 | 0,025 | 0,025
4X5M®1C | 0,32-0,40 | 0,9-1,2 | 0,20-0,50 | 4,5-5,5]0,3-0,5 | 1,2-1,5[0,35] 0,30 | 0,30 | 0,30

[Tictsa 3MinHIOIOYOI TepMiuyHOT 06po6ku (puc. 2) 3pasku i iHCTpyMeHT
1i/1/1aBaJIMCh IOHHOMY a30TYBAaHHIO B T1J1a3Mi JIBOCTYIIEHEBOI'O BaKyyMHO-/[yTOBOTIO
pospsimy ([ABIP) B m™opudikoBaniii ycranosili <«bByaar-6» B maboparopii
mra3MorexHoJioriit Tucrutyty ¢isukn tBepmoro tima HHI[ XDTI (M. Xapkis).
Merasorpadiuni gocmipkenass Ha nuridax micas TpaBieHHST 4% CHUPTOBUM
PO3UMHOM a30THOI KucaoTu. /[lyis BW3HAUeHHS (hA30BOTO CKJQAY A30TOBAHOTO
mapy i #oro TOBIIMHU BUKOPUCTOBYBAJM METO/U KOJHOPOBOTO i €JeKTPOJITUYHOTO
TpaBJIEHHS B PO3YMHI IIKOTO HATPY.

i

1050-1070 *C

1100 A—_—

, 850 °C

lonme arompaan

s00 550-570 °C 530-550°C S10-520°C

300 wa nosimpi g mosimpd i aoig

= = Tuall
Thi=44i ma Toi=thl) ma L an T, X8

Puc. 2. Tpadik TepmiuHoi 06poBKM PONUKIB | ONOPHNX MIAHOK.

Fig. 2. Schedule of heat treatment of rollers and support bars.
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[lns BusHaueHHS edeKTUBHOCTI HOBOI TEXHOJIOTii 3MillHEHHS TPYOGHOTO
inctpymenty craniB XIITP mpoBoammich mpoMuc/ioBi BUTPOOYBAHHSI OMPABOK 3i
crayi 60C2XMDA s X0JOAHOT TTPOKATKM TOHKOCTIHHUX HepsKaBiloumx TpyO Ha
nignpuemctsi TOB BO «OCKAP» (M. HikomoJib).

Hocmimxkenasa craneit 4X5SM®D1C i 60C2XDA micas i0HHO-IIJIA3MOBOTO
asoryBaHHs mnokaszaau (puc. 3, 4) HagBHICTb B CTPYKTYPi a30TOBAHOIO Iapy
aucnepcuoi e-gasu (puc. 4) i TBepzictb Ha piBui HV 790-820. Ile na HV 160-180
BHUIIE TIOPiBHSHO i3 3BUYAHUM TAa30BUM a30TyBaHHSM [9].

AX5SMDIC

GOC2XDA

Puc. 3. MikpocTpykTypa 3paskiB ctani 4X5M®1C 1a 60C2X®PA nicna iOHHOro a3oTyBaHHsA: a, B — LEHTP,
6, r — noBepxHs. x800.

Fig. 3. Microstructure of 4X5MF1C and 60C2XFA steel samples after ion nitriding: a, B — center, 6, r — surface.
x800.

TBepaicTh TOBepXHi 1O TJIMOWHI 3pOCTa€ B 3pa3dkax 000X JIOCJIi/I)KEHUX
cTaJieii, magi BOHA TOBIJBHO 3HWKYETbCS /M0 3HaueHb HV 580-398 wa rambuni
70 MM, 1O BiANIOBi/la€ TPAAWIIiNHIN TEXHOJIOTII TEepPMO3MIllHEHHSI TTPOKATHOTO
inctpymenty (onmpaBok, posmkiB, omopHux IaHok crauis  XIITP) 3i craneii
4X5SM®D1C i 60C2XDA (rapryBanHs 3 HACTYIIHUM Bi/IIllyCKOM).
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MAOKY 1100k - 0.00kY .00k

Puc. 4. MikpocTpyKkTypa noBepxHeBoro Liapy 3paskis ctani 4X5M®1C (a, 6) Ta 60C2XPA (B, r) nicnsi ioHHOro
asoryBaHHA. PEM.

Fig. 4. Microstructure of the surface layer of 4X5MF 1S (a, 6) and 60C2X®A (8, r) steel samples after ion nitriding.
REM.

[MpomucsioBi  BunpoGyBaHHg ompaBok 3i  cragi  60C2XMDA  npag
XOJIOMIHOT TIPOKATKM TOHKOCTIHHUX Hep:KaBiloumX TpyO6 Ha TiAIPUEMCTBI
TOB BO «OCKAP» mnokasanu, 110 [0JaTKoBe iOHHE Aa30TyBaHHS TicJs
TPAJMIIIITHOTO TEPMIYHOTO 3MillHEHHS 3a6e3leuye BUCOKY TBEPICTh IMOBEPXHI,
BUCOKMI OIIip 3HOLIYBAHHIO, BUCOKY MEKY BUTPHUBAJIOCTi, KOPO3iliHy CTiMKiCTb.
Axmio criiikictb ompaBok ctany XIITP 3i crani 60C2XDA micag 3BuyaitHOTO
TepMivHOTO 3MiltHeHHS cKaagae 295-300 M Tpy6, TO 0JJaTKOBE i0HHE a30TyBAHHS
B IJIa3Mi TJII0YOTO PO3ps/y i MojaJbliie TapTyBaHHS 3 BiJIITyCKOM, /A€ CTilKiCTb
380-420 M.

Y nockoHaneHHS TeXHOJOTIT TepMiuHOT 06pOOKH TTPOKATHOTO iHCTPYMEHTY
71 BUPOGHUITBA KOPO3iHHOCTIHKMX TpyO (ONpaBoK, POJMKIB, OMOPHUX TIAHOK)
3 crazeit 4X5SM®D1C i 60C2XMDA (rapryBaHHs, BiIIlyCK 3 HACTYIHUM iOHHUM
a30TyBaHHAM B ILJIA3Mi JIyrOBOIO pO3Ps/y 3aMiCThb 3BUYAWHOI TEeXHOJIOTII —
rapTyBaHHS Ta BiJIIIyCKY) J0O3BOJIUIO 36iJIBIIUTH CTifiKicTh iHCcTpyMenTy Ha ~30-
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40 %, 3HU3UTU BUTPATH MO Hepepollli BUTOTOBJIEHHS TPYO, a TAKOXK MOKPAILIUTH
SKiCTb BHYTPIllTHBOI MOBepXHi TPYO.
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Stolbovoy V. O., Srebryansky G. O., Krivchik L. S., Khokhlova T. S., Pinchuk V. L.

Strengthening of the tool for cold roller rolling of corrosion-resistant pipes
Summary

The work is devoted to a topical technical problem - to increase the wear
resistance of pipe tools for cold roller rolling of corrosion-resistant pipes, due to
its significant cost and difficult working conditions. It is proposed to improve the
technology of heat treatment of rolled tools for the production of corrosion-resistant
pipes (mandrels, rollers, support strips) from steels 4X5Md1C and 60C2X®DA. Instead
of the usual technology - tempering with tempering, tempering with tempering and
subsequent ionic nitriding in plasma of two-stage vacuum-arc discharge in a modified
installation "Bulat-6" in the laboratory of plasma technology. The microstructure of
special samples of these steels on a scanning electron microscope (SEM) at different
magnifications was studied. Their microhardness was determined using a microhardness
tester PMT-3. A comparison of the microhardness of the samples after traditional
treatment and the proposed. The wear resistance of the actual tool (mandrels made of
60C2X DA steel) for cold roller rolling of particularly thin-walled corrosion-resistant
pipes was studied directly during industrial tests in the factory. Studies of the
microstructure on the REM of the nitrided layer after ion-plasma nitriding revealed
a finely dispersed very strong g-phase. Due to its presence in the surface layer, the
surface hardness of nitrided parts increases due to the formation of stable in the
process of heating carbides, nitrides, carbonitrides. Steel acquires high hardness on the
surface, high wear resistance, high endurance, corrosion resistance. Tests of mandrels in
the factory, which were additionally subjected to ionic nitriding, showed an increase
in their stability by 25-30 %. Also reduced the cost of processing the manufacture of
pipes and improved the quality of the inner surface of the pipes (absence of films, cuts
and other defects of corrosion-resistant pipes). Replacement of steel 60C2XDA with
secondary hardening steel 4X5M®1C for the manufacture of rollers and support bars
in addition to improving the quality of the inner surface of the pipes increased the
stability of the tool by 2.7-3.0 times.

Keywords: rollers, support laths, mandrels, cold rolling, heat treatment, ionic
nitriding.
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