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TOB «YKpaiHCbKUin pecopHui LeHTp», XapkiB, YkpaiHa

Ha oonoxnimvosomy cmani 180 nionpuemcmea Ykpaincokuil pecopuuil yewmp Oyau
NPOBEOeHI eKCnepUMEeHmU 3 SUucoKomemnepamyproi mexaniunoi oopooxu (BTMO) npoxamy e
npoyeci 2apavoeo nepekamy pecopHux cmpivox Ha menwui nompioni moswunu. BTMO npoxamy 3i
cmani 55Cr3, npogedene npu eapsuomy nepexami cmpiuky mosuwjunoro 14 um na moswuny 12 mm,
NOKA3AN0 MONCIUBICING CYIMMEBD 8NAUBAMU HA MEXAHIYHI 81ACMUBOCMI NPOKAMY.

Ilpu ecix pesxcumax BTMO 3uauno nioguwye miynicmos cmani npu 3a008i1bHOMY PIGHI
YOapHoi 8 ’A3kocmi ma 3HUMHCEHUX NOKAZHUKAX niacmuynocmi. Bapilosanna memnepamyporo Kinys
NPUCKOPEHO20 OXONOOJICEHHST Td MeMNEepamypolo GiONYcKy 0036015€ GNAUBAMU HA MeXAHIUHI
Xapakxmepucmuxku npokamy 3a paxyHoK 4020 OMPUMANU iX 3HAYEeHH:, Wo 8i0N08i0arms HOPMaM
cmanoapmy TV 8429.

Ilpu eapmyeanni cmani 3 niYHO20 HA2Pi8y ma GIONYCKY 6 CMPYKMYpi NPUCYmHiu
naacmuHyacmuii - mpoocmum 3 OKpeMumu MIKpompiwunamu — ma — HACIIOKAMU
sucokomemnepamypHo2o oxucients. Hamomicmo nicist BTMO 3 nicrisoegopmayitinoio naysorw 0,2 ¢
cmanb Habysae Oibu MOHKOOUCNEPCHY CIMPYKIMYPY 20I4ACHO20 MPOOCMUMYy 0e3 6Ule3a3HAUEeHUX
degpexmis. Bionyck npu memnepamypi 470 °C 3nusue meepoicms, YCyHY8 3aIUMKOSUL AYCMEHINM,
0038071116 OMPUMATIU MOHKOOUCHEPCHY CIMPYKIYpPY COpOImy 6i0nycKy.

THopienanns mexaniunux eiacmueocmell ma CMPYKmMypu Ccmaii npu — 30UIbUEHHT
niciadepopmayitinoi nayzu 3 0,2 ¢ 00 5 ¢ nokasano 30inbUWIeHHS MIYHOCMI MA 3MEHUEHHS.
NAACMUYHOCTE Ma 8 SI3KOCMI CmaJi, @ maxooic pieHs oucnepcrocmi cmpykmypu. Ilpu naysi 0,2 ¢ 3a
PAXYHOK MOHKOOUCHEPCHOT CIPYKNYPU Ma NiOSULeHill 8 A3KOCII CI AL NONEPe0I’CeHO GUHUKHEHHS
Mpiwun Nicisi NPUCKOPEHo20 0Xon00xcenHs npokamy 6 npoyeci BTMO. Haenaxu, 36inbuienist
nicsadepopmayitinoi naysu 00 5 ¢ npueeno 00 NOS8U OKPeMUX MepMIdHUX mpiujut, sKi iHKOIU
cnocmepiearomvcsi maxodic nicasn eapmyeanns cmani 55Cr3 3 niunozo nazpiey.

Knrwouogi cnosa: pecopna cmans, BTMO, mexaniuni enacmusocmi, cmpykmypa.

chqaCHI/IX yMOBaxX Ha HAlIOMY PUHKY CHOCTePiTaeTbes AedilluT MeTaJompoKaTy
SIK MapO4YHOTO, TaK i PO3MIpPHOTO COPTAaMEHTy. 3 MEeTOK JIiKBijallii 11boro
nedinuTy Ha HAMOMY MATMPUEMCTBI Oysga cTBOpeHa TpokaTtHa KJaith 180 mis
rapgy4oi MpPOKaTKu COPTOBOro mpokary. KiiTh BUKOPUCTOBYETbHCS, 30KpeMa, JIJIsi
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nepexkaTy pecopHOi CTpiuku 6isbIinoi TOBIIMHM Ha MOTPIOHY MEHIY, HATPUKJIAJI,
CTPiUKM 3aBTOBIIKHU 14 MM, 1110 € Ha CKJa/Ji TiIPUEMCTBA, HA TOBIUHY 12 MM.

B nporieci excnryarartii kaaiTh 6yJia MO/IepHi30BaHa 3 METOIO TPUCKOPEHHS
nicaseopMalliitHoro  OXOJIO/UKEHHSI TIPOKAaTy B  CIeliaJdbHO PO3pobJieHiii
BUBIi/IHii poBoAlLi-ciipeiiepi. Take nepeocHalleHHs a0 MOXKJINUBICTD peasisyBaTu
texHosorio BTMO 3a paxyHOK IPHUCKOPEHOTO OXOJIO/DKEHHS IIPOKaTy
6e310cepe/IHbO MiC/Is IOro BUXO/Ly 3 BAJIKIB 3 MiHIMaJIbHOIO Mic/s1edopMaIliitHoo
naysoro [1].

Bizomo, 1110 Bask/JIMBOIO IIepeBarolo 1[boro Mmpolecy € 3/aTHiCTb 0JHOYACHO
Mi/IBUIIyBaTH TIOKA3HUKKM MiITHOCTi, IJIACTUYHOCTI Ta B’s3KocTi MeTany. OcranHe
TAKOK € 0COOJMBO BaXKJIMBUM B HAIIUX YMOBAX /IS MiJIBUIIEHHS CIIPOTUBY METAJy
BUHUKHEHHIO Ta PO3IOBCIO/PKEHHS TPIilllMH, SKi epioAMYHO BUHUKAIOTH B IIpolieci
fioro TepmiuHorO 06pO6seHHs. Hait6inbin 4acTo Iie Tpamsijiocs Ha PecopHiid
crpiuni 3i crani mapku 55Cr3 arigno 3 DIN 17221 (anasnor — craab SO0XTA 3rigHo
JNCTY 8429). [locaijzkeHHsI SIKOCTI MeTaly MOKA3al0 HAsBHICTb BYTJIEIEBOT
JIiKBaIlii B OKpeMUX Maprisgx MpoKary, sika i OyJa MPUYMHOI BUHUKHEHHS TPIll[TH
(puc.1).

Puc. 1. MikpoTtpiwiHa B ctani 55Cr3 nicnsi rapTyBaHHs Ta BianyckaHHs 3i crigjamy BUCOKOTEMIepaTypHOro
okucneHHs x200.

Fig. 1. Microcrack in steel 55Cr3 after tempering and vacation from on tracks high temperature oxidization of
x200.

Hocaimskenns nporecy BTMO npoBoausiu Ha crpivili ToBimmHow0 12 MM 3i
crani 35Cr3, Ky oTpUMaJu MIJIIXOM HepeKaTy CTPiuKy 3aBTOBINKK 14 MM 3a OMH
npoxiza. Temneparypa npokarku ckJaana 870 °C, cryninb BifHocHOI gedopmartii —
15 %, Yac PUCKOPEHOTr0 OXOJIO/XKEHHST — 6 ¢, TeMIepaTypa KiHIS 0XOJIO/[KEHHS
— 400-450 °C (B 3ameskHOCTi Biji THCKy Boau B cupeiiepi). Ilicasaedopmartiiina
naysa ckjazana 0,2 ¢ ta 5 c. [locaijpkyBaau MexaHi4Hi BJIACTMBOCTI cTadi i

MikpocTpyKTypy craJi micass BTMO 6e3 BijnycKy, a TaKOK ICJs BiJITYCKY TIPH
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temrepatypi 470 °C. B Tabauii npuBe/ieni pe3ybTaTi MeXaHiYHIX BUIPOOYBAHb
craJi.

[Ipu Bcix peskumax BTMO orpumano 3Ha4YHE ITHABUINIEHHS MIilTHOCTI Ta
TBEPJOCTI CTaJi IPU JEAKOMY 3HIDKEHHI IJIACTUYHOCTI y MOPiBHAHHI 3 HOpMaMu
JCTY 8429 nnsa crani S0XTA. Ilpu mpomy 36isbineHHst nicasgedopmartiitnol
naysu y BCiX BHUIAJKaX ITPHUBEJO SIK J0 OiJbIIOTO 3POCTAHHS XapaKTEPUCTHK
MiITHOCTi cTaJii, Tak i /10 3HWIKEHHS IJIACTUYHOCTI. 30KpeMa, TBEPMAICTb CKJaja
49-51 HRC6e3 Bianycky, a micas Biamycky mpu temiepatypi 470 °C 3Hususiacs
1o 38-41 HRC (rabmuns).

MexaHiuHi BnacTmBocTi pecop i3 ctani 55Cr3 nicns BTMO

Mechanical strength of resors made of steel 55Cr3 after HTMT

T*, ¢ | o,MIla | o,MIla | A, % v, % | KCU, MIx/m> | HRC
02 1630 1410 5.8 20 0.4 49
1370 1270 6,3 25 0,4 38
5 1720 1580 5.3 16 0.5 51
1420 1310 5,9 20 0,51 41

[IpumiTka: HaJ pUCKOIO — Oe3 BiIyCKy, MiJl PUCKOIO — MICIIS BiZIMyCKY

* Ilicnsanedopmariiina maysa

3TiIHO iCHYIOUMM HOpPMaM TBEPAICTb pecop [Jsi aBTOMOOiJIBHOTO
TPAHCIIOPTY TOBMHHA 3HAXOAUTHUCHh B Mexkax 363-464 HB (38,8-46,4 HRC), mia
3asisHnuHoro Tpancnopry — 363-432 HB (38,8-43,5 HRC). Omxe, 3a paxyHOK
BapilOBaHHS TeMITepaTypolo KiHIFI MPUCKOPEHOTO OXOJIO/PKEHHS Ta TeMIlepaTypolo
BiJITYCKY MOXKJMBE OTPUMaHHSA 3HadeHb TBepaocTi craui 55Cr3 micass BTMO B
Me)KaX HOPM CTaHAApPTiB TPH TPOKATIN 3TiHO icHyfouiil TeXHOoJoTii 6e3 cyTTeBOT
3MiHU TeMTepaTypHO-/1edopMaIliiiHuX mapameTpis.

[ocmikenns mikpoctpykrypu crasi tmicas BTMO gk 6e3 Biamycky, tak
i Imicsag HbOro 1IOKa3asjo ii  BUILY JICIEPCHICTb y NOPIBHAHHI 31 CTaHAAPTHUM
tepmiunuM o6pobaennam 3rigno [JCTY 8429. Crpykrypa crani micsasg ctanaapTHOT
TepMivHOi 06POOKM — TIJIACTUHYACTHI TPOOCTUT 3 OKPEMUMM MiKpPOTPillMHAMU 3
HACJIIKaMU BUCOKOTEMIIepaTypHoro okucjaenus (puc. 2 a).

[Ticts BTMO 6e3 BifmycKy CTpyKTypa craji ysBJsS€ coO0I0 TouacTuii
TPOOCTUT 3 TOMIPHOIO HEOJHOPIJHICTIO 3a MiKpOTBepicTiO, sKa chopMoBaHa
HAsIBHICTIO HEPIBHOMIPHOCTI M’SIKOT CKJIQIOBOI CTPYKTYPH ayCTEHITY 3aJUIIKOBOTO
(puc. 2 6).

Binnyck npu remnepatypi 470 °C3HumKkye TBepAicTb, yCyBae 3aJUNIKOBUIN
ayCcTeHiT, cTabiidye po3aMipu Ta BUpiBHIOE MikpoTBep/icTh [2]. CTpykTypa crasi
— cop6it Bianycky (puc. 2 B).

PesynbraTn excriepuMeHTy MOKa3aju MOKPAIIEHHST KOMILIEKCY MeXaHiYHUX
BJIACTHBOCTENl PECOPHO-TIPYKUHHOT cTasi 6e3 3HAaYHWX [JO/JIaTKOBUX BUTpAT.
[Tonpi6HEeHHS MiKPOCTPYKTYpPH CTaJi, MiABUIIEHHS ii B’S3KOCTi Ta MJIACTUYHOCTI
JI03BOJISIE TIPOTHO3YBATH TMOKPAIIEHHS eKCIIyaTalliiiHNX XapaKTepUCTUK, 30KpeMa,

BTOMHOI MilITHOCTi Ta BUTPUBAJIOCTI.
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Puc. 2. MikpocTpykTypa ctani 55Cr3. a — rapTyBaHHs
Big 870 °C, Bignyck npu 470 °C, 6 — nicns BTMO 3
AedopmadinHoto naysotw 0,2 ¢ nicns Bignycky, B —
nicns BTMO 3 nicnsgedopmadiiHoto nay3soto 0,2 ¢ 6e3
Bignycky, x500.

Fig. 2. Microstructure of 55Cr3 steel. a — quenching
from 870 °C, tempering at 470 °C, 6 — after HTMT with
a deformation pause of 0.2 s after tempering, B — after
HTMT with a post-deformation pause of 0.2 s without
tempering, x500.
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Summary

On the single-stand mill 180 of the Ukrainian Spring Center, experiments were
conducted on high-temperature mechanical treatment (HTMT) of rolled steel during
hot rolling of spring strips to the required thicknesses. HTMT of rolled steel 55Cr3,
carried out during hot rolling of a strip with a thickness of 14 mm to a thickness of
12 mm, showed the ability to significantly affect the mechanical properties of the
rolled steel.

In all modes, HTMT significantly increases the strength of the steel with a
satisfactory level of impact toughness and reduced plasticity. Varying the temperature
of the end of accelerated cooling and the tempering temperature allows you to influence
the mechanical characteristics of the rolled steel, due to which their values were
obtained that meet the norms of the TU 8429 standard.

When hardening steel from furnace heating and tempering, the structure contains
lamellar troostite with individual microcracks and the effects of high-temperature
oxidation. Instead, after HTMTwith a post-deformation pause of 0.2 s, the steel acquires
a more finely dispersed structure of acicular troostite without the above-mentioned
defects. Tempering at a temperature of 470 degrees Creduced the hardness, eliminated
residual austenite, and allowed obtaining a finely dispersed structure of tempering
sorbite.

Comparison of the mechanical properties and structure of steel with an increase
in the post-deformation pause from 0.2 s to 5 s showed an increase in strength and a
decrease in the plasticity and toughness of steel, as well as the level of dispersion of the
structure. With a pause of 0.2 s, the appearance of cracks after accelerated cooling of
the rolled product during the HTMTprocess was prevented due to the finely dispersed
structure and increased toughness of the steel. On the contrary, an increase in the
post-deformation pause to 5 s led to the appearance of individual thermal cracks, which
are sometimes also observed after quenching of 55Cr3steel from furnace heating.

Keywords: spring steel, HTMT, mechanical properties, structure.
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