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AnHOmMayus. Meratypruieckoe Ipou3BOACTBO SBIISETCS. BBICOKOIHEPIOEMKHIM TIPOLIECCOM, ITOATOMY IOUCK PEIICHUH 10 CHIKEHUIO SHEepro3arpar
OCTaeTcsl aKTyalbHOM 3ajadell mId BceX IepelenoB. B 3ToM ImaHe MPOM3BOACTBO TOTOBOHM IMPOKATHOH MPOXYKIHH PacCMaTpPHBAETCS KAk
HanboJsIee MEePCIeKTUBHOE HAIIPaBICHHE I pealn3aliy dHeprocoeperaomux TeXHoNOruit. BO3MOXKHBI J1Ba ITyTH CHUKEHUS SHEPro3arpar Ipu
ropsiueil MpoKaTKe COPTOBBIX MPOGHIICH: S3KOHOMHUS SHEPTHH Ha HATPEB U YIy4IIEHHUE UCIOIb30BAHHUSA OCHOBHOIO 00OPYHIOBAHHS IS CHIDKCHHS
MIPOMEXKYTOUHBIX 3aTpar dHepruu. BBULy Pa3HOCTH CHJIOBBIX YCIIOBHI B MOMEHT 3aXBara M Ha yCTAHOBMBIIEHCS CTaJuu IpoLecca MPOKaTKH
BO3HHKACT PE3epB BTATHBAIOIINX CHI TPEHHUs, KOTOPBI MOXHO HCIOIB30BaTh NI JOIONHUTEIBHOTO (OPMOM3MEHEHHS B HEIPHBOIHBIX
YCTPOHCTBAX M TEM CaMbIM IOBBICHTH 3()(EKTHBHOCTH OCHOBHOTO O0OPYIOBAaHMS M CHHM3MTH 00lIMe sHeprosarparbl. [IIs NpakTHYECKOH
pean3aliy IPeIoKeHHON KOHIIETIHY ObLIa IOyYeHa 3aBHCHMOCTb, O3BOJIIONIAS OLICHUTH ITOTECHI[HAI MOITHOCTH, KOTOPBIH HE HCIIONIb3YeTCs
Ha yCTaHOBUBLIEHCS cTajuu nporecca npokarki. C MpUMeHeHHeM M0Ty4eHHOH 3aBUCMMOCTH ObIIIO YCTAHOBIJICHO, YTO TPU MPOKATKE B IIAAKUX
BaJIKaX IOTEHIUAN CHJI TPEHHS HCIOIb3yeTcs TONbKO Ha 50 — 60 %, a mpu npokarke B kKanubpax —Ha 35 — 40 %. DKCIiepuMeHTaIbHO YCTaHOBIICHO,
YTO NPU HpoKaTKe (pacoHHBIX MpoduiIel B mporyckax ¢ kodduirenToM BbITHKKH MeHee 1,10 — 1,15 Gonee 50 % sHeprum 3arpauuBaeTcst Ha
xonoctoif xox. OfHAKo 3aMEHUB B ITUX NIPOIyCKaX MPUBOAHbIC KICTH Ha HEIPHBOJHBIC KACCETHI (B HENPEPHIBHBIX IPYIIAX), MOXKHO IIOBBICUTH
K03 (HULMEHT TT0JIEe3HOTO ACHCTBUS PAIOM CTOSIINX KiieTel Ha 4 — 5 % M CHU3UTb Y9HEPro3aTparkl.
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RESERVES FOR REDUCING ENERGY CONSUMPTION
WHEN ROLLING SECTION BARS ON MODERN ROLLING MILLS

A. R. Fastykovskii®, M. I. Glukhov, V. A. Vakhrolomeev

I Siberian State Industrial University (42 Kirova Str., Novokuznetsk, Kemerovo Region — Kuzbass 654007, Russian Federation)
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Abstract. Metallurgical production is a highly energy-intensive process, and the search for solutions to reduce energy costs remains an urgent task for all
stages. In this regard, the production of finished rolled products is considered as the most promising direction for the implementation of energy-saving
technologies. There are two ways to reduce energy costs in hot rolling of section bars: saving energy for heating and improving the use of the main
equipment to reduce intermediate energy costs. Due to the difference in silt conditions at the moment of capture and at the steady stage of the rolling
process, a reserve of retracting friction forces arises, which can be used for additional shaping in non-drive devices and thereby increase the efficiency
of the main equipment and reduce overall energy costs. For the practical implementation of the proposed concept, dependence was obtained that makes
it possible to estimate the power potential that is not used at the steady stage of the rolling process. Using the obtained dependence, it was found that
when rolling in smooth rolls, the potential of friction forces is used only by 50 — 60 %, and when rolling in calibers, by 35 — 40 %. It was experimentally
established that during the rolling of shaped sections in passes with an elongation ratio of less than 1.10 — 1.15, more than 50 % of the energy is spent
on idling. However, by replacing drive stands in these passes with non-drive cassettes (in continuous groups), it is possible to increase the efficiency
of adjacent stands by 4 — 5 % and reduce energy costs.
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Mertamtypruueckoe MpoOU3BOACTBO SIBISICTCS OAHON U3
Hambojee PHEPrOEMKHX OTpacied, KoTopasl MOTpelIseT
10 90 % xokcyromerocst yoia, 50 % BbIpaOarbiBaeMoit
IEKTPUUECKON dHEpruu M 25 % mpupoaHoro rasza. JTo
HOPUBOAUT K BBICOKMM 3HEProzarparaM Ha NPOU3BOACTBO
nponykiuu [1]. TIpokarHoe TPOM3BOACTBO, SBISIONIEECS
3aKJTIOUUTENBHBIM 3TAllOM METAJUTypTUYecKoro mepesena,
TpeOyeT OOIBIIOr0 KOJIMYECTBa TOTUIHBA sl HarpeBa 3aro-
ToBKM Tiepen npokatkoit (1,30 — 1,65 I'Jlx/T) u B camom
nporecce npokarku (0,45 — 1,20 I'Jlx/T) [2]. TlpuBenen-
HBIC BBIIIE TOKA3aTEIN YOS TUTEIBHO TOKA3hIBAIOT aKTyalIhb-
HOCTH paloT, HANpaBICHHBIX HA CHIDKCHHE YHEpPro3arpar
IIPU IPOU3BOJCTBE IPOKATHOM MPOAYKLUU.

OCHOBHEIM Pe3epBOM CHI)KEHHSI YHEPro3aTpar IpH Ipo-
U3BOJICTBE COPTOBBIX MPOGHICH HAa COBPEMEHHBIX HEMpe-
PBIBHBIX CTaHaX SBISETCs OoJiee TOHOE HCIONb30BaHUE
BO3MOXHOCTEH CHII TpeHMs B ouare AedopManuy mpoxar-
HOU KJIeTH [3 — 5]. DTO MO3BOJIUT MOBBICUTH KOAPPUIIUESHT
MOJIE3HOTO JICHCTBUSI OCHOBHOTO NMPOKaTHOTO 00OpyAOBa-
HUs. [l ocymIecTBICHUS MOIX0/1a MOKHO HCIIONB30BaTh
JIOTIOJIHUTEIbHBIE HENPUBOAHBIE YCTPOMCTBA, KOTOPBIE
pacronararoTcsi B HeTIOCPEICTBEHHOH OMM30CTH C TIPHBOI-
HBIMH KJICTAMH IS 1e(OPMUPOBAHUS WU MPOAOIBHOTO
pasnenenus moxock [6 — 9].

Kak u3BecTHO, Imporiecc NPOKaTKy peanusyercs Onaro-
Japsl MCTIONB30BAaHUIO CHJI TPEHHS HA KOHTAKTE MeTaiia
¢ Baskamu. Yem Oombllle MOTEHIMANA 3TUX CUI TPEHHUS
HCTIOJBb3yeTCsl MpH (OPMOM3MEHEHUH, TEM BBIIIEC KO3(-
(bUIMeHT moJe3Horo AeHCTBUS mpolecca u Oomnee dpdex-
THUBHO HCIIONB3yeTCS 3arpaunBacMasi sHeprus. OmgHako
pa3HbIC CHJIOBBIC YCIOBHS B MOMEHT 3aXBaTa METaJuIa Baj-
KaMH ¥ Ha YCTaHOBHUBIICHCS CTaJWU MpOIEcca MPOKATKH
CO3/IAI0T YCIIOBUS K HETOJHOMY HCIIOJIb30BAHHIO BO3MOXK-
HOCTEW cHJI TpeHusl B odare nedopmarmu. s permeHus
3TOi TPOOIEMBI MOKHO IPUMEHSITh HEIPEPBIBHBIE YCTPOIi-
CTBa (BKJIIOYAs BAJIKH, IEIUTENbHBIC yCTPOMCTBA), KOTOPBIC
00ecreunBaloT JONOJHUTEIBHYIO padoTy.

J171s1 OLIEHKY HEHNCTIONIb3yeMOT0 TIOTEHITHANa CHJI TPEHHUS
Ha yCTaHOBHBIHCﬁCH CTauu mnpouecca MpOKaTKu BEJIH-
YUHY HEHMCTOIb30BaHHOW MomtHOCTH (AN) ¢ yueTtoM pas-
HOCTH KO3 ()HUIMEHTOB TPEHHUS NPH 3aXBaTe (L, ) U HA yCTa-
HOBUBIIIEHCS CTa/INU TIPOIIECCca (uy) TIPY TOPSTIEH TTPOKATKE
w,/ po~1.2+1.4 [10] moxHO onpenenuTs Mo Gopmyrne

AN=N_—-N_,
y bt

rae Ny — MOII[HOCTh, KOTOPYIO MOTYT 00€CHEYUTh CHIIBI
TPEeHHUsI Ha YCTAHOBHUBILICHCS CTaIWy IIpoIiecca TOpsaeH
NPOKATKK; N, — MOLIHOCTb, HeOOXonuMast 1ist Ae(hopMHUPO-
BaHUS B IIPHBOIHOHN KIICTH.

MaxkcumanbpHasi MOIITHOCTh, OOecrieueHHast CUIIaMH Tpe-
HHS Ha YCTAHOBHUBILEHCS CTaIWU MpoLEecca ropsiuei npo-
KaTKu (MPOTSXKEHHOCTh 30HBI OINEPEKEHHUS PaBHA HYIIIO),
MOYKHO HaiTH 1o hopmyiie

Ny =2p

cp Hy bcp ldv’

TAe p,, — CPEIHEE HOPMANbHOE JaBICHHE; bcp — cpenHss
IIMPHHA MOJOCHI; [, — JUIMHA JyTH 3aXBara; V — CKOPOCTh
MIPOKATKH.

[ ompeneneHUsT MOITHOCTH, HEOOXOAMMOW IpH
ne(hOpMUPOBAHUH, BOCIIOIB3YeMCsl U3BECTHOH (hopmynoit
C. ®unka [11] nmpu 3amene

M~ In| |,
h

1

e Ah — abconoTHOe 00XKaTHE; hCp — cpenHsis BBICOTA
TOJIOCHI; /1) ¥ /| — BBICOTA MOJIOCKI JI0 U MOCJIE POKATKU B
TIPUBOIHON KJIETH.

CrenanHoe jaonyuieHue BHOCUT omuoOky 1 —3 % mpu
crenieHn aedpopmanuu 10 60 %. [Tociae cooTBETCTBYIOIINX
npeoOpa30OBaHUi C yUETOM OTHOLIEHUS W,/ M, TIONTy IHM:

pcpbcpv(l,54u31d — Ah).

[onyuyennas BenuunHa AN MO3BOJSIET OLEHUTH HEHC-
TIOJTH30BAHHBIN TIOTCHIIMAN CHJI TPEHUS B 30HE nedopma-
LY [IpH Topsiueii mpokatke. [1o pacueram ObLIO BBISABICHO,
9TO M3-32 PA3HUIIBI CHJIOBBIX YCIIOBHH B MOMEHT 3aXBaTa
Y Ha yCTaHOBMBILEHCS CTaJuM IMpolecca MPOKaTKH Mpsi-
MOYTOJIBHOH IIOJIOCHI B IVIAJKMX BaJKaX MaKCHMalIbHO
ucnoib3yercst Tonpko 50 — 60 % moTeHnransa Cuil TPEHHS
IIPU MaKCHMANbHBIX oOkatusx u 35 —40 % B xamuOpax.
DTO B3HAYHUTENHLHO CHIKAET 3()PEKTUBHOCTH TIpoIecca
MIPOKATKH U TTOBHIIIACT €T0 YHEPTOEMKOCTh, TIOATOMY IIeJie-
CO000pa3HO HCIIONB30BATh HENPUBOJHBIE YCTPOUCTBA IS
Te(OpPMUPOBAHUSI U TIPOIOIBHOTO Pa3IeICHNUS.

Jns nosblitienns 23pPpeKTUBHOCTH MPOKATKH (PacOHHBIX
npoduiael MOKHO HCIONB30BAaTh MOTCHIHAN CHJ TPEHHUS
OoJiee MOTHO, 3aMEHUB MPUBOJHBIE KIETH HETPUBOAHBIMH
B T€X NPOITyCcKaxX, rae KOA(P(HUIUCHT BBITSHKKH MEHBIIIE
1,10 —1,15. Ha pwuc. 1, @ npuBeneHa nuarpamMma 3alucu
TOKa TJIABHOTO JIBUTATEJsI BO BTOPOW KIETH CpPEIHECOPT-
HOTO CTaHa NpPU NPOIYCKE MPH MOTyuyeHHH yroika Ne 9,
ko3 durmeHT BeITSHKKU cocTaBisut 1,03. Pacnipenenenue
MOIIIHOCTHU JUIs 9TOTO Cllydasi MpeJCTaBIeHO Ha puc. 1, 6.
Bosnpmas 4acTh MOIIHOCTH UCIIONB3YETCS HA XOJIOCTOM X0
(67,9 %), u Tonbko HeOombmas nois (32,1 %) — Ha ¢op-
MHUPOBaHHE MPOAYKTa. JIs1 yITyUIIeHIS TTIOJIOKEHISI MOSKHO
MCIIOJIb30BaTh HEMPUBOHYIO KJIETh — KACCETy BMECTO MpH-
BOJIHOM JJIs1 JTAHHOTO MPOITyCKa U TIepepacipeaeInTh MOIII-
HOCTb Juid JedopMaluu TPOAYKTa MO PACIONOKESHHBIM
PSAZOM KIIETSIM M3 OHOW TPYIIBI 0e3 0CTaHOBOK. Takoit
MOJIXO/ TIOMOYKET CHU3UTh SHEPro3aTpaThl 3a C4eT YMEHb-
IIEHUSI MOIITHOCTH XOJIOCTOTO X0/ M MTOBBICHTH KOA(PHITH-
€HT IOJIE3HOTO JICHCTBUS CTOSIIIUX PSIIOM KJieTel (puc. 2).

CopTaMeHT pacCMaTpHUBAEMOT0O CPEIHECOPTHOTO CTaHa
Ha 83 % cocTout u3 (hacoHHBIX Tpoduiiel (yroiaok, danka,
HIBEIUIEp), TAe UMEIOT MECTO MPOITYCKH ¢ K03 durmerTom
BBRITSDKKM MeHbine 1,10 —1,15. Hcnons3oBanue Henpwu-
BOJHBIX KJIETEH B 3THX IPOITyCKax IpPH 00BEME BEHIITyCKa
TOTOBOW MPOAYKUMHU B 1,4 MITH T €KEroJJHO MMO3BOIUT DKO-
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Puc. 1. DHepro3arparsl Mpu MPOKATKE BO BTOPOM KIIETH CPEJHECOPTHOTO
crana ¢ koaddurmenrom BorTskku 1,03:
@ — TOKOBasl IMarpaMma IIaBHOTO JIBUTaTels;
6 — SHEPreTUIECKUil OaTaHC B PaCCMATPUBACMOM KIIETH

Fig. 1. Energy costs during rolling in the second stand
of the middle-grade mill with drawing coefficient 1.03:
a — current diagram of the main motor;

6 — energy balance in the considered stand

HOMUTH 110 0,75 kBT 4/T 1 noy4aTh B JEHEKHOM BBIpake-
HuU 4,8 MITH pyOeid B roll. MeTauioeMKOCTh, CTOUMOCTD,
aMOPTHU3ALIMOHHbBIE OTYUCIEHHS, SKCIUTyaTallMOHHBIE pac-
XOJIbI TIPH WCIIOJIb30BAHUN HETIPUBOIHBIX KJIETEH — KacceT
CYIIIECTBEHHO HUXKE, UM Y KIaCCHUYECKHX MPOKATHBIX Kile-
TEH, 4TO JaeT JOMOIHUTEIbHBIN 3 ekt B 15 MitH pyOnei
B roj. C y4eToM M3roTOBIEHHS HOBOTO O0OPYIOBAHHUS CPOK
okynaemoctu coctaBuT 0,8 roza.

[l BoiBOAbI

Ha ycranoBuBHIElCSA cTaguu Mpouecca ropsden mpo-
KaTKH TOSBIISIETCS] Pe3ePB HEUCTIONb30BAHHBIX CHJI TPEHUS
B ouare JaedopMalui, CBA3aHHBIH C Pa3HBIMU CHIIOBBIMH
YCIOBUSIMH 3axXBaTa M Ha CTaJUM YCTaHOBUBIIETOCS IPO-
necca. 9To MOXKET IPUBECTH K HEPALIMOHAIBHOMY UCIIOIb-
30BAHUIO SHEPTHU.

Jnst 6onee 3(PEKTHBHOTO HCTIONB30BAHUSA CHJI TPEHHS
B 30HE JiehopMaIiy Ha yCTaHOBUBILICHCS CTaAUH Ipoliecca
INPOKATKH IPEAJaraeTcsi MCIOJIb30BaTh  HENPHUBOJHBIE
YCTpOICTBA, PACIIOIOKEHHBIC PSIIOM C TIPUBOHOI KIIECTHIO,
JUIS JIOTIOJTHATEIBHOTO Ae()OPMHUPOBAHHS U TIPOJOIHHOTO
paznenenus. MccnenoBanust moka3aiy, 4To MU K03 dunu-
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Puc. 2. M3meHeHne K03 dHUIIIEHTA TONe3HOTO neficTBust [ U 3 KiieTel
IIpU 3aMeHe BTOPOH KJIETH HETIPUBOIHON KIIEThIO — KacCeTOoM

Fig. 2. Change in efficiency of / and 3 stands when replacing
the second stand with a non-drive stand — cassette

eHre BITsDKKH MeHee 1,10 — 1,15 nenecooOpa3Ho 3aMeHSTh
MPUBOJIHBIE KJIETH HA HEMPHUBOIHBIC. DTO MO3BOJUT CHHU-
3UTh SHEPro3aTparhl U SKCIUTyaTallMOHHBIC PACXObI 000PY-
noBanus 1 oBelcuTh KII/] ocHOBHOTO 000pyAOBaHMS.
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A. P. dacmubiko8ckull - TOCTAaHOBKA U pellleHKe 33/]auH 10 oIpe/ie-
JIEHWIO pe3epBa MOIHOCTH TP NPOKaTKe Ha YCTaHOBUBILEKCS CTa-
JIMY Ipoliecca; TeopeTUYeCKUH aHaln3 epCrneKTUB UCII0/1b30BaHUsA
pesepBa CUJI TPeHUs TPU NPoKaTKe; 060CHOBaHUE KO3PPULIHEHTOB
BBITSKKH, TIPU KOTOPBIX 11eJ1eCO00Pa3HO NPHUBO/HbIE MPOKATHbIE
KJIETH 3aMEeHSATh HEITPUBOJHBIMU YCTPOUCTBAMU; GOPMYyJIMpPOBAHHE
BBIBOJOB I10 pe3yJibTaTaM I/ICCJIe/:LOBaHI/IfI.

M. H. I’nyxoe - nosiy4yeHNe U aHa/IU3 3KCIlepUMeHTaIbHbIX Pe3yJibTa-
TOB, OLleHKA 9KOHOMHUYeCcKoro 3¢ deKTa OT UCIO/Ib30BAHUSA pe3epBa
CUJI TPEHHUA Ha eHCTBYIOLEeM CTaHe.

B. A. Baxpo/iomees - aHaJI13 JIUTEPATYPHbIX JAHHBIX, 0pOpMIIEHHE
rpaduyecKol 4acTH, OlleHKa BO3MOXKHOCTH yBeJIMYeHUs1 Koaddu-
LMeHTa [10JIe3HOr0 J1eUCTBUS PU UCT0JIb30BAaHUU pe3epBa CUJI
TPeHHUs.

A. R. Fastykovskii - formulation and solution of the problem of
determining the power reserve during rolling at a steady stage of the
process, theoretical analysis of the prospects for using the reserve of
friction forces during rolling, justification of the extraction coeffi-
cients at which it is advisable to replace the drive rolling stands with
non-drive devices, formulation of conclusions based on the results of
research.

M. I. Glukhov - obtaining and analyzing experimental results, evaluat-
ing the economic effect of using the reserve of friction forces on the
operating mill.

V. A. Vakhrolomeeyv - analysis of literary data, design of the graphic
part, evaluation of the possibility of increasing the efficiency when
using the reserve of friction forces.
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