International scientific and technical conference
Information Technologies in Metallurgy and Machine building - ITMM 2025

DOI: 10.34185/1991-7848.itmm.2025.01.007
CUCTEMHUI AHAJII3 IHBAPIAHTHOCTI CEITAPATHUX KOHTYPIB
KEPYBAHHS HIBUJAKICHUM PEJKVUMOM ITPOKATKMU 3 ITETJIEIO HA
HEINNEPEPBHUX JPIBHOCOPTHIMNX CTAHAX
€ropos O. I1.!, MuxaitnoBcbkuit M. B.!, Pubanpuenko M. O.!
'Vkpaiucokuti depycasHull yHigepcumem HAyKu i mexHos02iil, K. m. H., doueHm, Ykpaina

AHoTraniss. CmaH npokamy 8 MiXKAIMUHHUX NPOMIXCKAX HenepepeHUx dpibHOCOPMHUX
CMawie 8U3HaA4aAeMuCs pizHUYer weudkocmeti npokamy Ha 8uxodi 3 nonepedHv0i ma Ha
8x00i 8 HACMYNHY KAimMb. 3MiHa WeUIKocmi npokamku 8 6y0b-AKili K1imi NpOMIXCKy, uio
BUHUKAE Nid Ji€l0 MexHoN02iuHUX 30ypeHb, Npu3800ums 0o 8i0XuleHHs 8i0 NOUAMK0OB020
pexcumy npokamku 8 UbOMY NPOMIMCKY. YCYHEHHSI makozo 8i0XuieHHs 00Cs2aembscs
UinecnpsamMosaHo Kopekuieo uacmomu obepmaHHs 8ankie odHiei 3 kaimeti. OOHak, npu
UbOMY NOPYUWYEMbCS WBUOKICHULL pexumM Yy CYCiOHbOMYy ho X00y NpoKamku
MIHCKITMUHHOMY NPOMIMCKY, W0 npueodums 8 0il0 KOHMYp pezyil08aHHs Hamszy 8
HbOMY, @ NOMIM i HACMYNHUX NPOMIXCKAX, WO MOXce decmabinizysamu pobomy 6Cb020
cmany. JIns eupiwieHHs yiei npobnemu HeoOXi0HO npu 3MiHI uacmomu o06epmaHHs
8aJiKie 00Hi€l 3 Knimeli HenepepeHOi 2pynu, 00HOUACHO Y3200H€EHO 3MIHIO8AMU UaAcmomy
00epmaHHs 8a/Ki8 8CiX HACMYnHuUx (no xody npokamku) abo 6cix nonepeoHix (npomu
x0dy npokamku) kaimeii. Komn'tomepHe Mo0en08aHHSI (DYHKYIOHYBAHHA cucmemu
KepyB8aHHs WBUOKICHUM PeXUMOM NpoKamku 3 nemser niomeepouso epexmusHicme
3anponoHo8aHo20 memody, 3ACHOB8AH020 HA CUCMEMHOMY aHANI3l IHB8APIAHMHOCMI
pobomu cenapamuux KOHmMypie cmaobinizauii NoJ10xeHHs nemJi npokamy.

KiiouoBi ciioBa: HenepepeHuli Opi6HOCOpMHULI CmaH, WeUOKICHUTI pexcum, npokamka
3 nemser, cenapamHi KOHMypu KepysaHHsi.

Berym. IIpokaTKy Ha HelepepBHUX APiOHOCOPTHMUX CTaHAX BEAYTh 3 HATSATOM,
MIPOTMHOM 1 TeT/iel0 MPOKaTy B MKKIITMHHMX OpoMikkax [1]. 3agaHuii pexxum
3a0e3IeuyeThCsl KepyBaHHSIM YaCTOTOI0 OOepTaHHS BajKiB KiiTeli MpoTu abo 3a
HaTnpsIMKOM TMpoKaTku. CucTemMa KepyBaHHS WIBUIAKICHUM PEXKMMOM ITPOKATKU €
6araTo3B'sI3aHOI0, OCKiJTbKM KOXKEH CeIlapaTHMIi KOHTYP ITOB'SI3aHMIi 3 iHIIMM yepes
yacTOTH 0OepTaHHS BaJKiB CYMDKHMX KJIiTelt i MIBUAKOCTI poO3KaTy y LUX
npomikkax. [IBuAKICTh po3KaTy Ha BUXO/Ii 3 BaJIKiB MOINepeaHbOI KJIiTi Ta Ha BXOZi B
HACTYTHY KJIiTh 3aJ€KUTh BiJl TAKMX TEXHOJOTiUYHUX (HAKTOPIB SIK BUIIEpeIsKeHHS Ta
KoedillieHT BUTSDKKM po3kary. Ili mapaMeTpyu 3MiHIOIOTBCSI MO JOBXWHI pO3KaTy

HEMOHOTOHHO |[2].
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OcHoBHA yacTuHa. /I 3a6e3reueHHs iHBapiaHTHOCTI CermapaTHUX KOHTYPiB
KepyBaHHS (HAMpPUKIAL, TTOJOKEHHSIM IIeT/i) HeoOXiTHO IepenaBaTy Kepyroumii
BIUTMB Ha KOPEKIIil0 YacTOT oOepTaHHS TPYyIM KIIiTeil 3 ypaxyBaHHSAIM KoedillieHTa
BUTSDKKM PO3KaTy B KOKHiI KITiTi.

Ing  peamizaliii ILbOro aJrOpUTMy PO3POOJIEHO CUCTEMY KepyBaHHS
HMIBUAKICHMM PeXMMOM ITPOKATKM, 300paskeHy Ha puc.1
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Pucynok 1 — Cuctema KepyBaHHS UIIBUIKICHUM PEXMMOM ITPOKATKU

Tytr, 3a pesyabTaTamMu BUMIpIOBaHHA gaTtuMkamyu [IC SKipHUMX CTpPyMiB
JIAHLIOTiB ABUTYHIB TNPUBOAIB BajKiB KIiTeli B YOPHOBil TpyIi, 3a AOMNOMOIOI0
perynsTtopiB HaTiry PH i cuctem aBTOMaTuM4YHOro peryntoBaHHsS mBuakocti CAPC
BaJIKiB KJIiTel 3/iliICHIOETbCS HAJIAIITYBAaHHS PEKMMY HaATATYy MPOKATy IpU 3axX0.i
JIOTO TiepeAHbOl MOiMSTHKM. Y UMUCTOBINM TPyl KJIiTeil 3a AOMNOMOTOK Kepyruoro
BIUIMBY Up, IO BUPOOJISETbCS peryisTopom PII, 3miliCHIOETbCS 3MiHA BeIUUMHU
neTsi npokaty L, ika BUMipIO€eTbCs gaTumkom metdi JI1.

VYci cucTeMyu mpaifloloTh He3aleskHO 3aBASKM CUCTeMi LIM(POBOro 3aBaaHHS
mBuakocteit L3I, mpu mboMy 3MiHa 4yacTOTM obGepTaHHSI BaJIKiB BigOyBaeTbCs 3a
30epeskeHHsI CITiBBiIHOIIIEHHST YaCTOT 00epTaHHS BaJIKiB CYMiXKHUX KITiTeiA.

HeripsiMmy OILIiHKY 3MiHM KoeQillieHTa BUTSDKKM IIPOKATy OTPUMAaEMO,
BUpPa3MBIIM MIBUAKICTh PO3KATy Yepe3 4YacToTy oOepTaHHS NPUBOAIB, pobOOUi

paniycu Ta BUTIEpeIsKeHHSI :
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0 i+1
ne Ri, Ri.; — poboui pamiycu i-Toi Ta (i+1)-Toi Kieteit; Si, Si+; — BUIEPeIsKeHHS B i-Tiit
Ta (i+1)-Tili KIITSIX; wi, w1 — YaCTOTA 00epTaHHS MPUBO/AIB i-TOi Ta (i+1)-TOi KIiTelt;

ﬁi 41 — KoeilieHT BUTSKKY PO3KATY B (i+1)-Til KIIiTi, 1[0 BU3HAYAETHCS K

Ai+1=a}|+1Ri+1(l+Si+1)' @)
dal;
@R (1+ Si)_?

[Ipy posroHi Ta rajJbMyBaHHI TOJIOBHMX TIPUBOZIB BajJKiB KIITI MOXe
BUSIBUTUCSI, IO B TIPOLIECi KepyBaHHSI BeJMUYMHA CTPYMY SKOpPS Y OYIb-SIKOMY
IBUTYHI MEpeBUIIUTb MaKCUMMAaJbHO [OOIYCTMMe 3HaueHHs. lle mpu3BoAUTH A0
pi3HOrO TeMITy pPO3TOHY Ta TaJbMyBaHHSI ABUTYHIB IPMUBO[IB BaJ/IKiB KIIiTeil Ta
HEY3ro[)KeHOCTi MIBUIKICHOTO peXMMy TMPOKAaTKM B CerMmapaTHUX KOHTypax
KepyBaHHSI. Y 1IbOMY BMIIQAKy 3a JOIMOMOTOI0 JIOTIUHMX CXeM BUMMKAEThHCS
3aBJAaHHS BEJMUYMHM CTPyMy SKOpS Ta MiJK/IKOYAEThCS MiHIMaJbHUII TeMII
HApOCTaHHS Iji€l BeJMuYMHMU. SIKILO, HABNaKy, BeIMUMHA CTPYMY [AOCSITHE CBOTO
MiHIMyMy, TiOK/IOYAETbCSI MAKCUMQJIbHO MOXKIMBUIA TeMIT 3MiHU CUTHAJTY
3aBmaHHs. Ile BimOyBaeTbCs JOTH, TTIOKM BeIMUYMHA CTPYMY SIKOPSI He TIOBEPHETHCS B
3alaHi Mexi.

BucHoBku. KoMn'toTepHe MOAeIOBaHHSI MIBUAKICHOTO PEXMMY MPOKATKU 3
TeT/iel0 Ha HelepepBHOMY APiOHOCOPTHOMY CTaHi migTBepamio edeKTUBHICTh
3allpONOHOBAHOTO METO/y, 3aCHOBAaHOTO Ha CUCTEMHOMY aHasli3i iHBapiaHTHOCTI
po6OTM cemapaTHMX KOHTYpPiB KepyBaHHS, IO iCTOTHO MiIBUIINYE SIKiCTb pOOOTHU

KOKHOT'O KOHTYPY CTabi/i3allii TeXHOJIOTiYHOTO peskMy ITPOKATKN!.
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SYSTEMATIC ANALYSIS OF INVARIANCE OF SEPARATE CONTROL CUTS OF
HIGH-SPEED ROLLING WITH A LOOP ON CONTINUOUS SMALL
SECTION MILL
Yegorov O. P., Mykhailovsky M. V., Rybalchenko M. O.

Abstract. The condition of the rolled products in the interstand gaps of continuous
small-section mills is determined by the difference in rolling speeds at the exit from the
previous stand and at the entrance to the next stand. A change in the rolling speed in any
of the stands in the gap, arising under the action of process disturbances, leads to a
deviation from the initial rolling mode in this gap. Elimination of such a deviation is
achieved by targeted correction of the roll speed of one of the stands. However, this
disrupts the speed mode in the adjacent interstand gap along the rolling direction, which
activates the tension control circuit in it, and then in the subsequent gaps, which can
destabilize the operation of the entire mill. To solve this problem, when changing the roll
speed of one of the stands of the continuous group, it is necessary to simultaneously
change the roll speed of all subsequent (along the rolling direction) or all previous
(counter-rolling direction) stands in a coordinated manner. Computer modeling of the
operation of the control system for the rolling speed mode with a loop confirmed the
effectiveness of the proposed method based on the system analysis of an operation
invariance of separate loop stabilization circuits.

Keywords: continuous small-section mill, speed mode, rolling with a loop, separate
control circuits.
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