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lpokamka 8 edxepHuUx Basikax 00380/151€ ompumamu uUcmosull Mpokam i3 NPasusIbHOK (HOPMOI0 MONEPEYHO20
rnepepisy rno 6i4HUX KpOMKax, Wjo 003B0/I5IE 3HU3UMU 6iYHYy 06pI3b | MidBUWUMU BUXIO npudamHoe20. Po3pobrieHa
2D-M00€e/1b Ha OCHOBI CKIHYEHHO-e/1eMEHMHO020 Memody | pegpeciliHa MOO€e/lb Ha OCHOBI iT pe3ysibmamis peanizayii
00380/151€ BU3HAYUMU eHepaocu/108i napamempu rnpoyecy. PeapeciliHi modesi nobydosaHi Ha OCHOBI ompuMaHux
3an1exHocmell KoebiyieHma HarpyXeHo20 cmaHy ma KoegpiyieHma rijieda 8id numomo20 noKasHUKa 3 BIOHOWEHHS
008XUHU ocepedky dechopmayii 00 cepedHbOI MOBWUHU Mpokamy. A/le HasiBHICMb KOHIYHOI (hopMu 60YKU Ba/IKIB
pobuUMb Yi pe3ysibmamu npuoamHuMU misibKu 07151 IPOEKMHUX Po6im 3i CMBOPEHHS 06/1a0HaHHS. Y UbOMy BUNaoKy
00Ui/IbHUM € aHasli3 Ha 0CHOBI 3D-mooesell. AHasi3 HarpyXeHo-0eghopMOoBaHO20 cmaHy rid Yyac MpPoKamkKu 8 KOHIY-
HUX Basikax rokasas HepiBHOMIpHICMb deghopmayii no moswuHi 1ucma. Tobmo cmae MuUMaHHs rpo BEUYUHY
06MUCHEHHSI, sIka HeobXiOHa 07151 PO38’si3aHHST 0BOMIPHOI 3adadi. CepedHe 3HaYeHHs1 cmyrneHsi oechopmayii He oae
peasibHOI KapmUuHU 8 YbOoMY Bunadky. OOHaK i s MOoOeslb Mae Hedosik, akuli nos’s3aHull 3 NpunyweHHsIM fpo npsi-
MOKymHy ¢hopmMy 3a20moBKU, W0 He Bidnosioae OilicHocmi 3a 6ba2amonpoxioHoi cxemu. [Joyi/ibHUM Makox € cmso-
peHHs1 Moodesiel, Wo Bpaxosyomb MPOKaMKy /IUCMa 8 20pU30HMa/IbHUX Ba/ikax 00 i MiC/1s1 NPOKamKU 8 €0XEPHUX
Ba/ikax. YBiaHymicmb KPOMOK r1iC/1s1 [IPOKAMKU B 20pU30HMA/bHUX K/IMSX MOXe csieamu 3Ha4yHOI B€/IUYUHU, HasiB-
Hicmb deghekmy «cobaya KiCmka» makoxX Bri/iusae Ha biYHy KPOMKY MiC/1 MPOKamKU B8 20pU30HMA/TbHUX Ba/lKax.
Y po7i npuknaody 6y/10 npoaHasai308aHo fpokamky Aucma mosuwjuHor 300 MM 0o 95 mm, wupuHoto 1000 mMM. YBi-
2Hymicmb KPOMOK r1ic/151 5-20 poxody cmaHosusia 17 MM, sucoma cobaqoi Kicmku ric/1sl PoKkamku y BepmukasibHil
Kaimi — 18,5 MM, yBigHymicmb KPOMOK r1ic/151 13-20 rpoxody — 0,73 MM. Tobmo 0BOMipHa MOOe/Ib 0a€e MOX/1UBICMb
WBUOKO 3Halimu pexumu OO6MUCHEHb, MPUBUMIPHA MOOE/Ib Hadae YsIB/IEHHSI MPO HarpyxeHo-0eghopmosaHull
cmaH, a KOMI/IEKCHE PIlUEeHHS 3 aHas1i30M MPoKamku 8 20pU30HMA/IbHUX Ba/lkax Hadae MOX/IUBICMb BU3HaYUMU
payioHasibHi PEXUMU MPOKamKU | BUSHa4YUMU 2eoMempuyHy ¢hopmy rpokamy ric/isi MpoKkamku.

Knro4osi c/ioBa: iucmosa rpokamka, e0XXepHi Ba/iku, PEXXUMU 06MUCHEHb, (hOPMOYMBOPEHHST PoKamy, bidyHa
KpoMKa, MamemMamuyHa Mooe/b, asmoMamu3sosaHe npoekmysaHHsi, CAE-cucmema.

Gribkov Eduard, Dobronosov Yurii, Kalenkov Olexander, Buturlin Oleg. Automated design of rolling
modes in edger rolls

Rolling in edger rolls makes it possible to produce rolled plates with the correct cross-sectional shape along
the side edges, which reduces the side cut and increases the yield of usable products. The developed 2D model based
on the finite element method and the regression model based on its implementation results allow us to determine
the energy and power parameters of the process. The regression models were built on the basis of the obtained
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dependences of the stress state coefficient and the shoulder coefficient on the specific ratio of the deformation
center 1length to the average thickness of the slab. However, the conical shape of the work roll makes these
results suitable only for design work on the creation of equipment. In this case, an analysis based on 3D models
is appropriate. The analysis of the stress-strain state during rolling in edger rolls showed uneven deformation along
the thickness of the sheet. This raises the question of the deformation strain required to solve a two-dimensional
model. The average value of the deformation strain does not give a realistic picture in this case. However, this model
also has a drawback, which is associated with the assumption of a rectangular workpiece shape, which is not true
in a multi-pass scheme. It is also advisable to create models that take into account the rolling of the sheet in horizontal
rolls before and after rolling in edger rolls. The concavity of the edges after rolling in horizontal stands can reach
a significant value, and the presence of a dogbone defect also affects the side edge after rolling in horizontal rolls.
As an example, we analysed the rolling of a 300 mm thick sheet to 95 mm and 1000 mm wide. The edge concavity
after the 5th pass was 17 mm, the dogbone height after rolling in a vertical stand was 18.5 mm, and the edge concavity
after the 13th pass was 0.73 mm. In summary, the two-dimensional model allows us to quickly find the deformation
modes, the three-dimensional model provides an understanding of the stress-strain state, and the integrated solution
with the analysis of rolling in horizontal rolls makes it possible to determine the rational rolling modes and determine
the geometric shape of the plate after rolling.

Keywords: sheet rolling, edger rolls, crimping modes, rolled products shaping, side edge, mathematical model,

computer-aided design, CAE system.

Bctyn. EgxepHi BaslkM € HEBif eMHOKO YacTu-
HOK CyYaCHWUX JINCTOMNPOKaTHUX KNiTelr. O6TUc-
HEHHS Mo 6iYHUX KPOMKax [L03BOJISAE MOKpaLmTL
reoMeTpito NonepeyHoro nepepisy npokarty i 3Hu-
3UTK BiYHY 06pi3b. POPMOYTBOPEHHS 3a BEpPTU-
KaNlbHOI MPOKaTKM OOCUTb MOBHO BMBYEHO [1; 2]
i [03BOMISAE BU3HAUYUTWN PO3MIpPU CTOBLLEHHA MNPO-
KaTy B 30Hi gedopmalii. Takox B. ®. IMotankiHim
Tal. O. Bobyxom po3pobsieHo MateMaTtunyHi mogerni
NS BU3HAYEHHSI EHEProcuIoBMX NapamMeTpiB nNpo-
uecy. Asne BCi BigoMi po60T OCHOBaHi Ha BUKOPUC-
TaHHi rpatpaHaniTMyHUX METOAIB | MatOTb TOYHICTb,
L0 He BignoBigae cyvyacHNUM BMMOram 3 TEXHO/0-
rii. Takox y poboTax He BpaxoBYyeTbCs aedopma-
Lis MeTasly, a TOYHiwe — doopmMa npokaTy nicns
NpoKaTkn B TOPU3OHTa/TbHUX Basikax, L0 TakKoxX
BHOCWTb HETOYHOCTI B po3paxyHoK. HepoctaTHs
TOYHICTb PO3pPaxyHKy i HEMOX/IMBICTb ypaxyBaHHSA
nonepeaHbOl AedopMalil pobuTb akTyaslbHUM
nofasiblie [AOCNIMKEHHS MNPOKaTKN B eMKEepHUX
BasIkax, 30KpemMa Ha OCHOBIi CKIHYEHHO-e/IEMEHT-
HUX mogeneii [3-5].

MeTot0 po6OTH € BU3HAYEHHS BI/IMBY BENTMYNHU
OBGTUCHEHHS HA EHEepProcuoBi NapamMeTpy npoLlecy
MPOKaTkn JINCTOBOrO METasIoNnpoKaTy Ha OCHOBI
perpeciinHux Mogenei, oTprUMaHux Ha pesyssrarax
CKiIHYEHHO-e/IEMEHTHOTO MOZE/IOBAHHS.

[Ona  [gocArHeHHs 3a3HadvyeHoi MeTu  6yno
nocTaB/ieHO Ta PO3B’A3aHO Taki 3aBAaHHSA: CTBO-
puUTV ABOBMMIPHY MOAE/b NPoLecy NPoKaTkn nnc-
TOBOrO MPOKaTy Ha OCHOBI BUKOPUCTaHHA METOLY
CKIHYUEHHNX e/IeMEHTIB; Ha OCHOBI peastizaLil po3-
pO6EeHOT CKIHYEHHO-e/IEMEHTHOI MOAENI BCTaHO-
BUTW BMNAMB OOBTMCHEHHS Ha €Heprocunosi napa-
MEeTpU MnpoLecy NPoKaTKW; Ha OCHOBI OTPUMAaHUX
pesyrbTaTiB CKiIHYeHHO-eNNeMEHTHOT Mofesi po3po-
O6UTW perpeciiiHvy Moaensb.

Pesynbratu. #Ak npukiag peasiisadii pospo-
61eHoi MaTemMaTU4HOI Mogeni 6y/10 po3r/IsHYTO

NpoKaTky B emKepHux (BepTUKasibHUX) Basikax
giametpom 800 MM fUCTIB WMpuHOO 1550 MM Ta
TOBWMHOW 100 Mm. OBTMCHEHHA BapitoBa/In Bif
4 MM o 12 mMm. Tona po3noAinis ekBiBasIEHTHUX
Hanpy>eHb nokasaHo Ha puc. 1.

3 oTpumaHux noni 6y/710 BMOPAHO 3HAYEHHS
HOPM&/IbHUX KOHTaKTHWUX, HOPMa/lbHUX Ta HOp-
Ma/IbHUX AOTUYHUX Hanpy>XeHb. HopMasibHi KOH-
TakTHI Ta HOPMasibHi Hanpy>XeHHA MOTPiGHI Bynn
ONS BU3HAYEHHS MeXaHiYHWX BNacTuBocTel maTe-
piany nig yac npokartku. Po3nogin SOTUUYHUX KOH-
TaKTHUX HanpyXeHb MOTPIOEH ANs BU3HAYEHHS
3a 3MIHOK X 3HaKy KOOpAUHATXM HEeNTpasibHOro
nepepisy 4N OTPUMaHHS BEIMYUHU MOMEHTY NpPo-
Katkn. Cuy Ta MOMEHT MPOKaTky BU3HaYasm 3a
cepefHiM 3HaYeHHAM Mo Yacy peakuil 4OBigKOBOI
TOYKM (LEHTPp 06epTaHHSA) Baska.

OTpumaHi pesynbTaty  3a/1eXHOCTI  KoediLi-
€HTa HarnpyXeHoro ctaHy Ta koeqilieHTa nsevya
3a/1eXXHO Bif NMTOMOrO MOKa3HWKa 3 BiAHOLUEHHS
OOBXVHM ocepeaky pAecbopmadii oo cepefHboi
TOBLUMHW nNpokaTy (L/hcp) npeacTas/ieHi Ha puc. 2.
TaMm e HaBefeHO OTpMMaHi NoniHOMiasibHI onucu
JaHuX 3a/1eXHOCTEN, SKi MOXHa BUKOPUCTOBYBATM
B MOAENOBaHHI MPOLECIB NPOKATKN B eMKEPHUX
BaUiKax.

OTpuMaHi pesynsratu NiATBEPLKYIOTb
[OCTaTHIO [OCTOBIPHICTb OTPUMAHUX PerpeciiHnx
3a1exHocTel Ta il MOXIMBICTb BUKOPUCTaHHS Mif
yac po3pob/eHHS IHXEeHepHUX Moaenei npouecis
NPOKaTKN B e[pKepHUX Baslkax, Lo A03BOUTL pea-
nisayito aBTOMaTNU30BaHOIO MPOEKTYBAHHA PEXU-
MiB MPOKaTKN B PEXWMi «peanibHOro yacy» siKk Ha
Jiro4omMy 06nagHaHHi, Tak i nig Yyac NPOEKTYBaHHS
HOBOIO.

3 ornagy Ha NpUIAHATI NPUNYLLEHHS LS MoAenb
Ma€e Hefoniku nig 4ac BUKOPUCTAHHS BasiKiB i3
KOHIYHOK BOYKOH, OCKINIbKM Aedropmalis B LLbOMY
BUNaaKy Oyae HEepPIBHOMIPHOK MO TOBLUMHI
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Puc. 1. Monsa po3nopginiB ekBiBa/IEHTHUX HaNpy)XeHb 3a Pi3HUX OOTUCHEHb:
a-4mMm; 6 -5mMm; B-6 MM; T -8 MM; g - 10 MM; € — 12 mm
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Puc. 2. 3anexHocTi KoediljieHTa Hanpy>XeHoro ctaHy Ta koediuieHTa nieua
3a/1€)KHO Bifi NMTOMOrO NOKasHUKa 3 BifHOLWEHHSA AOBXUHU ocepenKy aedopmadiii
80 cepeaHbOi TOBWWHK npokaTy (L/h, p)
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o

Puc. 3. PospaxyHkoBa cxema 3D-mofe i NPoOKaTKu B epKePHUX BaslKax

0.291
0.267
0.242
0.218
0.194
0.170
0.145
0.121
0.097
0.073
0.048
0.024
0.000

Puc. 4. Pe3synbraTtin po3paxyHKy Ha ocHOBi 3D-mogeni npokatku
B eQ)XepHUX Basikax (nose ekBiBasIeHTHOI NJ1acTUUYHOI gechopmadiii)

npokaty. ¥ ubOMy BWNagKy [AOLiSIbHO BUKOPUC-
TOBYBaTW TPMBUMIPHY MOAENb, CXEMY SIKOI npej-
CTaB/IEHO Ha puc. 3.

AHani3 pe3ynbrariB Po3paxyHKy Nokasye HepiB-
HOMIpHICTb Aedhopmalii (puc. 4) No TOBLUWHI NPO-
Kary, a TakoX HasiBHICTb gedekTy «cobaya KicTka»
[1], wo noTpibHO BpaxoByBaTh, BU3HAYAKUMN EHEP-
rocusioBi NnapaMeTpu NpoLiecy.

¢
o

D

o
¢

OagHak | us Moaenb Mae HeAoniK, SKWUi
MoB’A3aHWii 3 NPUNYLLEHHSM MPO  MPSMOKYTHY
oopmy 3aroToBKY, LLIO He BiANoBigaE AiicHOCTI 3a
6araronpoxigHoi cxemu. NS uboro NoTpibHO Bpa-
XOBYBAaTW MPOKATKY B TOPU30HTaSIbHNX BasIKax.

Ha puc. 5 npeacrtaBneHo po3paxyHKOBY CXemMy
3D-Mofeni NpokaTkn Ha CTaHi 3 elXepHUMn BaUl-
Kamu.

Puc. 5. Po3paxyHkoBa cxema 3D-mogeni npoKkaTku Ha CTaHi
3 e[PKePHMMN BaJIKaMu
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B

Puc. 6. dopma nepepisy 3arotoBKu Ta Nosns posnoginy
eKBiBa/IEHTHUX NacTMYHUX Aecopmaliiii nicna NpoKaTku
B rOPU3OHTa/IbHUX BaJsiKax (a), Nicna nNpokKaTku y BepTUKasIbHUX Basikax (0)
Ta nicnsa Kaniopyroyoi NpoKaTku B rOpM3OHTaIbHUX Bankax (B)

dopma nonepeyHoro nepepisy nicns NpokaTku
mMae C-nogibHy dpopmy no GivHuX Kpaiikax (puc. 6),
LLO Jy>e CU/IbHO BNAMBAE Ha HanpyXeHo-aedop-
MOBaHWI CTaH Mifg Yac NPoKaTkn y BepPTUKaIbHUX
BaslKax, a gedekT «cobaya KicTka» BM/MBae Ha
posnogin aedopmadiii 3a noganblUoi NPOKaTKu
B FOPU30OHTA/TbHIN KAITi.
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Ak npuknag 6yno npoaHaslizoBaHO MPOKaTKy
nucta ToswmHowo 300 MM Ao 95 mm, wupwu-
HOlo 1000 MM. YBIrHYTICTb KPOMOK nicns 5-ro
npoxoay crtaHoBunia 17 MM, BUCOTa «Ccobayoi
KICTKM» MIC/si MPOKaTKN Yy BEpPTUKa/IbHIl KNITi —
18,5 MM, YBIrHyTiCTb KpPOMOK nicnsa 13-ro npo-
xoay — 0,73 mm.
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BucHOBKW. Po03po6/ieHi  CKiIHYEHHO-€MIEMEHTHI
MoZeni npouecy MnpokaTky B eMKepHUX Basikax
MatoTb Pi3HY CKIaAHICTb: ABOBMMIpHA MOAE/b Ma€e
HEBENMKNIA Yac po3paxyHKy i OouibHa A/si BUKO-
pVCTaHHS B MPOKaTL| Y Ba/lKax i3 r1a4Ko GOUKOLO;
TPMBMMIpHA MOAENb Aa€ Halbinbll MNOBHY Kap-
TUHY i NoTpebye BpaxyBaHHS (DOPMU MONEPEYHOrOo

nepepisy BXiAHOI 3aroTOBKM A1 GifibLL TOYHOrO NPo-
FHO3Yy Harnpy>eHo-4ed)opMOBaHOoro ctaHy. Jedektu
hopMU GIYHOT KPOMKM MOXYTb CAraT BEIMKMUX BENU-
YWH, | 419 OTPUMAHHA SIKICHOT KPOMKM iX MOTPIGHO
BpaxoByBaTh A/19 BU3HAYEHHS OOTUCHEHb B epkep-
HUX Baslkax, TakoX NOTPIGHO aHanisyBaTh nogasibLui
npoxoaw Ans 6iflbLl TOYHOTo MPOrHO3Yy hopMM NCTA.
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