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AHuomauuﬂ. I'maBHOI 3a1a4€il TEXHOJIOTUH IIpaBKU CTAJIbHOI'O JINCTA SABJIACTCS BBIYUCICHUE ONITHUMAJIbHBIX 00KaTHil CTaIbHOM 3arOTOBKH pa60'-II/IMI/I

POJIMKAMHU JIMCTONPABUIBHBIX MALIMH TaKMM 00pa3oM, YTOObI JIMCT HA BHIXOAE M3 MAIIMHBI MMEJI MHUHUMAJbHBIE OCTATOYHBIC HAMPSDKCHUS U
KkpuBH3HY. [Ipy MaTeMaTH4eCcKOM U YUCICHHOM MOJCIMPOBAHUH MPOLECCa IPABKU CTATLHOTO JIMCTa B MHOTOPOJIMKOBBIX NMPAaBHIIbHBIX MALIHHAX
BHAyaJIe BBIYUCIIAIOT KPUBU3HY M M3rHOAIOIME MOMEHTBI CTAJILHOTO JIUCTA B TOYKAX KACAHUS ¢ pAOOYMMH POJIMKAMH MAILMHBI, a 3aT€M Paccuu-
TBIBAIOT YHEPrOCUIIOBBIC MAPAMETPBI IPABKU JIHCTA. BBIUMCICHUE YHEPrOCUIOBBIX MTapaMETPOB MHOTOPOJIHUKOBBIX JHCTOMPABHILHBIX MAIMH
SIBJISICTCS] BAXKHBIM TEXHOJIOTMUECKUM PAcy€TOM MPH NPaBKe CTAIBHOTO JIMCTA. B OCHOBY 9HEPrOCHIIOBOIO pacueTa BXOAUT BEIYUCICHUE PEaKIMit
orop pabovnx POJIMKOB M YCHIIMII BEpXHEH M HIDKHEH KacceT pabovnX POJIMKOB MPaBUIbHOM MAIIUHBI IpH mpaBke. [Ipu HEOCTATOYHOM H3THU-
0aroIeM MOMEHTE CTAJIbHOTO JHMCTA HEBO3MO)KHO YCTPAHUTh BPEIHbIE OCTATOUHbBIC HANPSIKEHUS B CTEHKE JIMCTA U MOBEPXHOCTHbIC Je(EKTHI
nucta. [Ipy HeI0CTaTOUHOM YCHIIMK BEPXHEH KacCeThl POJIMKOB HEBO3MOXKHO JJOCTHIHYTh TPEOyeMOro o0KaTHsl JIUCTA Ul KaueCTBEHHOM TpaB-
ku. UpesmepHble 3HaYeHHs] KPYTALIMX MOMEHTOB POJIMKOB M YCHIIMH KacCeT POJIMKOB YacTO MPUBOAAT K Je(eKTam JIMCTa, HOJOMKEe pabounx u
OIOPHBIX POJIMKOB M MOJIOMKE BCEH JINCTONPABUIBHON MaliHbl. B HacToseil pabore npeaioxkeH npuOIMmKeHHbIH METO/ pacueTa ONTHMAIlb-
HBIX TEXHOJOTHYECKUX TapaMeTPOB XOJIOJHON MPABKU CTAIbHOTO JINCTA HA MHOTOPOJIMKOBOMH JINCTONPABUIBHON MaliMHe. PacueTsl mo3BosIsioT
OIPENSIUTh BUJ M KPUBU3HY HEHTPATIbHOI IJIOCKOCTH CTAJILHOTO JIKCTA TIPHU MIPABKE, OCTATOYHYIO KPUBHU3HY JIKCTA MOCIIE IPABKH, U3TH0A0IINe
MOMEHTBI JIUCTA U PEAKIMHU ONOpP pabOYMX POIMKOB, OCTATOYHBIC HANPSDKEHHS B CTEHKE CTAJIBHOTO JIMCTA, OO IIIACTHYeCKOH aedopmai mno
TOJIIIMHE JINCTA ¥ OTHOCHTEJBbHYIO Je(OPMALIUIO POJIOJIbHBIX TOBEPXHOCTHBIX BOJIOKOH JIMCTA MPH TPABKE B 3aBUCHMOCTH OT pajuyca pabdo-
YUX POJIMKOB, IIara MEK1y POJMKAMH JIMCTONPABUIBHON MAalIMHbI, BEIMYUHBI 00XKATHS JIMCTA BEPXHUMH POJIMKAMH, TOILIMHBI JIUCTA, @ TAKKe
monyist FOHra, npenerna TeKkydecTd U MOIYJIs YIIPOYHEHHUs MeTallia Jiucta. Pe3yabTaTbl HCCIeM0BaHU MOTYT ObITh IIMPOKO UCIOIB30BaHbI HA

MalIMHOCTPOUTEIIbHBIX U METAJIITYPIrU4€CKUX 3aBOAaX.
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[IpokaTHbIe CTaHBl © MHOTOPOJIMKOBBIE TIPABUIIbHbIE Ma-
LIMHBI HIHPOKO UCIIOIb3YIOTCA IPU IPOU3BOACTBE CTAIbHO-
IO JIUCTA B POCCUICKON 1 3apyOeKHON MeTaJlTypru4ecKoi
npomeiieHHocT [1 —40]. Hampuwmep, Ha meramnypru-
yeckoM koMmIuiekce cTan-5000 ucrnonp3yroTes naTH- U Jie-
BATHPOJIMKOBAS JIMCTONIPABIIIbHBIC MAIIUHBI (prupMel SMS
Siemag, a Ha MeTaJUTypruueCcKol JTUHUH MONEPEYHON pe3-
KH JINCTOBOM ctanu ¢upmel Fagor Arrasate — nsiTu-, mec-
TH-, OMUHHAIATH- U TSATHAIATUPOIIMKOBBIE MAIIIMHBI.

[Tocne ropstaeit MPOKAaTKH CTaTbHBIE JHCTH Ae(hOpMH-
PYIOTCS IPU OXJIAXKACHUH M3-332 OCTATOYHBIX HANpPSKEHUH
1 9aCTO MMEIOT IIOBEPXHOCTHBIC TE(EKTHI B XOIOJHOM CO-
CTOSIHUM (HarpuMep, KOpoOOBATOCTh, BOTHUCTOCTb, KOHYC-
HOCTH | Tak janee). [loaToMy cTampHBIC JTHCTHI TPABST B
MHOTOPOJIMKOBBIX JIMCTOMPAaBUIIBHBIX MamuHax. [Iponecc
MIPaBKU JINCTa B TAKUX MAIIMHAX SBISIETCS 00s3aTeIbHON
ornepanueld TeXHOJIOIMYECKUX IMPOLECCOB B METAJLTypru-
4yecKoM npousBozacTBe. IlpaBka gucTa MIMPOKO HUCHONIB3Y-
€TCsl POCCUUCKUMH METAITyPrU4eCKUMH 3aBOJIaMH B BbIk-
ce, Uenssonacke, Marauroropcke, Mxope u 3apyOeKHBIMU
MeTanypruyeckumu 3asonamu B CIIA, I'epmanuu, Mcna-
uun, Kurae, Uuauu u tak nanee. Ha puc. 1 mokazana msr-

HAIIATUPOJIMKOBAS JINCTONPABHIIbHAS MAIIMHA UCIIAHCKOU
¢upmer Fagor Arrasate.

Panee [21 — 24] Obuia pa3paboTaHa TOYHas MaTeMaTH-
gecKas MOJENb pacdyeTa TEXHOJOTHUECKUX I1apaMeTpOB
MHOT'OPOJIMKOBOM JINCTONPABHIIBHOM MAIITHBI, OCHOBAHHASI
Ha KyOWYEeCKOM NpPUONIKEHUH TIPONOIBHON JIMHWUHU JIHC-
Ta MEXKIY COCCJHHMHU MPAaBUIBHBIME poiukaMu. OqHAKO
IPU 3TOM HEOOXOAWMO YHCIEHHO PeIIaTh TPAHCIICHICHT-
HYIO CUCTEMY HEJIMHEWHBIX YPaBHEHHUH (KOTOPYIO HEINb3sl
PEIIUTh aHATUTHIECKH) C OOJBIINM YHCIOM HEH3BECTHBIX
(4UCII0 HEU3BECTHBIX PABHO YHUCIY MPABHJIBHBIX POJIHU-
KOB MAaIIWHBI). TeXHOJIOTaMH METaJUTyPrHIECKUX 3aBOJIOB
OBUIO BBICKA3aHO TIOXKEIAHHE MAaKCUMAaJbHO YIPOCTHTH
BBIIIIEYKa3aHHYIO MOJIC)Ib TAKUM 00pa30oM, 4TOOBI TIPH pac-
YeTe TEXHOJIOTUYECKUX apaMeTPOB MPABUIIbHON MAIIMHBI
HE TIPUXOIWJIOCH YUCIICHHO PEIIaTh CIOXKHYIO HEIHMHEH-
HYIO CHCTEMY YPaBHEHHH, a ObLIO JOCTATOYHO BBITIOIHUTH
npocTeiimue apuMETHIeCKHe OIepalid — CIOXKCHHUE,
BBIYMTAHHE, YMHOXCHUE, JICIICHHE, BO3BEICHUE B CTEIICHb
1 n3BJeUYeHue KopHs. [Ipn 3TOM TOUHOCTE Takoil yrporieH-
HOU apuU(PMETHUSCKON MOJIETH JOIDKHA OBITh JOCTATOYHOU
JUTSL IPAKTHYECKUX PAcdeTOB Ha METAJUTYPIHYSCKOM 3aBO-
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Puc. 1. [IaTHaguaTnponrKoBas JMCTONpaBuiIbHas MainHa Fagor Arrasate:
a — o0mii BU; 6 — MATHAALATH pabOYUX POIHKOB

Fig. 1. The fifteen-roller sheet-straightening machine by Fagor Arrasate:
a — general form; 6 — fifteen working rollers

JIe ¥ HECWIBHO YCTYIaTh TOYHON MaTeMaTHYCCKON MOJICITH.
Perrenuto 3ToM 3a1a4u MOCBSIICHA HACTOSIIAs paboTa.

HN3ru6arommii MOMEHT U KO3(pPpuumeHT
NPY:KMHEHUS JIHCTa

Iycts h u b — TommuuHa ¥ MKMpHHA CTAJIBHOTO JIKCTA,
c,.,E, Hp u I, — npenen Tekydectu cranu, Mmoayib tOnra,
MOJIYJIM YIIPOUHEHUSI CTAJIM TP PACTSHKEHUHU U CHKAaTHH.

hE
[Ipu mnactuyeckom m3ruode | p <P, =2— n3ruodaro-
c

IIUH MOMEHT CTaJIbHOTO JIuCTa paBeH [21 —27]
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[Ipu ynpyrom usrube | p = p, = oo M3TUOAIONINi MO-
cST
MEHT CTaJbHOTO JicTa paBeH [1, 21 — 27]
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JJ1 BBICOKOIIPOYHBIX CTaJIel MOAYJIN YIIPOUHEHUS IpU
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[Ipu ynpyrom u3rube cTaipHOTO JIUCTa | P 2P, = 50
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ko3 durmeHT npyxuHeHus P(p) = oo.
Jons mnactuyeckoil nedopmMarvy Mo TONIIUHE CTalb-
HOTO JIHCTa (CTETNeHb MPOHUKHOBEHUS IUIACTUYECKON [ie-

¢dbopmarnmu B TiTyOb JINCTA) COCTABHUT
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n=+1- p,eanpSE—h; 0, ecnnp>E—
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OTHOCHUTENIBHAS ,ue(bopMauI/m OPOAOJIBHBIX ITOBEPX-
HOCTHBIX BOJIOKOH JINCTa paBHA

S h
mpB .
2lp|
IIpaBka smcta Ha (2N + 1)-poauxoBoi
NMPaBUJIbHONH MalIWHe

[IpaBka cranpHOro jucra ocymectBigercs (2N -+ 1)
MIPUBOAHBIMU PabOYNMHU TPABIIIBHBIME poiuKaMu — N
BEPXHUMH NpaBWIbHBIMU poiukamu U (N + 1) HIKHUMH
MIPaBIIIEHBIME POJIKaMU. [IpaBHIIbHBIC POJTKH CHA0KEHBI
OTJENbHBIMU CHUCTEMaMH HACTPOWKHM HMX BEPTHUKAIBHOTO
MIOJIOXKEHUS € MOMOLIBIO KJIMHOBBIX Iap U TMAPOLMIMHI-
pos 1,21 —24].

Ilyctp t — 1war Mexy HUKHUMU IPaBUIBHBIMU POJIU-
kamu; H, — Bemiunna 06xkarust HEUTPaIbHON MOBEPXHOCTH
CTaJILHOTO JIUCTA Ha i-OM NpaBUbHOM ponuke; N, — peak-
UuU paboyux POJIMKOB B TOYKAax KacaHus ¢ juctoM; R —
paauyc pabounx ponukoB; Ry=R+h/2; p. u g=1/p, -
paanychl KpUBHM3HBI M KPUBH3HA MPOJIOJILHON HEUTpalb-
HOW JNHMHHUM JHCTa B TOYKaX €ro KacaHWs C PabounMH
pOJIMKaMHu, (; — YIJIbl TOYEK KACAHWsS JIMCTA M POJMKOB
(i=1,..,2N+1) (puc. 2).

3ameuanue 1. Ceszb Mexky peanbubiM oOkarnem H -
1 00)KaTHEeM HEUTPaIbHOM MMOBEPXHOCTH CTAIBHOTO JIUCTA
H umeer Bun
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H=H _+h

pean

MaxkcumaibHas Bermunaa ooxarust H coctaBut

max

He orpanuuunBas o0mHOCTH, Aanee OyJeM CUUTaTh, YTO
HWKHUE (HEYETHBIC) MTPABHIIBLHBIC POJTUKH JIS)KAT HA OJTHOM
TOPU30HTAILHOM YPOBHE

a BepXHHUe paboydue PONHUKH MMEIOT HE3aBUCUMbIC BEPTH-
KaJIbHbIE MepeMenieHust (0oKaTHs).

IIpu mpaBke CTajabHOIO JIUCTa HA METAJULYyPrU4e€CKHUX
3aBOJIaX pealibHbIC YIJIbl KACAHUS JINCTA C PAOOYHMH POJTHU-
KaMu HHCTOHpaBHJ’IbHOﬁ MalIuHbI, HAYHUHas CO BTOpOFO pO-
JIUKA JI0 TIOCIIEIHETO, MMEIOT MaJible 3HadeHus (no 1 — 3°).
[Toatomy najee OyJem cUMTaTh, YTO BCE YIVIbI KACAHUs pa-
00YMX POJIMKOB CO CTAJIHHBIM JIUCTOM PaBHBI HYJIIO:

0,=0,i=0,..,2N+ 1.
[IpuGimkeHHbIE PATUYChl KPUBU3HBI  TPOJIOIHHOMN
HEUTpaabHOHU JMHUU CTAJIbHOIO JIUCTA B TOUKAX €ro Kaca-

HHA C YCTHBIMH U C HCYCTHBIMH pa60‘II/IMI/I PpOJIMKaMHu JIUuC-
TOHpaBHHLHOﬁ MalIWHBI MMOJIOXXHUM PaABHBIMU

poy =——— k=1, ..

k=1, .., N-1

Pkt = 12(H2k +H2k+2),

IMpubnmwKeHHOe 3HAYEHHE pajnyca KPUBH3HBI HA TI0-
cieqHeM paboyeM POJTMKE COCTABHT

Pans1 =P (pzN)PzN-

t2 2 2 2

Bameuanue 2. Ecin odxatue

t2

24R,’

H,y >

TO TIOBEPXHOCTD JIUCTa OOTEKACT MOBEPXHOCTH PabOdUero
poska. CrnenosarensHo, p,, = R . Ananoruuso, ecim

t2

H, +H, ,>——
2% 2%+2 = ,
12R,
TO Py, = Ry,
3ameuanue 3. MOXKHO TakKe IMOJOKHUTH MPUOIHIKCH-
HBIC HEUCTHBIC PAJINyChl KPUBU3HBI PaBHBIMHU

21 1

R
: 48\ Hy,  Hypy

, k=1, ., N-1.

OnHako TOYHOCTH BBIYMCIICHHS HEUETHBIX PaIIyCOB
KPUBU3HBI B ATOM clly4yae anmpOoKCHMallMu magaet (0co-
OCHHO Ha TOCIEIHUX HEYETHBIX POJHUKAX, [Je PaauyChl
KPUBHU3HBI JINCTA IPUHUMAIOT OOJIBIIIME 3HAUCHHS).

2%k
t

3ameuanue 4. OTMETUM, UTO < 1. IToaromy

% £ 2H,, Y
P2 = oam, 24 H[ t2kj
2k 2k

2
4 2
—| +H

[2j 2%k

t
6cos| arctg| ——
2%k

B TouKax KacaHHs CTAIBHOTO JHUCTA ¢ PAOOYUMH POIIH-
KaM¥ MPaBHIBHONW MaIIMHBI H3IHOAIOMINE MOMEHTBI JINCTA
OTIpEIETISIIOTCS 110 (hopMyTam

M, =0; M, =M(p,,), k=1, .., N;

2

2 t2

Puc. 2. TIpaBka cranbHoro jucta 2N + 1 paboynmu porukamMu

Fig. 2. Flattening of steel sheet by 2N + 1 working rollers
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My =-M(py s D k=1,..,N-1; M 0.

INH1

Peakruy pabouynx ponrKoB B TOUKAX UX KACAHUS C JIHC-
TOM COCTaBSAT

2

N, =2 My N :%(—M3+2M2),

2
Nojps :?(MZk —2My, + M2k—2)’ k=2, .., N,
2
Ny s =?(—M2,H +2My =My, ), k=3, .., N;
2 2
Nyy :?(2M2N _MZN—I)a Nyya :?MZN'

BepTI/IKaJ'ILHaSI CWJia JaBJICHHs BEPXHUX W HUKHHUX PO-
JIMKOB Ha JIUCT COOTBETCTBCHHO COCTAaBUT

_Z (_l)kMk = F;aepx'

CYMMapHOG AAaBJICHUE BCCX BCPXHUX W HUIKXHUX POJIU-
KOB Ha JIUCT PaBHO

2N+1 82N .
F;:yM :F;zepx +FHH)KH = ; Ni :;];(_1) Mk

YucieHHBIH pacyeT 1S NATHAAIATHPOIUKOBOM
JucTOoNpaBuIbLHONH MamuHubl Fagor Arrasate

Jlnsi ATHAAUATHPOIIMKOBOM JIHCTONPABUIIBHON Malliu-
uel hupmel Fagor Arrasate N =7 (2, , = 15),t=0,245/3 =
=0,08167 M, R = 0,0375 M. Pe3ynbraTsl pacdeToB IpaBKH
cranbHoro ucta ipu h = 0,004 M, b= 1,8 M, E=2-10" IIa,
6, = 500-10°IIa, I =1, = 8,8:10? ITa, H, = 0,006 M,

H,=0,00502 m, H,=0,00403 M, H,=0,00305™m, H, =
= 0,00207 m, H,, = 0,00108 m, H,, = 0,0001 M (pacmoso-
JKEHHE BEPXHHUX POJIMKOB Ha BEPXHEH IUIOCKOW Kaccere) U
p, = —1 M moxasanml Ha puc. 3 — 6.

Cunbl JaBleHUs BEPXHMX W HIDKHUX paboyux po-
JIUKOB Ha CTAJIBHOHW JIMUCT NPU TOYHOM DEIICHUU DPABHBI:

bepx F o — 2634 kH. [peioxkeHHblii BbIIIE yIPOLIEH-
HBIA METOJI JAaeT 3HAUYECHUE FBepx = FHMH = 2612 xH (otnm-
gue oT TouHOoro penrenus 0,8 % wmm 22 kH), a metox Kopo-
neBa [1] maer 3HaucHUE FBer =F o = 1952 xH (omnune
0T TOYHOTO perieHus 25,9 % nnn 682 xH).

Ha puc. 3 neBbIii cTONOEI] COOTBETCTBYET TOUHOMY pe-
HICHUIO 3aJ1a4d, a TPaBblii — MPUOTMIKEHHOMY PEIICHUIO
HacTosIIei paboThl. BUIHO, 4TO B cilydae pacioIoXeHHS
BEPXHHUX POJHMKOB Ha MIIOCKOW BEpXHEH KacceTe MOIYIb
KPUBU3HBI JIUCTA B TOYKAX KacaHUsi ¢ padOYMMHU POIIU-
KaMH MEHSAETCS IMOYTH MO MPSMOJMHEHHOMY 3aKOHY OT
TPEThETO POJHMKa K TpearnocienneMy. Ecinu BepxHaue pa-
0oume pOJIMKM MMEIOT WHIWBH]yallbHbIE HACTPOMKH WX
00XaTHs, TO MOJYJIb KpUBU3HBI JINCTA B TOUKAX KAaCaHUS C
pabovYrMH POJTUKAMU MOXKET MEHATHCS M0 HEIMHEHHOMY
3aKOHY.

CpaBHHUTEJbHBIH aHAJIM3 PA3TUYHBIX
METO/10B pacueTa

OJIHI/IM 3 METOAOB pacydeTa H3FI/I6aIOLL[I/IX MOMCHTOB
JIICTA M YCUIINH JIUCTONIPAaBUIIEHBIX MAIITUH SIBIIICTCS Me-
to1 Koposesa [1]. B aTom meTone uzrubaroiiie MOMEHTHI
JIFICTA PACCUUTHIBAIOTCSI C TIOMOMIBI0 KOA(QHITHCHTA TIPO-
HUKHOBEHHUS IJIACTHYECKOH nedopmanuu B miyOb CTasb-
HOTO JINCTA W TIPEIIIONIOKEHHSI O TOM, UYTO «CTETIeHb IIac-
TUYECKON NedopMaliiy MOBEPXHOCTHBIX CIIOCB JIHCTA OT
BTOPOTO POJIHKA K TIPENIOCICAHEMY (TIEPBBIA U ITOCIICTHIN
POJIMKHU HE M3rHOAIOT JUCT) U3MEHSACTCS 10 MPSAMOJIMHEH-
HOMY 3aKOHY», UTO SIBHO HE COOTBETCTBYET JCHCTBUTEIIH-
HoCTH (cM. puc. 4). Ha puc. 4 neBblii cTos10e1 COOTBETCTBY-

25

N
S

-
[$)]

Mooyne kpususnel iucma, 1/m
-~
S

S}

1 2 3 4 5 6 7

8 9 10 11 12 13 14 15

Homep ponuxa

Puc. 3. Mozyiib KpUBHU3HBI JIUCTA TIPU TIPABKE

Fig. 3. Module of sheet’s curvature at leveling
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Jona nnacmuueckoii depopmayuu, %

Mooyne uzeubarowyeco momenma, H-m

Peaxyus ponuxa, kH

100

[ 1 [ [ ] [ ] ]
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Howmep ponuxa

Puc. 4. JTonst miacTH4eckoit AepopMariui o TOJIIHHE JIHCTa

Fig. 4. Proportion of plastic deformation on the sheet’s thickness

6000

5000

4000

3000

2000

1000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Howmep ponuxa

Puc. 5. Moxysb n3ru6aromero MOMEHTa JIHCTa [PH IPABKEe

Fig. 5. Module of bending moments of sheet at leveling
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400

300

200

i dm_—__Jn___ _Jn____Jn____Jm____J

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Homep ponuka

Puc. 6. HopmanpHble peakiui pabodrx pOITHKOB

Fig. 6. Normal reactions of working rollers
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€T TOYHOMY PCUICHUIO 3a/1a4H, HpaBLIﬁ — pCUICHUIO METOAa
Kopomnesa.

PeanbHO (B citydae pacrmooxKeHUsI BEpXHUX POJIMKOB Ha
MJIOCKOW BepXHEW KacceTe) JOJIs MIacTHYecKoi aedopma-
LMY [10 TOJIIMHE CTAJIBHOTIO JIUCTA OT TPETHETO K IPEANoc-
JeqHeMy pabodeMy PONUKY HAIlOMHHAET IIePEeBEPHYTYIO
napadojy ¢ BEpIIMHON (MAaKCHMYMOM) Ha TPEThEM POITUKE
(puc. 4).

KpuBuzHa u pannycbl KpUBU3HBI CTaJbHOIO JINCTA B Me-
tone Kopornesa He BRIYUCIISIOTCS, UTO HE TTO3BOJISIET OoJiee
HWJIN MCHEEC TOYHO OLICHUTH I/I3FI/I6aIOH_lI/Ie MOMCHTEHI JIMNCTA,
KOTOpBIE 3aBUCAT OT KPUBU3HBI JIMCTA.

I[.HH COBPCMCHHBIX MHOTOPOJIMKOBBIX JIMCTOIIPABUIIb-
HBIX MallliH C HE3aBHUCUMBIMH 0OKaTHAMH pabOUIMX POITH-
koB MeToji KoponeBa He pUMEHHMM, TaK KaKk B HEM H3Ha-
YaJIbHO IMPEJIOoJaraeTcs, YTo BEpXHUE U HUKHUE POJIUKHU
[IPUHAJJIEKAT COOTBETCTBEHHO BEPXHEH U HIDKHEH IUIO-
CKUM KacceTaM POJIMKOB.

I'maBHbIM HenocTaTkoM Metona Koposnea siisiercst To,
YTO MOIYNTb YIPOYHEHHUS METallIa JIHCTa IPH H3THOe I10-
JaraeTcsi paBHBIM HYJIO (quarpamma [IpanaTis), 94to npu-
BOJIUT K OY€Hb CYILECTBEHHBIM MOTPEIHOCTAM (110 26 %)
[IpY pacyeTax CUIOBBIX 1apaMETPOB IPABUIbHON MalIMHbL
(cm. puc. 5 u 6), a 3TO MOXET MPUBECTH K TOJIOMKE TIpa-
BUJIBHOW MAIIIUHBI.

Ha puc. 5, 6 neBblii cTonder COOTBETCTBYET TOYHOMY
pEIIEHUIO 3a/1a4d, CPEIHUN — MPUOTMIKEHHOMY PEIISHHIO
JTAaHHOH palboThI, a PaBbIi — pereHuo Metoaa Kopoera.

Bo16oowt. TlpennoxeHn mpuOIMKEHHBI METOJ] pacyera
KPUBU3HBI ITPOJOJIBHOW HEUTPAJIbHOM JIMHUY JIMCTA, U3TH-
0aroIMX MOMEHTOB JIMCTA M peakuuii pabo4ux pOIHKOB
IIPU XOJIOAHOM MpaBKe CTaJIBLHOIO JIMCTAa HA MHOTOPOJIMKO-
BOM nucronpaBuibHOW MamuHe. Iloka3ano, 4ro npeno-
JKEHHBIN YIIPOIICHHBIA METOJ] pacueTa 3HaYUTEIHLHO Ooee
To4HbIH, ueM Meroq Koposnesa. Pesynbrarsl uccinenoBanuil
MOTYT OBITh HUCIIOJIB30BAHEI ITPU TPOU3BOACTBE CTAIHLHOTO
J1MCTa Ha METaJIIyprUYeCKUX 3aBOJax.
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SIMPLIFIED METHOD FOR CALCULATION OF BENDING MOMENTS OF STEEL SHEET
AND REACTIONS OF WORKING ROLLERS IN MULTIROLL STRAIGHTENING MACHINE

V.N. Shinkin

National University of Science and Technology “MISIS” (MISIS),
Moscow, Russia

Abstract. The main task of the technology of the steel sheet flattening is

to calculate the optimal reduction of a sheet billet by the working rol-
lers of straightening machines so that the sheet at the outlet from the
machine has the minimum residual stress and curvature. In the mathe-
matical and numerical modeling of the steel sheet flattening process in
the multiroll straightening machines, in the beginning we calculate the
curvature and bending moments of the steel sheet at the points of the
tangency with the machine’s working rollers, and then we calculate the
energy-power parameters of the sheet’s flattening. The calculation of
energy-power parameters of the multiroll sheet-straightening machines
is an important technological estimation at the steel sheet’s flattening.
The basis of energy-power calculation includes the estimation of the
support reactions of working rollers and the efforts of upper and lower
rollers’ cassettes of straightening machine at the sheet flattening. When
there is an insufficient bending moment of steel sheet, it is impossible to
eliminate the harmful residual stresses in the sheet wall and the surface
defects of the sheet. If the force of the upper cassette rollers is insuffi-
cient, then to achieve the required reduction of the sheet for the quality
flattening is impossible. The excessive values of the rollers’ torque mo-
ments and the efforts of rollers’ cassettes often lead to the sheet defects,
breakage of the working and supporting rollers and breakage of whole
sheet-straightening machine. The approximate method for determining
the optimal technological parameters of steel sheet cold flattening on
multiroll sheet-straightening machine is proposed in this paper. The cal-
culations allow us to determine the type and curvature of neutral plane
of the steel sheet under flattening, residual curvature of the sheet after
flattening, sheet’s bending moments, support reactions of working rol-
lers, residual stresses in the wall of the steel sheet, proportion of plastic
deformation on the sheet thickness and the relative deformation of the
longitudinal surface fibers of the sheet under the flattening depending
on the rollers’ radius, the pitch between the straightening machines’
working rolls, magnitude of the sheet reduction by the upper rollers, the
sheet thickness, as well as the elastic modulus, yield stress and harden-
ing modulus of the sheet metal. The research results can be widely used
at the engineering and metallurgical plants.

Keywords: steel sheet, multiroll sheet-straightening machines, working and

support rollers, sheet’s curvature, alternating bending, sheet’s bending
moments, elastoplastic continuous medium with linear hardening.
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