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KEYWORD  :ROLL ECCENTRICITY / ROLLING SIMULATION
PAISAN VISITVATTANAKUL : SIMULATION OF EFFECT OF ROLL
ECCENTRICITY ON ROLLED MATERIAL THICKNESS  THESIS ADVISOR

PRASONK SRICHAROENCHALI, 92 pp. ISBN 974 — 17 - 0109 - 8

Roll eccentricity is a cause of roll gap variation which affects rolled material thickness. Roll
eccentricity is observed in a mill stand by recording variations of thickness and roll force. During
rolling, exit thickness and roll force changes are affected by changes of raw material thickness as well
as by variations of strip tension. However, the main frequency of thickness change depends on the
frequency of the rotation of work rolls. Rolled material thickness variation due to roll eccentricity is
sinusoidal and its maximum amplitude is less than magnitude of roll eccentricity. Maximum
magnitude of thickness change also depends on magnitude of roll eccentricity. Roll eccentricity at
stand no.1 of a 5-stand tandem mill has a major effect on periodic variations of exit gauge, whereas
effect of roll eccentricity at other stands is insignificant. Roll eccentricity that exists at both stand no.
1 and 2 makes thickness change at each stand is not sinusoidal.

In this paper, method of roll eccentricity compensation is roll gap control. This method
involves the detection of roll force change and roll gap adjustment. When roll force is changed due to
roll eccentricity, roll gap is adjusted and magnitude of adjusted roll gap depends on magnitude of roll

force change. This method can compensate effect of roll eccentricity effectively.

Department = Metallurgical Enginerring Student’s SIgNature....ccc...eeoeeiieeieeeiisiie e
Field of study Metallurgical Enginerring AdViISOr’s SIgNAtUIe. ... cocoveneeneneneneneennne.
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Hin (mm.) 2.000 1.274 0.643 0.354 0.232
hout (mm.) 1.274 0.643 0.354 0.232 0.160
Back tension (kg/sq.mm.) 4.0 15.5 14.5 14.0 12.5
Front tension (kg/sq.mm.) 15.5 14.5 14.0 12.5 6.8
Vr (mm./s) 3033 5667 10150 16067 24967
Strip width (mm.) 928 928 928 928 928

[Elastic modulus

(kg/sq.mm.) 21000 21000 21000 21000 21000
Pass length (mm.) 4600 4600 4600 4600 4600
'Work roll radius (mm.) 260 260 265 240 200
Mill Modulus (kg/mm.) 500000 500000 500000 500000 500000
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[Elastic modulus
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Pass length (mm.) 4600 4600 4600 4600 4600
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[Elastic modulus
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Stand 1 0.01 0 0 0 0

Stand 2 0 0.01 0 0 0
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T1J5un53 Sim’s equation

Option Explicit

Function forc(stnl, stn2, th0, thi, tf, tb, kf, kb, Rflat, frico, w)

Dim DefR, STavg, Id, Qpget, NAget, BAget, reduct

Const a = 84.6

Const EO = 0.00817

Constn=0.2

reduct = (th0 - th1) / thO

DefR=(a/(n+ 1)) * (((sth2 + EO) A (n + 1)) - ((stn1 + EO) ” (n + 1))) / (stn2 - stnl)
NAget = Nangle(frico, th0, thi, tf, th, kf, kb, Rflat)

BAget = Bitecalc(th0, thl, Rflat)

STavg = ((1 - (NAget / BAget)) / (1 - reduct) * tb + (NAget / BAget) * tf)
Qpget = Qp(frico, th0, thl, Rflat)

Id = Sgr(Rflat * (thO - th1) - ((thO - th1) ~ 2) / 4)

forc = (DefR - STavg) * Qpget / w

End Function

Function Rollforc(stnl, stn2, thO, thi, tf, th, kf, kb, Rflat, frico, w)

Dim DefR, STavg, Id, Qpget, NAget, BAget, reduct

Const a = 84.6

Const EO = 0.00817

Constn=0.2

reduct = (th0 - th1) / thO

DefR=(a/(n+ 1)) * (((stn2 + EO) ~ (n + 1)) - ((stn1 + EO) ~ (n + 1))) / (stn2 - stnl)
NAget = Nangle(frico, th0, thl, tf, th, kf, kb, Rflat)

BAget = Bitecalc(th0, thl, Rflat)

STavg = ((1 - (NAget / BAget)) / (1 - reduct) * tb + (NAget / BAget) * tf)
Qpget = Qp(frico, thO, thl, Rflat)

Id = Sgr(Rflat * (thO - th1) - ((thO - th1) ~ 2) / 4)

Rollforc = (DefR - STavg) * Qpget * Id * w

End Function

Function DeformR(stn)

Dim a, EO, n

a=284.6

E0 =0.00817

n=0.2

DeformR =a* (stn + EQ) A n

End Function



Function Qp(frico, th0, thl, R)

Dim ReRt, Bang

ReRt = (thO - th1) / thO

Bang = Bitecalc(thO, thl, R)

Qp =1.08 + 1.79 * ReRt * (frico / Bang) * Sqr(ReRt) - 1.02 * ReRt

End Function

Function Bitecalc(th0, thl, R)
Bitecalc = Arccos(1 - (thO - thl) / (2 * R))

End Function
Function Arccos(x)
Arccos = Atn(Sgr(1 - x * x) /' X)

End Function

Function Nangle(frico, th0, thl, tf, th, kf, kb, Rflat)
Dim Hnget, Rt
‘Nangle=angle at neutral point

Rt = thl / Rflat
Hnget = Hn(frico, thO, thl, tf, tb, kf, kb, Rflat)
Nangle = Sgr(Rt) * Tan(Sqr(Rt) * Hnget / 2)

End Function

Function Hn(frico, thO, thl, tf, th, kf, kb, Rflat)

Dim H1

H1 = Hlcalc(thO, thl, Rflat)

Hn=(H1/2)-(1/(2*frico)) * Log((thO /th1) * ((1 - tf/ kf) / (1 - tb / kb)))

End Function

Function Hlcalc(thO, thl, Rflat)

Dim Rt, Bang

Bang = Bitecalc(thO, th1, Rflat)

Rt = thl / Rflat

H1lcalc = (2 / Sgr(Rt)) * Atn(Bang / Sqr(Rt))



End Function

Function Fslip(frico, th0, thl, tf, tb, kf, kb, Rflat)
Dim angle

Dim thn

angle = Nangle(frico, th0, th1, tf, th, kf, kb, Rflat)
thn = thl + 2 * Rflat * (1 - Cos(angle))

Fslip = (thn/thl) - 1

End Function

Function Bslip(Fslip, th0, th1)
Dim bRt

bRt =1 - (th1/th0)

Bslip = bRt - (1 - bRt) * Fslip

End Function



Tusunsumiousiug

Option Explicit

Function dPbydHin(stnl, stn2, thO, th1, tf, th, kf, kb, Rflat, frico, w)

Dim NThO

NThO = thO + 0.001

thO0 = thO - 0.001

dPbydHin = (Rollforc(stnl, stn2, NThO, thi, tf, tb, kf, kb, Rflat, frico, w) - Rollforc(stn1,
stn2, thO, thi, tf, tb, kf, kb, Rflat, frico, w)) / (NThO - th0)

End Function

Function dPbydhout(stnl, stn2, thO, thl, tf, th, kf, kb, Rflat, frico, w)

Dim NThl

NThl =thl + 0.001

thl =thl - 0.001

dPbydhout = (Rollforc(stnl, stn2, thO, NTh1, tf, tb, kf, kb, Rflat, frico, w) - Rollforc(stn1,
stn2, tho, thi, tf, th, kf, kb, Rflat, frico, w)) / (NTh1 - th1)

End Function

Function dPbydtb(stn1, stn2, thO, thl, tf, th, kf, kb, Rflat, frico, w)

Dim Ntb

Ntb = tb + 0.01

tb =tb - 0.01

dPbydtb = (Rollforc(stnl, stn2, thO, th1, tf, Ntb, kf, kb, Rflat, frico, w) - Rollforc(stnl,
stn2, tho, thi, tf, th, kf, kb, Rflat, frico, w)) / (Ntb - tb)

End Function

Function dPbydtf(stn1, stn2, thO, th1, tf, th, kf, kb, Rflat, frico, w)

Dim Ntf

Ntf = tf + 0.01

tf =tf - 0.01

dPbydtf = (Rollforc(stnl, stn2, thO, thl, Ntf, th, kf, kb, Rflat, frico, w) - Rollforc(stn1,
stn2, thO, thl, tf, th, kf, kb, Rflat, frico, w)) / (Ntf - tf)

End Function

Function dfbydHin(frico, thO, thi, tf, tb, kf, kb, Rflat)



Dim NThO

Dim NFslip, OFslip

NThO = th0 + 0.001

th0 = th0 - 0.001

NFslip = Fslip(frico, NThO, th1, tf, th, kf, kb, Rflat)
OFslip = Fslip(frico, thO0, thl, tf, tb, kf, kb, Rflat)
dfbydHin = (NFslip - OFslip) / (NThO - th0)

End Function

Function dfbydhout(frico, th0, thl, tf, tb, kf, kb, Rflat)
Dim NThl

Dim NFslip, OFslip

NThl =thl + 0.001

thl =th1 - 0.001

NFslip = Fslip(frico, th0, NTh1, tf, tb, kf, kb, Rflat)
OFslip = Fslip(frico, th0, thl, tf, tb, kf, kb, Rflat)
dfbydhout = (NFslip - OFslip) / (NTh1 - th1)

End Function

Function dfbydtb(frico, thO, thl, tf, tb, kf, kb, Rflat)
Dim Ntb

Dim NFslip, OFslip

Ntb = tb + 0.001

tb =tbh - 0.001

NFslip = Fslip(frico, thO, thl, tf, Ntb, kf, kb, Rflat)
OFslip = Fslip(frico, thO, thl, tf, th, kf, kb, Rflat)
dfbydtb = (NFslip - OFslip) / (Ntb - tb)

End Function

Function dfbydtf(frico, thO, th1, tf, th, kf, kb, Rflat)
Dim Ntf

Dim NFslip, OFslip

Ntf = tf + 0.001

tf =tf- 0.001

NFslip = Fslip(frico, thO, th1, Ntf, tb, kf, kb, Rflat)
OFslip = Fslip(frico, th0, thl, tf, th, kf, kb, Rflat)
dfbydtf = (NFslip - OFslip) / (Ntf - tf)

End Function



Ta5un53 Solve

Option Explicit

Sub solve(a, m, X, n)

Dimp, i, ], ¢, k, g As Integer
Dim t, sum As Double

Dim re As Boolean

Dim npoin As Integer

Fork=1Ton-1
If a(k, k) =0 Then

Forg=k+1Ton
If a(g, k) <>0 Then
re = True

Forc=1Ton+1
t=a(k, c)

a(k, ) =a(g, c)
a(g,c)=t

Next ¢

Exit For

Else

re = False
End If
Next g

If Not re Then
MsgBox "error"
Stop

End If

End If

If a(k, k)<> 0 Then
Forj=k+1Ton

m(j) = a(j, K) / a(k, k)
Forp=k+1Ton+1

a(j, p) = a(, p) - m(j) * a(k, p)
Next p

Next j

End If

Next k



If a(n, n) =0 Then

MsgBox (""no unique solution exists")

Stop

Else

x(n) =a(n,n+1)/a(n,n) ‘start back substitution
End If

Fori=n-1To1 Step (-1)

sum=0

Forj=i+1Ton

sum =sum + a(i, J) * x(j)

Next j

x(i) =1 /a(, i) * (a(i, n + 1) - sum)
Next i

End Sub




Tasunsy Data

Option Explicit

Sub data()

Dim i As Integer
Worksheets("sheet3").Select
Fori=1To stand

thO(i) = Cells(4, 2 + i)

th1(i) = Cells(5, 2 + i)

stn(i) = Abs(Log(th1(i) / thO(i)))
Vr(i) = Cells(12, 2 + i)

tb(i) = Cells(7, 2 + 1)

tf(i) = Cells(8, 2 + 1)

fric(i) = Cells(13, 2 + i)

R(i) = Cells(18, 2 + i)

w(i) = Cells(14, 2 + i)

e(i) = Cells(15, 2 +1i)

vO(i) = Cells(16, 2 + i)

Length(i) = Cells(17, 2 + i)
forward(i) = Cells(9, 2 + 1)

Vin(i) = Cells(10, 2 + i)

Vout(i) = Cells(11, 2 + 1)

Rflatt(i) = Cells(19, 2 +1)

Mill(i) = Cells(20, 2 + i)

kb(i) = 110

kf(i) = 130

Next i

Fori=1To stand

stn(i) = stn(i - 1) + stn(i)

Next i
‘Worksheets("'sheet5").Select
Fori=1To2

‘Cells(10 * (No - 1) + 1, i) =thO()
‘Cells(10 * (No - 1) + 2, i) = th1(i)
'Cells(10-* (No - 1) + 3, i) =stn(i)
'Cells(10 * (No - 1) + 4,1) = Vr(i)
'Cells(10 *(No - 1) + 5, i) = th(i)
'Cells(10 * (No - 1) + 6, i) = tf(i)
'Cells(10 * (No - 1) + 7, i) = forward(i)
'Cells(10 * (No - 1) + 8, i) = Vin(i)
‘Cells(10 * (No - 1) + 9, i) = Vout(i)
‘Next i

End Sub



Ta5un53 Matrix

Option Explicit

Sub matrix()

Dim n As Integer, i As Integer, j As Integer, ¢ As Integer
Dim a(12 + 7 * (stand - 2), stand * 10 + 1)

Dim x(12 + 7 * (stand - 2)), xo(12 + 7 * (stand - 2))

Dim k

Dim m

Dim re(12 + 7 * (stand - 2), stand * 10 + 1) As Boolean

Fori=1To 12+ 7 * (stand - 2)
Forj=1Tostand *10+ 1
a(i,j)=0

re(i, j) = False

Next j

Next i

‘Input the value into the main matrix

‘dheqlto8

Fori=1To stand

a(i,in=1

a(i + stand, i) = -1 * dPbydhout(stn(i - 1), stn(i), thO(i), th1(i), tf(i), th(i), kf(i), kb(i),
Rflatt(i), fric(i), w(i))

a(i + stand * 3, i) = -1 * dfbydhout(fric(i), thO(i), thi(i), tf(i), tb(i), kf(i), kb(i), Rflatt(i))
a(i +stand * 4, i) = -1 * Vout(i)

If i <>stand Then a(i + 10, i) = tf(i)

Next i

'‘dHeqlto 8

Fori=1To stand

a(i + stand, i + stand) = -1 * dPbydHin(stn(i - 1), stn(i), thO(i), th1(i), tf(i), th(i), kf(i),
kb(i), Rflatt(i), fric(i), w(i))

a(i + stand * 3, i + stand) = -1 * dfbydHin(fric(i), thO(i), th1(i), tf(i), tb(i), kf(i), kb(i),
Rflatt(i))

a(i + stand * 4, i + stand) = Vin(i)

If i <>stand Then a(i + stand * 5, i + stand + 1) = -1 * th(i + 1)

Next i

'‘dPeqlto8
Fori=1 To stand
a(i, i + stand * 2) = -1/ Mill(i)



a(i +stand, i +stand *2) =1
Next i

'dgfieq1to 8

Fori=1To stand

a(i + stand, i + stand * 3) = -1 * dPbydtf(stn(i - 1), stn(i), thO(i), th1(i), tf(i), th(i), kf(i),
kb(i), Rflatt(i), fric(i), w(i))

a(i + stand * 3, i + stand * 3) = -1 * dfbydtf(fric(i), thO(i), th1(i), tf(i), th(i), kf(i), kb(i),
Rflatt(i))

If i <>stand Then a(i + stand * 5, i + stand * 3) = th1(i)

Ifi <>stand Then a(i + stand *6 -1, i + stand * 3) =1

Next i

'right hand side

Fori=1To stand

If i <>stand Then a(i + stand * 6 - 1, stand * 10 + 1) = e(i) * dt * (Vin(i + 1) - Vout(i)) /
Length(i)

Next i

'dgbieq1to 8

Fori=1To stand

a(i + stand, i + stand * 4) = -1 * dPbydtb(stn(i - 1), stn(i), thO(i), th1(i), tf(i), tb(i), kf(i),
kb(i), Rflatt(i), fric(i), w(i))

a(i + stand * 3, i + stand * 4) = -1 * dfbydtb(fric(i), thO(i), th1(i), tf(i), tb(i), kf(i), kb(i),
Rflatt(i))

If i <>stand Then a(i + stand * 5, i + stand * 4 + 1) = -1 * thO(i + 1)

Next i

‘dfieqlto8

Fori=1To stand

a(i +stand * 2, i + stand * 5) = -1 * Vr(i)
a(i +stand * 3,i +stand *5) =1

Next i

'‘dVinieqlto8

Fori=1To stand

a(i + stand * 4, i + stand * 6) = thO(i)

If i <>stand Then a(i +stand * 6 - 1, i + stand *6 + 1) =-1 * dt * e(i + 1)/ Length(i + 1)
Next i

'‘dVoutieqlto8

Fori=1To stand

a(i +stand * 2, i+stand *7) =1

a(i +stand * 4, i + stand * 7) = -1 * th1(i)

If i <>stand Then a(i + stand * 6 - 1, i + stand * 7) = dt * e(i) / Length(i)
Next i



'‘dSeqlto8
Fori=1To stand
a(i, 1 +stand *8) =-1
Next i

'‘dVrieqlto8

Fori=1To stand

a(i +stand * 2, i + stand * 9) = -(1 + forward(i))
Next i

'set boundary condition
Worksheets("sheet3").Select
Fori=1To10

Forj=1To stand

If Cells(i +3,j+9) <>1Then
k=Cells(i+3,j+9)
Forc=1To12 + (stand - 2) * 7
a(c, stand * 10 + 1) = a(c, stand * 10 + 1) - k * a(c, ((i - 1) * stand + j))
Next c

re(1, ((i- 1) * stand + j)) = True
End If

Next j

Next i

'reduce matrix dimension

m=0
Fori=1Tostand*10+ 1

If re(1, i) = False Then
m=m+1

Forj=1To 12 + (stand -2) * 7
a(j, m) =a(, i)

Next j

End If

Next i

Call solve(a, xo0, x, 12 + 7 *(stand - 2))
Fori=1To 12

‘Worksheets(""sheet6").Cells(20 + i, 4).Value = x(i)
‘Next i

‘Stop

Fori=1To 12 + 7 * (stand - 2)
Worksheets("sheet4").Cells(No + 10, i + 1).Value = x(i)



Next i

'Fori=1To12

‘Worksheets(""sheet6").Cells((No - 1) * 20 + i, 1).Value = x(i)
‘Next i

Worksheets("sheet3").Select

Fori=1To stand

Cells(5, 2 +1) = Cells(5, 2 + i) + x(i) 'hout

Cells(4, 2 + i) = Cells(4, 2 + i) + Cells(5, 9 + i) 'Hin

If i <> stand Then Cells(8, 2 + i) = Cells(8, 2 + 1) + x(i + 10) 'gfi
If i = stand Then Cells(8, 2 + i) = Cells(8, 2 + i) + Cells(7, i + 9)
Ifi<>1Then Cells(7, 2 +1) = Cells(7, 2 + i) + x(1 + 13) 'gbi
Ifi=1Then Cells(7, 2 + i) = Cells(7, 2 + i) + Cells(8, i + 9)
Cells(9, 2 + i) = Cells(9, 2 + i) + x(i + 18) ‘forward

Cells(10, 2 + i) = Cells(10, 2 +i) + x(i + 23) 'Vin

Cells(11, 2 + i) = Cells(11, 2 + i) + x(1 + 28) 'Vout

Cells(12, 2 + i) = Cells(12, 2 + i) + Cells(13,9 + i) 'Vr

Next i

End Sub




Ta5un53 Main

Option Explicit

Public Const stand = 5

Public thO(stand), th1(stand), Vin(stand), VVout(stand), stn(stand), Vr(stand), tb(stand),
tf(stand), forward(stand)

Public fric(stand), w(stand), R(stand), vO(stand), e(stand), Rflatt(stand), Mill(stand),
Length(stand), kf(stand), kb(stand)

Public No As Integer

Public Const dt = 0.02

Sub main()

Dim i, j, n, round As Integer
Dim m(stand), PL(stand)
Dim sec

Dim el, e2, dqfl, dgf0, dSq

Fori=1To stand
m(i)=0

PL(i) = 4600 'mm.
Next i

sec=0
round = 400

Fori=1 To stand
Forj=1To 17

Worksheets("sheet3").Cells(3 + j, 2 + i).Value = Worksheets("sheet1").Cells(3 + J, 2 +
i).Value

Next j
Next i

Fori=1To stand
Forj=1To 10

Worksheets("sheet3").Cells(3 + j, 9 + i).Value = Worksheets(*'sheet2").Cells(2 + j, 2 +
i).Value

Next j

Next i

Sheets("Sheet4™).Select
Range("B3:AJ400").Select



Selection.ClearContents
Sheets("Sheet3").Select

For No =1 To round
Worksheets("sheet4").Cells(10 + No, 36).Value = sec
Call data

Fori=1To (stand - 1)
PL(i) = PL(i) - Vin(i + 1) * dt
Next i

Call matrix
sec = sec + dt

Fori=1To (stand - 1)

If PL(i) <=0 Then

m(i) =m(i) +1

‘Continueousness

Worksheets("sheet3").Cells(5, 10 + i).Value = Worksheets("'sheet4").Cells(m(i) + 10, 1 +
1).Value

End If

Next i

Worksheets("sheet3").Select

n = Cells(22, 10)

el = Cells(23, 10) * (Sin(Cells(12, 2 + n) * sec / Cells(21, 2 + n) + Cells(24, 10)) -
(Sin(Cells(12, 2 + n) *(sec - dt) / Cells(21, 2 + n) + Cells(24, 10))))

e2 = Cells(23, 10) * (Sin(Cells(12, 2 + 2) * sec / Cells(21, 2 + 2) + Cells(24, 10)) -
(Sin(Cells(12, 2 + 2) * (sec - dt) / Cells(21, 2 + 2) + Cells(24, 10))))

If sec >0 Then Cells(12, 9 + n) = el + dSq

If sec >0 Then Cells(12, 9 + 2) = e2 + dSq

‘Worksheets(""sheet4").Cells(No + 10, 30).Value = Cells(12, 7)

If sec > 0 Then Cells(5, 10) =0

"Worksheets("'sheet5").Select

'Fori=1To stand

'Cells(3, 2 + i) = Worksheets("'sheet4").Cells(No + 1, 15 + i).Value 'hout

'Cells(5, 2 + i) = Worksheets("sheet4").Cells(No + 1, 17 + i).Value 'P

'If i <> stand Then Cells(6, i + 2) = -1 * Worksheets(*'sheet4™).Cells(No + 1, 19 +
i).Value 'gf

'Ifi <> 1 Then Cells(7, i + 2) = Worksheets("sheet4™).Cells(No + 1, 19 + i).Value 'gb
‘Next i



dgfl = Worksheets("sheet4").Cells(No + 10, 47).Value

dgf0 = Worksheets(""sheet4").Cells(No + 9, 47).Value

'dP = Worksheets("'sheet4™).Cells(No + 10, 47).Value

If Worksheets("sheet4™").Cells(No + 10, 47).Value <> 0 Then

dSq = Cells(28, 10) * dgfl + Cells(29, 10) * (dqfl * sec - dgf0 * (sec - dt)) + Cells(30,
10) * (dgfl - dgf0) / dt

End If

"Worksheets(""sheet2").Cells(21, 7) = Round - nu

Fori=1To stand

Worksheets("sheet3").Select

Cells(6, 2 +i) = (Cells(4, 2 + 1) - Cells(5, 2 + 1)) / Cells(4, 2 + i) * 100
Next i

Next No

End Sub



Ta5un5Y Clear

Sub clear()

Fori=1 To stand
Forj=1To 17

Worksheets("sheet3").Cells(3 + j, 2 + i).VValue = Worksheets(*'sheet1").Cells(3 + j, 2 +
i).Value

Next j
Next i

Fori=1 To stand
Forj=1To 10

Worksheets("sheet3").Cells(3 + j, 9 +1).Value = Worksheets(*'sheet2").Cells(2 + j, 2 +
i).Value

Next j

Next i

Sheets(""Sheet4").Select
Range("B3:AJ400").Select
Selection.ClearContents
Sheets(""Sheet3").Select

End Sub



NANUIN U

wamiﬁmamuazwamﬁﬂﬁa

Glgﬂﬁ 1
M doya

Stand 1 2 2 4 5
Hin (mm.) 2.000 1.274 0.643 0.354 0.232
hout (mm.) 1.274 0.643 0.354 0.232 0.160
Back tension (kg/sq.mm.) 4.0 15.5 14.5 14.0 12.5
Front tension (kg/sq.mm.) 15.5 14.5 14.0 12.5 6.8
Vr (mm./s) 3033 5667 10150 16067 24967
Strip width (mm.) 928 928 928 928 928
Elastic modulus (kg/sq.mm.) 21000 21000 21000 21000 21000
Pass length (mm.) 4600 4600 4600 4600 4600
'Work roll radius (mm.) 260 260 265 240 200
Mill Modulus (kg/mm.) 500000 500000 500000 500000 500000
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M doya

Stand 1 2 3 4 5
Hin (mm.) 2.000 1.294 0.691 0.384 0.237
hout (mm.) 1.294 0.691 0.384 0.237 0.173
Back tension (kg/sq.mm.) 3.9 hSY7 14.9 14.0 12.9
Front tension (kg/sq.mm.) 15.7 14.9 14.0 12.9 7.4
Vr (mm./s) 1550 3067 5833 9000 11800
Strip width (mm.) 773 773 773 773 773
Elastic modulus (kg/sq.mm.) 21000 21000 21000 21000 21000
Pass length (mm.) 4600 4600 4600 4600 4600
Work roll radius (mm.) 260 260 265 240 200
Mill Modulus (kg/mm.) 500000 500000 500000 500000 500000
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M NYoya

Stand 1 2 3 4 5
Hin (mm.) 4.500 3.484 2.728 2.146 1.665
hout (mm.) 3.484 2.728 2.146 1.665 1.598
Back tension (kg/sq.mm.) 2.9 15.9 15.4 14.5 15.9
Front tension (kg/sq.mm.) 15.9 15.4 14.5 15.9 3.9
Vr (mm./s) 2350 3183 4067 5067 5250
Strip width (mm.) 1236 1236 1236 1236 1236
Elastic modulus (kg/sq.mm.) 21000 21000 21000 21000 21000
Pass length (mm.) 4600 4600 4600 4600 4600
Work roll radius (mm.) 260 260 265 240 200
Mill Modulus (kg/mm.) 500000 500000 500000 500000 500000
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M NYoya

Stand 1 2 3 4 5
Hin (mm.) 2.000 1.284 0.711 0.406 0.262
hout (mm.) 1.284 0.711 0.406 0.262 0.186
Back tension (kg/sqr.mm.) 3.9 15.4 14.5 13.4 12.4
Front tension (kg/sq.mm.) 15.4 14.5 13.4 12.4 6.3
Vr (mm./s) 2133 4000 7083 10917 15250
Strip width (mm.) 773 773 773 773 773
Elastic modulus (kg/sq.mm.) 21000 21000 21000 21000 21000
Pass length (mm.) 4600 4600 4600 4600 4600
Work roll radius (mm.) 260 260 265 240 200
Mill Modulus (kg/mm.) 500000 500000 500000 500000 500000

F
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M NYoya
Stand 1 2 3 4 5

Hin (mm.) 4.500 3.616 3.063 2.628 2.142
hout (mm.) 3.616 3.063 2.628 2.142 2.067
Back tension (kg/sq.mm.) 2.9 15.9 15.4 13.9 15.9
Front tension (kg/sq.mm.) 15.9 15.4 13.9 15.9 3.5
Vr (mm./s) 2033 2533 2967 3517 3667
Strip width (mm.) 773 773 773 773 773
Elastic modulus (kg/sq.mm.) 21000 21000 21000 21000 21000
Pass length (mm.) 4600 4600 4600 4600 4600
Work roll radius (mm.) 260 260 265 240 200
Mill Modulus (kg/mm.) 500000 500000 500000 500000 500000
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Stand 1 2 3 4 5
Hin (mm.) 3.200 2.398 1.833 1.397 1.081
hout (mm.) 2.398 1.833 1.397 1.081 1.027
Back tension (kg/sq.mm.) 2.9 15.9 14.9 14.5 15.4
Front tension (kg/sq.mm.) 15.9 14.9 14.5 15.4 3.9
Vr (mm./s) 4717 6467 8617 11167 11583
Strip width (mm.) 773 773 773 773 773
Elastic modulus (kg/sq.mm.) 21000 21000 21000 21000 21000
Pass length (mm.) 4600 4600 4600 4600 4600
Work roll radius (mm.) 260 260 265 240 200
Mill Modulus (kg/mm.) 500000 500000 500000 500000 500000

F
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Stand 1 2 3 4 5
Hin (mm.) 4.500 3.484 2.728 2.146 1.665
hout (mm.) 3.484 2.728 2.146 1.665 1.598
Back tension (kg/sq.mm.) 2.9 15.9 15.4 14.5 15.8
Front tension (kg/sq.mm.) 15.9 15.4 14.5 15.8 3.9
Vr (mm./s) 2350 3183 4067 5067 5250
Strip width (mm.) 773 773 773 773 773
Elastic modulus (kg/sq.mm.) 21000 21000 21000 21000 21000
Pass length (mm.) 4600 4600 4600 4600 4600
Work roll radius (mm.) 260 260 265 240 200
Mill Modulus (kg/mm.) 500000 500000 500000 500000 500000

F
S2oZIB0gUd = 0.015 W,
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M NYoya

Stand 1 2 3 4 5
Hin (mm.) 4.500 3.484 2.728 2.146 1.665
hout (mm.) 3.484 2.728 2.146 1.665 1.598
Back tension (kg/sq.mm.) 2.9 15.9 15.4 14.5 15.8
Front tension (kg/sq.mm.) 15.9 15.4 14.5 15.8 3.9
Vr (mm./s) 2350 3183 4067 5067 5250
Strip width (mm.) 773 773 773 773 773
Elastic modulus (kg/sq.mm.) 21000 21000 21000 21000 21000
Pass length (mm.) 4600 4600 4600 4600 4600
Work roll radius (mm.) 260 260 265 240 200
Mill Modulus (kg/mm.) 500000 500000 500000 500000 500000

F
S2oZIB0gUd = 0.015 W,
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