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A Mathematical Model on Strip Profile and Shape in Cold Tandem Rolling

Synopsis:

Teruo KXoNO and Yoshisuke MISAKA

A mathematical model by which the transverse thickness profile and the shape of finished strip in a
cold tandem rolling are predicted is developed by taking account of lateral metal flow and the distri-

bution of the front tension.

Calculated profiles are in gaod agreement with measured profiles obtained
by rolling experiments in a production tandem mill.

Calculated shapes are found to be similar to

observed shapes obtained by rolling experiments in a experimental mill and also the production mill

except for the case of center buckle.
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Fig. 1. Roll and strip divided into multi-portions.
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Fig. 2. Modification for elastic deformation.
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Fig. 3. Approximation of pressure distribution.
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Calculation method for local deformation of roll surface.

Mathematicl model State of element

Local deformation

Point A (w,) Point B (wp)

Profile model

Element under the load (r=0)

Equation (5)

Element under no load (r=0)

Equation (2)
Equation (2) .

Element under the load (r=0)

Equation (5)

Shape model

Element under ne load (r=0)

Equation (2)
Equation (5)'

Local deformation of roll surface (wg)

WR=Wp —Wg
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Conditions for calculation

P L=1704mm
——— E = 21000 kgt/mm?

| X D22[1500 | ¥ =03
P =515 kgf/mm
1

02 9 —o = 555 « : Normal opproach

0 -~ of the two cylinders
' P

Numerical results

Calculotion model & (mm) E(l;ﬁi;fz::}ﬁ;f{p
Present model " 0.150 291x10°
Her1z 0.211 410x 10°*
Foppl 0.169 327x10°
Tsu-Too oo 0.165 319x 107°
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Fig. 4. Numerical results for elastic constant of
two cylinders.

— 288 —



I FRYTAINEETER T 7 4L -

AR T He 7 2545

2.4 R|EFADA2N 70—
REFEORE R REIEIEL LE i FAE
D EXETOMOPDTREE 4a(i) EREOCTHRE
% den(i) OMICKXOBARMEIIDEEL S,
der(i)=—n-dej(i)-rrerrrrereemrmreninnnnn(11)
ZZT
dei(@)=er(i) —er(l)
der (@) =en(i) —en(l)
e1(2), en(d) ML hEThEE i FHOHERMTOML
OTA(E), WEMTHR () Th5.
LR TR WBEHIAA~ND 2 207 0 DRI &%

ATIHETBREARREFLSC S22 9=1.00D8

B, WEOTRREZE (Thbbiiz 5 v vHEOLEL)
DT D LT RTHOOTLFERE (ThbbRBROE
£) 7B T LERLTGS, Wodicd s x MUERIE
HEAND 22478 —RNELKNZEX RLTV 5.
—77 7 =0 DPERTREO THRENE T THHOOT
ZMENELCILGBETH D, Wz b ERBREE
LI L EECRK s Sy vREXEX D52 &
ZRLTV %, 52 DRACEERHFCEKT 5 3 D%k
DHZEMNMBERLIN I TRETIO6HEROEF N
FEIESRBRIC X 0 9 & FIESH DM OEMRRY 7B % R
o, T h 200mm ED 7 v I g (BRE 1 mm ¥ &
O 3mm) L BRHERFK (HJE 3 mm) e FAFEET
APEEBWTCAMY 1 VA A FCEEHZH#HE LiciREE
TEADETMER 22 THRERCx » v —%R4EXR
EREED /D F v v -8B & FREED WEOY = »
vE (EARERRER) XHEEROCMBOVTLFEEL
WEOTARZEOCBFY RO, ZOWEOBKID 9
DERRED, ZhoDF — 2 ¥ EER G (B)/ #ih
MK (la) ELTCF=y b LindZ A Fig. 5 g
REND L5 BERI B bR, S HICERBEERO 5
PHETHIDEBRDOERE v 7 4 I MEET A+ (A)
DF =2 ERACTHEIO R Z 2 — 2 O Y2 e LI
o5 2 — 2% €T VREOWIE (200 mm) X SEHE

EMIE (B) OlOFHBRTHIE LA (Fig. 5). (3
= 1.0
o
?g' . #4 *2
£ os} #3
g
L
L} 0.6 #2 2d: tength of contact arc
5 (mm)
= [oX:] & & B ! strip width (mm)
:g o2k O : 7N value at each
L= stand . { Experiment A}
8..—:_’ 0 ! 1 !
o] 25 50 100

75
— § fers
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Fig. 6. Calculation procedure for the present
model.
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Fig. 7. Experiment A in a tandem mill.

Table 2. Rolling conditions of Experiment A in a tandem mill.

Stand no.
\\\\\\\\\\k 1 2 3 4 5
Item {unit) !
Delivery thickness
(widin centen) mm 2.0l 1.46 1.11 0.85 0.80
Front tension kef/ mm? 12.2 15.7 17.7 17.3 4.1
(mean value)
[
5 Roll speed m/ min 150 200 » 300 380 420
E Rolling force tf 1250~1320 | 950~1070 % 850~930 | 730~860 | 930~1170
j -
g WR (‘3,‘3')“1‘“3 force tf 15~86 291 2~87 | —2~88 | —80~30
WR initial crown
Giop/bottom) mm 0/0.15 0.1/0.1 0.1/0.1 0.1/0.1 0/0.1
Hot band Thickness 2.8 mm, Width 1224 mm, Crown 48 pm
gd Coef. of friction — 1 0.052 1 0.04 0.04 0.04 0.10
S5 &
27 Thermal crown mm o | o002 0.050 | 0©.075 0.100
| |4 i
' Rolling force | tf ' 1320 1035 915 | 850 1170
Case T : :
(Fig- 8) \WR bending force| tf 86 91 g 8 | 2
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Fig. 8. Comparison of calculated and measured
profiles of Experiment A in a tandem mill.
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Fig. 9. Comparison of measured and calculated
values of Experiment A in a tandem mill.
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Table 3. Rolling conditions of Experiment B in a experimental mill.

‘\ Test No.

Lo \\ (unit) 1 2 3 4 5 6 7
Delivery thickness (width center) mm 0.495 | 0.490 | 0.480 | 0.478 | 0.456 | 0.399 0.351
Front tension (mean value) kgf/ mmz | 25.9 24.7 24.8 24.8 25.3 22.1 22.0
Back tension (mean value) kgf/ mm?2 24.6 23.8 26.2 26.0 22.9 23.7 22.8

Rolling force tf 69.2 76.2 87.7 88.2 | 112.8 | 178.5 263.9
Ingoing strip (0.500~-0,507)tx 350v | Rolling speed 6m/ min
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Fig. 11. Comparison of calculated and measured
shapes of Experiment B in a experimental mill,
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Fig. 12. Comparison of calculated profiles for
Test no. 7 of Experiment B.
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Fig. 13. Comparison of measured and calculated
shapes of Experiment C in a tandem mill.
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Table 4. Rolling conditions of Experiment G in a tandem mill.

Stand No.
-i;;;Z\““‘\\-‘\\\\\\\\\\\“‘ (unit) 1 2 3 4 5
Delivery thickness (width center) mm 2.20 1.70 1.20 0.90 0.80
s Front tension (mean value) kgf/ rzinm2 13.4 17.7 26.5 31.5 2.0
i Rolling force tf 1050 930 800 540 560
% WR bending force (Py) tf 45 104 104 50 —61.7~90.1
§ WR crown mm 0.10 0.05 - 0.05 0.05 (0.19)
Roll diameter mm Dyw =582, Dg=1522
Hot band Thickness 2.8 mm, Width 917 mm, Crown 25um
'Aizggfd Coef. of friction — 0.052 0.04 0.04 0.04 0.08
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Fig. 14. Influence of hot band crown on profile
and tension distribution (calculated results)
(Rolling condition : Experiment C, (Pj)5=0)
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