
[ ] , 20 4 , 2011 

DOI : 10.5228/KSTP.2011.20.4.284

# · 1 · 1

A Roll-Bite Profile Map Approach for the Prediction of Front 
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Abstract 
The front end bending(FEB) behavior of material that usually occurs in plate rolling is investigated. In this paper, a roll-

bite profile map approach that systematically predicts the FEB slope is presented. It is based on the concurrent use of 
shape factors and reduction ratios to ensure an accurate value of the FEB and its slope. In order to obtain the unit roll-bite 
profile map, the FEB slope model was decomposed into a temperature deviation component and a roll-velocity deviation 
component. By mapping the results of a series of finite element analyses to the unit functions of the roll-bite profile map, 
it was possible to obtain a realistic prediction of the FEB slope applicable to an actual plate rolling process. Thereby, the 
usefulness of the present approach is clearly demonstrated.  
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Fig. 1 Definition of roll-bite profile and its parameters 
related to the front end bending 
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Fig. 2 Various shapes of roll-bite profile when the 
same shape factor, s, is 1.5 
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Fig. 3 Schematic of roll-bite profile map composed of 
shape factor and reduction 

Fig. 3
2.2

. (contour)

. , Fig. 3

 A 
 1.0  2.0 .

, (pass)
 B 

.
( ,

, )

.
,

 Eq. (4)
(input variables)

ml

mh

5.1
28.1
92.1

���
m

m

h
ls

ml
mh

5.1
56.2
84.3

���
m

m

h
ls

ml
mh

5.1
76.1
64.2

���
m

m

h
ls

ml

mh

5.1
52.3
28.5

���
m

m

h
ls

Causes Roll-bite profile map Effect

Front End
Bending(FEB)

�Speed deviation 
of upper and 
lower roll

�Temperature 
difference over 
plate thickness

�Various minor
causes at interface 
of plate/rolls

Rotation

Rotation

Plate

Upper
roll

Lower
roll

�

�
�

�
�

y
x

Shape factor
R

ed
uc

tio
n

Constant FEB line 

A

B
Roll

ing sch
ed

ule

ch
an

ge

1

2

3
4
5

Roll-bite

Causes Roll-bite profile map Effect

Front End
Bending(FEB)

�Speed deviation 
of upper and 
lower roll

�Temperature 
difference over 
plate thickness

�Various minor
causes at interface 
of plate/rolls

Rotation

Rotation

Plate

Upper
roll

Lower
roll

�

�
�

�
�

y
x

y
x

Shape factor
R

ed
uc

tio
n

Constant FEB line 

A

B
Roll

ing sch
ed

ule

ch
an

ge

1

2

3
4
5

Roll-bite



(deformation system)
(output variables)

xC ),( rs��  (4) 

, xC ),,(, rs� ,
(s) (r)

x �
[1, 2] 

(tangential speed) x
Eq. (5)


 �
�
�


��
�

�

�
�
�

��
�

�

	

	

�

m

m

V
V

T
T

rsCrsC ),(),( 21�  (5)

mm VVTT /,/ 		 ( mT )

( mV )
. ),(),,( 21 rsCrsC

. ),(1 rsC ),(2 rsC

 ABAQUS®

. Fig. 4(a)

.

(a)

(b)
Fig. 4 Finite element model: (a) meshes and boundary 

conditions (b) definition of FEB (front end 
bending) slope 
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Table 1 Cases to investigate the dependence of shape 
factor and reduction on the slope of FEB 

Cases Shape
factor 

Reduction
Ratio
(%)

Inlet
Thickness

(mm) 

Roll
Radius
(mm) 

A 1.0 4.8 20.0 400.0 
A* 1.0 4.8 30.0 600.0 
B 1.0 11.1 20.0 160.0 
B* 1.0 11.1 30.0 240.0 
C 1.5 15.9 20.0 240.0 
C* 1.5 15.9 30.0 360.0 
D 1.5 22.2 20.0 160.0 
D* 1.5 22.2 30.0 240.0 

Table 1
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Fig. 5 FEB shapes toward the upper roll direction for 
Case A, A*, B, B*. The FEB slope indicates a 
secant slope of FEB with respect to the center 
line(CL) of the plate from the exit of roll-bite 

Fig. 6 FEB slopes for the cases represented in Table 1: 
(a) the cases that shape factor is 1.0 (b) the cases 
that shape factor is 1.5 
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Table 2 Combinations of non-dimensional parameters 
to make roll-bite profile map 

Non-dimensional  
geometric parameters 

Non-dimensional asymmetric 
process parameters 

Shape
factor 

Reduction
(%)

Plate temp. 
deviation(%) 

Roll vel. 
deviation(%)

1.0
1.5
2.0

10.0
20.0
30.0

5.0
10.0
15.0

2.0
3.0
4.0

3 Cases 3 Cases 3 Cases 3 Cases 
Combinations: 81 Cases 
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Fig. 7 Roll-bite profile map: (a) 1st map, C1(s,r) for 

temperature deviation (	T/Tm) (b) 2nd map, 
C2(s,r) for roll velocity deviation (	V/Vm)
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