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Abstract: In order to solve the camber problem of intermediate slab in a domestic conventional hot rolling mill, a

three-dimensional elastic-plastic dynamic model was built through finite element method to quantitatively calculate

the influence of lateral flow factors in different entry thicknesses, reductions, reduction ratios differences on both

sides and width factors. Thus. the extending difference at outlet of intermediate slab in length was transformed into

thickness difference on both sides by the results, and then the tilting value of roll gap reduction to control the camber

was calculated. Based on the above results, the camber control model of intermediate slab in rough rolling was estab-

lished. The practical application on the rough rolling mill obtained a decent control effect, and it proved that this

model had a high accuracy.
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During the production process in conventional
hot strip rolling mills, camber of intermediate slab
is one of the most significant defects when rolling on
multi-pass in rough rolling. The primary reason of
camber generating is the different reductions on both
sides, caused by rolled piece factors (wedge of in-
on both
sides, and deviation) and rolling mill factors (mill

coming material, uneven temperatures
longitudinal stiffness differences on both sides, too
big clearance of mill housing and bearing chock)™!.
The different reductions on both sides make the
thickness and extension different in length direction
on both sides. The camber of intermediate slab can
influence the finish rolling production deeply, cause
the outlet section wedge easily that affects quality of
product, and even lead to some accidents such as
tail-flick and steel-heaping which seriously affects
the normal production. Accordingly, the work that
reduces or eliminates the camber of intermediate
slab is significant.

Up to now, a lot of results have been pub-
lished by domestic and foreign researchers on the
camber of intermediate slab’® °7, but they only in-

volve mill longitudinal stiffness, the wedge of in-
coming material and the disproportionation of tem-
perature on both sides, etc. However, there are
few researches on the relation between the thick-
ness difference and the extending difference in
length. The relation might be difficult to calculate
accurately, due to the lateral flow of metal in de-
formation zone. Therefore, in this paper, the cam-
ber of intermediate slab was simulated by using fi-
nite element software ABAQUS/Explicit to analyze
the relation between the thickness difference and
the extending difference in length on both sides.
Based on the calculation results, the automatic con-
trol model of camber was established to control the
defect of camber.

1 Analysis of Intermediate Slab Camber

In rough rolling process, the thickness com-
pression of intermediate slab may cause extension in
length and width direction. Due to the arc-shape of
roller, the longitudinal friction is less than the later-
al friction, so the contact length will be much less
than the contact width in deformation zone, and the
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slab mainly extends in length direction®”. It assumes
that inlet intermediate slab is straight enough, the
shape of camber at outlet section is ladder and the
effect of crown on thickness is ignored. As shown in
Fig. 1. L, is the length of outlet slab on long side;
h, is the thickness of outlet slab on long side; B, is
the width of outlet slab on long side; L, is the
length of outlet slab on short side; &, is the thick-
ness of outlet slab on short side; B, is the width of
outlet slab on short side.
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Fig. 1

Schematic diagram of intermediate slab camber

According to the principle of invariant volume
in press working theory, the following formula can
be obtained when ignoring the lateral flow:

Lo Xhi=LXH=L, Xh, o8
where, L, and L, are the lengths on long side and
short side of outlet intermediate slab when ignoring
the lateral flow, respectively; L is the entry length;
H is the entry thickness.

When considering the lateral flow, the follow-

ing equation can be obtained:
(L, +L)X(h,+h)XB,/4=LXH X
B/2=(L,+L)X(h,+h)XB,/4
B,=B/2+AB,
B,=B/2+AB,

where, AB, and AB, are the values of lateral flow in

(2)

width on long side and short side, respectively; B is
the entry width; L is the average length of outlet
slabs h is the average thickness of outlet slab.

The lateral flow of strip with large entry thick-

ness and reduction on both sides cannot be ignored.

Consequently, the lateral flow factors are defined as

follows:
s1—=2XAB,/B
. '/ (3)
SZZZXABZ/B

where, s; and s, are the lateral flow factors in width

on long side and short side, respectively.
Combining Egs. (2) and (3), the thicknesses

and length ratios of intermediate slab on both sides

can be shown as follows:
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When s, =0, s, =0, Eq. (4) equals Eq. (1. s,

and s, affected by the lateral flow factors are gained

by simulating the results.

From Eq. (4), the thickness difference of inter-

mediate slab on both sides, Aht™, can be shown as:
Ah =h,—h, =4XHX[(L,+L,)/(L,+3L,)/
(I+s,)— (L, +L,)/GBL,+L,)/(+s,)]

(%)

where, L, and L, are respectively fitted to a parabo-

597 of intermediate slab

la by center-line deviation
which is detected by width gauge, and then the pa-
rabolas on both sides are respectively scattered to
some points. So, the coordinate of points on both
sides which correspond to points on center-line can
be obtained according to the width of intermediate
slab, the coordinate and the normal of each point
on center-line. Then, the lengths on both sides can
be obtained by summing the ordinate of adjacent

points.
2 Simulation of Lateral Flow Factors

2.1 Establishing of finite element model

As an example of 2160 rough rolling mill in a
domestic factory, a dynamic analytic model of inter-
mediate slab was established in rough rolling process
by using ABAQUS/Explicit software’®'J. The
work rolls were defined as analysis rigid bodies, and
the intermediate slab as elastic-plastic body. The
type of elements is C3D8R and the total number is
191750. In order to ensure the accuracy of the re-
sults and improve solving efficiency, the grids were
refined on sides to reduce the number of elements.
Fig. 2 shows the 3D dynamic FE model, and the pa-

rameters are given in Table 1.

Fig. 2 3D dynamic FE model
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