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Analysis of rolls deflection of Sendzimir mill by 3D FEM
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Abstract: The deflection of rolls of Sendzimir mill with double AS-U-Roll was simulated by finite element method(FEM). The
influences of rolling pressure, strip width and rolls-assignment on rolls deflection were analyzed. The results show that the work roll
deflection increases with the increase of rolling pressure and the reduction of work roll radius, but the rigid displacement of work roll
slightly changes; the work roll end might appear negative displacement for the narrow strip width and high rolling pressure that
might cause the contact of work rolls. The research results are significant for guiding production and theoretical analysis of the rolls

system of Sendzimir mill.
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1 Introduction

Sendzimir mill is made up of work rolls, 1st
intermediate rolls (1st IMR), 2nd intermediate rolls (2nd
IMR) and backup rolls, which is widely used for rolling
aluminum foil, stainless steel, Si-steel, high degree of
accuracy sheet, etc, for small diameter of work roll, high
rigidity and high precision of mill. Till now there have
been more than 400 20-high mills in the world.
Nowadays, there are two kinds of AS-U-roll control
methods in Sendzimir mill: single AS-U-roll and double
AS-U-rolls, and the latter is shown in Fig.1. Because the
rolls system of Sendzimir mill is complex, researchers
have done many works on it, such as KIM et al[l],
ASANO et al[2], RINGWOOD[3], RAY et al[4],
SCHEIDER et al[5], HARA[6], BERGER et al[7],
FOREHLINGJ8], PAN[9]. They generally research the
strip shape control method or the rolls assignment or the
friction and failure of rolls, etc. However, there are still
not any report about the research by finite element
method(FEM).

Strip shape control and material macrostructure
property control are two key topics of strip rolling
research. Roll deflection and roll flattening are the direct
influence factors of strip shape. Analysis of the roll

deflection is significant for analyzing strip shape. FEM
[10—13] is one of the methods used to analyze the roll
deflection. But there are no research reports about
Sendzimir mill by FEM.

Explicit dynamic FEM is widely used to analyze
problems[14—17]  for
calculating speed and easily dealing with contact

metal  deformation quick
problem. In this study, this method was used to simulate
the rolls deflection of Sendzimir mill, and the influences
of rolling pressure, strip width and rolls-assignment on

rolls deflection were analyzed.
2 FE simulation

During simulation, 7 schemes were employed, and
scheme 1 was considered the criterion of comparison.
Schemes 1-3 were used to analyze the influences of
rolling force on rolls deflection; schemes 1, 4 and 5 for
analyzing the influences of strip width on rolls deflection;
and schemes 1, 6 and 7 for analyzing the influences of
rolls assignment on rolls deflection.

The backup rolls A—D are AS-U-rolls that are made
up of a series of parts, such as backing bearing, mandrel,
etc. For simplifying simulation model, the backup rolls
were divided into 13 parts (7 necks, 6 barrels), as shown
in Fig.2.
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Fig.1 Schematic diagram of Sendzimir mill with double AS-U-rolls
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Fig.2 Simplified model of backup roll

In the simulation, the main parameters are as
follows: barrel length of roll 1 346 mm, density of roll
7 850 kg/m3, elastic modulus of roll 220 GPa, Poisson
ratio of roll 0.3, Lap 1 086 mm, Lgc 415 mm, Hug 241.7
mm, W 64 mm, L 171 mm. And other parameters are
listed in Table 1.

Owing to the symmetry of rolls system, the above
10 rolls (rolls A—D, I-K, O, P, S) were included in the
geometric model. During simulation, the necks of backup
rolls were considered to be rigid, which were constrained
to Uy v,7=0 by AS-U racks. Other parts were considered
elastic parts. The rolls were meshed by the elements with
8 nodes and hexahedron, and the elements near contact
positions between rolls were refined (in the simulation,
there were 42 contact pairs). The rolling pressure
(obtained by Stone’s equation according to the
deformation resistance of strip and the rolling schedules,

which was assumed invariable during rolling process)
was loaded on nodes at the bottom of the work roll. The
geometrical model and meshing of rolls system were
shown in Fig.3.

Fig.3 Geometry and meshing of Sendzimir mill
3 Results and discussion

Owing to the symmetry of rolls A and D, B and C, I
and J, O and P, the roll deflection of rolls A, B, I, J, O
and S were analyzed as follows.

Fig.4 shows the rolls deflection under variable
rolling forces. From Fig.4(a), the rigid displacement of
roll S is 0.49 mm and the maximum deflection of roll S
is 1.27 mm for scheme 1; similarly, 0.60 mm and 1.06
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Table 1 Geometrical parameters and computational conditions
Scheme
Parameter
1 2 3 4 5 6 7
Radius of rolls A—D/mm 203.2 203.2 203.2 203.2 203.2 203.2 203.2
Radius of rolls I-K/mm 115.0 115.0 115.0 115.0 115.0 115.0 117.2
Radius of rolls O—P/mm 66.5 66.5 66.5 66.5 66.5 72.0 69.2
Radius of roll S/mm 32.5 32.5 32.5 32.5 32.5 37.5 37.5
Rolling force/kN 5 845 5468 4152 5146 4 447 5 845 5 845
Strip width/mm 1121 1121 1121 987 853 1121 1121
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Fig.4 Roll deflection under variable rolling forces: (a) Roll S; (b) Roll O; (c) Roll I; (d) Roll J; (e) Roll A; (f) Roll B
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mm for scheme 2, 0.57 mm and 0.77 mm for scheme
3. From Fig.4(b), the rigid displacement of roll O is
0.41 mm and the maximum deflection of roll O is 0.44
mm for scheme 1; similarly, 0.38 mm and 0.43 mm
for scheme 2, 0.30 mm and 0.33 mm for scheme 3. It
can be found that the roll deflection increases and the
rigid dislocation changes slightly with the increase of
rolling force. From Figs.4(c) and (d), it can be found that
the maximum deflection of roll J is smaller than that of
roll I. Similarly, the maximum roll deflection of roll B is
smaller than that of roll A.

Fig.5 shows the rolls deflection under various strip
widths. When the strip width reduces from 1 121 to 987
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mm, the rigid displacement and deflection of roll S
decrease. However, when the strip width reduces from
987 to 853 mm, the displacement of end of roll S
becomes negative. Meanwhile, the maximum of roll
deflection increases, which also appears in rolls O and I.
From Figs.5(e) and (f), the deflection of parts 2—4 of
rolls A and B changes little, but that of the parts 1 and 6
changes obviously.

Fig.6 shows the rolls deflection under variable
rolls-assignment. From Fig.6(a), the maximum of roll S
deflection increases with the reduction of roll radius, and
it increases with the reduction of the radius of 1st IMR
when the work roll radii are equal. From Fig.6(b), the
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Fig.5 Roll deflection under variable strip widths: (a) Roll S; (b) Roll O; (c) Roll I; (d) Roll J; (e) Roll A; (f) Roll B
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Fig.6 Roll deflection under variable rolls-assignments: (a) Roll S; (b) Roll O; (c) Roll I; (d) Roll J; (e) Roll A; (f) Roll B

roll deflection increases as the Ist IMR radius reduces.
From Figs.6(e) and (f), the rolls have the same radius,
but they have different roll deflections. The main reason
is the change of acting force of rolls system.

The roll deflection and the rigid displacement of
work roll are important influence factors of strip exit
profile, which are affected by the 1st IMR, 2nd IMR and
backup roll radii, the acting force distribution in 20-high
Sendzimir mill, the position of AS-U racks and the
profile of roll J, etc. The AS-U racks position and the
profile of roll J are used to control the strip shape during

rolling processes. It will provide suitable theoretical
guide for adjusting AS-U-rolls to analyze the rolls
deflection without the change of AS-U racks position.

During rolling processes, there are many influence
factors of roll deflection, e.g. physical dimensions and
material attribution of rolls and strip, rolling schedules,
tensions, etc. It is undoubted that the rolling pressure, the
strip width and the rolls-assignment are the most
important factors.

There are many influencing factors of rolling force,
e.g. rolling schedule, tension, work roll radius, friction
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and material attribution etc. From the above results, the
rolls deflection reduces with decreasing rolling force.
When rolling the same physical dimension strip with
different material attributions, the strip with low
deformation resistance should reduce the bend
deformation of backup roll by adjusting AS-U-rolls.

The strips with different widths are rolled for
variable users. In this paper, the rolls deflection was
analyzed with three kinds of strip widths. From the
results, the rigid displacement of the end of work roll is
not a positive value but a negative value when the strip
width is narrow and the rolling force is big. Under this
condition, the main reason is that the roll flattening along
barrel length direction is not symmetrical. When the strip
width is narrow, the roll flattening in the roll middle part
is big and that in other parts are small, and the barrel
length is long, so the end of work roll lowers, as shown
in Fig.7.

’ bttt h

Fig.7 Roll displacement with narrow strip width

For Sendzimir mill, there are hundreds of rolls-
assignment conditions. When the rolling force
distribution is identical, the acting force of rolls system
will change with the change of rolls-assignment, which
will cause variable rolls deflection, so it is needed to
adjust the AS-U-rolls. From the above results, the
increase of work roll radius will reduce the work roll
deflection. However, it might reduce the rolling power,
even can’t roll some thin strip. So when the work roll
radius is not changed, it can suitably increase the radius
of 1st IMR and reduce the radius of 2nd IMR.

4 Conclusions

1) The rolls deflection of Sendzimir mill under
different rolling forces, strip widths and rolls-
assignments was simulated by explicit dynamic FEM,
which supplies a method for dealing with complex
rolling problems.

2) The work roll deflection increases with the
increase of rolling force and the reduction of work roll
radius, but the rigid displacement of the work roll

changes little.

3) The work roll end might appear negative
displacement for narrow strip width and high rolling
pressure, which should be avoided for reducing the wear
of work roll end.
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