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Abstract: On the basis of integrating two-dimensional varying thickness finite element method with hybrid genetic algorithm, a precise
model was developed to design ideal backup roll contour ( Varying Contact Backup Roll, in short VCR) in finishing trains of hot rolling
rapidly and efficaciously. Additionally, a [ot of good actual effects of VCR, such as evident improvement of profile and flatness of strip,
remarkable decrease of roll consume, excellent maneuverability and maintenance, and so on, were validated by long-term industrial tests

in hot rolling strip plant of Wuhan Iron and Steel Group Corporation (WISCO).
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Violent market competition and downstream proces-
ses requirement put forward more and more rigorous
demands on the profile and flatness of strip. Profile and
flatness, sometimes named shape, is often expressed as
crown, wedge, edge drop, local high spot and flatness.
In hot rolling, crown and flatness are usually used to
appraise the quality of strip shape.

In order to improve the profile and flatness of strip,
many kinds of shape control technologies, such as
CVC, HC, PC, DSR, SC, VC, and so on, were devel-
oped in the past several ten years. Roll contour, inclu-
ding backup roll contour, is one of the most active and
directive factors that influence strip shape, on the other
hand, it is also one of the most efficient means of shape
control [1,2]. Additionally, reasonable roll contour can
reduce production cost and increase yield output grea-
tly. But the rolling condition is very complicated and it
is difficult all along for producers and researchers to
develop ideal backup roll contour. Varying Contact
Backup Roll (VCR), one of the impactful profile and
flatness control technologies, has been used in the sev-
en-stand finishing trains of hot rolling in Wuhan Iron
and Steel Group Corporation (WISCO) since 1997.
The long-term outstanding production achievements
indicate that VCR can not only improve strip shape re-
markably, but also reduce production cost evidently.

1 Developing principles of VCR

Contrasting to cold rolling, hot rolling has many
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characteristics, for instance high temperature [3], se-
vere roll wear [4]. In order to design ideal VCR, some
conditions must be considered carefully.

1.1 Reducing bad contact area between rolls

In conventional four-high rolling mill, bad contact
area, the contact line between rolls which is outside
strip width, is the main factor that worsens strip shape
and weakens mill ability to counteract disturbances. So
it is the first thing to reduce the bad contact area be-
tween rolls when optimizing backup roll contour. In
fact, the principle of many shape control technologies,
such as BCM, TP, SC, comes from this [5]. But BCM,
namely stepped backup roll, can only roll one width
strip. Other technologies must change backup roll
structure and the investment is high. VCR makes the
length of contact line between rolls almost equal to
strip width only by grinding ideal contour. This can be
realized easily and its investment is very low. In addi-
tion, when using VCR, the length of contact line varies
along with strip width change.

Considering the diversification of strip width and
severity of work roll wear, the first principle of VCR
can be expressed as following:
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where L, is the length of contact line between backup
roll and work roll; B strip width; y the proportion of
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strip which its width is equal to B; i condition case; £,
sum number of condition cases, which include the case
that work roll is worn seriously.

1.2 Uniforming contact pressure between rolls

Contact pressure between rolls is the most dominat-
ing factor that influences wear and spalling of backup
roll. Thereinto, the uniformity of contact pressure along
roll axis effects the uniformity of wear and the maxi-
mum of contact pressure influences roll spalling, espe-
cially backup roll spalling. In hot rolling, there are ab-
out 100 strips rolling continuously in one unit and work
roll wear is very serious. This plays a great role in roll
spalling. Consequently, ideal VCR can uniform contact
pressure between rolls in whole rolling unit. It can be
expressed as following:
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where g[/]{{] is contact pressure of i-th point of j-th con-
dition case; N sum point divided along backup roll axis.

1.3 Constraint conditions

For the sake of stability of strip movement across
stands during rolling, the length of contact line between
rolls should be longer than strip width. Additionally,
VCR must ensure good strip shape. Shohet empirical
criterion [6] can be used to judge whether strip shape is
good after rolling. Therefore, the constrain conditions
can be integrated as following:
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where C,, h is the crown and thickness of exit strip re-
spectively; Cy, H those of entry strip.

2 Method of calculation

From developing principle of VCR, it is known that
design of VCR is an optimizing problem that has two
objectives and many constraint conditions. So a valid
optimization method is needed. Additionally, in the ob-
jective or constraint conditions expressions, some vari-
ables, such as g{j][i], C,, is the results after rolls de-
formation. Consequently, method calculating rolls de-
formation is also required.

2.1 Two-dimensional finite element model

Among those methods calculating rolls deformation,
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finite element model is considered the most accurate.
But three-dimensional finite element model need a lot
of time and computer resource. By neglecting the effect
of the third dimension, it is difficult to expect high pre-
cise in conventional two-dimensional analysis. This
problem was solved consummately by two-dimen-
sional varying thickness finite element model [7]. In
this model, each element has its own thickness accord-
ing to the ordinate distance from its roll axis and roll
radius. Here this model is used to calculate distributed
contact pressure and loaded roll gap, from which the
crown can be gained. Figure 1 is the analysis model
used.
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Figure 1 Two-dimensional varying thickness finite element
analysis model.

2.2 Hybrid genetic algorithm

Calculation of backup roll contour is a high non-lin-
ear problem and the directive equation can not be erec-
ted between objective function and contour parameters.
It is very difficult solving this problem using traditio-
nary optimization method. By contraries, hybrid gen-
etic algorithm is specially suitable [8].

Genetic algorithm (GA) is an advanced intelligent
search algorithm based on the mechanics of natural se-
lection. Because of its perfect characteristic, GA has
been widely used in many fields, such as machine
learning, signal process, adaptive control, artificial life,
and so on. Compared with traditionary optimization
method, although GA has many advantages, especially
its global search ability, standard genetic algorithm
(SGA) still has some shortcomings, such as bad local
search ability and low convergence speed, efc. So it is
the best solution to establish hybrid genetic algorithm
(HGA), which integrates genetic algorithm with tradi-
tionary optimization method. The procedure of using
HGA to solve the optimization of backup roll contour
can be described as follows.

Step 1: Individuals are initialized in the appointed
range of parameters by float type.

Step 2: Fitness function is erected according to ob-
jective function and its value of every individual is
computed; Considering the difficulty of constraint con-
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ditions treatment, fitness function can be erected as fol-
lowing,
_|Obj  caseA

ldmm case B (4)
where d,,, is a small positive value; & the transition co-
efficient between Qbyj, and Obyj,. Case A is when con-

straint conditions is satisfied while Case B is when con-
straint conditions is not satisfied.

’Fitness

Step 3: Individual with the best fitness value is repro-
duced straightway to the next generation.

Step 4: Local search algorithm, for example climb
search method, is used to search better individual from
the start point with the best fitness vatue. If a better in-
dividual is found, it is also reproduced straightway to
the next generation.

Step 5: Other individuals are generated from the in-
dividuals of previous generation through genetic oper-
ators, which are selection, crossover, and mutation.

Step 6: The convergence condition or maximum
generation is verified. If it is true, the procedure is fin-
ished, otherwise, go back to step 3.

During solving, the system parameters of HGA are
chosen as followings,

Size of population: 80;
Crossover probability: 0.66;
Mutation probability: 0.12.

Figure 2 is the VCR contour calculated by two-di-
mensional varying thickness finite element model and
hybrid genetic algorithm.
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Figure 2 VCR contour calculated.

3 Actual effects of industrial tests

In order to validate the actual effects of VCR, the
backup roll has been successfully used at the third stand
in finishing trains of WISCO 1 700 mm hot rolling mil-
Is since October 1997. Because of its perfect perform-
ance, VCRs are extended to all seven stands now.

3.1 Improving strip profile and flatness evidently

By the engineering record, which collects a lot of
production data and shape data of every strip of this in-
dustrial rolling mills, some statistical results can be
achieved, as shown in table 1. Before using varying
contact backup roll, the ratio which strip crown is be-
yond upper limit is 33.90%, but it reduced by 59.17%
after using VCR. It is the same to flatness and di-
ssymmetry, and the ratios that flatness and dissymm-
etry are beyond 7[-unit are reduced by 64.16% and by
99.36% respectively.

Table 1 Quality of profile and flatness before and after using
VCR

Content Before using VCR  After using VCR
‘Statistical number 51000 45000
Crown beyond limit/% 33.90 13.84
(Flatness>71u)/% 19.28 6.91
(Dissymmetry>71u)/% 18.61 0.12

3.2 Improving backup roll wear contour and prolo-
nging its change cycle

Because of severe working conditions, such as high
temperature and heavy load, conventional backup roll
is worn rapidly and unevenly along roll axis. The most
frequently observed wear pattern is a box-shaped de-
pression with sloping walls, as shown in figure 3. Solid
triangle expresses wear contour of top backup roll
while solid circle is that of bottom. Such serious irregu-
lar box-like wear contour is not favorable in wide strip
rolling. It not only reduces mill transverse rigidity, in-
creases the instability of loaded roll gap and weakens
the efficiency of bending force of work roll, but also
engenders contact pressure peak between backup roll
and work roll, which causes roll spalling frequently.
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Figure 3 Wear contour of conventional backup roll.

VCR makes contact situation between rolls better, so
as to improve wear contour of backup roll, as shown in
figure 4. The wear contour is maintained almost as the
same of grind contour, although the backup rolls l.ave
been used for 36 days. Because of good maintenance of
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Figure 4 Wear contour of VCRs, A, B—grind contour of top

and bottom backup roll respectively, C, D—wear contour of
top and bottom backup roll respectively, used for 36 days.

contour, VCRs can be employed continuously for 3 or
4 weeks, even 5 weeks every time, while the change
cycle of conventional backup roll is only 2 or 3 weeks.
VCR decreases the number of backup roll changes evi-
dently. Accordingly, the productivity is increased and
the roll grind time is reduced largely.

3.3 Eliminating roll spalling and decreasing the pro-
duction cost

Before using VCR, every time when backup rolls
changed, some spalling rolls can be found. This short-
ens the life of backup roll greatly and augments opera-
tional difficulties consumedly. VCR makes the contact
pressure between rolls uniform and avoids the emerg-
ence of stress pinnacle, so it can prevent backup roll
from fatigue destroy, which often result in roll spalling,
In fact, roll spalling was not emerged any more since
VCRs was used.

4 Conclusions

This thesis expounds fully the developing principles
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of VCR; And a systemic method, which can be used to
calculate VCR contour in finishing trains of hot rolling
rapidly and precisely, is developed; Additionally, in-
dustrial application achievements of VCR are introduc-
ed in the last.

Finally, it is worthy of indication that VCR is de-
signed to replace a conventional backup roll and is
specially suitable for modification of existing mills.
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