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UNIVERSAL MODEL OF HOT METAL FORMING DURING
CONTINUOUS ROLLING IN CALIBERS «OVAL — CIRCLE»
SYSTEM

Modern enterprises of hot-rolled steel section products require ever
greater technological and economic efficiency from the operation of rolling
mills. This can only be achieved based on deep analysis using modern
methods of mathematical modeling and experimental research.

As noted in the work [1] thanks to the simulation tool, it is possible to
quickly and inexpensively determine if a process is correct. But roll pass
design calculated using existing software products needs a development test.
Thus, the metallurgical enterprise has additional financial costs. In this case,
the economic benefit of using own programs for developing and improving
roll pass designs becomes clear.

The aim of this work is to develop computer program based an
universal mathematical model of metal shape continuous rolling in «oval-
circle» system.

The proposed model uses the variational principle of continuous
medium mechanics of the minimum total power of internal and external
forces of the deformation zone. The profile of billet replaced on an equivalent
rectangular cut by the appropriate strip method when defining the metal shape
change in each caliber of the «oval — circle» system. Also the real shape of
caliber to replaced on a «smooth barrel» (Fig. 1).

In the first approximation, the deformation variational task is solved
for the free rolling in first and second passes continuous mill. Then, the metal
exit speed after the second pass calculated:

Um, = Az " Up,,
where a, — coefficient of the forward slip for second pass; vj,, — average
circumferential speed of the rolls in the second pass.

The speed of metal entry into the second caliber for free rolling

conditions is:
v, =lmz
Moy ™ 2,

where 1, — K03 GHUIHEHT BBITSHKKHA BO BTOPOM ITPOXOJIE.
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Next the values v,,, and Up,, COMPpares. If vy, > Uy, » then a
compressive tension arises in the space between the stands. If v, = vy,
02

then rolling is carried out without tensile or compressive tension between the
stands. And if v, < Uiy, » then tensile tension observed in the space between

the stands.

The size of the rolled product doesn’t change in the inter-stand space
when the presence of a compressive tension because the distance between the
stands is much larger than the cross-section of the rolled strip. Then, provided
Uy 2 Um,, the calculation of the strip dimensions and rolling conditions in

the third pass proceeds to using the method described above. If the condition
U, < U, is true, then it is necessary to specify the dimensions of the billet

for the second pass of the continuous rolling mill, which reduce under the
influence of tensile tension.

After this, the spreading coefficient for the specified dimensions of the
billet determines in accordance with the universal variational method for
calculating deformation during rolling in calibers of «oval-circle» system.
And the width of the strip after rolling in the second pass is got considering
the backward tension. The filling of the caliber is determined by the inverse
transformation from the corresponding rectangular section into the area
limited by the caliber contour and the side surface line described by the radius.
This calculation procedure is maintained for all subsequent passes of the
continuous mill.

The program has been developed for determining the change in the
shape of the strip during continuous rolling in round and oval calibers. User
can see the actual outline of the billet and the degree of caliber filling in the
program's graphic window. As a result, the mill operating mode without
calibers overfilling can selected.

The developed mathematical model can be used to study the metal
shape change during continuous rolling on section mills in the calibers «oval
— circle» system. This model is also recommended for use as a calculation
module for determining the metal deformation during rolling in high-speed
wire block with a integral drive.
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