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Abstract: Thermal regulation is based on the ability of metals to change their -geometric
dimensions and volume when temperature changes. This type of regulation can be either
external or internal and is carried out in relation to the working tool or the material being
processed. The type of control under consideration is inertial and can be used for the
—finishing group of the mill. The advantage of this method is the ability to influence
—~asymmetrical flatness defects during the rolling process.

The use of forced cooling systems for rolled strips, which include interstand cooling (ISC) in
the finishing group of stands and accelerated cooling on the outgoing roller table, can increase
the productivity of mills and improve the consumer properties of hot-rolled strips.
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Introduction
Interstand cooling of the rolled strips significantly changes the temperature-speed and deformation

conditions of rolling in the finishing group of stands, which leads to a serious change in the conditions for the
formation of the metal microstructure in the interstand spaces and the mechanical properties of hot-rolled strips.

The temperature-speed cooling system on the outgoing roller table largely determines the mechanical
properties of hot-rolled strips. Particularly acute is the problem of ensuring the specified winding temperature for
thick strips, during the production of which correction of the current cooling mode is extremely difficult, and in
some cases simply impossible due to the significant transport delay and the short length of the strips.

The ever-increasing complexity of the range of strips rolled at continuous strip hot rolling mill (CRM)
makes the issues of developing mathematical models of hot rolling that take into account the following relevant:
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- application of strip cooling systems and thermal processes of steel phase transformations;
- research into the possibilities of interstand cooling in the field of formation of the microstructure of hot-
rolled strips;
- development and improvement of technological terms for the production of hot-rolled strips.
Strip and roll cooling system configuration
To develop a scheme for regulating the thermal profile of the working tool and deforming
metal was selected the finishing group of the continuous hot rolling mill, consisting of five (5) quarto
stands. Let’s consider each system separately.
Interstand cooling system for rolls and strips
Interstand cooling system for the finishing group of stands should consist of rows of nozzles
fixedly installed on the movable upper and fixed lower plates in the direction opposite to rolling at an
angle to the rolling axis (Fig. 1). This system consists of two parts: cooling of the deformed metal and
the rolls. The first two interstand spaces of the mill (K1-K2 and K2-K3) are equipped with a metal
cooling system, due to the intensity of the rolled product cooling. Cooling of the rolls occurs in all
interstand spaces. In this case, water enters through nozzles evenly spaced across the width of the roll.
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Figure 1 - Interstand cooling system for rolls and metal

When water hits the surface of a heated metal, intense vaporization occurs. As a result, the
time of exposure of the coolant to the surface of the roll increases and, in addition, the efficiency of
heat removal from the surface of the roll along its width increases. The temperature field of the roll
surface is controlled by changing the geometric dimensions of the slot channels. The total area of the
slotted channels of the lower wiring should be twice the total area of the slotted channels of the upper
wiring. The condition must also be met under which the total area of the slotted channels of the wiring
of each subsequent stand must be smaller according to the ratio:

S;—1 = (1,05 — 1,15)S;,
where S i.1 - the total area of the slot channels in the previous stand;
S i- area of slot channels of wiring in the subsequent stand.

As a result, the surface temperature of the work roll is maintained in the range of 40-80°C,
which prevents the formation of surface defects on smooth rolls.
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Figure 2 — Cooling of the strip during rolling
Process lubrication system

The process lubrication system is located on the inside of stands K1, K2 and K3 (Fig. 3).

The process lubrication system sprays an oil-water emulsion from a system of auxiliary
manifolds and nozzles into the inter-roll gap of the working rolls of stands K1-K3 in order to reduce
coefficient of friction, and consequently the specific pressure of the metal on the rolls and reducing
wear of the rolls.

Anti-peeling system
Anti-peeling system should be installed on the inlet side of the stands from K1 to K3 (Fig. 3).

This system includes a collector that irrigates the strip with water to reduce the surface
temperature. Reducing the temperature of the strip prevents peeling of the roll surface.
Cross spray system

Nozzles of the transverse water-flushing system must be installed between all stands in order
to flush water from the surface of the strip and not allow it to flow in the longitudinal direction, which
increases the efficiency of downstream systems (surface cooling and anti-peeling systems).

Dust removal system

The dust removal system consists of a collector installed on the output side of stands K4-K5
(Fig. 3), which sprays water as close as possible to the roll gap to avoid the formation of scale-
containing dust and consequently reduce emissions of gases containing dusty scale.

To tension the strip, a looper holder (looper regulator) should also be added to the above
configuration. The looper maintains constant strip tension between two successively located stands
and controls the balance of interstand material flow, which compensating for changes in strip length
and ensures high efficiency of strip width regulation. Dynamic performance is enhanced by the use
of a hydraulic actuator directly connected to the looper arm without a reduction gear. Installed in all
inter-stand spaces from K1 to K5.
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Figure 3 —Stand and strip cooling system configuration

The use of cooling systems, which include interstand cooling in the finishing group of stands
and accelerated cooling on the outgoing roller table, can increase the productivity of the mills and
improve the mechanical properties of hot-rolled strips, as well as increase the service life of the rolls.

Modern rolling mills are equipped with automated rolling process control systems (APCS)
based on measuring sensors, microprocessor controllers and computers. The quality of rolling
products will depend on the degree of equipment and methodological use of the automated process
control system.
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