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Abstract⎯Introducing systems capable of profound reduction in a casting and rolling module improves the
product quality, on account of the intense working of large continuous-cast slabs over the whole cross section
and the production of uniform fine-grain structure of the metal, and also increases the cross section of con-
tinuous-cast billet. Analysis of the formation of nonmetallic inclusions and segregation in the axial zone of
the thick rolled sheet is followed by analysis of the nonuniform deformation over the slag height in the reduc-
tion of large continuous-cast slabs at the 5000 mill at OAO Magnitogorskii Metallurgicheskii Kombinat. The
structure of a cyclic-deformation system for preliminary deformation of large continuous-cast slabs is
described, and its capabilities are explored. Hammers for preliminary deformation of large continuous-cast
slabs are considered. Experimental data are presented for the deformation of continuous-cast steel 45 and
12Kh18N10T steel billet. The structure of the continuous-cast billet is assessed in the course of reduction on
the cyclic-deformation system. The basic parameters of the system for preliminary deformation of large con-
tinuous-cast slabs are determined. The capabilities of the cyclic-deformation system are outlined in terms of
increase in sheet quality. On that basis, the use of the cyclic-deformation system in the continuous-casting
line for preliminary reduction of large continuous-cast slabs is recommended: it permits matching of the
speed of continuous-casting and cyclic-deformation processes; and ensures 45–90% reduction in a single
pass so as to obtain well-worked cast structure over the whole slab cross section. When using the cyclic-defor-
mation system in the continuous-casting line, the continuous-cast slabs are reduced by means of the heat of
the cast metal, thereby greatly reducing the energy consumption in billet production. The cyclic-deformation
system may be used with thick-sheet and broad-strip mills for preliminary single-pass reduction of the hot
slab, with improvement in sheet quality and reduction in the number of passes in the mills.
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In rolling, the development of profound-reduction
systems in casting and rolling modules is of great inter-
est for preliminary deformation of the continuous-cast
slabs so as to obtain high-quality billet for sheet and
bar mills. Thus, globally, the development of systems
with profound reduction is associated with rising qual-
ity standards for rolled steel, the creation of integrated
continuous-casting and rolling processes, and the
need for plastic machining of materials that are of low
plasticity and are hard to deform [1–9]. The use of
profound-reduction systems in casting and rolling
modules improves product quality on account of the
intense working of large continuous-cast slabs over the
whole cross section, permits the production of uni-

form fine-grain structure of the metal, and also
increases the cross section of continuous-cast billet.

The preliminary deformation of large continuous-
cast slabs is necessary at the 5000 mill at OAO Magni-
togorskii Metallurgicheskii Kombinat. In rolling large
slabs (thickness 250 and 300 mm, width 2500 mm) on
a four-roller mill, the deformation is very nonuniform
over the slab height: the surface layer is greatly
deformed, whereas practically no deformation occurs
in the central zone. That results in nonuniform struc-
ture [7–9]. With nonuniform structure over the thick-
ness of the rolled strip, the distribution of mechanical
properties will also be nonuniform: better properties at
the surface and poorer properties in the core. Thus, in
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rolling thick strip, the cast structure of the metal will
not be adequately worked in the axial zone of the slab.
The nonmetallic inclusions and segregations will run
along the rolling axis of the metal, with decrease in the
physicomechanical properties of the rolled product
[10–21]. Accordingly, when large continuous-cast
slabs (thickness 300 mm) are rolled on the 5000 mill,
the degree of reduction in the first nine roughing
passes is 10–15%.

To improve the quality of thick sheet, preliminary
deformation of large continuous-cast slabs under the
action of high compressive stress is required. That will
facilitate the working of the cast metal over the slab
thickness and the production of uniform billet struc-
ture for subsequent rolling in the thick-sheet mill. A
cyclic-deformation system may be effectively used for
that purpose [1–6, 22].

As shown in the Fig. 1, the cyclic-deformation sys-
tem includes a frame 1 and also upper and lower sup-
ports 2, each of which is mounted directly on two syn-
chronously rotating eccentric shafts 3. The shafts are
turned by an electric motor, through a synchronizing
gear system. The upper and lower working hammers 4
are attached to the upper and lower supports 2 through
a dovetail joint and a wedge unit. The hammers move
synchronously over a closed trajectory. That permits
simultaneous cyclic deformation and of the billet and
its motion along the deformation zone. For shafts with

eccentricity e = 5 mm, each point of the hammer’s
working surface moves over a circle with radius 5 mm.
In other words, the hammers both reduce the billet
and move it longitudinally. In one turn of the shafts
(a single cycle), the hammers reduce the billet by
2Δh = 10 mm. The longitudinal velocity of the billet is
determined by the shaft speed. Therefore, the operator
may regulate the speed of the eccentric shafts in accor-
dance with the required productivity.

The working surface of each hammer corresponds
to the billet profile and is inclined at an angle α to the
strip-supply axis. Selection of α is based on the condi-
tions of strip capture by the hammers. The value of α
and the length of the hammer’s working section are
determined by the necessary reduction in height of the
continuous-cast billet, with up to 90% deformation
[1]. For example, with slab height H = 300 mm and
thickness h = 160 mm of the sheet blank, the reduction
in a single pass is ΔH = 140 mm, while the degree of
reduction ε = 46%.

To boost the quality of the continuous-cast billet,
the cyclic-deformation system has a feeder unit con-
sisting of two rollers and a clamping mechanism. Only
the lower roller 9 is driven. Nondriven roller 8 is con-
nected to the clamping mechanism 6. To equalize the
lateral faces of the continuous-cast slabs, two non-
driven vertical rollers 7 at the calibrating sections of
the hammers are employed. Special channels 10 per-
mit water cooling of the hammers.

The basic parameters of the cyclic-deformation
system for preliminary deformation of large continu-
ous-cast slabs are as follows:

—α = 15°, the inclination of the hammers’ working
surfaces;

—e = 5 mm, the eccentricity of the eccentric shafts;
—l = 0.3 m, the length of the hammer’s inclined

working surface;
—H0 = 300 mm, B0 = 2500 mm, the thickness and

width of the continuous-cast slab;
—h = 160 mm, the thickness of the sheet blank

after cyclic deformation;
—n = 50 rpm, the speed of the eccentric shafts;
—Vex = 1.8 m/min, the exit speed of the slab from

the hammers;
—Pmax = 70000 kN, the maximum deforming

force;
—N = 5100 kW, the power of the electric motor;
—the system’s productivity (320 t/h).
We assess the capabilities of the system and the

effectiveness of cyclic deformation both theoretically
and experimentally [1, 2, 4, 17].

Theoretical analysis indicates high compressive
stress at the contact surface and in the deformation
zone; that prevents the opening of surface cracks. In
addition, the defects in the contact layer do not reach

Fig. 1. Cyclic-deformation system: (1) frame; (2) upper
and lower supports; (3) eccentric shaft; (4) working ham-
mer; (5) guide roller; (6) clamping mechanism; (7) non-
driven vertical roller; (8, 9) rollers of the feeder unit;
(10) cooling channel.
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the billet surface and therefore cannot cause surface
cracks [1, 9].

Experiments on cyclic deformation by a force of
3500 kN show that the quality of the continuous-cast
billet is improved when the cyclic-deformation system
is introduced in the casting and rolling module [1].
This may be attributed to intense working of the slabs’
central zone; the production of uniform fine-grain
structure of the metal; and the high compressive stress
at the contact surface, which prevents the opening of
surface cracks, seals defects and pores in the slab’s
contact layer, and prevents the formation of new
defects. In addition, the experiments show that defects
in the contact layer do not reach the billet surface and
therefore cannot cause surface cracks.

The cyclic-deformation system is produced by
AO Uralmash for Omutninsk Metallurgical Plants. Its
characteristics are as follows: maximum billet cross
section 120 × 150 mm; rate of billet supply to hammer
2 m/min; degree of reduction in a single pass 70–80%;
power of the electric motor 800 kW; motor speed 0–
300 rpm. The existing design of the cyclic-deforma-
tion system for continuous-casting alloy-steel slab
proves effective, simple, and reliable in operation [1].

In experiments on the deformation of 30 × 70 mm
strip cut from 200 × 1000 mm continuous-cast steel 45
and 12Kh18N10T steel slabs, with 60–70% reduction
in a single pass, the change in structure of the metal
after reduction is studied, as well as the behavior of the
defects at the strip surface and in the contact layers.
Pores and defects in the surface layer formed at a depth
no greater than 15 mm are sealed in the course of ham-
mer deformation [1, 17, 22]. Pores and cracks that
reach the surface are hardly closed, but their depth is
reduced. In other words, they do not open in deforma-
tion by the plane hammers.

Thus, the use of the cyclic-deformation system for
preliminary reduction of large continuous-cast slabs
in a single pass significantly improves the quality of
the sheet blanks, for the following reasons.

(1) Intense working of the core of the continuous-
cast billet, which eliminates structural inhomogeneity
of the cast metal and facilitates the production of fine-
grain structure of the metal.

(2) The high compressive stress at the contact sur-
face, such that casting defects do not open, defects and
pores in the surface layer at a depth no greater than
15 mm are sealed, and no new defects are formed.

(3) The ability to control the roughness of the ham-
mer’s working surface over the length of the deforma-
tion zone. The initial working section of the hammer
surface may be made rough so as to improve slab cap-
ture, while the output section may be ground to
improve the surface quality of the sheet blanks.

In view of the capabilities of the cyclic-deformation
system, it may be most effectively used in the line of a
continuous-casting machine for preliminary reduc-
tion of large continuous-cast slabs. That permits har-

monization of the speeds of continuous casting and
deformation; 45–90% reduction of the slab in a single
pass; thorough working of the slab’s cast structure;
and reduction of the continuous-cast slabs in the con-
tinuous-casting line without preliminary trimming, by
means of the heat of the cast metal, with significant
energy savings [22, 23]. Another possibility is to intro-
duce the cyclic-deformation system in the lines of
thick-sheet and broad-strip mill for preliminary
reduction of hot continuous-cast slabs in a single pass.
That improves the quality of the sheet blanks and min-
imizes the number of passes in the mills.

CONCLUSIONS
The improvement in the quality of sheet blanks for

thick-sheet mills when using a cyclic-deformation sys-
tem for preliminary reduction of large continuous-cast
slabs is analyzed. The structure and basic parameters
of such systems are presented.
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