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Abstract:

In a steel billet rolling process using blooms and slabs
as materials, it is important to reduce the waiting time
for heating in the reheating furnace and the cooling time
on the cooling bed after rolling. However, in West Japan
Works ( Kurashiki) steel billet plant, problems are: lim-
ited capacity of the heating equipment in the reheating
furnace, and the inability to use water cooling for
high-alloy materials with high susceptibility to cracking
on the cooling bed. Therefore, to enhance the capacity of
steel billet rolling, regenerative burners were installed in
the reheating furnace and water cooling control and
equipment enhancement that can also water cool high-al-
loy steel materials with high susceptibility to cracking
were implemented. By solving these problems, an
increase in the capacity of Kurashiki steel billet plant
has been achieved in JFE Steel.

1. Introduction

The layout of the Billet Plant at West Japan Works
(Kurashiki) (hereinafter, Kurashiki) is shown in Fig. 1.
The Kurashiki Billet Plant produces steel billets from
blooms and slabs cast at the steelmaking plant by heat-
ing these materials in the reheating furnace and soaking
pits, followed by rolling by the Break Down mill (BD
mill) and Vertical-Horizontal mill (VH mill). The billets
are transported to the bar and wire rod mill at
Kurashiki for use in steel bar and wire rod products, or
shipped to the medium-diameter seamless plant or
small-diameter seamless plant at Chita Works, where
they are rolled and shipped to customers as steel pipe
products. The billets used at the medium-diameter and
small-diameter seamless plants at Chita Works were
formerly supplied by the billet continuous casting
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Fig. 2 Transfer of billet making for Chita Works to Kurashiki

machine at East Japan Works (Keihin) (hereinafter,
Keihin) and the Billet Plant at Kurashiki. However, as
part of structural reforms at Keihin, the upstream pro-
cess at Keihin was shut down and production of billet
materials for Chita was transferred to the Kurashiki
Billet Plant. Therefore, it was necessary to increase the
capacity of the Kurashiki Billet Plant (Fig. 2).

To increase the capacity of the Billet Plant, efforts
were made to increase the capacity of the reheating
furnace and shorten the waiting time for cooling at the
cooling beds. A concern was the increase in billets
rolled from slabs due to increased billet production for
Chita Works. Since slabs have a wider width than
blooms, the number of slabs that can be charged into
the reheating furnace is smaller, which means the heat-
ing capacity decreases when slabs are used as the mate-
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Photo 1  Cracked billet by water-cooling

rial. Due to this change in the material composition,
the waiting time for heating in the reheating furnace
had become an issue. In addition, those slabs are
high-alloy materials, and high-alloy materials cannot
be water-cooled on the cooling bed due to their high
susceptibility to cooling cracks caused by water cooling
(Photo 1). For this reason, extended time was required
for air cooling time on the cooling bed, and this con-
straint also became an issue for increasing the capacity
of the Billet Plant.

Therefore, regenerative burners were installed at the
reheating furnace to reduce the waiting time for heat-
ing, and air-cooling fans were arranged and the
water-cooling equipment was expanded at the cooling
beds to reduce the waiting time for cooling. This paper
describes the results of these technologies and capacity
improvement measures.

2. Increase of Reheating Furnace Capacity

2.1 Overview of Billet Reheating Furnace
Equipment

Figure 3 shows an overview of the reheating furnace
equipment of the Kurashiki Billet Plant. The reheating
furnace equipment is divided into three zones, the pre-
heating zone, heating zone and soaking zone. Axial
flow burners are arranged in the upper and lower parts
of the heating zone and the soaking zone. Axial flow
burners are also provided in the preheating zone, and
one pair of regenerative burners each is also provided
in the upper and lower parts of the preheating zone as
side burners. In addition to the blooms and slabs pro-
duced at Kurashiki, the Billet Plant can also charge
materials of various others forms into the reheating
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Fig. 3 Schematic of reheating furnace equipment
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furnace for rolling, including blooms produced by Sen-
dai Works and slabs produced by East Japan Work
(Chiba) and West Japan Works (Fukuyama), among
others. Because the number of slabs to be charged into
the reheating furnace is small due to their wide width,
the heating time is longer than the time required for
rolling, which results in waiting time for heating. Due
to the increase in rolling of slab materials, a decrease in
capacity was foreseen. Therefore, various measures for
shortening the heating time were considered, such as (D
Increasing the number of burners in the heating zone,
(2) Increasing the combustion capacity of the burners
in the heating zone, 3 Expanding the width of the
reheating furnace, etc. Since the proposed measures (2)
and 3 would require large-scale remodeling of the
reheating furnace equipment and its auxiliary equip-
ment, installation of additional burners in proposal (D
was selected, as it was possible to increase the furnace
heating capacity without large-scale modifications of
the existing equipment.

2.2 Increase of Reheating Furnace Capacity by
Installation of Regenerative Burners

In studying the proposal to install additional burn-
ers, regenerative burners were selected as an energy-sav-
ing type of equipment with excellent combustion effi-
ciency. In a regenerative burner, two opposing burners
are fired alternately, and the burner which is not being
fired plays the role of an exhaust gas outlet. The
exhaust gas sucked in the second burner passes through
a thermal storage device called a “regenerator,” the
waste heat of the gas is recovered by heat exchange
with the thermal storage medium in the regenerator.
The regenerative burner is a high-efficiency burner that
can utilize high-temperature combustion air through
this process of heat exchange between the combustion
air and the thermal storage medium heated by the
exhaust gas '?. As shown in Fig. 4, regenerative burn-
ers were installed in the heating zone. The combustion
capacity of the heating zone was increased by 20% by
installation of these regenerative burners, reducing the
time required for heating to the specified temperature.
For example, as shown in Fig. 5, the time required for
heating from room temperature to 1 200°C was reduced
by 40 minutes in comparison with before regenerative
burner installation.
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Fig. 4 Reheating furnace equipment after installation of
regenerative burners
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3. Increase of Cooling Capacity of Cooling Beds

3.1 Overview of Billet Cooling Bed Equipment

An overview of the cooling bed equipment of the
Kurashiki Billet Plant is shown in Fig. 6. The equip-
ment has a structure that alternately charges billets
after finish rolling to cooling bed No. 1 and cooling
bed No. 2, and performs air cooling while the billets
are transferred along the cooling bed. Because both
No. 1 and No. 2 cooling beds have water-cooling
equipment, the cooling time can be reduced by water
cooling from above when short-time cooling is neces-
sary. Whether water cooling is used or not is decided
considering the susceptibility of the steel grade to cool-
ing cracks and the effect of rapid cooling on mechani-
cal properties. Water cooling cannot be applied to
high-alloy steel produced for Chita Works due to its
high susceptibility to cracking by water cooling. There-
fore, the billets had been held on the cooling bed
during temperature decrease, but this led to rolling
stops.

3.2 Mechanism of Cracking by Water Cooling

If high-alloy steel grades are water cooled on the
cooling bed, cooling cracks like those shown in Photo 1
can easily occur. This type of crack is considered to be
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Fig. 7 Schematic illustration of residual stress due to cooling

caused by tensile stress generated in the circumferential
direction of the cross section of round billets. In cases
where cooling is not accompanied by a phase transfor-
mation, heat shrinkage occurs in the circumferential
direction as the temperature decreases. Due to the
strain caused by the temperature difference between the
surface and the interior, tensile stress acts on the sur-
face, generating tensile plastic strain at the surface,
depending on the properties of the steel type. Because
this tensile plastic strain remains at the surface when
the material is cooled to room temperature and defor-
mation of the surface is constrained by the interior, the
residual stress in the circumferential direction becomes
compressive at the surface and tensile in the interior
(Fig. 7 (a)). When cooling is accompanied by a phase
transformation, compressive stress due to expansion in
the circumferential direction acts on the billet surface,
and compressive plastic strain is generated at the sur-
face, again depending on the properties of the steel.
Compressive plastic strain remains at the surface when
the material is cooled to room temperature, and in this
case, the circumferential residual stress is tensile at the
surface and compressive in the interior. This is consid-
ered to be the cause of cracking by water cooling
(Fig. 7 (b)) **. In actual cooling, heat shrinkage and
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phase transformation are superimposed, so the final
distribution of residual stress is decided by which of
these factors is dominant. Based on this mechanism of
residual stress generation, in order to prevent cracking
by water cooling, generation of compressive plastic
stress should be suppressed by reducing the difference
in strain at the surface and interior generated at the
time of expansion due to phase transformation (trans-
formation expansion). To achieve this, it is considered
possible to suppress cooling cracking by performing
water cooling below the martensitic transformation
(Ms) point where phase transformation proceeds. In
order to reduce the cooling time while suppressing
cracks caused by water cooling, cooling equipment that
(D increases the cooling rate before the start of water
cooling and (2) enables uniform cooling in the circum-
ferential direction to reduce differences in strain in the
same circumference are necessary. To reduce the cool-
ing time before the start of water cooling, it is necessary
to increase the air cooling-rate. Two conceivable meth-
ods for increasing the air-cooling rate are reducing the
temperature of the cooling air or utilizing a convective
flow (counterflow) of cooling air with respect to the
direction of material travel. For uniform cooling, it is
necessary to arrange cooling equipment not only above
the billets, but also below the billets to enable water
cooling with a smaller temperature difference between
the top and bottom sides of the billets. Therefore, the
cooling-air speed was increased by newly installing
air-cooling fans before the water-cooling zone of the
cooling bed, and uniform water cooling was achieved

by newly installing water-cooling equipment below the
billets.

3.3 Increase of Air-Cooling and Water Cooling
Equipment Capacity

Figure 8 shows a schematic diagram of the cooling
bed equipment after improvement. Air-cooling fans
were installed on both sides of the billets, and were
arranged obliquely so as to increase the cooling-air
angle facing the direction of material transfer. Thermo
Viewers capable of measuring the full length of the bil-
lets were also installed before and after the water-cool-
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Fig. 8 Schematic of improved cooling bed equipment
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Fig. 10 Effects of improvement of cooling bed equipment

ing equipment for thermal control management. Fig-
ure 9 shows a comparison of the condition of cooling
by the water-cooling equipment before and after
improvement. Conventionally, there was a temperature
difference between the top and bottom sides of the bil-
lets because water cooling was only performed from
above. After improvement, uniform cooling of the bil-
lets in the circumferential direction became possible
because cooling can be performed from the both the
top and bottom sides. Figure 10 shows a comparison of
the cooling time of high-alloy steels before and after
improvement. Due to the effect of the newly-installed
air-cooling fans, the time to reach the water cooling
start temperature (T1: temperature at which water
cooling becomes possible) was shortened by approxi-
mately 40%. In addition, although considerable time
had been required for cooling by the conventional
method because the temperature region where water
cooling is possible was affected by heat generation
associated with the phase transformation, the time to
reach the cooling finish temperature (T2) was greatly
reduced by application of water cooling. As a result,
the cooling time could be shortened by 8 hours.

4. Conclusion

A substantial increase in the capacity of the Billet
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