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Synopsis:

After introducing 4-roll mills for steel bars in 1994,
Kawasaki Steel developed and introduced 4-roll mills
for wire rods in 1998. Then, thanks to the development
of various new technologies based on the characteristics
of 4-roll rolling method, the company succeeded in
establishing a highly precise-measurement and size-free
rolling production system for steel bars and wire rods
ranging from 4.2 to 85 mm in diameter and steel square
coils from 12.7 to 27 mm on a side. Able to manufacture
hot-rolled steel bars and wire rods with such high mea-
surement precision, Kawasaki Steel can provide prod-
ucts to the automobile steel and other special steel
markets in sizes and shapes as similar as possible to the
finished products, thus minimizing further processing.

1 Introduction

Wire rods and bars are often used for producing auto-
mobile parts and various industrial machines. In recent
years, due to customers’ need to reduce processing
cost,1) customers have sought to simplify additional sec-
ondary processing, such as surface machining, drawing,
cutting, and forging. This lead to an earnest desire to
develop hot-rolled wire rods and bars that have high
dimensional accuracy in sizes and can minimize further
processing.

Sumitomo Heavy Industries, Ltd. and Kawasaki Steel
jointly developed a 4-roll bar mill in 1994 and a 4-roll
wire rod mill in 1998. These mills were then introduced
into Kawasaki Steel’s wire rod and bar plant. These mills
allow the production of high dimensional accuracy, hot-
rolled wire rods and bars in arbitrary sizes with a pitch
of 0.1 mm within the conventional size range of 5.5 to
85 mm in diameter.

Wire rods are generally drawn down to a specific
diameter before being subjected to forging or other
forming operations in secondary processing. In some
cases, the size of the wire rods before being subjected to
these forming operations is less than the minimum size
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2 4-Roll Rolling Technology

2.1 Characteristics of 4-Roll Rolling

The 2-roll and 3-roll rolling methods were developed
and introduced for sizing rolling and applied to steel bar
production.2,3) To date, however, only the 2-roll method
has been used for wire rod production.

Figure 1 shows the geometrically estimated relation-
ship between the ovality of the product (difference
between the maximum and minimum diameters) and the
amount of roll gap for each rolling method. The size-
free rolling range corresponds to the difference between
the minimum and maximum roll gaps that are applicable
to the production of products with ovality within the
allowable limits. Figure 1 indicates that the 4-roll
method has the widest size-free rolling range. Figure 2
shows the width spread for three kinds of rolling meth-
ods. The 2-roll method gives the largest spread ratio,
while the 4-roll method has almost no spread but rather
tends to make the width narrower. This suggests that the
4-roll method is the most suitable method for rolling
with high dimensional accuracy.

These potential advantages of the 4-roll method for
producing wire rods and bars with high dimensional
accuracy led to the adoption of this method for the new
sizing mills. The mills were also simplified and success-
fully put into commercial operation.

2.2 Application of 4-Roll Mills

As shown in Fig. 3, Kawasaki Steel’s wire rod and bar

plant is composed of a combination of a wire rod mill
and bar mill. The wire rod rolling line was added to the
existing bar rolling line. The 4-roll bar mill was installed
in the space created by removing the last two stands in
the bar finishing train. The new 4-roll wire rod mill was
added downstream of the existing block mill for wire
rod finishing. Figures 4 (a) and (b) are views of the 4-
roll mill for bar rolling and for wire rod rolling, respec-
tively. The specifications are summarized in Table 1.
The 4-roll mill can form round-section material into a
round-section product using only two stands. The new
bar mill has this two-pass configuration, while the new
wire rod mill has a three-pass configuration to provide a
larger total cross-section reduction ratio. Each stand is
mounted on a sled car. On-line roll changes are com-
pleted within about 3 min owing to the use of automatic
couplers and rapid shifting of the sled cars.

The two new mills have other common features in
addition to their compactness. They have highly rigid
structures and fine-tuning mechanisms that can adjust
the roll gap in a 0.01 mm pitch by remote control sys-
tem. This system makes it easy to manufacture products
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that have high dimensional accuracy.

3 Development of Small Diameter Wire Rods
with High Dimensional Accuracy

One of the reasons for adding the 4-roll mill to the
existing wire rod line was to enable the production of
small diameter wire rods (less than 5.5 mm) with high
dimensional accuracy. The developed technology for sta-
blly production of small diameter wire rods is described
below.

3.1 Stable Material Feed to 4-Roll Wire Rod
Mill

Extensive theoretical and experimental investigations







of rolls have separate drive systems. The vertical rolls of
the 4-roll bar mill have a water pressure pulsation drive
to simplify the system, while the horizontal rolls have a
motor drive. The 4-roll mill can easily roll rectangular
products because of these separate drive systems.


