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Synopsis :

Kawasaki Steel has developed a new size-free rolling technology using a 4-roll mill in
order to supply products of optimum size for various working processes and of
high-dimensional accuracy. In April 1994, this technology was introduced to the bar mill
line of the wire rod and bar mill at Mizushima Works for the first time in the world.
This technology makes maximum use of the advantages of the 4-roll method, which is
useful in securing higher dimensional accuracy and a wider size-free range than are
possible with the 2-roll and 3-roll methods now in practical use. At the same time, a
number of new technologies, including a 2-roll drive system, were applied to realized the
rolling mill with the excellent operability and maintainability which are indispensable

in commercial equipment, resulting in a successful development of a practical mill.
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1 Introduction

Wire rods and bars are used in various industrial ficlds
and quality requirements vary widely depending on the
application. The steel industry is required to supply not
merely materials; it must supply optimum materials in
an integrated manufacturing process all the way to final
products. In particular, in the market for special steel
products, such as those for automobiles, the supply of
medium-size materials that permit the omission or sim-
plification of the working process and malerials of high

* Oniginally published in Kawasaki Sieel Giho, 28(1996)2, 69
75

Synopsis:

Kawasaki Steel has developed a new size-free volling
technology using a 4-roll mill in order to supply prod-
ucts of eptimum size for various working processes and
of high-dimensional accuracy. In April 1994, this tech-
nology was introduced to the bar mill line of the wire
rod and bar mill at Mizushima Works for the first time in
the world. This technology makes maximum use of the
advantages of the 4-roll method, which is useful in
securing higher dimensional uccuracy and a wider size-
Jree range than are possible with the 2-roll and 3-rolf
methods now in practical use. At the same time, a num-
ber of new technologies, including a 2-roll drive system,
were applied to realized the rolling mill with the excel-
lent operability and maintainability which are indispens-
able in commercial equipment, resulting in a successful
development of a practical mill

dimensional accuracy is required in addition to high-
degrec qualily assurance across the entire scction and
along the entire length.

In wire rod and bar mills from which materials are
supplied, it has bcen general practice to use dedicated
grooved rolls for each product size and to change these
rolls each time the size of rolled product changes.
However, frequent size changes increase the rolling
downtime necessary for changing rolls and guides.
This makes it necessary to secure the manpower for
the changing operation and to keep many rolis and
guides on hand, thus increasing manufacturing costs.
Therefore, the number of producible sizes has been lim-
ited. For this reason, the practical application of a rolling
method by which products of different sizes can be pro-
duced only by changing the clearance between the same
rolls (size-free rolling method) is attracting attention as
an epoch-making rolling technology that solves the
above problems.

The 2-roll and 3-roll methods have already been put
into practical use as size-free rolling technology. How-
ever, the new 4-roll method is an excellent rolling
method that has very high dimensional accuracy and a
wide size-free range compared with other methods
owing to its characteristics for widening and caliber
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shape. Kawasaki Steel succeeded in developing size-free
rolling technology by the 4-roll method that bas such
excellent features and intreduced this technology in the
wire rod and bar mull of its Mizushima Works in April
1994,

This repost describes the features of this new rolling
technology and the equipment with which this techniol-
ogy was put into practical application.

2 Size-Free Rolling Method
2.1 Features of the Size-Free Rolling Method

In size-free rolling, products of any size can be rolled
without the limitations of the pass sizes of the rolls held
in a mill, as shown in Fig. 1 (a). Furthermore, the sim-
plification of the pass schedule of an upstream rolling
mill enables the frequency of roll changing 1o be sub-
stantially lowcred. The wider the range of the product
size capable of being rolled with the same rolls (size-
free range), the greater the effcet of reduced frequency
of roll changing.

In addition, size-free rolling is not limited to finishing
mills, as it can be effectively applied to prefinishing
mills as shown in Fig. 1 (b).
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2.2 Kinds of Rolling Methods and Comparison

There arc three kinds of size-free rolling as shown in
Fig. 2. The 2-roll method shown in Fig. 2 (a) and the
3-roll method shown in Fig. 2 (b) have alrcady been
put into practical use, and the 4-roll method shown in
Fig. 2 (c) is a newly developed technology which will
described in this report. As shown in the figurc, form
rolling is conducted using two passes under the 4-roil
method, which has one less forming passes than the
other method.

Figure 3 shows the relationship between the change
in the gap of the rolls of the same radius, i.¢., the size-
frec range, and the dimensional accuracy of products

No.1 pass No.2 pass No.3 pass

> DO

(a} 2-rol! rolling method

Material

No.1 pass No.2 pass No.3 pass

E>r>

{b} 3-roll rolling method

Material

Material No.1 pass No.2 pass

(¢} 4-roll rolling method

Fig. 2 Size-free rolling methods for finishing passes
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Fig. 3 Comparison of the relationships between
roundness of product and amount of roll gap
change with rolling methods
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(Dmax — Dmin in the figure) under cach of these meth-
ods. For example, the size-free range available when
products with dimensional accuracy of within 0.4 mm
are to be obtained is 1.4 mm under the 2-roll method, 3.0
mm under the 3-rell method, and 5.3 mm under the 4-
roll method:; hence, the size-free range is the widest
under the 4-roll method. Although this is a peomelric
comparison, it is apparent that the 4-roll method has
excellent features as a size-free rolling method.

2.3 Effects of Application to Actual Mills

Figure 4 shows the effects expected when size-free
rolling is applicd in a general bar mill composed of a
roughing mill, an intermediate mill and a finishing mill.
The application of size-free rolling in finish rolling 1s
effective not only in eliminating the product size limita-
tions, but also in lessening the rolling chance limitations
by reducing the roll-changing time and the frequency of
roll changes.

3 Development of 4-Roll Rolling Technology
3.1 Development of 4-Roll Rolling Equipment

The greatest reason why the 4-roll method has not
been put into practical use despite its excellent charac-
teristics as a size-free rolling method is that generally,
the larger the number of rolls, the more complex the
mill structure must be, making it difficult to provide the
functions required in a compact commercial mill, such
as the screw-down mechanism. For this reason, the 4-
roll method has so far been limited to laboratory millsY.
Therefore, the key point in putting the 4-roll rolling
method into practical use was to develop simple rolling
equipment in which various new technologies are
combined.
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Fig. 5 Outside view of 4-roll mill

3.1.1 4-roll mill

As shown in Fig. 5, the newly developed 4-roll mill
compriscs two 4-rofl mill stands, which, separated by
a short distance of 650 mm, are mounted on one sled.
This is a compact mill whose rolls are arranged in
such a manner that the No. 17 stand has a cross ™ + 7
shaped configuration and the No. 18 stand has an * X ™
configuration.

The main features of this mitl are described below.
(1} 2-Roll Drive
If all four rolls are driven in 4-rol! rolling, the mill
structure becomes very complex, making it ditficult to
put the 4-roll method into practical use in terms of
maintainability.
Therefore, a method by which only two rolls are dri-
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ven by motors as in the 2-roll mill was adepted as
shown in Fig. 6 and the milt was given a simple hous-
ing structurc se that the 4-roll method can be put into
practical use. However, the other two rolls are rotated
using pressurized water to prevent the occurrence of
surface defects caused by the slippage of both the
material being rolled and the rolls themselves when
the material enters the roll gap.

(2) Roll Axis Offset

Roll axis offset refers to shifting the axes of the
nondriven rolls relative to the axes of the driven rolls
in the rolling direction, as described in 3.2.2 to pre-
vent the mutual interference of the rolls. As a result,
the roll gap adjustment allowance cxpands by the
amount of offset and the size-free range increascs.
Furthermore, stable material entry is obtained because
the material is first drawn into the driven rolls.

The No. 17 stand was given a mill structure capable
of roll axis offset in order to control the materiat
strain described in 3.2.3 in addition to the above
objective. The stepless adjustment of offset can be
made by loosening the oil hydraulic nut fixing the roll
block shown in Fig. 5 and rotating the offset adjusting
SCrew.

Because the No. 18 stand is for the finishing pass,
the size-free range is determined by the target dimen-
sional tolerance of the product. The material entry
conditions arc improved by minimizing the distance
from the preceding stand and the roll axes are not
offset to obtain a simpler mill structure,

(3) Housing Structure

As shown in Fig. 6, the block construction is such
that four rell blocks are fixed to the center block with
oil hydraulic nuts through tie rods. This has improved
maintainability and achieved high rigidity.

(4) Roll Gap Adjustment

As shown in Fig. 5, the gap between the top and

bottom tolls and the gap between the left and nght

Mill housing 4-roll lathe

Drive roll

[dle rotl

Fig. 7 Outside view of 4-roll conditioning device

rells can bc scparately adjusted by remotc control
using a set of hydraulic motors and encoders for
control installed for a pair of rolls.

3.1.2 Off-line equipment

Preparations for the succeeding rolling, such as the
changing of rolls and guides of the mill and dressing of
worn rolls, are conducted off-line.

The following threc methods arc available: (1) a
method by which a rolling mill is provided for cach kind
of caliber and a changeover is made to a rolling mill for
the next size, {2) a method by which rolls are provided
for each kind of caliber and the rolls of a rolling mull are
replaced after use with those for the next size, and (3) a
method by which the rolls that are kept installed n a
rolling mill are remachined to the next size.

Method (3), which allows the equipment costs to be
reduced because of fewer rolling mills, does not nced
compticated roll-changing work, ensuring a short prepa-
ration time. Thus it was adopted and an cfficient system
for making preparations for rolling was established.

(1) 4-Roil Conditioning Device

The device shown in Fig. 7 is a three-dimensional
rotl conditioning device provided with an NC unit,
developed for use in 4-roll mills only. A power source
for rotation is connected to each of the rolls kept
installed in the mill housing and the rolls arc rotated
in a preload condition in order to improve the roll
position accuracy. High-efficiency and high-accuracy
roll dressing is accomplished by dressing the four
rolls at one time.

A mcthod by which only the grocved portion is
gradually remachined from the groove for a small size
to that for a large sizc was adopted as the roll dressing
method and a system for making preparations for
rolling was built accordingly. Therefore, products of a
wide size range can be efficiently rolied with little
need for changing rolls.

(2) Other Off-Line Equipment

There are off-line operations in addition to roil
dressing, that is, maintenance operations such as the
replacement of worn rolls, and inspection and replace-
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Fig. 8 Comparison of spread by each rolling method

ment of parts. These operations were also thoroughly
mechanized in order to increase efficiency. The main
equipment developed for this purpose includes a mill-
housing dismantling and assembling device and a
rotl-shaft dismanthing and assembling device.

3.2 Rolling Characteristics of 4-Roll Mill

For the width deformation characteristic that 1s the
basics of wire rod and bar rolling, 1t 15 known that the
rolling characteristic is such that width increases under
the 2-roll and 3-roll methods, but narrows under the 4-
rotl method'?. On the other hand, few studics have been
made on the effect of roll axis offsct, which was applied
in this technology, and strain characteristics affecting the
internal quality of products.

Therefore, cxperiments and studies were conducted in
order to incorporate the above characteristics into actual
equipment in developing this technology. The following
are the results of these studies.

3.2.1 Width deformation characteristic

In wire rod and bar rolling, it is known that the
material being rolled is subjected to three-dimensional
deformation due to reduction. Therefore, controlling the
diameter of the (ree surfaces that are not constrained by
the grooved face of the roll, 1.c., the dimension of width,
is one of the most important factors that determine the
dimensional accuracy of products. This accuracy has
been improved by improving the skills of operators and
developing control technoelogy. However, the conirol
accuracy has had limits becausc the width varics
depending on such conditions as rolling temperature,
steel grade of the material rolled and roll diameter.

Figure 8 shows a comparison of the width deforma-
tion conditions affecting the above width variations
under various rolling methods. The extent of width
deformation is the largest under the 2-roll method while
that of the 3-roll method is only half the level. In the
case of the 3-roll method, however, the cxtent of width
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deformation from the center of a section is almost the
same as under the 2-roll method because the width
deformation is concentrated on the free surface of one
side. In contrast, width deformation scarcely occurs at
reductions of 10% or less under the 4-roll method, shat-
tering the conveniional concept of three-dimensional
deformation. Thus it is possible to treat the width defor-
mation like two-dimensional deformation, Therefore,
size control is very easy, eliminating the need for size
adjusting operalors, who have been indispensable for
the conventional methods, while cnabling products of
high dimensional accuracy to be produced without the
influence of rolling conditions.

3.2.2 Roll axis offset characteristic

As shown in Fig. 9, roll axis offset shilts the axis of
the left and right rolls relative to the axis of the top and
bottom rolls of No. 1 pass in the rolling direction. This
figure shows the results of an analysis of the roll axis
offset on width spread conducted by the threc-dimen-
sional rigid-plastic {finite element method”.

Spread is very small at offset ratios (amount of oft-
sct/material diameter on the entry side) of 0.25 or less
and the characteristics of the 4-roll method can be
obtained. Spread increases at an offset ratio of 0.25 or
above and the characteristics of the 2-roll method are
obtained at an offset ratio of .75 or above.

Therefore, the offset ratio is set at 0.25 or less when
rolling is conducted under the 4-roll method of the width
deformation characteristic described in 3.2.1. The offset
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Fig. 10 FEM simulation results of sectional strain distribution of the stock rolled by 4-roll mill

ratio ranges from 0.25 to 0.75 when rolling is conducted
under conditions between the 4-roll method and the 2-
roll method. Thus the offset ratio is set depending on the
desired conditions.

3.2.3 Section strain distribution characteristic

The equivalent strain distribution in the section of a
material rolled in 4-roll rolling was analyzed by the
three-dimensional rigid-plastic finite element method.
The results of this analysis are shown in Fig. 10.

When the effect of the rolling reduction (AD/De) was
examined, it was found that strain was lower in the case
shown in Fig. 10 (b) where the reduction was lighter
than the case shown in Fig. 10 (a) where the reduction
was heavy, and that the strain distribution was such that
strain was low especially in the center and on the free
surface. In the case of Fig. 10 (¢) where the roll axis
offset was conducted, however, strain increased across
the full section.

This suggests that roll axis offsct is effective in pre-
venting the coarsening of the material texture, which is
said to occur generally when low-reduction, high-tem-
perature rolling is conducted.

4 Application to Actual Operation
4.1 Condition of Application

As shown in Fig. 11 and Table 1, a 4-roll mill is used
as the finishing mill of bars and as the prefinishing mull

Furnace Roughing mill

Intermediate mill

3 9 10 1Y 2

of wire rod in a wire rod and bar mill. Square billcts of
150 mm square are used as the material and products 16
to 85 mm in diameter are produced by size-free rolling
using 20 kinds of roll grooves.

4.2 Results of Operation

Figure 12 shows a comparison the actual sizes of
products produced by the conventional 2-roll method
and the new 4-roll method. The example of 42 mm¢g
shows regular-tolerance products and the dimensional
accuracy is higher under the 4-roll method. The example
of 30 mme¢ shows narrow-tolerance products. [n this
case, products with ultra-high dimensional accuracy of
+ 0.05mm can be rolled by selecting an appropriate
groove radius.

The actual results of dimensional accuracy of actual
products are summarized in Fig. 13. This includes plots
of products obtained when only the gap of the same
grooved rolls was changed. Here we can see that it has
become possible to produce products of high dimen-
sional accuracy of within = 0.2 mm in the wide size-free
range of about 10% of material diameter on the entry
side.

Figure 14 shows a comparison of the dimensional
accuracy obtained under each rolling method in the size-
free range for the rolling of precision-rolled products
with dimensional accuracies of = 0.1l mm and regular-
tolerance products with dimensional accuracies of + 0.2
mm.

{4-1‘01] size-free mill

Rad line

Finishing mli
BiC line
Bar line

Profile meter

Fig. 11 Layout of bar and rod mill at Mizushima Works
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Table 1 Specifications of 4-roll size-free mill for bar and rod at Mizushima Works

Ttems T Specilications
NI capacity T Product size range {num) @ 16— 8
i Rolling speed range (m/s) h.3~16.0
‘ Maximum rolling load (1) 50
I Mill constant (t/min) 100
Roll screw down ‘ Screw down range {mm) Piteh roll dia. 2400 L 4.5
Screw down method Control | Remote operation
‘ Accuracy {mm} =002
Time (s} 30
Roll drive ‘ Urive method 2 rolls driven by electric motor
! 2 rolls rotated by pressurized wateyr
| Motor specification {kW) No.17 std. 0 DC 1200 — 48071 200 rpm
‘ No 18 std, D DC 450 — 80041000 rpm
Stand setup Exchange method Automatic operation using sled
Time (min} 3.5
T 422 =t =t f
E | - - 1 20mm{ 1| Narrow
= A
E 42.0 TS ~ 1IN A N I ey Tr e I RO Jolmp ] (ilerance
T v ¥ E 0.2 (+0.1 mm)
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5 ] a n } I ! ! |
5 42.0 st Notal 1l A [ 4.l 3 1 T 1
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5 us { [ [ B p2fem
= " — =}
(b} 4-roll rolling : ¢ 42 regular olerance I e e .
= Regular
_ o [ T P T VU R R tolerance
g 302 ) (0.2 mm)
° 3.0 mm -
"@ 3¢.0 A R ALY ATV L I L £ L
[} J ~ -
£ 298 i 46.0 47.8 48.0 49.0 50.0 51.0
a T Product size (mm)

(¢) 4-roll rolling : ¢ 30 narrow tolerance

Fig. 12 Results of product diameter measurcd by

profile meter
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Fig. 13 Actual result of dimensional accuracy of

products rolled by 4-roll size-free rolling
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Fig. 14 Comparison of dimensional accuracy of
each size-free rolling

4.3 Effects of 4-Roll Mill

The following effects were obtained as a result of the
introduction of the 4-rofl miil in the wire rod and bar
milk:

(1) Production of High Value-Added Products
It has become possible to manufacture products of
any diameter suitable for succeeding operaticns and
products of high dimensional accuracy that permit the
simplification or omission of drawing and peeling,
which are the succeeding operations.
{2) Increase in Production Capacity
As shown in Fig. 15, the production capacity
expanded by 20% and labor productivity increased to

1.5 times the level before the introduction of the 4-roll

mill owing to the improvement in mill working eth-

ciency resulting from a decrease in the frequency of

rotl changes, etc.
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Fig. 15 Improvement of operation by installing 4-

roll size-free mill

(3} Reduction of Manufacturing Costs

In addition to an increase in the production effi-
ciency and an improvement by the reduction of the
number of operators for off-linc product size adjust-
ment and off-tine preparations for the rolling mill, a
substantial reduction of manufacluring costs was
achieved owing to a decrease in energy and roll con-
sumption.

5 Applications of the 4-Roll Mill

The greatest feature of the 4-roll method is the wide
frec-size range. Because rolling can be conducted at a
wide range of reduction of sectional area, the 4-roll mill
can be used as a prefinishing miil that requires reduction
of sectional area in addition to the fiushing mill that
requires the dimensional accuracy described in this
report and great economic effects including an increase
in productivity duc to the integration of pass schedules
of upstream rolling mills can be expected.

Figure 16 shows the mill layouts when a 4-roll mill is
applied in various bar mills and wire rod mills.

6 Conclusions

Kawasaki Steel has developed size-free rolling tech-
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Fig. 16 Application examples of 4-roll mill to bar

mill and wire rod mull

nology using the 4-roll method as a new rolling technol-
ogy in bar and wire rod rolling, the first of 1ts kind in the
world.

This 4-roil rolling technology provides better dimen-
sional accuracy of products and uses the size-free range
to the fullest extent. At the same time, many new tech-
nologies including the 2-roll driving method were incor-
porated in order to give the 4-roll mill the cxecllent
operability and maintainability that are necessary for a
commercial mill.

The 4-roll mill based on this technology was intro-
duced in the wire rod and bar mill at the Mizushima
Works in April 1994, 1t started size-free rolling, which is
making great achicvements in the production of high
value-added products and the reduction of manufactur-
Ing costs.
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