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(57) Arranged in tandem are a pre-heating unit 6, a
four-side hot-rolling mill 7 and a quenching/cooling unit
8 . A starting material W1 is rapidly heated to a hot-roll-
ing temperature using the unit 6 and hot-rolled into
amodified cross-section steel wire W2 assuming a pre-
determined shape in cross section using the mill 7. The
wire is then quenched under tension using the unit 8 im-
mediately after its hot-rolling operation. The tension is

applied to the wire by a pinch roll 9 driven by a motor
9a, which is combined with a torque converter. Conse-
quently, there is no variation in tension, and no variation
in cross-sectional dimension in the wire. Disposed be-
hind the unit 8 in tandem is an in-line post-heating coil
10 to realize a continuous tempering operation, so that
the wire free from any small-radius bend and having
been heat-treated, can be produced through a substan-
tially single process.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a modified
cross-section steel wire and its production, wherein the
steel wire, which has been subjected to a heat treat-
ment, is for use in coil springs or the like and assumes,
in cross section, a modified shape such as a square
shape, a rectangular shape or a nearly trapezoidal
shape.

BACKGROUND ART

[0002] Heretofore, it has been known to provide a coil
spring, which is constructed of, for example, a modified
cross-section steel wire and produced through a wire
drawing process. In this drawing process, a starting ma-
terial, i.e., a rolled steel bar assuming a circular shape
in cross section is drawn to form such a modified cross-
section steel wire, as shown in Fig. 5. Such drawn steel
wire is then subjected to a quenching treatment which
is followed by a tempering treatment such as an oil tem-
pering treatment and the like. After that, as shown in a
process shown in Fig. 5(a), the steel wire is coiled to
form a coil spring, or further subjected to another proc-
ess shown in Fig. 5 (b) after completion of such coiling
process, in which another process the coil spring thus
formed is subjected to a quenching and a tempering
treatment using an electric furnace or the like.

DISCLOSURE OF THE INVENTION

[0003] However, since a conventional method for
manufacturing a coil spring requires two process steps
comprising a wire drawing step for drawing a modified
cross-section wire or the like and a heat treatment step
including a quenching and a tempering treatment, the
conventional method suffers fromthe large number of its
necessary process steps, which makes it difficult for the
conventional method to reduce manufacturing costs.
[0004] Further, in the method for coiling the steel wire
having been heat-treated as shown in Fig. 5(a), when
the wire to be coiled has a wave, a twist and/or a slight
bend in shape, the wire thus coiled is deformed in shape,
thereby causing a decrease in yield of products. In this
respect, however, even when the wire having been
treated by the conventional method is subjected to a
quenching and a tempering treatment through heating
in the furnace, it is difficult to improve the products in
quality. Due to this, a need still exists in the art for a steel
wire-to-be-quenched which is improved in smoothness.
[0005] On the other hand, in order to obtain such a
steel wire improved in smoothness, there is proposed a
method for heating and quenching the steel wire under
a proper tension. However, when the steel wire is heated
to a high temperature, the thus heated steel wire is eas-
ily elongated in its longitudinal direction under tension

to reduce its cross-sectional area. In other words, when
the tension applied to the steel wire varies, the cross-
sectional area of the steel wire also varies. This is a
problem inherent in the art.
[0006] Consequently, it is an obj ect of the present in-
vention to provide a method for producing a modified
cross-section steel wire, wherein a starting material, i.
e., a steel wire assuming a circular shape in cross sec-
tion is continuously hot-rolled into a modified cross-sec-
tion steel wire and simultaneously subjected to a
quenching treatment through a heat treatment, whereby
the modified cross-section steel wire having been heat-
treated is produced through a single process step. In
addition, it is anther object of the present invention to
provide a method for producing a modified cross-section
steel wire having been heat-treated, wherein the steel
wire is quenched under a stable tension free from any
variations, which results in the steel wire excellent both
in accuracy of dimensions and in smoothness of shape.
Particularly, the present invention is useful for produc-
tion of a coil spring constructed of a high-strength steel
wire. Further, the present invention is also useful for pro-
duction of various types of a modified cross-section
steel wire serving as a square cross-section torsion bar
and the like, which has a modified cross section and
must be smooth in shape.
[0007] In order to accomplish the above objects of the
present invention, a modified cross-section steel wire of
the present invention and a method of its production are
characterized in that: a starting material of the steel wire
is rapidly heated to a hot-rolling temperature in a short
period of time using an induction heating means and/or
directly using a resistance heating means, hot-rolled in-
to a modified cross-section steel wire having a prede-
termined cross section and then quenched immediately
after completion of its hot-rolling operation.
[0008] In other words, when the starting material of
the steel wire is rapidly heated in a short period of time
by induction heating and the like, it is possible to avoid
occurrence of a problem of decarbonization which often
occurs in heating in an ordinary furnace and the like. It
is also known that the induction heating or the like is
effective in obtaining large quenching effects. When the
steel wire is quenched immediately after completion of
its hot-rolling operation, it is possible to avoid "grain
growth" in the steel wire and also avoid Ar3 transforma-
tion in a surface layer portion of the steel wire. This per-
mits the surface of the steel wire to be rapidly cooled to
prevent the precipitation of ferrite, which makes it pos-
sible to quench the steel wire up to its surface layer por-
tion. As is clear from the above description, by quench-
ing the steel wire immediately after completion of its hot-
rolling operation, it is possible toperformthe hot-rolling
and the quenching operation of the modified cross-sec-
tion steel wire through a single process step. Further,
the quenching operation makes it possible for the steel
wire to be improved in strength relative to that subjected
to a conventional quenching operation.
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[0009] When the four-side hot-rolling mill is used to
perform the above hot-rolling operation, it is possible to
obtain the modified cross-section steel wire in an easy
manner using a small number of mill stands.
[0010] Preferably, the modified cross-section steel
wire is produced by: rapidly heating the starting material
of the steel wire at a heating rate of equal to or more
than 100 °C/s to a temperature of equal to or more than
the Ac3 point in a short period of time; hot-rolling the
thus heated starting material of the steel wire at a tem-
perature of equal to or more than the Ar3 point into the
modified cross-section steel wire having a predeter-
mined cross section; and, quenching the thus hot-rolled
modified cross-section steel wire at a temperature of
equal to or more than the Ar1 point using the quenching/
cooling means disposed adjacent to the hot-rolling mill
in tandem therewith, immediately after completion of its
hot-rolling operation. Preferably, this quenching/cooling
means is disposed as close as possible to the hot-rolling
mill. This makes it possible to perform the quenching
operation of the steel wire immediately after completion
of its hot-rolling operation, which prevents a so-called
"grain growth" from occurring in the steel wire thus hot-
rolled and therefore makes it possible to improve the
thus immediately-quenched hot-rolled steel wire in
hardness.
[0011] As described above, by hot-rolling the starting
material of the steel wire into the modified cross-section
steel wire using the hot-rolling mill, it is possible to obtain
a spring steel wire which is free from any scratch and
excellent in smoothness in its surface in contrast with a
corresponding wire product produced through a con-
ventional wire drawing process. Further, as for high alloy
steels, though it is difficult to draw the high alloy steels
since the high alloy steels are large in work hardening,
the present invention makes it possible to draw the high
alloy steels into a modified cross-section steel wire in
an easy manner.
[0012] As for the above-mentioned quenching opera-
tion, in order to improve the hot-rolled steel wire in
straightness, it is preferable to quench the modified
cross-section steel wire under tension immediately after
completion of the hot-rolling operation of the starting
material of the steel wire. Further, in order to reduce var-
iations in dimensions of the steel wire resulted from var-
iations in tension applied to the steel wire, it is preferable
to employ any one of a pinch roll, a wire take-up reel
and a capstan unit which are driven by a drive unit com-
bined with a torque converter capable of absorbing any
variations in tension of the steel wire.
[0013] As described above, in performing a coiling op-
eration of the steel wire to form a coil spring, a bend with
a predetermined large radius of the steel wire does not
affect the properties of the product. In contrast with this,
when the steel wire to be coiled has a wave, a twist and/
or a bend with a small radius in shape, the wire product
thus coiled is deformed in shape, thereby causing a de-
crease in yield of the products. In the method of the

present invention, since the quenching operation of the
steel wire is performed under tension applied to the steel
wire immediately after completion of the hot-rolling op-
eration, it is possible to obtain the spring steel wire which
has been quenched and is excellent in straightness.
This makes it possible to improve the thus quenched
steel wire or product in yield when the product is coiled
into a coil spring. Incidentally, in addition to the above
use (coil spring), also in other uses for the steel wire
such as a torsion bar and the like assuming a straight
shape, it is possible to considerably reduce the number
of necessary process steps such as a process step for
straightening the steel wire and the like. This leads to a
considerable reduction of the manufacturing cost.
[0014] However, since the steel wire having been
heated to a high temperature for performing the quench-
ing operation thereof is low in strength, there is a fear
that the dimensions of the steel wire vary in cross sec-
tion when the tension applied to the steel wire varies.
Consequently, the present invention is characterized in
that: using a pinch roll, a wire take-up reel and a capstan
unit which are driven by a drive unit combined with a
torque converter, any variations in tension in the steel
wire is absorbed by such a torque converter, so that the
tension of the steel wire is maintained at a predeter-
mined level when the steel wire is quenched. This
makes it possible for the present invention to obtain the
steel wire which has been quenched, is free from vari-
ations in its cross section and excellent in dimension ac-
curacy. Particularly, as for a modified cross section steel
having a small diameter, such a small-diameter steel
wire is large in variations in cross section when directly
subjected to tension. However, this problem of varia-
tions in cross section of the steel wire can be solved in
the present invention by using the torque converter
through which a tension is applied to such a small-di-
ameter steel wire when the steel wire is quenched. here,
the term "drive unit combined with the torque converter"
means not only a combination system constructed of the
drive unit and the torque converter, but also any system
for driving the steel wire through the torque converter.
[0015] In the present invention, it is preferable to con-
tinuously perform the quenching and the tempering op-
eration of the steel wire by performing the quenching
operation which is followed by an induction heating op-
eration. In this induction heating process, the steel wire
is heated to a tempering temperature thereof. After the
steel wire reaches such a tempering temperature there-
of, the steel wire is tempered. Preferably, such a tem-
pering operation of the steel wire is continuously per-
formed using the induction heating coil, wherein the in-
duction heating coil is disposed in a downstream side of
the quenching means or unit in a tandem manner.
[0016] In general, the method of the present invention
is effective in producing the modified cross-section steel
wire assuming, in cross section, either a square shape,
a rectangular shape or a nearly trapezoidal shape. It is
possible for the method of the present invention to pro-
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duce the modified cross-section steel wire in an easy
manner, wherein the steel wire has been quenched and
has a tensile strength of equal to or more than 1600 N/
mm2.
[0017] An apparatus of the present invention for pro-
ducing a modified cross-section steel wire having been
heat-treated, comprises: an in-line pre-heating means
or unit for heating a starting material of the modified
cross-section steel wire to a hot-rolling temperature us-
ing an induction heating means or unit or directly using
a resistance heating means or unit; a hot-rolling means
or unit for hot-rolling the starting material into a modified
cross-sectional steel wire having a predetermined cross
section; a quenching means or unit for quenching the
thus hot-rolled modified cross-section steel wire under
tension applied thereto; and, a tension applying means
or unit for applying a tension to the modified cross-sec-
tion steel wire thus hot-rolled, wherein all the means or
units are arranged in tandem.
[0018] Preferably, the hot-rolling means or unit is con-
structed of a four-side hot-rolling mill. Preferably, the
tension applyingmeans or unit is constructed of either a
pinch roll, a wire take-up reel or a capstan unit driven
by a drive unit provided with a torque converter for ab-
sorbing variations in tension appearing in the steel wire.
Disposed in a downstream side of the quenching/cool-
ing means or unit in tandem is an post-heating means
or unit for heating the steel wire to a tempering temper-
ature, which makes it possible for the apparatus of the
present invention to continuously perform the quench-
ing operation and the tempering operation of the steel
wire.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

[Fig. 1] : a view illustrating in construction an em-
bodiment of the apparatus of the present invention
for producing the modified cross-section steel wire
having been heat-treated;
[Fig. 2] : a view illustrating in configuration the cross
section of an embodiment of the modified cross-
section steel wire having been heat-treated, ac-
cording to the present invention;
[Fig. 3]: a view illustrating rolls of the four-side hot-
rolling mill in the embodiment of the present inven-
tion;
[Fig. 4]: a flow diagram illustrating the process steps
of the embodiment of the present invention for pro-
ducing the modified cross-section steel wire having
been heat-treated;
[Fig. 5] : a flow diagram illustrating a method for pro-
ducing a coil spring constructed of a conventional
type modified cross-section steel wire having been
heat-treated;
[Fig. 6] : a Table illustrating the chemical composi-
tion of the rolled steel wire of the embodiment of the

present invention;
[Fig. 7]: a Table illustrating the particulars of the
modified cross-section steel wire having been heat-
treated in the embodiment of the present invention;
[Fig. 8]: a Table illustrating temperatures measured
in various positions of the apparatus in the embod-
iment of the present invention; and
[Fig. 9] : a Table illustrating one of examples of the
mechanical properties of the modified cross-section
steel wire having been heat-treated in the embodi-
ment of the present invention.

[DESCRIPTION OF THE REFERENCE
CHARACTERS]

[0020] 1:an upper and a lower horizontal roll; 2:a left
and a right vertical roll; 6:an induction heating coil (i.e.,
an in-line pre-heating means or unit); 7:a four-side hot-
rolling mill; 8:a water-cooled jacket (i.e., a quenching
means or unit); 9: a pinch roll (i.e., a tensioning means);
9a:a motor combined with a torque converter; 10:an in-
tempering operation heating coil; 11:a wire take-up reel;
W1:a starting material of a steel wire; and, W2:a modi-
fied cross-section steel wire.

BEST MODE FOR CARRYING OUT THE INVENTION

[0021] With reference to an embodiment of the
present invention shown in the accompanying drawings,
present invention will be described in a concrete man-
ner. Fig. 1 is a view illustrating the concept of the present
invention in construction with the use of an embodiment
of an apparatus of the present invention for producing
the modified cross-section steel wire having been heat-
treated. Fig. 2 is a view illustrating in configuration the
cross section of an embodiment of the modified cross-
section steel wire having been heat-treated, wherein the
steel wire is used in the embodiment of such an appa-
ratus of the present invention. Fig. 3 is a view illustrating,
in configuration, each of rolls of the four-side hot-rolling
mill (i.e., a hot-rolling means or unit) used in the hot-
rolling operation of the steel wire according to the
present invention. Fig. 4 is a flow diagram illustrating the
process steps required in producing the modified cross-
section steel wire having been heat-treated according
to the embodiment of the present invention.
[0022] In Fig. 1, arranged in tandem from the left (i.e.,
an upstream side of Fig. 1) to the right (i.e., a down-
stream side of Fig. 1) are: an in-line pre-heating coil (i.
e., an in-line pre-heating means or unit) 6; a four-side
hot-rolling mill (i.e., a four-side hot-rolling means or unit)
7; a water-cooled jacket (i.e., a quenching/cooling
means or unit) 8; a pinch roll (i.e., a tension applying
means or unit) 9; and, an in-line post-heating coil (i.e.,
an in-line post-heating means of unit) 10; and, a wire
take-up reel 11. The pinch roll 9 is driven by a motor 9a
which is combined with a torque converter provided with
a speed-reduction unit.
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[0023] As shown in Fig. 2, a modified cross-section
steel wire W2 of an embodiment of the present invention
has been heat-treated and assumes a nearly trapezoi-
dal shape in cross section. Used in a hot-rolling opera-
tion of such a modified cross-section steel wire W2 is
the four-side hot-rolling mill 7. As shown in Fig. 3, the
four-side hot-rolling mill 7 is constructed of: a pair of up-
per and lower horizontal rolls 1, 1 adjacent to upper and
lower non-parallel sides of the nearly trapezoidal cross
section of the steel wire W2; and, a pair of left and right
vertical rolls 2, 2 adjacent to upper and lower parallel
sides of the nearly trapezoidal cross section of the steel
wire W2.
[0024] Now, referring to Figs. 1 and 4, a method for
producing the modified cross-section steel wire W2 will
be described. First of all, in a preparatory stage of the
method, a piece of rolled steel having a predetermined
diameter is descaled. After that, the piece of rolled steel
thus descaled is drawn into a starting material W1 of the
steel wire W2 while keeping its round shape in cross
section. Such a starting material W2 is then delivered to
the in-hot-rolling process heating coil 6 from a pay-off
reel (not shown). The starting material W1 is induction-
heated using the in-hot-rolling process heating coil 6,
and then delivered to the four-side hot-rolling mill 7, in
which the starting material W1 is hot-rolled into the steel
wire W2 assuming a nearly trapezoidal shape in cross
section, as shown in Fig. 2. Immediately after comple-
tion of such a hot-rolling operation, the steel wire W2
thus hot-rolled is quenched using the water-cooled jack-
et 8. At this time, since the pinch roll 9 is rotatably driven
at a speed slightly higher than a traveling speed of the
modified cross-section steel wire W2 measured in a
downstream side of the hot-rolling mill 7, the steel wire
W2 is delivered from the mill 7 under tension applied by
the pinch roll 9 to the following quenching stage in which
the quenching operation of the steel wire W2 is per-
formed. As described above, by quenching the steel
wire W2 under tension, it is possible to obtain the steel
wire W2 excellent in straightness and having been
quenched. Further, since the pinch roll 9 is driven by the
motor 9a combined with the torque converter provided
with the speed-reduction unit, there is no fear that the
steel wire W2 is exposed to excessive tension. Conse-
quently, it is possible to prevent the steel wire W2 from
varying in dimension. After that, the steel wire W2 thus
quenched is heated to a tempering temperature using
the in-tempering operation heating coil 10 and then tem-
pered. Subsequent to this tempering operation, the steel
wire W2 thus tempered is taken up by the wire take-up
reel 11. Then, in the production of a coil spring, the mod-
ified cross-section steel wire thus taken up by the reel
11 is coiled to assume a predetermined shape.
[0025] In other words, as shown in Fig. 5, a conven-
tional method is constructed of two steps comprising the
steps of: drawing a starting material into a modified
cross-section steel wire; and, quenching and tempering
the steel wire thus drawn. In contrast with this, in the

present invention, both the step of drawing the starting
material into the modified cross-section steel wire and
the step of quenching and tempering the steel wire de-
scribed in the conventional method are performed in a
single step of the method of the present invention.
[0026] Incidentally, in this embodiment of the present
invention, though the steel wire is subjected to a tension
applied by the pinch roll, it is possible to replace the
pinch roll with a capstan unit. Further, it is also possible
to apply a tension to the steel wire by means of the wire
take-up reel. In case that the tension is applied to the
steel wire by means of the capstan unit and/or the wire
take-up reel, a motor combined with a torque converter
is used to drive the capstan unit and/or the wire take-up
reel. As for in-line heating performed in the hot-rolling
process, it is possible to realize such in-line heating
through induction heating and/or direct resistance heat-
ing.

[EXAMPLES]

[0027] Hereinbelow, an example 1 of the modified
cross-section steel wire W2 according to the present in-
vention will be described. Fig. 6 shows the chemical
composition of the example 1 of the steel wire W2 hav-
ing been rot-rolled.
[0028] A piece of hot-rolled steel was drawn into a
round bar, i.e., a starting material W1 of the modified
cross-section steel wire W2 of the present invention,
wherein the steel wire W2 assumes a nearly trapezoidal
shape in cross section, as shown in Fig. 2. Fig. 7 is a
Table, which illustrates the particulars of the modified
cross-section steel wire W2, and, more particularly illus-
trates the relationship between: dimensions in cross
section of the modified cross-section steel wire W2 of
the example 1 which has been hot-rolled and assumes
such a nearly trapezoidal shape in cross section; and,
a diameter of the corresponding starting material W1 of
the steel wire W2. In this example 1, a so-called "reduc-
tion of area", i.e., the percentage of decrease in cross
sectional area of the drawn bar or wire was equal to ap-
proximately 0.9. Each of a plurality of the steel wires W2
each assuming a nearly trapezoidal shape but varying
in dimension was subsequently subjected to a quench-
ing and a tempering operation under tension. As for the
modified cross-section steel wires W2 which is small in
diameter such as ones of the 40 series, the 30 series
and the 25 series, a quenching operation performed un-
der tension according to the conventional method failed
to produce a product constant in cross section since
these small-diameter steel wires W2 were large in var-
iations in cross sectional dimension. In contrast with
this, in the method of the present invention, since a ten-
sion was applied to the steel wire W2 by means of the
pinch roll 9 combinedwith the torque converter, it was
possible to quench such small-diameter modified cross-
section steel wire W2 under tension without a fear that
the steel wire or product W2 varies in diameter.

7 8



EP 1 402 965 A1

6

5

10

15

20

25

30

35

40

45

50

55

[0029] Of a plurality of products W2 shown in Fig. 7,
one of an L-60 type was employed as an example 1,
which will be described hereinbelow. The product of the
L-60 type assumed a nearly trapezoidal shape in cross
section such as one shown in Fig. 2, wherein the shape
had a height of 14.40 mm, a length in lower side of 7.10
mm, and a length in upper side of 4.70 mm. On the other
hand, a round bar having a diameter of 10.80 mm was
used as the starting material W1 of the steel wire W2,
which had been hot-rolled and assumed the above
shape in cross section. A so-called "reduction of area",
i.e., the percentage of decrease in cross-sectional area
of the round bar or stating material W1 of the steel wire
W2 during its hot-rolling operation was 0.9059. In this
example 1, variations in dimension in cross section of
the modified cross-section steel wire W2 having been
heat-treated was within a range of a value of equal to or
less than 0.05 mm, which makes it possible to obtain
the heat-treated modified cross-section steel wire W2
excellent in precision.
[0030] The heat treatment of the steel wire W2 was
conducted under the following conditions: namely, the
round bar or starting material W1 was heated up to its
rolling temperature in a period of 7 seconds; and, the
steel wire W2 was delivered from an exit side of the ap-
paratus of the present invention at a traveling speed of
100 mm/sec. As shown in Fig. 1, a plurality of tempera-
tures at which the individual heat treatments were con-
ducted in the example 1 were measured at a plurality of
positions comprising: an exit side 1 of the in-line pre-
heating coil 6; a soaking position, i.e., a downstream
side 2 of the in-line pre-heating coil 6, in which side
2 the starting material W1 thus heated was stabilized
in temperature as a whole; an inlet side 3 of the hot-
rolling mill 7; an exit side 4 of the hot-rolling mill 7; an
inlet side 5 of the water-cooled jacket 8; and, an exit
side 6 of the in-line post-heating coil 10. Fig. 8 shows
temperatures measured in the above positions of the
apparatus of the present invention.
[0031] In other words, the round bar or starting mate-
rial w1 of the steel wire w2 was heated to a temperature
of approximately 1024 °C which is equal to or more than
the Ac3 point by using the in-line pre-heating coil 6 for
heating the round bar w1 prior to its hot-rolling operation.
As a result, the round bar W1 had its atoms rearranged
into a so-called "γ (gamma)" form. After that, by means
of the four-side hot-rolling mill 7, the round bar W1 was
hot-rolled into the modified cross-section steel wire W2
at a temperature of equal to or more than the Ar3 point
ranging from 850 °C to 760 °C. Immediately after com-
pletion of the hot-rolling operation, the steel wire W2 was
quenched at a temperature of 740 °C which is equal to
or more than the Ar1 point. This made it possible for the
present invention to obtain the steel wire W2 having a
fine structure of martensite excellent in strength. The
thus obtained steel wire W2 was heated again up to a
tempering temperature of approximately 500 °C and
then tempered.

[0032] Fig. 9 shows the mechanical properties of the
modified cross-section steel wire W2 having been heat-
treated in the example 1. In other words, the modified
cross-section steel wire W2 of the L-60 type having been
heat-treated under the above conditions had a large ten-
sile strength of equal to or more than 1600 N/mm2 and
a large elongating rate of equal to or more than 10 %.
[0033] In addition, the modified cross-section steel
wire W2 thus heat-treated was excellent in straightness
and free from any small-radius bend. Consequently, in
this example 1, the modified cross-section steel wire W2
thus heat-treated was formed into a coil spring. When a
conventional type of the modified cross-section steel
wire is formed into a coil spring or product, its product
defective rate often reaches a value of 10 %. In contrast
with this, the modified cross-section steel wire W2 thus
heat-treated according to the present invention and
formed into a coil spring had a product defective rate of
substantially 0 %.
[0034] Although the other types of heat-treated mod-
ified cross-section steel wires W2 shown in Fig. 7 were
hot-rolled, any one of them was excellent in accuracy in
dimension since they varied in cross-sectional dimen-
sion within a range of equal to or less than 0.05 mm. In
addition to the above, the mechanical properties of the
other types of the steel wires W2 are also shown in Fig.
7, as an example. As is clear from Fig. 7, the other types
of the steel wires W2 were also excellent in each of
straightness, tensile strength and elongation rate, as is
in the example 1. Consequently, all the other types of
the modified cross-section steel wires W2 of the present
invention were found to be substantially free from any
defect since any one of these steel wires W2 of the
present invention had a product defective rate of sub-
stantially 0 % when formed into a coil spring, i.e., prod-
uct, as is in the example 1.
[0035] In the above examples including the example
1, the round bar W1 was hot-rolled into the modified
cross-section steel wire W2 and further formed into the
coil spring, which was estimated and confirmed in effect
of the present invention. Further, it is possible to apply
the present invention to the steel wire W2 having, in
cross section, not only the nearly trapezoidal shape but
also other shapes such as a square shape or a rectan-
gular shape in cross section of the steel wire W2. In ap-
plication, the present invention is also applicable to not
only the coil spring, but also other types of wire products
such as a torsion bar and like linear products since the
steel wire W2 of the present invention is excellent in
straightness, which permits the method of the present
invention to reduce the number of necessary process
steps of the method of the present invention for produc-
ing such linear products each constructed of the modi-
fied cross-section steel wire W2 having been heat-treat-
ed, so that the production yield in the method of the
present invention can be improved greatly. It is also pos-
sible to apply the present invention to various applica-
tion fields other than the wire springs.
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INDUSTRIAL APPLICABILITY:

[0036] As described above, according to the method
of the present invention for producing the modified
cross-section steel wire W2 having been heat-treated,
it is possible to rapidly heat each of the round bar W1
and the steel wire W2 to a predetermined temperature
in a very short period of time by using induction heating
and the like. Consequently, it is possible for the method
of the present invention to avoid occurrence of a prob-
lem of decarbonization which often occurs in heating in
an ordinary furnace and the like. Further, in the method
of the present invention, since the hot-rolled steel wire
W2 of the present invention is quenched immediately
after completion of its hot-rolling operation, it is possible
to produce the hot-rolled modified cross-section steel
wire W2 through a single process step. The above
quenching operation is followed by a rapid heating and
a tempering process step, which makes it possible to
produce the modified cross-section steel wire W2 excel-
lent in strength.
[0037] In the method of the present invention: the
round bar W1 is rapidly heated to a tempering temper-
ature of equal to or more than the Ac3 point; the thus
heated round bar W1 is then hot-rolled into the modified
cross-section steel wire W2 at a rolling temperature of
equal to or more than the Ar3 point; immediately after
completion of such hot-rolling operation, the thus hot-
rolled steel wire W2 is directly quenched at a tempera-
ture of equal to or more than the Ar1 point by using the
quenching/cooling means or unit 8, so that the steel wire
W2 having a tensile strength of equal to or more than
1600 N/mm2 is produced. Further, in the apparatus of
the present invention, the in-line post-heating means or
unit 10 for heating the thus quenched steel wire W2 to
a tempering temperature is disposed in a downstream
side of the quenching/cooling means or unit 8 in tandem,
which makes it possible to have the quenching and the
tempering operation conducted in a continuous manner
in the method of the present invention.
[0038] Further, in the method of the present invention,
since the round bar W2 is hot-rolled into the modified
cross-section steel wire W2 using the hot-rolling mill 7,
it is possible to reduce the number of surface defects of
the product such as a scratch on the surface of the prod-
uct and like defects, which makes it possible to produce
the product or modified cross-section steel wire W2 ex-
cellent in smoothness in surface. In contrast with this, a
product produced through a conventional cold-drawing
process is poor in smoothness in surface. Further, it is
also possible for the method of the present invention to
produce a product made of high alloy steel which is dif-
ficult to be cold-drawn through the conventional proc-
ess.
[0039] Still further, in the method of the present inven-
tion, since the steel wire W2 having been hot-rolled is
subjected to the quenching process under tension, the
modified cross-section steel wire W2 of the present in-

vention having been heat-treated is free from any defect
such as a wave, a twist and/or a slight or small-radius
bend in shape, and therefore excellent in straightness
in shape. The tension is applied to the steel wire W2 in
the quenching process by means of the pinch roll 9 and/
or the wire-take-up reel and/or the capstan unit, any var-
iation in tension does not appear in the steel wire W2.
Therefore, the modified cross-section steel wire or prod-
uct of the present invention is substantially free from any
variation in its cross-sectional dimension, This is one of
characterized features of the present invention. The ef-
fect of the present invention is large particularly as to
one of the modified cross-section steel wires W2, which
one has a small diameter. Due to this, an effective
quenching process for quenching the small-diameter
ones of the modified cross-section steel wires W2 is re-
alized by the method of the present invention. In contrast
with this, such an effective quenching process is not re-
alized in the prior art.
[0040] Although the pre-heating of the round bar W1
is conducted by induction heating, it is also possible for
the method of the present invention to employ any other
heating process such as a direct resistance heating
process and the like. It is also possible to employ both
the induction heating and the direct resistance heating
process at the same time. Further, though a single stand
of the four-side hot-rolling mill 7 is employed in the
above embodiment of the method of the present inven-
tion, it is also possible for the method of the present in-
vention to employ two or more stands of the hot-rolling
mills 7. Still further, though the modified cross-section
steel wire W2 having been heat-treated assumes a
nearly trapezoidal shape in cross section in the embod-
iment of the present invention, it is also possible for the
steel wire W2 of the present invention to assume any
other shape such as a square shape, a rectangular
shape, or like shape in cross section.
[0041] As described above, according to the modified
cross-section steel wire W2 having been heat-treated
and the method of the present invention, it is possible
to produce the heat-treated modified cross-section steel
wire W2 of the present invention excellent in both
straightness and strength through a single process step.
Due to this, it is possible for the present invention to pro-
duce the product or coil spring which is substantially free
from any defect such as ones resulted from the small-
radius bend of the steel wire W2, whichmakes it possible
to have the product defective rate reduced to a level of
substantially 0 %, and therefore possible to considera-
bly reduce the manufacturing cost of the product or coil
spring which is constructed of the modified cross-sec-
tion steel wire W2. Particularly, the present invention is
effective in production of the small-diameter modified
cross-section steel wire W2 having been heat-treated.
Further, it is also possible to apply the present invention
to any other application field such as one of a torsion
bar constructed of the modified cross-section steel wire
W2.
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Claims

1. A modified cross-section steel wire having been
heat-treated, characterized in that: a starting ma-
terial of said steel wire is rapidly heated to a hot-
rolling temperature in a short period of time using
an induction heating means and/or directly using a
resistance heating means, hot-rolled into a modified
cross-section steel wire having a predetermined
shape in cross section and then quenched immedi-
ately after completion of its hot-rolling operation.

2. The modified cross-section steel wire having been
heat-treated as set forth in claim 1, wherein said
modified cross section steel wire assumes, in cross
section, either a square shape, a rectangular shape
or a nearly trapezoidal shape.

3. A method for producing a modified cross-section
steel wire having been heat-treated, comprising the
steps of: rapidly heating a starting material of said
steel wire to a hot-rolling temperature in a short pe-
riod of time using an induction heating means and/
or directly using a resistance heating means; hot-
rolling said starting material thus heated into a mod-
ified cross-section steel wire having a predeter-
mined shape in cross section; and, quenching said
modified cross-section steel wire immediately after
completion of its hot-rolling operation.

4. The method for producing the modified cross-sec-
tion steel wire having been heat-treated as set forth
in claim 3, wherein said starting material is hot-
rolled using a four-side hot-rolling mill.

5. The method for producing the modified cross-sec-
tion steel wire having been heat-treated as set forth
in claim 3, wherein: said starting material of said
steel wire is rapidly heated to a temperature of equal
to or more than the Ac3 point in a short period of
time, and then hot-rolled at a temperature of equal
to or more than the Ar3 point into said modified
cross-section steel wire having said predetermined
shape in cross section using a hot-rolling mill; and,
said modified cross-section steel wire thus hot-
rolled is quenched immediately after completion of
its hot-rolling operation at a temperature of equal to
or more than the Ar1 point using a quenching/cool-
ing means disposed adjacent to said hot-rolling mill
in a tandem manner.

6. The method for producing the modified cross-sec-
tion steel wire having been heat-treated as set forth
in claim 3, wherein said modified cross-section steel
wire is quenched immediately after completion of its
hot-rolling operation under tension applied to said
steel wire.

7. The method for producing the modified cross-sec-
tion steel wire having been heat-treated as set forth
in claim 6, wherein said tension applied to said mod-
ified cross-section steel wire using either a pinch
roll, a wire take-up reel or a capstan unit each of
which serves as a drive unit, said drive unit being
provided with a torque converter for absorbing var-
iations in tension of said steel wire.

8. The method for producing the modified cross-sec-
tion steel wire having been heat-treated as set forth
in claim 3, wherein, after completion of the quench-
ing operation of said modified cross-section steel
wire, said steel wire is continuously heated to a tem-
pering temperature using an induction heating
means to perform a tempering operation of said
modified cross-section steel wire.

9. The method for producing the modified cross-sec-
tion steel wire having been heat-treated as set forth
in claim 8, wherein said modified cross-section steel
wire having been heat-treated has a tensile strength
of equal to or more than 1600 N/mm2.

10. The method for producing the modified cross-sec-
tion steel wire having been heat-treated as set forth
in any one of claims 3 to 9, wherein said modified
cross-section steel wire having been heat-treated
assumes, in cross section, either a square shape,
a rectangular shape or a nearly trapezoidal shape.

11. An apparatus for producing a modified cross-sec-
tion steel wire having been heat-treated, compris-
ing: an in-line pre-heating means for heating a start-
ing material of said modified cross-section steel
wire to a hot-rolling temperature using an induction
heating means or directly using a resistance heat-
ing means; a hot-rolling means for hot-rolling said
starting material into a modified cross-sectional
steel wire having a predetermined shape in cross
section; a quenching means for quenching the thus
hot-rolled modified cross-section steel wire under
tension applied thereto; and, a tension applying
means for applying a tension to said modified cross-
section steel wire thus hot-rolled, wherein all said
means are arranged in a tandem manner.

12. The apparatus for producing the modified cross-
section steel wire having been heat-treated as set
forth in claim 11, wherein said hot-rolling means is
constructed of a four-side hot-rolling mill.

13. The apparatus for producing the modified cross-
section steel wire having been heat-treated as set
forth in claim 11, wherein said tension applying
means is constructed of either a pinch roll, a wire
take-up reel or a capstan unit each driven by a drive
unit provided with a torque converter for absorbing
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variations in tension appearing in said steel wire.

14. The apparatus for producing the modified cross-
section steel wire having been heat-treated as set
forth in claim 11, wherein: disposed behind said
quenching means in tandem is an in-line post-heat-
ing means for heating said steel wire to a tempering
temperature.
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