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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for
producing a modified cross-section steel wire, 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. A method according to the preamble of claim 1
is e.g. known from AT-B 396 073.

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 process
shown in Fig. 5 (b) after completion of such coiling proc-
ess, 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 man-
ufacturing a coil spring requires two process steps com-
prising 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 from the large number of its necessary
process steps, which makes it difficult for the convention-
al 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 easily

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-sec-
tional 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 section
is continuously hot-rolled into a modified cross-section
steel wire and simultaneously subjected to a quenching
treatment through a heat treatment, whereby the modi-
fied 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 di-
mensions and in smoothness of shape. Particularly, the
present invention is useful for production of a coil spring
constructed of a high-strength steel wire. Further, the
present invention is also useful for production 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, the
present invention provides a method with the steps ac-
cording to claim 1 in combination.
[0008] 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.
[0009] 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 conven-
tional 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.
[0010] 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 ma-
terial of the steel wire. Further, in order to reduce varia-
tions in dimensions of the steel wire resulted from varia-
tions 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 combined
with a torque converter capable of absorbing any varia-
tions in tension of the steel wire.
[0011] As described above, in performing a coiling op-
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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 decrease
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 im-
mediately after completion of the hot-rolling operation, 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 prod-
uct 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.
[0012] However, since the steel wire having been heat-
ed to a high temperature for performing the quenching
operation thereof is low in strength, there is a fear that
the dimensions of the steel wire vary in cross section
when the tension applied to the steel wire varies. Con-
sequently, 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 predetermined
level when the steel wire is quenched. This makes it pos-
sible for the present invention to obtain the steel wire
which has been quenched, is free from variations in its
cross section and excellent in dimension accuracy. Par-
ticularly, 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 variations in cross sec-
tion 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-diameter 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 con-
verter, but also any system for driving the steel wire
through the torque converter.
[0013] 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 op-
eration which is followed by an induction heating opera-
tion. In this induction heating process, the steel wire is
heated to a tempering temperature thereof. After the steel
wire reaches such a tempering temperature thereof, the
steel wire is tempered. Preferably, such a tempering op-
eration of the steel wire is continuously performed using
the induction heating coil, wherein the induction heating

coil is disposed in a downstream side of the quenching
means or unit in a tandem manner.
[0014] 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-
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.
[0015] 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 using an
induction heating means or unit or directly using a resist-
ance 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 sec-
tion; 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-section steel
wire thus hot-rolled, wherein all the means or units are
arranged in tandem.
[0016] Preferably, the hot-rolling means or unit is con-
structed of a four-side hot-rolling mill. Preferably, the ten-
sion 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 absorbing
variations in tension appearing in the steel wire. Disposed
in a downstream side of the quenching/cooling means or
unit in tandem is an post-heating means or unit for heating
the steel wire to a tempering temperature, which makes
it possible for the apparatus of the present invention to
continuously perform the quenching operation and the
tempering operation of the steel wire.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

[Fig. 1] : a view illustrating in construction an embod-
iment of the apparatus of the present invention for
producing the modified cross-section steel wire hav-
ing been heat-treated;
[Fig. 2] : a view illustrating in configuration the cross
section of an embodiment of the modified cross-sec-
tion steel wire having been heat-treated, according
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;
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[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 composition
of the rolled steel wire of the embodiment of the
present invention;
[Fig. 7]: a Table illustrating the particulars of the mod-
ified cross-section steel wire having been heat-treat-
ed in the embodiment of the present invention;
[Fig. 8]: a Table illustrating temperatures measured
in various positions of the apparatus in the embodi-
ment 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]

[0018] 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 modified
cross-section steel wire.

BEST MODE FOR CARRYING OUT THE INVENTION

[0019] With reference to an embodiment of the present
invention shown in the accompanying drawings, present
invention will be described in a concrete manner. Fig. 1
is a view illustrating the concept of the present invention
in construction with the use of an embodiment of an ap-
paratus of the present invention for producing the mod-
ified cross-section steel wire having been heat-treated.
Fig. 2 is a view illustrating in configuration the cross sec-
tion 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 apparatus of the
present invention. Fig. 3 is a view illustrating, in config-
uration, each of rolls of the four-side hot-rolling mill (i.e.,
a hot-rolling means or unit) used in the hot-rolling oper-
ation of the steel wire according to the present invention.
Fig. 4 is a flow diagram illustrating the process steps re-
quired in producing the modified cross-section steel wire
having been heat-treated according to the embodiment
of the present invention.
[0020] In Fig. 1, arranged in tandem from the left (i.e.,
an upstream side of Fig. 1) to the right (i.e., a downstream
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-heat-
ing 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.
[0021] 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 trapezoidal
shape in cross section. Used in a hot-rolling operation 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 upper 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.
[0022] 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 sec-
tion. 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 completion of such a
hot-rolling operation, the steel wire W2 thus hot-rolled is
quenched using the water-cooled jacket 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-sec-
tion 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 oper-
ation of the steel wire W2 is performed. 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. Consequently, 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 tempered. 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 modified cross-section steel wire thus tak-
en up by the reel 11 is coiled to assume a predetermined
shape.
[0023] In other words, as shown in Fig. 5, a conven-
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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 described in the
conventional method are performed in a single step of
the method of the present invention.
[0024] 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 pos-
sible to realize such in-line heating through induction
heating and/or direct resistance heating.

[EXAMPLES]

[0025] 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 com-
position of the example 1 of the steel wire W2 having
been rot-rolled.
[0026] 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 sec-
tion 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 diam-
eter of the corresponding starting material W1 of the steel
wire W2. In this example 1, a so-called "reduction of ar-
ea", i.e., the percentage of decrease in cross sectional
area of the drawn bar or wire was equal to approximately
0.9. Each of a plurality of the steel wires W2 each as-
suming a nearly trapezoidal shape but varying in dimen-
sion was subsequently subjected to a quenching 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 under 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 variations in cross
sectional dimension. In contrast with this, in the method
of the present invention, since a tension was applied to
the steel wire W2 by means of the pinch roll 9 combined
with the torque converter, it was possible to quench such

small-diameter modified cross-section steel wire W2 un-
der tension without a fear that the steel wire or product
W2 varies in diameter.
[0027] 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 exam-
ple 1, variations in dimension in cross section of the mod-
ified cross-section steel wire W2 having been heat-treat-
ed 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.
[0028] 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 � of the in-line pre-
heating coil 6; a soaking position, i.e., a downstream side
� of the in-line pre-heating coil 6, in which side � the
starting material W1 thus heated was stabilized in tem-
perature as a whole; an inlet side � of the hot-rolling mill
7; an exit side � of the hot-rolling mill 7; an inlet side �
of the water-cooled jacket 8; an, an exit side � of the in-
line post-heating coil 10. Fig. 8 shows temperatures
measured in the above positions of the apparatus of the
present invention.
[0029] In other words, the round bar or starting material
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)" structure. 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 Ar1 point rang-
ing from 850°C to 700°C. Immediately after completion
of the hot-rolling operation, the steel wire W2 was
quenched from 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
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thus obtained steel wire W2 was heated again up to a
tempering temperature of approximately 500°C and then
tempered.
[0030] 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 %.
[0031] 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 defec-
tive 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 substan-
tially 0 %.
[0032] Although the other types of heat-treated modi-
fied 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 dimension
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 straight-
ness, tensile strength and elongation rate, as is in the
example 1. Consequently, all the other types of the mod-
ified 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 substantially 0 % when
formed into a coil spring, i.e., product, as is in the example
1.
[0033] 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 rectangular
shape in cross section of the steel wire W2. In application,
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 re-
duce the number of necessary process steps of the meth-
od of the present invention for producing such linear prod-
ucts each constructed of the modified cross-section steel
wire W2 having been heat-treated, so that the production
yield in the method of the present invention can be im-

proved greatly. It is also possible to apply the present
invention to various application fields other than the wire
springs.

INDUSTRIAL APPLICABILITY:

[0034] 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 pos-
sible 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 problem of
decarbonization which often occurs in heating in an or-
dinary 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 com-
pletion 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 op-
eration is followed by a rapid heating and a tempering
process step, which makes it possible to produce the
modified cross-section steel wire W2 excellent in
strength.
[0035] In the method of the present invention: the
round bar W1 is rapidly heated to a tempering tempera-
ture of equal to or more than the Ac3 point; the thus heat-
ed 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 temperature 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 pro-
duced. 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/cool-
ing means or unit 8 in tandem, which makes it possible
to have the quenching and the tempering operation con-
ducted in a continuous manner in the method of the
present invention.
[0036] 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 process.
[0037] Still further, in the method of the present inven-
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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 varia-
tion 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 realized by the
method of the present invention. In contrast with this,
such an effective quenching process is not realized in
the prior art.
[0038] 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 proc-
ess and the like. It is also possible to employ both the
induction heating and the direct resistance heating proc-
ess 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 invention, it is
also possible for the method of the present invention 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 embodiment 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.
[0039] 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 straight-
ness and strength through a single process step. Due to
this, it is possible for the present invention to produce 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 considerably reduce the
manufacturing cost of the product or coil spring which is
constructed of the modified cross-section steel wire W2.
Particularly, the present invention is effective in produc-
tion of the small-diameter modified cross-section steel
wire W2 having been heat-treated. Further, it is also pos-
sible to apply the present invention to any other applica-

tion field such as one of a torsion bar constructed of the
modified cross-section steel wire W2.

Claims

1. A method for producing a modified cross-section
quenched steel wire (W2) having been heat-treated,
comprising the steps of: rapidly heating a starting
material (W1) of said steel wire to a hot-rolling tem-
perature in a short period of time using heating
means; hot-rolling said starting material (W1) thus
heated into a modified cross-section steel wire hav-
ing a predetermined shape in cross section through
a hot-rolling operation; and, quenching said modified
cross-section steel wire through a quenching oper-
ation immediately after completion of said hot-rolling
operation, wherein said hot-rolling operation and
said quenching operation are performed in a single
process step, characterised in that: said starting
material (W1) 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 at a heating rate of equal to
or more than 100°C/sec using an induction heating
means (6), and then hot-rolled at a temperature of
equal to or more than the Ar1 point into said modified
cross-section steel wire (W2) having said predeter-
mined shape in cross section using a hot-rolling mill
(7) through a hot-rolling process; and, said modified
cross-section steel wire (W2) thus hot-rolled is
quenched from a temperature of equal to or more
than the Ar1 point immediately after completion of
said hot-rolling operation using a quenching/cooling
means (8) disposed adjacent to said hot-rolling mill
(7) in a tandem manner.

2. The method for producing the modified cross-section
quenched steel wire having been heat-treated as set
forth in claim 1, wherein said starting material is hot-
rolled using a four-side hot-rolling mill.

3. The method for producing the modified cross-section
quenched steel wire having been heat-treated as set
forth in claim 1, wherein said modified cross-section
steel wire is quenched immediately after completion
of said hot-rolling operation under tension applied to
said steel wire.

4. The method for producing the modified cross-section
quenched steel wire having been heat-treated as set
forth in claim 3, wherein said tension applied to said
modified 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 vari-
ations in tension of said steel wire.

5. The method for producing the modified cross-section
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quenched steel wire having been heat-treated as set
forth in any one of claims 1-3, 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.

6. The method for producing the modified cross-section
quenched steel wire having been heat-treated as set
forth in claim 1, wherein, after completion of said
quenching operation of said modified cross-section
steel wire, said steel wire is continuously heated to
a tempering temperature using an induction heating
means to perform a tempering operation of said mod-
ified cross-section steel wire.

7. The method for producing the modified cross-section
quenched steel wire having been heat-treated as set
forth in claim 6, wherein said modified cross-section
steel wire having been heat-treated has a tensile
strength of equal to or more than 1600 N/mm2.

Patentansprüche

1. Verfahren zum Herstellen eines querschnittsverän-
derten abgeschreckten Stahldrahts (W2), der wär-
mebehandelt wurde, welches die Schritte umfasst:

schnelles Erwärmen eines Ausgangsmaterials
(W1) des Stahldrahts auf eine Heißwalztempe-
ratur in einer kurzen Zeitdauer unter Verwen-
dung eines Heizmittels; Heißwalzen des so er-
wärmten Ausgangsmaterials (W1) zu einem
querschnittsveränderten Stahldraht, der eine
vorbestimmte Querschnittsform aufweist durch
eine Heißwalzoperation; und Abschrecken des
querschnittsveränderten Stahldrahts durch eine
Abschreckoperation unmittelbar nach Vollen-
dung der Heißwalzoperation, wobei die
Heißwalzoperation und die Abschreckoperation
in einem einzigen Prozessschritt durchgeführt
werden, dadurch gekennzeichnet, dass das
Ausgangsmaterial (W1) des Stahldrahts schnell
auf eine Temperatur von gleich oder mehr als
den Ac3-Punkt erhitzt wird in einer kurzen Zeit-
dauer bei einer Heizrate von gleich oder mehr
als 100°C/Sek. unter Verwendung eines Induk-
tionsheizmittels (6), und das dann bei einer
Temperatur von gleich oder mehr als der Ar1
Punkt zu dem querschnittsveränderten Stahl-
draht (W2) heißgewalzt wird, der die vorbe-
stimmte Querschnittsform aufweist, unter Ver-
wendung einer Heißwalzmühle (7) durch einen
Heißwalzprozess; und der querschnittsverän-
dertete, so erhitzte Stahldraht (W2) von einer
Temperatur gleich oder mehr als der Ar1 Punkt
unmittelbar nach Vollendung der Heißwalzope-
ration unter Verwendung eines Ab-

schreck-/Kühlmittels (8) abgeschreckt wird, das
benachbart zur Heißwalzmühle (7) dahinter an-
geordnet ist.

2. Verfahren zum Herstellen des querschnittsverän-
derten abgeschreckten Stahldrahts, der wie in An-
spruch 1 dargelegt wärmebehandelt wurde, wobei
das Ausgangsmaterial unter Verwendung einer vier-
seitigen Heißwalzmühle heißgewalzt wird.

3. Verfahren zum Herstellen des querschnittsverän-
derten abgeschreckten Stahldrahts, der wie in An-
spruch 1 dargelegt wärmebehandelt wurde, wobei
der querschnittsveränderte Stahldraht unmittelbar
nach Vollendung der Heißwalzoperation unter auf
den Stahldraht angewendeter Spannung abge-
schreckt wird.

4. Verfahren zum Herstellen des querschnittsverän-
derten Stahldrahts, der wie in Anspruch 3 dargelegt
wärmebehandelt wurde, wobei die Spannung auf
den querschnittsveränderten Stahldraht unter Ver-
wendung entweder einer Andruckrolle, einer Draht-
aufnahmerolle oder einer Windeneinheit angewen-
det wird, von denen jede als eine Antriebseinheit
dient, wobei die Antriebseinheit mit einem Drehmo-
mentwandler zum Absorbieren von Spannungsän-
derungen des Stahldrahts ausgestattet ist.

5. Verfahren zum Herstellen des querschnittsverän-
derten abgeschreckten Stahldrahts, der wie in einem
der Ansprüche 1-3 dargelegt wärmebehandelt wur-
de, wobei der querschnittsveränderte Stahldraht,
der wärmebehandelt wurde, im Querschnitt entwe-
der eine Quadratform, eine rechteckige Form oder
eine fast trapezförmige Form annimmt.

6. Verfahren zum Herstellen des querschnittsverän-
derten abgeschreckten Stahldrahts, der wie in An-
spruch 1 dargelegt wärmebehandelt wurde, wobei
nach Vollendung der Abschreckoperation des quer-
schnittsveränderten Stahldrahts der Stahldraht auf
eine Anlasstemperatur unter Verwendung eines
Heizmittels kontinuierlich erhitzt wird, um eine An-
lassoperation des querschnittsveränderten Stahl-
drahts durchzuführen.

7. Verfahren zum Herstellen des querschnittsverän-
derten abgeschreckten Stahldrahts, der wie in An-
spruch 6 dargelegt wärmebehandelt wurde, wobei
der querschnittsveränderte Stahldraht, der wärme-
behandelt wurde, eine Zugfestigkeit von gleich oder
mehr als 1600 N/mm2 aufweist.

Revendications

1. Procédé pour la production d’un fil d’acier trempé à
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section transversale modifiée (W2) ayant été traité
thermiquement, comprenant les étapes consistant
à : chauffer rapidement un matériau de départ (W1)
dudit fil d’acier à une température de laminage à
chaud pendant une courte période de temps en uti-
lisant un moyen de chauffage ; laminer à chaud ledit
matériau de départ (W1) chauffé ainsi en un fil d’acier
à section transversale modifiée ayant une forme pré-
déterminée de section transversale grâce à une opé-
ration de laminage à chaud ; et, tremper ledit fil
d’acier à section transversale modifiée grâce à une
opération de trempage immédiatement après l’achè-
vement de ladite opération de laminage à chaud, où
ladite opération de laminage à chaud et ladite opé-
ration de trempage sont réalisées en une seule étape
de procédé, caractérisé en ce que : ledit matériau
de départ (W1) dudit fil d’acier est chauffé rapide-
ment à une température égale ou supérieure au point
Ac3 pendant une courte période de temps à une vi-
tesse de chauffage égale ou supérieur à 100°C/sec
en utilisant un moyen de chauffage par induction (6),
et il est ensuite laminé à chaud à une température
égale ou supérieure au point Ar1 en ledit fil d’acier
à section transversale modifiée (W2) ayant ladite for-
me prédéterminée de section transversale en utili-
sant un laminoir à chaud (7) par un procédé de la-
minage à chaud ; et, ledit fil d’acier à section trans-
versale modifiée (W2) ainsi laminé à chaud est trem-
pé à partir d’une température égale ou supérieure
au point Ar1 immédiatement après l’achèvement de
ladite opération de laminage à chaud en utilisant un
moyen de trempage/refroidissement (8) disposé de
manière adjacente audit laminoir à chaud (7) en tan-
dem.

2. Procédé pour la production du fil d’acier trempé à
section transversale modifiée ayant été traité ther-
miquement selon la revendication 1, où ledit maté-
riau de départ est laminé à chaud en utilisant un la-
minoir à chaud à quatre côtés.

3. Procédé pour la production du fil d’acier trempé à
section transversale modifiée ayant été traité ther-
miquement selon la revendication 1, où ledit fil
d’acier à section transversale modifiée est trempé
immédiatement après l’achèvement de ladite opé-
ration de laminage à chaud sous une tension appli-
quée audit fil d’acier.

4. Procédé pour la production du fil d’acier trempé à
section transversale modifiée ayant été traité ther-
miquement selon la revendication 3, où ladite ten-
sion est appliquée audit fil d’acier à section transver-
sale modifiée en utilisant un rouleau pinceur, une
bobine réceptrice ou une unité de cabestan, chacun
d’eux servant d’unité d’entraînement, ladite unité
d’entraînement étant munie d’un convertisseur de
couple pour absorber les vibrations de tension dudit

fil d’acier.

5. Procédé pour la production du fil d’acier trempé à
section transversale modifiée ayant été traité ther-
miquement selon l’une quelconque des revendica-
tions 1 à 3, où ledit fil d’acier à section transversale
modifiée ayant été traité thermiquement présente,
en section transversale, soit une forme carrée, une
forme rectangulaire ou une forme quasi trapézoïda-
le.

6. Procédé pour la production du fil d’acier trempé à
section transversale modifiée ayant été traité ther-
miquement selon la revendication 1, où, après
l’achèvement de ladite opération de trempage dudit
fil d’acier à section transversale modifiée, ledit fil
d’acier est chauffé de manière continue à une tem-
pérature de revenu en utilisant un moyen de chauf-
fage par induction pour réaliser une opération de re-
venu dudit fil d’acier à section transversale modifiée.

7. Procédé pour la production du fil d’acier trempé à
section transversale modifiée ayant été traité ther-
miquement selon la revendication 6, où ledit fil
d’acier à section transversale modifiée ayant été trai-
té thermiquement présente une résistance à la trac-
tion égale ou supérieure à 1600 N/mm2.
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