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(54) HOLLOW MEMBER AND METHOD FOR MANUFACTURING SAME

(57) A method for manufacturing a hollow article having excellent durability is provided. In particular, an electric
resistance welded steel pipe which is made from a steel sheet and in which the width of a low carbon layer is 2h (m) is
subjected to a heat treatment that includes a quenching treatment in which the electric resistance welded steel pipe is
heated to a heating temperature T (K) not lower than the Ac3 transformation temperature at a heating rate Vh (K/s), held
for a soaking time k (s), immediately cooled to a quenching start temperature Tq (K) at a primary cooling rate Vc(K/s),
and then secondarily cooled (quenched). The heating rate Vh, the maximum heating temperature T, and the primary
cooling rate Vc are adjusted so as to satisfy an inequality (herein C0 (mass percent) is the C content (mass percent) of
the steel sheet, t is the diffusion time (s), t = 50 / Vh + 50 / Vc + k, Vh is the heating rate (K/s), Vc is the primary cooling
rate (K/s), k is the soaking time (s), D is the diffusion coefficient (m2/s), D (m2/s) = D0exp(-Q / RT), Do is 4.7 3 10-5

(m2/s), Q = 155 (kJ/mol·K), R = 8.31 (J/mol·K), and T is the maximum heating temperature (K)) and the quenching start
temperature Tq is higher than the Ar3 transformation temperature. This prevents the hardness as quenching of the
electric resistance welded portion from being reduced and significantly increases the durability of the heat-treated article.
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Description

Technical Field

[0001] The present invention relates to a hollow article made from an electric resistance welded steel pipe suitable
for applications such as stabilizers and a method for manufacturing the same and particularly relates to the enhancement
of the strength of an electric resistance-welded portion heat-treated by rapid heating for a short time or the like.

Background Art

[0002] In recent years, emission gas standards have been tightened in view of global environmental protection and
therefore weight reduction in automobile bodies has been attempted for the purpose of improving fuel consumption.
The replacement of solid-core parts with hollow parts has been recently attempted as a technique for reducing the weight
of automobile bodies. This attempt is not an exception to stabilizers for preventing the rolling of the automobile bodies
in the corners or improving the high-speed running stability. Solid-core parts made from bar steel are being replaced
with hollow parts (hollow stabilizers) made from steel pipes, whereby weight reduction in automobile bodies is attempted.
[0003] Such hollow parts (hollow stabilizers) are usually manufactured in such a manner that seamless steel pipes
or electric resistance welded steel pipes are cold-worked so as to have a desired shape and then subjected to thermal
refining such as quenching or quenching and tempering. Since the electric resistance welded steel pipes are relatively
inexpensive and are excellent in accuracy of dimension, the electric resistance welded steel pipes are widely used as
materials for are hollow stabilizers. For example, Japanese Examined Patent Application Publication No. 1-58264 dis-
closes a steel for electric resistance welded steel pipes for hollow stabilizers. The steel contains 0.35% or less C, 0.25%
or less Si, 0.30% to 1.20% Mn, less than 0.50% Cr, N, O, Ti, and 0.0005% to 0.009% B and further contains 200 ppm
or less Ca and/or Nb, the sum of the content of N and that of O being 0.0200% or less, the content of Ti being four to
12 times the sum of the content of N and that of O in the steel, the content of Nb being not greater than to four-tenths
of the content of C. The C, Si, Mn, and Cr content is adjusted such that the ideal critical diameter D1 is 1.0 in. or more.
Furthermore, the C, Si, Mn, and Cr content is adjusted such that the carbon equivalent Ceq is 0.60% or less.
[0004] Japanese Examined Patent Application Publication No. 61-45688 discloses a method for producing a steel for
electric resistance welded steel pipes for hollow stabilizers. The steel contains 0.35% or less C, 0.25% or less Si, 0.30%
to 1.20% Mn, less than 0.50% Cr, N, O, Ti, and 0.0005% to 0.009% B and further contains 200 ppm or less Ca, the sum
of the content of N and that of O being 0.0200% or less, the content of Ti being four to 12 times the sum of the content
of N and that of O in the steel. The following slab is subjected to hot rolling and then coiled at a coiling temperature of
570˚C to 690˚C: a slab of the steel in which the C, Si, Mn, and Cr content is adjusted such that the D1 value is 1.0 in.
or more and furthermore, the C, Si, Mn, and Cr content is adjusted such that Ceq is 0.60% or less.
[0005] Japanese Unexamined Patent Application Publication No. 6-93339 discloses a method for manufacturing a
high-strength, high-ductility electric resistance welded steel pipe usable for stabilizers. A technique disclosed in Japanese
Unexamined Patent Application Publication No. 6-93339 is as follows: an electric resistance welded steel pipe made of
a steel which contains 0.18% to 0.28% C, 0.10% to 0.50% Si, 0.60% to 1.80% Mn, 0.020% to 0.050% Ti, 0.0005% to
0.0050% B, and at least one of 0.20% to 0.50% Cr, 0.5% or less Mo, and 0.015% to 0.050% Nb and which further
contains 0.0050% or less Ca is subjected to a normalizing treatment at a temperature of 850˚C to 950˚C and is then
quenched, whereby the high-strength, high-ductility electric resistance welded steel pipe is manufactured.
[0006] Electric resistance welded steel pipes are widely used as materials for hollow parts because the electric re-
sistance welded steel pipes are relatively inexpensive and are excellent in dimensional accuracy. Since further weight
saving is recently aided and stresses applied to hollow parts are large, the techniques disclosed in Japanese Examined
Patent Application Publication No. 1-58264, Japanese Examined Patent Application Publication No. 61-45688, and
Japanese Unexamined Patent Application Publication No. 6-93339 are insufficient to secure the fatigue durability of
electric resistance welded portions in some cases. This is because the hardenability of the electric resistance welded
portions is insufficient. In the case where steel pipes are cold-bent so as to have a desired shape, rapidly heated for a
short time by electrical heating, and then quenched, electric resistance welded portions thereof have reduced hardness
after quenching (hereinafter referred to as hardness as quenching) and therefore articles sometimes have reduced
fatigue durability. Electrical heating is a technique used in a step of quenching a stabilizer and is characterized in that
electrical heating is capable of preventing decarburization even during heating in air because heating to 900˚C or higher,
at which decarburization occurs in air, can be achieved in a short time of one minute or less. If decarburization occurs,
a desired surface hardness is not obtained, which leads to a reduction in fatigue durability. Electrical heating, as used
herein, refers to a heating technique in which the average heating rate from room temperature to a maximum heating
temperature of 900˚C or higher is 10 ˚C/s or more and the time to hold 900˚C or higher is one minute or less.



EP 2 239 343 A1

4

5

10

15

20

25

30

35

40

45

50

55

Disclosure of Invention

[0007] The scope of the present invention is as described below.

(1) A method for manufacturing a hollow article having a desired high strength includes subjecting an electric
resistance welded steel pipe which is made from a steel sheet and in which the width of a low carbon layer width
is 2h (m) to a heat treatment that includes a quenching treatment in which the electric resistance welded steel pipe
is heated to a heating temperature T (K) not lower than the Ac3 transformation temperature at a heating rate Vh
(K/s), held for a soaking time k (s), immediately cooled to a quenching start temperature Tq (K) at a primary cooling
rate Vc(K/s), and then secondarily cooled and that further includes a tempering treatment. The heating rate Vh, the
maximum heating temperature T, the soaking time k, and the primary cooling rate Vc are adjusted in the quenching
treatment so as to satisfy the following inequality:

where C0 (mass percent) is the C content (mass percent) of the steel sheet, t is the diffusion time (s), t = 50 / Vh +
50 / Vc + k, Vh is the heating rate (K/s), Vc is the primary cooling rate (K/s), k is the soaking time (s), D is the diffusion
coefficient (m2/s), D = D0exp(-Q / RT), Do is 4.7 3 10-5 (m2/s), Q = 155 (kJ/mol·K), R = 8.31 (J/mol·K), and T is the
maximum heating temperature (K). The quenching start temperature Tq is higher than the Ar3 transformation tem-
perature. The formula giving D, which is the diffusion coefficient (m2/s) is one quoted from the Japan Institute of
Metals, Metal Data Book, 2nd ed., Maruzen, 1984, p. 26.
(2) In the hollow article-manufacturing method specified in Item (1), the steel sheet has a composition containing
0.15% to 0.40% C, 0.05% to 0.50% Si, 0.30% to 2.00% Mn, 0.01% to 0.10% Al, 0.001% to 0.04% Ti, 0.0005% to
0.0050% B, and 0.0010% to 0.0100% N on a mass basis, the remainder being Fe and unavoidable impurities, and
Ti and N satisfy the inequality (N / 14) < (Ti / 47.9).
(3) The hollow article-manufacturing method specified in Item (2) further has a composition containing one or more
selected from the group consisting of 1.0% or less Cr, 1.0% or less Mo, 1.0% or less W, 1.0% or less Ni, and 1.0%
or less Cu on a mass basis in addition to the above composition.
(4) The hollow article-manufacturing method specified in Item (2) or (3) further has a composition containing one
or more selected from the group consisting of 0.2% or less Nb and 0.2% or less V on a mass basis in addition to
the above composition.
(5) The hollow article-manufacturing method specified in any one of Items (2) to (4) further has a composition
containing 0.0050% or less Ca on a mass basis in addition to the above composition.
(6) A hollow article is manufactured by subjecting an electric resistance welded steel pipe of which a base material
is a steel sheet and which includes an electric resistance welded portion including a low carbon layer with a width
of 2h (m) to at least a quenching treatment. The ratio C1/C0 of the minimum C content C1 of the electric resistance
welded portion to the C content C0 of a base material portion is 0.83 or more.
(7) In the hollow article specified in Item (6), the base material portion other than the electric resistance welded
portion has a composition containing 0.15% to 0.40% C, 0.05% to 0.50% Si, 0.30% to 2.00% Mn, 0.01% to 0.10%
Al, 0.001% to 0.04% Ti, 0.0005% to 0.0050% B, and 0.0010% to 0.0100% N on a mass basis, the remainder being
Fe and unavoidable impurities, and Ti and N satisfy the inequality (N / 14) < (Ti / 47.9).
(8) The hollow article specified in Item (7) further has a composition containing one or more selected from the group
consisting of 1.0% or less Cr, 1.0% or less Mo, 1.0% or less W, 1.0% or less Ni, and 1.0% or less Cu on a mass
basis in addition to the above composition.
(9) The hollow article specified in Item (7) or (8) further has a composition containing one or more selected from the
group consisting of 0.2% or less Nb and 0.2% or less V on a mass basis in addition to the above composition.
(10) The hollow article specified in any one of Items (7) to (9) further has a composition containing 0.0050% or less
Ca on a mass basis in addition to the above composition.

Advantage

[0008] According to the present invention, the hardness as quenching of an electric resistance welded portion can be
prevented from being reduced and a hollow article, having excellent durability, suitable for applications such as such as
stabilizers can be readily and stably manufactured. This is particularly industrially advantageous.
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Brief Description of Drawings

[0009]

Fig. 1 is a graph showing the relationship between the hardness as quenching HV0.5 of each electric resistance
welded portion and the ratio C1/C0 of the minimum C content C1 of the electric resistance welded portion to the C
content C0 of a corresponding one of base material portions.
Fig. 2 is a graph schematically showing a heat cycle pattern used in a quenching treatment.
Fig. 3 is an illustration showing an example of the measurement of the width of low carbon layers.
Fig. 4 is a graph showing the relationship between the diameter-reducing rolling reduction during reducing rolling
and the width of bond after diameter reducing.
Fig. 5 is a graph showing the relationship between the fatigue durability and the ratio of the hardness of each electric
resistance welded portion to the hardness of a corresponding one of base material portions.

Best Modes for Carrying Out the Invention

[0010] It is an object of the present invention to provide a method for manufacturing an electric resistance welded
steel pipe for hollow article which solves the problems involved in the conventional techniques, in which the hardness
as quenching of an electric resistance welded portion can be prevented from being reduced even if the electric resistance
welded portion is subjected to a quenching treatment in such a manner that the electric resistance welded portion is
rapidly heated for a short time and then quenched, and which has excellent fatigue durability.
[0011] In order to achieve the above object, the inventors have intensively investigated a factor that reduces the
hardness as quenching of an electric resistance welded portion when an electric resistance welded steel pipe is subjected
to a quenching treatment in such a manner that the electric resistance welded steel pipe is rapidly heated for a short
time and then quenched. As a result, the inventors have found that electric resistance welded steel pipes include electric
resistance welded portions including layers (low carbon layers) having a reduced amount of carbon as shown in the C
concentration distribution, determined by EPMA (Electron Probe Micro-Analysis), shown in Fig. 3; the electric resistance
welded portions cannot be recarburized to a carbon level not less than a desired level by rapid heating for a short time
like electrical heating when the low carbon layers have an increased width; and therefore the electric resistance welded
portions therefore have reduced hardenability and cannot be sufficiently secured in hardenability. The low carbon layers
are unavoidable for electric resistance welding. The inventors have supposed that a low carbon layer is formed as
described below.

(1) A welded portion is heated to a solid-liquid phase coexisting zone during electric resistance welding and C is
concentrated in a liquid phase but diluted in a solid phase.
(2) The liquid phase, in which C is concentrated, is ejected out of an electric resistance welded portion because of
upset during welding to create beads. Therefore, the solid phase, in which C is diluted, remains in the electric
resistance welded portion and the low carbon layer is formed in the electric resistance welded portion.

[0012] The inventors have further performed investigations and have found that the hardness of a quenched electric
resistance welded portion can be adjusted to a desired value and the fatigue durability of an article can be enhanced in
such a manner that the heating rate, the attained maximum temperature, the soaking temperature, and the primary
cooling rate to the quenching start temperature, which are among quenching conditions, are adjusted so as to satisfy a
specific correlation relating to the width of a low carbon layer in an electric resistance welded portion and an amount of
carbon sufficient to secure the hardness as quenching is thereby diffused from a base material to the electric resistance
welded portion.
[0013] The inventors performed experiments. The experiment results on which the present invention is based are
described below.
[0014] Hot-rolled Steel Sheet A having a composition shown in Table 1 was processed into steel pipe materials. The
steel pipe materials were formed into open pipes with substantially a cylindrical shape. End portions of each of the open
pipes were brought into contact with each other and then electrically welded by high-frequency resistance welding or
further subjected to reducing rolling, whereby electric resistance welded steel pipes including low carbon layers with
various widths (2h: 7 to 54 mm) were manufactured. The electric resistance welded steel pipes were subjected to a
quenching treatment including a thermal cycle shown in Fig. 2, that is, the electric resistance welded steel pipes were
heated to an attained maximum temperature (maximum heating temperature) T at a heating rate Vh, held for a soaking
time k, immediately cooled to a quenching start temperature Tq at a primary cooling rate Vc, and then secondarily cooled
(quenched).
[0015] After being subjected to the quenching treatment, the electric resistance welded steel pipes were measured
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for hardness, whereby the hardness as quenching thereof was determined. The measurement of hardness was performed
in such a manner that a base material portion and an electric resistance welded portion were measured for Vickers
hardness HV0.5 with a load of 500 g (a test force of 4.9 N) in the thickness direction thereof and the measurements
were averaged, whereby the hardness as quenching of each portion was determined. In the experiments, the heating
rate Vh, the attained maximum temperature T, and the primary cooling rate Vc were varied and the rate of secondary
cooling (quenching) was constant (80 ˚C/s).
[0016] In other experiments, the diffusion of C due to the thermal cycle of the quenching treatment was investigated
and the minimum C content C1 of each quenched electric resistance welded portion was estimated by calculation. The
following equation, which gives the content of C in a portion spaced from the center of a low carbon layer formed in an
electric resistance welded portion of a steel pipe subjected to the thermal cycle of the quenching treatment at a distance
x in the width direction of the low carbon layer, was used to estimate the C content C1 of the electric resistance welded
portion:

[0017] An integral term following the term (C0 - 0.09) in Equation (a) shows how, when a location which is spaced
from the center of a low carbon layer at a distance y in the width direction of the low carbon layer and which has a width
dy has a certain initial C concentration and C is diffused from a base material portion to the low carbon layer after a time
t elapsed, the C concentration of the location x varies. The initial C concentration of the low carbon layer formed during
electric resistance welding was set such that the C content is constantly 0.09% from -h to +h in the width direction and
follows a rectangular pattern. This is based on the fact that the C concentration of the low carbon layer formed during
electric resistance welding is constantly about 0.09 mass percent regardless of the C concentration C0 of a base material
or welding conditions. Therefore, the C content of a location spaced from the center of a low carbon layer at a distance
x in the width direction of the low carbon layer is determined from Equation (a) by integrating the integral term following
the term (C0 - 0.09) from -h to +h with respect to y in the integral term.
[0018] Herein, C0 is the C content (mass percent) of a steel sheet, D is the diffusion coefficient (m2/s), D = D0exp(-Q
/ RT), D0 is 4.7 3 10-5 (m2/s), Q = 155 (kJ/mol·K), R = 8.31 (J/mol·K), T is the attained maximum temperature (maximum
heating temperature) (K), t is the diffusion time (s), t = 50 / Vh + 50 / Vc + k, Vh is the heating rate (K/s), Vc is the primary
cooling rate (K/s), and k is the soaking time (s). The equation defining the diffusion coefficient (m2/s), which is represented
by D, is one quoted from the Japan Institute of Metals, Metal Data Book, 2nd ed., Maruzen, 1984, p. 26. Vh and Vc are
rates (K/s) determined at temperatures substantially not lower than 900˚C. The minimum C content C1 of the electric
resistance welded portion corresponds to the value of C1(x) in Equation (a) when x = 0.
[0019] Fig. 1 shows the relationship between the measured average hardness HV0.5 and the ratio C1/C0 of the
calculated minimum C content C1 of each electric resistance welded portion to the C content C0 of a corresponding one
of steel sheets. Fig. 1 illustrates that the hardness (hardness as quenching) of the electric resistance welded portion
can be regulated with the ratio C1/C0 and the reduction of the hardness as quenching thereof can be prevented by
adjusting the ratio C1/C0 to 0.83 or more. Fig. 5 shows the relationship between the fatigue durability and the ratio of
the hardness of each quenched and tempered electric resistance welded portion to the hardness of a corresponding
one of base material portions. The fatigue durability is the fatigue strength determined by a fatigue test according to JIS
Z 2273 under completely reversed torsion at a number of cycles of 106. Fig. 5 illustrates that an electric resistance
welded portion with a hardness that is 86% or more of the hardness of the corresponding base material portion is not
significantly reduced in fatigue strength.
[0020] Therefore, the adjustment of the ratio C1/C0 to 0.83 or more can prevent the fatigue durability of an electric
resistance welded portion from being reduced due to a reduction in hardness as quenching. When the ratio C1/C0 is
less than 0.83, the hardness as quenching is significantly reduced.
[0021] The present invention has been completed on the basis of these findings in addition to further investigations.
[0022] In the present invention, an electric resistance welded steel pipe, made from a steel sheet, including a low
carbon layer with a width 2h (m) is used. The electric resistance welded steel pipe is manufactured in such a manner
that the steel sheet is processed into materials; one of the materials is formed, preferably continuously formed, into an
open pipe with substantially a cylindrical shape; and edge portions of the open pipe are brought into contact with each
other and then electrically welded by high-frequency resistance welding. The electric resistance welded steel pipe
includes an electric resistance welded portion that includes the low carbon layer, which has a width 2h (m). The width
of the low carbon layer can be measured by various methods such as the analysis of C by EPMA (Electron Probe Micro-
Analysis) as shown in the top of Fig. 3 and the measurement of the thickness of a white layer by nital etching (the middle
of Fig. 3). For an electric resistance welded steel pipe untreated, heat-treated at a temperature of 950˚C to lower than
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1000˚C for 10 s or less, heat-treated at a temperature of 900˚C to lower than 950˚C for one minute or less, heat-treated
at a temperature of 800˚C to lower than 900˚C for two minutes or less, or heat-treated at a temperature lower than
800˚C, a layer in which no segregation line is observed in an electric resistance welded portion, that is, the width of bond
can be readily and clearly measured by performing metal flow etching as shown in the bottom of Fig. 3. When a metal
flow etching process is usable, the bond width 2h determined by the metal flow etching process is hereinafter used as
the low carbon layer width 2h.
[0023] In the present invention, quenching conditions are adjusted depending on the measured bond width (low carbon
layer width) 2h so as to satisfy Inequality (1).
[0024] In the present invention, the electric resistance welded steel pipe used is preferably cold-worked so as to have
a desired shape and then subjected to a heat treatment which includes a quenching treatment and which may further
include a tempering treatment, whereby an article with a desired strength is obtained. The term "quenching treatment"
as used herein refers to a rapid heating treatment for a short time as shown in Fig. 2, that is, a treatment in which the
electric resistance welded steel pipe is heated to an attained maximum temperature (maximum heating temperature) T
at a heating rate Vh, held for a soaking time k, immediately cooled to a quenching start temperature Tq at a primary
cooling rate Vc, and then secondarily cooled (quenched). The term "rapid heating treatment for a short time" as used
herein refers to a heating process the average heating rate from room temperature to an attained maximum temperature
of 900˚C or higher is 10 ˚C/s or more and the time to hold 900˚C or higher is one minute or less. A particular heating
technique is preferably electrical heating.
[0025] In the quenching treatment used herein, the heating rate Vh, the maximum heating temperature T, the soaking
time k, and the primary cooling rate Vc are adjusted so as to satisfy the following inequality and the quenching start
temperature Tq is adjusted to a temperature higher than the Ar3 transformation temperature:

wherein C0 (mass percent) is the C content (mass percent) of a steel sheet, t is the diffusion time (s), t = 50 / Vh + 50 /
Vc + k, Vh is the heating rate (K/s), Vc is the primary cooling rate (K/s), k is the soaking time (s), D is the diffusion
coefficient (m2/s), D = D0exp(-Q / RT), Do is 4.7 3 10-5 (m2/s), Q = 155 (kJ/mol·K), R = 8.31 (J/mol·K), and T is the
maximum heating temperature (K).
[0026] The right side of Inequality (1) was obtained in such a manner that 0 was substituted for x in Equation (a) and
both sides of Equation (a) were divided by C0 representing the C content of the steel sheet. That is, the right side of
Inequality (1) means that the ratio of the minimum C content C1(0) of an electric resistance welded portion to the C
content C0 of the steel sheet is 0.83 or more.
[0027] For a quenching treatment in which the heating rate Vh, the maximum heating temperature T, the soaking time
k, and the primary cooling rate Vc do not satisfy Inequality (1), the C content of the electric resistance welded portion
cannot be increased to a level sufficient to achieve a hardness as quenching substantially equal to the hardness of a
base material portion; hence, the hardness of the electric resistance welded portion cannot be increased to a desired
hardness as quenching and therefore a manufactured article has reduced durability. The soaking time k includes 0 s
(no holding).
[0028] In the present invention, the quenching start temperature Tq in the quenching treatment is adjusted to a
temperature higher than the Ar3 transformation temperature of the electric resistance welded portion. When the quenching
start temperature Tq is equal to or lower than the Ar3 transformation temperature, the transformation of ferrite, bainite,
and/or the like occurs prior to the start of secondary cooling (quenching) hence, the electric resistance welded portion
cannot be transformed into a 100% martensite structure and a desired hardness as quenching or desired fatigue durability
cannot be achieved. A value (Ac3 transformation temperature) determined using a calculation formula below is used in
place of the Ar3 transformation temperature of the electric resistance welded portion. The Ac3 transformation temperature
shifts to a temperature higher than the Ar3 transformation temperature upon the determination of the quenching start
temperature Tq and is a safe-side value.
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wherein C, Ni, Si, V, Mo, W, Mn, Cr, Cu, P, Al, As, and Ti each represent the content (mass percent) of a corresponding
one of elements.
[0029] The calculation formula defining the Ac3 transformation temperature is one quoted from Koda, Leslie Tekkou
Zairyougaku, Maruzen, 1985, p. 273.
[0030] Secondary cooling may be performed under cooling conditions capable of producing a 100% martensitic struc-
ture and depends on the composition of the steel sheet. The steel sheet, which has a composition below, is preferably
cooled from the quenching start temperature Tq to room temperature at an average cooling rate of 30 ˚C/s or more and
more preferably 80 ˚C/s or more. In view of manufacturing efficiency, secondary cooling is preferably water cooling, oil
cooling, or the like.
[0031] In the case where conditions for heat-treating the electric resistance welded steel pipe have been set, the width
of the low carbon layer, which is included in the electric resistance welded portion of the electric resistance welded steel
pipe, needs to be adjusted to be equal to or less than the low carbon layer width 2h such that Inequality (1) is satisfied.
In this case, the low carbon layer width 2h is determined from set quenching conditions and Inequality (1) so as to satisfy
Inequality (1) for the set quenching conditions. An electric resistance welding condition, particularly the heat input, is
preferably adjusted such that the low carbon layer width of the electric resistance welded portion is equal to or less than
a determined value. When the bond width of the electric resistance welded portion is too small, a reduction in workability
occurs in some cases. Therefore, it is important that the electric resistance welded portion is checked for workability by
a bending test or the like. When the low carbon layer width 2h is too small to satisfy Inequality (1) and the untreated
electric resistance welded portion has reduced workability, it is effective that after electric resistance welding is performed
such that the bond width is greater than an appropriate value, the electric resistance welded steel pipe is subjected to
diameter reducing such that the bond width is mechanically reduced. Diameter reducing is preferably performed by a
drawing or punching process using a dice, a caliber rolling process, or the like. The temperature of diameter reducing
may be cold, warm, or hot. Diameter reducing is preferably performed in such a manner that the electric resistance
welded steel pipe is heated to a temperature of 950˚C to 1000˚C by induction heating and then subjected to reducing
rolling at a reduction of diameter of 50% to 70% at a finish temperature of about 800˚C. As shown in Fig. 4, the bond
width (low carbon layer width) 2h can be reduced by increasing the diameter-reducing rolling reduction during reducing
rolling. In Fig. 4, the bond width 2h is used as the low carbon layer width. The low carbon layer width 2h is herein
preferably 25mm or less and more preferably 16mm or less because the temperature achieved by conventional electrical
heating is probably increased to 1000˚C and then reduced to 900˚C or lower in up to one minute for the purpose of
preventing decarburization. Although it is naturally advantageous in view of heat treatment that the low carbon layer
width is small, defects such as cold weld are likely to be caused in the electric resistance welded portion as described
above if the heat input during electric resistance welding is reduced for the purpose of reducing the low carbon layer
width. Therefore, the low carbon layer width as electric resistance welding is preferably 10 mm or more and more
preferably 30 mm or more. When the low carbon layer width as electric resistance welding is greater than 30 mm, it is
effective that the low carbon layer width is mechanically reduced to 25 mm or less and more preferably 16 mm or less
in such a manner that the rolling reduction for diameter reducing is increased by reducing rolling or the like.
[0032] In the present invention, the tempering treatment may be performed subsequently to the quenching treatment
for the purpose of increasing the toughness. The heating temperature in the tempering treatment is preferably within a
range from 150˚C to 450˚C. When the heating temperature for tempering is lower than 150˚C, desired toughness cannot
be achieved. When the heating temperature is higher than 450˚C, desired fatigue durability cannot be achieved because
of a reduction in hardness.
[0033] In the present invention, the steel sheet, which is a material suitable for the electric resistance welded steel
pipe, contains 0.15% to 0.40% C, 0.05% to 0.50% Si, 0.30% to 2.00% Mn, 0.01% to 0.10% Al, 0.001% to 0.04% Ti,
0.0005% to 0.0050% B, and 0.0010% to 0.0100% N and further contains one or more selected from the group consisting
of 1.0% or less Cr, 1.0% or less Mo, 1.0% or less W, 1.0% or less Ni, and 1.0% or less Cu; and/or one or more selected
from the group consisting of 0.2% or less Nb and 0.2% or less V; and/or 0.0050% or less Ca on a mass basis, the
remainder being Fe and unavoidable impurities, and Ti and N satisfy the inequality (N / 14) < (Ti / 47.9). The steel sheet
is preferably a hot-rolled steel sheet. The term "steel sheet" as used herein covers any steel strip.
[0034] Reasons for limiting the composition thereof are described below. Mass percent is hereinafter simply repre-
sented by %.

C: 0.15% to 0.40%

[0035] C is a useful element that forms a solid solution to increase the strength of steel and precipitates in the form
of a carbide or a carbonitride to increase the strength of tempered steel. In the present invention, in order to secure the
desired strength of the steel sheet and the desired strength of a quenched article for hollow stabilizers and the like, the
content of C needs to be 0.15% or more. When the content thereof is greater than 0.40%, the toughness is reduced
after the quenching treatment. Therefore, the content of C is limited to a range from 0.15% to 0.40% and is preferably
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within a range from 0.20% to 0.35%.

Si: 0.05% to 0.50%

[0036] Si is an element acting as a deoxidizing agent. In order to obtain such an effect, the content thereof needs to
be 0.05% or more. When the content is greater than 0.50%, the effect of deoxidation is saturated; hence, an advantage
appropriate to the content cannot be expected, which is economically disadvantageous. Furthermore, inclusions are
formed during electric resistance welding, which negatively affects the soundness of the electric resistance welded
portion. Therefore, the content of S is limited to a range from 0.05% to 0.50% and is preferably within a range from
0.10% to 0.30%.

Mn: 0.30% to 2.00%

[0037] Mn is an element that forms a solid solution to increase the strength and hardenability of steel. In the present
invention, in order to achieve a desired strength, the content thereof needs to be 0.30% or more. When the content is
greater than 2.00%, retained austenite (y) is formed and the toughness is reduced after tempering. Therefore, the content
of Mn is limited to a range from 0.30% to 2.00% and is preferably within a range from 0.30% to 1.60%.

Al: 0.01% to 0.10%

[0038] Al is a useful element that acts as a deoxidizing agent and has an effect of fixing N and an effect of securing
the amount of solid solution B effective in increasing the hardenability. In order to obtain such effects, the content thereof
needs to be 0.01% or more. When the content is greater than 0.10%, a large amount of inclusions are formed to cause
a reduction in fatigue life in some cases. Therefore, the content of Al is limited to a range from 0.01% to 0.10% and is
preferably within a range from 0.02% to 0.05%.

B: 0.0005% to 0.0050%

[0039] B is an element effective in increasing the hardenability of steel. B has the ability to strengthen grain boundaries
and also has an effect of preventing quenching cracks. In order to obtain such an effect, the content thereof needs to
be 0.0005% or more. When the content is greater than 0.0050%, the effect is saturated, which is economically disad-
vantageous. Furthermore, when the content is greater than 0.0050%, coarse inclusions containing B are produced to
cause a reduction in toughness in some cases. Therefore, the content of B is limited to a range from 0.0005% to 0.0050%
and is preferably within a range from 0.0010% to 0.0025%.

Ti: 0.001% to 0.04%

[0040] Ti is an element that has an effect of fixing N and an effect of securing the amount of solid solution B effective
in increasing the hardenability. Ti precipitates in the form of a fine carbide, prevents grains from being coarsened during
welding or heat treating, and contributes to an increase in toughness. In order to obtain such effects, the content thereof
needs to be 0.001% or more. When the content is greater than 0.04%, a large amount of inclusions are formed to cause
a reduction in toughness. Therefore, the content of Ti is limited to a range from 0.001% to 0.04% and is preferably within
a range from 0.02% to 0.03%.

N: 0.0010% to 0.0100%

[0041] N is an element that combines with alloy elements in steel to produce nitrides and carbonitrides and contributes
to secure the strength after tempering. In order to obtain such an advantage, the content thereof needs to be 0.0010%
or more. When the content is greater than 0.0100%, the nitrides are coarsened to cause a reduction in toughness or
fatigue life. Therefore, the content of N is limited to a range from 0.0010% to 0.0100%.
[0042] The content of Ti and that of N are within the above ranges and Ti and N satisfy the inequality (N / 14) < (Ti /
47.9). When Ti and N do not satisfy this inequality, the amount of solid solution B is unstable during quenching, which
is not preferred.
[0043] The above components are preferred fundamental components. In the present invention, one or more selected
from an A Group, B Group, and C Group below may be contained in addition to the fundamental components. The
following element or elements may be selectively contained as required:

A Group: one or more selected from 1.0% or less Cr, 1.0% or less Mo, 1.0% or less W, 1.0% or less Ni, and 1.0%
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or less Cu;
B Group: one or more selected from 0.2% or less Nb and 0.2% or less V; and/or
C Group: 0.0050% or less Ca.
A Group: one or more selected from 1.0% or less Cr, 1.0% or less Mo, 1.0% or less W, 1.0% or less Ni, and 1.0%
or less Cu
Cr, Mo, W, Cu, and Ni are elements having the ability to increase the hardenability of steel and one or more selected
therefrom may be contained as required.

[0044] Cr has the ability to enhance the hardenability and the ability to form a fine carbide to increase the strength
and contributes to secure desired strength. In order to obtain such effects, the content thereof is preferably 0.05% or
more. When the content is greater than 1.0%, the effects are saturated, which is economically disadvantageous, and
inclusions are likely to be formed during electric resistance welding, which negatively affects the soundness of the electric
resistance welded portion. Therefore, the content of Cr is preferably limited to 1.0% or less and is more preferably within
a range from 0.10% to 0.30%.
[0045] Mo has the ability to enhance the hardenability and the ability to form a fine carbide to increase the strength
and contributes to secure desired strength. In order to obtain such effects, the content thereof is preferably 0.05% or
more. When the content is greater than 1.0%, the effects are saturated, which is economically disadvantageous, and a
coarse carbide is formed during electric resistance welding, thereby causing a reduction in toughness in some cases.
Therefore, the contentof Mo is preferably limited to 1.0%or less and is morepreferably within a range from0.10% to0.30%.
[0046] W is an element that has the ability to enhance the hardenability and the ability to well balance the hardness
and toughness as thermal refining. In order to obtain such effects, the content thereof is preferably 0.05% or more.
When the content is greater than 1.0%, the effects are saturated, which is economically disadvantageous. Therefore,
the content of W is preferably limited to 1.0% or less and is more preferably within a range from 0.10% to 0.30%.
[0047] Ni is an element that contributes to enhance the hardenability and the toughness. In order to obtain such effects,
the content thereof is preferably 0.05% or more. When the content is greater than 1.0%, the effects are saturated, which
is economically disadvantageous, and the workability is reduced. Therefore, the content of Ni is preferably limited to
1.0% or less and is more preferably within a range from 0.10% to 0.50%.
[0048] Cu is an element that is effective in enhancing the hardness and is effective in preventing delayed fracture.
[0049] In order to obtain such effects, the content thereof is preferably 0.05% or more. When the content is greater
than 1.0%, the effects are saturated, which is economically disadvantageous, and the workability is reduced. Therefore,
the content of Cu is preferably limited to 1.0% or less and is more preferably within a range from 0.10% to 0.30%.

B Group: one or more selected from 0.2% or less Nb and 0.2% or less V
Nb and V are elements that form carbides and contribute to enhance the strength. Nb and V may be selectively
contained as required. In order to obtain such effects, the content of Nb and the content of V are preferably 0.01%
or more. When the content of Nb and the content of V are greater than 0.2% respectively, the effects are saturated,
which is economically disadvantageous. Therefore, the content of Nb and the content of V are preferably limited to
0.2% or less respectively.
C Group: 0.0050% or less Ca
Ca is an element that controls the morphology of inclusions such as sulfides to enhance the workability. Ca may
be selectively contained as required. In order to obtain such an effect, the content thereof is preferably 0.0001% or
more. When the content is greater than 0.0050%, the cleanness of steel is reduced. Therefore, the content of Ca
is preferably limited to 0.0050% or less and is more preferably within a range from 0.0003% to 0.0010%.

[0050] The remainder other than the above components are Fe and unavoidable impurities. The unavoidable impurities
are P, S, and O. A P content of 0.020% or less, an S content of 0.010% or less, and an O content of 0.005% or less are
allowable.
[0051] P is an element that negatively affects the weld cracking resistance and the toughness. The content thereof
is preferably adjusted to 0.020% or less and more preferably 0.015% or less.
[0052] S is present in steel in the form of a sulfide inclusion and is an element that reduces the workability, toughness,
fatigue life of steel pipes and enhances the reheat crack sensitivity thereof. The content thereof is preferably adjusted
to 0.010% or less and more preferably 0.005% or less for hollow stabilizer use.
[0053] O is present in steel in the form of an oxide inclusion and reduces the workability, toughness, fatigue life of
steel pipes. Therefore, the content thereof is preferably adjusted to 0.005% or less and more preferably 0.002% or less
for hollow stabilizer use.
[0054] The present invention is further described below with reference to an example.
[0055] A hollow article obtained by the above manufacturing method is manufactured in such a manner that an electric
resistance welded steel pipe, made of a steel sheet, including an electric resistance welded portion having a low carbon
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layer with a width of 2h (m) is subjected to at least a quenching treatment. A base material portion (steel sheet) other
than the electric resistance welded portion preferably satisfies the above composition. The hollow article according to
the present invention has excellent durability and is characterized in that the ratio C1/C0 of the minimum C content C1
of the electric resistance welded portion to the C content C0 of the base material portion (steel sheet) is 0.83 or more.
The following value is used: a value obtained in such a manner that the electric resistance welded portion of the hollow
article is analyzed for C in the circumferential direction of the pipe by EPMA or chemical analysis.
[0056] The present invention is further described below with reference to examples.

Examples

[0057] Hot-rolled steel sheets having compositions shown in Table 1 were processed into materials. The materials
were subjected to continuous cold forming, whereby open pipes with substantially a cylindrical shape were prepared.
Edge portions of the open pipe were brought into contact with each other and then electrically welded by high-frequency
resistance welding, whereby an electric resistance welded steel pipe (an outer diameter of 30 mmϕ and a thickness of
6 mm) was prepared. Some of the hot-rolled steel sheets were processed into materials. These materials were subjected
to continuous cold forming, whereby open pipes were prepared. These open pipes electrically welded, whereby base
pipes having an outer diameter of 89 mmϕ and a thickness of 6.2 mm were prepared. The base pipes were heated to
950˚C and then subjected to reducing rolling at a finish temperature of 800˚C, whereby steel pipes having an outer
diameter of 30 mmϕ and a thickness of 6 mm were prepared. For electric resistance welding, welding conditions were
varied, whereby the width of bond (width of each low carbon layer) 2h was adjusted to various values as shown in Tables
2 and 3. The bond width (low carbon layer width) 2h was determined in such a manner that a specimen for microstructure
observation was taken from each electric resistance welded steel pipe so as to include an electric resistance welded
portion and then observed for microstructure. The untreated electric resistance welded steel pipes were subjected to a
quenching treatment in a heat cycle pattern shown in Fig. 2 under conditions shown in Tables 2 and 3. Specimens for
hardness measurement were taken from the untreated electric resistance welded steel pipes so as to include electric
resistance welded portions and then subjected to hardness measurement, whereby base material portions and the
electric resistance welded portions were measured for hardness as quenching. The electric resistance welded portion
of each obtained electric resistance welded steel pipe was analyzed for C concentration in the circumferential direction
of the pipe by EPMA at a position 100 mm away from the outer surface of the pipe, whereby the measured minimum C
content C1 (measured) was determined. The minimum C content C1 of each electric resistance welded steel pipe
subjected to the quenching treatment was calculated by substituting 0 for x in Equation (a) and then divided by the C
content C0 of the base material portion (steel sheet), whereby the ratio C1/C0 of calculated values and the ratio C1/C0
of measured values were calculated. The quenched steel pipes were tempered at 350˚C for 20 minutes, subjected to
a torsion fatigue test, and then checked whether irregular cracks were present along the electric resistance welded
portions. Such cracks along the electric resistance welded portions were represented by B 3 and other cracks were
represented by A O.
[0058] Test methods were as described below.

(1) Microstructure observation

[0059] Specimens including the electric resistance welded portions were cut out of the obtained electric resistance
welded steel pipes so as to have a cross section perpendicular to the axial direction of the pipes, polished, corroded
with a metal flow etching solution (5% picric acid and a surface acting agent), and then observed for sectional structure
with a light microscope (a magnification ratio of 400 times). The maximum width of a region (layer) in which no segregation
line was observed in the sectional structure was measured, whereby the bond width (low carbon layer width) 2h was
determined.

(2) Hardness measurement

[0060] Specimens for hardness measurement were taken from the obtained electric resistance welded steel pipes.
The electric resistance welded portions and the base material portions were measured for Vickers hardness HV0.5 in
the thickness direction thereof with a Vickers hardness meter (a load of 4.9 N). The outer surfaces were measured at
a pitch of 0.2 mm. Obtained measurements were arithmetically averaged, whereby the hardness of the electric resistance
welded portion and that of the base material portion of each steel pipe were determined.

(3) Torsion fatigue test

[0061] Specimens (a length of 250 mm in the axial direction of the pipes) for fatigue measurement were taken from
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the obtained electric resistance welded steel pipes having an outer diameter of 30 mmϕ and a thickness of 6 mm and
then subjected to a fatigue test according to JIS Z 2273 under completely reversed torsion. In the fatigue test, a stress
τ of 380 MPa was applied to each of component A, B, and E materials and a stress τ of 470 MPa was applied to each
of C and D materials.
[0062] Obtained results are shown in Tables 2 and 3.
[0063] In inventive examples (Tested Material Nos. 1 to 8, 10, and 33 to 35), the hardness as quenching of each
electric resistance welded portion is not significantly low (electric resistance welded portion hardness/base material
portion hardness: 0.98 or more) and there are no irregular cracks along the electric resistance welded portions in the
fatigue test (as represented by A s in Tables 2 and 3). However, in comparative examples (Tested Material Nos. 9 and
11 to 32) that do not satisfy the low carbon layer width 2h specified herein or the appropriate range formula (the ratio
C1/C0 is 0.83 or more) for heat-treating conditions, the hardness as quenching of each electric resistance welded portion
is significantly low and there are irregular cracks along the electric resistance welded portions in the fatigue test (as
represented by B 3 in Tables 2 and 3). In Tested Material No. 36 prepared from a component E material that does not
satisfy the inequality (N / 14) < (Ti / 47.9), which defines the component range specified herein, and that is an comparative
example, although the low carbon layer width 2h specified herein and the appropriate range formula (the ratio C1/C0 is
0.83 or more) for heat-treating conditions are satisfied, the hardness as quenching of the base material portion and that
of the electric resistance welded portion are significantly lower as compared to those of the A material, which has the
same C content as that of the E material.



EP 2 239 343 A1

13

5

10

15

20

25

30

35

40

45

50

55

T
ab

le
 1

S
te

el
s

C
he

m
ic

al
 c

om
po

ne
nt

s 
(m

as
s 

pe
rc

en
t)

F
itn

es
s 

of
re

la
tio

na
l

fo
rm

ul
a*

be
tw

ee
n 

N
 a

nd
T

i

A
c 3

tr
an

sf
or

m
at

io
n

te
m

pe
ra

tu
re

(c
al

cu
la

te
d)

(˚
C

)

C
S

i
M

n
P

S
A

l
N

T
i

B
C

r
M

o
N

i
C

u
N

b
V

C
a

O

A
0.

24
0.

23
0.

54
0.

01
2

0.
00

20
0.

01
5

0.
00

35
0.

01
6

0.
00

23
0.

29
-

-
-

-
-

0.
00

02
0.

00
10

F
it

82
3

B
0.

19
0.

39
1.

58
0.

01
1

0.
00

10
0.

03
3

0.
00

32
0.

01
3

0.
00

12
-

-
-

0.
15

0.
01

5
-

0.
00

02
0.

00
13

F
it

81
5

C
0.

35
0.

28
1.

32
0.

01
0

0.
00

09
0.

03
3

0.
00

37
0.

01
4

0.
00

26
-

-
-

-
-

-
0.

00
02

0.
00

06
F

it
78

9

D
0.

35
0.

28
1.

32
0.

01
0

0.
00

09
0.

03
3

0.
00

37
0.

01
4

0.
00

26
-

-
-

-
-

-
-

0.
00

06
F

it
78

9

E
0.

24
0.

22
0.

53
0.

01
2

0.
00

20
0.

01
5

0.
00

48
0.

00
9

0.
00

13
0.

29
-

-
-

-
-

0.
00

02
0.

00
14

N
ot

 fi
t

81
9

(*
) 

A
 r

el
at

io
na

l f
or

m
ul

a 
be

tw
ee

n 
N

 a
nd

 T
i: 

N
 / 

14
 <

 T
i /

 4
7.

9



EP 2 239 343 A1

14

5

10

15

20

25

30

35

40

45

50

55



EP 2 239 343 A1

15

5

10

15

20

25

30

35

40

45

50

55



EP 2 239 343 A1

16

5

10

15

20

25

30

35

40

45

50

55

Claims

1. A method for manufacturing a hollow article having a desired high strength and excellent durability, comprising
subjecting an electric resistance welded steel pipe which is made from a steel sheet and in which the width of a low
carbon layer width is 2h (m) to a heat treatment that includes a quenching treatment in which the electric resistance
welded steel pipe is heated to a maximum heating temperature T (K) not lower than the Ac3 transformation tem-
perature at a heating rate Vh (K/s), held for a soaking time k (s), immediately cooled to a quenching start temperature
Tq (K) at a primary cooling rate Vc(K/s), and then secondarily cooled and that further includes a tempering treatment,
wherein the heating rate Vh, the maximum heating temperature T, the soaking time k, and the primary cooling rate
Vc are adjusted in the quenching treatment so as to satisfy the following inequality and the quenching start temper-
ature Tq is higher than the Ar3 transformation temperature:

where C0 is the C content (mass percent) of the steel sheet, t (s) = 50 / Vh + 50 / Vc + k, Vh is the heating rate (K/s),
Vc is the primary cooling rate (K/s), k is the soaking time (s), D (m2/s) = D0exp(-Q / RT), Do is 4.7 3 10-5 (m2/s), Q
= 155 (kJ/mol·K), R = 8.31 (J/mol·K), and T is the maximum heating temperature (K).

2. The hollow article-manufacturing method according to Claim 1, wherein the steel sheet has a composition containing
0.15% to 0.40% C, 0.05% to 0.50% Si, 0.30% to 2.00% Mn, 0.01% to 0.10% Al, 0.001% to 0.04% Ti, 0.0005% to
0.0050% B, and 0.0010% to 0.0100% N on a mass basis, the remainder being Fe and unavoidable impurities, and
Ti and N satisfy the inequality (N / 14) < (Ti / 47.9).

3. The hollow article-manufacturing method according to Claim 2, further having a composition containing one or more
selected from the group consisting of 1.0% or less Cr, 1.0% or less Mo, 1.0% or less W, 1.0% or less Ni, and 1.0%
or less Cu on a mass basis in addition to the above composition.

4. The hollow article-manufacturing method according to Claim 2 or 3, further having a composition containing one or
more selected from the group consisting of 0.2% or less Nb and 0.2% or less V on a mass basis in addition to the
above composition.

5. The hollow article-manufacturing method according to any one of Claims 2 to 4, further having a composition
containing 0.0050% or less Ca on a mass basis in addition to the above composition.

6. A hollow article manufactured by subjecting an electric resistance welded steel pipe of which a base material is a
steel sheet and which includes an electric resistance welded portion including a low carbon layer with a width of 2h
(m) to at least a quenching treatment, wherein the ratio C1/C0 of the minimum C content C1 of the electric resistance
welded portion to the C content C0 of a base material portion is 0.83 or more.

7. The hollow article according to Claim 6, wherein the base material portion other than the electric resistance welded
portion has a composition containing 0.15% to 0.40% C, 0.05% to 0.50% Si, 0.30% to 2.00% Mn, 0.01% to 0.10%
Al, 0.001% to 0.04% Ti, 0.0005% to 0.0050% B, and 0.0010% to 0.0100% N on a mass basis, the remainder being
Fe and unavoidable impurities, and Ti and N satisfy the inequality (N / 14) < (Ti / 47.9).

8. The hollow article according to Claim 7, further having a composition containing one or more selected from the
group consisting of 1.0% or less Cr, 1.0% or less Mo, 1.0% or less W, 1.0% or less Ni, and 1.0% or less Cu on a
mass basis in addition to the above composition.

9. The hollow article according to Claim 7 or 8, further having a composition containing one or more selected from the
group consisting of 0.2% or less Nb and 0.2% or less V on a mass basis in addition to the above composition.

10. The hollow article according to any one of Claims 7 to 9, further having a composition containing 0.0050% or less
Ca on a mass basis in addition to the above composition.
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