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ABSTRACT

Provided is an electric-resistance-welded steel pipe or tube for hollow
stabilizer excellent in corrosion fatigue resistance having: a chemical
composition containing, in mass%, C: 0.15% or more and less than 0.20%, Si:
0.1% or more and 1.0% or less, Mn: 0.1% or more and 2.0% or less, P: 0.1%
or less, S: 0.01% or less, Al: 0.01% or more and 0.10% or less, Ti: more than
0.05% and 0.1% or less, B: 0.0005% or more and 0.005% or less, Ca: 0.0001%
or more and 0.0050% or less, and N: 0.0050% or less, with the balance being
Fe and inevitable impurities; and a microstructure containing TiS and MnS
particles which each have a particle size of 10pm or more, the TiS and MnS
particles having a cleanliness of 0% or more and 0.1% or less as measured by
a point counting method according to JIS G 0555.
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ELECTRIC-RESISTANCE-WELDED STEEL PIPE OR TUBE FOR HOLLOW
STABILIZER AND METHOD OF MANUFACTURING SAME

TECHNICAL FIELD
[0001] This disclosure relates to an electric-resistance-welded steel pipe or
tube for hollow stabilizer, in particular, an electric-resistance-welded steel
pipe or tube for hollow stabilizer which does not contain Cr and has excellent
quench crack resistance and corrosion fatigue resistance. This disclosure

also relates to a method of manufacturing the same.

BACKGROUND
[0002] Almost every automobile is fitted with a stabilizer in order to suppress
rolling of the automobile body at the time of cornering and improve driving
stability at the time of high-speed driving. As the stabilizer, a solid
stabilizer using a bar steel has been conventionally used, but in recent years,
for weight reduction, a hollow stabilizer using a steel pipe or tube is generally
adopted.
[0003] The hollow stabilizer is usually manufactured by cold forming a steel
pipe or tube as a material into a desired shape, and then subjecting it to
thermal refining treatment such as quenching and tempering. As the steel
pipe or tube, for example, a seamless steel pipe or tube and
electric-resistance-welded steel pipe or tube are used. Among them, the
electric-resistance-welded steel pipe or tube, which is relatively inexpensive
and excellent in dimensional accuracy, is widely used.
[0004] Such an electric-resistance-welded steel pipe or tube used as a
material for a hollow stabilizer (electric-resistance-welded steel pipe or tube
for hollow stabilizer) is required to be excellent in strength (hardness) and
fatigue resistance after quenching and tempering. Therefore, in order to
improve the strength and fatigue resistance after quenching and tempering of
the electric-resistance-welded steel pipe or tube for hollow stabilizer, various
techniques have been proposed.
[0005] For example, JP 2005-076047 A (PTL 1) proposes a technique of
manufacturing an electric-resistance-welded steel pipe or tube for hollow
stabilizer by subjecting an electric-resistance-welded steel pipe or tube to heat

treatment, followed by reduction rolling with a rolling temperature of 600 °C

Date Regue/Date Received 2021-09-13



10

15

20

25

30

35

CA 03133451 2021-09-13

-2 -

or higher and 850 °C or lower and a cumulative diameter reducing ratio of 40
% or more.

[0006] Further, JP 2006-206999 A (PTL 2) proposes a technique of
controlling the N content and Ti content in an electric-resistance-welded steel
pipe or tube for hollow stabilizer so that the N content and Ti content satisfy a
specific relationship.

[0007] JP 2008-208417 A (PTL 3) proposes an electric-resistance-welded
steel pipe or tube for hollow stabilizer having an electric-resistance-welded
portion with a bond width of 25 pm or less.

[0008] JP 2013-147751 A (PTL 4) proposes an electric-resistance-welded
steel pipe or tube for hollow stabilizer having N and Ti contents satisfying a
specific relationship and an electric-resistance-welded portion with a bond
width of 25 um or less.

[0009] WO02017/056384 A1 (PTL 5) proposes an electric-resistance-welded
steel pipe or tube for hollow stabilizer having a predetermined chemical
composition and a microstructure in which TiS particles and MnS particles

have a cleanliness of 0.1 % or less.

CITATION LIST
Patent Literature
[0010] PTL 1: JP 2005-076047 A
PTL 2: JP 2006-206999 A
PTL 3: JP 2008-208417 A
PTL 4: JP 2013-147751 A
PTL 5: W02017/056384 Al

SUMMARY

(Technical Problem)

[0011] The techniques described in PTLs 1 to 5 can improve the strength
(hardness) and fatigue resistance after quenching and tempering of an
electric-resistance-welded steel pipe or tube for hollow stabilizer.

[0012] On the other hand, in cold areas, as measures of preventing road
freezing in winter, an antifreezing agent which contains chlorides such as
NaCl or CaCl; is sprayed onto a road surface in order to prevent accidents
such as a skidding accident. Therefore, water (for example, snow or ice)

containing chlorine ions adheres to the lower part (suspension) of an
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automobile body, which forms a corrosive environment. Therefore, in recent
years, the stabilizer of an automobile is required to have an excellent fatigue
resistance in a corrosive environment, that is, corrosion fatigue resistance.
[0013] However, although it is possible to improve fatigue resistance in air by
using the techniques proposed in PTLs 1 to 4, the techniques do not consider
fatigue resistance in a corrosive environment and fail to produce sufficient
corrosive fatigue resistance.

[0014] On the other hand, the technique proposed in PTL 5 can improve the
corrosion fatigue resistance. However, it has been found that the
electric-resistance-welded steel pipe or tube disclosed in PTL 5 is likely to
have quench cracks during quenching (that is, the quench crack resistance is
low). When a member with low quench crack resistance is quenched, it is
necessary to use oil having a low cooling rate as a refrigerant to prevent the
occurrence of quench cracks, which worsens the working environment.
Further, when the member is thick, it is difficult to quench by oil quenching,.
[0015] Further, in PTL 5, Cr is added to improve the corrosion resistance.
Therefore, in the manufacturing process of an electric-resistance-welded steel
pipe or tube, when a slab or open pipe or tube is heated, a Fe-Cr-O-based
internal oxidation layer is formed, resulting in reduced descaling properties.
When the descaling properties are low, scales remaining on the surface will be
pushed in during a rolling process, causing surface indentation flaws. As a
result, the durability of a stabilizer as a final product may be adversely
affected.

[0016] To address these issues, it could thus be helpful to provide an
electric-resistance-welded steel pipe or tube for hollow stabilizer which does
not contain Cr and has excellent quench crack resistance and corrosion fatigue
resistance.

[0017] The expression of "the electric-resistance-welded steel pipe or tube
for hollow stabilizer having excellent corrosion fatigue properties” means that
the electric-resistance-welded steel pipe or tube after being subjected to
quenching and tempering exhibits excellent fatigue resistance under a
corrosive environment.

(Solution to Problem)

[0018] To achieve the object described above, we have made studies on
different factors that affect the corrosion fatigue resistance of the hollow

stabilizer.
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[0019] As a result, it has been found that an electric-resistance-welded steel pipe or tube for hollow
stabilizer having both excellent quench crack resistance and corrosion fatigue resistance can be
obtained even without adding Cr by controlling the chemical composition and microstructure so as to
satisfy predetermined conditions.
[0020] This disclosure is based on the aforementioned findings, and we provide the following.
[0021] 1. An electric-resistance-welded steel pipe or tube for hollow stabilizer comprising:

a chemical composition containing (consisting of), in mass%,

C: 0.15 % or more and 0.19 % or less,

Si: 0.1 % or more and 1.0 % or less,

Mn: 0.1 % or more and 2.0 % or less,

P: 0.1 % or less,

S: 0.01 % or less,

Al: 0.01 % or more and 0.10 % or less,

Ti: more than 0.05 % and 0.1 % or less,

B: 0.0005 % or more and 0.005 % or less,

Ca: 0.0001 % or more and 0.0050 % or less, and

N: 0.0050 % or less, with the balance being Fe and inevitable impurities; and

a microstructure in which a cleanliness with respect to TiS particles with a particle size of 10
lam or more and a cleanliness with respect to MnS particles with a particle size of 10 im or more are
0 % or more and 0.1 % or less, respectively, the cleanliness being measured by a point counting
method according to JIS G 0555.
[0022] 2. The electric-resistance-welded steel pipe or tube for hollow stabilizer according to 1.,
wherein the chemical composition further contains, in mass%, at least one selected from the group
consisting of

Cu: 1 % or less,

Ni: 1 % or less,

Nb: 0.05 % or less,

W: 0.05 % or less,

V: 0.5 % or less, and

REM: 0.02 % or less.
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[0023] 3. A method of manufacturing the electric-resistance-welded steel pipe or tube for hollow
stabilizer according to 1. or 2., comprising:

cold forming a steel plate having the chemical composition into an open pipe or tube having
an approximately cylindrical shape;

subjecting the open pipe or tube to electric resistance welding with its widthwise ends butted
against each other to obtain an electric-resistance-welded steel pipe or tube;

heating the electric-resistance-welded steel pipe or tube to a heating temperature of 850 C or
higher and 1000 C or lower; and

subjecting the heated electric-resistance-welded steel pipe or tube to hot-diameter-reducing
rolling under a set of conditions including a rolling temperature of 650 C or higher and a cumulative
diameter reducing ratio of 30 % or more and 90 % or less.
(Advantageous Effect)
[0024] According to this disclosure, it is possible to provide an electric-resistance-welded steel pipe
or tube for hollow stabilizer which does not contain Cr and has excellent quench crack resistance and
corrosion fatigue resistance. The electric-resistance-welded steel pipe or tube for hollow stabilizer
has a C content limited to less than 0.20 mass% and thus has excellent quench crack resistance.
Therefore, the electric-resistance-welded steel pipe or tube for hollow stabilizer can be quenched
without cracks even in water quenching. Further, the electric-resistance-welded steel pipe or tube for
hollow stabilizer does not contain Cr which deteriorates descaling properties, and thus has excellent
descaling properties. In addition, the electric-resistance-welded steel pipe or tube for hollow
stabilizer has excellent corrosion fatigue resistance even though it does not contain Cr.
[0025] Furthermore, the electric-resistance-welded steel pipe or tube for hollow stabilizer can be
used to manufacture a hollow stabilizer having a Vickers hardness of 350 HV or more and excellent
corrosion fatigue resistance. Besides, even when the Vickers hardness is further increased to 450 HV
or more, the corrosion fatigue resistance is not deteriorated and the excellent performance is
maintained. Therefore, according to this disclosure, the wall thickness of the stabilizer can be further

reduced.

DETAILED DESCRIPTION

Date Recue/Date Received 2022-10-17



10

15

20

25

30

35

CA 03133451 2021-09-13

-6 -

[0026] This disclosure is described in detail below. Note that this disclosure
is not limited to the following embodiments.
[0027] [Chemical composition]

An electric-resistance-welded steel pipe or tube for hollow stabilizer
according to one embodiment of this disclosure has the aforementioned
chemical composition. Hereinafter, the reasons for limiting the chemical
composition are described. As used herein, “%” as the unit of the content of
each element refers to “mass%” unless otherwise noted.

[0028] C: 0.15 % or more and less than 0.20 %

C is an important element for securing the strength (hardness) of the
hollow stabilizer because C has an action of promoting the formation of
martensite through the improvement of quench hardenability and dissolving in
steel to increase the strength (hardness) of the steel. In order to achieve a
Vickers hardness of 350 HV or more after quenching and tempering, the C
content needs to be 0.15 % or more. Therefore, the C content is set to 0.15 %
or more and preferably 0.17 % or more. On the other hand, when the C
content is 0.20 % or more, the risk of quench cracking is increased and
additionally the toughness after quenching is reduced. Therefore, the C
content is set to less than 0.20 % and preferably 0.19 % or less.

[0029] Si: 0.1 % or more and 1.0 % or less

Si acts as a deoxidizer and also acts as a solid-solution-strengthening
element. To obtain such effects, the Si content needs to be 0.1 % or more.
Therefore, the Si content is set to 0.1 % or more. On the other hand, when
the Si content exceeds 1.0 %, the electric resistance weldability is
deteriorated. Therefore, the Si content is set to 1.0 % or less, preferably 0.75
% or less, more preferably 0.5 % or less, and further preferably 0.20 % or less.
[0030] Mn: 0.1 % or more and 2.0 % or less

Mn is an element that dissolves into steel to contribute to higher
strength of the steel and improves the quench hardenability of the steel. To
ensure a desired strength, the Mn content needs to be 0.1 % or more.
Further, when the Mn content is less than 0.1 %, S in the steel easily combines
with Ti, resulting in coarsening of TiS. Therefore, the Mn content is set to
0.1 % or more, preferably 0.3 % or more, and more preferably 0.5 % or more.
On the other hand, a Mn content beyond 2.0 % deteriorates toughness and

additionally increases the risk of quench cracking. Therefore, the Mn
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content is set to 2.0 % or less, preferably 1.8 % or less, and more preferably
1.5 % or less.
[0031] P: 0.1 % or less

P is an element contained in the steel as an impurity and segregates to
grain boundaries or the like to adversely affect weld cracking resistance and
toughness. Therefore, the P content is set to 0.1 % or less and preferably
0.05 % or less. On the other hand, from the viewpoint of weld cracking
resistance and toughness, the P content is desirably as low as possible.
Accordingly, no lower limit is placed on the P content and the P content may
be 0. However, an excessive reduction of the P content increases
manufacturing costs. Therefore, from the viewpoint of cost reduction, the P
content is preferably set to 0.001 % or more, more preferably 0.005 % or
more, and further preferably 0.010 % or more.
[0032] S: 0.01 % or less

S is an element that exists as sulfide inclusions in the steel and
deteriorates hot workability, toughness, and fatigue resistance. Therefore,
the S content is set to 0.01 % or less and preferably 0.005 % or less. On the
other hand, from the viewpoint of hot workability, toughness, and fatigue
resistance, the S content is desirably as low as possible.  Accordingly, no
lower limit is placed on the S content and the S content may be 0. However,
an excessive reduction of the S content increases manufacturing costs.
Therefore, from the viewpoint of cost reduction, the S content is preferably
set to 0.0001 % or more, more preferably 0.0005 % or more, and further
preferably 0.001 % or more.
[0033] Al: 0.01 % or more and 0.10 % or less

Al acts as a deoxidizer and has an effect of ensuring the amount of
solute B which is effective in improving quench hardenability by combining
with N. Further, Al precipitates as AIN and has an action of preventing
coarsening of austenite grains during quenching heating. In order to obtain
such effects, the Al content needs to be 0.01 % or more. Therefore, the Al
content is set to 0.01 % or more and preferably 0.02 % or more. On the other
hand, when the Al content exceeds 0.10 %, the amount of oxide-based
inclusions is increased to decrease fatigue life. Accordingly, the Al content
is set to 0.10 % or less and preferably 0.05 % or less.
[0034] Ti: more than 0.05 % and 0.1 % or less
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Ti has an effect of ensuring the amount of solute B which is effective
in improving quench hardenability by combining with N. Further, Ti
precipitates as fine carbides, contributes to refining austenite grains during
heat treatment such as quenching, and to improving fatigue resistance in a
corrosive environment (corrosion fatigue resistance). To obtain such effects,
the Ti content needs to be more than 0.05 %. Further, when the Ti content is
0.05 % or less, S in the steel tends to combine with Mn, relatively leading to
coarsening of MnS. Therefore, the Ti content is set to more than 0.05 %,
preferably 0.051 % or more, and more preferably 0.052 % or more. On the
other hand, when the Ti content exceeds 0.1 %, coarse titanium sulfide (TiS)
acting as a starting point of a corrosion pit is formed, deteriorating corrosion
resistance and corrosion fatigue resistance. Therefore, the Ti content is set
to 0.1 % or less, preferably 0.091 % or less, and more preferably 0.061 % or
less.

[0035] B: 0.0005 % or more and 0.005 % or less

B is an element that has an effect of improving the quench
hardenability of the steel when added in a trace quantity. Further, B has an
effect of strengthening prior austenite grain boundaries and suppressing grain
boundary embrittlement due to P segregation, and as a result, suppressing
fatigue crack propagation. To obtain such effects, the B content is set to
0.0005 % or more, and preferably 0.001 % or more. On the other hand,
adding B exceeding 0.005. % fails to increase the effect but is rather
economically disadvantageous. Therefore, the B content is set to 0.005 % or
less and preferably 0.003 % or less.

[0036] Ca: 0.0001 % or more and 0.0050 % or less

Ca is an element that has an effect of controlling the morphology of
sulfide inclusions to make them fine and approximately spherical in shape.
In this disclosure, in order to reduce the number of MnS particles with a
particle size of 10 um or more and TiS particles with a particle size of 10 um
or more which act as a starting point of a corrosion pit, it is necessary to add
Ca in an amount of 0.0001 % or more. Therefore, the Ca content is set to
0.0001 % or more and preferably 0.001 % or more. On the other hand, the
Ca content beyond 0.0050 % excessively increases coarse CaS clusters, which
act as starting points of fatigue cracks, deteriorating corrosion fatigue
resistance. Therefore, the Ca content is set to 0.0050 % or less and
preferably 0.0030 % or less.
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[0037] N: 0.0050 % or less

N is an element inevitably contained as an impurity. N combines
with nitride forming elements in the steel to contribute to suppressing
coarsening of crystallized grains and increasing strength after tempering.
However, a N content beyond 0.0050 % deteriorates the toughness of a welded
portion. Therefore, the N content is set to 0.0050 % or less and preferably
0.003 % or less. On the other hand, no lower limit is placed on the N content
and the N content may be 0. However, the effects can be obtained by adding
a certain amount of N. Further, an excessive reduction of the N content
results in an increase in manufacturing costs. Therefore, from these
viewpoints, the N content is preferably set to 0.001 % or more and more
preferably 0.002 % or more.
[0038] An clectric-resistance-welded steel pipe or tube for hollow stabilizer
according to one embodiment of this disclosure has a chemical composition
comprising the aforementioned elements with the balance being Fe and
inevitable impurities. An electric-resistance-welded steel pipe or tube for
hollow stabilizer according to one embodiment of this disclosure can have a
chemical composition consisting of the aforementioned elements with the
balance being Fe and inevitable impurities.
[0039] The chemical composition of the electric-resistance-welded steel pipe
or tube for hollow stabilizer according to another embodiment of this
disclosure may optionally further contain at least one selected from the group
consisting of Cu, Ni, Nb, W, V, and REM (rare earth metals) in the amounts
described below.
[0040} Cu: 1 % or less

Cu is an element that further improves quench hardenability and
corrosion resistance. However, because Cu is an expensive element, a Cu
content beyond 1 % significantly increases material costs. Therefore, in the
case of adding Cu, the Cu content is set to 1 % or less, preferably 0.50 % or
less, and more preferably 0.40 % or less. On the other hand, no lower limit
is placed on the Cu content. However, when Cu is added, in order to enhance
the effect of adding Cu, the Cu content is preferably set to 0.05 % or more and
preferably 0.10 % or more.
[0041] Ni: 1 % or less

As with Cu, Ni is an element that further improves quench

hardenability and corrosion resistance. However, because Ni is an expensive
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element, a Ni content beyond 1 % significantly increases material costs.
Therefore, in the case of adding Ni, the Ni content is set to 1 % or less,
preferably 0.50 % or less, and more preferably 0.40 % or less. On the other
hand, no lower limit is placed on the Ni content. However, when Ni is
added, in order to enhance the effect of adding Ni, the Ni content is set to 0.05
% or more and preferably 0.10 % or more.
[0042] Nb: 0.05 % or less

Nb is an element that forms fine carbides to contribute to higher
strength (hardness). However, a Nb content beyond 0.05 % does not increase
the effect of adding Nb and thus fails to offer an effect commensurate with the
content, which is economically disadvantageous. Therefore, in the case of
adding Nb, the Nb content is set to 0.05 % or less and preferably 0.03 % or
less. On the other hand, no lower limit is placed on the Nb content.
However, when Nb is added, in order to increase the effect of adding Nb, the
Nb content is preferably set to 0.001 % or more and more preferably 0.005 %
or more.
[0043] W: 0.05 % or less

As with Nb, W is an element that forms fine carbides to contribute to
higher strength (hardness). However, a W content beyond 0.05 % does not
increase the effect of adding W and thus fails to offer an effect commensurate
with the content, which is economically disadvantageous. Therefore, in the
case of adding W, the W content is set to 0.05 % or less and preferably 0.03 %
or less. On the other hand, no lower limit is placed on the W content.
However, when W is added, in order to enhance the effect of adding W, the W
content is preferably set to 0.01 % or more.
[0044] V: 0.5 % or less

As with Nb and W, V is an element that forms fine carbides to
contribute to higher strength (hardness). However, a V content beyond 0.5 %
does not increase the effect of adding V and thus fails to offer an effect
commensurate with the content, which is economically disadvantageous.
Therefore, in the case of adding V, the V content is set to 0.5 % or less and
preferably 0.3 % or less. On the other hand, no lower limit is placed on the
V content. However, when V is added, in order to enhance the effect of
adding V, the V content is preferably set to 0.05 % or more.
[0045] REM: 0.02 % or less
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As with Ca, REM is an element that has an effect of controlling the
morphology of sulfide inclusions to make them fine and approximately
spherical in shape. In this disclosure, from the viewpoint of complementing
the Ca effect, it is preferable to add REM. However, a REM content beyond
0.02 % excessively increases the amount of inclusions which act as starting
points of fatigue cracks, deteriorating corrosion fatigue resistance.
Therefore, in the case of adding REM, the REM content is set to 0.02 % or
less, preferably 0.01 % or less, and more preferably 0.008 % or less. On the
other hand, no lower limit is placed on the REM content, but from the
viewpoint of enhancing the effect of adding REM, the REM content is
preferably set to 0.001 % or more.

[0046] The electric-resistance-welded steel pipe or tube for hollow stabilizer
according to one embodiment of this disclosure can have a chemical
composition consisting of

C: 0.15 % or more and less than 0.20 %,

Si: 0.1 % or more and 1.0 % or less,

Mn: 0.1 % or more and 2.0 % or less,

P: 0.1 % or less,

S:0.01 % or less,

Al: 0.01 % or more and 0.10 % or less,

Ti: more than 0.05 % and 0.1 % or less,

B: 0.0005 % or more and 0.005 % or less,

Ca: 0.0001 % or more and 0.0050 % or less,

N: 0.0050 % or less, and

optionally at least one selected from the group consisting of Cu: 1 %
or less, Ni: 1 % or less, Nb: 0.05 % or less, W: 0.05 % or less, V: 0.5 % or
less, and REM: 0.02 % or less, with the balance being Fe and inevitable
impurities.

[0047] The chemical composition of the electrical-resistance-welded steel
pipe or tube for hollow stabilizer of this disclosure does not contain Cr.
When Cr is added, the formation of a Fe-Cr-O-based internal oxidation layer
in a process of heating a slab or pipe (prior to diameter-reducing rolling)
deteriorates descaling properties, which may cause surface indentation flaws
of scales in the rolling step and thus negatively affect the durability of a
stabilizer as a final product. However, even in this disclosure, it is

acceptable that the above chemical composition contains Cr as an inevitable
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impurity. The Cr content as an inevitable impurity is preferably set to less
than 0.01 % and more preferably 0.050 % or less.
[0048] [Microstructure]

The electric-resistance-welded steel pipe or tube for hollow stabilizer
of this disclosure further has a microstructure in which a cleanliness with
respect to TiS particles with a particle size of 10 um or more and a cleanliness
with respect to MnS particles with a particle size of 10 um or more are 0 % or
more and 0.1 % or less, respectively, the cleanliness being measured by a
point counting method according to JIS G 0555. The reasons for limiting the
microstructure in this way are given below.

[0049] The TiS particles with a particle size of 10 um or more and the MnS
particles with a particle size of 10 um or more act as a starting point of a
corrosion pit, deteriorating corrosion resistance. Further, the TiS particles
with a particle size of 10 pm or more and the MnS particles with a particle
size of 10 pm or more promote the occurrence of fatigue cracks starting from
corrosion pits, and thus corrosion fatigue resistance is deteriorated.
Specifically, when at least one of the cleanliness with respect to TiS particles
with a particle size of 10 um or more and the cleanliness with respect to MnS
particles with a particle size of 10 pm or more is more than 0.1 %, the
corrosion resistance and corrosion fatigue resistance are deteriorated.
Therefore, the cleanliness of each of the TiS particles with a particle size of
10 um or more and the MnS particles with a particle size of 10 pm or more is
set to 0.1 % or less. On the other hand, because the cleanliness is preferably
as low as possible, the cleanliness is set to 0 or more. As used herein, the
"particle size" refers to the maximum length of a particle. The cleanliness
refers to a value measured in a center position in the plate thickness direction
of the steel pipe or tube. The cleanliness can be measured by the method
described in the EXAMPLES section below.

[0050] In order to set the cleanliness to 0 % or more and 0.1 % or less, it is
important to control the Ca content within the aforementioned range.
Further, when REM is added, it is also important to control the REM content
within the above range.

[0051] [t/D]

Although the size of the electric-resistance-welded steel pipe or tube
for hollow stabilizer is not particularly limited and may be any size, the ratio

of the wall thickness t (mm) to the outer diameter D (mm) of the steel pipe or
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tube represented by t/D is preferably set to 7 % or more. t/D may be 10 % or
more and may be 12 % or more. On the other hand, t/D is preferably 35 % or
less. t/D may be 30 % or less and may be 25 % or less.

[0052] [Manufacturing method]

The method of manufacturing the electric-resistance-welded steel pipe

or tube for hollow stabilizer of this disclosure is not particularly limited and
any method may be used. The following describes a suitable manufacturing
method of the electric-resistance-welded steel pipe or tube for hollow
stabilizer of one embodiment of this disclosure.
[0053] The electric-resistance-welded steel pipe or tube for hollow stabilizer
of this disclosure can be manufactured by sequentially subjecting a steel plate
having the aforementioned chemical composition to the following steps (1) to
4).

(1) Cold forming

(2) Electric resistance welding

(3) Heating

(4) Diameter-reducing hot rolling
[0054] (1) Cold forming

First, a steel plate having the aforementioned chemical composition is
subjected to cold forming to obtain an open pipe or tube having an
approximately cylindrical shape. The method of cold forming is not
particularly limited, and for example, a conventional method may be used.
Specifically, the steel plate is preferably subjected to continuous cold rolling
using a plurality of rolls.

[0055] (2) Electric resistance welding

Then, the open pipe or tube is subjected to electric resistance welding
with its widthwise ends butted against each other to obtain an
electric-resistance-welded steel pipe or tube. Although the widthwise ends
of the open pipe or tube can be butted against each other by any method,
squeeze rolls can be typically used. Further, the electric resistance welding
is preferably performed by, for example, high frequency resistance welding or
induction heating welding.

[0056] (3) Heating

Then, the obtained electric-resistance-welded steel pipe or tube is

heated to a heating temperature of 850 °C or higher and 1000 °C or lower.

When the heating temperature is lower than 850 °C, a desired toughness of the
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welded portion may not be ensured. Therefore, the heating temperature is set
to 850 °C or higher and preferably 860 °C or higher. On the other hand, a
heating temperature beyond 1000 °C causes significant surface
decarburization, sometimes deteriorating surface texture. Therefore, the
heating temperature is set to 1000 °C or lower and preferably 980 °C or lower.
[0057] (4) Diameter-reducing hot rolling

Further, the heated electric-resistance-welded steel pipe or tube is
subjected to hot diameter-reducing rolling under a set of conditions including
a rolling temperature of 650 °C or higher and a cumulative diameter reducing
ratio of 30 % or more and 90 % or less. When the rolling temperature is
lower than 650 °C, the workability may be reduced, which makes it difficult to
form the electric-resistance-welded steel pipe or tube into a desired stabilizer
shape. No upper limit is placed on the rolling temperature, but in reality, the
rolling temperature is at or below the heating temperature. Further, a
cumulative diameter reducing ratio of 30 % or more and 90 % or less does not
deteriorate the workability of the electric-resistance-welded steel pipe or tube,
and the electric-resistance-welded steel pipe or tube can be formed into a
desired stabilizer shape. The cumulative diameter reducing ratio is
preferably set to 35 % or more. The cumulative diameter reducing ratio is
preferably set to 80 % or less.
[0058] (Hollow stabilizer)

The electric-resistance-welded steel pipe or tube for hollow stabilizer
of this disclosure can be suitably used as a material for manufacturing a
hollow stabilizer. The method of manufacturing the hollow stabilizer is not
particularly limited and any method may be used. Generally, a hollow
stabilizer can be made by forming the electric-resistance-welded steel pipe or
tube for hollow stabilizer into a stabilizer shape and subjecting it to heat
treatment.
[0059] In the forming step, the electric-resistance-welded steel pipe or tube
for hollow stabilizer is formed into a stabilizer shape. As the forming
method, any regular forming method can be used. From the viewpoint of
suppressing the surface decarburization, the forming step is preferably
performed by cold bending. Examples of the cold bending includes rotary
draw-bending and press bending.
{0060] Then, the member which has been formed into a stabilizer shape

(hollow stabilizer) is subjected to heat treatment. The heat treatment is
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preferably performed in a quenching process or quenching-tempering
processes.

[0061] After the heat treatment, one or both of the inner and outer surfaces of
the pipe or tube is preferably subjected to shot blasting treatment in order to
improve fatigue resistance.

[0062] The stabilizer manufactured using the electric-resistance-welded steel
pipe or tube for hollow stabilizer of this disclosure has the following: the
aforementioned chemical composition; a microstructure containing TiS
particles with a particle size of 10 wm or more and MnS particles with a
particle size of 10 um or more, in which the TiS particles and the MnS
particles have a cleanliness of 0 % or more and 0.1 % or less as measured by a
point counting method according to JIS G 0555; prior austenite grains having
an average grain size of 50 pm or less; and a Vickers hardness of 400 HV or
more and less than 550 HV. That is, the chemical composition and
cleanliness of the electric-resistance-welded steel pipe or tube for hollow
stabilizer is maintained in the hollow stabilizer after the quenching-tempering

processes.

EXAMPLES

[0063] The action and effect according to this disclosure are described below
by way of examples. Note that this disclosure is not limited to the following
examples.
[0064] (Example 1)

An electric-resistance-welded steel pipe or tube for hollow stabilizer
was prepared according to the following procedure.
[0065] First, molten steels having the chemical compositions listed in Table 1
were used to manufacture steel slabs by continuous casting. Each steel slab
was hot rolled to obtain a hot-rolled steel plate having a plate thickness of 4.5
mm. The cleanliness of steel is affected not only by a chemical composition
and steelmaking conditions. Therefore, in manufacturing the steel slab by
continuous casting, the temperature of the molten steel and casting speed were
made constant.
[0066] Then, the hot-rolled steel plate was subjected to continuous cold
forming using a plurality of rolls to obtain an approximately cylindrical open
pipe or tube. Next, circumferential ends of the open pipe or tube were butted

and pressed against each other and subjected to electric resistance welding
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using a high-frequency electric resistance welding method to obtain an
electric-resistance-welded steel pipe or tube (89.1 mme in outer diameter x
4.5 mm in thickness). Then, the obtained electric-resistance-welded steel
pipe or tube was heated to the heating temperature of 980 °C by induction
heating. Next, the heated electric-resistance-welded steel pipe or tube was
subjected to hot-diameter-reducing rolling to obtain an
electric-resistance-welded steel pipe or tube for hollow stabilizer. The hot
diameter-reducing rolling was performed under a set of conditions including
the diameter-reducing rolling temperature of 800 °C and the diameter
reducing ratio of 71 %. The diameter-reducing rolling temperature was
measured at the delivery side of a final rolling stand by using a radiation
thermometer. The dimension of the final electric-resistance-welded steel
pipe or tube for hollow stabilizer was from 21.7 mmeg to 54 mme¢ in outer
diameter x 4.0 mm in thickness.

[0067] (Cleanliness)

Then, for the obtained electric-resistance-welded steel pipe or tube for
hollow stabilizer, the microstructure was observed by the following
procedure, and the cleanliness was determined by the point counting method
according to JIS G 0555.

[0068] First, a test piece for microstructure observation was collected from
the obtained electric-resistance-welded steel pipe or tube for hollow stabilizer
so that a cross section parallel to the pipe or tube axial direction of the test
piece was an observation surface. Next, the surface of a central part in the
thickness direction of the test piece for microstructure observation was
observed using a scanning electron microscope (from 500 to 2000
magnifications), and the type, size, and number of inclusion particles present
in the surface were determined. The types (compositions) of the inclusion
particles were identified by analyzing the clements constituting the inclusion
particles using an energy-dispersive X-ray analyzer (EDX analyzer) attached
to the scanning electron microscope. Further, the maximum length of the
particles in the cross section (observation surface) was used as the particle
size of the particles. Then, for the TiS particles and MnS particles, the
numbers of Tis and MnS particles with a particle size of 10 um or more were
measured. From the obtained numbers of particles, the area ratio (%) of the

inclusions was calculated using the point counting method according to JIS G
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0555, and the average value of the arca ratios in 60 fields of view was used as
the cleanliness.
[0069] (Quenching and tempering)

Next, in order to evaluate the properties after quenching Lc/md
tempering, each of the obtained electric-resistance-welded steel pipes or tubes
for hollow stabilizer was subjected to quenching and tempering processes
under the following conditions.

[0070] First, the electric-resistance-welded steel pipe or tube for hollow
stabilizer was heated by electrical resistance heating until the surface
temperature became 950 °C. The electrical resistance heating was performed
by clamping both ends in the Ilongitudinal direction of the
electric-resistance-welded steel pipe or tube with electrodes and applying
electric current between the electrodes. Further, the surface temperature was
measured by a radiation thermometer. Then, after being held at 950 °C for 3
seconds, the electric-resistance-welded steel pipe or tube for hollow stabilizer
was quenched by putting it into a quenching bath (water) and quenching it at a
cooling rate of 80 £ 10 °C/s.

[0071] Further, the electric-resistance-welded steel pipe or tube for hollow
stabilizer was tempered by holding it at a tempering temperature of 350 °C for
20 minutes. The tempering temperature was measured by attaching a
thermocouple to the steel pipe or tube.

[0072] In the actual manufacturing of a stabilizer, the
electric-resistance-welded steel pipe or tube is formed into a stabilizer shape
by cold working before being subjected to quenching and tempering
processes. However, the cold working does not affect the average particle
size and Vickers hardness of prior austenite grains. Therefore, in the
example, the electric-resistance-welded steel pipe or tube was subjected to the
quenching and tempering processes without cold working.

[0073] (Vickers hardness)

In order to evaluate the strength after the quenching and tempering
processes, a test piece was collected from the electric-resistance-welded steel
pipe or tube after the quenching and tempering processes to measure the
Vickers hardness in a cross section (C section) perpendicular to the pipe or
tube axis direction of the steel pipe or tube using a Vickers hardness meter.
In the measurement, the Vickers hardness was measured at a pitch of 0.1 mm

over the entire thickness of the cross section from the outer surface to the
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inner surface of the pipe or tube, and the measurement results were averaged.
The Vickers hardness was measured under a load of 500 gf (4.9 N).
[0074] (Prior y grain size)

In the electric-resistance-welded steel pipe or tube after the quenching
and tempering processes, the prior austenite grain size (prior y grain size) was
measured in the following procedures.

[0075] First, a test piece was collected from the electric-resistance-welded
steel pipe or tube after the quenching and tempering processes so that a cross
section orthogonal to the pipe or tube axis direction was an observation
surface. The cross section was polished and then etched with etching
solution (picric acid aqueous solution) to expose prior austenite grain
boundaries. Thereafter, the cross section was observed by an optical
microscope (100 magnifications) and was imaged for 10 or more observation
fields. The obtained microstructure photographs were subjected to image
analysis to calculate the average grain size of the prior austenite grains.
[0076] (Corrosion fatigue resistance)

In order to evaluate the corrosion fatigue resistance of the
electric-resistance-welded steel pipe or tube after the quenching and
tempering processes, a fatigue test was conducted according to the following
procedure to determine the fatigue life.

[0077] First, a test body with a predetermined length was collected from the
electric-resistance-welded steel pipe or tube for hollow stabilizer before the
quenching and tempering processes and processed into a test piece for a
corrosion fatigue test. In a central part of the test piece, a parallel portion
with an outer diameter of 24.4 mmo was formed. Then, the test piece was
subjected to the quenching and tempering processes. In the quenching and
tempering processes, first, the test piece was heated to a surface temperature
of 950 °C by induction heating, held for 3 seconds, and then quenched by
spraying water at a cooling rate of 80 °C/s. After the quenching process, the
test piece was tempered with a holding temperature of 350 °C for 20 minutes.
[0078] After the quenching and tempering processes, the test piece was
wetted by wrapping the central parallel portion with absorbent cotton soaked
with 5 % NaCl solution and subjected to a fatigue test, in which the number of
cycles until the occurrence of cracks was determined to evaluate corrosion

fatigue resistance. The test conditions were a load stress of +400 MPa
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(reversed stress) and a load frequency of | Hz. The fatigue life thus obtained
can be regarded as an indicator of corrosion fatigue resistance.
[0079] The obtained results are listed in Table 2. Compared with the
comparative examples, the electric-resistance-welded steel pipe or tube for
5 hollow stabilizer satisfying the conditions of this disclosure had a small prior
austenite grain size after the quenching and tempering processes and also had
excellent corrosion fatigue resistance after the quenching and tempering
processes. The smaller prior austenite grain size increases grain boundaries,
which can prevent crack propagation. In addition, when the prior austenite
10  grains are refined, the effect of hydrogen embrittlement on corrosion fatigue
resistance can be suppressed to improve the corrosion fatigue resistance.
Therefore, a stabilizer obtained by using the electric-resistance-welded steel
pipe or tube for hollow stabilizer of this disclosure has excellent resistance to
crack propagation and thus high fatigue strength.
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3

[0082] (Example 2)

Hot-rolled steel plates with the chemical compositions listed in the
columns of steel sample IDs A, B, and C in Table | were used to make
electric-resistance-welded steel pipes or tubes for hollow stabilizer under the

5 conditions listed in Table 3. Other conditions were the same as in Example
1.
[0083] Then, using the same procedures as in Example 1, the cleanliness,
Vickers hardness after the quenching and tempering processes, prior austenite
grain size, and corrosion fatigue resistance were evaluated. The evaluation

10  results are listed in Table 4.

[0084] As is clear from the results listed in Table 4, under the manufacturing
conditions specified in this disclosure, an electric-resistance-welded-steel
pipe or tube for hollow stabilizer which has corrosion fatigue life of more than
500,000 cycles after the quenching and tempering processes and thus exhibits

15  excellent corrosion fatigue resistance can be manufactured.
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CLAIMS

1. An clectric-resistance-welded steel pipe or tube for hollow stabilizer comprising:

a chemical composition containing, in mass%,

C: 0.15 % or more and 0.19 % or less,

Si: 0.1 % or more and 1.0 % or less,

Mn: 0.1 % or more and 2.0 % or less,

P: 0.1 % orless,

S: 0.01 % or less,

Al: 0.01 % or more and 0.10 % or less,

Ti: more than 0.05 % and 0.1 % or less,

B: 0.0005 % or more and 0.005 % or less,

Ca: 0.0001 % or more and 0.0050 % or less, and

N: 0.0050 % or less, with the balance being Fe and inevitable impurities; and

a microstructure in which a cleanliness with respect to TiS particles with a particle size
of 10 um or more and a cleanliness with respect to MnS particles with a particle size of
10 um or more are 0 % or more and 0.1 % or less, respectively, the cleanliness being measured

by a point counting method according to JIS G 0555.

2. The electric-resistance-welded steel pipe or tube for hollow stabilizer according to
claim 1, wherein the chemical composition further contains, in mass%, at least one selected from the
group consisting of

Cu: 1 % orless,

Ni: 1% orless,

Nb: 0.05 % or less,

W: 0.05 % or less,

V: 0.5 % or less, and

REM: 0.02 % or less.

3. A method of manufacturing the electric-resistance-welded steel pipe or tube for
hollow stabilizer according to claim 1 or 2, comprising:

cold forming a steel plate having the chemical composition into an open pipe or tube
having an approximately cylindrical shape;

subjecting the open pipe or tube to electric resistance welding with its widthwise ends
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butted against each other to obtain an electric-resistance-welded steel pipe or tube;

heating the electric-resistance-welded steel pipe or tube to a heating temperature of
850 °C or higher and 1000 °C or lower; and

subjecting the heated electric-resistance-welded steel pipe or tube to hot-diameter-reducing
rolling under a set of conditions including a rolling temperature of 650 °C or higher and a cumulative

diameter reducing ratio of 30 % or more and 90 % or less.
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