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(57)  Theinvention proposes a method for manufac-
turing a seamless steel pipe having high strength, high
toughness, and high formability for an airbag. A method
for manufacturing a seamless steel pipe comprising a
process for manufacturing a raw material for steel pipe
having a composition containing 0.01 to 0.10% of C,
0.5% or less of Si, 0.10 to 2.00% of Mn, more than 1.0%
and 2.0% or less of Cr, and 0.5% or less of Mo to form
the seamless steel pipe, a process for drawing the
seamless steel pipe in cold working, and a quenching
and tempering process for heating the seamless steel

pipe to A3 transformation point or more and 1050°C or
less and then quenching, then tempering at 450°C or
more and A, transformation point or less is proposed.
A method for manufacturing a seamless steel pipe
where the cold drawing process is replaced after the
quenching and tempering process is proposed. The
composition may further contain, in addition to the com-
position, one or two or more selected from 1.0% or less
of Cu, 1.0% or less of Ni, 0.10% or less of Nb, 0.10% or
less of V, 0.10% or less of Ti, and 0.005% or less of B.
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Description
Technical Field

[0001] This invention relates to a high-strength seamless steel pipe, particularly relates to a high-strength seamless
steel pipe having excellent toughness and formability suitable for an airbag inflator.

Background Art

[0002] Recently, improvement of safety against automobile collision has been desired earnestly, particularly, a safety
device for protecting a crew at collision is actively introduced. In particular, the airbag, which is designed to expand
between the crew and a steering wheel or an instrument panel, and absorb kinetic energy of the crew, thereby reduce
the damage on the crew, is now being generalized. Particularly, an airbag for a driver seat installed within the steering
wheel, or an airbag for a passenger seat installed within the instrument panel is being included as standard equipment.
Furthermore, recently, in addition to them, to protect the crew at lateral collision, an automobile having a side airbag
in the seat or a curtain type airbag for covering a side window has been increased.

[0003] Traditionally, a type using gunpowder for generating gas has been mainly used as the airbag. However, re-
cently, from a viewpoint of recycling efficiency or environmental consciousness, a type in which inert gas such as argon
is charged into an inflator under high pressure has become mainly used instead of using the gunpowder. In this type,
since the inert gas must be kept to be always under high pressure, the inflator must have sufficiently high strength.
[0004] Generally, the airbag inflator is produced by aprocessing steel pipe. In the inert gas charged type airbag, since
the inert gas is charged in the inflator under high pressure, from a viewpoint of reliability of the seam, a seamless steel
pipe is mostly used as the pipe for the inflator. Typically, the seamless steel pipe is subjected to cold drawing process
to have a predetermined size and cut into a predetermined length, then both pipe ends are processed by pressing and
sealing plates are welded to the pipe ends, thereby products (inflator) are formed.

[0005] From the situation, as the steel pipe for the inflator, a seamless steel pipe having sufficient strength and
toughness, excellent formability, and excellent weldability is desired. For such demand, for example, JP-A-10-140283
proposes a method for manufacturing a high-strength, high-toughness steel pipe for the airbag inflator, in which the
steel containing 0.01 to 0.20% of C, 0.50% or less of Si, 0.30 to 2.00% of Mn, 0.020% or less of P, 0.020% or less of
S, and 0.10% or less of Al, or further containing at least one of 0.50% or less of Mo, 0.10% or less of V, 0.50% or less
of Ni, 1.00% or less of Cr, 0.50% or less of Cu, 0.10% or less of Ti, 0.10% or less of Nb, and 0.005% or less of B, and
Fe and unavoidable impurities as residue is used to manufacture a seamless steel pipe. The seamless steel pipe is
remained as cold working, or subjected to normalizing, normalizing, or quenching and tempering after the cold working.
[0006] JP-A-10-140249 proposes a method for producing a high-strength, high-toughness steel pipe for the airbag
inflator, wherein the steel having a same composition as the composition described in JP-A-10-140283 is used to
manufacture a steel pipe. The steel pipe is normalized at 850 to 1000°C, and then subjected to the cold working to
have a predetermined size, or subjected to the normalization, or the quenching and tempering after a stress relief
normalizing. JP-A-10-140250 proposes a method for manufacturing a high-strength, high-toughness steel pipe for the
airbag inflator, wherein the steel having a same composition as the composition described in JP-A-10-140283 is used
to manufacture a steel pipe. The steel pipe is quenched at 850 to 1000°C, or further tempered at 450°C or more and
less than A4 transformation point, then subjected to the cold working to have a predetermined size and remained as
it is, or subjected to the normalizing after the cold working.

[0007] Itis described that a high-strength, high-toughness steel pipe for the airbag having high dimension accuracy,
excellent formability, and weldability, and a tensile strength of 590 N/mm?2 or more can be manufactured according to
the technique described in JP-A-10-140283, JP-A-10-140249, or JP-A-10-140250.

Disclosure of the Invention

[0008] Recently, there has been a demand for miniaturization and weight saving of airbag system, and there is a
demand for further increase of strength as the seamless steel pipe for the airbag inflator. Particularly, for the curtain
type airbag, a large volume of gas is required such that the airbag can cover front and rear side-windows, in addition,
a charging pressure of 50 MPa or more is required. To meet such requirements, a seamless steel pipe having 900
MPa or more of tensile strength is desired as the inflator. The seamless steel pipe should have 900 MPa or more of
tensile strength finally after being subjected to the cold drawing or heat treatment.

[0009] In the technique described in JP-A-10-140283, JP-A-10-140249, or JP-A-10-140250, which aims to manu-
facture a 590 MPa class, high-strength, seamless steel pipe, there is a problem that the technique cannot meet the
demand for further increase of strength desired for the steel pipe for the inflator.

[0010] The invention aims to solve the problem in the traditional art advantageously, and propose a method for
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manufacturing a seamless steel pipe with high strength, high toughness, and high formability, the pipe having excellent
formability and weldability in manufacturing of the inflator, in addition, a high tensile strength of 900 MPa or more, and
high toughness or ductility exhibited in a drop weight test at -60°C for a halved steel pipe.

[0011] The inventors have earnestly made a study on various factors effected on the strength, toughness, and form-
ability to overcome the problem. Consequently, as methods for manufacturing the seamless steel pipe, two methods
below were found. (1) A seamless steel pipe having a steel composition containing a reduced content of C and proper
amounts of Cr and Mo is manufactured. The seamless steel pipe is subjected to the cold drawing. Then the pipe is
subjected to the quenching and tempering, or the normalizing. (2) A seamless steel pipe having a steel composition
containing the reduced amount of C content and the proper amounts of Cr and Mo is manufactured. The seamless
steel pipe is subjected to the quenching and tempering, or the normalizing. Then the pipe is subjected to the cold
drawing. It was found that by either of the methods (1), (2), increase of the strength can be designed, particularly, a
seamless steel pipe with small decrease in circumferential strength and small anisotropy is obtained.

[0012] The invention was based on the findings and completed through further investigations.

[0013] That s, the invention is summarized as follows.

(1) A method for manufacturing a seamless steel pipe with the high strength, high toughness, and high formability
for the airbag characterized by comprising a process for manufacturing a raw material for steel pipe having a
composition containing 0.01 to 0.10% of C, 0.5% or less of Si, 0.10 to 2.00% of Mn, more than 1.0% and 2.0% or
less of Cr, and 0.5% or less of Mo by mass to form the seamless steel pipe, a quenching and tempering process
for heating the seamless steel pipe at a temperature in a range of A3 transformation point or more and 1050°C
or less and then quenching, then tempering at a temperature in a range of 450°C or more and the A, transformation
point or less, and a process for drawing the seamless steel pipe in cold working.

(2) The method for manufacturing the seamless steel pipe with the high strength, high toughness, and high form-
ability for the airbag in (1), wherein order of the cold drawing process and the quenching and tempering process
is reversed.

(3) The method for manufacturing the seamless steel pipe with the high strength, high toughness, and high form-
ability for the airbag in (1) or (2) characterized in that the composition further contains, in addition to the above
composition, one or two or more selected from 1.0% or less of Cu, 1.0% or less of Ni, 0.10% or less of Nb, 0.10%
or less of V, 0.10% or less of Ti, and 0.005% or less of B by mass.

(4) The method for manufacturing the seamless steel pipe with the high strength, high toughness, and high form-
ability for the airbag in (1), (2), or (3) characterized in that the seamless steel pipe is subj ected to the normalizing
for heating the pipe to a temperature in a range from 850 to 1000°C and then air-cooling, instead of the quenching
and tempering process.

Best Mode for Carrying Out the Invention

[0014] First, the reasons for setting the limit for the components of the raw material for steel pipe for use is described.
Hereinafter, "% by mass" in the composition is simply shown as "%".

C:0.01t00.10%

[0015] C is an element that contributes to increase of the strength of steel. However, excessive C content of more
than 0.10% causes decrease in formability and weldability. On the other hand, when the C content is less than 0.01%,
a desired tensile strength is hard to be ensured. Therefore, in the invention, C is limited within a range from 0.01 to
0.10%. Preferably, the C content is 0.03 to 0.08%.

Si: 0.5% or less

[0016] Siis an element that increases the strength of steel, and preferably contained at 0.1% ormore to obtain such
an effect. However, since excessively large content of Si causes decrease in ductility and formability, the Si content
was limited to 0.5% or less in the invention. Preferably, the Si content is 0.1 to 0.4%.

Mn: 0.10 to 2.00%

[0017] Mn is an element that improves the strength, and must be contained at 0.10% or more to ensure a desired
strength in the invention. On the other hand, when 2.00% of Mn is contained, the ductility is decreased, in addition,
the formability and weldability are decreased. Therefore, Mn was limited to 2.00% or less. Preferably, the Mn content
is 1.00 to 1.70%.

Cr: more than 1.0% and 2.0% or less

[0018] Cris an effective element for improving the strength and corrosion resistance of steel, and must be contained
at more than 1.0% mainly for ensuring a high strength in the invention. On the other hand, when more than 2.0% of
Cr is contained, the ductility is decreased, in addition, the formability, weldability, and toughness are decreased. There-
fore, Cr was limited within a range of more than 1.0% and 2.0% or less. Preferably, the Cr content is 1.1 to 1.5%.
Mo: 0.5% or less
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[0019] Mo is an element that increases the strength of steel and improves the quenching characteristics, and pref-
erably contained at 0.1% or more in the invention. On the other hand, when more than 0.5% of Mo is contained, the
ductility is decreased, and weld crack resistance is lowered. Therefore, Mo was limited to 0.5% or less. Preferably, the
Mo content is 0.3% or less.

[0020] In the invention, in addition to the basic composition, one or two or more selected from 1.0% or less of Cu,
1.0% or less of Ni, 0.10% or less of Nb, 0.10% or less of V, 0.10% or less of Ti, and 0.005% or less of B can be further
contained.

[0021] Each of Cu, Ni, Nb, V, Ti, and B acts to increase the strength, and one or two or more of them can be selectively
contained as needed.

[0022] Cu is an element that increases the strength of steel, in addition, improves corrosion resistance. However,
whenmore than 1.0% of Cu is contained, hot working characteristics are lowered. Therefore, Cu is preferably limited
to 1.0% or less. More preferably, the Cu content is 0.5% or less.

[0023] Niis an element that increases the strength of steel, and improves the quenching characteristics and the
toughness. However, since Ni is expensive, it is preferable that Ni is limited to 1.0% or less in the invention. More
preferably, the Ni content is 0.5% or less.

[0024] Nbis an element thatincreases the strength of steel through precipitation hardening, and improves the tough-
ness by refining microstructure. However, when more than 0.10% of Ni is contained, the toughness is conversely
decreased. Therefore, Nb is preferably limited to 0.10% or less. More preferably, the Nb content is 0.01 to 0.05%.
[0025] Visanelementthatincreases the strength of steel through precipitation hardening, and improves the quench-
ing characteristics. However, when more than 0.10% of V is contained, the toughness is decreased. Therefore, V is
preferably limited to 0.10% or less. More preferably, the V content is 0.01 to 0.05%.

[0026] Tiis an element that increases the strength of steel through precipitation hardening, and improves the tough-
ness by refining the microstructure. However, when more than 0.10% of Ti is contained, the toughness is conversely
decreased. Therefore, Ti is preferably limited to 0.10% or less. More preferably, the Ti content is 0.005 to 0.03%.
[0027] B is an element that contributes to increase of the strength through improvement of the quenching charac-
teristics. However, when more than 0.005% of B is contained, the toughness is decreased. Therefore, B is preferably
limited to 0.005% or less. More preferably, the B content is 0.0005 to 0.002%.

[0028] The residue other than the above components is Fe and the avoidable impurities. As the avoidable impurities,
0.03% or less of P, 0.01% or less of S, and 0.10% or less of Al are allowed.

[0029] Itis preferable that molten steel having the above composition is produced using a known steel making process
such as a converter or an electric furnace, and then preferably made into a raw material for steel pipe such as billet
using a known casting process such as a continuous casting process or an ingot making process. The slab, which is
produced using the continuous casting process, can be made into the billet by rolling.

[0030] Then, the resultant raw material for steel pipe is manufactured using a typical manufacturing process of Man-
nesmann-plug mill method or Mannesmann-mandrel mill method, thereby a seamless steel pipe is formed. The man-
ufacturing process of the seamless steel pipe may include other method than the above methods. The manufactured
seamless steel pipe is subjected to either one of the following two treatments. (1) After the quenching and tempering,
or the normalizing, the cold drawing is performed. (2) After the cold drawing, the quenching and tempering, or the
normalizing is performed.

[0031] The cold drawing can be performed using a generally known cold drawing apparatus without requiring a
particular apparatus. Although conditions of the cold drawing is not needed to be particularly limited as long as a
predetermined size of pipe can be formed, it is preferable from a view of ensuring dimension accuracy to adjust the
diameter reduction percentage to be within a range from 5 to 25% and the thickness reduction percentage to be within
a range from 10 to 30%.

[0032] Heating temperature for quenching is set to be a temperature in a range from A5 transformation point to
1050°C. When the heating temperature is less than A3 transformation point, uniform austenization cannot be achieved.
On the other hand, when the heating temperature is high, over 1050°C, crystal grains become coarse and thus the
toughness is decreased. Therefore, the heating temperature for the quenching was set to be 1050°C or less in the
invention. After heating at a temperature within the above range, cooling is performed by water cooling (quenching) to
form a quenching microstructure (martensite microstructure). Preferably, the heating temperature for quenching is the
A3 transformation point or more and 950°C or less.

[0033] The tempering is performed at a temperature within a range of 450°C or more and A4 transformation point
or less. The tempering temperature is preferably selected to be a temperature at which the strength, toughness, and
formability are best together. When the tempering temperature is less than 450°C, the tempering is inadequate, and
thus a desired toughness cannot be obtained. On the other hand, when the temperature exceeds the A4 transformation
point, the quenching microstructure cannot be obtained, and the strength is decreased, thereby a desired strength
cannot be ensured. Therefore, the tempering temperature was limited to a temperature in a range of 450°C or more
and the A, transformation point or less. Preferably, the temperature is 500 to 700°C. Cooling after the tempering is
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preferably performed at a rate of air cooling rate or more.

[0034] In the normalizing, heating is performed at a temperature within a range from 850 to 1000°C and then air-
cooling is performed. When the normalizing temperature is less than 850°C, austenite grains cannot be unified ade-
quately. On the other hand, when the normalizing temperature exceeds 1000°C, the crystal grains become coarse and
thus a desired toughness is hardly ensured. Therefore, the normalizing temperature is preferably limited to 850 to
1000°C. Preferably, the normalizing temperature is 850 to 950°C.

[0035] The seamless steel pipe subjected to the quenching and tempering or the normalizing is then preferably
subjected to descaling by acid pickling, or bend straightening as needed, thereby pipe products (steel pipe) are formed.
[0036] The seamless steel pipe manufactured by the above method has a high strength of 900 MPa in tensile strength
and a high toughness or ductility exhibited in the drop weight test at -60°C for the halved steel pipe, and is formed into
a steel pipe having excellent formability and weldability, thereby a steel pipe suitable for the inflator for the curtain type
airbag is formed.

Example

[0037] A raw material for steel pipe (billet with a diameter of 140 mm) having a composition shown in Table 1 was
heated to 1250°C, and formed into a seamless steel pipe (outer diameter of 34.0 mm and thickness of 3.2 mm, or
outer diameter of 38.1 mm and thickness of 3.3 mm) by the Mannesmann-mandrel mill method. They are piercing,
mandrel mill rolling, and reducer rolling.

[0038] The seamless steel pipes were subjected to the quenching and tempering or the normalizing under conditions
shown in Table 2. Then, each of the seamless steel pipes after the heat treatments was subjected to the cold drawing
in a diameter reduction percentage of 11.8% or 8.9%, and a thickness reduction percentage of 21.9% or 18.2% under
the conditions shown in Table 2, thereby a pipe product with the diameter of 30.0 mm and the thickness of 2.5 mm or
the diameter of 34.7 mm and the thickness of 2.7 mm was formed.

[0039] The seamless steel pipes were subj ected to the cold drawing in diameter reduction percentage of 11.8% or
8.9%, and thickness reduction percentage of 21.9% or 18.2% under conditions shown in Table 3, thereby a steel pipe
with the diameter of 30.0 mm and the thickness of 2.5 mm or the diameter of 34.7 mm and the thickness of 2.7 mm
was formed. Then, the steel pipes were subjected to the quenching and tempering or the normalizing under the con-
ditions shown in Table 2. Then, the seamless steel pipes after the heat treatments were straightened to remove the
bend, thereby the pipe products were formed.

[0040] Test pieces were sampled from the resulting pipe products, and a tensile test was carried out, thereby longi-
tudinal tensile characteristics were examined. The tensile test was carried out in accordance with JIS Z 2241 standard
after sampling No. 11 test pieces (tubular test piece) defined by JIS Z 2201. Furthermore, a hydraulic burst test was
achieved, and circumferential strength was converted from the burst pressure.

[0041] For the resultant pipe products, the drop weight test was carried out at -60°C, and the toughness was exam-
ined. The drop weight test at -60°C was performed in such a way that the pipe products were semicircularly halved,
then a test of dropping a weight of 100kgf from a height of 500 mm onto the pipes was carried out at -60°C. After the
test, fractures were observed and occurrence of brittle failure was examined. The test was set to be repeated three
times, and it was determined that a case that no brittle failure occurred in the three tests was O, a case that the brittle
failure occurred in all tests was X, and other cases were A.

[0042] For the resultant pipe products, the pipe ends were contracted to have outer diameters of 20 mm and 25 mm
using spinning machining, then cracks in the machined portion were observed, and thus the formability was evaluated.
It was determined that in a case that no crack was observed, the formability was O, in a case that a crack was observed,
the formability was X.

[0043] After contracting the pipe end to have the outer diameter of 20 mm using the spinning machining, the pipe
end was welded with sealing plates, and after the welding, occurrence of cracks was examined visually and with a
microscope, and thus the weldability was evaluated.

[0044] The obtained results are shown in Table 2 and Table 3. Each of'the examples of the invention is a seamless
steel pipe having a tensile strength of 900 MPa or more and high toughness, and having an excellent formability, in
addition, an excellent weldability. On the other hand, in a comparative example outside the scope of the invention, the
tensile strength is less than 900 MPa, the toughness is decreased, or the formability is decreased. In the comparative
example, sufficient properties as the steel pipe for the inflator for the curtain type airbag are not obtained.

Industrial Applicability
[0045] As above, according to the invention, a seamless steel pipe having high dimension accuracy, in addition, high

strength, high toughness, and high formability can be stablymanufactured, thereby industrially remarkable advantages
are provided.
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Claims

A method for manufacturing a seamless steel pipe having high strength, high toughness, and high formability for
an airbag characterized by comprising,

a process for manufacturing a steel pipe having a composition containing 0.01 to 0.10% of C, 0.5% or less
of Si, 0.10 to 2.00% of Mn, more than 1.0% and 2.0% or less of Cr, and 0. 5% or less of Mo by mass to form the
seamless steel pipe,

a quenching and tempering process for heating the seamless steel pipe to a temperature in a range of A3
transformation point or more and 1050°C or less and then quenching, then tempering at a temperature in a range
of 450°C or more and A4 transformation point or less, and

a cold drawing process for drawing the seamless steel pipe in cold working.

The method for manufacturing the seamless steel pipe having the high strength, high toughness, and high form-
ability for the airbag in claim 1, wherein order of the cold drawing process and the quenching and tempering process
is reversed.

The method for manufacturing the seamless steel pipe having the high strength, high toughness, and high form-
ability for the airbag according to claim 1 and 2 characterized in that the composition further contains, at least
one element selected from 1.0% or less of Cu, 1.0% or less of Ni, 0.10% or less of Nb, 0.10% or less of V, 0.10%
or less of Ti, and 0.005% or less of B.

The method for manufacturing the seamless steel pipe having the high strength, high toughness, and high form-
ability for the airbag according to claim 1 to 3 characterized in that the seamless steel pipe is subjected to nor-
malizing, for heating to a temperature in a range from 850 to 1000°C and then air cooling, instead of the quenching
and tempering process.
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