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having at least one surface with a flat portion in a state
inwhich nointernal pressure is loaded or aninternal pres-
sure of 50 MPa or less is loaded to the tubing material
by liquid, and aninternal pressure such that the maximum
internal pressure becomes higher than or equal to the
following P, [MPa] is continuously loaded by the liquid
so as to form the tubing material into a complex cross-
section shape. P,,,;, = 0.045xTS

Fig. 1
(a) (b) (0)
1
~
i G et
\(& 1 I‘
D Pemmal O e m=mLh
( ;10 B L!O’;—
ﬁ < \:-/\\\
S 1A 1A

= NO INTERNAL PRESSURE
OR LOW INTERNAL
PRESSURE LOADED

* CRUSHED BY
UPPER AND LOWER DIES

« MAXIMUM INTERNAL
PRESSURE LOADED

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 2 351 623 A1
Description
Technical Field

[0001] The present invention relates to a forming method of complex cross-section shape (or shape tube)and a
quadrate cross-section forming article having high spot weldability, and more particularly, relates to a forming method
of complex cross-section shape that forms a tubing material serving as a stock (or element tube)into a complex cross-
section shape by a hydroform process, and to a quadrate cross-section forming article with high spot weldability which
is formed from a tubing material by the forming method and which has one or two pairs of parallel sides.

Background Art

[0002] Methods for forming a tubing material serving as a stock into a complex cross-section shape by the hydroform
process are known (for example, see paragraphs [0003] to [0005] in the description of the related art and Figs. 1 and 2
in Patent Document 1). In a disclosed first type method, as illustrated in Fig. 1 (a) of Patent Document 1, a pipe of circular
cross section is subjected to bending (referred to as preforming in the present invention) to have a required planar shape,
for example, into a U-shape illustrated in Fig. 3(b) of Patent Document 1. A portion corresponding to a product portion
having a width smaller than the pipe diameter of the bent article is subjected to crushing into a cross-section shape
having a width smaller than the stock diameter (or diameter of element tube) by a pressing machine or a dedicated
machine, as illustrated in Fig. 1 (b) of Patent Document. This crushed article is set in a cavity between upper and lower
dies, as illustrated in Fig. 1 (c) of Patent Document 1, and the upper and lower dies are closed, as illustrated in Fig. 1
(d) of Patent Document 1. After that, liquid is injected into the crushed article, as illustrated in Fig. 1 (e) of Patent Document
1 so as to load an internal pressure of, for example, 22000 psi (151 MPa), whereby the article is plastically deformed to
fit surfaces of the dies and is formed into a cross-section shape illustrated in Fig. 1 (f) of Patent Document 1. In a
disclosed second type method, as illustrated in Fig. 2(a) of Patent Document 1, a pipe of circular cross section is bent
into a required planar shape, for example, into a U-shape illustrated in Fig. 3(b) of Patent Document 1, and the bent
article is also subjected to crushing into a cross-section shape having a reduced width by a pressing machine or a
dedicated machine, as illustrated in Fig. 2(b) of Patent Document 1. This crushed article is set in a cavity between upper
and lower dies, as illustrated in Fig. 2(c) of Patent Document 1, and a low pressure of, for example, about 1000 psi
(7MPa) is loaded in the crushed article for prepressurization before closing of dies, as illustrated in Fig. 2(d) of Patent
Document 1. Subsequently, closing of dies is performed, as illustrated in Fig. 2(e) of Patent Document 1, and the internal
pressure is increased to a high internal pressure of 6000 to 7000 psi (42 to 49 MPa), whereby the prepressurized article
is plastically deformed into a cross-section shape illustrated in Fig. 2(f) of Patent Document 1 so as to fit surfaces of the
dies.

Citation List
Patent Literature
[0003]
Patent Document 1: Japanese Unexamined Patent Application Publication No. 2000-246361
Summary of Invention
Technical Problem

[0004] However, in the above-described first type forming method of the related art, it is typical to adopt a high
increasing rate of girth of 10% or more, and rupture is more likely to occur in a low-ductility tubing material, for example,
a high-strength steel tube when a high internal pressure is loaded. In the second type, deep hollows are formed in some
portions of the complex cross-section forming article that should be flat (for example, portions serving as sides of a
rectangular cross section) by crushing, and this makes spot welding, especially one-side spot welding quite difficult.
Further, the curvature radius R of corners R (for example, portions serving as corners of the rectangular cross section)
is much larger than that of corresponding corners of the dies. Hence, it is difficult to obtain a sharp cross-section shape,
and the form accuracy of the product is insufficient.

[0005] That is, the forming technique of complex cross-section shape of the related art using the hydroform process
has difficulty in obtaining a complex cross-section forming article having high spot weldability and high dimensional
accuracy.
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Here, the complex cross section refers to a cross section different from a circular form cross section, for example, a
rectangular cross section.

Solution to Problem

[0006] As a result of earnest studies for overcoming the above-described problem, the present inventors conceived
a means that realized a complex cross-section forming article, which allowed easy spot welding, by the hydroform
process, and made the present invention. That is, the present invention is as follows:

(1) A forming method of complex cross-section shape characterized in that a tubing material having a tensile strength
of 590 MPa or more is crushed by a complex cross-section shape forming die having at least one surface with a flat
portion in a state in which no internal pressure is loaded or an internal pressure of 50 MPa or less is loaded in the tubing
material by liquid, and is formed into a complex cross-section shape by continuously loading by the liquid, to the tubing
material, an internal pressure such that the maximum internal pressure becomes higher than or equal to the following
P min [IMPa].

[0007] Note:

Pnin = 0.045xTS

P min: lower limit of maximum internal pressure [MPa], TS: tensile strength of tubing material [MPa]

(2) The forming method of complex cross-section shape according to the above (1), characterized in that a tube end is
pushed in toward a center in a tube axis direction by applying a compression force in the tube axis direction to the tube
end in addition to the loading of the internal pressure after crushing.

(3) The forming method of complex cross-section shape according to the above (1) or (2), characterized in that a steel
tube having a tensile strength of 780 MPa or more is used as the tubing material and that the tubing material is formed
so that an increasing rate of girth after forming is higher than or equal to 2.0% and lower than or equal to 10.0%.

(4) The forming method of complex cross-section shape according to any of the above (1) to (3), characterized in that
a steel tube whose ratio t/D of a thickness to an outer diameter is 0.05 or less is used as the tubing material.

(5) A quadrate cross-section forming article having one or two pairs of parallel sides and having high spot weldability,
the quadrate cross-section forming article being formed by the forming method of complex cross-section shape according
to any of the above (1) to (4), characterized in that a hollow depth (or denting depth) on flat surface is 0.5 mm or less
and a corner curvature radius R is 10 mm or less.

(6) The forming method of complex cross-section shape according to the above (1), characterized in that the tubing
material is a tubing material having a tensile strength of 690 MPa or more, that, when the tubing material is crushed by
the complex cross-section shape forming die and is formed into the complex cross-section shape by continuously loading
the internal pressure by the liquid, the loaded internal pressure is such that the maximum internal pressure is higher
than or equal to P,,,;, and higher than 50 MPa, and that the tubing material is formed so that an increasing rate of girth
after forming is higher than or equal to the following A% and lower than or equal to 11.0%.

[0008] Note:

A= 4.167 x 1073 x (TS-590)

A: lower limit of increasing rate of girth (%), TS: tensile strength of tubing material (MPa)

(7) The forming method of complex cross-section shape according to (6), characterized in that a tube end is pushed in
toward a center in a tube axis direction by applying a compression force in the tube axis direction to the tube end in
addition to the loading of the internal pressure after crushing.

(8) The forming method of complex cross-section shape according to (6) or (7), characterized in that a steel tube having
a tensile strength of 780 MPa or more is used as the tubing material, and that the tubing material is formed so that the
increasing rate of girth after forming is higher than or equal to the following A% and lower than or equal to 10.0%.
[0009] Note:

A =4.167 x 1073 x (TS-590)
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A: lower limit of increasing rate of girth (%), TS: tensile strength of tubing material (MPa)

(9) The forming method of complex cross-section shape according to any of (6) to (8), characterized in that a steel tube
whose ratio t/D of a thickness to an outer diameter is 0.05 or less is used as the tubing material.

(10) A quadrate cross-section forming article having one or two pairs of parallel sides and having high spot weldability,
the quadrate cross-section forming article being formed by the forming method of complex cross-section shape according
to any of (6) to (9), characterized in that a hollow depth on flat surface is 0.5 mm or less and a corner curvature radius
R is 10 mm or less.

(11) A forming method of complex cross-section shape characterized in that a tubing material having a tensile strength
of 690 MPa or more is crushed by a complex cross-section shape forming die having at least one surface with a flat
portion in a state in which no internal pressure is loaded or an internal pressure of 50 MPa or less is loaded in the tubing
material by liquid, and is formed into a complex cross-section shape by continuously loading by the liquid, to the tubing
material, an internal pressure such that the maximum internal pressure is higher than 50 MPa, and that the tubing
material is formed so that an increasing rate of girth after forming is higher than or equal to the following A% and lower
than or equal to 11.0%.

Note:

A= 4.167 x 107 x (TS-590)

A: lower limit of increasing rate of girth (%), TS: tensile strength of tubing material (MPa)

(12) The forming method of complex cross-section shape according to the above (11), characterized in that a tube end
is pushed in toward a center in a tube axis direction by applying a compression force in the tube axis direction to the
tube end in addition to the loading of the internal pressure after crushing.

(13) The forming method of complex cross-section shape according to the above (11) or (12), characterized in that a
steel tube having a tensile strength of 780 MPa or more is used as the tubing material and that the tubing material is
formed so that the increasing rate of girth after forming is higher than or equal to the following A% and lower than or
equal to 10.0%.

Note:

A= 4.167 x 1073 x (TS-590)

A: lower limit of increasing rate of girth (%), TS: tensile strength of tubing material (MPa)

(14) The forming method of complex cross-section shape according to any of the above (11) to (13), characterized in
that a steel tube whose ratio t/D of a thickness to an outer diameter is 0.05 or less is used as the tubing material.

(15) A quadrate cross-section forming article having one or two pairs of parallel sides and having high spot weldability,
the quadrate cross-section forming article being formed by the forming method of complex cross-section shape according
to any of the above (11) to (14), characterized in that a hollow depth on flat surface is 0.5 mm or less and a corner
curvature radius R is 10 mm or less.

Advantageous Effects of Invention

[0010] According to the present invention, after a tubing material is crushed by upper and lower forming dies, an
internal pressure is continuously loaded in the tubing material by liquid, and the tubing material is formed so that the
maximum internal pressure is within a proper range, preferably, so that an increasing rate of girth after forming is within
a proper range. This allows the tubing material to be formed into a complex cross-section shape having a small hollow
depth on flat surface and corner curvature radius R that provides a sharp outline (with a small curvature radius). Since
an obtained complex cross-section forming article has a small hollow depth on flat surface, it is excellent in one-side
spot weldability to a metallic sheet. Moreover, springback deformation after removal of the pressure is suppressed, and
the complex cross-section forming article has high dimensional accuracy. Brief Description of Drawings

[0011]

[Fig. 1] Fig. 1 includes explanatory views schematically illustrating a method of the present invention.

[Fig. 2] Fig. 2 is an explanatory view showing definitions of the hollow depth on flat surface and the corner curvature
radius R of a quadrate cross-section forming article having one or two pairs of parallel sides.

[Fig. 3] Fig. 3 is an explanatory view illustrating a state in which trouble occurs to one-side spot welding.
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[Fig. 4] Fig. 4 is a graph showing the relationship between the lower limit of the maximum internal pressure and the
tensile strength.

[Fig. 5] Fig. 5 is an explanatory view illustrating a method of a spot welding experiment.

[Fig. 6] Fig. 6 is a graph showing the relationship between the lower limit of the increasing rate of girth and the
tensile strength.

Description of Embodiments

[0012] Fig. 1includes explanatory views schematically illustrating a method of the present invention. A tubing material
10 is formed by a metallic tube, such as a steel tube, having a tensile strength (abbreviated as TS) of 590 MPa or more.
First, as illustrated in Fig. 1 (a), the tubing material 10 is set in a die having at least one flat surface, for example, a pair
of upper and lower dies 1 and 1A having flat surfaces. The cross-section shape of the dies 1 and 1A is different from
that of the tubing material 10. The tubing material 10 can or cannot be subjected to preforming. In the present invention,
as described above, the term preforming refers to bending the tubing material into a U-shape in the longitudinal direction,
as illustrated in Fig. 3(b) of Patent Document 1, bending into an S-shape, bending at 90°, crushing a longitudinal part
of the tubing material, or local tube expansion or contraction. Then, the tubing material is crushed by the upper and
lower dies 1 and 1A in a state in which no internal pressure is loaded in the tubing material or a low internal pressure
(50 MPa or less) is loaded therein by liquid.

[0013] In the method of the present invention, the case in which no internal pressure is loaded in the tubing material
includes two cases, that is, a case in which there is no liquid in the pipe and a case in which no internal pressure is
produced even when there is liquid in the pipe. In general, to shorten the cycle time of hydroforming, preparation is
made by liquid injection (bubbles are removed while filling the pipe with liquid) while performing crushing.

[0014] Then, as illustrated in Fig. 1 (b), hollows (referred to as flat-surface hollows) are formed in tube wall portions
facing the flat surfaces of the dies, and gentle corners R are formed in tube wall portions facing the corners of the dies.
[0015] Accordingly, an internal pressure such that the maximum internal pressure is higher than or equal to the
following pressure P,,,;, [MPa] is continuously loaded in the tubing material by the liquid while continuing closing of dies,
so that the tubing material is formed into a complex cross-section shape (Fig. 1 (c)).

Note:

Ppin.= 0.045xTS ... (1)

P min: lower limit of maximum internal pressure [MPa], TS: tensile strength of tubing material [MPa]

Thus, as illustrated in Fig. 1 (c), the flat-surface hollows are reduced, and the corners R become sharp because the
material (material of the tubing material) expands thereat. Further, the residual stress decreases as the maximum internal
pressure increases, and the shape change due to springback after removal of the pressure decreases.

[0016] In Expression (1), the coefficient of 0.045 on the right side is preferably replaced with 0.09, more preferably
replaced with 0.12, because this further improves the shape of the article.

[0017] The maximum internal pressure is usually about 100 to 200 MPa for the following reason. The performance of
a pressure intensifier for applying the internal pressure is usually up to 200 MPa. If the projection area of the article in
a horizontal plane (or the projection area of the die cavity) is excessively large, the performance is sometimes set to be
less than 200 MPa, for example, 150 MPa because of the limit of the pressing force of the pressure intensifier. When
the above limit is not made and a tube stock (or element tube) is thin and has a low strength, sufficient corrective forming
is sometimes possible at 100 MPa.

[0018] When the internal pressure is loaded after crushing, it is conceivable that the thicknesses of portions near the
corners R excessively decrease because of expansion of the material. In such a case, the decrease in thickness can
be suppressed by applying compression force in the tube axis direction to a tube end so as to push the tube end toward
the center in the tube axis direction (this is referred to as "axial feeding"), in addition to the loading of internal pressure
after crushing. As an actual timing to perform axial feeding, axial feeding is preferably performed after a short time
elapses from the loading of internal pressure, and axial feeding is not performed simultaneously with the loading of
internal pressure. As a preferred condition of "axial feeding", the cylinder stroke of an axial feeding pressing machine
is adjusted so that the axial feeding length (stroke) is about 0 to 2% of the forming portion length L of an end product
after the hydroform process when the ratio L/D of the forming portion length L and the tube stock (or element tube)outer
diameter D is higher than or equal to about 10, so that the axial feeding length is about 0 to 3.5% of the length L when
L/D is higher than 7 and less than 10, and so that the axial feeding length is 0 to 5% of the length L when L/D is lower
than or equal to 7. When the internal pressure is loaded, the axial feeding pressing machine tends to be pushed back
by reactive force applied thereto. Hence, an axial feeding force exists even when the axial feeding length is 0%.
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[0019] Inthe present invention, when a steel tube having a tensile strength of 780 MPa or more is used as the tubing
material, forming is preferably performed so that the increasing rate of girth after forming becomes higher than or equal
to 2.0% and lower than or equal to 10.0%.

The increasing rate of girth is given by the following Expression (2):

Increasing rate of girth = (outer girth of
article/outer girth of tubing material before forming-1)x100

(%) ...(2)

[0020] When the ratio t/D of the thickness to the outer diameter of the steel tube used for the tubing material exceeds
0.05, the hollow depth on flat surface tends to increase as t/D increases. Hence, a steel tube having a ratio t/D of 0.05
or less is preferably used as the tubing material.

[0021] According to the above-described method of the present invention, it is possible to obtain a complex cross-
section forming article having high spot weldability and high dimensional accuracy. In order for this article (product) to
have high one-side spot weldability, the hollow depth on flat surface needs to be 0.5 mm or less (the definition of hollow
depth on flat surface is shown in Fig. 2, as a specific measurement method, the hollow depths on the flat surfaces of
the complex cross-section forming article were measured with a laser distance meter, and the largest hollow depth was
defined as the hollow depth on flat surface). If the hollow depth on flat surface of the product exceeds 0.5 mm, for
example, when a steel sheet 12 is pressed against a product 11 by a spot welding electrode 3, as illustrated in Fig. 3,
arelatively large gap & is easily formed between the steel sheet 12 and the product 11 in an area just below the electrode
3. Hence, a stable current-carrying state cannot be obtained, and failure is likely to occur in spot welding.

[0022] Further, in order for a quadrate cross-section forming article having one or two pairs of parallel sides to have
high dimensional accuracy, a sharply rounded shape is necessary. In the present invention, the corner curvature radius
R of the article is set to be 10 mm or less (the definition of the corner curvature radius R is shown in Fig. 2, as a specific
measurement method, the complex cross-section forming article was cut along a plane perpendicular to the longitudinal
direction, cross-sectional photographs of all corners were taken into images, circles having various curvature radii were
superimposed on the corners to find curvature radii R of all the corners, and the largest curvature radius R was set as
the corner curvature radius R).

[0023] Here, the reason why the lower limit P,,;, [MPa] of the internal pressure (maximum internal pressure) when
the internal pressure to be loaded after crushing becomes the highest is specified as the value of Expression (1) described
above in the present invention will be explained. Studies were made on the forming condition for obtaining a hollow
depth on flat surface of the article of 0.5 mm or less and a corner curvature radius R of 10 mm or less in a case in which
tubing materials having various values TS were crushed by the dies and were then formed into a quadrate cross-section
shape having one or two pairs of parallel sides by loading the internal pressure by the liquid. As a result, it was found
that both the hollow depth on flat surface and the corner curvature radius R decreased as the maximum internal pressure
increased and that the higher one of the maximum internal pressure for the hollow depth on flat surface of 0.5 mm and
the maximum internal pressure for the corner curvature radius R of 10 mm was preferably set as the lower limit of the
maximum internal pressure. The relationship between this lower limit and TS of the tubing material is shown in Fig. 4.
In Fig. 4, the lower limit P,,;, of the maximum internal pressure is given by the above-described Expression (1) when
TS is 590 MPa or more.

[0024] Further, with attention to the increasing rate of girth, the dependencies of the hollow depth on flat surface and
the corner curvature radius R on the increasing rate of girth were found, and the following findings were obtained. That
is, when TS of the tubing material is 780 MPa or more under the condition that the maximum internal pressure after
crushing is the above-described value P, or more, if the increasing rate of girth of the product is 2.0% or more, the
hollow depth on flat surface is markedly small. If the increasing rate of girth of the product is 10.0% or less, the corner
curvature radius R is markedly small.

[0025] Therefore, when TS of the tubing material is 780 MPa, forming is preferably performed so that the increasing
rate of girth after forming becomes 2.0 to 10.0% under the condition that the maximum internal pressure after crushing
is Pyin [MPa] or more.

[0026] To keep the increasing rate of girth within a predetermined range (higher than or equal to A% and lower than
or equal to B%), forming is performed by using a combination of dies and a tubing material such that an inner girth L
of the cross section of the dies during closing the dies and an outer girth L of the tubing material before hydroforming
satisfy the following relational expression.

[0027]

min



10

15

20

25

30

35

40

45

50

55

EP 2 351 623 A1

A £ (Lg/Lp~1)x100 £ B ..(3)

Further preferably, the correspondence relationship between the maximum internal pressure and the increasing rate
of girth is found beforehand by FEM (finite element method) analysis or by experiment, and the internal pressure for
use in forming after crushing is set at the maximum internal pressure corresponding to the target increasing rate of girth
in this correspondence relationship.

[0028] Further, in the present invention, when the tubing material 10 having a tensile strength of 690 MPa or more is
used, as described above, an internal pressure, which satisfies the condition that the maximum internal pressure is
higher than or equal to P,,,;, [MPa] specified by the above Expression (1) and is higher than 50 MPa, is loaded in the
tubing material by the liquid while continuing closing of the dies, whereby hydroforming is performed so that the increasing
rate of girth after forming is higher than or equal to the below-described A% and is lower than or equal to 11.0%. The
increasing rate of girth is given by the following expression.

[0029]

Increasing rate of girth = (outer girth of

article/outer girth of tubing material before forming-1)x100

A = 4.167x1073x(TS-590)...(4)

A: lower limit of increasing rate of girth (%), TS: tensile strength of tubing material (MPa)

[0030] In this way, as illustrated in Fig. 1 (c), the flat-surface hollows are further reduced, and the corners R have a
more sharply rounded shape (having a smaller curvature radius) because the material (material of tubing material)
expands thereat. Further, as the maximum internal pressure increases, the residual stress decreases, and the shape
change due to springback caused after the pressure is removed decreases. It is preferable to change the coefficient on
the right side of Expression (4) from 4.167x10-3 to 4.8X10-3, because this improves the shape of the article (the flat-
surface hollows and the corners R).

[0031] In the present invention, when the tensile strength TS of the tubing material is within the range of 690 to 1100
MPa, 50 MPa is higher than the above-described P, for the maximum internal pressure. Hence, the maximum internal
pressure at closing of the dies is preferably higher than 50 MPa so as to satisfy the condition that the maximum internal
pressure is higher than both P, and 50 MPa. Further, when TS exceeds 1100 MPa, P, is higher than 50 MPa for
the maximum internal pressure. Hence, the maximum internal pressure at closing of the dies is preferably higher than
or equal to P,

[0032] When the internal pressure is loaded after crushing, it is conceivable that the thicknesses of portions near the
corners R excessively decrease because of expansion of the material. In such a case, the decrease in thickness can
be suppressed by applying compression force in the tube axis direction to the tube end so as to push the tube end
toward the center in the tube axis direction (this is referred to as "axial feeding"), in addition to the loading of internal
pressure after crushing. As a preferred condition of "axial feeding”, the cylinder stroke of the axial feeding pressing
machine is adjusted so that the axial feeding length (stroke) is about 0 to 10% of the forming portion length of the end
product subjected to the hydroform process.

[0033] If the ratio t/D of the thickness to outer diameter of the steel tube used as the tubing material exceeds 0.05,
the hollow depth on flat surface tends to increase as t/D increases. Hence, a steel tube having a value t/D of 0.05 or
less is preferably used as the tubing material.

[0034] Here, the reason why forming is performed so that the increasing rate of girth after forming is higher than or
equal to A% and lower than or equal to 11.0% in the present invention will now be explained. Studies were made on a
forming condition for obtaining a hollow depth on flat surface of 0.5 mm or less of the article and a corner curvature
radius R of 10 mm or less when tubing materials having various values TS were crushed by the dies and were then
formed into a quadrate cross-section shape having one or two pairs of parallel sides by the loading of internal pressure
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from the liquid. As a result, it was found that the hollow depth on flat surface decreased as the increasing rate of girth
increased and that the increasing rate of girth became the lower limit when the flat-surface hollow depth was 0.5 mm.
The relationship between this lower limit and TS of the tubing material is shown in Fig. 6. In Fig. 6, the lower limit A of
the increasing rate of girth is given by the above Expression (4) when TS is 690 MPa or more.

[0035] In contrast, it was found that the corner curvature radius R decreased as the increasing rate of girth increased
and that the increasing rate of girth became the upper limit when the corner curvature radius R was 10 mm. According
to the found relationship between this upper limit and TS of the tubing material (not shown), the increasing rate of girth
is preferably 11.0% or less when TS is 690 MPa or more. Further, the increasing rate of girth is preferably 10.0% or less
when TS is 780 MPa or more.

[0036] Therefore, when TS of the tubing material is 690 MPa or more, forming is preferably performed so that the
increasing rate of girth after forming becomes A to 11.0%. Further, when TS of the tubing material is 780 MPa or more,
forming is preferably performed so that the increasing rate of girth after forming becomes A to 10.0%.

[0037] Tubing materials to which the forming method of this application is applicable are electric resistance welded
steel tubes that are formed from a hot-rolled steel sheet or a cold-rolled steel sheet having a value TS of 590 MPa or
more, and include an electric resistance welded steel tube formed from a hot-rolled steel sheet or a cold-rolled steel
sheet subjected to heat treatment such as hardening and tempering. The steel type of the above-described hot-rolled
steel sheet and cold-rolled steel sheet may be common steel, low-alloy steel, ferritic stainless steel, austenitic stainless
steel, or martensitic stainless steel. The steel type is not limited to these steels.

First Example

[0038] Tubing materials having values TS and sizes shown in Table 1 were formed into a complex cross-section
shape with the dies 1 and 1A of rectangular cross section illustrated in Fig. 1 through the following procedure. All of the
used tubing materials are electric resistance welded steel tubes. Table 2 shows compositions and production methods
of steel sheets serving as the stocks (or element tube) of the electric resistance welded steel tubes No. 1 to No. 32. The
length of the tubing materials used in the example was 300 mm. Procedure: insert in the dies — crush by closing the
dies in a state in which there is no internal pressure or a state in which internal pressures of 50 MPa or less (10 MPa
and 13 MPa for No. 10 and No. 11, respectively) are loaded by liquid — load internal pressures such that the maximum
internal pressure becomes values in Table 1, by the liquid so that various increasing rates of girth shown in Table 1 are
obtained (some tubing materials are also subjected to axial feeding (the axial feeding lengths of No. 12 and No. 13 are
2.5% or 3.0%, respectively)).

[0039] Hollow depths on flat surface and corner curvature radii R of obtained articles (products) (see Fig. 2) were
measured (for measurement of the hollow depths on flat surface, the hollow depths on four flat surfaces at the longitudinal
centers of each complex cross-section forming article were measured with a laser distance meter provided in the direction
perpendicular to the longitudinal direction, the largest hollow depth was set as the hollow depth on flat surface, and, for
measurement of the corner curvature radii R, each complex cross-section forming article was cut along a plane perpen-
dicular to the longitudinal direction at the longitudinal centers, cross-sectional photographs of four corners were taken
into images, circles having various radii were superimposed on the corners, whereby the curvature radii R of the four
corners were found, and the largest curvature radius R was set as the corner curvature radius R). Also, a test for spot
weldability was conducted by the following method.

Test Method for Spot Weldability

[0040] As illustrated in Fig. 5, a steel sheet 12 is placed on an upper flat surface of a product 11 and an electrode 3
is pressed against the steel sheet 12 from above with a fixed pressing force (50 to 200 Kgf), whereby one-side spot
welding is performed at three points (welding conditions: current-carrying time 10 to 20 cycles (50 Hz), welding current
5 to 10 KA). Spot weldability is evaluated on the basis of the presence or absence of nugget formation and the tensile
shear load in a tensile shear test (JIS Z 3136), and is evaluated on a scale of two grades, that is, O G:Good and X P:
Poor. A reference value TSS of the tensile shear load of a joint is based on the following expression, and a joint that
meets the reference value is judged sufficient (acceptable).

TSS(N) = 1.85xtxTSx(1+0.0059EL)x(ND+2.09)

t: thickness of steel sheet 12 (mm)
TS: tensile strength of steel sheet 12 (MPa)
EL: elongation of steel sheet 12 (%)
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ND: nugget diameter between product 11 and steel sheet 12 (mm)

The steel sheet 12 is a steel sheet having a thickness of 1.0 mm or less and a tensile strength of 440 MPa or less.

O G(Good): Nugget formation is found at spot welded portions 13 (the presence or absence of nugget formation is
determined by a cross-sectional photograph), and the tensile shear load is sufficient (acceptable)

X P(Poor): Nugget formation is not found at the spot welded portions 13, or the tensile shear load is insufficient.
[0041] Table 1 shows the results of the above measurement and test. Table 1 shows that complex cross-section
forming articles having high spot weldability and high dimensional accuracy were obtained from tubing materials having
values TS of 590 MPa or more in the example of the present invention. In the example of the present invention, the
hollow depths on flat surface of the tubing materials having values t/D < 0.05 are smaller than those of the tubing materials
having values t/D > 0.05.

Second Example

[0042] Similarly to the first example, tubing materials having values TS and sizes shown in Table 3 were formed into
complex cross-section shapes with the dies 1 and 1A of rectangular cross section illustrated in Fig. 1. All of the used
tubing materials are electric resistance welded steel tubes. Table 4 shows the compositions and production methods of
steel sheets serving as the stocks of the electric resistance welded steel tubes No. 1 to No. 30. The length of the steel
tubes used in the example was 300 mm. Procedure: insert in the dies — crush by closing the dies in a state in which
there is no internal pressure or a state in which internal pressures of 50 MPa or less (10 MPa and 13 MPa for No. 8 and
No. 9, respectively) are loaded by liquid — load internal pressures higher than 50 MPa by the liquid so that various
increasing rates of girth shown in Table 3 are obtained (some tubing materials are also subjected to axial feeding (the
axial feeding lengths of No. 10 and No. 11 are 4% or 5%, respectively)).

[0043] The hollow depths on flat surface and corner curvature radii R (see Fig. 2) of obtained articles were measured,
and a test for spot weldability was conducted by a method similar to that adopted in the first example.

Table 3 shows the results of the above measurement and test. Table 3 shows that complex cross-section forming articles
having high spot weldability and high dimensional accuracy were obtained from tubing materials having values TS of
690 MPa or more in the example of the present invention. In the example of the present invention, the hollow depths
on flat surface of the tubing materials having values t/D < 0.05 are smaller than those of the tubing materials having
values t/D > 0.05.

Industrial Applicability

[0044] According to the present invention, subsequently to crushing with the upper and lower forming dies, forming
is performed by continuously loading internal pressure by the liquid in a tubing material so that the maximum internal
pressure is within a proper range, more preferably, so that the increasing rate of girth after forming is within a proper
range, whereby the tubing material can be formed into a complex cross-section shape having a small hollow depth on
flat surface and a corner curvature radius R for a sharp outline (small curvature radius). Since the obtained complex
cross-section forming article has a small hollow depth on flat surface, it is excellent in one-side spot weldability to a
metallic sheet. Moreover, springback deformation after removal of the pressure is suppressed, and the complex cross-
section forming article has high dimensional accuracy.

Reference Signs List
[0045]

1 die (upper die)

1A die (lower die)

3 electrode

10 tubing material

11 product (complex cross-section forming article, quadrate cross-section forming article having one or two pairs
of parallel sides)

12 steel sheet

13 spot welded portion

[0046]
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Claims

A forming method of complex cross-section shape characterized in that a tubing material having a tensile strength
of 590 MPa or more is crushed by a complex cross-section shape forming die having at least one surface with a
flat portion in a state in which no internal pressure is loaded or an internal pressure of 50 MPa or less is loaded in
the tubing material by liquid, and is formed into a complex cross-section shape by continuously loading by the liquid,
to the tubing material, an internal pressure such that the maximum internal pressure becomes higher than or equal
to the following P, [MPa]:

Ppin = 0.045xTS

where P,,;,: lower limit of maximum internal pressure [MPa],

TS: tensile strength of tubing material [MPa].

The forming method of complex cross-section shape according to Claim 1, characterized in that a tube end is
pushed in toward a center in a tube axis direction by applying a compression force in the tube axis direction to the
tube end in addition to the loading of the internal pressure after crushing.

The forming method of complex cross-section shape according to Claim 1 or 2, characterized in that a steel tube
having a tensile strength of 780 MPa or more is used as the tubing material and that the tubing material is formed
so that an increasing rate of girth after forming is higher than or equal to 2.0% and lower than or equal to 10.0%.

The forming method of complex cross-section shape according to any one of Claims 1 to 3, characterized in that
a steel tube whose ratio t/D of a thickness to an outer diameter is 0.05 or less is used as the tubing material.

A quadrate cross-section forming article having one or two pairs of parallel sides and having high spot weldability,
the quadrate cross-section forming article being formed by the forming method of complex cross-section shape
according to any one of Claims 1 to 4, characterized in that a hollow depth on flat surface is 0.5 mm or less and
a corner curvature radius R is 10 mm or less.

The forming method of complex cross-section shape according to Claim 1, characterized in that the tubing material
is a tubing material having a tensile strength of 690 MPa or more, that, when the tubing material is crushed by the
complex cross-section shape forming die and is formed into the complex cross-section shape by continuously
loading the internal pressure by the liquid, the loaded internal pressure is such that the maximum internal pressure
is higher than or equal to P;;, and higher than 50 MPa, and that the tubing material is formed so that an increasing
rate of girth after forming is higher than or equal to the following A% and lower than or equal to 11.0%:

A= 4.167 x 1073 x (TS-590)

where A: lower limit of increasing rate of girth (%), TS: tensile strength of tubing material (MPa).

The forming method of complex cross-section shape according to Claim 6, characterized in that a tube end is
pushed in toward a center in a tube axis direction by applying a compression force in the tube axis direction to the
tube end in addition to the loading of the internal pressure after crushing.

The forming method of complex cross-section shape according to Claim 6 or 7, characterized in that a steel tube
having a tensile strength of 780 MPa or more is used as the tubing material, and that the tubing material is formed

so that the increasing rate of girth after forming is higher than or equal to the following A% and lower than or equal
to 10.0%:

A= 4.167 x 107 x (TS-590)
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where A: lower limit of increasing rate of girth (%), TS: tensile strength of tubing material (MPa).

The forming method of complex cross-section shape according to any one of Claims 6 to 8, characterized in that
a steel tube whose ratio t/D of a thickness to an outer diameter is 0.05 or less is used as the tubing material.

A quadrate cross-section forming article having one or two pairs of parallel sides and having high spot weldability,
the quadrate cross-section forming article being formed by the forming method of complex cross-section shape
according to any one of Claims 6 to 9, characterized in that a hollow depth on flat surface is 0.5 mm or less and
a corner curvature radius R is 10 mm or less.

A forming method of complex cross-section shape characterized in that a tubing material having a tensile strength
of 690 MPa or more is crushed by a complex cross-section shape forming die having at least one surface with a
flat portion in a state in which no internal pressure is loaded or an internal pressure of 50 MPa or less is loaded in
the tubing material by liquid, and is formed into a complex cross-section shape by continuously loading by the liquid,
to the tubing material, an internal pressure such that the maximum internal pressure is higher than 50 MPa, and
that the tubing material is formed so that an increasing rate of girth after forming is higher than or equal to the
following A% and lower than or equal to 11.0%:

A= 4.167 x 107° x (TS-590)

where A: lower limit of increasing rate of girth (%), TS: tensile strength of tubing material (MPa).

The forming method of complex cross-section shape according to Claim 11, characterized in that a tube end is
pushed in toward a center in a tube axis direction by applying a compression force in the tube axis direction to the
tube end in addition to the loading of the internal pressure after crushing.

The forming method of complex cross-section shape according to Claim 11 or 12, characterized in that a steel
tube having a tensile strength of 780 MPa or more is used as the tubing material and that the tubing material is
formed so that the increasing rate of girth after forming is higher than or equal to the following A% and lower than
or equal to 10.0%:

A= 4.167 x 107° x (TS-590)

where A: lower limit of increasing rate of girth (%), TS: tensile strength of tubing material (MPa).

The forming method of complex cross-section shape according to any one of Claims 11 to 13, characterized in
that a steel tube whose ratio t/D of a thickness to an outer diameter is 0.05 or less is used as the tubing material.

A quadrate cross-section forming article having one or two pairs of parallel sides and having high spot weldability,
the quadrate cross-section forming article being formed by the forming method of complex cross-section shape
according to any one of Claims 11 to 14, characterized in that a hollow depth on flat surface is 0.5 mm or less
and a corner curvature radius R is 10 mm or less.
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Fig. 2
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Fig. 3
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Fig. 5

Fig. 6
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