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(567)  Provided is a method for forming a steel pipe for
forming a steel plate as raw material into a substantially
cylindrical shape, by first half forming performing
three-point bending-press a plurality of times from one
plate width end portion of the steel plate as raw material
toward a plate width center, second half forming perform-
ing three-point bending-press a plurality of times from
the other plate width end portion toward the plate width
center, and final forming performing the three-point bend-
ing-press on the plate width central portion, wherein the
first half forming is divided into preceding forming per-
formed before the second half forming and succeeding
forming performed after the second half forming, and a
ratio of a forming range in the preceding forming to the
steel plate width is set in a range of more than 0.17 to
less than 0.46. Thus, a producible maximum diameter of
the steel pipe is enlarged without modifying the equip-
ment of the existing pressing machine.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a method for forming a steel pipe used for a line pipe or the like, and particularly,
to a method and an apparatus for forming a steel pipe by performing three-point bending-press forming a plurality of
times in a steel plate as raw material.

RELATED ART

[0002] As a steel pipe used for a line pipe or the like, a steel pipe having high roundness formed by press-forming a
steel plate as raw material having a predetermined width, length and thickness into a U-shape, press-forming it into an
O-shape, welding a butted part to make a steel pipe as raw material, and enlarging (so-called pipe expanding) the
diameter of the pipe, i.e., a so-called UOE steel pipe has been widely used. In recent years, however, as the steel pipe
used for a line pipe or the like, a heavy wall-thickness steel pipe having high strength and a large diameter has been
used. Since there is a need for great press force to press-form the steel plate into a U-shape and an O-shape in a method
for producing the UOE steel pipe, a producing range has been limited or productivity has significantly decreased in the
conventional producing equipment.

[0003] Therefore, as a method capable of reducing the press force in the production of the heavy wall-thickness steel
pipe having high strength and a large diameter, a press-bending type steel pipe producing method has been put into
practical use which comprises applying bending (so-called edge bending) to both width end portions of the steel plate,
forming the steel plate into a substantially cylindrical shape by multiple bending-press, welding the butted part, expanding
the pipe for correcting the shape to form a steel pipe.

[0004] There has been proposed some methods for the press-bending type steel pipe producing technique. For ex-
ample, Patent Document 1 discloses a method wherein one plate width end portion is pressed as a preceding stage,
the plate width central portion is pressed, the other plate width end portion is pressed as a succeeding stage, and then
the plate width central portion is pressed. Also, Patent Document 2 discloses a method comprising performing the three
steps press-forming from the one width end portion of the steel plate toward the width center, significantly moving the
steel plate to the other side, performing the three steps press-forming from the other end portion toward the center,
forming the steel plate in a shape similar to a round shape while leaving the central portion, and performing the press-
forming on the remaining central portion. Moreover, Patent Document 3 discloses a method of obtaining the semi-finished
pipe products by sequentially repeating the process of performing the bending forming by three-points of the upper and
lower dies, feeding the plate material in the width direction by a constant rate feeding device, and applying the bending
to a position different from the position formed earlier.

PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0005]

Patent Document 1: JP-A-2005-324255
Patent Document 2: JP-A-2007-090406
Patent Document 3: JP-A-2011-056524

SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0006] Each of the methods disclosed in Patent Documents 1-3 adopts a method of forming the one half of the steel
plate as raw material into a substantially semicircular shape by performing a bending-press from one plate width end
portion of the steel plate as raw material toward the center while leaving the last portion to be bending-pressed and
performing the bending-press forming from the other plate width end portion. In this method, however, when starting the
bending-press forming from the other plate width end portion, the one half portion previously formed in a substantially
semicircular shape is largely lifted, and its height may reach about 1.5 times the product steel pipe size (outer diameter).
[0007] In such a case, when the size of the pressing machine is relatively smaller compared to the outer diameter of
the steel pipe subjected to the bending-press forming, or when there is no room for space available for producing the
steel pipe due to auxiliary equipment or the like installed on the pressing machine, the lifted portion of the preformed
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steel plate may interfere with the pressing machine or its auxiliary equipment, whereby equipment damage may be
caused or the producible maximum outer diameter size may be substantially restricted. To cope with such problems,
there is need to devise a design which prevents the steel plate from contacting with the pressing machine by increasing
the height of the pressing machine or changing the mounting position of the auxiliary equipment. Further, when it is
necessary to renew the equipment, significant capital investment will be needed.

[0008] The invention has been made in view of the above problems inherent to the conventional techniques, and is
to propose a method for forming a steel pipe enable to expand the producible maximum diameter of the steel pipe,
without modifying the existing pressing machine in the production of a steel pipe through a three-point bending-press
method (press-bending method).

MEANS FOR SOLVING PROBLEMS

[0009] In order to solve the above problems, the inventors have carried out extensive studies while paying attention
to changes in the steel plate shape in the course of forming depending on the forming order of the steel pipe. As a result,
it has been found out that it is possible to reduce the lifting height of the preformed portion, by dividing the bending-press
forming (first half forming) carried out from one plate width end portion of the steel plate as raw material toward the
center in the conventional technique into two parts of preceding forming and succeeding forming and also by setting the
forming range in the preceding forming in a proper range, whereby the maximum diameter of producible steel pipe can
be enlarged, and the invention has been accomplished

[0010] That is, the invention is a method for forming a steel pipe for forming a steel plate as raw material into a
substantially cylindrical shape, by first half forming which performs three-point bending-press a plurality of times from
one plate width end portion of the steel plate as raw material toward the plate width center, second half forming which
performs the three-point bending-press a plurality of times from the other plate width end portion toward the plate width
center, and final forming which performs the three-point bending-press on the plate width central portion, wherein the
first half forming is divided into preceding forming performed before the second half forming and a succeeding forming
performed after the second half forming, and the ratio of the forming range in the preceding forming to the steel plate
width is set in a range of more than 0.17 to less than 0.46.

[0011] The method of forming the steel pipe according to the invention is characterized in that a ratio of the forming
range in the preceding forming of the first half forming to the steel plate width is set in a range of 0.21 to 0.42.

[0012] Further, the method of forming the steel pipe according to the invention is characterized in that the steel plate
as raw material is applied with edge bending to both end portions of the plate width.

[0013] Furthermore, the invention provides a forming apparatus of a steel pipe used in the any one of the above
forming method of the steel pipe, characterized in that a distance between a top portion of a punch supporter and a top
portion of a lower die when the punch is lowered to the lowest position during press is not more than 1.4 times of the
outer diameter of the steel pipe to be produced.

EFFECTS OF THE INVENTION

[0014] According to the invention, since it is possible to keep the highest reaching position to which the steel plate is
lifted during the press-forming to a lower level, the producible maximum outer diameter of the steel pipe can be enlarged
without making an improvement to the existing pressing machine.

[0015] Further, according to the invention, since it is possible to keep the highest reaching position to which the steel
plate is lifted during the press-forming to a lower level, there are merits such that it is possible to restrain the height of
the pressing machine used for forming or to enhance the flexibility of design, and in addition, it is possible to reduce the
capital investment, such as being able to lower the height of the building to install a pressing machine or to reduce the
depth to dig into the floor.

[0016] Further, according to the invention, since the highest reaching position to which the steel plate is lifted is kept
low and the falling amount of the steel plate is reduced at the time of releasing the press force after each of the bending-
press, the impact force at the time of falling of the steel plate is reduced, so that effects such as prevention of steel plate
defect, prevention of the damage of pressing machine, reduction in impact noise and the like can be expected.

BRIEF DESCRIPTION OF DRAWINGS
[0017]
FIG. 1 is a schematic view illustrating a method of forming a steel pipe by a press-bending method.

FIGs. 2(a) and 2(b) are schematic views illustrating changes in a steel plate shape of each press in a conventional
press-bending method.
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FIGs. 3(a) and 3(b) are schematic views illustrating changes in the steel plate shape when the five press-forming
in first half forming is performed by being divided into a preceding one time and succeeding four times.

FIGs. 4(a) and 4(b) are schematic views illustrating changes in the steel plate shape when the five press-forming
in the first half forming is performed by being divided into preceding two times and succeeding three times.

FIGs. 5(a) and 5(b) are schematic views illustrating changes in the steel plate shape when the five press-forming
in the first half forming is performed by being divided into preceding three times and succeeding two times.

FIGs. 6(a) and 6(b) are schematic views illustrating changes in the steel plate shape when the five press-forming
in the first half forming is performed by being divided into preceding four times and succeeding one time.

FIGs. 7(a) and 7(b) are schematic views collectively illustrating changes in highest height position to which the steel
plate is lifted in the course of forming shown in FIGs. 2 to 6.

FIGs. 8(a) and 8(b) are schematic views illustrating a relation among a distance of an elevation guide, a position of
an upper structure and a steel plate shape.

FIG. 9 is a graph showing a relation between a bending range in the first half preceding forming and a maximum
height of the width end of the steel plate.

FIGs. 10(a) and 10(b) are schematic views illustrating whether the steel plate enters an entry prohibited region in
the forming method of an example.

EMBODIMENTS FOR CARRYING OUT THE INVENTION

[0018] FIG. 1 schematically shows a forming method of a steel pipe through a press-bending method, and a direction
perpendicular to a paper surface corresponds to a longitudinal direction of the steel plate as raw material, that is, a
longitudinal direction of the steel pipe. The steel pipe is formed by repeatedly performing the process of setting a steel
plate as a material on a pair of lower dies disposed so as to be spaced apart from each other, performing the bending-
press of the steel plate by lowering a punch by a driving device not shown, lifting the punch, feeding the steel plate in a
plate width direction using a feeding device not shown, and thereafter, performing the next bending-press. In addition,
the punch has a punch head which contacts with the steel plate, and a punch supporter that connects the punch head
and the driving device. The punch head and the punch supporter may be directly connected to each other or may be
connected to each other via a spacer therebetween. The width of the punch supporter may be equal to the width of the
punch head but is preferably smaller than the width of the punch head.

[0019] First, as the first half forming, bending-press and steel plate feeding are repeated a plurality of times (a times)
from the plate width end portion of the steel plate as raw material toward the plate width center (from the portion A toward
the portion C in FIG. 1), and one side half of the steel plate as raw material (except the plate width central portion C of
the steel plate) is formed into a substantially semicircular shape. In the present invention, this forming process is here-
inafter referred to as "first half forming". Also, FIG. 1 shows an example of using a steel plate applied with edge bending
to both width end portions of the steel plate as raw material. It is preferable to apply the edge bending from the viewpoint
of suppressing the seam welded part from having an acute angle and improving the roundness, but it may not be applied.
In the case of applying the edge bending, a crimping press method disclosed in JP-A-H08-294727, JP-A-S51-76158 or
the like can be suitably used.

[0020] Next, the bending-press and the steel plate feeding are repeated a plurality of times (b times) from the other
plate width end portion of the steel plate as raw material toward the plate width center (from the portion B toward the
portion C in FIG. 1), and the one side half of the steel plate as raw material (except the plate width central portion C of
the steel plate) is formed into a substantially semicircular shape. In the present invention, this forming process is here-
inafter referred to as "second half forming". At this time, in order to have the same shape as the substantially semicircular
portion formed in the first half forming, the forming conditions such as the press times a, b, the bending angle and the
steel plate feed length and the like are generally the same as those of the first half forming.

[0021] A material to be formed (steel plate) subjected to the first half forming and the second half forming has a shape
such as a capital letter C of alphabet in which a flat portion remains in a portion of the plate width central portion C and
the butted parts of both side end portions of the steel plate are open. Finally, the flat portion C of the plate width central
portion is subjected to a single bending-press, and the distance between the butted parts is made slightly wider than
the width of the punch supporter. In the present invention, this forming process is hereinafter referred to as "final forming".
Thereafter, the formed steel plate is moved in the longitudinal direction and transferred to the outside of the pressing
machine, the formed opening portion is pressed, closed and welded, and thereafter the pipe is expanded to make a
product steel pipe.

[0022] FIGs. 2(a) and 2(b) show changes in steel plate shape of each press forming step associated with the progress
of the press by a solid line and a dotted line, when both the press times a, b in the first half forming and the second half
forming are five times in the forming method of the steel pipe by the conventional press-bending method shown in FIG.
1. Further, an arrow shown by a dashed line indicates a change in highest position of the lifted steel plate at each press.
[0023] It can be seen from the figures that in the first half forming shown in FIG. 2(a), the highest position to which the
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steel plate is lifted is not so high, but in the second half forming shown in FIG. 2(b), the steel plate is lifted to the highest
position in the first press forming of the second half forming, and the height becomes lower as the forming progresses,
but the steel plate position sequentially gets closer to the pressing machine body, which may cause a risk of contact.
[0024] In general, in the pressing machine used in forming the steel pipe, forming force is loaded to the material to be
formed (steel plate) from above through the punch by a cylinder mechanism installed on the top portion of the pressing
machine, and a driving mechanism such as a hydraulic cylinder, a hydraulic pump and a hydraulic tank or the like is
installed as auxiliary equipment on the top portion of the pressing machine having the punch. However, the forming
force required for forming the steel pipe is increased as strength of the steel plate becomes higher and the thickness of
the plate becomes larger. Further, the size of the auxiliary equipment is also increased proportionately. Therefore, in
the pressing machine for producing a heavy wall-thickness steel pipe with high strength, the auxiliary equipment such
as a driving mechanism disposed on the top portion of the pressing machine is inevitably increased to be liable to interfere
with the steel plate. In the press of each time, when the punch is lowered to the lowest position, the driving device
connected at the upper end portion of the punch supporter is also lowered to the lowest position, and at the same time,
the lifting of the steel plate becomes maximum. Accordingly, even when the punch is lowered to the lowest position, it
is important to prevent the steel plate from interfering with the driving mechanism disposed on the top portion of the
pressing machine.

[0025] Therefore, the inventors have studied the relation among the press forming sequence, the shape of steel plate
and the lifting height of the cases when the first half forming is divided into two parts of a preceding forming and a
succeeding forming, when both the press times a, b in the first half forming and the second half forming are five times.
[0026] FIGs. 3(a) and 3(b) illustrate changes in steel plate shapes of each press of the first half succeeding forming
and the second half forming and changes in highest height position to which the steel plate is lifted, when one press is
performed in the preceding forming of the first half forming, five presses are performed in the second half forming, and
then remaining four presses are performed in the first half succeeding forming. FIGs. 4(a) and 4(b) illustrate such changes
when two presses are performed in the preceding forming of the first half, five presses are performed in the second half
forming, and then remaining three presses are performed in the first half succeeding forming. FIGs. 5(a) and 5(b) show
such changes when three presses are performed in the preceding forming of the first half, the five presses are performed
in the second half forming, and then remaining two presses are performed in the first half succeeding forming. FIGs.
6(a) and 6(b) illustrate such changes when four presses are performed in the preceding forming of the first half, the five
presses are performed in the second half forming, and then remaining one press is performed in the first half succeeding
forming. Here, in each drawing, (a) shows changes in the steel plate shape and changes in highest height position to
which the steel plate is lifted in the second half forming, and (b) illustrates such changes in the first half succeeding
forming. Further, since the first half preceding forming is the same as FIG. 2(a), the description thereof is not provided.
Also, in each drawing, the solid line and the dotted line represent changes in steel plate shape, and the dashed arrow
represents the highest height position to which the steel plate is lifted. For example, each of the solid lines of FIGs. 3(a),
4(a), 5(a) and 6(a) indicates a steel plate shape when performing the first press of the second half forming. Further,
each of the solid lines of FIGs. 3(b), 4(b), 5(b) and 6(b) indicates the steel plate shape when performing the first press
of the succeeding forming of the first half forming.

[0027] It can be seen from FIGs. 2(a) to 6(b) that the highest height position to which the steel plate is lifted varies by
changing the number of pressings in the first half preceding forming. Therefore, drawings obtained by gathering changes
in the highest height position to which the steel plate is lifted in FIGs. 2(a) to 6(b) in one drawing is FIGs. 7(a) and 7(b).
FIG. 7(a) represents the second half forming, and FIG. 7(b) illustrates the first half succeeding forming.

[0028] It can be seen from Fig. 7(a) that the steel plate is lifted to the highest position in the press of the second half
forming, when the presses are performed four times in the first half preceding forming and one time in the first half
succeeding forming (indicated by first half forming: 4 + 1), then, when the presses are performed three times in the first
half preceding forming and two times in the first half succeeding forming (indicated by first half forming: 3 + 2), then,
when the presses are performed five times at a time without dividing the first half forming into two parts (indicated by
first half forming: 5 + 0), and then, when the presses are performed two times in the first half preceding forming and
three times in the first half succeeding forming (indicated by first half forming: 2 + 3) and further, the steel plate is lifted
to the lowest position when the presses are performed one time in the first half preceding forming and four times in the
first half succeeding forming (indicated by first half forming 1 + 4).

[0029] In each case of the first half forming: 4 + 1, the first half forming: 3 + 2 and the first half forming: 2 + 3, the
highest height position to which the steel plate is lifted is almost the same level as that of the case of the first half forming:
5+ 0. However, in the case of the first half forming: 4 + 1, since the highest height position of the steel plate is closest
to the pressing machine, there is a high risk of interference of the material to be formed (steel plate) with the pressing
machine and the auxiliary equipment. Thus, in the second half forming, it is in the case of the first half forming: 3 + 2,
the first half forming: 2 + 3 and the first half forming: 1 + 4 that there is low risk of interference of the forming target
material (steel plate) with the pressing machine.

[0030] Also, it can be seen from FIG. 7(b) that in the press of the first half succeeding forming, the steel plate is lifted
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to the highest position in the case of the first half forming: 1 + 4 wherein the lifting height of the steel plate is the lowest
in FIG. 7(a), then, the case of the first half forming: 2 + 3, and then, the case of first half forming: 3 + 2, and further, the
lifting height of the steel plate is the lowest in the case of the first half forming: 4 + 1, and as the number of pressings in
the preceding forming becomes lower, the lifting height becomes higher.

[0031] Thus, when taking FIGs. 7(a) and 7(b) together, it is considered that there is the lowest risk of contact between
the material to be formed with the pressing machine in the case of forming a steel pipe using the press-bending method,
when the presses are performed three times in the first half preceding forming and two times in the first half succeeding
forming (first half forming: 3 + 2), when the presses are performed two times in the first half preceding forming and three
times in the first half succeeding forming (first half forming: 2 + 3) and when the presses are performed four times in the
preceding forming and one time in the first half succeeding forming (first half forming: 4 + 1).

[0032] Thus, in the press-forming of the present invention, it is preferable to perform the press a plurality of times in
the first half forming by being divided into the preceding forming and the succeeding forming, thereby optimizing the
number of pressings in the preceding forming. However, the number of pressings is a matter which can be arbitrarily
set. In the present invention, therefore, the preferable press conditions are defined as a range in which bending defor-
mation occurs by the press in the first half preceding forming (hereinafter, referred to as "preceding forming range").
[0033] The steel plate having a substantially cylindrical shape after the final press-forming is transferred to the outside
of the pressing machine by moving the steel plate having the substantially cylindrical shape in its longitudinal direction.
In this case, a distance between pillars (also referred to as "elevation guide") that support the upper structure of the
pressing machine is required to be sufficiently wider than the width of the forming body of substantially cylindrical shape.
In FIGs. 8(a) and 8(b) is illustrated the elevation guide distance, the position of the upper structure and the steel plate
shape when the distance of the elevation guide is 1.4 times the outer diameter of the product steel pipe + 300 mm
(maximum opening width of seam) so as to form a steel pipe having an outer diameter of 1219.2 mm. FIG. 9 shows a
relation between the maximum height of the width end of the steel plate and the preceding forming range at this time.
When the first half preceding forming is performed not more than three times, in the second half forming of (preceding
forming range/ steel plate width of not more than 0.3), the steel plate does not interfere with the upper structure as is
clear from FIG. 8(a), so that its plot is omitted. Further, the preceding forming range is represented by the ratio to the
steel plate width, and the maximum height of the width end of the steel plate is represented by the ratio to the outer
diameter of the product steel pipe, since the absolute values of the dimensions of the forming range and the maximum
height of the width end of the steel plate differ depending on the outer diameter of the steel pipe to be manufactured.
[0034] Here, points of mark @ in FIG. 9 are the maximum heights of the width end of the steel plate of the preceding
forming portion when performing second half forming and correspond to the width end of steel plate in FIG. 8(a). The
point at which the ratio of the preceding forming range to the steel plate width is 0.46 is a case of performing the forming
without dividing the first half forming into the preceding and succeeding stages (first half forming in FIG. 8(a): 5 + 0),
and the maximum height reaches 1.4 times the outer diameter of the product steel pipe. However, as the ratio of the
preceding forming range to the steel plate width becomes smaller than 0.46, the maximum height becomes smaller.
Thus, the ratio of the preceding forming range to the steel plate width is required to be less than 0.46, and is preferably
not more than 0.42. If the ratio is not more than 0.38, the maximum height can be restrained by not less than 10%, as
compared to the case of not dividing the first half forming into the preceding and succeeding stages, so that the range
is more preferable.

[0035] Meanwhile, points of mark 0 in FIG. 9 are the maximum heights of the width end of the plate of the second half
forming portion when performing the first half succeeding forming, and correspond to the position of width end of the
plate in FIG. 8(b). As the ratio of the preceding forming range to the steel plate width is increased, the maximum height
is decreased. When the ratio of the preceding forming range to the steel plate width exceeds 0.17, the maximum height
is decreased as compared to the points of the second half forming in the case of forming without dividing the first half
forming into the preceding and succeeding stages, that is, in the case where the ratio of the preceding forming range to
the steel plate width is 0.46. Thus, the ratio of the preceding forming range to the steel plate width is required to exceed
0.17 and is preferably not less than 0.21. If the ratio is not less than 0.29, the maximum height can be restrained by not
less than 10% as compared to the case of not dividing the first half forming into the preceding and succeeding stages,
so that the range is more preferable.

[0036] Moreover, in the description as described above, a case wherein the three-point bending-press is performed
five times in the first half forming, five times in the second half forming, and one time in the final forming (total 11 times)
has been described as an example, but in the method for producing the steel pipe according to the invention, the number
of pressings is not limited to 11 but may be increased or decreased. However, when decreasing the number of pressings,
the bending angle per each time is increased, and accordingly the lifting height of the steel plate is increased, and
roundness after forming is also degraded. On the other hand, when increasing the number of pressings, the lifting height
ofthe steel plate is decreased and the roundness afterforming also becomes higher, but productivity is lowered. Therefore,
it is preferable to determine the number of pressings in consideration of advantages and disadvantages thereof.
[0037] Furthermore, in the above description, from the viewpoint of making the steel plate shape after the first half
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forming and the steel plate shape after the second half forming in the same shape as mentioned above, the number of
pressings in the first half forming and the second half forming and the feed length of the steel plate are the same, but
may be changed as long as the roundness can be secured.

EXAMPLES

[0038] Anexperimentofproducing a steel pipe having an outerdiameter: 1422.4 mm X length: 12.8 m X pipe thickness:
12.7 mm is conducted from a heavy wall-thickness steel plate (strength: X100) applied with edge bending of 17 degrees
to 210 mm range of both width end portions of the plate width: 4428 mm by the bending-press method using a pressing
machine having capability of 100 MN.

[0039] Here, in the bending-pressing machine used in the above experiment, the steel plate widthwise dimension of
the driving device which connects to the upper end portion of the punch supporter is 2300 mm (one side 1150 mm from
the center on the punch). Further, in this pressing machine, the distance between the lowest surface of the driving device
connected to the punch supporter upper end portion and the lower die upper surface when the punch is lowered to the
lowest position in the press-forming is 1890 mm.

[0040] Further, as the press method using the bending-press machine, a method is adopted wherein the press is
performed five times from the position of 1822 mm from the plate width center toward the plate width center both in the
first half forming and the second half forming, and the width central portion is finally formed (total 11 times), and the feed
length of steel plate in each press was set to 364 mm, and the bending angle is set to 29.5 degrees.

[0041] Further, as illustrated in Table 1, the press of the first half forming is performed five times for four kinds of
forming methods (A to D) wherein the forming is divided into two parts of the preceding forming and the succeeding
forming, after performing a predetermined number of press within five times in the first half preceding forming, the press
of the second half forming is performed five times, and thereafter the remaining press is performed in the first half
succeeding forming, and a conventional forming method E of instantly performing the press of the first half forming five
times as a reference example.

[0042] Moreover, as illustrated in FIGs. 10(a) and 10(b), each of the forming methods is evaluated by the degree of
entry of the steel plate to a region which causes the contact between the pressing machine and its auxiliary equipment
when the material to be formed (steel plate) enters the top of the punch installation portion of the pressing machine.

[Table 1]
Press conditions Press result
Number of pressings i
Press . . raiezcz:‘r;?io Whether steel Remarks
sign First half Second first half 9 plate enters entry | Evaluation
preceding half succeeding to stgel prohibited region
forming forming forming plate width)
Heavyentryinfirst
A 1 5 4 574mm press of f|r§t half % Comparative

(0.13) succeeding Example

forming

Medium entry in

B 9 5 3 938mm first press of flrst A Invention
(0.21) half succeeding Example

forming
1302mm Invention
C 3 5 2 (0.29) No entry O Example

Slight entry in

D 4 5 1 1666mm fourth press of A Invention
(0.38) second half Example

forming

Heavy entry in
E 5 5 0 2030mm second press of % Comparative

(0.46) second half Example

forming
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[0043] The results of forming the steel pipe by the five press methods A to E are also shown in Table 1. The "bending
range" shown in Table 1 is a distance from the plate end portion (also including edge bending portion) of the press-
formed part in the first half preceding forming, and the numbers in parentheses show the ratio of the portion to the steel
plate width. Also, changes in the highest position to which the steel plate is lifted in the above-described conditions are
shown in FIGs. 10(a) and 10(b) together with the entry prohibited region of the steel plate.

[0044] As shown in Table 1 and FIGs. 10(a) and 10(b), in the case of the conventional method (method E) of forming
to 0.46 in the ratio to the steel plate width in the first half forming, the steel plate largely enters the entry prohibited region
in the second press of the second half forming, and there is a risk of damage to the pressing machine. Similarly, in the
case of method A (first half forming: 1 + 4) of forming to 0.13 in the ratio to the steel plate width in the first half preceding
forming, the steel plate largely enters the entry prohibited region in the first press of the first half succeeding forming
(the second press of the first half forming), and there is also a risk of damage to the pressing machine.

[0045] In contrast, in the case of method B (first half forming: 2 + 3) of forming to 0.21 in the ratio to the steel plate
width in the first half preceding forming, the steel plate moderately enters the entry prohibited region in the first press of
the first half succeeding forming (the third press of the first half forming). Further, in the case of method D (first half
forming: 4 + 1) of forming to 0.41 in the ratio to the steel plate width in the first half preceding forming, the steel plate
slightly enters the entry prohibited region in the fourth press of the second half forming, but this is in a range where
plastic deformation does not occur in the material to be formed (steel plate), which does not impair the product shape
and does not damage the pressing machine.

[0046] Furthermore, in the case of method C (first half forming: 3 + 2) of forming to 0.29 in the ratio to the steel plate
width in the first half preceding forming, the steel plate does not enter the entry prohibited region in each of the presses.

INDUSTRIAL APPLICABILITY

[0047] In this way, it can be seen that it is possible to avoid the material to be formed (steel plate) from coming into
contact with the pressing machine or from being damaged by dividing the first half forming into the preceding and
succeeding stages, and by setting the forming range of the preceding stage to a proper range. Therefore, by applying
the present invention, it is possible to enlarge the producible maximum diameter of the pressing machine. In addition,
as long as a steel pipe having a small outer diameter is used, it is needless to say that there is no need to apply the
present invention and the steel pipe can be sufficiently formed by a conventional method.

Claims

1. A method for forming a steel pipe, forming a steel plate as raw material into a substantially cylindrical shape by first
half forming performing three-point bending-press a plurality of times from one plate width end portion of the steel
plate as raw material toward a plate width center, second half forming performing three-point bending-press a
plurality of times from the other plate width end portion toward the plate width center, and final forming performing
the three-point bending-press on the plate width central portion,
characterized in that the first half forming is divided into preceding forming performed before the second half
forming and succeeding forming performed after the second half forming, and a ratio of a forming range in the
preceding forming to the steel plate width is set in a range of more than 0.17 to less than 0.46.

2. The method for forming a steel pipe according to claim 1, wherein a ratio of the forming range in the preceding
forming of the first half forming to the steel plate width is set in a range of 0.21 to 0.42.

3. The method for forming a steel pipe according to claim 1 or 2, wherein the steel plate as raw material is made by
applying edge bending to both end portions of the plate width.

4. An apparatus for forming a steel pipe used in the method for forming the steel pipe according to any of claims 1 to
3, wherein a distance between a top portion of a punch supporter and a lower die top portion when the punch is
lowered to the lowest position during press is not more than 1.4 times of the outer diameter of the steel pipe to be
produced.
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FIG. 2
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FIG. 3
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FIG. 4
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FIG. S
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FIG. 6
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FIG. 7
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FIG. 8
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FIG. 10
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