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(54) METHOD FOR PRODUCING STEEL PIPE
(67) A method for manufacturing a steel pipe in-
cludes a first pipe expanding step of expanding a steel
pipe within a range of a pipe expanding ratio having a
lower limit at a pipe expanding ratio at which a predeter-
mined roundness is obtained and an upper limit at a max-
imum value of a pipe expanding ratio at which an equip-
ment load of a pipe expanding machine falls in an allow-

able range when the steel pipe is expanded, and a sec-
ond pipe expanding step of expanding the steel pipe after
the first pipe expanding step at a pipe expanding ratio at
which the pipe diameter of the steel pipe reaches atarget
value. This improves the roundness of the steel pipe with-
out increasing the equipment load of the pipe expanding
machine.
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Description
Field
[0001] The present invention relates to a method for

manufacturing a steel pipe thatincludes a pipe expanding
step of expanding a steel pipe from the inside using a
pipe expanding machine.

Background

[0002] In general, a manufacturing process for UOE
steel pipes includes a step of applying beveling to edges
in a width direction of a thick steel plate served as a raw
material; a forming step of bending the width-direction
edges of the thick steel plate using a pressing machine,
and thereafter forming the thick steel plate into a cylin-
drical shape by forming the thick steel plate sequentially
into a U-shape and an O-shape so thatthe width-direction
edges of the thick steel plate face each other; a tack
welding step of restraining the cylindrical thick steel plate,
abutting the facing width-direction edges of the thick steel
plate against each other, and tack welding the edges
together; a permanent welding step of seam-welding the
inner and outer surfaces of the butted portion of the thick
steel plate using a submerged arc welding method; and
a pipe expanding step of forming a steel pipe to have
predetermined levels of roundness, straightness, and
outside diameter by expanding the steel pipe from the
inside using a pipe expanding machine.

[0003] The UOE steel pipes for oil well pipes or line
pipes are used by joining the pipe ends of the UOE steel
pipes together using circumferential welding at a laying
site. Hence, if the roundness of a UOE steel pipe is poor,
the pipe ends of the UOE steel pipes cannot be abutted
and joined together during the circumferential welding,
and the steel pipe is likely to be deformed by pressure
when the UOE steel pipe is laid in high-pressure ambi-
ence such as adeep sea. From such a background, tech-
nologies have been proposed that improve the round-
ness of the UOE steel pipe in the pipe expanding step
(refer to Patent Literatures 1 to 5).
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No. S61-147930
Summary
Technical Problem

[0005] In the pipe expanding step, a steel pipe having
a cross-sectional shape closer to a perfect circle can be
manufactured by increasing a ratio of a difference in pipe
diameter between before and after the pipe expansion
to the pipe diameter before the pipe expansion (herein-
after called a pipe expanding ratio). However, increasing
the pipe expanding ratio requires an increase in expand-
ing force. In addition, with recent increases in thickness
and strength of steel pipes, a larger force has become
necessary to expand the pipes even at nearly the same
pipe expanding ratio as conventional rates. Hence, there
have been cases in which a conventional pipe expanding
machine cannot ensure a large pipe expanding ratio nec-
essary for improving the roundness. From such a back-
ground, it has been desired to provide a technology that
can expand steel pipes to desired roundness without in-
creasing the expanding force.

[0006] The present invention has been achieved to
solve the above problems and an object of the present
invention is to provide a method for manufacturing a steel
pipe that can improve the roundness of the steel pipe
without increasing the equipment load of the pipe ex-
panding machine.

Solution to Problem

[0007] A methodformanufacturing a steel pipe accord-
ing to the present invention includes: a first pipe expand-
ing step of expanding a steel pipe within a range of a pipe
expanding ratio having a lower limit at a pipe expanding
ratio at which a predetermined roundness is obtained
and an upper limit at a maximum value of a pipe expand-
ing ratio at which an equipment load of a pipe expanding
machine falls in an allowable range when the steel pipe
is expanded; and a second pipe expanding step of ex-
panding the steel pipe after the first pipe expanding step
at a pipe expanding ratio at which a pipe diameter of the
steel pipe reaches a target value.

[0008] In the method for manufacturing a steel pipe
according to the present invention, the range of the pipe
expanding ratio at the first pipe expanding step is from
0.3% to less than 0.6%.

[0009] In the method for manufacturing a steel pipe
according to the present invention, the wall thickness of
the steel pipe is 25.4 mm or more.

Advantageous Effects of Invention

[0010] According to the present invention of the meth-
od for manufacturing a steel pipe, it can improve the
roundness of the steel pipe without increasing the equip-
ment load of the pipe expanding machine.
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Brief Description of Drawings
[0011]

FIG. 1 is a schematic diagram illustrating a configu-
ration of a pipe expanding machine used in a method
for manufacturing a steel pipe as according to an
embodiment of the present invention.

FIG. 2 is a schematic diagram illustrating a section
of the steel pipe.

FIG. 3 is a diagram illustrating deviation of the pipe
diameter in the circumferential position of the steel
pipe before and after a pipe expansion process at a
pipe expanding ratio of 0.3%.

FIGS. 4 are diagrams illustrating influence of the pipe
expanding ratio of the first pipe expansion on the
out-of-roundness after first expansion and second
expansion. Description of Embodiments

[0012] The following describes a method for manufac-
turing a steel pipe as according to an embodiment of the
present invention, with reference to the drawings.

[configuration of a pipe expanding machine]

[0013] First, with reference to FIGS. 1 and 2, a descrip-
tion will be made of a configuration of a pipe expanding
machine used in the method for manufacturing a steel
pipe according to the embodiment of the present inven-
tion. The configuration of the pipe expanding machine to
be used in the present invention is not limited to the con-
figuration illustrated in FIGS. 1 and 2.

[0014] Asillustratedin FIG. 1, this pipe expanding ma-
chine 1 used in the method for manufacturing the steel
pipe according to the embodiment of the present inven-
tion includes a cylindrical boom 2 with the leading end
thereof inserted from one end of a steel pipe P and a pipe
expanding head 4 that is provided at the leading end of
the boom 2 and expands the steel pipe P when the di-
ameter is expanded in the direction orthogonal to the
axis. The pipe expanding head 4 includes a tapered outer
circumferential surface 5 and a pipe expanding die 6.
[0015] The tapered outer circumferential surface 5 is
provided at the leading end of the pull rod 3 which is
mounted inside the boom 2 and is capable to move in-
dependently of the boom 2, and decreases in diameter
from the leading end side toward the base end side of
the boom 2. The pipe expanding dies 6 slide on the ta-
pered outer circumferential surface 5, and includes a ta-
pered inner circumferential surface 6a that decreases in
diameter from the leading end side toward the base end
side of the boom 2 and a die outer circumferential surface
6b that faces the inner circumferential surface of the steel
pipe P. As illustrated in FIG. 2, a plurality of such pipe
expanding dies 6 are provided along the circumferential
direction of the tapered outer circumferential surface 5.
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[Method for expanding the steel pipe]

[0016] Next, a description will be made of a method for
expanding the steel pipe P using the pipe expanding ma-
chine 1.

[0017] To expand the steel pipe P using the pipe ex-
panding machine 1, first, by moving the steel pipe P using
an pipe positioning equipment, which is not illustrated,
the pipe expanding dies 6 are positioned in a pipe ex-
pansion start position, and the pull rod 3 is moved back
from the pipe expansion start position, whereby the first
pipe expansion process is performed. This displaces
each of the pipe expanding dies 6 sliding on the tapered
outer circumferential surface 5 in the radial direction by
way of a wedge action, and expands the steel pipe P.
The undulation in the cross-sectional shape of the steel
pipe P becomes small, and the cross-sectional shape of
the steel pipe P becomes close to a perfect circular
shape. Next, the pull rod 3 is moved forward to the pipe
expansion start position, and after the pipe expanding
dies 6 are returned inward in the direction orthogonal to
the axis by a release mechanism, which is notillustrated,
the steel pipe P is further moved in an amount corre-
sponding to a pitch (length in the axial direction) of the
pipe expanding dies 6. The pipe expanding dies 6 are
positioned in a new expansion position, and then, the
operation described above is repeated. This can enable
the first pipe expansion process over the entire length of
the steel pipe P in increments of the pitch of the pipe
expanding dies 6.

[0018] In the first pipe expansion process, the lower
limit value of a pipe expanding ratio is set to a value at
which predetermined roundness is obtained, and the up-
per limit value of the pipe expanding ratio is set to an
expanding force is less than the equipment load of the
pipe expanding machine 1.

[0019] FIG. 3 is a diagram illustrating deviation of the
pipe diameter in the circumferential position of the steel
pipe before and after the pipe expansion process at a
pipe expanding ratio of 0.3%. The steel pipe used for
measuring the circumferential position dependence has
an outside diameter of 762 mm. The vertical axis of FIG.
3 represents peaking (deviation of the pipe diameter from
an average pipe diameter in a certain circumferential po-
sition). A positive peaking value means that the pipe di-
ameter in that circumferential position is larger than the
average pipe diameter. The horizontal axis of FIG. 3 rep-
resents the circumferential position in which the pipe di-
ameter of the steel pipe is measured, and indicates at
what angle the pipe diameter is measured, assuming a
circumferential position corresponding to a seam-welded
portion as 0 degree. As illustrated in FIG. 3, it was found
that the peaking that has been at a maximum of 2.5 mm
before the pipe expansion process is reduced to 1.5 mm
or less by performing the pipe expansion process at the
pipe expanding ratio of 0.3%, and thus the roundness is
improved.

[0020] Fromwhathasbeen described above, the lower
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limit value of the pipe expanding ratio is preferably set to
0.3% in the first pipe expansion process. This is because,
as illustrated in FIG. 3, the roundness is greatly improved
by performing the pipe expansion process at the pipe
expanding ratio of 0.3%, and the pipe expansion at a
predetermined pipe expanding ratio can be performed
with a smaller applied load in a second pipe expansion
process to be described later. The roundness (out-of-
roundness) after the first pipe expansion is preferably set
to 1.0% or less in percentage terms when expressed as
a ratio to the outside diameter of the steel pipe. If, how-
ever, the pipe expanding ratio set in the first pipe expan-
sion process is too large, a pipe expanding ratio neces-
sary to ensure sufficient roundness cannot be obtained
in the second pipe expansion process to be described
later, and hence the upper limit value of the pipe expand-
ing ratio in the first pipe expansion process is preferably
setto less than 0.6% and more preferably set to less than
0.5%.

[0021] Then, the second pipe expansion process is
performed, by moving the steel pipe P using an pipe po-
sitioning equipment, which is not illustrated, and the pipe
expanding dies 6 are positioned again in the pipe expan-
sion start position and moving back again the pull rod 3
from the pipe expansion start position. The pull rod 3 is
then moved forward to the pipe expansion start position,
and after the pipe expanding dies 6 are returned inward
in the direction orthogonal to the axis by a release mech-
anism, which is not illustrated, the steel pipe P is further
moved by an amount corresponding to a pitch (length in
the axial direction) of the pipe expanding dies 6. The pipe
expanding dies 6 are positioned in a new expansion po-
sition, and then, the operation described above is repeat-
ed. This can perform the second pipe expansion process
on the steel pipe P over the entire length thereof in in-
crements of the pitch of the pipe expanding dies 6. The
second pipe expansion process corresponds to a second
pipe expanding step according to the present invention.
[0022] Inthe second pipe expansion process, the pipe
expanding ratio is set to a value at which the pipe diam-
eter of the steel pipe P reaches a target value. In general,
the equipment load when a steel pipe P is expanded to
the same pipe expanding ratio is larger for a steel pipe
with poor roundness than for a steel pipe with good round-
ness. In this method for expanding the pipe, however,
the roundness of the steel pipe has been improved by
the first pipe expansion process, so that the equipment
load in the second pipe expansion process is reduced.
Because the roundness of the steel pipe has been im-
proved by the first pipe expansion process, the sum of
the pipe expanding ratios of the first and the second ex-
panding processes is larger than a pipe expanding ratio
in the case of performing the expanding process only
once with the same equipment load. As a result, the
roundness is improved as well.
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Embodiment

[0023] Next, advantageous effects of the present in-
vention will be described by way of example. Aninfluence
of the pipe expanding ratio on the roundness (out-of-
roundness) when UOE steel pipes of Grade X65 accord-
ing to the American Petroleum Institute (API) standard
having an outside diameter of 914.4 mm were manufac-
tured was investigated in cases in which wall thicknesses
of the steel pipes were 19.0 m, 25.4 mm, and 31.8 mm.
The pipe expansion was basically performed twice, and
the pipe expanding ratio obtained from outside diameters
of the steel pipe at the time when the second pipe ex-
pansion ended and the steel pipe before the first pipe
expansion was performed was set constantat 1.0 %. The
pipe expanding ratio of the first pipe expansion was var-
ied from 0.2% to 1.0%, and the influence of the pipe ex-
panding ratio of the first pipe expansion on the out-of-
roundness was investigated.

[0024] FIGS. 4A to 4C illustrate the results of the in-
vestigation. FIG. 4A corresponds to the case in which
the wall thickness of the steel pipe is 19.0 mm, FIG. 4B
to the case in which the wall thickness of the steel pipe
is 25.4 mm, and FIG. 4C to the case in which the wall
thickness of the steel pipe is 31.8 mm. In FIGS. 4A to
4C, open circles indicate the out-of-roundness after the
first pipe expansion, and solid circles indicate the out-of-
roundness after the second pipe expansion.

[0025] Inthe case of FIG. 4Ainwhichthe wall thickness
is 19.0 mm, the value of the out-of-roundness after the
first pipe expansion decreases and becomes better as
the pipe expanding ratio of the first pipe expansion in-
creases from 0.2%. In the case in which the pipe expand-
ing ratio of the first pipe expansion was 1.0% and the
second pipe expansion was not performed, the out-of-
roundness was 3.0 mm. The out-of-roundness after the
second pipe expansion is mostly smaller and better than
thatin the case in which the pipe expansion is performed
once. The out-of-roundness after the second pipe expan-
sion decreases and becomes better as the pipe expand-
ing ratio of the first pipe expansion increases from 0.2%.
This is considered to be because of the following reason.
If the pipe expanding ratio of the first pipe expansion is
small, that is, for example, less than 0.3%, the second
pipe expansion is performed in a state in which the round-
ness has not been improved very much, so that the
roundness improving effect by performing the pipe ex-
pansion in two steps is not obtained; in contrast, the
roundness improving effect by performing the pipe ex-
pansion in two steps is obtained by preferably obtaining
the pipe expanding ratio of the first pipe expansion of
0.3% or more.

[0026] When the pipe expanding ratio of the first pipe
expansion is 0.3%, the out-of-roundness after the first
pipe expansion is 9.0 mm, which corresponds to approx-
imately 1.0% (= 9.0 mm/914.4 mm) when expressed as
a ratio to 914.4 mm, which is the outside diameter of the
steel pipe. Hence, the out-of-roundness after the first pipe
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expansion is found to be preferably 1.0% or less in per-
centage terms. After the pipe expanding ratio of the first
pipe expansion has exceeded 0.4%, the out-of-round-
ness after the second pipe expansion turns to increase,
and gradually worsens. When the pipe expanding ratio
of the first pipe expansion is 0.6% or more, the difference
is small between the case in which the pipe expansion
has been performed once and the case in which the pipe
expansion has been performed twice. This is considered
to be because an excessively large pipe expanding ratio
of the first pipe expansion does not allow the pipe ex-
panding ratio of the second pipe expansion to be suffi-
ciently obtained, and is hardly effective for eventual im-
provement in the roundness. The out-of-roundness after
the second pipe expansion was able to be eventually
reduced to a minimum of 2.9 mm by performing the sec-
ond pipe expansion and obtaining a total pipe expanding
ratio of 1.0%. This is substantially the same as the out-
of-roundness of 3.0 mm obtained in the case in which
the pipe expansion was performed in one step. Hence,
it has been found that dividing the pipe expansion into
two steps is effective for ensuring good roundness. Thus,
the pipe expanding ratio of the first pipe expansion is
preferably from 0.3% to less than 0.6%, and more pref-
erably from 0.3% to less than 0.5%.

[0027] The case of FIG. 4B in which the wall thickness
is 25.4 mm failed to obtain the pipe expanding ratio of
the first pipe expansion of 0.9% or more because doing
so would exceed the maximum equipment limit. Hence,
in the case in which the pipe expansion was performed
only once, the out-of-roundness was able to be reduced
down to a minimum of 3.9 mm, which was achieved when
the pipe expanding ratio of the first pipe expansion was
0.8%. However, a total pipe expanding ratio of 1.0% was
obtained by obtaining a pipe expanding ratio of the first
pipe expansion of 0.8% or less and performing the sec-
ond pipe expansion, so that the out-of-roundness after
the second pipe expansion was able to be reduced to a
minimum of 2.9 mm. This is a better value than the out-
of-roundness of 3.9 mm obtained in the case in which
the pipe expansion was performed in one step. Hence,
it has been found that dividing the pipe expansion into
two steps is effective for ensuring good roundness. Other
results are almost the same as those in the case of FIG.
4A, and it has been found that the pipe expanding ratio
of the first pipe expansion is preferably from 0.3% to less
than 0.6%, and more preferably from 0.3% to less than
0.5%.

[0028] The case of FIG. 4C in which the wall thickness
is 31.8 mm failed to expand the pipe at a pipe expanding
ratio of the first pipe expansion of 0.8% or more because
doing so would exceed the maximum equipment limit.
Hence, in the case in which the pipe expansion was per-
formed only once, the out-of-roundness was able to be
reduced down to a minimum of 4.0 mm, which was
achieved when the pipe expanding ratio of the first pipe
expansion was 0.7%. It was impossible to obtain a pipe
expanding ratio of the first pipe expansion of 0.2% and
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perform the second pipe expansion at a pipe expanding
ratio of 0.8% because, in this case, the second pipe ex-
pansion would exceed the maximum equipment limit. Di-
viding the pipe expansion into two steps, however, led
toreduction in the out-of-roundness after the second pipe
expansion to a minimum of 2.9 mm. This is a better value
than the out-of-roundness of 4.0 mm obtained in the case
in which the pipe expansion was performed in one step,
so thatit has been found that dividing the pipe expansion
into two steps is effective for ensuring good roundness.
Other results are almost the same as those in the case
of FIG. 4A, and it has been found that the pipe expanding
ratio of the first pipe expansion is preferably from 0.3%
to less than 0.6%, and more preferably from 0.3% to less
than 0.5%.

[0029] From the results described above, it has been
found that, in the case of manufacturing a thick-walled
steel pipe having a wall thickness of, for example, 25.4
mm or more, dividing the pipe expansion into two steps
can obtain better roundness than that in the case in which
the pipe expansion is performed in only one step.
[0030] While the description has been made above of
the embodiment to which the present invention made by
the inventors is applied, the present invention is not lim-
ited by the description and the drawings constituting parts
of the disclosure of the present invention by way of the
present embodiment. For example, the technology of the
presentinvention can also be applied in the pipe expand-
ing step when, as the forming step of forming a thick steel
plate into a cylindrical shape so that edges in the width
direction of the thick steel plate face each other, a bend-
ing press method is used that presses down a thick steel
plate placed on two linear dies arranged in parallel with
a certain space therebetween with a punch at a portion
of the thick steel plate above the space, instead of the
method that performs U-forming and O-forming using the
pressing machine. In other words, for example, otherem-
bodiments, examples, and operational techniques made,
for example, by those skilled in the art based on the
present embodiment are all included in the category of
the present invention.

Industrial Applicability

[0031] According to the embodiment of the present in-
vention, the roundness of a steel pipe can be improved
without increasing the equipment load of the pipe ex-
panding machine.

Reference Signs List
[0032]

pipe expanding machine

cylindrical boom

pipe expanding head

tapered outer circumferential surface
pipe expanding dies

O BRAr N -
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6a tapered inner circumferential surface
6b  die outer circumferential surface

P steel pipe
5
Claims
1. A method for manufacturing a steel pipe, the method
comprising:
10

a first pipe expanding step of expanding a steel
pipe within a range of a pipe expanding ratio
having a lower limit at a pipe expanding ratio at
which a predetermined roundness is obtained

and an upper limit at a maximum value of a pipe 15
expanding ratio at which an equipment load of

a pipe expanding machine falls in an allowable
range when the steel pipe is expanded; and

a second pipe expanding step of expanding the
steel pipe after the first pipe expanding step at 20
a pipe expanding ratio at which a pipe diameter

of the steel pipe reaches a target value.

2. Themethod for manufacturing a steel pipe according
to claim 1, wherein the range of the pipe expanding 25
ratio at the first pipe expanding step is from 0.3% to
less than 0.6%.

3. Themethod for manufacturing a steel pipe according

to claim 1 or 2, wherein the wall thickness of the steel 30
pipe is 25.4 mm or more.
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