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(57) A method of manufacturing a seamless steel
pipe including the steps of: providing a hollow billet with
a mandrel inserted therein and forging the hollow billet
into a primary hollow shell of a predetermined diameter
and thickness; subjecting the primary hollow shell to di-
ameter reduction at one end portion thereof; and provid-
ing the primary hollow shell with a mandrelinserted there-

METHOD FOR MANUFACTURING SEAMLESS PIPE

in, the primary hollow shell having the diameter reduced
portion at the one end portion thereof, and subjecting the
primary hollow shell to push-drawing using a push bench.
With this method, it is possible to manufacture seamless
steel pipes of awide range of manufacturable sizes (large
diameter or thick-walled pipes) with high dimensional ac-
curacy, particularly with high wall thickness accuracy.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a method of
manufacturing a seamless steel pipe which is capable of
manufacturing seamless steel pipes of a wide range of
sizes with high dimensional accuracy. Specifically, the
present invention relates to a method of manufacturing
a seamless steel pipe which includes preparing a primary
hollow shell by a mandrel forging pipe-making process,
and applying a push bench pipe-making process to the
prepared primary hollow shell.

[0002] Unless otherwise specified, the definitions of
certain terms as used in this specification are as follows.
[0003] "Hollow billet": a billet to be subjected to Step 1
as described in this specification (mandrel forging pipe-
making step). This is a billet prepared by hot piercing an
ingot and forming it into a hollow shape;

[0004] "Primary hollow shell": a shell to be subjected
to Step 2 as described in this specification (diameter re-
duction step). This is a shell that is formed from a hollow
billet in Step 1;

[0005] "Hollow shell": a shell to be subjected to a push
bench thickness reduction process as described in this
specification. This is a shell that was subjected to sizing
of the inner and outer surfaces in a push bench sizing
process;

[0006] "Large diameter": a pipe outside diameter of
1000 mm or greater; and

[0007] "Dimensional accuracy": absolute values of
size deviations in outside diameter and wall thickness of
a finished pipe from desired sizes.

BACKGROUND ART

[0008] For application in large diameter pipes such as,
for example, large diameter reheat steam pipes for use
in a thermal power plant, spiral steel pipes are typically
employed. In recent years, large diameter pipes have
been required to meet the increasing demand for higher
performance such as the increase in the vapor pressure
setting for large diameter reheat steam pipes for use in
athermal power plant. Accordingly, there is an increasing
need for large diameter seamless steel pipes of high qual-
ity.

[0009] In the past, there were examples in which a
mandrel forging pipe-making process was employed as
amethodfor hotforming of large diameter seamless steel
pipes.

[0010] A mandrel forging pipe-making process is a
process that includes: providing a hollow billet with a
mandrelinserted therein; and hot working the hollow billet
by open-die forging to gradually reduce the wall thickness
thereof, as disclosed in Patent Literature 1.

[0011] One advantage of a mandrel forging pipe-mak-
ing process lies in the wide range of pipe sizes that can
be achieved by performing repeated forging and reheat-
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ing. That is, manufacture of thick-walled, large diameter
seamless steel pipes is possible.

[0012] Onthe otherhand, a disadvantage of a mandrel
forging pipe-making process is poor dimensional accu-
racy which results from the forming by forging. Because
of this, in the finish machining process after the hot pipe
making process, the amount of removal by machining on
the steel pipe surface is large, and therefore the yield is
low.

CITATION LIST
PATENT LITERATURE
[0013]

PATENT LITERATURE 1: Japanese Patent Publi-
cation No. H07-22802

PATENT LITERATURE 2: Japanese Patent Appli-
cation Publication No. S56-128611

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0014] An object of the present invention is to provide
a method of manufacturing a seamless steel pipe which
is capable of achieving high dimensional accuracy, par-
ticularly high wall thickness accuracy, as well as a wide
range of manufacturable sizes (large diameter or thick-
walled pipes).

SOLUTION TO PROBLEM

[0015] The present inventor turned his attention to
push bench pipe-making processes, which are capable
of manufacturing seamless steel pipes with high wall
thickness accuracy. As disclosed in Patent Literature 2,
a push bench pipe-making process is a process that in-
cludes: providing a hollow steel workpiece with a mandrel
inserted therein, the hollow steel workpiece having a
closed end; and push-drawing the workpiece through a
die assembly to reduce the wall thickness thereof. One
advantage of push bench pipe-making processes is the
high dimensional accuracy which is achieved by the use
of inside and outside sizing tools such as a mandrel and
a die assembly. Because of this, in the finish machining
process, the amount of removal by machining on the pipe
surface is small, and therefore the yield is high.

[0016] Taking advantage of both the mandrel forging
pipe-making process and the push bench pipe-making
process may enable manufacture of seamless steel
pipes of a wide range of sizes with high dimensional ac-
curacy. However, in push bench pipe-making processes,
it is necessary to use hollow steel workpieces that have
a closed end. That is, seamless steel pipes prepared by
a mandrel forging pipe-making process cannot be used
in a push bench pipe-making process in the as-prepared
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state as a workpiece to be processed. This is because
since they do not have a closed end, they cannot be
pushed by a mandrel to pass through a die assembly.
[0017] In view of the above, the present inventor con-
templated methods that will allow seamless steel pipes
prepared by a mandrel forging pipe-making process to
be subjected to a push bench pipe-making process. After
an undue amount of trial and error, the present inventor
has found that the two pipe-making methods can be uti-
lized in combination by: subjecting a seamless steel pipe
prepared by a mandrel forging pipe-making process to
diameter reduction at one end portion thereof so that the
outside and inside diameters of the end portion are re-
duced and the diameter reduced end portion can serve
as a substitute for a closed end.

[0018] The present invention has been accomplished
based on the results of the contemplation and is summa-
rized as a method of manufacturing a seamless steel
pipe which includes the steps of:

(1) providing a hollow billet with a mandrel inserted
therein and forging the hollow billet into a primary
hollow shell of a predetermined diameter and thick-
ness;

(2) subjecting the primary hollow shell to diameter
reduction at one end portion thereof to reduce out-
side and inside diameters of the end portion; and
(3) providing the primary hollow shell with a mandrel
inserted therein, the primary hollow shell having the
diameter reduced portion at the one end portion
thereof, and subjecting the primary hollow shell to
push-drawing using a push bench.

ADVANTAGEOUS EFFECTS OF INVENTION

[0019] The method of manufacturing a seamless steel
pipe of the present invention is advantageous in that: it
is capable of manufacturing seamless steel pipes of a
wide range of sizes (large diameter or thick-walled pipes)
with high dimensional accuracy, particularly with high
wall thickness accuracy due to the push bench pipe-mak-
ing process that is applied after the application of the
mandrel forging pipe-making process.

BRIEF DESCRIPTION OF DRAWINGS
[0020]

[FIG. 1] FIG. 1 is a longitudinal sectional view of a
primary hollow shell after being subjected to diame-
ter reduction at one end portion thereof.

[FIG. 2] FIG. 2 is a side view of a front end portion
of a mandrel to be used in the push bench pipe-
making step.

[FIG. 3] FIG. 3 is a diagram showing a configuration
including a primary hollow shell, a mandrel, and a
die assembly in the push bench pipe-making step.
[FIG. 4] FIG. 4 is a diagram illustrating a comparison
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of the manufacturable sizes of seamless steel pipes
between a conventional push bench pipe-making
process and the manufacturing method of the
present invention.

DESCRIPTION OF EMBODIMENTS

[0021] The manufacturing method includes: Step 1
(mandrel forging pipe-making step); Step 2 (diameter re-
duction step); and Step 3 (push bench pipe-making step).
Each of the steps is described below.

[Step 1 (mandrel forging pipe-making step)]

[0022] In Step 1, primary hollow shells are formed by
the following procedure:

(1) Pressing a tool having a sharpened end against
a top surface of an ingot disposed with the longitu-
dinal direction thereof oriented vertically while the
tool is being rotated, and piercing the ingot into a
hollow billet by hot working;

(2) Arranging the hollow billet with the longitudinal
direction thereof oriented horizontally and pressing
a mandrel against the inner surface of the hollow
billet to reduce the wall thickness thereof by hot work-
ing while the hollow billet is being rotated.

(3) Repeating the above step (2) one or several times
to form a primary hollow shell having a predeter-
mined outside diameter and wall thickness.

[0023] In the mandrel forging pipe-making step, hot
forging of the hollow billet is preferably performed within
a temperature range of 900°C to 1250°C.

[Step 2 (diameter reduction step)]

[0024] FIG. 1 is a longitudinal sectional view of a pri-
mary hollow shell after being subjected to diameter re-
duction. In Step 2, diameter reduction is performed on
one end portion of the primary hollow shell 1 formed in
Step 1, while it is being rotated, to reduce the inside and
outside diameters thereof.

[0025] The diameter reduced portion is composed of
a front end portion 1a located at the front edge of the
primary hollow shell 1 and a narrowing diameter portion
1b. The narrowing diameter portion 1b is located between
the front end portion 1a and the body portion on which
diameter reduction is not performed. The front end por-
tion 1a has a constant outside diameter and wall thick-
ness. The narrowing diameter portion 1b has inside and
outside diameters that are reduced toward the front edge.
[0026] If the portion subjected to the diameter reduc-
tion step is deformed in Step 3, the diameter reduction
step may be performed again as needed. As the method
for diameterreduction, not only stamping butalso a meth-
od of hitting one end portion of the primary hollow shell
1 with a hammer as well as a method of rotary forging
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with a swager or the like may be employed.
[Shape of the Portion Subjected to Diameter Reduction]

[0027] FIG. 2 is a side view of a front edge portion of
a mandrel to be used in the push bench pipe-making
step. The mandrel 2 includes: a body portion 2a having
a cylindrical shape and a narrowing diameter portion 2b
having a truncated cone shape disposed at the frontedge
of the body portion 2a. The narrowing diameter portion
2b has a diameter that is reduced toward the front edge
of the mandrel 2. Typically, the narrowing diameter por-
tion 2b is formed in a tapered shape.

[0028] Itis preferred that the diameter reduced portion
ofthe primary hollow shell 1 as processed in Step 2 satisfy
the following formula (1) where B (mm) represents an
inside diameter at the edge of the diameter reduced por-
tion of the primary hollow shell and D (mm) represents a
diameter at the front edge of the mandrel that is used in
the push bench pipe-making step. The aim of this is to
reduce the possibility that the mandrel 2 breaks through
the front end portion 1a and the narrowing diameter por-
tion 1b of the primary hollow shell 1 during the push-
drawing process in Step 3 (push bench pipe-making
step). Cases that satisfy the formula (1) include a case
inwhichthe diameter reduced portion forms a closed end.

B<D/4 .. (1).

[Step 3 (push bench pipe-making step)]

[0029] FIG. 3 is a diagram showing a configuration of
a primary hollow shell, a mandrel, and a die assembly in
the push bench pipe-making step. The die assembly 3
may be provided as a set of a plurality of dies or a single
die. In the die assembly 3, a tapered die is typically em-
ployed with a die semi-angle o of 10 to 20° and a die
width W of 150 to 200 mm.

[0030] In Step 3, the primary hollow shell 1 having the
diameter reduced portion at one end portion thereof is
provided with a mandrel 2 inserted therein and subjected
to push-drawing using a push bench. Step 3 is preferably
divided into two steps, a sizing step and a wall thickness
reduction step (hereinafter also referred to as "push
bench sizing step" and "push bench wall thickness re-
duction step," respectively).

[Sizing Step]

[0031] In the sizing step, the primary hollow shell 1
having the diameter reduced portion at one end portion
thereof is provided with a mandrel 2 inserted therein and
is pushed through the die assembly 3 by hot working to
size the inner and outer surfaces. The primary hollow
shell 1 is subjected to push-drawing through a tapered
die as described above with soft reduction to size the
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inner and outer surfaces, thereby providing a hollow shell
1 to be processed in the wall thickness reduction step.
[0032] The sizing step is intended to reduce longitudi-
nal variations in the outside diameter and the wall thick-
ness of the primary hollow shell 1 using the die assembly
3. If, for example, there are large irregularities on the
outer surface of the primary hollow shell 1, the irregular-
ities may interfere with the tapered die when the primary
hollow shell 1 is pushed through the tapered die, thereby
making the push-drawing operation difficult or impossi-
ble.

[0033] The reduction rate in the sizing step is prefera-
bly about 3 to 7%.

[0034] Inthe sizing step, the portion of the primary hol-
low shell 1 to be subjected to push-drawing (the portion
that was not subjected to diameter reduction) is prefer-
ably heated to a temperature ranging from 900°C to
1250°C. The aim of this is to reduce the deformation re-
sistance and facilitate the processing.

[0035] Since the diameter reduced portion is a portion
against which the mandrel 2 is pressed, it is preferably
cooled by water injection to minimize deformation that
may occur during the push-drawing process. In order to
make sure that the push-drawing of the primary hollow
shell 1 by the mandrel 2 is performed without failure, it
is preferred that the diameter reduced portion be kept to
a temperature of 500 °C or less. Its lower limit tempera-
ture is preferably 400°C. This is because, when cooled
to a low temperature, certain types of steel such as, for
example, a 9% Cr steel may suffer thermal stress crack-
ing during the martensitic transformation.

[Wall Thickness Reduction Step]

[0036] The hollow shell 1, obtained by the push-draw-
ing process with soft reduction in the sizing step, is proc-
essed in the wall thickness reduction step. The wall thick-
ness reduction step also uses a mandrel 2 and a die
assembly 3 that have the same configuration as shown
in FIG. 2. In selecting the die assembly 3 to be used, it
is required that it have the ability to impart a predeter-
mined reduction to the hollow shell 1.

[0037] The wall thickness reduction step includes the
following operations:

(1) The hollow shell which has undergone sizing of
inner and outer surfaces in the sizing step is pushed
through the die assembly 3 having a smaller inside
diameter by hot working, whereby it is given a pre-
determined reduction while the wall thickness there-
of is reduced.

(2) By repeating the above step (1) one or several
times, it is possible to manufacture seamless steel
pipes with high wall thickness accuracy. Specifically,
it is possible to limit the deviation from the desired
wall thickness to 10 mm or less regardless of the
thickness of the wall that has been subjected to the
push-drawing process.
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[0038] In the wall thickness reduction step too, the
body portion to be subjected to push-drawing is prefer-
ably heated to a temperature of 900°C to 1250°C to re-
duce the deformation resistance and facilitate the
processing. On the other hand, the temperature of the
diameter reduced portion is preferably controlled to
500°C or less by performing water injection or the like in
order to make sure that the push-drawing of the hollow
shell 1 by the mandrel 2 is performed without failure. Its
lower limit temperature is preferably 400°C.

[0039] After Steps 1 to 3 as described above, a finish-
ing process may be incorporated. The finishing step may
include the following operations:

(1) Cutting the diameter reduced portion of the seam-
less steel pipe manufactured in Step 3;

(2) Heat treating the seamless steel pipe as needed
after the diameter reduced portion was cut; and

(3) Subjecting the resultant seamless steel pipe to a
finishing process by machining or polishing the inner
and outer surfaces of the steel pipe to finish it to
predetermined surface properties and size.

[Suitable Steel Type]

[0040] Examples of steel types suitable for the above
described manufacturing method include the following
three types of steel:

(1) Carbon steel having a chemical composition of,
by mass %, C: 0.3% or less, Si: 1% or less, Mn: 0.1
to 2%, and N: 0.02% or less, with the balance being
Fe and impurities;

(2) Low alloy steel having a chemical composition
of, by mass %, C: 0.15% or less, Si: 1% or less, Mn:
0.1to0 2%, Cr: 0.5 to 3.0%, Ni: 0.5% or less, Mo: 0.1
to 3.0%, W: 0 to 2%, Cu: 0.1% or less, and N: 0.002
to 0.030%, with the balance being Fe and impurities;
and

(3) High Crferritic heat resistant steel having achem-
ical composition of, by mass %, C: 0.15% or less,
Si: 1% or less, Mn: 0.1 to 2%, Cr: 8.0 to 12.5%, Ni:
1.0% or less, Mo: 0.1 to 3.0%, W: 0 to 4%, Cu: O to
1.5%, and N: 0.01 to 0.10%, with the balance being
Fe and impurities.

EXAMPLES

[0041] Set forth below are examples illustrating how it
is possible to manufacture seamless steel pipes with high
wall thickness accuracy and to extend the manufactura-
ble size of seamless steel pipes.

(Example 1)
[0042] Example 1 illustrates a case in which the exten-

sion of the manufacturable size of the outside diameter
was achieved.
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1. Pipe Making Schedule in Each Step
(Mandrel Forging Pipe-Making Step)

[0043] Ahollow billet (weight: 13850 kg) produced from
high Cr ferritic heat resistant steel as described above
was provided with a mandrelinserted therein, and formed
into a primary hollow shell of 1250 mm in outside diam-
eter, 1090 mm in inside diameter, 80 mm in wall thick-
ness, and 6000 mm in length by the mandrel forging pipe-
making process.

(Diameter Reduction Step)

[0044] The resultant primary hollow shell was subject-
ed to diameter reduction atone end portion thereof where
the inside and outside diameters were reduced. The re-
sulting inside diameter B at the edge of the diameter re-
duced portion of the primary hollow shell was 200 mm.

(Push Bench Sizing Step)

[0045] The primary hollow shell having the diameter
reduced portion at one end portion thereof was provided
with a mandrel having an outside diameter of 1060 mm
inserted therein. Then it was subjected to soft reduction
in a push bench using a die having an inside diameter of
1240 mm, and was formed into a hollow shell with the
inner and outer surfaces thereof sized. The diameter D
at the front edge of the mandrel was 950 mm and there-
fore the formula (1) as previously noted was satisfied.

(Push Bench Wall Thickness Reduction Step)

[0046] The resultant hollow shell was subjected to
push-drawing in the push bench using a mandrel having
an outside diameter of 1060 mm and dies having inside
diameters of 1210 mm and 1190 mm, and was formed
into a seamless steel pipe.

(Finishing Step)

[0047] The size of the manufactured seamless steel
pipe was 1190 mmin outside diameter, 1060 mm ininside
diameter, 65 mm in wall thickness, and 7600 mm in
length. A 300 mm length of the seamless steel pipe was
cut at the diameter reduced end portion, followed by heat
treatment and subsequent machining of the inner and
outer surfaces.

2. Comparison of Wall Thickness Accuracy

[0048] The seamless steel pipe manufactured in Ex-
ample 1 had a size of 1190 mm in outside diameter, 1060
mm in inside diameter, and 65 mm in wall thickness and
thus was a large diameter pipe. Nevertheless, it achieved
a wall thickness accuracy of less than 10 mm. Subse-
quently, it was subjected to machining of the inner and
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outer surfaces, and finished into a size of 1170 mm in
outside diameter, 1080 mm in inside diameter, and 45
mm in wall thickness.

[0049] Thatis, in Example 1, the amount of machining
necessary for the finishing process was not more than
10 mm for both inner and outer surfaces.

[0050] For comparison with Example 1, a primary hol-
low shell, as manufactured from the mandrel forging pipe-
making process, having an outside diameter of 1250 mm,
an inside diameter of 1090 mm, and a wall thickness of
80 mm, exhibited a wall thickness accuracy of more than
20 mm.

[0051] Based onthe above, in Example 1, the amount
of machining required is 10 mm at a maximum for both
inner and outer surfaces, whereas in Comparative Ex-
ample, it is assumed that the amount of finish machining
required exceeds 25 mm for both inner and outer surfac-
es. It is therefore seen that Example 1 produces an ad-
vantageous effect.

(Example 2)

[0052] Example 2illustrates a case in which the exten-
sion of the manufacturable size of the wall thickness was
achieved.

1. Pipe Making Schedule in Each Step
(Mandrel Forging Pipe-Making Step)

[0053] Ahollowbillet (weight: 25600 kg) produced from
high Cr ferritic heat resistant steel as described above
was provided with amandrelinserted therein, and formed
into a primary hollow shell of 1050 mm in outside diam-
eter, 640 mm in inside diameter, 205 mm in wall thick-
ness, and 6000 mm in length by the mandrel forging pipe-
making process.

(Diameter Reduction Step)

[0054] The resultant primary hollow shell was subject-
ed to diameterreduction at one end portion thereof where
the inside and outside diameters were reduced. The re-
sulting inside diameter B at the edge of the diameter re-
duced portion of the primary hollow shell was 100 mm.

(Push Bench Sizing Step)

[0055] The primary hollow shell having the diameter
reduced portion at one end portion thereof was provided
with a mandrel having an outside diameter of 610 mm
inserted therein. Then it was subjected to soft reduction
in a push bench using a die having an inside diameter of
1040 mm, and was formed into a hollow shell with the
inner and outer surfaces thereof sized. The diameter D
at the front edge of the mandrel was 500 mm and there-
fore the formula (1) as previously noted was satisfied.
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(Push Bench Wall Thickness Reduction Step)

[0056] The resultant hollow shell was subjected to
push-drawing in the push bench using a mandrel having
an outside diameter of 610 mm and dies having inside
diameters of 1010 mm and 990 mm, and was formed into
a seamless steel pipe.

(Finishing Step)

[0057] The size of the manufactured seamless steel
pipe was 990 mm in outside diameter, 610 mm in inside
diameter, 190 mm in wall thickness, and 6800 mm in
length. A 300 mm length of the seamless steel pipe was
cut at the diameter reduced end portion, followed by heat
treatment and subsequent machining of the inner and
outer surfaces.

2. Comparison of Wall Thickness Accuracy

[0058] The seamless steel pipe manufactured in Ex-
ample 2 had a size of 990 mm in outside diameter, 610
mm in inside diameter, and 190 mm in wall thickness and
thus was a thick walled pipe. Nevertheless, it achieved
a wall thickness accuracy of less than 10 mm. Subse-
quently, it was subjected to machining of the inner and
outer surfaces, and finished into a size of 970 mm in
outside diameter, 630 mm in inside diameter, and 170
mm in wall thickness.

[0059] That is, in Example 2 too, the amount of ma-
chining necessary for the finishing process was not more
than 10 mm for both inner and outer surfaces.

[0060] For comparison with Example 2, a primary hol-
low shell, as manufactured from the mandrel forging pipe-
making process, having an outside diameter of 1050 mm,
an inside diameter of 640 mm, and a wall thickness of
205 mm, was examined to find the wall thickness accu-
racy thereof. As with Example 1, it was found that its wall
thickness accuracy was more than 20 mm.

[0061] Based on the above, in Example 2, the amount
of machining required is 10 mm at a maximum for both
inner and outer surfaces, whereas in Comparative Ex-
ample, it is assumed that the amount of finish machining
required exceeds 25 mm for both inner and outer surfac-
es. It is therefore seen that Example 2 produces an ad-
vantageous effect.

[0062] FIG. 4 is a diagram illustrating a comparison of
the manufacturable size of seamless steel pipes between
aconventional push bench pipe-making process and Ex-
ample 1 or Example 2. The manufacturable size is de-
fined herein as a size that meets the requirement of the
wall thickness accuracy of 10 mm or less.

[0063] As can be seen from FIG. 4, when the push
bench pipe-making process was employed alone (com-
parative example), the largest size that was achieved in
manufacturing the seamless steel pipe while meeting the
wall thickness accuracy of 10 mm or less was as follows:
the largest outside diameter of 850 mm or the largest
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wall thickness of 150 mm. In contrast, in Example 1 or
2, the manufacturable size of seamless steel pipes was
extended to the largest outside diameter of 1200 mm or
the largest wall thickness of 170 mm.

INDUSTRIAL APPLICABILITY

[0064] With the method of manufacturing a seamless
steel pipe according to the presentinvention, itis possible
to manufacture seamless steel pipes of a wide range of
sizes (large diameter or thick-walled pipes) with high di-
mensional accuracy, particularly with high wall thickness
accuracy.

REFERENCE SIGNS LIST
[0065]

1: primary hollow shell, hollow shell, 1a: front end
portion,

1b: narrowing diameter portion, 2: mandrel, 2a: body
portion,

2b: narrowing diameter portion, 3: die assembly

Claims

1. A method of manufacturing a seamless steel pipe,
characterized in that the method comprises the
steps of:

providing a hollow billet with a mandrel inserted
therein and forging the hollow billet into a prima-
ry hollow shell of a predetermined diameter and
thickness;

subjecting the primary hollow shell to diameter
reduction at one end portion thereof to reduce
outside and inside diameters of the end portion;
and

providing the primary hollow shell with a mandrel
inserted therein, the primary hollow shell having
the diameter reduced portion at the one end por-
tion thereof, and subjecting the primary hollow
shell to push-drawing using a push bench.
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