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of the main rolls) is preferably at 1.10 to 1.20. The differ-

ence (0p - Og) is preferably set at 0 to 3.0°, where 6y is
an angle between an exit-side face of each of the main
rolls of the piercing mill and the pass line; and 6p is an
angle between a rolling face of the piercing plug and the
pass line.
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Description
Technical Field

[0001] The present invention relates to a method for
producing a high-alloy seamless steel pipe, in particular,
a method for producing a high-alloy seamless steel pipe
free from occurrence of outer surface flaws.

Background Art

[0002] The methods such as the Mannesmann pilger
mill process, the Mannesmann plug mill process and the
Mannesmann mandrel mill process are known as the
methods for producing a seamless steel pipe. Frequently
used among these is the Mannesmann mandrel mill proc-
ess in which a hollow blank is obtained by piercing a
heated billet with a piercing mill and then the obtained
hollow blank having a mandrel bar inserted thereinto is
rolled with a mandrel mill.

[0003] There are a lot of patent documents associated
with the methods for producing seamless steel pipes.
With respect to the techniques for preventing outer sur-
face flaws at the time of piercing-rolling, the following
have been disclosed.

[0004] Patent Document 1 discloses an invention in
which piercing is conducted in such a way that when a
martensite stainless slab containing, by mass percent,
Cr:10.0t0 16.0% and Ni: 1.0to 8.0% is heated, the lower
layer of the oxide scales produced on the surface of the
slab contains metal pieces, and has an area ratio of the
voids to the whole cross section set at 20% or less and
an thickness set at 150 um or less.

[0005] PatentDocument2 discloses a method for pro-
ducing a seamless pipe formed of a hardly-workable ex-
terior-scraped stock containing 4.5 mass % or more by
means of an inclined roll piercing method. This method
uses a stock in which the maximum value of the differ-
ence between the maximum step height and the mini-
mum step height in a length of 25 mm in the longitudinal
direction of the stock is measured at ten different arbitrary
points, and an average value (ten-point average step
height) of the thus obtained ten values is 2.0 mm or less.
[0006] Inotherwords, Patent Documents 1 and 2 each
describe a technique for reducing the outer surface flaws
by regulating the stock itself subjected to piercing-rolling.
[0007] Patent Document 3 describes a technique for
reducing the outer surface flaws by regulating the shape
of the main rolls in piercing-rolling. This technique is as-
sociated with a method for obtaining a seamless metal
pipe; a workpiece is being spirally moved and piercing-
rolled in the method. A pair of cone-shaped main rolls
and a pair of disk rolls disposed alternately around the
pass line of the workpiece. A plug is disposed along the
pass line and is disposed between the main rolls and the
disk rolls. In this method, the disk rolls are inclined at
skew angle 4 from the pass line so as to non-parallel with
the exit-side face angles of the main rolls. And the disk
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rolls are inclined, toward the sides of the main rolls which
are positioned on the approach side of the workpiece
toward the disk roll sliding surfaces. The above-de-
scribed skew angle § is set in such a way that the relation
"0, +2° < § <9™ (8,: the exit-side face angle of each of
the main rolls) and the relation "5 + 6; < 12™ (8: the
entrance-side face angle of each of the main rolls) are
satisfied, and the pipe expansion ratio is set at 1.15 or
more. In this way, the occurrence of the outer surface
flaws is prevented.

[0008] Patent Document 4 describes a technique for
preventing the occurrence of the outer surface flaws in
piercing-rolling by using disk guide rolls which made of
a low-alloy steel composed of 0.2 to 0.5% by weight of
C, 0.5 to 4% by weight of Cr, 0.5 to 4% by weight of Ni
and the balance being Fe and unavoidable elements and
have a 50 to 500 wm heat treated scale in the surface
layer thereof.

[0009] Patent Document 5 discloses a technique as-
sociated with a guide shoe used in inclined piercing or
inclined rolling of a seamless steel pipe. In this technique,
a guide shoe is divided into two parts, i.e. the main part
and the bottom part, in the thickness direction thereof. A
plurality of spherical tools constituted with a ceramic or
a cermet material are interposed between the main part
and the bottom part. The spherical tools are partially
made to project from small holes on the guide shoe sur-
face, wherein the small holes are smaller in diameter
than the spherical tools; and thus the occurrence of the
outer surface flaws is prevented.

[0010]

Patent Document 1: JP2001-96304A
Patent Document 2: JP2003-53403A
Patent Document 3: JP7-124612A
Patent Document 4: JP6-262219A
Patent Document 5: JP11-285709A

Disclosure of the Invention
Problems to be Solved by the Invention

[0011] As described above, the prior arts disclose the
techniques for preventing outer surface flaws of seam-
less steel pipes on the basis of the methods involving the
regulation of the surface conditions of the workpiece, the
shape modification of the main rolls in piercing-rolling,
the surface treatment of the guide shoe, the material reg-
ulation of the disk guide rolls and the like; however, none
of the conventional techniques pays attention to the sur-
face roughness of the main rolls.

[0012] However, when high-alloy steel is subjected to
piercing-rolling, pipe-swelling tends to be generated in
the workpiece, and thus the above-described techniques
may be insufficient.

[0013] The present invention is achieved for solving
the above-described problems, and the object of the in-
vention is to provide a method for producing a high-alloy
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seamless steel pipe free from occurrence of outer surface
flaws.

Means for Solving the Problems

[0014] Figure 1 is a view illustrating the occurrence
condition of pipe-swelling in a high-alloy seamless steel
pipe. As shown in Figure 1, a workpiece 4 is pierced with
a plug 1 and is rolled with main rolls 2 and guide rolls 3
while the outer diameter of the workpiece 4 is being con-
trolled. When pipe-swelling occurs on the location indi-
cated by B in Figure 1 at the time of piercing-rolling, the
pipe-swelling develops into outer surface flaws.

[0015] First, the present inventor has discovered that
there is a correlation between a pipe-swelling ratio and
the outer surface flaws, wherein the pipe-swelling ratio
defined as "the outer diameter of the pipe-swelling por-
tion of a workpiece/the gap of the main rolls". The pipe-
swelling ratio represent that the fin flaw conditions tends
to develop into outer surface flaws of a high-alloy seam-
less steel pipe. Specifically, a study performed by the
present inventor has revealed that when the pipe-swell-
ing ratio is regulated to be less than 1.10, the outer sur-
face flaws of a seamless steel pipe can be dramatically
reduced. It is to be noted that "the outer diameter of the
fin flaw portion of a workpiece" means the length indicat-
ed by Ain Figure 1, and "the gap of the main rolls" means
the length indicated by Wg in Figure 1.

[0016] Second, the present inventor examined in de-
tail the effects of the various piercing-rolling conditions
onthe pipe-swelling ratio. Then, the presentinventor con-
sequently has discovered that the effect of the surface
roughness R, of the main rolls of a piercing mill is most
significant, and others such as the following also affect
the pipe-swelling ratio:

aratio (Wg/Wg), wherein Wr, is a gap of a main rolls
of the piercing mill, and W is a gap of a guide rolls
of the piercing mill;

a surface temperature of a workpiece at the time of
piercing; and

adifference (6p - 65), wherein 6 is an angle between
an exit-side face of each of the main rolls of the pierc-
ing milland the pass line, and 6, is an angle between
a rolling face of the piercing plug and the pass line.

[0017] The present invention has been achieved on
the basis of the above-described findings, and the
presentinvention involves a method for producing a high-
alloy seamless steel pipe shown in the following (1) to (6).
[0018]

(1) A method for producing a high-alloy seamless
steel pipe, including steps of:

billet-heating process;
piercing-rolling process, wherein surface rough-

ness Rz« of main rolls used in the piercing-
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rolling process is set at 150 to 500 pm; and
elongation-rolling process.

[0019]

(2) The method for producing a high-alloy seamless
steel pipe according to (1),

wherein a ratio (Wg/Wg) is setat 1.10 to 1.20 in the
piercing-rolling process, where W, is the gap of the
main rolls of the piercing mill; and W is the gap of
the guide rolls of the piercing mill.

[0020]

(3) The method for producing a high-alloy seamless
steel pipe according to (1) or (2),

wherein surface temperature of a workpiece during
the piercing-rolling process is set at 900 to 1250°C.

[0021]

(4) The method for producing a high-alloy seamless
steel pipe according to any one of (1) to (3),
wherein a difference (6p - 6g) issetat 0t0 3.0°, where
R is an angle between an exit-side face of each of
the main rolls of the piercing mill and the pass line;
and 6p is an angle between a rolling face of the pierc-
ing plug and the pass line.

[0022]

(5) The method for producing a high-alloy seamless
steel pipe according to any one of (1) to (4),

wherein the main rolls that have been used for pierc-
ing a seamless steel pipes of ordinary steel are used.

[0023]

(6) The method for producing a high-alloy seamless
steel pipe according to (5),

wherein a flow rate of a roll-cooling water at the time
of piercing the seamless steel pipes of ordinary steel
is set at 1000 to 1500 I/min.

Advantages of the Invention

[0024] According to the present invention, the pipe-
swelling occurring at the time of piercing a high-alloy
seamless steel pipe can be prevented and hence the
occurrence of the outer surface flaws of the seamless
steel pipe can be prevented.

Brief Description of the Drawings

[0025]

Figure 1 is a view illustrating the occurrence condi-
tion of pipe-swelling in a high-alloy seamless steel
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pipe;

Figure 2 is a view illustrating an angle between a
main roll and a pass line and an angle between a
plug and the pass line;

Figure 3 is a graph showing a relation between the
surface roughness of the main rolls and a pipe-swell-
ing ratio in an Example;

Figure 4 is a graph showing a relation between the
number of rolled billets of ordinary steel and the sur-
face roughness of the main rolls in another Example;
Figure 5 is a graph showing a relation between a
ratio (Wg/Wg) and the pipe-swelling ratio in yet an-
other Example; and

Figure 6 is a graph showing a relation between a
difference (6p - 6g) and the pipe-swelling ratio in still
yet another Example.

Description of Symbols

[0026]

2:  1: Plug Main roll
3:  Guide roll

4:  Workpiece

Best Mode for Carrying Out the Invention

[0027] In the present invention, for example, a billet
heated with a heating furnace is pierced with a piercing
mill to yield a hollow blank; the hollow blank was subject-
ed to elongation rolling with a mandrel mill or the like,
and where necessary, further subjected to sizing with a
sizing mill or the like to produce a high-alloy seamless
steel pipe.

[0028] Inthe method for producing a high-alloy seam-
less steel pipe according to the present invention, it is
required thata surface roughness R, of main rolls used
in the piercing-rolling process have regulated to fall within
arange from 150 to 500 wm. When the surface roughness
Rmax Of the main rolls is as extremely flat as less than
150 wm, the gripping force of the rolls at the time of pierc-
ing is insufficient and the pipe-swelling of the workpiece
come to be remarkable. On the other hand, when the
surface roughness R, of the main rolls exceeds 500
wm, flaws due to the rolls occur on the workpiece. There-
fore, in the piercing-rolling process in the present inven-
tion, the surface roughness R, of the main rolls is set
at 150 to 500 pum.

[0029] Asthe mainrollsthat meetthe above-described
surface roughness range, it is recommended to use the
main rolls that have been used for piercing seamless
ordinary steel pipes. The number of the times of rolling
the ordinary steel is not restricted, but it is preferably to
use the rolls that have been used for rolling of approxi-
mately 3000 to 4000 billets. In particular, it is preferably
to reduce the amount of the roll-cooling water at the time
of piercing seamless ordinary steel pipes. In this way, it
is possible to efficiently set the surface roughness of the
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main rolls to fall within the above-described range. Usu-
ally, the flow rate of the roll-cooling water at the time of
piercing seamless ordinary steel pipes is about 2000 to
2500 I/min; itis recommended to set the flow rate at 1000
to 1500 I/min. In this way, it is possible to reduce the
number of the rolled billets required for regulating the roll
surface roughness so as to fall within the above-de-
scribed range.

[0030] The piercing is preferably performed in such a
way that the ratio (Wg/Wg) falls within a range from 1.10
to 1.20, wherein W, is the gap of the main rolls of the
piercing mill; and W is the gap of the guide rolls of the
piercing mill. This is because there is a possibility that
when the ratio (Wg/WpR) is less than 1.10, biting failure
is caused, and when the ratio (Wg/WR) exceeds 1.20,
pipe-swelling occur, and the flaws may result in outer
surface flaws.

[0031] The surface temperature of a workpiece at the
time of piercing preferably falls within a range from 900
to 1250°C. This is because there is a possibility that when
the piercing temperature is lower than 900°C, the defor-
mation resistance of the workpiece subjected to the pierc-
ing-rolling is increased to cause the occurrence of pipe-
swelling, and when the piercing temperature exceeds
1250°C, the workpiece is melted to cause the occurrence
of internal flaws.

[0032] The piercing is preferably performed in such a
way that the difference (6p - 6) falls within a range from
0 to 3.0°. 0y is an angle between the exit-side face of
each of the main rolls of the piercing mill and the pass
line and 6p is an angle between the rolling face of the
piercing plug and the pass line. When the difference (6p
- BR) is less than 07, the piercing might not be able to be
performed, and when the difference (6p - 8g) exceeds
3.0°, pipe-swelling might occur to cause the occurrence
of outer surface flaws. It is to be noted that the angle 6
and the angle 6p are labeled as 6g and 6p in Figure 2,
respectively.

Example 1

[0033] Thefollowing experimentwas performed for the
purpose of verifying the advantageous effects of the
presentinvention. Specifically, a billet of 225 mm in outer
diameter and 3,000 mminlength was obtained by casting
a 13%-Cr steel (SUS 403), the billet was heated to
1200°C. Thenthe billet was subjected to piercing by using
various main rolls (the roll diameters were 1,200 mm)
different in the surface roughness R,,,,. Pierced shells
of 228 mm in outer diameter and 18.75 mm in wall thick-
ness were produced. The surface roughness of each of
the main rolls was regulated on the basis of the number
of the billets of ordinary steel (S25C) subjected to the
beforehand-performed rolling. The results are shown in
Figure 3.

[0034] Asshownin Figure 3, when the surface rough-
ness R, Of the main rolls was approximately 50 pum,
the pipe-swelling ratio (the outer diameter of the fin flaw
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portion of the workpiece/the gap of the main rolls) ex-
ceeded 1.15. Outer surface flaws tend to occur in this
condition. However, with the increase of the surface
roughness R, of the main rolls, the pipe-swelling ratio
decreased, and when the surface roughness R, of the
main rolls was 150 pm or more, the pipe-swelling ratio
was found to be 1.10 or less.

[0035] Main rolls having a surface roughness R, of
175 pm was actually used in a piercing-rolling process
of a real operation, and consequently the rate of occur-
rence of the outer surface flaws was able to be reduced
to 3.0%. The rate was 6.2% before such regulation.

Example 2

[0036] Next, the present inventor investigated how to
regulate the surface roughness of the main rolls by rolling
ordinary steel pipes. The results are shown in Figure 4.
[0037] As shown in Figure 4, with the increase of the
number of the rolled billets of ordinary steel, the surface
roughness R, ,, of the main rolls increased. When 3000
or more billets of the ordinary steel were rolled, the sur-
face roughness R, of the main rolls was able to be 150
pm or more. When the cooling water at the time of the
rolling of the ordinary steel was reduced, the efficiency
of the regulation of the surface roughness of the main
rolls was further increased. The cooling water flow rate
was set at approximately 2500 I/min in the usual cases
(examples represented by [J in Figure 4), and the cooling
water flow rate was set at 1500 I/min in the water-reduced
cases (examples represented by O in Figure 4).

Example 3

[0038] Next, the present inventor investigated the re-
lation between the ratio (Wg/Wg) and the pipe-swelling
ratio. Wr is the gap of the main rolls of the piercing mill;
and W is the gap of the guide rolls of the piercing mill.
In this experiment, the main rolls having a surface rough-
ness R, of 175 um regulated by rolling ordinary steel
were used, the ratio (Wg/WR) were regulated to be var-
ious values, and the above-described 13%-Cr steel ex-
periment was subjected to piercing-rolling. Other condi-
tions were the same as the conditions in above-described
Example 1. The results are shown in Figure 5. As shown
in Figure 5, when the ratio (Wg/Wg) exceeded 1.20, the
pipe-swelling ratio increased. Outer surface flaws tend
to occur in this condition. When the ratio (Wg/Wg) was
small, biting volume is increased and biting failures tend
to occur. However, as long as the ratio (Wg/WR) was
1.10 or more, the biting was able to be performed without
any troubles.

[0039] Main rolls having a surface roughness R, of
175 wm and the ratio (Wg/Wg) of 1.15 was actually used
in a piercing-rolling process of a real operation, and con-
sequently the rate of occurrence of the outer surface
flaws was able to be reduced to 2.0%.
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Example 4

[0040] Next, the present inventor investigated the re-
lation between the difference (8p - 6g) and the pipe-swell-
ing ratio, wherein g is an angle between an exit-side
face of each of the main rolls of the piercing mill and the
pass line; and 6p is an angle between a rolling face of
the piercing plug and the pass line. In this experiment,
main rolls having surface roughness R, of 175 um
regulated by rolling ordinary steel were used, the ratio
(Wg/WR) was regulated to be 1.15, the difference (6p -
6r) was regulated to be various values, and the above-
described 13%-Cr steel was subjected to piercing-rolling.
Other conditions were the same as the conditions in
above-described Example 1. The results are shown in
Figure 6.

[0041] As shown in Figure 6, with the increase of the
difference (6p - 6g), the pipe-swelling ratio also in-
creased. When the difference (6p - 6g) exceeded 3.0°,
the pipe-swelling ratio exceeded 1.10, and pipe-swelling
failure tend to occur.

[0042] Main rolls having a surface roughness R, of
175 pm, the ratio (Wg/Wg) of 1.15 and the difference (6p
-08R) of 2.0" was actually used in a piercing-rolling process
of a real operation, and consequently the rate of occur-
rence of the outer surface flaws was able to be reduced
to 1.5%.

Industrial Applicability

[0043] Accordingtothe presentinvention,itis possible
to prevent the pipe-swelling occurring at the time of pierc-
ing a high-alloy seamless steel pipe, and hence it is pos-
sible to prevent the occurrence of the outer surface flaws
of the seamless steel pipe.

Claims

1. A method for producing a high-alloy seamless steel
pipe, including steps of:

billet-heating process;

piercing-rolling process, wherein surface rough-
ness R,5x of main rolls used in the piercing-
rolling process is set at 150 to 500 pm; and
elongation-rolling process.

2. The method for producing a high-alloy seamless
steel pipe according to claim 1,
wherein a ratio (Wg/Wg) is setat 1.10 to 1.20 in the
piercing-rolling process, where:

Wpr is the gap of the main rolls of the piercing

mill and
W is the gap of the guide rolls of the piercing
mill.



9 EP 2 286 934 A1

The method for producing a high-alloy seamless
steel pipe according to claims 1 or 2,

wherein surface temperature of a workpiece during
the piercing-rolling process is set at 900 to 1250°C.

The method for producing a high-alloy seamless
steel pipe according to any one of claims 1 to 3,
wherein a difference (6p - 6g) is set at 0 to 3.0°,
where:

Or is an angle between an exit-side face of each
of the main rolls of the piercing mill and the pass
line and

Op is an angle between arolling face of the pierc-
ing plug and the pass line.

The method for producing a high-alloy seamless
steel pipe according to any one of claims 1 to 4,

wherein the main rolls that have been used for pierc-
ing a seamless steel pipes of ordinary steel are used.

The method for producing a high-alloy seamless
steel pipe according to claim 5,

wherein the flow rate of the roll-cooling water at the
time of piercing the seamless steel pipes of ordinary
steel is set at 1000 to 1500 I/min.
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