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MANDREL MILL, OPERATING METHOD OF
THE SAME AND PRODUCTION METHOD OF
SEAMLESS PIPE

[0001] The disclosure of International Application No.
PCT/IP2007/070732 filed Oct. 24, 2007 including specifica-
tion, drawings and claims is incorporated herein by reference
in its entirety.

TECHNICAL FIELD

[0002] The present invention relates to a mandrel mill that
does not generate holes, roll slip flaws, cornice flaws, and the
like, an operating method of the same, and a production
method of a seamless pipe.

BACKGROUND ART

[0003] Ordinarily, as a rolling machine of seamless pipes,
there is a mandrel mill that has six to eight units of roll stands,
each composed of a pair of upper and lower mill rolls, such
that the groove bottom directions of the roll grooves of the
anteroposterior stand across from one another at 90°. In the
mandrel mill, a hollow shell is continuously elongated by
arranging the mandrel bar in a roll groove array formed by the
plurality of roll stands.

[0004] FIG. 3 is a schematic diagram showing an entire
configuration of the mandrel mill. As shown in the figure, the
mandrel mill has grooved-roll stands 11 to 14 each composed
of a pair of mill rolls 4, and multiple units (four units in the
figure) are provided consecutively so that each roll stand
across from each other at 90°. A seamless pipe is produced by
inserting a mandrel bar 3 in a hollow shell 2 bored in advance
with a piercer, and sequentially rolling and elongating this by
the roll stands 11 to 14. The roll stands provided are called, in
the order from mill entry side, a first stand (11 in the figure),
a second stand (12 in the figure), a third stand (13 in the
figure), and a fourth stand (14 in the figure). Generally, the
wall thickness is first reduced at the first stand.

[0005] Patent document 1 discloses an invention of a man-
drel mill that includes a plurality of consecutively provided
grooved-roll stands crossing with each other and rolls a hol-
low shell with a mandrel bar provided in a roll groove array
formed by the grooved-roll stands, wherein the ellipticity of
the groove of a first or/and second stand is in the range of 1.25
to 1.40. This prevents a generation of hole occurrence and
pipe end cracking.

[0006] Patent document 2 discloses an invention of a man-
drel mill that includes a plurality of grooved-roll stands and
rolls a hollow shell with a mandrel bar provided in a roll
groove array formed by the grooved-roll stands, wherein the
circumferential length of the roll groove of a first stand is at
least 1.12 times the hot-finished circumferential length of the
pipe on the mill exit side.

[0007] Patent document 3 discloses an invention of a man-
drel mill that includes a plurality of grooved-roll stands and
rolls a hollow shell with a mandrel bar provided in a roll
groove array formed by the grooved-roll stands, wherein the
radius of groove bottom curvature of the roll groove of a first
stand is 0.54 times or less the roll groove bottom interval.
[0008] Patent document 4 discloses an invention of a man-
drel mill that includes a plurality of consecutively provided
grooved-roll stands and elongates a hollow shell continuously
with a mandrel bar provided in a roll groove array formed by
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the grooved-roll stands. In the mandrel mill, the radius R1 of

the groove bottom curvature of the roll groove of each stand

and a displacement-offset-amount S between the groove bot-

tom curvature center and the mill center have a ratio S/R1 of

atleast 30, and the ellipticity of a second stand is 1.20 or less.

[0009] [Patent document 1] Japanese Unexamined Patent
Publication No. 2001-113306

[0010] [Patent document 2] Japanese Patent Publication
No. 2582705

[0011] [Patent document 3] Japanese Examined Patent
Publication Hei 7-102369

[0012] [Patent document 4] Japanese Patent Publication
No. 2985719

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0013] Patentdocument 1 describes that in order to prevent
a hole generation on the elongated seamless pipe, it is effec-
tive to limit the ellipticity of the groove. However, even
though the ellipticity is adjusted, a flaw may occur in some
cases on the elongated seamless pipe depending on the offset
amount.

[0014] Patent document 2 discloses a technique that limits
the circumferential length of the roll groove of the first stand,
or further the second stand of the mandrel mill, within a
certain range relative to a hot-finished circumferential length
of the pipe at the mill exit side, a suitable gap is secured
between the mandrel bar and the inner surface of the hollow
shell that is being elongated, thereby preventing missed strip-
ping. However, in some cases no consideration is given to
ellipticity nor offset, which could cause a flaw to occur on the
elongated seamless pipe.

[0015] Patent document 3 describes that hole occurrence is
suppressed. However, even if the offset is reduced, if the
ellipticity is not adjusted in an appropriate range, a flaw may
occur on the elongated seamless pipe.

[0016] Patent document 4 describes that in the mandrel
mill, by limiting the ellipticity and offset as well within pre-
determined ranges, it is possible to suppress a generation of
the necking phenomenon and reduce the hole occurrence.
However, there is no indication of the relationship between
the ellipticity and the offset.

[0017] The present inventors conducted an extensive study
to solve the problems of the conventional art, and as a result,
have found an effective ellipticity-offset balance for prevent-
ing flaw generation on an elongated seamless pipe, resulting
in a completion of the present invention. It is an objective of
the present invention to provide a mandrel mill with mini-
mized flaw occurrence on an elongated seamless pipe.

Means to Solve the Problem

[0018] The gist of the present invention is: a mandrel mill
indicated as (1) below; an operating method of the mandrel
mill indicated as (2) below; and a production method of a
seamless pipe indicated as (3) below.

[0019] (1) A mandrel mill comprising a plurality of con-
secutively provided grooved-roll stands and a mandrel bar
provided in a roll groove array formed by the grooved-roll
stands so as to continuously elongate a hollow shell, charac-
terized in that roll grooves of at least a first stand and a second
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stand are arranged so as to satisfy conditions represented by
the following formulas (1) to (4).

b=10a+1.5 ®
5=10a-0.2 @
b=-a+l.5 3
b=-a+l1.15 Q)
[0020] Inthe formulas above, “a” is aratio of S/R1 between

a groove bottom curvature radius R1 of each grooved-roll and
a displacement-offset-amount S between a groove bottom
curvature center and a mill center, and “b” is ellipticity.
[0021] (2) Anoperating method of a mandrel mill including
aplurality of consecutively provided grooved-roll stands and
a mandrel bar provided in a roll groove array formed by the
grooved-roll stands, characterized in that a hollow shell is
continuously elongated when a groove bottom curvature
radius R1, a displacement-offset-amount S, and ellipticity of
each of grooved-rolls satisfy conditions represented by the
above formulas (1) to (4) in at least a first stand and a second
stand, whereby a hole occurrence and flaw generation are
prevented.

[0022] (3) A production method of a seamless pipe using a
mandrel mill including a plurality of consecutively provided
grooved-roll stands and a mandrel bar provided in a roll
groove array formed by the grooved-roll stands, character-
ized in that a hollow shell is continuously elongated when a
groove bottom curvature radius R1, a displacement-offset-
amount 8, and ellipticity of each of grooved-rolls satisfy
conditions represented by the above formulas (1) to (4) in at
least a first stand and a second stand.

Effects of the Invention

[0023] According to the present invention, a hollow shell is
rolled with a good balance between offset and ellipticity,
thereby making it possible to suppress the hole occurrence
and flaw generation on an elongated seamless pipe. There-
fore, flaws such as necking can be suppressed even in the case
of rolling a thin wall pipe and a high alloy steel pipe, which
are easily subject to defects__

BEST MODE FOR CARRYING OUT THE
INVENTION

[0024] The mandrel mill of the present invention is a man-
drel mill that includes a plurality of consecutively provided
grooved-roll stands and also a mandrel bar provided in a roll
groove array formed by the grooved-roll stands so as to con-
tinuously elongate a hollow shell.

[0025] Referring to FIG. 3 shown above, in the mandrel
mill of the present invention, multiple units (four units in the
figure) of grooved-roll stands 1 each composed of a pair of
mill rolls 4 are provided so as to cross each other at 90°. A
seamless pipe is produced by inserting a mandrel bar 3 in a
hollow shell 2 bored in advance with a piercer, and sequen-
tially elongating this on the roll stands 11 to 14.

[0026] FIG. 4 is a schematic diagram showing a rolling
state of a hollow shell in the mandrel mill. In FIG. 4, (a) to (f)
each shows a rolling state of the hollow shell at first to the
sixth stands. Additionally, (b) to (f) each shows a figure with
the grooved-rolls omitted. In FIG. 4, an example of a mandrel
mill with six stands is shown, but the number of the stands is
not limited.
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[0027] Referring to FIG. 4, in the mandrel mill of the
present invention, the rolling is conducted by continuously
passing a hollow shell 2 that a mandrel bar 3 is inserted
through the pairs of grooved-rolls 4. The wall thickness and
diameter reduce gradually through the stands.

[0028] Referring to FIG. 3, in the mandrel mill, a hollow
shell 2 is elongated by the grooved-rolls 4 and the mandrel bar
3. Specifically, a part of the hollow shell 2 located at a groove
bottom portion of each grooved-roll 4 (a portion of contact
between each grooved-roll 4 and the hollow shell 2) is rolled
to reduce the wall thickness. On the other hand, a part of the
hollow shell 2 located at a flange part (a portion where each
grooved-roll 4 and the hollow shell 2 do not make contact) is
pulled and elongated in the hollow shell axis direction based
on the deformation of the part of the hollow shell 2 located at
the groove bottom portion in the hollow shell axis direction
that results from rolling.

[0029] That is, the part of the hollow shell 2 located at the
flange part receives no internal surface pressure and substan-
tially no external surface pressure, and thus close to uniaxial
tension, receiving only tensile force in the hollow shell axis
direction. Therefore, the part of the hollow shell 2 located at
the flange part easily encounters what is called a necking
phenomenon, which refers to a partial reduction in wall thick-
ness. If this necking phenomenon occurs dramatically, a hol-
low shell that is being elongated will break into generate
holes.

[0030] Inthe mandrel mill of'the present invention, in order
to eliminate such a problem, the roll grooves of at least the
first stand and the second stand are arranged so as to satisfy
the following formulas (1) to (4).

b=10a+1.5 ®
5=10a-0.2 @
b=-a+l.5 3)
b=-a+l1.15 Q)
[0031] Inthe formulas above, “a”is a ratio of S/R1 between

a groove bottom curvature radius R1 of each grooved-roll and
a displacement-offset-amount S between a groove bottom
curvature center and a mill center, and “b” is ellipticity. The
groove bottom curvature radius R1 of each grooved-roll and
the displacement-offset-amount S between the groove bot-
tom curvature center and the mill center are shown in FIG. 1.
The ellipticity is represented by C/(R1-S) using the curvature
radius R1, the displacement-offset-amount S between the
groove bottom curvature center and a mill center O, and a
longer radius C of the hollow shell are shown in FIG. 1.
[0032] FIG. 2 is a figure showing the relationship between:
the ratio S/R1 between the groove bottom curvature radius R1
of the grooved-roll and the displacement-offset-amount S
between the groove bottom curvature center and the mill
center, and the ellipticity in the mandrel mill of the present
invention. It is noted that the relationship shown in the figure
is regarding the first stand.

[0033] Referring to FIG. 2, in the case where the foregoing
formula (1) is not satisfied, that is, where the value of the ratio
S/R1 is too small relative to ellipticity b, the hollow shell that
is being elongated turns into an under-filled state relative to
the grooved-roll. The term “under-filled”” means such a state
that the outer circumferential length of the hollow shell being
elongated does not increase sufficiently and thus is exces-
sively small relative to the groove circumferential length
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(outer circumferential length of a projected groove profile). In
the under-filled state, drawing-out failure of the bar (striping
failure) or hole occurrence due to necking arises even though
the ellipticity is large.

[0034] In the case where the foregoing formula (2) is not
satisfied, that is, where the value of the ratio S/R1 is too large
relative to the ellipticity b, the hollow shell that is being
elongated turns into an overfilled state relative to the grooved-
roll. The term “over-filled” means such a state that the outer
circumferential length of the hollow shell being elongated
increases excessively, resulting in protrusion from the
grooved flange. In the over-filled state, the hollow shell pro-
trudes from the grooved flange and a burning flaw occurs on
the surface of the hollow shell. In addition, such a phenom-
enon occurs that the advance speed of a part of the hollow
shell corresponding to the roll groove bottom part of the next
stand is smaller than the circumferential speed of the roll
groove bottom part, resulting in a flaw in the form of a fold on
the hollow shell.

[0035] In the case where the foregoing formula (3) is not
satisfied, that is, where the value ofthe ellipticity b is too large
relative to the ratio S/R1, an over-filled state results as well. In
this case, the hollow shell that is being elongated protrudes
from the grooved flange to cause burning to occur, resulting in
a burning flaw on the surface. In addition, such a phenomenon
occurs that the advance speed of the hollow shell in the next
stand is smaller than the circumferential speed of the roll
groove bottom part, resulting in a flaw in the form of a fold on
the hollow shell.

[0036] In the case where the foregoing formula (4) is not
satisfied, that is, where the value of the ellipticity b is too
small relative to the ratio S/R1, an under-filled state results. In
this case, problems occur including drawing-out failure of the
bar (striping failure) or hole occurrence due to necking.
[0037] In the mandrel mill of the present invention, the
grooved-rolls of only at least the first stand and the second
stand may be arranged so as to satisfy the conditions repre-
sented by the foregoing formulas (1) to (4). This is because
the rolling reduction rate in the first stand and the second
stand is generally larger than that in the other stands during
mandrel mill rolling, and the influence that the groove shapes
of the first and second stands have on rolling is significantly
larger than the influence of the groove shapes of the third and
later stands.

[0038] As described above, specifying the ratio S/R1 and
the ellipticity individually may fail to solve various problems
associated with rolling. In the present invention, by operating
the mandrel mill under the conditions represented by the
foregoing formulas (1) to (4), it is possible to stably produce
a seamless pipe without hole occurrence and flaws.

INDUSTRIAL APPLICABILITY

[0039] According to the present invention, the hollow shell
is rolled with a good balance between offset and ellipticity,
and thus it is possible to suppress hole occurrence and flaw
generation in an elongated seamless pipe. Therefore, a flaw
such as necking can be suppressed even in the case of rolling
a thin wall pipe and a high alloy steel pipe, which are easily
subject to flaws.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] FIG.1 is a schematic diagram showing a positional
relationship between a grooved-roll, a hollow shell, and a
mandrel bar in a mandrel mill of the present invention.
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[0041] FIG. 2 is a figure showing a relationship between:
the ratio S/R1 between a groove bottom curvature radius R1
of a grooved-roll and a displacement-offset-amount S
between a groove bottom curvature center and the mill center,
and ellipticity in the mandrel of the present invention.
[0042] FIG. 3 is a schematic diagram showing an entire
configuration of the mandrel mill.

[0043] FIG. 4 is a schematic diagram showing a rolling
state of a seamless pipe on the mandrel mill, with (a) to (f)
respectively showing a rolling state of the seamless pipe at the
first to sixth stands of the mandrel mill.

DESCRIPTION OF REFERENCE NUMBER

[0044] 11,12,13,14. Roll stand

[0045] 2. Hollow shell

[0046] 3. Mandrel bar

[0047] 4. Grooved-roll

[0048] R1. Groove bottom curvature center

[0049] O. Mill center

[0050] S. Displacement-offset-amount between groove

bottom curvature center and mill center
[0051] C. Longer radius of pipe material

1. A mandrel mill comprising a plurality of consecutively
provided grooved-roll stands and a mandrel bar provided in a
roll groove array formed by the grooved-roll stands so as to
continuously elongate a hollow shell, characterized in that
roll grooves of at least a first stand and a second stand are
arranged so as to satisfy conditions represented by the fol-
lowing formulas (1) to (4):

b=10a+1.5 M
b=10a-0.2 @
b=-a+1.5 3)
b=-a+1.15 @)

IRt

wherein “a” is a ratio of S/R1 between a groove bottom
curvature radius R1 of each grooved-roll and a displace-
ment-offset-amount S between a groove bottom curva-
ture center and a mill center, and “b” is ellipticity.

2. An operating method of a mandrel mill including a
plurality of consecutively provided grooved-roll stands and a
mandrel bar provided in a roll groove array formed by the
grooved-roll stands, characterized in that a hollow shell is
continuously elongated when a groove bottom curvature
radius R1, a displacement-offset-amount S, and ellipticity of
each of grooved-rolls satisfy conditions represented by the
following formulas (1) to (4) in at least a first stand and a
second stand, whereby a hole occurrence and flaw generation
are prevented:

b=10a+1.5 M
b210a-0.2 @
b=-a+1.5 3)
b=-a+1.15 @)

IRt

wherein “a” is a ratio of S/R1 between a groove bottom
curvature radius R1 of each grooved-roll and a displace-
ment-offset-amount S between a groove bottom curva-

ture center and a mill center, and “b” is ellipticity.
3. A production method of a seamless pipe using a mandrel
mill including a plurality of consecutively provided grooved-
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roll stands and a mandrel bar provided in a roll groove array
formed by the grooved-roll stands, characterized in that a
hollow shell is continuously elongated when a groove bottom
curvature radius R1, a displacement-offset-amount S, and
ellipticity of each of grooved-rolls satisfy conditions repre-
sented by the following formulas (1) to (4) in at least a first
stand and a second stand:

b=10a+1.5 o)

b=10a-0.2 )
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b=-a+1.15 (©)]

IRt

wherein “a” is a ratio of S/R1 between a groove bottom
curvature radius R1 of each grooved-roll and a displace-
ment-offset-amount S between a groove bottom curva-
ture center and a mill center, and “b” is ellipticity.
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