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(57) Abrégé/Abstract:

Provided is a piercing machine capable of suppressing the temperature difference between a front end section and a rear end
section of a hollow element tube following piercing/rolling or stretching/rolling. A mandrel bar (3) of a piercing machine (10)
comprises: a bar body (31); a cooling liquid channel (34) which is formed in the bar body (31) and through which a cooling liquid
flows; an inner surface cooling mechanism (340) which is disposed in a cooling region (32) and connected to the cooling liquid
channel (34), and which cools an inner surface section of a hollow element tube (50) within the cooling region (32) by spraying the
cooling liquid to the outside of the bar body (31) during the piercing/rolling or stretching/rolling; and an inner surface closing
mechanism (350) which is disposed behind and close to the cooling region (32), and which during the piercing/rolling or
stretching/rolling prevents the cooling liquid sprayed to the outside of the bar body (31) from contacting an inner surface section of
the hollow element tube (50) positioned behind the cooling region (32).
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ABSTRACT

A piercing machine is provided that can suppress a temperature difference
between a fore end portion and a rear end portion of a hollow shell after piercing-
rolling or after elongating rolling. A mandrel bar (3) of a piercing machine
includes: a bar body (31); a coolant channel (34) formed inside the bar body (31) and
through which a coolant flows; an inner surface cooling mechanism (340) which is
disposed in a cooling zone (32) and is connected to the coolant channel (34) and
which, during piercing-rolling or during clongating rolling, ejects the coolant to
outside of the bar body (31) to cool an inner surface portion of a hollow shell (50)
inside the cooling zone (32); and an inner surface damming mechanism (350) which
is disposed adjacent to the cooling zone (32) on a rearward side of the cooling zone
(32) and which, during piercing-rolling or during elongating rolling, suppresses the
coolant that is ¢jected to outside of the bar body (31) from contacting the inner
surface portion of the hollow shell (50) that is positioned rearward of the cooling
zone (32).
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DESCRIPTION

TITLE OF INVENTION
PIERCING MACHINE, MANDREL BAR, AND METHOD FOR PRODUCING
SEAMLESS METAL PIPE USING THE SAME

TECHNICAL FIELD
[0001]

The present invention relates to a piercing machine, a mandrel bar, and a
method for producing a seamless metal pipe using the piercing machine and the

mandrel bar.

BACKGROUND ART
[0002]

The Mannesmann process is available as a method for producing a seamless
metal pipe that is typified by a steel pipe. According to the Mannesmann process, a
solid round billet is subjected to piercing-rolling using a piercing mill to produce a
hollow shell.  The hollow shell produced by piercing-rolling is then subjected to
clongating rolling to provide the hollow shell with a prescribed wall thickness and
external diameter. For example, an elongator, a plug mill or a mandrel mill is
utilized for the clongating rolling. The hollow shell that underwent elongating
rolling is subjected to diameter adjusting rolling using a sizing mill such as a sizer to
thereby produce a seamless metal pipe having a desired external diameter.

[0003]

Among the aforementioned apparatuses for producing a seamless metal pipe,
the configurations of the piercing mill and the elongator are similar to each other.
The piercing mill and the elongator each include a plurality of skewed rolls, a plug
and a mandrel bar. The plurality of skewed rolls are arranged at regular intervals
around a pass line along which the material (the material is a round billet in the case
of a piercing mill, and the material is a hollow shell in the case of an elongator)
passes. The plug is disposed on the pass line, between the plurality of skewed rolls.
The plug has a bullet shape, and the external diameter of a fore end portion of the
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plug is smaller than the external diameter of a rear end portion of the plug. The fore
end portion of the plug is disposed facing the material before piercing-rolling or
clongating rolling. The fore end of the mandrel bar is connected to a central part of
the rear end face of the plug. The mandrel bar is disposed on the pass line, and
extends along the pass line.

[0004]

The piercing mill presses a round billet as the material against the plug while
rotating the round billet in the circumferential direction by means of the plurality of
skewed rolls, to thereby subject the round billet to piercing-rolling to form a hollow
shell. Similarly, the elongator inserts the plug into a hollow shell as the material
while rotating the hollow shell in the circumferential direction of the hollow shell by
means of the plurality of skewed rolls, and rolls down the hollow shell between the
skewed rolls and the plug to perform elongating rolling of the hollow shell.

[0005]

Hereinafter, in the present description, a rolling apparatus that is equipped
with a plurality of skewed rolls, a plug and a mandrel bar, such as a piercing mill or
an clongator, is defined as a "piercing machine". Further, in the respective
configurations of the piercing machine, the entrance side of the skewed rolls of the
piercing machine is defined as "frontward", and the delivery side of the skewed rolls
of the piercing machine is defined as "rearward".

[0006]

Recently, there are demands to increase the strength of seamless metal pipes.
For example, in the case of seamless pipes for use in oil wells or gas wells,
accompanying the deepening of oil wells and gas wells, there is a demand for such
pipes to have high strength. In order to produce such scamless metal pipes that
have high strength, for example, a hollow shell is subjected to quenching and
tempering after undergoing piercing-rolling and elongating rolling.

[0007]

If the temperature distribution in the longitudinal direction of the hollow shell
before quenching is nonuniform, the micro-structure in the hollow shell after
quenching may be nonuniform in the longitudinal direction. If the micro-structure

is nonuniform in the longitudinal direction, variations may arise in the mechanical
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properties in the longitudinal direction of the seamless metal pipe that is produced.
Accordingly, it is preferable that the occurrence of variations in the temperature
distribution in the longitudinal direction of a hollow shell after undergoing piercing-
rolling or elongating rolling using a piercing machine can be suppressed.
Specifically, it is preferable that the occurrence of a temperature difference between
the fore end portion and the rear end portion of a hollow shell after piercing-rolling
or after elongating rolling is suppressed.

[0008]

Techniques for reducing nonuniformity in the temperature distribution of a
hollow shell produced using a piercing machine are proposed in Japanese Patent
Application Publication No. 3-99708 (Patent Literature 1) and Japanese Patent
Application Publication No. 2017-13102 (Patent Literature 2).

[0009]

In Patent Literature 1, the following matters are described.  An objective of
Patent Literature 1 is to reduce a temperature difference between the inner surface
and outer surface of a high-alloy seamless pipe having high deformation resistance,
which is caused by processing-incurred heat that arises during piercing-rolling or
elongating rolling. According to Patent Literature 1, a nozzle hole capable of
gjecting cooling water in a diagonally rearward direction is formed in a rear portion
of aplug. During piercing-rolling, cooling water is ejected from the nozzle hole in
the rear portion of the plug toward the inner surface of a hollow shell that is being
subjected to piercing-rolling. By this means, the inner surface at which the
temperature increased more than the outer surface due to processing-incurred heat is
cooled, thereby reducing the temperature difference between the inner and outer
surfaces of the hollow shell.

[0010]

In Patent Literature 2, the following matters are described. In an elongating
rolling mill such as an clongator, when a plug is inserted into a hollow shell to
perform elongating rolling, the temperature of the plug at the initial stage of
elongating rolling is lower than the temperature of the hollow shell. Subsequently,
during the elongating rolling, the temperature of the plug increases due to heat of the

hollow shell being transferred to the plug. On the other hand, although the

Date Recgue/Date Received 2020-05-26



CA 03083564 2020-05-26

temperature of the hollow shell at the initial stage of elongating rolling is high, the
temperature of the hollow shell gradually decreases due to heat release during the
clongating rolling. In other words, the temperature of the plug and the temperature
of the hollow shell each change during the period from the start to the end of
clongating rolling. Therefore, there is a problem that the temperature distribution in
the longitudinal direction (axial direction) of the hollow shell after elongating rolling
is nonuniform (see paragraph [0010] of Patent Literature 2). Therefore, according
to Patent Literature 2, a plurality of ¢jection holes are provided in the rear end face of
the plug or in the fore end portion of the mandrel bar. Cooling fluid is sprayed onto
the inner surface of the hollow shell that is being subjected to elongating rolling from
the ejection holes in the rear end face of the plug or the ¢jection holes in the fore end
portion of the mandrel bar. More specifically, first, the temperature distribution in
the axial direction of the hollow shell is acquired in advance with respect to a time
when an intermediate hollow shell was subjected to elongating rolling without
¢jecting cooling fluid from the rear end face of the plug or the fore end portion of the
mandrel bar. Then, clongating rolling is performed while adjusting the amount of
cooling fluid ejected from the ejection holes of the rear end face of the plug or the
ejection holes of the fore end portion of the mandrel bar based on the obtained
temperature distribution. Thus, the temperature distribution in the axial direction of
the hollow shell after elongating rolling can be made uniform (paragraphs [0020],
[0021] and the like).

CITATION LIST

PATENT LITERATURE

[0011]

Patent Literature 1: Japanese Patent Application Publication No. 3-99708
Patent Literature 2: Japanese Patent Application Publication No. 2017-13102

SUMMARY OF INVENTION

TECHNICAL PROBLEM
[0012]
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According to the techniques proposed in Patent Literature 1 and Patent
Literature 2, a hollow shell is cooled by ¢jecting a cooling fluid toward the inner
surface of the hollow shell from a plug or a mandrel to thereby cool the inner surface
of the hollow shell. However, when these techniques are applied, in some cases a
temperature difference arises between the fore end portion of the hollow shell that
passes through the skewed rolls in an initial stage of rolling and the rear end portion
of the hollow shell that passes through the skewed rolls at the end of rolling, and it is
difficult for the temperature distribution in the axial direction of the hollow shell
after piercing-rolling by a piercing mill or after elongating rolling by an elongator to
become uniform.

[0013]

An objective of the present disclosure is to provide a piercing machine, a
mandrel bar that is used in the piercing machine, and a method for producing a
seamless metal pipe, which can suppress the occurrence of temperature variations in
the longitudinal direction (axial direction) of a hollow shell after piercing-rolling or

after elongating rolling.

SOLUTION TO PROBLEM
[0014]

A piercing machine according to the present disclosure is a piercing machine
that performs piercing-rolling or elongating rolling of a material to produce a hollow
shell, comprising:

a plurality of skewed rolls disposed around a pass line along which the
material passes;

a plug disposed on the pass line between a plurality of the skewed rolls; and

a mandrel bar extending rearward of the plug along the pass line from a rear
end of the plug, wherein:

the mandrel bar includes:

a bar body;

a coolant channel formed inside the bar body, the coolant channel allowing a

coolant to pass therein;
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an inner surface cooling mechanism disposed inside a cooling zone in the bar
body, the cooling zone having a specific length in an axial direction of the mandrel
bar and being located at a fore end portion of the mandrel bar, wherein, during
piercing-rolling or during elongating rolling, the inner surface cooling mechanism
gjects the coolant that is supplied from the coolant channel to outside of the bar body
to cool an inner surface of the hollow shell that is advancing within the cooling zone;
and

an inner surface damming mechanism disposed adjacent to the cooling zone
on a rearward side of the cooling zone, wherein, during piercing-rolling or during
elongating rolling, the inner surface damming mechanism suppresses contact of the
coolant ejected to outside of the bar body with the inner surface of the hollow shell
after the hollow shell leaves from the cooling zone.

[0015]

A mandrel bar according to the present invention is used in the
aforementioned piercing machine.
[0016]

A method for producing a seamless metal pipe according to the present
disclosure is a method for producing a seamless metal pipe using the aforementioned
piercing machine, comprising:

a rolling process of subjecting the material to piercing-rolling or elongating
rolling using the piercing machine to produce a hollow shell, and

a process of, during the rolling process, ¢jecting the coolant to outside of the
bar body by means of the inner surface cooling mechanism to cool the inner surface
of the hollow shell within the cooling zone, and by means of an inner surface
damming mechanism that is disposed adjacent to the cooling zone on a rearward side
of the cooling zone, suppressing contact of the coolant ejected to outside of the bar
body with the inner surface of the hollow shell after the hollow shell leaves from the

cooling zone.

ADVANTAGEOUS EFFECT OF INVENTION
[0017]
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The piercing machine according to the present invention can suppress the
occurrence of temperature variations in the longitudinal direction (axial direction) of

a hollow shell after piercing-rolling or after elongating rolling.

BRIEF DESCRIPTION OF DRAWINGS

[0018]

[FIG. 1] FIG. 1 is a side view of a piercing machine according to a first embodiment.
[FIG. 2] FIG. 2 is an enlarged view of a portion in the vicinity of skewed rolls in FIG.
1.

[FIG. 3] FIG. 3 is an enlarged view of the portion in the vicinity of the skewed rolls
in FIG. 1 when seen from a different direction from FIG. 2.

[FIG. 4] FIG. 4 is an enlarged view of a plug 2 and a mandrel bar 3 illustrated in FIG.
1.

[FIG. 5] FIG. 5 is a sectional drawing (longitudinal sectional drawing) including a
central axis of the plug 2 and the mandrel bar 3 illustrated in FIG. 4.

[FIG. 6] FIG. 6 is a sectional drawing along a line segment A-A in FIG. 5.

[FIG. 7] FIG. 7 is a sectional drawing along a line segment B-B in FIG. 5.

[FIG. 8] FIG. 8 is a sectional drawing along a line segment C-C in FIG. 5.

[FIG. 9] FIG. 9 is a longitudinal sectional drawing of the vicinity of the skewed rolls
when a material is subjected to piercing-rolling or elongating rolling by the piercing
machine illustrated in FIG. 1.

[FIG. 10] FIG. 10 is a sectional drawing along a line segment B-B in FIG. 9.

[FIG. 11] FIG. 11 is a sectional drawing along a line segment A-A in FIG. 9.

[FIG. 12] FIG. 12 is a longitudinal sectional drawing of the vicinity of the skewed
rolls when a material is subjected to piercing-rolling or clongating rolling in a case
where an inner surface damming mechanism of the present embodiment is not
provided.

[FIG. 13] FIG. 13 is a sectional drawing along a line segment C-C in FIG. 9.

[FIG. 14] FIG. 14 is a sectional drawing along a line segment A-A of the mandrel bar
illustrated in FIG. 5, in a piercing machine according to a second embodiment.

[FIG. 15] FIG. 15 is an enlarged view of a coolant ejection hole in a case where the

bar body of the mandrel bar illustrated in FIG. 14 is viewed from the surface.
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[FIG. 16] FIG. 16 is a sectional drawing along a line segment B-B of the mandrel bar
illustrated in FIG. 5, in the piercing machine according to the second embodiment.
[FIG. 17] FIG. 17 is an enlarged view of a coolant ejection hole in a case where the
bar body of the mandrel bar illustrated in FIG. 14 is viewed from the surface.

[FIG. 18] FIG. 18 is a longitudinal sectional drawing of the piercing machine of the
second embodiment for describing a swirl flow generated by coolant and a swirl flow
generated by compressed gas when a material is subjected to piercing-rolling or
clongating rolling by the piercing machine of the second embodiment.

[FIG. 19] FIG. 19 is a sectional drawing of the piercing machine of the second
embodiment for describing a swirl flow generated by coolant and a swirl flow
generated by compressed gas, when the piercing machine of the second embodiment
is seen from the axial direction of the bar body.

[FIG. 20] FIG. 20 is an enlarged view of the coolant ejection hole in a case where the
bar body of the mandrel bar is seen from a side face, which is different from FIG. 15.
[FIG. 21] FIG. 21 is a longitudinal sectional drawing illustrating the vicinity of
skewed rolls when a material is subjected to piercing-rolling or elongating rolling by
a piercing machine according to a third embodiment.

[FIG. 22] FIG. 22 is a longitudinal sectional drawing illustrating the vicinity of
skewed rolls when a material is subjected to piercing-rolling or elongating rolling by
a piercing machine according to a fourth embodiment.

[FIG. 23] FIG. 23 is a front view of an outer surface cooling mechanism illustrated in
FIG. 22 as seen from the advancing direction of a hollow shell.

[FIG. 24] FIG. 24 is a front view of an outer surface cooling mechanism of a
different form from the outer surface cooling mechanism illustrated in FIG. 23.

[FIG. 25] FIG. 25 is a front view of an outer surface cooling mechanism of a
different form from the outer surface cooling mechanisms illustrated in FIG. 23 and
FIG. 24.

[FIG. 26] FIG. 26 is a longitudinal sectional drawing illustrating the vicinity of
skewed rolls when a material is subjected to piercing-rolling or elongating rolling by
a piercing machine according to a fifth embodiment.

[FIG. 27] FIG. 27 is a front view of a frontward damming mechanism illustrated in

FIG. 26, as seen from the advancing direction of a hollow shell.
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[FIG. 28] FIG. 28 is a sectional drawing of a frontward damming upper member
illustrated in FIG. 27, as seen from a direction parallel to the advancing direction of
the hollow shell.

[FIG. 29] FIG. 29 is a sectional drawing of a frontward damming lower member
illustrated in FIG. 27, as seen from a direction parallel to the advancing direction of
the hollow shell.

[FIG. 30] FIG. 30 is a sectional drawing of a frontward damming left member
illustrated in FIG. 27, as seen from a direction parallel to the advancing direction of
the hollow shell.

[FIG. 31] FIG. 31 is a sectional drawing of a frontward damming right member
illustrated in FIG. 27, as seen from a direction parallel to the advancing direction of
the hollow shell.

[FIG. 32] FIG. 32 is a front view of a frontward damming mechanism of a different
form from the frontward damming mechanism illustrated in FIG. 27.

[FIG. 33] FIG. 33 is a front view of a frontward damming mechanism of a different
form from the frontward damming mechanisms illustrated in FIG. 27 and FIG. 32.
[FIG. 34] FIG. 34 is a front view of a frontward damming mechanism of a different
form from the frontward damming mechanisms illustrated in FIG. 27, FIG. 32 and
FIG. 33.

[FIG. 35] FIG. 35 is a front view of a frontward damming mechanism of a different
form from the frontward damming mechanisms illustrated in FIG. 27 and FIG. 32 to
FIG. 34.

[FIG. 36] FIG. 36 is a front view of a frontward damming mechanism of a different
form from the frontward damming mechanisms illustrated in FIG. 27 and FIG. 32 to
FIG. 35.

[FIG. 37] FIG. 37 is a front view of the frontward damming mechanism illustrated in
FIG. 36 that illustrates a state in which a plurality of damming members shown in
FIG. 36 have been brought close to the outer surface of a hollow shell during
piercing-rolling or elongating rolling.

[FIG. 38] FIG. 38 is an enlarged view of the vicinity of the delivery side of skewed

rolls of a piercing machine according to a sixth embodiment.
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[FIG. 39] FIG. 39 is a front view of a rearward damming mechanism illustrated in
FIG. 38, as seen from the advancing direction of a hollow shell.

[FIG. 40] FIG. 40 is a sectional drawing of a rearward damming upper member
illustrated in FIG. 39, as seen from a direction parallel to the advancing direction of
the hollow shell.

[FIG. 41] FIG. 41 is a sectional drawing of a rearward damming lower member
illustrated in FIG. 39, as seen from a direction parallel to the advancing direction of
the hollow shell.

[FIG. 42] FIG. 42 is a sectional drawing of a rearward damming left member
illustrated in FIG. 39, as seen from a direction parallel to the advancing direction of
the hollow shell.

[FIG. 43] FIG. 43 is a sectional drawing of a rearward damming right member
illustrated in FIG. 39, as seen from a direction parallel to the advancing direction of
the hollow shell.

[FIG. 44] FIG. 44 is a front view of a rearward damming mechanism of a different
form from the rearward damming mechanism illustrated in FIG. 39.

[FIG. 45] FIG. 45 is a front view of a rearward damming mechanism of a different
form from the rearward damming mechanisms illustrated in FIG. 39 and FIG. 44.
[FIG. 46] FIG. 46 is a front view of a rearward damming mechanism of a different
form from the rearward damming mechanisms illustrated in FIG. 39, FIG. 44 and
FIG. 45.

[FIG. 47] FIG. 47 is a front view of a rearward damming mechanism of a different
form from the rearward damming mechanisms illustrated in FIG. 39 and FIG. 44 to
FIG. 46.

[FIG. 48] FIG. 48 is a front view of a rearward damming mechanism of a different
form from the rearward damming mechanisms illustrated in FIG. 39 and FIG. 44 to
FIG. 47.

[FIG. 49] FIG. 49 is a front view of the rearward damming mechanism illustrated in
FIG. 48, which illustrates a state in which a plurality of damming members
illustrated in FIG. 48 have been brought close to the outer surface of a hollow shell

during piercing-rolling or clongating rolling.
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[FIG. 50] FIG. 50 is an enlarged view of the vicinity of the delivery side of skewed
rolls of a piercing machine according to a seventh embodiment.

[FIG. 51] FIG. 51 is a view that illustrates the relation between the water amount
density of outer surface cooling and the water amount density of inner surface
cooling in Example 1.

[FIG. 52] FIG. 52 is a view that illustrates the relation between experiment elapsed
time and a heat transfer coefficient in Example 2.

[FIG. 53] FIG. 53 is a multiple view drawing that shows a longitudinal sectional
drawing along the axial direction of a pipe used in Example 3 as well as a transverse
sectional view of the pipe that is perpendicular to the axial direction.

[FIG. 54] FIG. 54 is a multiple view drawing that shows a side view of a simulated
mandrel bar used in Example 3 as well as a transverse sectional view of the
simulated mandrel bar that is perpendicular to the axial direction.

[FIG. 55] FIG. 55 is a multiple view drawing that shows a side view of a simulated
mandrel bar used in the examples, which is different from the simulated mandrel bar
in FIG. 54, and a transverse sectional view of the simulated mandrel bar that is
perpendicular to the axial direction.

[FIG. 56] FIG. 56 is a schematic diagram for describing a testing method used in the
examples.

[FIG. 57] FIG. 57 is a view illustrating the relation between elapsed time (sec) and
temperature (°C) in a case where the inner surface of a pipe was cooled using the
simulated mandrel bar shown in FIG. 54.

[FIG. 58] FIG. 58 is a view illustrating the relation between elapsed time (sec) and
temperature (°C) in a case where the inner surface of a pipe was cooled using the

simulated mandrel bar shown in FIG. 55.

DESCRIPTION OF EMBODIMENTS
[0019]

The present inventors conducted studies and investigations with a view to
clarifying the reason why a temperature difference between the fore end portion and
the rear end portion in the axial direction (longitudinal direction) of a hollow shell

after piercing-rolling or elongating rolling is not reduced sufficiently when the
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techniques disclosed in Patent Literature 1 and Patent Literature 2 are applied. Here,
the term "fore end portion of a hollow shell" means, of the two end portions in the
axial direction of the hollow shell, the end portion that first passes the plug during
piercing-rolling or elongating rolling. The term "rear end portion of a hollow shell"
means the end portion that passes the plug last during piercing-rolling or elongating
rolling. Further, in the present description, with regard to the directions of the
respective configurations of the piercing machine, the entrance side of the piercing
machine is defined as "frontward", and the delivery side of the piercing machine is
defined as "rearward".

[0020]

As the result of the studies and investigations conducted by the present
inventors, it has been found that there is a possibility of the following problems
occurring when the techniques disclosed in Patent Literatures 1 and 2 are applied.
According to Patent Literature 1 and Patent Literature 2, during piercing-rolling or
during elongating rolling, cooling water or a cooling fluid is continuously ejected
toward the inner surface of a hollow shell from the rear end portion of a plug or the
fore end portion of a mandrel bar. In this case, immediately after the inner surface
portion of the hollow shell passes the plug, the inner surface portion of the hollow
shell is cooled. However, the coolant ¢jected toward the inner surface of the hollow
shell from the plug or the mandrel bar strikes against the inner surface and falls
downward. The coolant that has fallen downward is liable to accumulate at an inner
surface portion that, with respect to the entire inner surface of the hollow shell that is
being subjected to piercing-rolling and elongating rolling, is a portion which is
located further downward than the mandrel bar.

[0021]

In the initial stage of rolling when performing piercing-rolling or elongating
rolling, the fore end portion of the rolled hollow shell passes the plug 2. At such
time, the fore end portion of the hollow shell is an open space, while on the other
hand, of the entire hollow shell, a portion at which the plug 2 is located is a closed
space. As rolling proceeds, the distance from the rear end portion of the plug 2 that
is a closed space to the fore end (open space) of the hollow shell lengthens.  As the

distance to the open space lengthens, the aforementioned accumulation of coolant
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accumulates over a longer distance (more widely) in the longitudinal direction of the
hollow shell.  Although the inner surface portion at which the coolant is
accumulating is cooled, the area in which the coolant accumulates changes as the
rolling proceeds. Therefore, differences with regard to the length of the cooling
time period arise at each position in the longitudinal direction of the hollow shell.
[0022]

Specifically, the fore end portion of the hollow shell is liable to be cooled for
a long time period by accumulated coolant, and consequently the temperature thereof
decreases. On the other hand, obviously the inner surface of the hollow shell does
not exist to the rear of the rear end portion of the hollow shell.  Therefore, when the
rear end portion of the hollow shell passes the plug, coolant does not accumulate, and
coolant flows to the outside of the hollow shell.  As a result, the cooling time period
of the inner surface of the rear end portion of the hollow shell is shorter than the
cooling time period of the inner surface of the fore end portion of the hollow shell.
Consequently, a temperature difference arises between the fore end portion and the
rear end portion of the hollow shell.

[0023]

Based on the novel findings described above, the present inventors conducted
studies regarding methods for suppressing the occurrence of a temperature difference
between the fore end portion and the rear end portion of a hollow shell.

[0024]

First, in the case of performing piercing-rolling or elongating rolling using a
plug, immediately after the material (round billet or hollow shell) passes the plug, the
rolling down (piercing-rolling or elongating rolling) is completed. Therefore, new
processing-incurred heat does not arise in the hollow shell that passed the plug.

Thus, the inner surface portion of the hollow shell that has a high temperature due to
processing-incurred heat is preferably cooled immediately after the hollow shell
passes the plug.

[0025]

Here, in the mandrel bar, a zone which has a specific length in the axial
direction (longitudinal direction) of the mandrel bar and which is located at a fore

end portion of the mandrel bar and is adjacent to the rear end of the plug is defined as
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a "cooling zone". By providing an inner surface cooling mechanism within the
cooling zone and ¢jecting a coolant from the cooling zone, an inner surface portion
of the hollow shell that passes through the coolant is cooled. In addition, an inner
surface damming mechanism is provided at a portion of the mandrel bar that is
adjacent to the cooling zone on a rearward side of the cooling zone. The inner
surface damming mechanism suppresses contact of coolant ejected in the cooling
zone by the cooling mechanism with the inner surface portion of the hollow shell that
is positioned rearward of the cooling zone. By means of the mechanisms described
above, a zone in which the hollow shell is cooled by the coolant during piercing-
rolling or during elongating rolling is limited to the cooling zone. Therefore, the
time period of cooling by the coolant is constant for each position in the longitudinal
direction of the inner surface of the hollow shell.  As a result, during piercing-
rolling or elongating rolling, the occurrence of a temperature difference between the
fore end portion and the rear end portion of the hollow shell is suppressed.

[0026]

As described in the foregoing, the present invention is an invention that has
been completed based on a technical idea that is completely different from the
conventional technical ideas, and the configuration of the present invention is as
described in the following.

[0027]

A piercing machine according to a configuration of (1) is a piercing machine
that performs piercing-rolling or elongating rolling of a material to produce a hollow
shell, comprising:

a plurality of skewed rolls disposed around a pass line along which the
material passes;

a plug disposed on the pass line between the plurality of the skewed rolls; and

a mandrel bar extending rearward of the plug along the pass line from a rear
end of the plug, wherein:

the mandrel bar includes:

a bar body;

a coolant channel formed inside the bar body, the coolant channel allowing a

coolant to pass therein;
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an inner surface cooling mechanism disposed inside a cooling zone in the bar
body, the cooling zone having a specific length in an axial direction of the mandrel
bar and being located at a fore end portion of the mandrel bar, wherein, during
piercing-rolling or during elongating rolling, the inner surface cooling mechanism
gjects the coolant that is supplied from the coolant channel to outside of the bar body
to cool an inner surface of the hollow shell that is advancing within the cooling zone;
and

an inner surface damming mechanism which is disposed adjacent to the
cooling zone on a rearward side of the cooling zone, and which, during piercing-
rolling or during elongating rolling, suppresses contact of the coolant ejected to
outside of the bar body with the inner surface of the hollow shell after the hollow
shell leaves from the cooling zone.

[0028]

In the piercing machine according to the configuration of (1), with respect to
the hollow shell that passed the plug after piercing-rolling or after elongating rolling,
the inner surface cooling mechanism cools the inner surface of the hollow shell that
is advancing through a cooling zone of a specific length. In addition, the inner
surface damming mechanism that is disposed adjacent to the cooling zone on a
rearward side of the cooling zone suppresses contact of the coolant that cooled the
inner surface of the hollow shell within the cooling zone with the inner surface of the
hollow shell after the hollow shell leaves from the cooling zone. Therefore,
although the inner surface of the hollow shell is subjected to cooling by the coolant
within the cooling zone, it is difficult for the inner surface of the hollow shell to be
subjected to cooling by the coolant at a position that is further rearward than the
cooling zone. Therefore, when piercing-rolling or elongating rolling is performed
using the piercing machine according to the configuration of (1), the hollow shell is
stably cooled in a fixed zone (cooling zone).  As a result, fluctuations in the cooling
time periods in the axial direction of the hollow shell can be suppressed, temperature
variations in the axial direction of the hollow shell can be reduced, and in particular,
a temperature difference between the fore end portion and rear end portion of the
hollow shell can be reduced.

[0029]
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A piercing machine according to a configuration of (2) is in accordance with
the piercing machine described in (1), wherein:

the inner surface damming mechanism dams the coolant ejected to outside of
the bar body, and accumulates the coolant between the bar body and the inner surface
of the hollow shell within the cooling zone.

[0030]

In the piercing machine according to the configuration of (2), because the
inner surface damming mechanism dams the coolant, the coolant accumulates in a
clearance between the bar body and the inner surface of the hollow shell in the
cooling zone. Therefore, the hollow shell can be further cooled in the cooling zone.
[0031]

A piercing machine according to a configuration of (3) is in accordance with
the piercing machine described in (1) or (2),

the mandrel bar further including:

a compressed gas channel that is formed inside the bar body and through
which compressed gas passes;

wherein the inner surface damming mechanism:

during piercing-rolling or during clongating rolling, by ejecting the
compressed gas that is supplied from the compressed gas channel to outside of the
bar body, suppresses contact of the coolant ejected to outside of the bar body with
the inner surface of the hollow shell after the hollow shell leaves from the cooling
zone.

[0032]

In the piercing machine according to the configuration of (3), the inner
surface damming mechanism ejects compressed gas to outside of the bar body at a
position that is rearward of the cooling zone. By this means, if the coolant ejected
inside the cooling zone attempts to flow to rearward of the cooling zone, the
compressed gas blows away the coolant and thereby suppresses contact of the
coolant with the inner surface of the hollow shell after the hollow shell leaves from
the cooling zone. By this means, after the hollow shell undergoes piercing-rolling
or elongating rolling and passes the plug, the hollow shell is stably cooled in a fixed

zone (cooling zone).  As a result, fluctuations in the cooling time periods in the
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axial direction of the hollow shell can be suppressed, temperature variations in the
axial direction of the hollow shell can be reduced, and in particular, a temperature
difference between the fore end portion and rear end portion of the hollow shell can
be reduced.

[0033]

A piercing machine according to a configuration of (4) is in accordance with
the piercing machine described in (3), wherein:

the inner surface damming mechanism:

dams the coolant ejected to outside of the bar body, by means of the
compressed gas ejected to outside of the bar body, and accumulates the coolant
between the bar body and the inner surface of the hollow shell within the cooling
zone.

[0034]

In the piercing machine according to the configuration of (4), compressed gas
that the inner surface damming mechanism ejects serves as a dam, and dams the
coolant. Therefore, the coolant accumulates in a clearance between the bar body
and the inner surface of the hollow shell in the cooling zone. As a result, the hollow
shell can be further cooled.

[0035]

A piercing machine according to a configuration of (5) is in accordance with
the piercing machine described in (1) or (2), wherein:

the inner surface damming mechanism:

includes an inner surface damming member which is disposed adjacent to the
cooling zone on a rearward side of the cooling zone, and which extends in a
circumferential direction of the bar body, and

a height of the inner surface damming member is lower than a differential
value between a maximum radius of the plug and a radius of the bar body at the
position at which the inner surface damming member is disposed.

[0036]

In the piercing machine according to a configuration of (5), an inner surface

damming member is disposed adjacent to the rear end of the cooling zone. The

inner surface damming member acts as a dam, and suppresses contact of the coolant

Date Re¢ue/Date Received 2020-05-26



CA 03083564 2020-05-26
- 18 -

ejected to outside of the bar body with the inner surface of the hollow shell after the
hollow shell leaves from the cooling zone.
[0037]

Note that, the height of the inner surface damming member is lower than a
differential value between the maximum radius of the plug and the radius of the bar
body at the position at which the inner surface damming member is disposed.
Therefore, during piercing-rolling or during elongating rolling, the inner surface
damming member does not contact the inner surface of the hollow shell that passed
the plug, and does not roll down the inner surface of the hollow shell.

[0038]

A piercing machine according to a configuration of (6) is in accordance with
the piercing machine described in (5), wherein:

the inner surface damming mechanism:

dams the coolant ¢jected to outside of the bar body, by means of the inner
surface damming member, and accumulates the coolant between the bar body and the
inner surface of the hollow shell within the cooling zone.

[0039]

In the piercing machine according to the configuration of (6), the inner
surface damming member serves as a dam, and dams the coolant. Therefore, within
the cooling zone, the coolant accumulates in a clearance between the bar body and
the inner surface of the hollow shell.  As a result, the hollow shell can be cooled
further.

[0040]

A piercing machine according to a configuration of (7) is in accordance with
the piercing machine described in any one of (1) to (6), wherein:

the mandrel bar further includes:

a drainage channel that is formed within the bar body and in which the
coolant ejected to outside of the bar body flows, and

one or more drainage holes that is disposed within the cooling zone in the bar
body, and is connected to the drainage channel and recovers the coolant ¢jected to
outside of the bar body.

[0041]
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In the piercing machine according to the configuration of (7), coolant utilized
to cool the hollow shell within the cooling zone is collected by the drainage holes
that is disposed within the cooling zone. Therefore, new coolant can be
successively supplied into the cooling zone, and thus the cooling efficiency can be
increased.

[0042]

A piercing machine according to a configuration of (8) is in accordance with
the piercing machine described in any one of (1) to (7), wherein:

the inner surface cooling mechanism includes:

within the cooling zone, a plurality of coolant ejection holes which are
arrayed in a circumferential direction of the bar body or in a circumferential direction
and an axial direction of the bar body and which ¢ject the coolant.

[0043]

In the piercing machine according to the configuration of (8), a plurality of
coolant ejection holes are arrayed in at least the circumferential direction.

Therefore, it is easy to uniformly cool the inner surface of the hollow shell in the
circumferential direction.
[0044]

A piercing machine according to a configuration of (9) is in accordance with
the piercing machine described in (8), wherein:

as seen from an advancing direction of the hollow shell, a plurality of the
coolant ejection holes face in the circumferential direction of the bar body, and

the outer surface cooling mechanism causes the coolant in the cooling zone to
swirl around the bar body, by ejecting the coolant in the circumferential direction of
the bar body from the plurality of the coolant ¢jection holes.

[0045]

In the piercing machine according to the configuration of (9), coolant is
ejected in the circumferential direction of the bar body from the plurality of the
coolant ejection holes. By this means, in the cooling zone, the coolant forms a swirl
flow that swirls around the bar body. By means of the swirl flow, variations in the

flow of the coolant in the circumferential direction of the bar body can be suppressed.
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As a result, the occurrence of cooling nonuniformity in the circumferential direction
at the inner surface of the hollow shell can be suppressed.
[0046]

A piercing machine according to a configuration of (10) is in accordance with
the piercing machine described in (9), wherein:

the plurality of the coolant ejection holes face in the circumferential direction
of the bar body and rearward of the bar body, and

the inner surface cooling mechanism causes the coolant in the cooling zone to
swirl around the bar body by ¢jecting the coolant in the circumferential direction of
the bar body and rearward of the bar body from the plurality of the coolant ejection
holes.

[0047]

In the piercing machine according to the configuration of (10), the coolant
forms a swirl flow that flows in the circumferential direction and in the rearward
direction of the bar body. Therefore, variations in the flow of the coolant can be
further suppressed, and the occurrence of cooling nonuniformity in the
circumferential direction at the inner surface of the hollow shell can be suppressed.
[0048]

A piercing machine according to a configuration of (11) is in accordance with
the piercing machine described in (3) or (4), wherein:

the inner surface cooling mechanism includes:

within the cooling zone, a plurality of coolant ejection holes which are
arrayed in a circumferential direction of the bar body or in a circumferential direction
and an axial direction of the bar body and which eject the coolant; and

the inner surface damming mechanism includes:

a plurality of compressed gas ¢jection holes which are arrayed in the
circumferential direction of the bar body or in the circumferential direction and the
axial direction of the bar body in a contact suppression zone that is disposed adjacent
to the cooling zone on a rearward side of the cooling zone, and which eject
compressed gas.

[0049]

Date Regue/Date Received 2020-05-26



CA 03083564 2020-05-26
- 21 -

In the piercing machine according to the configuration of (11), in the cooling
zone the plurality of coolant ejection holes are arrayed at least in the circumferential
direction, and furthermore, in the contact suppression zone the plurality of
compressed gas ejection holes are arrayed in at least the circumferential direction.
Therefore, cooling nonuniformity in the circumferential direction at the inner surface
of the hollow shell can be further suppressed.

[0050]

A piercing machine according to a configuration of (12) is in accordance with
the piercing machine described in (11), wherein:

as seen from an advancing direction of the hollow shell, the plurality of the
compressed gas ejection holes face in the circumferential direction of the bar body,
and

the inner surface damming mechanism causes the compressed gas in the
contact suppression zone to swirl around the bar body, by ¢jecting the compressed
gas in the circumferential direction of the bar body from the compressed gas ejection
holes.

[0051]

In the piercing machine according to the configuration of (12), not only does
coolant form a swirl flow in the cooling zone, but furthermore, in a contact
suppression zone that is disposed adjacent to the cooling zone on a rearward side of
the cooling zone, compressed gas that the inner surface damming mechanism ¢jects
also forms a swirl flow. The swirl flow of the compressed gas quickly blows away
coolant that enters the contact suppression zone. Therefore, while suppressing the
occurrence of cooling nonuniformity in the circumferential direction at the inner
surface of the hollow shell within the cooling zone, contact of coolant with the inner
surface of the hollow shell after the hollow shell leaves from the cooling zone can
also be suppressed.

[0052]

A piercing machine according to a configuration of (13) is in accordance with
the piercing machine described in (12), wherein:

the plurality of the compressed gas ejection holes face in the circumferential

direction of the bar body and rearward of the bar body, and
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the inner surface damming mechanism causes the compressed gas in the
contact suppression zone to swirl around the bar body, by ¢jecting the compressed
gas in the circumferential direction of the bar body and rearward of the bar body
from the compressed gas ejection holes.

[0053]

In the piercing machine according to the configuration of (13), compressed
gas forms a swirl flow that flows in the circumferential direction and in the rearward
direction of the bar body. Therefore, the swirl flow of compressed gas quickly
blows coolant that enters the contact suppression zone away in the rearward direction
of the bar body. Therefore, while suppressing the occurrence of cooling
nonuniformity in the circumferential direction at the inner surface of the hollow shell
within the cooling zone, contact of coolant with the inner surface of the hollow shell
after the hollow shell leaves from the cooling zone can be further suppressed.

[0054]

A piercing machine according to a configuration of (14) is in accordance with
the piercing machine described in (13), wherein:

as seen from an advancing direction of the hollow shell, a swirling direction
of the coolant ¢jected from a plurality of the coolant ¢jection holes is clockwise or
counterclockwise,

as seen from the advancing direction of the hollow shell, a swirling direction
of the compressed gas ejected from the plurality of the compressed gas ejection holes
is clockwise or counterclockwise, and

the inner surface damming mechanism ¢jects the compressed gas so that the
swirling direction of the compressed gas becomes the same as the swirling direction
of the coolant.

[0055]

In the piercing machine according to the configuration of (14), the swirling
direction of the swirl flow of the compressed gas is the same as the swirling direction
of the swirl flow of the coolant. In this case, the occurrence of an eddy flow caused
by a collision between fluids (coolant and compressed gas) can be suppressed at the
boundary between the cooling zone and the contact suppression zone. Therefore,

the occurrence of a situation in which coolant stays at the boundary between the

Date Recue/Date Received 2020-05-26



CA 03083564 2020-05-26
- 23 -

cooling zone and the contact suppression zone can be suppressed, and coolant
entering the contact suppression zone can be quickly blown away by the swirl flow
of the compressed gas.

[0056]

A piercing machine according to a configuration of (15) is in accordance with
the piercing machine described in any one of (12) to (14), wherein:

the inner surface cooling mechanism includes:

a plurality of annularly arranged coolant-¢jection-hole groups that are arrayed
in the axial direction of the bar body in the cooling zone of the bar body,

the annularly arranged coolant-ejection-hole group includes:

a plurality of the coolant ejection holes that are arrayed in the circumferential
direction at a same position in the axial direction of the bar body, and

in the inner surface cooling mechanism:

when a distance in the axial direction of the bar body that the swirl flow of the
coolant advances until completing one rotation around the bar body is defined as
"one swirl period distance", in the axial direction of the bar body, a distance between
the annularly arranged coolant-¢jection-hole groups that are adjacent is the same as
the one swirl period distance.

[0057]

Here the term "the same as the one swirl period distance" means that the
distance between the adjacent annularly arranged coolant-ejection-hole groups is
within a range of the one swirl period distance +50%. Preferably, the distance
between the adjacent annularly arranged coolant-¢jection-hole groups is within a
range of the one swirl period distance +20%, and more preferably is within a range
of the one swirl period distance +10%.

[0058]

In the piercing machine according to the configuration of (15), when the swirl
flow of the coolant advances by a distance that is equivalent to one swirl period
distance, new coolant is supplied from the annularly arranged coolant-ejection-hole
group in the next row in the rearward direction. Therefore, it is more difficult for
an eddy flow to arise in the swirl flow of the coolant in comparison to a case where

new coolant is supplied from the annularly arranged coolant-¢jection-hole group in
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the next row before the swirl flow of the coolant reaches the one swirl period
distance. Thus, the occurrence of cooling nonuniformity in the circumferential
direction at the inner surface of the hollow shell can be further suppressed.
[0059]

A piercing machine according to a configuration of (16) is in accordance with
the piercing machine described in any one of (1) to (15), further comprising:

an outer surface cooling mechanism disposed around the mandrel bar, at a
position that is rearward of the plug,

wherein, with respect to the outer surface of the hollow shell that is advancing
through the cooling zone, as seen from an advancing direction of the hollow shell,
the outer surface cooling mechanism ¢jects a cooling fluid toward an upper part of
the outer surface, a lower part of the outer surface, a left part of the outer surface and
a right part of the outer surface to cool the hollow shell inside the cooling zone.
[0060]

In the piercing machine according to the configuration of (16), at the position
that is rearward of the plug, the upper part of the outer surface, the lower part of the
outer surface, the left part of the outer surface, and the right part of the outer surface
of the hollow shell subjected to piercing-rolling or elongating rolling are cooled
within the cooling zone of a specific length. In this case, after a cooling fluid that is
used for cooling is ejected toward the upper part of the outer surface, the lower part
of the outer surface, the left part of the outer surface and the right part of the outer
surface of the hollow shell inside the cooling zone to cool the hollow shell, the
cooling fluid flows down to below the hollow shell and does not stay on the hollow
shell. Therefore, the hollow shell is cooled by the cooling fluid inside the cooling
zone, and it is difficult for the hollow shell to be subjected to cooling by the cooling
fluid in a zone other than the cooling zone. Consequently, the time periods of
cooling by the cooling fluid at respective locations in the axial direction of the
hollow shell are uniform to a certain extent. Thus, the occurrence of a situation in
which a temperature difference between the fore end portion and the rear end portion
of a hollow shell is large due to cooling fluid accumulating at the inner surface of the

hollow shell, which occurs when using the conventional technology, can be
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suppressed, and a temperature variation in the axial direction of the hollow shell can
be reduced.
[0061]

A piercing machine according to a configuration of (17) is in accordance with
the piercing machine described in (16), wherein:

the outer surface cooling mechanism includes:

an outer surface cooling upper member disposed above the mandrel bar as
seen from an advancing direction of the hollow shell, the outer surface cooling upper
member including a plurality of cooling fluid upper-part ejection holes which eject
the cooling fluid toward the upper part of the outer surface of the hollow shell in the
cooling zone;

an outer surface cooling lower member disposed below the mandrel bar as
seen from the advancing direction of the hollow shell, the outer surface cooling
lower member including a plurality of cooling fluid lower-part ¢jection holes which
eject the cooling fluid toward the lower part of the outer surface of the hollow shell
in the cooling zone;

an outer surface cooling left member disposed leftward of the mandrel bar as
seen from the advancing direction of the hollow shell, the outer surface cooling left
member including a plurality of cooling fluid left-part ejection holes which eject the
cooling fluid toward the left part of the outer surface of the hollow shell in the
cooling zone; and

an outer surface cooling right member disposed rightward of the mandrel bar
as seen from the advancing direction of the hollow shell the outer surface cooling
right member, including a plurality of cooling fluid right-part ¢jection holes which
eject the cooling fluid toward the right part of the outer surface of the hollow shell in
the cooling zone.

[0062]

In the piercing machine according to the configuration of (17), the outer
surface cooling mechanism ejects the cooling fluid toward the upper part of the outer
surface of the hollow shell from an outer surface cooling upper member, ¢jects the
cooling fluid toward the lower part of the outer surface of the hollow shell from an

outer surface cooling lower member, ejects the cooling fluid toward the left part of
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the outer surface of the hollow shell from an outer surface cooling left member, and
¢jects the cooling fluid toward the right part of the hollow shell from an outer surface
cooling right member, with the outer surface cooling upper member, the outer
surface cooling lower member, the outer surface cooling left member and the outer
surface cooling right member being disposed around the mandrel bar. By this
means, with respect to the outer surface of the hollow shell that is inside the cooling
zone, the upper part of the outer surface, the lower part of the outer surface, the left
part of the outer surface and the right part of the outer surface of the hollow shell that
are inside the cooling zone can be cooled. Further, it is easy for the cooling fluid
¢jected toward the upper part of the outer surface, the lower part of the outer surface,
the left part of the outer surface and the right part of the outer surface of the hollow
shell in the cooling zone to drop down naturally under the force of gravity, and it is
difficult for the cooling fluid to flow out to the outside of the cooling zone.
Therefore, the occurrence of a situation in which the upper part of the outer surface,
the lower part of the outer surface, the left part of the outer surface or the right part of
the outer surface of the hollow shell that is in a zone other than the cooling zone is
cooled by cooling fluid ¢jected inside the cooling zone can be suppressed. As a
result, temperature variations in the axial direction of the hollow shell can be reduced.
[0063]

Note that, the outer surface cooling upper member, the outer surface cooling
lower member, the outer surface cooling left member, and the outer surface cooling
right member may each be a separate and independent member or may be integrally
connected to each other. For example, as seen from the advancing direction of the
hollow shell, a left edge of the outer surface cooling upper member and an upper
edge of the outer surface cooling left member may be connected, and a right edge of
the outer surface cooling upper member and an upper edge of the outer surface
cooling right member may be connected. Further, as seen from the advancing
direction of the hollow shell, a left edge of the outer surface cooling lower member
and a lower edge of the outer surface cooling left member may be connected, and a
right edge of the outer surface cooling lower member and a lower edge of the outer
surface cooling right member may be connected. Furthermore, the outer surface

cooling upper member may include a plurality of members that are separate and
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independent, the outer surface cooling lower member may include a plurality of
members that are separate and independent, the outer surface cooling left member
may include a plurality of members that are separate and independent, and the outer
surface cooling right member may include a plurality of members that are separate
and independent.

[0064]

A piercing machine according to a configuration of (18) is in accordance with
the piercing machine described in (16) to (17), further comprising:

a frontward damming mechanism that is disposed around the mandrel bar at a
position that is rearward of the plug and is frontward of the outer surface cooling
mechanism, wherein:

the frontward damming mechanism comprises a mechanism that, when the
outer surface cooling mechanism is cooling the hollow shell in the cooling zone by
ejecting the cooling fluid toward the upper part of the outer surface, the lower part of
the outer surface, the left part of the outer surface and the right part of the outer
surface of the hollow shell, dams the cooling fluid from flowing to the upper part of
the outer surface, the lower part of the outer surface, the left part of the outer surface
and the right part of the outer surface of the hollow shell before the hollow shell
enters the cooling zone.

[0065]

In the piercing machine according to the configuration of (18), after the
cooling fluid ejected toward the upper part of the outer surface, the lower part of the
outer surface, the left part of the outer surface and the right part of the outer surface
of the hollow shell in the cooling zone comes in contact with the upper part of the
outer surface, the lower part of the outer surface, the left part of the outer surface and
the right part of the outer surface of the hollow shell, the frontward damming
mechanism dams the cooling fluid from flowing to an outer surface portion of the
hollow shell that is frontward of the cooling zone. Therefore, it is difficult for the
cooling fluid ejected toward the outer surface of the hollow shell inside the cooling
zone from the outer surface cooling mechanism to flow out in the frontward direction
from inside the cooling zone, and the cooling fluid drops downward under the force

of gravity inside the cooling zone. Thus, the occurrence of a temperature difference
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between the fore end portion and the rear end portion of the hollow shell can be
further suppressed. As aresult, a temperature variation in the axial direction of the
hollow shell can be further reduced.

[0066]

A piercing machine according to a configuration of (19) is in accordance with
the piercing machine described in (18), wherein:

the frontward damming mechanism includes:

a frontward damming upper member including a plurality of frontward
damming fluid upper-part ejection holes that is disposed above the mandrel bar as
seen from an advancing direction of the hollow shell, and that ¢jects a frontward
damming fluid toward the upper part of the outer surface of the hollow shell that is
positioned in a vicinity of an entrance side of the cooling zone and dams the cooling
fluid from flowing to the upper part of the outer surface of the hollow shell before
the hollow shell enters the cooling zone;

a frontward damming left member including a plurality of frontward
damming fluid lower-part ejection holes that is disposed leftward of the mandrel bar
as seen from the advancing direction of the hollow shell, and that ¢jects the
frontward damming fluid toward the left part of the outer surface of the hollow shell
that is positioned in a vicinity of the entrance side of the cooling zone and dams the
cooling fluid from flowing to the left part of the outer surface of the hollow shell
before the hollow shell enters the cooling zone; and

a frontward damming right member including a plurality of frontward
damming fluid right-part ejection holes that is disposed rightward of the mandrel bar
as seen from the advancing direction of the hollow shell, and that ¢jects the
frontward damming fluid toward the right part of the outer surface of the hollow
shell that is positioned in a vicinity of the entrance side of the cooling zone and dams
the cooling fluid from flowing to the right part of the outer surface of the hollow
shell before the hollow shell enters the cooling zone.

[0067]

In the piercing machine according to the configuration of (19), the frontward

damming upper member dams the cooling fluid that contacts the upper part of the

outer surface of the hollow shell within the cooling zone and rebounds therefrom and
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attempts to fly out to a zone that is frontward of the cooling zone, by means of the
frontward damming fluid that the frontward damming upper member ejects in the
vicinity of the entrance side of the cooling zone. The frontward damming left
member dams the cooling fluid that contacts the left part of the outer surface of the
hollow shell within the cooling zone and rebounds therefrom and attempts to fly out
to the zone that is frontward of the cooling zone, by means of the frontward
damming fluid that the frontward damming left member ¢jects in the vicinity of the
entrance side of the cooling zone. The frontward damming right member dams the
cooling fluid that contacts the right part of the outer surface of the hollow shell
within the cooling zone and rebounds therefrom and attempts to fly out to the zone
that is frontward of the cooling zone, by means of the frontward damming fluid that
the frontward damming right member ¢jects in the vicinity of the entrance side of the
cooling zone. Therefore, the frontward damming fluid ejected from the frontward
damming upper member, the frontward damming fluid ¢jected from the frontward
damming left member, and the frontward damming fluid ¢jected from the frontward
damming right member act as dams (protective walls). Thus, contact of the cooling
fluid with the outer surface portion of the hollow shell that is frontward of the
cooling zone can be suppressed, and a temperature variation in the axial direction of
the hollow shell can be reduced. Note that, the cooling fluid ejected toward the
lower part of the outer surface of the hollow shell inside the cooling zone from the
outer surface cooling mechanism easily drops down naturally to below the hollow
shell under the force of gravity after contacting the lower part of the outer surface of
the hollow shell. Therefore, the piercing machine according to the configuration of
(19) need not include a frontward damming lower member.

[0068]

Note that the phrase "vicinity of the entrance side of the cooling zone" means
the vicinity of the fore end of the cooling zone. Although the range of the vicinity
of the entrance side of the cooling zone is not particularly limited, for example, the
phrase means a range within 1000 mm before and after the entrance side (fore end)
of the cooling zone, and preferably means a range within 500 mm before and after
the entrance side (fore end) of the cooling zone.

[0069]
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A piercing machine according to a configuration of (20) is in accordance with
the piercing machine described in (19), wherein:

the frontward damming upper member ¢jects the frontward damming fluid
diagonally rearward toward the upper part of the outer surface of the hollow shell
that is positioned in a vicinity of the entrance side of the cooling zone from a
plurality of the frontward damming fluid upper-part ¢jection holes;

the frontward damming left member ¢jects the frontward damming fluid
diagonally rearward toward the left part of the outer surface of the hollow shell that
is positioned in a vicinity of the entrance side of the cooling zone from a plurality of
the frontward damming fluid left-part ¢jection holes; and

the frontward damming right member ¢jects the frontward damming fluid
diagonally rearward toward the right part of the outer surface of the hollow shell that
is positioned in a vicinity of the entrance side of the cooling zone from a plurality of
the frontward damming fluid right-part ejection holes.

[0070]

In the piercing machine according to the configuration of (20), the frontward
damming upper member ejects the frontward damming fluid diagonally rearward
toward the upper part of the outer surface of the hollow shell in the vicinity of the
entrance side of the cooling zone from the frontward damming fluid upper-part
ejection holes. Therefore, the frontward damming upper member forms a dam
(protective wall) of frontward damming fluid that extends diagonally rearward
toward the upper part of the outer surface of the hollow shell from above. Similarly,
the frontward damming left member ejects the frontward damming fluid diagonally
rearward toward the left part of the outer surface of the hollow shell in the vicinity of
the entrance side of the cooling zone from the frontward damming fluid left-part
ejection holes. Therefore, the frontward damming left member forms a dam
(protective wall) of frontward damming fluid that extends diagonally rearward
toward the left part of the outer surface of the hollow shell from the left direction.
Similarly, the frontward damming right member ¢jects the frontward damming fluid
diagonally rearward toward the right part of the outer surface of the hollow shell in
the vicinity of the entrance side of the cooling zone from the frontward damming

fluid right-part ejection holes. Therefore, the frontward damming right member
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forms a dam (protective wall) of frontward damming fluid that extends diagonally
rearward toward the right part of the outer surface of the hollow shell from the right
direction. These dams dam the cooling fluid that contacts the outer surface portion
of the hollow shell within the cooling zone and rebounds therefrom and attempts to
fly out to the zone that is frontward of the cooling zone. In addition, after the
frontward damming fluid constituting the dams contacts the outer surface portion of
the hollow shell in the vicinity of the entrance side of the cooling zone, the frontward
damming fluid easily flows into the cooling zone. Therefore, the occurrence of a
situation in which the frontward damming fluid constituting the dams cools the outer
surface portion of the hollow shell that is frontward of the cooling zone can be
suppressed.

[0071]

A piercing machine according to a configuration of (21) is in accordance with
the piercing machine described in (19) or (20), wherein:

the frontward damming mechanism further includes:

a frontward damming lower member including a plurality of frontward
damming fluid lower-part ejection holes that is disposed below the mandrel bar as
seen from the advancing direction of the hollow shell, and that ejects the frontward
damming fluid toward the lower part of the outer surface of the hollow shell that is
positioned in a vicinity of the entrance side of the cooling zone and dams the cooling
fluid from flowing to the lower part of the outer surface of the hollow shell before
the hollow shell enters the cooling zone.

[0072]

In the piercing machine according to the configuration of (21), together with
the frontward damming upper member, the frontward damming left member and the
frontward damming right member, the frontward damming lower member ¢jects the
frontward damming fluid in the vicinity of the entrance side of the cooling zone and
dams the cooling fluid that contacts the lower part of the outer surface of the hollow
shell within the cooling zone and rebounds therefrom and attempts to fly out to the
zone that is frontward of the cooling zone. Therefore, contact of the cooling fluid

with the outer surface portion of the hollow shell that is frontward of the cooling
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zone can be further suppressed, and a temperature variation in the axial direction of
the hollow shell can be further reduced.
[0073]

Note that, the frontward damming upper member, the frontward damming
lower member, the frontward damming left member, and the frontward damming
right member may each be a separate and independent member or may be integrally
connected to each other. For example, as seen from the advancing direction of the
hollow shell, a left edge of the frontward damming upper member and an upper edge
of the frontward damming left member may be connected, and a right edge of the
frontward damming upper member and an upper edge of the frontward damming
right member may be connected. Further, as seen from the advancing direction of
the hollow shell, a left edge of the frontward damming lower member and a lower
edge of the frontward damming left member may be connected, and a right edge of
the frontward damming lower member and a lower edge of the frontward damming
right member may be connected. Furthermore, the frontward damming upper
member may include a plurality of members that are separate and independent, the
frontward damming lower member may include a plurality of members that are
separate and independent, the frontward damming left member may include a
plurality of members that are separate and independent, and the frontward damming
right member may include a plurality of members that are separate and independent.
[0074]

A piercing machine according to a configuration of (22) is in accordance with
the piercing machine according to the configuration of (21), wherein:

the frontward damming lower member ¢jects the frontward damming fluid
diagonally rearward toward the lower part of the outer surface of the hollow shell
that is positioned in a vicinity of the entrance side of the cooling zone from a
plurality of the frontward damming fluid lower-part ¢jection holes.

[0075]

In the piercing machine according to the configuration of (22), together with
the frontward damming upper member, the frontward damming left member and the
frontward damming right member, the frontward damming lower member ¢jects the

frontward damming fluid diagonally rearward toward the lower part of the outer
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surface of the hollow shell in the vicinity of the entrance side of the cooling zone
from the frontward damming fluid lower-part ejection holes. Therefore, the
frontward damming lower member forms a dam (protective wall) of frontward
damming fluid that extends diagonally rearward toward the lower part of the outer
surface of the hollow shell from below. These dams dam cooling fluid that contacts
the outer surface portion of the hollow shell within the cooling zone and rebounds
therefrom and attempts to fly out to the zone that is frontward of the cooling zone.
In addition, after the frontward damming fluid constituting the dams contacts the
outer surface portion of the hollow shell in the vicinity of the entrance side of the
cooling zone, the frontward damming fluid easily flows into the cooling zone.
Therefore, the occurrence of a situation in which the frontward damming fluid
constituting the dams cools the outer surface portion of the hollow shell that is
frontward of the cooling zone can be suppressed.

[0076]

A piercing machine according to a configuration of (23) is in accordance with
the piercing machine described in any one of (16) to (22), further comprising:

a rearward damming mechanism that is disposed around the mandrel bar at a
position that is rearward of the outer surface cooling mechanism, wherein:

the rearward damming mechanism comprises a mechanism that, when the
outer surface cooling mechanism is cooling the hollow shell by ¢jecting the cooling
fluid toward the upper part of the outer surface, the lower part of the outer surface,
the left part of the outer surface and the right part of the outer surface of the hollow
shell, dams the cooling fluid from flowing to the upper part of the outer surface, the
lower part of the outer surface, the left part of the outer surface and the right part of
the outer surface of the hollow shell after the hollow shell leaves from the cooling
zone.

[0077]

In the piercing machine according to the configuration of (23), after the
cooling fluid ¢jected toward the upper part of the outer surface, lower part of the
outer surface, left part of the outer surface and right part of the outer surface of the
hollow shell in the cooling zone comes in contact with the upper part of the outer

surface, the lower part of the outer surface, the left part of the outer surface and the

Date Regue/Date Received 2020-05-26



CA 03083564 2020-05-26
- 34 -

right part of the outer surface of the hollow shell, the rearward damming mechanism
dams the cooling fluid from flowing to the outer surface portion of the hollow shell
after the hollow shell leaves from the cooling zone. Thus, the occurrence of a
temperature difference between the fore end portion and the rear end portion of the
hollow shell can be further suppressed. As aresult, a temperature variation in the
axial direction of the hollow shell can be further reduced.

[0078]

A piercing machine according to a configuration of (24) is in accordance with
the piercing machine described in (23), wherein:

the rearward damming mechanism includes:

a rearward damming upper member including a plurality of rearward
damming fluid upper-part ejection holes that is disposed above the mandrel bar as
seen from the advancing direction of the hollow shell, and that ¢jects a rearward
damming fluid toward the upper part of the outer surface of the hollow shell that is
positioned in a vicinity of a delivery side of the cooling zone and dams the cooling
fluid from flowing to the upper part of the outer surface of the hollow shell after the
hollow shell leaves from the cooling zone;

a rearward damming left member including a plurality of rearward damming
fluid left-part ejection holes that is disposed leftward of the mandrel bar as seen from
the advancing direction of the hollow shell, and that ¢jects the rearward damming
fluid toward the left part of the outer surface of the hollow shell that is positioned in
a vicinity of the delivery side of the cooling zone and dams the cooling fluid from
flowing to the left part of the outer surface of the hollow shell after the hollow shell
leaves from the cooling zone; and

a rearward damming right member including a plurality of rearward damming
fluid right-part ejection holes that is disposed rightward of the mandrel bar as seen
from the advancing direction of the hollow shell, and that ejects the rearward
damming fluid toward the right part of the outer surface of the hollow shell that is
positioned in a vicinity of the delivery side of the cooling zone and dams the cooling
fluid from flowing to the right part of the outer surface of the hollow shell after the
hollow shell leaves from the cooling zone.

[0079]
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In the piercing machine according to the configuration of (24), the rearward
damming upper member dams cooling fluid that contacts the upper part of the outer
surface of the hollow shell within the cooling zone and rebounds therefrom and
attempts to fly out to a zone that is rearward of the cooling zone, by means of the
rearward damming fluid that the rearward damming upper member ejects in the
vicinity of the delivery side of the cooling zone. The rearward damming left
member dams cooling fluid that contacts the left part of the outer surface of the
hollow shell within the cooling zone and rebounds therefrom and attempts to fly out
to the zone that is rearward of the cooling zone, by means of the rearward damming
fluid that the rearward damming left member ¢jects in the vicinity of the delivery
side of the cooling zone. The rearward damming right member dams cooling fluid
that contacts the right part of the outer surface of the hollow shell within the cooling
zone and rebounds therefrom and attempts to fly out the zone that is rearward of the
cooling zone, by means of the rearward damming fluid that the rearward damming
right member ¢jects in the vicinity of the delivery side of the cooling zone.
Therefore, the rearward damming fluid ejected from the rearward damming upper
member, the rearward damming fluid ejected from the rearward damming left
member, and the rearward damming fluid ejected from the rearward damming right
member act as dams (protective walls). Thus, contact of the cooling fluid with the
outer surface portion of the hollow shell in the zone that is rearward of the cooling
zone can be suppressed, and temperature variations in the axial direction of the
bollow shell can be reduced. Note that, the cooling fluid ¢jected toward the lower
part of the outer surface of the hollow shell inside the cooling zone from the outer
surface cooling mechanism easily drops down naturally to below the hollow shell
under the force of gravity after contacting the lower part of the outer surface of the
hollow shell. Therefore, the piercing machine according to the configuration of
(24) need not include a rearward damming lower member.

[0080]

Note that the phrase "vicinity of the delivery side of the cooling zone" means
the vicinity of the rear end of the cooling zone. Although the range of the vicinity
of the delivery side of the cooling zone is not particularly limited, for example, the

phrase means a range within 1000 mm before and after the delivery side (rear end) of
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the cooling zone, and preferably means a range within S00 mm before and after the
delivery side (rear end) of the cooling zone.
[0081]

A piercing machine according to a configuration of (25) is in accordance with
the piercing machine described in (24), wherein:

the rearward damming upper member ¢jects the rearward damming fluid
diagonally frontward toward the upper part of the outer surface of the hollow shell
that is positioned in a vicinity of the delivery side of the cooling zone from the
plurality of the rearward damming fluid upper-part ejection holes;

the rearward damming left member ejects the rearward damming fluid
diagonally frontward toward the left part of the outer surface of the hollow shell that
is positioned in a vicinity of the delivery side of the cooling zone from the plurality
of the rearward damming fluid left-part ¢jection holes; and

the rearward damming right member ¢jects the rearward damming fluid
diagonally frontward toward the right part of the outer surface of the hollow shell
that is positioned in a vicinity of the delivery side of the cooling zone from the
plurality of the rearward damming fluid right-part ¢jection holes.

[0082]

In the piercing machine according to the configuration of (25), the rearward
damming upper member ejects the rearward damming fluid diagonally frontward
toward the upper part of the outer surface of the hollow shell in the vicinity of the
delivery side of the cooling zone from the rearward damming fluid upper-part
gjection holes. Therefore, the rearward damming upper member forms a dam
(protective wall) of rearward damming fluid that extends diagonally frontward
toward the upper part of the outer surface of the hollow shell from above. Similarly,
the rearward damming left member ejects the rearward damming fluid diagonally
frontward toward the left part of the outer surface of the hollow shell in the vicinity
of the delivery side of the cooling zone from the rearward damming fluid left-part
gjection holes. Therefore, the rearward damming left member forms a dam
(protective wall) of rearward damming fluid that extends diagonally frontward
toward the left part of the outer surface of the hollow shell from the left direction.

Similarly, the rearward damming right member ¢jects the rearward damming fluid
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diagonally frontward toward the right part of the outer surface of the hollow shell in
the vicinity of the delivery side of the cooling zone from the rearward damming fluid
right-part ejection holes. Therefore, the rearward damming right member forms a
dam (protective wall) of rearward damming fluid that extends diagonally frontward
toward the right part of the outer surface of the hollow shell from the right direction.
These dams of rearward damming fluid dam the cooling fluid that contacts an outer
surface portion of the hollow shell within the cooling zone and rebounds therefrom
and attempts to fly out to the zone that is rearward of the cooling zone. In addition,
after the rearward damming fluid constituting the dams contacts the outer surface
portion of the hollow shell in the vicinity of the delivery side of the cooling zone, the
rearward damming fluid easily flows into the cooling zone. Therefore, the
occurrence of a situation in which the rearward damming fluid constituting the dams
cools the outer surface portion of the hollow shell at a position that is rearward of the
cooling zone can be suppressed.

[0083]

A piercing machine according to a configuration of (26) is in accordance with
the piercing machine described in (24) or (25), wherein:

the rearward damming mechanism further includes:

a rearward damming lower member including a plurality of rearward
damming fluid lower-part ejection holes that is disposed below the mandrel bar as
seen from the advancing direction of the hollow shell, and that ¢jects the rearward
damming fluid toward the lower part of the outer surface of the hollow shell that is
positioned in a vicinity of the delivery side of the cooling zone and dams the cooling
fluid from flowing to the lower part of the outer surface of the hollow shell after the
hollow shell leaves from the cooling zone.

[0084]

In the piercing machine according to the configuration of (26), together with
the rearward damming upper member, the rearward damming left member and the
rearward damming right member, the rearward damming lower member ¢jects the
rearward damming fluid in the vicinity of the delivery side of the cooling zone and
dams the cooling fluid that contacts the lower part of the outer surface of the hollow

shell within the cooling zone and rebounds therefrom and attempts to fly out to the
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zone that is rearward of the cooling zone. Therefore, contact of the cooling fluid
with the outer surface portion of the hollow shell at a position that is rearward of the
cooling zone can be suppressed, and temperature variations in the axial direction of
the hollow shell can be further reduced.

[0085]

Note that, the rearward damming upper member, the rearward damming lower
member, the rearward damming left member and the rearward damming right
member may each be a separate and independent member or may be integrally
connected to each other. For example, as seen from the advancing direction of the
hollow shell, a left edge of the rearward damming upper member and an upper edge
of the rearward damming left member may be connected, and a right edge of the
rearward damming upper member and an upper edge of the rearward damming right
member may be connected. Further, as seen from the advancing direction of the
hollow shell, a left edge of the rearward damming lower member and a lower edge of
the rearward damming left member may be connected, and a right edge of the
rearward damming lower member and the lower edge of the rearward damming right
member may be connected. Furthermore, the rearward damming upper member
may include a plurality of members that are separate and independent, the rearward
damming lower member may include a plurality of members that are separate and
independent, the rearward damming left member may include a plurality of members
that are separate and independent, and the rearward damming right member may
include a plurality of members that are separate and independent.

[0086]

A piercing machine according to a configuration of (27) is in accordance with
the piercing machine according to the configuration of (26), wherein:

the rearward damming lower member ¢jects the rearward damming fluid
diagonally frontward toward the lower part of the outer surface of the hollow shell
that is positioned in a vicinity of the delivery side of the cooling zone from the
plurality of the rearward damming fluid lower-part ¢jection holes.

[0087]
In the piercing machine according to the configuration of (27), together with

the rearward damming upper member, the rearward damming left member and the
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rearward damming right member, the rearward damming lower member ejects the
rearward damming fluid diagonally frontward toward the lower part of the outer
surface of the hollow shell in the vicinity of the delivery side of the cooling zone
from the rearward damming fluid lower-part ejection holes. Therefore, the
rearward damming lower member forms a dam (protective wall) of rearward
damming fluid that extends diagonally frontward toward the lower part of the outer
surface of the hollow shell from below. These dams dam the cooling fluid that
contacts the outer surface portion of the hollow shell within the cooling zone and
rebounds therefrom and attempts to fly out to the zone that is rearward of the cooling
zone. In addition, after the rearward damming fluid constituting the dams contacts
the outer surface portion of the hollow shell in the vicinity of the delivery side of the
cooling zone, the rearward damming fluid easily flows into the cooling zone.
Therefore, the occurrence of a situation in which the rearward damming fluid
constituting the dams cools the outer surface portion of the hollow shell at a position
that is rearward of the cooling zone can be suppressed.
[0088]

A mandrel bar according to a configuration of (28) is in accordance with the
mandrel bar described in any one of (1) to (27).
[0089]

A method for producing a scamless metal pipe according to a configuration of
(29) is a method for producing a seamless metal pipe using the piercing machine
described in any one of (1) to (27), comprising:

a rolling process of subjecting the material to piercing-rolling or elongating
rolling using the piercing machine to produce a hollow shell, and

a process of, during the rolling process, ejecting the coolant to outside of the
bar body by means of the inner surface cooling mechanism to cool the inner surface
of the hollow shell within the cooling zone, and by means of an inner surface
damming mechanism that is disposed adjacent to the cooling zone on a rearward side
of the cooling zone, suppressing contact of the coolant ¢jected to outside of the bar
body with the inner surface of the hollow shell after the hollow shell leaves from the
cooling zone.

[0090]
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Hereunder, embodiments of the present invention are described in detail with
reference to the accompanying drawings. The same or equivalent portions in the
drawings are denoted by the same reference characters, and a description of such
portions is not repeated.

[0091]

[First Embodiment]

FIG. 1 is a side view of a piercing machine according to a first embodiment.
As mentioned above, in the present description the term "piercing machine" means a
rolling mill that includes a plug and a plurality of skewed rolls. The piercing
machine is, for example, a piercing mill that subjects a round billet to piercing-
rolling, or is an elongator that subjects a hollow shell to elongating rolling. In the
present description, in a case where the piercing machine is a piercing mill, the
material is a round billet. In a case where the piercing machine is an elongator, the
material is a hollow shell.

[0092]

In the present description, a material advances along a pass line from the
frontward side to the rearward side of the piercing machine. Therefore, with respect
to the piercing machine, the entrance side of the piercing machine corresponds to
"frontward", and the delivery side of the piercing machine corresponds to "rearward".
[0093]

Referring to FIG. 1, a piercing machine 10 includes a plurality of skewed rolls
1, a plug 2 and a mandrel bar 3. In the present description, as illustrated in FIG. 1,
the entrance side of the piercing machine 10 is defined as "frontward (F in FIG. 1),
and the delivery side of the piercing machine 10 is defined as "rearward (B in FIG.
"

[0094]

The plurality of skewed rolls 1 are disposed around a pass line PL. In FIG. 1,
the pass line PL is disposed between one pair of the skewed rolls 1. Here, the term
"pass line PL" means an imaginary line segment along which the central axis of a
material (a round billet in a case where the piercing machine is a piercing mill, and a
hollow shell in a case where the piercing machine is an elongator) 20 passes during

piercing-rolling or clongating rolling. In FIG. 1, the skewed rolls 1 are cone-shaped
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skewed rolls. However, the skewed rolls 1 are not limited to the cone-shaped
skewed rolls. The skewed rolls 1 may be barrel-type skewed rolls, or may be
skewed rolls of another type. Further, although in FIG. 1 two of the skewed rolls 1
are disposed around the pass line PL, three or more of the skewed rolls 1 may be
disposed around the pass line PL. Preferably, the plurality of skewed rolls 1 are
disposed at regular intervals around the pass line PL, as seen from an advancing
direction of the material. For example, in a case where two of the skewed rolls 1
are disposed around the pass line PL, as seen from the advancing direction of the
material, the skewed rolls 1 are disposed at intervals of 180° around the pass line PL.
In a case where three of the skewed rolls 1 are disposed around the pass line PL, as
seen from the advancing direction of the material, the skewed rolls 1 are disposed at
intervals of 120° around the pass line PL. Furthermore, referring to FIG. 2 and FIG.
3, each of the skewed rolls 1 has a toe angle v (see FIG. 2) and a feed angle B (see
FIG. 3) with respect to the pass line PL.

[0095]

The plug 2 is disposed on the pass line PL, between the plurality of skewed
rolls 1. In the present description, the phrase "the plug 2 is disposed on the pass
line PL" means that, when seen from the advancing direction of the material, that is,
when the piercing machine 10 is seen in the direction from the frontward F side to
the rearward B side, the plug 2 overlaps with the pass line PL. More preferably, the
central axis of the plug 2 coincides with the pass line PL.

[0096]

The plug 2 has, for example, a bullet shape. That is, the external diameter of
the front part of the plug 2 is smaller than the external diameter of the rear part of the
plug 2. Here, the phrase "front part of the plug 2" means a portion that is more
frontward than the center position in the longitudinal direction (axial direction) of the
plug 2. The phrase "rear part of the plug 2" means a portion that is more rearward
than the center position in the front-rear direction of the plug 2. The front part of
the plug 2 is disposed on the frontward side (entrance side) of the piercing machine
10, and the rear part of the plug 2 is disposed on the rearward side (delivery side) of
the piercing machine 10.

[0097]
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The mandrel bar 3 is disposed on the pass line PL on the rearward side of the
piercing machine 10, and extends along the pass line PL. Here, the phrase "the
mandrel bar 3 is disposed on the pass line PL" means that, when seen from the
advancing direction of the material (that is, when seen in the direction from the
entrance side toward the delivery side of the piercing machine 10), the mandrel bar 3
overlaps with the pass line PL. More preferably, the central axis of the mandrel bar
3 coincides with the pass line PL.

[0098]

The fore end of the mandrel bar 3 is connected to a central part of the rear end
face of the plug 2. The connection method is not particularly limited. For
example, a screw thread is formed at the central part of the rear end face of the plug 2
and at the fore end of the mandrel bar 3, and the mandrel bar 3 is connected to the
plug 2 by these screw threads. The mandrel bar 3 may be connected to the central
part of the rear end face of the plug 2 by a method other than a method that uses
screw threads. In other words, the method for connecting the mandrel bar 3 and the
plug 2 is not particularly limited.

[0099]

The piercing machine 10 may further include a pusher 4. The pusher 4 is
disposed at the frontward side of the piercing machine 10, and is disposed on the
pass line PL. The pusher 4 contacts the end face of the material 20, and pushes the
material 20 forward toward the plug 2.

[0100]

The configuration of the pusher 4 is not particularly limited as long as the
pusher 4 can push the material 20 forward toward the plug 2. For example, as
illustrated in FIG. 1, the pusher 4 includes a cylinder body 41, a cylinder shaft 42, a
connection member 43 and arod 44. The rod 44 is connected to the cylinder shaft
42 by the connection member 43 so as to be rotatable in the circumferential direction.
The connection member 43, for example, includes a bearing for making the rod 44
rotatable in the circumferential direction.

[0101]
The cylinder body 41 is of a hydraulic type or an electric motor-driven type,

and causes the cylinder shaft 42 to advance and retreat. The pusher 4 causes the
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end face of the rod 44 to butt against the end face of the material (round billet or
hollow shell) 20, and causes the cylinder shaft 42 and the rod 44 to advance by
means of the cylinder body 41. By this means, the pusher 4 pushes the material 20
forward toward the plug 2.

[0102]

The pusher 4 pushes the material 20 forward along the pass line PL to push
the material 20 between the plurality of skewed rolls 1.  When the material 20
contacts the plurality of skewed rolls 1, the plurality of skewed rolls 1 press the
material 20 against the plug 2 while causing the material 20 to rotate in the
circumferential direction. In a case where the piercing machine 10 is a piercing mill,
the plurality of skewed rolls 1 press a round billet that is the material 20 against the
plug 2 while causing the round billet to rotate in the circumferential direction to
thereby perform piercing-rolling to produce a hollow shell. In a case where the
piercing machine 10 is an elongator, the plurality of skewed rolls 1 insert the plug 2
into the hollow shell that is the material 20 and perform elongating rolling
(expansion rolling) to elongate the hollow shell. Note that the piercing machine 10
need not include the pusher 4.

[0103]

The piercing machine 10 may further include an entry trough 5. The
material (round billet or hollow shell) 20 is placed in the entry trough 5 prior to
undergoing piercing-rolling.  As illustrated in FIG. 3, the piercing machine 10 may
also include a plurality of guide rolls 6 around the pass line PL. The plug 2 is
disposed between the plurality of guide rolls 6. The guide rolls 6 are disposed
between the plurality of skewed rolls 1, around the pass line PL.  The guide rolls 6
are, for example, disk rolls. Note that the piercing machine 10 need not include the
entry trough 5, and need not include the guide rolls 6.

[0104]

FIG. 4 is an enlarged view of the plug 2 and the mandrel bar 3 shown in FIG.
1. Referring to FIG. 4, the piercing machine 10 receives a supply of coolant from a
coolant supply device 7. The coolant supply device 7 supplies coolant for cooling
the inner surface of a hollow shell 50 which is being subjected to piercing-rolling or

elongating rolling to the mandrel bar 3. The coolant supply device 7 includes a
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supply machine 71 and a pipe 72. The supply machine 71, for example, includes a
storage tank that stores coolant, and a pump that supplies coolant that is inside the
storage tank to the pipe 72. The pipe 72 connects the mandrel bar 3 and the supply
machine 71. The pipe 72 conveys the coolant that is sent from the supply machine
71 to the mandrel bar 3. The coolant is not particularly limited as long as the
coolant is a fluid that is capable of cooling the hollow shell 50. Preferably, the
coolant is water.

[0105]

[Structure of mandrel bar 3]

Referring to FIG. 4, the mandrel bar 3 extends along the pass line PL from the
central part of the rear end face of the plug 2. The mandrel bar 3 includes a rod-
shaped bar body 31. The sectional shape perpendicular to the axial direction
(longitudinal direction, direction corresponding to arrows F and B in FIG. 4) of the
bar body 31 is, for example, a circular shape. The bar body 31 includes a cooling
zone 32 and a contact suppression zone 33 that extend in the axial direction of the
bar body 31.

[0106]

The cooling zone 32 is disposed at a fore end portion of the bar body 31.
Specifically, the cooling zone 32 is an area from the fore end of the bar body 31 (that
is, the position at which the bar body 31 connects with the rear end of the plug 2) to a
position separated by a specific length therefrom in the rearward direction of the
mandrel bar 3. An axial direction length L32 of the cooling zone 32 is not
particularly limited. The axial direction length L32 of the cooling zone 32 is, for
example, not less than 1/10 and not more than 1/2 of the overall length of the
mandrel bar 3. According to another example, in a case where the length of the
hollow shell to be produced is 6 m, the axial direction Iength L32 of the cooling zone
32 is, for example, 2 m.

[0107]

The contact suppression zone 33 is disposed at a position that is adjacent to
the cooling zone 32 on the rearward side of the cooling zone 32 (opposite side to the
plug 2). A length L33 of the contact suppression zone 33 is not particularly limited.
The length L33 of the contact suppression zone 33 may be the same length as the
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length L32 of the cooling zone 32, or may be longer than or shorter than the length
L32 of the cooling zone 32. The contact suppression zone 33 may also be the
portion of the bar body 31 that is other than the cooling zone 32.

[0108]

FIG. 5 is a sectional drawing (longitudinal sectional drawing) that includes
the central axes of the plug 2 and the mandrel bar 3 illustrated in FIG. 4. Referring
to FIG. 5, the mandrel bar 3 further includes a coolant channel 34 and an inner
surface cooling mechanism 340. The coolant channel 34 is formed inside the bar
body 31, and allows the coolant that is supplied from the coolant supply device 7 to
pass therethrough. The coolant channel 34 extends through the inside of the bar
body 31, along the axial direction of the bar body 31. The coolant channel 34 is
connected to the pipe 72, and receives a supply of coolant from the pipe 72.

[0109]

The inner surface cooling mechanism 340 is disposed inside the cooling zone
32 that corresponds to the fore end portion of the bar body 31. In the present
example, the inner surface cooling mechanism 340 includes a plurality of coolant
ejection holes 341. The plurality of coolant ejection holes 341 are connected to the
coolant channel 34, and during piercing-rolling or during elongating rolling, the
coolant ejection holes 341 ¢ject the coolant to the outside of the cooling zone 32. In
FIG. 4 and FIG. 5, the plurality of coolant ejection holes 341 are arrayed in the
circumferential direction and the axial direction of the bar body 31. However, the
plurality of coolant e¢jection holes 341 may be arrayed in the circumferential
direction of the bar body 31, or may be arrayed in the circumferential direction and
the axial direction of the bar body 31. For example, the plurality of coolant ejection
holes 341 may be arrayed in the circumferential direction and need not be arrayed in
the axial direction. Preferably, the plurality of coolant ejection holes 341 are
arrayed in the circumferential direction and/or the axial direction of the bar body 31.
As will be described later, the inner surface cooling mechanism 340 includes a
plurality of gjection nozzles, and cach ejection nozzle has a coolant ejection hole 341.
[0110]

The mandrel bar 3 also includes an inner surface damming mechanism 350.

The inner surface damming mechanism 350 is disposed within the contact
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suppression zone 33. During piercing-rolling or during elongating rolling, the inner
surface damming mechanism 350 ejects compressed gas from the contact
suppression zone 33 to thereby dam and blow away coolant that attempts to flow
rearward from the cooling zone 32. By this means, during picrcing-rolling or
during elongating rolling, contact of coolant with an inner surface portion of the
hollow shell that is inside the contact suppression zone 33 is suppressed.

[0111]

Specifically, as illustrated in FIG. 4, the piercing machine 10 also receives a
supply of compressed gas from a gas supply device 8. The gas supply device 8
supplies compressed gas for blowing away coolant, to the bar body 31. The gas
supply device 8 includes, for example, an accumulator 81 that accumulates high
pressure gas, and a pipe 82. The pipe 82 connects the accumulator 81 and the bar
body 31. The pipe 82 conveys compressed gas sent from the accumulator 81, to the
bar body 31. The compressed gas may be, for example, compressed air, or may be
an inert gas such as argon gas or nitrogen gas. Preferably, the compressed gas is
compressed air.

[0112]

Referring to FIG. 5, the mandrel bar 3 includes a gas channel 35. The gas
channel 35 extends through the inside of the bar body 31, along the axial direction of
the bar body 31. The gas channel 35 is connected to the pipe 82 (see FIG. 4), and
receives a supply of compressed gas from the pipe 82.

[0113]

The inner surface damming mechanism 350 includes a plurality of
compressed gas ejection holes 351.  The plurality of compressed gas ¢jection holes
351 are connected to the gas channel 35, and during piercing-rolling or during
elongating rolling, the plurality of compressed gas ejection holes 351 ¢ject
compressed gas to the outside of the contact suppression zone 33. In FIG. 4 and
FIG. 5, the plurality of compressed gas ejection holes 351 are arrayed in the
circumferential direction and the axial direction of the bar body 31. However, the
plurality of compressed gas ejection holes 351 may be arrayed in the circumferential
direction of the bar body 31, or may be arrayed in the circumferential direction and

the axial direction of the bar body 31. Specifically, the plurality of compressed gas
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¢jection holes 351 are arrayed in the circumferential direction, and need not be
arrayed in the axial direction. Preferably, the plurality of compressed gas ejection
holes 351 are arrayed in the circumferential direction and/or the axial direction of the
bar body 31. As will be described later, the inner surface damming mechanism 350
includes a plurality of ¢jection nozzles, and each ejection nozzle has a compressed
gas ejection hole 351.

[0114]

FIG. 6 is a sectional drawing along a cross section perpendicular to the axial
direction of the mandrel bar 3, which is a sectional drawing along a line segment A-
A in the cooling zone 32 shown in FIG. 5. Referring to FIG. 6, the coolant channel
34 is disposed at the center part of the bar body 31, side by side with the gas channel
35. A plurality of the coolant ejection holes 341 are arrayed in the circumferential
direction of the bar body 31. The plurality of coolant ejection holes 341 may be
arrayed at regular intervals in the circumferential direction of the bar body 31, or
may be arrayed irregularly in the circumferential direction thereof. Preferably, the
coolant ¢jection holes 341 are arrayed at regular intervals in the circumferential
direction of the bar body 31. Each of the coolant ejection holes 341 is connected to
the coolant channel 34.  As illustrated in FIG. 5 and FIG. 6, in the present
embodiment, inside the cooling zone 32, the plurality of coolant ejection holes 341
are arrayed in the circumferential direction and the axial direction of the bar body 31.
However, it suffices that the plurality of coolant ejection holes 341 are arrayed in at
least the circumferential direction of the bar body 31.

[0115]

FIG. 7 is a sectional drawing along a cross section perpendicular to the axial
direction of the mandrel bar 3, which is a sectional drawing along a line segment B-B
in the contact suppression zone 33 shown in FIG. 5. Referring to FIG. 7, similarly
to the sectional drawing of the inside of the cooling zone 32 (FIG. 6), in the sectional
drawing of the inside of the contact suppression zone 33, the gas channel 35 is
disposed at the center part of the bar body 31, side by side with the coolant channel
34. A plurality of the compressed gas ejection holes 351 are arrayed in the
circumferential direction of the bar body 31. The plurality of compressed gas

¢jection holes 351 may be arrayed at regular intervals in the circumferential direction
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of the bar body 31, or may be arrayed irregularly in the circumferential direction
thereof. Preferably, the compressed gas ejection holes 351 are arrayed at regular
intervals in the circumferential direction of the bar body 31. Each of the

compressed gas ejection holes 351 is connected to the gas channel 35.  As

illustrated in FIG. 5 and FIG. 7, in the present embodiment, inside the contact
suppression zone 33, the plurality of compressed gas ejection holes 351 are arrayed

in the circumferential direction and the axial direction of the bar body 31. However,
it suffices that the plurality of compressed gas ejection holes 351 are arrayed in at
least the circumferential direction of the bar body 31.

[0116]

[Regarding drainage mechanism]

Returning to FIG. 5, the mandrel bar 3 may also include a drainage channel
37 inside the bar body 31. The drainage channel 37 extends through the inside of
the bar body 31, along the axial direction of the bar body 31. The drainage channel
37 extends as far as the rear end face (end face on the opposite side to the fore end
face that is connected to the plug 2) of the bar body 31. FIG. 8 is a sectional
drawing along a cross section perpendicular to the axial direction of the mandrel bar,
which is a sectional drawing along a line segment C-C in the cooling zone 32.
Referring to FIG. 8, the drainage channel 37 is formed at the central part of the bar
body 31, and houses the coolant channel 34 and the gas channel 35 therein.
However, the drainage channel 37 need not house the coolant channel 34 and the gas
channel 35 therein.

[0117]

The mandrel bar 3 further includes one or more drainage holes 371 within the
cooling zone 32. In a case where a plurality of the drainage holes 371 are formed,
the plurality of drainage holes 371 may be arrayed in the circumferential direction of
the bar body 31 as illustrated in FIG. 8, or although not illustrated in the drawing,
may be arrayed in the axial direction of the bar body 31. During piercing-rolling
and during elongating rolling, the drainage mechanism that includes the drainage
channel 37 and the drainage hole 371 recovers some of the coolant ejected toward
the inner surface portion of the hollow shell while the hollow shell passes through

the cooling zone 32.
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[0118]

Note that, the mandrel bar 3 of the piercing machine 10 of the present
embodiment need not have the drainage channel 37 and the drainage hole 371.
[0119]

[Regarding method for producing seamless metal pipe using piercing machine
10]

The piercing machine 10 having the above configuration cools the inner
surface portion of the hollow shell 50 within the cooling zone 32 of the mandrel bar
3 with coolant during piercing-rolling or elongating rolling, and in the contact
suppression zone 33, contact of the coolant with the inner surface portion of the
hollow shell 50 is suppressed. In short, although the piercing machine 10 actively
cools the inner surface portion of the hollow shell 50 using coolant in the cooling
zone 32, the piercing machine 10 is configured so that, in the zone that is rearward of
the cooling zone 32, coolant is prevented as much as possible from contacting the
imer surface portion of the hollow shell 50.  Thus, the occurrence of variations in
the cooling time periods (differences in the lengths of the cooling time periods) at
each position in the longitudinal direction of the hollow shell 50 are suppressed, and
a temperature difference between the fore end portion and the rear end portion of the
hollow shell after piercing-rolling or after elongating rolling is reduced. This point
is described in detail hereunder.

[0120]

FIG. 9 is a longitudinal sectional drawing illustrating the hollow shell 50, the
plug and the mandrel bar 3 during piercing-rolling or elongating rolling, on the
delivery side of the piercing machine 10.

[0121]

Referring to FIG. 9, during piercing-rolling or during elongating rolling, the
inner surface cooling mechanism 340 of the mandrel bar 3 ¢jects coolant to the
outside of the bar body 31 from the coolant ejection holes 341 in the cooling zone 32.
Therefore, of the entire inner surface of the hollow shell that is being subjected to
piercing-rolling or elongating rolling, the inner surface portion that is inside the
cooling zone 32 is cooled by coolant. Here, the phrase "inner surface portion of the

hollow shell 50 that is inside the cooling zone 32" means an inner surface portion of
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the hollow shell 50 that overlaps with the cooling zone 32 when seen in the radial
direction of the hollow shell 50 (when seen in a direction perpendicular to the axial
direction of the mandrel bar 3).

[0122]

In addition, during piercing-rolling or during elongating rolling, the inner
surface damming mechanism 350 of the mandrel bar 3 ejects compressed gas to
outside of the bar body 31 from the compressed gas ejection holes 351 in the contact
suppression zone 33. In a case where coolant ¢jected from the coolant ¢jection
holes 341 of the cooling zone 32 flows further rearward than the cooling zone 32, the
coolant is blown away by ejection of the compressed gas. As a result, in the contact
suppression zone 33, contact of coolant with the inner surface portion of the hollow
shell can be suppressed.

[0123]

The compressed gas ejected from the plurality of compressed gas ejection
holes 351 in the contact suppression zone 33 also dams coolant that is inside the
cooling zone 32 from advancing further rearward than the cooling zone 32.
Specifically, as illustrated in FIG. 10, in the contact suppression zone 33, compressed
gas CG ejected from the compressed gas ejection holes 351 is filled into a clearance
between the outer surface of the mandrel bar 3 and the inner surface of the hollow
shell 50. The compressed gas CG that is filled into the clearance dams the entry of
ejected coolant from the cooling zone 32 into the contact suppression zone 33. Asa
result, as illustrated in FIG. 11, within the cooling zone 32, coolant CL accumulates
in the clearance between the outer surface of the mandrel bar 3 and the inner surface
of the hollow shell 50. Preferably, the coolant CL fills the clearance between the
outer surface of the mandrel bar 3 and the inner surface of the hollow shell 50.
Because the coolant CL continues to be ejected from the coolant ¢jection holes 341
in a state in which the coolant CL is accumulated in the cooling zone 32, the
accumulated coolant CL convects. Therefore, during piercing-rolling or during
elongating rolling, the inner surface portion of the hollow shell 50 that is inside the
cooling zone 32 is cooled.

[0124]
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As described in the foregoing, in the piercing machine 10 of the present
embodiment, during piercing-rolling or during elongating rolling, the inner surface
portion of the hollow shell 50 is cooled at the cooling zone 32 of the mandrel bar 3,
and contact of coolant with the inner surface portion of the hollow shell 50 is
suppressed in the contact suppression zone 33.

[0125]

Here, a case will be supposed in which, as illustrated in FIG. 12, the mandrel
bar 3 includes the inner surface cooling mechanism 340, but does not include the
inner surface damming mechanism 350. In this case, because the inner surface
damming mechanism 350 is not present, the coolant CL flows out as far as the
contact suppression zone 33 that is further rearward than the cooling zone 32. The
coolant CL that flowed out is liable to accumulate, in particular, on the inner surface
of the hollow shell 50 at a position that is below the mandrel bar 3.  As the piercing-
rolling or clongating rolling proceeds, the area in which the coolant CL accumulates
changes because the length of the hollow shell 50 that extends rearward of the plug 2
increases. Therefore, it is difficult for the time periods of cooling by the coolant CL
at each position in the longitudinal direction of the hollow shell 50 during the
piercing-rolling or during the elongating rolling to be constant, and cooling
nonuniformity occurs in the longitudinal direction. Consequently, in some cases the
fore end portion of the hollow shell 50 (end portion that passes the plug 2 in the
initial stage of rolling) is excessively cooled, and the temperature at the fore end
portion becomes excessively low compared to the rear end portion (end portion that
passes the plug 2 at the end of rolling) of the hollow shell 50.

[0126]

In contrast, in the piercing machine 10 of the present embodiment, as
illustrated in FIG. 9, the inner surface damming mechanism 350 is provided in the
contact suppression zone 33. Further, the coolant CL that enters the contact
suppression zone 33 is blown away or the entry of coolant to the contact suppression
zone 33 is damed by the compressed gas CG ejected from the compressed gas
gjection holes 351 of the inner surface damming mechanism 350. By this means,
the inner surface of the hollow shell 50 during piercing-rolling or during elongating

rolling is cooled by the coolant CL in the cooling zone 32, and contact of the coolant

Date Regue/Date Received 2020-05-26



CA 03083564 2020-05-26
- 52 -

CL with the inner surface of the hollow shell 50 in a zone (contact suppression zone
33) that is further rearward than the cooling zone 32 is suppressed. As aresult, it is
easy for the time period of cooling by the coolant CL at each position in the
longitudinal direction of the hollow shell 50 during piercing-rolling or during
elongating rolling to be a constant time period, and the occurrence of a temperature
difference between the fore end portion and rear end portion of the hollow shell 50
after piercing-rolling or after elongating rolling can be suppressed. Thus, it is easy
to obtain a seamless metal pipe that has a uniform micro-structure in the longitudinal
direction.

[0127]

Note that, as illustrated in FIG. 9, the mandrel bar 3 includes the drainage hole
371 in the cooling zone 32 in the fore end portion. Therefore, as illustrated in FIG.
13, during piercing-rolling or during elongating rolling, some of the coolant CL that
cooled the inner surface of the hollow shell 50 is drained into the drainage channel
37 through the drainage hole 371. The coolant CL which was drained into the
drainage channel 37 flows through the drainage channel 37 and is discharged to
outside of the mandrel bar 3 without contacting the hollow shell 50. Note that,
coolant CL of an amount corresponding to the amount by which the coolant CL
decreased as a result of some of the coolant CL being discharged is newly
replenished from the coolant ¢jection holes 341.  Thus, when the mandrel bar
includes the drainage hole 371, because the coolant CL circulates, cooling of the
inner surface of the hollow shell 50 in the cooling zone 32 is promoted. The
drainage hole 371 may be disposed at any position within the cooling zone 32. In
order to promote convection of the coolant CL, the drainage hole 371 is preferably
disposed nearer to the plug 2 than the central part in the axial direction of the cooling
zone 32.

[0128]

Note that, the drainage hole 371 and the drainage channel 37 need not be
provided. However, if the drainage hole 371 and the drainage channel 37 are
formed, the aforementioned effect can be obtained.

[0129]
[Second Embodiment]
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The orientation of the coolant ejection holes 341 of the inner surface cooling
mechanism of the mandrel bar 3 is not particularly limited. FIG. 14 is a sectional
drawing in a direction perpendicular to the axial direction of the mandrel bar 3 that is
taken along a line segment A-A inside the cooling zone 32 shown in FIG. 5 in the
piercing machine according to the embodiment illustrated in FIG. 2, which is
different from the sectional drawing in FIG. 6. Referring to FIG. 14, the coolant
ejection holes 341 are formed in a front end of ¢jection nozzles N34, respectively,
and are connected with the coolant channel 34. FIG. 15 is an enlarged view of the
coolant ejection hole 341 in a case where the bar body 31 illustrated in FIG. 14 is
seen from the surface. Referring to FIG. 14 and FIG. 15, when seen in the
advancing direction of the hollow shell 50, the plurality of coolant ejection holes 341
are oriented in the circumferential direction of the bar body 31. Further, as
illustrated in FIG. 15, when seen in the radial direction of the bar body 31 (that is,
when the bar body 31 is viewed from the side), an ¢jection direction F34 of the
coolant ejection hole 341 that is opened in the front end of the ¢jection nozzle N34
intersects at an angle a with an axial direction X31 of the bar body 31, and faces
rearward of the bar body 31.

[0130]

FIG. 16 is a sectional drawing in a direction perpendicular to the axial
direction of the mandrel bar 3 that is taken along a line segment B-B inside the
contact suppression zone 33 shown in FIG. 5, which is different from the sectional
drawing in FIG. 7. Referring to FIG. 16, the compressed gas ejection holes 351 are
formed in a front end of an ejection nozzles N35, respectively, and are connected
with the gas channel 35. FIG. 17 is an enlarged view of the compressed gas
ejection hole 351 in a case where the bar body 31 of the mandrel bar 3 is seen from
the surface. Referring to FIG. 16 and FIG. 17, when seen in the advancing direction
of the hollow shell 50, the plurality of compressed gas ejection holes 351 are oriented
in the circumferential direction of the bar body 31. Further, referring to FIG. 17,
when seen in the radial direction of the bar body 31 (that is, when the bar body 31 is
viewed from the side), an ejection direction F35 of the compressed gas ejection hole
351 that is opened in the front end of the ¢jection nozzle N35 intersects at an angle o

with an axial direction X31 of the bar body 31, and faces rearward of the bar body 31.
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[0131]

[Formation of swirl flows]

Referring to FIG. 18, in the piercing machine 10 according to the second
embodiment, when scen in the advancing direction of the hollow shell 50, the inner
surface cooling mechanism 340 ejects coolant in the circumferential direction of the
bar body 31 from the coolant ejection holes 341. By this means, coolant that is
filled between the bar body 31 and the inner surface of the hollow shell 50 inside the
cooling zone 32 is caused to swirl in the circumferential direction of the bar body 31,
thereby generating a swirl flow SF34. The swirl flow SF34 flows in the rearward
direction of the bar body 31, while swirling around the bar body 31. By means of
the swirl flow SF34, variations in the flow of the coolant in the circumferential
direction of the bar body 31 can be suppressed. As a result, the occurrence of
cooling nonuniformity in the circumferential direction at the inner surface of the
hollow shell 50 can be suppressed.

[0132]

In addition, in the present embodiment, when seen in the advancing direction
of the hollow shell 50, the inner surface damming mechanism 350 ejects compressed
gas in the circumferential direction of the bar body 31 from the compressed gas
gjection holes 351. By this means, compressed gas that is filled between the bar
body 31 and the inner surface of the hollow shell 50 inside the contact suppression
zone 33 is caused to swirl in the circumferential direction of the bar body 31, thereby
generating a swirl flow SF35.  The swirl flow SF35 flows in the rearward direction
of the bar body 31, while swirling around the bar body 31. By means of the swirl
flow SF35, in a case where coolant constituting the swirl flow SF34 enters the
contact suppression zone 33 from the cooling zone 32, the coolant is quickly blown
away to rearward of the bar body 31 by the swirl flow SF35 constituted by the
compressed gas.  Therefore, within the contact suppression zone 33, contact of
coolant with the inner surface of the hollow shell 50 can be suppressed.

[0133]

FIG. 19 is a sectional drawing illustrating the piercing machine 10 in a case

where the piercing machine 10 is seen from the axial direction of the bar body 31,

which is a drawing for describing the swirl flow SF34 generated by the coolant, and
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the swirl flow SF35 generated by the compressed gas.  As illustrated in FIG. 19,
when scen in the advancing direction of the hollow shell 50, the swirling direction of
the swirl flow SF34 of the coolant ¢jected from the plurality of coolant ¢jection holes
341 of the inner surface cooling mechanism 340 is the clockwise direction or
counterclockwise direction. Further, the swirling direction of the swirl flow SF35
of the compressed gas ejected from the plurality of compressed gas ejection holes of
the inner surface damming mechanism 350 is the clockwise direction or
counterclockwise direction.

[0134]

Preferably, as illustrated in FIG. 19, the swirling direction of the swirl flow
SF35 of compressed gas is the same as the swirling direction of the swirl flow SF34
of coolant generated by the inner surface cooling mechanism 340. In this case, the
occurrence of an eddy flow caused by a collision between fluids (coolant and
compressed gas) can be suppressed at the boundary between the cooling zone 32 and
the contact suppression zone 33. Therefore, the occurrence of a situation in which
coolant stays at the boundary between the cooling zone 32 and the contact
suppression zone 33 can be suppressed, and coolant entering the contact suppression
zone 33 can be quickly blown away to rearward of the bar body 31 by the swirl flow
SF35. As aresult, while suppressing the occurrence of cooling nonuniformity in
the circumferential direction at the inner surface of the hollow shell 50 within the
cooling zone 32, contact of coolant with the inner surface portion of the hollow shell
50 at a position that is further rearward than the cooling zone 32 can also be
suppressed.

[0135]

Referring to FIG. 18, the inner surface cooling mechanism 340 may include a
plurality of annularly arranged coolant-¢jection-hole groups 345 that are arrayed in
the axial direction of the bar body 31. In this case, each annularly arranged coolant-
¢jection-hole group 345 includes a plurality of coolant ejection holes 341 that are
arrayed in the circumferential direction of the bar body 31. Here, a distance in the
axial direction of the bar body 31 that the swirl flow SF34 of coolant advances until
completing one rotation around the bar body 31 is defined as "one swirl period

distance DF34." At this time, it is preferable that a distance between annularly
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arranged coolant-ejection-hole groups 345 that are adjacent in the axial direction of
the bar body 31 is the same as the one swirl period distance DF34. Here the term
"the same as the one swirl period distance DF34" means that the distance between
the annularly arranged coolant-¢jection-hole groups 345 that are adjacent is within a
range of the one swirl period distance DF34 +50%. Preferably, the distance
between the annularly arranged coolant-¢jection-hole groups 345 that are adjacent is
within a range of the one swirl period distance DF34 +20%, and more preferably is
within a range of the one swirl period distance DF34 +10%.

[0136]

In this case, when the swirl flow SF34 advances the one swirl period distance
DF34, new coolant is supplied from the annularly arranged coolant-¢jection-hole
group 345 in the next row. Therefore, it is more difficult for an eddy flow to arise
in the swirl flow SF34 in comparison to a case where new coolant is supplied from
the annularly arranged coolant-ejection-hole group 345 in the next row before the
swirl flow SF34 reaches the one swirl period distance DF34. Thus, the occurrence
of cooling nonuniformity in the circumferential direction at the inner surface of the
hollow shell 50 can be further suppressed.

[0137]

Referring to FIG. 18, similarly to the inner surface cooling mechanism 340,
the inner surface damming mechanism 350 may include a plurality of annularly
arranged gas-ejection-hole groups 355 that are arrayed in the axial direction of the
bar body 31. Each annularly arranged gas-ejection-hole group 355 includes a
plurality of compressed gas ejection holes 351 that are arrayed in the circumferential
direction of the bar body 31. Here, a distance in the axial direction of the bar body
31 that the swirl flow SF35 of compressed gas advances until completing one
rotation around the bar body 31 is defined as "one swirl period distance DF35." At
this time, it is preferable that a distance between the annularly arranged gas-cjection-
hole groups 355 that are adjacent in the axial direction X31 of the bar body 31 is the
same as the one swirl period distance DF35. Here the term "the same as the one
swirl period distance DF35" means that the distance between the annularly arranged
gas-¢jection-hole groups 355 that are adjacent is within a range of the one swirl

period distance DF35 £50%. Preferably, the distance between the annularly
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arranged gas-ejection-hole groups 355 that are adjacent is within a range of the one
swirl period distance DF35 +20%, and more preferably is within a range of the one
swirl period distance DF35 £10%.

[0138]

In this case, when the swirl flow SF35 advances the one swirl period distance
DF35, new compressed gas is supplied from the annularly arranged gas-ejection-hole
group 355 in the next row. Therefore, it is more difficult for an eddy flow to arise
in the swirl flow SF35 in comparison to a case where new compressed gas 1s
supplied from the annularly arranged gas-ejection-hole group 355 in the next row
before the swirl flow SF35 reaches the one swirl period distance DF35.  In this case,
coolant that flowed rearward from the cooling zone 32 can be blown away more
quickly to rearward of the bar body 31 by the swirl flow SF35, and contact of coolant
with the inner surface of the hollow shell 50 at a position that is further rearward than
the cooling zone 32 can be further suppressed.

[0139]

In the aforementioned embodiment, as illustrated in FIG. 19, the swirling
direction of the swirl flow SF35 of compressed gas which the inner surface damming
mechanism 350 generates is made the same as the swirling direction of the swirl flow
SF34 of coolant which the inner surface cooling mechanism 340 generates.

However, the swirling direction of the swirl flow SF35 of compressed gas which the
inner surface damming mechanism 350 generates may be a different direction
(opposite direction) to the swirling direction of the swirl flow SF34 of coolant which
the inner surface cooling mechanism 340 generates.

[0140]

Further, even when the swirling direction of the swirl flow SF35 of the
compressed gas which the inner surface damming mechanism 350 generates is the
same direction as the swirling direction of the swirl flow SF34 of coolant which the
inner surface cooling mechanism 340 generates, the angle o formed between the
gjection direction F34 of the coolant from the coolant ejection holes 341 and the
axial direction X31 of the bar body 31 that is illustrated in FIG. 15 may be a different

angle to the angle o formed between the ejection direction F35 of the compressed
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gas from the compressed gas ejection holes 351 and the axial direction X31 of the
bar body 31 that is illustrated in FIG. 17.
[0141]

Furthermore, although in the aforementioned embodiment the inner surface
cooling mechanism 340 generates the swirl flow SF34 of coolant and the inner
surface damming mechanism 350 generates the swirl flow SF35 of the compressed
gas, in the piercing machine 10 of the second embodiment the aforementioned effect
is obtained to a certain extent as long as at least the inner surface cooling mechanism
340 generates the swirl flow SF34 of coolant. That is, in the piercing machine 10
according to the second embodiment, although the inner surface cooling mechanism
340 generates the swirl flow SF34 of coolant and the inner surface damming
mechanism 350 ejects compressed gas, the inner surface damming mechanism 350
need not generate the swirl flow SF35.  For example, the inner surface damming
mechanism 350 ejects compressed gas in the radial direction of the bar body 31. In
this case, the inner surface damming mechanism 350 does not form the swirl flow
SF35. However, even in this case, because the inner surface cooling mechanism
340 generates the swirl flow SF34, in the cooling zone 32, cooling nonuniformity in
the circumferential direction at the inner surface of the hollow shell 50 can be
suppressed to a certain extent.

[0142]

In the aforementioned embodiment, when the bar body 31 is viewed from the
side (that is, when viewed from a direction that is perpendicular to the axial direction
of the bar body 31), the ejection direction F34 of the coolant ejection holes 341 of the
mner surface cooling mechanism 340 intersects with the axial direction X31 of the
bar body 31 and faces rearward of the bar body 31. However, as illustrated in FIG.
20, the ejection direction F34 of the coolant ¢jection holes 341 may be orthogonal to
the axial direction X31 of the bar body 31, and need not face rearward of the bar
body 31. In this case also, the swirl flow SF34 can be generated to a certain extent.
However, it is preferable that the ejection direction F34 of the coolant ejection holes
341 of the inner surface cooling mechanism 340 intersects with the axial direction
X31 of the bar body 31 and faces rearward of the bar body 31. The reason is that it

is easier for coolant to advance in the rearward direction of the bar body 31.
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[0143]

[Third Embodiment]

The inner surface damming mechanism 350 may suppress coolant from
entering into the contact suppression zone 33 by using a method other than
compressed gas.

[0144]

FIG. 21 is a longitudinal sectional drawing of the vicinity of the skewed rolls
when a material is subjected to piercing-rolling or clongating rolling by a piercing
machine according to the third embodiment. Referring to FIG. 21, in the present
embodiment, the mandrel bar 3 does not include the gas channel 35, and does not
receive a supply of gas from the gas supply device 8. In addition, the inner surface
damming mechanism 350 includes an inner surface damming member 352 instead of
the plurality of compressed gas ejection holes 351.

[0145]

The inner surface damming member 352 is disposed adjacent to the rear end
of the cooling zone 32. The inner surface damming member 352 extends in the
circumferential direction of the bar body 31, and accordingly, when the mandrel bar
3 is seen from the axial direction, the outer edge of the inner surface damming
member 352 is a circular shape. When the mandrel bar 3 is seen from a direction
perpendicular to the axial direction, a height H352 of the inner surface damming
member 352 is less than a differential value H23 obtained by subtracting the radius
of the mandrel bar at the position at which the inner surface damming member 352 is
disposed from the maximum radius of the plug 2. In other words, the height of the
mmer surface damming member is lower than a differential value between the
maximum radius of the plug and the radius of the bar body at the position at which
the inner surface damming member is disposed. Therefore, during piercing-rolling
or during elongating rolling, the inner surface damming member does not contact the
inner surface of the hollow shell that passed by the plug, and also does not roll down
the inner surface of the hollow shell. Preferably, the height H352 of the inner
surface damming member 352 is equal to or greater than one-half of the differential
value H23.

[0146]
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The material of the inner surface damming member 352 is, for example, glass
wool. The material of the inner surface damming member 352 is not limited to
glass wool. It suffices that the material has a fusing point that is higher than the
inner surface temperature of the hollow shell 50 during piercing-rolling or clongating
rolling. Preferably, the fusing point of the material of the inner surface damming
member 352 is 1100°C or higher.

[0147]

The remaining configuration of the piercing machine of the present
embodiment is the same as the configuration of the piercing machine 10 of the first
embodiment.

[0148]

As illustrated in FIG. 21, in the piercing machine of the present embodiment
also, during piercing-rolling or during elongating rolling, the inner surface damming
member 352 suppresses the entry of the coolant CL into the contact suppression zone
33, and physically dams the coolant CL inside the cooling zone 32. Hence, the
same effect as in the first embodiment is obtained.

[0149]

Note that, the mandrel bar 3 illustrated in FIG. 21 may include the gas
channel 35, and the inner surface damming mechanism 350 may include the plurality
of compressed gas ejection holes 351 and the inner surface damming member 352.
[0150]

[Fourth Embodiment]

In the first to third embodiments, of the entire inner surface of the hollow
shell 50 subjected to piercing-rolling or elongating rolling, the inner surface portion
that is over the cooling zone 32 is cooled. In the present embodiment, the outer
surface portion of the hollow shell 50 that is inside the cooling zone 32 is also cooled.
[0151]

FIG. 22 is a longitudinal sectional drawing of the vicinity of the skewed rolls
when a material is subjected to piercing-rolling or clongating rolling by a piercing
machine of the fourth embodiment.

[0152]
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Referring to FIG. 22, in comparison to the piercing machine 10 illustrated in
FIG. 9, the piercing machine 10 further includes an outer surface cooling mechanism
400. The outer surface cooling mechanism 400 is disposed around the mandrel bar
3, at a position that is rearward of the plug 2.

[0153]

Referring to FIG. 22, during piercing-rolling or elongating rolling, the outer
surface cooling mechanism 400 ejects cooling fluid toward the outer surface portion
of the hollow shell 50 that is advancing within the cooling zone 32, and thereby cools
the hollow shell 50 that is within the cooling zone 32.

[0154]

FIG. 23 is a view that illustrates the outer surface cooling mechanism 400
when seen from the advancing direction of the hollow shell 50 (that is, a front view
of the outer surface cooling mechanism 400). Referring to FIG. 22 and FIG. 23, the
outer surface cooling mechanism 400 includes an outer surface cooling upper
member 400U, an outer surface cooling lower member 400D, an outer surface
cooling left member 400L and an outer surface cooling right member 400R.

[0155]

[Configuration of outer surface cooling upper member 400U |

The outer surface cooling upper member 400U is disposed above the mandrel
bar 3. The outer surface cooling upper member 400U includes a main body 402
and a plurality of cooling fluid upper-part ejection holes 401U.  The main body 402
is a tube-shaped or plate-shaped casing that is curved in the circumferential direction
of the mandrel bar 3, and includes therein one or more cooling fluid paths which
allow a cooling fluid CF (see FIG. 22) to pass therethrough. In the present example,
the plurality of cooling fluid upper-part ejection holes 401U are formed in a front end
of a plurality of cooling fluid upper-part ejection nozzles 403U. However, the
cooling fluid upper-part ejection holes 401U may be formed directly in the main
body 402. In the present example, the plurality of cooling fluid upper-part ¢jection
nozzles 403U that are arrayed around the mandrel bar 3 are connected to the main
body 402.

[0156]
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The plurality of cooling fluid upper-part ejection holes 401U face the mandrel
bar 3. When the hollow shell 50 subjected to piercing-rolling or elongating rolling
passes through the inside of the outer surface cooling mechanism 400, the plurality
of cooling fluid upper-part ¢jection holes 401U face the outer surface of the hollow
shell 50. The plurality of cooling fluid upper-part ¢jection holes 401U are arrayed
around the mandrel bar 3, in the circumferential direction of the mandrel bar 3.
Preferably, the plurality of cooling fluid upper-part ejection holes 401U are disposed
at regular intervals around the mandrel bar 3.  Referring to FIG. 22, preferably the
plurality of cooling fluid upper-part ejection holes 401U are also arrayed in plurality
in the axial direction of the mandrel bar 3.

[0157]

[Configuration of outer surface cooling lower member 400D}

Referring to FIG. 23, the outer surface cooling lower member 400D is
disposed below the mandrel bar 3. The outer surface cooling lower member 400D
includes a main body 402 and a plurality of cooling fluid lower-part ejection holes
401D. The main body 402 is a tube-shaped or plate-shaped casing that is curved in
the circumferential direction of the mandrel bar 3, and includes therein one or more
cooling fluid paths which allow the cooling fluid CF to pass therethrough. In the
present example, the plurality of cooling fluid lower-part ejection holes 401D are
formed in a front end of a plurality of cooling fluid lower-part ejection nozzles 403D.
However, the cooling fluid lower-part ejection holes 401D may be formed directly in
the main body 402. In the present example, the plurality of cooling fluid lower-part
ejection nozzles 403D that are arrayed around the mandrel bar 3 are connected to the
main body 402.

[0158]

The plurality of cooling fluid lower-part ejection holes 401D face the mandrel
bar 3. When the hollow shell 50 subjected to piercing-rolling or elongating rolling
passes through the inside of the outer surface cooling mechanism 400, the plurality
of cooling fluid lower-part ¢jection holes 401D face the outer surface of the hollow
shell 50. The plurality of cooling fluid lower-part ejection holes 401D are arrayed
around the mandrel bar 3, in the circumferential direction of the mandrel bar 3.

Preferably, the plurality of cooling fluid lower-part ejection holes 401D are disposed
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at regular intervals around the mandrel bar 3. Referring to FIG. 22, preferably the
plurality of cooling fluid lower-part ejection holes 401D are also arrayed in plurality
in the axial direction of the mandrel bar 3.

[0159]

[Configuration of outer surface cooling left member 400L]

Referring to FIG. 23, the outer surface cooling left member 400L is disposed
leftward of the mandrel bar 3. The outer surface cooling left member 400L includes
a main body 402 and a plurality of cooling fluid left-part ejection holes 401L. The
main body 402 is a tube-shaped or plate-shaped casing that is curved in the
circumferential direction of the mandrel bar 3, and includes therein one or more
cooling fluid paths which allow the cooling fluid CF to pass therethrough. In the
present example, a plurality of cooling fluid left-part ejection nozzles 403L that are
arrayed around the mandrel bar 3 are connected to the main body 402, and the
plurality of cooling fluid left-part ejection holes 401L are formed in a front end of the
plurality of cooling fluid left-part ejection nozzles 403L. However, the cooling
fluid left-part ejection holes 401L may be formed directly in the main body 402.
[0160]

The plurality of cooling fluid left-part ejection holes 401L face the mandrel
bar 3.  When the hollow shell 50 subjected to piercing-rolling or clongating rolling
passes through the inside of the outer surface cooling mechanism 400, the plurality
of cooling fluid left-part ¢jection holes 401L face the outer surface of the hollow
shell 50. The plurality of cooling fluid left-part ejection holes 401L are arrayed
around the mandrel bar 3, in the circumferential direction of the mandrel bar 3.
Preferably, the plurality of cooling fluid left-part ejection holes 401L are disposed at
regular intervals around the mandrel bar 3. Preferably, the plurality of cooling fluid
left-part ejection holes 401L are also arrayed in plurality in the axial direction of the
mandrel bar 3.

[0161]

[Configuration of outer surface cooling right member 400R ]

Referring to FIG. 23, the outer surface cooling right member 400R is disposed
rightward of the mandrel bar 3. The outer surface cooling right member 400R
includes a main body 402 and a plurality of cooling fluid right-part ¢jection holes
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401R. The main body 402 is a tube-shaped or plate-shaped casing that is curved in
the circumferential direction of the mandrel bar 3, and includes therein one or more
cooling fluid paths which allow the cooling fluid CF to pass therethrough. In the
present example, a plurality of cooling fluid right-part e¢jection nozzles 403R that are
arrayed around the mandrel bar 3 are connected to the main body 402, and the
plurality of cooling fluid right-part ¢jection holes 401R are formed in a front end of
the plurality of cooling fluid right-part ¢jection nozzles 403R. However, the
cooling fluid right-part ejection holes 401R may be formed directly in the main body
402.

[0162]

The plurality of cooling fluid right-part ¢jection holes 401R face the mandrel
bar 3. When the hollow shell 50 subjected to piercing-rolling or elongating rolling
passes through the inside of the outer surface cooling mechanism 400, the plurality
of cooling fluid right-part ejection holes 401R face the outer surface of the hollow
shell 50. The plurality of cooling fluid right-part ejection holes 401R are arrayed
around the mandrel bar 3, in the circumferential direction of the mandrel bar 3.
Preferably, the plurality of cooling fluid right-part ejection holes 401R are disposed
at regular intervals around the mandrel bar 3.Preferably, the plurality of cooling fluid
right-part ejection holes 401R are also arrayed in plurality in the axial direction of
the mandrel bar 3.

[0163]

Note that, in FIG. 23 the outer surface cooling upper member 400U, the outer
surface cooling lower member 400D, the outer surface cooling left member 400L and
the outer surface cooling right member 400R are separate members that are
independent from each other. However, as illustrated in FIG. 24, the outer surface
cooling upper member 400U, the outer surface cooling lower member 400D, the
outer surface cooling left member 400L and the outer surface cooling right member
400R may be connected.

[0164]

Further, any of the outer surface cooling upper member 400U, the outer

surface cooling lower member 400D, the outer surface cooling left member 400L and

the outer surface cooling right member 400R may be constituted by a plurality of
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members, and parts of adjacent outer surface cooling members may be connected.

In FIG. 25, the outer surface cooling left member 400L is constituted by two
members (400LU, 400LD). Further, an upper member 400LU of the outer surface
cooling left member 400L is connected to the outer surface cooling upper member
400U, and a lower member 400LD of the outer surface cooling left member 400L is
connected to the outer surface cooling lower member 400D. Furthermore, the outer
surface cooling right member 400R is constituted by two members (400RU, 400RD).
An upper member 400RU of the outer surface cooling right member 400R is
connected to the outer surface cooling upper member 400U, and a lower member
400RD of the outer surface cooling right member 400R is connected to the outer
surface cooling lower member 400D.

[0165]

In short, each of the outer surface cooling members (the outer surface cooling
upper member 400U, the outer surface cooling lower member 400D, the outer
surface cooling left member 400L and the outer surface cooling right member 400R)
may include a plurality of members, and a part or all of each of the outer surface
cooling members may be formed integrally with another outer surface cooling
member.  As long as the outer surface cooling upper member 400U ejects the
cooling fluid CF toward the upper part of the outer surface of the hollow shell 50, the
outer surface cooling lower member 400D ejects the cooling fluid CF toward the
lower part of the outer surface of the hollow shell 50, the outer surface cooling left
member 400L ejects the cooling fluid CF toward the left part of the outer surface of
the hollow shell 50, and the outer surface cooling right member 400R ejects the
cooling fluid CF toward the right part of the outer surface of the hollow shell 50, the
configuration of each of the outer surface cooling members (the outer surface cooling
upper member 400U, the outer surface cooling lower member 400D, the outer
surface cooling left member 400L and the outer surface cooling right member 400R)
is not particularly limited.

[0166]

[Operations of outer surface cooling mechanism 400]

Of the entire hollow shell 50 subjected to piercing-rolling or elongating
rolling by the piercing machine 10 and passed through the skewed rolls 1, the outer
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surface cooling mechanism 400 having the configuration described above ¢jects the
cooling fluid CF toward the upper part, the lower part, the left part and the right part
of the outer surface of the hollow shell 50 that is passing through the cooling zone 32
and thereby cools the hollow shell 50 within the cooling zone 32 of the specific
length L32. More specifically, when seen from the advancing direction of the
hollow shell 50, the outer surface cooling upper member 400U e¢jects the cooling
fluid CF toward the upper part of the outer surface of the hollow shell 50 within the
cooling zone 32, the outer surface cooling lower member 400D ¢jects the cooling
fluid CF toward the lower part of the outer surface of the hollow shell 50 within the
cooling zone 32, the outer surface cooling left member 400L ¢jects the cooling fluid
CF toward the left part of the outer surface of the hollow shell 50 within the cooling
zone 32, and the outer surface cooling right member 400R ¢jects the cooling fluid CF
toward the right part of the outer surface of the hollow shell 50 within the cooling
zone 32, to thereby cool the entire outer surface (upper part, lower part, left part and
right part of the outer surface) of the hollow shell 50 within the cooling zone 32.

By this means, the outer surface cooling mechanism 400 suppresses a temperature
difference between the fore end portion and rear end portion of the hollow shell 50
from becoming large, and suppresses the occurrence of temperature variations in the
axial direction of the hollow shell 50. Hereunder, the operations of the outer
surface cooling mechanism 400 when the piercing machine 10 performs piercing-
rolling or elongating rolling are described.

[0167]

The piercing machine 10 subjects the material 20 to piercing-rolling or
elongating rolling to produce the hollow shell 50. In a case where the piercing
machine 10 is a piercing mill, the piercing machine 10 subjects a round billet that is
the material 20 to piercing-rolling to form the hollow shell 50. In a case where the
piercing machine 10 is an elongator, the piercing machine 10 subjects a hollow shell
that is the material 20 to elongating rolling to form the hollow shell 50.

[0168]

Referring to FIG. 22, when the piercing machine 10 performs piercing-rolling

or elongating rolling, the outer surface cooling mechanism 400 receives a supply of

the cooling fluid CF from a fluid supply source 800. Here, as described above, the
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cooling fluid CF is a gas and/or a liquid. The cooling fluid CF may be a gas only,
or may be a liquid only. The cooling fluid CF may be a mixed fluid of a gas and a
liquid.
[0169]

The fluid supply source 800 includes a storage tank 801 for storing the
cooling fluid CF, and a supply mechanism 802 that supplies the cooling fluid CF.
In a case where the cooling fluid CF is a gas, the supply mechanism 802, for example,
includes a valve 803 for starting and stopping the supply of the cooling fluid CF, and
a fluid driving source (gas pressure control unit) 804 for supplying the fluid (gas).
In a case where the cooling fluid CF is a liquid, the supply mechanism 802, for
example, includes a valve 803 for starting and stopping the supply of the cooling
fluid CF, and a fluid driving source (pump) 804 for supplying the fluid (liquid). In
a case where the cooling fluid CF is a gas and a liquid, the supply mechanism 802
includes a mechanism for supplying gas and a mechanism for supplying liquid. The
fluid supply source 800 is not limited to the configuration described above. The
configuration of the fluid supply source 800 is not limited as long as the fluid supply
source 800 is capable of supplying cooling fluid to the outer surface cooling
mechanism 400, and the configuration of the fluid supply source 800 may be a well-
known configuration.
[0170]

The cooling fluid CF that is supplied to the outer surface cooling mechanism
400 from the fluid supply source 800 passes through the cooling fluid path inside the
main body 402 of the outer surface cooling upper member 400U of the outer surface
cooling mechanism 400, and reaches each cooling fluid upper-part ¢jection hole
401U. The cooling fluid CF also passes through the cooling fluid path inside the
main body 402 of the outer surface cooling lower member 400D, and reaches each
cooling fluid lower-part ejection hole 401D. Further, the cooling fluid CF passes
through the cooling fluid path inside the main body 402 of the outer surface cooling
left member 400L, and reaches each cooling fluid left-part ejection hole 401L. The
cooling fluid CF also passes through the cooling fluid path inside the main body 402
of outer surface cooling right member 400R, and reaches each cooling fluid right-

part ¢jection hole 401R.  The outer surface cooling mechanism 400 then ejects the
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cooling fluid CF toward the upper part, the lower part, the left part and the right part
of the outer surface of the hollow shell 50 subjected to piercing-rolling or elongating
rolling and passed by the rear end of the plug 2 and entered the cooling zone 32, and
thereby cools the hollow shell 50.

[0171]

At this time, as illustrated in FIG. 22, within the area of the cooling zone 32
that has a specific length in the axial direction of the mandrel bar 3, the outer surface
cooling mechanism 400 ejects the cooling fluid CF toward the upper part, the lower
part, the left part and the right part of the outer surface of the hollow shell 50 to
thereby cool the hollow shell 50.  The term "cooling zone 32" means the area within
which the cooling fluid CF is ejected by the outer surface cooling mechanism 400.
The cooling zone 32 is an area that surrounds the entire circumference of the mandrel
bar 3 when seen in the advancing direction of the hollow shell 50 (when seen from
the frontward side of the piercing machine 10 toward the rearward side thereof).

That is, the cooling zone 32 is a circular cylindrical area that extends in the axial
direction of the mandrel bar 3.
[0172]

Changing of the area of the cooling zone 32 is not scheduled while one
material 20 is being subjected to piercing-rolling or elongating rolling. That is, the
cooling zone 32 is substantially fixed during piercing-rolling or elongating rolling of
one material 20. The cooling zone 32 is substantially determined by the positions at
which the plurality of coolant ejection holes 341 of the inner surface cooling
mechanism 340 are disposed. In a case where the outer surface cooling mechanism
400 includes a plurality of cooling fluid ¢jection holes 401 (cooling fluid upper-part
ejection holes 401U, cooling fluid lower-part ejection holes 401D, cooling fluid left-
part ¢jection holes 401L and cooling fluid right-part ejection holes 401R), the
plurality of cooling fluid ejection holes 401 (cooling fluid upper-part ejection holes
401U, cooling fluid lower-part ¢jection holes 401D, cooling fluid left-part ejection
holes 401L and cooling fluid right-part ejection holes 401R) are disposed inside the
cooling zone 32.

[0173]

Date Recue/Date Received 2020-05-26



CA 03083564 2020-05-26
- 69 -

As described above, in the present embodiment, in the piercing machine 10,
using the outer surface cooling mechanism 400 that is disposed around the mandrel
bar 3 rearward of the plug 2, the inner surface cooling mechanism 340 cools the
inner surface of the hollow shell 50 inside the cooling zone 32 having the specific
length 132 that is disposed rearward of the plug 2.  In addition, when seen in the
advancing direction of the hollow shell 50, the outer surface cooling mechanism 400
ejects the cooling fluid CF toward the upper part, the lower part, the left part and the
right part of the outer surface of the hollow shell 50 to cool the hollow shell 50
within the cooling zone 32. At such time, the outer surface portion (upper part,
lower part, left part and right part) of the hollow shell 50 that is advancing through
the cooling zone 32 contacts the cooling fluid CF, and the hollow shell 50 is thercby
cooled. On the other hand, outside the area of the cooling zone 32 (frontward of the
cooling zone 32 and rearward of the cooling zone 32), it is difficult for the outer
surface portion of the hollow shell 50 to contact the cooling fluid CF. The reason is
that after contacting the outer surface portion of the hollow shell 50 in the cooling
zone 32, most of the cooling fluid CF ejected from the outer surface cooling
mechanism 400 runs down naturally to below the hollow shell 50 under the force of
gravity. Therefore, the inner surface and the outer surface of the hollow shell 50
that are within the cooling zone 32 are cooled by the inner surface cooling
mechanism 340 and the outer surface cooling mechanism 400, and the coolant CL
and the cooling fluid CF can be suppressed from contacting the inner surface and
outer surface of the hollow shell 50 in a zone other than the cooling zone 32. Asa
result, temperature differences in the axial direction of the hollow shell 50 after
cooling can be suppressed, and in particular a temperature difference between the
fore end portion and the rear end portion of the hollow shell 50 can be reduced.
[0174]

[Method for producing seamless metal pipe in fourth embodiment]

In the fourth embodiment, during piercing-rolling or during elongating rolling,
the inner surface cooling mechanism 340 cools the inner surface portion of the
hollow shell 50 within the cooling zone 32, and the outer surface cooling mechanism
400 cools the outer surface portion of the hollow shell 50 within the cooling zone.

Therefore, cooling of the hollow shell 50 can be promoted immediately after
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piercing-rolling or elongating rolling is completed (that is, immediately after the
hollow shell 50 passes the plug 2). In particular, a useful effect is obtained in the
case of producing a heavy-wall seamless metal pipe (for example, a scamless metal
pipe with a wall thickness of 30 mm or more).

[0175]

According to the aforementioned cooling process, during the rolling process
(piercing-rolling or elongating rolling) the inner surface cooling mechanism 340
cools the inner surface portion of the hollow shell 50 within the cooling zone 32, and
of the entire outer surface of the hollow shell 50 that is advancing through the
cooling zone 32, the cooling fluid CF is ejected toward the upper part of the outer
surface, the lower part of the outer surface, the left part of the outer surface and the
right part of the outer surface of the hollow shell as seen in the advancing direction
of the hollow shell 50, to thereby cool the hollow shell 50 inside the cooling zone 32.
Thus, as described above, temperature variations in the axial direction of the hollow
shell 50 after cooling can be reduced, and a temperature difference between the fore
end portion and the rear end portion of the hollow shell 50 can be reduced.

[0176]

Note that, although in the configurations illustrated in FIG. 22 to FIG. 25, the
outer surface cooling mechanism 400 cools the outer surface portion of the hollow
shell 50 in the cooling zone 32 by ¢jecting the cooling fluid CF from the plurality of
cooling fluid ejection holes 401 (cooling fluid upper-part ejection holes 401U,
cooling fluid lower-part ejection holes 401D, cooling fluid left-part ¢jection holes
401L and cooling fluid right-part ejection holes 401R), the shape of the cooling fluid
ejection holes 401 (cooling fluid upper-part ejection holes 401U, cooling fluid lower-
part ¢jection holes 401D, cooling fluid left-part ejection holes 401L and cooling fluid
right-part ejection holes 401R) is not particularly limited. The cooling fluid
ejection holes 401 (cooling fluid upper-part ejection holes 401U, cooling fluid lower-
part ¢jection holes 401D, cooling fluid left-part ejection holes 401L and cooling fluid
right-part ejection holes 401R) may be a circular shape, may be an oval shape or may
be a rectangular shape. For example, the cooling fluid ¢jection holes 401 (cooling
fluid upper-part ejection holes 401U, cooling fluid lower-part ¢jection holes 401D,
cooling fluid left-part ejection holes 401L and cooling fluid right-part ¢jection holes
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401R) may be an oval shape or rectangular shape that extends in the axial direction
of the mandrel bar 3, or may be an oval shape or rectangular shape that extends in the
circumferential direction of the mandrel bar 3. As long as the plurality of cooling
fluid ejection holes 401 (cooling fluid upper-part ejection holes 401U, cooling fluid
lower-part ejection holes 401D, cooling fluid left-part ejection holes 401L and
cooling fluid right-part ejection holes 401R) can eject the cooling fluid CF and cool
the outer surface portion of the hollow shell 50 within the area of the cooling zone 32,
the shape of the plurality of cooling fluid ejection holes 401 (cooling fluid upper-part
ejection holes 401U, cooling fluid lower-part ejection holes 401D, cooling fluid left-
part ejection holes 401L and cooling fluid right-part ejection holes 401R) is not
particularly limited.

[0177]

Although in FIG. 22 the plurality of the cooling fluid ejection holes 401
(cooling fluid upper-part ejection holes 401U, cooling fluid lower-part ejection holes
401D, cooling fluid left-part ejection holes 401L and cooling fluid right-part ejection
holes 401R) are arrayed in the axial direction of the mandrel bar 3, the plurality of
the cooling fluid ejection holes 401 (cooling fluid upper-part ejection holes 401U,
cooling fluid lower-part ejection holes 401D, cooling fluid left-part ejection holes
401L and cooling fluid right-part ejection holes 401R) need not be arrayed in the
axial direction of the mandrel bar 3.  Further, although in FIG. 23 to FIG. 25 the
cooling fluid ejection holes 401 (cooling fluid upper-part ejection holes 401U,
cooling fluid lower-part ejection holes 401D, cooling fluid left-part ejection holes
401L and cooling fluid right-part ejection holes 401R) are arrayed at regular intervals
around the mandrel bar 3, arraying of the cooling fluid ¢jection holes 401 (cooling
fluid upper-part ejection holes 401U, cooling fluid lower-part ejection holes 401D,
cooling fluid left-part ejection holes 401L and cooling fluid right-part ejection holes
401R) around the mandrel bar 3 need not be in a manner in which the cooling fluid
ejection holes 401 are arrayed at regular intervals.

[0178]
[Fifth Embodiment]
FIG. 26 is a view illustrating a configuration on the delivery side of the

skewed rolls 1 of a piercing machine 10 according to a fifth embodiment. Referring
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to FIG. 26, in comparison to the piercing machine 10 according to the fourth
embodiment, the piercing machine 10 according to the fifth embodiment newly
includes a frontward damming mechanism 600. The remaining configuration of the
piercing machine 10 according to the fifth embodiment is the same as the
configuration of the piercing machine 10 according to the fourth embodiment.

[0179]

[Frontward damming mechanism 600]

The frontward damming mechanism 600 is disposed around the mandrel bar 3
at a position that is rearward of the plug 2 and is frontward of the outer surface
cooling mechanism 400. The frontward damming mechanism 600 is equipped with
a mechanism that, when the outer surface cooling mechanism 400 is cooling the
hollow shell in the cooling zone 32 by ejecting the cooling fluid CF toward the upper
part of the outer surface, the lower part of the outer surface, the left part of the outer
surface and the right part of the outer surface of the hollow shell 50 in the cooling
zone 32, dams the cooling fluid from flowing to the upper part of the outer surface,
the lower part of the outer surface, the left part of the outer surface and the right part
of the outer surface of the hollow shell 50 before the aforementioned parts of the
outer surface of the hollow shell 50 enter the cooling zone 32.

[0180]

FIG. 27 is a view illustrating the frontward damming mechanism 600 as seen
in the advancing direction of the hollow shell 50 (view of the frontward damming
mechanism 600 when seen from the entrance side toward the delivery side of the
skewed rolls 1). Referring to FIG. 26 and FIG. 27, when scen in the advancing
direction of the hollow shell 50, the frontward damming mechanism 600 is disposed
around the mandrel bar 3. Further, during piercing-rolling or clongating rolling, as
illustrated in FIG. 27, the frontward damming mechanism 600 is disposed around the
hollow shell 50 subjected to piercing-rolling or elongating rolling.

[0181]

Referring to FIG. 27, when seen in the advancing direction of the hollow shell
50, the frontward damming mechanism 600 includes a frontward damming upper
member 600U, a frontward damming lower member 600D, a frontward damming left

member 600L and a frontward damming right member 600R.
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[0182]

[Configuration of frontward damming upper member 600U ]

The frontward damming upper member 600U is disposed above the mandrel
bar 3. The frontward damming upper member 600U includes a main body 602 and
a plurality of frontward damming fluid upper-part ejection holes 601U. The main
body 602 is a tube-shaped or plate-shaped casing that is curved in the circumferential
direction of the mandrel bar 3, and includes thercin one or more fluid paths which
allow a frontward damming fluid FF (see FIG. 26) to pass therethrough. In the
present example, the plurality of frontward damming fluid upper-part ¢jection holes
601U are formed in a front end of a plurality of frontward damming fluid upper-part
ejection nozzles 603U. However, the frontward damming fluid upper-part ejection
holes 601U may be formed directly in the main body 602. In the present example,
the plurality of frontward damming fluid upper-part ejection nozzles 603U that are
arrayed around the mandrel bar 3 are connected to the main body 602.

[0183]

When the hollow shell 50 subjected to piercing-rolling or elongating rolling
passes through the inside of the outer surface cooling mechanism 400, the plurality
of frontward damming fluid upper-part ejection holes 601U of the frontward
damming upper member 600U face the upper part of the outer surface of the hollow
shell 50 that is positioned in the vicinity of the entrance side of the cooling zone 32.
When seen in the advancing direction of the hollow shell 50, the plurality of
frontward damming fluid upper-part ejection holes 601U are arrayed around the
mandrel bar 3, in the circumferential direction of the mandrel bar 3. Preferably, the
plurality of frontward damming fluid upper-part ejection holes 601U are arrayed at
regular intervals around the mandrel bar. The plurality of frontward damming fluid
upper-part ejection holes 601U may also be arrayed side-by-side in the axial
direction of the mandrel bar 3.

[0184]

During piercing-rolling or elongating rolling, when the outer surface cooling
mechanism 400 is cooling the hollow shell 50 in the cooling zone 32, the frontward
damming upper member 600U ¢jects the frontward damming fluid FF toward an

upper part of the outer surface of the hollow shell 50 that is positioned in the vicinity
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of the entrance side of the cooling zone 32 from the plurality of frontward damming
fluid upper-part ejection holes 601U to thereby dam the cooling fluid CF from
flowing to the upper part of the outer surface of the hollow shell 50 before the upper
part of the outer surface of the hollow shell 50 enters the cooling zone 32.

[0185]

[Configuration of frontward damming lower member 600D]

The frontward damming lower member 600D is disposed below the mandrel
bar 3. The frontward damming lower member 600D includes a main body 602 and
a plurality of frontward damming fluid lower-part ejection holes 601D. The main
body 602 is a tube-shaped or plate-shaped casing that is curved in the circumferential
direction of the mandrel bar 3, and includes therein one or more fluid paths which
allow the frontward damming fluid FF to pass therethrough. In the present example,
the plurality of frontward damming fluid lower-part ejection holes 601D are formed
in a front end of a plurality of frontward damming fluid lower-part ejection nozzles
603D. However, the frontward damming fluid lower-part ejection holes 601D may
be formed directly in the main body 602. In the present example, the plurality of
frontward damming fluid lower-part ¢jection nozzles 603D that are arrayed around
the mandrel bar 3 are connected to the main body 602.

[0186]

When the hollow shell 50 subjected to piercing-rolling or elongating rolling
passes through the inside of the outer surface cooling mechanism 400, the plurality
of frontward damming fluid lower-part ¢jection holes 601D of the frontward
damming lower member 600D face the lower part of the outer surface of the hollow
shell 50 that is positioned in the vicinity of the entrance side of the cooling zone 32.
When seen in the advancing direction of the hollow shell 50, the plurality of
frontward damming fluid lower-part ¢jection holes 601D are arrayed around the
mandrel bar 3, in the circumferential direction of the mandrel bar 3.  Preferably, the
plurality of frontward damming fluid lower-part ejection holes 601D are arrayed at
regular intervals around the mandrel bar. The plurality of frontward damming fluid
lower-part ejection holes 601D may also be arrayed side-by-side in the axial
direction of the mandrel bar 3.

[0187]
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During piercing-rolling or elongating rolling, when the outer surface cooling
mechanism 400 is cooling the hollow shell 50 in the cooling zone 32, the frontward
damming lower member 600D e¢jects the frontward damming fluid FF toward a
lower part of the outer surface of the hollow shell 50 that is positioned in the vicinity
of the entrance side of the cooling zone 32 from the plurality of frontward damming
fluid lower-part ejection holes 601D to thereby dam the cooling fluid CF from
flowing to the lower part of the outer surface of the hollow shell 50 before the lower
part of the outer surface of the hollow shell 50 enters the cooling zone 32.

[0188]

[Configuration of frontward damming left member 600L]

The frontward damming left member 600L is disposed leftward of the
mandrel bar 3 when seen in the advancing direction of the hollow shell 50. The
frontward damming left member 600L includes a main body 602 and a plurality of
frontward damming fluid left-part ejection holes 601L. The main body 602 is a
tube-shaped or plate-shaped casing that is curved in the circumferential direction of
the mandrel bar 3, and includes therein one or more fluid paths which allow the
frontward damming fluid FF to pass therethrough. In the present example, the
plurality of frontward damming fluid left-part ejection holes 601L are formed in a
front end of a plurality of frontward damming fluid left-part ejection nozzles 603L.
However, the frontward damming fluid left-part ejection holes 601L may be formed
directly in the main body 602. In the present example, the plurality of frontward
damming fluid left-part ejection nozzles 603L that are arrayed around the mandrel
bar 3 are connected to the main body 602.

[0189]

When the hollow shell 50 subjected to piercing-rolling or elongating rolling
passes through the inside of the outer surface cooling mechanism 400, the plurality
of frontward damming fluid left-part ejection holes 601L of the frontward damming
left member 600L face the left part of the outer surface of the hollow shell 50 that is
positioned in the vicinity of the entrance side of the cooling zone 32.  When seen in
the advancing direction of the hollow shell 50, the plurality of frontward damming
fluid left-part ejection holes 601L are arrayed around the mandrel bar 3, in the
circumferential direction of the mandrel bar 3. Preferably, the plurality of
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frontward damming fluid left-part ejection holes 601L are arrayed at regular intervals
around the mandrel bar. The plurality of frontward damming fluid left-part ¢jection
holes 601L may also be arrayed side-by-side in the axial direction of the mandrel bar
3.

[0190]

During piercing-rolling or elongating rolling, when the outer surface cooling
mechanism 400 is cooling the hollow shell 50 in the cooling zone 32, the frontward
damming left member 600L ejects the frontward damming fluid FF toward a left part
of the outer surface of the hollow shell 50 that is positioned in the vicinity of the
entrance side of the cooling zone 32 from the plurality of frontward damming fluid
left-part ejection holes 601L to thereby dam the cooling fluid CF from flowing to the
left part of the outer surface of the hollow shell 50 before the left part of the outer
surface of the hollow shell 50 enters the cooling zone 32.

[0191]

[Configuration of frontward damming right member 600R |

The frontward damming right member 600R is disposed rightward of the
mandrel bar 3 when seen in the advancing direction of the hollow shell 50. The
frontward damming right member 600R includes a main body 602 and a plurality of
frontward damming fluid right-part ejection holes 601R.  The main body 602 is a
tube-shaped or plate-shaped casing that is curved in the circumferential direction of
the mandrel bar 3, and includes therein one or more fluid paths which allow the
frontward damming fluid FF to pass therethrough. In the present example, the
plurality of frontward damming fluid right-part ejection holes 601R are formed in a
front end of a plurality of frontward damming fluid right-part ejection nozzles 603R.
However, the frontward damming fluid right-part ¢jection holes 601R may be
formed directly in the main body 602. In the present example, the plurality of
frontward damming fluid right-part ejection nozzles 603R that are arrayed around the
mandrel bar 3 are connected to the main body 602.

[0192]

When the hollow shell 50 subjected to piercing-rolling or elongating rolling

passes through the inside of the outer surface cooling mechanism 400, the plurality

of frontward damming fluid right-part ejection holes 601R of the frontward damming
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right member 600R face the right part of the outer surface of the hollow shell 50 that
is positioned in the vicinity of the entrance side of the cooling zone 32. When seen
in the advancing direction of the hollow shell 50, the plurality of frontward damming
fluid right-part ejection holes 601R are arrayed around the mandrel bar 3, in the
circumferential direction of the mandrel bar 3. Preferably, the plurality of
frontward damming fluid right-part ejection holes 601R are arrayed at regular
intervals around the mandrel bar.  The plurality of frontward damming fluid right-
part ejection holes 601R may also be arrayed side-by-side in the axial direction of the
mandrel bar 3.

[0193]

During piercing-rolling or elongating rolling, when the outer surface cooling
mechanism 400 is cooling the hollow shell 50 in the cooling zone 32, the frontward
damming right member 600R ejects the frontward damming fluid FF toward a right
part of the outer surface of the hollow shell 50 that is positioned in the vicinity of the
entrance side of the cooling zone 32 from the plurality of frontward damming fluid
right-part ejection holes 601R to thereby dam the cooling fluid CF from flowing to
the right part of the outer surface of the hollow shell 50 before the right part of the
outer surface of the hollow shell 50 enters the cooling zone 32.

[0194]

[Operations of frontward damming mechanism 600]

During piercing-rolling or elongating rolling, of the entire outer surface of the
hollow shell 50 subjected to piercing-rolling or elongating rolling, the outer surface
cooling mechanism 400 ejects the cooling fluid CF at the outer surface portion of the
hollow shell 50 that is inside the cooling zone 32 to thereby cool the hollow shell 50.
At this time, after the cooling fluid CF ejected at the outer surface portion of the
hollow shell 50 inside the cooling zone 32 contacts the outer surface portion of the
hollow shell 50, a situation can arise in which the cooling fluid CF flows to
frontward of the outer surface portion and contacts the outer surface portion of the
hollow shell 50 that is frontward of the cooling zone 32. If the frequency at which
contact of the cooling fluid CF with an outer surface portion of the hollow shell 50 in
a zone other than the cooling zone 32 occurs is high, variations can arise in the

temperature distribution in the axial direction of the hollow shell 50.
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[0195]

Therefore, in the present embodiment, during piercing-rolling or clongating
rolling, the frontward damming mechanism 600 suppresses the cooling fluid CF that
flows over the outer surface after contacting the outer surface portion of the hollow
shell 50 inside the cooling zone 32 from contacting the outer surface portion of the
hollow shell 50 that is frontward of the cooling zone 32.

[0196]

The frontward damming mechanism 600 is equipped with a mechanism that,
when the outer surface cooling mechanism 400 is cooling the hollow shell inside the
cooling zone 32 by e¢jecting the cooling fluid CF toward the upper part of the outer
surface, the lower part of the outer surface, the left part of the outer surface and the
right part of the outer surface of the hollow shell 50 inside the cooling zone 32, dams
the cooling fluid from flowing to the upper part, the lower part, the left part and the
right part of the outer surface of the hollow shell 50 before the aforementioned parts
of the outer surface of the hollow shell 50 enter the cooling zone 32.  Specifically,
when seen in the advancing direction of the hollow shell 50, the frontward damming
upper member 600U ejects the frontward damming fluid FF toward the upper part of
the outer surface of the hollow shell 50 that is positioned in the vicinity of the
entrance side of the cooling zone 32 to thereby form a dam (protective wall)
composed of the frontward damming fluid FF at the upper part of the outer surface of
the hollow shell 50 before the upper part of the outer surface of the hollow shell 50
enters the cooling zone 32.  Similarly, the frontward damming lower member 600D
ejects the frontward damming fluid FF toward the lower part of the outer surface of
the hollow shell 50 that is positioned in the vicinity of the entrance side of the
cooling zone 32 to thereby form a dam (protective wall) composed of the frontward
damming fluid FF at the lower part of the outer surface of the hollow shell 50 before
the lower part of the outer surface of the hollow shell 50 enters the cooling zone 32.
Similarly, the frontward damming left member 600L ¢jects the frontward damming
fluid FF toward the left part of the outer surface of the hollow shell 50 that is
positioned in the vicinity of the entrance side of the cooling zone 32 to thereby form
a dam (protective wall) composed of the frontward damming fluid FF at the left part
of the outer surface of the hollow shell 50 before the left part of the outer surface of
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the hollow shell 50 enters the cooling zone 32.  Similarly, the frontward damming
right member 600R ¢jects the frontward damming fluid FF toward the right part of
the outer surface of the hollow shell 50 that is positioned in the vicinity of the
entrance side of the cooling zone 32 to thereby form a dam (protective wall)
composed of the frontward damming fluid FF at the right part of the outer surface of
the hollow shell 50 before the right part of the outer surface of the hollow shell 50
enters the cooling zone 32. These dams that are composed of the frontward
damming fluid FF dam the cooling fluid CF that contacts the outer surface portion of
the hollow shell 50 within the cooling zone 32 and rebounds therefrom and attempts
to flow to the zone frontward of the cooling zone 32. Therefore, contact of the
cooling fluid CF with the outer surface portion of the hollow shell 50 that is
frontward of the cooling zone 32 can be suppressed, and temperature variations in
the axial direction of the hollow shell 50 can be further reduced.

[0197]

FIG. 28 is a sectional drawing of the frontward damming upper member 600U,
when seen from a direction parallel to the advancing direction of the hollow shell 50.
FIG. 29 is a sectional drawing of the frontward damming lower member 600D, when
seen from a direction parallel to the advancing direction of the hollow shell 50. FIG.
30 is a sectional drawing of the frontward damming left member 600L, when seen
from a direction parallel to the advancing direction of the hollow shell 50. FIG. 31
is a sectional drawing of the frontward damming right member 600R, when seen
from a direction parallel to the advancing direction of the hollow shell 50.

[0198]

Referring to FIG. 28, preferably the frontward damming upper member 600U
gjects the frontward damming fluid FF diagonally rearward towards the upper part of
the outer surface of the hollow shell 50 that is positioned in the vicinity of the
entrance side of the cooling zone 32 from the frontward damming fluid upper-part
¢jection holes 601U. Referring to FIG. 29, preferably the frontward damming
lower member 600D gjects the frontward damming fluid FF diagonally rearward
towards the lower part of the outer surface of the hollow shell 50 that is positioned in
the vicinity of the entrance side of the cooling zone 32 from the frontward damming

fluid lower-part ejection holes 601D. Referring to FIG. 30, preferably the
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frontward damming left member 600L ejects the frontward damming fluid FF
diagonally rearward towards the left part of the outer surface of the hollow shell 50
that is positioned in the vicinity of the entrance side of the cooling zone 32 from the
frontward damming fluid left-part ejection holes 601L. Referring to FIG. 31,
preferably the frontward damming right member 600R ejects the frontward damming
fluid FF diagonally rearward towards the right part of the outer surface of the hollow
shell 50 that is positioned in the vicinity of the entrance side of the cooling zone 32
from the frontward damming fluid right-part ejection holes 601R.

[0199]

In FIG. 28 to FIG. 31, the frontward damming upper member 600U forms a
dam (protective wall) composed of the frontward damming fluid FF that extends
diagonally rearward toward the upper part of the outer surface of the hollow shell 50
from above the hollow shell 50.  Similarly, the frontward damming lower member
600D forms a dam (protective wall) composed of the frontward damming fluid FF
that extends diagonally rearward toward the lower part of the outer surface of the
hollow shell 50 from below the hollow shell 50.  Similarly, the frontward damming
left member 600L forms a dam (protective wall) composed of the frontward
damming fluid FF that extends diagonally rearward toward the left part of the outer
surface of the hollow shell 50 from leftward of the hollow shell 50.  Similarly, the
frontward damming right member 600R forms a dam (protective wall) composed of
the frontward damming fluid FF that extends diagonally rearward toward the right
part of the outer surface of the hollow shell 50 from rightward of the hollow shell 50.
These dams dam the cooling fluid CF that contacts the outer surface portion of the
hollow shell 50 within the cooling zone 32 and rebounds therefrom and attempts to
fly out to the zone that is frontward of the cooling zone 32. In addition, after the
frontward damming fluid FF constituting the dams contacts the outer surface portion
of the hollow shell 50 in the vicinity of the entrance side of the cooling zone 32, as
illustrated in FIG. 28 to FIG. 31, it is easy for the frontward damming fluid FF to
rebound into the inside of the cooling zone 32, and the frontward damming fluid FF
casily flows inside the cooling zone 32. Therefore, the frontward damming fluid FF

constituting the dams can suppress contact of the frontward damming fluid FF with
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an outer surface portion of the hollow shell 50 that is further frontward than the
cooling zone 32.
[0200]

Note that, the respective frontward damming members (frontward damming
upper member 600U, frontward damming lower member 600D, frontward damming
left member 600L and frontward damming right member 600R) need not ¢ject the
frontward damming fluid FF diagonally rearward toward the upper part, the lower
part, the left part and the right part of the outer surface of the hollow shell 50
positioned in the vicinity of the entrance side of the cooling zone 32 from the
respective frontward damming fluid upper-part ejection holes (601U, 601D, 601L,
601R). For example, the frontward damming upper member 600U may eject the
frontward damming fluid FF in the radial direction of the mandrel bar 3 from the
frontward damming fluid upper-part ejection holes 601U. The frontward damming
lower member 600D may eject the frontward damming fluid FF in the radial
direction of the mandrel bar 3 from the frontward damming fluid lower-part ejection
holes 601D. The frontward damming left member 600L may eject the frontward
damming fluid FF in the radial direction of the mandrel bar 3 from the frontward
damming fluid left-part ejection holes 601L. The frontward damming right member
600R may eject the frontward damming fluid FF in the radial direction of the
mandrel bar 3 from the frontward damming fluid right-part ejection holes 601R.
[0201]

The frontward damming fluid FF is a gas and/or a liquid. That is, as the
frontward damming fluid FF, a gas may be used, a liquid may be used, or both a gas
and a liquid may be used. Here, the gas is, for example, air or an inert gas. The
inert gas is, for example, argon gas or nitrogen gas. In the case of utilizing a gas as
the frontward damming fluid FF, only air may be utilized, or only an inert gas may
be utilized, or both air and an inert gas may be utilized. Further, as the inert gas,
only one kind of inert gas (for example, argon gas only, or nitrogen gas only) may be
utilized, or a plurality of inert gases may be mixed and utilized. In the case of
utilizing a liquid as the frontward damming fluid FF, the liquid is, for example, water
or oil, and preferably is water.

[0202]
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The frontward damming fluid FF may be the same fluid as the cooling fluid
CF, or may be a different fluid from the cooling fluid CF. The frontward damming
mechanism 600 receives a supply of the frontward damming fluid FF from an
unshown fluid supply source. A configuration of the fluid supply source is, for
example, the same as the configuration of the fluid supply source 800. The
frontward damming fluid FF supplied from the fluid supply source passes through
the fluid path inside each main body 602 of the frontward damming mechanism 600,
and is ejected from the frontward damming fluid ejection holes (frontward damming
fluid upper-part ejection holes 601U, frontward damming fluid lower-part ejection
holes 601D, frontward damming fluid left-part ejection holes 601L and frontward
damming fluid right-part ejection holes 601R).

[0203]

Note that, the configuration of the frontward damming mechanism 600 is not
limited to the configuration illustrated in FIG. 26 to FIG. 31. For example, in FIG.
27 the frontward damming upper member 600U, the frontward damming lower
member 600D, the frontward damming left member 600L and the frontward
damming right member 600R are separate members which are independent from
each other. However, as illustrated in FIG. 32, the frontward damming upper
member 600U, the frontward damming lower member 600D, the frontward damming
left member 600L and the frontward damming right member 600R may be integrally
connected.

[0204]

Further, any of the frontward damming upper member 600U, the frontward
damming lower member 600D, the frontward damming left member 600L and the
frontward damming right member 600R may be constituted by a plurality of
members, and parts of adjacent frontward damming members may be connected. In
FIG. 33, the frontward damming left member 600L is constituted by two members
(600LU, 600LD). Further, an upper member 600LU of the frontward damming left
member 600L is connected to the frontward damming upper member 600U, and a
lower member 600LD of the frontward damming left member 600L is connected to
the frontward damming lower member 600D. Furthermore, the frontward damming

right member 600R is constituted by two members (600RU, 600RD). An upper
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member 600RU of the frontward damming right member 600R is connected to the
frontward damming upper member 600U, and a lower member 600RD of the
frontward damming right member 600R is connected to the frontward damming
lower member 600D.

[0205]

In other words, each of the frontward damming members (the frontward
damming upper member 600U, the frontward damming lower member 600D, the
frontward damming left member 600L and the frontward damming right member
600R) may include a plurality of members, and a part or all of each of the frontward
damming members may be formed integrally with another frontward damming
member. As long as the frontward damming upper member 600U ejects the
frontward damming fluid FF toward the upper part of the outer surface of the hollow
shell 50 that is positioned in the vicinity of the entrance side of the cooling zone 32,
the frontward damming lower member 600D ¢jects the frontward damming fluid FF
toward the lower part of the outer surface of the hollow shell 50 that is positioned in
the vicinity of the entrance side of the cooling zone 32, the frontward damming left
member 600L e¢jects the frontward damming fluid FF toward the left part of the outer
surface of the hollow shell 50 that is positioned in the vicinity of the entrance side of
the cooling zone 32, and the frontward damming right member 600R ejects the
frontward damming fluid FF toward the right part of the outer surface of the hollow
shell 50 that is positioned in the vicinity of the entrance side of the cooling zone 32
and thereby the aforementioned members suppress the cooling fluid CF from flowing
to the outer surface of the hollow shell 50 before the aforementioned parts of the
outer surface of the hollow shell 50 enter the cooling zone 32, the configuration of
cach frontward damming member (the frontward damming upper member 600U, the
frontward damming lower member 600D, the frontward damming left member 600L
and the frontward damming right member 600R) is not particularly limited.

[0206]

Further, as illustrated in FIG. 34, the frontward damming mechanism 600 may
include the frontward damming upper member 600U, the frontward damming left
member 600L and the frontward damming right member 600R, and need not include
the frontward damming lower member 600D.  After the cooling fluid CF ejected
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toward the lower part of the outer surface of the hollow shell 50 inside the cooling
zone 32 from the outer surface cooling mechanism 400 contacts the lower part of the
outer surface of the hollow shell 50, the cooling fluid CF easily drops down naturally
under the force of gravity to below the hollow shell 50. Therefore, it is difficult for
the cooling fluid CF ejected toward the lower part of the outer surface of the hollow
shell 50 within the cooling zone 32 from the outer surface cooling mechanism 400 to
flow to the lower part of the outer surface of the hollow shell that is frontward of the
cooling zone 32. Accordingly, the frontward damming mechanism 600 need not
include the frontward damming lower member 600D. Further, as illustrated in FIG.
35, the frontward damming mechanism 600 may include the frontward damming
upper member 600U, the frontward damming left member 600L and the frontward
damming right member 600R, and need not include the frontward damming lower
member 600D, and the frontward damming left member 600L may be disposed
further upward than the central axis of the mandrel bar 3, and the frontward damming
right member 600R may be disposed further upward than the central axis of the
mandrel bar 3. The cooling fluid CF that contacts the outer surface portion of the
outer surface of the hollow shell 50 which is located further downward than the
central axis of the mandrel bar 3 easily drops down naturally under the force of
gravity to below the hollow shell 50. Therefore, it suffices that the frontward
damming left member 600L is disposed at least further upward than the central axis
of the mandrel bar 3, and it suffices that the frontward damming right member 600R
is disposed at least further upward than the central axis of the mandrel bar 3.

[0207]

In addition, the frontward damming mechanism 600 may have a configuration
that is different from the configurations illustrated in FIG. 26 to FIG. 35. For
example, as illustrated in FIG. 36 and FIG. 37, the frontward damming mechanism
600 may be a mechanism that uses a plurality of damming members 604. In this
case, as illustrated in FIG. 36, when seen in the advancing direction of the hollow
shell 50, the frontward damming mechanism 600 includes a plurality of damming
members 604 which are disposed around the mandrel bar 3.  As illustrated in FIG.
36, the plurality of damming members 604 are, for example, rolls. In a case where

the damming members 604 are rolls, as illustrated in FIG. 36 and FIG. 37, preferably
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aroll surface of each damming member 604 is curved so that the roll surface of each
damming member 604 contacts the outer surface of the hollow shell 50. The
damming members 604 are movable in the radial direction of the mandrel bar 3 by
means of an unshown moving mechanism. The moving mechanism is, for example,
acylinder. The cylinder may be a hydraulic cylinder, may be a pneumatic cylinder,
or may be an electric motor-driven cylinder.

[0208]

During piercing-rolling or elongating rolling, when the hollow shell 50 passes
the frontward damming mechanism 600, the plurality of damming members 604
move in the radial direction toward the outer surface of the hollow shell 50. The
inner surface of each of the plurality of damming members 604 is then disposed in
the vicinity of the outer surface of the hollow shell 50 (FIG. 37). Thus, when the
outer surface cooling mechanism 400 is ejecting the cooling fluid CF toward the
upper part of the outer surface, the lower part of the outer surface, the left part of the
outer surface and the right part of the outer surface of the hollow shell 50 that is
inside the cooling zone 32, the plurality of damming members 604 form a dam
(protective wall). Therefore, the frontward damming mechanism 600 dams cooling
fluid from flowing to the upper part of the outer surface, the lower part of the outer
surface, the left part of the outer surface and the right part of the outer surface of the
hollow shell 50 before the aforementioned parts of the outer surface of the hollow
shell 50 enter the cooling zone 32.

[0209]

Thus, the frontward damming mechanism 600 may have a configuration that
does not use the frontward damming fluid FF. The configuration of the frontward
damming mechanism 600 is not particularly limited as long as the frontward
damming mechanism 600 is equipped with a mechanism that, when the outer surface
cooling mechanism 400 is cooling the hollow shell 50, dams cooling fluid from
flowing to the upper part of the outer surface, the lower part of the outer surface, the
left part of the outer surface and the right part of the outer surface of the hollow shell
50 before the aforementioned parts of the outer surface of the hollow shell 50 enter
the cooling zone 32.

[0210]
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[Sixth Embodiment]

FIG. 38 is a view illustrating a configuration on the delivery side of the
skewed rolls 1 of a piercing machine 10 according to a sixth embodiment.

Referring to FIG. 38, in comparison to the piercing machine 10 according to the first
embodiment, the piercing machine 10 according to the sixth embodiment newly
includes a rearward damming mechanism 500. The remaining configuration of the
piercing machine 10 according to the sixth embodiment is the same as the
configuration of the piercing machine 10 according to the fourth embodiment.
[0211]

[Rearward damming mechanism 500]

The rearward damming mechanism 500 is disposed around the mandrel bar 3
at a position that is rearward of the outer surface cooling mechanism 400. The
rearward damming mechanism 500 is equipped with a mechanism that, when the
outer surface cooling mechanism 400 is cooling the hollow shell in the cooling zone
32 by ¢jecting the cooling fluid CF toward the upper part of the outer surface, the
lower part of the outer surface, the left part of the outer surface and the right part of
the outer surface of the hollow shell 50 in the cooling zone 32, dams the cooling fluid
from flowing to the upper part of the outer surface, the left part of the outer surface
and the right part of the outer surface of the hollow shell 50 after the aforementioned
parts of the outer surface of the hollow shell 50 leave from the cooling zone 32.
[0212]

FIG. 39 is a view illustrating the rearward damming mechanism 500 as seen
in the advancing direction of the hollow shell 50 (view of the rearward damming
mechanism 500 when seen from the entrance side toward the delivery side of the
skewed rolls 1). Referring to 38 and FIG. 39, when seen in the advancing direction
of the hollow shell 50, the rearward damming mechanism 500 is disposed around the
mandrel bar 3, at a position that is rearward of the outer surface cooling mechanism
400. Further, during piercing-rolling or elongating rolling, as illustrated in FIG. 39,
the rearward damming mechanism 500 is disposed around the hollow shell 50
subjected to piercing-rolling or elongating rolling.

[0213]
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Referring to FIG. 39, when seen in the advancing direction of the hollow shell
50, the rearward damming mechanism 500 includes a rearward damming upper
member 500U, a rearward damming lower member 500D, a rearward damming left
member 500L and a rearward damming right member SOOR.

[0214]

[Configuration of rearward damming upper member 500U |

The rearward damming upper member 500U is disposed above the mandrel
bar 3. The rearward damming upper member 500U includes a main body 502 and a
plurality of rearward damming fluid upper-part ejection holes 501U. The main
body 502 is a tube-shaped or plate-shaped casing that is curved in the circumferential
direction of the mandrel bar 3, and includes therein one or more fluid paths which
allow a rearward damming fluid BF (see FIG. 38) to pass therethrough. In the
present example, the plurality of rearward damming fluid upper-part ejection holes
501U are formed in a front end of a plurality of rearward damming fluid upper-part
gjection nozzles 503U. However, the rearward damming fluid upper-part ejection
holes 501U may be formed directly in the main body 502. In the present example,
the plurality of rearward damming fluid upper-part ¢jection nozzles 503U that are
arrayed around the mandrel bar 3 are connected to the main body 502.

[0215]

When the hollow shell 50 subjected to piercing-rolling or elongating rolling
passes through the inside of the rearward damming mechanism 500, the plurality of
rearward damming fluid upper-part ejection holes 501U of the rearward damming
upper member 500U face the upper part of the outer surface of the hollow shell 50
that is positioned in the vicinity of the delivery side of the cooling zone 32. When
seen in the advancing direction of the hollow shell 50, the plurality of rearward
damming fluid upper-part ejection holes 501U are arrayed around the mandrel bar 3,
in the circumferential direction of the mandrel bar 3. Preferably, the plurality of
rearward damming fluid upper-part ejection holes 501U are arrayed at regular
mntervals around the mandrel bar 3.  The plurality of rearward damming fluid upper-
part ¢jection holes 501U may also be arrayed side-by-side in the axial direction of
the mandrel bar 3.

[0216]
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During piercing-rolling or elongating rolling, when the outer surface cooling
mechanism 400 is cooling the hollow shell 50 in the cooling zone 32, the rearward
damming upper member 500U ejects the rearward damming fluid BF toward the
upper part of the outer surface of the hollow shell 50 that is positioned in the vicinity
of the delivery side of the cooling zone 32 from the plurality of rearward damming
fluid upper-part ejection holes 501U to thereby dam the cooling fluid CF from
flowing to the upper part of the outer surface of the hollow shell 50 after the upper
part of the outer surface of the hollow shell 50 leaves from the cooling zone 32.
[0217]

[Configuration of rearward damming lower member 500D]

The rearward damming lower member 500D is disposed below the mandrel
bar 3. The rearward damming lower member 500D includes a main body 502 and a
plurality of rearward damming fluid lower-part ejection holes 501D. The main
body 502 is a tube-shaped or plate-shaped casing that is curved in the circumferential
direction of the mandrel bar 3, and includes therein one or more fluid paths which
allow the rearward damming fluid BF to pass therethrough. 1In the present example,
the plurality of rearward damming fluid lower-part ejection holes 501D are formed in
a front end of a plurality of rearward damming fluid lower-part ejection nozzles
503D. However, the rearward damming fluid lower-part ¢jection holes 501D may
be formed directly in the main body 502. 1In the present example, the plurality of
rearward damming fluid lower-part ejection nozzles 503D that are arrayed around the
mandrel bar 3 are connected to the main body 502.

[0218]

When the hollow shell 50 subjected to piercing-rolling or elongating rolling
passes through the inside of the rearward damming mechanism 500, the plurality of
rearward damming fluid lower-part ejection holes 501D of the rearward damming
lower member 500D face the lower part of the outer surface of the hollow shell 50
that is positioned in the vicinity of the delivery side of the cooling zone 32. When
seen in the advancing direction of the hollow shell 50, the plurality of rearward
damming fluid lower-part ejection holes 501D are arrayed around the mandrel bar 3,
in the circumferential direction of the mandrel bar 3.  Preferably, the plurality of

rearward damming fluid lower-part ejection holes 501D are arrayed at regular
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intervals around the mandrel bar 3.  The plurality of rearward damming fluid lower-
part ejection holes 501D may also be arrayed side-by-side in the axial direction of
the mandrel bar 3.

[0219]

During piercing-rolling or elongating rolling, when the outer surface cooling
mechanism 400 is cooling the hollow shell 50 in the cooling zone 32, the rearward
damming lower member 500D e¢jects the rearward damming fluid BF toward the
lower part of the outer surface of the hollow shell 50 that is positioned in the vicinity
of the delivery side of the cooling zone 32 from the plurality of rearward damming
fluid lower-part ejection holes 501D to thereby dam the cooling fluid CF from
flowing to the lower part of the outer surface of the hollow shell 50 after the lower
part of the outer surface of the hollow shell 50 leaves from the cooling zone 32.
[0220]

[Configuration of rearward damming left member SOOL]

The rearward damming left member SOOL is disposed leftward of the mandrel
bar 3 when seen in the advancing direction of the hollow shell 50. The rearward
damming left member S00L includes a main body 502 and a plurality of rearward
damming fluid left-part ejection holes S01L. The main body 502 is a tube-shaped
or plate-shaped casing that is curved in the circumferential direction of the mandrel
bar 3, and includes therein one or more fluid paths which allow the rearward
damming fluid BF to pass therethrough. In the present example, the plurality of
rearward damming fluid left-part ejection holes SO1L are formed in a front end of a
plurality of rearward damming fluid left-part ejection nozzles 503L. However, the
rearward damming fluid left-part ejection holes 501L may be formed directly in the
main body 502. In the present example, the plurality of rearward damming fluid
left-part ejection nozzles S03L that are arrayed around the mandrel bar 3 are
connected to the main body 502.

[0221]

When the hollow shell 50 subjected to piercing-rolling or elongating rolling
passes through the inside of the rearward damming mechanism 500, the plurality of
rearward damming fluid left-part ejection holes SO1L of the rearward damming left

member 500L face the left part of the outer surface of the hollow shell 50 that is
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positioned in the vicinity of the delivery side of the cooling zone 32. When seen in
the advancing direction of the hollow shell 50, the plurality of rearward damming
fluid left-part ejection holes 501L are arrayed around the mandrel bar 3, in the
circumferential direction of the mandrel bar 3. Preferably, the plurality of rearward
damming fluid left-part ejection holes S01L are arrayed at regular intervals around
the mandrel bar 3.  The plurality of rearward damming fluid left-part ¢jection holes
501L may also be arrayed side-by-side in the axial direction of the mandrel bar 3.
[0222]

During piercing-rolling or elongating rolling, when the outer surface cooling
mechanism 400 is cooling the hollow shell 50 in the cooling zone 32, the rearward
damming left member S00L ejects the rearward damming fluid BF toward the left
part of the outer surface of the hollow shell 50 that is positioned in the vicinity of the
delivery side of the cooling zone 32 from the plurality of rearward damming fluid
left-part ejection holes 501L to thereby dam the cooling fluid CF from flowing to the
left part of the outer surface of the hollow shell 50 after the left part of the outer
surface of the hollow shell 50 leaves from the cooling zone 32.

[0223]

[Configuration of rearward damming right member SOOR]

The rearward damming right member 500R is disposed rightward of the
mandrel bar 3 when seen in the advancing direction of the hollow shell 50. The
rearward damming right member S00R includes a main body 502 and a plurality of
rearward damming fluid right-part ejection holes SOIR. The main body 502 is a
tube-shaped or plate-shaped casing that is curved in the circumferential direction of
the mandrel bar 3, and includes therein one or more fluid paths which allow the
rearward damming fluid BF to pass therethrough. In the present example, the
plurality of rearward damming fluid right-part ejection holes S01R are formed in a
front end of a plurality of rearward damming fluid right-part ejection nozzles S03R.
However, the rearward damming fluid right-part ejection holes SOIR may be formed
directly in the main body 502. In the present example, the plurality of rearward
damming fluid right-part ejection nozzles S03R that are arrayed around the mandrel
bar 3 are connected to the main body 502.

[0224]
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When the hollow shell 50 subjected to piercing-rolling or elongating rolling
passes through the inside of the rearward damming mechanism 500, the plurality of
rearward damming fluid right-part ejection holes SO1R of the rearward damming
right member S00R face the right part of the outer surface of the hollow shell 50 that
is positioned in the vicinity of the delivery side of the cooling zone 32. When seen
in the advancing direction of the hollow shell 50, the plurality of rearward damming
fluid right-part ejection holes S01R are arrayed around the mandrel bar 3, in the
circumferential direction of the mandrel bar 3. Preferably, the plurality of rearward
damming fluid right-part ejection holes S01R are arrayed at regular intervals around
the mandrel bar 3.  The plurality of rearward damming fluid right-part ¢jection
holes S01R may also be arrayed side-by-side in the axial direction of the mandrel bar
3.

[0225]

During piercing-rolling or elongating rolling, when the outer surface cooling
mechanism 400 is cooling the hollow shell 50 in the cooling zone 32, the rearward
damming right member 500R ejects the rearward damming fluid BF toward the right
part of the outer surface of the hollow shell 50 that is positioned in the vicinity of the
delivery side of the cooling zone 32 from the plurality of rearward damming fluid
right-part ejection holes 501R to thereby dam the cooling fluid CF from flowing to
the right part of the outer surface of the hollow shell 50 after the right part of the
outer surface of the hollow shell 50 leaves from the cooling zone 32.

[0226]

[Operations of rearward damming mechanism 500]

During piercing-rolling or elongating rolling, of the entire outer surface of the
hollow shell 50 subjected to piercing-rolling or elongating rolling, the outer surface
cooling mechanism 400 ejects the cooling fluid CF toward the outer surface portion
of the hollow shell 50 that is inside the cooling zone 32 to thereby cool the hollow
shell 50. At this time, after the cooling fluid CF ejected toward the outer surface
portion of the hollow shell 50 inside the cooling zone 32 contacts the outer surface
portion of the hollow shell 50, a situation can arise in which the cooling fluid CF
flows to rearward of the outer surface portion and contacts the outer surface portion

of the hollow shell 50 that is rearward of the cooling zone 32. If the frequency at
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which contact of the cooling fluid CF with an outer surface portion of the hollow
shell 50 in a zone other than the cooling zone 32 occurs is high, variations can arise
in the temperature distribution in the axial direction of the hollow shell 50.

[0227]

Therefore, in the present embodiment, during piercing-rolling or elongating
rolling, the rearward damming mechanism 500 suppresses the cooling fluid CF that
flows over the outer surface after contacting the outer surface portion of the hollow
shell 50 inside the cooling zone 32 from contacting the outer surface portion of the
hollow shell 50 that is rearward of the cooling zone 32.

[0228]

The rearward damming mechanism 500 is equipped with a mechanism that,
when the outer surface cooling mechanism 400 is cooling the hollow shell inside the
cooling zone 32 by ¢jecting the cooling fluid CF toward the upper part of the outer
surface, the lower part of the outer surface, the left part of the outer surface and the
right part of the outer surface of the hollow shell 50 inside the cooling zone 32, dams
the cooling fluid CF from flowing to the upper part, the lower part, the left part and
the right part of the outer surface of the hollow shell 50 after the aforementioned
parts of the outer surface of the hollow shell 50 leave from the cooling zone 32.
Specifically, when seen in the advancing direction of the hollow shell 50, the
rearward damming upper member 500U ¢jects the rearward damming fluid BF
toward the upper part of the outer surface of the hollow shell 50 that is positioned in
the vicinity of the delivery side of the cooling zone 32 to thereby form a dam
(protective wall) composed of the rearward damming fluid BF at the upper part of
the outer surface of the hollow shell 50 after the upper part of the outer surface of the
hollow shell 50 leaves from the cooling zone 32.  Similarly, the rearward damming
lower member 500D ejects the rearward damming fluid BF toward the lower part of
the outer surface of the hollow shell 50 that is positioned in the vicinity of the
delivery side of the cooling zone 32 to thereby form a dam (protective wall)
composed of the rearward damming fluid BF at the lower part of the outer surface of
the hollow shell 50 after the lower part of the outer surface of the hollow shell 50
leaves from the cooling zone 32.  Similarly, the rearward damming left member

500L ejects the rearward damming fluid BF toward the left part of the outer surface
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of the hollow shell 50 that is positioned in the vicinity of the delivery side of the
cooling zone 32 to thereby form a dam (protective wall) composed of the rearward
damming fluid BF at the left part of the outer surface of the hollow shell 50 after the
left part of the outer surface of the hollow shell 50 leaves from the cooling zone 32.
Similarly, the rearward damming right member SOOR ¢jects the rearward damming
fluid BF toward the right part of the outer surface of the hollow shell 50 that is
positioned in the vicinity of the delivery side of the cooling zone 32 to thereby form
a dam (protective wall) composed of the rearward damming fluid BF at the right part
of the outer surface of the hollow shell 50 after the right part of the outer surface of
the hollow shell 50 leaves from the cooling zone 32. These dams that are composed
of the rearward damming fluid BF dam the cooling fluid CF that contacts the outer
surface portion of the hollow shell 50 within the cooling zone 32 and rebounds
therefrom and attempts to flow to the zone rearward of the cooling zone 32.
Therefore, contact of the cooling fluid CF with the outer surface portion of the
hollow shell 50 that is rearward of the cooling zone 32 can be suppressed, and
temperature variations in the axial direction of the hollow shell 50 can be further
reduced.

[0229]

FIG. 40 is a sectional drawing of the rearward damming upper member S00U,
when seen from a direction parallel to the advancing direction of the hollow shell 50.
FIG. 41 is a sectional drawing of the rearward damming lower member 500D, when
seen from the direction parallel to the advancing direction of the hollow shell 50.
FIG. 42 is a sectional drawing of the rearward damming left member SOOL, when
seen from the direction parallel to the advancing direction of the hollow shell 50.
FIG. 43 is a sectional drawing of the rearward damming right member SOOR, when
seen from the direction parallel to the advancing direction of the hollow shell 50.
[0230]

Referring to FIG. 40, preferably the rearward damming upper member 500U
ejects the rearward damming fluid BF diagonally frontward towards the upper part of
the outer surface of the hollow shell 50 that is positioned in the vicinity of the
delivery side of the cooling zone 32 from the rearward damming fluid upper-part

ejection holes 501U. Referring to FIG. 41, preferably the rearward damming lower
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member 500D ¢jects the rearward damming fluid BF diagonally frontward towards
the lower part of the outer surface of the hollow shell 50 that is positioned in the
vicinity of the delivery side of the cooling zone 32 from the rearward damming fluid
lower-part ejection holes 501D. Referring to FIG. 42, preferably the rearward
damming left member SO0L ejects the rearward damming fluid BF diagonally
frontward towards the left part of the outer surface of the hollow shell 50 that is
positioned in the vicinity of the delivery side of the cooling zone 32 from the
rearward damming fluid left-part ejection holes SOIL. Referring to FIG. 43,
preferably the rearward damming right member S00R ejects the rearward damming
fluid BF diagonally frontward towards the right part of the outer surface of the
hollow shell 50 that is positioned in the vicinity of the delivery side of the cooling
zone 32 from the rearward damming fluid right-part ejection holes SOIR.

[0231]

In FIG. 40 to FIG. 43, the rearward damming upper member 500U forms a
dam (protective wall) composed of the rearward damming fluid BF that extends
diagonally frontward toward the upper part of the outer surface of the hollow shell 50
from above the hollow shell 50. Similarly, the rearward damming lower member
500D forms a dam (protective wall) composed of the rearward damming fluid BF
that extends diagonally frontward toward the lower part of the outer surface of the
hollow shell 50 from below the hollow shell 50. Similarly, the rearward damming
left member 500L forms a dam (protective wall) composed of the rearward damming
fluid BF that extends diagonally frontward toward the left part of the outer surface of
the hollow shell 50 from leftward of the hollow shell 50.  Similarly, the rearward
damming right member 500R forms a dam (protective wall) composed of the
rearward damming fluid BF that extends diagonally frontward toward the right part
of the outer surface of the hollow shell 50 from rightward of the hollow shell 50.
These dams dam the cooling fluid CF that contacts the outer surface portion of the
hollow shell 50 within the cooling zone 32 and rebounds therefrom and attempts to
fly out to the zone that is rearward of the cooling zone 32. In addition, after the
rearward damming fluid BF constituting the dams contacts the outer surface portion
of the hollow shell 50 in the vicinity of the delivery side of the cooling zone 32, as
illustrated in FIG. 40 to FIG. 43, it is easy for the rearward damming fluid BF to

Date Regue/Date Received 2020-05-26



CA 03083564 2020-05-26
- 05 -

rebound into the inside of the cooling zone 32, and the rearward damming fluid BF
casily flows inside the cooling zone 32. Therefore, contact of the rearward
damming fluid BF constituting the dams with an outer surface portion of the hollow
shell 50 that is further rearward than the cooling zone 32 can be suppressed.

[0232]

Note that, the respective rearward damming members (rearward damming
upper member 500U, rearward damming lower member 500D, rearward damming
left member 500L and rearward damming right member 500R) need not eject the
rearward damming fluid BF diagonally frontward toward the upper part, the lower
part, the left part and the right part of the outer surface of the hollow shell 50
positioned in the vicinity of the delivery side of the cooling zone 32 from the
respective rearward damming fluid ejection holes (rearward damming fluid upper-
part gjection holes 501U, rearward damming fluid lower-part ¢jection holes 501D,
rearward damming fluid left-part ejection holes 501L, and rearward damming fluid
right-part ejection holes S0IR). For example, the rearward damming upper member
500U may eject the rearward damming fluid BF in the radial direction of the mandrel
bar 3 from the rearward damming fluid upper-part ejection holes 501U. The
rearward damming lower member 500D may eject the rearward damming fluid BF in
the radial direction of the mandrel bar 3 from the rearward damming fluid lower-part
gjection holes 501D. The rearward damming left member 500L may eject the
rearward damming fluid BF in the radial direction of the mandrel bar 3 from the
rearward damming fluid left-part ejection holes 501L. The rearward damming right
member S00R may eject the rearward damming fluid BF in the radial direction of the
mandrel bar 3 from the rearward damming fluid right-part ejection holes 501R.
[0233]

The rearward damming fluid BF is a gas and/or a liquid. That is, as the
rearward damming fluid BF, a gas may be used, a liquid may be used, or both a gas
and a liquid may be used. Here, the gas is, for example, air or an inert gas. The
inert gas is, for example, argon gas or nitrogen gas. In the case of utilizing a gas as
the rearward damming fluid BF, only air may be utilized, or only an inert gas may be
utilized, or both air and an inert gas may be utilized. Further, as the inert gas, only

one kind of inert gas (for example, argon gas only, or nitrogen gas only) may be
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utilized, or a plurality of inert gases may be mixed and utilized. In the case of
utilizing a liquid as the rearward damming fluid BF, the liquid is, for example, water
or oil, and preferably is water.

[0234]

The rearward damming fluid BF may be of the same kind as the kind of the
cooling fluid CF and/or the frontward damming fluid FF, or may be of a different
kind from the cooling fluid CF and/or the frontward damming fluid FF. The
rearward damming mechanism 500 receives a supply of the rearward damming fluid
BF from an unshown fluid supply source. A configuration of the fluid supply
source is, for example, the same as the configuration of the fluid supply source 800.
The rearward damming fluid BF supplied from the fluid supply source passes
through the fluid path inside each main body 502 of the rearward damming
mechanism 500, and is ¢jected from the respective rearward damming fluid ejection
holes (rearward damming fluid upper-part ejection holes 501U, rearward damming
fluid lower-part ejection holes 501D, rearward damming fluid left-part ejection holes
501L and rearward damming fluid right-part ejection holes 501R).

[0235]

Note that, the configuration of the rearward damming mechanism 500 is not
limited to the configuration illustrated in FIG. 38 to FIG. 43. For example, in FIG.
39 the rearward damming upper member 500U, the rearward damming lower
member 500D, the rearward damming left member 500L and the rearward damming
right member S00R are separate members which are independent from each other.
However, as illustrated in FIG. 44, the rearward damming upper member 500U, the
rearward damming lower member 500D, the rearward damming left member 500L
and the rearward damming right member SOOR may be integrally connected.

[0236]

Further, any of the rearward damming upper member 500U, the rearward
damming lower member 500D, the rearward damming left member S00L and the
rearward damming right member 500R may be constituted by a plurality of members,
and parts of adjacent rearward damming members may be connected. In FIG. 45,
the rearward damming left member 500L is constituted by two members (S00LU,
500LD). Further, an upper member SO0LU of the rearward damming left member
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500L is connected to the rearward damming upper member 500U, and a lower
member 500LD of the rearward damming left member 500L is connected to the
rearward damming lower member 500D. Furthermore, the rearward damming right
member 500R is constituted by two members (SO0RU, 500RD). An upper member
500RU of the rearward damming right member S00R is connected to the rearward
damming upper member 500U, and a lower member 500RD of the rearward
damming right member 500R is connected to the rearward damming lower member
500D.

[0237]

In other words, each of the rearward damming members (the rearward
damming upper member 500U, the rearward damming lower member 500D, the
rearward damming left member 500L and the rearward damming right member
500R) may include a plurality of members, and a part or all of each of the rearward
damming members may be formed integrally with another rearward damming
member. As long as the rearward damming upper member 500U ejects the
rearward damming fluid BF toward the upper part of the outer surface of the hollow
shell 50 that is positioned in the vicinity of the delivery side of the cooling zone 32,
the rearward damming lower member 500D ¢jects the rearward damming fluid BF
toward the lower part of the outer surface of the hollow shell 50 that is positioned in
the vicinity of the delivery side of the cooling zone 32, the rearward damming left
member 500L ¢jects the rearward damming fluid BF toward the left part of the outer
surface of the hollow shell 50 that is positioned in the vicinity of the delivery side of
the cooling zone 32, and the rearward damming right member 500R ¢jects the
rearward damming fluid BF toward the right part of the outer surface of the hollow
shell 50 that is positioned in the vicinity of the delivery side of the cooling zone 32
and thereby the aforementioned members suppress the cooling fluid CF from flowing
to the outer surface of the hollow shell 50 after the aforementioned parts of the outer
surface of the hollow shell 50 leave from the cooling zone 32, the configuration of
each rearward damming member (the rearward damming upper member 500U, the
rearward damming lower member 500D, the rearward damming left member S00L
and the rearward damming right member SOOR) is not particularly limited.

[0238]
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Further, as illustrated in FIG. 46, the rearward damming mechanism 500 may
include the rearward damming upper member 500U, the rearward damming left
member 500L and the rearward damming right member SOOR, and need not include
the rearward damming lower member 500D. After the cooling fluid CF ejected
toward the lower part of the outer surface of the hollow shell 50 inside the cooling
zone 32 from the outer surface cooling mechanism 400 contacts the lower part of the
outer surface of the hollow shell 50, the cooling fluid CF easily drops down naturally
under the force of gravity to below the hollow shell 50.  Therefore, it is difficult for
the cooling fluid CF ejected toward the lower part of the outer surface of the hollow
shell 50 within the cooling zone 32 from the outer surface cooling mechanism 400 to
flow to the lower part of the outer surface of the hollow shell that is rearward of the
cooling zone 32.  Accordingly, the rearward damming mechanism 500 need not
include the rearward damming lower member 500D. Further, as illustrated in FIG.
47, the rearward damming mechanism 500 may include the rearward damming upper
member 500U, the rearward damming left member 500L and the rearward damming
right member 500R, and need not include the rearward damming lower member
500D, and the rearward damming left member SO0L may be disposed further upward
than the central axis of the mandrel bar 3, and the rearward damming right member
500R may be disposed further upward than the central axis of the mandrel bar 3.

The cooling fluid CF that contacts the outer surface portion of the outer surface of
the hollow shell 50 which is located further downward than the central axis of the
mandrel bar 3 easily drops down naturally under the force of gravity to below the
hollow shell 50. Therefore, it suffices that the rearward damming left member
S00L is disposed at least further upward than the central axis of the mandrel bar 3,
and it suffices that the rearward damming right member SO0R is disposed at least
further upward than the central axis of the mandrel bar 3.

[0239]

In addition, the rearward damming mechanism 500 may have a configuration
that is different from the configurations illustrated in FIG. 38 to FIG. 47. For
example, as illustrated in FIG. 48 and FIG. 49, the rearward damming mechanism
500 may be a mechanism that uses a plurality of damming members. In this case,

as illustrated in FIG. 48, the rearward damming mechanism 500 includes a plurality
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of damming members 504 which are disposed around the mandrel bar 3.  As
illustrated in FIG. 48, the plurality of damming members 504 are, for example, rolls.
In a case where the damming members 504 are rolls, as illustrated in FIG. 48 and
FIG. 49, preferably a roll surface of cach damming member 504 is curved so that the
roll surface of cach damming member 504 contacts the outer surface of the hollow
shell 50. The damming members 504 are movable in the radial direction of the
mandrel bar 3 by means of an unshown moving mechanism. The moving
mechanism is, for example, a cylinder. The cylinder may be a hydraulic cylinder,
may be a pneumatic cylinder, or may be an electric motor-driven cylinder.

[0240]

During piercing-rolling or elongating rolling, when the hollow shell 50 passes
the rearward damming mechanism 500, the plurality of damming members 504 move
in the radial direction toward the outer surface of the hollow shell 50.  As illustrated
in FIG. 49, the inner surface of each of the plurality of damming members 504 is
then disposed in the vicinity of the outer surface of the hollow shell 50. Thus, when
the outer surface cooling mechanism 400 is ejecting the cooling fluid CF toward the
upper part of the outer surface, the lower part of the outer surface, the left part of the
outer surface and the right part of the outer surface of the hollow shell 50 that is
inside the cooling zone 32, the plurality of damming members 504 form a dam
(protective wall). Therefore, the rearward damming mechanism 500 dams cooling
fluid from flowing to the upper part of the outer surface, the lower part of the outer
surface, the left part of the outer surface and the right part of the outer surface of the
hollow shell 50 after the aforementioned parts of the outer surface of the hollow shell
50 leave from the cooling zone 32.

[0241]

Thus, the rearward damming mechanism 500 may have a configuration that
does not use the rearward damming fluid BF. The configuration of the rearward
damming mechanism 500 is not particularly limited as long as the rearward damming
mechanism 500 is equipped with a mechanism that, when the outer surface cooling
mechanism 400 is cooling the hollow shell 50, dams cooling fluid from flowing to
the upper part of the outer surface, the lower part of the outer surface, the left part of
the outer surface and the right part of the outer surface of the hollow shell 50 after
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the aforementioned parts of the outer surface of the hollow shell 50 leave from the
cooling zone 32.
[0242]

[Seventh Embodiment]

FIG. 50 is a view illustrating the vicinity of the delivery sides of the skewed
rolls 1 of a piercing machine 10 according to a seventh embodiment. Referring to
FIG. 50, in comparison to the piercing machine 10 according to the fourth
embodiment, the piercing machine 10 according to the seventh embodiment newly
includes a frontward damming mechanism 600 and a rearward damming mechanism
500. That is, the piercing machine 10 according to the seventh embodiment has a
configuration obtained by combining the fifth embodiment and the sixth embodiment.
[0243]

The configuration of the frontward damming mechanism 600 of the present
embodiment is the same as the configuration of the frontward damming mechanism
600 in the fifth embodiment. Further, the configuration of the rearward damming
mechanism 500 of the present embodiment is the same as the configuration of the
rearward damming mechanism 500 in the sixth embodiment.

[0244]

In the piercing machine 10 according to the present embodiment, during
piercing-rolling or elongating rolling, the cooling fluid CF that flows over the outer
surface portion of the hollow shell 50 after contacting the outer surface portion of the
hollow shell 50 in the cooling zone 32 is suppressed from contacting the outer
surface portions of the hollow shell 50 that are frontward and rearward of the cooling
zone 32 by means of the frontward damming mechanism 600 and the rearward
damming mechanism 500. Note that, during piercing-rolling or elongating rolling,
the inner surface cooling mechanism 340 cools the inner surface of the hollow shell
50 inside the cooling zone 32.

[0245]

Specifically, the frontward damming mechanism 600 is equipped with a
mechanism that, when the outer surface cooling mechanism 400 is cooling the
hollow shell inside the cooling zone 32 by ejecting the cooling fluid CF toward the
upper part of the outer surface, the lower part of the outer surface, the left part of the
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outer surface and the right part of the outer surface of the hollow shell 50 inside the
cooling zone 32, dams the cooling fluid from flowing to the upper part, the lower
part, the left part and the right part of the outer surface of the hollow shell 50 before
the aforementioned parts of the outer surface of the hollow shell 50 enter the cooling
zone 32. Specifically, when seen in the advancing direction of the hollow shell 50,
the frontward damming upper member 600U e¢jects the frontward damming fluid FF
toward the upper part of the outer surface of the hollow shell 50 that is positioned in
the vicinity of the entrance side of the cooling zone 32 to thereby form a dam
(protective wall) composed of the frontward damming fluid FF at the upper part of
the outer surface of the hollow shell 50 before the upper part of the outer surface of
the hollow shell 50 enters the cooling zone 32.  Similarly, the frontward damming
lower member 600D ejects the frontward damming fluid FF toward the lower part of
the outer surface of the hollow shell 50 that is positioned in the vicinity of the
entrance side of the cooling zone 32 to thereby form a dam (protective wall)
composed of the frontward damming fluid FF at the lower part of the outer surface of
the hollow shell 50 before the lower part of the outer surface of the hollow shell 50
enters the cooling zone 32.  Similarly, the frontward damming left member 600L
ejects the frontward damming fluid FF toward the left part of the outer surface of the
hollow shell 50 that is positioned in the vicinity of the entrance side of the cooling
zone 32 to thereby form a dam (protective wall) composed of the frontward damming
fluid FF at the left part of the outer surface of the hollow shell 50 before the left part
of the outer surface of the hollow shell 50 enters the cooling zone 32.  Similarly, the
frontward damming right member 600R ¢jects the frontward damming fluid FF
toward the right part of the outer surface of the hollow shell 50 that is positioned in
the vicinity of the entrance side of the cooling zone 32 to thereby form a dam
(protective wall) composed of the frontward damming fluid FF at the right part of the
outer surface of the hollow shell 50 before the right part of the outer surface of the
hollow shell 50 enters the cooling zone 32. These dams that are composed of the
frontward damming fluid FF dam the cooling fluid CF that contacts the outer surface
portion of the hollow shell 50 within the cooling zone 32 and rebounds therefrom
and attempts to flow to the zone frontward of the cooling zone 32. Therefore,

contact of the cooling fluid CF with the outer surface portion of the hollow shell 50
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that is frontward of the cooling zone 32 can be suppressed, and temperature
variations in the axial direction of the hollow shell 50 can be further reduced.
[0246]

In addition, the rearward damming mechanism 500 is equipped with a
mechanism that, when the outer surface cooling mechanism 400 is cooling the
hollow shell inside the cooling zone 32 by ejecting the cooling fluid CF toward the
upper part of the outer surface, the lower part of the outer surface, the left part of the
outer surface and the right part of the outer surface of the hollow shell 50 inside the
cooling zone 32, dams the cooling fluid CF from flowing to the upper part, the lower
part, the left part and the right part of the outer surface of the hollow shell 50 after
the aforementioned parts of the outer surface of the hollow shell 50 leave from the
cooling zone 32. Specifically, when seen in the advancing direction of the hollow
shell 50, the rearward damming upper member 500U ¢jects the rearward damming
fluid BF toward the upper part of the outer surface of the hollow shell 50 that is
positioned in the vicinity of the delivery side of the cooling zone 32 to thereby form
a dam (protective wall) composed of the rearward damming fluid BF at the upper
part of the outer surface of the hollow shell 50 after the upper part of the outer
surface of the hollow shell 50 leaves from the cooling zone 32.  Similarly, the
rearward damming lower member 500D ejects the rearward damming fluid BF
toward the lower part of the outer surface of the hollow shell 50 that is positioned in
the vicinity of the delivery side of the cooling zone 32 to thereby form a dam
(protective wall) composed of the rearward damming fluid BF at the lower part of
the outer surface of the hollow shell 50 after the lower part of the outer surface of the
hollow shell 50 leaves from the cooling zone 32.  Similarly, the rearward damming
left member 500L ejects the rearward damming fluid BF toward the left part of the
outer surface of the hollow shell 50 that is positioned in the vicinity of the delivery
side of the cooling zone 32 to thereby form a dam (protective wall) composed of the
rearward damming fluid BF at the left part of the outer surface of the hollow shell 50
after the left part of the outer surface of the hollow shell 50 leaves from the cooling
zone 32. Similarly, the rearward damming right member 500R ¢jects the rearward
damming fluid BF toward the right part of the outer surface of the hollow shell 50
that is positioned in the vicinity of the delivery side of the cooling zone 32 to thereby
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form a dam (protective wall) composed of the rearward damming fluid BF at the
right part of the outer surface of the hollow shell 50 after the right part of the outer
surface of the hollow shell 50 leaves from the cooling zone 32. These dams that are
composed of the rearward damming fluid BF dam the cooling fluid CF that contacts
the outer surface portion of the hollow shell 50 within the cooling zone 32 and
rebounds therefrom and attempts to flow to the zone rearward of the cooling zone 32.
Therefore, contact of the cooling fluid CF with the outer surface portion of the
hollow shell 50 that is rearward of the cooling zone 32 can be suppressed, and
temperature variations in the axial direction of the hollow shell 50 can be further
reduced.

[0247]

In addition, during piercing-rolling or elongating rolling, while the inner
surface cooling mechanism 340 cools the inner surface of the hollow shell 50 inside
the cooling zone 32, the inner surface damming mechanism 350 suppresses the
coolant ¢jected from the inner surface cooling mechanism 340 from contacting the
inner surface of the hollow shell 50 that left from the cooling zone 32.

[0248]

According to the configuration described above, in the piercing machine 10 of
the present embodiment, while the inner surface of the hollow shell 50 that is inside
the cooling zone 32 is being cooled by the inner surface cooling mechanism 340, the
outer surface of the hollow shell 50 that is inside the cooling zone 32 is being cooled
by the outer surface cooling mechanism 400. In addition, while the coolant CL is
being suppressed from contacting the inner surface of the hollow shell 50 after the
inner surface of the hollow shell 50 leaves from the cooling zone 32 by the inner
surface damming mechanism 350, the cooling fluid CF can be suppressed from
contacting the outer surface portions of the hollow shell 50 that are frontward and
rearward of the cooling zone 32 by the frontward damming mechanism 600 and the
rearward damming mechanism 500. Therefore, temperature variations in the axial
direction of the hollow shell 50 can be further reduced. Thus, cooling of the hollow
shell 50 can be promoted immediately after piercing-rolling or elongating rolling is

completed (that is, immediately after passing the plug 2). In particular, a useful
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effect is obtained in the case of producing a heavy-wall seamless metal pipe (for
example, a seamless metal pipe with a wall thickness of 30 mm or more).
[0249]

Note that, in the piercing machine 10 of the seventh embodiment, the
frontward damming mechanism 600 may have the configuration illustrated in FIG.
36 and FIG. 37, and the rearward damming mechanism 500 may have the
configuration illustrated in FIG. 48 and FIG. 49.

[0250]

As described in the foregoing, the piercing machines of the aforementioned
first to seventh embodiments suppress the occurrence of a temperature difference
between the fore end portion and the rear end portion of a hollow shell after piercing-
rolling or elongating rolling, and facilitate obtainment of a uniform micro-structure
in the longitudinal direction. Further, the piercing machines of the aforementioned
embodiments can, for example, in a case where piercing-rolling is performed at a
temperature of around 1000°C, lower a hollow shell temperature to a temperature of
around 800°C by cooling the hollow shell by means of the inner surface cooling
mechanism 340 for 10 seconds immediately after piercing-rolling.

[0251]

Embodiments of the present invention have been described above. However,
the foregoing embodiments are merely examples for implementing the present
invention. Accordingly, the present invention is not limited to the above
embodiments, and the above embodiments can be appropriately modified within a
range which does not deviate from the gist of the present invention.

[0252]

In the aforementioned embodiments, coolant is filled into a clearance between
the mandrel bar 3 and the inner surface of the hollow shell 50 in the cooling zone 32
during piercing-rolling and during clongating rolling, by means of the inner surface
cooling mechanism 340 and the inner surface damming mechanism 350. However,
coolant need not necessarily be filled into the aforementioned clearance in the
cooling zone 32. As long as the inner surface of the hollow shell 50 in the cooling
zone 32 can be cooled by coolant, and coolant can be suppressed from flowing to the

zone that is rearward of the cooling zone 32 by the inner surface damming
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mechanism 350, the effect of the present embodiments is obtained to a certain extent
even if coolant is not filled into the aforementioned clearance in the cooling zone 32.
[Example 1]

[0253]

A pipe having an external diameter of 430 mm and a wall thickness of 30 mm
was heated to 1000°C.  After heating, the pipe was allowed to cool for three
seconds. Thereafter, using the mandrel bar 3, the outer surface cooling mechanism
400 and the rearward damming mechanism 500 illustrated in FIG. 38, the inner
surface and outer surface of the pipe were water-cooled for 10 seconds, and the
required water amount densities on the outer surface side and the inner surface side
of the pipe in a case where a wall thickness center temperature becomes 800°C were
determined by simulation.

[0254]

The determined results are shown in FIG. 51.  As shown in FIG. 51, it was
found that desired cooling can be performed by determining the relation of the water
amount densities between the outer surface side and inner surface side of the pipe in
advance according to the steel type, and the external diameter and thickness of the
pipe, and setting the water amount densities based on the determined result.
[Example 2]

[0255]

A pipe having an external diameter of 406 mm, a wall thickness of 30 mm
and a length of 2 m was prepared. A thermocouple was embedded at the center
position in the longitudinal direction of the pipe. The thermocouple was disposed at
a wall thickness center position. The pipe was heated for two hours at 950°C. The
inner surface of the heated pipe was cooled using the mandrel bar 3 illustrated in FIG.
4. At this time, the conveying speed of the pipe was set to 6 m/min. In this case,
of the time period taken for the entire inner surface of the pipe to pass through the
cooling zone 32, the time period from when the position (measurement position) at
which the thermocouple was embedded entered the cooling zone 32 until the
measurement position had passed through the cooling zone 32 was 10 seconds.
While the pipe was being conveyed, cooling water was ¢jected from the cooling zone

32 by the inner surface cooling mechanism 340, and compressed air was ¢jected
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from the contact suppression zone 33 by the inner surface damming mechanism 350,
and the heat transfer coefficient at the measurement position was measured.
[0256]

The measurement results are shown in FIG. 52. Referring to FIG. 52, a time
period in which the heat transfer coefficient rises means that the measurement
position was cooled by the coolant in the time period in question. It is described
above that the time period for cooling at the measurement position by the coolant
was set to 10 seconds, and the measurement results showed that the measurement
position was cooled for 12 seconds. That is, the cooling time period could be made
approximately the same as the set time period. This means that the rearward
damming mechanism 500 sufficiently suppressed contact of the coolant with an inner
surface portion of the pipe that was further rearward than the cooling zone 32.
[Example 3]

[0257]

A pipe 900 having an external diameter of 406 mm, a wall thickness of 30
mm and a length of 2000 mm that is illustrated in FIG. 53 was prepared. In a cross
section at the center position in the axial direction (longitudinal direction) of the pipe
900 that was perpendicular to the axial direction of the pipe 900, a thermocouple was
embedded at a wall thickness center position (PT) at 0°, a wall thickness center
position (PS) at 90° and a wall thickness center position (PB) at 180° in the
clockwise direction, respectively, from the top of the pipe 900.

[0258]

As illustrated in FIG. 54 and FIG. 55, a simulated mandrel bar 3A (FIG. 54)
and a simulated mandrel bar 3B (FIG. 55) which each simulated the mandrel bar 3
were prepared.  Referring to FIG. 54, the simulated mandrel bar 3A included a
plurality of the annularly arranged coolant-¢jection-hole groups 345 in the cooling
zone 32 and included a plurality of the annularly arranged gas-ejection-hole groups
355 in the contact suppression zone 33 of a bar body 31A. Each of the annularly
arranged coolant-ejection-hole groups 345 included a plurality of the coolant ejection
holes 341 that were provided at a pitch of 30° in the circumferential direction. The
ejection direction F34 of each of the coolant ejection holes 341 was the radial

direction of the bar body 31A. Each of the annularly arranged gas-¢jection-hole
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groups 355 included a plurality of the compressed gas ejection holes 351 that were
provided at a pitch of 30° in the circumferential direction. The ¢jection direction
F35 of each of the compressed gas ejection holes 351 was the radial direction of the
bar body 31A. Note that, a discoid heat insulating material 300 simulating the plug
2 was attached to a fore end of the simulated mandrel bar 3A. The diameter of the
heat insulating material 300 was equivalent to the inner diameter of the pipe 900.
[0259]

Referring to FIG. 55, the simulated mandrel bar 3B included a plurality of the
annularly arranged coolant-¢jection-hole groups 345 in the cooling zone 32 and
included a plurality of the annularly arranged gas-ejection-hole groups 355 in the
contact suppression zone 33 of a bar body 31B. The annularly arranged coolant-
ejection-hole groups 345 included a plurality of the coolant ¢jection holes 341 which
were provided at a pitch of 30° in the circumferential direction. In the simulated
mandrel bar 3B, each coolant ejection hole 341 was provided in a front end of a
nozzle. An angle of the ejection direction F34 of cach of the coolant ¢jection holes
341 with respect to the axial direction of the bar body 31B was 79°, and as illustrated
in FIG. 55, when viewing the simulated mandrel bar 3B from the front to the rear in
the axial direction, the ¢jection direction F34 was the counterclockwise direction.
The annularly arranged gas-ejection-hole groups 355 included a plurality of the
compressed gas ejection holes 351 that were provided at a pitch of 30° in the
circumferential direction. In the simulated mandrel bar 3B, cach compressed gas
ejection hole 351 was provided in the front end of a nozzle. An angle of the
ejection direction F35 of each of the compressed gas ejection holes 351 with respect
to the axial direction of the bar body 31B was 79°, and as illustrated in FIG. 55,
when viewing the simulated mandrel bar 3B from the front to the rear in the axial
direction, the ejection direction F35 was the counterclockwise direction. Note that,
the discoid heat insulating material 300 simulating the plug 2 was attached to a fore
end of simulated mandrel bar 3B. The diameter of the heat insulating material 300
was equivalent to the inner diameter of the pipe 900.

[0260]
The pipe in which the thermocouples were embedded was heated to 950°C in

a heating furnace. The pipe 900 was taken out from the heating furnace, and water
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cooling of the inner surface of the pipe 900 was performed using the simulated
mandrel bar 3A. At such time, as illustrated in FIG. 56, the simulated mandrel bar
3A was fixed, and the pipe 900 was caused to pass by the simulated mandrel bar 3A
at a conveying speed of 6 mpm. At such time, as illustrated in FIG. 56, the heat
insulating material 300 simulating the plug 2 was arranged so as to hermetically seal
the inside of the pipe 900. While the pipe 900 was passing by the simulated
mandrel bar 3A, the temperature (°C) at the PT position, the PS position and the PB
position was measured by the thermocouples. Note that, the ¢jection amount (flow
rate) of the coolant ejection holes 341 during cooling in the cooling zone 32 was set
to 600 L/min, and coolant was filled between the inner surface of the pipe 900 and
the bar body 31A in the cooling zone 32 during cooling. The ¢jection amount (flow
rate) of compressed gas of the compressed gas ejection holes 351 in the contact
suppression zone was 4000 L/min.  The cooling time period (time period for which
the pipe 900 passed by the cooling zone 32) was 12 seconds.  After cooling of the
overall length of the pipe 900 by the simulated mandrel bar 3A was completed, mean
heat transfer coefficients (W/m?/k) at the PT position, the PS position and the PB
position were calculated. Among the three mean heat transfer coefficients that were
obtained, a ratio of the maximum value of the mean heat transfer coefficient to the
minimum value of the mean heat transfer coefficient was determined.

[0261]

In addition, a water-cooling test that was the same as the water-cooling test
performed using the simulated mandrel bar 3A was performed using the simulated
mandrel bar 3B. Specifically, the pipe 900 in which the thermocouples were
embedded was heated to 950°C in a heating furnace. The pipe 900 was taken out
from the heating furnace, and water cooling was started using the simulated mandrel
bar 3B. At such time, similarly to the simulated mandrel bar 3A, the simulated
mandrel bar 3B was fixed, and the pipe 900 was caused to pass by the simulated
mandrel bar 3B at a conveying speed of 6 mpm. At such time, the heat insulating
material 300 simulating the plug 2 was arranged so as to hermetically scal the inside
of the pipe 900. While the pipe 900 was passing by the simulated mandrel bar 3B,
the temperature (°C) at the PT position, the PS position and the PB position was

measured by the thermocouples. The ejection amount (flow rate) of the coolant
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gjection holes 341 during cooling in the cooling zone 32 was set to 600 L/min, and
the ejection amount (flow rate) of compressed gas of the compressed gas ejection
holes 351 in the contact suppression zone 33 was set to 8300 L/min. The cooling
time period (time period for which the pipe 900 passed by the cooling zone 32) was
10 seconds. After cooling of the overall length of the pipe by the simulated
mandrel bar 3B was completed, mean heat transfer coefficients (W/m?/k) at the PT
position, the PS position and the PB position were calculated. Among the three
mean heat transfer coefficients that were obtained, a ratio of the maximum value of
the mean heat transfer coefficient to the minimum value of the mean heat transfer
coefficient was determined.

[0262]

[Test Results]

FIG. 57 is a view illustrating the relation between clapsed time (sec) and
temperature (°C) at the PT position, the PS position and the PB position when the
simulated mandrel bar 3A was used. FIG. 58 is a view illustrating the relation
between elapsed time (sec) and temperature (°C) at the PT position, the PS position
and the PB position when the simulated mandrel bar 3B was used.

[0263]

Referring to FIG. 57 and FIG. 58, temperature variations at the PT position,
the PS position and the PB position during the cooling period were less in the case of
the simulated mandrel bar 3B that generated a swirl flow than in the case of the
simulated mandrel bar 3A.

[0264]

Further, in the case of the simulated mandrel bar 3A, the maximum value of
the mean heat transfer coefficient at the PT position, the PS position and the PB
position was 6000 W/m?/k, the minimum value thereof was 1580 W/m?/k, and the
ratio for maximum value/minimum value of the mean heat transfer coefficient was
3.8. In contrast, in the case of the simulated mandrel bar 3B that generated a swirl
flow, the maximum value of the mean heat transfer coefficient at the PT position, the
PS position and the PB position was 4000 W/m?/k, the minimum value was 2000
W/m?/k, and the ratio for maximum value/minimum value of the mean heat transfer

coefficient was 2.0.  Thus, when the simulated mandrel bar 3B that generated a
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swirl flow was used, the inner surface of the pipe could be cooled more uniformly in
the circumferential direction compared to the case where the simulated mandrel bar
3A was used.

REFERENCE SIGNS LIST

[0265]

1 Skewed roll, 2 Plug, 3 Mandrel bar, 7 Coolant supply device, 8 Gas supply
device, 10 Piercing machine, 20 Material, 31 Bar body, 32 Cooling zone, 33 Contact
suppression zone, 50 Hollow shell, 340 Inner surface cooling mechanism, 350 Inner
surface damming mechanism, 400 Outer surface cooling mechanism, 500 Rearward

damming mechanism, 600 Frontward damming mechanism
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CLAIMS

1. A piercing machine that performs piercing-rolling or elongating rolling of a
material to produce a hollow shell, comprising:

a plurality of skewed rolls disposed around a pass line along which the
material passes;

a plug disposed on the pass line between a plurality of the skewed rolls; and

a mandrel bar extending rearward of the plug along the pass line from a rear
end of the plug, wherein:

the mandrel bar includes:

a bar body;

a coolant channel formed inside the bar body, the coolant channel allowing a
coolant to pass therein;

an inner surface cooling mechanism disposed inside a cooling zone in the bar
body, the cooling zone having a specific length in an axial direction of the mandrel
bar and being located at a fore end portion of the mandrel bar, wherein, during
piercing-rolling or during elongating rolling, the inner surface cooling mechanism
gjects the coolant that is supplied from the coolant channel to outside of the bar body
to cool an inner surface of the hollow shell that is advancing within the cooling zone;
and

an inner surface damming mechanism disposed adjacent to the cooling zone
on a rearward side of the cooling zone, wherein, during piercing-rolling or during
elongating rolling, the inner surface damming mechanism suppresses contact of the
coolant ejected to outside of the bar body with the inner surface of the hollow shell

after the hollow shell leaves from the cooling zone.

2. The piercing machine according to claim 1, wherein:
the inner surface damming mechanism dams the coolant ejected to outside of
the bar body, and accumulates the coolant between the bar body and the inner surface

of the hollow shell within the cooling zone.

3. The piercing machine according to claim 1 or claim 2, wherein:

the mandrel bar further includes:
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a compressed gas channel that is formed inside the bar body, and through
which compressed gas passes,

the inner surface damming mechanism:

during piercing-rolling or during elongating rolling, by ¢jecting the
compressed gas that is supplied from the compressed gas channel to outside of the
bar body, suppresses contact of the coolant ejected to outside of the bar body with
the inner surface of the hollow shell after the hollow shell leaves from the cooling

zone.

4. The piercing machine according to claim 3, wherein:

the inner surface damming mechanism dams the coolant ejected to outside of
the bar body, by means of the compressed gas ejected to outside of the bar body, and
accumulates the coolant between the bar body and the inner surface of the hollow

shell within the cooling zone.

5. The piercing machine according to claim 1 or claim 2, wherein:
the inner surface damming mechanism includes an inner surface damming
member which is disposed adjacent to the cooling zone on a rearward side of the
cooling zone, and which extends in a circumferential direction of the bar body, and
a height of the inner surface damming member is lower than a differential
value between a maximum radius of the plug and a radius of the bar body ata

position at which the inner surface damming member is disposed.

6. The piercing machine according to claim 5, wherein:

the inner surface damming mechanism dams the coolant ejected to outside of
the bar body, by means of the inner surface damming member, and accumulates the
coolant between the bar body and the inner surface of the hollow shell within the

cooling zone.

7. The piercing machine according to any one of claim 1 to claim 6, wherein:

the mandrel bar further includes:
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a drainage channel that is formed within the bar body and in which the
coolant ejected to outside of the bar body flows, and

one or more drainage holes that is disposed within the cooling zone in the bar
body, and is connected to the drainage channel and recovers the coolant ejected to

outside of the bar body.

8. The piercing machine according to any one of claim 1 to claim 7, wherein:
the inner surface cooling mechanism includes, within the cooling zone, a

plurality of coolant ejection holes which are arrayed in a circumferential direction of

the bar body or in a circumferential direction and an axial direction of the bar body

and which ¢ject the coolant.

9. The piercing machine according to claim 8, wherein:

as seen from an advancing direction of the hollow shell, a plurality of the
coolant ejection holes face in the circumferential direction of the bar body, and

the inner surface cooling mechanism causes the coolant in the cooling zone to
swirl around the bar body, by ejecting the coolant in the circumferential direction of

the bar body from a plurality of the coolant ejection holes.

10.  The piercing machine according to claim 9, wherein:

a plurality of the coolant ejection holes face in the circumferential direction of
the bar body and rearward of the bar body, and

the inner surface cooling mechanism causes the coolant in the cooling zone to
swirl around the bar body, by ejecting the coolant in the circumferential direction of
the bar body and rearward of the bar body from a plurality of the coolant ejection

holes.

11.  The piercing machine according to claim 3 or claim 4, wherein:

the inner surface cooling mechanism includes within the cooling zone, a
plurality of coolant ejection holes which are arrayed in a circumferential direction of
the bar body or in a circumferential direction and an axial direction of the bar body

and which eject the coolant; and

Date Regue/Date Received 2020-05-26



CA 03083564 2020-05-26
- 114 -

the inner surface damming mechanism includes a plurality of compressed gas
ejection holes which are arrayed in the circumferential direction of the bar body or in
the circumferential direction and the axial direction of the bar body in a contact
suppression zone that is disposed adjacent to the cooling zone on a rearward side of

the cooling zone, and which eject compressed gas.

12.  The piercing machine according to claim 11, wherein:

as seen from an advancing direction of the hollow shell, a plurality of the
compressed gas ejection holes face in the circumferential direction of the bar body,
and

the inner surface damming mechanism causes the compressed gas in the
contact suppression zone to swirl around the bar body by ejecting the compressed gas
in the circumferential direction of the bar body from the compressed gas ejection

holes.

13.  The piercing machine according to claim 12, wherein:

a plurality of the compressed gas ejection holes face in the circumferential
direction of the bar body and rearward of the bar body, and

the inner surface damming mechanism causes the compressed gas in the
contact suppression zone to swirl around the bar body, by ¢jecting the compressed
gas in the circumferential direction of the bar body and rearward of the bar body

from the compressed gas ejection holes.

14.  The piercing machine according to claim 13, wherein:

as seen from an advancing direction of the hollow shell, a swirling direction
of the coolant ¢jected from a plurality of the coolant ¢jection holes is clockwise or
counterclockwise,

as seen from an advancing direction of the hollow shell, a swirling direction
of the compressed gas ejected from a plurality of the compressed gas ¢jection holes

is clockwise or counterclockwise, and
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the inner surface damming mechanism ejects the compressed gas so that the
swirling direction of the compressed gas becomes the same as the swirling direction

of the coolant.

15.  The piercing machine according to any one of claims 12 to 14, wherein:

the inner surface cooling mechanism includes a plurality of annularly
arranged coolant-¢jection-hole groups that are arrayed in the axial direction of the
bar body in the cooling zone of the bar body,

the annularly arranged coolant-ejection-hole group includes a plurality of the
coolant ejection holes that are arrayed in the circumferential direction at a same
position in the axial direction of the bar body, and

in the inner surface cooling mechanism:

when a distance in the axial direction of the bar body that the swirl flow of the
coolant advances until completing one rotation around the bar body is defined as
"one swirl period distance", in the axial direction of the bar body, a distance between
the annularly arranged coolant-¢jection-hole groups that are adjacent is the same as

the one swirl period distance.

16.  The piercing machine according to any one of claim 1 to claim 15, further
comprising:

an outer surface cooling mechanism disposed around the mandrel bar, at a
position that is rearward of the plug,

wherein, with respect to the outer surface of the hollow shell that is advancing
through the cooling zone, as seen from an advancing direction of the hollow shell,
the outer surface cooling mechanism ¢jects a cooling fluid toward an upper part of
the outer surface, a lower part of the outer surface, a left part of the outer surface and

a right part of the outer surface to cool the hollow shell inside the cooling zone.

17.  The piercing machine according to claim 16, wherein:
the outer surface cooling mechanism includes:
an outer surface cooling upper member disposed above the mandrel bar as

seen from an advancing direction of the hollow shell, the outer surface cooling upper
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member including a plurality of cooling fluid upper-part ejection holes which eject
the cooling fluid toward the upper part of the outer surface of the hollow shell in the
cooling zone;

an outer surface cooling lower member disposed below the mandrel bar as
seen from the advancing direction of the hollow shell, the outer surface cooling
lower member including a plurality of cooling fluid lower-part ejection holes which
eject the cooling fluid toward the lower part of the outer surface of the hollow shell
in the cooling zone;

an outer surface cooling left member disposed leftward of the mandrel bar as
seen from the advancing direction of the hollow shell, the outer surface cooling left
member including a plurality of cooling fluid left-part ejection holes which eject the
cooling fluid toward the left part of the outer surface of the hollow shell in the
cooling zone; and

an outer surface cooling right member disposed rightward of the mandrel bar
as seen from the advancing direction of the hollow shell, the outer surface cooling
right member including a plurality of cooling fluid right-part ejection holes which
eject the cooling fluid toward the right part of the outer surface of the hollow shell in

the cooling zone.

18.  The piercing machine according to claim 16 or claim 17, further comprising:

a frontward damming mechanism that is disposed around the mandrel bar at a
position that is rearward of the plug and is frontward of the outer surface cooling
mechanism, wherein:

the frontward damming mechanism comprises a mechanism that, when the
outer surface cooling mechanism is cooling the hollow shell in the cooling zone by
ejecting the cooling fluid toward the upper part of the outer surface, the lower part of
the outer surface, the left part of the outer surface and the right part of the outer
surface of the hollow shell, dams the cooling fluid from flowing to the upper part of
the outer surface, the lower part of the outer surface, the left part of the outer surface
and the right part of the outer surface of the hollow shell before the hollow shell

enters the cooling zone.
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19.  The piercing machine according to claim 18, wherein:

the frontward damming mechanism includes:

a frontward damming upper member including a plurality of frontward
damming fluid upper-part ejection holes that is disposed above the mandrel bar as
seen from the advancing direction of the hollow shell, and that ejects a frontward
damming fluid toward the upper part of the outer surface of the hollow shell that is
positioned in a vicinity of an entrance side of the cooling zone and dams the cooling
fluid from flowing to the upper part of the outer surface of the hollow shell before
the hollow shell enters the cooling zone;

a frontward damming left member including a plurality of frontward
damming fluid lower-part ejection holes that is disposed leftward of the mandrel bar
as seen from the advancing direction of the hollow shell, and that ¢jects the
frontward damming fluid toward the left part of the outer surface of the hollow shell
that is positioned in a vicinity of the entrance side of the cooling zone and dams the
cooling fluid from flowing to the left part of the outer surface of the hollow shell
before the hollow shell enters the cooling zone; and

a frontward damming right member including a plurality of frontward
damming fluid right-part ejection holes that is disposed rightward of the mandrel bar
as seen from the advancing direction of the hollow shell, and that ¢jects the
frontward damming fluid toward the right part of the outer surface of the hollow
shell that is positioned in a vicinity of the entrance side of the cooling zone and dams
the cooling fluid from flowing to the right part of the outer surface of the hollow

shell before the hollow shell enters the cooling zone.

20.  The piercing machine according to claim 19, wherein:

the frontward damming upper member ¢jects the frontward damming fluid
diagonally rearward toward the upper part of the outer surface of the hollow shell
that is positioned in a vicinity of the entrance side of the cooling zone from a
plurality of the frontward damming fluid upper-part ¢jection holes;

the frontward damming left member ¢jects the frontward damming fluid

diagonally rearward toward the left part of the outer surface of the hollow shell that
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is positioned in a vicinity of the entrance side of the cooling zone from a plurality of
the frontward damming fluid left-part ¢jection holes; and

the frontward damming right member ¢jects the frontward damming fluid
diagonally rearward toward the right part of the outer surface of the hollow shell that
is positioned in a vicinity of the entrance side of the cooling zone from a plurality of

the frontward damming fluid right-part ejection holes.

21.  The piercing machine according to claim 19 or claim 20, wherein:

the frontward damming mechanism further includes:

a frontward damming lower member including a plurality of frontward
damming fluid lower-part ejection holes that is disposed below the mandrel bar as
seen from the advancing direction of the hollow shell, and that ¢jects the frontward
damming fluid toward the lower part of the outer surface of the hollow shell that is
positioned in a vicinity of the entrance side of the cooling zone and dams the cooling
fluid from flowing to the lower part of the outer surface of the hollow shell before

the hollow shell enters the cooling zone.

22.  The piercing machine according to claim 21, wherein:

the frontward damming lower member ¢jects the frontward damming fluid
diagonally rearward toward the lower part of the outer surface of the hollow shell
that is positioned in a vicinity of the entrance side of the cooling zone from a

plurality of the frontward damming fluid lower-part ¢jection holes.

23.  The piercing machine according to any one of claim 16 to claim 22, further
comprising:

a rearward damming mechanism that is disposed around the mandrel bar at a
position that is rearward of the outer surface cooling mechanism, wherein:

the rearward damming mechanism comprises a mechanism that, when the
outer surface cooling mechanism is cooling the hollow shell by ¢jecting the cooling
fluid toward the upper part of the outer surface, the lower part of the outer surface,
the left part of the outer surface and the right part of the outer surface of the hollow

shell, dams the cooling fluid from flowing to the upper part of the outer surface, the
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lower part of the outer surface, the left part of the outer surface and the right part of
the outer surface of the hollow shell after the hollow shell leaves from the cooling

zone.

24.  The piercing machine according to claim 23, wherein:

the rearward damming mechanism includes:

a rearward damming upper member including a plurality of rearward
damming fluid upper-part ejection holes that is disposed above the mandrel bar as
seen from the advancing direction of the hollow shell, and that ¢jects a rearward
damming fluid toward the upper part of the outer surface of the hollow shell that is
positioned in a vicinity of a delivery side of the cooling zone and dams the cooling
fluid from flowing to the upper part of the outer surface of the hollow shell after the
hollow shell leaves from the cooling zone;

a rearward damming left member including a plurality of rearward damming
fluid left-part ejection holes that is disposed leftward of the mandrel bar as seen from
the advancing direction of the hollow shell, and that ¢jects the rearward damming
fluid toward the left part of the outer surface of the hollow shell that is positioned in
a vicinity of the delivery side of the cooling zone and dams the cooling fluid from
flowing to the left part of the outer surface of the hollow shell after the hollow shell
leaves from the cooling zone; and

a rearward damming right member including a plurality of rearward damming
fluid right-part ejection holes that is disposed rightward of the mandrel bar as seen
from the advancing direction of the hollow shell, and that ejects the rearward
damming fluid toward the right part of the outer surface of the hollow shell that is
positioned in a vicinity of the delivery side of the cooling zone and dams the cooling
fluid from flowing to the right part of the outer surface of the hollow shell after the

hollow shell leaves from the cooling zone.
25.  The piercing machine according to claim 24, wherein:

the rearward damming upper member ¢jects the rearward damming fluid

diagonally frontward toward the upper part of the outer surface of the hollow shell
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that is positioned in a vicinity of the delivery side of the cooling zone from a
plurality of the rearward damming fluid upper-part ejection holes;

the rearward damming left member ejects the rearward damming fluid
diagonally frontward toward the left part of the outer surface of the hollow shell that
is positioned in a vicinity of the delivery side of the cooling zone from a plurality of
the rearward damming fluid left-part ejection holes; and

the rearward damming right member ¢jects the rearward damming fluid
diagonally frontward toward the right part of the outer surface of the hollow shell
that is positioned in a vicinity of the delivery side of the cooling zone from a

plurality of the rearward damming fluid right-part ¢jection holes.

26.  The piercing machine according to claim 24 or claim 25, wherein:

the rearward damming mechanism further includes:

a rearward damming lower member including a plurality of the rearward
damming fluid lower-part ejection holes that is disposed below the mandrel bar as
seen from the advancing direction of the hollow shell, and that ¢jects the rearward
damming fluid toward the lower part of the outer surface of the hollow shell that is
positioned in a vicinity of the delivery side of the cooling zone and dams the cooling
fluid from flowing to the lower part of the outer surface of the hollow shell after the

hollow shell leaves from the cooling zone.

27.  The piercing machine according to claim 26, wherein:

the rearward damming lower member ¢jects the rearward damming fluid
diagonally frontward toward the lower part of the outer surface of the hollow shell
that is positioned in a vicinity of the delivery side of the cooling zone from a

plurality of the rearward damming fluid lower-part ¢jection holes.

28.  The mandrel bar according to any one of claim 1 to claim 27.

29. A method for producing a seamless metal pipe using the piercing machine

according to any one of claim 1 to claim 27, comprising:
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a rolling process of subjecting the material to piercing-rolling or elongating
rolling using the piercing machine to produce a hollow shell, and

a process of, during the rolling process, ejecting the coolant to outside of the
bar body by means of the inner surface cooling mechanism to cool the inner surface
of the hollow shell within the cooling zone, and by means of an inner surface
damming mechanism that is disposed adjacent to the cooling zone on a rearward side
of the cooling zone, suppressing contact of the coolant ejected to outside of the bar
body with the inner surface of the hollow shell after the hollow shell leaves from the

cooling zone.
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