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Description

Technical Field

[0001] This invention relates to a plug and a mandrel bar for a seamless steel pipe rolling operation and a method
for manufacturing a seamless steel pipe, and more particularly a method for manufacturing a plug having as its outer
shape a bullet-like shape, a rod-like member used for punching a hole at a steel piece, expanding a diameter of a pipe
or extending a raw pipe which are installed as a tool of a pipe rolling machine such as a piercing machine, an elongating
machine, a plug mill, a reel machine and a mandrel mill or the like and for manufacturing a seamless steel pipe using
these materials.
[0002] In the specification of the present invention, the plug used in each of the aforesaid pipe rolling machines is
properly called as a piercing plug, an elongating plug or the like by applying a name of the pipe rolling machine. In
addition, in the case of the mandrel mill, the aforesaid rod-like member corresponds to a plug for another rolling machine
and this is called as a mandrel bar.

Background of the Invention

[0003] In order to manufacture a seamless steel pipe by applying a Mannesman Pipe Manufacturing Method, for
example, at first a round steel piece heated up to a predetermined temperature (hereinafter called as a billet) is punched
with the aforesaid plug by applying a slant type drilling machine called as a piercing machine and rolled to make a
hollow raw pipe (hereinafter called as a hollow member). Then, the hollow member is rolled under application of a plug
or a mandrel bar (hereinafter merely called as a bar) by the extending and rolling machine such as an elongating
machine, a plug mill, a reel machine or a mandrel mill or the like in the same manner as that described above so as
to reduce its wall thickness. Further, as required, after the rolled pipe is heated again, its outer diameter is reduced
without using any plug in a squeezing rolling machine or a non-proportional rolling machine such as a reducing machine
and a sizing machine. In this case, the hollow raw pipe rolled by a plug mill, a reel machine and a mandrel mill or the
like is called as a shell.
[0004] However, the plug is always exposed under a high temperature and a high load through a continuous contact
with the heated billet or hollow member at the stage of punching and rolling operation performed by the aforesaid
piercing machine, resulting in that the plug is quite easily worn out and melt lost. In the prior art, since the plug was
made of steel, the plug was heat treated at about 900 to 1000 °C as a countermeasure against a worn-out loss and a
scale film of several 10 to several 100 µm was formed. However, when such a plug as above is used in making a pipe
of high alloy steel containing Cr of 5 wt% of which demand is increased in particular in recent years, the plug is merely
endurable against several number of billets and its life is remarkably short.
[0005] Then, several number of technologies improving the life of the plug have been proposed by changing material
quality of the plug. For example, either an official gazette of Japanese Patent Laid-Open No. Sho 60-159156 or an
official gazette of Japanese Patent Laid-Open No. Sho 60-208458 proposes the plug raw material having Mo or W
added to 3 wt% Cr- 1 wt% Ni steel. However, there was a certain limitation in improvement of a life of the plug of
piercing machine only through a utilization of such a material quality of steel system. For example, even if a billet with
a diameter of 110 mm and a length of 2.5 m of SUS304 of austenite stainless steel is punched and rolled with a plug
of the aforesaid raw material, a life of the plug is merely 3 pieces/unit (the number of billets which can be punched and
rolled with one plug is three).
[0006] In addition, either an official gazette of Japanese Patent Laid-Open No. Sho 63-203205 or an official gazette
of Japanese Patent Publication No. Hei 5-85242 has a proposal that a Mo group alloy is connected to the extremity
end of the plug to increase a heat-resistant characteristic and an anti-wear characteristic. In addition, the official gazette
of Japanese Patent Laid-Open No. Sho 62-244505 (JP-A-62244505) has a proposal of the same gist saying that a
super-hard material is connected to the extremity end of the plug and ceramics is molten injected against the surface
of the plug. In addition, the official gazette of Japanese Patent Laid-Open No. Sho 62-238011 (JP-A-62238011) has a
proposal that a core material of the plug is made of ceramics and a metallic powder layer is hot pressed in isotropic
pressure (normally called as an HIP processing). However, the plug having such a structure as above shows a disad-
vantage that a coupling of the raw materials is not kept during rolling operation and its life becomes shorter than that
of the prior art.
[0007] In addition, the official gazette of Japanese Patent Laid-Open No. Hei 2-156037 (JP-A-2156037) has a pro-
posal that there is provided a plug having a superior heat-resistant characteristic composed of a sintered member
having a hard phase (a borite thermet) and a coupling phase having mainly Ni, Mo. When a billet composed of 13 wt%
Cr steel, for example, was punched under application of this plug, twelve billets could be punched with one plug.
However, this degree of improvement is not sufficient for the operation.
[0008] In addition, the official gazette of Japanese Patent Laid-Open No. Sho 60-137511 (JP-A-60137511) has a
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proposal about a plug for manufacturing a seamless steel pipe in which the extremity end of ceramics is fixed to the
steel substrate of the plug. Usually, the plug shows a different action against a pressed member in response to the
specified location such as the extremity end, the work section and the reeling section or the like to be illustrated later.
For example, the punching and rolling operation at the piercing machine is carried out such that the billet is punched
at the extremity end, the produced raw pipe is rapidly decreased in its wall thickness at the work section and then the
wall thickness of the raw pipe is adjusted at the reeling section. However, as described in the official gazette of Japanese
Patent Laid-Open No. Sho 60-137511, even if only the extremity end is made of ceramics, it is frequently found that
the work section or the reeling section is damaged, and in particular, the work section is remarkably damaged. That
is, even if such a plug as above is employed for a punching and rolling operation, its life is not so extended as expected
and a shape of the inner surface of the hollow member attained by the damage of the work section is not improved.
[0009] In turn, as a countermeasure for extending the life of the plug, there is provided a usage of plug in addition
to a modification of the aforesaid material quality of the plug. Either the official gazette of Japanese Patent Laid-Open
No. Sho 51-133167 or the official gazette of Japanese Patent Laid-Open No. Hei 1-180712, for example, has a proposal
about a technology that the punching and rolling can be carried out while lubricant is being injected from the extremity
end of the plug and in turn the official gazette of Japanese Patent Laid-Open No. Hei 5-138213 has a proposal about
a technology that the punching and rolling can be performed after lubricant is coated in advance at the surface of the
plug, respectively. However, the technology for injecting the lubricant from the extremity end of the plug shows a problem
that the injection hole at the extremity end is clogged and in turn the technology for coating lubricant before punching
and rolling operation shows a problem that only a required amount of lubricant can be uniformly coated at the surface
of the plug. In addition, these both technologies have a common economical problem of increasing cost in manufacturing
a pipe under the application of lubricant and so they may not employed in view of their industrial application.
[0010] Documents JP-A-03 165 904, JP-A-62 170 479 and EP-A-0 385 439 disclose the use of ceramic materials
in plugs for rolling seamless pipes, in order to improve the resistance of the plugs.
[0011] The prior art described above related to the plug of the piercing machine in which the billet was punched and
rolled. To the contrary, as for the plugs used in the slant type rolling machines such as an elongating machine and a
reeling machine, various kinds of improvement technologies concerning the raw material and the method of use of the
plug have been proposed in the same manner as that of the plug in the piercing machine. However, these proposed
technologies (their description will be eliminated) do not accomplish the life of such a plug as one in which a pipe
manufacturing company may not satisfy. In. addition, as for the plug of the plug milling machine and the mandrel bar
or the like to be used in the rolling of the inner surface of the hollow member, a life of the plug or the bar in a punching
type rolling machine (such as a plug mill, a mandrel mill or the like) which may be sufficiently adapted can not be
attained in the same manner as that described above.

Disclosure of the Invention

[0012] In view of the circumstances described above, the present inventors have vigorously studied about an exten-
sion of life of the plugs and bars for use in manufacturing a seamless steel pipe. The study was carried out such that
as the rolled material, the billet of high alloy steel was selected in the model mill of which size was reduced to about
1/3 of that of the actual machine, various kinds of experiments of punching and rolling as well as extending and rolling
were performed and then the attained results were confirmed afterwards by the actual machine.
[0013] As a result, the countermeasure based on the method of using the plug together with lubricant shows a problem
of which resolution is quite difficult such as a clogging at the injection hole caused by lubricant or its increased cost.
To the contrary, it has been concluded that the improvement caused by modification of material quality of the plug
needs a certain amount of improvement under utilization of a recent development or an improved raw material.
[0014] In other words, it is therefore desirable to provide a new plug and a new bar for use in rolling a seamless steel
pipe capable of more remarkably improving a life than that of the prior art even under a severe condition of application
always exposed to a high temperature and a high load. Then, the present invention provides a method for attaining a
seamless steel pipe having a more superior quality than that of the prior art under application of these members.
[0015] According to a first aspect of the present invention there is provided a bullet-shaped plug for rolling a seamless
steel pipe, the plug being used for punching a hole in a steel piece or adjusting an inner diameter or an outer diameter
of a punched raw pipe, the plug comprising: an extremity end part; a work part; a reeling part; and a parallel part,
wherein at least a surface layer of the extremity end part and at least a surface layer of the work part are made of
ceramic material, the surface layer of the extremity end part being at least 3mm thick, and wherein said ceramic material
is Al2O3 and has a bending strength of 200 MPa or more at a temperature of 800°C.
[0016] Said ceramic material (Al2O3) may further have a bending strength of 200 MPa or more at a temperature of
1000 to 1200°C, and the plug may be provided in a reel machine.
[0017] According to a second aspect of the present invention there is provided a bullet-shaped plug for rolling a
seamless steel pipe, the plug being used for punching a hole in a steel piece or adjusting an inner diameter or an outer
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diameter of a punched raw pipe, the plug comprising: an extremity end part; a work part; a reeling part; and a parallel
part, wherein at least a surface layer of the extremity end part and at least a surface layer of the work part are made
of ceramic material, the surface layer of the extremity end part being at least 3mm thick, and wherein said ceramic
material is SiC and has a bending strength of 200 MPa or more at a temperature of 800°C.
[0018] Said ceramic material (SiC) may further have a bending strength of 200MPa or more at a temperature of 1000
to 1200°C, and the plug may be provided in a plug mill.
[0019] According to a third aspect of the present invention there is provided a bullet-shaped plug for rolling a seamless
steel pipe, the plug being used for punching a hole in a steel piece or adjusting an inner diameter or an outer diameter
of a punched raw pipe, the plug comprising: an extremity end part; a work part; a reeling part; and a parallel part,
wherein at least a surface layer of the extremity end part and at least a surface layer of the work part are made of
ceramic material, the surface layer of the extremity end part being at least 3mm thick, and wherein said ceramic material
is ZrO2 and has a bending strength of 200 MPa or more at a temperature of 800°C.
[0020] Said ceramic material (ZrO2) may further have a bending strength of 200 MPa or more at a temperature of
1000 to 1200°C, and the plug may be provided in an elongating machine.
[0021] According to a fourth aspect of the present invention there is provided a bullet-shaped plug for rolling a seam-
less steel pipe, the plug being used for punching a hole in a steel piece or adjusting an inner diameter or an outer
diameter of a punched raw pipe, the plug comprising an extremity end part; a work part; a reeling part; and a parallel
part, wherein at least a surface layer of the extremity end part and at least a surface layer of the work part are made
of ceramic material, the surface layer of the extremity end part being at least 3mm thick, and wherein said ceramic
material is Si3N4 and has a bending strength of 200 MPa or more at a temperature of 1200°C.
[0022] Said ceramic material (Si3N4) may further have a bending strength of 200 MPa or more at a temperature of
1300°C, and may further have a bending strength of 400 MPa or more at a temperature of 1200°C. The plug may be
provided in a piercing machine.
[0023] An embodiment of the above aspects is provided by a plug for rolling a seamless steel pipe according to any
of the above first to fourth aspects, wherein a surface layer of the reeling part is also made of ceramic material.
[0024] There is also provided a method for punching and rolling a steel piece to form a seamless steel pipe using a
plug according to any aspect or embodiment of the invention.
[0025] Accordingly, ceramic can be employed as raw material for the plug and the bar for a seamless steel pipe,
resulting in the life of these members being substantially improved. In addition, as a result of the arrangement in which
either the aforesaid plug or the aforesaid bar is applied for manufacturing the seamless steel pipe, time required for
performing a replacing work for these members is shortened and its productivity is remarkably improved more than
that of the prior art.

Brief Description of the Drawings

[0026]

Fig. 1 is a view for showing an outer appearance shape of a plug of a piercing machine.
Fig. 2 is a view for showing an outer appearance shape of a plug of an elongating machine.
Fig. 3 is a view for showing an outer appearance shape of a plug of a plug mill machine.
Fig. 4 is a view for showing an outer appearance shape of a plug of a reel machine.
Fig. 5 is a view for showing an outer appearance shape of a mandrel bar.
Fig. 6 is a view for showing an outer appearance shape of a plug provided with ceramic at the extremity end part
and working part
Fig. 7 is a view for showing an outer appearance shape of a plug further provided with ceramic at the reeling part.
Fig. 8 is a view for showing a relation between a plug life of a plug of a piercing machine (as compared with that
of the prior art) and a bending strength of ceramics.
Fig. 9 is a view for showing a relation between a plug life of a plug of an elongating machine (as compared with
that of the prior art) and a bending strength of ceramics.
Fig. 10 is a view for showing a relation between a plug life of a plug of a plug mill machine (as compared with that
of the prior art) and a bending strength of ceramics.
Fig. 11 is a view for showing a relation between a plug life of a plug of a reel machine (as compared with that of
the prior art) and a bending strength of ceramics.

Preferred Embodiments of the Invention

[0027] At first, before describing the preferred embodiments of the present invention, a shape of each of the plug
and the bar applied for the aforesaid experiments as well as their methods of experiment will be described.
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[0028] As shown in Fig. 1, a plug 1 of a piercing machine is constructed such that each of segments of the plug is
defined as an extremity end section 10 (a length: 3 mm, R 10 mm) , a work section 11 (a length: 40 mm), a reeling
section 12 (a length: 50 mm, a slant angle 3.25° ) and a parallel section 13 (a length: 15 mm, φ42 mm) and each of
these sections is discriminated by its action. That is, the extremity end section 10 is a part with which a hole is punched
at the central part of the billet, the work section 11 is a part with which a pipe wall thickness is reduced with a clearance
being left against the roll, the reeling section 12 is a part with which a pipe wall thickness is finished with a clearance
being against the roll, and the parallel section 13 is a partwith which a removal of the hollow member from the plug is
made smooth. In addition, these positions are made different in reference to a shape of the plug. The states would
become apparent in reference to a plug 2 of an elongating machine in Fig. 2 of which outer shape appearance is
different from that of the plug 1 of the piercing machine (a length of the extremity section 5 mm, R 10 mm, a length of
the work section 30 mm, a length of the reeling section 45 mm, a slant angle 3.75° , a length of parallel section 15 mm,
φ 48 mm), the plug 3 of a plug mill in Fig. 3 (a forward or rearward symmetrical shape, the extremity end section 2 mm,
R 5 mm, a length of the work section 5 mm, a length of the reeling section 10 mm, a slant angle 10 ° , a length of
parallel section 20 mm, φ 49 mm), and a plug 4 of a reeling machine in Fig. 4 (an extremity end section 3 mm, R 10
mm, a length of the work section 20 mm, a length of the reeling section 60 mm, a slant angle 11.5° , a length of parallel
section 15 mm, φ 53 mm). The number with φ in a parenthesis indicates an outer diameter of the maximum section.
As described above, the mandrel bar 5 in Fig. 5 forms a rod-like member in which the plug and the plug bar supporting
the plug are integrally assembled (a length of the extremity end section 3 mm, R 26.5 mm, a length of the work section
3000 mm, φ 53 mm). As shown in Fig. 5, a pipe wall thickness at a part of the mandrel bar of which outer appearance
shape is approximately parallel is reduced, so that the parallel part of its outer appearance of the mandrel bar is called
a work section.
[0029] In an experiment for plugs entirely comprising ceramic, four kinds of ceramics powder of SiC, ZnO2, Al2O3,
Si3N4 were used as the aforesaid ceramics. Then, the plugs were manufactured in such a way that each of these
ceramic powders was molded individually, baked, and then finished into the shapes shown in Figs. 1 and 2 to 5 by a
grinding operation. During this operation, the molding was performed such that the ceramics powder was mixed with
sintered member such as glass, finished into the shape of plug (rough shape in view of shrinkage caused by baking),
the baking was carried out in baking and solidifying within a furnace (an atmospheric furnace or an atmospheric control
or isohydraulic furnace or the like) and the grinding was performed with a diamond grinding stone to make a grinding
finish. In addition, the plug may be kept at a state in which it is not ground finished, but it is left in its baked condition
in view of rolling condition.
[0030] Then, an experiment of rolling of these plug and bar was carried out under application of the plugs or bars
shown in Figs. 1 to 5 above and material quality of the entire plug or bar was changed as follows.
[0031] At first, the billet of SUS304 with φ 50 mm heated up to 1250 °C was rolled by a model piercing machine into
a hollow member with an outer diameter of φ 55 mm. After this operation, this hollow member was cooled with air and
passed in sequence through the following two steps of 1 and 2 to make a shell member. Then, a life of the plug
and the bar used in each of the model mills was evaluated.

1 After it was heated again up to 1050 °C, the material was rolled by the mandrel mill having 5 stands into a shell
of 50 mm.
2 After it was heated again up to 1150 °C, it was rolled by the elongating machine into the hollow member having
φ 60 mm, cooled with air, heated again up to 1050 °C, thereafter it was rolled by the plug mill into the shell member
having φ 57.5 mm, cooled with air, heated again up to 1000 °C, thereafter it was rolled by a reeling machine into
a shell having φ 60 mm.

[0032] In this case, the prior art plugs of which life was compared with life of the plugs and the bars above are the
same shape as that of each of the plugs shown in Figs. 1 to 5 and their material quality is as follows.
[0033] The plug of the piercing machine and the plug of the elongating machine are made of cast steel of 0.3 wt%
C - 0.3 wt% Cr - 1 wt% Ni and oxidation scale is generated at the surface by a heat treatment. The mandrel bar
corresponds to the JIS standards (SKT6), this is also processed by a heat treatment to form an oxidation scale at the
surface, thereafter lubricant of graphite system is coated on it. The plug of the plug mill is made of cast steel with 1.5
wt% C - 18 wt% Cr - 1.5 wt% Ni, an oxidation scale is produced at the surface by a heat treatment and lubricant of
graphite system is coated on it. The plug of the reeling machine is made of cast iron of 3wt% C - 0.6 wt% Cr - 0.4 wt%
Ni system and this is left without being heat treated while it is machined.
[0034] Results of the experiment under application of the plugs and bars as above and the prior art members will be
described.
[0035] Table 1 indicates a life of each of the plug and the bar. In this case, the life is evaluated in reference to the
number (called as a durable number) of rolled members (billet, hollow member or shell) which are rolled until one plug
or bar is worn out under its continuous application in use and the worn-out member is replaced with another member.
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[0036] In reference to Table 1, it is apparent that the plugs and the bars which are made entirely of ceramics whatever
type of rolling machines may be applied show a longer life than that of the prior art product. During this process, the
pipe rolled by the plug and the bar being entirely ceramic showed no baking stain (evaluating method: visual discrim-
ination at the surface of the tool after applying a rolling operation and water-cooling). Such a baking stain was generated
in the rolling operation for the prior art product, for every 1 to 3 pipes in the piercing machine, every 3 to 6 pipes in the
elongating machine and the plug mill, every 10 to 15 pipes in the reel machine and every 50 to 70 pipes in the mandrel
mill.
[0037] In view of the foregoing and in response to these results, the above plugs and bars, as used in the experiment,
required at first that the entire plug and bar are made of ceramics. Accordingly, it can be expected that, if the actual
plug and bar for use in rolling the seamless steel pipe are manufactured in such a way as described above, the life of
these members can be reached up to such a level as one which could be attained.
[0038] In addition, a similar effect can be expected even if the entire plug or bar is not made of ceramics, but partially
made of ceramics. In the case that the plug having the outer appearance shape shown in Fig. 1 is used as the plug of
the elongating machine and the plug of the reel machine, for example, it can be expected that, if each of the members
corresponding to the outer appearance shape shown in Figs. 2 and 3 (the extremity end section 10 and the work section
11, or the reeling section 12 also ) is replaced with ceramics, the plug has an approximate same life as that of the plug
of which entire material is made of ceramics. In addition, since the effect attained by ceramics is assumed to be caused
by the fact that deformation at the surface of the plug and melt loss under a high temperature are scarcely found as
compared with that of the scaled steel, it may also be applicable that only the surface layer except the inner part of the
plug, i.e. the portion processed with ceramics is made of ceramics. In other words, the inner part of the plug is made
of raw material of steel in the same manner as that of the prior art.
[0039] In view of the foregoing, in order to confirm this expectation, the present inventors applied to a rolling exper-
iment a plug of a piercing machine in which the extremity end section 10 and the work section 11 shown in Fig. 6(a)
indicating a plug section are made of ceramics (hatched line) , and the surface layer section of 6 mm at each of the
extremity end section 10 and the work section 11 shown in Fig. 6 (b) is made of ceramics (hatched line) and the
remaining sections are made of material quality of the prior art product. In addition, as the plug section, the present
inventors applied to a rolling experiment a plug of a piercing machine in which the extremity end section 10 to the reel
section 12 shown in Fig. 7(a) is made of ceramics (hatched line) and only the surface layer of 5 mm at each of the
extremity end section 10 to the reel section 12 shown in Fig. 7(b) is made of ceramics (hatched line) and their inner
sections as well as other remaining sections are made of material quality of the prior art product. Hence the surface
layers are provided by ceramics. Further, the size of the entire plug and the conditions of experiment are the same as
those of the aforesaid experiment.
[0040] In addition, in the case that either the plug or the bar had such a complex structure as above, silica alumina
heat-resistant adhesive agent (silica: silicon oxide, alumina: aluminum oxide) was used for connecting the ceramics
(hatched line) with the prior art steel member (other than the hatched line). If such a coupling as above is carried out,
the different raw materials are hardly peeled off from each other during its use even though the plug or the bar having
the complex structure is applied. Further, the plugs of the present invention are not only limited to this coupling method,
but also other coupling methods such as a sintering fit and a screw coupling or the like may be applied.
[0041] The results of the experiment are indicated in Table 2 in reference to the number of durable pipes produced
under a continuous application of the plug. In reference to Table 2, it is apparent that the plug of which partial portion
is manufactured by ceramics can attain a remarkable improvement in life. Accordingly, if the coupling strength between
the ceramics and other materials can be maintained more than an allowable value corresponding to the condition of

Table 1

Durable
number of
plug of
piercing
machine

Durable
number of
mandrel bar

Durable
number of
plug of
elongating
machine

Durable
number of plug
of plug mill

Durablenumber
of plug of reel
machine

Prior Art 2 55 4 5 13

Present
Invention

SiC 123 3,115 256 506 1,142

Al2O3 141 3,882 275 486 1,568

ZrO2 181 4,416 326 651 1,922

Si3N4 156 4,006 301 466 1,631
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application of the plug, the location where a severe wearing loss is naturally expected is made of ceramics as required
and other portions can be replaced with other materials such as steel, carbon or the like. It is of course apparent that
such other materials may be of a single material or complex material.

[0042] Since the present proposals for surface coated plugs are made on the basis of this technical concept, if they
are applied to the manufacturing of the seamless steel pipe in place of the aforesaid wholly ceramic plugs as required,
they may provide similar effects to those of the entirely ceramic plugs. That is, in order to attain a plug and a bar having
a sufficiently.longer life than that of the prior art, it is necessary that at least the extremity end of the plug and the work
section are formed by ceramics. In addition, although the same effect can be attained even if only the surface layer
ranging from the extremity end of the plug to the work section is made of ceramics, in this case, the thickness of the
surface layer section is more than 3 mm at the extremity end to the work section and the reel section shows more than
3 mm at its interface with the work section and more than 1 mm at its interface with the parallel section. If not, it is not
preferable due to the fact that it may not be durable against a tensile force generated inside (at an interface side with
the steel material) the ceramic section under an application of an external load and it may be damaged.
[0043] In addition, the present inventors performed the high temperature bending test (JIS R 1601 Three-Point Bend-
ing Test) for the ceramics in concurrent with the aforesaid rolling experiment, arranged the results and attained a relation
between the ceramic bending strength and the life of the plug. In this case, each of the bending strengths of the ceramics
is changed by attaining various states of forming and baking conditions. As the forming conditions, they are a combi-
nation of ceramics crystalline particle shape (from flake to particle, or spherical shape), a grain size and a mixed glass
type binder (alumina system, boric acid and others, or their complex state) and as the baking conditions, there are
provided a holding temperature (700 °C to 1600 °C), a cooling speed, atmosphere and pressurizing force or the like.
[0044] Figs. 8, 9, 10 and 11 illustrate a relation between a life of each of the plug of a piercing machine, the plug of
an elongating machine, the plug of a plug mill and the plug of a reel machine (against the prior art) and a ceramics
bending strength in this sequence, respectively. In these figures, the bending strength at 1000 °C, for example, is
expressed as "a strength at 1000 °C".
[0045] The bending strength requirements have been accomplished on the basis of the result of a high temperature
bending test for such ceramics, wherein the ceramics of the plugs are restricted under the preferable high temperature
bending strength in response to an applied rolling machine, such as a piercing machine, an elongating machine and
a reel machine, for example. Each of the reasons of restriction will be described as follows.

First bending strength results (the plug of piercing machine)

[0046] As shown in Fig. 8, the life of the plug of the piercing machine is improved as a bending strength of the applied
ceramics is increased. Then, the extension of life is increased at a value more than 200 MPa of a strength at 1200 °C
and further a life of more than fifty times of that of the prior art product under a condition of more than 400 MPa of a
strength at 1200 °C or more than 200 MPa of a strength at 1300 °C can be attained. In this case, the applied ceramics
is Si3N4, for example.
[0047] Thus, preferable selected plugs include the plug of the piercing machine in which a high temperature bending

Table 2

Plug of a
piercing
machine
(ceramics)

Durable Number

Prior 1 (Not
used)

Prior 2
(Extremity end)

Ceramic Plugs
(- work section)

Ceramic Plugs
(- reel section)

Entire Only the surface
layer

Entire Only the surface
layer

Casted steel
(Prior art)

2 - - - - -

SiC - 91 421 315 470 371

Al2O3 - 100 505 402 538 420

ZrO2 - 138 658 451 701 489

Si3N4 - 125 575 435 626 463
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strength of ceramics has a preferable range more than 200 MPa at 1200 °C, and the plug of the piercing machine
having a strength of more than 400 MPa at 1200 °C, and also the plug of the piercing machine having a strength of
more than 200 MPa at 1300 °C.

Second bending strength results (the plug of the elongating machine):

[0048] As shown in Fig. 9, the life of the plug of the elongating machine is improved as a bending strength of the
applied ceramics is increased. Then, the extension of life of it can be increased at a strength of more than 200 MPa
at 800 °C, and further a life of more than fifty times of that of the prior art product can be attained at a strength of more
than 200 MPa at 1000 °C. In general, the rolling temperature during rolling of the elongating machine does not exceed
1200 °C. Further, in this case, the applied ceramics is ZnO2, for example.

Third bending strength results (the plug of the plug mill):

[0049] As shown in Fig. 10, the life of the plug mill is improved as the bending strength of the applied ceramics is
increased. Then, the extension of life at a strength of more than 200 MPa at 800 °C is increased and a life more than
thirty times of that of the prior art product can be attained at a strength of more than 200 MPa at 1000 °C. In general,
there occurs no possibility that the rolling temperature at the time of rolling operation of the plug mill exceeds 1200 °C.
In addition, in this case, the applied ceramics is SiC, for example.
[0050] Thus, as a preferable range of the high temperature bending strength of the ceramics of the plug of the
elongating machine or the plug of the plug mill, the present experiment defined it as more than 200 MPa at 800°C and
as a further preferable range, the present experiment defined it as more than 200 MPa at 1000 to 1200 °C.

Fourth bending strength results (the plug of reel machine):

[0051] As shown in Fig. 11, the life of the reel machine is improved as the bending strength of the applied ceramics
is increased. Then, the extension of life at a strength of more than 200 MPa at 800 °C is increased and a life of more
than a hundred times of that of the prior art product can be attained at a strength of more than 200 MPa at 1000 °C.
In general, there occurs no possibility that the rolling temperature at the time of rolling operation of the reel machine
exceeds 1000 °C. In addition, in this case, the applied ceramics is Al2O3, for example.
[0052] Thus, as a preferable range of the high temperature bending strength of the ceramics of the plug of the reel
machine, the present experiment defined it as more than 200 MPa at 800 °C and as a further range which is more
suitable for actual use , the present experiment defined it as more than 200 MPa at 800 to 1200°C.
[0053] Lastly, the methods for manufacturing a seamless steel pipe with the above plugs will be described as follows.
[0054] The first method proposal relates to a method in which a plug according to the first bending strength. results
is applied to the piercing machine so as to make a hole at the billet and then the billet is rolled, and the processings
subsequent to the hollow member may be carried out in any method of rolling operation. That is, it may also be applicable
that all the plugs or bars of the experiments are used in the rolling machine subsequent to the elongating machine and
the well-known prior art product may be used.
[0055] In addition, the second method proposal is operated such that the plugs of the second bending strength results
are applied to the elongating machine so as to roll the hollow member, wherein the punching stage at the piercing
machine in the prior stage or the processing in subsequent stages is not restricted in particular.
[0056] In addition, the third method proposal is operated such that the plugs of the fourth bending strength results
are applied to the reel machine so as to roll the hollow member, wherein the fourth method proposal is additionally
operated such that the plugs of any one of the third bending strength results are installed at the plug mill so as to roll
the hollow member and the fifth method proposal is operated such that a mandrel bar is installed at the mandrel mill
so as to roll the hollow member. In this case, the above proposals do not restrict either the plug or the bar in particular
to the product during the processing other than that of the target rolling machine.
[0057] According to the present method proposals, the seamless steel pipe is manufactured under application of
either the plug or the bar as found by experiment having a remarkable longer life than that of the prior art product, so
that there may be generated various useful effects in industry such as a cost reduction caused by a decreased unit of
tool, and an improved productivity caused by reduction of frequent replacement of the tool or the like.

[Examples]

[0058] Each of ceramic powders of four kinds of ceramics such as SiC, ZnO2, Al2O3, and Si3N4 was press formed
individually and baked to adjust a strength at 1000 °C to the aforesaid values of 1000 Mpa, 1000 MPa, 450 MPa, and
1000 MPa, respectively. Then, each of the raw materials was finished into a product in which the material shows an
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outer appearance shape of each of the entire ceramic plugs shown in Figs. 1 to 5 with an enlarged size of expanded
rate, another product partially made of ceramics, a plug and a bar in which a part of the surface layer except the inner
side is made of ceramics and then they were used in the following examples 1 and 2.

[Example 1]

[0059] Billet (φ 175 mm) made of high alloy steel having a higher deformation resistance than that of 9 wt% Cr steel
was rolled in sequence by the plugs shown in Figs. 1 to 5 in the piercing machine and the mandrel mill with its expansion
rate being three times so as to manufacture the seamless steel pipe. At that time, the mandrel bars were used at both
piercing machine and mandrel mill in which a surface layer depth of 35 mm down to the plug of the piercing machine
and the work section (the outer appearance parallel section) entirely made of ceramics up to the parallel section was
made of ceramics.
[0060] The results are indicated in Table 3 as compared with that of the using the prior art product. In addition,
evaluation of the plugs and the bars was carried out in reference to the desired number of them when 40000 pieces
of the aforesaid billets were rolled.

[0061] In reference to Table 3, it becomes apparent that the desired number of the plugs and bars is remarkably
reduced to less than 1/100 for the plug of the piercing machine and less than 1/50 for the mandrel bar and further their
lives can be remarkably improved. It is quite natural to say that the frequent time of replacement of these members
was remarkably reduced and a productivity of the seamless steel pipe was also improved. In addition, the rolling time
at the piercing machine was reduced by 20% due to the reduction in plug resistance during the rolling operation. The
amount of use of the lubricant for the mandrel bar was reduced by 30%.

[Example 2]

[0062] Billet (φ 350 mm) made of high alloy steel having a higher deformation resistance than that of 16 wt% Cr steel
was rolled in sequence by the plugs shown in Figs. 1 to 5 in the piercing machine, an elongating machine, a plug mill
and a reel machine with its expansion rate being set to 6.5 so as to manufacture the seamless steel pipe.. At that time,
the plugs were used at all the aforesaid rolling machines. In this case, the entire piercing machine used the plug in
which the entire assembly up to the reel section was made of ceramics, the elongating machine used the plug in which
the surface layer depth down to the work section of 80 mm was made of ceramics, the plug mill used the plug in which
the entire surface layer depth of 70 mm was made of ceramics and the reel machine used the plug in which the surface
layer depth of 25 mm down to the reel section was made of ceramics.
[0063] The results are indicated in Table 4 as compared with that of the using the prior art product in all the rolling
machines. In addition, evaluation of the plugs was carried out in reference to the desired number of them when 5000
pieces of the aforesaid billets were rolled.

Table 3

Material Quality of Tool Desired Number/40000 billets Note (Strength of Ceramics)

Plug of Piercing Machine Mandrel Bar

Prior Art Product 3,334 170 -

Present Invention SiC 16 3 600 MPa (800 °C)

Al2O3 12 3 500 MPa (800 °C)

ZrO2 11 3 750 MPa (1000 °C)

Si3N4 13 3 500 MPa (1300 °C)

Table 4

Material Quality of Tool Desired Number/5,000 Billets Note (Strength
of Ceramics)

Plug of
Piercing
Machine

Plug of
Elongating
Machine

Plug of Plug
Mill

Plug of Reel
Machine

Prior Art Product 1,250 556 715 239 -
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[0064] In reference to Table 4, it becomes apparent that the desired number of the plugs is remarkably reduced to
less than 1/100 for each of the plugs of the piercing machine, the elongating machine, the plug mill and the reel machine
and further their lives can be remarkably improved. It is quite natural to say that the frequent time of replacement of
these members was remarkably reduced and a productivity of the seamless steel pipe was also improved. In addition,
since the surface of the plug was smooth, the surface roughness at the inner surface of the rolled pipe was improved
from Rmax of 35 µm to 5µm in a mean value. Further, an amount of occurrence of the scale engaging stain at the inner
surface of the pipe was reduced by 75% and the number of steps of handling was also reduced by the same amount.

Applicability in industry of the invention

[0065] Application in an industry shows that the wearing loss of either the plug or the mandrel bar installed in each
of the rolling machines during the manufacturing of the seamless steel pipe is substantially reduced than that of using
the prior art product. As a result, the stock of these members can be reduced and not only their manufacturing cost
can be reduced, but also the frequent time of replacement can be reduced, so that the time required for performing
the replacement work is shortened and the productivity of the seamless steel pipe is also improved. In addition, since
the shape of the plug or the mandrel bar is made stable, it is possible to attain the seamless steel pipe having a superior
inner surface quality as well as a superior size accuracy. This effect is remarkable in particular in case of manufacturing
the steel pipe made of high alloy steel of which deformation resistance is high and rolling operation is hardly carried out.

Claims

1. A bullet-shaped plug for rolling a seamless steel pipe, the plug being used for punching a hole in a steel piece or
adjusting an inner diameter or an outer diameter of a punched raw pipe, the plug comprising:

an extremity end part;
a work part;
a reeling part; and
a parallel part, wherein at least a surface layer of the extremity end part and at least a surface layer of the
work part are made of ceramic material, the surface layer of the extremity end part being at least 3mm thick,
and wherein said ceramic material is Al2O3 and has a bending strength of 200 MPa or more at a temperature
of 800°C.

2. A bullet-shaped plug for rolling a seamless steel pipe, the plug being used for punching a hole in a steel piece or
adjusting an inner diameter or an outer diameter of a punched raw pipe, the plug comprising:

an extremity end part;
a work part;
a reeling part; and

Table 4 (continued)

Material Quality of Tool Desired Number/5,000 Billets Note (Strength
of Ceramics)

Plug of
Piercing
Machine

Plug of
Elongating
Machine

Plug of Plug
Mill

Plug of Reel
Machine

Product of the
Present

Invention

SiC 8 5 5 2 600 MPa(800
°C)

Al2O3 7 4 5 2 500 MPa(800
°C)

ZrO2 6 3 4 2 750 MPa
(1000°C)

Si3N4 7 4 5 2 500 MPa
(1300°C)
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a parallel part, wherein at least a surface layer of the extremity end part and at least a surface layer of the
work part are made of ceramic material, the surface layer of the extremity end part being at least 3mm thick,
and wherein said ceramic material is SiC and has a bending strength of 200 MPa or more at a temperature
of 800°C.

3. A bullet-shaped plug for rolling a seamless steel pipe, the plug being used for punching a hole in a steel piece or
adjusting an inner diameter or an outer diameter of a punched raw pipe, the plug comprising:

an extremity end part;
a work part;
a reeling part; and
a parallel part, wherein at least a surface layer of the extremity end part and at least a surface layer of the
work part are made of ceramic material, the surface layer of the extremity end part being at least 3mm thick,
and wherein said ceramic material is ZrO2 and has a bending strength of 200 MPa or more at a temperature
of 800°C.

4. A bullet-shaped plug for rolling a seamless steel pipe, the plug being used for punching a hole in a steel piece or
adjusting an inner diameter or an outer diameter of a punched raw pipe, the plug comprising:

an extremity end part;
a work part;
a reeling part; and
a parallel part, wherein at least a surface layer of the extremity end part and at least a surface layer of the
work part are made of ceramic material, the surface layer of the extremity end part being at least 3mm thick,
and wherein said ceramic material is Si3N4 and has a bending strength of 200 MPa or more at a temperature
of 1200°C.

5. A plug for rolling a seamless steel pipe according to claim 1, wherein said ceramic material further has a bending
strength of 200 MPa or more at a temperature of 1000 to 1200°C.

6. A plug for rolling a seamless steel pipe according to claim 2, wherein said ceramic material further has a bending
strength of 200 MPa or more at a temperature of 1000 to 1200°C.

7. A plug for rolling a seamless steel pipe according to claim 3, wherein said ceramic material further has a bending
strength of 200 MPa or more at a temperature of 1000 to 1200°C.

8. A plug for rolling a seamless steel pipe according to claim 4, wherein said ceramic material further has a bending
strength of 200 MPa or more at a temperature of 1300°C.

9. A plug for rolling a seamless steel pipe according to claim 4, wherein said ceramic material further has a bending
strength of 400 MPa or more at a temperature of 1200°C.

10. A plug according to claim 1 or 5, the plug being provided in a reel machine.

11. A plug according to claim 2 or 6, the plug being provided in a plug mill.

12. A plug according to claim 3 or 7, the plug being provided in an elongating machine.

13. A plug according to claim 4, 8 or 9, the plug being provided in a piercing machine.

14. A plug for rolling a seamless steel pipe according to any preceding claim, wherein a surface layer of the reeling
part is also made of said ceramic material.

15. A method for punching and rolling a steel piece to form a seamless steel pipe using a plug according to any
preceding claim.
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Patentansprüche

1. Geschoßförmiger Dorn zum Walzen eines nahtlosen Stahlrohrs, wobei der Dorn dazu dient, ein Loch in ein Stahl-
stück zu stoßen oder den Innendurchmesser oder den Außendurchmesser eines durchstoßenen rohen Rohrs
einzustellen, und der Dorn umfasst:

einen äußersten Endteil;
einen Arbeitsteil;
einen Glättungsteil; und
einen Parallelteil, wobei zumindest eine Oberflächenschicht des äußersten Endteils und zumindest eine Ober-
flächenschicht des Arbeitsteils aus einem keramischen Material hergestellt sind, und die Oberflächenschicht
des äußersten Endteils mindestens 3 mm dick ist, und es sich bei dem keramischen Material um Al2O3 handelt,
das eine Biegefestigkeit von 200 MPa oder mehr bei einer Temperatur von 800 °C hat.

2. Geschoßförmiger Dorn zum Walzen eines nahtlosen Stahlrohrs, wobei der Dorn dazu dient, ein Loch in ein Staht-
stück zu stoßen oder den Innendurchmesser oder den Außendurchmesser eines durchstoßenen rohen Rohrs
einzustellen, und der Dom umfasst:

einen äußersten Endteil;
einen Arbeitsteil;
einen Glättungsteil; und
einen Parallelteil, wobei zumindest eine Oberflächenschicht des äußersten Endteils und zumindest eine Ober-
flächenschicht des Arbeitsteils aus einem keramischen Material hergestellt sind, und die Oberflächenschicht
des äußersten Endteils mindestens 3 mm dick ist, und es sich bei dem keramischen Material um SiC handelt,
das eine Biegefestigkeit von 200 MPa oder mehr bei einer Temperatur von 800 °C hat.

3. Geschoßförmiger Dorn zum Walzen eines nahtlosen Stahlrohrs, wobei der Dorn dazu dient, ein Loch in ein Stahl-
stück zu stoßen oder den Innendurchmesser oder den Außendurchmesser eines durchstoßenen rohen Rohrs
einzustellen, und der Dorn umfasst:

einen äußersten Endteil;
einen Arbeitsteil;
einen Glättungsteil; und
einen Paraltelteil, wobei zumindest eine Oberflächenschicht des äußersten Endteils und zumindest eine Ober-
flächenschicht des Arbeitsteils aus einem keramischen Material hergestellt sind, und die Oberflächenschicht
des äußersten Endteils mindestens 3 mm dick ist, und es sich bei dem keramischen Material um ZrO2 handelt,
das eine Biegefestigkeit von 200 MPa oder mehr bei einer Temperatur von 800 °C hat.

4. Geschoßförmiger Dorn zum Walzen eines nahtlosen Stahlrohrs, wobei der Dorn dazu dient, ein Loch in ein Stahl-
stück zu stoßen oder den Innendurchmesser oder den Außendurchmesser eines durchstoßenen rohen Rohrs
einzustellen, und der Dorn umfasst:

einen äußersten Endteil;
einen Arbeitsteil;
einen Glättungsteil; und
einen Parallelteil, wobei zumindest eine Oberflächenschicht des äußersten Endteils und zumindest eine Ober-
flächenschicht des Arbeitsteils aus einem keramischen Material hergestellt sind, und die Oberflächenschicht
des äußersten Endteils mindestens 3 mm dick ist, und es sich bei dem keramischen Material um Si3N4 handelt,
das eine Biegefestigkeit von 200 MPa oder mehr bei einer Temperatur von 1200 °C hat.

5. Dorn zum Walzen eines nahtlosen Stahlrohrs nach Anspruch 1, wobei das keramische Material zudem eine Bie-
gefestigkeit von 200 MPa oder mehr bei einer Temperatur von 1000 bis 1200 °C hat.

6. Dorn zum Walzen eines nahtlosen Stahlrohrs nach Anspruch 2, wobei das keramische Material zudem eine Bie-
gefestigkeit von 200 MPa oder mehr bei einer Temperatur von 1000 bis 1200 °C hat.

7. Dorn zum Walzen eines nahtlosen Stahlrohrs nach Anspruch 3, wobei das keramische Material zudem eine Bie-
gefestigkeit von 200 MPa oder mehr bei einer Temperatur von 1000 bis 1200 °C hat.
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8. Dorn zum Walzen eines nahtlosen Stahlrohrs nach Anspruch 4, wobei das keramische Material zudem eine Bie-
gefestigkeit von 200 MPa oder mehr bei einer Temperatur von 1300 °C hat.

9. Dorn zum Walzen eines nahtlosen Stahlrohrs nach Anspruch 4, wobei das keramische Material zudem eine Bie-
gefestigkeit von 400 MPa oder mehr bei einer Temperatur von 1200 °C hat.

10. Dorn nach Anspruch 1 oder 5, wobei der Dorn in einer Glättungsmaschine bereitgestellt ist.

11. Dorn nach Anspruch 2 oder 6, wobei der Dorn in einem Stopfenwalzwerk bereitgestellt ist.

12. Dorn nach Anspruch 3 oder 7, wobei der Dorn in einer Längungsmaschine bereitgestellt ist.

13. Dorn nach Anspruch 4, 8 oder 9, wobei der Dom in einer Lochwalzmaschine bereitgestellt ist.

14. Dorn zum Walzen eines nahtlosen Stahlrohrs nach irgendeinem vorhergehenden Anspruch, wobei die Oberflä-
chenschicht des Glättungsteils ebenfalls aus dem keramischen Material hergestellt ist.

15. Verfahren zum Durchstoßen und Walzen eines Stahlstücks, damit ein nahtloses Stahlrohr geformt wird, wobei ein
Dorn nach irgendeinem vorhergehenden Anspruch verwendet wird.

Revendications

1. Tampon en forme de balle ou de fuseau pour laminer un tube en acier sans soudure, le tampon étant utilisé pour
poinçonner un trou dans une pièce en acier ou pour ajuster un diamètre intérieur ou un diamètre extérieur d'un
tube brut poinçonné, le tampon comprenant :

une partie terminale d'extrémité ;
une partie de travail ;
une partie de finition et dressage ; et
une partie parallèle, dans lequel au moins une couche de surface de la partie terminale d'extrémité et au moins
une couche de surface de la partie de travail sont réalisées en matériau céramique, la couche de surface de
la partie terminale d'extrémité ayant une épaisseur d'au moins 3 mm, et dans lequel ledit matériau céramique
est de l'Al2O3 et possède une résistance à la flexion de 200 MPa ou plus à une température de 800 °C.

2. Tampon en forme de balle ou de fuseau pour laminer un tube en acier sans soudure, lé tampon étant utilisé pour
poinçonner un trou dans une pièce en acier ou pour ajuster un diamètre intérieur ou un diamètre extérieur d'un
tube brut poinçonné, le tampon comprenant :

une partie terminale d'extrémité ;
une partie de travail ;
une partie de finition et dressage ; et
une partie parallèle, dans lequel au moins une couche de surface de la partie terminale d'extrémité et au moins
une couche de surface de la partie de travail sont réalisées en matériau céramique, la couche de surface de
la partie d'extrémité ayant une épaisseur d'au moins 3 mm, et dans lequel ledit matériau céramique est du
SiC et possède une résistance à la flexion de 200 MPa ou plus à une température de 800 °C.

3. Tampon en forme de balle ou de fuseau pour laminer un tube en acier sans soudure, le tampon étant utilisé pour
poinçonner un trou dans une pièce en acier ou pour ajuster un diamètre intérieur ou un diamètre extérieur d'un
tube brut poinçonné, le tampon comprenant :

une partie terminale d'extrémité ;
une partie de travail ;
une partie de finition et dressage ; et
une partie parallèle, dans lequel au moins une couche de surface de la partie d'extrémité et au moins une
couche de surface de la partie de travail sont réalisées dans un matériau en céramique, la couche de surface
de la partie terminale d'extrémité ayant une épaisseur d'au moins 3 mm, et dans lequel ledit matériau en
céramique est du ZrO2 et possède une résistance à la flexion de 200 MPa ou plus à une température de 800 °C.
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4. Tampon en forme de balle ou de fuseau pour laminer un tube en acier sans soudure, le tampon étant utilisé pour
poinçonner un trou dans une pièce en acier ou pour ajuster un diamètre intérieur ou un diamètre extérieur d'un
tube brut poinçonné, le tampon comprenant :

une partie terminale d'extrémité ;
une partie de travail ;
une partie de finition et dressage ; et
une partie parallèle, dans lequel au moins une couche de surface de la partie terminale d'extrémité et au moins
une couche de surface de la partie de travail sont réalisées en matériau céramique, la couche de surface de
la partie terminale d'extrémité ayant une épaisseur d'au moins 3 mm, et dans lequel ledit matériau céramique
est du Si3N4 et possède une résistance à la flexion de 200 MPa ou plus à une température de 1200°C.

5. Tampon pour laminer un tube en acier sans soudure selon la revendication 1, dans lequel ledit matériau en céra-
mique possède de plus une résistance à la flexion de 200 MPa ou plus à une température comprise entre 1000
°C et 1200 °C.

6. Tampon pour laminer un tube en acier sans soudure selon la revendication 2, dans lequel ledit matériau céramique
possède de plus une résistance à la flexion de 200 MPa ou plus à une température comprise entre 1000 °C et
1200 °C.

7. Tampon pour laminer un tube en acier sans soudure selon la revendication 3, dans lequel ledit matériau céramique
possède de plus une résistance à la flexion de 200 MPa ou plus à une température comprise entre 1000 °C et
1200 °C.

8. Tampon pour laminer un tube en acier sans soudure selon la revendication 4, dans lequel ledit matériau céramique
possède de plus une résistance à la flexion de 200 MPa ou plus à une température de 1300°C.

9. Tampon pour laminer un tube en acier sans soudure selon la revendication 4, dans lequel ledit matériau céramique
possède de plus une résistance à la flexion de 400 MPa ou plus à une température de 1200°C.

10. Tampon selon la revendication 1 ou 5, le tampon étant prévu dans un laminoir de finition et dressage.

11. Tampon selon la revendication 2 ou 6, le tampon étant fourni dans un laminoir à mandrin (à pas de pélerin).

12. Tampon selon la revendication 3 ou 7, le tampon étant prévu dans une machine à allonger.

13. Tampon selon la revendication 4, 8 ou 9, le tampon étant prévu dans une machine à percer.

14. Tampon pour laminer un tube en acier sans soudure selon l'une quelconque des revendications précédentes, dans
lequel une couche de surface de la partie de finition et dressage est réalisée également dans ledit matériau cé-
ramique.

15. Procédé pour poinçonner et laminer une pièce en acier pour former un tube en acier sans soudure à l'aide d'un
tampon selon l'une quelconque des revendications précédentes.
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