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(57) ABSTRACT 

Provided is a round billet capable of reducing damage on a 
piercing plug in a method of producing a seamless metal tube 
with a Mannesmann process. The round billet (5), for use in a 
seamless metal tube, to be produced into a seamless metal 
tube with a Mannesmann process includes a body having a 
hole (6) formed in an axial direction of the body. The hole (6) 
includes an aperture (6a) opening at least at one end face of 
the roundbillet (5), and a tapered portion (61) continued to the 
aperture (6a) and having a diameter gradually increasing 
toward the aperture (6a). 
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Fig. 3 
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ROUND BILLET FOR SEAMILESS METAL 
TUBE AND METHOD FOR PRODUCING 

SEAMILESS METALTUBE 

TECHNICAL FIELD 

0001. The present invention relates to a round billet to be 
machined into a seamless metal tube with the Mannesmann 
process, and a method for producing a seamless metal tube. 

BACKGROUND ART 

0002. As a method of producing a seamless metal tube, the 
press-type Ugine process and the skew rolling-type Mannes 
mann process are well known. 
0003. In the Ugine process, hollow round billets are pre 
pared, each of which has a through hole formed along its axial 
centerline by machining or piercing-press. The hollow round 
billets are then hot-extruded by use of an extruder into seam 
less metal tubes. 
0004. In the Mannesmann process, round billets are pierc 
ing-rolled into hollow shells by use of a piercing machine. 
The produced hollow shells are drawing-rolled and sized into 
seamless metal tubes. 
0005 Compared to the Mannesmann process, the Ugine 
process can provide greater deformation for the round billets. 
Conventional high-alloy seamless metal tubes are produced 
with the Ugine process. The reason for this is because high 
alloy has a great deformation resistance, and it is difficult to 
produce high-alloy seamless metal tubes with the Mannes 
mann process. 
0006 To the contrary, the Ugine process has limitations on 
the equipment system if long-length seamless metal tubes are 
produced. In other words, the equipment system is required to 
be large enough for producing long-length seamless metal 
tubes with the Ugine process. Hence, various studies have 
been made on production of high-alloy seamless metal tubes 
with the Mannesmann process. For example, it has been 
Suggested that round billets of starting materials are formed in 
a hollow shape in advance for the sake of reducing machining 
load in the piercing rolling. 
0007 JP2002-239612A describes a method of producing 
a seamless tube that, in a seamless tube production line having 
a heating furnace and a cross roll piercing mill, machines a 
starting material into a hollow shell shape before being 
charged in the heating furnace, heats the starting material 
having the hollow-shell shape in the heating furnace Such that 
the temperature of the starting material is maintained less 
than a Zero ductility temperature of the starting material, and 
thereafter, carries out drawing-rolling on this stating material 
with the cross roll piercing mill. The Zero ductility tempera 
ture is defined in JP2002-239612A as a temperature at which 
ductility sharply drops in a high temperature range. 
0008 JP5-277516A describes a method of producing a 
high-Nialloy seamless tube that uses a hollow shell to whose 
internal Surface water glass is applied, and carries out the 
Mannesmann-rolling on the hollow shell so as to form this 
hollow shell into a tube. 

DISCLOSURE OF THE INVENTION 

0009. Unfortunately, piercing-rolling of a hollow round 
billet may cause significant damages to a piercing plug, which 
drastically reduces durability life of the piercing plug. In 
Some cases, the piercing plug becomes too damaged to Suc 
cessfully get through the piercing-rolling. The piercing plug 
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may become damaged during the piercing-rolling, so that 
flaws are generated on the internal surface of the hollow shell. 
0010. An object of the present invention is to provide a 
roundbillet and a method of producing a seamless metal tube 
capable of reducing damages to a piercing plug during the 
production of the seamless metal tube with the Mannesmann 
process. 
0011. The round billet according to the present invention 

is a round billet, for use in a seamless metal tube, to be 
produced into a seamless metal tube with the Mannesmann 
process, and the round billet includes a body having a hole 
formed in an axial direction of the body. The hole includes an 
aperture opening at least at one end face of the round billet, 
and a tapered portion continued to the aperture and having a 
diameter gradually increasing toward the aperture. 
0012. A method of producing a seamless metal tube 
according to the present invention includes a step of preparing 
the above described round billet, and a step of piercing 
rolling the round billet with the tapered portion of the round 
billet opposite to the piercing plug. 
0013 The round billet and the method of producing a 
seamless metal tube according to the present invention can 
reduce damages to the piercing plug during the production of 
the seamless metal tube with the Mannesmann process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 FIG. 1 is a plan view showing an outline of a con 
figuration of a piercing plug; 
0015 FIG. 2 is a graph showing a relation between a 
distance from a front end of the piercing plug and a surface 
scale temperature of the piercing plug; 
0016 FIG. 3 is a graph showing a relation between the 
distance from the front end of the piercing plug and a surface 
base metal temperature of the piercing plug; 
0017 FIG. 4 is a cross section view showing an outline of 
a configuration of a round billet according to the first embodi 
ment of the present invention; 
0018 FIG. 5 is a flow chart showing an example of a 
method of producing a seamless metal tube using a hollow 
round billet with the Mannesmann process; 
0019 FIG. 6 is a plan view showing an outline of a con 
figuration of a piercing machine for use in a piercing-rolling 
step; 
0020 FIG. 7 is a side view of the piercing machine; 
0021 FIG. 8 is a schematic view showing a state of the 
round billet in contact with the piercing plug in the piercing 
rolling of the roundbillet according to the first embodiment of 
the present invention; 
0022 FIG. 9 is a schematic view showing a state of the 
round billet in contact with the piercing plug in the piercing 
rolling of a hollow round billet having no tapered portion; 
0023 FIG. 10 is a cross section view showing an outline of 
a configuration of a roundbillet according to a variation of the 
first embodiment of the present invention; and 
0024 FIG. 11 is a drawing explaining a size of a round 

billet according to the Example. 

MODE FOR CARRYING OUT THE INVENTION 

0025 Hereinafter, with reference to the drawings, detailed 
description will be provided on the embodiment of the present 
invention. In the drawings, the same or equivalent members 
are designated by the same reference numerals and their 
description will be omitted. Regarding the dimensions of the 
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members in the drawings, the dimensions of the actual con 
stituent members, the ratios of the dimensions of the mem 
bers, and the like are not shown faithfully. 

Damages to Piercing Plug 
0026. The present inventor has revealed that the following 
problems are caused if a hollow round billet is piercing 
rolled. Specifically, the piercing-rolling of the hollow round 
billet causes significant damages to a piercing plug, which 
drastically reduces the durability life of the piercing plug. In 
Some cases, the piercing-rolling cannot successfully be com 
pleted due to damages of the piercing plug. The damages 
caused to the piercing plug during the piercing-rolling may 
generate flaws on an internal surface of a hollow shell to be 
produced. 
0027 FIG. 1 is a plan view showing an example of an 
outline of a configuration of a piercing plug. 3. The piercing 
plug. 3 includes a front end portion 31, a rolling portion 32, a 
reeling portion 33, and a relief portion 34. The surface of the 
front end portion 31 has a different curvature from that of the 
surface of the rolling portion 32. 
0028. The piercing plug 3 has on its surface protective 
coating Such as an oxide scale film and arc-spraying coating 
containing iron and iron oxide. This protective coating 
enhances thermal insulation performance on the Surface of 
the piercing plug3. Accordingly, the Surface of the base metal 
of the piercing plug. 3 can be prevented from having a high 
temperature. Lubricity at a high temperature can also be 
enhanced by the protective coating. 
0029. The front end portion 31 has a smaller heat capacity 
than that of the other portions, so that the front end portion 31 
easily becomes high temperature. The front end portion 31 is 
likely to be subjected to greater rolling reduction compared to 
the other portions. Hence, the front end portion 31 is most 
likely to be damaged (melted) in the piercing rolling using a 
solid-core round billet. 
0030. However, according to the studies by the present 
inventor, in the piercing rolling using the hollow round billet, 
the piercing plug 3 melted in a region R shown in FIG.1 more 
greatly than at the front end portion 31. 
0031. In order to investigate a cause of the melting loss on 
the piercing plug. 3, the present inventor conducted a simu 
lating analysis of the Surface scale temperature of the piercing 
plug. 3 and on the base metal Surface temperature of the 
piercing plug. 3. Major parameters used in this simulation are 
as follows. Each round billet was made of high-alloy contain 
ing 25 mass % of Cr, 50 mass % of Ni, and 6 mass % of Mo. 
The round billet had an outer diameter of 200 mm and an 
inner diameter of 65 mm. The piercing time was fixed at 20 
seconds, and the heating temperature was fixed at 1200° C. 
0032. The result of the analysis is shown in FIG. 2 and 
FIG. 3. FIG. 2 is a graph showing a relation between a dis 
tance from the front end of the piercing plug. 3 and a Surface 
scale temperature C1 of the piercing plug. 3. FIG. 3 is a graph 
showing a relation between the distance from the front end of 
the piercing plug3 and a base metal Surface temperature C2 of 
the piercing plug. 3. The external shape of the piercing plug. 3 
is indicated by a dashed line in FIG. 2 and FIG. 3, respec 
tively. 
0033. With reference to FIG. 2, it was found that the sur 
face Scale temperature C1 of the piercing plug. 3 was less than 
the melting point of 1070° C. of the oxide scale even at a 
portion of the piercing plug 3 having the maximum tempera 
ture. The present inventor inferred from this finding that the 
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melting loss of the piercing plug 3 relies on a mechanical 
factor. Specifically, the oxide scale layer on the surface of the 
piercing plug. 3 comes off due to a mechanical impact gener 
ated by a contact between the round billet and the piercing 
plug3. The base metal Surface of the piercing plug 3 comes in 
direct contact with the round billet at the portion where the 
oxide scale layer is peeled off. Since the oxide scale layer 
having a high insulation performance is peeled off, the tem 
perature of the base metal Surface of the piercing plug. 3 
becomes high. Consequently, the piercing plug 3 melts. 
0034. With reference to FIG. 3, it was found that the base 
metal Surface temperature C2 of the piercing plug. 3 becomes 
relatively high at the rolling portion 32. Hence, it can be 
considered that particularly the rolling portion 32 is likely to 
melt if the oxide scale layer is peeled off. 
0035. Accordingly, the melting loss of the piercing plug. 3 
can be prevented by reducing the mechanical impact caused 
by the contact between the round billet and the piercing plug 
3. So as to prevent the protective coating on the Surface of the 
piercing plug 3 from coming off. 
0036. The present inventor has found that the mechanical 
impact caused by the contact between the round billet and the 
piercing plug. 3 can be reduced by a taper formed on an 
internal surface of a hole of the hollow round billet. More 
specifically, it was found that this taper formed on the internal 
Surface of the hole increases a contact area between the round 
billet and the piercing plug. 3, which enables stress applied 
onto the piercing plug 3 to be distributed. 
0037 Based on the above findings, the present inventor 
has completed the present invention. The embodiment of the 
present invention will be described in detail, hereinafter. 

First Embodiment 

0038 FIG. 4 is a longitudinal section view showing an 
outline of a configuration of the round billet 5 according to the 
first embodiment of the present invention. A hole 6 is formed 
in the body of the round billet 5 in its axial direction. The hole 
6 extends through the central axis of the round billet 5 in its 
axial direction. The hole 6 includes apertures 6a, 6b formed at 
both ends of the round billet 5. In other words, the hole 6 
extends through the round billet 5. 
0039. The hole 6 includes a tapered portion 61, and a 
straight portion 62 whose diameter is Substantially constant. 
The tapered portion 61 is continued to the aperture 6a, and has 
a diameter gradually increasing toward the aperture 6a. In the 
present embodiment, the tapered portion 61 is formed in a 
so-called liner taper that has a constant ratio between the 
distance from the aperture 6a and variation in diameter of the 
hole 6. The tapered portion 61 has a taper angle (p. In the 
longitudinal section view of the roundbillet 5 (section view in 
FIG. 4), the taper angle p is defined by a tangential line of the 
tapered portion 61 and the axial direction of the round billet 5. 

Method of Producing Round Billet 5, and Method of 
Producing Seamless Metal Tube 

0040. The method of producing the round billet 5 and the 
method of producing the seamless metal tube according to the 
present embodiment will be described with reference to FIG. 
5 to FIG. 7. 

0041 FIG. 5 is a flow chart showing an example of the 
producing steps of the seamless metal tube according to the 
present embodiment. First, the round billet 5 is prepared 
(preparing step, step S1). 
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0042. The roundbillet 5 is obtained by machining a hollow 
round billet so as to form the tapered portion 61 in the hollow 
round billet. The hollow round billet may be obtained by 
machining a solid-core round billet, or may be produced in 
other methods. In the case of machining the Solid-core round 
billet into the hollow round billet, boring and the formation of 
the tapered portion 61 may be carried out at the same time. 
The tapered portion 61 may be formed by lathing, for 
example. 
0043. The starting material of the round billet 5 is not 
limited to a specific one. However, the method of producing 
the seamless metal tube according to the present embodiment 
is particularly useful in the round billet 5 whose starting 
material is made of high alloy. The high alloy may be high 
Cr-high Ni alloy containing 20 to 30 mass % of Cr, 30 to 60 
mass % of Ni, and 2 to 10 mass % of Mo, for example. 
0044 Subsequently, the round billet 5 is so charged in a 
heating furnace as to be heated (heating step, step S2). The 
heating furnace may be a rotary hearth furnace or a walking 
beam furnace, for example. The heating temperature may be 
1100 to 1300° C., for example. 
0045. The heated round billet 5 is taken out from the 
heating furnace, and is quickly conveyed to the piercing 
machine through a conveyance system Such as transfer rollers 
or a pusher. The heated round billet 5 is then piercing-rolled 
by the piercing machine (piercing-rolling step, step S3). 
Detailed description on the piercing-rolling will be provided 
later. 

0046. In the present description, the piercing-rolled round 
billet is referred to as a hollow shell in order to be distin 
guished from the hollow round billet 5 before the piercing 
rolling. 
0047. The hollow shell is conveyed to a drawing-rolling 
mill through the conveyance system. Subsequent to this, the 
hollow shell is drawing-rolled by the drawing-rolling mill 
(drawing-rolling step, step S4). The drawing-rolling mill may 
be a plug mill or a mandrel mill, for example. 
0048. The drawing-rolled hollow shell is conveyed to a 
sizer through the conveyance system. The drawing-rolled 
hollow shell is sized by the sizer (sizing step, step S5). The 
sizer may be a sizing mill or a stretch reducer, for example. 
Through the above steps, the seamless metal tube is produced. 
0049. Hereinafter, detailed description will be provided on 
the piercing-rolling step (step S3). FIG. 6 is a plan view 
showing an outline of a configuration of a piercing machine P 
for use in the piercing-rolling step. 
0050 FIG. 7 is a side view of the piercing machine P. The 
piercing machine P includes a pair of skew rolls 1A, 1B, a 
mandrel 2, a piercing plug 3 mounted to a front end of the 
mandrel 2, and a pair of disk rolls 4A, 4B. FIG. 6 and FIG. 7 
show schematic cross sectional views of the round billet 5 
together with the hollow shell HS. The disk rolls 4A and 4B 
are omitted in FIG. 6. In FIG. 7, the skew roll 1A is omitted, 
and the skew roll 1B is represented by a dashed line. 
0051. The skew rolls 1A and 1B are disposed to be oppo 
site to each other with a pass line PL along which the round 
billet 5 moves located therebetween. In FIG. 6 and FIG.7, the 
skew rolls 1A and 1B are disposed in a horizontal plane, but 
the skew rolls 1A and 1B may be disposed in the vertical 
direction with the pass line PL located therebetween, instead. 
Hereinafter, a direction parallel to the pass line PL is defined 
as an X direction, a direction vertical to the X direction in the 
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horizontal plane is defined as a y direction, and a direction 
vertical to both thex direction and they direction is defined as 
a Z direction. 
0.052 Each of the skew rolls 1A and 1B includes a shaft 
portion 11 and a roll portion 12 that are coaxial with each 
other. The shaft portion 11 is supported at its both ends by 
bearings (not shown). The skew rolls 1A and 1B rotate around 
their shaft portions 11 as their rotational axes in the same 
rotational direction with a motor (not shown). 
0053 As shown in FIG. 6, the skew rolls 1A and 1B are so 
disposed as to tilt relative to the X-Z plane by a toe angle Y in 
the opposite direction to each other. As shown in FIG. 7, the 
skew rolls 1A and 1B are also tilted in the opposite direction 
to each other relative to the x-y plane by a feed angle B. 
0054. A distance between the surface of the roll portion 12 
of the skew roll 1A and the surface of the roll portion 12 of the 
skew roll 1B (roll opening) is smaller than the outer diameter 
of the round billet 5 at the entrance side. Each roll portion 12 
defines an entrance-side face angle C1 and a delivery-side 
face angle C2 relative to the X-Z plane. 
0055. The disk rolls 4A and 4B are so disposed as to be 
opposite to each other with the pass line PL located therebe 
tween in the X-Z plane. Each of the disk rolls 4A and 4B 
includes an arc-shaped guide face, so as to guide the round 
billet 5. 
0056. The position of the round billet 5 is adjusted by an 
approach table device (not shown). For example, the pass line 
PL is so adjusted as to be substantially coaxial with the 
mandrel 2 and the piercing plug3 by using a trough having an 
elevating mechanism Such as an electric wedge. The round 
billet 5 is pushed toward the skew rolls 1A and 1B by a pusher 
(not shown). 
0057. When the front end of the round billet 5 is caught 
between the skew rolls 1A and 1E, the round billet BL is 
rotated by the skew rolls 1A and 1B, and is moved in the X 
direction by the effect of the feed angle B. In this manner, the 
round billet 5 is so pushed against the piercing plug. 3 as to be 
pierced. Specifically, the inner diameter of the hollow round 
billet 5 is enlarged, and formed into the hollow shell HS. 
0.058 As an index representing a reduction rate by the 
piercing-rolling, a piercing ratio is used. The piercing ratio is 
defined by dividing the length of the hollow shell HS in the 
axial direction by the length of the round billet 5 in the axial 
direction. The total reduction in area can be reduced by using 
the hollow round billet 5, compared to the case of using a 
solid-core round billet even if both have the same piercing 
ratio. 

Effects of the First Embodiment 

0059. The effects of the present embodiment will be 
described with reference to FIG. 8 and FIG. 9. FIG. 8 is a 
schematic view showing a state of the round billet 5 in contact 
with the piercing plug. 3 in the piercing-rolling of the round 
billet 5. FIG. 9 is a schematic view showing a state of the 
round billet BL having no tapered portion in contact with the 
piercing plug. 3 in the piercing-rolling of the hollow round 
billet BL. In FIG. 8 and FIG. 9, the round billet 5 and the 
round billet BL are shown in their cross sectional views. 
0060. As shown in FIG. 8, in the present embodiment, the 
round billet 5 comes in contact with the piercing plug. 3 at its 
end face having the aperture 6a. The piercing plug. 3 comes in 
surface contact with the tapered portion 61 on the internal 
surface of the hole 6. To the contrary, as shown in FIG.9, the 
piercing plug. 3 comes in contact with an edge L of the aper 
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ture of the hole in the piercing-rolling of the round billet BL. 
As obvious from the comparison between FIG. 8 and FIG.9. 
the round billet 5 of the present embodiment secures a greater 
contact area between the internal surface of the hole 6 and the 
piercing plug. 3. The greater contact area enables the stress 
applied onto the piercing plug 3 to be distributed. In other 
words, the stress can be prevented from being concentrated on 
a local portion of the piercing plug. Accordingly, it is possible 
to prevent the protective coating Such as the oxide scale film 
and the arc-spraying coating formed on the Surface of the 
piercing plug 3 from being peeled off, thereby preventing the 
melting loss of the piercing plug 3. 
0061 The taper angle (p of the round billet 5 is preferably 
at least a rolling portion angle 0 of the piercing plug 3 that is 
defined as follows. 
0062. With reference to FIG. 1, the radius of curvature at 
the rolling portion 32 of the piercing plug. 3 is greater by 
Substantially one order to two orders of magnitude than that at 
the front end portion 31 of the piercing plug. 3. Hence, the 
longitudinal section shape of the rolling portion 32 can be 
approximated by a straight line that defines the angle 0 rela 
tive to the center line of the piercing plug. 3. Hereinafter, this 
angle 0 is referred to as the rolling portion angle 0 of the 
piercing plug3. In the present description, the rolling portion 
angle 0 is defined as a maximum value of an angle defined by 
a tangential line circumscribed to the rolling portion 32 and 
the centerline of the piercing plug3. The rolling portion angle 
0 is generally 5 to 20 degrees. 
0063. If the taper angle p is equal to the rolling portion 
angle 0, the contact area between the round billet 5 and the 
piercing plug. 3 becomes the greatest. 
0064. As described above, the roll opening of the piercing 
machine P is usually smaller than the outer diameter of the 
roundbillet 5 at the entrance side. Consequently, the frontend 
portion of the round billet 5 is compressed, so that the diam 
eter of the aperture 6a is reduced. Accordingly, the taper angle 
(p becomes smaller when the round billet 5 comes in contact 
with the piercing plug. 3. Taking this reduction into consider 
ation, the taper angle (p is preferably equal to the rolling 
portion angle 0 or more. 
0065. As described above, the rolling portion angle 0 of 
the piercing plug. 3 is generally 5 to 20 degrees, and thus the 
taper angle p is preferably 5 to 45 degrees, and more prefer 
ably 6 to 25 degrees. 
0066. The length L of the tapered portion 61 is preferably 
less than the length of the rolling portion 32 of the piercing 
plug. 3. A longer portion in the tapered portion 61 than the 
length of the rolling portion32 of the piercing plug 3 does not 
contribute to increase of the contact area between the round 
billet 5 and the piercing plug. 3. The machining load for 
forming the tapered portion 61 can be reduced by reducing the 
length Lofthe tapered portion 61 to be less than the length of 
the rolling portion 32 of the piercing plug 3. 
0067. The upper limit of the length of the tapered portion 
61 is preferably at most 250 mm, and more preferably at most 
100 mm. The lower limit of the length of the tapered portion 
61 is preferably at least 5 mm, more preferably at least 10 mm, 
and further more preferably more than 10 mm. 
0068 A region P1 adjacent to the aperture 6a of the 
tapered portion 61 is preferably chamfered. The reason for 
this is because a line contact between the round billet 5 and 
the piercing plug. 3 can be prevented in the region P1. It is 
more preferable that a region P2 adjacent to the straight 
portion 62 of the tapered portion 61 is also chamfered. The 
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reason for this is because the line contact between the round 
billet 5 and the piercing plug. 3 can be prevented in the region 
P2. The above “chamfering includes a so-called round 
chamfering. 
0069. In the present embodiment, the tapered portion 61 
has been described by using an example of a linear taper. The 
tapered portion 61 is not limited to the linear taper. If the 
tapered portion 61 has a greater curvature, the contact area 
with the piercing plug3 becomes Smaller. Hence, the tapered 
portion 61 is preferably a linear taper or a non-linear taper 
having a small curvature. 

Variation of First Embodiment 

0070 FIG. 10 is a cross sectional view showing an outline 
of a configuration of a round billet 7 according to a variation 
of the first embodiment of the present invention. The round 
billet 7 includes body having a hole 8 formed along the axial 
direction of the body. The hole 8 extends through the central 
axis of the round billet 7 in the axial direction of the round 
billet 7. The hole 8 includes an aperture 8a opening at one end 
face of the round billet 7. In other words, the hole 8 does not 
extend through the round billet 7. 
(0071. As similar to the hole 6 of the round billet 5, the hole 
8 of the round billet 7 includes a tapered portion 81 that is 
continued to the aperture 8a, and has a diameter gradually 
increasing toward the aperture 8a, and a straight portion 82 
whose diameteris Substantially constant. The tapered portion 
81 has a taper angle (p. 
0072 The present variation can achieve substantially the 
same effects as those by the first embodiment. Specifically, 
the total reduction in area can be reduced in the piercing 
rolling of the round billet 7, compared to the case of using a 
solid-core round billet even if the hole 8 does not extend 
through the round billet 7. 
0073. The tapered portion 81 formed on the internal Sur 
face of the hole 8 increases the contact area between the round 
billet 7 and the piercing plug. 3 when they come in contact 
with each other. Accordingly, it is possible to prevent dete 
rioration of the insulation performance due to peel-off of the 
oxide scale layer as well as the melting loss of the piercing 
plug 3 due to deterioration of the insulation performance. 
0074 As shown in the present variation, the hole formed in 
the roundbillet may have an aperture that opens at least at one 
end portion of the round billet, and may include a tapered 
portion that is continued to the aperture and has a diameter 
gradually increasing toward this aperture. 

Other Embodiments 

0075. The embodiment of the present invention has been 
described as above, but the present invention is not limited to 
the aforementioned embodiment, and various modifications 
may be made within the scope of the present invention. 

EXAMPLE 

0076. Hereinafter, the present invention will be described 
in more detail based on the following Example. The present 
invention is, however, not limited to this Example. 
0077. Plural round billets having holes in various shapes 
were piercing-rolled, and comparison was conducted on the 
degree of damage on each piercing plug after the piercing 
rolling. 
0078. The staring materials of each roundbillet used in the 
piercing-rolling was made of a high Cr-high Nialloy contain 
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ing 0.002 to 0.02 mass % of C, 0.01 to 0.5 mass % of Si, 0.1 
to 1 mass % of Mn, 23 to 26 mass % of Cr, 47 to 54 mass % 
of Ni, and 6 to 9 mass % of Mo. The size of each round billet 
is shown in Table 1. The meanings of the reference symbols in 
Table 1 are as shown in FIG. 11. Specifically, the reference 
symbol D designates the outer diameter (mm) of the round 
billet, the reference symbold designates the inner diameter 
(mm) of the round billet, the reference symbol L designates 
the length of the tapered portion (mm), and the reference 
symbol (p designates the taper angle (), respectively. 

TABLE 1. 

D (mm) d (mm) L (mm) (p () 

Inventive Example 1 of 200 65 100 13 
Present Invention 
Inventive Example 2 of 200 65 15 18 
Present Invention 
Inventive Example 3 of 200 65 10 45 
Present Invention 
Comparative Example 200 65 No Taper 

0079. As shown in Table 1, each round billet of the Inven 
tive Examples 1 to 3 of the present invention had an equal 
outer diameter D and an equal inner diameter d. Although 
each taper portion was a linear taper, the size of each taper 
portion was different from one another. 
0080 Each round billet of the Comparative Example had a 
through hole having the same inner diameter, and had no 
tapered portion. The piercing-rolling was conducted on each 
round billet under the same conditions other than the above 
conditions. The rolling portion angle 0 of the piercing plug 
was 12 degrees. Visual observation was conducted on the 
Surface of each piercing plug after the piercing-rolling, so as 
to confirm whether or not there occurred any melting loss on 
the piercing plug. 
0081. In the piercing-rolling using the round billets of the 
Inventive Example 1 of the present invention, there was no 
melting loss on the piercing plug even after producing two 
hollow shells having a length of 8 m. There was no flaw on the 
internal surface of each hollow shell that was pierced rolled. 
0082 In the piercing-rolling using the round billets of the 
Inventive Example 2 of the present invention, there was no 
melting loss on the piercing plug even after producing two 
hollow shells having a length of 8 m. There was no flaw on the 
internal surface of each hollow shell that was pierced rolled. 
0083. In the piercing-rolling using the round billets of the 
Inventive Example 3 of the present invention, there was no 
melting loss on the piercing plug even after producing two 
hollow shells having a length of 8 m. 
0084. There were, however, flaws on the internal surface 
of each hollow shell that was pierced rolled. 

COMPARATIVE EXAMPLE 

0085. In the piercing-rolling using the round billets of the 
Comparative Example, no hollow shell having a length of 8 m 
was produced because of the melting loss on the piercing plug 
during the piercing-rolling. Another piercing-rolling was 
conducted using a round billet having a different length, and 
the piercing plug was melted at the moment when the hollow 
shell having a length of 5 m was produced. 
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INDUSTRIAL APPLICABILITY 

I0086. The present invention is widely applicable to round 
billets to be machined into seamless metal tubes, and particu 
larly the present invention is industrially applicable as a 
method of producing seamless metal tubes with the Mannes 
mann process. 

1. A round billet, for use in a seamless metal tube, to be 
produced into a seamless metal tube with a Mannesmann 
process, 

the round billet comprising: 
a body having a hole formed in an axial direction of the 

body, 
wherein 

the hole including: 
an aperture opening at least at one end face of the round 

billet; and 
a tapered portion continued to the aperture and having a 

diameter gradually increasing toward the aperture. 
2. The round billet according to claim 1, wherein 
the tapered portion has a length in the axial direction less 

than a length of a rolling portion of a piercing plug for 
use in the Mannesmann process. 

3. The round billet according to claim 1, wherein 
the tapered portion has a taper angle greater than a taper 

angle of a piercing plug for use in the Mannesmann 
process. 

4. The round billet according to claim 1, wherein 
a region adjacent to the aperture among the tapered portion 

is chamfered. 

5. A method for producing a seamless metal tube compris 
ing: 

a step of preparing the round billet according to claim 1: 
and 

a step of piercing-rolling the round billet with the tapered 
portion of the round billet opposite to the piercing plug. 

6. The round billet according to claim 2, wherein 
the tapered portion has a taper angle greater than a taper 

angle of a piercing plug for use in the Mannesmann 
process. 

7. A method for producing a seamless metal tube compris 
ing: 

a step of preparing the round billet according to claim 2: 
and 

a step of piercing-rolling the round billet with the tapered 
portion of the round billet opposite to the piercing plug. 

8. A method for producing a seamless metal tube compris 
ing: 

a step of preparing the round billet according to claim 3: 
and 

a step of piercing-rolling the round billet with the tapered 
portion of the round billet opposite to the piercing plug. 

9. A method for producing a seamless metal tube compris 
ing: 

a step of preparing the round billet according to claim 4: 
and 

a step of piercing-rolling the round billet with the tapered 
portion of the round billet opposite to the piercing plug. 
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10. A method for producing a seamless metal tube com 
prising: 

a step of preparing the round billet according to claim 6: 
and 

a step of piercing-rolling the round billet with the tapered 
portion of the round billet opposite to the piercing plug. 

k k k k k 
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