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A metal tube end correcting apparatus comprises a plug (3) for enlarging the end of a metal tube (1), a chuck (2) for fixing the

metal tube (1), and a movement means for moving the position of
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the plug (3) and/or the chuck (2). The plug (3) has a circular
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(57) Abrege(suite)/Abstract(continued):

cross section, and has a tapered part (31) and
diameter of the tapered part (31) Is gradual
expressions (1) and (2). The chuck (2) can ch

CA 2645932 C 2011/01/04

aneny 2 645 932
13) C

a equal-diameter part (32) continuously formed In this order from its end. The outer
y Increased from the front end to the rear end. The plug meets the following
ange the fixed position of the metal tube (1). The apparatus can correct the inner

diameter of the metal tube end with an excellen

t dimensional accuracy. 22 < LR/(D1x0.01/2) <115 ... (1) R2=2R1 ... (2)
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(37) Abstract: A

1etal tube end correcting apparatus comprises a plug (3) for

3 enlarging the end of a metal tube (1), a chuck (2) for fixing the metal tube (1),

1 L£ d a movement means for moving the position of the plug (3) and/or the chuck

v Y = - - (2) The plug (3) has a circular cross section, and has a tapered part (31) and a

R2? M | equal-diameter part (32) continuously formed in this order from its end. The outer

A | diameter of the tapered part (31) is gradually increased from the front end to the

rear end. The plug meets the following expressions (1) and (2). The chuck (2)

DO D2 D1 j can change the fixed position of the metal tube (1). The apparatus can correct the

inner diameter of the metal tube end with an excellent dimensional accuracy. 22
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SPECIFICATION

APPARATUS FOR PIPE END SIZING AND
METHOD FOR PIPE END SIZING

Technical Field
[0001]

The present invention relates to an apparatus used for sizing the inner
diameter of the end of a pipe such as a seamless pipe or a welded pipe, and a

s1zing method thereof.

Background Art
(0002}

Normally, line pipes are welded and connected to one after another on
the site; therefore, the pipe needs to be superior in dimensional precision 1n
its pipe end, in particular, in its inner diameter. Moreover, normally, o1l
pipes are subjected to thread cutting processes in the end thereof, and these
are joined to one another by tightening the ends. In this case also, the pipe
needs to be superior in dimensional precision 1n its pipe end.

[0003]

A known method for improving the inner diameter precision of a pipe
end 1s that the pipe end 1s being expanded and sized by using an expanding
apparatus.

[0004]

Fig. 4 1s a schematic drawing that explains a sizing method for the pipe
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end by using a conventional expanding apparatus. In the conventional
method sizing for the pipe end, first, as shown in Fig. 4(a), with a pipe 1 to
be sized being clamped by a chuck 2, a plug 5, connected to a cylinder 4, 1s
moved in a direction indicated by an arrow in the Figure. Next, as shown
in Fig. 4(b), the plug 5 is shoved to a predetermined position into the end of
the pipe 1 so that the inner diameter of the pipe end is sized. Thereafter,
as shown in Fig. 4(c), the plug 5 is moved in a direction indicated by another

arrow 1n the Figure, and drawn from the pipe 1.

[0005]

In this case, the plug to be used in the conventional expanding
apparatus has a circular cross section, and 1s constituted by a taper portion
and a diameter equivalent portion. The taper portion i1s a portion whose
diameter gradually expands from the tip of the plug in the axial direction

toward the rear end (from the left end to the right end in the Figure), and
the diameter equivalent portion 1s a portion whose diameter is not varied.

Here, the taper angle of the taper portion is kept constant.

[0006]

Patent Document 1: JP2001-113329A

Disclosure of the Invention

Problems to be solved by the Invention

[0007]

The pipe obtained by the above-mentioned conventional pipe end sizing
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method tends to have variability in its inner diameter in a circumferential
direction or an axis direction. The reason for this 1s explained below.
[0008]

Fig. 5 is a schematic drawing that explains problems with the
conventional pipe end sizing method. As shown in Fig. 5, the pipe 1 1s
expanded in its diameter by the plug 5 so that the inner diameter becomes
from Din to D10. At this time, a phenomenon (hereinafter, referred to as
“overshoot”) occurs in that the inner diameter D10 of the pipe 1 becomes
larger than the outer diameter D1 of the diameter equivalent portion 52.
[0009]

If overshoot occurs, no force (repulsive force) is applied thereto from
the diameter equivalent portion 52 since the inner face of the pipe 1 1s not
made in contact with the diameter equivalent portion 52. For this reason,
variability occurs in the inner diameter of the pipe 1, failing to form a
completely circular cross section. Moreover, the inner diameter of the pipe
becomes irregular in the axial direction as well.

[0010]

In an attempt to prevent variability in the inner diameter of the pipe,
the overshoot 1s made to occur before the inner diameter of the pipe end has
been expanded by the plug to the target inner diameter, and 1s then
completed.

[0011]

The inventers of the present invention proposed a plug as shown 1n

Figs. 1 to 3 1n Japan Patent Application No. 2004-273836 in order to solve

the above-mentioned problems.
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[0012]

A plug 3, shown in Fig. 1, has a circular cross section, and 1s
constituted by a taper portion 31 and a diameter equivalent portion 3 that
are continuously formed from the tip of the plug in succession, and the outer
diameter of the taper portion 31 expands from the tip toward the rear end

while satisfying the following formulas (1) and (2).

22 <LR/(D1x0.01/2) <115 ... (1)
R2 > R1 ... (2)
[0013]

Where the meanings of the respective symbols in the formulas are
shown below:
D1: the outer diameter of the rear end of the taper portion, which also

corresponds to the outer diameter (mm) of the diameter equivalent portion.

LR: the distance (mm) in the axial direction from the rear end of the taper
portion to a position at which the outer diameter of the taper portion 1s
represented by D1 X 0.99.

R1: the taper angle (°) at the rear end of the taper portion.

R2: the taper angle (° ) at the position in which the outer diameter of the

taper portion 1s represented by D1 X 0.99.

[0014]

As shown in Fig. 2, upon sizing the inner diameter of the pipe 1 end by
using this plug 3, first, as shown in Fig. 2(a), the plug 3 connected to the
cylinder 4 is moved in a direction indicated by an arrow in the Figure, with
the pipe 1 being clamped by a chuck 2. Moreover, as shown 1n Fig. 2(b), the

plug 3 is shoved into the pipe 1 end to a predetermined position so as to size
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the inner diameter of the pipe end. Thereafter, as shown in Fig. 2(c), the

plug 3 is moved in a direction indicated by another arrow in the Figure to be

drawn from the pipe 1.
[0015]

If the inner diameter is sized by diameter-expanding the pipe 1 by the
use of this plug 3, as shown in Fig. 3, since the overshoot of the pipe 1,
generated at the taper portion 31, is completed inside the taper portion 31,
the inner face of the pipe 1 is made in contact with the diameter equivalent
portion 32. For this reason, variability in the inner diameter 1s reduced
smaller so that the inner diameter of the pipe 1 end can be sized, with 1ts

true circle state being maintained.

[0016]

By using this plug, the inner face of the pipe 1s made in contact not
only with the taper portion, but also with the diameter equivalent portion so
that the contact area increases, resulting in an increase in a load to be used
for sizing the inner diameter of the pipe end. Consequently, the clamping
force by the chuck 2 needs to be increased. In the case of a pipe with a
certain measure of thickness, no adverse effects are given to the shape or
the like of the pipe, even when the clamping force increases; however, i1n the
case of a thin material that is insufficient in rigidity (with the ratio (t/D) of
the thickness t and the outer diameter D of the pipe being 0.04 or less), the
pipe is deformed by the clamping force. The resulting deformation causes
degradation in the dimensional precision in the inner diameter of the end
(that is, the end to be diameter-expanded) of the pipe. Therefore, the

clamping position needs to be appropriately set depending on the dimension
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of the pipe.
[0017]

The present invention has been devised from these points of view, and
1ts objective 1s to provide a pipe end sizing apparatus and a pipe end sizing
method that produces a pipe that 1s superior in the dimensional precision in

the inner diameter of the pipe end.

Means for solving the Problems

[0018]

The present invention relates to a pipe end sizing apparatus shown 1n
the following (A) and a pipe end sizing method shown in the following (B)
and (C).
[0019]
(A) An apparatus for sizing a pipe end comprising:

a plug for si1zing the pipe end;

a chuck for clamping the pipe; and

shifting means for shifting the position of the plug and/or the chuck,
characterized by

the plug has a circular cross section, and 1s constituted by a taper
portion and a diameter equivalent portion continuously formed from the tip
of the plug in succession,

an outer diameter of the taper portion gradually expands from the tip
toward the rear end while satisfying the following formulas (1) and (2)

the chuck 1s capable of changing a clamping position of the pipe:
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22<LR/(D1x0.01/2) <115 ... (1)

R2>R1 ... (2

where the meanings of the respective symbols in the formulas are
shown below:

D1: the outer diameter of the rear end of the taper portion, which
also corresponds to the outer diameter (mm) of the diameter
equivalent portion.

LR: the distance (mm) in the axial direction from the rear end of the
taper portion to a position at which the outer diameter of the
taper portion 1s represented by D1 X 0.99.

R1: the taper angle (°) at the rear end of the taper portion.

R2: the taper angle (° ) at the position in which the outer diameter
of the taper portion is represented by D1 X 0.99.
[0020]

(B) A method for sizing a pipe end by using a plug,
characterized by:

using the plug having a circular cross section and being constituted by
a taper portion and a diameter equivalent portion continuously formed from
a tip of the plug 1n succession;

an outer diameter of the taper portion gradually expands from the tip
toward a rear end while satisfying the following formulas (1) and (2); and

setting the clamping position of the pipe by the chuck in accordance
with a value of a ratio (t/D) of the thickness t and the outer diameter D of
the pipe:

22<LR/(D1x0.01/2) <115 ... (1)
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R2>R1 ... (2
where the meanings of the respective symbols in the formulas are
shown below:

D1: the outer diameter of the rear end of the taper portion, which
also corresponds to the outer diameter (mm) of the diameter
equivalent portion.

LR: the distance (mm) in the axial direction from the rear end of the
taper portion to a position at which the outer diameter of the
taper portion is represented by D1 X 0.99.

R1: the taper angle (° ) at the rear end of the taper portion.

R2: the taper angle (° ) at the position in which the outer diameter
of the taper portion 1s represented by D1 X 0.99.

[0021]
(C) The method for sizing the pipe end according to (B)
characterized by,
the pipe 1s clamped at a position in which the following formula 1is
satisfied, when the ratio (t/D) of the thickness t and the outer diameter D of
the pipe 1s 0.04 or less:
L/D>-21.8x({t/D)+ 1.7 ...(3)
where the meanings of the respective symbols in the formula are
shown below:
t : Thickness of element pipe (mm)
D : Outer diameter of element pipe (mm)
L. : Distance from the pipe end of the pipe on the side from which the plug 1s

inserted to the clamped position by the chuck (mm)
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Effect of the Invention

[0022]
In accordance with the present invention, the inner diameter of the

pipe end can be sized with superior dimensional precision.

Best Mode for Carrying Out the Invention

[0023]

As shown 1n Fig. 2, a pipe end sizing apparatus in accordance with the
present 1invention 1s provided with, for example, a plug 3 inserted into the
pipe 1 end, a chuck 2 used for clamping a pipe and a shifting means (not
shown) for shifting the plug 3 and/or the chuck 2. As shown in Fig. 1, the
plug 3 to be used in the pipe end sizing apparatus of the present invention
has a circular cross section, and is constituted by a taper portion 31 and a
diameter equivalent portion 32 continuously formed from the tip of the plug
In succession, with the outer diameter of the taper portion 31 gradually
expanding from the tip toward the rear end while satisfying the following
formulas (1) and (2).

22<LR/(D1x0.01/2) <115 ... (1)

R2>R1 ... (2)

Where the meanings of the respective symbols in the formulas are

shown below:

D1: the outer diameter of the rear end of the taper portion, which also
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corresponds to the outer diameter (mm) of the diameter equivalent portion.
LR: the distance (mm) in the axial direction from the rear end of the taper
portion to a position at which the outer diameter of the taper portion 1s
represented by D1 X 0.99.
R1: the taper angle (°) at the rear end of the taper portion.
R2: the taper angle (° ) at the position in which the outer diameter of the
taper portion 1s represented by D1 X 0.99.
[0024]

As shown 1n Fig. 3, in the case when the plug 3 1s inserted 1nto the pipe
1, since the overshoot of the pipe 1 occurred in the taper portion 31 is
completed within the taper portion 31, the inner face of the pipe 1 is made
in contact with the diameter equivalent portion 32. That 1s, since the taper
angle R2 at the position 1n which the outer diameter of the taper portion 31
is represented by D1 x 0.99 (hereinafter, referred to as “D2”) is greater than
the taper angle R1 at the rear end of the taper portion 31, and since the
distance LR 1n the axial direction from the rear end of the taper portion to
the position at which the outer diameter is represented by D2 satisfies the
above-mentioned formula (1), the pipe 1 is hardly subjected to a bending
process on the rear end side from the position at which the outer diameter of
the taper portion 31 is represented by D2.
[0025]

For this reason, the overshoot occurs on the rear end side from the
position at which the outer diameter of the taper portion 31 is represented
by D2, with the result that it is completed before reaching the diameter

equivalent portion 32. Thus, the pipe 1 end can be sized in its inner

10
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diameter, with variations in the inner diameter being kept small and with

its true circle state being maintained.
[0026]

As shown in Fig. 2(a), the apparatus for the pipe end sizing in
accordance with the present invention is characterized in that the position
in which the pipe 1 is clamped by the chuck 2, that 1s, the distance from the
pipe end of the pipe 1 on the side from which the plug 3 is inserted to the
clamped position by the chuck 2 can be altered. Here, the clamped position
refers to the portion of the chuck closest to the pipe end.

[0027]

When a core deviation occurs between the axis centers of the element
pipe and the plug, it is not possible to carry out a sizing process on the inner
diameter with high precision, and a problem sometimes also arises in that
the material 1s buckled. In order to prevent the core deviation, i1t 1s
preferable to carry out the clamping process at such a position as close to
the pipe end as possible. However, 1n the case of a thin material, that 1s,
more specifically, in the case of t/D < 0.04 (t: wall thickness, D: outer
diameter), the clamping tends to cause a deformation; consequently, when a
portion close to the pipe end 1s clamped, the pipe end 1s also deformed, with
the result that the inner diameter 1s not sized with high precision 1in some
cases. In contrast, 1n the case of the thin material, since the rigidity 1s poor,
even when a portion far apart from the pipe end 1s clamped, the centering
effect 1s exerted, hardly resulting in the core deviation.

[0028]

From these points of view, the pipe end s1zing apparatus of the present

11
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invention allows the clamping position of the pipe to be altered so that,
when a thick-wall material is sized, a portion closer to the pipe end 1s
clamped, while, when a thin-wall material is sized, a portion far apart from
the pipe end is clamped. Moreover, in the pipe end sizing method 1in
accordance with the present invention, the clamping position of the pipe by
the chuck is set in accordance with the value of a ratio (t/D) of the thickness
t and the outer diameter D of the pipe.

[0029]

For example, if the value of a ratio (t/D) of the thickness t and the
outer diameter D of the pipe (element pipe) is 0.04 or less, the pipe is
preferably clamped by the chuck at a position that satisfies the following
formula (3). The reason for having to provide such a condition as to satisfy
the following formula (3) with respect to the clamping position of the pipe by
the chuck will be explained in Examples.

L/D>-21.8x{t/D)+1.7 ...(3)

Where, the meanings of the respective symbols in the formula are
shown below:

t : Thickness of element pipe (mm)
D : Outer diameter of element pipe (mm)
L : Distance from the pipe end the plug 1s 1nserted to the clamping position

by the chuck (mm)

Embodiments

[0030]

12
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In order to confirm the effect of the present invention, a plug, as shown
in Fig. 1, was inserted into the end of a seamless steel pipe made of carbon
steel so that the pipe was diameter-expanded and the elliptic rate of the
inner diameter of the pipe after having been diameter-expanded was
examined. Table 1 shows the outer diameter and the wall thickness of each
of pipes subjected to the experiments, as well as the shapes of the plugs,
clamped positions and the elliptic rate of the inner diameter.

[0031]

With respect to the elliptic rate of the inner diameter, the inner face
shape of the pipe after having been diameter-expanded was measured by a
shape measuring apparatus, and it was calculated based upon the following
equation. In the following equation, “dmax” represents the maximum
inner diameter, “dmin” represents the minimum i1nner diameter and “dave”
represents the average inner diameter, respectively.

Elliptic rate of inner diameter (%)

= (dmax — dmin) / dave x 100
[0032]
[Table 1]

13
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Table 1

No. 1 2 3 4 0 6 7

Quter diameter D{mm) [ 323.9 3239 3239 3239 323.9 338.7 323.9
Pipe shape Thicknes t{mm) 635 635 6.35 6.35 6.35 14.00 20.00

t/D 0.020 0.020 0.020 0.020 0.020 0.041 0.062
D1(mm) 3159 3159 3159 3159 3159 3159 2879
R1(C ) 1.1 1.1 1.1 1.1 1.1 1.1 0.7
D2(mm) 313.2 313.2 3132 3132 3132 3132 286.3
Plug shape
R2(C ) 59 59 59 59 59 59 50
LR{mm) 700 700 700 700 700 700 65.0
LB(mm) 10.0 100 10.0 100 100 100 10.0
position L/D 056 056 090 156 156 085 0.80

Elliptic rate of inner diameter (%) | 0.53 048 042 022 023 029 0.30

[0033]

With respect to the results shown in Table 1, the relationship between
the elliptic rate of inner diameter and L/D (L: distance from the pipe end of
the pipe on the side from which a plug 1s inserted to the clamped position by
the chuck, D: outer diameter of element pipe) is shown in Fig. 6, and the
relationship between L/D with the elliptic rate of inner diameter being set to
0.3 % and t/D (t: wall thickness of the element pipe, D: outer diameter of the
element pipe) is shown in Fig. 7.

[0034]

In Fig. 7, in the case of t/D = 0.020 (o in the Figure) in Fig. 6, L/D at an

intersection between an approximation straight line and the straight line

indicating the elliptic rate of inner diameter = 0.3 % was selected, and in the

14
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case of t/D = 0.41 (e in the Figure) and t/D = 0.062 (O in the Figure), L/D of

the respectively plotted values was selected.
[0035]

As shown in Table 1 and Fig. 6, in the case of a thick pipe in which t/D
exceeds 0.04, the elliptic rate of inner diameter is maintained at 0.3, which
is a low value, even when L/D is near 0.9; however, in the case of a thin pipe
in which t/D is 0.020, the elliptic rate of inner diameter is varied depending
on the value of L/D. This indicates that depending on the value ot t/D, the
distance from the pipe end which a plug is inserted to the clamped position
by the chuck needs to be adjusted.

[0036]

Moreover, as shown in Table 1 and Fig. 7, in the case when t/D of the
element pipe is 0.04 or less, in order to set L/D so that the elliptic rate of
inner diameter becomes 0.3 %, L/D should be located within the range that

satisfy the following formula (3).
L/D>-21.8x /D) +1.7 ...(3)

Industrial applicability

[0037]
In accordance with the present invention, the inner diameter of a pipe

end can be sized with superior dimensional precision; therefore, the present
invention 1s effectively applied to a sizing process for joint portions of line

pipes, oil pipes and the like.

15
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f

Brief Description of the Drawings

[0038]
[FIG. 1] Fig. 1 is a schematic drawing that exemplifies a plug to be used in
the present invention.
[FIG. 2] Fig. 2 is a schematic drawing that explains a pipe end sizing
method in accordance with the present invention.
[FIG. 3] Fig. 3 is a schematic drawing that explains a pipe-diameter
expanded state in accordance with the pipe end sizing method of the present
invention.
[FIG. 4] Fig. 4 is a schematic drawing that explains a sizing method for a
pipe end by the use of a conventional expanding apparatus.
[FIG. 5] Fig. 5 is a schematic drawing that explains problems with the

conventional pipe end sizing method.

[FIG. 6] Fig. 6 is a drawing that shows the relationship between the elliptic
rate of inner diameter and L/D 1n an embodiment.

|[FIG. 7] Fig. 7 is a drawing that shows the relationship between L/D and t/D
at the time when the elliptic rate of inner diameter becomes 0.3 % 1n the

embodiment.

Description of the Reference Numerals

[0039]
1. Pipe

2. Chuck

1o



CA 02645932 2008-09-16

f

3. Plug (31. Taper portion, 32. Diameter equivalent portion)

4. Cylinder

5. Plug used for a conventional method (51. Taper portion, 52. Diameter

equivalent portion)

17
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What is claimed is:

1. A method for sizing a pipe end by using a plug, the method
comprising:

using the plug having a circular cross section and being constituted by
a taper portion and a diameter equivalent portion continuously formed from
a tip of the plug in succession;

an outer diameter of the taper portion gradually expands from the tip
toward a rear end while satisfying the following formulas (1) and (2); and

setting a clamping position of the pipe by a chuck 1n accordance with a
value of a ratio (t/D) of the thickness t and the outer diameter D of the pipe:

22 <LR/(D1x0.01/2) <115 ... (D)

R2>R1 ... (2)

where the meanings of the respective symbols 1n the formulas are
shown below:

D1: the outer diameter of the rear end of the taper portion, which
also corresponds to the outer diameter (mm) of the diameter
equivalent portion.

LR: the distance (mm) in the axial direction from the rear end of the

taper portion to a position at which the outer diameter of the
taper portion 1s represented by D1 X 0.99.

R1: a taper angle (° ) at the rear end of the taper portion.

R2: a taper angle (° ) at the position in which the outer diameter of

the taper portion 1s represented by D1 x 0.99.

18
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2. The method for sizing the pipe end according to claim 1, wherein

the pipe 1s clamped at a position in which the following formula 1s
satisfied, when the ratio (t/D) of the thickness t and the outer diameter D of
the pipe 1s 0.04 or less:

L/D>-21.8x(t/D)+1.7 ...(3)

where the meanings of the respective symbols in the formula are
shown below:
t : Thickness of element pipe (mm)
D : Outer diameter of element pipe (mm)
L : Distance from the pipe end of the pipe on the side from which the plug is

inserted to the clamped position by the chuck (mm)

19
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DRAWINGS

Figure 1
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Figure 2
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Figure 4
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Figure 5
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Figure 7
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