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(57) Abréegée/Abstract:
At first, an open end of an original metal pipe M Is plastically deformed to such the coaxially expanded state M, that axial wall length

L, at a side to be eccentrically expanded Is longer than axial wall length L, at the opposite side to be expanded without eccentricity.
The coaxially expanded open end M, Is then plastically deformed to an eccentrically expanded state M,, by forcibly inserting an
eccentrically expanding punch 20 into the coaxially expanded open end M,. The eccentrically expanding punch 20 has a boundary
23 between a conical tip 21 and a cylindrical body 22 inclined with a predetermined angle 6 so as to bring the cylindrical body 22
Into contact with an inner wall of the coaxially expanded open end M. at a side to be eccentrically expanded earlier than the
opposite side to be expanded without eccentricity. WWhen the coaxially expanded open end M, Is plastically deformed to an
eccentrically expanded state M,, metal flow Is suppressed at a side to be eccentrically expanded, but metal flow from the opposite
side to be expanded without eccentricity to the former side Is promoted. Consequently, the open end is plastically deformed to the
eccentrically expanded state M, without thickness deviation along a circumferential direction.
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ABSTRACT

At first, an open end of an original metal pipe M is plastically

deformed to such the coaxially expanded state M1 that axial wall length L2 at

5 a side to be occentrically expanded 1s longer than axial wall length L1 at the

opposite side to be expanded without occentricity. The coaxially expanded

open end M1 1s then plastically deformed to an cccentrically expanded state

Mo by forcibly inserting an eccentrically expanding punch 20 1nto the

ded open end M1. The eccentrically expanding punch 20 has a

coaxially expan
p 21 and a cylindrical body 29 inclined with

10 boundary 23 between a conical t1

to bring the cylindrical body 22 into contact

a predetermined angle 6 so as

with an inner wall of the coaxially expanded open oend M1 at a side to be

be expanded without

eccentrically expanded earlier than the opposite side to

eccentricity. When the coaxially expanded open end Mj is plastically

15 deformed to an eccentrically expanded state M2, metal flow 18 suppressed at a

side to be eccentrically expanded, but metal flow from the opposite side to be

expanded without eccentricity to the former side is promoted. Consequently,

the open end 18 plastically deformed to the occentrically expanded state Ma

without thickness deviation along a circumferential direction.
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A METHOD OF MANUFACTURING A METAL PIPE
WITH AN ECCENTRICALLY EXPANDED OPEN END

BACKGROUND OF THE INVENTION

The present invention relates to a method of manufacturing a metal

pipe having an open end expanded eccentrically with respect to 1ts axis.

A metal pipe with an eccentrically expanded open end has been used
as an oil supply pipe for a vehicle fuel or the like. Such the metal pipe has
been manufactured so far by bulging an open end of an original metal pipe or
by connecting a metal pipe with a squeezed open end to another metal pipe
with an expanded open end. However, any process 1s too complicated,
resulting in rising of a manufacturing cost. In this regard, a different method
has been examined, whereby an original metal pipe is radially expanded at
its open end by forcibly inserting a tapered expanding punch.

In a conventional expanding method, an expanding punch 1s forcibly
inserted into an original metal pipe 1 with an open end vertical to 1ts axis, as
shown in Fig. 1. The open end is plastically deformed to a coaxially expanded
state 2 by insertion of the expanding punch. When an expanding punch
tapered at its tip is used, a tapered part 4 is formed between a straight part 3
and the expanded open end 2. Thereafter, another punch, which is held at a
position shifted from an axis of the straight part 3, is inserted into the
expanded open end 2 so as to form an eccentrically expanded open end 5
decentered from the axis of the straight part 3.

Although the eccentrically expanded part 5 1s formed by inserting the
punch whose center axis is decentered in a certain distance from the axis of
the straight part 3 toward a direction D, a deformation ratio of the original
metal pipe 1 i1s varied along a circumferential direction 1n response to

eccentricity. In short, wall thickness of the original metal pipe 1 1s not
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reduced so much at a side 7 to be expanded without eccentricity, but the
original metal pipe 1 is preferentially stretched at a side 6 to be eccentrically
expanded along its circumferential direction with less metal flow from the
side 7 to the side 6. Consequently, the eccentrically expanded side 6 1s
thinned along the circumferential direction. The thin wall causes occurrence
of troubles such as cracking or necking. Occurrence of troubles 1s likely
intensified as increase of an expanding ratio. The partially thinned wall also

degrades mechanical strength of a product.

SUMMARY OF THE INVENTION

The present invention aims at provision of a metal pipe with an
eccentrically expanded open end free from cracks and necking, by formation
of a coaxially expanded open end, which is elongated along an axial direction
of the metal pipe at a side to be eccentrically expanded longer than the
opposite side to be expanded without eccentricity, in prior to an eccentrically
expanding step so as to promote metal flow from the former side to the latter
side without partial reduction of wall thickness along a circumferential
direction.

The present invention proposes a new method of manufacturing a
metal pipe with an eccentrically expanded open end by two steps of coaxial
and eccentric expansion.

At first, a coaxially expanding punch is forcibly inserted into an open
end of an original metal pipe at first, so as to plastically deform the open end
to such the coaxially expanded state that a side to be eccentrically expanded
is longer than the opposite side to be expanded without eccentricity along an
axial direction of said original metal pipe.

After formation of the coaxially expanded open end, the coaxially
expanding punch is withdrawn from the metal pipe.

Thereafter, an eccentrically expanding punch, which has a boundary
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between a conical tip and a cylindrical body inclined with a predetermined
angle with a respect to a radial direction of the original metal pipe so that
the cylindrical body comes in contact with an inner wall of the coaxially
expanded open end at the side to be eccentrically expanded earlier than the
opposite side to be expanded without eccentricity, is forcibly inserted into the
coaxially expanded open end of the original metal pipe so as to plastically
deform the open end to an eccentrically expanded state.

In the coaxially expanding step, a coaxially expanding punch, which
has a boundary between a conical tip and a cylindrical body inclined with
such an angle that a length of the cylindrical body along an axial direction of
the original metal pipe is shorter at the side to be eccentrically expanded
than the opposite side to be expanded without eccentricity, may be used. An
open end of the original metal pipe is plastically deformed to a coaxially
expanded state elongated along its axial direction at a side to be eccentrically
expanded as compared with the opposite side to be expanded without
eccentricity, by forcible insertion of such the coaxially expanding punch.

Furthermore, when the coaxially expanded open end is worked with
an eccentrically expanding punch, which has a boundary between 1ts conical
tip and its cylindrical body inclined opposite to inclination of the coaxially
expanding punch, metal flow is promoted from the opposite side to be
expanded without eccentricity to the side to be eccentrically expanded.
Consequently, the open end of the metal pipe is plastically deformed to an
eccentrically expanded state without significant reduction of wall thickness

along its circumferential direction.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view for explaining a conventional method of
deforming an open end of a metal pipe to an eccentrically expanded state by

two steps of coaxial and eccentric expansion.



10

15

20

25

CA 02357724 2001-09-24

Fig. 2A is a schematic view for explaining the newly proposed
method, whereby an open end of an original metal pipe is plastically
deformed to a coaxially expanded state having axial wall length at a side to
be eccentrically expanded longer than the opposite side to be expanded
without eccentricity.

Fig. 2B is a view illustrating a coaxially expanded open end of a
metal pipe.

Fig. 3A is a schematic view for explaining an eccentrically expanding
step of the newly proposed method, wherein an eccentrically expanding
punch is forcibly inserted into a coaxially expanded open end.

Fig. 3B is a view illustrating an eccentrically expanded open end of a

metal pipe.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

According to the present invention, an open end of a metal pipe 1s
expanded by two steps of coaxial and eccentric expansion. In the first step (a
coaxially expanding step), the open end is coaxially expanded. In the second
step (an eccentrically expanding step), the coaxially expanded open end 1S
further expanded eccentrically.

In the coaxially expanding step, a coaxially expanding punch 10,
which has a boundary 13 between a conical tip 11 and a cylindrical body 12
inclined with a predetermined angle a with respect to a radial direction r of
an original metal pipe M, is held at a position concentric with the original
metal pipe M. The coaxially expanding punch 10 is then forcibly inserted 1nto
the original metal pipe M, as shown in Fig. 2A. Since an inner wall of the
metal pipe M is brought into contact with the cylindrical body 12 of the
punch 10 and expanded to an objective diameter at the side to be expanded
without eccentricity earlier than the side to be eccentrically expanded,

shrinkage deformation of the wall is predominant at the side to be expanded
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without eccentricity rather than the side to be eccentrically expanded.

Consequently, the open end of the original metal pipe M 1s plastically

deformed to such the coaxially expanded state M1 that an axial wall length

L1 at the side to be expanded without eccentricity 1s shorter than an axial

wall length Lg2 at the side to be eccentrically expanded, as shown 1n Fig. 2B.
The coaxially expanded open end M1 having a wall differentially

elongated with Li<Lg2 along its axial direction may be formed by various

types of punches, as far as plastic deformation of the wall to an objective
diameter at the side to be expanded without eccentricity is early to plastic
deformation of the wall at the side to be eccentrically expanded.

When a punch 10, which has a boundary between a conical tip 11 and
a cylindrical body 12 inclined with an angle «, is used for expansion of an
open end of an original metal pipe M, the inclination angle a 1s preferably
determined at 3-60 degrees. If the inclination angle a is below 3 degrees, a
difference suitable for the purpose is not sufficiently realized between the
axial wall lengths L1 and Lg. If the inclination angle a is above 60 degrees,
metal flow out of the side to be expanded without eccentricity 1s too
intensified in the following eccentrically expanding step. The excessive metal
flow means reduction of wall thickness and causes occurrence of defects such
as cracking at the side to be expanded without eccentricity.

An eccentrically expanding punch 20, which has a boundary 23
between a conical tip 21 and a cylindrical body 22 inclined with a
predetermined angle 6 with respect to a radial direction of the coaxially

expanded metal pipe M1, is used in the following eccentrically expanding step,

as shown in Fig. 83A. When such the punch 20 is forcibly inserted into the
coaxially expanded open end M1, the conical tip 21 comes in contact with an
inner wall at the side to be eccentrically expanded earlier than the side to be
expanded without eccentricity.

[n the case where the original metal pipe M is expanded by a
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coaxially expanding punch 10 with an inclination angle a, the coaxially

expanded open end M1 is preferably eccentrically expanded by a punch 20

having a boundary 23 inclined with an angle 0 opposite to the inclination
angle o of the coaxially expanding punch 10. The inclination angle 0 1s
preferably the same in the opposite direction to the inclination angle a.

When the punch 20 with an inclination angle 0 is forcibly inserted

into the coaxially expanded open end M1, a periphery of the cylindrical body

22 comes in contact with an inner wall of the coaxially expanded open end M1

at the side to be eccentrically expanded earlier than the opposite side to be
expanded without eccentricity. As advance of the punch 20 into the open end

M1, the contact plane of the cylindrical body 22 extends to the side to be

expanded without eccentricity. That is, an inner wall of the coaxially
expanded open end M1 is pressed with the cylindrical body 22 in such the
manner that deformation of the side to be eccentrically expanded 1s early to
the opposite side to be expanded without eccentricity.

Consequently, deformation-resistance of the wall is bigger at the side
to be eccentrically expanded than the side to be expanded without
eccentricity. Metal flow at the side to be eccentrically expanded 1s suppressed
by the cylindrical body 22 of the punch 20 during eccentrically expanding,
but metal is stretched at the side to be expanded without eccentricity and let

flow toward the side to be eccentrically expanded. As a result, the coaxially

expanded open end M1 is plastically deformed to an eccentrically expanded

state M2 having wall thickness uniform along a circumferential direction

without partial reduction of wall thickness at the decentered side.

EXAMPLE
A high frequency-welded metal pipe of 25.4mm in outer diameter,
1.0mm in wall thickness and 350mm in length was used as an original metal

pipe M. An open end of the original metal pipe M 1s plastically detormed to a

0
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coaxially expanded state M1 by forcibly inserting a coaxially expanding
punch 10 into the open end of the original metal pipe M. Thereafter, the
coaxially expanded open end M1 was plastically deformed to an eccentrically
expanded state M2, by forcibly inserting an eccentrically expanding punch 20

into the coaxially expanded open end M1. The open end of the original metal

pipe M was coaxially and then eccentrically expanded by the punches 10, 20
made of quench-hardened tool steel, to which a lubricant was spread, in four

steps under the conditions shown 1n Table 1.
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After the original metal pipe M was eccentrically expanded at its

open end, the eccentrically expanded open end M2 was observed to research

the configuration and thickness distribution. Results are shown in Table 2. It

is proved that the metal pipe M2 of Inventive Example, wherein the open end

was eccentrically expanded after formation of a coaxially expanded open end
M;j differentiated in axial wall length as Li1< L2, had sufficient wall thickness
without thickness deviation or necking even at an eccentrically expanded side.

Maximum reduction of wall thickness at the eccentrically expanded open end

Mg was controlled within a range of 25%.
The metal pipe M2 of Comparative Example No. 1, whereby a

coaxially expanded open end M1 with Li= L2 was eccentrically expanded, had

wall thickness heavily reduced to 31% at most at its eccentrically expanded
side. Cracking or necking often occurred due to such the heavy reduction of

wall thickness.

Even when a coaxially expanded open end M1 differentiated in axial

wall length as Li1< L2 was eccentrically expanded by a punch 20 having a

non-inclined boundary 23 between a conical tip 21 and a cylindrical body 22,
maximum reduction of wall thickness was still heavy as 33% at an
eccentrically expanded open end M2, as noted in Comparative Example No. 2.
Cracks or necking was also detected 1n some cases.

It is clearly noted from comparison of Inventive Example with
Comparative Examples that an eccentrically expanded open end M2 is
effectively formed without partial reduction of wall thickness along a
circumferential direction, by combination of a coaxially expanding step(s) to
plastically deform an open end of an original metal pipe M to a coaxially

expanded state with Li< L2 with an eccentrically expanding step(s) using an

eccentrically expanding punch 20 having a cylindrical body 22, which will

come in contact with an inner wall of the coaxially expanded open end M1 at

a side to be eccentrically expanded earlier than the opposite side to be

expanded without eccentricity. Since partial reduction of wall thickness 1s
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suppressed along a circumferential direction, the eccentrically expanded

metal pipe M2 can be used as a product free from defects such as cracks or

necking. Such the combination of the coaxially expanding step(s) with the

eccentrically expanding step(s) is especially effective for formation of an

eccentrically expanded open end M2 with an outer diameter twice or more

compared with the original pipe M, as noted in Examples.

TABLE 2 : CONFIGURATION OF AN ECCENTRICALLY EXPANDED
OPEN END AND OCCURRENCE OF DEFECTS

Inventive Comparative Kxamples
fxample No. 1 No. 2
maximum reduction (%) of wall
thickness at an eccentrically 21 31 33
expanded open end M2
occurrence frequency 0,/ 100 7,/100 15,7100
(/pieces) of cracks
fccurrence frequency 0,/ 100 14,100 | 22,100
(/pieces) of necking

According to the present invention as above-mentioned, an open end
of an original metal pipe is plastically deformed to a coaxially expanded state
differentiated in axial wall length at a side to be eccentrically expanded
longer than the opposite side to be expanded without eccentricity, and then to
an eccentrically expanded state by an eccentrically expanding punch having a
cylindrical body, which comes in contact with an inner wall of the coaxially
expanded open end at the former side earlier than the opposite side. Due to
timing control of a contact plane of the punch with the inner wall, metal flow
from the opposite side to the former side 1s promoted in the eccentrically
expanding step, but reverse metal flow from the former side 1s restricted.
Consequently, partial reduction of wall thickness i1s suppressed along a

circumferential direction of the metal pipe, and a product has an eccentrically

| ()
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expanded open end good of configuration.

[l
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CLAIMS

- A method of manufacturing a metal pipé with an eécentricaﬂy .
exi)anded open end, which compri_sés the steps of: |

forcibly inserting a coaxially expanding punch into an open end of an

original metal pipe, so as to plastically deform said open end to a
coaxially expanded state, such that a side to be eccentrically expanded is longer
than the opposite side to be expanded without eccentricity along an axial
direction of said original metal pipe;

withdrawing said coaxially expandiﬁg punch from said original metal

pipe; and then . | |

forciblj inserting an eccentrically eXﬁa_nding punch, which has a

boundary between a conical tip and é cylindrical body. inclined with a -
predetermined angle with respect to a radial direction of said original
metal pipe so that said cylindrical body comes in contact with an inner .
wall of the coaxially expanded open end at the side to be eccentrica]ly
expanded eérlier than the opposite side td be expanded without
eccentricity, into the coaxially expanded open end of said original mefél
f)ipe so as to plﬁstically defofm sait_i op'en.t end to an' ecqentﬁca]ly-
expanded .state. '

The method of manufacttiring a metal pipe with an ecéentricaﬂy.
expanded bpen end defined in Claim 1, wherein the coaxially expanding
punch has a boundary between a conical tip and a cylindrical body
inclined with such an angle that a length of said cylindrical body along an
axial direction of the original metal pipe is shorter at the side to be
‘ec.centrically expanded than the opposite side to be exp anded without
.ecc':entricity,. and the inclination of said boundary is opposite to -ﬁhe
inchination of the boundary between the conical tip and the cjz]indrical

~ body of the eccéntrica]ly expanding punch.

12
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FIG.3A
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