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(54) Mandrel for bending

(57) A mandrel for bending of simple construction
and sufficient rigidity is obtained. The mandrel compris-
es a plurality of plugs (12). Each plug is provided with a
spherical outer peripheral surface. A fulcrum pin (16) is
fitted through the plug. The first and second link mem-

bers (18,20,22) are rotatably attached to the fulcrum
pins of the neighboring plugs so as to connect the neigh-
boring plugs. The plug is also provided with a spherical
depression which the adjoining plug can enter during the
bending. The plugs are connected to the shank (14) via
the second link members.



EP 1 488 867 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD OF THE INVENTION

[0001] This invention relates to a mandrel for bending
which inhibits formation of irregularities at a bending part
of a pipe during the bending process.

BACKGROUND OF THE INVENTION

[0002] Unexamined Japanese Utility Model Publica-
tion No. 6-41921 and Unexamined Japanese Patent
Publication No. 7-290156 disclose a known convention-
al mandrel for bending comprising a plurality of plugs
coupled in series onto an end of a shank. As can be
seen in Fig. 4, the outer peripheral surface of each plug
50 is formed to be spherical and a connection shaft 52
is inserted through the center of the plug 50. The con-
nection shaft 52 is provided with a spherical part 54 at
one end and a spherical depression 56 at the other end.
[0003] The spherical part 54 of the connection shaft
52 is fitted into the spherical depression 56 of another
connection shaft 52, which thus constitutes an adjusta-
ble joint. In this manner, a plurality of plugs 50 are con-
nected in series. Moreover, the shank 58 is provided
with a spherical depression 60 which is identical to the
spherical depression 56. The spherical part 54 of the
terminal connection shaft 52 is fitted into the depression
60 so that all the plugs 50 are connected to the shank 58.
[0004] When bending is performed, the plugs 50 are
inserted into a pipe 62 to be arranged at the bending
part. While the bending is performed, the spherical parts
54 rotate within the spherical depressions 56, 60 and
the plugs 50 are waggled along the bending direction.
As a result, spaces between the respective plugs 50 are
narrowed and the outer peripheral surfaces of the plugs
50 are abutted to the inner wall of the pipe 62 in a con-
centrated manner on the inside of the bend. Thus, for-
mation of irregularities, such as wrinkles, on the inside
of the bend is inhibited.

SUMMARY OF THE INVENTION

[0005] However, as shown in Fig. 4, in the case of
bending using the conventional mandrel as above, it is
necessary to create the spherical part 54 at one end and
the spherical depression 56 at the other end of the con-
nection shaft 52. Such construction is complex and is
not easy to produce. Moreover, the plug 50 has to be
fixed to the connection shaft 52. There is a problem that
sufficient rigidity may not possibly be obtained.
[0006] One object of the present invention is to pro-
vide a mandrel for bending having simple construction
and sufficient rigidity.
[0007] To attain this and other objects, the present in-
vention provides a mandrel for bending which inhibits
formation of irregularities of a pipe by arranging plugs
at a bending part within the pipe. The mandrel compris-

es a plurality of plugs. Each plug is provided with a
spherical outer peripheral surface. A fulcrum pin is fitted
through the plug. A link mechanism is rotatably attached
to the fulcrum pins of neighboring plugs for connection
therebetween. Each plug is provided with a depression
which the adjoining plug can enter during the bending
process.
[0008] The mandrel for bending constituted as above
is simple in construction and can achieve high rigidity.
[0009] The plugs may be connected to a shank via the
link mechanism. The depressions may be formed to be
spherical.

BRIEF DESCRIPTION OF THE DRAWING FIGURES

[0010] The invention will now be described, by way of
example, with reference to the accompanying drawings,
in which:

Fig. 1 is a cross-sectional view of a mandrel for
bending according to an embodiment of the present
invention before bending;
Fig. 2 is a cross-sectional view taken along the line
II-II in Fig. 1;
Fig. 3 is a cross-sectional view of the mandrel for
bending according to the embodiment after bend-
ing; and
Fig. 4 is a cross-sectional view of a conventional
mandrel for bending after bending.

DETAILED DESCRIPTION OF THE INVENTION

[0011] As shown in Fig. 1, a pipe 1 is arranged to be
brought into contact with the outer periphery of a bend
die 2 which is designed to bend the pipe 1 at a desired
angle. Facing to the bend die 2, a clamp die 4 is provided
so that the pipe 1 is held between the bend die 2 and
the clamp die 4. While the bending is performed, the
bend die 2 rotates and the clamp die 4 moves around
the bend die 2. A pressure die 6 is also provided in line
with the clamp die 4. The pressure die 6 receives bend-
ing reaction force induced while the pipe 1 is being bent.
[0012] A mandrel 10 for bending is inserted into the
pipe 1. The mandrel 10 is composed of a plurality of
plugs 12 and a shank 14. Each plug 12 is provided with
an outer peripheral surface formed to be spherical. A
fulcrum pin 16 is piercingly fitted into the plug 12 through
the center of the spherical outer peripheral surface of
the plug 12.
[0013] To the fulcrum pin 16, a link mechanism includ-
ing a first link member 18 and a pair of second link mem-
bers 20, 22 is rotatably attached. Both the first and sec-
ond link members are formed into a plate. In the present
embodiment, one end of the first link member 18 is ro-
tatably attached to the fulcrum pin 16 of the plug 12 and
the other end of the first link member 18 is rotatably at-
tached to the fulcrum pin 16 of the adjoining plug 12 for
connecting the two neighboring plugs 12.
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[0014] As can be seen in Fig. 2, one ends of the sec-
ond link members 20, 22 are rotatably attached to the
same fulcrum pin 16 to which the other end of the first
link member 18 is attached. The other ends of the sec-
ond link members 20, 22 are rotatably attached to the
fulcrum pin 16 piercing the adjoining plug 12, to which
one end of another first link member 18 is rotatably at-
tached. In other words, between the one ends of the sec-
ond link members 20, 22, the other end of the first link
member 18 is held, and between the other ends of the
second link members 20, 22, the one end of the another
first link member 18 are held, so that the two neighboring
plugs 12 connected via the first link member 18 are cou-
pled with another two neighboring plugs 12, connected
in the same manner, via a pair of second link members
20, 22.
[0015] The other end of this another first link member
18 is rotatably attached to the fulcrum pin 16 of the fur-
ther adjoining plug 12. By repetition of the above, a plu-
rality of plugs 12, that is, four in the present embodiment,
are connected to each other via the first link members
18 and the second link members 20, 22. Also, a fulcrum
pin 24 similar to the fulcrum pin 16 is fitted through the
shank 14. One ends of the second link members 20, 22
which are connected to the terminal plug 12 at the other
ends are rotatably attached to the shank via the fulcrum
pin 24.
[0016] Each plug 12 is provided with a spherical de-
pression 26 which the adjoining plug 12 can enter. The
spherical depression 26 is formed a little larger than the
spherical outer peripheral surface of the plug 12. In the
present embodiment, the distance between the fulcrum
pins 16 of two neighboring plugs 12 is substantially
equal to or a little larger than the radius of the spherical
outer peripheral surface of the plug 12.
[0017] Accordingly, the center of the spherical de-
pression 26 and the center of the spherical outer periph-
eral surface of the adjoining plug 12 are almost the
same. Additionally, the shank 14 is also provided with a
spherical outer peripheral surface which is identical to
the outer peripheral surface of the plug 12, on the side
where there is the plug 12.
[0018] The diameter of the outer peripheral surface of
the plug 12 is a little smaller than the internal diameter
of the pipe 1 so that the plug 12 can be inserted into the
pipe 1. The plug 12 is formed by cutting a sphere at both
ends, leaving a central portion having a thickness sub-
stantially equal to the radius of the sphere. A plurality of
plugs 12 are arranged with a little space therebetween
in the thickness direction.
[0019] On the side of the plug 12 opposite to the side
where there is the spherical depression 26, a cut-off de-
pression 28 is formed in such a manner that the plug 12,
the first link member 18, and the second link members
20, 22 can together rotate on the fulcrum pin 16. In the
present embodiment, the cut-off depression 28 is de-
signed to allow rotation to only one direction.
[0020] Now, operation of the mandrel 10 for bending

of the present invention will be explained.
[0021] Firstly, as shown in Fig. 1, a pipe 1 is held be-
tween the bend die 2 and the clamp die 4. The pressure
die 6 is abutted to the pipe 1. Next, the mandrel 10 for
bending comprising a plurality of plugs 12 is inserted into
the pipe 1. At the time of the insertion, each plug 12 is
disposed in such a manner that the side with the cut-off
depression 28 faces to the inside of the bend.
[0022] While the bend die 2 is rotated on its axis, the
clamp die 4 is rotated around the bend die 2. As a result,
the pipe 1 is wound around the bend die 2, resulting in
that the outside of the bend is stretched and the inside
of the bend is compressed at the bending part of the
pipe 1.
[0023] As shown in Fig. 3, in the mandrel 10 for bend-
ing, the plugs 12, the first link members 18, and the sec-
ond link members 20, 22 together rotate on the respec-
tive fulcrum pins 16. The spaces between the plugs 12
are expanded on the outside of the bend and are nar-
rowed on the inside of the bend. As a result, on the inside
of the bend, the outer peripheral surface of the plug 12
moves into the depression 26 of the adjoining plug 12
and the plugs 12 are closely abutted to each other so
that no space is left between the neighboring plugs 12.
Accordingly, even if the pipe 1 is compressed on the in-
side of the bend during the bending, formation of irreg-
ularities like formation of wrinkles cannot be promoted.
[0024] Moreover, the respective plugs 12 are con-
nected via the fulcrum pins 16, the first link members
18, and the second link members 20, 22. Therefore, the
construction is simple. Even if large external force is ap-
plied to the respective plugs 12, the plugs 12 are sup-
ported by the fulcrum pins 16, the first link members 18,
and the second link members 20, 22. Accordingly, the
rigidity is high enough to be capable of inhibiting dam-
ages.
[0025] The present invention is not limited to the
above embodiment, and other modifications and varia-
tions are possible within the scope of the present inven-
tion.
[0026] The features disclosed in the foregoing de-
scription, in the claims and/or in the accompanying
drawings may, both separately and in any combination
thereof, be material for realising the invention in diverse
forms thereof.

Claims

1. A mandrel for bending a pipe, comprising

a plurality of plugs, each plug being provided
with a spherical outer peripheral surface,
a fulcrum pin being fitted through the plug, and
a link mechanism being rotatably attached to
the fulcrum pins of the neighboring plugs so as
to connect the neighboring plugs,
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wherein each plug is provided with a depres-
sion which the adjoining plug can enter during the
bending process.

2. The mandrel for bending as set forth in claim 1,
wherein said plugs are connected to a shank via the
link mechanism.

3. The mandrel for bending as set forth in claim 1,
wherein said depression is spherical.

4. The mandrel for bending as set forth in claim 1,
wherein said link mechanism comprises

a plate-like first link member which connects
two neighboring plugs, and
a plate-like second link member which con-
nects one of said two neighboring plugs with
another plug which adjoins said one of two
neighboring plugs.

5. The mandrel for bending as set forth in claim 4,
wherein said second link members are provided in
pairs and the first link member is arranged to be held
therebetween.

6. The mandrel for bending as set forth in claim 4,
wherein said plug is provided with a rotation restric-
tion mechanism which restricts the rotation of the
first link member around the fulcrum pin of the plug
to regulate a bending direction of the mandrel dur-
ing the bending process.
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