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(57) This torsion beam manufacturing method is a
method of manufacturing a torsion beam that includes a
uniformly shaped closed cross-sectional portion of which
a cross section orthogonal to a longitudinal direction is a
closed cross section having a substantial V-shape or a
substantial U-shape at any position in the longitudinal
direction, and a shape changing portion which has a con-
nection region leading to the uniformly shaped closed
cross-sectional portion and including a closed cross sec-

tion having a shape different from the shape of the closed
cross section of the uniformly shaped closed cross-sec-
tional portion. The torsion beam manufacturing method
includes pulling process of applying a tensile force in the
longitudinal direction to at least the connection region of
a torsion beam material including the uniformly shaped
closed cross-sectional portion and the shape changing
portion, to obtain the torsion beam.
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Description

[Technical Field of the Invention]

[0001] The present invention relates to a torsion beam
manufacturing method and a torsion beam manufactur-
ing apparatus, for manufacturing a torsion beam which
is applied to a torsion beam-type suspension apparatus
for automobiles and in which metal fatigue is suppressed.
[0002] Priority is claimed on Japanese Patent Applica-
tion No. 2016-067929, filed on March 30, 2016, the con-
tent of which is incorporated herein by reference.

[Related Art]

[0003] As is generally known, as one kind of automo-
bile suspension systems, a torsion beam-type suspen-
sion apparatus has come into wide use.
[0004] There have been provided a torsion beam-type
suspension apparatus including: a torsion beam assem-
bly in which a pair of right and left trailing arms rotatably
supporting right and left wheels is coupled to a torsion
beam and a pair of right and left spring receiving portions
is joined to the vicinities of right and left ends of the torsion
beam; and a spring and an absorber through which the
torsion beam and a vehicle body are coupled to each
other. The torsion beam is oscillatably connected to the
vehicle body via pivot axes extending from the right and
the left toward a central side of the vehicle body.
[0005] A torsion beam is formed by, for example, per-
forming deformation processing of a metal pipe through
press forming or hydro-form forming, and a cross section
of the torsion beam orthogonal to a longitudinal direction
is formed into a closed cross section having a substantial
V-shape or a substantial U-shape from attachment por-
tions with respect to trailing arms toward a uniformly
shaped closed cross-sectional portion (for example, refer
to Patent Document 1).
[0006] The torsion beam includes the uniformly
shaped closed cross-sectional portion which has a sub-
stantially constant closed cross section having a sub-
stantial V-shape or a substantial U-shape, the attach-
ment portions which are connected to the right and left
trailing arms, and shape changing portions (gradual
changing portions) which are positioned between the uni-
formly shaped closed cross-sectional portion and the at-
tachment portions. In a case where a vehicle body re-
ceives an external force from a road surface, rolling ri-
gidity of the vehicle body is ensured mainly by torsional
rigidity of the torsion beam.
[0007] Meanwhile, even if the torsion beam has suffi-
cient rolling rigidity, since the torsion beam receives var-
ious external forces from a road surface via the wheels
or the trailing arms, a complicated stress distribution is
generated due to such external forces, so that metal fa-
tigue is likely to progress. The metal fatigue is very likely
to be caused, for example, in the vicinity of a connection
portion between the shape changing portion and the uni-

formly shaped closed cross-sectional portion.
[0008] Therefore, even in a case where various exter-
nal forces are received from a road surface, metal fatigue
needs to be suppressed from progressing, and various
technologies have been developed to suppress such
metal fatigue (for example, refer to Patent Documents 2,
3, and 4).
[0009] According to a technology disclosed in Patent
Document 2, a press-formed torsion beam is subjected
to quenching, tempering, and shot-peening, and an outer
surface of the torsion beam is hardened, so that fatigue
properties of the torsion beam are improved.
[0010] According to a technology disclosed in Patent
Document 3, surface hardness of a torsion beam is im-
proved by using a steel pipe of which surface hardness
increases after heat treatment, so that fatigue properties
of the torsion beam are improved.
[0011] According to a technology disclosed in Patent
Document 4, tensile stress is applied by applying a pres-
sure outward from the inside of a steel pipe through hy-
droforming. As a result, residual stress of a torsion beam
is reduced, so that fatigue properties are improved.

[Prior Art Document]

[Patent Document]

[0012]

[Patent Document 1] Japanese Unexamined Patent
Application, First Publication No. 2011-635

[Patent Document 2] Japanese Unexamined Patent
Application, First Publication No. 2001-123227

[Patent Document 3] Japanese Unexamined Patent
Application, First Publication No. 2008-063656

[Patent Document 4] Japanese Unexamined Patent
Application, First Publication No. 2013-091433

[Disclosure of the Invention]

[Problems to be Solved by the Invention]

[0013] However, it is not always easy to improve fa-
tigue properties of a torsion beam by applying the tech-
nologies disclosed in Patent Documents 2 to 4, and there
is a problem of an increase in initial cost, such as plant
and equipment investment, or manufacturing running
cost. Therefore, there is a demand for a torsion beam
manufacturing technology in which a torsion beam hav-
ing excellent fatigue properties can be efficiently manu-
factured.
[0014] The present invention has been made in view
of the foregoing circumstances, and an object thereof is
to provide a torsion beam manufacturing method and a
torsion beam manufacturing apparatus, capable of effi-

1 2 



EP 3 363 664 A1

3

5

10

15

20

25

30

35

40

45

50

55

ciently manufacturing a torsion beam having excellent
fatigue.

[Means for Solving the Problem]

[0015] In order to solve the problem above, the present
invention proposes the followings.

(1) According to an aspect of the present invention,
there is provided a torsion beam manufacturing
method for manufacturing a torsion beam including
a uniformly shaped closed cross-sectional portion of
which a cross section orthogonal to a longitudinal
direction is a closed cross section having a substan-
tial V-shape or a substantial U-shape at any position
in the longitudinal direction, and a shape changing
portion which has a connection region leading to the
uniformly shaped closed cross-sectional portion and
including a closed cross section having a shape dif-
ferent from the shape of the closed cross section of
the uniformly shaped closed cross-sectional portion.
The torsion beam manufacturing method includes
pulling process of applying a tensile force in the lon-
gitudinal direction to at least the connection region
of a torsion beam material including the uniformly
shaped closed cross-sectional portion and the shape
changing portion, to obtain the torsion beam.
In the torsion beam manufacturing method accord-
ing to the aspect, since a tensile force is applied to
at least the connection region during the pulling proc-
ess, remaining residual stress can be reduced or re-
moved.
As a result, a torsion beam having excellent fatigue
properties can be manufactured. Furthermore, since
post-treatment such as heat treatment is not neces-
sary, manufacturing can be efficiently performed.
(2) In the torsion beam manufacturing method ac-
cording to (1), in the pulling process, the tensile force
may be applied by moving an inner side support
member and an outer locking member in a direction
separated from the uniformly shaped closed cross-
sectional portion in a state where an inner side of an
outside part of the connection region in the longitu-
dinal direction is supported by the inner side support
member and the outer locking member is locked on
an outer side of the outside part.
In this case, during the pulling process, since a ten-
sile force is applied after the outside part of the tor-
sion beam material is supported by the inner side
support member and the outer locking member is
locked on the outer side of the outside part, a tensile
force can be easily applied while suppressing defor-
mation of the outside part.
(3) In the torsion beam manufacturing method ac-
cording to (2), in the pulling process, the outer side
of the connection region may be supported by an
outer support member, and the outer support mem-
ber may be moved synchronously with movement of

the inner side support member and the outer locking
member in the same direction.
In this case, since the outer support member moves
synchronously with movement of the inner side sup-
port member and the outer locking member, exten-
sion of the torsion beam material entailed in pulling
is not hindered. Therefore, the tensile force can be
reliably applied to the torsion beam material, and re-
sidual stress can be reliably reduced or removed.
(4) In the torsion beam manufacturing method ac-
cording to (1), in the pulling process, the tensile force
may be applied across an entire length of the torsion
beam material by causing both ends of the torsion
beam material to be relatively separated from each
other along the longitudinal direction.
In this case, since the torsion beam material is pulled
outward in the longitudinal direction over the entire
length thereof, residual stress can be reduced or re-
moved without omission.
(5) In the torsion beam manufacturing method ac-
cording to any one of (1) to (4), in the pulling process,
distortion equal to or greater than 1% in the longitu-
dinal direction may be applied to at least the connec-
tion region of the torsion beam material in the longi-
tudinal direction.
In this case, it is possible to apply a tensile force
sufficient for removing or reducing residual stress of
the torsion beam material.
(6) The torsion beam manufacturing method accord-
ing to any one of (1) to (5) may further include press-
ing process of obtaining the torsion beam material
by pressing a raw pipe, before the pulling process.
In this case, although residual stress is remaining in
the torsion beam material at after the pressing proc-
ess, the residual stress can be removed in the suc-
cessive pulling process.
(7) According to another aspect of the present inven-
tion, there is provided a torsion beam manufacturing
apparatus for manufacturing a torsion beam includ-
ing a uniformly shaped closed cross-sectional por-
tion of which a cross section orthogonal to a longi-
tudinal direction is a closed cross section having a
substantial V-shape or a substantial U-shape at any
position in the longitudinal direction, and a shape
changing portion which has a connection region
leading to the uniformly shaped closed cross-sec-
tional portion and including a closed cross section
having a shape different from the shape of the closed
cross section of the uniformly shaped closed cross-
sectional portion. The torsion beam manufacturing
apparatus includes: a pair of holding mechanisms
that holds one portion located more than one side of
the connection region and another portion located
more than another side of the connection region in
a view seen along the longitudinal direction of a tor-
sion beam material, in the torsion beam material in-
cluding the uniformly shaped closed cross-sectional
portion and the shape changing portion; and a first
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driving mechanism that causes the holding mecha-
nisms to be relatively separated from each other.
In the torsion beam manufacturing apparatus ac-
cording to the aspect, since the pair of holding mech-
anisms and the first driving mechanism apply a ten-
sile force in the longitudinal direction to at least the
connection region in the torsion beam material, re-
sidual stress remaining in the torsion beam material
can be reduced or removed.
As a result, the torsion beam having excellent fatigue
properties can be manufactured. Furthermore, since
post-treatment such as heat treatment is not neces-
sary, manufacturing can be efficiently performed.
(8) In the torsion beam manufacturing apparatus ac-
cording to (7), the holding mechanisms may respec-
tively hold both ends of the torsion beam material.
In this case, since both ends of the torsion beam
material are pulled while being held by the pair of
holding mechanisms, a tensile force can be applied
over the entire length of the torsion beam material.
Therefore, residual stress can be reduced or re-
moved without omission over the entire length of the
torsion beam material.
(9) The torsion beam manufacturing apparatus ac-
cording to (8) may further include: a movable die that
has a shape corresponding to the uniformly shaped
closed cross-sectional portion and the shape chang-
ing portion; and a second driving mechanism that
presses the movable die with respect to a raw pipe
which is before forming the uniformly shaped closed
cross-sectional portion and the shape changing por-
tion in the torsion beam material.
In this case, since the second driving mechanism
presses the movable die with respect to the raw pipe,
a torsion beam material having the uniformly shaped
closed cross-sectional portion and the shape chang-
ing portion can be obtained.
(10) In the torsion beam manufacturing apparatus
according to (7), at least one of the holding mecha-
nisms may include an inner side support member
which is inserted into an inner side of the shape
changing portion, and an outer locking member
which is locked on an outer side of the shape chang-
ing portion.
In this case, since a tensile force can be applied after
the inner side of the shape changing portion of the
torsion beam material is supported by the inner side
support member and the outer locking member is
locked on the outer side of the shape changing por-
tion, a tensile force can be easily applied while sup-
pressing deformation of the shape changing portion.
(11) The torsion beam manufacturing apparatus ac-
cording to (10) may further include: a movable die
that has a shape corresponding to the uniformly
shaped closed cross-sectional portion and the shape
changing portion; and a second driving mechanism
that presses the movable die with respect to a raw
pipe which is before forming the uniformly shaped

closed cross-sectional portion and the shape chang-
ing portion in the torsion beam material.
In this case, the second driving mechanism presses
the movable die with respect to the raw pipe, and
thereby enabling obtaining the torsion beam material
having the uniformly shaped closed cross-sectional
portion and the shape changing portion.
(12) The torsion beam manufacturing apparatus ac-
cording to (11) may employ the following configura-
tion. The movable die is provided with a movable die
main body portion which has a shape corresponding
to at least the uniformly shaped closed cross-sec-
tional portion, a movable die end portion which has
a shape corresponding to at least the shape chang-
ing portion and is provided so as to be freely sepa-
rated from the movable die main body portion, and
a third driving mechanism which causes the movable
die end portion to be separated from the movable
die main body portion. The movable die end portion
also serves as the outer locking member.
In this case, with respect to the raw pipe pressed by
the movable die, the movable die main body portion
applies the shape corresponding to at least the uni-
formly shaped closed cross-sectional portion and the
movable die end portion applies the shape corre-
sponding to at least the shape changing portion. In
a state where the inner side support member is in-
serted into the inner side of the shape changing por-
tion of the torsion beam material obtained in such a
manner and the movable die end portion is locked
on the outer side of the shape changing portion, a
tensile force is applied to the torsion beam material.
According to this configuration, since the movable
die end portion also serves as the outer locking mem-
ber, a tensile force can be continuously applied with-
out transferring the torsion beam material, which has
been obtained by performing press working with re-
spect to the raw pipe, to another apparatus.
(13) In the torsion beam manufacturing apparatus
according to (12), the third driving mechanism may
be a cam which is inserted into a gap between the
movable die main body portion and the movable die
end portion.
In this case, first, the raw pipe is pressed by the mov-
able die main body portion and the movable die end
portion and is processed into the torsion beam ma-
terial. Subsequently, the cam is thrust into the gap,
so that the gap between the movable die main body
portion and the movable die end portion is widened.
Then, the movable die end portion moves in a direc-
tion separated from the movable die main body por-
tion. Accordingly, a tensile force is applied to the tor-
sion beam material, so that residual stress can be
reduced or removed.
(14) The torsion beam manufacturing apparatus ac-
cording to any one of (7) to (13) may employ the
following configuration further including a support die
that supports the torsion beam material. The support
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die is provided with a support die main body portion
which supports the torsion beam material at a part
including the uniformly shaped closed cross-section-
al portion, and a support die end portion which is
provided so as to be freely separated from the sup-
port die main body portion and supports at least the
shape changing portion.
In this case, when a tensile force is applied to the
torsion beam material, since the support die end por-
tion is freely separated from the support die main
body portion, extension of the torsion beam material
entailed in pulling is not hindered. Therefore, a ten-
sile force can be reliably applied to the torsion beam
material, and residual stress can be reliably reduced
or removed.
(15) The torsion beam manufacturing apparatus ac-
cording to any one of (7) to (14) may employ the
following configuration further including a control unit
that controls the first driving mechanism. The control
unit operates the first driving mechanism and applies
distortion equal to or greater than 1% to at least the
connection region of the torsion beam material in the
longitudinal direction.

[0016] In this case, it is possible to apply a tensile force
sufficient for removing or reducing residual stress of the
torsion beam material.
[0017] In addition to the aspects described above, the
present invention may employ the following aspects.

(a) As an alternative aspect of the present invention,
there is provided a torsion beam manufacturing
method of manufacturing a torsion beam being used
in a torsion beam-type suspension apparatus and
having a both end portions in a longitudinal direction
coupled with a pair of right and left arms. The torsion
beam includes: a uniformly shaped closed cross-
sectional portion of which a cross section orthogonal
to the longitudinal direction has a substantially con-
stant closed cross-sectional shape of a substantial
V-shape or a substantial U-shape in which a part
between a front end and a rear end in a forward/rear-
ward direction of a vehicle body protrudes upward
or downward; an attachment closed cross-sectional
portion; and a shape changing portion which is po-
sitioned between the uniformly shaped closed cross-
sectional portion and the attachment closed cross-
sectional portion. The torsion beam manufacturing
method includes: press working process for forming
a torsion beam material which is obtained by press-
ing a metal material pipe and has the uniformly
shaped closed cross-sectional portion and the shape
changing portion; and pulling treating process for
pulling at least a connection portion connecting the
uniformly shaped closed cross-sectional portion and
the shape changing portion to each other in the tor-
sion beam material in the longitudinal direction.
In the torsion beam manufacturing method accord-

ing to the aspect, the torsion beam manufacturing
method includes: the press working process for form-
ing a torsion beam material which is obtained by
pressing a metal material pipe and has the uniformly
shaped closed cross-sectional portion and the shape
changing portion; and the pulling treating process
for pulling at least the connection portion connecting
the uniformly shaped closed cross-sectional portion
and the shape changing portion to each other in the
torsion beam material in the longitudinal direction.
Therefore, tensile residual stress can be reduced or
removed from the connection portion.
As a result, a torsion beam having excellent fatigue
properties can be efficiently manufactured.
In this specification, the uniformly shaped closed
cross-sectional portion denotes a part in which a sub-
stantially constant closed cross-sectional shape of
a substantial V-shape or a substantial U-shape (for
example, a valley portion (bottom portion) of a wall
portion constituting a recessed side having the sub-
stantial V-shape or the substantial U-shape) is con-
tinuously formed along the longitudinal direction.
Moreover, even in a case where unevenness is par-
tially formed in a region to the shape changing por-
tion, in which the valley portion (bottom portion) of
the wall portion constituting the recessed side having
the substantial V-shape or the substantial U-shape
continues and becomes gradually shallow, the re-
gion is included in the uniformly shaped closed
cross-sectional portion.
In addition, in this specification, the shape changing
portion denotes a part having a form which is con-
tinuously formed and in which the valley portion (bot-
tom portion) of the wall portion constituting the re-
cessed side having the substantial V-shape or the
substantial U-shape becomes gradually shallow. A
part in which the valley portion (bottom portion) par-
tially becomes shallow may be formed in the middle
of the shape changing portion.
In addition, in this specification, the attachment
closed cross-sectional portion denotes a part which
is positioned outward in the longitudinal direction of
the shape changing portion (outward in a vehicle
width direction) and in which a recessed part having
a substantial V-shape or a substantial U-shape is
not formed.
In addition, in this specification, the connection por-
tion connecting the uniformly shaped closed cross-
sectional portion and the shape changing portion to
each other denotes a part including a boundary be-
tween the uniformly shaped closed cross-sectional
portion and the shape changing portion, that is, a
part including a portion in which the valley portion
(bottom portion) of the wall portion constituting the
recessed side having the substantial V-shape or the
substantial U-shape formed along the longitudinal
direction in the uniformly shaped closed cross-sec-
tional portion continues in the shape changing por-
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tion, becomes gradually shallow, and is transformed
into a form inclined with respect to the longitudinal
direction. Moreover, the connection portion can be
set in any manner based on a distribution of tensile
residual stress, or the like.
(b) In the torsion beam manufacturing method ac-
cording to (a), in the pulling treating process, the con-
nection portion is pulled in the longitudinal direction
by inserting an inside support member into the shape
changing portion of the torsion beam material and
locking a shape changing portion support member
in the shape changing portion.
According to the torsion beam manufacturing meth-
od, in the pulling treating process, the connection
portion is pulled in the longitudinal direction by in-
serting the inside support member into the shape
changing portion of the torsion beam material and
locking the shape changing portion support member
in the shape changing portion. Theredfore, the con-
nection portion of the torsion beam material can be
easily pulled outward in the longitudinal direction and
distortion of the shape changing portion can be reli-
ably prevented.
As a result, a torsion beam having excellent fatigue
properties can be efficiently manufactured.
(c) In the torsion beam manufacturing method ac-
cording to (a), in the pulling treating process, the con-
nection portion is pulled in the longitudinal direction
by holding the attachment closed cross-sectional
portion of the torsion beam material.
According to the torsion beam manufacturing meth-
od, in the pulling treating process, since the connec-
tion portion is pulled in the longitudinal direction by
holding the attachment closed cross-sectional por-
tion of the torsion beam material, the torsion beam
material can be pulled outward in the longitudinal
direction over the entire length.
As a result, a torsion beam having excellent fatigue
properties can be efficiently manufactured.
(d) As another alternative aspect of the present in-
vention, there is provided a torsion beam manufac-
turing apparatus for manufacturing a torsion beam
being used in a torsion beam-type suspension ap-
paratus and having a both end portions in a longitu-
dinal direction coupled with a pair of right and left
arms. The torsion beam includes: a uniformly shaped
closed cross-sectional portion of which a cross sec-
tion orthogonal to the longitudinal direction has a
substantially constant closed cross-sectional shape
of a substantial V-shape or a substantial U-shape in
which a part between a front end and a rear end in
a forward/rearward direction of a vehicle body pro-
trudes upward or downward; an attachment closed
cross-sectional portion; and a shape changing por-
tion which is positioned between the uniformly
shaped closed cross-sectional portion and the at-
tachment closed cross-sectional portion. The torsion
beam manufacturing apparatus includes: a shape

changing portion outside holding member that has
an exterior shape holding shape portion formed com-
plementarily to the shape changing portion; a shape
changing portion support member that is provided in
the forming die, locks the shape changing portion
from an inner side in the longitudinal direction, and
supports the shape changing portion; a driving unit
that moves an attachment closed cross-sectional
portion holding member forward and rearward in the
longitudinal direction of a torsion beam material; and
a control unit. The control unit is configured to move
the shape changing portion support member out-
ward in the longitudinal direction of the torsion beam
material in a state where the shape changing portion
is held by the shape changing portion outside holding
member and the inside support member after the
torsion beam material is formed.
According to the torsion beam apparatus, the con-
nection portion is pulled in the longitudinal direction
by moving the shape changing portion support mem-
ber outward in the longitudinal direction of the torsion
beam material in a state where the shape changing
portion is held by the shape changing portion outside
holding member which has the exterior shape hold-
ing shape portion formed complementarily to the
shape changing portion, and the shape changing
portion support member which is provided in the
forming die, locks the shape changing portion from
the inner side in the longitudinal direction, and sup-
ports the shape changing portion. Therefore, distor-
tion of the shape changing portion can be prevented
and pulling treatment can be stably performed.
As a result, a torsion beam having excellent fatigue
properties can be efficiently manufactured.
(e) As further another alternative aspect of the
present invention, there is provided a torsion beam
manufacturing apparatus for manufacturing a torsion
beam being used in a torsion beam-type suspension
apparatus and having a both end portions in a lon-
gitudinal direction coupled with a pair of right and left
arms. The torsion beam includes: a uniformly shaped
closed cross-sectional portion of which a cross sec-
tion orthogonal to the longitudinal direction has a
substantially constant closed cross-sectional shape
of a substantial V-shape or a substantial U-shape in
which a part between a front end and a rear end in
a forward/rearward direction of a vehicle body pro-
trudes upward or downward; an attachment closed
cross-sectional portion; and a shape changing por-
tion which is positioned between the uniformly
shaped closed cross-sectional portion and the at-
tachment closed cross-sectional portion. The torsion
beam manufacturing apparatus includes: an attach-
ment closed cross-sectional portion holding member
that holds the attachment closed cross-sectional
portion; a driving unit that moves the attachment
closed cross-sectional portion holding member for-
ward and rearward in the longitudinal direction of a
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torsion beam material; and a control unit. The control
unit is configured to pull the torsion beam material
in the longitudinal direction in a state where the at-
tachment closed cross-sectional portion holding
member holds the attachment closed cross-section-
al portion.
According to the torsion beam apparatus, since the
connection portion is pulled in the longitudinal direc-
tion by holding the attachment closed cross-section-
al portion of the torsion beam material, the torsion
beam material can be pulled outward in the longitu-
dinal direction over the entire length.
As a result, a torsion beam having excellent fatigue
properties can be efficiently manufactured.
(f) As still another alternative aspect of the present
invention, there is provided a torsion beam manu-
facturing apparatus for manufacturing a torsion
beam being used in a torsion beam-type suspension
apparatus and having a both end portions in a lon-
gitudinal direction coupled with a pair of right and left
arms. The torsion beam includes: a uniformly shaped
closed cross-sectional portion of which a cross sec-
tion orthogonal to the longitudinal direction has a
substantially constant closed cross-sectional shape
of a substantial V-shape or a substantial U-shape in
which a part between a front end and a rear end in
a forward/rearward direction of a vehicle body pro-
trudes upward or downward; an attachment closed
cross-sectional portion; and a shape changing por-
tion which is positioned between the uniformly
shaped closed cross-sectional portion and the at-
tachment closed cross-sectional portion. The torsion
beam manufacturing apparatus includes: a forming
die that presses a metal material pipe to form a tor-
sion beam material having the uniformly shaped
closed cross-sectional portion and the shape chang-
ing portion; a shape changing portion support mem-
ber that is provided in the forming die, locks the
shape changing portion from an inner side in the lon-
gitudinal direction, and supports the shape changing
portion; a shape changing portion support member
driving unit that is provided in the forming die and
moves the shape changing portion support member
forward and rearward in the longitudinal direction;
an inside support member that is able to be inserted
into the shape changing portion and holds the shape
changing portion in cooperation with the shape
changing portion support member; and a control unit.
The control unit is configured to move the shape
changing portion support member outward in the lon-
gitudinal direction of the torsion beam material in a
state where the shape changing portion is held by
the shape changing portion support member and the
inside support member after the torsion beam ma-
terial is formed.
According to the torsion beam manufacturing appa-
ratus, the control unit causes the driving unit to pull
the torsion beam material outward in the longitudinal

direction in a state where the shape changing portion
support member and the inside support member hold
the shape changing portion in cooperation with each
other after the metal material pipe is pressed and
the torsion beam material is formed. Therefore, ten-
sile residual stress can be reduced or removed from
a connection portion.
As a result, a torsion beam having excellent fatigue
properties can be efficiently manufactured.
(g) There is provided a torsion beam manufacturing
apparatus for manufacturing a torsion beam being
used in a torsion beam-type suspension apparatus
and having a both end portions in a longitudinal di-
rection coupled with a pair of right and left arms. The
torsion beam includes: a uniformly shaped closed
cross-sectional portion of which a cross section or-
thogonal to the longitudinal direction has a substan-
tially constant closed cross-sectional shape of a sub-
stantial V-shape or a substantial U-shape in which
a part between a front end and a rear end in a for-
ward/rearward direction of a vehicle body protrudes
upward or downward; an attachment closed cross-
sectional portion; and a shape changing portion
which is positioned between the uniformly shaped
closed cross-sectional portion and the attachment
closed cross-sectional portion. The torsion beam
manufacturing apparatus includes: a forming die that
presses a metal material pipe to form a torsion beam
material having the uniformly shaped closed cross-
sectional portion and the shape changing portion; a
shape changing portion support member that is pro-
vided in the forming die, locks the shape changing
portion from an inner side in the longitudinal direc-
tion, and supports the shape changing portion; a
shape changing portion support member driving unit
that is provided in the forming die and moves the
shape changing portion support member forward
and rearward in the longitudinal direction; and an
inside support member that is able to be inserted
into the shape changing portion and holds the shape
changing portion in cooperation with the shape
changing portion support member. The driving unit
is constituted of a cam mechanism which operates
in accordance with strokes when the forming die
forms the torsion beam material.
According to the torsion beam manufacturing appa-
ratus, after the metal material pipe is pressed and
the torsion beam material is formed, tensile residual
stress can be reduced or removed from a connection
portion since the cam mechanism operates in ac-
cordance with strokes while forming the torsion
beam material and the driving unit pulls the torsion
beam material outward in the longitudinal direction
in a state where the shape changing portion support
member and the inside support member hold the
shape changing portion in cooperation with each oth-
er.
As a result, a torsion beam having excellent fatigue
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properties can be efficiently manufactured.
(h) The torsion beam manufacturing apparatus ac-
cording to any one of (d) to (g) further includes a
shape change absorption unit that is changed in
shape in the longitudinal direction and is displaced
when the torsion beam material is pulled in the lon-
gitudinal direction.

[0018] According to the torsion beam manufacturing
apparatus, since the torsion beam manufacturing appa-
ratus includes the shape change absorption unit that is
changed in shape in the longitudinal direction and is dis-
placed when the torsion beam material is pulled in the
longitudinal direction, even in a case where a torsion
beam has a shape with a large central side in the longi-
tudinal direction, pulling treatment can be easily per-
formed.
[0019] In addition, it is possible to prevent damage to
the torsion beam material when performing pulling treat-
ment process and to efficiently reduce residual stress.

[Effects of the Invention]

[0020] According to the torsion beam manufacturing
method and the torsion beam manufacturing apparatus
in the aspects described above, a torsion beam having
excellent fatigue properties can be efficiently manufac-
tured.

[Brief Description of the Drawings]

[0021]

FIG. 1 is a perspective view describing a schematic
configuration of a torsion beam-type rear suspension
apparatus according to a first embodiment of the
present invention.
FIG. 2 is a view describing a schematic configuration
of a torsion beam assembly according to the same
embodiment and is a perspective view seen from
below.
FIG. 3 is a perspective view describing a schematic
configuration of a torsion beam according to the
same embodiment.
FIG. 4 is a perspective view describing a schematic
configuration of a shape changing portion of the tor-
sion beam according to the same embodiment.
FIG. 5A is a view illustrating a schematic configura-
tion of the torsion beam according to the same em-
bodiment and is a closed cross-sectional view seen
along arrow VA-VA in FIG. 4.
FIG. 5B is a view illustrating a schematic configura-
tion of the torsion beam according to the same em-
bodiment and is a closed cross-sectional view seen
along arrow VB-VB in FIG. 4.
FIG. 5C is a view illustrating a schematic configura-
tion of the torsion beam according to the same em-
bodiment and is a closed cross-sectional view seen

along arrow VC-VC in FIG. 4.
FIG. 6 is a flowchart describing an example of a man-
ufacturing process for a torsion beam according to
the same embodiment.
FIG. 7 is a front view describing a schematic config-
uration of a torsion beam manufacturing apparatus
according to the same embodiment.
FIG. 8 is a view for describing a pulling treatment
step in the step for manufacturing a torsion beam
according to the same embodiment along a flow in
FIGS. 8(A) to 8(E) and is a view corresponding to A-
section in FIG. 7.
FIG. 9 is a view for describing an effect of pulling
treatment in the same embodiment and illustrating
stress distributions in a closed cross section corre-
sponding to FIG. 5A. FIG. 9(A) illustrates a stress
distribution before pulling treatment, and FIG. 9(B)
illustrates a stress distribution after pulling treatment.
FIG. 10 is a view for describing an effect of pulling
treatment in the same embodiment and illustrating
stress distributions in a closed cross section corre-
sponding to FIG. 5B. FIG. 10(A) illustrates a stress
distribution before pulling treatment, and FIG. 10(B)
illustrates a stress distribution after pulling treatment.
FIG. 11 is a view for describing an effect of pulling
treatment in the same embodiment and illustrating
stress distributions in a closed cross section corre-
sponding to FIG. 5C. FIG. 11(A) illustrates a stress
distribution before pulling treatment, and FIG. 11(B)
illustrates a stress distribution after pulling treatment.
FIG. 12 is a front view describing a schematic con-
figuration of a torsion beam manufacturing appara-
tus according to a second embodiment of the present
invention.
FIG. 13 is a view describing a step for manufacturing
a torsion beam according to the same embodiment
along a flow in FIGS. 13(A) to 13(D) and is a view
corresponding to B-section in FIG. 12.
FIG. 14 is a flowchart describing a step for manufac-
turing a torsion beam according to a third embodi-
ment of the present invention.
FIG. 15 is a front view describing a schematic con-
figuration of a torsion beam manufacturing appara-
tus according to the same embodiment.
FIG. 16 is a view describing a step for manufacturing
a torsion beam according to the same embodiment
along a flow in FIGS. 16(A) to 16(E) and is a view
corresponding to C-section in FIG. 15.
FIG. 17 is a front view describing a schematic con-
figuration of a torsion beam manufacturing appara-
tus according to a fourth embodiment of the present
invention.
FIG. 18 is a view describing a step for manufacturing
a torsion beam according to the same embodiment
along a flow in FIGS. 18(A) to 18(E) and is a view
corresponding to D-section in FIG. 17.
FIG. 19 is a front view describing a schematic con-
figuration of a torsion beam manufacturing appara-
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tus according to a fifth embodiment of the present
invention.
FIG. 20 is a view describing a step for manufacturing
a torsion beam according to the same embodiment
along a flow in FIGS. 20(A) to 20(E) and is a view
corresponding to E-section in FIG. 19.
FIG. 21 is a view illustrating a case where a modifi-
cation example of the present invention is applied to
the second embodiment, and the diagram illustrates
a part corresponding to G-section in FIG. 12. FIG.
21(A) illustrates a step for forming a stepped portion
in a pipe end and gripping the pipe end, and FIG.
21(B) illustrates a step for pulling the pipe end after
being gripped.

[Embodiments of the Invention]

<First Embodiment>

[0022] Hereinafter, with reference to FIGS. 1 to 11(B),
a first embodiment of the present invention will be de-
scribed.
[0023] FIG. 1 is a view illustrating a schematic config-
uration of a torsion beam-type rear suspension apparatus
(torsion beam-type suspension apparatus) according to
the present embodiment. The reference sign 1 indicates
a torsion beam-type rear suspension apparatus. The ref-
erence sign 2 indicates a torsion beam assembly. The
reference sign 10 indicates a torsion beam. The refer-
ence sign F illustrated in FIG. 1 indicates the front of a
vehicle (not illustrated) in which the torsion beam-type
rear suspension apparatus 1 is mounted, and the refer-
ence sign R indicates the rear.
[0024] As illustrated in FIG. 1, the torsion beam-type
rear suspension apparatus 1 includes the torsion beam
assembly 2, and springs 3 and absorbers 4 through which
the torsion beam assembly 2 and a vehicle body (not
illustrated) are coupled to each other.
[0025] The torsion beam assembly 2 supports right and
left wheels WL and WR using a pair of right and left trailing
arms 5 and is coupled to the vehicle body via pivot axes
JL and JR extending respectively from the right and the
left of the vehicle body slightly forward toward the central
side. Then, the torsion beam assembly 2 is configured
to be oscillatable with respect to the vehicle body.
[0026] As illustrated in FIG. 2, for example, the torsion
beam assembly 2 includes the pair of right and left trailing
arms (arms) 5, the torsion beam 10 through which the
trailing arms 5 are coupled to each other, and a pair of
right and left spring receiving portions 3A which respec-
tively support the springs 3. In addition, one end side of
the absorbers 4 (cushioning device) is connected to a
cushioning reception portion (not illustrated).
[0027] In the present embodiment, as illustrated in
FIGS. 1 and 2, the torsion beam 10 has a closed cross-
sectional shape of a substantial V-shape projected up-
ward.
[0028] As illustrated in FIG. 2, for example, the trailing

arms 5 include trailing arm main bodies 5A, pivot attach-
ment members 5F which are respectively connected to
front ends of the trailing arm main bodies 5A and are
supported by the vehicle body via pivot axes J, and wheel
attachment members 5R which are respectively coupled
to rear ends of the trailing arm main bodies 5A and sup-
port the wheels WL and WR.
[0029] The spring receiving portions 3A are disposed
on the opposite side of the pivot attachment members
5F interposing the torsion beam 10 therebetween. One
end sides of the springs 3 are attached to the spring re-
ceiving portion 3A. A load received from a road surface
is transmitted to the vehicle via the wheels WL and WR,
the trailing arms 5, and the springs 3.
[0030] Hereinafter, with reference to FIGS. 3 to 5C, the
torsion beam 10 according to the present embodiment
will be described.
[0031] FIG. 3 is a perspective view describing a sche-
matic configuration of the torsion beam 10 according to
the present embodiment. FIG. 4 is a perspective view
describing an overview in the vicinity of a shape changing
portion of the torsion beam 10. FIGS. 5A, 5B, and 5C are
cross-sectional views illustrating the torsion beam 10.
FIG. 5A illustrates a cross-sectional view along arrow
VA-VA in FIG. 4. FIG. 5B illustrates a cross-sectional
view along arrow VB-VB in FIG. 4. FIG. 5C illustrates a
cross-sectional view along arrow VC-VC in FIG. 4.
[0032] As illustrated in FIGS. 3 and 4, the torsion beam
10 includes a uniformly shaped closed cross-sectional
portion 11 which is formed on a central side in a longitu-
dinal direction and has a closed cross section having a
substantially constant V-shape, shape changing portions
12, attachment closed cross-sectional portions 13, and
attachment portions 14 which are formed in outer end
portions of the attachment closed cross-sectional por-
tions 13, which have a closed cross-sectional shape of
a substantially elliptic shape, and to which the trailing
arms 5 are attached.
[0033] The uniformly shaped closed cross-sectional
portion 11 is a part in which a substantially constant
closed cross-sectional shape of a substantial V-shape or
a substantial U-shape is continuously formed along the
longitudinal direction in a case where the torsion beam
10 is seen in a cross section perpendicular to the longi-
tudinal direction. In the uniformly shaped closed cross-
sectional portion 11, unevenness may be partially formed
in a valley portion (bottom portion) of a wall portion con-
stituting a recessed side having a substantial V-shape or
a substantial U-shape.
[0034] The shape changing portion 12 is a part in which
the depth of the valley portion (bottom portion) of the wall
portion constituting the recessed side having a substan-
tial V-shape or a substantial U-shape becomes gradually
shallow outward in the longitudinal direction (outward in
a vehicle width direction). A location in which the valley
portion (bottom portion) becomes further shallow may be
partially formed in the middle of the shape changing por-
tion 12.
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[0035] The attachment closed cross-sectional portion
13 denotes a part which is disposed outward in the lon-
gitudinal direction of the shape changing portion 12 (out-
ward in the vehicle width direction) and in which a re-
cessed part having a substantial V-shape or a substantial
U-shape is not formed.
[0036] The uniformly shaped closed cross-sectional
portion 11, the shape changing portions 12, the attach-
ment closed cross-sectional portions 13, and the attach-
ment portions 14 are disposed in this order from the cent-
er in the longitudinal direction toward both ends of the
torsion beam 10. Then, the uniformly shaped closed
cross-sectional portion 11 and the shape changing por-
tion 12 are connected to each other through a connection
portion 12A as illustrated in FIG. 4.
[0037] As illustrated in FIGS. 3 and 4, the uniformly
shaped closed cross-sectional portion 11 is positioned
at the center of the torsion beam 10 in the longitudinal
direction and is connected to the shape changing por-
tions 12 at both ends in the longitudinal direction.
[0038] In the uniformly shaped closed cross-sectional
portion 11, a cross section orthogonal to the longitudinal
direction of the torsion beam 10 is formed into a substan-
tially constant V-shape. In this embodiment, for example,
the uniformly shaped closed cross-sectional portion 11
has a symmetric shape in a forward/rearward direction
of the vehicle body.
[0039] For example, in the closed cross section having
a substantial V-shape illustrated in FIG. 5A, a cross sec-
tion of the uniformly shaped closed cross-sectional por-
tion 11 includes a first wall portion S110A which forms a
recessed side inner surface, a second wall portion S120A
which forms a projected side outer surface, and two fold-
ed wall portions S130A which connect both ends of the
first wall portion S110A and the second wall portion
S120A to each other and swell outward in the closed
cross section. A center portion of the first wall portion
S110A in a circumferential direction is a valley portion
(bottom portion) S111A on the recessed side having a
substantial V-shape in the uniformly shaped closed
cross-sectional portion 11.
[0040] Then, the first wall portion S110A and the sec-
ond wall portion S120A are in contact with each other via
a close-contact portion S150A.
[0041] The range of each of the folded wall portions
S130A is indicated with the arrow in FIG. 5A, and each
thereof is formed between a first wall portion side folded
point a and a second wall portion side folded point b.
[0042] The first wall portion side folded point a is a con-
nection point between an end edge of the first wall portion
S110A and an end edge of the folded wall portion S130A.
In addition, the second wall portion side folded point b is
a connection point between an end edge of the second
wall portion S120A and an end edge of the folded wall
portion S130A.
[0043] The connection portion 12A (connection region)
illustrated in FIG. 4 is a part which connects the uniformly
shaped closed cross-sectional portion 11 and the shape

changing portion 12 to each other and includes a bound-
ary between the uniformly shaped closed cross-sectional
portion 11 and the shape changing portion 12. That is,
as illustrated in FIG. 4, the connection portion 12A is a
part from a cross section S12A which is the boundary
between the uniformly shaped closed cross-sectional
portion 11 and the shape changing portion 12 to a middle
position of the shape changing portion 12 in the longitu-
dinal direction (for example, the position of a cross sec-
tion S12C at which the valley portion (bottom portion) of
the wall portion constituting the recessed side having a
substantial V-shape or a substantial U-shape becomes
gradually shallow and is transformed into a form inclined
with respect to the longitudinal direction in the shape
changing portion 12). The connection portion 12A can
be set in any manner based on a distribution of tensile
residual stress, or the like.
[0044] For example, as illustrated in FIG. 5B, a cross
section S12B included in the connection portion 12A in-
cludes a first wall portion S110B which forms a recessed
side inner surface in the closed cross section having a
substantial V-shape, a second wall portion S120B which
forms a projected side outer surface in the closed cross
section, and two folded wall portions S130B which con-
nect both ends of the first wall portion S110B and the
second wall portion S120B to each other and swell out-
ward in the closed cross section. In addition, the center
portion of the first wall portion S110B in the circumferen-
tial direction is a valley portion (bottom portion) S111B
on the recessed side having a substantial V-shape in the
connection portion 12A.
[0045] Then, a hollow portion 150B is formed between
the first wall portion S110B and the second wall portion
S120B.
[0046] The range of each of the folded wall portions
S130B is indicated with the arrow in FIG. 5B, and each
thereof is formed between a first wall portion side folded
point a1 and a second wall portion side folded point b1.
[0047] The first wall portion side folded point a1 is a
connection point between an end edge of the first wall
portion S110B and an end edge of the folded wall portion
S130B. In addition, the second wall portion side folded
point b1 is a connection point between an end edge of
the second wall portion S120B and an end edge of the
folded wall portion S130B.
[0048] As illustrated in FIG. 4, in the shape changing
portion 12, a center-sided part in the longitudinal direction
of the torsion beam 10 is connected to the uniformly
shaped closed cross-sectional portion 11 and an outer
side in the longitudinal direction is connected to the at-
tachment closed cross-sectional portion 13.
[0049] In addition, in the shape changing portion 12,
the shape of the closed cross section orthogonal to the
longitudinal direction of the torsion beam 10 is gradually
transformed from the uniformly shaped closed cross-sec-
tional portion 11 into the attachment closed cross-sec-
tional portion 13.
[0050] For example, as illustrated in FIG. 5C, the shape
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changing portion 12 includes a first wall portion S110C
which forms a recessed side inner surface in the closed
cross section having a substantial V-shape, a second
wall portion S120C which forms a projected side outer
surface in the closed cross section, and two folded wall
portions S130C which connect both ends of the first wall
portion S110C and the second wall portion S120C to
each other and swell outward in the closed cross section.
In addition, a center portion of the first wall portion S110C
in the circumferential direction is a valley portion (bottom
portion) S111C on the recessed side having a substantial
V-shape.
[0051] Then, a hollow portion 150C is formed between
the first wall portion S110C and the second wall portion
S120C.
[0052] The range of each of the folded wall portions
S130C is indicated with the arrow in FIG. 5C, and each
thereof is formed between a first wall portion side folded
point a2 and a second wall portion side folded point b2.
[0053] The first wall portion side folded point a2 is a
connection point between an end edge of the first wall
portion S110C and an end edge of the folded wall portion
S130C. In addition, the second wall portion side folded
point b2 is a connection point between an end edge of
the second wall portion S120C and an end edge of the
folded wall portion S130C.
[0054] As illustrated in FIG. 4, for example, the attach-
ment closed cross-sectional portion 13 is positioned out-
ward in the longitudinal direction of the shape changing
portion 12 (outward in the vehicle width direction) and
has a substantially elliptic-shaped closed cross section
in which a recessed part having a substantial V-shape
or a substantial U-shape is not formed.
[0055] Next, with reference to FIG. 6, an example of a
step for manufacturing the torsion beam 10 according to
the first embodiment will be described. FIG. 6 is a flow-
chart illustrating an example of the step for manufacturing
the torsion beam 10.
[0056] Hereinafter, with reference to FIG. 6, the step
for manufacturing the torsion beam 10 will be described.

(1) A metal material pipe is prepared (Step S101).
As the metal material pipe to be prepared, for exam-
ple, it is possible to use a circular steel pipe having
a uniform thickness.
(2) Next, in a press working step, the metal material
pipe is subjected to press working (Step S102).
A torsion beam material is formed through press
working of the metal material pipe. Press working
can be performed by using a known press machine.
(3) The torsion beam material is formed through
press working in Step S102 (Step S103). The torsion
beam material has a uniformly shaped closed cross-
sectional portion, shape changing portions, and at-
tachment closed cross-sectional portions. Connec-
tion portions (connection regions) connecting the
uniformly shaped closed cross-sectional portion and
the shape changing portions to each other are

formed.
(4) Subsequently, in a pulling treatment step, the tor-
sion beam material is subjected to pulling treatment
(Step S104). In this pulling treatment, distortion
equal to or greater than 1% is applied to the torsion
beam material in its axial direction, so that residual
stress on outer and inner surfaces in a sheet thick-
ness direction can be reliably released. A tensile
force may be applied to only a particular portion in
the longitudinal direction of the torsion beam mate-
rial, in which residual stress is intended to be re-
duced. However, as in the present embodiment, it is
preferable that a tensile force is applied over the en-
tire length in regard to a point that residual stress
can be generally reduced without omission.
(5) In Step S104, the torsion beam 10 is formed
through pulling treatment of the torsion beam mate-
rial (Step S105).

[0057] Next, with reference to FIG. 7, a schematic con-
figuration of a torsion beam manufacturing apparatus ac-
cording to the first embodiment will be described. FIG. 7
is a front view describing a schematic configuration of a
torsion beam manufacturing apparatus 100 according to
the first embodiment.
[0058] The torsion beam manufacturing apparatus 100
includes a torsion beam material support base 110 on
which a torsion beam material W10 is placed, two pulling
treatment units 120 which pull the torsion beam material
W10 in its longitudinal direction, and a control unit (not
illustrated).
[0059] A recessed part 110U corresponding to an ex-
terior shape of the torsion beam material W10 is formed
in an upper portion of the torsion beam material support
base 110, which stably supports the torsion beam mate-
rial W10 placed on the recessed part 110U.
[0060] In the following description regarding the torsion
beam material W10, to be distinguished from the torsion
beam 10, portions corresponding to the portions of the
torsion beam 10, such as the uniformly shaped closed
cross-sectional portion 11, the shape changing portion
12, the attachment closed cross-sectional portion 13, and
the attachment portion 14, will be described with distin-
guishable reference signs, such as a uniformly shaped
closed cross-sectional portion 11W, a shape changing
portion 12W, an attachment closed cross-sectional por-
tion 13W, and an attachment portion 14W.
[0061] As illustrated in FIG. 7, the pulling treatment unit
120 includes an attachment closed cross-sectional por-
tion holding member 121 which holds the attachment
closed cross-sectional portion 13W of the torsion beam
material W10, a hydraulic cylinder (driving unit) 125
which moves the attachment closed cross-sectional por-
tion holding member 121 forward and rearward in the
longitudinal direction of the torsion beam material W10
along an arrow T120, and a control unit. An operation of
the pulling treatment unit 120 is controlled by the control
unit.
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[0062] The attachment closed cross-sectional portion
holding member 121 includes an attachment closed
cross-sectional portion holding member main body 121A
in which a protrusion having a shape corresponding to
an interior shape of the attachment closed cross-section-
al portion 13W is formed along the longitudinal direction
of the torsion beam material W10 from the bottom portion
of a recessed part 121U, and a plurality of sets of a clamp-
ing member 121B and a clamping member 121C dis-
posed to face each other.
[0063] The clamping member 121B is connected to a
driving unit (not illustrated) such as an actuator and can
move forward and rearward from the wall portion of the
attachment closed cross-sectional portion holding mem-
ber main body 121A toward the inside.
[0064] The clamping member 121C is connected to a
driving unit (not illustrated) such as an actuator and can
move forward and rearward from the protrusion of the
attachment closed cross-sectional portion holding mem-
ber main body 121A toward the outside.
[0065] The clamping member 121B and the clamping
member 121C interpose the vicinity of the attachment
portion 14W of the attachment closed cross-sectional
portion 13W of the torsion beam material W10 therebe-
tween and hold the attachment portion 14W from the out-
side and the inside thereof in cooperation with each other.
[0066] In a case where an instruction is received from
the control unit, the hydraulic cylinder (driving unit) 125
moves the attachment closed cross-sectional portion
holding member 121 forward and rearward in the longi-
tudinal direction of the torsion beam material W10 along
the arrow T120.
[0067] That is, the control unit causes the torsion beam
material W10 to be pulled in the longitudinal direction in
a state where each of a pair of attachment closed cross-
sectional portion holding members 121 is held by the
attachment closed cross-sectional portions 13W at both
ends of the torsion beam material W10. The present em-
bodiment employs a form in which both ends of the tor-
sion beam material W10 are pulled. However, the em-
bodiment is not limited to only this form. The present em-
bodiment may employ a form in which pulling is applied
to the torsion beam material W10 after the pair of attach-
ment closed cross-sectional portion holding members
121 respectively holds the attachment closed cross-sec-
tional portions 13W at both ends of the torsion beam ma-
terial W10, by fixing the position of one of the pair of
attachment closed cross-sectional portion holding mem-
bers 121 and causing the other thereof to be relatively
separated from the one thereof. The same also applies
to other embodiments.
[0068] Next, with reference to FIGS. 8(A) to 8(E), an
overview of the pulling treatment step using the torsion
beam manufacturing apparatus 100 will be described.
FIGS. 8(A) to 8(E) are views describing the pulling treat-
ment step in a step for manufacturing a torsion beam
along a flow in FIGS. 8(A) to 8(E) and are views corre-
sponding to A-section in FIG. 7. The control unit may

cause the pulling treatment step described below to be
entirely and automatically performed.
[0069]

(1) First, as illustrated in FIG. 8(A), the torsion beam
material W10 is disposed on the torsion beam ma-
terial support base 110 and is supported, and the
attachment closed cross-sectional portion holding
member 121 is moved forward in a direction of an
arrow T120F.
(2) Next, as illustrated in FIG. 8(B), when the attach-
ment closed cross-sectional portion holding member
121 is positioned in the vicinity of the attachment
portion 14W of the attachment closed cross-section-
al portion 13W of the torsion beam material W10,
the attachment closed cross-sectional portion hold-
ing member 121 is stopped.
Then, the clamping member 121B and the clamping
member 121C protrude as indicated with the arrow
and hold the attachment closed cross-sectional por-
tion 13W.
(3) Subsequently, as illustrated in FIG. 8(C), when
the attachment closed cross-sectional portion 13W
is held by the clamping member 121B and the clamp-
ing member 121C, a hydraulic cylinder (not illustrat-
ed) operates, so that the torsion beam material W10
is pulled in a direction of an arrow T120P along the
longitudinal direction. In this pulling treatment, dis-
tortion equal to or greater than 1% is applied to the
torsion beam material W10 in its axial direction, so
that residual stress on the outer and inner surfaces
in the sheet thickness direction can be reliably re-
leased.
(4) When pulling of the torsion beam material W10
ends, the torsion beam 10 is completed. Thereafter,
as illustrated in FIG. 8(D), the clamping member
121B and the clamping member 121C are retreated
as indicated with the arrow. Accordingly, the attach-
ment closed cross-sectional portion 13W held by the
attachment closed cross-sectional portion holding
member 121 is released.
(5) When the clamping member 121B and the clamp-
ing member 121C are retreated to a predetermined
position, as illustrated in FIG. 8(E), the attachment
closed cross-sectional portion holding member 121
is retreated in a direction of an arrow T120R, and
pulling treatment is completed.

[0070] Hereinafter, with reference to FIGS. 9(A) to
11(B), an effect of pulling treatment according to the first
embodiment will be described.
[0071] FIGS. 9(A) to 11(B) are views describing an ef-
fect of pulling treatment according to the first embodi-
ment. FIGS. 9(A) and 9(B) illustrate stress distributions
in a closed cross section at the same position as that in
FIG. 5A. FIGS. 10(A) and 10(B) illustrate stress distribu-
tions in a closed cross section at the same position as
that in FIG. 5B. FIGS. 11(A) and 11(B) illustrate stress
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distributions in a closed cross section at the same posi-
tion as that in FIG. 5C. In FIGS. 9(A) to 11(B), the black
part indicates a part having high tensile residual stress,
the shaded part indicates a part having intermediate ten-
sile residual stress, and the colorless part indicates a part
having little tensile residual stress.
[0072] First, with reference to FIGS. 9(A) and 9(B), an
effect of pulling treatment in the uniformly shaped closed
cross-sectional portion 11 will be described. FIG. 9(A)
illustrates a stress distribution before pulling treatment,
and FIG. 9(B) illustrates a stress distribution after pulling
treatment.
[0073] In regard to residual stress in the uniformly
shaped closed cross-sectional portion 11, in a state at
the point of time the torsion beam material W10 is formed,
as illustrated in a cross section in FIG. 9(A), high tensile
stress is widely distributed in the sheet thickness direc-
tion over the substantially entire circumference of the
close-contact portion S150A.
[0074] In addition, on the second wall portion S120A
side forming the projected side outer surface, that is, a
part having little tensile residual stress, there is tensile
residual stress in approximately 1/3 a region inward from
the outside in the sheet thickness direction. Meanwhile,
there is little tensile residual stress on the first wall portion
S110A side forming the recessed side inner surface.
[0075] In contrast, after pulling treatment is performed,
as illustrated in a cross section in FIG. 9(B), the distribu-
tion of high tensile residual stress is remarkably reduced
on both the first wall portion S110A side and the second
wall portion S120A side of the close-contact portion
S150A, and there is little tensile residual stress. There-
fore, fatigue properties can be improved.
[0076] Next, with reference to FIGS. 10(A) and 10(B),
an effect of pulling treatment in the connection portion
12A will be described. FIG. 10(A) illustrates a stress dis-
tribution before pulling treatment, and FIG. 10(B) illus-
trates a stress distribution after pulling treatment.
[0077] In regard to residual stress in the connection
portion 12A, in a state at the point of time the torsion
beam material W10 is formed, as illustrated in a cross
section S12B in FIG. 10(A), high tensile residual stress
is distributed from the vicinity of the folded wall portion
S130B of a closed cross section inner side S150B to a
middle position on the central side in a width direction.
[0078] In addition, there is a part having little tensile
residual stress outside a substantially central position in
the width direction on the second wall portion S120B side
forming the projected side outer surface, but there are
few parts having little tensile residual stress on the first
wall portion S110B side forming the recessed side inner
surface.
[0079] In contrast, after pulling treatment is performed,
as illustrated in a cross section S12B in FIG. 10(B), there
is little tensile residual stress over the substantially entire
range.
[0080] In the cross sections illustrated in FIGS. 10(A)
and 10(B) as well, it is possible to achieve an effect of

improving fatigue properties similar to that in the cross
sections illustrated in FIGS. 9(A) and 9(B) as described
above. That is, in the present embodiment, as illustrated
in FIG. 10(B), residual stress can be reduced by pulling
the torsion beam material W10 in its longitudinal direc-
tion, fatigue properties can be improved.
[0081] Next, with reference to FIGS. 11(A) and 11(B),
an effect of pulling treatment in the shape changing por-
tion 12 will be described. FIG. 11(A) illustrates a stress
distribution before pulling treatment, and FIG. 11(B) il-
lustrates a stress distribution after pulling treatment.
[0082] In regard to residual stress in the shape chang-
ing portion 12, in a state where the torsion beam material
W10 is formed, as illustrated in a cross section in FIG.
11(A), residual stress is slightly distributed on an inner
side in the sheet thickness direction on the second wall
portion S120C side forming the projected side outer sur-
face of a closed cross section inner side S150C. On the
first wall portion S110C side forming the recessed side
inner surface, high tensile residual stress is distributed
over the entire range in the sheet thickness direction from
the vicinity of the folded wall portion S130C to the middle
of the central side in the width direction.
[0083] In addition, there are very few parts having little
tensile residual stress on both the first wall portion S110C
side and the second wall portion S120C side.
[0084] In contrast, after pulling treatment is performed,
as in a cross section illustrated in FIG. 11(B), a part having
little tensile residual stress spreads drastically, and there
is no longer a part of high tensile residual stress.
[0085] In the cross sections illustrated in FIGS. 11(A)
and 11(B) as well, it is possible to achieve an effect of
improving fatigue properties similar to that in the cross
sections illustrated in FIGS. 9(A) and 9(B) as described
above. That is, in the present embodiment, as illustrated
in FIG. 11(B), residual stress can be reduced by pulling
the torsion beam material W10 in its longitudinal direc-
tion, fatigue properties can be improved.
[0086] According to the torsion beam manufacturing
method of the first embodiment and the torsion beam
manufacturing apparatus 100, the torsion beam 10 hav-
ing excellent fatigue properties can be efficiently manu-
factured.
[0087] In addition, according to the torsion beam man-
ufacturing method of the first embodiment and the torsion
beam manufacturing apparatus 100, since the attach-
ment closed cross-sectional portions 13W of the torsion
beam material W10 are held and the connection portions
12A are pulled in the longitudinal direction, the torsion
beam material W10 can be pulled over the entire length.
As a result, within the entire range of the uniformly shaped
closed cross-sectional portion 11W and the shape
changing portions 12W of the torsion beam material W10,
tensile residual stress can be removed without omission.

<Second Embodiment>

[0088] Next, with reference to FIGS. 12 and 13(A) to
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13(D), a second embodiment of the present invention will
be described.
[0089] FIG. 12 is a front view describing a schematic
configuration of a torsion beam manufacturing apparatus
according to the second embodiment of the present in-
vention. FIGS. 13(A) to 13(D) are views describing an
overview of the step for manufacturing a torsion beam
according to the second embodiment. In FIG. 12, a ref-
erence sign 100A indicates a torsion beam manufactur-
ing apparatus.
[0090] The second embodiment is different from the
first embodiment in regard to the way of holding the tor-
sion beam material W10 when the torsion beam material
W10 is subjected to pulling treatment.
[0091] Hereinafter, with reference to FIG. 12, a sche-
matic configuration of a torsion beam manufacturing ap-
paratus 100A according to the second embodiment will
be described.
[0092] As illustrated in FIG. 12, the torsion beam man-
ufacturing apparatus 100A includes the torsion beam ma-
terial support base 110 on which the torsion beam ma-
terial W10 is placed, a pair of pulling treatment units 120A
which pull the torsion beam material W10 in the longitu-
dinal direction, and a control unit (not illustrated).
[0093] As illustrated in FIG. 12, the pulling treatment
unit 120A includes a shape changing portion outside
holding member 1210 which holds the shape changing
portion 12W and the attachment closed cross-sectional
portion 13W from the outside, a shape changing portion
support punch (inside support member) 122 which sup-
ports the shape changing portion 12W and the attach-
ment closed cross-sectional portion 13W from the inside,
and the hydraulic cylinder 125 which moves the shape
changing portion support punch 122 forward and rear-
ward in the direction of the arrow T120 along the longi-
tudinal direction of the torsion beam material W10.
[0094] The shape changing portion outside holding
member 1210 includes an upper exterior shape holding
portion 1211 which is formed to correspond to upper ex-
terior shapes of the shape changing portion 12W and the
attachment closed cross-sectional portion 13W of the tor-
sion beam material W10, a lower exterior shape holding
portion 1212 which is formed to correspond to lower ex-
terior shapes of the shape changing portion 12W and the
attachment closed cross-sectional portion 13W, and a
driving unit (not illustrated) such as an actuator which
moves the upper exterior shape holding portion 1211 and
the lower exterior shape holding portion 1212 forward
and rearward in a direction of an arrow T121Y (pulling
direction) and a direction of an arrow T121Z (holding di-
rection).
[0095] The upper exterior shape holding portion 1211
includes an upper exterior shape holding shape portion
formed complementarily to the upper exterior shapes of
the shape changing portion 12W and the attachment
closed cross-sectional portion 13W and is connected to
the driving unit (not illustrated).
[0096] The lower exterior shape holding portion 1212

includes a lower exterior shape holding shape portion
formed complementarily to the lower exterior shapes of
the shape changing portion 12W and the attachment
closed cross-sectional portion 13W and is connected to
the driving unit (not illustrated).
[0097] For example, the shape changing portion sup-
port punch 122 is formed to correspond to interior shapes
of the shape changing portion 12W and the attachment
closed cross-sectional portion 13W, is able to be inserted
into the shape changing portion 12W, and supports the
shape changing portion 12W from the inside thereof.
[0098] Specifically, the shape changing portion sup-
port punch 122 has a shape of holding the inner side of
the shape changing portion formed complementarily to
the interior shape of the shape changing portion 12W.
[0099] The pulling treatment unit 120A is controlled by
the control unit (not illustrated).
[0100] Specifically, the hydraulic cylinder 125 receives
an instruction from the control unit and moves the shape
changing portion support punch 122 forward and rear-
ward in the direction of the arrow T120.
[0101] Hereinafter, with reference to FIGS. 13(A) to
13(D), an example of an overview of a torsion beam man-
ufacturing step performed by the torsion beam manufac-
turing apparatus 100A will be described. FIGS. 13(A) to
13(D) are views describing an overview of the step for
manufacturing a torsion beam according to the second
embodiment.
[0102]

(1) First, as illustrated in FIGS. 12 and 13(A), the
torsion beam material W10 is disposed on the torsion
beam material support base 110 and is supported,
and the shape changing portion outside holding
member 1210 is disposed at a predetermined posi-
tion.
(2) Next, as illustrated in FIG. 13(B), the shape
changing portion support punch 122 is moved for-
ward in the direction of the arrow T120F and is in-
serted into the shape changing portion 12W. When
the shape changing portion support punch 122 sup-
ports the shape changing portion 12W from the in-
side, the shape changing portion support punch 122
is stopped.
(3) Subsequently, as illustrated in FIG. 13(C), the
driving unit (not illustrated) moves the upper exterior
shape holding portion 1211 and the lower exterior
shape holding portion 1212 forward in the direction
of the arrow T121Z, and the upper exterior shape
holding portion 1211 and the lower exterior shape
holding portion 1212 hold the shape changing por-
tion 12W and the attachment closed cross-sectional
portion 13W in an upward/downward direction.
(4) Subsequently, as illustrated in FIG. 13(D), the
shape changing portion 12W and the attachment
closed cross-sectional portion 13W are supported
by the shape changing portion support punch 122
from the inside and are pulled in a direction of an
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arrow T121P in a state where the upper exterior
shape holding portion 1211 and the lower exterior
shape holding portion 1212 hold the shape changing
portion 12W and the attachment closed cross-sec-
tional portion 13W, and the torsion beam 10 is there-
by formed. At this time, the shape changing portion
support punch 122 moves in a direction of an arrow
T120R while being synchronized with or following
the upper exterior shape holding portion 1211 and
the lower exterior shape holding portion 1212. In this
pulling treatment, distortion equal to or greater than
1% is applied to the torsion beam material W10 in
its axial direction, so that tensile residual stress on
the outer and inner surfaces in the sheet thickness
direction can be reliably released.

[0103] According to the torsion beam manufacturing
method of the second embodiment and the torsion beam
manufacturing apparatus 100A, residual stress of the
connection portion 12A is reduced, and the torsion beam
10 having excellent fatigue properties can be efficiently
manufactured.
[0104] In addition, according to the torsion beam man-
ufacturing apparatus 100A, the shape changing portion
support punch 122 is inserted into the shape changing
portion 12W and the attachment closed cross-sectional
portion 13W, so that the shape changing portion support
punch 122 supports the shape changing portion 12W and
the attachment closed cross-sectional portion 13W from
the inside thereof. Then, the torsion beam material W10
is pulled in its longitudinal direction in a state where the
upper exterior shape holding portion 1211 and the lower
exterior shape holding portion 1212 hold the shape
changing portion 12W and the attachment closed cross-
sectional portion 13W. Therefore, it is possible to perform
stable pulling treatment while preventing the shape
changing portion 12W from being distorted in a squash-
ing manner.

<Third Embodiment>

[0105] Next, with reference to FIGS. 14 to 16(E), a third
embodiment of the present invention will be described.
[0106] FIG. 14 is a flowchart describing a step for man-
ufacturing a torsion beam according to the third embod-
iment of the present invention. In addition, FIG. 15 is a
front view describing a schematic configuration of a tor-
sion beam manufacturing apparatus according to the
present embodiment. FIGS. 16(A) to 16(E) are views de-
scribing an overview of the step for manufacturing a tor-
sion beam according to the present embodiment. In FIG.
15, a reference sign 100B indicates a torsion beam man-
ufacturing apparatus.
[0107] In the first embodiment, the press working step
is performed in advance to form the torsion beam material
W10. Thereafter, the torsion beam material W10 is sub-
jected to pulling treatment by the torsion beam manufac-
turing apparatus 100 and the torsion beam 10 is thereby

manufactured. In contrast, in the present embodiment,
both press working and pulling treatment are performed
by the torsion beam manufacturing apparatus 100A. Oth-
er configurations of the present embodiment are similar
to those of the first embodiment.
[0108] Hereinafter, with reference to FIG. 14, the tor-
sion beam manufacturing step according to the present
embodiment will be described.

(1) A metal material pipe is prepared (Step S201).
As the metal material pipe to be prepared, for exam-
ple, it is possible to use a circular steel pipe having
a uniform thickness.
(2) Next, in press working and pulling treatment
steps, the metal material pipe is subjected to press
working and pulling treatment (Step S202).
In the press working and pulling treatment steps, the
torsion beam material W10 is formed through press
working of the metal material pipe. Thereafter, in the
installation state thereof with no change, the torsion
beam material W10 is subjected to pulling treatment
in succession. In this pulling treatment, distortion
equal to or greater than 1% is applied to the torsion
beam material W10 in its axial direction, so that ten-
sile residual stress on the outer and inner surfaces
in the sheet thickness direction can be reliably re-
leased.
(3) By performing press working and pulling treat-
ment in Step S202, the torsion beam 10 is formed
(Step S203).

[0109] Next, with reference to FIG. 15, a schematic
configuration of the torsion beam manufacturing appa-
ratus 100B according to the present embodiment will be
described.
[0110] As illustrated in FIG. 15, the torsion beam man-
ufacturing apparatus 100B includes a fixed press forming
die 110A, the pair of pulling treatment units 120, a mov-
able-type press forming driving apparatus 130A, and a
control unit (not illustrated).
[0111] In the torsion beam manufacturing apparatus
100B, the fixed press forming die 110A and the movable-
type press forming driving apparatus 130A constitute a
press machine, and the pair of pulling treatment units
120 constitutes a pulling treatment machine.
[0112] The configuration and the operation of the pull-
ing treatment unit 120 are similar to those of the first
embodiment. Therefore, the same reference signs are
applied and duplicated description will be omitted.
[0113] A recessed part 110AU, which is used when a
metal material pipe is subjected to press working and to
obtain the torsion beam material W10, is formed in the
fixed press forming die (forming die) 110A. That is, the
recessed part 110AU having a shape corresponding to
a lower surface of the torsion beam material W10 is
formed in the fixed press forming die 110A while facing
upward.
[0114] In addition, the fixed press forming die 110A
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also serves as a torsion beam material support base sup-
porting the torsion beam material W10 when the torsion
beam material W10 is subjected to pulling treatment by
the pair of pulling treatment units 120.
[0115] The movable-type press forming driving appa-
ratus 130A includes a movable press forming die (form-
ing die) 131 and a hydraulic cylinder (driving unit) 135
which moves the movable press forming die 131 forward
and rearward in a direction of an arrow T130 (upward
and downward).
[0116] The movable press forming die 131 has a shape
portion for forming the torsion beam material W10, and
forms the torsion beam material W10 in cooperation with
the fixed press forming die 110A. A shape corresponding
to an upper surface of the torsion beam material W10 is
formed on a lower surface of the movable press forming
die 131 while facing downward.
[0117] The control unit (not illustrated) instructs each
of the pulling treatment units 120 and the movable-type
press forming driving apparatus 130A to perform an op-
eration related to press working and pulling treatment.
[0118] Hereinafter, with reference to FIGS. 16(A) to
16(E), an overview of the torsion beam manufacturing
step performed by the torsion beam manufacturing ap-
paratus 100B will be described. FIGS. 16(A) to 16(E) are
views describing the step for manufacturing a torsion
beam according to the present embodiment along a flow
in FIGS. 16(A) to 16(E) and are views corresponding to
C-section in FIG. 15.
[0119]

(1) First, as illustrated in FIG. 16(A), a metal material
pipe W0 is placed on the fixed press forming die
110A, and the movable press forming die 131 is
moved in a direction of an arrow T130F (downward).
(2) Next, as illustrated in FIG. 16(B), when the torsion
beam material W10 is formed, the movable press
forming die 131 is moved in a direction of an arrow
T130R (upward). Then, the attachment closed
cross-sectional portion holding member 121 is
moved forward in the direction of the arrow T120F.
(3) Subsequently, as illustrated in FIG. 16(C), when
the attachment closed cross-sectional portion hold-
ing member 121 is positioned in the vicinity of the
attachment portion 14W of the attachment closed
cross-sectional portion 13W of the torsion beam ma-
terial W10, moving forward of the attachment closed
cross-sectional portion holding member 121 is
stopped.
Then, the clamping member 121B and the clamping
member 121C are caused to protrude in the arrow
direction such that both approach each other.
(4) Subsequently, as illustrated in FIG. 16(D), the
attachment closed cross-sectional portion 13W is in-
terposed between the clamping member 121B and
the clamping member 121C such that the vicinity of
the attachment portion 14W of the torsion beam ma-
terial W10 is held.

(5) Subsequently, as illustrated in FIG. 16(E), in a
state where the attachment closed cross-sectional
portion 13W is held by the clamping member 121B
and the clamping member 121C with no change, the
hydraulic cylinder (hydraulic cylinder 125 illustrated
in FIG. 15) is operated, the torsion beam material
W10 is subjected to pulling treatment in the direction
of the arrow T120P along its longitudinal direction,
and the torsion beam 10 is thereby formed. In this
pulling treatment, the distortion equal to or greater
than 1% is applied to the torsion beam material W10
in its axial direction, so that tensile residual stress
on the outer and inner surfaces in the sheet thickness
direction can be reliably released.

[0120] After the torsion beam 10 is formed, the oper-
ation is similar to that described by using FIGS. 8(D) and
8(E) in the first embodiment. Here, duplicated description
will be omitted.
[0121] According to the torsion beam manufacturing
method of the present embodiment and the torsion beam
manufacturing apparatus 100B, the torsion beam 10 hav-
ing excellent fatigue properties can be efficiently manu-
factured.
[0122] In addition, according to the torsion beam man-
ufacturing apparatus 100B of the present embodiment,
after the metal material pipe W0 is pressed and the tor-
sion beam material W10 is formed, the torsion beam 10
is manufactured by pulling the torsion beam material W10
in succession without transferring the torsion beam ma-
terial W10 to another apparatus. Therefore, productivity
can be improved.

<Fourth Embodiment>

[0123] Next, with reference to FIGS. 17 to 18(E), a
fourth embodiment of the present invention will be de-
scribed.
[0124] FIG. 17 is a front view describing a schematic
configuration of a torsion beam manufacturing apparatus
100C according to the present embodiment. FIGS. 18(A)
to 18(E) are views describing an overview of a step for
manufacturing a torsion beam according to the present
embodiment along a flow in FIGS. 18(A) to 18(E) and are
views corresponding to D-section FIG. 17.
[0125] Hereinafter, with reference to FIG. 17, a sche-
matic configuration of the torsion beam manufacturing
apparatus 100C according to the present embodiment
will be described.
[0126] The torsion beam manufacturing apparatus
100C includes a fixed press forming die (forming die)
110B, a pair of pulling treatment units 120B, a movable-
type press forming driving apparatus 130B, and a control
unit (not illustrated).
[0127] In the torsion beam manufacturing apparatus
100C, the fixed press forming die 110B and the movable-
type press forming driving apparatus 130B constitute a
press machine, and the pair of pulling treatment units
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120B constitutes a pulling treatment machine.
[0128] A recessed part 110BU, which is used when the
metal material pipe W0 is subjected to press working and
the torsion beam material W10 is obtained, is formed in
the fixed press forming die (forming die) 110B. That is,
the recessed part 110BU having a shape corresponding
to the lower surface of the torsion beam material W10 is
formed in the fixed press forming die 110B while facing
upward.
[0129] In addition, the fixed press forming die 110B
also serves as a torsion beam material support base sup-
porting the torsion beam material W10 when the torsion
beam material W10 is subjected to pulling treatment by
the pair of pulling treatment units 120B.
[0130] The fixed press forming die 110B includes a first
support portion 111B which has a shape corresponding
to the uniformly shaped closed cross-sectional portion
11W of the torsion beam material W10, a pair of second
support portions 112B which has shapes corresponding
to the shape changing portion 12W and the attachment
closed cross-sectional portion 13W, and an actuator
(shape change absorption unit) 113B such as a hydraulic
cylinder which is disposed inside the first support portion
111B and moves the second support portions 112B for-
ward and rearward in a direction of an arrow T112 with
respect to the first support portion 111B. The actuator
113B is provided one each for the second support por-
tions 112B.
[0131] The movable-type press forming driving appa-
ratus 130B includes a movable press forming die (form-
ing die) 132 and the hydraulic cylinder (driving unit) 135
which moves the movable press forming die 132 forward
and rearward in the direction of the arrow T130 (upward
and downward).
[0132] A shape corresponding to the upper shape of
the torsion beam material W10 is formed on a lower sur-
face of the movable press forming die 132, which per-
forms press working of the metal material pipe W0 in
cooperation with the fixed press forming die 110B, and
the torsion beam material W10 is thereby obtained.
[0133] As illustrated in FIG. 17, each of the pulling treat-
ment units 120B includes a shape changing portion sup-
port punch (inside support member) 122 and the hydrau-
lic cylinder 125 which moves the shape changing portion
support punch 122 forward and rearward in the direction
of the arrow T120 along the longitudinal direction of the
torsion beam material W10.
[0134] Each of the shape changing portion support
punches 122 is formed into a shape corresponding to the
interior shapes of the shape changing portion 12W and
the attachment closed cross-sectional portion 13W, is
inserted into the shape changing portion 12W, and sup-
ports the shape changing portion 12W from the inside
thereof.
[0135] Specifically, each of the shape changing portion
support punches 122 includes a shape portion holding
the inner side of the shape changing portion, formed com-
plementarily to the interior shape of the shape changing

portion 12W.
[0136] Each of the hydraulic cylinders 125 moves the
shape changing portion support punch 122 forward and
rearward in the direction of the arrow T120 in accordance
with an instruction from the control unit (not illustrated).
[0137] The movable-type press forming driving appa-
ratus 130B includes a movable press forming die (form-
ing die) 132 and the hydraulic cylinder (driving unit) 135
which moves the movable press forming die 132 forward
and rearward in the direction of the arrow T130 (upward
and downward).
[0138] As illustrated in FIG. 17, the movable press
forming die 132 includes a first forming portion 132A, two
second forming dies (shape changing portion support
members) 132B which are respectively disposed on both
sides of the first forming portion 132A in the longitudinal
direction, and a pair of hydraulic cylinders (shape chang-
ing portion support member driving units) 132C which
moves the second forming portions 132B forward and
rearward in a direction of an arrow T132.
[0139] A shape corresponding to the upper shape of
the torsion beam material W10 is formed on a lower sur-
face of the movable press forming die 132, which per-
forms press forming of the torsion beam material W10 in
cooperation with the fixed press forming die 110B.
[0140] The control unit (not illustrated) instructs each
of the actuators 113B of the fixed press forming die 110B,
each of the pulling treatment units 120B, and the mova-
ble-type press forming driving apparatus 130B to perform
an operation related to press working and pulling treat-
ment.
[0141] Each of the actuators 113B is displaced in ac-
cordance with a shape change (extension) in the longi-
tudinal direction entailed in a forming process of the tor-
sion beam material W10. Specifically, each of the actu-
ators 113B operates while being synchronized with or
following each of the hydraulic cylinders (shape changing
portion support member driving units) 132C.
[0142] The control unit causes each of the actuators
113B of the fixed press forming die 110B and each of the
hydraulic cylinders (shape changing portion support
member driving units) 132C disposed in the movable
press forming die 132 to be synchronized and to move
forward and rearward.
[0143] Each of the hydraulic cylinders 125 operates
while being synchronized with or following each of the
actuators 113B and each of the hydraulic cylinders 132C.
[0144] Hereinafter, with reference to FIGS. 18(A) to
18(E), an overview of the torsion beam manufacturing
step performed by the torsion beam manufacturing ap-
paratus 100C will be described. FIGS. 18(A) to 18(E) are
views describing the step for manufacturing a torsion
beam according to the present embodiment along a flow
in FIGS. 18(A) to 18(E) and are views corresponding to
D-section in FIG. 17.
[0145]

(1) First, as illustrated in FIG. 18(A), the metal ma-
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terial pipe W0 is placed on the fixed press forming
die 110B, and the movable press forming die 132 is
moved in the direction of the arrow T130F.
At this time, each of the actuators 113B retreats such
that the first support portion 111B and the second
support portions 112B are integrated, and the re-
cessed part 110BU having a shape corresponding
to the lower shape of the torsion beam material W10
is formed.
(2) Then, as illustrated in FIG. 18(B), the metal ma-
terial pipe W0 is interposed between the fixed press
forming die 110B and the movable press forming die
132, and is subjected to press forming to obtain the
torsion beam material W10.
(3) Next, as illustrated in FIG. 18(C), the shape
changing portion support punch 122 is moved for-
ward in the direction of the arrow T120F and is in-
serted until the shape changing portion support
punch 122 reaches the inside of the shape changing
portion 12W. As a result, the shape changing portion
support punch 122 abuts on the shape changing por-
tion 12W of the torsion beam material W10 and sup-
ports the shape changing portion 12W and the at-
tachment closed cross-sectional portion 13W from
the inside thereof.
(4) Then, as illustrated in FIG. 18(D), the cylinders
132C and the actuators 113B operate in cooperation
with each other such that the second forming portion
132B is moved forward in a direction of an arrow
T132P, and the torsion beam material W10 is pulled
in the longitudinal direction in a state where the
shape changing portion 12W is supported by the
shape changing portion support punch 122 and the
second forming portion 132B. In addition, the second
support portions 112B moves forward in a direction
of an arrow T112P synchronously with the second
forming portion 132B and forms the torsion beam
10. At this time, the shape changing portion support
punch 122 is synchronized with the second forming
portion 132B and the second support portions 112B
and retreats in the direction of the arrow T120R.
In this pulling treatment, the distortion equal to or
greater than 1% is applied to the torsion beam ma-
terial W10 in its axial direction, so that tensile residual
stress on the outer and inner surfaces in the sheet
thickness direction can be reliably released.
(5) When the torsion beam 10 is formed, as illustrated
in FIG. 18(E), the second forming portion 132B is
caused to retreat in a direction of an arrow T132R
by the cylinder 132C, and the second support por-
tions 112B is caused to retreat in a direction of an
arrow T112R by the actuator 113B. In addition, the
shape changing portion support punch 122 retreats
in the direction of the arrow T120R. In addition, the
movable press forming die 132 moves in the direc-
tion of the arrow T130R (moves upward).

[0146] According to the torsion beam manufacturing

method and the torsion beam manufacturing apparatus
100C of the present embodiment, the torsion beam 10
having excellent fatigue properties can be efficiently
manufactured.
[0147] In addition, according to the torsion beam man-
ufacturing apparatus 100C, since the torsion beam ma-
terial W10 is pulled in its longitudinal direction in a state
where the shape changing portion support punch 122
and the second forming portion 132B hold the shape
changing portion 12W in cooperation with each other,
tensile residual stress of the connection portion 12A can
be reduced or removed.
[0148] In addition, according to the torsion beam man-
ufacturing apparatus 100C, there is provided the actuator
113B which is displaced in accordance with a shape
change in the longitudinal direction entailed in pulling
working of the torsion beam material W10 when the tor-
sion beam material W10 is pulled in the longitudinal di-
rection. Therefore, even in a case where the exterior
shape of the torsion beam W10 on the central side in the
longitudinal direction is greater than those of both sides,
pulling treatment can be easily performed.
[0149] In addition, according to the torsion beam man-
ufacturing apparatus 100C, since there is provided the
actuator 113B, it is possible to prevent damage to the
torsion beam material W10 when performing pulling
treatment and to efficiently reduce residual stress.
[0150] In addition, according to the torsion beam man-
ufacturing apparatus 100C, after the metal material pipe
W0 is subjected to press working and the torsion beam
material W10 is formed, the torsion beam material W10
is pulled in succession without being transferred to an-
other apparatus, and the torsion beam 10 can be thereby
manufactured. Therefore, productivity can be improved.
[0151] In addition, according to the torsion beam man-
ufacturing apparatus 100C, since the hydraulic cylinders
(shape changing portion support member driving units)
132C move the second forming portion 132B forward and
rearward in the direction of the arrow T132, a moving
speed or a moving timing of the second forming portion
132B can be controlled easily and efficiently.

<Fifth Embodiment>

[0152] Next, with reference to FIGS. 19 to 20(E), a fifth
embodiment of the present invention will be described.
[0153] FIG. 19 is a front view describing a schematic
configuration of a torsion beam manufacturing apparatus
100D according to the present embodiment. FIGS. 20(A)
to 20(E) are views describing a step for manufacturing a
torsion beam according to the present embodiment along
a flow in FIGS. 20(A) to 20(E) and are views correspond-
ing to E-section in FIG. 19.
[0154] Hereinafter, with reference to FIG. 19, a sche-
matic configuration of the torsion beam manufacturing
apparatus 100D according to the present embodiment
will be described.
[0155] The torsion beam manufacturing apparatus
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100D includes the fixed press forming die (forming die)
110A, the pair of pulling treatment units 120B, a movable-
type press forming driving apparatus 130C, and a control
unit (not illustrated).
[0156] In the torsion beam manufacturing apparatus
100D, the fixed press forming die 110A and the movable-
type press forming driving apparatus 130C constitute the
press machine, and the pair of pulling treatment units
120B constitutes a pulling treatment machine.
[0157] The configuration and the operation of the fixed
press forming die 110A are similar to those of the third
embodiment and the configuration and the operation of
the pulling treatment unit 120B are similar to those of the
fourth embodiment. Therefore, the same reference signs
are applied and duplicated description will be omitted.
[0158] The movable-type press forming driving appa-
ratus 130C includes a movable press forming die (form-
ing die) 133 and the hydraulic cylinder (driving unit) 135
which moves the movable press forming die 133 forward
and rearward in the direction of the arrow T130 (upward
and downward).
[0159] As illustrated in FIG. 19, the movable press
forming die 133 includes a first forming portion 133A, two
second forming dies (shape changing portion support
members) 133B which are respectively disposed on both
sides of the first forming portion 133A in the longitudinal
direction, cam surfaces (cam mechanisms) 133C, a
guide member 133D which guides the second forming
portion 133B moving in the horizontal direction with re-
spect to the first forming portion 133A, a movable press
forming die base member 134, cam follower support
members 133E, cam followers (cam mechanisms) 133F,
springs 133S, and a reversion unit (not illustrated) which
moves the second forming portion 133B to the first form-
ing portion 133A side.
[0160] In addition, a shape corresponding to the upper
shape of the torsion beam material W10 is formed on a
lower surface of the movable press forming die 133,
which performs press forming of the torsion beam mate-
rial W10 in cooperation with the fixed press forming die
110A.
[0161] The cam surface 133C is an inclination surface
which is formed on an inner side surface of the second
forming portion 133B, and of which a side away from the
cam follower 133F is inclined so as to approach the first
forming portion 133A. Then, a gap formed between the
cam follower 133F and a surface facing thereof is tapered
toward the movable press forming die 133 in a pressing
direction.
[0162] The cam follower support member 133E is
formed to extend toward the cam surface 133C side from
the lower surface of the movable press forming die base
member 134.
[0163] For example, the cam follower 133F is consti-
tuted of a roller and is rotatably provided on a tip end side
of the cam follower support member 133E.
[0164] The cam surface 133C and the cam follower
133F constitute a cam mechanism moving the second

forming portion 133B in the longitudinal direction of the
torsion beam material W10.
[0165] A plurality of springs 133S are provided be-
tween the guide member 133D and the movable press
forming die base member 134. After the torsion beam
material W10 is formed by the first forming portion 133A
and the second forming portion 133B, the movable press
forming die base member 134 is further moved down-
ward, so that the distance between the movable press
forming die base member 134 and the guide member
133D changes and the position of the cam follower 133F
can be displaced with respect to the cam surface 133C.
[0166] The control unit (not illustrated) instructs the
pulling treatment unit 120B and the movable-type press
forming driving apparatus 130C to perform an operation
related to press working and pulling treatment.
[0167] Hereinafter, with reference to FIGS. 20(A) to
20(E), an overview of the torsion beam manufacturing
step performed by the torsion beam manufacturing ap-
paratus 100D will be described. FIGS. 20(A) to 20(E) are
views describing the step for manufacturing a torsion
beam according to the fifth embodiment along a flow in
FIGS. 20(A) to 20(E) and are views corresponding to E-
section in FIG. 19.
[0168]

(1) First, as illustrated in FIG. 20(A), the metal ma-
terial pipe W0 is placed on the fixed press forming
die 110A, and the movable press forming die 133 is
moved in the direction of the arrow T130F.
(2) As illustrated in FIG. 20(B), the torsion beam ma-
terial W10 is formed through press forming using the
fixed press forming die 110A and the movable press
forming die 133.
(3) Next, as illustrated in FIG. 20(C), the shape
changing portion support punch 122 is moved for-
ward in the direction of the arrow T120F.
(4) Subsequently, as illustrated in FIG. 20(D), when
the shape changing portion support punch 122 abuts
on the inner side of the shape changing portion 12W
of the torsion beam material W10, the movable press
forming die base member 134 is further moved
downward in a direction of an arrow T133F.
When the movable press forming die base member
134 is further moved downward in the direction of
the arrow T133F, the cam follower 133F abuts on
the cam surface 133C and the cam follower 133F
moves along the cam surface 133C, so that the sec-
ond forming portion 133B is moved forward in a di-
rection of an arrow T132F. As a result, the torsion
beam 10 is formed by pulling the torsion beam ma-
terial W10 in its longitudinal direction in a state where
the shape changing portion 12W is supported by the
shape changing portion support punch 122 and the
second forming portion 133B. In this pulling treat-
ment, the distortion equal to or greater than 1% is
applied to the torsion beam material W10 in its axial
direction, so that tensile residual stress on the outer
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and inner surfaces in the sheet thickness direction
can be reliably released.
(5) When the torsion beam 10 is formed, as illustrated
in FIG. 20(E), the movable press forming die base
member 134 is moved upward in the direction of the
arrow T130R, and the movable press forming die
base member 134 is separated from a first forming
portion 133A and the second forming portion 133B.
Accordingly, the cam follower 133F moves to an up-
per side of the cam surface 133C and the second
forming die retreats in the direction of the arrow
T132R by a second forming die reversion unit (not
illustrated).

[0169] In addition, the shape changing portion support
punch 122 is caused to retreat in the direction of the arrow
T120R.
[0170] According to the torsion beam manufacturing
method and the torsion beam manufacturing apparatus
100D of the fifth embodiment, the torsion beam 10 having
excellent fatigue properties can be efficiently manufac-
tured.
[0171] In addition, according to the torsion beam man-
ufacturing apparatus 100D, the cam mechanism oper-
ates in accordance with strokes for moving the movable
press forming die 133 in the direction of the arrow T130F.
Then, the torsion beam material W10 is pulled outward
in the longitudinal direction in a state where the shape
changing portion support punch 122 and the second
forming portion 133B hold the shape changing portion
12W. Therefore, residual stress can be efficiently re-
duced or removed from the connection portion 12A.
[0172] In addition, according to the torsion beam man-
ufacturing apparatus 100D, after the metal material pipe
W0 is pressed and the torsion beam material W10 is
formed, the torsion beam material W10 is pulled in suc-
cession without being transferred to another apparatus.
Therefore, productivity of manufacturing the torsion
beam 10 can be improved.
[0173] In addition, according to the torsion beam man-
ufacturing apparatus 100D, since the second forming
portion 133B is moved forward in a direction of an arrow
T133 by the cam mechanism, the second forming portion
133B can be operated with a simple structure.
[0174] The present invention is not limited to only each
of the embodiments described above, and various
changes can be made within a range not departing from
the gist of the present invention.
[0175] For example, the first embodiment has de-
scribed a case where the torsion beam manufacturing
apparatus 100 holds the vicinity of the attachment portion
14 of the attachment closed cross-sectional portion 13W
using the attachment closed cross-sectional portion hold-
ing member 121, and the torsion beam material W10 is
pulled in the longitudinal direction. However, the present
invention is not limited to only this form. The configuration
of the attachment closed cross-sectional portion holding
member 121 and the position at which the torsion beam

material W10 is held can be set in any manner within a
range in which the connection portion 12A can be pulled.
[0176] In addition, each of the embodiments has de-
scribed a case where each of the movable press forming
dies (forming dies) 131, 132, and 133 moves forward and
rearward by the hydraulic cylinder 135. For example, a
configuration of moving forward and rearward by an ac-
tuator other than a crank mechanism or a hydraulic cyl-
inder (not illustrated) may be employed.
[0177] In addition, the first and third embodiments have
described cases where the torsion beam manufacturing
apparatuses 100 and 100B hold the attachment closed
cross-sectional portion 13W using the attachment closed
cross-sectional portion holding member 121, and the tor-
sion beam material W10 is pulled in the longitudinal di-
rection by the hydraulic cylinder (driving unit) 125. How-
ever, the present invention is not limited to only this form.
The configuration of the attachment closed cross-sec-
tional portion holding member 121, the position to be held
by the attachment closed cross-sectional portion holding
member 121, and the configuration of the driving unit can
be set in any manner as long as the connection portion
12A can be pulled.
[0178] In addition, the second and fourth embodiments
have described cases where the torsion beam manufac-
turing apparatuses 100A and 100C hold the shape
changing portion 12W using the second forming portions
132B and 133B and the shape changing portion support
punch (inside support member) 122, and the torsion
beam material W10 is pulled in the longitudinal direction.
In addition, a case where the torsion beam manufacturing
apparatus 100B holds the shape changing portion 12W
using the shape changing portion outside holding mem-
ber 1210 and the shape changing portion support punch
(inside support member) 122, and the torsion beam ma-
terial W10 is pulled in the longitudinal direction has de-
scribed. However, the present invention is not limited to
only these forms. The configuration of the holding mem-
ber for holding the shape changing portion 12W, the po-
sition at which the torsion beam material W10 is held,
and the configuration of the driving unit can be set in any
manner as long as the connection portion 12A can be
pulled.
[0179] In addition, the second embodiment has de-
scribed a case where the shape changing portion outside
holding member 1210 includes the upper exterior shape
holding portion 1211 and the lower exterior shape holding
portion 1212. However, for example, the shape changing
portion outside holding member 1210 may be divided
into three or more sections when seen along the longi-
tudinal direction of the torsion beam material W10.
[0180] In addition, the second embodiment has de-
scribed a case where the shape changing portion outside
holding member 1210 holds the shape changing portion
12W and the attachment closed cross-sectional portion
13W. However, only the shape changing portion 12W
may be held as long as the connection portion 12A can
be pulled.

37 38 



EP 3 363 664 A1

21

5

10

15

20

25

30

35

40

45

50

55

[0181] In addition, the second embodiment has de-
scribed a case where the upper exterior shape holding
portion 1211 and the lower exterior shape holding portion
1212 respectively include the exterior shape holding
shapes which are formed complementarily to both the
shape changing portion 12W and the attachment closed
cross-sectional portion 13W. However, the present in-
vention is not limited to only this form. The exterior shape
holding shapes may be formed complementarily to only
parts of the exterior shapes of the shape changing portion
12W and the attachment closed cross-sectional portion
13W within a range in which the connection portion 12A
can be pulled, and the exterior shape holding shape por-
tion can be set in any manner.
[0182] In addition, the fourth embodiment has de-
scribed a case where the torsion beam manufacturing
apparatus 100C includes the actuator (shape change ab-
sorption unit) 113B. However, whether or not to include
the actuator 113B can be set in any manner. In addition,
the torsion beam manufacturing apparatus of a different
embodiment may include the actuator 113B.
[0183] In addition, whether or not to cause operations
of the shape changing portion support punch (inside sup-
port member) 122, the actuator 113B, and the hydraulic
cylinders (shape changing portion support member driv-
ing units) 132C to be synchronized with or to follow each
other can be set in any manner.
[0184] In addition, each of the embodiments has de-
scribed a case where the first wall portion S110A consti-
tuting the uniformly shaped closed cross-sectional por-
tion 11 and the inner side of the closed cross section of
the second wall portion S120 are formed to be in tight
contact with each other. However, whether or not to
cause the first wall portion S110A and the inner side of
the second wall portion S120 to be in tight contact with
each other can be set in any manner.
[0185] In addition, each of the embodiments has de-
scribed a case where the torsion beam 10 has a sub-
stantial V-shape projected to a lower side in a case of
being mounted in the vehicle body. However, the em-
bodiments may be applied to a torsion beam formed into
a substantial U-shape and may employ a configuration
of protruding to an upper side with respect to the vehicle
body.
[0186] In addition, each of the embodiments has de-
scribed a case where the metal material pipe W0, which
is used when the torsion beam material W10 is formed,
is a rounded steel pipe having a uniform thickness. As
the metal material pipe W0, for example, a metal pipe
which is formed by performing deformation processing
of a welded pipe formed by performing press forming or
roll forming of a steel sheet (metal material sheet) in
which a fatigue relaxation thick shape corresponding por-
tion is formed, or a metal pipe which is formed through
extrusion forming or drawing forming may be used.
[0187] In addition, each of the embodiments has de-
scribed a case where the metal material pipe used for
manufacturing the torsion beam 10 is a steel pipe. How-

ever, the metal material pipe may be a metal pipe other
than a steel pipe.
[0188] In addition, each of the embodiments has de-
scribed a case where the attachment closed cross-sec-
tional portion 13 has a straight shape in the longitudinal
direction as illustrated in FIG. 4. However, the attachment
closed cross-sectional portion 13 may have a stepped
shape. That is, the embodiments may employ a modifi-
cation example in which a step is formed first with respect
to the attachment closed cross-sectional portion 13 and
a tensile force is subsequently applied in a state where
the shape changing portion outside holding member
1210 is locked in this step.
[0189] A case where the modification example is ap-
plied to the second embodiment will be described. First,
as illustrated in FIG. 21A, a shape changing portion sup-
port punch 122A (inner side support member) is thrust
into an end portion of the torsion beam material W10.
The shape changing portion support punch 122A in-
cludes a tip end portion 122A1 having a relatively small
outer diameter size, a base end portion 122A2 having a
relatively large outer diameter size, and a stepped portion
122A3 formed between the tip end portion 122A1 and
the base end portion 122A2. The outer diameter size of
the tip end portion 122A1 is a size to be able to be inserted
into the attachment closed cross-sectional portion 13. On
the other hand, the outer diameter size of the base end
portion 122A2 is slightly larger than the inner diameter
size of the attachment closed cross-sectional portion 13.
[0190] Since the shape changing portion support
punch 122A has such a stepped shape, when the shape
changing portion support punch 122A is thrust into the
attachment closed cross-sectional portion 13 as de-
scribed above, the attachment portion 14 which is the
pipe end of the attachment closed cross-sectional portion
13 is increased in diameter by the stepped portion 122A3
and the base end portion 122A2. As a result, as illustrated
in FIG. 21(A), the outer diameter size of a part of the
attachment portion 14 in the attachment closed cross-
sectional portion 13 becomes larger than those of other
parts, so that a locking portion st is formed.
[0191] Subsequently, the attachment closed cross-
sectional portion 13 is interposed by the upper exterior
shape holding portion 1211 and the lower exterior shape
holding portion 1212 from above and below. In this case,
the upper exterior shape holding portion 1211 and the
lower exterior shape holding portion 1212 are positioned
in advance such that the locking portion st is not
squashed.
[0192] Subsequently, as illustrated in FIG. 21(B), the
upper exterior shape holding portion 1211, the lower ex-
terior shape holding portion 1212, and the shape chang-
ing portion support punch 122A are synchronously
moved in a direction separated from the uniformly shaped
closed cross-sectional portion 11. Then, each of side end
surfaces 1211a and 1212a of the upper exterior shape
holding portion 1211 and the lower exterior shape holding
portion 1212 is locked in the locking portion st. Therefore,
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a tensile force by the upper exterior shape holding portion
1211 and the lower exterior shape holding portion 1212
can be reliably applied to at least the connection portion
12A of the torsion beam material W10.
[0193] Moreover, in the second embodiment, a grip-
ping force is set to be strong such that the torsion beam
material W10 does not slide with respect to the upper
exterior shape holding portion 1211 and the lower exte-
rior shape holding portion 1212 when being pulled. Then,
the shape changing portion support punch 122 is used
together as a core such that the torsion beam material
W10 is not excessively distorted even if a gripping force
is received. In contrast, in the present modification ex-
ample, since the attachment closed cross-sectional por-
tion 13 is pulled mainly by locking instead of friction, even
if a gripping force by the upper exterior shape holding
portion 1211 and the lower exterior shape holding portion
1212 is relatively weakened, a tensile force can be reli-
ably applied. Therefore, since there is no need to use the
shape changing portion support punch 122 together as
a core, usage of the shape changing portion support
punch 122 can be omitted when a tensile force is applied
as in FIG. 21(B). The locking portion st may be formed
on the torsion beam manufacturing apparatus or may be
formed in advance before being placed on the torsion
beam manufacturing apparatus.
[0194] In the description above, a case where the
present modification example is applied to the second
embodiment has been described. However, it is natural
that the present modification example can also be applied
to other embodiments.
[0195] Essentials of the present invention based on
each of the above-described embodiments will be sum-
marized below.

(1) According to an aspect of the present invention,
there is provided a method of manufacturing a tor-
sion beam 10 that includes the uniformly shaped
closed cross-sectional portion 11 of which a cross
section orthogonal to a longitudinal direction is a
closed cross section having a substantial V-shape
or a substantial U-shape at any position in the lon-
gitudinal direction, and the shape changing portion
12 which has the connection portion 12A (connection
region) leading to the uniformly shaped closed cross-
sectional portion 11 and including a closed cross
section having a shape different from the shape of
the closed cross section of the uniformly shaped
closed cross-sectional portion. Then, for example,
as illustrated in FIGS. 8(A) to 8(E), the torsion beam
manufacturing method includes pulling process for
obtaining the torsion beam 10 by applying a tensile
force in the longitudinal direction with respect to at
least the connection portion 12A of the torsion beam
material W10 in which the uniformly shaped closed
cross-sectional portion 11 and the shape changing
portion 12 are formed.
In the torsion beam manufacturing method accord-

ing to the aspect, since the tensile force is applied
to at least the connection portion 12A during the pull-
ing, remaining residual stress can be reduced or re-
moved.
As a result, the torsion beam 10 having excellent
fatigue properties can be manufactured. Further-
more, since post-treatment such as heat treatment
is not necessary, manufacturing can be efficiently
performed.
(2) For example, as illustrated in FIGS. 13(A) to
13(D), in the pulling process, the tensile force may
be applied by moving the shape changing portion
support punch 122 and the upper exterior shape
holding portion 1211 in a direction away from the
uniformly shaped closed cross-sectional portion 11
in a state where an inner side of the outside part of
the connection portion 12A in the longitudinal direc-
tion is supported by the shape changing portion sup-
port punch 122 (inner side support member) and the
upper exterior shape holding portion 1211 (outer
locking member) is locked on an outer side of the
outside part.
In this case, during the pulling process, since the
tensile force is applied after the inner side of the out-
side part of the torsion beam material W10 is sup-
ported by the shape changing portion support punch
122 and the upper exterior shape holding portion
1211 is locked on the outer side of the outside part,
distortion of the outside part is suppressed and the
tensile force can be easily applied.
(3) For example, as illustrated in FIGS. 13(A) to
13(D), in the pulling process, the outer side of the
connection portion 12A may be supported by the low-
er exterior shape holding portion 1212 (outer support
member), and the lower exterior shape holding por-
tion 1212 may be moved synchronously with move-
ment of the shape changing portion support punch
122 and the upper exterior shape holding portion
1211 in the same direction.
In this case, since the lower exterior shape holding
portion 1212 moves synchronously with movement
of the shape changing portion support punch 122
and the upper exterior shape holding portion 1211,
extension of the torsion beam material W10 entailed
in pulling is not hindered. Therefore, the tensile force
can be reliably applied to the torsion beam material
W10, and residual stress can be reliably reduced or
removed.
(4) For example, as illustrated in FIGS. 8(A) to 8(E),
in the pulling process, the tensile force may be ap-
plied over an entire length of the torsion beam ma-
terial W10 by causing both ends of the torsion beam
material W10 to be relatively separated from each
other along the longitudinal direction.
In this case, since the torsion beam material W10 is
pulled outward in the longitudinal direction over the
entire length thereof, residual stress can be reduced
or removed without omission.
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(5) As described above in each of the embodiments,
in the pulling process, distortion equal to or greater
than 1% may be applied to at least the connection
portion 12A of the torsion beam material W10 in the
longitudinal direction.
In this case, it is possible to apply the tensile force
sufficient for removing or reducing residual stress of
the torsion beam material W10.
(6) For example, as illustrated in FIGS. 16(A) to
16(C), the torsion beam manufacturing method may
further include pressing process for obtaining the tor-
sion beam material W10 by pressing the metal ma-
terial pipe W0 (raw pipe), before the pulling process.
In this case, although residual stress is remaining in
the torsion beam material W10 at the point of time
after the pressing process, the residual stress can
be removed in the successive pulling process.
(7) For example, as illustrated in FIG. 15, according
to another aspect of the present invention, there is
provided the apparatus for manufacturing a torsion
beam 10 including the uniformly shaped closed
cross-sectional portion 11 of which a cross section
orthogonal to a longitudinal direction is a closed
cross section having a substantial V-shape or a sub-
stantial U-shape at any position in the longitudinal
direction, and the shape changing portion 12 which
has the connection portion 12A (connection region)
leading to the uniformly shaped closed cross-sec-
tional portion 11 and including a closed cross section
having a shape different from the shape of the closed
cross section of the uniformly shaped closed cross-
sectional portion 11. Then, the torsion beam manu-
facturing apparatus 100B includes the pair of pulling
treatment units 120 (holding mechanisms) that holds
the part on one side of the connection portion 12A
(connection region) and a part on the other side of
the connection portion 12A in a case of being seen
along the longitudinal direction of the torsion beam
material W10 in the torsion beam material W10 in
which the uniformly shaped closed cross-sectional
portion 11 and the shape changing portion 12 are
formed, and the hydraulic cylinder 125 (first driving
mechanism) that causes the pulling treatment units
120 to be relatively separated from each other.
In the torsion beam manufacturing apparatus 100B
according to the aspect, since the pair of pulling treat-
ment units 120 and the hydraulic cylinder 125 apply
a tensile force in the longitudinal direction to at least
the connection portion 12A (connection region) in
the torsion beam material W10, residual stress re-
maining in the torsion beam material W10 can be
reduced or removed.
As a result, a torsion beam 10 having excellent fa-
tigue properties can be manufactured. Furthermore,
since post-treatment such as heat treatment is not
necessary, manufacturing can be efficiently per-
formed.
(8) For example, as in the torsion beam manufactur-

ing apparatus 100B illustrated in FIG. 15, the pulling
treatment units 120 may respectively hold both ends
of the torsion beam material W10.
In this case, since both ends of the torsion beam
material W10 are pulled while being held by the pair
of pulling treatment units 120, the tensile force can
be applied over the entire length of the torsion beam
material W10. Therefore, residual stress can be re-
duced or removed without omission over the entire
length of the torsion beam material W10.
(9) For example, as in the torsion beam manufactur-
ing apparatus 100B of FIG. 15, it may further include
the movable press forming die 131 (movable die)
that has a shape corresponding to the uniformly
shaped closed cross-sectional portion 11 and the
shape changing portion 12, and the hydraulic cylin-
der 135 (second driving mechanism) that pressuriz-
es the movable press forming die 131 with respect
to a metal material pipe W0 (raw pipe) before the
uniformly shaped closed cross-sectional portion 11
and the shape changing portion 12 are formed in the
torsion beam material W10.
In this case, since the hydraulic cylinder 135 pres-
surizes the movable press forming die 131 with re-
spect to the metal material pipe W0, the torsion beam
material W10 having the uniformly shaped closed
cross-sectional portion 11 and the shape changing
portion 12 can be obtained.
(10) For example, as in the torsion beam manufac-
turing apparatus 100C illustrated in FIG. 17, at least
one of the pulling treatment units 120 (holding mech-
anisms) may include the shape changing portion
support punch 122 (inner side support member)
which is inserted into an inner side of the shape
changing portion 12, and the second forming portion
132B (outer locking member) which is locked on an
outer side of the shape changing portion 12.
In this case, since the tensile force can be applied
after the inner side of the shape changing portion 12
of the torsion beam material W10 is supported by
the shape changing portion support punch 122 and
the second forming portion 132B is locked on the
outer side of the shape changing portion 12, distor-
tion of the shape changing portion 12 is suppressed
and the tensile force can be easily applied.
(11) For example, the torsion beam manufacturing
apparatus 100C illustrated in FIG. 17 may employ
the following configuration. The movable press form-
ing die 132 (movable die) is provided with the first
forming portion 132A (movable die main body por-
tion) which has a shape corresponding to at least
the uniformly shaped closed cross-sectional portion
11, the second forming dies 132B (movable die end
portion) which have a shape corresponding to at
least the shape changing portion 12 and are provided
to be freely separated from the first forming portion
132A, and the hydraulic cylinders 132C (third driving
mechanism) which cause the second forming dies
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132B to be separated from the first forming portion
132A. The second forming dies 132B also serve as
the outer locking member.
In this case, with respect to the metal material pipe
W0 (raw pipe) pressed by the movable press forming
die 132, the first forming portion 132A applies the
shape corresponding to at least the uniformly shaped
closed cross-sectional portion 11 and the second
forming dies 132B apply the shape corresponding
to at least the shape changing portions 12. In a state
where the shape changing portion support punches
122 are inserted into the inner side of the shape
changing portions 12 of the torsion beam material
W10 obtained in such a manner and the second
forming dies 132B are locked on the outer side of
the shape changing portions 12, the tensile force is
applied to the torsion beam material W10. According
to this configuration, since the second forming dies
132B also serve as the outer locking member, the
tensile force can be continuously applied without
transferring the torsion beam material W10 to anoth-
er apparatus.
(12) For example, as in the torsion beam manufac-
turing apparatus 100D illustrated in FIG. 19, the third
driving mechanism may be the cam follower 133F
(cam) which is inserted into a gap between an end
portion of the first forming portion 132A and the sec-
ond forming dies 132B.
In this case, first, the metal material pipe W0 is
pressed by the first forming portion 133A and the
second forming portion 133B and is processed into
the torsion beam material W10. Subsequently, the
cam follower 133F is thrust into the gap, so that the
gap between the first forming portion 133A and the
second forming portion 133B is widened. Then, the
second forming portion 133B moves in a direction
separated from the first forming portion 133A. Ac-
cordingly, the tensile force is applied to the torsion
beam material W10, so that residual stress can be
reduced or removed.
(13) For example, as in the torsion beam manufac-
turing apparatus 100C illustrated in FIG. 17, the fol-
lowing configuration may be employed. The torsion
beam manufacturing apparatus 100C further in-
cludes the fixed press forming die 110B (support die)
that supports the torsion beam material W10. The
fixed press forming die 110B is provided with the first
support portion 111B (support die main body portion)
which supports the torsion beam material W10 in a
part including the uniformly shaped closed cross-
sectional portion 11, and the second support portions
112B (support die end portion) which is provided to
be freely separated from the first support portion
111B and supports at least the shape changing por-
tion 12.
In this case, when the tensile force is applied to the
torsion beam material 10, since the second support
portions 112B is freely separated from the first sup-

port portion 111B, extension of the torsion beam ma-
terial W10 entailed in pulling is not hindered. There-
fore, the tensile force can be reliably applied to the
torsion beam material W10, and residual stress can
be reliably reduced or removed.
(14) Each of the embodiments may employ the fol-
lowing configuration further including a control unit
that controls the hydraulic cylinder 125. The control
unit operates the hydraulic cylinder 125 and applies
distortion equal to or greater than 1% to at least the
connection portion 12A of the torsion beam material
W10 in the longitudinal direction.

[0196] In this case, it is possible to apply the tensile
force sufficient for removing or reducing residual stress
of the torsion beam material W10.

[Industrial Applicability]

[0197] In the torsion beam manufacturing method and
the torsion beam manufacturing apparatus according to
the present invention, a torsion beam having excellent
fatigue properties can be efficiently manufactured, so that
industrial applicability thereof is significant.

[Brief Description of the Reference Symbols]

[0198]

10 TORSION BEAM
11 UNIFORMLY SHAPED CLOSED CROSS-SEC-
TIONAL PORTION
12 SHAPE CHANGING PORTION
12A CONNECTION PORTION (CONNECTION RE-
GION)
100, 100A, 100B, 100C, 100D TORSION BEAM
MANUFACTURING APPARATUS
110B FIXED PRESS FORMING DIE (SUPPORT
DIE)
111B FIRST SUPPORT PORTION (SUPPORT DIE
MAIN BODY PORTION)
112B SECOND SUPPORT PORTION (SUPPORT
DIE END PORTION)
120, 120A, 120B PULL TREATMENT UNIT (HOLD-
ING MECHANISM)
121B, 121C CLAMPING MEMBER (PINCHING
PORTION)
122 SHAPE CHANGING PORTION SUPPORT
PUNCH (INNER SIDE SUPPORT MEMBER)
125 HYDRAULIC CYLINDER (FIRST DRIVING
MECHANISM)
131, 132, 133 MOVABLE PRESS FORMING DIE
(MOVABLE DIE)
132A FIRST FORMING PORTION (MOVABLE DIE
MAIN BODY PORTION)
132B SECOND FORMING PORTION (OUTER
LOCKING MEMBER, MOVABLE DIE END POR-
TION)
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133F CAM FOLLOWER (THIRD DRIVING MECH-
ANISM, CAM)
135 HYDRAULIC CYLINDER (SECOND DRIVING
MECHANISM)
1211 UPPER EXTERIOR SHAPE HOLDING POR-
TION (OUTER LOCKING MEMBER)
1212 LOWER EXTERIOR SHAPE HOLDING POR-
TION (OUTER SUPPORT MEMBER)
W0 METAL MATERIAL PIPE (RAW PIPE)
W10 TORSION BEAM MATERIAL

Claims

1. A torsion beam manufacturing method for manufac-
turing a torsion beam including a uniformly shaped
closed cross-sectional portion of which a cross sec-
tion orthogonal to a longitudinal direction is a closed
cross section having a substantial V-shape or a sub-
stantial U-shape at any position in the longitudinal
direction, and a shape changing portion which has
a connection region leading to the uniformly shaped
closed cross-sectional portion and including a closed
cross section having a shape different from the
shape of the closed cross section of the uniformly
shaped closed cross-sectional portion, the torsion
beam manufacturing method comprising
pulling process of applying a tensile force in the lon-
gitudinal direction to at least the connection region
of a torsion beam material including the uniformly
shaped closed cross-sectional portion and the shape
changing portion, to obtain the torsion beam.

2. The torsion beam manufacturing method according
to Claim 1,
wherein in the pulling process, the tensile force is
applied by moving an inner side support member
and an outer locking member in a direction separated
from the uniformly shaped closed cross-sectional
portion in a state where an inner side of an outside
part of the connection region in the longitudinal di-
rection is supported by the inner side support mem-
ber and the outer locking member is locked on an
outer side of the outside part.

3. The torsion beam manufacturing method according
to Claim 2,
wherein in the pulling process, the outer side of the
connection region is supported by an outer support
member, and the outer support member is moved
synchronously with movement of the inner side sup-
port member and the outer locking member in the
same direction.

4. The torsion beam manufacturing method according
to Claim 1,
wherein in the pulling process, the tensile force is
applied across an entire length of the torsion beam

material by causing both ends of the torsion beam
material to be relatively separated from each other
along the longitudinal direction.

5. The torsion beam manufacturing method according
to any one of Claims 1 to 4,
wherein in the pulling process, distortion equal to or
greater than 1% is applied to at least the connection
region of the torsion beam material in the longitudinal
direction.

6. The torsion beam manufacturing method according
to any one of Claims 1 to 5, further comprising:
pressing process of obtaining the torsion beam ma-
terial by pressing a raw pipe, before the pulling proc-
ess.

7. A torsion beam manufacturing apparatus for manu-
facturing a torsion beam including a uniformly
shaped closed cross-sectional portion of which a
cross section orthogonal to a longitudinal direction
is a closed cross section having a substantial V-
shape or a substantial U-shape at any position in the
longitudinal direction, and a shape changing portion
which has a connection region leading to the uni-
formly shaped closed cross-sectional portion and in-
cluding a closed cross section having a shape dif-
ferent from the shape of the closed cross section of
the uniformly shaped closed cross-sectional portion,
the torsion beam manufacturing apparatus compris-
ing:

a pair of holding mechanisms that holds one por-
tion located more than one side of the connec-
tion region and another portion located more
than another side of the connection region in a
view seen along the longitudinal direction of a
torsion beam material, in the torsion beam ma-
terial including the uniformly shaped closed
cross-sectional portion and the shape changing
portion; and
a first driving mechanism that causes the holding
mechanisms to be relatively separated from
each other.

8. The torsion beam manufacturing apparatus accord-
ing to Claim 7,
wherein the holding mechanisms respectively hold
both ends of the torsion beam material.

9. The torsion beam manufacturing apparatus accord-
ing to Claim 8, further comprising:

a movable die that has a shape corresponding
to the uniformly shaped closed cross-sectional
portion and the shape changing portion; and
a second driving mechanism that presses the
movable die with respect to a raw pipe which is
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before forming the uniformly shaped closed
cross-sectional portion and the shape changing
portion in the torsion beam material.

10. The torsion beam manufacturing apparatus accord-
ing to Claim 7,
wherein at least one of the holding mechanisms in-
cludes an inner side support member which is insert-
ed into an inner side of the shape changing portion,
and an outer locking member which is locked on an
outer side of the shape changing portion.

11. The torsion beam manufacturing apparatus accord-
ing to Claim 10, further comprising:

a movable die that has a shape corresponding
to the uniformly shaped closed cross-sectional
portion and the shape changing portion; and
a second driving mechanism that presses the
movable die with respect to a raw pipe which is
before forming the uniformly shaped closed
cross-sectional portion and the shape changing
portion in the torsion beam material.

12. The torsion beam manufacturing apparatus accord-
ing to Claim 11,
wherein the movable die is provided with a movable
die main body portion which has a shape corre-
sponding to at least the uniformly shaped closed
cross-sectional portion, a movable die end portion
which has a shape corresponding to at least the
shape changing portion and is provided so as to be
freely separated from the movable die main body
portion, and a third driving mechanism which causes
the movable die end portion to be separated from
the movable die main body portion, and
wherein the movable die end portion also serves as
the outer locking member.

13. The torsion beam manufacturing apparatus accord-
ing to Claim 12,
wherein the third driving mechanism is a cam which
is inserted into a gap between the movable die main
body portion and the movable die end portion.

14. The torsion beam manufacturing apparatus accord-
ing to any one of Claims 7 to 13, further comprising:

a support die that supports the torsion beam ma-
terial,
wherein the support die is provided with a sup-
port die main body portion which supports the
torsion beam material at a part including the uni-
formly shaped closed cross-sectional portion,
and a support die end portion which is provided
so as to be freely separated from the support
die main body portion and supports at least the
shape changing portion.

15. The torsion beam manufacturing apparatus accord-
ing to any one of Claims 7 to 14, further comprising:

a control unit that controls the first driving mech-
anism,
wherein the control unit operates the first driving
mechanism and applies distortion equal to or
greater than 1% to at least the connection region
of the torsion beam material in the longitudinal
direction.

49 50 



EP 3 363 664 A1

27



EP 3 363 664 A1

28



EP 3 363 664 A1

29



EP 3 363 664 A1

30



EP 3 363 664 A1

31



EP 3 363 664 A1

32



EP 3 363 664 A1

33



EP 3 363 664 A1

34



EP 3 363 664 A1

35



EP 3 363 664 A1

36



EP 3 363 664 A1

37



EP 3 363 664 A1

38



EP 3 363 664 A1

39



EP 3 363 664 A1

40



EP 3 363 664 A1

41



EP 3 363 664 A1

42



EP 3 363 664 A1

43



EP 3 363 664 A1

44



EP 3 363 664 A1

45



EP 3 363 664 A1

46



EP 3 363 664 A1

47

5

10

15

20

25

30

35

40

45

50

55



EP 3 363 664 A1

48

5

10

15

20

25

30

35

40

45

50

55



EP 3 363 664 A1

49

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2016067929 A [0002]
• JP 2011000635 A [0012]
• JP 2001123227 A [0012]

• JP 2008063656 A [0012]
• JP 2013091433 A [0012]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

