Office de la Proprieté Canadian CA 2699723 C 2013/12/17

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 699 723
o Gmsca iy Conac 12 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2009/10/19 (51) CLInt./Int.Cl. B60G 7/00 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2010/05/12 B210 7/00(2006.01)
- . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2013/12/17 SHIMADA. NAOAK]. JP:
(85) Entree phase nationale/National Entry: 2010/04/22 YOSHIDA, MICHITAKA. JP
(86) N° demande PCT/PCT Application No.: JP 2009/067979 | (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 2010/055747 NIPPON STEEL & SUMITOMO METAL

CORPORATION, JP

(30) Priornte/Priority: 2008/11/12 (JP2008-289833)
(74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : MATERIAU DE BRAS ET METHODE POUR SA FABRICATION
(54) Title: ARM MATERIAL AND A METHOD FOR ITS MANUFACTURE

(57) Abrégée/Abstract:

An arm material for an upper arm or a lower arm Is provided which constitutes a double wishbone suspension or the like of an
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Abstract

An arm material for an upper arm or a lower arm 1s provided which

constitutes a double wishbone suspension or the like of an automobile and which
5 has a flat, hollow, closed cross-sectional shape and enables further decreases 1n size,
decreases in weight, and increases in strength.

An arm material for an automobile suspension has a body made from a parts
material made by metal. The parts material made by metal has a flat, hollow,
closed cross-sectional shape having a pair of opposing long sides and 1s formed

10 from a single member in its lengthwise direction. The body has at least a first bent

portion which is bent in a plane roughly parallel to the pair of long sides.
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Arm Material and a Method for its Manufacture

Technical Field

This invention relates to an arm material and a method for its manufacture.
Specifically, the present invention relates to an upper arm material and a lower arm
material, which are structural elements of a double wishbone suspension or a
multi-link suspension for an automobile and which has a light weight, a small size,
a high strength, a high yield, and a low cost due to having a flat cross-sectional

shape. The present invention also relates to a method for its manufacture.

Background Art

In recent years, wishbone suspensions and MacPherson strut suspensions
have been much used as suspensions for automobiles. Among wishbone
suspensions, a double wishbone suspension supports a wheel and a tire through a
link mechanism having a parallelogram shape constituted by an upper arm and a
lower arm. With a double wishbone suspension, when the wheel moves up and
down due to input from the road surface, the kingpin inclination and the camber
angle do not readily deviate, making it easy to stably maintain the area of contact
between the tire and the road surface. A multi-link suspension which 1s a variation
on a double wishbone suspension 1s also much used as a suspension for

automobiles.

An arm material for an upper arm (also called an upper control arm) and a
lower arm, which are structural components of a double wishbone suspension and a
multi-link suspension (collectively referred to in this description as a "double

wishbone suspension"), has heretofore been manufactured by welding of parts

formed by press working of a steel sheet, by punching of a thick plate, by forging of

an aluminum alloy, and similar methods.

In recent years, decreasing the weight of automobiles has been promoted as a

countermeasure against global warming. A double wishbone suspension tends to
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become larger in structure than a MacPherson strut suspension, so its weight tends
to increase. For this reason, there is a strong demand for further decreases in
weight, decreases in size, increases in strength, and decreases in the cost of
structural parts such as upper arms and lower arms of double wishbone suspensions.

Patent Document 1 discloses an invention pertaining to a wishbone
suspension having an upper arm which is formed into the shape of an A by bending
of a single metal sheet and which has an upper portion, an inner flange, and an outer
flange. A ball joint support portion is provided at the outer end in the widthwise
direction of the vehicle body on the upper portion of the arm. A bush support
portion is provided on the inner end in the widthwise direction of the vehicle body
on the inner flange. The inner flange and the outer flange are formed so that on
the outer side in the widthwise direction of the vehicle body, the length in the
vertical direction of the outer flange is longer than the length in the vertical
direction of the inner flange. In addition, the inner flange and the outer flange are
formed so that on the inner side in the widthwise direction of the vehicle body, the
length in the vertical direction of the inner flange is longer than the length in the
vertical direction of the outer flange. That invention can reduce the weight and
increase the stiffness of an upper arm.

That upper arm is manufactured by bending a base material comprising a
single metal sheet into the shape of an A. Therefore, manufacturing costs are
necessarily high, and there is unavoidably a bending limit. This makes it difficult
to form a shape which is ideal from the standpoint of performance, and yield is poor.

In addition, there are demands for further increases in the strength of this type of
upper arms.

Patent Document 2 discloses an arm for a suspension having a double tube
structure in locations requiring strength. According to that invention, a suspension

arm 1s manufactured by fitting a reinforcing pipe member at locations requiring

strength, and carrying out drawing, hydroforming, and press forming to obtain a

final form. That manufacturing method requires complicated working steps, so the
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yield of a product is poor and it is difficult to reduce costs. In addition, it has the
problem that strength is markedly decreased in locations which are not reinforced.

In Patent Document 3, the present applicant disclosed an invention relating to
a bending apparatus. Figure 3 is an explanatory view schematically showing that
bending apparatus 0. In that invention, as shown in Figure 3, a product formed by
bending (a bent product) is manufactured using a bending method in which a metal
pipe or a metal rod (collectively referred to below as a metal pipe) 1 which is
supported by a support means 2 so as to be able to move 1n its axial direction
undergoes bending on the downstream side of the support means 2 while being fed
from the upstream side to the downstream side by a feed device 3.

Namely, a high frequency heating coil 5 rapidly locally heats the metal pipe
1 on the downstream side of the support means 2 to a temperature at which
quenching is possible. On the downstream side of the high frequency heating coil
5, a water cooling device 6 rapidly cools the heated metal pipe 1. A movable
roller die 4 has at least one pair of rolls 4a which can support the metal pipe 1 as it
1s being fed. The movable roller die 4 imparts a bending moment to the portion of
the metal pipe 1 which was heated to a high temperature by moving
two-dimensionally or three-dimensionally on the downstream side of the cooling
device 6, thereby performing bending of the metal pipe 1. According to that
invention, a bent product can be manufactured with a high operating efficiency
while achieving a desired working accuracy.

Prior Art Documents

Patent Documents

Patent Document 1: JP 2004-291963 A
Patent Document 2: JP 10-166823 A

Patent Document 3: WO 2006/93006

Disclosure of Invention

Problem Which the Invention is to Solve
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With the upper arms and the methods of manufacturing an arm disclosed in
Patent Documents 1 and 2, it was extremely difficult to simultaneously achieve a
light weight, a small size, a high strength, a high yield, and a low cost. In
particular, those manufacturing methods have a plurality of steps, so manufacture 1s
time-consuming, manufacturing costs are high, and yield 1s poor.

The bending apparatus disclosed in Patent Document 3 is premised on using
a metal pipe having a round cross section as a base material. If 1t is attempted to
manufacture an upper arm of a double wishbone suspension using that bending
apparatus, it 1s necessary to use a base material made by metal having a flat cross
section including at least a pair of long sides and to perform bending in a plane
including one of the long sides to manufacture a bent product which 1s bent in a
plane roughly parallel to the pair of long sides.

However, in that bending process, the base material made by metal having a
flat cross section is bent in a direction having an extremely large deformation
resistance. Theretfore, distortion or breakage of the base material may occur
during bending. For this reason, there have been no studies whatsoever of
manufacturing an upper arm and a lower arm using that bending method.

The object of the present invention is to further decrease the weight, decrease

the size, increase the strength, increase the yield, and decrease the cost of an upper

arm and a lower arm of a double wishbone suspension for an automobile.

Means for Solving the Problem

The present inventors performed diligent investigations concerning the
bending apparatus disclosed in Patent Document 3. They found it to be an
extremely unhackneyed bending apparatus in that it has the ability to easily and
reliably form a bent product having a complicated shape which was not thought to
be possible in accordance with the technical common sense of those skilled in the

art. As a result of further studies, the present inventors found that by using that

bending apparatus, it is possible to provide an arm material which enables further
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decreases in weight, decreases in size, increases in strength, increases in yield, and
reductions in cost. As a result, they completed the present invention.

The present invention is an arm material and more specifically an upper arm
material or a lower arm material for an automobile suspension, the arm material
having a body comprising a parts material made by metal. The parts matenal
made by metal has a flat, hollow, closed cross-sectional shape having a pair of
opposing long sides, and it is formed as a single member in its lengthwise direction.

The body has at least a first bent portion which is bent in a plane roughly parallel
to the pair of long sides.

From another standpoint, the present invention is a method of manufacturing
the above-described arm material according to the present invention by (a)
supporting a parts material made by metal having a flat, hollow, closed
cross-sectional shape at a first position while relatively feeding it in its lengthwise
direction, (b) locally heating the parts material made by metal being fed at a second
position downstream from the first position in the feed direction of the parts
material made by metal, (c¢) at a third position downstream from the second position
in the feed direction of the parts material made by metal, cooling the portion of the
parts material made by metal which was heated at the second position, and (d)
imparting a bending moment to the heated portion of the parts material made by
metal by supporting the parts material made by metal by a support means in a
region downstream from the third position in the feed direction of the parts material
made by metal while varying the position of the support means two-dimensionally
or three-dimensionally at least in a plane roughly parallel to the pair of long sides in
the region.

In the present invention, the body preferably has at least a first portion and a
second portion in its lengthwise direction, and a second bent portion between the

first portion and the second portion so that a pair of long sides in the first portion

and a pair of long sides in the second portion are in different planes from each other.

In the present invention, installation holes or the like for a ball joint support
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portion or a wheel hub installation portion can be provided in the arm material to

obtain an upper arm or a lower arm as a final product.

Effects of the Invention

According to the present invention, an arm material which is a member of a
double wishbone suspension for an automobile is provided. This arm material has
a flat, hollow, closed cross-sectional shape, and therefore it can achieve further

decreases in weight, decreases in size, increases in strength, increases in yield, and

decreases 1n cost.

Brief Explanation of the Drawings

Figure 1 1s an explanatory view showing in simplified and schematic form an
example of the structure of an upper arm of a double wishbone suspension
according to the present invention.

Figure 2 is an explanatory view schematically showing an example of a
method of manufacturing an arm material according to the present invention.

Figure 3 is an explanatory view schematically showing a bending apparatus
according to the invention disclosed in Patent Document 3 by the present applicant.

List of referential numbers in the drawings:

1: material made by metal,
1-1: parts material made by metal,
2: support means,
3: feed device,
4a: roll pair,
4: movable roller die (movable support means),
5: high frequency heating coil,
6: water cooling device,
10: double wishbone suspension,

11: arm material,
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11a: body of arm material,

12, 13: long sides,

14: closed cross-sectional shape,
15: surface,

16: first bent portion,

17: first portion,

18: second portion,

19: second bent portion

Modes for Carrying Out the Invention

Below, best modes for carrying out the present invention will be explained in
detail while referring to the attached drawings. In the following explanation, an
example will be given of the case in which an arm material according to the present
invention 1s an upper arm material for a double wishbone suspension. However,
the present invention 1s not limited to this mode, and it can be similarly applied to

an upper arm material for a multi-link suspension, and it can also be applied to a

lower arm material.

| Arm Material]

Figure 1 1s an explanatory view showing in simplified and schematic form an

example of the structure of an arm material 11 of a double wishbone suspension 10

according to the present invention.

As shown 1n this figure, this arm material 11 has a body 11a formed from a
parts matertal made by metal. The body 11a is formed from a single member in
the lengthwise direction. The body 11a is also formed from a single member in

the circumferential direction in a transverse cross section. However, the present
invention is not limited to this structure, and the body may have one or more joints
(such as welds) in the circumferential direction.

The body 11a has a flat, hollow, closed cross-sectional shape 14 over its

entire length. The closed cross-sectional shape 14 has a pair of opposing long
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sides 12 and 13. The body 11a has a first bent portion 16‘ in a plane 15 which is
roughly parallel to the pair of long sides 12 and 13. The first bent portion 16 1s
two-dimensionally bent.

As shown by the single-dash chain line in Figure 1, the body 11a has at least
a first portion 17 and a second portion 18 in the lengthwise direction.

The body 11a has a second bent portion 19 between the first portion 17 and
the second portion 18. With this structure, the body 11a has a deformed shape
such that the pair of long sides 12 and 13 in the first portion 17 and the pair of long
sides 12 and 13 in the second portion 18 are in different planes from each other.

The body of the arm material may have two or more bent portions 16.
Similarly, the body of the arm material may have two or more bent portions 19.

Next, a method of manufacturing this arm material 11 will be explained.
|[Manufacturing Method]

Figure 2 1s an explanatory view schematically showing an example of a
method of manufacturing this arm material 11.

As shown 1n Figure 2, a long parts material made by metal 1-1 is used as a
base material. The long parts material made by metal 1-1 has a flat, hollow, closed
cross-sectional shape 14.

A teed devices 3 feeds the parts material made by metal 1-1 in its lengthwise
direction. An example of the feed device 3 1s one using an electric powered servo

cylinder. The fteed device 3 does not need to be restricted to a specific type of feed
device. For example, a known feed device such as one using a ball screw or one

using a timing belt or chain can be used as this feed device.

The parts material made by metal 1-1 is fed at a predetermined speed in its
lengthwise direction (the axial direction) by the feed device 3 while being held by a
gripping portion 7.

A support means 2 supports the parts material made by metal 1-1 at a first
position A. The support means 2 supports the parts material made by metal 1-1

which 1s being fed in its axial direction by the feed device 3 at the first position A so
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that the parts material made by metal 1-1 is able to move. By way of example, a
pair of opposing undriven rolls can be used as the support means 2. The support
means 2 does not need to be limited to a specific type, and 1t 1s possible to use
another conventional support means as a support device. In this manner, the parts
5 material made by metal 1-1 passes the installation position A of the support means 2
and 1s fed 1n its lengthwise direction.
At a second position B downstream of the first position A in the feed
direction of the parts material made by metal 1-1, a high frequency heating device 5
locally heats the parts material made by metal 1-1 which is being fed.

10 A device having a coil which can perform high frequency induction heating
of the parts material made by metal 1-1 can be used as the high frequency heating
device 5. The high frequency heating device 5 can be a conventional high
frequency heating device of this type.

The distance of the heating coil of the high frequency heating device 5 from

15 the parts material made by metal 1-1 in a direction parallel to a direction
perpendicular to the axial direction of the parts material made by metal 1-1 can be
varied to perform non-uniform heating in the circumferential direction of a portion
of the parts material made by metal 1-1 which is being fed.

[t 1s possible to heat the parts material made by metal 1-1 a plurality of times

20 by using at least one preheating means for the parts material made by metal 1-1 on

the upstream side of the high frequency heating device 5 together with the high

frequency heating device 5.

In addition, by using at least one preheating means for the parts material
made by metal 1-1 on the upstream side of the high frequency heating device 5

25 together with the high frequency heating device 5, a portion of the parts material
made by metal 1-1 being fed can be non-uniformly heated in the circumferential
direction. In this manner, a portion of the parts material made by metal 1-1 can be
locally rapidly heated by the high frequency heating device 5.

At a third position C which 1s downstream of the second position B in the
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feed direction of the material made by metal 1, a water cooling device 6 performs
water cooling of the portion which was heated at the second position B. The water
cooling device 6 cools the parts material made by metal 1-1 which was heated at the
second position B and which 1s still at a high temperature state between position B
and position C so that its deformation resistance is greatly decreased.
The water cooling device 6 can be any cooling device by which a desired

cooling rate can be obtained, and it is not limited to a specific type of cooling device.

In general, a water cooling device 1s used. A water cooling device cools the parts
material made by metal 1-1 by spraying cooling water at a predetermined position
on the outer peripheral surface of the parts material made by metal 1-1.

The cooling water 1s sprayed at an angle with respect to the direction in
which the parts material made by metal 1-1 is being fed. By varying the distance
of the cooling means with respect to the parts material made by metal 1-1 in a
direction parallel to a direction perpendicular to the axial direction of the parts
material made by metal 1-1, the range of the heated region in the axial direction of
the parts material made by metal 1-1 can be adjusted. In this manner, the water
cooling device 6 rapidly cools the portion of the parts material made by metal 1-1

which was heated by the high frequency heating device 5.

By suitably adjusting the starting temperature of water cooling by the water
cooling device 6 and the cooling rate, it is possible to quench all or a portion of the
cooled portion of the parts material made by metal 1-1.  As a result, the strength of
all or a portion of the parts material made by metal 1-1 can be greatly increased to at
least 1500 MPa, for example, or the strength of portions which undergo machining
such as punching after bending (such as ball joint support portions and wheel hub
installation portions) can be decreased to around 600 MPa, for example, whereby

the ability to undergo mechanical working can be guaranteed.

In this manner, portions which are locally heated by the high frequency

heating coil 5 and greatly reduced in deformation resistance are formed in portions

of the parts material made by metal 1-1.
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A movable roller die 4 is a movable support means for supporting the parts
material made by metal 1-1 while moving it. A pair of movable rolls 4a, 4a of the
movable roller die 4 move two-dimensionally in a plane which is roughly parallel to
at least a pair of long sides 12, 13 of the parts material made by metal 1-1 ina
region downstream of the third position C in the feed direction of the parts material
made by metal 1-1. As a result, a bending moment 1s applied to the heated portion
of the parts material made by metal 1-1.

Thus, the movable support means 4 supports the parts material made by
metal 1-1 which is being fed in a region D downstream of the third position C in the
feed direction of the parts material made by metal 1-1, and it moves
two-dimensionally in a direction including at least the feed direction of the parts
material made by metal 1-1 to apply a bending moment to the portion ot the parts
material made by metal 1-1 which was heated by the high frequency heating device
14.

In place of the above-described movable roller die 4, a chuck mechanism
which grasps the inner surface or the outer surtace of the parts material made by
metal 1-1 can be used as a movable support means. When a chuck mechanism is
employed, it can be supported by a vertical articulated industrial robot, for example.

When the chuck mechanism i1s supported by a vertical articulated industrial
robot, a chuck mechanism which 1s supported by a vertical articulated industrial

robot can be used instead of the support means 2, a vertical articulated industrial

robot can be used as the feed device 3, and each of the high frequency heating
device 5 and the water cooling device 6 can be supported by a vertical articulated
industrial robot. With this arrangement, it is possible to simplify the structure of
the manufacturing apparatus shown in Figure 2.

By moving the movable support means 4 two-dimensionally in a plane
roughly parallel to at least the pair of long sides 12 and 13 of the parts material

made by metal 1-1, an arm material 11 having a body 11a with a shape shown by

the solid lines in Figure 1 can be manufactured.
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By additionally moving the movable support means 4 up and down and
moving the high frequency heating device 5 and the water cooling device 6 in
synchrony therewith, an arm material 11 having a body 11a with a shape which has
a second bent portion 19 and which 1s shown by the single-dash chain line in Figure
1 can be manufactured.

In the above explanation, an example was given of a mode in which a
material being worked 1n the form of a parts material made by metal 1-1 having a
tlat, hollow, closed cross-sectional shape 14 1s fed in its lengthwise direction, and a
support means 2, a high frequency heating device 3, and a water cooling device 6
are fixed in place with respect to the feed direction of the parts material made by
metal 1-1. However, the present invention is not limited to this mode. As the
opposite of this mode, a material being worked in the form of a parts material made
by metal 1-1 can be fixed in place, and a support means 2, a high frequency heating
device 5, and a water cooling device 6 can be disposed so as to be able to move in
the lengthwise direction of the parts material made by metal 1-1.

In this manner, the above-described arm material 11 according to the present
invention 1s manufactured. An arm material 11 according to the present invention
has a flat, hollow cross-sectional shape. Therefore, an arm material 11 according
to the present invention is light weight and compact. An arm material 11
according to the present invention can be further decreased in size and weight and
increased in strength by suitably adjusting the starting temperature and the cooling
rate of water cooling by the above-described water cooling device 6 so as to greatly
increase the tensile strength to 1500 MPa or above, for example. Therefore, an
arm material 11 according to the present invention is extremely suitable for use as
an upper arm of a double wishbone suspension 10.

As described above, there is a strong demand for decreases in the weight of
an upper arm for an automobile as a countermeasure against global warming. An

upper arm which 1s manufactured from an arm material 11 according to the present

ivention can be decreased in weight by approximately 10 - 20% compared to a
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conventional upper arm which 1s manufactured by welding of a press worked
product made from a steel sheet or by the method described in Patent Document 2.

As described above, an arm material 11 according to the present invention is
quenched by suitably adjusting the starting temperature of water cooling and the
cooling rate by the water cooling device 6. As a result, an arm material according
to the present invention develops compressive residual stresses in the outer surface
of the body 11a to increase its fatigue strength.

As explained while referring to Figure 1, an arm material 11 according to the
present invention is manufactured by an extremely simple manufacturing process,
so its yield is high and its manufacturing costs are low.

An arm material according to the present invention can be manufactured as a

material for a lower arm in the same manner as the above-described material for an

upper arm.
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What is claimed 1is:

1. A hot-bent arm material for an automobile suspension, the arm material
comprising a body member which is a single member in its lengthwise direction, the body
member having a flat, hollow, closed cross-sectional shape with a pair of opposing long
sides, the body member being made of metal that is hardenable by quenching,

wherein the body member has at least a first bent portion which is bent in a plane

substantially parallel to the pair of long sides and hardened by high-frequency heating and

then quenching, and

wherein the first bent portion has the flat, hollow, closed cross-secttonal shape.

2. A hot-bent arm material for an automobile suspension as set forth in claim

1, wherein

the body member has at least a first portion, a second portion, and a third portion
between the first and second portions in its lengthwise direction, said first bent portion is
provided 1n said first portion and

the body member has a second bent portion in said third portion between the first
portion and the second portion, whereby the pair of long sides in the first portion and the

pair of long sides in the second portion are in different planes from each other.

3. A hot-bent arm material for an automobile suspension as set forth in claim

1 or 2, wherein the quenched first bent portion has a tensile strength of 1500 MPa or more.

4. A hot-bent arm material as set forth in any one of claims 1 to 3, wherein

the arm is an arm for an automobile suspension.

5. A hot-bent arm material as set forth in claim 4, wherein the arm 1s for a

double wishbone suspension.
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6. A method of manufacturing a hot-bent arm material for an automobile
suspension, the method comprising:

supporting a parts material made by metal that is hardenable by quenching and has
a flat, hollow, closed cross-sectional shape at a first position while relatively feeding 1t in
its lengthwise direction,

locally heating the parts material that is being fed at a second position downstream
of the first position in the feed direction of the parts material,

imparting a bending moment to the heated portion of the parts material that 1s
being fed by two-dimensionally or three-dimensionally changing the position, at least in a
plane roughly parallel to a pair of long sides, of a support means which supports the parts
material in a region downstream of a third position downstream of the second position in
the feed direction of the parts material, and

at the third position downstream of the second position in the feed direction of the

parts material, quenching the portion of the parts material which was heated at the second

position.
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Fig. 2
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