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2301324

SUSPENSION SUSTEM FOR AUTOMOBILE

The present invention relates to a suspension system
for an automobile, in particular, to & suspension system

for an automebile having a torsion bar.

Jeapanese tility Model ©Publicetion No. 61-27287
discleses a suspension system having a2 torsion bar which
is twisted to urge a suspension arm when a load is
applieéd to the arm in a substantially vertical direction
cf an automobile body, and which is allowed to move in a
substantially front to rear or longitudinal direction of
the body. This related art reference will hereinafter be
referred to as the first related art reference. In this
front suspension system, a front end of the torsion bar
is mounted at the center of the rotation of a lower arm.
In addition, a cross member is provided with a proximal
end of an anchor arm which is made of a spring plate and
extends in a substantially lateral direction of the body.
The rear end of the torsion bar is fixed to a distal end
of the anchor arm. Thus, when a load is abpiied tc the
suspensicn system in the substantially £ront to rear
direction of the body, the anchor arm made of the spring
plate ‘elastically deforms, thereby moving the torsion bar
and the lower arm in the substantially longitudinal
direction of the body. Therefore, the riding comfort of
the automobile is improved.

When a2 load is applied to the suspension system of
this type, it is necessary to prevent the rear end of the
torsion bar from directly contacting the cross member.
Otherwise, the load will be transmitted from the torsion
bar to the automobile body through the cross member.
Thus, the riding comfort will be degraded. Therefore, in
the suspension system disclosed in the first related art

reference, the rear end of the torsion bar is provided

|
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with a rubber bushing so as to prevent the torsion bar
from directly contacting the cross member.

However, when a load is applied to the suspension
system in the substantially longitudinal directlon of the
body, & large reaction force takes place on the rubber
bushing and thereby the rubber bushing is excessively
worn. Therefore, the rubber bushing should have high

durability. Nevertheless, if the rubber bushing is mad

(D

(D

of relatively haré rubber, the durability may b
satisfied. BEHowever, the load will be transmitted to the
body through the rubber bushing and the cross member,
thereby degrading the riding comfort.

Another suspension system which 1s allowed to move
in the substantially longitudinal direction of the body
is disclosed in Japanese Patent Application Laid-Open No.
57-110514. This related art reference will hereinafter
be referred to as the second related art reference. In
this front suspension system, a lower arm is rotatably
supported to the body at one position thereof. One end
of a spring plate is fixed to the lower arm, whereas the
other end of the spring plate is fixed to a front end of
a torsion bar. Thus, when a load is applied to the
suspension system in the substantially £front to rear
direction of the body, the spring plate elastically
deforms and the lower arm moves in the substantially
front to rear direction of the body, thereby improving
the riding comfort of the automobile.

The construction of such a suspension system does
not have enough rigidity against a load which is applied
in the lateral direction of the body of the automobile.
Thus, a bending force may be applied to the torsion bar.
In the suspension system disclosed in the second related
art reference, to prevent such a bending force from being
applied to the torsion bar, the vicinity of a front end
of the torsion bar is supported to a front end of 2
support member extending from the cross member by @&

bushing. In additicn, a portion extending from the

4
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middle to the rear end of the torsion bar 1s movably
supported by a cylindrical member which 1s supported by
the cross member. Thus, this suspension system prevents
a bending force from being zpplied to the torsion bar,
thereby improving the rigidity in the lateral direction
of the body of the automobile.

However, although the support member and the
cylindrical member mey prevent a bending force from being
applied to the torsion bar, they will complicate the
construction of the suspension system. Thus, such a
suspension system is difficult to practically use.

In Japanese Patent Application Laid-Open No. 62-
101507, a further suspension system is disclosed. This
related art reference will hereinafter be referred to as
the third related art reference. In this suspension
system, a torsion bar is supported by a lower arm at a
plurality of positions thereof so as to prevent a bending
force from being applied to the torsion bar. EHowever, in
the third related art reference, the mounting
construction of the lower arm and the torsion bar will

become complicated.

An object of the present invention 1s to
provide a suspension system for an automobile, which
prevents a bending force from being applied to a torsion
bar with a simple construction so as to improve the
rigidity in a 1lateral direction of the body of the
automobile and the riding comfort and steering stability

thereof. j

i
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According to a first aspect of the present invention there
is provided a suspension system for an automobile having first
and second pivot portions on a body for supporting said
suspension system, comprising a suspension arm for supporting a
wheel, having first and second arm portions rotatably mounted on
the first and second pivot portions, one of said pivot portions
being disposed rearwardly of the other; a torsion bar having one
end connected to said body; and a spring plate having a proximal
portion mounted on said suspension arm, and a portion connected
with the other end of said torsion bar, wherein an axial line of
said torsion bar is offset in a substantially lateral direction
of the body from a line connecting said first and second pivot
portions, whereby said other end of the torsion bar is spaced
apart from the line connecting said first and secbnd pivot

portions.

The suspension arm has the two arm portions each of
which 1s supported by the two pivot portions. Thus, the
suspension system has enough rigidity against a load
applied in the substantially longitudinal direction of
the body, thereby preventing a bending force from being
applied to the torsion bar with a simple constrﬁcéion.

When & load is applied in the substantially front to
rear direction c¢f the body, the spring plate elastically
deforms and thereby the suspension arm moves 1in this
directiocn. Thus, riding the automobile becomes
comfortable.

When a loac is applied in a substantially vertical
direction of the body, the torsion bar twists and thereby
a suspension force as the reaction force takes place. 1In
addition, the spring plate bends and thereby an excessive
bending moment is not applied to the torsion bar. Thus,
the torsion bar may be constructed of a thin and short
member. As a result, the riding comfort and steering

stability is improvecd.

i
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According to a second aspect of the present invention there
is provided a suspension system for automobile, having first and
second pivot portions on a body for supporting said suspension
system comprising a suspension arm for supporting a wheel and
having first and second arm portions rotatably mounted on the
first and second pivot portions, one of said pivot portions being
disposed rearwardly of the other; a torsion bar having one end
connected to said body; a spring plate having a proximal portion
mounted on said suspension arm, and a portion connected with the
other end of said torsion bar; a reference thread member arranged
to connect said suspension arm and said spring plate; a cam
thread member arranged substantially in parallel with said
reference thread member opposite to said proximal portion of said
spring plate to connect said suspension arm and said spring plate
and having a drive cam portion being eccentric from a center of
said cam thread member; and a follower cam portion provided on
one of said spring plate and said suspension arm engaged with
said drive cam portion to cause said spring plate to rotate with
said reference thread member in a vertical direction cf the body
by rotating said cam thread member, so as to adjust the height
of the body.

According to a third aspect of the present invention there
is provided a suspension system for automobile, having first and
second pivot portions on a body for supporting said suspension
system comprising a suspension arm for supporting a wheel and
having first and second arm portions rotatably mounted on the
first and second pivot portions, one of said pivot portions being
disposed rearwardly of the other; a torsion bar having one end
connected to said body; a spring plate having a proximal portion
mounted on said suspension arm, and a portion connected with the
other end of said torsion bar; at least one tightening thread
member arranged to connect said first arm portion and second arm
portion to said spring plate; a cam thread member arranged to
connect said first arm portion, said second arm portion and said
spring plate and having a drive cam portion being eccentric to

a center of said cam thread member; one of said first arm portion

(
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and second arm portion having at least one oval hole extending
in a substantially lateral direction of the body to receive saig
tightening thread member; and one of said first arm portion ang
said second arm portion having a follower cam portion engaged
with said drive cam portion to cause said first arm portion and
said second arm portion to relatively displace in a lateral
direction of the body by rotating said cam thread member, so as
to adjust a caster angle of the wheel.

According to a fourth aspect of the present invention there
is provided a suspension System for automobile, having first ang
second pivot portions on a body for supporting said suspension
System comprising a suspension arm for supporting a wheel and
having first and second arm portions rotatably mounted on the
first and second pivot portions rotatably mounted on the first
and second pivot portions which are shifted with each other in
a substantially front to rear direction; a torsion bar having one
end coﬁhected to said body; a spring plate having a proximal
portion mounted on said Suspension arm, and a portion connected
with the other end of said torsion bar; a joint holder interposed
between said Suspension arm and said wheel; a cam thread member
connecting said suspension afm Lo said joint holder and having
a drive cam portion being eccentric to a center of said cam
thread member; and one of said joint holder and said ‘suspension
arm having an oval hole as a follower cam portion to be engaged
with said drive cam portion to cause said joint holder to
displace in a laterla direction of the body by rotating said cam
thread member, so as to adjust a camber angle of the wheel.

According to a fifth aspect of the present invention there
is provided a Suspension system for an automobile having a cross-
member across a body thereof, comprising a suspension arm for
supporting a wheel and rotatably mounted on said body; a torsion
bar extending in a substantially front to rear direction of the
body and having one end connected with said suspension arm; a
spring plate extending from said body in a substantially lateral
direction and having a free end peortion for connecting with
another end of saig torsion bar, the free end connecting portion
being shifted to a lower side with FesSpect to said cross member,
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wherein when a load is applied to the substantially front to rear
direction, said spring plate elastically deforms, thereby
allowing said suspension system to move in substantially front
to rear direction; and a rubber bushing provided on said body
supporting said spring plate so as to allow said spring plate to
easily deform in the substantially front to rear direction.

Fig. 1 1is a perspective view schematically showing a
structure of a suspension system for an automobile including a
spring plate;

Fig. 2A is a perspective view schematically showing the
structure of a first modification of the spring plate of Fig. 1;

Fig. 2B is a plan view of Fig. 23;

Fig. 2C is a sectional view taken along line IIC-IIC of Fig.
2A;

Fig. 2D is a sectional view taken along line IID-IID of Fig.
2C;

Fig. 3A is a perspective view schematically showing the
structure of a second modification of the spring plate of Fig.
1;

Fig. 3B is a view taken along line IIIB-IIIR of Fig. 3A;

Fig. 4 is a perspective view schematically showing a third
modification of the structure of the suspension system of Fig.
1; C

Fig. 5 is a perspective view schematically showing a fourth
modification of the structure of the suspension system of Fig.
1;

Fig. 6 is a partial plan view showing the structure of a
suepsnion system for an automobile according to a first
embodiment of the present invention;

Fig. 7 1is a perspective view showing the structure of a
suspenion system of Fig. 6;

Fig. 8 is a partial plan view showing the structure of a
suspension system for an automobile according to a first
modification of the first embodiment ;

Fig. 9 1is a perspective view showing the structure of the
suspension arm of Fig. 8;

Fig. 10 is a partial plan view showing the structure of a
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suspension system for an automobile according to a second
modification of the first embodiment;

Fig. 11 is a partial plan view showing the structure of 3
suspension system for an automobile according to a third
modification of the first embodiment ;

Fig. 12A is a view for explaining a camber angle of a
Suspension system;

Fig. 12B is a view for explaining a caster angle;

Fig. 13 is a plan view showing the structure of a suspension
body of a suspension system according to a second embodiment of
the present invention;

Fig. 14 is a perspective view showing the structure of the

suspension body of Fig. 13;
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Fig. 15 is an enlarged plan view showing a principal

portion of Fig. 13;
ig. 16 1is a side view taken along line XVI-XVI of

Fig. 17 are views showing the structure of zan
automobile height adjustment mechanism, where Fig. 17A is
a sectional view taken along line XVIIA-XVIIA of Fig.
17B; Fig. 17B 1s &a sectional view taken along 1line
XVIIB-XVIIB of Fig. 17A, and Fig. 17C is a sectional view
taken along line XVIIC-XVIIC of Fig. 17B;

Fig. 18 are views showing the structure of a caster
angle adjustment mechanism, where Fig. 18A is a sectional
view taken along line XVIIIA-XVIIIA of Fig. 18B, Fig. 18B
is a sectional view taken along line XVIIIB-XVIIIB of
Fig. 18A, and Fig. 18C 1is a sectional view taken along
iine XVIIIC-XVIIIC of Fig.® 183;

Fig. 19 are views showing the structure of a camber
angle adjustment mechanism, where Fig. 19A is a sectional
view taken along line XIXA-XIXA of Fig. 19B, and Fig. 19B
is a sectional view taken along line XIXB-XIXB of Fig.
194; |

Fig. 20 are views showing the structure of a caster
angle and camber angle adjustment mechaniém, where Fig:
20A 1s a sectional view taken along line XXA-XXA of Fig.
20B. Fig. 20B is a sectional view taken along line XXB-
XXB of Fig. 20A, Fig. 20C is a sectional view taken along
line XXC-XXC of Fig. 20B, and Fig. 20D is a sectional
view taken along line XXD-XXD of Fig. 20B;

Fig. 21 are views showing the structure of an
automobile height and camber angle adjustment mechanism,
where Fig. 21A 1is a sectional view taken along line
XXIA-XXIA of Fig. 21B, Fig. 21B is a sectional view taken
along line XXIB-XXIB of Fig. 21A, and Fig. 21C 1is a
sectional view taken along line XXIC-XXIC of Fig. 21B;

Fig. 22 are views showing the structure of a
modification of the automobile height adjustment

mechanism of Fig. 17, where Fig. 22A is a sectional view
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taken along line XXIIA-XXIIA of Fig. 22B, Fig. 223 1is a
sectional view taken along line XXIIB-XXIIB of Fig. 224,
and Fig. 22C is a sectional view taken aleng line
XXIIC-XXIIC of Fig. 22B;

Fig. 23 are views showing the structure of a
modification of the caster angle adjustment mechanism of
Fig. 18, where Fig. 23A is a sectional view taken along
1ine XXIIIA-XXIIIA of Fig. 23B, Fig. 23B is a sectilonal
view taken along line XXIIIB-XXIIIB of Fig. 234, and Fig.
23C is a sectional view taken along line XXIIIC-XXIIIC of

Fig. 23B;

Fig. 1 is a schematic diagram showing the
construction of a principal portion of 2 suspension
system for an automobile useful in understanding
the present invention. The suspension system is used for
suspending a front wheel on the left or right of ‘the

avtomobile. '

by
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A left-side lower arm (suspension arm) lla of A-
letter shaped type is disposed on the left side of the
automobile body. The left-side lower arm lla has a ball
joint 12a disposed at a front end thereof. The ball
joint 12a is connected to a knuckle (not shown) at a
lower end portion thereof. The lower arm lla has two
pivot portions 13a and l4a which are disposed in front
and rear positions of a distal portion thereof. The
lower arm lla is rotatable about the pivot portions 13a
anéd l4a to the body of the automobile. The center axis
of the pivot portions 13z and 14z extends nearly in a
substantially longitudinal (or front to rear) direction
of the body. A right-side lower arm 1llb is opposed to
the left-side lower arm lla and mounted on the right side
of the body. The right-side lower arm lla 1s rotatable
about pivot portiéns 13b and 1l4b. Likewise, the right-
side lower arm 1llb is provided with a ball joint 12b at a
front end portion thereof.

The upper end portion of the knuckle is connected to
an upper arm (not shown) so as to rotatably support the
wheel. Each of the lower arms is connected to a lower
end portion of a shock absorber. In addition, the left
and right lower arms are connected with a stabilizer (not’
shown). The arms, knuckles, and so forth principally
construct the suspension system which suspends the front
wheels on the 1left and right of the body of the
automobile.

To the pivot portion l4a behind the left lower arm
lla is fixed a front end portion of a left torsion bar
2la. Likewise, to the pivot portion 14b behind the right
lower arm 1llb is fixed a front end portion of a right
torsion bar 2l1b. Thus, as shown in Fig. 1, each center
axis of the torsion bars 2la and 21b almost accords with
the center axis of the pivot portion thereof.

To a cross member of the body is fixed a rear end
portion of each of spring plates 24a and 24b by

appropriate fastening means such as welding. The spring
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plate 24a extends in a direction perpendicular to the
center axis of the torsion bar 2la. Likewise, the spring
plate 24b extends in a direction perpendicular to the
center axis of the torsion bar 21b. R sleeve 25z 1is
welded to a front end portion (free end portion) of the
spring plate 24a. Likewise, a sleeve 25b is welded to a
front end portion (free end portion) of the spring plate
24b. The sleeve 25a 1is fixed to a rear end portion of
the left torsion bar 2la. Likewise, the sleeve 23b 1is
fixed to a rear end portion of the right torsion bar 21b.

In this suspension system, when a load is applied to
the lower arms 1lla and 1lb in the substantially
longitudinal direction of the body, Ehe spring plates 24a
and 24b bend in the arrow direction shown in Fig. 1,
thereby absorbing the load. Thus, a compression stress
and a tensile stress against the torsion bars.2la and :21b
are alleviated. In addition, the to}sion bars 2l1a and
21b do not prevent the suspension system from bending and
moving in the substantially longitudinal direction of the
body. Moreover, an excessive bending stress is not
applied to each of the torsion bars 2la and 21b.

In addition, the free end portions of the spring
plates 24a and 24b fixed to the rear end poftions of the .
torsion bars 2la and 21lb are spaced apart from the cross
member. Thus, without necessity of a rubber bushing, the
suspension system can securely prevent the torsion bars
2la and 2l1b from directly contacting the cross member.
Thus, when a load is applied thereto and the suspension
system moves 1in this direction, the load 1is not
transmitted to the body. As a result, the riding comfort
is securely improved.

Figs. 2A, 2B, 2C, and 2D show & first modification of

the Figure 1 device. In Fig. 1,
the spring plates 24a and 24b are mounted on the body by
welding, whereas in Fig. 2, the spring plates 24a and 24b

are mounted to the body with bolts.
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A reinforcement plate 41 1is integrally connected to
the front end portion of the spring plate 24a. Along
with the reinforcement plate 41, the spring plate 24a is
mounted on the body B with bolts 42 and 43. As shown in
Fig. 2C, the bolt 43 has a cam portion 44 on the head
side thereof. The cam portion 44 is eccentrically formed
on the bolt 43. The cam portion 44 is fit in an oval
hole 45 formed on the reinforcement plate 41, the oval
hole 45 extending in the substantially vertical direction
cf the body. On the other hand, the bolt 42 1is not
eccentrically mounted. Thus, the spring plate 24a is
slidable about the bolt 42 along with the reinforcement
plate 41. Therefore, when both the bolts 42 and 43 are
being loosened and then the bolt 43 is further rotated,
the spring plate 24a2 is rotated about the bolt 42 and

.thereby the proximal portion of the spring plate 24a

moves in the substantially vertical direction of the body
B. Consequently, the positions of the sleeve 25a can be
changed with respect to the body B in the substantially
vertical direction of the body B. Thus, the height of
the body B can be adjusted. For the sake of simplicity,
Fig. 2 shows only the mounting structure of the spring
plate 24a. Thus, the mounting structure 'of the other
spring plate 24b is the same as that of the spring plate
24a.

Figs. 3A and 3B show a second
modification of the spring plate for the
previously-described suspension system. A propeller
shaft 47 and an exhaust pipe 48 are disposed at a center
portion of the body B and extend in the substantially

longitudinal direction thereof. A cross member 49 1is
disposed between the propeller shaft 47 and the exhaust
pipe 48. The cross member 49 1is connected to distal

portions of the spring plates 24a and 24b with bolts.
The torsion bars 2la and 21b are respectively fixed to
the sleeves 25a and 25b which are mounted on the distal

portions of the spring plates 24a and 24b.
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Fig. 4 shows & third modification,

The construction of lower arms 1la andéd 1lb
of this modification is the same as that of the first
embodiment. Bowever, 1in this modification, a single
spring plate 24 is disposed on a cross member of the
body. The spring plate 24 extends in a direction nearly

perpendicular to the center axes of torsion bars 2la and

21b. Thus, the spring plate 24 extends 1n the
substantially laterzl direction of the body. Rear end
portions of the twc torsion bars 2la and 21b are fixed to

both proximazl portions of the spring plate 24. The
spring plate 24 is fixed to the crcss member with two
mounting members 31 and 32. The mounting members 31 and
32 are preferably of floating type where they each have a
rubber bushing so that the spring plate 24 bends in the
substantially longitudinal direction of the body.
However, the spring plate 24 may be mounted directly on
the cross member with metal pins or the like.

Fig. 5 shows a fourth modification ., ’

In this modification, as in the third
modification shown in Fig. 4, both proximal portions of a
spring plate 24 are fixed to rear end portigns of torsion
bars 2la and 21b, respectively. The beoth proximal
portions of the spring plate 24 are connected to a cross
member by mounting members 33 and 34. Thus, the rear end
portion of the left torsion bar 2la is disposed between
the mounting members 31 and 33. The rear end portion of
the right torsion bar 2lb is disposed between the
mounting members 32 and 34.

In the suspension systems according to the third and
fourth modifications shown in Figs. 4 and 5, when a load,
is applied thereto in the substantially rear direction of
the body, the spring plate 24 elastically deforms. In
addition, at this point, the portion between the ¢two
mounting members 31 and 32 deforms, thereby cancelling
the load applied thereto. Thus, the load applied to the

body is reduced. As a result, when a load is applied to

| )
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the suspension system in the substantially longitudinal
direction of the body, the suspension system bends in
this direction. Thus, these suspension systems can
provide good riding comfort.

In particular, in the modifications shown in Figs. 4
and 5, the reaction force by the spring plate 24 against
the body at the mounting members can be reduced. Thus,
so-called floating bushings having rubber bushings as the
mounting members 31 to 34 can be used. Therefore, the
suspension systems can satisfactorily bend in -the
substantially longitudinal direction of the body. The
bending characteristic in the substantially longitudinal
direction of the suspension system which uses a total of
four mounting members shown in Fig. 5 is superior to that
of the suspension system which uses two mounting members
shown in Fig. 4.

In the above-described device and the
modifications thereof, the front end portions of the
torsion bars 21z and 21b are fixed to the pivot portions
l4a and 14b behind the lower arms 1lla and 1llb,

respectively. Thus, the <center axes of the pivot

portions accord with the respective center- axes of the

torsion bars. However, even if these axes do not accord
with each other, the present invention may be applied.
In this case, when the suspension system vertically
moves, the front end portions of the torsion bars 2la and
21lb move in the substantially vertical direction of the
body as the lower arms lla and 1lb rotate. Eowever,
since the spring plates 24, 24a, and 24b elastically
deform in their twisting directions, an excessive bending
stress 1is not applied to the torsion bars 2la and 21lb.
Thus, the suspension system smoothly moves in the
substantially wvertical direction of the body. At this
point, the suspension system always moves in the same
path. As a result, the riding comfort and steering

stability is improved.
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Figs. 6 and 7 show the construction cf a principal
portion of a suspension system for an automobile
according to the ©present
invention. In these figures, a suspension arm 50
comprises a first arm portion 51 and a seconc arm portion
52 which i1s dispcsed behind the first arm pertion 51. A
lower end portion of a knuckle (not shown) which
rotatably supports a wheel W is connectec to the arm 50
by a ball joint 53. The suspension arm 50 is referred to
as a lower arm or lower link. The suspension arm 50
connects the lower end portion of the knuckle and the
body. The first arm portion 51 and the second arm
portion 52 are connected by connecting elements 54 and 55
which are for example bolts. The suspension arm 50 is an
A-letter shaped arm. .

) The first arm portion 51 has a first pivot portion
61 into which a rubber bushing 53 1is fitted. The first
arm portion 51 1is supported to a body B by the first
pivot portion 61. Likewise, the second arm 62 has a
second pivot portion 62 into which a rubber bushing 64 1is
fitted. The second arm portion 52 1is supported to the
body B by the second pivot portion 62.

The £first pivot portiocn 61 and the "second pivot.
portion 62 are spaced apart from each other in the
substantially longitudinal direction of the body B. A
pivot axial 1line P which connects the centers of the
first pivot portion 61 and the second pivot portion 62
extends nearly in the substantially longitudinal
direction of the body B. Now assume that La denotes the
distance between the center of the ball joint 53 and the
center of the first pivot portion 61 in the substantially
longitudinal direction of the body B. In addition,
assume that Lb denotes the distance between the center of
the ball joint 53 and the center of the second pivot
portion 62 in the substantially longitudinal direction of
the body B. At this point, the relation of La < Lb 1s

satisfied. The volume of the rubber bushing 64 is larger
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than that of the rubber bushing 63. Thus, when a loagd is
applied to the suspension system in the substantially
longitudinal direction of the body B, the rubber bushing
64 in the second pivot 62 can more elastically deform
than the rubber bushing 63 in the first pivot 61 does.

A proximal portion of a spring plate 66 made of a
spring member material is disposed between the first arm
portion 51 and the second arm portion 52. Thus, the
proximal portion of the spring plate 66 is fixed to the
suspension arm 50. The spring plate 56 extends in the
substantially lateral direction of the body B. As shown
in the figures, the spring plate 66 is connected to the
two arm portions 51 and 52 by the bolts 54 and 55.
However, the spring plate 66 may be connected to the arm
portions 51 and 52 by welding or rivets.

To the distal portion of the spring plate 66, is
fixed to a front end portion 72 of a torsion bar 71. A
rear end portion 73 of the torsion bar 71 is fixed to the
body B. The front end portion 72 of the torsion bar 71
is connected to a sleeve 74 by 2 fitting element such as
a splinel The sleeve 74 and the spring plate 66 are
connected by welding or the like so as to fix the front.
end portion of the torsion bar 71 and the spring plate
66. Likewise, the rear end portion of the torsion bar 71
is connected to a sleeve 75 by a fitting element such as
a spline. The sleeve 75 and the body B are connected by
welding so as to fix the rear end portion 73 of the
torsion bar 71 and the body B.

A center axis T of the torsion bar 71 and the pivot
axial line P make an offset angle f#. The center of the
first pivot portion 61 and the center of the front end
portion 72 of the ‘torsion bar 71 deviate in the
substantially 1lateral direction of the body by a
predetermined offset distance S.

As shown in the figures, the front end portion 72 of
the torsion bar 71 is mounted on the suspension arm 50 by
the spring plate 66 which extends in parallel with the
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center axis T of the torsion bar 71. Thus, the rigidity
of the suspension arm 50 against a oa2é 1n the
substantially longitudinal direction of the wheel W is
low, whereas the rigidity of the =suspension arm
against a load in the substantially vertical direction of
the wheel W is high.

Thus, when a locad 1is applied to the wheel W in the
substantially longitudinal direction of the body B, the
front ané rear rubber bushings 63 ancé 64 deform. Thus,
the two arm portions 51 and 52 share the lcad and thereby
the suspension arm 50 deforms in the substantially
longitudinal direction of the body B. However, the
rigidity of the spring plate 66 1in the substantially
longitudinal direction of the body B is low. Thus, as
shown by two-dot line of Fig. 6, the spring plate 66
deforms in the substantially longitudinal direction of
the body B. Therefore, an excessive bending force is not
applied to the torsion bar 71. In addition, the torsion
bar 71 does not prevent the suspension system from movin
or bencding in the substantially longitudinal direction of
the body B. Thus, the suspension system can provide an
excellent riding comfort.

When a load 1is applied to the wheel W 1in the
substantially 1lateral direction of +the body B, the
suspension arm 50 is pivotably supported to the body B by
the two pivot portions 61 and 62. Since the pivot
portions 61 and 62 do not elastically deform so much in
the substantially lateral direction of <the body B,
satisfactory rigidity against a load in the substantially
lateral direction of the body B can be obtained.

When the wheel W moves in the substantially vertical
direction of the body, even if the pivot axis P deviates
from the center axis T of the torsion bar, there are
offset distance S and offset angle §. Thus, as the front
end of the suspension arm 50 moves in the substantially
vertical direction of the body B, the spring plate 66
twists. In other words, the spring plate 66 twists SO

i
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that the surface thereof inclines. Thus, an excessive
bending force i1s not applied to the torsion bar 71. The
twisting torque of the torsion bar 71 is transmitted to
the suspension arm 50 through the spring plate 66.
Therefore, the suspension system smoothly moves 1in the
substantially vertical direction of the body B. Since
the suspension system smoothly moves in the same path,
excellent riding comfort and steering sitability is
achieved.

To allow the suspension system to have satisfactory
rigidity in the substantially lateral direction of the
body B and keep satisfactory bending amount in the
substantially longitudinal direction of the body B, La
shouléd be much smaller than Lb. Because of the
difference of the volumes of the rubber bushings 63 and
64, the first pivot 61 has a high rigidity in the
substantially lateral direction of the body B, whereas
the second pivot 62 has a low rigidity both in the
substantially longitudinel direction and the lateral
direction of the body B. As shown in the figures, when
the distance Lc between the line R which connects the
center of the first pivot 61 and the center of the ball
joint 53 and the force acting point of the torsion bar 71'
is as short as possible, most of the reaction force of
the torsion bar 71 is applied to the first pivot portion
61. Thus, the rigidity in the substantially lateral
direction of the body B, the bending amount 1in the
substantially longitudinal direction of the body B, and
the vibration tuning are nearly unaffected.

The suspension arm 50 is a lower arm which connects
the lower end portion of the knuckle to the body. The
upper end portion of the knuckle is connected to the body
by for example an I-letter shaped upper arm (not shown).
Between the suspension arm 50 shown in the figure or the
upper arm and the body, a known shock absorber (not
shown) 1s disposed. However, the suspension arm 50 may

be used for an upper arm which connects the upper end
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portion of the knuckle to the body. The suspension arm
50 shown in the figure supports the left-side front
wheel. The right-side front wheel can be supported by
the arm in the same construction. In additicn, the rear
wheels can be also supported by arms basically in the
same construction.

Figs. 8 and 9 show the construction of a principal
portion of a suspension system according to a first
modification of the first embodiment. For the sake of
simplicity, the portions in common with the first
embodiment are denoted by the same reference numerals.

In the first embodiment, the other end portion 73
of the torsion bar 71 is fixed to the body B through the
sleeve 75. In the suspension system according to this
modification, the other end portion 73 of the torsion bar
7i'is connected to a cross member of a body B by a second
spring plate 67. The spring plates 66 and 67 extend in
parallel with a center-.axis T of the torsion bar 7l1. As
in the second embodiment, the spring plates 66 and 67
have a high rigidity in the substantially vertical
direction of the body and a 1low rigidity 1in the
substantially longitudinal direction of the body B. In
this modification, when a load is applied to-a(wheel W in-
the substantially longitudinal direction of the body B or
when the wheel W moves in the substantially vertical
direction of the body B, a bending force applied to the
torsion bar 71 can be remarkably reduced in comparison
with the construction of the second embodiment because
the two spring plates 66 and 67 deform.

Fig. 10 shows the construction of a suspension
system according to a second modification of the first
embodiment. In this suspension system, spring plates 66
and 67 are disposed on both end portions of a torsion bar
71. A first arm portion 51 is branched from a second arm
portion 52. The first arm portion 51 and the second arm
portion 52 are integrally constructed by a means such as
welding. A ball joint 53 is disposed at a front end
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portion of the second arm portion 52. At an end portion
of the first arm pcrticn 51, a2 first pivet pertion 61 is
disposed. The first spring plate 66 1s connected to the
second arm portion 52 by a particular means such as
welding. A line connecting the first and second pivot
portions 61 and 62 extends 1n a substantially
longitudinal direction of the body, the torsion bar 71
extends in parallel with the line, and the spring plate
66 1s arranged in ZIront of the £irst and second acm
portions 51 and 52.

Figc. 11 shows & suspension system according to a
third modification of the first embodiment. In this
example, a second arm portion 52 extends almost in a
substantially lateral direction of a body B. A front end
portion of a £irst arm 51 "is connected to a center
portion of a second arm portion 52 by welding, bolts, or
the like. The first arm 51 inclines in the substantially
front direction of the body B. A pivot portion 61
disposed at a rear end portion of the first arm portion
51 inclines in the substantially longitudinal direction
of the body B. The suspension system moves in the
substantially longitudinal direction o¢f .the body B
according to the characteristic cf a resilient substance
of the first pivot portion 61l. The first pivot portion
61 is rotatable with an angle substantially in line with
the body; the seconé pivot portion 62 is rotatable in the
substantially longitudinal direction of the body; the
torsion bar 71 extends in the substantially longitudinal
direction; and the spring plate 66 1is arranged in front
of the first and second arm portions 51 and 52.

Next, a second embodiment of the present invention
will be described. The second embodiment relates to a
suspension system for an automobile, in particular, to a
suspension system having a wheel alignment mechanism.

As shown in Figs. 12A and 128, a knuckle 80
rotatably supports a wheel W. A lower end portion of the
knuckle 80 is connected to a lower arm 82 through a ball

)
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joint 81. An upper end portion of the knuckle 80 is
connected to an upper arm 84 through & ball joint 83.
Proximal portions of the arms 82 and 84 are rotatably
mounted on a body 2. In the case of & front wheel, when
the body B is turnec, the wheel W 1s turned about a line
connecting the centers of the upper and lower ball joints
81 and 83 (namely, a turning center axis or a king pin
axis S). When the body B 1s viewed from the front, the
angle made by the center plane of the wheel W anc the
vertical plane V is referred to as a camber angle «. The
camber angle ¢ varies according to the inclined angle of
the king pin axis § 1in the substantially lateral
direction of the body B. This camber angle affects the
steering force.

; As shown in Fig. 12B, when the wheel W is wiewed
from a2 side, the inclined angle of the king pin axis S in
the substantially longitudinal direction of the body B is
referred to as a caster angle f. This caster angle
affects the direction holding force of the wheel W. The
height of the body B is given by the position in the
substantially vertical direction (2 direction) of the
wheel W to the body B. -

After the automobile is assembled, the height of the
body B and the wheel alignment such as camber angle can
be adjusted so as to securely provide steering stability
thereof.

An object of the third embodiment is to provide a
suspension system which has both a torsion bar movable in
a substantially longitudinal direction of a body and
wheel alignment, such as camber angle and caster angle,
and body height adjustment mechanism.

Figs. 13 and 14 show a principal portion of a
suspension system for an- automobile according to a third
embodiment of the present invention.

In these figures, a suspension arm 90 comprises a
first arm portion (front member) 91 anéd a second arm

portion (rear member) $2. The second arm portion 92 1is
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disposed behind the first arm portion 91. A lower end
portion of a knuckle (not shown) which rotatably supports
a wheel W is connected tc the arm 90 by a ball joint
(conneéting portion) 93. The suspension arm 90 is
referred to as a lower arm or lower link. The suspension
arm 90 connects the lower enc portion of the knuckle with
the body. Thus, the suspension arm 90 accords with the
lower arm 82 of the suspension system shown in Fig. 12.
The first arm portion 91 and the second arm portion §2
are threaded as will be described later. The suspension
arm 90 1s a letter-A shaped arm. A front ené portion of
the first arm portion 91 is threaded to a2 joint holder 94
as will be described later. The Jjoint holder 94
constructs the first arm portion S51. The ball joint 93
is mounted on the joint holder 94.

; The first arm portion 91 is provided with a first
pivot portion 95 in which a rubber bushing 96 is fitted.
The first arm portion 91 is supported by the first pivot
portion 85. Likewise, the second arm portion 92 is
provided with a second pivot portion 97 in which a rubber
bushing 98 is fitted. The second arm portion 92 1is
supported by the second pivot portion 97. Thus, the
first pivot portion 95 and the second pivbt‘portion 87
are spaced apart 1in a substantially longitudinal
direction of the body B. A pivot axial line P which
connects the centers of the first pivot portion 95 with
the second pivot portion 97 extends in the substantially
longitudinal direction of the body B. The volume of the
rubber bushing 96 1is larger than that of the rubber
bushing 98. Thus, when a load 1is applied to the
suspension system, the rubber bushing 98 in the second
pivot 97 more elastically deforms than the rubber bushing
56 in the first pivot 95 does.

An end portion of a spring plate 101 made of a leaf
spring member is disposed between the first arm portion

91 and the second arm portion 92. Thus, the proximal

portion o¢f the spring plate 101 is fixed to the
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suspension arm 90. The spring plate 101 extends in the
substantially lateral direction of the body B. The other
proximal portion of the spring plate 101 is fixed to a
front end portion of a torsion bar 102. A rear end
portion of the torsion bar 102 1s fixed to the body B.
The front end portion of the torsion bar 102 is spline-
connected to a sleeve 103. By welding the sleeve 103 and
the spring plate 101, the spring plate 101 is fixed to
the front end porticn of the torsion bar 102. Likewise,
a sleeve 104 1s spline-connected to the rear end portion
of the torsion bar 102. By welding the sleeve 104 and
the body B, the rear end portion of the torsion bar 102
is fixed to the body B.

As shown in Fig. 15, the spring plate 101 1is
disposed between the first arm portion 91 and the second
afh portion 92. In addition, the first arm portion 91,
the second arm portion $2, and the spring plate 10l are
integrally connected with a total of three bolts 111,
112, and 113.

The joint holder 84 is integrally connected to the
first arm portion 91 with the bolt 111 and three other
bolts 115, 116, and 117. o

Figs. 17a, 178, and 17C, show a principal portion of’
a suspension system where the suspension system according
to the third embodiment shown in Figs. 13 to 16 1is
provided with a body height adjustment mechanism. In
Figs. 17A to 17C, three bolts 111 to 113 which connect a
first arm portion 91, a second arm portion 892, and a
spring plate 101 are enlarged. The f£irst arm portion 91
and the second arm portion 92 are formed by bending a
steel material. The interior of these first arm portion
91 and second arm portion 92 are hollow. The first arm
portion 91 and the second arm portion 92 have openings
according to these bolts. Thus, these bolts can be
inserted from the outside into the openings formed on the

first arm portion 91 and the second arm portion 92.
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The bolt 111 passes through the first arm portion
S1. In addition, the bolt 111 passes through the front
end portion of the second arm portion 92 and a proximal
portion of the spring plate 101. The bolt 111 extends in
the substantially longitudinal direction of the body B.
The bolt 111 and a nut 121 which i1s threaé onto the front
end portion thereof construct a reference thread member.
Holes for the arm portions 91 and 92 and the spring plate
101 through which the bolt 111 passes accord with the
outer circumference cf the bolt 111. The two bolts 112
and 113 are mounted on a circumference G with the same
radius of curvature as the bolt 111. The bolts 112 and
113 are mounted nearly in parallel with the bolt 111. By
the bolts 112 and 113, the first arm portion 81, the
second arm portion 92, and the spring plate 101 are
cdnnected.

The bolt 112 and a nut 122 which is thread onto the
front end thereof construct a cam thread member. The
bolt 112 on the nut 122 is tightened by a tool inserted
from an opening formed on the second arm portion 112.
The bolt 112, which is the éam thread memSer, is fit to
circular holes 131 and 132 which accord with the center
of the bolt 112 formed on the £first and second arm
portions 91 and 92. The bolt 112 has a drive cam porticn
112a which 1is eccentric from the center thereof. The
drive cam portion 1l2a is engaged with a follower cam
portion 133 formed on the spring plate 101. The follower
cam portion 133 is formed of an oval hole which extends
in the radial direction R connecting the center of the
bolt 111 and the center of the bolt 112, namely in &
direction perpendicular to the circumference G.

The bolt 113 is a reinforcement bolt. The bolt 113
passes through circular holes formed on the first arm
portion 91 and the second arm portion 92. In addition,
as shown in the figure, the bolt 113 passes through an
oval hole 134 which extends in the direction of the

circumference G of the spring plate 10l1. Thus, while the
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nuts 121, 122, and 123 which are thread onto the three
bolts 111, 112, and 113 are being loosened, when the nut
112 as the cam Gthread member 1s rotatec, a proximal
portion of the spring plate 101 connected to the torsion
bar 102 vertically deforms ebout the bolt 11ll. Thus, as
shown in Fig. 16, the spring plate 101 vertically rotates
about the bolt 111 for an angle §&1. Therefore, the
proximal portion of the spring plate 101 wvertically
deforms about the ball joint 63 for an angle (2. The
ball joint 93 wvertically celorms against the bodyv.
Therefore, the height of the body is adjustec. After an
automobile has been assembled, when the wheel alignment
is performed, the height of the body can be adjusted. By
tightening the nuts, the adjustment is completed. The
bolt 112 and the bolt 113 may be wused £for the
reinforcement bolt and the cam thread member,
respectively.

Figs. 18A, 18B, and 18C show a principal portion of
a suspension system having a wheel «caster angle
adjustment mechanism. A bolt 111 and a nut 121 which 1is
thread thereto construct a cam +thread member which
tightens a first arm portion 91, a second arm'portion 92,
and a spring plate 101. The bolt 111 haé a drive cam
portion 1llla which is eccentric to the center thereof.
The second arm portion 92 has two follower cam portions
135 which are engaged with the drive cam portion 1lla.
The follower cam portions 1135 are opposed in a
substantially lateral direction of a body. Two bolts 112
and 113, which are disposed in parallel with the cam
thread member 111, and nuts 122 and 123 which are thread
thereto construct & tightening thread member. The bolts
112 and 113 pass through oval holes 132 and 132a formed
on the second arm portion 92. The oval holes 132 and
132a extend in the substantially lateral direction of the
body. The bolts 112 and 113 are fit to circular holes
formed on the first arm portion 91 and the spring plate
101, respectively. Thus, while the three bolts 111 to

|
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113 are being locsened, when the bolt 111 as the cam
threac member is rotated, the position of the seconé arm
portion 92 to the first arm portion 91 in the lateral
direction of the bocdy varies as shown by arrow Y of Fig.
15. In the figure, the positions of the center O; of the

first pivot portion 95 and the center O, of the second

pivot portion S7 against the body do not change. Thus,
the front end portion of the first arm portion $1, namelvy
the position of the ball Jecint 93, moves 1in the
substantizlly lcngitudinal direction X of the body. As a
result, the caster angle of the wheel 1s adjusted. After

this adjustment is completed, the nuts are tightened.

Figs. 192 and 19B show & principal portion of a
suspension system having a wheel camber angle adjustment
mechanism. The figures show a portion where a jeint
holder 94, first and second arm portions 91 and 92, and a
spring plate 101 are connected to each other. These
portions are connected by a cam thread member which 1is
constructed of a bolt 111 and a nut 121 thread thereto.
The bolt 111 has a drive cam portion 1ilb which is
eccentric to the center thereof. The drive cam portion
111b is formed on a Jjoint holder 94. The drive cam
portion 1lllb passes through a follower cam portion 136
which is an oval hole extending in the substantially
vertical direction of the body.

On the other hand, bolts 115 to 117 extend in a
direction nearly perpendicular to the bolt 111, namely in
the substantially vertical directicon of the body. The
bolts 115 and 117 and nuts 125 to 127 which are thread
thereto constitute a tightening thread member. The bolts
115 to 117 pass through oval holes 137 to 139 formed on
the joint holder 94. The oval hecles 137 to 139 extend in
the lateral direction of the body. Thus, while the nuts
121 and 125 to 127 are being loosened, when the bolt 111
as the cam thread member is rotated, the drive cam
portion 1lllb and the follower cam portion 136 are engaged

with each other. Thus, the joint holder 94 deforms 1in

f
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the substantially lateral direction cf the body. As a
result, the camber angle of the whesl can be adjusted.

Thereafter, by tightening all the nuts, the adjustment is

n the embodiment shown in Figs. 182 and 193, the
follower cam portion 136 is formed cn the joint holder
g4. However, the follower cam porticn 136 may be formed
on the first arm portion 91, the seccnd arm portion 92,
and the spring plate 101. 2t this peoint, the follower
cam pcrtion 66 1is encaged with the dcrive cam porticn

11lb. In this case, the Jjoint holcder ¢4 is fit to

v

portion which 1s not eccentric to the bolt 1ll1. As the
bolt 111 is rotated, the joint holder $4 cdeforms in the
lateral direction of the bodv acainst the £irst arm
portion 91. Thus, the camber angle oI the wheel can be
aajusted.

rigs. 20A, 208, %OC, and 20D show a principal
portion of a suspension system having a mechanism which
can adjust the overall body height, caster angle and
camber angle of a wheel. A first arm portion 81, &
second arm portion 92, a spring plate 101, and a jbint
holder 98¢ are connected to each other by a first cam
thread member. The first cam thread ‘member is
constructed of a bolt 111 and a nut 121 which is threaded
thereto. The bolt 111 extends in a substantially
longitudinal direction of a body. On a circumference G
with the same radius of curvature from the center of the
bolt 111, two bolts 112 and 113 are mounted nearly in
parallel with the bolt 111. By these bolts 112 and 113,
the first arm portion 91, the second arm portion 92, and
the spring plate 101 are tightened to each other.

A bolt 112 and a nut 122 which is threaded onto the
front end thereof construct a second cam thread member.
The bol:t 112 is fit to a circular hole 131 formed on the
first arm portion 91. As in the embodiment shown 1in
Figs. 17A, 17B, and 17C, the bolt 112 has & drive cam
portion 1l2a. The drive cam portion 112 is engaged with

f
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a follower cam portion 133 formed on the spring plate
101. As in the embodiment shown 1in Fig

17C, a2 reinforcement bolt 113 is fit to a circular hole
formed on the first arm portion S1. In addition, the
reinforcement bolt 113 passes through an oval hole 134
formed on the spring plate 101. In the mechanism shown
in Fig. 20, the construction of the spring plate 101 is
the same as that shown in Fig. 17. Thus, while the nuts
121, 122, ané 123 are being loosened, when the belt 111
is rotated, the body height can be adjustec.

The bolt 111 which constructs the first cam threec
member has a drive cam portion llla which is eccentric to
the center axis thereof as in the embodiment shown in
Fig. 18. On the second arm portion 92, two follower cam
portions 135 which are engaged with the drive cam portion
1lla are opposed: in the substantially lateral direction
of the body. Oon the second arm portion 92, as shown in
Fig. 20C, oval holes 132 and 132a which extend in the
substantially lateral direction of the body are formed.
The bolts 112 and 113 pass through the oval holes 132 anc
lé?a, respectively. Thus, while the three bolts 11l to
113 are being loosened, when the bolt 11l as the first
cam thread member is rotated, a front end portion of the
second arm portion 92 deforms in the substantially
lateral direction of the body against the first arm
portion 91 as in the embodiment shown in Fig. 18. Thus,
the caster angle of the wheel can be adjusted.

A bolt 115 is one of three bolts which connect the
joint holder 94 to the first arm portion S91. The bolt
115 and a nut 125 which is threaded thereto constitute a
third cam thread member. The bolt 115 has a drive cam
portion ll5a. The drive cam portion 1ll5a is £it to an
oval hole 137a formed on the joint holder 94. The oval
hole 137a extends 1in the substantially longitudinal
direction of the body. The other two bolts 116 and 117
are tightening bolts. The bolts 116 and 117 pass through

oval holes 138 an 139 which extend in the substantially
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ball joint 63 disposed at & front end portion of the
joint holder 94 deforms in the substantially lateral
direction of <the body. Thus, the camber ancle ci the
wheel can be adijusted.

After the body height, the caster ancle, anc the
camber angle have been adjusted, by tightening the bclts
and nuts, the adjustment is complatec.

Figs. 21A, 21B, and 21C show & principel portion of
2 suspension system having & mechanism which can acjust
both body height and camber angle of a wheel. A belt 41
extends in a substantially longitudinal direction of a
body and connects a first arm portion 91, =2 second arm
portion 92, and a spring plate 10l1. The boit 111 and a
nut 51 which is threaded thereto constitute a2 £irst cam
thread member. As in the embodiment shown in Fig. 17,
the first arm portion 91, the second arm porticn 92, and
the spring plate 101 are connected by a bolt 112 and a
tichtening bolt 113. The bclt 112 constitute a second
cam threaé member. As in the embodiment shown in Fig.
17, the bolt 112 has a drive cam portion 1llZ2a. The
spring plate 101 has an oval hole 63 as a follower cam
portion. Thus, while the three bolts 111 to 113 are
being loosened, when the bolt 112 as the second cam
thread member is rotated , +the body height can be
adjusted.

As in the embodiment shown in Fig. 19, the bolt 11l
as the first cam thread member has a drive cam porticn
111b which is eccentric to the center thereof. The drive

cam portion llla is fit to an oval hole 136 formed on &

joint holder 94. The oval hole 136 extends 1in a
substantially vertical direction of the body. The oval
hole 136 is a follower cam portion. As in the embodiment
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shown in Fig. 19, three bolts 115 to 117 which connect

the first arm portion 91 anc¢ the joint holder S4 pass

-

through oval holes 137 to 139 formed on the joint hclder

94. The oval holes 137 +to 139 extend 1in the

1

substantially laterel direction cf the body. Thus, while
the bolts 111 and 115 to 117 are being loocsened, when the
bolt 111 is rotated, the fjoint nholder 94 ceforms 1in the
lateral direction of the body. Therefore, as 1n the
embodiment shown in Fig. 19, the camber angle of the
wheel can be adjusted.

After the body height ané the camber angle cf cthe
wheel have been adjusted, all the bclts are tightened
with the nuts. Thus, the adjustment is completed. in
the embodiments shown in Figs. 20 and 21, as 1in the
embodiment shown in Fig. 17, the functlions of the bolts
ii2 and 113 may be reversely designated. In other words,
the bolt 112 and the bolt 113 may be used £for a
reinforcement bolt and a cam thread member, respectively.

Figs. 22A, 22B, and 22C show the construction of a
modification of the suspension system having the body
height adjustment mechanism shown in Fig. 17. In this
modification, two follower cam portions 1332 and 133a are
opposed on & circumference G. The two follower cam
portions 133a and 133a are disposed on a first arm
portion 91 through a bolt 112. The bolt 112 constructs a
cam thread member. A drive cam portion 1ll2a which 1is
engaged with the follower cam portions 133a and 1l33a is
disposed eccentrically from the center of the bolt 112.
As shown in Fig. 22C, a spring plate 101 has oval holes
134 and 134a on the circumference G. The bolts 112 and
113 pass through the oval holes 134 and 1l34a. Thus, when
the bolt 112 is rotated, the spring plate 101 is rotated
about the bolt 111 against the first arm portion 91 and
the second arm portion 9S2. In the suspension system of
this type, as in the embodiment shown in Fig. 17, the

body height can be adjusted.
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Figs. 23A, 238, and 23C show another modification of
the suspension system having the caster angle adjustment
mechanism shown in Fic. 18. In &this modification, e
first arm portion 91, a second arm portion 82, and a
spring plate 101 each have an oval hole 1352 as a
follower cam portion. A drive cam pertion 1llc which is
engaged with the follower cam portion 135a is disposed on
a bolt 11l1. The oval hole 135a as the £follower cam
portion extends in a substantially vertical cdirection of
the body as shown in Fig. 23A. Thus, wnen the beit 111
is rotated, the second arm portion §2 moves 1in &
substantially lateral direction of the body against the
first arm portion 91 and the spring plate 10l. As a
result, a front end portion of the first arm portion 91
moves in a substantially longitudinal direction ¥ of the
b5dy. Therefore, the caster angle can be adjusted.

In each modification of the third embodiment, the
orientations of all the bolts and nuts which are threaded
thereto can be reversely designated with respect to each
other. 1In cconsideration of the operability of tools for
use, the orientations of the'bdlts and the nuts may be

designated in any direction.

Reference is directed to co-pending Application No 9316853.2

which claims matter described in this application.
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CLAIMS:

1. A suspension system for automobile, having first and second
pivot portions on a body for supporting said suspension system
comprising: -

a suspension arm for supporting a wheel and having first and
second arm portions rotatably mounted on the first and second
pivot portions, one of said pivot portions being disposed
rearwardly of the other;

a torsion bar having one end connected to said body;

a spring plate having a proximal portion mounted on said
suspension arm, and a portion connected with the other end of
said torsion bar;

at least one tightening thread member arranged to connect
said first arm portion and second arm portion to said spring
plate;

a cam thread member arranged to connect said first arm
portion, said second arm portion and said spring plate and having
a drive cam portion being eccentric to a center of said cam
thread member;

one of said first arm portion and second arm portion having
at least one oval hole extending in a substantially 1lateral
direction of the body to receive said tightening thread member;
and

one of said first arm portion and said second arm portion
having a follower cam portion engaged with said drive cam portion
to cause said first arm portion and said second arm portion to
relatively displace in a lateral direction of the body by
rotating said cam thread member, so as to adjust a caster angle
of the wheel.
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