
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
1 

70
2 

77
1

B
1

��&�����������
(11) EP 1 702 771 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
11.05.2011 Bulletin 2011/19

(21) Application number: 06115903.4

(22) Date of filing: 04.03.2004

(51) Int Cl.:
B60G 17/015 (2006.01) B60G 17/016 (2006.01)

B60G 21/067 (2006.01)

(54) Suspension system of vehicle

Fahrzeugaufhängungssystem

Système de suspension pour véhicule

(84) Designated Contracting States: 
DE ES FR GB IT

(30) Priority: 12.03.2003 JP 2003066435

(43) Date of publication of application: 
20.09.2006 Bulletin 2006/38

(62) Document number(s) of the earlier application(s) in 
accordance with Art. 76 EPC: 
04717241.6 / 1 601 542

(73) Proprietor: Toyota Jidosha Kabushiki Kaisha
Toyota-shi, Aichi-ken, 471-8571 (JP)

(72) Inventor: Kasamatsu, Akira
Toyota-shi
Aichi 471-8571 (JP)

(74) Representative: TBK-Patent
Bavariaring 4-6
80336 München (DE)

(56) References cited:  
EP-A- 1 103 395 WO-A-01/21423
JP-A- 11 510 761 US-A- 3 970 327

•  "MONROE KSS, UN ANTIROULIS AUTONOME" 
REVUE TECHNIQUE AUTOMOBILE, ETAI. 
BOULOGNE-BILLANCOURT, FR, vol. 54, no. 620, 
SPECIAL, September 1999 (1999-09), page 48, 
XP000880722 ISSN: 0017-307X

• PATENT ABSTRACTS OF JAPAN vol. 2003, no. 
07, 3 July 2003 (2003-07-03) & JP 2003 080917 A 
(TOYOTA MOTOR CORP), 19 March 2003 
(2003-03-19)



EP 1 702 771 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] The present invention relates to a suspension
system according to the preamble of claim 1 for use in a
vehicle such that the suspension system is provided be-
tween a body and wheels (i.e., left and right front wheels
and left and right rear wheels) of the vehicle, and partic-
ularly to improvements of construction of the suspension
system.

BACKGROUND ART

[0002] EP-A-1 103 395 discloses a generic suspen-
sion system for use in a vehicle including a body, left and
right front wheels, and left and right rear wheels. The
system comprises a front-wheel-associated cylinder de-
vice which controls a relative displacement between the
left and right front wheels in upward and downward di-
rections, and which includes a housing and a piston fitted
in the housing to divide an inner room of the housing into
a first fluid chamber and a second fluid chamber; a rear-
wheel-associated cylinder device which controls a rela-
tive displacement between the left and right rear wheels
in the upward and downward directions, and which in-
cludes a housing and a piston fitted in the housing to
divide an inner room of the housing into a first fluid cham-
ber and a second fluid chamber which correspond to the
first and second fluid chambers of the front- wheel-asso-
ciated cylinder device, respectively; a first-chamber-as-
sociated passage which connects between the respec-
tive first fluid chambers of the front-wheel-associated and
rear-wheel-associated cylinder devices; a second-cham-
ber-associated passage which connects between the re-
spective second fluid chambers of the front-wheel-asso-
ciated and rear-wheel-associated cylinder devices; at
least one fluid accommodating device which is connected
to the first-chamber-associated passage at a first con-
nection point, and is connected to the second-chamber-
associated passage at a second connection point, and
which can accommodate an amount of a working fluid
present in the front-wheel-associated and rear-wheel-as-
sociated cylinder devices, the first-chamber-associated
passage including two portions on opposite sides of the
first connection point, respectively, the second-chamber-
associated passage including two portions on opposite
sides of the second connection point, respectively; a first-
chamber-associated valve device which is selectively
placed in a communication position to communicate the
respective first fluid chambers of the front-wheel-associ-
ated and rear-wheel-associated cylinder devices, with
each other, and a shut-off position to shut off the com-
munication between the respective first fluid chambers
through the valve; and a second-chamber-associated
valve device which is selectively placed in a communi-
cation position to communicate the respective second
fluid chambers of the front-wheel-associated and rear-

wheel-associated cylinder devices, with each other, and
a shut-off position to shut off the communication between
the respective second fluid chambers through the valve.
[0003] Further, there is known a suspension apparatus
for use in a vehicle such that the suspension apparatus
is provided between a body and four wheels of the vehi-
cle. An example of an improved suspension apparatus
is disclosed in, e.g., Japanese Patent Publication JP-A
11-510761.
[0004] The above-indicated Patent Publication dis-
closes a conventional suspension apparatus in which a
front-wheel-associated cylinder device and a rear-wheel-
associated cylinder device are associated with each oth-
er by a first-chamber-associated passage, a second-
chamber-associated passage, and a working fluid.
[0005] More specifically described, the front-wheel-as-
sociated cylinder device controls a relative displacement
between the left and right front wheels in upward and
downward directions of the body of the vehicle and, to
this end, includes a housing and a piston fitted in the
housing to divide an inner room of the housing into a first
(e.g., an upper) fluid chamber and a second (e.g., a lower)
fluid chamber.
[0006] Likewise, the rear-wheel-associated cylinder
device controls a relative displacement between the left
and right rear wheels in the upward and downward di-
rections of the vehicle body and, to this end, includes a
housing and a piston fitted in the housing to divide an
inner room of the housing into a first fluid chamber and
a second fluid chamber which correspond to the first and
second fluid chambers of the front-wheel-associated cyl-
inder device, respectively.
[0007] When the body of the vehicle rolls in one direc-
tion, respective pressures in the respective first fluid
chambers of the front-wheel-associated and rear-wheel-
associated cylinder devices change in a same direction,
i.e., increase, or decrease. Likewise, when the vehicle
body rolls in that direction, respective pressures in the
respective second fluid chambers of the two cylinder de-
vices change in a same direction, i.e., decrease, or in-
crease.
[0008] The first-chamber-associated passage con-
nects between the respective first fluid chambers of the
front-wheel-associated and rear-wheel-associated cylin-
der devices and, likewise, the second-chamber-associ-
ated passage connects between the respective second
fluid chambers of the two cylinder devices.
[0009] Thus, in the conventional suspension appara-
tus, the front-wheel-associated and rear-wheel-associ-
ated cylinder devices are connected to each other by the
two passages, and the thus obtained pressure circuit is
filled with the working fluid. The working fluid is preferably
provided by a liquid that is incompressible in its natural
state, but may be provided by a gas whose compressi-
bility is considerably low, such as high-pressure gas.
[0010] When respective pressures in the two cylinder
devices are substantially equal to each other, the working
fluid is restrained from flowing between the two cylinder
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devices. Consequently the working fluid behaves as a
rigid body, so that respective displacements of the re-
spective pistons of the two cylinder devices are both re-
strained. This leads to improving not only a rolling rigidity
of the vehicle body, but also a turning performance of the
vehicle and the driver’s steering feeling.
[0011] On the other hand, when respective pressures
in the two cylinder devices are not equal to each other,
the working fluid is allowed to flow between the two cyl-
inder devices. Consequently the working fluid behaves
as a soft body, so that the respective displacements of
the respective pistons of the two cylinder devices are
both allowed. This leads to improving articulation prop-
erties of the suspension apparatus, e.g., the property of
allowing each wheel to displace quickly to follow irregu-
larity of road surface, and the property of decreasing,
when one of the left-side front and rear wheels, or one
of the right-side front and rear wheels bounces, the
change of sum of respective tread loads of all the wheels,
or restraining the other wheel from bouncing. In addition,
this leads to improving not only the driver’s driving feel-
ings, e.g., feeling of "flatness" and/or "heaviness" of the
body when the vehicle is running, but also an off-road
running performance of the vehicle.
[0012] Thus, the conventional suspension apparatus
can automatically adjust the suspension properties of the
vehicle. However, generally, every industrial product is
desired to have a higher reliability.

DISCLOSURE OF THE INVENTION

[0013] It is an object of the present invention to further
develop a suspension system according to the preamble
of claim 1 for use in a vehicle such that a higher reliability
of the suspension system of the vehicle is ensured.
[0014] This object is achieved by a suspension system
for use in a vehicle having the features of claim 1.
[0015] Advantageous further developments-are de-
fined in the dependent claims.
[0016] In particular, this object may be achieved ac-
cording to any of the following modes of the present in-
vention in the form of a suspension system, each of which
is numbered like the appended claims and may depend
from the other mode or modes, where appropriate, to
indicate and clarify possible combinations of technical
features. It is, however, to be understood that the present
invention is not limited to the technical features or any
combinations thereof that will be described below for il-
lustrative purposes only. The following modes (1) to (17)
are illustrative examples, which are not claimed.

(1) A suspension system for use in a vehicle including
a body, left and right front wheels, and left and right
rear wheels, the system comprising:

a front-wheel-associated cylinder device which
controls a relative displacement between the left
and right front wheels in upward and downward

directions, and which includes a housing and a
piston fitted in the housing to divide an inner
room of the housing into a first fluid chamber
and a second fluid chamber;
a rear-wheel-associated cylinder device which
controls a relative displacement between the left
and right rear wheels in the upward and down-
ward directions, and which includes a housing
and a piston fitted in the housing to divide an
inner room of the housing into a first fluid cham-
ber and a second fluid chamber which corre-
spond to the first and second fluid chambers of
the front-wheel-associated cylinder device, re-
spectively;
a first-chamber-associated passage which con-
nects between the respective first fluid cham-
bers of the front-wheel-associated and rear-
wheel-associated cylinder devices;
a second-chamber-associated passage which
connects between the respective second fluid
chambers of the front-wheel-associated and
rear-wheel-associated cylinder devices;
at least one fluid accommodating device which
is connected to the first-chamber-associated
passage at a first connection point, and is con-
nected to the second-chamber-associated pas-
sage at a second connection point, and which
can accommodate an amount of a working fluid
present in the first-chamber-associated and
second-chamber-associated passages and the
front-wheel-associated and rear-wheel-associ-
ated cylinder devices, the first-chamber-associ-
ated passage including two portions located on
opposite sides of the first connection point, re-
spectively, the second-chamber-associated
passage including two portions located on op-
posite sides of the second connection point, re-
spectively;
a first-chamber-associated valve device which
is selectively placed in a communication position
to communicate the respective first fluid cham-
bers of the front-wheel-associated and rear-
wheel-associated cylinder devices, with each
other, and a shut-off position to shut off the com-
munication between said respective first fluid
chambers;
a second-chamber-associated valve device
which is selectively placed in a communication
position to communicate the respective second
fluid chambers of the front-wheel-associated
and rear-wheel-associated cylinder devices,
with each other, and a shut-off position to shut
off the communication between said respective
second fluid chambers; and
the first-chamber-associated valve device being
provided in one of the two portions of the first-
chamber-associated passage that is nearer
than the other portion to a first cylinder device
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as one of the fiont-wheel-associated and rear-
wheel-associated cylinder devices, the second-
chamber-associated valve device being provid-
ed in one of the two portions of the second-
chamber-associated passage that is nearer
than the other portion to a second cylinder de-
vice as the other of the front-wheel-associated
and rear-wheel-associated cylinder devices.
According to this mode (1), the suspension sys-
tem can be placed in a cylinder communication
state in which the respective first fluid chambers
of the front-wheel-associated cylinder device
and the rear-wheel-associated cylinder device
communicate with each other, and the respec-
tive second fluid chambers of the two cylinder
devices communicate with each other.
In the cylinder communication state, when a pair
of front and rear wheels of the vehicle that cor-
responds to one of left-hand and right-hand side
portions of the body (i.e., the left-side front and
rear wheels, or the right-side front and rear
wheels) displace in a same direction by a same
amount, respective pressures in the two first flu-
id chambers remain equal to each other, and
respective pressures in the two second fluid
chambers also remain equal to each other, so
that the working fluid is prevented from flowing
between the two first fluid chambers or between
the two second fluid chambers. Thus, respective
suspension rigidities of the same-side front and
rear wheels are both increased and, eventually,
those front and rear wheels are both restrained
from further displacing. That is, a rolling rigidity
of the body is increased.
In addition, in the cylinder communication state,
if a pair of same-side (i.e., left-side, or right-side)
front and rear wheels displace in different direc-
tions, or displace in a same direction but by dif-
ferent amounts, respective pressures in the two
first fluid chambers cannot remain equal to each
other and respective pressures in the two sec-
ond fluid chambers cannot remain equal to each
other, either, so that the working fluid flows be-
tween the two first fluid chambers and between
the two second fluid chambers. Thus, the re-
spective suspension rigidities of the same-side
front and rear wheels are both decreased and,
eventually, the front and rear wheels are both
allowed to displace further.
Generally, when the vehicle turns, the same-
side front and rear wheels displace in a same
direction, and the body tends to roll. Notwith-
standing, the suspension system according to
this mode (1) assures that the respective sus-
pension rigidities of the front and rear wheels
are both increased and accordingly the rolling
rigidity of the body is also increased. Thus, the
vehicle body can be effectively restrained from

rolling.
When the vehicle runs on a rough road surface,
the same-side front and rear wheels tend to dis-
place in different directions and/or by different
amounts. Against this tendency, the suspension
system according this mode (1) assures that the
respective suspension rigidities of the front and
rear wheels are both decreased and accordingly
respective articulation properties of the front and
rear wheels are improved.
However, when the vehicle turns, the same-side
front and rear wheels do not always displace in
a same direction and by a same amount. For
example, when the vehicle turns while being
subjected to a great centrifugal force, because
of its somewhat too short turning radius and/or
its somewhat too high running velocity, the
same-side front and rear wheels may tend to
displace in different manners (e.g., in different
directions and/or by different amounts).
When the vehicle turns with the great centrifugal
force, it is ideal to increase both the respective
suspension rigidities of the front and rear wheels
and thereby increase the rolling rigidity of the
body. However, when the same-side front and
rear wheels displace in the different manners,
the front and rear wheels are both allowed to
behave like when the vehicle runs on the rough
road surface, so that the rolling rigidity of the
body may not be increased.
Hence, when the vehicle turns with the great
centrifugal force, it is desirable to take a special
measure to increase, against the above-indicat-
ed tendency in which the same-side front and
rear wheels displace in the different manners,
the respective suspension rigidities of the front
and rear wheels and thereby increase the rolling
rigidity of the vehicle body.
As the above-indicated special measure, the
present suspension system employs the first-
chamber-associated valve device which is se-
lectively placed in the communication position
to communicate the respective first fluid cham-
bers of the front-wheel-associated and rear-
wheel-associated cylinder devices, with each
other, and the shut-off position to shut off the
communication between the respective first fluid
chambers; and the second-chamber-associat-
ed valve device which is selectively placed in
the communication position to communicate the
respective second fluid chambers of the front-
wheel-associated and rear-wheel-associated
cylinder devices, with each other, and the shut-
off position to shut off the communication be-
tween the respective second fluid chambers.
Therefore, in the present suspension system,
the respective first fluid chambers of the front-
wheel-associated and rear-wheel-associated
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cylinder devices can be selectively disconnect-
ed from each other; and the respective second
fluid chambers of the two cylinder devices can
be selectively disconnected from with each oth-
er.
Thus, in one example of the present suspension
system, when the vehicle runs and the same-
side front and rear wheels tend to displace in
different manners from each other, the front-
wheel-associated cylinder device and the rear-
wheel-associated cylinder device can be dis-
connected from each other, so that the respec-
tive suspension rigidities of the front and rear
wheels may both be increased and accordingly
the rolling rigidity of the vehicle body may also
be increased.
Meanwhile, the suspension system according
to this mode (1) is conceptually illustrated in Fig.
9. In the figure, the first-chamber-associated
valve device 400 is provided in one of the two
portions of the first-chamber- associated pas-
sage 402 that are located on opposite sides of
a connection point CP1, respectively, where the
first-chamber-associated passage 402 is con-
nected to a first fluid accommodating device
404, the one portion being nearer to the first cyl-
inder device 406 as one of the front-wheel-as-
sociated cylinder device 406 and the rear-
wheel-associated cylinder device 408. That is,
the first-chamber-associated valve device 400
is provided in the first-chamber-associated pas-
sage 402 connecting between the respective
first fluid chambers 416 of the front-wheel-asso-
ciated and rear-wheel-associated cylinder de-
vices 406, 408, such that the first-chamber-as-
sociated valve device 400 is located between
the first chamber 416 of the front-wheel-associ-
ated cylinder device 406 and the first fluid ac-
commodating device 404.
In addition, the second-chamber-associated
valve device 410 is provided in one of the two
portions of the second-chamber-associated
passage 412 that are located on opposite sides
of a connection point CP2, respectively, where
the second-chamber-associated passage 412
is connected to a second fluid accommodating
device 414, the one portion being nearer to the
second cylinder device 408 as the other of the
front-wheel-associated and rear-wheel-associ-
ated cylinder devices 406, 408. That is, the sec-
ond-chamber-associated valve device 410 is
provided in the second-chamber-associated
passage 412 connecting between the respec-
tive second fluid chambers 418 of the front-
wheel-associated and rear-wheel-associated
cylinder devices 406, 408, such that the second-
chamber-associated valve 410 is located be-
tween the second chamber 418 of the second-

wheel-associated cylinder device 408 and the
second fluid accommodating device 414.
Thus, the suspension system according to this
mode (1) has a first pressure circuit 420 con-
necting between the two first fluid chambers
416, 416, and a second pressure circuit 422 con-
necting between the two second fluid chambers
418, 418, and an overall pressure circuit of the
present suspension system has a layout in
which the first and second pressure circuits 420,
422 are point-symmetric with each other with
respect to their essential functions.
As far as the present application is concerned,
the term "point-symmetric" is not used, accord-
ing to its mathematical strict definition, with re-
spect to all elements (i.e., geometrical factors)
of the overall pressure circuit of the suspension
system. In fact, first, only such elements that
have essential functions are conceptually se-
lected from the overall pressure circuit of the
suspension system, and then the term "point-
symmetric" is applied to a conceptual layout (or
a conceptual positional relationship) in which the
thus selected elements are arranged.
Therefore, although the term "point-symmetric"
is used, the present invention should not be lim-
itedly construed such that that term is applied to
all elements of the actual overall pressure circuit
of the suspension system. Rather, the term
"point-symmetric" should be applied to only the
above-indicated conceptual layout in which the
elements having the essential functions are ar-
ranged. For example, according to the present
invention, it is not essentially required that re-
spective actual positions and/or sizes of the two
fluid accommodating devices 404, 414, the two
cylinder devices 406, 408, the two passages
402, 412, or other elements be strictly point-
symmetric with each other.
Fig. 12 conceptually shows a vehicle’s suspen-
sion system as one comparative example. An
overall pressure circuit of this comparative ex-
ample has a conceptual layout in which a first
pressure circuit 430 connecting between the two
first fluid chambers 416, 416, and a second pres-
sure circuit 432 connecting between the two sec-
ond fluid chambers 418, 418 are line-symmetric
with each other with respect to their essential
functions.
More specifically described, in this comparative
example, both the first-chamber-related valve
device 400 and the second-chamber-related
valve device 410 are connected to a same one
of the front-wheel-associated cylinder device
406 and the rear-wheel-associated cylinder de-
vice 408 (i.e., the front-wheel-associated cylin-
der device 406 in the specific example shown in
Fig. 12), directly, i.e., without via the connection
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points PC1, PC2 where the passages 402, 412
are connected to the fluid accommodating de-
vices 404, 414, respectively.
Therefore, if, in this comparative example, a first
failure mode in which the first-chamber-related
valve device 400 continues to contain or lock up
the working fluid in the first fluid chamber 416 of
the front-wheel-associated cylinder device 406,
and a second failure mode in which the second-
chamber-related valve device 410 continues to
contain or lock up the working fluid in the second
fluid chamber 418 of the front-wheel-associated
cylinder device 406 simultaneously occurs, a
piston 440 cannot move in either direction in the
cylinder device 406.
In contrast, in the suspension system according
to this mode (1), exemplified as shown in Fig. 9,
one 416 of the first and second fluid chambers
416, 418 of one 406 of the two cylinder devices
406, 408 is connected to one 400 of the two valve
devices 400, 410, directly, i.e., without via one
PC1 of the connection points PC1, PC2 where
the passages 402, 412 are connected to the fluid
accommodating devices 404, 414, respectively,
and the other 418 of the first and second fluid
chambers 416, 418 of the one cylinder device
406 is connected to the other 410 of the two
valve devices 400, 410, indirectly, i.e., via the
other PC2 of the connection points PC1, PC2;
and one 416 of the first and second fluid cham-
bers 416, 418 of the other cylinder device 408
is connected to the one 400 of the two valve
devices 400, 410, indirectly, i.e., via the one PC1
of the connection points PC1, PC2, and the other
418 of the first and second fluid chambers 416,
418 of the other cylinder device 408 is connected
to the other 410 of the two valve devices 400,
410, directly, i.e., without via the other PC2 of
the connection points PC1, PC2.
Therefore, in the suspension system according
to this mode (1), one of the first and second fluid
chambers of each of the two cylinder devices is
connected to one of the two valve devices in
such a state in which the one fluid chamber com-
municates with one of the two fluid accommo-
dating devices.
If, in the present suspension system, the above-
indicated first and second failure modes simul-
taneously occur, the piston 440 can move in one
of the opposite directions in each of the two cyl-
inder devices 406, 408.
Thus, even if the above-indicated serious event
might occur to the present suspension system,
the highest pressure in each of the two cylinder
devices is not increased so high as that in the
comparative example shown in Fig. 12. Thus,
the reliability of the present suspension system
is improved.

According to this mode (1), each of the first-
chamber-associated valve device and the sec-
ond-chamber-associated valve device may be
essentially provided by either a single valve or
a combination of two or more valves.
In addition, according to this mode (1), each of
the above-indicated two valve devices may be
constructed to include either a movable element
or a stationary element. One or more solenoid
valves is or are one example of the former con-
struction, and one or more mechanical valves is
or are another example of the former construc-
tion; and one or more flow restrictors is or are
one example of the latter construction.
Moreover, according to this mode (1), each of
the above-indicated two valve devices is just re-
quired to be connected to one of the two fluid
chambers of one of the two cylinder devices,
such that the each valve device is located be-
tween the one fluid chamber of the one cylinder
device and the at least one fluid accommodating
device. Therefore, it is not essentially required
that each valve device be connected to the cor-
responding fluid chamber via a passage having
a substantial length. That is, each valve device
may be directly attached to the corresponding
fluid chamber.
In addition, according to this mode (1), the sus-
pension system may employ one or more com-
mon front-wheel-associated cylinder devices
that is or are commonly associated with the left
and right front wheels, or two groups of individual
front-wheel-associated cylinder devices that are
associated with the two front wheels, respec-
tively. In the former case, for example, a single
common cylinder device may be commonly as-
sociated with the two front wheels; and, in the
latter case, for example, two individual cylinder
devices may be associated with the two front
wheels, respectively. This construction is also
true with the rear-wheel-associated cylinder de-
vice or devices of the suspension system ac-
cording to this mode (1).
According to this mode (1), the suspension sys-
tem may employ one or more fluid accommo-
dating devices which, or each of which, can ac-
commodate an amount of the working fluid un-
der pressure.
According to this mode (1), the suspension sys-
tem may employ the two cylinder devices each
of which includes a housing having a bottom
wall, a piston fitted in the housing, and a piston
rod extending from one of opposite surfaces of
the piston and projecting outward through an op-
posite wall of the housing that is opposite to the
bottom wall thereof. In this case, the housing
may be attached to a portion of the vehicle that
is located on the side of the body, and the piston
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rod may be attached to a portion of the vehicle
that is located on the side of the wheels. How-
ever, conversely, the housing may be attached
to the side of the wheels, and the piston rod may
be attached to the side of the body

(2) The system according to the mode (1),
wherein a conversion rate at which an amount of
change of a volume of the first fluid chamber of the
front-wheel-associated cylinder device is converted
into an amount of displacement of a piston of the
front-wheel-associated cylinder device, is smaller
than a conversion rate at which an amount of change
of a volume of the second fluid chamber of the front-
wheel-associated cylinder device is converted into
an amount of displacement of the piston of the front-
wheel-associated cylinder device, and
wherein the first cylinder device comprises the front-
wheel-associated cylinder device, so that the first-
chamber-associated valve device is provided in said
one portion of the first-chamber-associated passage
that is nearer to the front-wheel-associated cylinder
device.
In the suspension system according to the above-
described mode (1), one of the two fluid chambers
of each of the two cylinder devices is connected to
one of the two valve devices, directly, i.e., without
via either of the two connection points where the two
passages are connected to the at least one fluid ac-
commodating device.
If, in the above-indicated one fluid chamber of each
cylinder device that is connected to the one valve
device without via any of the connection points, the
working fluid is locked up by the one valve device,
and if, in this state, the temperature of the working
fluid in the one fluid chamber increases, the working
fluid thermally expands, and accordingly the volume
of the fluid increases.
In the case where each cylinder device and the cor-
responding valve device are connected to each other
via a passage having a substantial length, the work-
ing fluid present in that passage also thermally ex-
pands. In this case, therefore, the sum of respective
increase amounts of the respective volumes of not
only the working fluid in the one fluid chamber but
also the working fluid in that passage is taken into
consideration.
Thus, in each cylinder device, the piston is displaced
by an amount corresponding to the increase amount
of volume of the working fluid in the one fluid cham-
ber. This causes some displacement of the corre-
sponding wheel and, eventually, some inclination of
the vehicle body More specifically described, an ac-
tual neutral position of the piston is deviated from a
nominal neutral position thereof.
Meanwhile, regarding a cylinder device in which a
conversion rate at which an amount of change of
volume of the first fluid chamber thereof is converted

into an amount of displacement of the piston thereof
is smaller than a conversion rate at which an amount
of change of volume of the second fluid chamber
thereof is converted into an amount of displacement
of the piston thereof, it is known that the amount of
displacement of the piston, i.e., the amount of dis-
placement of the wheel or the amount of inclination
of the body, caused by a certain amount of change
of volume of the first fluid chamber, is smaller than
that caused by the same amount of change of volume
of the second fluid chamber.
Based on the above-explained knowledge, in the
suspension system according to this mode (2), the
front-wheel-associated cylinder device is construct-
ed such that a conversion rate (i.e., a volume-stroke
conversion rate) at which an amount of change of
volume of the first fluid chamber thereof is converted
into an amount of displacement of the piston thereof
is smaller than a conversion rate (i.e., a volume-
stroke conversion rate) at which an amount of
change of volume of the second fluid chamber there-
of is converted into an amount of displacement of
the piston thereof, and the first cylinder device com-
prises the front-wheel-associated cylinder device.
Therefore, in the present suspension system, the
first fluid chamber of the first cylinder device that is
connected to the first-chamber-associated valve de-
vice, directly, i.e., without via the connection point
where the first-chamber-associated passage is con-
nected to the at least one fluid accommodating de-
vice is provided by one of the first and second fluid
chambers of the front-wheel-associated cylinder de-
vice that has the smaller volume-stroke conversion
rate, i.e., whose volume change results in the smaller
stroke of the piston, that is, the first fluid chamber of
the front-wheel-associated cylinder device.
Therefore, even if the working fluid may be acciden-
tally contained or locked up in the first fluid chamber
of the front-wheel-associated cylinder device, the
present suspension system can minimize the
amount of deviation of the neutral position of the pis-
ton and, eventually, the amount of displacement of
the front wheel or wheels or the amount of inclination
of the vehicle body.
(3) The system according to the mode (1),
wherein a conversion rate at which an amount of
change of a volume of the first fluid chamber of the
rear-wheel-associated cylinder device is converted
into an amount of displacement of a piston of the
rear-wheel-associated cylinder device, is smaller
than a conversion rate at which an amount of change
of a volume of the second fluid chamber of the rear-
wheel-associated cylinder device is converted into
an amount of displacement of the piston of the rear-
wheel-associated cylinder device, and
wherein the first cylinder device comprises the rear-
wheel-associated cylinder device, so that the first-
chamber-associated valve device is provided in said
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one portion of the first-chamber-associated passage
that is nearer to the rear-wheel-associated cylinder
device.
In the suspension system according to this mode (3),
the rear-wheel-associated cylinder device is con-
structed such that a conversion rate (i.e., a volume-
stroke conversion rate) at which an amount of
change of volume of the first fluid chamber thereof
is converted into an amount of displacement of the
piston thereof is smaller than a conversion rate (i.e.,
a volume-stroke conversion rate) at which an amount
of change of volume of the second fluid chamber
thereof is converted into an amount of displacement
of the piston thereof, and the first cylinder device
comprises the rear-wheel-associated cylinder de-
vice.
Therefore, in the present suspension system, the
first fluid chamber of the first cylinder device that is
connected to the first-chamber-associated valve de-
vice directly, i.e., without via the connection point
where the first-chamber-associated passage is con-
nected to the at least one fluid accommodating de-
vice is provided by one of the first and second fluid
chambers of the rear-wheel-associated cylinder de-
vice that has the smaller volume-stroke conversion
rate, i.e., whose volume change results in the smaller
stroke of the piston, that is, the first fluid chamber of
the rear-wheel-associated cylinder device.
Therefore, even if the working fluid may be acciden-
tally locked up in the second fluid chamber of the
rear-wheel-associated cylinder device, the present
suspension system can minimize the amount of de-
viation of the neutral position of the piston and, even-
tually; the amount of displacement of the rear wheel
or wheels or the amount of inclination of the vehicle
body.
(4) The system according to any of the modes (1) to
(3), further comprising:

a first-chamber-associated bypass passage
which communicates the respective first fluid
chambers of the front-wheel-associated and
rear-wheel-associated cylinder devices, with
each other, while substantially bypassing the
first-chamber-associated valve device; and
a second-chamber-associated bypass passage
which communicates the respective second flu-
id chambers of the front-wheel-associated and
rear-wheel-associated cylinder devices, with
each other, while substantially bypassing the
second-chamber-associated valve device.

In the suspension system according to any of the
above-described modes (1) to (3), if the first-cham-
ber-associated valve device locks up the working flu-
id in one of the respective first fluid chambers of the
front-wheel-associated and rear-wheel-associated
cylinder devices that is connected to the first-cham-

ber-associated valve device, directly, i.e., without via
the connection point where the first-chamber-asso-
ciated passage is connected to the at least one fluid
accommodating device, that is, the first fluid cham-
ber of the first cylinder device, then some increase
of the volume of the working fluid in the first fluid
chamber of the first cylinder device results in some
displacement of the corresponding wheel or wheels
or some inclination of the vehicle body.
In addition, in the suspension system according to
any of the modes (1) to (3), if the second-chamber-
associated valve device locks up the working fluid in
one of the respective second fluid chambers of the
front-wheel-associated and rear-wheel-associated
cylinder devices that is connected to the second-
chamber-associated valve device, directly, i.e., with-
out via the connection point where the second-cham-
ber-associated passage is connected to the fluid ac-
commodating device, that is, the second fluid cham-
ber of the second cylinder device, then some in-
crease of the volume of the working fluid in the sec-
ond fluid chamber of the second cylinder device re-
sults in some displacement of the corresponding
wheel or wheels or some inclination of the vehicle
body.
In contrast, the suspension system according to this
mode (4) employs the first-chamber-associated by-
pass passage which communicates the respective
first fluid chambers of the front-wheel-associated
and rear-wheel-associated cylinder devices, with
each other, while substantially bypassing the first-
chamber-associated valve device; and the second-
chamber-associated bypass passage which com-
municates the respective second fluid chambers of
the front-wheel-associated and rear-wheel-associ-
ated cylinder devices, with each other, while sub-
stantially bypassing the second-chamber-associat-
ed valve device.
Therefore, in the present suspension system, al-
though the first-chamber-associated and second-
chamber-associated valve devices are provided be-
tween the front-wheel-associated and rear-wheel-
associated cylinder devices, the working fluid can
flow between the two cylinder devices.
Thus, the present suspension system can prevent
the vehicle body from being accidentally inclined so
largely.
In this connection, it is noted that the technical fea-
ture according to this mode (4) can be embodied
independent of the technical feature according to the
mode (1).
(5) The system according to the mode (4), further
comprising:

a first flow restrictor which is provided in the first-
chamber-associated bypass passage and re-
stricts a flow of the working fluid in the first-cham-
ber-associated bypass passage; and
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a second flow restrictor which is provided in the
second-chamber-associated bypass passage
and restricts a flow of the working fluid in the
second-chamber-associated bypass passage.

In the suspension system according to the above-
described mode (4), the first-chamber-associated
and second-chamber-associated bypass passages
are provided between the
front-wheel-associated and rear-wheel-associated
cylinder devices, so that the two bypass passages
may so operate as to disable the respective functions
of the first-chamber-associated and second-cham-
ber-associated valve devices.
In contrast, the suspension system according to this
mode (5) employs the first flow restrictor which is
provided in the first-chamber-associated bypass
passage and restricts the flow of the working fluid in
the first-chamber-associated bypass passage; and
the second flow restrictor which is provided in the
second-chamber-associated bypass passage and
restricts the flow of the working fluid in the second-
chamber-associated bypass passage. The flow re-
sistance of each flow restrictor increases as the ve-
locity at which the working fluid flows between the
two cylinder devices increases.
Therefore, in the present suspension system, de-
pending upon the velocity at which the working fluid
flows between the front-wheel-associated and rear-
wheel-associated cylinder devices, one, or both, of
the first and second flow restrictors disables, or dis-
able, the function, or the respective functions, of a
corresponding one, or both, of the first-chamber-as-
sociated and second-chamber-associated bypass
passages, and thereby enables, or enable, again the
function, or the respective functions, of a corre-
sponding one, or both, of the two cylinder devices.
(6) The system according to any of the modes (1) to
(5), wherein said at least one fluid accommodating
device comprises:

at least one accumulator which can accommo-
date the amount of the working fluid present in
the first-chamber-associated and second-
chamber-associated passages and the front-
wheel-associated and rear-wheel-associated
cylinder devices; and
at least one accumulator-associated valve
which is selectively placed in a communication
position to communicate said at least one accu-
mulator with the first-chamber-associated and
second-chamber-associated passages, and in
a shut-off position to shut off the communication
between said at least one accumulator and the
first-chamber-associated and second-cham-
ber-associated passages.

Regarding a pressure circuit in which the front-

wheel-associated and rear-wheel-associated cylin-
der devices are connected to each other via the first-
chamber-associated and second-chamber-associ-
ated passages and those two cylinder devices and
those two passages are filled with the working fluid,
it is desirable not to connect the pressure circuit to
any additional elastic, pressure-applying elements.
However, the working fluid filling the pressure circuit
may thermally expand. Hence, in the case where it
is allowable to connect the pressure circuit to one or
more additional pressure-applying elements, it is de-
sirable to connect the pressure circuit to one or more
elements which can accommodate an amount of the
working fluid that is increased by its thermal expan-
sion, and thereby compensate for the thermal ex-
pansion of the working fluid.
Based on the above-explained knowledge, the sus-
pension system according to this mode (6) employs
the at least one fluid accommodating device which
includes at least one accumulator which can accom-
modate an amount of the working fluid, and at least
one accumulator-associated valve which is selec-
tively placed in a communication position to commu-
nicate the at least one accumulator with at least one
of the first-chamber-associated and second-cham-
ber-associated passages, and in a shut-off position
to shut off the communication.
The above-indicated accumulator-associated valve
may be constructed to include either a movable el-
ement or a stationary element. One or more solenoid
valves is or are one example of the former construc-
tion, and one or more mechanical valves is or are
another example of the former construction; and one
or more flow restrictors is or are one example of the
latter construction.
(7) The system according to the mode (6), further
comprising at least one relief passage which relieves
the amount of the working fluid from the first-cham-
ber-associated and second-chamber-associated
passages into said at least one accumulator, while
substantially bypassing said at least one accumula-
tor-associated valve.
In a failure mode in which the accumulator-associ-
ated valve contains or locks up the working fluid in
the pressure circuit in which the front-wheel-associ-
ated and rear-wheel-associated cylinder devices are
connected to each other via the first-chamber-asso-
ciated and second-chamber-associated passages,
if the working fluid in either one of the two cylinder
devices thermal expands, the each cylinder device
may be subjected to a greater load than a nominal
load.
However, the suspension system according to this
mode (7) employs the at least one relief passage
which relieves an amount of the working fluid from
the first-chamber-associated and second-chamber-
associated passages into the at least one accumu-
lator, while substantially bypassing the at least one
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accumulator-associated valve.
Therefore, in the present suspension system, even
if the accumulator-associated valve may be in dis-
order, the accumulator can accommodate the in-
creased amount of the working fluid.
In this connection, it is noted that the technical fea-
ture according to this mode (7) can be embodied
independent of the technical feature according to the
mode (1).
(8) The system according to the mode (7), further
comprising at least one relief valve which is provided
in said at least one relief passage and which is
opened when a pressure of the working fluid present
in the first-chamber-associated and second-cham-
ber-associated passages exceeds a reference val-
ue, so that the amount of the working fluid flows from
the first-chamber-associated and second-chamber-
associated passages into said at least one accumu-
lator, while substantially bypassing said at least one
accumulator-associated valve.
In the suspension system according to the above-
described mode (7), the relief passage is provided
between the accumulator and the first-chamber-as-
sociated and second-chamber-associated passag-
es, so that the relief passage may disable the func-
tion of the accumulator-associated valve.
In contrast, the suspension system according to this
mode (8) employs the at least one relief valve which
is provided in the at least one relief passage and
which is opened when a pressure of the working fluid
present in the first-chamber-associated and second-
chamber-associated passages exceeds a reference
value.
Therefore, in the present suspension system, the
function of the relief passage is selectively disabled,
depending upon the pressure of the working fluid in
the first-chamber-associated and second-chamber-
associated passages, so that the proper function of
the accumulator-associated valve may be restored.
(9) The system according to any of the modes (6) to
(8), wherein said at least one accumulator-associat-
ed valve is normally placed in the communication
position.
In the suspension system according to this mode (9),
the accumulator-associated valve is normally placed
in the communication position to communicate the
first-chamber-associated and second-chamber-as-
sociated passages with the accumulator. Thus,
when the present suspension system is not in use,
the working fluid can flow between the two passages
and the accumulator. Therefore, if the volume of the
working fluid in each of the front-wheel-associated
and rear-wheel-associated cylinder devices chang-
es when the suspension system is not in use, an
amount of the working fluid can flow into, or out of,
the each cylinder device so as to compensate of the
change of the volume of the working fluid.
(10) The system according to any of the modes (6)

to (9), comprising two said accumulator-associated
valves which are associated with the first-chamber-
associated and second-chamber-associated pas-
sages, respectively.
(11) The system according to the mode (10), com-
prising two said accumulators (200) which are asso-
ciated with the first-chamber-associated and sec-
ond-chamber-associated passages, respectively.
(12) The system according to any of the modes (6)
to (9), wherein said one accumulator-associated
valve is commonly associated with the first-cham-
ber-associated and second-chamber-associated
passages.
(13) The system according to the mode (12),
wherein said one accumulator is commonly associ-
ated with the first-chamber-associated and second-
chamber-associated passages.
(14) The system according to any of the modes (1)
to (13), wherein the first-chamber-associated valve
device comprises a first-chamber-associated me-
chanical valve which is mechanically switched be-
tween a communication position to communicate the
respective first fluid chambers of the front-wheel-as-
sociated and rear-wheel-associated cylinder devic-
es, with each other, and a shut-off position to shut
off the communication between said respective first
fluid chambers, with a first cylinder pressure based
on respective pressures of the respective working
fluids in said respective first chambers, and the sec-
ond-chamber-associated valve device comprises a
second-chamber-associated mechanical valve
which is mechanically switched between a commu-
nication position to communicate the respective sec-
ond fluid chambers of the front-wheel-associated
and rear-wheel-associated cylinder devices, with
each other, and a shut-off position to shut off the
communication between said respective second flu-
id chambers, with a second cylinder pressure based
on respective pressures of the respective working
fluids in said respective second chambers.
In the suspension system according to any of the
above-described modes (1) to (13), each of the first-
chamber-associated and second-chamber-associ-
ated valve devices may comprise one or more sole-
noid valves.
In contrast, in the suspension system according to
this mode (14), each of the first-chamber-associated
and second-chamber-associated valve devices
comprises the mechanical valve which is mechani-
cally switched between the communication position
to communicate the respective first or second fluid
chambers of the front-wheel-associated and rear-
wheel-associated cylinder devices, with each other,
and the shut-off position to shut off the communica-
tion, with the cylinder pressure based on the respec-
tive pressures of the respective working fluids in the
respective first or second chambers.
(15) The system according to the mode (14),
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wherein each of the first-chamber-associated me-
chanical valve and the second-chamber-associated
mechanical valve is normally placed in the commu-
nication position thereof and, when a corresponding
one of the first and second cylinder pressures ex-
ceeds a reference value, the each mechanical is
switched from the communication position to the
shut-off position.
The more strongly the vehicle turns, the great cen-
trifugal force and, eventually, the greater rolling mo-
ment the body of the vehicle is subjected to. The
rolling moment causes the respective fluid pressures
in the first or second fluid chambers to increase, such
that the greater the rolling moment is, the higher the
fluid pressures are. Meanwhile, the greater the roll-
ing moment is, the greater the need to increase the
rolling rigidity of the body is.
Based on the above-explained knowledge, the
present suspension system is operated such that
each of the two mechanical valves is normally placed
in the communication position and, when the corre-
sponding cylinder pressures exceed the reference
value, the each mechanical is switched from the
communication position to the shut-off position.
Therefore, in the present suspension system, each
of the two mechanical valves is selectively switched
to the communication position and the shut-off posi-
tion, depending upon the corresponding cylinder
pressure.
(16) The system according to the mode (15),
wherein said each of the first-chamber-associated
mechanical valve and the second-chamber-associ-
ated mechanical valve comprises:

a housing;
a valve portion including a valve member and a
valve seat which comprise a first movable mem-
ber;
a second movable member which is movable
with the first movable member and which is fitted
in the housing to divide an inner room of the
housing into a first room on the side of the valve
portion and a second room opposite to the first
room; and
a biasing device which biases the second mov-
able member in a direction in which the valve
member is moved away from the valve seat.

(17) The system according to the mode (16),
wherein the working fluid comprises a working liquid,
wherein said at least one fluid accommodating de-
vice can accommodate an amount of the working
liquid, and
wherein the second room of said each mechanical
valve is connected to said at least one fluid accom-
modating device.
In the suspension system according to the above-
described mode (16), if the working fluid comprises

a working liquid and the fluid accommodating device
can accommodate an amount of the working liquid,
the working liquid may leak, in the housing of each
mechanical valve, from the first room (i.e., liquid
chamber) on the side of the valve portion into the
second room opposite to the first room, via a clear-
ance provided between the housing and the second
movable member fitted in the housing.
In contrast, in the suspension system according to
this mode (17), the second room of each mechanical
valve is connected to the fluid accommodating de-
vice.
Therefore, in the present suspension system, the flu-
id accommodating device can capture an amount of
the working fluid that unexpectedly leaks from each
mechanical valve.
(18) A suspension system for use in a vehicle includ-
ing a body, left and right front wheels, and left and
right rear wheels, the system comprising:

a front-wheel-associated cylinder device which
controls a relative displacement between the left
and right front wheels in upward and downward
directions, and which includes a housing and a
piston fitted in the housing to divide an inner
room of the housing into a first fluid chamber
and a second fluid chamber;
a rear-wheel-associated cylinder device which
controls a relative displacement between the left
and right rear wheels in the upward and down-
ward directions, and which includes a housing
and a piston fitted in the housing to divide an
inner room of the housing into a first fluid cham-
ber and a second fluid chamber which corre-
spond to the first and second fluid chambers of
the front-wheel-associated cylinder device, re-
spectively;
a first-chamber-associated passage which con-
nects between the respective first fluid cham-
bers of the front-wheel-associated and rear-
wheel-associated cylinder devices;
a second-chamber-associated passage which
connects between the respective second fluid
chambers of the front-wheel-associated and
rear-wheel-associated cylinder devices;
at least one fluid accommodating device which
is connected to the first-chamber-associated
passage at a first connection point, and is con-
nected to the second-chamber-associated pas-
sage at a second connection point, and which
can accommodate an amount of a working fluid
present in the front-wheel-associated and rear-
wheel-associated cylinder devices, the first-
chamber-associated passage including two por-
tions on opposite sides of the first connection
point, respectively, the second-chamber-asso-
ciated passage including two portions on oppo-
site sides of the second connection point, re-

19 20 



EP 1 702 771 B1

12

5

10

15

20

25

30

35

40

45

50

55

spectively;
a first-chamber-associated valve device which
is selectively placed in a communication position
to communicate the respective first fluid cham-
bers of the front-wheel-associated and rear-
wheel-associated cylinder devices, with each
other, and a shut-off position to shut off the com-
munication between said respective first fluid
chambers;
a second-chamber-associated valve device
which is selectively placed in a communication
position to communicate the respective second
fluid chambers of the fiont-wheel-associated
and rear-wheel-associated cylinder devices,
with each other, and a shut-off position to shut
off the communication between said respective
second fluid chambers;
the first-chamber-associated valve device com-
prising a first-chamber-associated mechanical
valve which is mechanically switched between
a communication position to communicate the
respective first fluid chambers of the front-
wheel-associated and rear-wheel-associated
cylinder devices, with each other, and a shut-off
position to shut off the communication between
said respective first fluid chambers, with a first
cylinder pressure based on respective pres-
sures of respective working fluids in said respec-
tive first chambers; and
the second-chamber-associated valve device
comprising a second-chamber-associated me-
chanical valve which is mechanically switched
between a communication position to commu-
nicate the respective second fluid chambers of
the front-wheel-associated and rear-wheel-as-
sociated cylinder devices, with each other, and
a shut-off position to shut off the communication
between said respective second fluid chambers,
with a second cylinder pressure based on re-
spective pressures of respective working fluids
in said respective second chambers.

Like the suspension system according to the above-
described mode (14), the suspension system ac-
cording to this mode (18) employs the first-chamber-
associated and second-chamber-associated valve
devices each of which comprises the mechanical
valve which is mechanically switched between the
communication position to communicate the respec-
tive first or fluid chambers of the front-wheel-associ-
ated and rear-wheel-associated cylinder devices,
with each other, and the shut-off position to shut off
the communication, with the cylinder pressure based
on the respective pressures of the respective work-
ing fluids in the two first or second chambers.
(19) The system according to the mode (18),
wherein each of the first-chamber-associated me-
chanical valve and the second-chamber-associated

mechanical valve is normally placed in the commu-
nication position thereof and, when a corresponding
one of the first and second cylinder pressures ex-
ceeds a reference value, the each mechanical valve
is switched from the communication position to the
shut-off position.
Like the suspension system according to the above-
described mode (15), the suspension system ac-
cording to this mode (19) employs the two mechan-
ical valves each of which is selectively switched to
the communication position and the shut-off position,
depending upon the corresponding cylinder pres-
sure.
(20) The system according to the mode (19),
wherein said each of the first-chamber-associated
mechanical valve and the second-chamber-associ-
ated mechanical valve comprises:

a housing;
a valve portion including a valve member and a
valve seat which comprise a first movable mem-
ber;
a second movable member which is movable
with the first movable member and which is fitted
in the housing to divide an inner room of the
housing into a first room on the side of the valve
portion and a second room opposite to the first
room; and
a biasing device which biases the second mov-
able member in a direction in which the valve
member is moved away from the valve seat.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

Fig. 1 is a perspective view of a suspension system
as a first embodiment of the present invention;
Fig. 2 is a cross-sectioned, front elevation view of a
cylinder device of the system of Fig. 1;
Fig. 3 is a partly cross-sectioned, front elevation view
of a mechanical valve, a solenoid valve, and an ac-
cumulator of the system of Fig. 1;
Fig. 4 is a diagrammatic view for explaining concep-
tually a hardware construction of the system of Fig.
1, including two pressure circuits of the system;
Fig. 5 is a diagrammatic view for explaining concep-
tually a software construction of the system;
Fig. 6 is a flow chart for explaining conceptually a
valve control program which is implemented by a
computer shown in Fig. 5;
Fig. 7 is a diagrammatic view corresponding to Fig
4, for explaining conceptually a hardware construc-
tion of another suspension system as a second em-
bodiment of the present invention, including two
pressure circuits of the system;
Fig. 8 is a cross-sectioned, front elevation view cor-
responding to Fig 2, for showing another cylinder
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device of another suspension system as a third em-
bodiment of the present invention;
Fig. 9 is a diagrammatic view for explaining concep-
tually a pressure circuit of an example of a suspen-
sion system according to the present invention;
Fig. 10 is a diagrammatic view corresponding to Fig.
9, for explaining conceptually a pressure circuit of
another suspension system as a fourth embodiment
of the present invention;
Fig. 11 is a diagrammatic view corresponding to Fig.
9, for explaining conceptually a pressure circuit of
yet another suspension system as a fifth embodi-
ment of the present invention; and
Fig. 12 is a diagrammatic view corresponding to Fig.
9, for explaining conceptually a pressure circuit of a
suspension system as a comparative example.

BEST MODE FOR CARRYING OUT THE INVENTION

[0018] Hereinafter, there will be described in detail, by
reference to the drawings, some embodiments of the
present invention.
[0019] Fig. 1 shows a suspension system 20 as a first
embodiment of the present invention in a state in which
the suspension system 20 is in use in a vehicle in which
left and right front wheels 10, 10 and left and right rear
wheels 12, 12 are supported by a body, not shown, and
the suspension system 20 is provided between the
wheels 10, 12 and the vehicle body.
[0020] The vehicle body is connected via the suspen-
sion system 20 to the left and right front wheels 10, 10
and the left and right rear wheels 12, 12, such that the
body is displaceable relative to each of the wheels 10,
12. The suspension system 20 supports the left and right
front wheels 10, 10 via left and right lower arms 22, 22,
respectively, such’ that each of the front wheels 10 is
rockable relative to the body. In addition, the suspension
system 20 supports the left and right rear wheels 12, 12,
via a rear axle housing 26, such that each of the rear
wheels 12 is rockable relative to the body. The rear axle
housing 26 holds a rear axle, not shown, such that the
rear axle is rotatable together, and coaxially, with the rear
wheels 12, 12. The rear axle distributes, as well known
in the art, the drive torque of a drive shaft, not shown, to
the two rear wheels 12, 12 via a differential device 28.
[0021] The suspension system 20 includes a front sta-
bilizer bar 30 and a rear stabilizer bar 32. Each of the two
stabilizer bars 30, 32 extends in a widthwise direction of
the vehicle body, and connects between the correspond-
ing left and right wheels 10, 12, as well known in the art.
Each stabilizer bar 30, 32 includes a rod-like torsion por-
tion 36 which extends in the widthwise direction of the
body; and two arm portions 38, 38 which extend from
opposite ends of the torsion portion 36, such that the two
arm portions 38 are bent in a common plane. More spe-
cifically described, the two bent arm portions 38 of the
front stabilizer bar 30 extend toward the rear stabilizer
bar 32; and the two bent arm portions 38 of the rear sta-

bilizer bar 32 extend toward the front stabilizer bar 30.
[0022] Respective end portions of the two arm portions
38, 38 of the front stabilizer bar 30 are pivotally connected
to respective portions of the two lower arms 22, 22 that
are outward offset from the respective centers of rocking
thereof, as seen in the widthwise direction of the vehicle
body. On the other hand, respective end portions of the
two arm portions 38, 38 of the rear stabilizer bar 32 are
pivotally connected to the rear axle housing 26.
[0023] When the left and right front wheels 10, 10 tend
to move in opposite phases, respectively, the front sta-
bilizer bar 30 operates to increase a rolling rigidity of the
vehicle body. Likewise, when the left and right rear
wheels 12, 12 tend to move in opposite phases, respec-
tively, the rear stabilizer bar 32 operates to increase the
rolling rigidity of the body.
[0024] In a conventional suspension system, front and
rear stabilizer bars control the rolling rigidity of a vehicle
body, independent of each other. In contrast thereto, in
the present suspension system 20, the front and rear
stabilizer bars 30, 32 are mechanically associated with
each other, as will be described in detail below.
[0025] In the present suspension system 20, the front
stabilizer bar 30 is connected to the vehicle body, via two
portions of the torsion portion 36 that are distant from a
longitudinal or lengthwise centerline of the body in width-
wise opposite directions thereof, respectively. More spe-
cifically described, one of those two portions of the torsion
portion 36 is connected to the body via a connection rod
50 whose length is unchangeable; and the other portion
is connected to the body via a cylinder device 52 whose
length is changeable. The connection rod 50 and the cyl-
inder device 52 extend in a generally vertical direction.
[0026] Like the front stabilizer bar 30, the rear stabilizer
bar 32 is connected to the vehicle body, via two portions
of the torsion portion 36 that are distant from the length-
wise centerline of the body in the widthwise opposite di-
rections thereof, respectively. One of those two portions
of the torsion portion 36 is connected to the body via a
connection rod 60 whose length is unchangeable; and
the other portion is connected to the body via a cylinder
device 62 whose length is changeable. The connection
rod 60 and the cylinder device 62 extend in a generally
vertical direction.
[0027] In the present embodiment, the cylinder device
52 provides a front cylinder device; and the cylinder de-
vice 62 provides a rear cylinder device.
[0028] In the present embodiment, each of the two cyl-
inders 52, 62 connects a corresponding one of the two
stabilizer bars 30, 32 to the vehicle body, such that the
one stabilizer bar 30, 32 is displaceable relative to the
body However, the present invention may otherwise be
embodied such that each stabilizer bar 30, 32 is divided
into left and right portions, and each cylinder device 52,
62 is used to connect between the two portions such that
the two portions are displaceable relative to each other.
That is, according to the present invention, each of the
cylinder devices 52, 62 is just required to allow the relative
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displacement of the corresponding left and right wheels
10, 12 in the generally vertical direction.
[0029] In addition, according to the present invention,
each cylinder device 52, 62 is not essentially required to
connect the corresponding wheels 10, 12 to the body via
the corresponding stabilizer bar 30, 32. For example, the
present invention may be embodied such that each of
the front and rear wheels 10, 12 is associated with a
cylinder device which connects the each wheel to the
body via a member which is movable with the each wheel.
[0030] The front and rear cylinder devices 52, 62 have
an identical construction. Fig. 2 is a cross-sectional, front
elevation view of each cylinder device 52, 62. Each cyl-
inder device 52, 62 includes a hollow housing 70 whose
opposite ends are closed; and a piston 72 which is sub-
stantially liquid-tightly and slideably fitted in the housing
70. This fitting divides an inner space of the housing 70
into two chambers 74, 76. In the present embodiment,
each cylinder device 52, 62 is mounted on the vehicle
such that the each cylinder device 52, 62 extends in the
generally vertical direction. Hence, hereinafter, an upper
one 74 of the two chambers 74, 76 will be referred to as
the upper chamber 74; and the lower one will be referred
to as the lower chamber 76.
[0031] As shown in Fig. 2, a piston rod 80 extends from
one side of the piston 72, coaxially with the same 72, and
projects through the wall of the housing 70 into the at-
mosphere. In the present embodiment, the piston rod 80
extends downward from the lower surface of the piston
72 that faces the lower chamber 76. As shown in Fig. 1,
an end portion of the piston rod 80 is pivotally connected
to the corresponding stabilizer bar 30, 32. As shown in
Fig. 2, a fixed rod 84 extends, coaxially with the piston
rod 80, from one of the opposite ends of the housing 70
that is opposite to the other end thereof through which
the piston rod 80 projects into the atmosphere. In the
present embodiment, an end of the fixed rod 84 is pivot-
ally connected to the vehicle body, not shown (cf. Fig. 1).
[0032] As is apparent from the foregoing description,
each of the two stabilizer bars 30, 32 is connected, as
shown in Fig. 1, to the vehicle body, at one side portion
of the each bar via a corresponding one of the cylinder
devices 52, 62 and, at the other side portion of the each
bar via a corresponding one of the connection rods 50,
60. The front and rear cylinder devices 52, 62 are pro-
vided corresponding to a same side portion of the vehicle
body, i.e., a right-hand side portion of the body as seen
in Fig. 1.
[0033] Therefore, in the present embodiment, when
the right-hand side portion of the vehicle body tends to
roll downward, both the respective pistons 72 of the front
and rear cylinder devices 52, 62 move upward in the re-
spective housings 70, i.e., the respective piston rods 80
are retracted into the respective housings 70, so that re-
spective pressures in the respective upper chambers 74
of the cylinder devices 52, 62 increase.
[0034] In the present embodiment, the respective up-
per chambers 74 of the front and rear cylinder devices

52, 62 provide respective first chambers thereof; and the
respective lower chambers 76 of the two cylinder devices
52, 62 provide respective second chambers thereof.
[0035] As shown in Fig. 1, the respective upper cham-
bers 74 of the front and rear cylinder devices 52, 62 are
connected to each other via a first passage 90; and, like-
wise, the respective lower chambers 76 of the two cylin-
der devices 52, 62 are connected to each other via a
second passage 92. Thus, in the present embodiment,
the first passage 90 provides a first-chamber passage;
and the second passage 92 provides a second-chamber
passage.
[0036] As shown in Fig. 1, a first liquid pressure unit
100 is connected to an intermediate portion of the first
passage 90; and a second liquid pressure unit 102 is
connected to an intermediate portion of the second pas-
sage 92.
[0037] Fig. 3 is a cross-sectional, front elevation view
of the first liquid pressure unit 100. The pressure unit 100
includes a housing 110 having a stepped valve hole 112.
A valve-seat defining member 114 which defines a valve
seat 126, described later, is substantially liquid-tightly fit-
ted, and fixed, in the valve hole 112. A position of the
valve seat defining member 114 in an axial direction of
the pressure unit 100 is defined by a shoulder surface
116 of the stepped valve hole 112.
[0038] The valve seat defining member 114 has a
through-hole 122 that is coaxial with the member 114
itself, and defines the valve seat 126 around the through-
hole 122, such that the valve seat 126 faces a vacant
space 124 communicating with the through-hole 122. A
valve member 128 is provided in the vacant space 124,
and has such a shape which assures that the valve mem-
ber 128 can be seated on the valve seat 126. Thus, in
the present embodiment, the valve seat 126 and the valve
member 128 cooperate with each other to provide a valve
portion 132.
[0039] In addition, a plunger 134 is slideably fitted in
the valve hole 112, such that the plunger 134 is coaxially
opposed to the valve portion 132. One end portion of the
plunger 134 provides a valve opening portion 136; and
the other end portion of the same 134 provides a fitting
portion 138.
[0040] The valve opening portion 136 of the plunger
134 projects through the through-hole 122, and reaches
the valve member 128. In the present embodiment, the
valve opening portion 136 and the valve member 128 are
formed integrally with each other. When the valve open-
ing portion 136 is operated, that portion 136 separates
the valve member 128 from the valve seat 126. The fitting
portion of the plunger 134 is slideably fitted in the valve
hole 112. A bi-directional seal member 140, fixed in the
valve hole 112, assures that the fitting portion 138 is liq-
uid-tightly fitted in the valve hole 112.
[0041] A coil spring 150 as a biasing member or device
is provided between the plunger 134 and the housing
110. More specifically described, a portion of the coil
spring 150 is inserted in a shallow hole of the plunger
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134, such that the coil spring 150 is coaxial with the plung-
er 134. One end of the coil spring 150 rests on the housing
110, and the other end of the same 150 rests on the
plunger 134. The coil spring 150 always biases the plung-
er 134 in a direction to separate the valve member 128
from the valve seat 126.
[0042] The plunger 134 whose fitting portion 138 is fit-
ted in the valve hole 112 divides the inner space of the
valve hole 112 into a first liquid chamber 160 located on
the side of the valve portion 132, and a second liquid
chamber 162 on the opposite side.
[0043] The valve seat 126 divides the first liquid cham-
ber 160 into a third liquid chamber 170 located on the
valve member 128, and a fourth liquid chamber 172 on
the opposite side. The third liquid chamber 170 is con-
nected to the upper chamber 174 of the front cylinder
device 52 via a passage 174 formed in the housing 110
and then a front-wheel-side portion 180 of the first pas-
sage 90, shown in Fig. 1, in the order of description. On
the other hand, the fourth liquid chamber 172 is connect-
ed to the upper chamber 174 of the rear cylinder device
62 via a passage 182 formed in the housing 110 and then
a rear-wheel-side portion 184 of the first passage 90 in
the order of description.
[0044] In the present embodiment, normally, the
plunger 134 separates the valve member 128 from the
valve seat 126, so that the third and fourth liquid cham-
bers 170, 172 communicate with each other. In this state,
if the pressure in the third and fourth liquid chambers
170, 172 increases and eventually exceeds a valve open-
ing pressure corresponding to the operating force of the
plunger 134, the plunger 134 is retracted and the valve
member 128 is seated on the valve seat 126.
[0045] In this state, if the pressure in the third liquid
chamber 170 is higher than that in the fourth liquid cham-
ber 172, the valve member 128 is kept seated on the
valve seat 126, so that the flow of working liquid from the
upper chamber 74 of the front cylinder device 52 to the
upper chamber 74 of the rear cylinder device 62 is
stopped.
[0046] In this state, if the pressure in the fourth liquid
chamber 172 lowers to below the valve opening pres-
sure, the plunger 134 is restored to its initial position, so
that the valve member 128 is moved away from the valve
seat 126. Thus, the third and fourth liquid chambers 170,
172 are restored to their initial state in which the two
chambers 170, 172 communicate with each other, and
accordingly the flow of working liquid between the re-
spective upper chambers 74 of the front and rear cylinder
devices 52, 62 is allowed.
[0047] As is apparent from the foregoing description
of the present embodiment, the housing 110, the valve
portion 132 including the valve seat 126 and the valve
seat 128, and the spring 150 cooperate with each other
to provide a mechanical valve 190 as a first-chamber
valve device.
[0048] As shown in Fig. 4, an accumulator 200 is con-
nected to a connection point, CP1, of the first passage

90, and the mechanical valve 190 is provided in a portion
of the first passage 90 that is located between the con-
nection point CP1 and the front cylinder device 52.
[0049] As shown in Fig. 3, the housing 110 supports
the accumulator 200. As well known in the art, the accu-
mulator 200 includes a housing having a bottom wall,
and a piston substantially liquid-tightly and slideably fitted
in the housing, although not shown. The accumulator 200
has, in rear of the piston, a high pressure chamber filled
with nitrogen gas as compressed gas and, in front of the
piston, a storage chamber which can store the working
liquid under pressure.
[0050] An inlet of the accumulator 200 is connected to
the fourth liquid chamber 172 via a passage 202 formed
in the housing 110, a solenoid valve 206, and another
passage 208 formed in the housing 110, in the order of
description.
[0051] As well known in the art, the solenoid valve 206
includes a solenoid which generates a magnetic force
upon application thereto of an electric current, and a valve
portion which is selectively operated by the magnetic
force to an opening position where the valve portion
opens an internal passage and a closing position where
the valve portion closes the internal passage, although
not shown. In the present embodiment, the solenoid
valve 206 is of a normally open type, that is, while the
electric current is not applied to the valve 206, the valve
206 takes a communication position (i.e., the opening
position) where the valve 206 communicates the fourth
liquid chamber 172 and the accumulator 200 with each
other and, while the electric current is applied to the valve
206, the valve 206 takes a shut-off position (i.e., the clos-
ing position) where the valve 206 disconnects the fourth
liquid chamber 172 and the accumulator 200 from each
other.
[0052] In the state in which the solenoid valve 206 is
held at the opening position, if the working liquid present
in each of the cylinder devices 52, 62 thermally expands
and the volume of the liquid increases by a certain
amount, then that amount of liquid is returned to the ac-
cumulator 200. Thus, the volume of the working liquid in
each cylinder device 52, 62 is compensated for the in-
crease of temperature of the liquid.
[0053] In addition, in the above-indicated state, if the
volume of the working liquid in each cylinder device 52,
62 decreases by a certain amount, then that amount of
liquid is replenished from the accumulator 200. Thus, the
volume of the working liquid in each cylinder device 52,
62 is also compensated.
[0054] Thus, in the present embodiment, the solenoid
valve 206 provides an accumulator-associated valve
which cooperates with the accumulator 200 to provide a
working fluid storing device.
[0055] The second liquid chamber 162 is always in
communication with the inlet of the accumulator 200.
Therefore, the plunger 134 receives the pressure applied
by the accumulator 200, in the direction to separate the
valve member 128 from the valve seat 126. Thus, the
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plunger 134 receives, as a force to separate the valve
member 128 from the valve seat 126, the sum of the
elastic force of the coil spring 150 and the liquid pressure
applied by the accumulator 200.
[0056] Therefore, in the mechanical valve 190, the
plunger 134 is not retracted from its initial position before
the pressure in the fourth liquid chamber 172 exceeds
the valve opening pressure corresponding to the sum of
the elastic force of the spring 150 and the liquid pressure
of the accumulator 200. This retraction of the plunger 134
causes the valve member 128 to be seated on the valve
seat 126, so that the third and fourth liquid chambers
170, 172 are disconnected from each other.
[0057] The mechanical valve 190 has, in a portion
thereof that separates the third and fourth liquid cham-
bers 170, 172 from each other, has a bypass passage
218 which bypasses the through-hole 122 and the valve
seat 126, and an orifice 220 as a flow restrictor. In the
present embodiment, the bypass passage 218 and the
orifice 220 are formed in series through the thickness of
the valve seat defining member 114, as shown in Fig. 3.
Owing to the bypass passage 218 and the orifice 220,
the third and fourth liquid chambers 170, 172 can com-
municate with each other, irrespective of whether the
valve portion 132 may be open or closed.
[0058] The foregoing description relates to the con-
struction of the upper-chamber-associated mechanical
valve 190 that is associated with the first passage 90
connecting between the respective upper chambers 74,
74 of the front and rear cylinder devices 52, 62. A lower-
chamber-associated mechanical valve 230 (Fig. 4) is as-
sociated with the second passage 92 connecting be-
tween the respective lower chambers 76, 76 of the front
and rear cylinder devices 52, 62. Since the lower-cham-
ber-associated mechanical valve 230 has a construction
identical with that of the upper-chamber-associated me-
chanical valve 190, a redundant description of the me-
chanical valve 230 is omitted.
[0059] However, a first manner in which the first me-
chanical valve 190 is connected to the front and rear cyl-
inder devices 52, 62 differs from a second manner in
which the second mechanical valve 230 is connected to
the two cylinder devices 52, 62. Hereinafter, the first and
second connection manners will be described by refer-
ence to Fig. 4.
[0060] Fig. 4 conceptualizes hardware and software
constructions of the suspension system 20 as the first
embodiment of the present invention.
[0061] As is apparent from the present embodiment
shown in Fig. 4, in the above-indicated first manner, the
upper chamber 74 of the front cylinder device 52 is con-
nected to the first mechanical valve 190, such that the
first mechanical valve 190 is located between the upper
chamber 74 of the front cylinder device 52 and the accu-
mulator 200 of the first liquid pressure unit 100, whereas
the upper chamber 74 of the rear cylinder device 62 is
connected to the first mechanical valve 190, such that
the first mechanical valve 190 is not located between the

upper chamber 74 of the rear cylinder device 62 and the
accumulator 200 of the first liquid pressure unit 100.
[0062] In the above-indicated second manner that is
conceptually symmetric with the first manner, the lower
chamber 76 of the front cylinder device 52 is connected
to the second mechanical valve 230, such that the second
mechanical valve 230 is not located between the lower
chamber 76 of the front cylinder device 52 and the accu-
mulator 200 of the second liquid pressure unit 102,
whereas the lower chamber 76 of the rear cylinder device
62 is connected to the second mechanical valve 230,
such that the second mechanical valve 230 is located
between the lower chamber 76 of the rear cylinder device
62 and the accumulator 200 of the second liquid pressure
unit 102. That is, as shown in Fig. 4, the accumulator 200
of the second liquid pressure unit 102 is connected to a
connection point, CP2, of the second passage 92, and
the second mechanical valve 230 is provided in a portion
of the second passage 92 that is located between the
second connection point CP2 and the rear cylinder de-
vice 62.
[0063] Thus, in the present embodiment, the mechan-
ical valve 190, the first passage 90, and the accumulator
200 and the solenoid valve 206 of the first liquid pressure
unit 100 cooperate with each other to provide an upper-
chamber-associated pressure circuit 240; and the me-
chanical valve 230, the second passage 92, and the ac-
cumulator 200 and the solenoid valve 206 of the second
liquid pressure unit 102 cooperate with each other to pro-
vide a lower-chamber-associated pressure circuit 242.
Fig. 4 conceptually shows respective functions of the first
and second pressure circuits 240, 242. As is apparent
from Fig. 4, the two pressure circuits 240, 242 are de-
signed to have a layout in which the two circuits 240, 242
are point-symmetric with each other.
[0064] Like the first liquid pressure unit 100 shown in
Fig. 3, the second liquid pressure unit 102 includes the
mechanical valve 230, the second passage 92, the ac-
cumulator 200, and the solenoid valve 206.
[0065] In the present embodiment, each of the front
and rear cylinder devices 52, 62 is designed such that a
volume-to-stroke conversion rate of the upper chamber
74 thereof is lower than that of the lower chamber 76
thereof. The volume-to-stroke conversion rate means a
rate at which an amount of change of the volume of the
upper or lower chamber 74, 76 of each cylinder device
52, 62 is converted into an amount of displacement (i.e.,
change of the position) of the piston 72 of the same 52,
62 that is caused by the change of the volume.
[0066] That is, in the present embodiment, the upper
chamber 74 of the front cylinder device 52 that has the
lower volume-to-stroke conversion rate is connected to
the mechanical valve 190 such that the mechanical valve
190 is located between the upper chamber 74 of the front
cylinder device 52 and the first accumulator 200; and the
lower chamber 76 of the rear cylinder device 62 that has
the higher volume-to-stroke conversion rate is connected
to the mechanical valve 230 such that the mechanical
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valve 230 is located between the lower chamber 76 of
the rear cylinder device 62 and the second accumulator
200, as shown in Fig. 4.
[0067] As shown in Fig. 4, the present suspension sys-
tem 20 includes an electronic control unit 250 (hereinaf-
ter, referred to as the "ECU 250") which controls the two
solenoid valves 206, 206. The ECU 250 obtains informa-
tion related to the pressure of each of the two accumu-
lators 200; information related to a velocity of each of the
four wheels 10, 12, as information related to a state of
the vehicle; information related to a widthwise-direction
acceleration (i.e., a lateral gravity) of the vehicle body
(indicated at "LATERAL G" in the figure); and information
related to a steering angle, i.e., a rotation angle of a steer-
ing wheel of the vehicle that is manually controlled by a
driver, controls each of the solenoid valves 206 based
on the thus obtained various sorts of information, and
controls an indicator 252 to display information useful to
the driver.
[0068] Fig. 5 is a diagrammatic view for conceptually
explaining the software construction of the suspension
system 20. The ECU 250 is essentially provided by a
computer 260 which is constituted, as well known in the
art, by a CPU (central processing unit) 262, a ROM (read
only memory) 264, a RAM (random access memory) 266,
and a bus 268 which connects those elements 262, 264,
266 to each other. The computer 260 is connected via
an I/O (input and output) port 270 to various external
devices.
[0069] More specifically described, the ECU 250 is
connected to two pressure sensors 280, 280 which detect
respective pressure values of the two accumulators 200,
200. In addition, the ECU 250 is connected to a lateral-
G sensor 282 which detects the lateral gravity of the ve-
hicle body, and a steering angle sensor 284 which detects
the steering angle. Those sensors 282, 284 can be used
to judge whether the vehicle is turning, and/or recognize
an amount of rolling motion of the vehicle body.
[0070] Moreover, the ECU 250 is connected to two
wheel-velocity sensors (FL, FR) 286, 286 which detect
respective velocities (i.e., respective angular velocities)
of the left and right front wheels 10, 10, and two wheel-
velocity sensors (RL, RR) 288, 288 which detect respec-
tive velocities (i.e., respective angular velocities) of the
left and right rear wheels 12, 12. Those sensors 286, 288
are used to judge whether the vehicle is running, and/or
whether the vehicle is turning.
[0071] Moreover, the ECU 250 is connected to the two
solenoid valves 206, 206 and the indicator 252. The in-
dicator 252 can be used to inform visibly the driver of the
useful information. The indicator 252 is a sort of output
device, and may be replaced with, or accompanied by,
an alarm device (e.g., a buzzer or a pseudo-voice out-
putting device) which informs audibly the driver of the
useful information.
[0072] The ROM 264 stores various programs which
are used by the computer 260 to operate the suspension
system 20. One of those programs is a valve-control pro-

gram which is used to control the solenoid valves 206 as
the accumulator-associated valves, and is conceptually
represented by a flow chart shown in Fig. 6.
[0073] This valve control program is iteratively imple-
mented after an appropriate switch (e.g., an ignition
switch) of the vehicle is turned ON by the driver. Each
time the computer 260 implements this program, first at
Step S1, the computer judges whether the vehicle is turn-
ing, based on the respective signals supplied from the
lateral-G sensor 282, the steering angle sensor 284, and
so on.
[0074] Providing that the vehicle is not turning, a neg-
ative judgment is made at Step S1, and the control of the
computer proceeds with Step S2 where the computer
operates for turning OFF the solenoid of each of the two
solenoid valves 206.
[0075] Since both of the two solenoid valves 206 are
of the normal open type, as described above, those
valves 206 are each in the closed state, before the
present program is implemented. That is, the front and
rear cylinder devices 52, 62 are in communication with
the corresponding accumulators 200. Therefore, if the
volume of the working liquid present in each of the cyl-
inder devices 52, 62 increases by a certain amount be-
cause of thermal expansion, that amount of working liquid
is returned, under pressure, to a corresponding one of
the accumulators 200 via a corresponding one of the so-
lenoid valves 206.
[0076] Since the current control cycle is the first or in-
itial one of a series of control cycles according to this
program, the two solenoid valves 206 are each kept in
the open position (i.e., the communication position), even
if Step S2 may not be carried out.
[0077] Thus, one control cycle according to the valve
control program is finished.
[0078] On the other hand, providing that the vehicle is
turning, a positive judgment is made at Step S1, and the
control goes to Step S3 to turn ON the solenoid of each
of the front-side and rear-side solenoid valves 206. That
is, the two solenoid valves 206 shut off the respective
communications between the front and rear cylinder de-
vices 52, 62 and the corresponding accumulators 200.
Thus, the working liquid is contained in each of the pres-
sure circuits 240, 242 which are provided by the first and
second passages 90, 92, respectively, each of which
connects between the front and rear cylinder devices 52,
62.
[0079] Thus, one control cycle according to the valve
control program is finished.
[0080] In the state in which the front and rear cylinder
devices 52, 62 are shut off from the corresponding ac-
cumulators 200 and the working liquid is contained in
each of the pressure circuits 240, 242, if the vehicle body
is rolling while turning, the respective pressures in the
front and rear cylinder devices 52, 62 are equal to each
other, and flowing of the working liquid between the two
cylinder devices 52, 62 is inhibited. Consequently the
respective pistons 72, 72 of the two cylinder devices 52,
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62 are inhibited from moving in a same direction, e.g., a
direction in which the wheels 10, 12 bounces. Therefore,
like in a conventional vehicle which does not employ the
front or rear cylinder device 52, 62, the two stabilizer bars
30, 32 can be twisted and accordingly can effectively
exhibit their proper function, so that the rolling of the ve-
hicle body is restrained.
[0081] On the other hand, if the vehicle is not turning
and one of the same-side front and rear wheels 10, 12,
i.e., one of the right-side front and rear wheels 10, 12 or
the left-side front and rear wheels 10, 12 is bouncing, the
respective pressures in the front and rear cylinder devic-
es 52, 62 are not equal to each other, and flowing of the
working liquid between the two cylinder devices 52, 62
is allowed. Consequently the respective pistons 72 of the
two cylinder devices 52, 62 are allowed to move in op-
posite directions, respectively. That is, the piston 72 of
one of the two cylinder devices 52, 62 is allowed to move
in a direction in which the corresponding wheel bounces,
and the piston 72 of the other cylinder device is allowed
to move in a direction in which the corresponding wheel
re-bounces. Therefore, unlike in the conventional vehicle
which does not employ the front or rear cylinder device
52, 62, the two stabilizer bars 30, 32 can be restrained
from being twisted and accordingly can be restrained
from exhibiting their proper function, so that the proper-
ties of articulation of the suspension system 20 are im-
proved.
[0082] In the present embodiment, as described above
by reference to Fig. 4, the upper chamber 74 of the front
cylinder device 52 that has the lower volume-to-stroke
conversion rate than that of the lower chamber 76 thereof
is connected to the mechanical valve 190 such that the
mechanical valve 190 is located between the upper
chamber 74 of the front cylinder device 52 and the first
accumulator 200; and the lower chamber 76 of the rear
cylinder device 62 that has the higher volume-to-stroke
conversion rate than that of the upper chamber 74 thereof
is connected to the mechanical valve 230 such that the
mechanical valve 230 is located between the lower
chamber 76 of the rear cylinder device 62 and the second
accumulator 200.
[0083] Therefore, in a failure mode in which the me-
chanical valve 190 contains the working liquid in the up-
per chamber 74 of the front cylinder device 52, the ther-
mal expansion of the working liquid results in extending
the piston rod 80 of the cylinder device 52 from its nom-
inal, neutral position. The working liquid that thermally
expands includes, in addition to the liquid present in the
cylinder device 52, the liquid present in a portion of the
first passage 90 that is located between the cylinder de-
vice 52 and the mechanical valve 190.
[0084] However, if the first case where a certain
amount of working liquid is charged into the upper cham-
ber 74 is compared with the second case where the same
amount of working liquid is charged into the lower cham-
ber 76, an amount of displacement of the piston rod 80
caused by the charging of the fluid in the first case is

smaller than that in the second case, because the upper
chamber 74 has the lower volume-to-stroke conversion
rate than that of the lower chamber 76.
[0085] Therefore, in the present embodiment in which
the mechanical valve 190 is connected to the upper
chamber 74 of the front cylinder device 52, an amount
of deviation of the actual position of the piston rod 80 of
the cylinder device 52 from its nominal neutral position,
caused by the thermal expansion of the working liquid,
is smaller than that in an arrangement in which the me-
chanical valve 190 is connected to the lower chamber 76
of the cylinder device 52.
[0086] On the other hand, in another failure mode in
which the mechanical valve 230 contains the working
liquid in the lower chamber 76 of the rear cylinder device
62, the thermal expansion of the working liquid results in
retracting the piston rod 80 of the cylinder device 62 from
its nominal, neutral position. The working liquid that ther-
mally expands includes, in addition to the liquid present
in the cylinder device 62, the liquid present in a portion
of the second passage 92 that is located between the
cylinder device 62 and the mechanical valve 230.
[0087] The above indicated, second failure mode dif-
fers from the previously indicated, first failure mode, in
that the increased amount of working liquid in the second
passage 92 is charged into the lower chamber 76 of the
rear cylinder device 62 that has the higher volume-to-
stroke conversion rate than that of the upper chamber
74. However, in the present vehicle, an engine unit, not
shown, operating as not only a power source, but also a
heat source, of the vehicle is located at a position nearer
to the front cylinder device 52 than to the rear cylinder
device 62. Therefore, the rear cylinder device 62 and a
portion of the second passage 92 that is near to the same
62 are less influenced by the heat generated by the en-
gine, than the front cylinder device 52 and a portion of
the first passage 52 that is near to the same 52.
[0088] Therefore, although the mechanical valve 230
is connected to not the upper chamber 74, but the lower
chamber 76, of the rear cylinder device 62, the amount
of deviation of the piston rod 80 of the cylinder device 62
from its neutral position, caused by the containing of the
working liquid, is, in fact, considerably small.
[0089] As is apparent from the foregoing description,
in the first embodiment, the upper chamber 74 of the front
cylinder device 52 that has the lower volume-to-stroke
conversion rate than that of the lower chamber 76 is con-
nected to the mechanical valve 190 such that the me-
chanical valve 190 is located between the upper chamber
74 of the front cylinder device 52 and the first accumulator
200, whereas not the upper chamber 74, but the lower
chamber 76, of the rear cylinder device 62 that has the
higher volume-to-stroke conversion rate than that of the
upper chamber 74 thereof is connected to the mechanical
valve 230. such that the mechanical valve 230 is located
between the lower chamber 76 of the rear cylinder device
62 and the second accumulator 200. However, in the
front-wheel-side portion of the vehicle where the working
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liquid is more likely to expand thermally, the upper cham-
ber 74 of the front cylinder device 52 that has the lower
volume-to-stroke conversion rate than that of the lower
chamber 76 thereof is connected to the mechanical valve
190 such that the mechanical valve 190 is located be-
tween the upper chamber 74 of the front cylinder device
52 and the first accumulator 200. Therefore, even if both
the two mechanical valves 190, 230 may be stuck at the
respective positions where those valves 190, 230 contain
the working liquid in the corresponding cylinder devices
52, 62, the respective deviations of the respective piston
rods 80 of both the front and rear cylinder devices 52, 62
from their neutral positions, caused by the thermal ex-
pansion of the working liquid, are effectively restrained.
[0090] Next, there will be described a second embod-
iment of the present invention that also relates to a sus-
pension system for use in a vehicle. However, the second
embodiment differs from the first embodiment, with re-
spect to only a portion of its hardware construction, and
the second embodiment is identical with the first embod-
iment, with respect to the remaining portion of its hard-
ware construction and the entirety of its software con-
struction. Therefore, the following description relates to
only different portions of the second embodiment from
the first embodiment, and the same reference numerals
as used in the first embodiment are used to designate
the corresponding elements and parts of the second em-
bodiment. A redundant description of those elements and
parts is omitted.
[0091] In the second embodiment, as shown in Fig. 7,
the two solenoid valves 206, 206 are associated with
respective relief passages 310, 310 which bypass the
same 206, 206, and a relief valve 312 is provided in each
of the relief passages 310, 310. When the pressure in
each of the first and second passages 90, 92 exceeds a
relief pressure, i.e., a valve opening pressure of a corre-
sponding one of the two relief valves 312, the one relief
valve 312 is opened so that the each passage 90, 92 is
allowed to communicate with a corresponding one of the
two accumulators 200 via the one relief valve 312 being
opened, while bypassing a corresponding one of the so-
lenoid valves 206.
[0092] Therefore, in the second embodiment, in case
each one of the solenoid valves 206 may be locked or
stuck at its closed position, a corresponding one of the
relief valves 312 is opened when the pressure in a cor-
responding one of the front and rear cylinder devices 52,
62 exceeds, because of the thermal expansion of the
working liquid, the valve opening pressure of the one
relief valve 312. Thus, the pressure in each of the two
cylinder devices 52, 62 is prevented from being exces-
sively increased.
[0093] Next, there will be described a third embodi-
ment of the present invention that also relates to a sus-
pension system for use in a vehicle. However, the third
embodiment differs from the first embodiment, with re-
spect to only a portion of its hardware construction, and
the third embodiment is identical with the first embodi-

ment, with respect to the remaining portion of its hard-
ware construction and the entirety of its’ software con-
struction. Therefore, the following description relates to
only different portions of the third embodiment from the
first embodiment, and the same reference numerals as
used in the first embodiment are used to designate the
corresponding elements and parts of the third embodi-
ment. A redundant description of those elements and
parts is omitted.
[0094] In the first embodiment, as shown in Fig. 2, each
of the front and rear cylinder devices 52, 62 includes the
piston rod 80 which is located in not the upper chamber
74, but the lower chamber 76 only. Therefore, the upper
and lower chambers 74, 76 have the different volume-
to-stroke conversion rates.
[0095] In contrast, in the third embodiment, the front
and rear cylinder devices 52, 62 employed in the first
embodiment are replaced with a front cylinder device 330
and a rear cylinder device 332, respectively, shown in
Fig. 8. Each of the two cylinder devices 330, 332 includes
a housing 334 having a partition wall 336 which divides
an inner space of the housing 334 into a control chamber
338 which accommodates a working liquid, and an at-
mospheric-pressure chamber 340 whose pressure is
equal to an atmospheric pressure. A piston 342 divides
the control chamber 338 into an upper chamber 344 and
a lower chamber 346.
[0096] Two piston rods 348, 350 extend from opposite
surfaces of the piston 342, respectively, coaxially with
the same 342 and in opposite directions, respectively.
The lower piston rod 348 extends through a lower wall
of the housing 334 and projects into an outside space,
and an end portion of the projecting portion of the lower
piston rod 348 is connected to a prescribed portion of a
corresponding one of the front and rear stabilizer bars
30, 32. On the other hand, the upper piston rod 350 ex-
tends through the partition wall 336, and projects into the
atmospheric-pressure chamber 340.
[0097] In each of the front and rear cylinder devices
330, 332, the upper and lower chambers 344, 346 have
a same volume-to-stroke conversion rate.
[0098] In the first embodiment, the upper chamber 74
of the front cylinder device 52 is preferably connected to
the mechanical valve 190 such that the mechanical valve
is located between the upper chamber 74 of the front
cylinder device 52 and the first accumulator 200, for the
purpose of effectively restraining the amount of deviation
of the piston rod 80 of the front cylinder device 52 from
its nominal neutral position, as described above. Even
though this connection manner may be deemed as a lim-
itation to the first embodiment, the third embodiment is
free of this limitation, because either the upper chamber
344 or the lower chamber 346 of the front cylinder device
330 can be preferably connected to the mechanical valve
190 such that the mechanical valve 190 is located be-
tween the upper or lower chamber 344, 346 of the front
cylinder device 330 and the first accumulator 200, for the
purpose of effectively restraining the amount of deviation
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of the piston rod 348 of the front cylinder device 330 from
its nominal neutral position. Therefore, in the third em-
bodiment, a degree of freedom of layout of the mechan-
ical valves 190, 230 is improved.
[0099] Fig. 10 conceptually shows a pressure circuit
520, 522 of another suspension system as a fourth em-
bodiment of the present invention. The fourth embodi-
ment differs from the first embodiment shown in Fig. 9,
in that a first-chamber-associated valve device 500 is
provided in one 184 (Fig. 1) of two portions 180, 184 of
a first-chamber-associated passage 402 that is nearer
than the other portion 180 to a rear-wheel-associated
cylinder device 408, and a first fluid accommodating de-
vice 504 is connected, at a first connection point PC1, to
the other portion 180 of the first-chamber-associated
passage 402; and a second-chamber-associated valve
device 510 is provided in one 180 of two portions 180,
184 of a second-chamber-associated passage 412 that
is nearer than the other portion 184 to a front-wheel-as-
sociated cylinder device 406, and a second fluid accom-
modating device 514 is connected, at a second connec-
tion point PC2, to the other portion 184 of the second-
chamber-associated passage 412.
[0100] Fig. 11 conceptually shows a pressure circuit
620, 622 of yet another suspension system as a fifth em-
bodiment of the present invention. The fifth embodiment
differs from the first embodiment shown in Fig. 9, in that
a single common fluid accommodating device 614 includ-
ing a single accumulator 200 (Fig. 3) and a single sole-
noid valve 206 is connected, at a first connection point
PC1, to a first-chamber-associated passage 402, and is
additionally connected, at a second connection point
PC2, to a second-chamber-associated passage 412.
[0101] While the present invention has been described
in detail in its several embodiments by reference to the
drawings, it is to be understood that the present invention
is not limited to the details of those embodiments and
may be embodied with various changes and improve-
ments within the scope of the invention as defined in the
appended claims, such as those described in DISCLO-
SURE OF THE INVENTION, that may occur to a person
skilled in the art.

Claims

1. A suspension system (20) for use in a vehicle includ-
ing a body, left and right front wheels (10), and left
and right rear wheels (12), the system comprising:

a front-wheel-associated cylinder device (52;
330) which controls a relative displacement be-
tween the left and right front wheels in upward
and downward directions, and which includes a
housing (70; 334) and a piston (72; 342) fitted
in the housing to divide an inner room of the
housing into a first fluid chamber (74; 344) and
a second fluid chamber (76; 36);

a rear-wheel-associated cylinder device (62;
332) which controls a relative displacement be-
tween the left and right rear wheels in the upward
and downward directions, and which includes a
housing (70; 334) and a piston (72;342) fitted in
the housing to divide an inner room of the hous-
ing into a first fluid chamber (74; 344) and a sec-
ond fluid chamber (76; 346) which correspond
to the first and second fluid chambers of the
front- wheel-associated cylinder device, respec-
tively;
a first-chamber-associated passage (90) which
connects between the respective first fluid
chambers of the front-wheel-associated and
rear-wheel-associated cylinder devices;
a second-chamber-associated passage (92)
which connects between the respective second
fluid chambers of the front-wheel-associated
and rear-wheel-associated cylinder devices;
at least one fluid accommodating device (200,
206) which is connected to the first-chamber-
associated passage at a first connection point
(CP1), and is connected to the second-cham-
ber-associated passage at a second connection
point (CP2), and which can accommodate an
amount of a working fluid present in the front-
wheel-associated and rear-wheel-associated
cylinder devices, the first-chamber-associated
passage including two portions on opposite
sides of the first connection point, respectively,
the second-chamber-associated passage in-
cluding two portions on opposite sides of the
second connection point, respectively;
a first-chamber-associated valve device (190)
which is selectively placed in a communication
position to communicate the respective first fluid
chambers of the front-wheel-associated and
rear-wheel-associated cylinder devices, with
each other, and a shut-off position to shut off the
communication between said respective first flu-
id - chambers through the valve; and
a second-chamber-associated valve device
(230) which is selectively placed in a communi-
cation position to communicate the respective
second fluid chambers of the front-wheel-asso-
ciated and rear-wheel-associated cylinder de-
vices, with each other, and a shut-off position to
shut off the communication between said re-
spective second fluid chambers through the
valve;
characterized in that
the first-chamber-associated valve device com-
prises a first-chamber-associated mechanical
valve (190) which is mechanically switched be-
tween a communication position to communi-
cate the respective first fluid chambers (74) of
the front-wheel-associated and rear-wheel-as-
sociated cylinder devices (52, 62), with each oth-
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er, and a shut-off position to shut off the com-
munication between said respective first fluid
chambers through the mechanical valve (190),
in case a first cylinder pressure based on re-
spective pressures of respective working fluids
in said respective first chambers exceeds a first
reference value; and
the second-chamber-associated valve device
comprises a second-chamber-associated me-
chanical valve (230) which is mechanically
switched between a communication position to
communicate the respective second fluid cham-
bers (76) of the front-wheel-associated and rear-
wheel-associated cylinder devices, with each
other, and a shut-off position to shut off the com-
munication between said respective second flu-
id chambers through the mechanical valve
(230), in case a second cylinder pressure based
on respective pressures of respective working
fluids in said respective second chambers ex-
ceeds a second reference value.

2. The system according to claim 1, wherein each of
the first-chamber-associated mechanical valve
(190) and the second-chamber-associated mechan-
ical valve (230) is normally placed in the communi-
cation position thereof and, when a corresponding
one of the first and second cylinder pressures ex-
ceeds a corresponding one of the first and second
reference values, the each mechanical valve is
switched from the communication position to the
shut-off position.

3. The system according to claim 2, wherein said each
of the first-chamber-associated mechanical valve
(190) and the second-chamber-associated mechan-
ical valve (230) comprises:

a housing (110) ;
a valve portion (132) including a valve member
(128) and a valve seat (126) which comprise a
first movable member (128);
a second movable member (134) which is mov-
able with the first movable member and which
is fitted in the housing to divide an inner room
of the housing into a first room (160) on the side
of the valve portion and a second room (162)
opposite to the first room; and
a biasing device (150) which biases the second
movable member in a direction in which the
valve member is moved away from the valve
seat.

Patentansprüche

1. Aufhängungssystem (20) zur Verwendung in einem
Fahrzeug, das eine Karosserie, linke und rechte Vor-

derräder (10) und linke und rechte Hinterräder (12)
aufweist, wobei das System aufweist:

eine mit den Vorderrädern verbundene Zylinder-
vorrichtung (52; 330), welche eine relative Ver-
lagerung zwischen dem linken und rechten Vor-
derrad in der Richtung nach oben und nach un-
ten steuert und welche ein Gehäuse (70; 334)
und einen Kolben (72; 342) aufweist, der in das
Gehäuse eingepasst ist, um einen Innenraum
des Gehäuses in eine erste Fluidkammer (74;
344) und eine zweite Fluidkammer (76; 346) auf-
zuteilen;
eine mit den Hinterrädern verbundene Zylinder-
vorrichtung (62; 332), welche eine relative Ver-
lagerung zwischen dem linken und rechten Hin-
terrad in der Richtung nach oben und nach unten
steuert und welche ein Gehäuse (70; 334) und
einen Kolben (72; 342) aufweist, der in das Ge-
häuse eingepasst ist, um einen Innenraum des
Gehäuses in eine erste Fluidkammer (74; 344)
und eine zweite Fluidkammer (76; 346) aufzu-
teilen, welche jeweils der ersten und zweiten
Fluidkammer der mit den Vorderrädern verbun-
denen Zylindervorrichtung entsprechen;
einen mit den ersten Kammern in Verbindung
stehenden Durchlass (90), welcher eine Verbin-
dung zwischen den jeweiligen ersten Fluidkam-
mern der mit den Vorderrädern verbundenen
und mit den Hinterrädern verbundenen Zylinder-
vorrichtungen herstellt;
einen mit den zweiten Fluidkammern in Verbin-
dung stehenden Durchlass (92), welcher eine
Verbindung zwischen den jeweiligen zweiten
Fluidkammern der mit den Vorderrädern ver-
bundenen und mit den Hinterrädern verbunde-
nen Zylindervorrichtungen herstellt;
zumindest eine Fluidaufnahmevorrichtung
(200, 206), welche mit dem mit den ersten Kam-
mern in Verbindung stehenden Durchlass an ei-
ner ersten Verbindungsstelle (CP1) in Verbin-
dung steht und welche mit dem mit den zweiten
Kammern in Verbindung stehenden Durchlass
an einer zweiten Verbindungsstelle (CP2) in
Verbindung steht, und welche eine Menge an
Arbeitsfluid aufnehmen kann, die in den mit den
Vorderrädern verbundenen und mit den Hinter-
rädern verbundenen Zylindervorrichtungen vor-
handen ist, wobei der mit den ersten Kammern
in Verbindung stehende Durchlass zwei Ab-
schnitte jeweils an entgegengesetzten Seiten
der ersten Verbindungsstelle aufweist, und der
mit den zweiten Kammern in Verbindung ste-
hende Durchlass zwei Abschnitte jeweils an ent-
gegengesetzten Seiten der zweiten Verbin-
dungsstelle aufweist;
eine mit den ersten Kammern in Verbindung ste-
hende Ventilvorrichtung (190), welche sich
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wahlweise in einer Verbindungsstellung, um die
jeweilige erste Fluidkammer der mit den Vorder-
rädern verbundenen und mit den Hinterrädern
verbundenen Zylindervorrichtungen miteinan-
der in Verbindung zu bringen, und einer Ab-
sperrstellung, um die Verbindung zwischen den
jeweiligen ersten Fluidkammern durch das Ven-
til zu versperren, befindet; und
eine mit den zweiten Kammern in Verbindung
stehende Ventilvorrichtung (230), welche sich
wahlweise in einer Verbindungsstellung, um die
jeweiligen zweiten Fluidkammern der mit den
Vorderrädern verbundenen und mit den Hinter-
rädern verbundenen Zylindervorrichtungen mit-
einander in Verbindung zu bringen, und einer
Absperrstellung, um die Verbindung zwischen
den jeweiligen zweiten Fluidkammern durch das
Ventil zu versperren, befindet;
dadurch gekennzeichnet, dass
die mit den ersten Kammern in Verbindung ste-
hende Ventilvorrichtung ein mit den ersten Kam-
mern in Verbindung stehendes mechanisches
Ventil (190) aufweist, das zwischen einer Ver-
bindungsstellung, um die jeweiligen ersten
Fluidkammern (74) der mit den Vorderrädern
und mit den Hinterrädern verbundenen Zylinder-
vorrichtungen (52, 62) miteinander in Verbin-
dung zu bringen, und einer Absperrstellung, um
die Verbindung zwischen den jeweiligen ersten
Fluidkammern durch das mechanische Ventil
(190) zu versperren, mechanisch umgeschaltet
wird, falls ein erster Zylinderdruck, der auf je-
weiligen Drücken des jeweiligen Arbeitsfluids in
den jeweiligen ersten Kammern beruht, einen
ersten Referenzwert übersteigt; und
die mit den zweiten Kammern in Verbindung ste-
hende Ventilvorrichtung ein mit den zweiten
Kammern in Verbindung stehendes mechani-
sches Ventil (230) aufweist, das zwischen einer
Verbindungsstellung, um die jeweiligen zweiten
Fluidkammern (76) der mit den Vorderrädern
verbundenen und mit den Hinterrädern verbun-
denen Zylindervorrichtungen miteinander in
Verbindung zu bringen, und einer Absperrstel-
lung, um die Verbindung zwischen den jeweili-
gen zweiten Fluidkammern durch das mechani-
sche Ventil (230) zu versperren, mechanisch
umgeschaltet wird, falls ein zweiter Zylinder-
druck, der auf jeweiligen Drücken des jeweiligen
Arbeitsfluids in den jeweiligen zweiten Kam-
mern beruht, einen zweiten Referenzwert über-
steigt.

2. System gemäß Anspruch 1, wobei sich sowohl das
mit den ersten Kammern in Verbindung stehende
mechanische Ventil (190) als auch das mit den zwei-
ten Kammern in Verbindung stehende mechanische
Ventil (230) normalerweise in deren Verbindungs-

stellung befindet, und wobei jedes mechanische
Ventil von der Verbindungsstellung in die Absperr-
stellung umgeschaltet wird, wenn ein entsprechen-
der Druck in dem ersten und zweiten Zylinder einen
entsprechenden Referenzwert von dem ersten und
zweiten Referenzwert übersteigt.

3. System gemäß Anspruch 2, wobei sowohl das mit
den ersten Kammern in Verbindung stehende me-
chanische Ventil (190) als auch das mit den zweiten
Kammern in Verbindung stehende mechanische
Ventil (230) aufweist:

ein Gehäuse (110);
einen Ventilabschnitt (132), der ein Ventilele-
ment (128) und einen Ventilsitz (126) umfasst,
welche ein erstes verlagerbares Element (128)
aufweisen;
ein zweites verlagerbares Element (134), wel-
ches mit dem ersten verlagerbaren Element ver-
lagerbar ist und in das Gehäuse eingepasst ist,
um einen Innenraum des Gehäuses in einen er-
sten Raum (160) an der Seite des Ventilab-
schnitts und einen zweiten Raum (162) entge-
gengesetzt zu dem ersten Raum aufzuteilen;
und
eine Spannvorrichtung (150), welche das zweite
verlagerbare Element in einer Richtung spannt,
in welcher das Ventilelement von dem Ventilsitz
weg verlagert ist.

Revendications

1. Système (20) de suspension à utiliser dans un vé-
hicule comportant une carrosserie, des roues (10)
avant gauche et droite, et des roues (12) arrière gau-
che et droite, le système comprenant :

un dispositif (52 ; 330) de cylindre associé aux
roues avant qui commande un déplacement re-
latif entre les roues avant gauche et droite dans
des directions ascendante et descendante, et
qui comporte un boîtier (70 ; 334) et un piston
(72 ; 342) adapté dans le boîtier pour diviser un
espace interne du boîtier en une première cham-
bre fluidique (74 ; 344) et une deuxième cham-
bre fluidique (76 ; 36) ;
un dispositif (62 ; 332) de cylindre associé aux
roues arrière qui commande un déplacement re-
latif entre les roues arrière gauche et droite dans
les directions ascendante et descendante, et qui
comporte un boîtier (70 ; 334) et un piston (72 ;
342) adapté dans le boîtier pour diviser un es-
pace interne du boîtier en une première cham-
bre fluidique (74 ; 344) et une deuxième cham-
bre fluidique (76 ; 346) qui correspondent aux
première et deuxième chambres fluidiques du
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dispositif de cylindre associé aux roues avant,
respectivement :

un passage (90) associé aux premières
chambres qui établit une connexion entre
les premières chambres fluidiques respec-
tives des dispositifs de cylindre associé aux
roues avant et associé aux roues arrière ;
un passage (92) associé aux deuxièmes
chambres qui établit une connexion entre
les deuxièmes chambres fluidiques respec-
tives des dispositifs de cylindre associé aux
roues avant et associé aux roues arrière ;
au moins un dispositif (200, 206) de récep-
tion de fluide qui est connecté au passage
associé aux premières chambres à un pre-
mier point de raccordement (CP1), et est
connecté au passage associé aux deuxiè-
mes chambres à un deuxième point de rac-
cordement (CP2), et qui peut recevoir une
quantité d’un fluide de travail présent dans
les dispositifs de cylindre associé aux roues
avant et associé aux roues arrière, le pas-
sage associé aux premières chambres
comportant deux parties sur des côtés op-
posés du premier point de raccordement,
respectivement, le passage associé aux
deuxièmes chambres comportant deux par-
ties sur des côtés opposés du deuxième
point de raccordement, respectivement ;
un dispositif (190) de soupape associée aux
premières chambres qui est placé au choix
dans une position de communication pour
faire communiquer les premières chambres
fluidiques respectives des dispositifs de cy-
lindres associé aux roues avant et associé
aux roues arrière, l’une avec l’autre, et une
position d’arrêt pour arrêter la communica-
tion entre lesdites premières chambres flui-
diques respectives à travers la soupape ; et
un dispositif (230) de soupape associée aux
deuxièmes chambres qui est placé au choix
dans une position de communication pour
faire communiquer les deuxièmes cham-
bres fluidiques respectives des dispositifs
de cylindres associé aux roues avant et as-
socié aux roues arrière, l’une avec l’autre,
et une position d’arrêt pour arrêter la com-
munication entre lesdites deuxièmes cham-
bres fluidiques respectives à travers la
soupape ;
caractérisé en ce que
le dispositif de soupape associée aux pre-
mières chambres comprend une soupape
mécanique (190) associée aux premières
chambres qui est commutée mécanique-
ment entre une position de communication
pour faire communiquer les premières

chambres fluidiques (74) respectives des
dispositifs (52, 62) de cylindres associé aux
roues avant et associé aux roues arrière,
l’une avec l’autre, et une position d’arrêt
pour arrêter la communication entre lesdi-
tes premières chambres fluidiques respec-
tives à travers la soupape mécanique (190),
dans le cas où une première pression de
cylindre sur la base de pressions respecti-
ves de fluides de travail respectifs dans les-
dites premières chambres respectives dé-
passe une première valeur de référence ; et
le dispositif de soupape associée aux
deuxièmes chambres comprend une sou-
pape mécanique (230) associée aux
deuxièmes chambres qui est commutée
mécaniquement entre une position de com-
munication pour faire communiquer les
deuxièmes chambres fluidiques (76) res-
pectives des dispositifs de cylindres asso-
cié aux roues avant et associé aux roues
arrière, l’une avec l’autre, et une position
d’arrêt pour arrêter la communication entre
lesdites deuxièmes chambres fluidiques
respectives à travers la soupape mécani-
que (230), dans le cas où une deuxième
pression de cylindre sur la base de pres-
sions respectives de fluides de travail res-
pectifs dans lesdites deuxièmes chambres
respectives dépasse une deuxième valeur
de référence.

2. Système selon la revendication 1, dans lequel cha-
cune de la soupape mécanique (190) associée aux
premières chambres et de la soupape mécanique
(230) associée aux deuxièmes chambres est nor-
malement placée dans sa position de communica-
tion et, lorsqu’une pression de cylindre correspon-
dante parmi la première et la deuxième pressions
de cylindre dépasse une valeur de référence corres-
pondante parmi la première et la deuxième valeurs
de référence, chaque soupape mécanique est com-
mutée de la position de communication à la position
d’arrêt.

3. Système selon la revendication 2, dans lequel cha-
cune de ladite soupape mécanique (190) associée
aux premières chambres et de ladite soupape mé-
canique (230) associée aux deuxièmes chambres
comprend :

un boîtier (110) ;
une partie (132) de soupape comportant un élé-
ment (128) de soupape et un siège (126) de sou-
pape qui comprennent un premier élément (128)
mobile ;
un deuxième élément (134) mobile qui se dé-
place avec le premier élément mobile et qui est
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adapté dans le boîtier pour diviser un espace
interne du boîtier en un premier espace (160)
du côté de la partie de soupape et un deuxième
espace (162) opposé au premier espace ; et
un dispositif (150) de sollicitation qui sollicite le
deuxième élément mobile dans une direction
dans laquelle l’élément de soupape s’éloigne du
siège de soupape.
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