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(57) Abstract: In order to suppress a vehicle body behavior component as a component of vehicle body behavior, a correction value
is calculated for only a shock absorber, in which (i) the direction of the actual movement in the vertical direction and (ii) the direc-
tion of the movement, in the vertical direction when the Vehicle body behavior based on the vehicle body behavior component is as-
sumed are parallel to each other in a sprung portion, out of plural shock absorbers disposed to vehicle wheels, a reference damping
force determined on the basis of a predetermined control rule is corrected, and a target damping force of the respective shock ab -

sorbers is determined.
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VEHICLE SUSPENSION SYSTEM -

BACKGROUND OF THE INVENTION

1. Field of the Invention

- [0001] - The present invention relates to a vehicle suspension system.

2. Description of Related Art
[0002]  Japanese Patent Application Publication No. 10-324129 (JP 10-324129 A)

describes a vehicle suspension system including a shock absorber that has a damping force

~ changing mechanism changing the magnitude of a damping force for relative movement of

a sprung portion and an unsprung portion and that generates the damping force for the

relative movement of the sprung portion and the unsprung portion so as to change the |

magnitude thereof. A tec_:hniqué described in JP 10-324129 A is known as the technique

of controlling the damping forCc_a' éhanging mechanism so as to control the damp.ing force.

“Under the understanding that the behavior of a vehicle body is generated by a combination

of a heave, a roll, and a pitch, the vehicle suspension system described in JP 10-324129 A

can calculate a damping force for each shock absorber by calculating damping forces for

. ‘ suppressiﬁg the heave, the roll, and the pitch, dividing the damping forces of the vehicle

20

25

body behavior into the shock absorbers corresponding to the respective vehicle wheels, and .

adding the damping forces.

SUMMARY OF THE INVENTION

[0_003] However, .the generable range of the démping' force generated by each

shock absorber is limited. Acci)rdingly, in the suspension system described in JP

10-324129 A, the damping force to actually be generate'd is corrected from the calculated -
damping force into the génerable range. That is, in the suspension system described in JP
10-324129 A, although a damping force of each shock absorber is calculated through

complex compitation, the -damping force to actually be generated is connected into the

CONFIRMATION COPY
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generable range and a satisfactbry control effect may not be achieved. The invention
provides a vehicle lsuspension systém capable of suppressing vthe behavior of a vehicle
body with a relatively simple techhiqhe.

| [0004] A vehicle suspension system according to an aépect of the invention.
includes: a plurality of s',hockv absorbers that is disposed to correspdnd to a plurélity of .
vehicle wheels, that each has a darhping force changing mechanism changing the
magn‘itude of a dam_pingi‘ forée, and that generates a damping force for relative movement

of a corresponding sprung portion and a corresponding unsprung portion so as to change

~the magnitude thereof; and a controller that includes a reference damping force

determining unit determining a reference damping force, which serves as a reference of the

damping force generated from each of the plurality of shock absorbers, on the basis of a

- predetermined control rule, a correction value determining unit determining a correction

~ value from the reference damping force for only the shock absorber. corresponding to the

sprung portion in which (i) the direction of actual sprung movement as actual movement in
the vertical direction and (ii) the direction of vehicle body behavior-corresponding sprung

movement as movement in.the vertical direction when the behavior of a vehicle body

based on a vehicle body behavior component as a component of vehicle body behavior is

assumed are parailel to each other out of the plurality of shock absorbers 50 s to suppress

the vehicle body behavior componént, and a target damping force detekrmining unit
determining a target damping force as a target of the damping force t(; be gen-erate‘d from
each of the plurality of shock ab'sorberé on the baéis of tﬁe referencé damping force and the |
correction values and that éontrﬂols the damping force generated from each of the plurality '
of shock absorbers by controllihg the damf)i-ng force changing mechanism of each of the
plurality of shock absorbers. | |

[0005]  According to this aspect, control for suppressing any one of a heave, a roll,

“and a pitch which are vehicle body behavior components is carried out.  For example, it is

assumed that a force for suppressing the vehicle body behavior-corresﬁonding sprung
movement is generated to suppress the vehicle body behavior componénts. Then, when

the ]c‘lirection of the vehicle body behavior-corresponding sprung movement and the
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‘direction of the actual sprung movement are parallel to each other, the force for

suppressing the vehicle body behavior-corresponding sprung movement suppresscs the
actual sprung movement. - However, when the direction of the wvehicle body
behavior-corresponding sprung movement and the direction of t-he' actual sprung movemeht
are antiparallel to each other, the force for suppre‘ssing -the vehicle body
behavior—corresbondiﬁg sprung movement promotes the actual sprung movement. ; '

[0006]  According to this aspect, the correction for suppressing any one of the

heave, the roll, and the pitch is pérforrned on the damping force of the shock absorber

corresponding to the sprung portion in which the direction of the vehicle body

‘behavior-corresponding sprung movemtent and the direction of the actual sprung movement

are pafallel to each other, and the correction for suppressing any one of the heave, the roll,
and the pitch is not performed on the damping force of the shock absorber corresponding
to the sprung portion .in which the direction of the vehicle body behavior-corresponding”
sprung movement and the direction of the actual sprung movement are antiparallel to each
other. As will be described in detail later, by not correcting the damping force of the
shock absorber corresf;onding to the sprung portion in which the direction of the vehicle-
body behavior-corresponding sprung movement and the direction of the actual sprung
movement are antiparallel to eagh other, it is possible to suppre,s_s any one of the heave, the
roll, and the pitch and to suppress the other components of the vehicle body beha.vior, that
is, to suppress the entire behavior of fhe‘ vehicle body. - Accordingly, according to the
aspect, it is possibie to suppress the behavior of a vehicle body with a rélatively Simple
technique. |

[0007] - According to the aspect explained abové, the controller may include an
actual spmng‘speéd acquiring unit that acquires an actual sprung speed as a speed of thé
sprung movement of thé sprung portion corresponding to each of the plurality of vehicle

wheels and a vehicle body behavior-corresponding sprung speed acquiring unit that

" acquires a vehicle body behavior-corresponding sprung speed as a speed of the vehicle

body behavior-corresponding sprung movement, and wherein the correction value

-determining unit may be configured to determine that the direction of the actual sprung
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movement and the direction of the vehicle body behavior-correspohding sprung movement

| ~of the sprung portion are parallel to each other when the direction of the actual sprung

speed and the direction ‘of the vehicle body behavior-corresponding sprung speed are
parallel to each other and to determine the correction value. |

[0008]  According to the aspect explained above, the correction Vaiue determining
unit ~determines the correction value so that the higher the vehicle body
behavior-corresponding sprung speed becorries, the larger the magnitude of the correction
value becomes. |

[0009]  According to this aspect, it is possible to effectively éuppress the vehicle
body behavior components by setting the correction value to an appropriate valﬁe_.

[0010].  According to the aspeéf éxplainea above, the correctioﬂ value determining
unit may be configured to inCIease'thc reference damping force of each of the plurality of
shock absorbers (i) when the direction of the vehicle body behavior—corresponding sprung
movement of the correspondmg sprung pomon is upward and the sprung portlon and the |
unsprung portion move in a direction in Wthh both are spaced away from each other or

when the direction of the vehicle body behavior-corresponding sprung movement is

" downward and the sprung portion and the unsprung portion move in a direction in which

both get close to each other, and to decrease the reference damping force (ii) when the

~direction of the vehicle body behavior-corresponding sprung movement of the

corresponding sprung portion is downward and the sprung portion and the unsprung

portion move in a direction in which both are spaced away from: each other or when the

direction of the vehicle body behavior-corresponding sprung movement is’ upward and the

sprung }portion and the unsprung portion move in a direction in which both get close to
each other. | | | | |
'[0011]  The damping force generated from a shock absorber acts on the relative
movement of the sprung portion and th¢ unspfung portion. Accordingly, for example,
even when the direction in which the sbrung portion will move is upward, it is preferable

that whether to increase or decrease the reference damping force differ depending on the

- direction of the relative movement of the sprung portion and the unsprung portion. In this
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aspect, whether to' increase or decrease the reference damping force' is determined
depending on the direction of the vehicle body behavior-corresponding sprung movement
and the direction of the relative movement of the sprung portion and the 'u‘nsprung portion.

[0612], According to the aspect explained above, the correction value deténnining
unit may determine the correction value so as to supﬁress any one of a heave, a rolll, and a
pitch as the vehicle body behavior component.”

[(0013]  According to-this aspect, it is possible to suppress a variation in posture of
the vehicle body. | ‘

[0014] ‘ Accbrding to the aspect expiéined above, the correction value determining
unit may determine the correction Vélue S0 as to suppress any one of a heave, aroll, and a
pitch as the vehicle body behavior component, and the controller may include a plurality of E
the correction value determining units.

[0015] In this aspect, two or all of the heave correction, the roll corfection, and
the pitch correction afe performed. That is, for example, the correction values for the
reference damping force and the vehicle body behavior components may all be added. - At

the time of adding the correction values, the correction values may be weighted.

. According to this aspect, it is pdssiblé to effectively suppress two or"rnorejo‘f the heave, the’

roll, and the pitch. | |

[0016])  According to the aspect explained above, each of the plurality of shock
ab_s()rbers'may include a cylinder that includes a housing containing an operating liquid, a
pisto'n' disposed in the housing so as to ‘be slidable, and a rod of which one end is connected
to the pistoh and the other end extends from the housing, that is disposed to connect the
sprung ’portion and the uﬁsprung portion of the vehicle, and that expands and contracts
with the relative rﬁovement of the sprung portion and the unsprung portion and a damping
force generator that generates a damping force for at least one of the expansion and the
contraction of the cylinder by giving: resistance to a flow of the operat‘ing‘ liquid

accompanied with at least one of the expansion and the contraction of the cylinder, that is

configured to generate a damping force of a magﬁitudé corresponding to the magnitude of

a supplied Current, and that has a function of the damping force changing mechanism.
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"[0017] Each of the “plurality of shock absorbers” generates a damping force
differing depending on the current supplied to the damping force generator. That is, in
the above-mentioned aspect, the correction value determining unit can be configured to

determine the correction value for a reference supply current so as to correct the reference

'supply current Wthh is a current supphed to the damping force generator- based on the

reference damplng force. . According to this confrguratlon the damping force can be’

easily corrected within a controllable range and the target -damping force or a target

. damping coefficient can be prevented from being cotrected into the controllable range after

being determlned
[0018] Accordmg to the aspect explarned above the damping force generator

may include (A) a valve body, (B) an impelling member impelling the valve body in one

direction of a valve-opening direction and a valve-closing direction, and (C) a solenoid

including a moving member and a coil generating an electromagnetic force for operating

* the moving member with a supply of a current and is configured to adjust a valve-opening

pressure of the valve body by controlling the operation of the moving member, and

. wherein the controller is configured to control the damping force generated from each of

the plurality of shock absorbers by controlling the current supplied to the coil so as to
adjust the valve-opening pressure of the valve body. |

[0019I ‘The “damping force generator” in this aspect may have a structure in

‘which the solenoid directly applies a force to the valve body so as to change the

valve-opening pressure of the valve body or may have a structure in which a pressure

difference between the front side and. the rear side of the valve body is adjusted. In‘the
aspect, due to the structure for adjusting the Valve-opening pressure of the valve body,
when the cylinder expands and contracts at a low speed, it is dlfflcult to control the
damprng force and the controllable range of the damping force is hmrted That is, the
complex control described in JP 10-324129 A is not suitable for the aspect.. Accordingly,
in the aspect, the control of performing the correction for suppressing the vehicle body‘
behavior cornponent on the damping force of the shock absorber corresponding to the

sprung portion in which the direction of the vehicle body behavior-corresponding sprung
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movement and the direction 'of the actual sprung movement are parallel to each other is

effective.

BRIEF DESCRIPTION OF THE DRAWINGS
v[0020] Features, advantages, and technical and v industrial éignificance of
exemolary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein: |
FIG 1 is a schematic diagram illustrating an example where a damping force based
on a heave is corrected while a vehicle is running; |
FIG. 2 is a schematic dragram 1llustrat1ng an example where a damping force based
on aroll is corrected while a vehlcle is runnmg,

FIG. 3 is a schematic dlagram illustrating an example where a damping force based

on a pitch is corrected while a Vehicle is running;

FIG 4 is a diagram schematically illustrating a vehicle suspension system as an
example of a claimable invention;

FIG. 5 is a cross-sectional view illustrating a hydraulic shock absorber illustrated in

FIG. 4;

FIG. 6 is' a cross-sectional v1ew 1llustrat1ng a damping force generator of the
hydraullc shock absorber illustrated in FIG. 5

FIG. 7 is a graph illustrating damping characteristics of the dampihg force generator
illustrated in FIG. 6; '

'FIG. 8 is 2 graph illustrating a relationship between a reference damping coefficient

“and a vehicle speed; ‘

" .FIG. 9 is a flowchart illustroting an absorber control program that is executed by a
controller illustrated in FIG. 4; and
FIG. 10 is a block diagram illustrating functional units of the controller jllustrated in

FIG. 4.

DETAILED DESCRIPTION OF EMBODIMENTS
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[0021] Hereinéfter, an example of a claimable invention will be 'described »in
detail as an embodiment of the claimable invention with reference to the acébmpanying
drawings. The claimable invention may be embodied in the aspects described in the
Summary 6f the invention and QariQus aspects obtained by modifying or improving the
aspects bn the basis of knowledge of one skilled in the art, in addition to the

below-described example. Modification examples of the below-described examplé may |

* be constructed using technical details described in the summary of the invention.

[0022] [A] FIG. 4 as a configilration diagfam of a vehicle susp'ensionrsystem
schematically illustrétes a vehicle suépension’system 10 that is an example of the claimable
invention. The suspension srystem 10 includes _fouf suspension units 12 of an indépendent
suspension type to correspond to front, rear, right, ahd left vehicles wheels 14, respectively,
and each of the suspension units 12 is dispos¢d between a suspension lower arm supporting
the corresponding vehicle wheel 14 and constituting a pért of an unéprung portion and a
mount portion disposed in a vehicle body and constituting a pa}t of a sprung portion so as
to éonnect both. Each suspension unit 12 includes a coil spring 16 as a suSpenéion spring
and a hydraﬁlic shock absorber 20, which are disposed in parallél to each’ other between the
lower afm énd the mount portion.. The Vchicle’w'heel 14 and the éuspension unit 12 are
gcnéric names, and may be\ réferencedlby FL, FR, "RL; and RR as subscripts‘indicating the =
vehicle wheel positions to cérrespond to- the front-left wheel, the front-right wheel, the
rea_r—léft wheel, and the rear-right whéel as illustrated in the drawings when it i‘s necessafy
to clarify any of the four vehicle wheels 14. |

[0023] As illustrated in FIG. 5, the hydraulic shock absorber 20 includes a

- cylinder 22 and a damping force generator 24 as principgl. elements. The cylinder 22

_ includes a housing 30, a piston 32 that is disposed to be movable in the vertical direction in

the housing 30, and a rod 34 of which one end (lower end) is connected to the piston 32
énd the other end (upper end) extends upward from the housing 30. The housing 30 is
connected to the lower arm and the upper end of the rod 34 is connected to the mount

portion. “That is, the cylinder 22 expands when the sprung portion and the unsprung

portion relatiVely move in a direction in which both are spaced awéy from each other
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(hereinafter, may be referred to as “at the time of rebounding movement” or “at the time of

" rebounding”) and contracts when the sprung portion and the unsprung portion relatively

move in a directi'on in which both get close to each other (hereinafter, may be referred to as
“at the time of boundmg movement” or “at the time of bounding”™).
| [0024]  The. housmg 30 has a substantially dual structure and mcludes a bottomed

main tube 40 and an outer tube 42 disposed on the outer crrcumfe_rence side there‘of. The

- piston 32 is disposed in the main tube 40 so as to slide. The inside of the main tube 40 is

partitioned into a.rod-side chamber 44 and an anti-rod-side chamber 46 which are two

liquid chambers by the piston 32. A buffer chamber (may be referred to as “reservoir”) /

50 eontaining an operating liquid is defined and formed hetWeenthe"main tube 40 and the
outer tube 42.

[0025] . In the housmg 30, an lntermedlate tube 60 is disposed between the main
tube 40 and the outer tube 42. - An annular liquid passage 62 is defined and formed
between the inner circumferential surface of the intermediate tube 6_0 and the outer
circumferential surface of the main tube 40.> A partition member 64 for partitioning-the
bottom of the anti.-rod-side chamber 46 is disposed on the bottom of the main tube 40, and
a bottom liquid passage 66 is formed between the r)artition member 64 and the bottom wall
of the main tube 40. | |

[0026] In the upper part of the main tube 40, a flow hole 70 is disposed for ﬂQ\y
of the opérating 11qu1d between the liquid passage 62 and the rod- side chamber 44. In a
part close to the lower end of the mam tube 40, a bottom ﬂow hole 72 is drsposed for flow
of the operating liquid between the buffer chamber 50 and the bottom liquid passage 66.

" [0027]  As will be described in detail later, the damping force generator 24 hae a

function of allowing the operating liquid flowing out of the rod-side chamber 44 and

flowing into the buffer chamber 50 via the liquid passage 62 to pass and giving resistance = -

to the flow of the operating liquid. |
[0028] In the shock absorber 20, the operating liqnid flows into the rod-side
chamber 44 of the cylinder 22 from the anti-rod-side chamber 46 via a check valve 80

disposed in the piston 32, as indicated by a solid arrow in FIG. 5, at the time of bounding
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" movement. Since the volume of the eperating liquid flowing into the rod-side chamber

44 is larger than the volume increasing in the rod-side chamber 44 with the movement of

| the piston 32, the operating liquid flows from ‘the rod-side chamber 44 to the buffer

chambef 50 via the flow hole 70, the quuid passage 62, and the damping force generator 24.
At this time, a damping fomce for the contraction of the cylinder 22, that is, a damping force
for the boundmg movement, vis generated by the vresistaﬁce given te .the flow of the.
operating liquid passing through the damping force generator 24. |

[0029] On. the other hand, at the time of rebounding mO\}emeht, similarly to the .
bounding movement,‘the' operating fluid flows from the rod-side chamber 44 of the
cylinder 22 to the buffer chamber 50 Via‘ the flow hole 70, the lieluid passage 62, and the
damping force generator 24. At this time, a damping force for the expansmn of the
cylinder 22 that is, a damping force for the rebounding movement is generated by the
resistance given to the flow of the operatmg liquid passing through the dampmg force
generator 24.  As indicated by a dotted arrow in FIG. 5, the oberating liquid flows into the
anti-rod-side chamber 42 of the cylinder 22 from khé buffer chamber 50 via the bottom
flow hole 72, the bottom liquid passage 66, ém’d a check valve 82 'disposed in the partitien
member 64.. : '

[0030] The configuration and the operation of the damping foree generator 24

‘will be described below with reference to FIG. 6. The damping force generator 24 is

known (for example, the _démping force generator described in JP 2011-132995 A) and thue_
description thereof will be made in brief. The damping force generator 24 includes a
main valve 90 as a valve body for giving resistance to the operating liquid passing
therethrough and a solenoid 92 for adjusting the valve-opening pressure of the main valve
90 as principal elements. | |

[0031]  The main valve 90 is impelled in a contact direction by a compression coil
spring 94 as an 1mpellmg member. The main valve 90 is opened when a force acting due

to a pressure difference between a liquid pressure of a high-pressure chamber 96 as a 11qu1d

‘chamber on the front side (the left side of the main valve 90 in FIG. 6) and a liquid pressure

| of a low-pressure chamber 98 as a liquid chamber on the rear side (the right side of the
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m%lin Val\}e 90 in FIG. 6) is greater than the 'iI‘npelling force of the spring 94. That is, as
indicated by a dotted arrow in FIG. 6, a flow of the operdting liquid from the liquid passage
62 to the buffer chamber 50 is generated, and the main valve 90 gives resistance to the
flow of the operating liquid. The main valve 90 is providéd with an orifice 100 for giving
resistgncc to the flow of the operating liquid from the high-pressure chamber 96 to the
low-pressure chamber 98. The operating liquid passing through the orifice 100 flows to
the buffer chamber 50 as indicated by a solid arrow in FIG. 6.

- [0032] The solenoid 92 is a poppet type solenoid valve and includes a
valve-moving member 1iO and a coil 112 generating an electromagnetic force for causing
the valve-moving member 110 to move by excitation. The valve-moving member 110
includes a poppet type valve head >11.4’ and can open and élose the low-pressure chamber 98
by céusing the valve head 114 to contact a valve sheet 116 and to be separatéd,therefrom.

The valve-moving member 110 is impelled in a direction in which the valve head 114 is

- separated therefrom by the compression coil spring >118. On the other hand, with the

excitation of the coil 112, an impelling force in a direction in which the valve head 114
contacts the valve sheet acts on the valve-moving member 110. |
[0033] . The solr"enoid 92 can adjust the degree of opening of the low-pressure
chamber 98, that is, the volume of the operating liquid flowing from the low-pressure
chamber 98 to the bﬁff;_:r chamber 50, with the above-mentioned configuration. That is,

the solenoid 92 can adjust the valve-opening pres'sure of the main valve 90 by adjusting the

liquid pressure of the low-pressure chamber 98.- The valve-opé.ning pressure of the main

valve 90 depends on the magnitude of a current supplied to the coil 112 of the solenoid 92.

The larger the current becomes, the smaller the degree of opening of the low-pressure
_ h :

~ chamber 98 becomes, the higher the liquid pressure of the low-pressure chanﬁber 98

becomes, and the higher the valve:opening pressure of the main valve 90 becomes.
[0034] The damping force generator 24 having the above-mentioned
configuration has' damping characteristics illustrated in FIG. 7. When the- relative

movement speed Vg (hereinafter, may be referred to as “stroke speed”) of the sprung

* portion and the unsprung portion is low, the main valve 90 is not opened and the damping
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force F depends on the resistance of the flow of the operating liquid passing through the

oriﬁce 100 formed in the main valve 90. When the pressure difference between the

“high-pressure chamber 96 and the low-pressure chamber 98 increases and the main valve

90 is opened, the damping force F depends on the resistance of the flow of the operating
liquid passing through the main valve 90. As described above, the large- the current
supplied to the coil 112 becomes, the higher the valve-opening pressure of the main valve
90 becomes.i | |

[0035]  The damping force generatOr 24 generates a damping force so as to change
the magnitude thereof within the hatched area of FIG. 7. The damping force generated
from the dampingwforce generator 24 increases with an increase in the supplied current.
That is, the damping force generator 24 is configured to generate the damplng force of a
magnitude corresponding to the magnitude of the current by changmg the resistance of the -
flow of the operating liquid passing therethrough. depending on the magnitude of the
¢urrent supplied thereto. That is, each shock absorber 20 includes a damping force
changing mechanism changing the magnitude of the damping force and generates the

damping force for the relative movement of the sprung portlon and the unsprung portion SO

.. asto change the magnitude thereof.

[0036] The suspension system 10 controls the shock absorbers 20 through the use

of a suspension electronic control unit 200 (hereinafter, may be referred to as “ECU.ZOO”)

as a controller. The ECU 200 is constituted by a computer including a CPU, a ROM, and

a RAM as a main element. The ECU 200 is connected' to drive circuits 202 that are
disposed to correspond to the damping force generators 24 of the shock absorbers 20 and
that can adjust currents to the corresponding damping force generators 24.  The drive
circuits 202 are connected to a battery [BAT] 204 and currents are supplied to the damping
force generators 24 of the shock absorbers 20 from the battery 204. |

[0037] A vehicle is provided with a vehicle speed sensor [V] 210 detecting a
vehicle running speed (hereinafter, mail be referred to as “vehicle speed”), four sprung
acceleration. sensors [Gz] 212 detecting vertical acceleration of the corresponding sprung

portions of the vehicle body corresponding to the vehicle wheels 14, and four stroke
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sensors [St] 214 detecting strokes of the cylinders 22 of the shock absorbers 20 for the
vehicle wheels 14, which are all connected to the computer of the ECU 200. The ECU
200 controls the shock absorbers on the. basis of signals from the sensors. In addition,
characters in [] are signs used to illustrate the sensors and the like in the drawings. The
ROM of the cornputer of the ECU 200 stores programs relevant to the shock absorbers 20
and a varieiy of data.

[0038] - [B] Control of Shock Absorber

i) Determination of Reference Supply Current

The control of the shock absorbers 20 is basically to suppress vibration occurring in
the vehicle by gencrating a damping force 'corresponding to. the vehicle speed W.
Specifically, a supply current I is conrrolled so that the higher the vchicle speed V becomes,

the higher the damping force F becomes, that is, the higher the valve-opening pressure of

~ the main valve 90 becomes. Specificélly, the RAM of the ECU 200 stores map data

illustrated in FIG. 8, and a reference supply current L. serving as a reference of the supply

current to the damping force generator 24 is determined for the vehicle speed V detected

by the vehicle speed sensor 210 with reference to the map data. That‘is, in the suspension

system 10 according to this embodiment, thc reference damping force for the stroke spccd
Vg at the corresponding time is determined‘by determining the reference supply current I.

[0039] = ii) Determination of .Correction Value Based on Vehicle Body Behavior
Components | |

in the suspension System 10 according ‘to this embodimenr, the reference supply
current I is corrected to suppress a hea\;e, a roll, and a pitch which are vehicle body
oehavior components.. Specifically, a correction value from the reference supply current
I. in each shock absorber 20 rs calculated for each of the heave, the roll, and the pitch, and
the correction values are added to the reference .supply current [, to determine a target
supply current I. Methods of determining a correction value AIH based on a heave, a
corréction value Alg based on a rol'l, and a correction value Alp based on a pitch will be
sequentially described below. | |

[0040]  (a) Correction Value Based on Heave
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In the suspension system 10 according to this embodiment, in order to suppress the

‘heave as a vehicle body behavior component which is a component of‘ the vehicle body

behavior, the correction value from the reference damping force is determined for only the
shock absorber in which (i) the direction of actual sprung movement that is actuél
movement in the vertical direction and (i) the direction of heave-corresponding sprung
movement that is the vehicle body behav1or-correspond1ng sprung movement in the

vertical direction when the vehicle body behavior based on a heave is assumed are parallel

to each other in the corresponding sprung portion out of the four shock absorbers 20. In

other words, the suspension system 10 according to this embodiment does not perform the
correction based on a heave for the shock' absorber in which the direction of the actual

sprung movement and the direction of the heave- correspondmg sprung movement are

' antlparallel to each othér out of the four shock absorbers 20.

[0041] Spe01f_10ally, the | actual sprung speeds V. R, Vz_fL, V. rr, and V;_RL
corresponding to the four shock absoroers 20 are -estimated on the basis of .the‘ detect,ion .
resul§ of the four sp‘rung acceleration sensors 212.  Subsequently, a heave speed Vy of the
vehicle body Which is a vehicle body behavior-corresponding sprung speed is calculated
using the following expression on the basis of the ‘actual sprung speeds of the four

locations.

Vg =

L VitV VetV m +vz_RR TV, m
2 ' 2

I+1, B 2

Here, l¢ represents a distance between the axial line of the front wheels and the point

~ of center of gravity, and 1/ represents a distance between the axial line of the rear wheels

and the point of center of gravity. The actual sprung speed V. and the heave spee_d Vy are
defined to be positive in the upward direction and are defined to be negaﬁve in the

downward direction. For each shock absorber 20, it is determined whether the direction

of the actual sprung movement and the direction of the heave-corresponding spfung

movement are parallel to each other, depending on whether the sign of the actual sprung

speed V, and the sign of the heave speed Vy acquired as described above are equal to each
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other. -

[0042]  In the shock absorber 20 in which the direction of the actual sprung
movement and th;‘e direction of the heave-corresponding sprung movement are parallel to
each other, when the reference supply current is corrected, it is determined whether to set
the supply current to be greater or smaller than the reference supply current, depending on *

whether the shock absorber 20 performs bounding movement or rebounding movement.

- Specifically, when the heav'e"speed Vu is upward and the rebounding movement is

performed, the damping force increases, thaf is, the subply current increases, to suppreSs
th}e.‘heave. When»bthe ‘heave speed Vy is upward and the bounding movement is
performed, the supply current decreases so as not to promote the-heave. In addition,
when the heave speed Vy is-downward and the rebounding movement is perforfned, the

supply current decreases so as not to prombte the heave. In addition, when the heave

speed Vy is downward and the bounding movement is performed, the supply current

' increases to suppress the heave. The higher the heave spﬁed Vu becomes, the greater the

heave correction value Aly of each shock absorber 20 becomes in proportion thereto.

[0043] = The heave correction value Aly of each.,shock abso_rber 20 is calculated

" using the following expression so as to be determined as described above when the sign of

the corresponding actual sprung speéd V. and the sign 6f ih@ heave speed VH are equal to
each other.

Alg=Cusgn(Vy) Vi |

_Here,v Cy represents a gain, sgn(x) represents ,a‘ signum functidn of reversing the sign
of x, and V represents a stroke Speed estimated from the detection result of the stroke
sensor 214. The stroke speed Vy is defined to be positive on the expansion side and to be
negative on the contraction sidg. When the sign of the actual sprung speed VZ and- the

sign of the heave speed Vy are not equal to each other, the heave correction value Aly of

the shock 'absorbgr 20is 0.

- [0044] (b).Correction Value Based on Roll
In the suspension system 10 according to this embodiment, the correction value Alg

based on a roll is determined using the same method as the correction value based on'the
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heave. That is, in the suspension system 10 aécording to this embddiment, the éorrectiou
value AiR from the reference supply current L is determined for only the shock absorber in
which (i) the direction of actual sprung movement and (i) the direction of |
r'oll-lcorrespohding sprung movcmeht that is movemént in the vertical direction when the
vehicle body behavior bésed on a roll is assumed are parallel to each other in-the
corresponding sprung portion out of the four shock absorbers 20.

[0045] - Specifically, the roll - speed Vg - that is a wvehicle body -
behavior-corresponding sprung speed of the sprung portioncbrresponding ip each shock
absorber 20 is caléUlatéd using the following expression on the Basis of the actual sprung

speeds of the four locations.

o1 v, F}z +v, FI; 2 | | V: etV m | 2 Tf
Ve mm =] Ve g m e || Y, = 2R S LTS
R_Fé 2 {( z_FR 9 ]Tf [ z_RR 2 Tr 2

Vr_FL = VR _Fr ‘ :

1 Vi mTV, g} 2 V:em*tV, | 2| T,
R D -ty (i) VS CSMRE AL el Sedd
kAR 2{( - 2 T, (% 2 T, |2
Ve R T "VYr_mR \

Here,VTf represents the tread on the front wheel side.and T, represents the tread on the
rear whlcyeel side. '
[0046] - For each shock absorber 20, it is determined whether the- direction of the

actual sprung movement and the direction of the roll-corresponding sprung movement are

~ parallel to each other, depending on whether the actual sprung speed V, and the roll speed

Vg acquired as described above are equal to each otﬁer. .The roll cdrrection value Alg of
each shock absorber 20. is calculated uéing the following expression when the sign of the
corresponding actual sprung speed.VZ and the sign of the roll speed Vr are equal to each
other. ' |
Alr=Cr'sgn(Vg)-Vg | | _ |
‘When fhe sign of the actual sp"rung speed V, and the sign of the roll speed VRv_arc not
equal to each other, the réll correction value A‘IR of the shock absorber 20 is O |

[0047]  (c) Correction Value Based on Pitch
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‘In the suspension system 10 according to this embodiment, the correction value Alp

. -based on a pitch is determined using the same method as the correction value based on the

heave. That is, in the suspension system 10 according to this embodiment, the correction
value Alp from the reference supply current I is determined for only the shock absorber in

which (i) the direction of actual sprung movement and (ii) the direction of

. pitch-corresponding sprung movement that is movement in the vertical direction when the

- vehicle body . behavior. based on a pitch is assumed are parallel to each olther‘in the

corresponding sprung portion out of the four shock absorbers 20. - _
>[0048] | Specifically, the pitch speed Vp that is a  vehicle body

behavior4corresponding sprung speed of the sprung portion corresponding to each shock -

- absorber 20 is calculated using ,'the following expression on the basis of the actual sprung

speeds of the four locations.

’ VomtV.nm v
P_F T -~ Vg
.- 2 -

‘vz RR +v;z RL
Vp R =7 5 " Vy
3
[0049]  For each shock absorber 20, it is determined whether the direction of the

- actual sprung movement and the direction of the pitch-corresponding sprung movement are

parallel to each other, depending on whether the actual sprung speed V, and the pitch speed
Vp acquired as described above are equal to each other. The pitch correction value Alp of ‘

each shock absorber 20 is calculated using the following expression when the sign of the

: corresponding actual sprung speed V; and the sign of the pitch speed Vp are equal to each

20

other.
AIp=C§-sgn(Vs,)-Vp
When the sign of the actual sprung speed V, and the sign of the pitch speed: Vp are
not equal to each other,‘vtne’pitch correction value Alp of the shock absorber 20is 0.
| [0050]  iii) Determination of Target Damping Coefficient
The target suppiy.current I of each shock absorber 20 is: determined nsing the

following expression on the basis of the reference supply current I, the heave correction .
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value AIQ, the roll correction value AIR_, and the pitch correcﬁon value Alp that are
determined as described above. | |
I'=I+Aly+Alg+Alp
The sﬁpply current to the damping force generator 24 is controlled so as to reach the
target supply cufrénf I" determined using this expression.
[0051]  [C] Control Program

The. control of the vehicle suspension system according to this embodiment is

. performed by causing the ECU 200 to éxecute an absorber control prégram, the flowchart

of which is illustrafed in FIG. 9, for eachl shock absorber 20 This program is repeatedly
executed at short timevintervalsl(fo.r example, several usec t(')‘ several tens of usec). The
control will be described in brief below with reference to the flowchart.

[0052]  According to the absorber control program, in step 1 (hereinafter, “step” is
abbreviated to “S™), the vehicle speed V is acquired from the vehicle spme_ed sensor 210, and
the reference supply current I is determined on the basis of the vehiéle ‘speed‘V with
refefence to map data illustrated in FIG. 8. .

[0053] Sﬁbséquently‘, in:S2, the actual sprung speed V, and the stroke speed Vg of
the sprung portion corresponding to the shock absorber 20 to be controlled are eétirﬁé,ted.
The actual sprung speed V, and the stroke speed Vg are estimated on the basis of the
detection values of the sprung acceleratibn sensor 212 and the stroke sensor 214 at the time

of previously executing the program and the detection values at the time of currently

~executing the program.  Subsequently, in S3, the heave speed Vy, the roll speed Vg, and

the pitch speed Vp which are vehicle body behavior-corresponding sprung speeds of the

“sprung portion correspondin‘g to the shock absorber 20 to be controlled are acquiréd. The

vehicle body béhavior-corresponding sprung speeds are calculated using other programs

~ (of which the flowcharts are not illustrated) based on the above-ment.ioned calculation

expressions.

_[0054] In S4 and the stéps subsequent thereto, the correction value of the

reference supply current is determined. First, in S4, it is determined whether the product

- of the actual sprung speed V, and the heave speed Vy is equal to or greater than 0. When
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the product of the actual sprung speea V. and the heave speed Vy is equal to or greater
than 0, it is determined that the signs of the actual sprung speed V and the heave speed Vi

are equal to each other, that is, the direction of the actual sprung movement and the

direction of the heave-corresponding sprung movement are parallel to each other. When

the product of the actual sprung speed V, and the heave speed Vy is equal to or greater

than 0, the heave correction value Aly is determined on the basis of the above-mentioned

calculation expression in S5. On the other hand, when the product of »the actual sprung

speed V, and the heave speed Vy is less than 0, the direction of the actual sprung
movement and the direction of the h_eaye-cdrresponding sprung movement are antiparallel
to each other and thus the heave correction value Aly i.s set to 0 in S6 so as not to ‘perform
the correction based on the heave. | ,

[0055] Subsequently, in S7.t0 S9, the roll correction value Aly is determined by
performing the same process as the process of determining the heave correction value in S4
to S6, and the pitch correction‘value Alp is determinedv in S10to S12.

[0056] In S13, the heave correction value Aly, the roll correction value Algr, and

_ the pitch correction value Alp that are determined as described above are added to the

 reference supply current I to determine the target supply current I'. Subsequently, in S14,

the target supply current I* to the damping force generator 24 is determined on the basis of
the target supply current I and the curferit is supplied. In this way, one-turn execution of
the absorber control program ends. | - |

[0057] [D] Functional Configufation of Controller

It can be coﬁsidered that the ECU 200 performing the qbove-mentiened ‘control
includes various functional units performing the above-mentioned various processes. As

1llustrated in FIG. 10, the ECU 200 includes (I) a reference dampmg force determining unit

250 that determmes a reference dampmg force (reference supply current) serving as a

reference of the damping forces generated from four shock absorbers 20 on the basis of a
predetermined control fule, (1) correction value determining units 252, 254, and 256 that
determine the correction value from the reference damping force for only the shock

absorber in which the direction of the actual Sprung movement of the corresponding sprung
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portion and the direction of the vehicle body behavior-corresponding sprung movement are
parallel to each other out of the four shock absorbers 20 so as to suppress a vehicle body

behavior component as a component of the vehicle body behavior, and (III) a target

J damping force determining unit 258 that determines the target damping force (target

supply cufrent) serving as a target of the damping force generated from each of the four
shock absorbers 20 on the basis of the reference damping force and the correctioﬁ values.

- -[0058].  The ECU 200 -includes the three correctioh value determining uhits 252,
254, and 256. Specifically; the ECU 200 includes a heave correction value determining

unit 252 that determines a correction value for suppressing the heave as the vehicle body

~ behavior compenent, a roll correction value determining unit 254 that determines a

correction value for suppressing the roll as the vehicle body _behaVior component, and a
pitch correction value determining unit 256 that determines a cotrection value for
suppressing the pitch as the vehicle body behavior component.

[0059] In addition, in the ECU 200 of the véhicle suspension system according to

- this embodiment, the reference damping force determining unit 250 is configured to

include a section for performing the 'proéess of S1 of the absorber control program, thev

heave correction value determining unit 252 is configured to include a section for
performing the processes of S4 to S6, the roll correction value determining unit 254 is
configured to include a section for perfofming the processes of S7 to S9, the pitch
correction value determining unit 256 is configured fo include a section for performing the
processes of $10 to S12, and the target damping force determi.ning .unif 258 is configured
to include a section for performing the process of S13. |
[0060] The ECU 200 includes an actual spr.un‘g speed acquiring unit 260. that
aéquires the actual sp‘rung speed of the sprung portion cofrespondiﬁg to each of the four
Vehicie wheels 14 and a vehicle body behavior-corresponding sprung speed acquiring unit
262 that acquires the vehicle body behavior-corresponding sprung speed of the sprung
portion corresponding to: each of the four vehicle wheels. The three correction value
\determinihg‘units 252, 254, 'aﬁd 256 determines whether the direction of the actual sprung

movement of the sprung portion and the direction of the vehicle body
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behavior—cofrespo'nding sprung movement are parallel to each other on the basis of the

actual sprung speed and the vehicle body behavior-corresponding sprung speed acquired

by the actual sprung speed acquiring unit 260 and the vehicle body behavior-corresponding

sprung speed acquiring unit 262. - In addition, thc actual sprung speed acquiring unit 260

- is configured to include a section for performing the process of S2 in the absorber control

program and the vehlcle body behavxor-correspondmg sprung speed acquiring unit 262 is
configured to 1nclude a sectlon for performing the process of S3 in the programs (of Wthh
the flowcharts are not illustrated) calculating the heave speed VH, the roll speed Vg, and

the pitch speed Vp on the basis of the above-mentioned calculation expressio;is and the

‘absorber control program.

- ‘['0061] - [E] Vehicle Suspension System

The vehicle suspension systein 10 according to this embodiment having the
above-mentioned configuration can suppress the vehicle body behavior component to be
cqrrécted and can also suppress other vehicle bcdy behavior components, by not adding the
correction Valce for the correspondiﬁg vehicle body behévicr component to the reference
damping fcrce for the’damping force of the shock absorber correéponding to the sprung
portion in which the direction of fhe actual sprung movement and the direction of the .
vehicle bcdyv behavior-corrésponding sprung movement are antiparallei to each other.
That is, it is possible tc suppress the entire vehicle body behavior. Accordingly, the
suspension sys‘tein 10 according to this embodiment can suppress the vehicle body
behavior WitH a relatively l_simple_ technique. The vehicle‘susp‘ensicn' system according to
thic embodiment is configured to perform all of the heave chrect'ion; the roll correctioﬁ,

and the pitch correction. According to the aspects of this embodiment, it is possible to

~ effectively suppress each of the heave, the roll, and the pitch.

T0062] - For ‘examvple, a state is considered in which the front-léft wheel passes
through a concave part and the rear-right wheel passes through a convex _pért when a
vehicle having four vehicle Wheels‘on the right and left sideé of the-frcni and rear side runs
as illustrated in FIG. 1. It is assumed that the vehicle body moves upward at the position

of the center of gravity. That is, in the sprung portions corresponding to .all the vehicle
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: whéels, the direction of the vehicle body behavior-corresponding sprung movement based

on the heave is upward. On the other hahd, regarding the direction of the actual sprung
movement, the direction of the movement of the sprung portion corresponding to the

front-left wheel passing through the concave part is downward and the direction of the

movement of the sprung pbrtion corresponding to the other three vehicle wheels are

‘u'pward.

[0063] = For éXample, in the example illustrated in FIG. 1, for fhe shock absorbers -
conésﬁonding to the three vehicle wheels of the front-right wheel, thé re’ar-right. wheel, and
the rear-left wheel in which the direction of the vehicle body behavior-corresponding
sprung. movement based on thc’hev:ave and the direction of the actual sprung movement are
parallel to each other, the correction Valﬁes AF from the refergncé damping force F, are

determined and the damping forces generated from the shock absorbers are corrected. In

this case, the moment around the center of gravity acting on the vehicle body has a .

di'rcctién_ indicated by a hollow arrow. in FIG. 1. When a force for suppressing the heave
is applied to the front-left wheel, the fdrcevpr'omotes the moment acting on the vehicle body,

that is, promotes the roll on the front wheels and the pitch on thé left wheels. | That is, in

“the vehicle suspension system according to this embodiment, it is possible to suppress the

i roll with the damping force génerated from the shock absorber of the front-right wheel and

to suppress the pitch with the damping force generated from the shock absorber of the

rear-left wheel, by not performing the correction of suppressing the heave on.the damping

force generated from the shock absorber of the front-left wheel.

[0064] The same‘stat‘jc aé illustrated in FIG. 1 is also considered in which the
front-left wheel passes through a concave part and the _rear-ri‘ghtkwheel passes through a
conQex parf when a vehicle having four vehicle wheels on the right énd léft sides of the
front and rear side runs.  Regarding the direction of the vehicle body
behavior-corresponding sprung movemént based on the roll, thé movement direction of the
sﬁruhg portions corresponding to the front-right wheel and the reaf-right wheel is upWard
and the-rﬁovement direction of the sprung portions corresponding to the front-left wheel

and the rear-left wheel is downward. On the other hand, regarding the direction of the
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actual sprung movement, the movement direction of the sprung portion corresponding to
the front-left wheel passing through the concave part is downward and the vmovement
direction of the sprung portions corresponding to the other three vehicle wheels are
upWard. | |

[0065] In this case, as illustrated in FIG. 2, for the shock absorbers corresponding

to the three vehicle wheels of the-front;right' wheel, the rear-right wheel, and the front-left

wheel in Wthh the direction of the vehicle body behavror-correspondmg sprung movement

based on the roll and the directlon of the actual sprung movement are parallel to each other,

~ the correction values AF from the reference damping force F. are determined and the

damping forces generated from the shock absorbers are corrected. When a force for

suppressing the roll is applied to the rear-left wheel, the force promotes the heave and the
pitch on the left wheels' That is, in the vehlcle suspenswn system according to this
embodiment, it is possrble to suppress the pitch w1th the damping force generated from the
shock absorber of the front-left wheel and to suppress the heave with the damping forces
generated from the shock absorbers of the rear-right wheel and the front-right wheel, by
not performing the correctlon of suppressing the roll on the damplng force generated from
the shock absorber of the front left Wheel

[0066] The same state as illustrated in FIG. 1 is also considered in which the

~ front-left wheel passes throngh a-concave part and the rear-right wheel passes through a

convex part when a vehicle having four vehicle wheels on the right and left sides of the. |

_front - and - rear side runs. Regarding the direction of the bvehicle body

behavior- correspondmg sprung movement based on the pitch the movement d1rection of

the sprung portions corresponding to the front-right wheel and the front-left wheel is |

* downward and the movement direction of the sprung portions corresponding to the

'rear-right wheel and the rear-left wheel is upward. On the other hand, regarding the
direction of the actnal sprung movement, the movement direction of the sprung portion
corresponding to the front-left wheel passing through the concave part is downward and
the movement direction of the sprung portions corresponding to the other three vehicle

wheels are npward.
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[0067]  In this case, as illustrated in FIG. 3, for the shock absorbers corresponding
to the three vehicle wheels of the rear-right wheel, the rear-left Wheel, and the front-left
wheel in which the direction of the vehicle body hehavior-corresponding sprung movement
based on the pitch and the direction of the actual sprung movement are parallel to each

other, the correction values AF from the reference démping’ force F. are determined and the

damping forces generated from the shock absorbers are corrected. When a force for

suppressing the pitch is applied to the front-right wheel, the force promotes the heave and

the roll on the front wheels. That is, in the vehicle suspension system according to this
embodiment, it is possible to suppress the roll with the damping force generated from the

shock absorber of the front-left wheel and to suppress the heave with the damping forces

.generated from the shock absorbers of the rear-right wheel and the rear-left wheel, by not

performing the correction of suppressing the pitch on the darrlping‘ force generated from
the shock absorber of the front-left Wheel. |

[0068] [F] Modification Example

The Vehiele suspension system 10 according to theabove-mentioned embodiment is
configured to simply add. the correction value based. on the heave, the correction value
based on the roll, and the correction value vbélsedv on the pitch to each other, but the

correction values may be weighted and then added to each other. - In this configuration,

each of the heave, the roll and the pitch can be effectlvely suppressed for example by

settmg a weighting value dependlng on the vehicle and weighting any of the heave the roll,
and the pitch.
[0069] The vehicle suspension system 10 according to the above-mentioned

embodiment is conflgured to perform all of the heave correction, the roll correctron and

the prtch correction, but may be conflgured to perform two or only one of the corrections

from the v1ewp01nt of the sunphf]catlon of the control.

[0070] 'In the above-mentioned embodlment one of the plural correction value
determinirlg units 252, 254, arrd 256 may determine the correction value for suppressing
the heave, roll, or pitch as the vehicle body behavior component. That is, only one of the .

correction value determining units 252, 254, and 256 may be provided. -
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) [0071]  The “reference damping force 'd'etermining unit” in the embodiment may
employ various control rules used in the past, such as a rule for determining the damping

force depending on .the running speed of the vehicle and a rule for determining }thé

damping force depending on the acceleration or deceleration of the vehicle, as the =

“predetermined control rule”. From the viewpoint of the simplification of the control, it

\

1s preferable that a relatively simple control rule be employed.
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CLAIMS:

1. A vehicle suspension system eomprising:

a plurality of shoek absorbers that is disposed to correspond to a plurality of vehicle
wheels, that each has a damping force changing mechanism changing the magnitude of a
damping force, and | that generntes a damping force for relative movement of a
- corresponding sprung portion and a corresponding'unsprung portion so as to change the
- magnitude thereof; and . |

a c'ontroller‘that includes a reference damping force determining unit determining’a
reference damping force, which serves as a reference of the damping force generated from
. each of the plurality of shock absorbers, on the basis of a predefermined control rule, a
correction value determining nnit determining a correction value from the reference
_ damping force for only the shock absorber corresponding to the sprung portion in which (i)

_ the direction of actual sprung movement as actual movement in the vertical direction and
(i) the direction o‘fvvehicle nody behavior-eorresponding sprung movement as movement
in the vertical direction when the behavior of a Vehicle bodyibased on a vehicle body
behavror component as a.component of vehicle body behavior is assumed are parallel to
each other out of the plurality of shock absorbers so as to suppress the vehicle body
behavior component, and a target damping force determining unit determining a target
damping force as a target of the damping force to be generated from each of the plurality of
shoek absorbers on the basis of the reference damping force and the correction values and
that controls the damping,foree generated from each of the plurality of shock absorbers by‘
controlling the damping force changing mechanism of each of the plurality of shock

absorbers. . : o o ’

2. The vehicle suspension system according to claim 1, wherein the correction value
determining unit determines the correction value so as to suppress any one of a heave, a

roll, and a pitch as the vehicle body behavior component.
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3. The vehicle suspension system according to claim 1, wherein the correction value
determining unit dctenﬁines the correction value so as to suppress any one of a heave, a
roll, and a pitch as the vehicle body behavior component, and

wherein the controller includes a plurality of the correction value determining units.

4. The vehicle suspension system according to any one of claims 1 to 3, wherein the
' -controller includes an actual sprung speed acquiring unit that acquires an actual s-p,run‘g‘
speed as a speed of the sprung movement of the sprung portion corresf)onding to each of
the plurality of vehicle wheels and a vehicle body behavior-éorresponding sprung speed
acquiring unit that acquires a vehicle bddy behavior-corfesponding sprung speed as a-speed
of the vehicle body behayior-correqunding sprung moVement; and .

wherein the correction value determining unit is configured to determine that the
direction of the actual sprung movement qﬁd the direction of the “vehicle body
~bchavior-corrésponding sprung movement of the sprung portion are parallel to each other
whén the direction of thé actual sprung speed and the direction of the vehicle 'Body
behavior-corresponding sprungk speed are parallel to each other and to determine the

correction value.

5. The vehicle suspension system according to claim 4, wherein the correction value
determining unit determines the correction value so that the higher the vehicle body

behavior-corresponding sprung speed becomes, the larger the magnitude of the correction

value becomes.

6. The vehicle suspension system according to any one of claims 1 to 5, wherein the
correction value determining unit is configured to increase the reference damping force of
each of the plurality of shock‘absorbers () when the direction’ of thé vehicle body
behavior-corresponding sprung movement‘ of the corresp0n>ding sprung portion is upward
and the sprung portion and the unsprung portion move in a direction in which both are

spaced away from each other or when the direction of the vchicie body
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‘behavior-corresponding sprung moverﬁent is downward and the sprung portion and the
unsprung portjon move in a directionv in which both get close to each other, and tb decrease
the reference damping force | (ii) ‘W_hen the direction of the vehicle body
behaVioi—corresponding - sprung’ moyemént of the. corresponding sprung portion is
downward and the sprurllgb portion and the unsprung portion move in a direction in which
lboth are spaced away from each other or iwhen the direction of the vcﬁicle body
behévior-corresponding spruhg movement is upward and the sprung portion and the

unsprung portion move in a direction in which both get close to each other.

7. The vehicle suspension system according to any one of claims 1 to 6; wherein

each of the plura_lity of shock absorbers includes a cylinder that includes a housing
¢ontaining an operating liquid, a piston disposédvin the hbusing so as to be slidable, and a
.rod 6f which one end is connected to the piston and the other end extends from the housing,
that is Aisposed to connect the sprung porfion and the unsprung portion of the vehicle, and
that expands and contracts with the 'rélative movement of the sprung portion and the
unsprung bortion and a darﬁping fdrce generator that generates a damping force for at least ‘
one of the expansion and the contraction of the cyl_indef by giving resistance to é flow of
h the’ operating liquid_accompanied‘v&}ith at least one of the eipansion and the contraction of
| the cylinder, that is cohfigured to gencrate -a damping force of a magnitude corresponding
to the magnitude of a supplied curré:nt, and that has a function of the damping force

changing mechanism.

8. The vehicle suspension systerﬁ according to claim 7, wherein

the damping force ge‘neratbr includes (A) a valve body, (B) an impelling member
impelling the valve body in one dire.ct‘ion ofa Valve-opening direction and a valve-closing
direction, and (C) a solenoid includirig- a moving member ‘and‘a coil generating an
electromagnetic force for operating the moving member with a supply of a current and is
configured to adjust a valve-opening pressure of ‘t‘he valve body by controlling the

operation of the moving member, and wherein the controller is configured to -control the
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dampihg force generated from each of the plurality of shock absorbers by controlling the

current supplied to the coil so as to adjust the valve-opening pressure of the valve body.
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FIG. 9
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