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AUTOMOTIVE SUSPENSION SYSTEM WITH
VARIABLE DAMPING CHARACTERISTICS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

The present invention relates generally to an automo-
tive suspension system with variable damping charac-
teristics providing both driving stability and riding
comfort. More specifically, the invention relates to a
system controlling the variable damping characteristics
of an automotive suspension system such that the damp-
ing forces against bounding and/or rebounding will not
serve to amplify vibrations at least of the sprung mass.

Japanese Patent First Publication No. (Tokkai Sho.)
50-83922, published on Jul. 7, 1980, discloses an elec-
tronically controlled automotive suspension system. In
the disclosed system, the relative displacement between
the sprung mass and the unsprung mass and the acceler-
ation of the sprung mass are detected. Based on the
detected relative displacement, a reference value for the
sprung mass acceleration is derived for comparison
with the detected acceleration value. Control is per-
formed to minimize the difference between the detected
acceleration value and the reference value so as to 1im-
prove nding comfort.

In such conventional suspension control system, the
reference value derived on the basis of the relative dis-
placement of the sprung mass and unsprung mass has to
be small enough as to ensure good riding comfort. This,
on the other hand, results in an excessively soft suspen-
sion, which degrades shock absorbing ability and thus
results in reduced driving stability.

Consequently, although the prior proposed suspen-
sion control system may improve riding comfort to a
certain extent, it does not satisfy the requirement for the
better riding comfort while ensuring good driving sta-
bility.

SUMMARY OF THE INVENTION

Therefore, it is an object of the present invention to
provide an automotive suspension system which assures
good riding comfort with a sufficient level of driving
stability.

In order to ensure riding comfort and driving stability
in an automotive suspension system, the effect of the
damping force generated by the suspension system must
be observed and taken into account. For instance, if the
damping characteristics of the suspension system is sO
hard that it tends to amplify vibrations of the suspension
system, the damping characteristics must be softened to
provide a satisfactory level of riding comfort. There-
fore, according to the present invention, an automotive
suspension system has variable damping characteristics
which depend on the nature of the damping force pro-
duced in response to bounding and/or rebounding mo-
tion of the vehicle so as to optimize damping character-
istics to achieve both riding comfort and driving stabil-
ity.

In the preferred embodiment, a suspension control
system uses the vibration frequency of a sprung mass
and the relative speed between the sprung mass and a
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unsprung mass as control parameters representing the
nature of the damping force.

It should be noted that, throughout the disclosure, the
phrase “nature of the damping force” will refer to the
tendency of the damping force to either amplify or
absorb vertical oscillations.

According to one aspect of the invention, a suspen-
sion control system for an automotive vehicle com-
prises a vehicular suspension system with damping
characteristics variable at least between a first harder
suspension mode and a second softer suspension mode,
a first sensor means for monitoring vertical displace-
ment of a vehicle body within the gravity field and
producing a first sensor signal indicative of the vertical
speed of the vehicle body, a second sensor means for
monitoring relative distance between the vehicle body
and a vehicular whee! assembly and producing a second
sensor signal indicative of the relative speed between
the vehicle body and the wheel assembly, a controller
responsive to the first and second sensor signals for
predicting the effect of damping characteristics of the
suspension system, selecting the effect from between a
first condition in which damping characteristics act to
amplify vehicle body vibrations ar.Z a second condition
in which damping characteristics of the suspension sys-
tem act to absorb vehicle body vibrations, the controller
actuating the vehicular suspension system to the second
softer suspension mode when the first condition 1s pre-
dicted and into the first harder suspension mode when
the second condition is predicted.

In the preferred embodiment, the first sensor means
comprises a sensor adapted to detect acceleration of the
vehicle body and produce an acceleration indicative
signal. The second sensor means comprises & sensor
adapted to monitor relative displacement between the
vehicle body and the wheel assembly, an integrator for
integrating the relative displacement indicative output
of the sensor and an arithmetic means for deriving the
relative speed based on the integrated value by differen-
tiating. the integrated value.

The suspension system comprises a hydraulic shock
absorber with damping characteristics variable at least
between the first mode and the second mode.

Preferably, the hydraulic shock absorber has upper
and lower fluid chambers filled with a working fluid
and of variable volumes according to a piston stroke,
the shock absorber being provided with a flow control
value which is operable in either one of a first mode
position. in which it restricts the rate of flow of working
fluid between the upper and lower fluid chambers to a
minimum rate, and a second mode position in which it
allows fluid flow between the chambers at a maximum
rate.

As an alternative, the suspension system may com-
prise a stabilizer with stiffness variable at least between
the first mode and the second mode or a pneumatic
spring means exerting a pneumatic damping force vari-
able at least between the first mode and the second
mode.

According to another aspect of the present invention,
in a automotive suspension system with damping char-
acteristics variable at least between a first harder sus-
pension mode and a second softer suspension mode, a
process for suppressing vibration of a vehicle body
comprising the steps of: detecting the vertical speed of
the vehicle body, detecting the relative speed between
the vehicle body and a vehicular wheel assembly, pre-
dicting the effect of damping force produced by the
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suspension system based on the vehicle body speed and
the relative speed, the effect being selected from be-
tween a first condition in which damping characteristics
act to amplify vehicle body vibrations, and a second
condition in which damping characteristics of the sus-
pension system act to absorb vehicle body vibrations,
and actuating the vehicular suspension system to the
second softer suspension mode when the first condition
is detected, and into the first harder suspension mode
when the second condition 1s detected.

In the preferred procedure, the first condition 1s pre-
dicted when the vehicle body speed indicative value
and the relative speed indicative value indicate action in
the same direction and the second condition is predicted
when the vehicle body speed indicative value and the
relative speed indicative value indicate action in oppo-
site directions.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 is a diagram of the dynamics of a system com-
prising an sprung mass and a unsprung mass for explana-
tion of the fundamental idea of the present invention;

F1G. 2 is a schematic block diagram of the preferred
embodiment of a suspension control system according
to the present invention;

FIG. 3 is a perspective illustration of a vehicle high-
lighting essential elements of a vehicle suspension sys-
tem with a variable damper to which the preferred
embodiments of a shock absorbing characteristics con-
trol system are applied;

FIG. 4 is a perspective view of an accelerometer
employed in the preferred embodiment of the suspen-
sion control system of FIG. 3 and serving as means for
monitoring vertical velocity of a vehicle body acting as
AN Sprung mass;

FIG. § is a fragmentary illustration of a shock ab-
sorber incorporating a stroke sensor employed in the
preferred embodiment of the suspension control system
of FIG. 3 and serving as means for monitoring relative
displacement between the vehicle body and wheel as-
sembly;

FIG. 6 is graph of the relationship between relative
displacement between the vehicle body and wheel axle
and a sensor output voltage indicative thereof;

FIG. 7 is a longitudinal section through a shock ab-
sorber serving as a variable damper in the preferred
embodiment of the suspension system;

FIG. 8 is a graph of the damping force produced by
the shock absorber in SOFT mode and in HARD mode;

FIG. 9 is a block diagram of the first embodiment of
a suspension control system according to the present
invention;

FIG. 10 is a flowchart of an anti-dive suspension
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FIG. 4;

FIG. 11 is a timer chart showing one example of the
operation of the suspension control system of F1G. 4;

FIG. 12 is a graph showing the effect of the preferred
embodiment of the suspension control system of FIG. 9
in comparison with the vibration suppressing character-
istics resulting from fixing the damping characteristics
in either HARD or SOFT mode;

FI1G. 13 is a longitudinal section through a modified
shock absorber adapted to carry out suspension control
according to the present invention;

F1G. 14 is an enlarged section through the major part
of the shock absorber of FIG. 13;
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FIG. 15 is an enlarged section through a valve posi-
tion sensor employed in the shock absorber of FIG. 13;

FIGS. 16 and 17 are cross sections taken respectively
along lines XVI—XVI and XVII—XVII of FIG. 14;

FIG. 18 is a perspective illustration of a stabilizer
which constitutes the second embodiment of the sus-
pension control system according to the invention;

FIG. 19is an enlarged section through a major part of
the stabilizer of FIG. 18;

FIG. 20 is a cross-section taken along line XX—XX
of FIG. 19; and

FIG. 21 is a schematic diagram of a vehicle height
regulator system which controls vehicular height by
controlling pneumatic pressure in a pneumatic chamber
and which constitutes the third embodiment of the sus-
pension contro] system of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Before describing the preferred embodiment of an
automotive suspension system according to the present
invention, the fundamental idea of the present invention
will be described hereafter with reference to FIG. 1 in
order to provide a foundation for understanding of the
following description of the preferred embodiment of
the invention. In FIG. 1, m represents the weight of the
sprung mass, k represents the spring constant of a sus-
pension spring, c represents the damping coefficient of
a shock absorber, X 4 represents the displacement of the
sprung mass, Xp represents the displacement of the
unsprung mass, and X represents the relative displace-
ment between the sprung mass and the unsprung mass.
Since vibration of the sprung mass may affect riding
comfort of the vehicle to a significant extent and vibra-
tion of the unsprung mass may not significantly affect
riding comfort, the weight of the unsprung mass, the
spring constant of the tires and other parameters which
have little effect on riding comfort are disregarded.

Given the aforementioned conditions, the vibration
system can be generally expressed by the following
formula:

mX 4 +cXg+kXg=0 0.

The foregoing formula can be rewritten as

mX 4+ cXa4+ kX4 =cX g+ kXR )
By multiplying X4 to the equation (2), the following
equation is obtained:

d/d; % (m/2X 5(,424- k/2xXgd)= —(cig +kXg)
Xg _cXp?

(3)

Given that the kinetic energy V of the sprung mass is
(V=m/2x X 42), the potential energy U of the sprung
mass is (U=k/2XXRgr?) an external force Wf applied
from outside of the vibration system in a unit time 1s
(Wf=—(cXr+kXR)xXX5z), and the force Wc dis-
charged from the vibration system to outside in an unit
time is (Wc=c X XRr?).

Given the above assumptions, the equation (3) set

forth above can be modified to read:
d/ditx (V4+U)=Wf—Wc (4)

The equation (4) can also be modified to read:
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d/dt X (V+ U} = —Uaxfn—ci'gx{i’n+fg)m
ne -—k.i’g)(i’y—-rc.fnqu

If equation (5) is solved for the element (cXzXXu4),
which is representative of behavior of the shock ab-
sorber, the direction of the effect of the damping force
can be recognized by checking the sign of the resulting
value. For instance, if (X4XXg>0), it is recognized
that the sprung mass is moving upward (X4 is plus) and
the damping force of the shock absorber is directed
upward (Xg is minus). The damping force of the shock
absorber thus acts to amplify oscillation of the sprung
mass. Similarly, when the sprung mass moves down-
ward (X4 is minus) and the relative speed Xg of the
sprung mass and the damping force of the shock ab-
sorber are directed downward (Xris plus), the damping
force of the shock absorber is again acting to amplify
vibrations of the sprung mass. _

On the other hand, when (X4XXg>0), the sprung
mass is moving upward (X ¢ is pulse) and the damping
force of the shock absorber is directed downward (Xg
is plus), or the sprung mass is moving downward (X4 1s
minus) and the damping force of the shock absorber is
directed upward (Xg is minus). The damping force of
the shock absorber thus acts to damp vibration of the
Sprung mass.

Therefore, by detecting whether the damping force
of the shock absorber tends to damp or amplify vibra-
tions of the sprung mass, and controlling the suspension
system based on the result, riding comfort can be im-
proved. For instance, according to the idea of the pres-
ent invention. When the damping force of the suspen-
sion system acts to amplify vibration, the suspension
system is softened in order to minimize amplification o
the vibration of the sprung mass for riding comfort. On
the other hand, when the damping force acts to absorb
vibration, the suspension will be hardened to obtain
optimal vibration absorbing characteristics and better
driving stability. |

In practice, if, upon solving for the aforementioned
element (cXg X X 4), one of or both of the components
are zero, the suspension system is generally softened for
better riding comfort.

FI1G. 2 schematically show a suspension contro} sys-
tem implementing the process of suspension control set
forth above. The suspension control system according
to the present invention, generally comprises an sprung
mass vertical velocity monitoring means 2 and a un-
sprung mass/sprung mass relative speed monitoring
means 3. The sprung mass vertical velocity monitoring
means 2 is designed to monitor acceleration of the
sprung mass and produce a sprung mass speed indica-
tive signal. The sprung mass in this case comprises a
vehicle body. The sprung mass speed signal is, in prac-
tice, representative of the vertical oscillation frequency
of the vehicle body and will be referred to as “vehicle
body vertical velocity signal” in the ensuing disclosure
of the preferred embodiments. The unsprung mass/-
sprung mass relative speed monitoring means 3 moni-
tors the relative motion of the unsprung mass and
sprung mass and produces a unsprung mass/sprung
mass relative speed indicative signal which will be re-
ferred to as ‘‘relative speed indicative signal” in the
ensuing disclosure of the preferred embodiments.

The sprung mass vertical velocity monitoring means
2 and the unsprung mass/sprung mass relative speed
monitoring means 3 are connected for output to a dis-
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criminator 4. The discriminator receives the sprung
mass speed indicative signal from the sprung mass vi-
bration monitoring means 2 and the unsprung mass/-
sprung mass relative indicative signal from the un-
sprung mass/sprung mass relative speed monitonng
means 3 and judges the effect of the damping force of
the suspension system in the manner set forth above.
When the damping force of the suspension system tends
to amplify the sprung mass vibration, the disciminator
4 feeds a discriminator signal indicative thereof. A con-
troller 8 responds to this discriminator signal by order-
ing the suspension system to soften its damping charac-
teristics. On the other hand, when the damping force
tend to absorb vibration of the sprung mass, the discnm-
inator 4 outputs a discriminator signal indicative
thereof. The controller responds to this discriminator
signal by ordering the suspension system to harden its
damping characteristics.

Referring now to FIG. 3, the first embodiment of a
suspension control system, according to the invention,
has front and rear suspension including front and rear
suspension struts 12F and 12R. Each of the front and
rear suspension struts 12F and 12R includes a variable
shock absorber 14 with damping charactenstics vari-
able at least between HARD mode and SOFT mode. In
the HARD mode, the shock absorber 14 produces a
higher shock absorbing or damping force to increase
the overall stiffness of the suspension. On the other
hand, in SOFT mode, the shock absorber 14 produces a
lower shock absorbing force.

The shock absorber 14 is connected to a dniver circuit
16 which is, in turn, connected to a controller 100. The
controller selects the proper mode of the shock ab-
sorber on the basis of one or more preselected suspen-
sion control parameters. The driver circuit 16 is respon-
sive to a suspension control signal produced by the
controller 100 to operate the shock absorber 14 to the
one of the HARD and SOFT modes selected by the
controller. In accordance with the shown embodiment,
the controller 100 is connected for input from an accel-
erometer 102 and stroke sensors 104, which are associ-
ated with respective suspension struts 12F and 12R. The
accelerometer 102 monitors vertical acceleration of the
vehicle body acting as the unsprung mass and produces
an acceleration indicative signal S; having a value rep-
resentative of the monitored acceleration X4 The
stroke sensor 104 monitors the relative displacement
between the vehicle body and a wheel assembly acting
as the unsprung mass, and produces a stroke indicative
signal Sg having a value representative of the relative
displacement XRg.

FIG. 4 shows the preferred embodiment of an accel-
erometer 102 employed in the suspension control sys-
tem of FIG. 3 in detail. The accelerometer 102 1s
mounted in a strut housing (not shown) of the vehicle
body by way of a mount 102a and one or more bolts. A
sensor body 102b is fixed to the mount 102a and sup-
ports a sensor strip 102c. The sensor strip 102c extends
from the sensor body 102b to form a centilever. An
inertial weight or mass 1024 is fixed to the free end of
the sensor strip 102c. One or more strain gauges 102e
are fixedly mounted on the sensor strip 102c for vibra-
tion therewith.

The sensor strip 102c is made of a resiliently deform-
able material and is designed to vibrate according to the
moment of inertia of the inertial weight 102d and the
bounding and rebounding motion of the vehicle body.
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The strain gauges 102e are designed to monitor defor-
mation of the sensor strip 102¢ and produce a signal
indicative of the magnitude of deformation of the sensor
stnip, which signal serves as the acceleration indicative
signal S,. The acceleration indicative signal S, is output
to the controller 100 through leads 102f.

The preferred embodiment of the stroke sensor 104 is
associated with the shock absorber 14 and designed to
monitor displacement of a piston rod 32 relative to a

shock absorber cylinder 20. The preferred embodiment
of the stroke sensor 104 comprises an electrostatic
capacitance sensor, the electrostatic capacitance C of
which depends on the piston rod 32 stroke position.
The electrostatic capacitance C can be calculated from
the following equation:

C=21melx/In(b/a)

where

€ 1s a constant:

Ix is the length of the piston rod 32 in the shock ab-

sorber cylidner 20;

In is the overall length of the piston rod;

a is the diameter of the piston rod 32; and

b is the inner diameter of the shock absorber cylinder.

As shown in FIG. §, in which a shock absorber asso-
ciated with the preferred embodiment of the stroke
sensor 104 is explanatorily and fragmentarily illustrated
to show the construction of the stroke sensor. As will be
appreciated from FIG. §, the piston 32 and the shock

absorber cylinder 20 both serve as ground electrodes. A
sensor electrode 104a opposes the outer penphery of the
piston rod 32 and the inner periphery of the shock ab-
sorber cylinder 20. The sensor electrode 104a 1s con-
nected to a resistance controlled (RC) oscillator 104b,
the pulse period of which depends upon the electro-
static capacitance between the sensor electrode 104a
and the ground electrodes constituted by the piston rod
32 and the shock absorber cylinder 20.

The stroke sensor 104 is connected to a frequency-
voltage converter (see FIG. 9) in the suspension control
system, which will be described in detail later. The
frequency-voltage converter, converts the frequency
signal from the stroke sensor into an analog signal hav-
ing a voltage depending upon the frequency of the
stroke sensor output and serving as the relative stroke
indicative signal. The output voltage of the frequency-
voltage converter varies linearly with the relative dis-
placement between the vehicle body and the wheel
assembly, as shown in FIG. 6. Therefore, the output of
the frequency-voltage converter serves as a relative
distance indicative signal.

In order to allow adjustment of the shock absorbing
charactenistics, the shock absorber 14 employed in the
preferred embodiment generally comprises an inner and
an outer hollow cylinders 20 and 22 arranged coaxially,
and a piston 24 fitting flush within the hollow space in
the inner cylinder 20, as shown in FIG. 7. The piston 24
defines upper and lower fluid chambers 26 and 28
within the inner cylinder 20. The inner and outer cylin-
ders define an annular fluid reservoir chamber 30.

The piston 24 is connected to the vehicle body (not
shown) by means of a piston rod which is generally
referred to by the reference number 32. The piston rod
32 is formed with an axially extending through opening
38.

The piston 24 defines flow-restrictive flid passages
88 and 60. The upper end of the fluid passage 58 1s
closed by a resilient flow-restricting valve 62. Similarly,
the lower end of the fluid passage 60 is closed by a
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flow-restricting valve 64. The flow-restricting valves 62
and 64 serve as check valves for establishing one-way
fluid communication in opposite directions. In addition,
since the flow-restriction valve 62 and 64 are biased
toward the ends of the fluid passages 58 and 60, they
open to allow fluid communication between the upper
and lower fluid chambers 26 and 28 only when the fluid
pressure difference between the upper and lower cham-
bers 26 and 28 overcomes the effective pressure of the
valves.

The piston 24 has a central through opening 24a.
Upper end of the opening 24a engages the lower end of
the piston rod 32. The lower end of the opening 24a
receives the upper end of a sleeve 52. The sleeve 52 has
an axially extending bore 52a, which receives a flow
control valve spool 55, and a plurality of radially ex-
tending orifices 54. The sleeve 52 is further formed with
an annular groove 60b extending around its inner pe-
riphery. The radially extending orifices 54 open into the
annular groove 60b. The outer ends of the orifices 54
opens toward the lower fluid chamber 28.

The valve spool 58 is formed with annular groove 60a
on the outer periphery thereof. The annular groove 60a
is in communication with the upper fluid chamber 26
through a fluid passage 56 defined through the piston
body and the sleeve. The annular groove 60a is located
at a vertical position at which it opposes the annular
groove 60b of the sleeve 52 at the lower position of the
spool and does not overlap the annular groove 60b at all
at the upper position of the spool.

The spool 55 is normally biased upwards by means of
a bias spring 46d of an actuator 46 which comprises an
electromagnetic coil 46a housed in an enclosed casing
46b and a yoke 46c. The casing 46b engages the sleeve
52 at its upper end so that the actuator 46 can be firmly
mounted on the piston 24. When the electromagnetic
coil 46a is energized, it pulls the spool 85 downwardly
to move the spool to its lower position.

When the spool is in the lower position, fluid can
flow between the upper and lower fluid chambers 26
and 28 through the fluid passage 56, the grooves 60a
and 60b and onfices 54. Therefore, the total flow area
for fluid communication between the upper and lower
chambers 26 and 28 is increased. As a result, there 1s less
resistance to flow, which softens the damping charac-
teristics of the vehicle. On the other hand, when the
spool is in the upper shown in FIG. 4, fluid communica-
tion between the upper and lower fluid chambers 26 and
28 through the fluid passage 56 is blocked. Therefore, at
this position, fluid communication between the upper
and lower fluid chambers 26 and 28 is possible only by
way of the fluid passages 56 and 58. Thus, the fluid flow
area is decreased so as to exert higher resistance to fluid
flow. Therefore, the damping force of the shock ab-
sorber 14 1s increased.

As will be appreciated herefrom, when the controller
100 orders SOFT mode, the actuator 46 is energized to
lower the spool to establish fluid communication be-
tween the upper and lower fluid chambers 26 and 28
through the fluid passage 56. On the other hand, when
the controller 100 orders HARD mode, the actuator 46
15 deenergized to move the spool 58 to its upper position
by means of the bias spring 46d. Thus, fluid communica-
tion between the upper and lower fluid chambers 26 and
28 via the fluid passage 56 is blocked. Therefore, ac-
cording to the preferred embodiment of the shock ab-
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sorber of FIG. 7, the damping characteristics can be
varied as illustrated in FIG. 8.

FIG. 9 shows the preferred embodiment of the sus-
pension control system in accordance with the present
invention. As will be seen from FIG. 9, the controlier
100 comprises a microprocessor including an input/out-
put (1/0) interface 106, a central processing unit 108
and a memory 110.

Each of the accelerometers 102 is connected for out-
put to a multiplexer 112 through an integrator 114.
Each integrator 114 receives the output of the corre-
sponding accelerometer 102 and integrates the output
values to produce an integrated signal representative of
the vertical speed of the vehicle body. The multiplexer
114 is, in turn, connected for output to the 1/0 interface
106 through an analog-to-digital (A/D) converter 116
to selectively supply one of the vertical speed indicative
signals from one of the accelerometers 102 to the 1/0
interface through the A/S converter.

Similarly, each of the stroke sensors 104 is connected
for output to a multiplexer 118 through frequency-to-
voltage (F/V) converter 120. As set out above, since
the LC oscillator 104b outputs a frequency signal de-
pending upon the resistance of the sensor electrode
104a, the analog output of the F/V converter serves as
the relative displacement indicative signal indicating
piston rod stroke and, in turn, relative displacement of
the vehicle body and wheel assembly. The multiplexer
118 is connected to the I/0 interface 106 through an-
other analog to digital (A/D) converter 122 to selec-
tively supply one of the relative displacement indicative
signals to the 1/0 interface 106 through the A/D con-
verter.

The multiplexers 112 and 118 also receive address
signals from the controller 100 through the 1/0 inter-
face. The address signals respectively identify one of
the accelerometers 102 and one of the stroke sensors 104
to be sampled. In order to control the damping charac-
teristics of each of the suspension assemblies indepen-
dently of the others, the address signals identifies the
accelerometer 102 and the stroke sensor 104 associated
with the same suspension assembly.

In addition, the 1/0 interface 106 is connected for
output to the base electrodes of power transistors 122.
The collector electrodes of the power transistors 122
are connected to respectively corresponding actuator
cotls 46a so as to energize and deenergize the latter
according to control signals from the controlier 100 and
thereby switch the damping characteristics between
HARD and SOFT modes.

The CPU 108 of the controller 100 executes a control
program which is illustrated in FIG. 10 to perform
damping characteristics-dependent suspension control
along the outlines set out with respect to FIGS. 1 and 2.
In the control program, the vertical velocity indicative
signal value X,; is read at a step 1002 and the relative
displacement indicative signal value Xg;is read out at a
step 1004, with respect to a selected suspension assem-
bly. At a step 1006, the relative displacement indicative
signal value Xg; is differentiated to derive the relative
speed X At a step 1008, an average value of the rela-
tive displacement indicative signal value XRg; represen-
tative of the dimensional relationship between the vehi-
cle body and the wheel assembly is updated by utilizing
the relative displacement indicative signal value Xg;
read in the step 1004. The average value derived in the
step 1008 will be hereafter referred to as neutral position
indicative value Xgro;.
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The difference between the relative displacement
indicative signal value Xg; and the neutral position in-
dicative value Xgp; is checked in step 1010 against a
predetermined reference value a which is relatively
small and represenative of a stroke-dependent control
criterion. If the difference is equal to or less than the
reference value a when checked at the step 1010, the
relative speed Xg;is compared at a step 1012 to a prede-
termined reference value b which is also relatively small
and representative of a relative speed criterion which
triggers suspension control when exceeded by the rela-
tive speed. If the relative speed Xg; 15 equal to or less
than the reference value b, then the control signal 1s
held LOW to leave the actuator coil 46a deenergized
and so keep the damping characteristics of the shock
absorber 14 in SOFT mode, at a step 1014.

On the other hand, if the difference (| Xr~XRroi|) is
greater than the reference value a or if the relative
speed Xpg; is greater than the reference value b, the
process goes to a step 1016 wherein the vertical velocity
indicative signal value X4;is multiplied by the relative
speed XRg;. The product of multiplication of the vertical
velocity indicative value X4; and the relative speed
Xroi is, checked with respect to zero. If the product
(Xai X Xgoi) is greater than zero, the control signal goes
HIGH to energize the actuator coil 46a and so harden
the shock absorber 14 in a step 1018. On the other hand,
when the product (X4 X XRroi) is equal to or less than
zero, control passes to the step 1014 to soften the shock
absorber 14.

The timing chart of FIG. 11 shows an example of
suspension control operation performed by the pre-
ferred embodiment of the suspension control system
according to the invention. The shown example is di-
rected toward suppression of the vehicle body vibration
upon bottoming while traveling along an essentially
smooth road. In FIG. 11, the chart (a) represents the
road surface profile, which has a dent or hole causing
bottoming of at least one of the suspension systems. The
chart (b) shows displacement of the vehicle body, the
chart (c) shows relative displacement between the vehi-
cle body and the wheel assembly, and the chart (d)
shows the control signal level for switching the shock
absorber damping characteristics between SOFT mode
and HARD mode.

As can be seen from the charts (a) and (b), at least one
of the vehicular wheels reaches the leading edge of the
dent or hole on the road at a time t;. Then, the corre-
sponding wheel moves downward along the dent or
hole. Accordingly, the corresponding part of the vehi-
cle body drops in elevation after a certain delay time,
say from a time t2. The accelerometer 102 detects this
downward movement and outputs an acceleration in-
dicative signal S; with a negative value.

On the other hand, from the time t;, the relative dis-
tance between the vehicle body and the wheel assembly
expands due to expansion of the shock absorber. As a
result, the positive value of the relative distance indica-
tive signal from the F/V converter 120 increases.

At a time t3, the wheel reaches the bottom of the dent
or hole and thereafter gradually moves upwardly along
the dent or hole. Thereafter, the relative distance be-
tween the vehicle body and the wheel assembly gradu-
ally drops. Slightly after the time t3, the vehicle body
movement switches from downward movement to up-
ward movement. The vehicle body rebounds past its
rest position and reaches a rebounding peak at a time tg
and similarly reaches the bottom of the next bounding



Re. 34,628

11
trough at a time tg. During such vehicle body bounding

and rebounding motion due to bottoming, the relative
distance between the vehicle body and the wheel assem-
bly varies as shown in the chart (c). Specifically, at a
time ts between the times t4 and tg, the relative distance
is minimized and at the time tg, the relative distance 1s
again maximized.

In the period between the times t; and t4 while the
vehicle body is moving downward, the vehicle body
acceleration indicative signal value from the accelerom-
eter 102 remains negative. On the other hand, during
the period between t; and t3, the relative speed indica-
tive value derived by differentiating the relative dis-
tance indicative signal value remains positive. There-
fore, the damping force produced by the shock absorber
is recognized to tend to amplify the vibration during the
period between t; and t3. Therefore, during this period,
the shock absorber is heled in SOFT mode. On the
other hand, during the period between t3 and tg, 1t is
recognized that the damping force of the shock ab-
sorber will tend to suppress or absorb vehicle body
vibration. Therefore, in this period, the shock absorber
is operated in HARD mode.

Similarly, during the period between t4 and ts, it is
recognized that the damping force may amplify the
vehicle body vibration. Therefore, the shock absorber 1s
softened over this period. On ther other hand, during
the period ts and ts, the shock absorber is operated in
HARD mode since the damping force will tend to sup-
press the vehicle body vibration.

As will be appreciated herefrom, according to the
shown embodiment, vibration of the vehicle body due
to bounding and rebounding of the suspension system
will be satisfactorily and effectively suppressed. FIG.
12 compares the vibration suppressing effect of the
preferred embodiment of the suspension control system
to that of a suspension control in which the damping
characteristics are fixed in either HARD mode or
SOFT mode. As will be appreciated from FIG. 12, the
preferred embodiment effectively suppresses vehicle
body vibration and thus ensures nding comfort.

As set forth, the shown embodiment employs two-
way adjustable shock absorbers, so that vibration sup-
pressive suspension control is performed in either
HARD mode or SOFT mode. However, it would be
possible to control the suspension to suppress vehicle
body oscillation by means of a three-way adjustable
shock absorber which can operate in HARD mode.
SOFT mode or MEDIUM mode wherein the damping
characteristics of the suspension are intermediate the
HARD mode and the SOFT mode. An example of a
three-way adjustable shock absorber will be described
herebelow with reference to FIGS. 13 to 17.

The hydraulic shock absorber 14 has coaxial mnner
and outer cylinders 302 and 304. Top and bottom ends
of the cylinders 302 and 304 are plugged with fittings
306 and 305. The fitting 306 includes a seal 307 which
establishes a liquid-tight seal. A piston rod 308 extends
through an opening 312 formed in the fitting 306 and 1s
rigidly connected to a vehicle body (not shown) at its
top end. The piston rod 308 is, in turn, connected to a
piston 314 reciprocally housed within the inner cyhinder
302 and defining upper and lower fluid chambers 316
and 318 therein.

The piston 314 has fluid passages 320 and 322 con-
necting the upper and lower fluid chambers 316 and
318. The piston 314 also has annular grooves 324 and
326 along its upper and lower surfaces concentric about
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its axis. The upper end of the fluid passage 320 opens
into the groove 324. On the other hand, the lower end
of the fluid passage 322 opens into the groove 326.
Upper and lower check valves 328 and 330 are provided
opposite the groove 324 and 326 respectively to close
the grooves when in their closed positions. The lower
end of the fluid passage 320 opens onto the lower sur-
face of the piston at a point outside of the check valve
330. Likewise the upper end of the fluid passage 322
opens onto the upper surface of the piston at a point
outside of the check valve 328. |

Therefore, the fluid passage 322 is active during the
piston expansion stroke, i.e. during rebound of the
shock absorber. At this time, the check valve 328 pre-
vents fluid flow through the fluid passage 320. On the
other hand, during the piston compression stroke, i.e.
during bounding movement of the suspension, the fluid

_passage 320 is active, allowing fluid flow from the

lower fluid chamber 318 to the upper fluid chamber 316
and the fluid passage 322 is blocked by the check valve
330.

The piston rod 308 has a hollow cylindrical shape so
that a damping force adjusting mechanism, which will
be referred to generally by the refernece numeral “400™
hereafter, can be housed therein. The damping force
adjusting mechanism 400 includes a valve mechanism
402 for adjusting the cross-sectional area through which
the working fluid can flow between the upper and
lower chambers. In the preferred embodiment, the
valve mechanism 402 allows three steps of variation of
the damping force, i.e. HARD mode. MEDIUM mode
and SOFT mode, the narrowest cross-sectional area
representing the HARD mode, the widest the SOFT
mode and intermediate the MEDIUM mode. Although
the preferred embodiment of the invention will be de-
scribed hereafter in terms of a three-way, adjustable-
damping-force shock absorber, the number of adjust-
able positions of the shock absorber may be increased or
decreased as desired and is not limited to this example.

As shown in FIG. 14, the piston rod 308 defines an
axial through opening 404 with the lower end opening
into the lower fluid chamber 318. A fitting 408 seals the
lower end of the openings 404 of the piston rod and has
axial through opening 410, the axis of which is parallel
to the axis of the through opening 404 of the piston rod.
Thus, the through openings 404 and 410 constitute a
fluid path 412 extending through the piston rod. The
piston rod 308 also has one or more radial orifices or
openings 414 opening into the upper fluid chamber 316.
Thus, the upper and lower fluid chambers 316 and 318
are in communication through the fluid path 412 and
the radial orifices 414.

A stationary valve members 416 with a flaring upper
end 418 is inserted into the through opening 404 of the
piston rod. The outer periphery of the flaring end 418 of
the stationary valve member 416 is in sealing contact
with the internal periphery of the through opening. The
stationary valve member 416 has a portion 420 with a
smaller diameter than that of the upper end 418 so as to
define an annular chamber 422 in conjunction with the
inner periphery of the through opening 404 of the piston
rod. The stationary valve member 416 has two sets of
radial orifices 424 and 426 and an internal space 428.
The radial orifices 424 and 426 establish communication
between the internal space 428 and the annular chamber
422. A movable or rotary valve member 430 is disposed
within the internal space 428 of the stationary valve
member 416. The outer periphery of the rotary valve
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member 430 slidingly and sealingly contacts the inner
surface of the stationary valve member 416 to establish
a liquid-tight seal therebetween. Radial orifices 432 and
434 are defined in the rotary valve member 430 at posi-
tions opposite the orifices 424 and 426 of the stationary
valve member 416.

As shown in FIGS. 16 and 17, the orifices 424 and 426
respectively include first, second and third orifices
4242, 424b, 424c, and 426b, 426¢. The first orifice 424a
has the narrowest cross-sections and the orifice 432 is
adapted to be in alignment with the first orifice to estab-
lish fluid communication between the upper and lower
fluid chambers 316 and 318 in the case of the HARD
mode. The third orifice 424c and 426¢ have the widest
cross-sections and the orifices 432 and 434 are adapted
to be in alignment with the third orifices in the case of
the SOFT mode. The cross-sections of the second ori-
fices 424b and 426b are intermediate those of the first
and third orifices and the orifices 432 and 434 are
adapted to align therewith in the case of the MEDIUM
mode.

A check valve 436 is built into the internal space of
the rotary valve member 430. The check valve 436 is
normally biased towards a valve seat 438 by means of a
bias spring 440 to allow one-way fluid flow from the
lower fluid chamber to the upper fluid chamber. This
causes the bound damping force to be somewhat
weaker than the rebound damping force.

The rotary valve member 430 is associated with an
electrically operable actuator such as an electrical step-
per motor 442 through a differential gear unit 444 and
an output shaft 446 as shown in FIG. 15. A potentiome-
ter 448 is associated with the output shaft 446. The
potentiometer 448 includes a movable contact 450 with
contactors 450a, 450b and 450c. The contactors 4503,
450b and 450c are adapted to slidingly contact station-
ary contact elements 452a, 452b and 452¢ of a stationary
contact 452. According to the electrical connections
between the movable contact and the stationary
contact, the potentiometer 448 produces a mode signal
represenative of the rotary valve position and thus 1n-
dicative of the selected mode of the damping force
adjusting mechanism. The stepper motor 442 is electri-
cally connected to a controller 100 to receive the con-
trol signal as a mode selector signal which drive the
motor 442 through an angle corresponding to the rotary
valve movement to the corresponding valve position. In
this case, the potentiometer will return the mode signal
as a feedback signal to indicate the instantaneous valve
position.

It should be appreciated that the controller 100 may
be operated either in automatic mode or in manual
mode.

Returning to FIG. 13, the shock absorber has a fluid
reservoir chamber 332 between its inner and outer cyl-
inders 302 and 304, which fluid reservoir chamber 332 1s
in communication with the lower fluid chamber 318 via
the bottom fitting 305 described previously. The bottom
fitting 305 may serve to produce damping force in coop-
eration with the piston and the damping froce adjusting
mechanism during bounding and rebounding motion of
the vehicle. A relatively low pressure pneumatic cham-
ber 336 is also defined between the inner and outer
cylinders 302 and 304.

The operation of the damping force adjusting mecha-
nism 400 will be briefly described herebelow with refer-
ence to FIGS. 16 and 17, which illustrate the HARD
mode. In this case, the orifice 432 of the rotary valve

10

13

20

25

30

35

45

35

60

63

14

430 is not alignment with either of the orifices 424b or
424c and the orifices 434 is in alignment with the small-
est orifice 426a. During vehicle rebounding motion, i.e.,
in the piston compression stroke, the fluid flows from
the upper fluid chamber 316 to the lower fluid chamber
318 though the orifice 426a. Similarly, during vehicle
bounding motion, the fluid flows from the lower fluid
chamber 318 to the upper fluid chamber 316 through
orifice 426a. Since the first orifice 426a is the narrowest,
the damping force produced in this mode is the highest
among the three selectable modes.

In case of the MEDIUM mode, the orifice 432 and
434 of the rotary valve member 430 are respectively in
alignment with the second orifices 424b and 426b.

In case of the SOFT mode, the orifices 432 and 434
align with the third orifices 424c and 426c, respectively
to facilitate fluid flow. Since the third orifices 424¢ and
426¢ are the widest of the three sets, as described above,
the damping force created in this SOFT mode is the
lowest.

According to the shown embodiment, the electric
stepper motor 442 is connected to the controller 100
through the driver circuit 16. Similarly to the case of
the two-way shock absorber, the controller 100 selects
the appropriate damping force state in accordance with
detected road surface conditions but in this case pro-
duces a three-way control signal which orders the
shock absorber to one of the SOFT, MEDIUM and
HARD modes. The driver circuit 16 is responsive to the
control signal to drive the stepper motor 442 to turn the
rotary valve member 430 to the corresponding valve
position.

In the preferred vibration suppressive suspension
control, HARD or MEDIUM mode is used when stiffer
suspension is ordered. MEDIUM mode or SOFT mode
IS selectively used in all cases referred to as SOFT
mode in the preceding first embodiment depending
upon various preselected control parameters.

It should be noted that though the suspension control
system' according to the present invention has been
described hereabove to control variable damping char-
acteristics shock absorber, damping characteristics of
the suspension system can be controlled in vanous
ways. Examples of other suspension control systems
which can perform vibration suppressive suspension
contro! will be described herebelow.

FIGS. 18 to 20 show the structure of a roll stabilizer
530 controlled by the first or second embodiment of the
suspension control system as set forth above. The roll
stabilizer 530 comprises a transverse bar section 332 and
a pair of parallel bar sections 534 and 536. The trans-
verse bar section 532 extends essentially perpendicular
to the vehicle axis and has a circular cross-section. The
transverse bar section 532 is connected to hollow cylin-
drical bearings 538 and 540 at both ends. The parallel
bar sections 534 and 536 have end segments 542 and 544
of circular cross-section bar section 532 and a pair of
parallel bar sections 534 and 536. The transverse bar
section 532 extends essentially perpendicular to the
vehicle axis and has a circular cross-section. The trans-
verse bar section 532 is connected to hollow cylindrical
bearings 538 and 540 at both ends. The parallel bar
sections 534 and 536 have end segments 542 and 544 of
circular cross-section adapted to rotatably engage the
bearings 538 and 540 of the transverse bar section 532.
The parallel bar sections 534 and 336 also have rectan-
gular cross-section major sections 546 and 348, each of
which has one end 550 and 552 connected to a suspen-
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sion arm 551 through a connecting rod 553 which al-
lows free rotation of the associated bar 5§34 or 536.

The cylindrical cross-section end segments 542 and
544 of the parallel bar sections 534 and 536 extend be-
yond the ends of the bearings 538 and 540. Link plates
554 and 556 are rigidly fitted onto the protruding ends
of the parallel bar sections 534 and §36. The link plates
554 and 556 are rotatable about the bearings 538 and 540
together with the parallel bar sections 534 and 536. The
link plates are connected to each other through a link-
age 558 In addition, the link plate 544 is associated with
an actuator 560 through an actuation rod 562 engaging
an elongated opening 564 of the link plate 554. The
actuator 560 may comprise an electromagnetically op-
erative solenoid. The actuator is energized by a control
signal from a controller 100 to rotate the link plate 554
along with the paralle] bar section 534 through 90° from
the shown neutral position. When the actuator 560 is
energized, the link plate 556 is also rotated according to
rotation of the link plate 554 to pivot the paraliel bar 536
through 90° within the bearing 540.

As shown in FIG. 20, at the neutral position, the
parallel bar sections 534 and 536 lie with their wider
sides 534W (536W) horizontal. In this position, since the
resistance of the parallel bar sections 534 and 536 to the
vertical bending moment applied when the vehicle
wheel bounds are rebounds is relatively small, the tor-
sion on the transverse bar section 532 of the stabilizer
830 is small. When the actuator 560 is energized, the
parallel bar sections 534 and 5§36 are rotated to lie with
their shorter sides 534S (536S) horizontal, as shown 1n
phantom line in FIG. 20. In this position, the bending
stress on the parallel bar sections 534 and 336 1s in-
creased, i.e., the torsion on the transverse bar section
532 of the stabilizer i1s increase.

In this embodiment, the roll-stabilizer 30 is normally
arranged so that the wider sides 834W and S36W of the
parallel bar sections 834 and 536 lie horizontal. As set
forth above, since the resistance of the parallel bar sec-
tions 534 and 536 to bounding and rebounding of the
vehicle wheel is relatively weak in this position, the
stiffness of the suspension remains low to provide good
riding comfort. This roll-stabilizer 530 1s held in this
position as long as the SOFT MODE order i1s main-
tained.

When the HARD mode is ordered, the actuator 560
is energized to rotate the parallel bar sections 534 and
8§36 through 90° to align the shorter sides 534S and 3365
horizontally. As a result, a greater resistance is exerted
against bounding and rebounding of the vehicle wheel
to successfully suppress bounding and rebounding mo-
tion of the vehicle body.

F1G. 21 shows another arrangement of the automo-
tive suspension system to which the control system
according to the present invention is applicable. In the
shown system, an expandable and contractable pneu-
matic chamber 600 is formed above the shock absorber
14. The pneumatic chamber 600 is connected to a pres-
surized pneumatic fluid source 602. The flmd source
602 comprises a compressor 604 for pressurizing a fluid
such as air, a reservoir tank 606 connected to the com-
pressor 604 through an induction valve 608, and a pres-
sure control valve 610. The pressure control valve 610
connected to the driver circuit 16 to be controlled
thereby. In the induction mode, the fluid reservoir 606
is connected to the compressor 604 to receive the pres-
surized fluid. On the other hand, the fluid reservoir 606
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is open to atmosphere to decrease the fluid pressure in
the ventilation mode of the induction valve.

The pressure control valve 610 is co-operative with
the inducation valve 608 to adjust the fluid pressure in
the pneumatic chamber 600 in accordance with vehicle
driving conditions.

According to the shown embodiment, the driver
circuit 16 may be connected to the control system of the
first embodiment so that it is activated in response to
vehicle body vertical velocity indicative signal and
relative displacement speed indicative signal. When
energized by the driver circuit, the pressure control
valve 610 closes to block pneumatic fluid communica-
tion between the pneumatic chamber 600 and the fluid
reservoir 606. As a result, the effective volume of the
pneumatic chamber 600 corresponds to that of the
pneumatic chamber. Since the damping characteristics
due to the pneumatic pressure in the pneumatic cham-
ber is related to the effective volume of the pneumatic
chamber and a smaller volume is achieved by blocking
fluid communications between the pneumatic chamber
and the fluid reservoir, the pneumatic chamber becomes
relatively rigid in this case, providing a larger damping
force in response to nose-dive, which is detected in the
manner set out with respect to the first embodiment.

On the other hand, in the normal valve position, the
pressure control valve 610 opens to establish flmd com-
munication between the pneumatic chamber and the
fluid reservoir. As a result, the effective volume be-
comes equal to the sum of the volumes of the pneumatic
chamber and the fluid reservoir. By providing a larger
effective volume, damping characteristics of the pneu-
matic chamber are weakened.

The suspension system structure of FIG. 17 has been
disclosed in U.S. Pat. No. 4,349,077 to Sekiguchi et al.
and U.S. Pat. No. 4,327,936 to Sekiguchi. In addition, a
similar system has been disclosed in the co-pending U.S.
patent application Ser. No. 573,504, filed on Jan. 24,
1984, which corresponds to the co-pending European
patent application No. 84100729.7. filed on Jan. 24,
1984. The contents of the above-identified U.S. Patents
and the co-pending applications are hereby incorpo-
rated by reference.

Vibration suppressive suspension control can also be
achieved with this suspension system in substantially
the same way as described in the first embodiment of
the invention. For instance, when the magnitude and
rate of change of the vehicle height exceeds their crite-
ria, the pressure control valve 610 is closed to block
fluid communication between the pneumatic chamber
600 and the reservoir in order to increase the stiffness of
the strut assembly and so produce a greater damping
force with which to suppress vibration of the vehicle
body. On the other hand, under normal dniving condi-
tions, the pressure control valve 610 remains open,
allowing fluid communications between the pneumatic
chamber and the reservoir chamber. As a result, suffi-
ciently soft shock-absorbing characteristics can be pro-
vided to ensure good riding comfort.

As set forth above, according to the present inven-
tion, the vehicular suspension system can provide both
riding comfort and good drivability by controlliing
hardness of the suspension depending upon the ex-
pected effect of the damping characteristics.

While the specific embodiments have been disclosed
in order to facilitate better understanding of the inven-
tion, it should be noted that the invention can be embod-
ied in various ways other than those illustrated herein-



Re. 34,628

17

above. Therefore, the invention should be understood
to include all possible embodiments and modifications
to the embodiments which can be embodied without
departing from the principles of the invention, which
are set out in the appended claims.

What is claimed is:

1. A suspension control system for an automotive

vehicle comprising:

a vehicular suspension system with damping charac-
teristics variable at least between a first harder
suspension mode and a second softer suspension
mode;

a first sensor means for monitoring vertical displace-
ment of a vehicle body within a gravity field and
producing a first sensor signal indicative of the
vertical speed of said vehicle body;

a second sensor means for monitoring relative dis-
tance between the vehicle body and a vehicular
wheel assembly and producing a second sensor
signal indicative of the relative speed between said
vehicle body and said wheel assembly;

a controller responsive to said first and second sensor
signals for predicting the effect of damping charac-
teristics of the suspension system [from] between
a first condition in which said damping characteris-
tics of the suspension system act to amplify vehicle
body vibrations and a second condition in which
damping characteristics of the suspension system
act to absorb vehicle body vibrations, said control-
ler causing said vehicular suspension system to
assume said second softer suspension mode when
said first condition is predicted and to assume said
first harder suspension mode when said second
condition is predicted; and

means responsive to said second sensor signal for selec-
tively enabling and disabling operation of said con-

iroller for varying damping characteristics depending

upon a predetermined magnitude of relative speed.

2. The suspension control system as set forth in claim
1, wherein said first sensor means comprises a sensor
adapted to detect acceleration of the vehicle body and
[ producing} produce an acceleration indicative signal.

3. The suspension control system as set forth in claim
2, wherein said second sensor means comprises a sensor
adapted to monitor relative displacement between said
vehicle body and said wheel assembly, an integrator for
integrating the relative displacement indicative output
of said sensor and an arithmetic means for deriving said
relative speed based on said integrated value by differ-
entiating said integrated value. |

4. The suspension control system as set forth in claim
3, wherein said suspension system comprises a hydraulic
shock absorber with damping characteristics variable at
least between said first mode and said second mode.

5. The suspension control system as set forth in claim
4, wherein said hydraulic shock absorber has upper and
lower fluid chambers filled with a working fluid and of
variable volumes according to a piston stroke, said
shock absorber being provided with a flow control
valve which is operable in either one of a first mode
position, in which it restricts the rate of flow of working
fluid between said upper and lower fluid chambers to a
minimum rate, and a second mode position in which 1t
allows fluid flow between said chambers at a maximum
rate.

6. The suspension control system as set forth in claim
3, wherein said suspension system comprises a stabilizer
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with stiffness variable at least between said flow mode

and said second mode.

7. The suspension control system as set forth in claim
3, wherein said suspension system comprises a pneu-
matic spring means exerting a pneumatic damping force
variable at least between said first mode and said second
mode. |

8. In an automotive suspension system with damping
characteristics variable at least between a first harder
suspension mode and a second softer suspension mode,
a process for suppressing vibration of a vehicle body
comprising the steps of:

- detecting the vertical speed of said vehicle body using
a first sensor and producing a first sensor signal indic-
ative of said vertical speed;

detecting the relative speed between said vehicle
body and a vehicular wheel assembly using g second
sensor and producing a second sensor signal indicative
of relative speed;

using a controller for predicting the effect of damping
force produced by said suspension system based on
said vehicle body speed and said relative speed
[ from] between a first condition in which damp-
ing characteristics act to amplify vehicle body
vibrations, and a second condition in which damp-
ing characteristics of the suspension system act to
absorb vehicle body vibrations; [and]}

causing said vehicular suspension system to assume
said second softer suspension mode when said first
condition is detected, and to assume said first
harder suspension mode when said second condi-
tion is detected,; and

responsive to said second semsor signal, selectively en-
abling and disabling operation of said controller for
varying damping characteristics depending upon a
predetermined magnitude of relative speed.

9. The method as set forth in claim 8, wherein said
first condition is also predicted when said vehicle body
speed indicative value and said relative speed indicative
value indicate action in the same direction and said
second condition is predicted when said vehicle body
speed indicative value and said relative speed indicative
value indicate action in opposite directions.

10. The method as set forth in claim 9, wherein said
actuating step is performed by adjusting the damping
characteristics of a shock abosrber in the suspension
system between a soft mode and a hard mode.

11. A suspension control system for an automotive
vehicle comprising:

a vehicular suspension system with damping charac-
teristics variable at least between a first harder
suspension mode and a second softer suspension
mode;

a first sensor means for monitoring vertical displace-
ment direction and speed of a vehicle body within
a gravity field and producing a first sensor signal
indicative of the direction of motion of the vehicle
body in bounding and rebounding directions, and
further indicative of the vertical speed of said vehi-
cle body;

a second sensor means for monitoring relative direc-
tion of relative motion, and relative speed of mo-
tion between the vehicle body and a vehicular
wheel assembly and producing a second sensor
signal indicative of the direction of relative motion
between the vehicle body and the vehicular wheel
in bounding or rebounding directions, relative dis-
placement berween the vehicle body and the wheel
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assernbly and the relative speed of motion between
said vehicle body and said wheel assembly;

a controller responsive to said first and second sensor
signals for predicting the effect of damping charac-
tenistics of the suspension system depending on the
direction of motion of said vehicle body and the
direction of relative motion of said vehicle body
and said vehicular wheels [from] between a first
condition in which said damping characteristics of

the suspension system act to [absorb} amplify 10

vehicle body vibrations and a second condition in
which said damping charactenstics of the suspen-
sion system act to absorb vehicle body vibrations,
said controller causing said vehicular suspension
system to assume said second softer suspension
mode when said first condition is predicted and to
assume said first harder suspension mode when said
second condition is predicted, and

means responsive to said second sensor signal for selec-

tively enabling and disabling operation of said control-
ler for varying damping characteristics depending
upon a predetermined magnitude of relative displace-
mendt.

12. In an automotive suspension system with damping
characteristics variable at least between a first harder
suspension mode and a second softer suspension mode,
a process for suppressing vibration of a vehicle body
comprising the steps of:

detecting direction and speed of vertical motion of

said vehicle body and producing a first signal indic- 30

ative of the direction and speed of said vertical
motion;

detecting direction of relative motion and speed of

relative motion between said vehicle body and a
vehicular wheel assembly and producing a second
signal indicative of the direction of relative motion
and speed of relative motion between said vehicle
body and said vehicular wheel assembly;

using a controller for predicting the effect of damping

force produced by said suspension system based on
said vehicle body speed and said relative speed by
comparing the direction of said detected vertical
motion of said vehicle body and the direction of
said relative motion between said vehicle body and
said vehicular wheel [from] between a first con-
dition in which damping charactenstics act to am-
plifying vehicle body vibrations and a second con-
dition in which damping characternistics of the sus-
pension system act to absorb vehicle body vibra-
tions; and

causing said vehicular suspension system to assume

said second softer suspension mode when said first
condition is detected, and to assume said first
harder suspension mode when said second condi-
tion is detected, and

responsive to said second signal, selectively enabling and

disabling operation of said controller for varying
damping characteristics depending upon a predeter-
mined magnitude of relative displacement.

13. A suspension control system as set forth in claim 1
wherein said means for selectively enabling and disabling
operation of said controller disables said operation of said
controller when said relative speed Is in a predetermined
range having a limit defined by said predetermined magni-
tude.

14. A suspension control system as set forth in claim 1,
wherein said controller derives a product of said vertical
speed of said vehicle body and said relative speed and
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checks the polarity of said product for predicting said sec-
ond softer suspension mode when the polarity of said prod-
uct is negative.

15. A suspension control system as set forth in claim I
wherein said suspension system includes a variable damp-
ing characteristics shock absorber with a rotary valve hav-
ing at least two mutually different path area orifices for
selective alignment with a fluid flow path for adjusting
damping characteristics at least between said first harder
suspension mode and said second softer suspension mode
and wherein said controller causes said vehicular suspen-
sion system to assume said second softer suspension mode
by driving said rotary valve to align one of said orifices
having a greater path area when said first condition is
predicted and to assume said first harder suspension mode
by driving said rotary valve to align the other orifice having
a smaller path area when said second condition is pre-
dicted.

16. A suspension control system as set forth in claim 1
wherein said second sensor means comprises a sensor for
detecting relative distance between said vehicle body and
said vehicular wheel assembly and means for differentiai-
ing the relative displacement.

17. A suspension control system as set forth in claim I
wherein said second sensor means signal also represents
relative displacement between said vehicle body and said
wheel assembly and said means for enabling and disabling
operation of said controller also enables or disables opera-
tion of said controller based upon a predetermined magni-
tude of relative displacement.

18. A suspension control system as set forth in claim 11
wherein said means Jfor selectively enabling and disabling
operation of said controller disables operation of said con-
troller when said relative displacement is in a predeter-
mined range having a limit defined by said predetermined
magnitude.

19. A suspension control system as set forth in claim 18
wherein said means for selectively enabling and disabling
operation of said controller disables operation of said con-
troller when said relative displacement is within said range
and said relative speed is in a predetermined range.

20. A suspension control system as set forth in claim 11
wherein said means for selectively enabling and disabling
operation of said controller derives a reference value on the
basis of said second sensor signal and periodically updates
said reference value, derives a difference between an in-
stantaneous relative displacement indicated by said second
sensor signal and said reference value, compares said dif-
ference with said predetermined magnitude of relative

50 distance and disables operation of said controller when said
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difference is less than said predetermined magnitude of
relative displacement.

21. A suspension control system as set forth in claim 20
wherein said reference value Is indicative of a relative dis-
tance between the vehicle body and the vehicular wheels at
a neutral vehicular height position.

22. A suspension control system as set forth in claim 21
wherein said reference value is an average of a number of
values of relative displacement determined based on said
second sensor signal.

23. A suspension contro! system as set forth in claim 11
wherein said first sensor means comprises an acceleration
sensor and an integrator for integrating the monitored
vertical acceleration.

24. A suspension control system as set forth in claim 11,
wherein said controller derives a product of said vertical
speed of said vehicle body and said relative speed and
checks the polarity of said product for predicting said sec-
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ond softer suspension mode when the polarity of said prod-

uct is negative.

25. A suspension control system as set forth in claim 11
wherein said suspension system includes a variable damp-
ing characteristics shock absorber with a rotary valve hav-
ing at least two mutually different path area orifices for
selective alignment with a fluid flow path for adjusting
damping characteristics at least between said first harder
suspension mode and said second softer suspension mode
and wherein said controller causes said vehicular suspen-
sion system to assume said second softer suspension mode
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by driving said rotary valve to align one of said orifices
having a greater path area when said first condition is
predicted and to assume said first harder suspension mode
by driving said rotary valve to align the other orifice having
a smaller path area when said second condition is pre-
dicted.

26. A suspension control system as set forth in claim I
wherein said first sensor means comprises an acceleration
sensor and an integrator for integrating the monitored

vertical acceleration.
% # [ B &
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