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VERICLE SUSPENSION SYSTEM AND METHOD

BACKGROUND

[0001] The present novel concept broadly relates to the art of vehicle suspension
systems and, more particularly, to a vehicle suspension system utilizing electronically-
variable damping based upon an air spring pressure, and a method of controlling a
vehicle suspension using the same.

[0002] The present novel concept finds particular application and use in conjunction
with suspension systems of wheeled vehicles, and will be described herein with specific
reference thereto. However, it is to be appreciated that the present novel concept is
also amenable to use in other applications and environments, and that the specific uses
shown and described herein are merely exemplary.

[0003] Itis well known that land vehicles of most types and kinds are outfitted with a
suspension system that supports a sprung mass of the vehicle (e.g., a body or chassis)
on an unsprung mass of the vehicle (e.g., an axle or wheel-engaging member). Known
suspension systems typically include a plurality of spring elements (e.g., coil springs,
leaf springs, torsion springs and/or air springs) that are responsive to forces and/or
loads acting on the sprung and/or unsprung masses of the vehicle. Additionally, known
suspension systems commonly include a plurality of damping members for dissipating
energy inputs, such as the forces and/or loads acting on the sprung and/or unsprung
masses of the vehicle.

[0004] Itis well understood, however, that damping members undesirably transmit
road and other inputs to the sprung mass of a vehicle, and that the level of damping
action of the damping member has a relation to the amount or magnitude of the road
input that is transmitted through the damping member to the sprung mass of the
vehicle. Typically, the more aggressive the damping action of the damping member,
the greater amount of the road or other input that is transmitted to the sprung mass of
the vehicle. - Thus, a more comfortable ride is often achieved with a lower relative
damping rate. However, it is also well understood that vehicle performance is affected
by the level of damping action of a suspension system and that better handling and/or
performance is normally achieved at higher damping rates. As a result, a vehicle
manufacturer would, in many cases, compromise between performance and ride quality
to avoid either an undesirable decrease in performance due to the use of too low a
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damping rate, or an undesirably rough ride due to the use of an overly aggressive
damping rate. '

[0005] In an effort td improve performance and/or ride quality of vehicles,
suspension systems and/or components thereof have been developed that are
operative to vary the damping rate of the damping members in response to inputs
acting on the vehicle. One example of variable-rate dampers that are suitable for use in
such a suspension system are air proportional dampers, which are well known and
normally include an air spring as the operative spring member of the suspension
system. Generally, air proportional dampers include valving that is adjusted to vary the
damping rate of the damping members in a manner proportional to the changes in the
air pressure of the air springs. That is, the valving is in fluid communication with the air
spring so that changes in air spring pressure directly change the valving of the damper
and, therefore, directly change the damping rate thereof.

[0006] However, air proportional dampers and the use thereof introduce certain
problems and/or disadvantages that have resulted in the limited adoption and use
thereof, at least in certain applications. One disadvantage is that air proportional
dampers include various fluid volumes, fittings and connectors that can result in fluid
leakage due to the loss of seal integrity at or along the numerous component
interconnections.  Another disadvantagé is that these additional volumes and
components utilize valuable space on the vehicle. This can be particularly problematic
on smaller or esthetically oriented vehicles, such as passenger vehicles, pickup trucks
and sport utility vehicles, for example, where available space for such components is
minimal.

[0007] As an alternative to mechanically-variable damping members, electronically
controlled dampers have been developed. Such devices are commonly used and can
include dampers using magnetorheological damping fluid or electrorheological damping
fluid as well as dampers using size-variable orifices that are adjustable using an electric
motor. Such devices are commonly employed in suspension systems that utilize active
or semi-active damping control in which the damping rate of the damping member is
continually adjusted based upon road input conditions. That is, active and semi-active
damping control schemes adjust the damping rate of the dampers in real time or near-
real time based upon sensor signals corresponding to road and/or driving conditions.
Generally, the purpose and goal of active and semi-active damping control schemes is
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to instantaneously sense and counteract road or other inputs to thereby prevent the
inputs from reaching the sprung mass of the vehicle, or at least to substantially reduce
the magnitude of the road inputs that reach the sprung mass of the vehicle.

[0008] However, to be able to sense a road input (e.g., a wheel impact with a
pothole), receive and process the data and/or signals from various sensors related to
the road input, and then instantaneously make the corresponding adjustments to the
electrically adjustable dampers so that the road input can be counteracted before
reaching the sprung mass of the vehicle, normally requires substantial processing
power and a sophisticated control scheme. Thus, such systems typically operate on a
continuous or nearly continuous basis, and are normally quite complex and expensive.
As a result, the systems are less well suited for use on more economically priced
vehicle models.

[0009] Other systems are also known that adjust the damping rate of one or more
damping members. One example of such a system is disclosed in U.S. Patent No.
5,682,385 ('385), which is directed to a method of controlling motion using an adjustable
damper. As can be recognized from the ‘385 patent, however, such systems are often
as equally complex as those used for active or semi-active control systems. For
example, the ‘385 patent utilizes numerous components and control algorithms that are
together used to calculate the magnitude of an input force acting on a mass. The
system then instantaneously generates a counteracting response using a continuous
force-controlled type damper.

[0010] Accordingly, it is desirable to develop a vehicle suspension system and
method of controlling the same that overcomes the foregoing and other problems and
disadvantages.

BRIEF DESCRIPTION

[0011] One embodiment of a control system in accordance with the present
disclosure for an associated suspension system of an associate vehicle is provided.
The associated suspension system includes an associated fluid spring operating at an
associated fluid pressure and an associated variable-rate damper having an associated
electronically-variable damping rate. The control system includes a pressure sensor
operative to generate a pressure sensor signal indicative of the associated fluid
pressure of the associated fluid spring. The control system also includes a controller in
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communication with thé pressure sensor and the associated variable-rate damper. The
cohtroller is operative to receive the pressure sensor signal and generate a damper
adjustment signal based at least partially on the pressure sensor signal for adjusting the
electronically-variable damping rate of the associated variable-rate damper.

[0012] One embodiment of a vehicle suspension system in accordance with the
present disclosure for an associated vehicle having an associated unsprung mass and
an associated sprung mass supported on the associated unsprung mass is provided.
The vehicle suspension system includes a fluid spring assembly operatively disposed
between the associated sprung and unsprung masses and operating ata fluid pressure.
An adjustable-rate damping member is operatively disposed between the associated
sprung and unsprung masses. A control system includes a pressure sensor and a
controller. The pressure sensor is in communication with the fluid spring assembly and
is operative to generate a pressure signal corresponding to the fluid pressufe. The
controller is also in communication with the pressure sensor for receiving the pressure
signal and in communication with the adjustable-rate damping member. The control
system is operable to determine a damping rate for the adjustable-rate damping
member based at least in part on said pressure signal, generate a damper adjustment
signal that corresponds to the determined damping rate, and communicate the damper
adjustment signal to the adjustable-rate damping member.

[0013] An exemplary method according to the present disclosure of controlling a
suspension system of a vehicle is provided. The suspension system includes an
adjustable-rate damper and an air spring operating at an air pressure. The method
includes providing a pressure sensor in communication with the air spring and
generating a pressure signal having a relation to the air spring pressure using the
pressure sensor. The method also includes providing an electronic controlier in
communication with the pressure sensor and the adjustable-rate damper. The method
further includes communicating the pressure signal from the pressure sensor to the
electronic controller, and determining a target damping rate using the electronic
controller based at least partially on the pressure signal. The method also includes
generating a damper adjustment signal having a relation to the target damping rate
using the electronic controller and communicating the damper adjustment signal to the
adjustable-rate damper. The method further includes altering the adjustable-rate
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damper for operation at approximately the damping rate using the damper adjustment
signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIGURE 1 is a schematic representation of one example of a suspension
system in accordance with the present novel concept shown on an associated vehicle.
[0015] FIGURE 2 is a graphical representation of pressure versus damping rate.
[0016] FIGURE 3 is a graphical representation of load versus damping rate.
[00i7] FIGURE 4 is a graphical representation of vehicle speed versus damping
rate.

[0018] FIGURE 5 is a graphical representation of driver selected performance level
versus damping rate.

[0018] FIGURE 6 is a representation of one exemplary method in accordance with
the present novel concept of controlling a suspension system of an associated vehicle.

DETAILED DESCRIPTION

[0020] Turning now to the drawings wherein the showings are for the purpose of
illustrating exemplary embodiments of the present novel concept and not for the
purpose of limiting the same, FIGURE 1 illustrates an embodiment of a suspension
system 100 disposed in operative association between a sprung mass, such as an
associated vehicle body BDY, for example, and an unsprung mass, such as an
associated wheel WKL or an associated axle AXL, for example, of an associated
vehicle VHC. Suspension system 100 includes at least one fluid spring device, such as
a plurality of fluid or air spring assemblies 102, for example, and at least one variable-
rate damping device, such as a plurality of dampers or damping members 104, for
example. Preferably, dampers 104 are' capable of having the damping rate thereof
varied between two or more damping rates in response to a non-fluid communication,
such as an analog or digital electrical signal, message or communication, for example.
- One example of a suitable electronically variable damper includes a piston received in a
cylinder. The piston has one or more orifices that can be varied in size or selectively
opened and closed, such as by rotating a control rod, for example. The control rod can
be connected to an electric motor, which can be selectively operated to alter the
position and/or orientation of the control rod.

5
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[0021] Suspension system 100 also includes a pressurized fluid supply system 106
operatively associated with the fluid spring devices for selectively supplying pressurized
fluid thereto and selectively transferring pressurized fluid therefrom. In the exemplary
embodiment shown in FIGURE 1, fluid supply system 106 includes a pressurized fluid
source, such as a compressor 108, for example, for generating pressurized air or other
fluids. A valvé assembly 110 is shown as being in communication with compressor 108
and can be of any suitable configuration or arrangement. Inthe exempiary embodiment
shown, valve assembly 110 includes a valve block 112 with a plurality of valves (not
shown) supported on the valve block and with corresponding valve actuators 114
operatively connected thereto for selectively opening and closing the valves. Valve
"~ assembly 110 can also include a suitable exhaust, such as a muffler 116, for example,
for venting pressurized fluid from the system. Optionally, pressurized fluid supply
system 106 can also include a reservoir 118 in fluid communication with valve assembly
110 and suitable for storing a quantity or volume of pressurized fluid.

[0022] Valve assembly 110 can be placed in communication with air springs 102 in
any suitable manner, such as through fluid transmission lines 120, for example. As
such, pressurized fluid can be selectively transmitted to and/or from the fluid spring
devices through valve assembly 110, such as to alter or maintain vehicle height at one
or more corners of the vehicle, for example.

[0023] Suspension system 100 also includes a control system 122 in communication
with various systems and components of the suspension system for selective operation
and control thereof. Control system 122 can include components of any suitable type
and/or kind, and in any suitable arrangement or configuration. In the embodiment
shown, the control system includes a controller or electronic control unit 124 in
communication with compressor 108 and valve assembly 110 in a suitable manner,
such as through suitable leads or connections (not shown), for example. The controller
being adapted to selectively operate and/or control compressor 108 and valve assembly
110, such as for supplying and exhausting pressurized fluid to and from fluid spring
assemblies 102, for example. Additionally, controller 124 is in communication with
damping members 104 for selectively adjusting the damping rate thereof in a suitable
manner, such as by generating damper controi signals and communicating the damper
control signals to the dampers through a suitable conductor or lead (not shown), for
example.
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[0024] ~ Control system 122 is also operative to monitor the fluid pressure within fluid
supply system 106 and can do so in any suitable manner. For example, the control
system can include a pressure sensor 128 in operative association with valve assembly
110. By selectively opening and closing the valves of valve block assembly 110, the
fluid pressure in reservoir 120 and/or one or more of individual air springs 102 can be
placed in communication with pressure sensor 126, as will be understood by those of
skill in the art. As such, pressure sensor 126 can generate pressure signals having a
relation to the fluid pressure in the reservoir and/or each of the air springs and
communicate these pressure signals to a suitable component or system, such as
controller 124, for example. Alternately, multiple pressure sensors can be used, such
as pressure sensors 126’ and/or 126”, for example. In one embodiment, pressure
sensors 126’ are disposed along transmission lines 120 and are operative to generate
signals corresponding to the fluid pressure in the air springs corresponding to the
associated fluid lines. In another embodiment, pressure sensors 126" are disposed
along the air springs themselves. Accordingly, it will be appreciated that any suitable
type, kind or arrangement of pressure sensing devices can be used and that the same,
in whichever manner provided, are operative to commﬁnicate a signal having a relation
to the fluid pressure of the fluid spring devices and/or reservoir to the controller.
[0025] Additionally, control system 122 can also optionally include one or more
height sensing devices, such as height sensors 128, for example. The height sensing
devices can be of any suitable type or kind (e.g., mechanically-linked rotary
potentiometers, linear transducers, ultrasonic wave sensors, electromagnetic wave
sensors), and can be provided in any suitable arrangement or configuration. In one
exemplary embodiment, height sensors 128 are operatively associated with fluid spring
assemblies 102 for outputting signals indicative of a height of the fluid spring or the
distance between components of the vehicle. Height sensors 128 are in communication
with controller 124 in a suitable manner, such as through leads or connections (not
shown), for example, and controller 124 receives the height or distance signals from the
height sensors.

[0026] Control system 122 can also optionally include a speed sensing device, such
as speed sensor 130, for example, in communication with controller 124 in a suitable
manner, such a through a suitable connection or lead 132, for example. The speed
sensing device is operative to generate speed sensor signals indicative the speed of the

7
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vehicle and communicate the speed sensor signals to a suitable system or component,
such as controller 124, for example. Additionally, control system 122 can optionally
include an operator interface and/or selection device, such as may be suitable for
communicating information, communications, data and/or signals of any suitable type or
kind to an operator and/or receiving input information, communications, data and/or
signals of any suitable type or kind from an operator. One example of a suitable
operator selection device is shown in FIGURE 1 as including a selector switch 134 and
a plurality of indicator lamps 136 in communication with controller 124 through a
suitabte connection or lead 138. It will be appreciated, however, that any other suitable
device, component and/or arrangement can aiternately be used. For example, a
plurality of switches or buttons, or a touch-screen display could alternately be used.
[0027] Controller 124 can be of any suitable type, kind and/or construction. In the
exemplary embodiment shown, controller 124 includes a processing device 140 which
can be of any suitable type and/or kind, such as a microprocessor, microcomputer or
microcontroller, for example. Additionally, controller 124 can optionally include a
memory 142 in communication with processing device 140. Memory 142 can be of any
suitable type or kind, such as a volatile or non-volatile memory, for example, and is
preferably suitable for receiving and/or storing data, values, signals, information,
communications, algorithms and/or routines in any suitable form or format, such as in
the form of software programs or code, for example.

[0028] Inuse, suspension system 100 is operative to adjust the damping rate of one
or more variable-rate dampers, such as at least one of damping members 104, for
example, in response to variations in vehicle condition-related inputs which can be of
any suitable type or kind, such as variations in the fluid pressure of the air spring
assemblies, variations in the load on the vehicle, variations in vehicle speed, or
variations in operator input, for example. As one example of a vehicle condition-related
input, FIGURE 2 shows a plurality of conditions involving a fluid pressure level. More
specifically, FIGURE 2 includes a first vehicle-related condition CP, represented by a
line extending from about pressure level Py to about pressure level P2 and
corresponding to a first damping rate DRy. FIGURE 2 also illustrates second and third
vehicle-related conditions CP, and CP3;. Condition CP, is represented by a line
extending from about a pressure level P; to about P4, and corresponds to a second
damping rate DR,. Condition CP; is represented by a line extending from about a

8
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pressure level Ps to about Ps, and corresponds to a third damping rate DR3. Thus,
under vehicle condition CP4 in which a pressure level, such as the fluid pressure level in
one or more of air spring assemblies 102, for example, is about or between pressure
levels P, and P2, the damping rate of one or more dampers, such as one or more of
damping members 104, for example, can be set at approximately first damping rate
DR;. Suspension system 100, and particularly control system 122 thereof, operates
similarly for conditions CP, and CP3;. Additionally, it will be appreciated that some
overlap in pressure levels, such as between P, and P; or between P4 and Ps can occur
and that either vehicle condition may be selected in such circumstances.

[0029] While it will be appreciated that suspension system 100 can operate in any
suitable manner, in one exemplary manner of operation controller 124 réceives a
pressure signal having a relation to a fluid pressure from a pressure sensing device,
such as pressure sensor 126 (or 126’ or 126), for example. The controller is then
operative to determine a corresponding damping rate based on the vehicle condition
corresponding to the fluid pressure level. Controller 124 is then operative to generate a
damper control signal having a relation to the corresponding damping rate and
communicate the damper control signal to at least one damping device, such as one or
more of dampers 104, for example. The one or more damping members, or
components thereof, receive the damper control signal and operate at approximately
the corresponding damping rate.

[0030] FIGURE 3 illustrates another example of a vehicle condition-related input and
shows a plurality of vehicle conditions involving the weight of a load acting on the
vehicle. More specifically, FIGURE 3 includes a first vehicle-related condition CL,
represented by a line extending from about an initial or unloaded level Lo to about a
moderate load level L4, and which corresponds to a first damping rate DRy. A second
vehicle-related condition CL; is represented by a line extending from about a moderate
load level L, to a high load level Lj. It will be appreciated that some overlap in weight or
load levels, such as between Ly and L can occur and that either vehicle condition may
be selected in such ciréumstances.

[0031] In another exemplary manner of operation of suspension system 100,
controller 124 is operative to determine a weight of a load on the vehicle or a portion
thereof, such as at a weight on vehicle corner, side (e.g., left or right) or end (e.g., front
or rear), for example. It will be appreciated that the weight of the load can be

9
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determined in any suitable manner, such as by determining the same from a fluid
pressure and air spring height, for example. Regardless of the manner in which the
weight of the load is determined, controller 124 is operative to determine a damping rate
corresponding to the load, and generate a damper control signal having a relation to the
corresponding damping rate. The damper control signal can then be communicated to
at least one démping device, such as one or more of dampers 104, for example. The
one or more damping members, or components thereof, receive the damper control
signal and operate at approximately the corresponding damping rate.

[0032] FIGURE 4 illustrates still another example of a vehicle condition-related input
and shows a plurality of vehicle conditions involving the speed of the associated vehicle.
Additionally, however, the plurality of vehicle conditions involve a second vehicle
condition-related input, such as pressure or load as discussed above, for example. For
purposes of discussion, a vehicle load will be used as the second vehicle condition-
related input. However, it is to be understood that any other suitable input could
alternately be used, and that the use of vehicle load is merely exemplary. FIGURE 4
includes a first vehicle condition CV, that is represented by a line extending from about
an initial or zero velocity level Vg to about a first velocity level V4, and which
corresponds to a first damping rate DR;. A second vehicle condition CV; is represented
by a line extending from about a second velocity level V3 to a high velocity level (not
numbered), which corresponds to a second damping rate DR.. Additionally, first and
second vehicle conditions CV4y and CV, correspond to a first vehicle load condition,
such as condition CL, shown in and discussed with regard to FIGURE 3, for example.
[0033] FIGURE 4 also includes a third vehicle condition CV3 that is represented by a
line extending from about an initial or zero velocity level Vg to about a third velocity level
V3, and which corresponds to a third damping rate DR3. A fourth vehicle condition CV,
is represented by a line extending from about a fourth velocity level V4 to the high
velocity level (not numbered) that is discussed above. The fourth vehicle condition
corresponds to a fourth damping rate DR,. Third and fourth vehicle conditions CV3; and
CV, correspond to a second vehicle load condition, such as condition CiL; shown in and
discussed with regard to FIGURE 3, for example. It will be appreciated that some
overlap in velocity levels, such as between V, and V3 or between VY3 and V4 can occur
and that either vehicle condition may be selected in such circumstances.

10
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[0034] In a further exemplary manner of operation of suspension system 100,
controller 124 is operative to determine the speed of the associated vehicle, such as by
receiving a speed signal from speed sensing device 130, for example. Additionally, a
second vehicle condition-related input, such as the weight of a load on the associated
vehicle, for example, can be determined in a suitable manner, such as by using
controller 1248 as discussed above, for example. In the present example, the controller
is operative to determine the load on the vehicle and select a corresponding group of
vehicle conditions, such as conditions CV, and CV, or conditions CV3 and CV,, for
example, based on the determined load. Controller 124 is then operative to receive a
speed signal from the speed sensing device, and determine a speed of the vehicle
therefrom. Based upon the determined vehicle speed, the controller can then
determine a corresponding damping rate, and generate a damper control signal having
a relation to the corresponding damping rate. The damper control signal can then be
communicated to at least one damping device, such as one or more of dampers 104,
for example. The one or more damping members, or components thereof, receive the
damper control signal and operate at approximately the corresponding damping rate.
[0035] FIGURE 5 illustrates a further example of a vehicle condition-related input
and shows a plurality of vehicle conditions involving an operator or driver generated
input. While it will be appreciated that a selected input of any suitable type or kind can
be included, the present example includes a performance-related input in which the
operator selects between various damping rate groups or performance categories.
More specifically, FIGURE 5 shows a first selection S, a second selection S; and a
third selection S3. In one exemplary embodiment, each selection will have a direct
relation to a corresponding input or performance characteristic, such as damping rate,
for example. Alternately, one or more additional vehicle condition-related inputs, such
as pressure, load or speed as discussed above, for example, can be involved. For
example, as illustrated in FIGURE 5, each selection (e.g., 81, S2 and S3) includes two
corresponding damping rates, with first selection S corresponding to first and second
damping rates DR, and DR2, second selection S, corresponding to third and fourth
damping rates DR3; and DR4, and third selection S; corresponding to fifth and sixth
damping rates DRs and DRe. Thus, which of the two corresponding damping rates are
‘used for a given selection can depend upon one or more other vehicle condition-related
inputs, such as pressure, load and/or speed, for example.

11
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[0035] In still another manner of operation of suspension system 100, controller 124
is operative to receive an input signal from an operator interface or user input device,
such as selector switch 134, for examplé. Optionally, the controller is also operative to
determine one or more input levels, such as a pressure level of an air spring assembly,
a weight of a load on the associated vehicle, and/or a vehicle speed, for example, using
a suitable system or component. The controller is then operative to determine a
damping rate based at least in part on the input signal and the determined input levels.
The controller can then generate a damper control signal having a relation to the
corresponding damping rate. The damper control signal can then be communicated to
at least one damping device, such as one or more of dampers 104, for example. The
one or more damping members, or components thereof, receive the damper control
signal and operate at approximately the corresponding damping rate.

[0037] As discussed above, suspension system 100 can include any suitable
systems and/or components and can be operative in any suitable manner to vary the
damping rate of one or more damping members based upon one or more vehicle
inputs. As such, suspension system 100 can include in any suitable method or
methods of operation. One exemplary method 200 is shown in FIGURE 6 and includes
providing a vehicle undergoing a condition-related input, such as a fluid pressure level,
a weight of a load or a vehicle speed, for example, as indicated in box 202. Method 200
also includes ascertaining or otherwise determining an input level, such as data, values,
signals and/or information, for example, having a relation to the condition related input,
as indicated in box 204. Method 200 further includes correlating the determined input
level with a damping rate, as indicated in box 206. Method 200 also includes adjusting
one or more damping devices, such as one or more of damping members 104, for
example, to operate at approximately the correlated damping rate, as indicated in box
208.

[0038] Optionally, suspension system 100 can include an input device, such as
selector switch 134, for example, that is capable of permitting a driver or operator to
select or otherwise communicate a user input. As such, method 200 can optionally
include a determination as to whether such a “Driver Select” input is available, as
indicated in decision box 210. If a NO determination is made at decision box 210,
method 200 proceeds to box 208 and correlates the determined input level to a
damping rate. If a YES determination is reached as decision box 210, method 200

12
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includes providing a plurality of damping rate groups, such as a first group including
damping rates DR, and DR corresponding to selection $,, a second group including
damping rates DR3 and DR4 corresponding so selection Sz, and a third group including
damping rates DRs and DRs corresponding to selection 83 as shown in FIGURE 5, for
example, as indicated in box 212. Furthermore, method 200 can optionally include
receiving or otherwise determining the driver input and selecting the corresponding
damping rate group from the provided plurality of damping rate groups, as indicated in
box 214. Method 200 then proceeds to box 206 and correlates the determined input
level to a damping rate from the selected group of damping rates. The one or more
damping devices can then be adjusted to operate at the damping rate, as indicated in
box 208.

[0038] Control system 122 of suspension system 100 can also optionally include
confirming the validity of any vehicle inputs and/or corresponding input levels, in any
suitable manner. As such, method 200 can optionally include a checking the validity of
a vehicle input and/or corresponding input level, as indicated in decision box 216. If a
NO determination is reached at decision box 216, then no check of the validity is to be
made and method 200 proceeds to box 206 or optionally to box 210, if provided. If a
YES determination is reached at decision box 216, method 200 includes validating the
vehicle inputs and/or inpuf levels, as indicated at box 218. A decision box 220 is then
reached and an inquiry is made as to whether the vehicle input and/or input level is
valid. If a NO determination is reached, no action is taken, as indicated by box 222, and
method 200 returns to box 204 to determine another vehicle input and/or input level. If
a YES determination is reached at decision box 220, method 200 proceeds to decision
box 224 at which an inquiry is made as to whether another vehicle input and/or input
level is to validated. If a YES determination is made, method 200 selects the next
vehicle input and/or input level to be checked, as indicated in box 226, and proceeds to
validate the next vehicle input and/or input level at box 218. If a NO determination is
reached at decision box 224, method 200 proceeds to box 206 or optionally to box 210,
if provided.

[0040] While the subject novel concept has been described with reference to the
foregoing embodiments and considerable emphasis has been placed herein on the
structures and structural interrelationships between the component parts of the
embodiments disclosed, it will be appreciated that other embodiments can be made and
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that many changes can be made in the embodiments illustrated and described without
departing from the principles of the subject novel concept. Obviously, medifications and
alterations will occur to others upon reading and understanding the preceding detailed
description. Accordingly, it is to be distinctly understood that the foregoing descriptive
matter is to be interpreted merely as illustrative 6f the present novel conéept and not as
a limitation. As such, it is intended that the subject novel concept be construed as
including all such modifications and alterations insofar as they come within the scope of
the appended claims and any equivalents thereof. '
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CLAIMS:

1. A control system for an associated suspension system of an associated
vehicle, the associated suspension system including an associated fluid spring
operating at an associated fluid pressure and an associated variable-rate damper
having an associated electronically-variable damping rate, the associated damper
having an associated overall damping rate range within which substantially all
operation of the associated variable-rate damper occurs and which includes the
associated damping rate, said control system comprising:

a pressure sensor operative to generate a pressure sensor signal indicative
of the associated fluid pressure of the associated fluid spring; and,

a controller in communication with said pressure sensor and the associated
variable-rate damper, said controller including a memory storing first through sixth
damping rates having values within the associated overall damping rate range, said
controller operative to receive said pressure sensor signal, identify one of said first
through sixth damping rates based at least in part on said pressure sensor signal,
and generate a damper adjustment signal corresponding to said identified one of
said first through sixth damping rates for adjusting the associated electronically-
variable damping rate of the associated variable-rate damper.

2. A control system according to claim 1, wherein the associated fluid spring has
an associated overall pressure range within which substantially all operation of the
associated fluid spring occurs and which includes the associated fluid pressure, said
memory storing a plurality of pressure ranges that together include substantially all
of the associated overall pressure range with each of said plurality of pressure
ranges being stored in said memory in respective association with one of said first
through sixth damping rates, and said controller is operative to identify said one of
said first through sixth damping rates based at least in part on which one of said
plurality of pressure ranges the associated fluid pressure falls within.

3. A control system according to claim 1, wherein the associated vehicle is
undergoing an associated vehicle input, and said control system further comprises
an input sensing device in communication with said controller and operative to
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generate a sensing device signal having a relation to the associated vehicle input,
and said controller is operative to receive said sensing device signal and identify
said one of said first through sixth damping rates based at least in part on said
pressure sensor signal and said sensing device signal.

4, A control system according to claim 3, wherein the associated vehicle input is
an associated vehicle height, said input sensing device is a height sensor operative
to generate a height signal as said sensing device signal, said height signal having a
relation to the associated vehicle height, and said controller is in communication with
said height sensor and receives said height signal therefrom, said controller
operative to identify said one of said first through sixth damping rates based at least
in part on said pressure sensor signal and said height signal.

5. A control system according to claim 4, wherein said plurality of pressure
ranges are stored in said memory as a plurality of load values with at least one of
said first through sixth damping rates corresponding to one of said plurality of load
values, and said controller is operative to determine an associated vehicle load
value based at least in part upon said pressure sensor signal and said height signal,
and said controller is operative to identify said one of said first through sixth
damping rates based upon a comparison of the associated vehicle load value with
said plurality of load values.

6. A control system according to claim 3, wherein the associated vehicle inputis
an associated vehicle speed, said input sensing device is a speed sensing device
operative to generate a speed signal having a relation to the associated vehicle
speed, and said controller is in communication with said speed sensing device and
receives said speed signal therefrom, said controller operative to identify said one of
said first through sixth damping rates based at least in part on said pressure sensor
signal and said speed signal.

7. A control system according to claim 3 further comprising an operator
selection device in communication with said controller, said operator selection
device operative to generate an output state signal corresponding to one output
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state of a plurality of available output states, said controller receiving said output
state signal and operative to identify said one of said first through sixth damping
rates based at least in part upon said pressure sensor signal and said output state
signal.

8. A control system according to claim 7, wherein said first through sixth
damping rates are separated into a first plurality of damping rates and a second
plurality of damping rates, said memory storing said first plurality of damping rates in
association with a first output state of said plurality of available output states and
said second plurality of damping rates in association with a second output state of
said plurality of available output states, said controller is operative to select one of
said first and second pluralities of damping rates based at least in part on said
output state signal, and said controller is operative to identify said one of said first
through sixth damping rates from said selected one of said first and second
pluralities of damping rates based at least in part upon said pressure sensor signal.

9. A vehicle suspension system for an associated vehicle having an associated
unsprung mass and an associated sprung mass supported on the associated
unsprung mass, said vehicle suspension system comprising:

a fluid spring assembly operatively disposed between the associated sprung
and unsprung masses and operating at a fluid pressure;

an adjustable-rate damping member operatively disposed between the
associated sprung and unsprung masses,; and, ,

a control system including a pressure sensor and a controller, said pressure
sensor in communication with said fluid spring assembly and operative to generate a
pressure signal corresponding to said fluid pressure, said controller in
communication with said pressure sensor for receiving said pressure signal and in
communication with said adjustable-rate damping member, said controller including
a memory storing first through sixth predetermined damping rate values, and said
control system operable to:

select a damping rate value for said adjustable-rate damping member
from one of said first through sixth damping rate values stored in said memory
based at least in part on said pressure signal;
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generate a damper adjustment signal corresponding to said selected
damping rate value; and,

communicate said damper adjustment signal to said adjustable-rate
damping member.

10. A vehicle suspension system according to claim 9, wherein said memory is
storing a plurality of pressure ranges with each of said plurality of pressure ranges
associated with at least one of said first through sixth damping rates, and said
controller is operative to identify said one of said first through sixth damping rates
based at least in part on which one of said plurality of pressure ranges the fluid
pressure falls within.

11. A vehicle suspension system according to claim 9, wherein the associated
vehicle includes an associated vehicle input, and said vehicle suspension system
further comprises a sensing device in communication with said controller and
operable to generate a sensing device signal having a relation to the associate
vehicle input, such that said control system is operative to select said damping rate
value for generation of said damper adjustment signal based at least in part on said
pressure signal and said sensing device signal.

12. A vehicle suspension system according to claim 11, wherein the associated
vehicle input is an associated distance between the associated sprung and
unsprung masses of the associated vehicle, said sensing device is a height sensor
operative to generate a height signal having a relation to the associated distance,
and said controller is adapted to receive said height signal such that said control
system is operative to select said damping rate value for generation of said damper
adjustment signal based at least in part upon said pressure signal and said height
signal.

13. A vehicle suspension syStem according to claim 11, wherein the associated
vehicle input is an associated vehicle speed, said sensing device is a speed sensor
operative to generate a speed signal having a relation to the associated vehicle
speed, and said controller is adapted to receive said speed signal such that said
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control system is operative to select said damping rate value for generation of said
damper adjustment signal based at least in part upon said pressure signal and said
speed signal.

14. A vehicle suspension system according to claim 11, wherein said control
system includes a selection device in communication with said controller and
operative to receive a user-inputted selection and generate a selection output signal
corresponding to said user-inputted selection, said controller receiving said selection
output signal such that said control system is operative to select said damping rate
value for generation of said damper adjustment signal based at least in part upon
said pressure signal and said selection output signal.

15. A vehicle suspension system according to claim 9, wherein said fluid spring
assembly is one fluid spring assembly of a plurality of fluid spring assemblies, said
adjustable-rate damping member is one adjustable-rate damping member of a
plurality of adjustable-rate damping members, said pressure sensor is one pressure
sensor of a plurality of pressure sensors, each fluid spring assembly is operating at
a fluid pressure, and one pressure sensor of said plurality of pressure sensors is
operatively associated with each fluid spring assembly of said plurality of fluid spring
assemblies, and each pressure sensor is operative to generate a pressure signal
having a relation to said fluid pressure of said operatively associated fluid spring
assembly.

16. A vehicle suspension system according to claim 15, wherein each pressure
sensor of said plurality of pressure sensors is in communication with said controller,
and said controller receives said pressure signal from each of said pressure sensors
such that said cdntrol system is operative to select said damping rate value for
generation of at least one damper adjustment signal based at least partially on said
pressure signal and communicate said at least one damper adjustment signal to one
or more of said plurality of adjustable-rate damping members.
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17. A method of controlling a suspension system of a vehicle, the suspension
system including an adjustable-rate damper and an air spring operating at an air
pressure, said method comprising:

a) providing a pressure sensor in communication with the air spring and
generating a pressure signal having a relation to said air spring pressure using said
pressure sensor,;

b) providing an electronic controller in communication with said pressure sensor
and said adjustable-rate damper, said electronic controller including a memory
storing no more than six predetermined damping rate values;

c) communicating said pressure signal from said pressure sensor to said
electronic controller,

d) identifying a target damping rate from one of said no more than six
predetermined damping rate values using said electronic controller based at least
partially on said pressure signal;

e) generating a damper adjustment signal having a relation to said target
damping rate using said electronic controller and communicating said damper
adjustment signal to the adjustable-rate damper; and,

f) altering the adjustable-rate damper for operation at approximately said target
damping rate using said damper adjustment signal.

18. A method according to claim 17, wherein providing said controller in b)
includes said memory storing a plurality of air pressure ranges with each air
pressure 'range of said plurality of air pressure ranges being associated with one of
said no more than six predetermined damping rate values, and identifying said
target damping rate in d) includes comparing said air spring pressure with said
plurality of air pressure ranges and selecting said target damping rate based upon
which of said plurality of air pressure ranges said air spring pressure falls within.

19. A method according to claim 17, wherein the vehicle includes a first input
condition and said method furthef comprises:

g) providing a sensing device in communication with said controller and
generating a sensor signal having a relation to the first input condition; and,

h) communicating said sensor signal to said controller,;
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wherein d) includes identifying said target damping rate based at least
partially on said pressure signal and said sensor signal.

20. A method according to claim 19 further comprising determining whether at
least one of said pressure signal or said sensor signal represents a valid signal
level, and ignoring one or more of said actions if at least one of said pressure signal
or said sensor signal is determined to be invalid.

21. A method according to claim 19, wherein the first input condition includes a
height condition and said sensing device is operative to generate a height signal
having a relation to the height condition, and h) includes communicating said height
signal to said controller and d) includes identifying said target damping rate based at
least partially on said pressure signal and said height signal.

22. A method according to claim 21, wherein the first input condition includes a
vehicle load at least partially contributing to the height condition, and d) includes
determining a load value having a relation to the vehicle load based at least in part
on said pressure signal and said height signal and identifying said target damping
rate based at least in part on said load value.
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