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Description

Field Of The Invention

[0001] Theinvention generally relates to a vehicle sus-
pension system and specifically to an electronic height
control system for controlling the ride height of the vehi-
cle. According to the generic part of claim 1 the invention
relates to an electronic suspension system for a vehicle
comprising: a sensor that senses a distance between a
vehicle axle and a vehicle frame and generates a sensor
signal indicative thereof.

Background of the Invention

[0002] Vehicle suspension systems with mechanically
linked and actuated height control valves are well known.
Fig. 1 illustrates such a trailing arm suspension 10 in
combination with a height control valve 12. The trailing
arm suspension 10 comprises opposing trailing arm as-
semblies 11 mounted on opposite sides of the vehicle,
preferably to the vehicle framerails 16. Each of the trailing
arm assemblies includes a trailing arm 14 having one
end pivotally connected to a hanger bracket 18 by a piv-
otal connection 20. The hanger bracket is suspended
from the vehicle framerail 16. The other end of the trailing
arm 14 mounts to an air spring 22, which is affixed to the
frame rail 16. The air spring 22 dampens the pivotal ro-
tation of the trailing arm 14 about the hanger bracket 18
relative to the frame rail 16.

[0003] An axle assembly 28 typically spans and
mounts to, or is carried by, the trailing arms 14. The axle
assembly 28 rotatably mounts ground-engaging wheels
(not shown). Any movement of the wheels in response
to their contact with the ground will result in a rotation of
thetrailingarms 14, whichisresisted by the airsprings 22.
[0004] The air springs 22 typically comprise an air bag
24 andapiston 26. The piston 26 is mounted to the trailing
arm 14 and the air bag 24 connects the piston to the
frame: Pressurized fluid can be introduced or exhausted
to adjust the dampening performance of the air spring.
Additionally, the volume of air in the air spring can be
adjusted to alter the height of the frame rails relative to
the trailing arms. Often, there is a preferred or reference
ride height for the vehicle and, depending on the load
carried by the vehicle or the operating environment, the
actual or current ride height can vary over time. Pressu-
rized air is introduced to or exhausted from the air bags
to adjust the relative height of the trailer frame rail with
respect to the trailing arms to maintain the ride height at
the reference heightfora particular load or environmental
condition.

[0005] The adjustment of the ride height is accom-
plished by the height control valve 13, which has an inlet
port, an operation port, and an exhaust port. The inlet
port is fluidly connected to a source of pressurized air for
the vehicle. The operation port is fluidly connected to the
air bags 24 of the air springs and, the exhaust port is
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fluidly connected to the atmosphere. The height control
valve controls the fluid connection of the operation port
with the inlet port and the exhaust port to introduce or
exhaust air from the air spring to thereby adjust the ve-
hicle height.

[0006] The height control valve is typically mounted to
the vehicle frame 16 and has a rotatable lever arm 32
that is operably connected to the trailing arm 14 through
an adjustable rod 34, whereby any movement of the trail-
ing arm 14 results into a corresponding movement of the
lever arm to move the valve and connect the operation
port to either of the inlet port or exhaust.

[0007] A traditional height control valve has three po-
sitions: an inflate position, a neutral position, and an ex-
haust position in the inflate position, the lever arm 32 is
rotated up and the operation portis connected to the inlet
port. In the neutral position, 20 the lever arm 32 is gen-
erally horizontal and the operation port is not connected
to eitherthe inletor exhaust ports. In the exhaust position,
the lever arm is rotated down and the operation port is
connected to the exhaust port.

[0008] The various height control valves currently
available can be operated on a time delay or can respond
instantly to changes in height. The valve structure for
these valves typically includes multiple spring biassed
pistons or similar elements that seal the various ports in
response to the relative movement of the trailing arm.
Examples of this type of height control valve are disclosed
inU.S.PatentNo. 5,161,579, issued November 10, 1992;
U.S. Patent No. 5,560,591, issued October 1, 1996; and
U.S. Patent No. 5,375,819, issued December 27, 1994.
[0009] The most commonly used height control-
valves, regardless of their valve structure, are subject to
damage because of the mechanical coupling between
the trailing arm and the height control valve. The me-
chanical coupling is directly exposed to the environment
of the trailing arm suspension, which can be very harsh.
Additionally, most of the mechanically operated valves
are susceptible to "freezing" if not used regularly.
[0010] In response to the disadvantages of the me-
chanically actuated and controlled height control valves,
electronically controlled and actuated height control sys-
tems have been developed. These electronically control-
led systems typically use various sensors to monitor the
vehicle height position and use electrically actuated
valves, such as solenoid valves, to control the introduc-
tion and exhaustion of air from the air springs. One such
system is taught in U.S. Patent Publication No.
2002/0096840 ("Sulzyc et 2’l."), which is directed toward
a control system for lifting and lowering the body of an
air-suspended vehicle including level control. Sulzyc et
al. discloses a system that includes redundant supply
lines such that both electronic and mechanical height
control may be used. However, the system taught in
Sulzyc et al. fails to address the need of providing an
electronic controller that can receive, process and act
upon numerous input signals facilitating safe and accu-
rate vehicle ride height adjustment. For example, Sulzyc
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et al. fails to provide for inputs for a remotely entered
ride-height setpoint, or for a fluid dump signal, or for a
braking system signal, such as, an Automatic Braking
System (ABS) input or an Electronic Braking System
(EBS) input. From EP 0 803 423 A2 it is known a control
system of an automotive vehicle including a vehicle
height control apparatus for adjusting height of the vehi-
cle under control of fluid under pressure supplied from a
frist fluid pump and a brake control apparatus for regu-
lating braking forces applied to a set of road wheels of
the vehicle under control of fluid under pressure supplied
from a second fluid pump.

Summary of the Invention

[0011] Accordingly, itis desired to provide an electronic
height control system that provides for enhanced control
of the vehicle suspension system.

[0012] Tothatend,theinventionprovidesthattheelec-
tronic suspension system is comprising: a valve having
an inlet port coupled to a source of pressurized fluid, an
operating port coupled to a fluid bag positioned between
the vehicle axle and the vehicle frame, and an exhaust
port coupled to atmosphere; a motor coupled to said
valve for selectively actuating the valve between, a fill
position where the inlet port is fluidly coupled to the op-
erating port, an exhaust position where the operating port
is fluidly coupled to the exhaust port, and a neutral posi-
tion where the respective ports are fluidly isolated from
each other; a suspension controller coupled to said sen-
sor and receiving the sensor signal; a master controller
coupled to said suspension controller; a plurality of inputs
provided to said master controller, said plurality of inputs
comprising: a brake system signal generated by a brake
system and coupled to said master controller, said brake
system signal selected from the group consisting of: an
Automatic Braking System (ABS) signal, an Electronic
Braking System (EBS) signal and combinations thereof;
a fluid dump signal; and a remotely entered ride-height
setpoint; said suspension controller generating an output
signal, the output signal is generated based on the re-
ceived sensor signal and brake signal transmitted from
said master controller, wherein said output signal is sent
to said motor for controlling said valve.

[0013] Preferred embodiments of the invention are
provided by the subject matter of the sub-claims.
[0014] The motor preferably includes an output gear
that is enmeshed with a transfer gear mounted to the
valve annulment such that the actuation of the motor ro-
tates the output gear to rotate the transfer gear and there-
by move the valve between the fill and exhaust positions.
The motor is preferably reversible and the controller op-
erates the motor in a first direction to move the valve into
the fill position and in a second direction to move the
valve into the exhaust position. In one advantageous em-
bodiment, it is contemplated that the output gear be a
worm gear.

[0015] The sensor output signalis preferably a voltage
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signal that carries with it a positive or negative sign and
the controller uses the sign of the voltage signal to de-
termine the direction of operation of the motor. The con-
trol logic is such that the controller preferably maintains
the vehicle ride height at the reference ride height. The
controller uses the voltage signal sign as indicating
whether the vehicle is above or below the reference ride
height.

[0016] The controller may comprise, for example, any
type of microprocessor device, programmable or config-
urable logic device(s), including for example, configura-
ble gate arrays and the like, suitable for processing the
sensor output and generating a control signal for actuat-
ing the valve. A suspension controller is coupled to said
sensor and receiving the sensor signal. A master con-
troller is coupled to said suspension contoller. A plurality
of inputs provided to said master controller comprises a
brake system signal generated by a brake system and
coupled to said master controller, said brake system sig-
nal selected from the group consisting of: an Automatic
Braking system (ABS) signal, an Electronic Braking Sys-
tem (EBS) signal and combinations thereof, a fluid dump
signal; and aremotely entered ride-height setpointto pro-
vide for enhanced control of the vehicle suspension sys-
tem.

[0017] The valve preferably comprises an inlet port for
connecting to the source of pressurized air, an air bag
port for fluidly connecting to the air bag, an exhaust port
for fluidly connecting to atmosphere, and a rotatable
valve element having a control passage that selectively
fluidly connects the air bag port to the inlet port or the
exhaust port upon rotation of the valve element. The
valve can also iriclude a valve housing that defines an
interior chamber to which the inlet port, air bag port, and
exhaust port or fluidly connected.

[0018] The valve element can fluidly separate the inlet
port and the exhaust port. In such a configuration, the
pressurized air entering the housing from the inlet port
will bias the valve element into sealing abutment against
the valve housing. The valve element is preferably a ro-
tatable disc and can reside on a fixed disc mounted to
the housing. The rotatable and fixed discs may, in one
embodiment, comprise ceramic or other similar materi-
als.

[0019] The height sensor is preferably a transducer in-
cluding an optical sensor arrangement such as a light
emitting diode or a laser and an optical encoder, a vari-
able-capacitance sensor, a Hall Effect sensor such as a
variable resistance sensor or a magnetostrictive sensor,
an ultra-sonic sensor, or combinations thereof.

[0020] As used herein, the terms "coupled”, "coupled
to", and "coupled with" as used herein each mean are-
lationship between or among two or more devices, ap-
paratus, files, programs, media, components, networks,
systems, subsystems, and/ or means, constituting any
one or more of (a) aconnection, whether direct or through
one or more other devices, apparatus, files, programs,
media, components, networks, systems, subsystems, or
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means, (b) a communications relationship, whether di-
rect or through one or more other devices, apparatus,
files, programs, media, components, networks, systems,
subsystems, or means, and/or (c¢) a functional relation-
ship in which the operation of any one or more devices,
apparatus, files, programs, media, components, net-
works, systems, subsystems, or means depends, in
whole or in part, on the operation of any one or more
others thereof.

[0021] The term "data" as used herein means any in-
dicia, signals, marks, symbols, domains, symbol sets,
representations, and any other physical form or forms
representing information, whether permanent or tempo-
rary, whether visible, audible, acoustic, electric, magnet-
ic, electromagnetic or otherwise manifested. The term
"data" as used to represent predetermined information
in one physical form shall be deemed to encompass any
and all representations of the same predetermined infor-
mation in a different physical form or forms.

[0022] The term "network" as used herein includes
both networks and internetworks of all kinds, including
the Internet, and is not limited to any particular network
or inter-network.

[0023] Other objects of the invention and its particular
features and advantages will become more apparent
from consideration of the following drawings showing on-
ly examples and accompanying detailed description.

Brief Description Of The Drawings

[0024]

FIG. 1is an elevational side view of a prior art trailing
arm suspension incorporating a known mechanically
controlled and actuated height control valve;

FIG. 2 is an elevational side view of a trailing arm
suspension with a height control system according
to the invention comprising a height sensor coupled
to a motorized height control valve by a controller;

FIG. 3 is a partially cut away end view taken along
3-3 of FIG. 2 illustrating the mechanical connection
between the height sensor and the trailing arm sus-
pension;

FIG. 4 is a sectional view of the sensor in FIGS. 2
and 3 and. illustrating a light emitter for the sensor
in a reference position relative to an optical bridge
of a light sensor assembly;

FIG. 5 is identical to FIG. 4 except that the light emit-
ter is shown in an alternative position relative to the
optical bridge;

FIG.6isanexploded perspective view of a motorized
height control valve according to the invention with
a portion of the housing removed for clarity;
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FIG.7isatop view of the height control valve housing
of FIG. 6 with the cover and valve assembly removed
for clarity;

FIG. 8 is a sectional view taken along line 8-8 of FIG.
7 illustrating, the flow 20 paths through the housing;

FIG. 9is an enlarged perspective view of a stationary
shear disk of the valve assembly in FIG. 7;

FIG. 10 is a perspective view showing a dynamic
shear disk of the valve assembly of FIG. 7;

FIG. 11 is a schematic view illustrating the height
control valve of FIG. 7 in a neutral position;

FIG. 12 is a schematic view illustrating the height
control valve of FIG. 7 in a fill position;

FIG. 13 is a schematic view illustrating the height
control valve of FIG. 7 in 30 an exhaust position;

FIG. 14 is a block diagram of the control according
to the invention;

FIG. 15 illustrates a second embodiment height sen-
sor according to the invention;

FIG. 16 illustrates a trailing arm suspension incor-
porating a third embodiment height sensoraccording
to the invention;

FIG. 17 is a sectional view of the third embodiment
height sensor;

FIG. 18 is a sectional view of a fourth embodiment
height sensor according to the invention;

FIG. 19 is a sectional view taken along line 19-19 of
FIG. 18 for the third embodiment height sensor;

FIG. 20 illustrates a fifth embodiment height sensor
according to the invention;

FIG. 21 illustrates a sixth embodiment height sensor
according to the invention in the context of a shock

absorber;

FIG. 22illustrates a seventh embodiment height sen-
sor according to the invention; and

FIG. 23 is a sectional view taken along line 23-23 of
FIG. 22.

Detailed Description of the Invention

[0025] Referring now to the drawings, wherein like ref-
erence numerals designate corresponding structure
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throughout the views.

[0026] FIG. 2 illustrates a trailing arm suspension 110
according to the invention. The trailing arm suspension
comprises a pair (only one shown) of trailing arm assem-
blies 112 mounted to a vehicle frame 114 and incorpo-
rating a motorized height control valve 116 according to
the invention. The trailing arm assembly 112 comprises
a trailing arm 118 having one end pivotally mounted
through a bushed connection 120 to a frame bracket 122
depending from the vehicle frame 114. An air spring 124
comprising a piston 126 mounted to a portion of the trail-
ing arm 118 and an airbag 128 mounted to the frame 114
through a plate 130 connects the trailing arm 118 to the
vehicle frame 114. An axle bracket 132 is mounted to the
trailing arm 118 between the frame bracket 122 and the
air spring 124 by a pair of bushed connectors 134. The
axle bracket mounts an axle 136 to which the ground
engaging wheels (not shown) of the vehicle are rotatably
mounted. A shock absorber 138 extends between the
axle bracket 132 and the frame bracket 122.

[0027] Although the basic operation of a trailing arm
suspension is widely known, a brief summary may be
useful in understanding the following disclosure. As the
wheels (not shown) of the vehicle encounter changes in
the road surface, they apply areactive force to the trailing
arm 118, pivoting the trailing arm 118 relative to the frame
bracket 122 and the vehicle frame 114. The pivoting
movement of the trailing arm 118 is dampened by the air
spring 124.

[0028] In addition to dampening the rotational move-
ment of the trailing arm 118, the air spring 124 is also
used to adjust the height of the frame 114 relative to the
ground. For example, assuming static conditions, as air
is introduced into the airbag 128, the vehicle frame 114
is raised relative to the trailing arm 118, since the trailing
arm 118 is effectively fixed relative to the ground because
of the contact between the ground engaging wheels. Sim-
ilarly, if pressurized air is exhausted from the airbag 128
the vehicle frame 114 will lower in height relative to the
ground.

[0029] An anti-creep device 140 is provided on the ve-
hicle frame 114 and functions to limit the rotation of the
trailing arm 118 during loading, which lowers the height
of the vehicle frame. This phenomenon is known as trailer
creep in the art and occurs because the air supply to the
air springs is typically shut off during loading. As more
weight is added to the trailer, the air spring cannot be
inflated to counter the increase weight, resulting in the
lowering of the frame. As the frame lowers, the trailing
arm is effectively pivoted about the bushed connection,
whichresults in the wheels rotating and causing the trailer
to move away from the dock.

[0030] Theanti-creep device 140 comprisesastoparm
142 that is rotatably mounted to the vehicle frame 114.
The stop arm can be rotated from a retracted position
(as shown in phantom lines) to an extended position,
where the end of the stop arm 142 is positioned above
the trailing arm 118 and limits the upward rotation of the
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trailing arm 118 relative to the vehicle frame. The move-
ment of the stop arm 142 between the retracted and ex-
tended positions is typically controlled by a pneumatic
actuator (notshown) thatis responsive to the introduction
or exhaustion of pressurized air from the actuator. This
type of anti-creep device 140 is well known and will not
be described in further detail.

[0031] A height control sensor 144 is mounted to the
frame bracket 122 and is operably connected to the trail-
ing arm 118 so that the sensor 144 monitors the orien-
tation of the trailing arm and outputs a signal correspond-
ing to that orientation. The height control sensor 144 is
electrically coupled to the motorized height control valve
116 to supply the height control valve 116 with a signal
indicating the position of the trailing arm.

[0032] Referring now to FIGS. 2 and 3, the sensor 144
is fixedly mounted to the interior of the frame bracket 122
and mechanically coupled to the bushed connector 120
through a link 146. The frame bracket 122 has opposing
sidewalls 148 that are connected by an end wall 150.
The bushed connector 120 comprises an outer sleeve
152 that is press-fit within the trailing arm 118 and inner
sleeve 154 thatis concentrically received within the outer
sleeve 152. An annulus of elastomeric material 155 is
compressively retained between the outer sleeve 152
and the inner sleeve 154. The ends of the inner sleeve
154 abut the inner surfaces of the sidewall 148 respec-
tively. A mounting bolt 156 compressively mounts the
sidewall 148 against the ends of the inner sleeve 154 to
fix the inner sleeverelative to the frame bracket 122. With
this construction, the pivotal movementof the trailing arm
results in the rotation of the outer sleeve 152 relative to
the inner sleeve 154. The rotation is accomplished by
the elastomeric annulus 155, which enables the outer
sleeve 152 to rotate relative to the inner sleeve 154.
[0033] The sensor 144 contains an external shaft 160
that is coupled to the link 146, which is connected to the
outer sleeve 152. The link 146 can have any suitable
shape so long as the rotational movement of the outer
sleeve is correspondingly transferred to the rotation of
the externalshaft 160. Forexample, the link can comprise
arms 162,164 which are connected by one of the arms
having a pin that is received in a slot in the end of the
other arm, thereby the rotational movement of the outer
sleeveis correspondingly transferred to the external shaft
160 of the sensor 144 while accommodating any relative
vertical movement between the arms 162,164.

[0034] Figs. 4 and 5 illustrate a preferred form of the
sensor 144, The sensor 144 comprises a light emitter
170 that is mounted to the external shaft 160. The light
emitter 170 preferably is formed from a solid block 172
of metal or plastic having a light source chamber 174 and
a light passage 176 optically connecting the light cham-
ber 174 to the exterior of the light emitter 170. A light
source 178, such as a light emitting diode or a laser, is
positioned within

the light chamber 174 and emits light that exits the block
172 through the light passage 176 along path A.
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[0035] The height sensor 144 further includes a light
sensor assembly 190 comprising a light-tight housing
192 having an open end in which is fixedly placed a dif-
fusing element 194, such asfrosted glass. A light detector
in the form of an optical bridge 196 is positioned within
the light-tight housing 192 behind the defusing element
194. The optical bridge 196 includes two spaced sensors
198, 200, which can be photoconductive cells on photo-
diode detectors. Each light sensor outputs a voltage sig-
nalrepresentative of the intensity of the light they receive.
The voltage signals and their differences are used to as-
sess a change in the vehicle height. The optical bridge
196 is preferably a Wheatstone bridge circuit using pho-
toconductive cells in either a half bridge (2 cells) or a full
bridge (4 cells) arrangement.

[0036] The operation of the light sensor 144 is best
described by reference to FIGS. 4 and 5. FIG. 4 illustrates
the position of the light emitter 170 when the vehicle is
at the reference ride height. It should be noted that al-
though FIG. 4 illustrates the light emitter 170 being ori-
ented substantially perpendicular to the light sensor as-
sembly 190 when the vehicle is at the reference ride
height, the light emitter 170 can be oriented at an angle
relative to the light sensor assembly 90 to establish the
reference ride height.

[0037] In the reference position shown in FIG. 4, the
light emitter 170 emits a beam of light along path A. As
the beam of light contacts the diffuser element 194 of the
light sensor assembly 190, rays of diffused light contact
the spaced light sensors 198. The rays of light travel a
distance D1 and D2 from the.diffuser element 194 to the
light sensors 198, 200, respectively The distance the light
travels impacts the intensity of the light as seen by the
light sensors, resulting in a corresponding voltage output
from the sensors.

[0038] Referring to FIG. 5, if the height of the vehicle
is changed, such as by loading or unloading product from
the vehicle, the trailing arm 118 will rotate relative to the
frame bracket 122, resulting in a corresponding rotation
of the outer sleeve 152, which results in a corresponding
rotation of the external shaft 160 of the height sensor
144. As the height sensor external shaft 160 rotates, the
light emitter 170 is rotated into a new position and the
light beam A strikes the diffuser element 194 at a different
location. The rays of light emanating from the diffuser
element 194 and entering the light sensors 198 now must
travel through distances D3 and D4. As can be seen by
comparison with the distances D1, D2, the distance D3
for the light ray to enter the sensor 198 is less than the
previous distance D1. Conversely, the distance D4 is
greater than the distance D2 for the light to enter light
sensor 200. The result of the change in the position of
the light emitter 170 from FIG. 4 to. FIG. 5 results in the
sensor 198 receiving a higher intensity light and the sen-
sor 100 receiving a lower intensity light. The change in
the intensity corresponds to a change in the voltage out-
put signal of the light sensors 198, 200. The change in
the output signals from the sensors, 198, 200 is directly
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related to the rotational change in the trailing arm 118
relative to the vehicle frame 114 and provides a measure
for the change in height of the vehicle from the predeter-
mined position. The output from the light sensors 198,
200 can be used to control the introduction and exhaus-
tion of pressurized air into the air springs to raise or lower
the vehicle frame until the light emitter 170 is rotated back
to the reference position.

[0039] Fig. 6 illustrates the components of the motor-
ized height control valve 116 according to the invention.
The motorized height control valve 116 comprises a two-
piece housing having a base 202 and a cover 204, which
is shown removed from the base 202. The base 202 is
functionally divided into two portions: an electrical con-
nection portion 206 and a fluid control portion 208. The
electrical connection portion 206 comprises an input/out-
putinterface 210, which has the necessary electrical con-
nections to connect the height control sensor 144 and
any other sensors. The fluid control portion 208 compris-
es avalve assembly 212 and a fluid manifold 214, having
an inlet port 216 and an operation port 218. An exhaust
port 220 is provided on the opposite side of the base 202
than the inlet port 216 and the operation port 218. The
valve assembly 212 controls the flow of fluid to and from
the operation port 218 from either the inlet port 216 or to
the exhaust port 220 to thereby control the introduction
and exhaustion of pressurized air to and from air spring
124.

[0040] A valve actuator 222 is operably connected to
the valve assembly 212. The valve actuator 222 com-
prises an electric motor 224 having an output shaft 226
on which is mounted a drive gear 228. A transfer gear
230 is coupled to the drive gear 228 and has a control
shaft 232 that is coupled to the valve assembly, whereby
the actuation of the motor 224 rotates the drive gear 228,
which through the transfer gear fluid communication be-
tween the operation port 218 and either the inlet port 216
or the exhaust port 220.

[0041] A controller 240 is also provided within the mo-
torized height control valve 116. The controller 240 may
be formed by circuit board 242 on which the motor 224
and transfer gear 230 are mounted. A microprocessor
244 is provided on the circuit board 242 and is electrically
coupled to the input output interface 210 and to the motor
224. A valve position sensor 246 is also provided on the
circuit board 242 and is electrically coupled to the proc-
essor 244. The valve position sensor 246 includes an
actuator 248 located on the valve assembly 212.
[0042] Referring to FIGS. 7 and 8, the base 202 is
shown with the valve assembly 212 removed. The base
202 comprises an interior chamber 260, open on one
side for receiving the valve assembly. The interior cham-
ber 260 is partially defined by an interior housing side
wall 262 and an interior peripheral wall 264, which ex-
tends away from the side wall 262. An air supply conduit
266 and an air spring conduit 268 extend from the cham-
ber 260 to the inlet port 216 and the operation port 218,
respectively. The air supply conduit forms a slot-like
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opening 266A in the peripheral wall 264. The air spring
conduit forms an opening 268A in the wall 262. An ex-
haust conduit 270 extends from the exterior of the base
202 to exhaust port 220.

[0043] The air supply conduit 266 is adapted to fluidly
connect a source of pressurized air to the interior cham-
ber 260. The air spring conduit 268 fluidly connects the
interior chamber 260 to the air bag 128. The exhaust
conduit 270 fluidly connects the chamber 260 to the at-
mosphere.

[0044] ReferringtoFIGS.9and 10, the valve assembly
212 comprises a shear valve including a static shear disk
272 and a dynamic disk 273. The static disk 272 has an
axial passage in the form of an opening 274 and a fluid
passage in the form of an orifice 276, both of which extend
through the disk 272. The static shear disk 272 includes
blind alignment openings 278 and 280 that receive posi-
tioning studs 282 and 284 extending from the base 202
into the interior chamber 260 to align the static shear disk
272 relative to the base 202 so that orifice 276 aligns with
the opening 268A of the air spring conduit 268. The axial
opening 274 aligns with the exhaust conduit. 270. Thus,
the orifice 276 and the axial opening. 214 establish fluid
communication between the upper surface of the static
disk 272 and the operation port 218 and the exhaust port
220.

[0045] Referring to FIG. 10, the dynamic shear disk
273 is viewed from its lower surface. The dynamic shear
disk 273 is positioned within the interior chamber 260 of
the base 202 so that the lower surface of the dynamic
shear disk is in abutting relationship with the upper sur-
face of the static, shear disk 270. The dynamic shear disk
273 comprises a sector portion 282 from which extends
a circular lobe 284. A passage in the form of a generally
T-shaped recess 286 is formed in the dynamic shear disk
273 and comprises an arcuate portion 288 and a channel
290. The arcuate portion 288 is predominantly located in
the sector portion 282 and includes opposing outlet pro-
file slots 294. An inlet profile slot 296 is provided on the
exterior side of the sector portion 282 and corresponds
with one of the outlet profile slots 294. A blind slot 298 is
formed in the upper surface of the dynamic shear disk
273 and is sized to receive the end of the control shaft
232.

[0046] When assembled, the orifice 276 of the shear
disk 272 will lie between one of the pairs of outlet profile
slots 294 and inlet profile slots 296. The blind slot 298
receives a lower end of the control shaft 232. The channel
290 fluidly connects the arcuate portion 288 and the outlet
profile slots to the exhaust port 220 through the exhaust
conduit 270.

[0047] FIGS. 11-13illustrate the three major operation-
al positions of the shear vaive: fill position, neutral posi-
tion, and exhaust position. For purposes of this descrip-
tion, itwill be assumed that the height controlvalve begins
in the neutral position. In the neutral position shown in
FIG. 11, the dynamic shear disk 273 is oriented relative
to the shear disk 272 such that the shear disk orifice 276
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is positioned between the interior slot 294 and the exterior
slot 296 and in abutting relationship with the dynamic
shear disk 273, effectively sealing the opening 268A of
the air spring conduit 268 and blocking fluid communica-
tion from either the air supply port 266 or exhaust conduit
270 to the air spring conduit 268.

[0048] If for any reason there is relative movement of
the trailing arm 118 towards the vehicle frame 114, such
as an increase in the loading of the trailer, the valve 116
is moved to the fill position as illustrated in FIG. 12 to
introduce air into air bag 128 to raise the vehicle frame
114 relative to the trailing arm 118. As viewed in FIG. 12,
under such conditions, the motor 224 rotates the dynamic
shear disk 273 so that the orifice 276 moves into fluid
communication with the exterior slot 296 to open the air
spring conduit 268 to the interior chamber 260. Since the
interior chamber 260 is constantly exposed to the air sup-
ply port 266, pressurized air will be directed into the air
spring conduit 268 and introduce pressurized air into air
springs 124.

[0049] If the trailing arm 118 and vehicle frame 114
moves away relative to each other, such as in the un-
loading of goods from the trailer, air must be exhausted
from air bags 128 to move vehicle frame 114 back to its
reference height. As viewed in FIG. 13, under such cir-
cumstances the valve is moved to the exhaust position
by the motor 224 moving the dynamic shear disk 273
relative to the shear disk 272, so that the interior slot 294
is brought into fluid communication with the orifice 276.
In the exhaust position, the air spring conduit 268 is in
fluid communication with the exhaust conduit 270
through the channel 290.

[0050] FIG. 14 is a schematic illustration of the height
control system for the suspension 110 and shows the
interconnection between a master vehicle controller 300,
the suspension controller 240, height sensor 144, and
valve assembly 212. The schematic also includes a sen-
sor 302 for the sensing the position of the arms 142 of
the anti-creep device. An air reservoir 304 is provided
and supplies pressurized air to the suspension air system
and the brake air system.

[0051] The master vehicle controller 300 controls the
operation of many of the vehicles operational features.
The controller may comprise, for example, any type of
microprocessor device, programmable or configurable
logic device(s), including for example, configurable gate
arrays and the like, suitable for processing the sensor
output and generating a control signal for actuating the
valve. In a preferred embodiment, master vehicle con-
troller 300 comprises a microprocessor.

[0052] The master vehicle controller 300 is typically
connected to multiple discrete controllers, each of which
may comprise a microprocessor, or a programmable or
configurable logic device(s) as described above. The
multiple discrete controllers controlthe operation of a par-
ticular operational feature, such as, for example, the sus-
pension controller 240. The master vehicle controller 300
includes a power conduit 310 that supplies power to the
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suspension controller 240. Data connections 312, 314
provide data to (output) and receive data from (input),
respectively, the suspension controller 240. Preferably,
output connection 312 sends a user selected func-
tion/mode data signal from the master controller 300 to
the suspension controller 240, which the suspension con-
troller 240 uses to determine its mode of operation. The
inputconnection 314 preferably provides the master con-
troller 300 with height data, mode data, and/or air data
from the suspension controller 240.

[0053] In addition, master controller 300 is provided to
accept multiple inputs from various sources including, an
input via data connection 307 from a remotely entered
ride-height setpoint 303 that may be set, for example, by
a user or may be associated with the mode of operation.
Additionally, it is contemplated that master controller 300
may be provided with a fluid dump signal, which may, in
one embodiment, be provided via data connection 314.
Still further, master controller 300 may be provided with
an input via data connection 305 from a brake system
controller 301. Brake system controller 301 may provide
an Automatic Braking System (ABS) signal and/or an
Electronic Braking System (EBS) signal. The master con-
troller 300 can then process all of the input data provided
to enhance control of the vehicle suspension system.
[0054] The height sensor 144 comprises a power con-
nection 316 that provides electrical power from the sus-
pension controller 240 to the height sensor 144. A data
connection 318 supplies an input signal to the suspen-
sion controller 240 that is indicative of the current height
of the vehicle.

[0055] The valve assembly 212 comprises a power
connection 320 that provides electrical power from the
suspension controller 240 to the valve assembly 212. A
data connection 322 supplies an input signal to the sus-
pension controller 240 that is indicative of the position of
the dynamic disk relative to the stationary disk. A drive
connection 323 supplies a data signal from the suspen-
sion controller 240 to the valve assembly 212 for control-
ling the operation of electric motor 224. As previously
described, the inlet port 216 of height control valve 116
is fluidly connected to a pressurized air reservoir 304 for
the vehicle. Similarly, operation port 218 is fluidly con-
nected to the air spring 124. Exhaust port 220 is fluidly
connected to the atmosphere.

[0056] A power connection 324 supplies power from
the suspension controller 240 to the sensor 302. As with
the other sensors, a data connection 326 provides the
suspension controller 240 with an input signal indicative
of the arm 142 position. Many suitable sensors are avail-
able for and are currently used to sense the position of
arm 142. Given that arm 142 is actuated by the release
of pressurized air from the air-operated parking brakes,
a common sensor is a pressure switch that outputs an
electrical signal when the air is exhausted from the park-
ing brakes.

[0057] The suspension controller 240 includes a mem-
ory, preferably a non-volatile memory that contains the
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necessary logic for operating the vehicle suspension, es-
pecially the control of the vehicle height. The controller
240 also incorporates a filtering algorithm that is used to
process the data received from the height sensor 144 to
eliminate frequent changes, which are normally indica-
tive of temporary height changes and thereby avoid ad-
justing the vehicle height unnecessarily. Expansion joints
in the road surface and other repeating or non-repeating
aberrations are examples of frequent changes in the ve-
hicle height for which it is not desirable to alter the ride
height of the vehicle.

[0058] The need to avoid unnecessarily adjusting the
vehicle heightis important to the operation of the vehicle.
Governmental regulations require that the brake air line
be separated from all other air lines, including the sus-
pension air line. On most vehicles there are just two air
lines or air systems: a brake air line and a suspension
air line, which also supplies air to any air-operated ac-
cessories. Most air systems draw the pressurized air for
both systems from the same air reservoir 304 by using
avalve (pressure protection valve) that provides air only
to the brake air line once the pressure in the air reservoir
drops below a predetermined amount, If the vehicle
height is adjusted unnecessarily, such as in response to
temporary height changes, it is possible to draw pressu-
rized air from the air reservoir 304 at a rate greater than
the on-board compressor can re-fill the air-reservoir,
leading to a premature and unnecessary shut down of
the height control system, until the air pressure is raised
above the threshold value.

[0059] Inoperation, the vehicle user initially selects the
operating mode of the suspension, which is then trans-
mitted to the suspension controller 240. The mode se-
lection can include a predetermined vehicle right height.
Alternatively, the preferred ride height and an input by a
user can be set equal to the current ride height. Once
the initial operating mode and the vehicle ride height is
set, control of the suspension 114 is then passed off to
the suspension controller 240. However, it should be not-
ed that the system is provided with remote setpoint 303
where the user can, for example, manually set a setpoint
as desired.

[0060] Although the suspension controller 240 can
control many suspension related operations, for purpos-
es of the height control system according to the current
invention, the most relevant operation controlled by the
suspension controller 240 is the control of the vehicle
ride height in response to the ride height data supplied
by the height sensor 144 and the corresponding adjust-
ment of the vehicle ride height by controlling the volume
of the area in air bags 128 of air springs 124. The sus-
pension controller 240 preferably receives a stream of
ride height data from the height sensor 144 through the
data connection 318. The stream of ride height data is
analyzed by the suspension controller 240 to monitor
both the high frequency and low frequency changes in
the ride height. Preferably, the suspension controller 240
applies afilter to the stream of ride height data to remove
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data points related to high frequency changes in the ve-
hicle ride height, which are typically introduced by phe-
nomena that do not warrant a change in the current ride
height.

[0061] The filtered ride height data is then monitored
and compared against the reference vehicle ride height.
Once the change in the current ride height exceeds the
referenceride height by a predetermined amount "Delta,"
the suspension controller 240 adjusts the current vehicle
ride height accordingly by either introducing or exhaust-
ing pressurized air from the air spring 124. Usually, the
current ride height is monitored over a predetermined
time period "Sample Time" to insure that the change in
the currentride height relative to the reference ride height
is not transient. If the current ride height exceeds Delta
for the Sample Time, itis normally an indication that there
has been a permanent change in the vehicle ride height
and that the current ride height, should be adjusted to
the reference ride height. It is worth noting that the ab-
solute value of Delta is normally the same regardless of
whether the current ride height is above or below the
reference ride height. However, it is within the scope of
the inventionfor Delta to have a different value depending
onwhetheror notthe currentride heightis above or below
the reference ride height. It should also be noted that the
value for Delta is typically user defined and can vary de-
pending on the vehicle, suspension, operating environ-
ment or other factors.

[0062] If the currentride height is above the reference
ride height an amount greater than Delta for the Sample
Time, the current ride height is too high and must be
lowered to the reference ride height. To move the sus-
pension to the reference ride height, the suspension con-
troller 240 sends a control signal along connection 323
to the valve assembly 212 to energize the motor 224 and
thereby effect of the rotation of the dynamic disk 273 to
move the valve to the exhaust position where the oper-
ation port 218 is in fluid communication with the exhaust
port 220 to exhaust air from air bags 128 and lower the
current ride height to the reference height. The suspen-
sion controller 240 continues to receive height data from
the height sensor 144 . while the air is being exhausted
from air bag 128 through the valve assembly 212. When
the suspension controller 240 determines from the height
data that the current vehicle height substantially equals
the reference ride height, the suspension controller 240
sends a control signal to the motor 224 to move the dy-
namic shear disk 273 back to the neutral position to stop
the exhaustion of air from air bag 128.

[0063] If the currentride height is below the reference
ride height an amount greater than Delta for the Sample
Time, the currentride height is too low and must beraised
to the reference ride height. To move the suspension to
the reference ride height, the suspension controller 240
sends a control signal along connections 323 to the valve
assembly 212 to energize the motor 224 and thereby
effect of the rotation of the dynamic disk 273 to place the
valve in the fill position where the operation port 218 is
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in fluid communication with the inlet port 216 to introduce
air to air bags 128 and raise the current ride height to the
referenceride height. The suspension controller 240 con-
tinues to receive height data from the height sensor 144
while the air is being introduced into air bag 128 through
the valve assembly 212. When the suspension controller
240 determines from the height data that the current ve-
hicle height substantially equals the reference ride
height, the suspension controller 240 sends a control sig-
nal to the motor 224 to move the dynamic shear disk 273
back to the neutral position to stop the introduction of air
into air bag 128.

[0064] Preferably, the suspension controller 240,
through its program logic, monitors the rate of change of
the ride height as it approaches the reference ride height
to avoid overshooting the reference ride height, which if
great enough, might require further adjustment of the ve-
hicle ride height in the opposite direction. In a worst case
scenario, this could lead to a yo-yo effect where the ride
height continuously moves above and below the refer-
ence height, which would most likely lead to a drop of
the air pressure in the air reservoir 304 below the thresh-
old value.

[0065] Although there are many ways in which the sus-
pension controller 240 can send a control signal to the
valve assembly 212 to effect the actuation of the electric
motor 224 to control the position of the dynamic disk 273
and thereby control the introduction and exhaustion of
pressurized air from air bag 128, it is preferred that the
suspension controller 240 and a control signal have ei-
ther a positive or negative voltage. The sign ofthe voltage
signal may, for instance, correspondingly control the for-
ward or reverse operation of electric motor 224. In com-
bination with the positive or negative voltage signal, the
suspension controller 240 receives a data stream along
connection 322 regarding the position of the dynamic
shear disk 273. The position information is used to de-
termine the position of the dynamic shear disk 273 and
provide the suspension controller 240 with the informa-
tion needed to determine the appropriate sign of the volt-
age signal needed to move the dynamic shear disk 273
tothe needed location to place the valve in thefill, neutral,
or exhaust position.

[0066] FIG. 15 illustrates a second embodiment height
sensor 440 for use with the invention. The height sensor
440 is similarin many ways to the first embodiment height
sensor, therefore like numerals will be used to identify
like parts and only the major distinctions between the first
and second embodiments will be discussed in detail. The
height sensor 440 comprises a light emitter 470 that is
mounted to the external shaft 160 and emits a diffracted
light pattern onto a light sensor 490. The light emitter 470
comprises a block 472 having a light chamber 474 and
diffraction slit 476 optically connecting the light chamber
474 to the exterior of the block 472. A light emitter, such
asan LED ordiode laseris disposed within the light cham-
ber 474. A collimating lens is disposed between the light
source 478 and the diffraction slit 476.
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[0067] A light sensor assembly 490 comprises an op-
tical bridge 496 having spaced light sensors 498, 500.
The optical bridge 490 is not enclosed within a housing
as was the first embodiment. Also, there is no diffuser
element positioned between the optical bridge 496 and
the light emitter 470.

[0068] The light emitter 470 emits a diffraction pattern
as illustrated by the dashed line B. The dashed line B
represents the intensity of the light relative to the light
sensors 498, 500. As can be seen, in the reference po-
sition as illustrated in FIG. 7, the greatest intensity of the
diffraction pattern is substantially centered between the
light sensors 498, 500. The light sensors 498, 500 are
preferably positioned so that they see the portion of the
diffraction pattern that is approximately 50% of the max-
imum intensity. As the external shaft 460 rotates in re-
sponse to the change in the vehicle height, the diffraction
pattern moves laterally relative to the optical bridge 496
as illustrated by diffraction pattern C. The movement of
the diffracfion pattern alters the intensity of light as seen
by the sensors 498, 500. The optical bridge 496 outputs
a voltage signal that corresponds to the intensity as cur-
rently seen by the optical sensors 498 500. This output
signal is processed in the same manner as the output
signal for the first embodiment as previously described.
[0069] Forthe second embodiment, it is preferred that
the light emitter be either a high output narrow band in-
frared LED (approximately 940 nm) or an infrared didde
laser. The light from the light emitter is preferably
matched or optimized with the sensitivity of the light sen-
sors 498, 500, which may comprise for example, photo-
conductive cells, infrared photo diodes, or infrared photo-
voltaic cells.

[0070] Itis alsoimportant to the invention that the light
emitted by the light emitter 470 be collimated and then
emitted through a slit to generate the diffraction pattern.
Therefore, the shape of the slit must be precisely con-
trolled to obtain the diffraction pattern. For example, if a
light emitter emits a wavelength of 940 nm, then the slit
should be on the order of .00005 m to .0001 m. The light
leaving the slit 476 should travel a distance that is rela-
tively large compared to the slit before contacting the
optical bridge. In the above example for instance, a dis-
tance of 5 cm is sufficient.

[0071] FIGS. 16 and 17 illustrate a third embodiment
height sensor 540 in the environment of the trailing arm
suspension and vehicle shown in FIG. 1. The third em-
bodiment sensor 540 is substantially identical to the first
embodiment, except that the height sensor 540 monitors
the height change in the trailing arm 118 instead of the
rotational change of the trailing arm 118 to assess the
change in the height of the vehicle frame from areference
position. Therefore, like parts in the third embodiment as
compared to the first and second embodiments will be
identified by like numerals. For example, the height sen-
sor 540 can use the same light emitter 570 and light sen-
sor assembly 190 as disclosed in the first embodiment.
[0072] The main difference between the height sensor

10

15

20

25

30

35

40

45

50

55

10

540 and the height sensor 440 is that the light emitter
570 is fixed and a transversely moving Fresnel lens 542
is positioned between the light emitter 570 and the light
sensor assembly 190. The Fresnel lens 542 is mechan-
ically coupled to the trailing arm 118 by a link 544. As the
trailing arm pivots relative to the frame bracket 122, the
link 544 reciprocates relative to the height sensor 540
and moves the Fresnel lens 542 relative to the fixed po-
sition of the light emitter 170 and the light sensor assem-
bly 190.

[0073] Asis well known, a fresnel lens 542 comprises
a series of concentric rings 548, with each ring having a
face or reflecting surface that is oriented at a different
angle such that light striking the planar surface 546 of
the Fresnel lens passes through the lens and is focused
by the concentric rings to a predetermined focal point.
[0074] Intheheightsensor 540, the planar surface 546
of the Fresnel lens 542 faces the light emitter 170 and
the concentric rings 548 face the diffuser element 394 of
the light sensor assembly 190. Therefore, light emitted
from the light emitter 170 and striking the planar surface
546 of the Fresnel lens is focused by the concentricrings
to a point on the diffuser element 194. The angular ori-
entation of the refracting surfaces generated by the con-
centric grooves is selected so that the light emitted from
the light emitter is focused at the location of the diffuser
element 194.

[0075] As the trailing arm 118 moves relative to the
vehicle, the Fresnel lens 542 moves laterally relative to
the diffuser element to change the location of the focal
point on the diffuser and thereby change the intensity of
light as seen by the light sensors 398, 400. The point of
light contacting the diffuser element 194 after passing
throughthe Fresnellens 542 is processed in substantially
the same manner as described for the first embodiment.
[0076] FIGS. 18 and 19 illustrate a fourth embodiment
height sensor 640 according to the invention. The fourth
embodiment height sensor 640 is similar to the first and
third embodiments in that it responds to the rotational
motion of the trailing arm 118 relative to the vehicle frame
114. The height sensor 640 is different in that it relies on
a change in capacitance to generate a control signal for
determining the change in height of the vehicle frame
relative to the trailing arm 118.

[0077] The height sensor 640 has a variable capacitor
comprising a set of spaced stationary plates 644 between
which is disposed a set of moveable plates 646, which
forms a capacitor bridge circuit 642. The stationary plates
644 are formed by a pair of opposing semi-circles 648,
with each semi-circle being mounted to a support tube
650. The semi-circular plates 648 are mounted the sup-
porttube 650 in such manner that they are spaced slightly
from each other to effectively divide the stationary plates
644 into a first and second series 652, 654, respectively.
The first and second series 652, 654 are electrically dis-
tinct. The moveable plates 646 have a sector or pie-
wedge shape and are mounted to a rotatable control shaft
656 that is mounted within the support tube 650 and con-
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nected to the external shaft 160 so that rotation of the
shaft results in the rotation of the moveable plates 646
relative to the stationary plates 644.

[0078] In the preferred referenced position, the move-
able plates 646 are positioned relative to the first and
second series 652, 654 of the stationary plates 644 so
that the gap between the first and second series 652,
654 is approximately centered relative to the moveable
plate. The space between the stationary plates and
moveable plates is preferably filled by a suitable dielectric
material.

[0079] In operation, as the trailing arm 118 rotates rel-
ative to the vehicle frame 114 in response to a change
in height of the vehicle, the external shaft 160 rotates the
control shaft 656 correspondingly, which moves the
moveable plates 646 relative to the first and second se-
ries 652, 654 of semi-circular plates. As the moving plates
cover more area on one series or semi-circular plates,
the capacitance on that series of semi-circular plates in-
creases, resulting in a capacitive differential between the
first and second series of plates. The difference in ca-
pacitance is related to the magnitude of the height change
and is outputted by the height sensor for use in adjusting
the height of the vehicle.

[0080] FIG. 20 illustrates a fifth embodiment height
sensor 740 according to the invention. Unlike the first
through fourth embodiments, the height sensor 740 is
not directly connected to the trailing arm 118. Instead,
the height sensor 740 is located within the interior of air
spring 124. The height sensor 740 comprises a spring
plate 742 having one end connected to the top plate 125
of air spring 124 and another portion connected to the
piston 123 of air spring 124. A flexible variable resister
744 is fixed to the spring plate 742. The flexible variable
resister is well known and described in detail in U.S. Pat-
ent No. 5,086,785, which is incorporated by reference.
The flexible resister 744 varies its resistance as it is bent.
[0081] The characteristic of the flexible variable resist-
er 744 chaning its resistance in response to its bending
is used to indicate the amount of height change in the
vehicle relative to a reference position. For example, as
the height of the vehicle changes in response to the load-
ing or unloading of the vehicle, airbag 128 will corre-
spondingly compress or expand, resulting in a bending
of the spring plate 742 and the flexible variable resister
744. The change in the resistance of the flexible variable
resister 744 then becomes an indicator of the degree of
height change.

[0082] For consistency, it is important that the flexible
variable resister 744 repeatedly bend in the same man-
ner. The spring plate 742 provides a base for the flexible
variable resister 744 and aids in the repeated consistent
bending of the flexible variable resister 744.

[0083] FIG. 21 illustrates a sixth embodiment height
sensor 840 according to the invention. The height sensor
840 is similar to the height sensor 740 in that it uses a
flexible variable resistor 744 which is wrapped about the
coils of a helical or coil spring 842. The coil spring 842
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is disposed within the interior of the shock absorber 138.
[0084] The shock absorber comprises an exterior cov-
er 844 that is moveably mounted, to and overlies a cyl-
inder 846 from which extends a piston shaft 848, which
also extends through the cover 844. The coil spring 842
is wrapped around the piston shaft 848 and has one end
attached to the cover 844 and another end attached to
an upper portion of the cylinder 846.

[0085] The height sensor 840 functions substantially
identically to the height sensor 740 in that as the trailing
arm 118 rotates relative to the vehicle frame 114, the
shock absorber cover 844 reciprocates relative to the
housing 846 to compress or expand the coil spring 842,
which bends the flexible variable resistor 744. As with
the height sensor 740, the bending of the flexible variable
resistor 744 and the height sensor 840 results in the
height sensor 840 outputting a signal that corresponds
to the relative movement of the vehicle frame 114 and
trailing arm 118.

[0086] FIGS. 22 and 23 illustrate a seventh embodi-
ment height sensor 940 according to the invention and
also in the context of a shock absorber 138. The distinc-
tion between the seventh embodiment height sensor 940
and the sixth embodiment height sensor 840 is that a
spring plate 942 is used in place of the coil spring 842.
The spring plate 942 is retained within a separate cham-
ber 645 formed in the cover 844 of the shock absorber.
[0087] As with the height sensor 740 the spring plate
942 of the height sensor can have various initially bent
shapes. For example, the spring plate as disclosed in the
height sensor 740 has a predominately C-shaped profile
whereas the spring plate 942 has a half period of a sine
wave profile or, in other words, inch-worm-like profile.
The profile can just as easily be an S-shape oriented
either vertically or horizontally or multiple sinusoidal
waves.

[0088] Although the invention has been described with
reference to a particular arrangement of parts, features
and the like, these are notintended to exhaust all possible
arrangements or features, and indeed many other mod-
ifications and variations will be ascertainable to those of
skill in the art.

Claims

1. An electronic suspension system for a vehicle com-
prising:

a sensor (144, 440, 540, 640, 740, 840, 940)
that senses a distance between a vehicle axle
(136) and a vehicle frame (114) and generates
a sensor signal indicative thereof; character-
ized in that said electronic suspension system
is comprising:

avalve (116) having an inlet port (216) cou-
pled to a source of pressurized fluid, an op-
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erating port (218) coupled to a fluid bag po-
sitioned between the vehicle axle (136) and
the vehicle frame (114), and an exhaust port
(220) coupled to atmosphere;

a motor (224) coupled to said valve (116)
for selectively actuating the valve (116) be-
tween, a fill position where the inlet port
(216) is fluidly coupled to the operating port
(218), an exhaust position where the oper-
ating port (218) is fluidly coupled to the ex-
haust port (220), and a neutral position
where the respective ports (216, 218, 220)
are fluidly isolated from each other;

a suspension controller (240) coupled to
said sensor (144, 440, 540, 640, 740, 840,
940) and receiving the sensor signal,

a master controller (300) coupled to said
suspension controller (240);

a plurality of inputs provided to said master
controller (300), said plurality of inputs com-
prising:

a brake system signal generated by a
brake system and coupled to said mas-
ter controller (300), said brake system
signal selected from the group consist-
ing of: an Automatic Braking System
(ABS) signal, an Electronic Braking
System (EBS) signal and combinations
thereof;

a fluid dump signal; and

aremotely entered ride-height setpoint
(303);

said suspension controller (240) generating
an output signal, the output signal is gener-
ated based on the received sensor signal
and brake signal transmitted from said mas-
ter controller (300), wherein said output sig-
nal is sent to said motor (224) for controlling
said valve (116).

The electronic suspension system according to
claim 1 wherein said fluid dump signal is sent to said
master controller (300) via data connection (314) be-
tween said master controller (300) and said suspen-
sion controller (240).

The electronic suspension system according to
claim 1 further comprising a brake system controller
(301) generating said brake system signal, said
brake system controller (301) coupled to said master
controller (300).

The electronic suspension system according to
claim 1 wherein said suspension controller (240) is
selected from the group consisting of: a microproc-
essor, a programmable logic device, a configurable
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10.

22
logic device, and combinations thereof.

The electronic suspension system according to
claim 1 wherein said sensor (144, 440, 540, 640,
740, 840, 940) comprises a transducer selected from
the group consisting of: an optical sensor, a Hall Ef-
fect sensor, a magnetic sensor, avariable resistance
sensor, an ultrasonic sensor and combinations
thereof.

The electronic suspension system according to
claim 1 further comprising a plate coupled to said
motor (224) via a gearing, said motor (224) moving
said plate in a first rotational direction and a second
rotational direction opposite to the first rotational di-
rectionto selectively actuate thevalve (116) between
the fill, exhaust and neutral positions.

The electronic suspension system according to
claim 1 wherein said sensor (144, 440, 540; 640,
740, 840, 940) sends a stream of ride height data to
said controller (240), which is analyzed to monitor
high and low frequency changes in the vehicle ride
height.

The electronic suspension system according to
claim 7 further comprising a filter to selectively filter
out data points associated with periodic changes in
the vehicle ride height.

The electronic suspension system according to
claim 8 further comprising a threshold value against
which the filtered ride height data is compared,
where the vehicle ride height is adjusted when the
filtered ride height data exceeds the threshold level.

The electronic suspension system according to
claim 9 further comprising a threshold period of time
such that if the filtered ride height data exceeds the
threshold value for the threshold period, the vehicle
ride height is adjusted.

Patentanspriiche

1.

Elektronisches Aufhangungssystem fir ein Fahr-
zeug, umfassend:

einen Sensor (144, 440, 540, 640, 740, 840,
940), der einen Abstand zwischen einer Fahr-
zeugachse (136) und einem Fahrzeugrahmen
(114) erfasst, und der ein Sensorsignal, das dies
anzeigt, erzeugt;, dadurch gekennzeichnet,
dass das elektronische Aufhdngungssystem
umfasst:

ein Ventil (116), das einen Einlassan-
schluss (216), der an eine Druckfluidquelle
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angeschlossen ist, einen Betatigungsan-
schluss (218), der an einen zwischen der
Fahrzeugachse (136) und dem Fahrzeu-
grahmen (114) positionierten Fluidsack an-
geschlossen ist, und einen Auslassan-
schluss (220), der mit der Atmosphare ge-
koppelt ist, aufweist;

einen Motor (224), der mitdem Ventil (116)
gekoppelt ist zur selektiven Betatigung des
Ventils (116) zwischen einer Fillposition,
worin der Einlassanschluss (216) fluidisch
mit dem Betatigungsanschluss (218) ge-
koppeltist, einer Auslassposition, worin der
Betatigungsanschluss (218) fluidisch mit
dem Auslassanschluss (220) gekoppelt ist,
und einer neutralen Position, worin die je-
weiligen Anschlisse (216, 218, 220) flui-
disch voneinander isoliert sind;

eine Aufhangungsregelung (240), die an
den Sensor (144, 440, 540, 640, 70, 840,
940) gekoppelt ist und das Sensorsignal
empfangt;

eine Mastersteuerung (300), die an die Aufhan-
gungsregelung (240) gekoppelt ist;

eine Mehrzahlvon Eingéngen, die der Mas-
tersteuerung (300) bereitgestellt werden,
wobei die Mehrzahl von Eingangen um-
fasst:

ein Bremssystemsignal, das mittels ei-
nes Bremssystems erzeugt ist und an
die Mastersteuerung (300) gekoppelt
ist, wobei das Bremssystemsignal ge-
wabhlt ist aus der Gruppe, die besteht
aus: einem Automatisches-Bremssys-
tem-(ABS)-Signal, einem Elektroni-
schesBremssystem-(EBS)-Signal und
Kombinationen davon;

ein Fluidablasssignal,

einen fernbedient eingegebenen Ni-
veau-Einstellwert (303);

wobei die Aufhdngungsregelung (240) ein
Ausgabesignal erzeugt, wobei das Ausga-
besignal basierend auf dem empfangenen
Sensorsignal und Bremssignal, gesendet
von der Mastersteuerung (300), erzeugt ist,
wobei das Ausgabesignal an den Motor
(224) gesendet wird zur Steuerung des
Ventils (116).

Elektronisches Aufhangungssystem gemaR An-
spruch 1, wobei das Fluidablasssignal an die Mas-
tersteuerung (300) mittels Datenverbindung (314)
zwischen der Mastersteuerung (300) und der Auf-
hangungsregelung (240) gesendet wird.

10

15

20

25

30

35

40

45

50

55

13

EP 1 980 426 B1

10.

24

Elektronisches Aufhangungssystem gemalR An-
spruch 1, auRerdem umfassend eine Bremssystem-
regelung (301), die das Bremssystemsignal erzeugt,
wobei die Bremssystemregelung (301) an die Mas-
tersteuerung (300) gekoppelt ist.

Elektronisches Aufhangungssystem gemalR An-
spruch 1, wobeidie Aufh&dngungsregelung (240) ge-
wahlt ist aus der Gruppe, die besteht aus: einem
Mikroprozessor, einer programmierbaren Logik-
Schaltung, einer konfigurierbaren Logik-Schaltung
und Kombinationen davon.

Elektronisches Aufhangungssystem gemalR An-
spruch 1, wobeider Sensor (144, 440,540,640, 740,
840, 940) einen Transducer umfasst, der gewahlt ist
aus der Gruppe, die besteht aus : einem optischen
Sensor, einem Hall-Effekt-Sensor, einem magneti-
schen Sensor, einem Veranderlicher-Widerstand-
Sensor, einem Ultraschall-Sensor und Kombinatio-
nen davon.

Elektronisches Aufhangungssystem gemalR An-
spruch 1, auRerdem umfassend eine Platte, die an
den Motor (224) mittels eines Getriebes gekoppelt
ist, wobei der Motor (224) die Platte in eine erste
Drehrichtung und in eine zweite Drehrichtung, die
entgegengesetzt zu der ersten Drehrichtung ist, be-
wegt, um das Ventil (116) selektiv zwischen der Full-
position, der Auslassposition und der neutralen Po-
sition zu bewegen.

Elektronisches Aufhangungssystem gemalR An-
spruch 1, wobeider Sensor (144, 440,540,640, 740,
840, 940) einen Strom aus Niveaudaten an die Re-
gelung (240) sendet, der zur Uberwachung von ho-
hen und niedrigen Frequenzanderungen des Fahr-
zeugniveaus analysiert wird.

Elektronisches Aufhangungssystem gemalR An-
spruch 7, auBerdem umfassend einen Filter, um se-
lektiv Datenpunkte zu filtern, die mit periodischen
Anderungen im Fahrzeugniveau verbunden sind.

Elektronisches Aufhangungssystem gemalR An-
spruch 8, auRerdem umfassend einen Schwellwert,
mitdem die gefilterten Niveaudaten vergleichen wer-
den, wobei das Fahrzeugniveau eingestellt wird,
wenn die gefilterten Niveaudaten den Schwellwert
Ubersteigen.

Elektronisches Aufhangungssystem gemalR An-
spruch 9, auRerdem umfassend einen Zeitdauer-
Schwellwert, so dass, wenn die gefilterten Niveau-
daten den Schwellwert fur die Schwellwertperiode
Ubersteigen, das Fahrzeugniveau eingestellt wird.
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Revendications

Un systéme de suspension électronique pour un vé-
hicule, comprenant :

un capteur (144, 440, 540, 640, 740, 840, 940)
qui détecte une distance entre un essieu de vé-
hicule (136) et un chassis de véhicule (114) et
génére un signal de capteur indicatif de celle-
ci ; caractérisé en ce que ledit systéme de sus-
pension électronique comprend :

un robinet (116) ayant un orifice d’entrée
(216)relié a une source defluide sous pres-
sion, un orifice d’exploitation (218) relié a
une poche de fluide positionnée entre 'es-
sieu du véhicule (136) et le chassis du vé-
hicule (114), et un orifice d’échappement
(220) relié a 'atmosphére;

un moteur (224) couplé audit robinet (116)
pour actionner sélectivement le robinet
(116) entre une position de remplissage ou
I'orifice d’entrée (216) est en liaison de flui-
de avec'orifice d’exploitation (218), une po-
sition d’échappement ol I'orifice d’exploita-
tion (218) est en liaison de fluide avec l'ori-
fice d’échappement (220), et une position
neutre dans laquelle les orifices respectifs
(216, 218, 220) sont en isolation de fluide
les uns des autres ;

une unité de commande de suspension
(240) reliée audit capteur (144, 440, 540,
640, 740, 840, 940) et recevant le signal de
capteur ;

une unité de commande maitre (300) reliée
a ladite unité de commande de suspension
(240) ;

une pluralité d’entrées fournies a ladite uni-
té de commande maitre (300), ladite plura-
lité d’entrées comprenant :

un signal de systéme de freinage gé-
néré par un systéme de freinage etrelié
a ladite unité de commande maitre
(300), ledit signal de systéme de frei-
nage étant sélectionné dans le groupe
constitué par : un signal de Systéme de
Freinage Automatique (ABS), un Sys-
téme de Freinage Electronique (EBS)
et des combinaisons de ceux-ci ;

un signal de décharge de fluide ; et
une valeur de consigne de hauteur de
caisse (303) entrée a distance ;

ladite unité de commande de suspension
(240) générant un signal de sortie, le signal
de sortie étant généré sur la base du signal
de capteur recgu et du signal de freinage
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transmis par ladite unité de commande mai-
tre (300), dans lequel ledit signal de sortie
est envoyé audit moteur (224) pour com-
mander ledit robinet (116).

Le systéme de suspension électronique selon la re-
vendication 1, dans lequel ledit sighal de décharge
de fluide est envoyé a ladite unité de commande
maitre (300) par I'intermédiaire d’'une connexion de
données (314) entre l'unité de commande maitre
(300) et 'unité de commande de suspension (214).

Le systéme de suspension électronique selon la re-
vendication 1, comprenant en outre une unité de
commande de systéme de freinage (301) générant
ledit signal de systéme de freinage, ladite unité de
commandede systéme de freinage (301) étantreliée
a ladite unité de commande maitre (300).

Le systéme de suspension électronique selon la re-
vendication 1, dans lequel ladite unité de commande
de suspension (240) est choisie dans le groupe
constitué par : un microprocesseur, un dispositif lo-
gique programmable, un dispositif logique configu-
rable et des combinaisons de ceux-ci.

Le systéme de suspension électronique selon la re-
vendication 1, dans lequel ledit capteur (144, 440,
540, 640, 740, 840, 940) comprend un transducteur
choisi dans le groupe constitué par : un capteur op-
tique, un capteur a effet Hall, un capteur magnétique,
un capteur a résistance variable, un capteur a ultra-
sons et des combinaisons de ceux-ci.

Le systéme de suspension électronique selon la re-
vendication 1, comprenant en outre une plaque cou-
plée audit moteur (224) par I'intermédiaire d’un en-
grenage, ledit moteur (224) déplagant ladite plaque
dans une premiere direction de rotation et une se-
conde direction de rotation opposée a la premiére
direction de rotation pour actionner sélectivement le
robinet (116) entre les positions de remplissage,
d’échappement et neutre.

Le systéme de suspension électronique selon la re-
vendication 1, dans lequel ledit capteur (144, 440,
540, 640, 740, 840, 940) envoie un flux de données
de hauteur de caisse a ladite unité de commande
(240), lequel est analysé pour surveiller les change-
ments a hautes et basses fréquences de la hauteur
de caisse du véhicule.

Le systéme de suspension électronique selon la re-
vendication 7, comprenant en outre un filtre pour éli-
miner sélectivement par filtrage des points de don-
nées associés a des modifications périodiques de la
hauteur de caisse du véhicule.
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Le systéme de suspension électronique selon la re-
vendication 8, comprenant en outre une valeur de
seuil a laquelle les données de hauteur de caisse
filtrées sont comparées, la hauteur de caisse du vé-
hicule étant ajustée lorsque les données de hauteur
de caisse filtrées dépassent le niveau de seuil.

Le systéme de suspension électronique selon la re-
vendication 9, comprenant en outre une période de
temps de seuil de maniere a ce que si les données
de de hauteur de caisse filtrées dépassent la valeur
de seuil pour la période de seuil, lahauteur de caisse
du véhicule soit ajustée.
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