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ELECTRONICALLY CONTROLLED 
FREQUENCY DEPENDENT DAMPING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a divisional of US. patent application 
Ser. No. 10/775,880 ?led on Feb. 10, 2004. The disclosure of 
the above application is incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates generally to dampers or 
shock absorbers adapted for use in a suspension system such 
as the suspension system used for automotive vehicles. More 
particularly, the present invention relates to a shock absorber 
Which utiliZes a gas rather than hydraulic ?uid as the damping 
medium and electronic controls Which adjust the damping 
characteristics of the shock absorber based upon inputs from 
one or more sensors. 

BACKGROUND OF THE INVENTION 

Shock absorbers are used in conjunction With automotive 
suspension systems to absorb unWanted vibrations Which 
occur during driving. To absorb the unWanted vibrations, 
shock absorbers are generally connected betWeen the sprung 
portion (body) and the unsprung portion (suspension) of the 
automobile. A piston is located Within a pressure tube of the 
shock absorber and the pressure tube is normally attached to 
the unsprung portion of the vehicle. The piston is normally 
attached to a piston rod Which extends through the pressure 
tube to be connected to the sprung portion of the vehicle. The 
piston divides the pressure tube into an upper Working cham 
ber and a loWer Working chamber both of Which are typically 
?lled With a hydraulic liquid. Because the piston is able, 
through valving, to limit the How of the hydraulic liquid 
betWeen the upper and the loWer Working chambers When the 
shock absorber is compressed or extended, the shock 
absorber is able to produce a damping force Which counter 
acts the vibration Which Would otherWise be transmitted from 
the unsprung portion of the vehicle to the sprung portion of 
the vehicle. In a dual tube shock absorber, a ?uid reservoir or 
reserve chamber is de?ned betWeen the pressure tube and a 
reserve tube. A base valve is located betWeen the loWer Work 
ing chamber and the reserve chamber to also produce a damp 
ing force Which counteracts the vibrations Which Would oth 
erWise be transmitted from the unsprung portion to the sprung 
portion of the vehicle. 

Shock absorbers ?lled With hydraulic liquid have met With 
continuous success throughout the automotive industry. 
While meeting With success in the automotive industry, 
hydraulic liquid ?lled shock absorbers are not Without prob 
lems. One problem associated With the prior art hydraulic 
liquid shock absorbers is their lack of ability to change the 
damping characteristics in response to the frequency of vibra 
tion. In order to overcome this de?ciency, complex systems 
have been developed to produce hydraulic liquid ?lled shock 
absorbers Which are relatively soft for high frequency vibra 
tions While being relatively stiff for loW frequency vibrations. 
Other problems associated With the prior art hydraulic liquid 
?lled shock absorbers include the variability in their damping 
forces due to the temperature changes of the hydraulic liquid. 
As the temperature of the hydraulic liquid changes, the vis 
cosity of the liquid also changes Which signi?cantly affects 
the damping force characteristics of the liquid. In addition, 
any aeration of the hydraulic liquid during operation 
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2 
adversely affects the operation of the damper due to the 
introduction of a compressible gas into the non-compressible 
hydraulic liquid. Finally, the hydraulic liquid adds to the 
Weight of the shock absorber as Well as presenting environ 
mental concerns regarding the use of the hydraulic liquid. 

In an effort to overcome the problems With hydraulic liquid 
?lled dampers, the industry has designed compressed gas, 
preferably air, dampers. The use of a gas and particularly air 
as a damping medium produces a frequency dependent 
damper or shock absorber Which is less sensitive to tempera 
ture changes When compared to the hydraulic liquid dampers. 
These air dampers are not adversely affected by aeration over 
time, they are loWer in Weight and they are environmentally 
friendly due to the elimination of the hydraulic liquid. 
The continued development of these gas or air dampers has 

been directed toWards the tunability of these dampers. The 
gas or air damper is inherently frequency dependent due to the 
compressibility of the damping medium. The further devel 
opment of these dampers has been directed toWards varying 
the damping characteristics in relation to one or more vehicle 
parameters. 

SUMMARY OF THE INVENTION 

The present invention provides the art With a gas or air 
damper Which is tunable in relation to one or more monitored 
vehicle parameters. An electronic control unit monitors the 
various operating parameters of the vehicle and tunes the gas 
or air damper betWeen soft damping and ?rm damping to 
provide an optimally performing shock absorber for the cur 
rent operating conditions of the vehicle. 

Further areas of applicability of the present invention Will 
become apparent from the detailed description provided here 
inafter. It should be understood that the detailed description 
and speci?c examples, While indicating the preferred embodi 
ment of the invention, are intended for purposes of illustration 
only and are not intended to limit the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will become more fully understood 
from the detailed description and the accompanying draW 
ings, Wherein: 

FIG. 1 is an illustration of an automobile incorporating the 
unique tunable gas ?lled frequency damper in accordance 
With the present invention; 

FIG. 2 is a side vieW, partially in cross-section of the unique 
gas ?lled tunable shock absorber in accordance With the 
present invention; 

FIG. 3 is an enlarged cross-sectional vieW of the valving 
system incorporated into the frequency dependent damper 
shoWn in FIG. 2; 

FIG. 4 is a graph shoWing frequency versus dissipation for 
both a liquid ?lled prior art shock absorber and the gas ?lled 
shock absorber according to the present invention; 

FIG. 5 is a schematic vieW of a unique gas ?lled tunable 
shock absorber in accordance With another embodiment of 
the present invention; 

FIG. 6 is a schematic vieW of a unique gas ?lled tunable 
shock absorber in accordance With another embodiment of 
the present invention; 

FIG. 7 is a schematic vieW of a unique gas ?lled tunable 
shock absorber in accordance With another embodiment of 
the present invention; 

FIG. 8 is a schematic vieW of a unique gas ?lled tunable 
shock absorber in accordance With another embodiment of 
the present invention; 
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FIG. 9 is a schematic vieW of a unique gas ?lled tunable 
shock absorber in accordance With another embodiment of 
the present invention; 

FIG. 10 is a schematic vieW of a unique gas ?lled tunable 
shock absorber in accordance With another embodiment of 
the present invention; and 

FIG. 11 is a schematic vieW of a unique gas ?lled tunable 
shock absorber in accordance With another embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The folloWing description of the preferred embodiment(s) 
is merely exemplary in nature and is in no Way intended to 
limit the invention, its application, or uses. 

Referring noW to the draWings in Which like reference 
numerals designate like or corresponding parts throughout 
the several vieWs, there is shoWn in FIG. 1 a vehicle incorpo 
rating a suspension system having the electronically con 
trolled frequency dependent dampers in accordance With the 
present invention Which is designated generally by the refer 
ence numeral 10. Vehicle 10 includes a rear suspension 12, a 
front suspension 14 and a body 16. Rear suspension system 
12 includes a pair of independent suspensions adapted to 
operatively support a pair of rear Wheels 18. Each rear inde 
pendent suspension is attached to body 16 by means of a 
shock absorber 20 and a helical coil spring 22. Similarly, front 
suspension 14 includes a pair of independent suspensions 
adapted to operatively support a pair of front Wheels 24. Each 
independent front suspension is attached to body 16 by means 
of a shock absorber 26 and a helical coil spring 28. Rear shock 
absorbers 20 and front shock absorbers 26 serve to dampen 
the relative movement of the unsprung portion of vehicle 10 
(i.e., front and rear suspension systems 12 and 14 respec 
tively) With respect to the sprung portion (i.e., body 16) of 
vehicle 10. While vehicle 10 has been depicted as a passenger 
vehicle having independent front and rear suspensions, shock 
absorbers 20 and 26 may be used With other types of vehicles 
having other types of suspensions and springs or in other 
applications including, but not limited to, vehicles incorpo 
rating air springs instead of coil springs, leaf springs instead 
of coil springs, non-independent front and/or non-indepen 
dent rear suspension systems. One of the unique features of 
the present invention is that if it is combined With an air 
spring, the air spring and the shock absorber can be separate 
units. There is no need to provide communication betWeen 
the air spring and the shock absorber but it may provide 
bene?ts as detailed beloW. Further, the term Ashock 
absorbere as used herein is meant to refer to dampers in 
general and thus Will include MacPherson struts, spring seat 
units as Well as other shock absorbers knoWn in the art. 

Vehicle 10 further includes an electronic control unit 30 
Which monitors one or more sensors 32. Sensors 32 can 

monitor the loading conditions of vehicle 10, the road condi 
tions over Which vehicle 10 is traveling, acceleration of 
vehicle 10 and/or braking of vehicle 10. Thus, sensors 32 
monitor an operating condition of the vehicle and do not 
monitor a physical characteristic of shock absorber 20 or 26. 
In addition, one of sensors 32 can be utiliZed to receive input 
from the driver requesting control unit 30 to provide a speci 
?ed damping characteristic. Electronic control unit 30 is in 
communication With a source of pressurized gas/air 34 Which 
is in turn in communication With each shock absorber 20 and 
each shock absorber 26. When control unit 30 issues a com 
mand in response to a sensed condition by sensors 32, pres 
suriZed gas/air is provided to or removed from one or more 
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4 
shock absorbers 20 and 26 to provide the pre-programmed 
damping characteristics for vehicle 10 as described beloW. 
While control unit 30 is being shoWn as controlling all four 
shock absorbers 20 and 26, it is Within the scope of the present 
invention to have a dedicated electronic control unit 30', as 
shoWn in phantom in FIG. 1, for each shock absorber 20 and 
26. When multiple control units 30' are being utiliZed, control 
units 30' may or may not communicate With each other. In 
addition, While the source of pressurized gas/air 34 is shoWn 
as communicating With all four shock absorbers 20 and 26, it 
is Within the scope of the present invention to have a dedicated 
supply of compressed gas/air 34', as shoWn in phantom in 
FIG. 1, for each shock absorber 20 and 26. 

Referring noW to FIG. 2, front shock 26 is shoWn in greater 
detail With electronic control unit 30 and the source of pres 
suriZed gas/air 34. While FIG. 2 shoWs only front shock 
absorber 26, it is to be understood that rear shock absorber 20 
is also designed as an electronically controlled frequency 
dependent damper in accordance With the present invention. 
Shock absorber 20 only differs from rear shock absorber 26 in 
the Way it is adapted to be connected to the sprung and 
unsprung portions of vehicle 10 and in the dimension of the 
various components. Shock absorber 26 comprises a pressure 
tube 40, a piston assembly 42, a piston rod 44 and a rod guide 
assembly 46. 

Pressure tube 40 de?nes a Working chamber 50. Working 
chamber 50 is ?lled With a gas, preferably air, at a speci?ed 
pressure to act as the damping medium. Piston assembly 42 is 
slidably disposed Within Working chamber 50 and divides 
Working chamber 50 into an upper Working chamber 52 and a 
loWer Working chamber 54. A seal 56 is disposed betWeen 
piston assembly 42 and pressure tube 40 to permit sliding 
movement of piston assembly 42 With respect to pres sure tube 
40 Without generating unique frictional forces as Well as to 
seal upper Working chamber 52 from loWer Working chamber 
54. Piston rod 44 is attached to piston assembly 42 and 
extends through upper Working chamber 52 and through rod 
guide assembly 46 Which closes the upper end of pressure 
tube 40. The end of piston rod 44 opposite to piston assembly 
42 is adapted to be secured to the sprung portion of vehicle 10. 
The end of pressure tube 40 opposite to rod guide assembly 46 
is adapted to be connected to the unsprung portion of vehicle 
10. While piston rod 44 is shoWn adapted for being connected 
to the sprung portion of vehicle 10 and pressure tube 40 is 
adapted for being connected to the unsprung portion of 
vehicle 10, due to the use of a gas as the damping medium, it 
is Within the scope of the present invention to have piston rod 
44 adapted to attach to the unsprung portion of vehicle 10 and 
have pres sure tube 40 adapted to attach to the sprung portion 
of vehicle 10 if desired. 

Referring noW to FIGS. 2 and 3, piston assembly 42 com 
prises a piston body 60, a compression valve assembly 62 and 
a rebound or extension valve assembly 64. Piston rod 44 
de?nes a reduced diameter section 66 onto Which compres 
sion valve assembly 62, piston body 60 and rebound valve 
assembly 62 are located. A nut 68 and a spacer 70 secure 
piston assembly 42 onto section 66 of piston rod 44 With 
compression valve assembly 62 abutting a shoulder 72 
located on piston rod 44, piston body 60 abutting compres 
sion valve assembly 62, spacer 70 With nut 68 abutting piston 
body 60, and extension valve assembly 64 being disposed 
betWeen piston body 60 and nut 68. 

Seal 56 is an annular seal located betWeen piston body 60 
and pressure tube 40. Seal 56 is held in position by a plurality 
of grooves 74 formed in piston body 60. Seal 56 permits 
sliding movement of piston body 60 With respect to pressure 
tube 40 Without generating undue frictional forces as Well as 
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providing the seal between upper Working chamber 52 and 
loWer Working chamber 54. This dual roll played by seal 56 is 
extremely important for pneumatic shock absorber 26 due to 
the high pressures generated in Working chambers 52 and 54 
and the continued need for limiting the sliding forces gener 
ated betWeen piston assembly 42 and pressure tube 40. 

Piston body 60 de?nes a plurality of compression passages 
80 and a plurality of extension passages 82. During a com 
pression movement of shock absorber 20, gas ?oWs betWeen 
loWer Working chamber 54 and upper Working chamber 52 
through passages 80 as described beloW. During an extension 
movement of shock absorber 20, gas ?oWs betWeen upper 
Working chamber 52 and loWer Working chamber 54 through 
passages 82 as described beloW. 

Compression valve assembly 62 comprises a stop 84, a 
valve spring 86 and a valve plate 88. Valve plate 88 is biased 
against piston body 60 by valve spring 86 Which reacts against 
stop 84 to normally close the plurality of compression pas 
sages 80. During a compression stroke of shock absorber 20, 
the gas in loWer Working chamber 54 is compressed including 
the gas Within the plurality of compressionpassage 80. Exten 
sion valve assembly 64 includes a constantly open ?oW path 
90 Which Will alloW for a limited How of gas betWeen loWer 
Working chamber 54 and upper Working chamber 52 as the 
gas in loWer Working chamber 54 is compressed. The com 
pressed gas in compression passages 80 exerts a force on 
valve plate 88 Which Will remain seated closing passages 80 
until the force created by the gas pressure overcomes the 
biasing of valve spring 86 unseating valve plate 88 from 
piston body 60 alloWing additional gas to How from loWer 
Working chamber 54 to upper Working chamber 52 through 
passages 80. Thus, a tWo step damping force is created during 
a compression stroke. The initial movement and/or relatively 
small movements of piston assembly 42 Will cause the gas to 
How only through ?oW path 90 and extension passages 82. 
When the movement exceeds a predetermined speed or value 
and/ or during relatively large movements of piston assembly 
42, compression valve assembly 62 Will open alloWing gas 
?oW through both passages 80 and 82 through ?oW path 90. 
This tWo step damping force sWitches from a relatively ?rm 
damping to a relatively soft damping. 

Extension valve assembly 64 comprises a sliding seat 92 
and a valve spring 94. Valve seat 92 is biased against piston 
body 60 by valve spring 94 Which reacts against retaining nut 
68. Seat 92 de?nes one or more passages 96 Which in com 
bination With one or more passages 98 de?ned by piston body 
60 create ?oW path 90. During an extension stroke of shock 
absorber 20, the gas in upper Working chamber 52 is com 
pressed including the gas Within the plurality of extension 
passages 82. The plurality of extension passages 82 and How 
path 90 de?ne a route for the gas betWeen upper Working 
chamber 52 and loWer Working chamber 54 Which is alWays 
open and thus Will alloW a limited How of the gas betWeen 
upper Working chamber 52 and loWer Working chamber 54 as 
the gas in upper Working chamber 52 is compressed. The 
compressed gas in extension passages 82 exerts a force on 
valve seat 92 Which Will remain seated closing passages 82 
(other than ?oW path 90) until the force created by the gas 
pressure overcomes the biasing load of valve seat 92 unseat 
ing valve seat 92 from piston body 60 by sliding valve seat 92 
doWn along spacer 70 alloWing additional gas to How from 
upper Working chamber 52 to loWer Working chamber 54 
throughpassages 82. Thus a tWo step damping force is created 
during an extension stroke. The initial movement and/ or rela 
tively small movements of piston assembly 42 Will cause the 
gas to How only through extension passages 82 through ?oW 
path 90. When the extension movement exceeds a predeter 
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6 
mined speed or value and/ or during large movements of pis 
ton assembly 42, extension valve assembly 64 Will open 
alloWing gas ?oW through extension passages 82 thus provid 
ing a bloW off feature. The tWo step damping force sWitches 
from a relatively ?rm damping to a relatively soft damping 
and/or providing a bloW off feature. 
Gas ?lled shock absorber 26 described above provides a 

frequency dependent damper Which can be tuned to speci?c 
performance requirements for speci?c applications. During 
compression and extension movements of a prior art liquid 
?lled shock absorber, the liquid moves from either the loWer 
Working chamber to the upper Working chamber or the upper 
Working chamber to the loWer Working chamber. This pro 
vides frequency vs. dissipation response curves Which con 
tinue to rise at an ever increasing rate as the frequency of the 
damped vibration increases leading to an exponential shape 
curve at higher frequencies. The present invention provides 
the suspension system designer the opportunity to ?atten the 
shape of this curve as shoWn in FIG. 4. 
The ?attening out of this curve is due to the compressibility 

of a gas versus the non-compressibility of a liquid. During 
loW speed or loW frequency movements of shock absorber 26, 
minimal compression of the gas occurs and movement of 
piston assembly 42 transfers gas betWeen loWer and upper 
Working chambers 52, 54 of pressure tube 40. As the fre 
quency of the movement increases, compression of the gas 
Will also increase, changing the dissipation as the compressed 
gas begins to Work like a gas spring. The speci?c point at 
Which the gas shock curve bends aWay from the liquid shock 
curve can be tuned by selecting different siZes for passages 80 
and 82. In addition to changing the shape of the curve as 
shoWn in FIG. 4, the height of the curve can be tuned by 
changing the initial pressure Within Working chamber 50. 
The dual points of tunability for shock absorber 26 alloWs 

for tuning shock absorber 26 to both the body natural fre 
quency and the Wheel suspension natural frequency to opti 
miZe performance of shock absorber 26 at both of these 
frequencies. The prior art liquid shock absorbers could be 
tuned to a speci?c frequency response but the remaining 
frequency responses Were a result of the shape of the curve 
Which could not be altered. 
As stated above, in addition to changing the shape of the 

curve as shoWn in FIG. 4 by selecting different siZes for 
passages 80 and 82, the height of the curve can be tuned by 
changing the pressure Within chamber 50. Thus, by control 
ling the pressure Within chamber 50 on a continuous basis, it 
is possible to tune shock absorber 20 to match speci?c vehicle 
operation parameters. This control of the pressure Within 
Working chamber 50 can be accomplished by electronic con 
trol unit 30, sensors 32 and pressurized gas/ air source 34. For 
example, the control of the initial pres sure Within chamber 50 
can be used to have more damping With a higher payload of 
vehicle 10 and to have less damping at a loWer payload. In this 
Way, a better compromise can be achieved betWeen comfort 
and handling in all loading conditions. 
One additional method Which can be utiliZed to control the 

increase in pressure Within chamber 50 is to siZe piston rod 44 
to a speci?c siZe for controlling this pressure. In a vehicle 
Which does not include a vehicle leveling system, increased 
loading of the vehicle Will cause springs 22 and 28 to com 
press, reducing the length of shock absorbers 20 and 26. 
When shock absorber 26 decreases in length, piston rod 44 is 
pushed further into Working chamber 50 to displace the com 
pressed gas Within chamber 50 thus increasing the pressure 
Within chamber 50. By controlling the diameter of piston rod 
44, the increase of pressure chamber 50 can be controlled. 
When the control of the pressure Within chamber 50 is 
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designed to be by the speci?cation of the siZe of piston rod 44, 
electronic control unit 30, sensors 32 and the source of pres 
suriZed gas/air 34 can be eliminated. 

Referring noW to FIG. 5, a schematic vieW of a unique 
tunable shock absorber 126 in accordance With another 
embodiment of the present invention is illustrated. As stated 
above, electronic control unit 30, sensors 32 and pressurized 
gas/air source 34 can tune the height of the curve shoWn in 
FIG. 4.Also stated above is that the speci?c point at Which the 
gas shock curve bends aWay from the liquid shock curve in 
FIG. 4 can be tuned by selecting different siZes for passages 
80 and 82. FIG. 5 illustrates a shock absorber 126 that in 
addition to electronic control unit 30, sensors 32 and source 
34, it includes an electronic control unit 130 Which controls a 
variable ori?ce compression valve assembly 162 and a vari 
able ori?ce extension valve assembly 164. Valve assemblies 
162 and 164 can be varied by changing passages 80 and 82 by 
changing the preloads for the valving system, and/or by other 
means knoWn in the art. In addition, valve assemblies 162 and 
164 can be replaced by a single tWo-Way variable valve if 
desired. Shock absorber 126 is the same as shock absorber 26 
except that valve assembly 162 replaces valve assembly 62, 
valve assembly 164 replaces valve assembly 64 and access to 
valve assemblies 162 and 164 is provided through piston rod 
44. Thus, the internal pressure Within shock absorber 126 can 
be controlled by electronic control unit 30 and the siZe of 
passages 80 and 82 can be controlled by electronic control 
unit 130 to provide complete tunability to shock absorber 
126. Electronic control unit 130 can use the output of sensors 
32, additional sensors 32 can be utiliZed and electronic con 
trol unit 130 can be integrated into electronic control unit 30 
if desired. 

Referring noW to FIG. 6, a schematic vieW of a unique 
tunable shock absorber 226 in accordance With another 
embodiment of the present invention is illustrated. As stated 
above, the ?attening of the curve in FIG. 4 is due to the 
compressibility of the gas versus the non-compressibility of a 
liquid. FIG. 6 illustrates shock absorber 226 that includes an 
electric control unit 230, a compression valve 262, an exten 
sion valve 264 and a reservoir volume 266. Shock absorber 
226 is the same as shock absorber 26 except that electronic 
control unit 30 and pressure source 34 have been replaced by 
electronic control unit 230, valves 262 and 264 and reserve 
volume 266. With valves 262 and 264 closed, shock absorber 
226 acts identical to shock absorber 26 described above. 
When it is desired to change the compression characteristics 
in loWer Working chamber 54, compression valve 262 is 
opened increasing the volume of loWer Working chamber 54 
changing the compression characteristics of the gas Within 
loWer Working chamber 54. With a larger volume to com 
press, the gas compression Will be at a loWer rate. When it is 
desired to change the extension characteristics in upper Work 
ing chamber 52, extension valve 264 is opened increasing the 
volume of upper Working chamber 52. With a larger volume 
to compress, the gas compression Will be at a loWer rate. 
Electronic control unit 230 controls the opening and closing 
of valve 262 and 264 in response to inputs received from 
sensors 32. It is to be understood that one or both valves 262 
and 264 could be variably controlled valves to control the gas 
compression characteristics and that both valves 262 and 264 
could be opened simultaneously if desired. It is also to be 
understoodthat electronic control unit 30, pressure source 34, 
electronic control unit 130 and valves 162 and 164 could be 
included With shock absorber 226 if desired. 

Referring noW to FIG. 7, a schematic vieW of a unique 
tunable shock absorber 226' in accordance With another 
embodiment of the present invention is illustrated. Shock 
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8 
absorber 226' is the same as shock absorber 226 except that 
reservoir volume 266 is replaced by compression reservoir 
266A and extension reservoir 266B. The separation of the 
reservoir alloWs for the independent control for both com 
pression and extension strokes for shock absorber 226'. The 
operation and function for shock absorber 226' is the same as 
that described above including the possibility of adding unit 
30, source 34, unit 130 and valves 162, 164. 

Referring noW to FIG. 8, a schematic vieW of a unique 
tunable shock absorber 226" in accordance With another 
embodiment of the present invention is illustrated. Shock 
absorber 226" is the same as shock absorber 226 except that 
reservoir 266 is divided in half With a reservoir valve 268 
controlling the How of gas betWeen a compression volume 
266C and an extension volume 266D. Reservoir valve 268 is 
controlled by electronic control unit 230. The division of 
reservoir 266 alloWs for the control of the amount of inde 
pendent operation during a compression stroke and an exten 
sion stroke. Valve 268 can be an on/off valve or it can be a 
variably controlled valve. The operation and function for 
shock absorber 226" is the same as that described above 
including the possibility of adding unit 30, source 34, unit 130 
and valves 162,164. 

Referring noW to FIG. 9, a schematic vieW of a unique 
tunable shock absorber 326 in accordance With another 
embodiment of the present invention is illustrated. Shock 
absorber 326 is the same as shock absorber 26 except that 
piston assembly 42 has been replaced by piston assembly 
342A and 342B. Piston assemblies 342A and 342B are each 
slidably disposed Within Working chamber 50 and they divide 
Working chamber 50 into upper Working chamber 52, loWer 
Working chamber 54 and intermediate Working chamber 350. 
Each piston assembly 342A and 342B include the sealing 
required betWeen the piston and pressure tube 40. Piston rod 
44 is attached to both piston assemblies 342A and 342B. 
Piston assembly 342A includes an upper variably control 
lable valve assembly 362 and piston assembly 342B includes 
a loWer variably controllable valve assembly 364. Access to 
valves 362 and 364 is provided through piston rod 44. Control 
for valves 362 and 364 is through an electronic control unit 
330 Which is in communication With sensors 32 and valves 
362 and 364. Valve assemblies 362 and 364 can be varied by 
changing the siZe of the How path through them, by changing 
the preloads for the valving systems or by other means knoWn 
in the art. When it is desired to control the compression 
characteristics Within Working chamber 50 and thus the 
damping characteristics for shock absorber 326, varying the 
How through valve assemblies 362 and 326 Will change the 
performance in rebound and compression considerably. It is 
also to be understood that electronic control unit 30 and 
pressure source 34 can be included With shock absorber 320 
if desired. 

Referring noW to FIG. 10, a schematic vieW of a unique 
tunable shock absorber 426 in accordance With another 
embodiment of the present invention is illustrated. When 
vehicle 10 utiliZes an air spring 428 in place of coil springs 28 
and/or 22, the opportunity exists to have the air pressure 
Within the air spring control the damping characteristics for 
shock absorber 426. This opportunity exists because a heavier 
loaded vehicle Will create a higher air pressure Within air 
spring 428. 

Shock absorber 426 includes a booster 424 Which is in 
communication With both Working chamber 50 and the pres 
sure Within air spring 428. While shock absorber 426 is illus 
trated having booster 424, it is Within the scope of the present 
invention to have air spring 428 communicate directly With 
Working chamber 50 if desired. When booster 424 is used, the 
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relative sizes between the pistons of booster 424 Will deter 
mine the amount of boost of the pressure provided to Working 
chamber 50. This boost can be either an increase in pressure 
or a decrease in pressure if desired. The connection to the 
pressure of air spring 428 and the incorporation of booster 
424 replaces unit 30, sensors 32 and source 34. The operation 
and function of shock absorber 426 is the same as that 
described above for shock absorber 26. In addition, electronic 
control unit 130 and valves 162 and 164 can be included With 
shock absorber 426 if desired. 

Referring noW to FIG. 11, a schematic vieW of a unique 
tunable shock absorber 526 in accordance With another 
embodiment of the present invention is illustrated. When 
vehicle 10 utilizes a vehicle leveling system that utilizes a 
hydraulic activator 528, the pressure of the hydraulic ?uid 
Within activator 528 can be utilized to control the damping 
characteristics for shock absorber 526. This opportunity 
exists because a heavier loaded vehicle Will require a higher 
hydraulic ?uid pressure Within activator 528 to level the 
vehicle. 

Shock absorber 526 includes a pressure converter 524 
Which is in communication With both Working chamber 50 
and the hydraulic pressure Within activator 528. Pressure 
converter 524 includes a hydraulic cylinder 530 and an air 
cylinder 532 connected together. The relative sizes betWeen 
cylinders 530 and 532 Will determine the relationship 
betWeen the hydraulic pressure and the air pressure. This 
relationship can be either a decrease in pressure or an increase 
in pressure from the hydraulic pressure. The connection to the 
pressure Within hydraulic actuator 528 and the incorporation 
of converter 524 replaces unit 30, sensors 32 and source 34. 
The operation and function of shock absorber 526 is the same 
as that described above for shock absorber 26. In addition, 
electronic control unit 130 and valves 162 and 164 can be 
included With shock absorber 526 if desired. 

The description of the invention is merely exemplary in 
nature and, thus, variations that do not depart from the gist of 
the invention are intended to be Within the scope of the inven 
tion. Such variations are not to be regarded as a departure 
from the spirit and scope of the invention. 
What is claimed is: 
1. A plurality of dampers in combination With a vehicle, 

said vehicle comprising: 
a sprung portion; 
an unsprung portion; 
a plurality of springs disposed betWeen said sprung and 

unsprung portions, said plurality of springs being the 
only springs disposed betWeen said sprung and 
unsprung portions; Wherein 

said plurality of dampers are disposed betWeen said sprung 
and unsprung portions, said plurality of dampers being 
the only dampers disposed betWeen said sprung and 
unsprung portions, said plurality of dampers being con 
trolled separately from said plurality of springs; each of 
said plurality of dampers comprising: 

a pressure tube forming a Working chamber; 
a pressurized gas being the only damping medium dis 

posed Within said Working chamber; 
a piston disposed Within said Working chamber, said piston 

dividing said Working chamber into an upper Working 
chamber and a loWer Working chamber; said combina 
tion further comprising: 

a source for said pressurized gas separate from said Work 
ing chamber of each of said plurality of dampers in 
selective communication With both said upper and said 
loWer Working chambers of said Working chamber of 
each of said plurality of dampers; 
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10 
a sensor monitoring an operating condition of said vehicle; 

and 
means for changing damping characteristics of each of said 

plurality of dampers, said changing means including a 
pressure control unit in communication With said sensor 
and said source for said pressurized gas for continuously 
changing the pressure of said pressurized gas disposed 
Within both said upper and said loWer Working chambers 
of said Working chamber of each of said plurality of 
dampers based upon said operating condition of said 
vehicle monitored by said sensor to control damping 
characteristics of each of said plurality of dampers. 

2. The combination according to claim 1 Wherein each of 
said plurality of dampers includes a ?rst passage extending 
through said piston betWeen said upper and loWer Working 
chambers and a ?rst valve assembly controlling How of said 
pressurized gas through said ?rst passage. 

3. The combination according to claim 2 Wherein said ?rst 
valve assembly includes a valve disc engaging said piston to 
close said ?rst passage. 

4. The combination according to claim 3, Wherein each of 
said plurality of dampers includes a continuously open ?oW 
path extends betWeen said upper and said loWer Working 
chambers. 

5. The combination according to claim 2 Wherein each of 
said plurality of dampers includes a second passage extend 
ing through said piston betWeen said upper and loWer Work 
ing chambers and a second valve assembly controlling How of 
said pressurized gas through said second passage. 

6. The combination according to claim 5 Wherein said ?rst 
valve assembly includes a ?rst valve disc engaging said piston 
to close said ?rst passage and said second valve assembly 
includes a second valve disc engaging said piston to close said 
second passage. 

7. The combination according to claim 6, Wherein each of 
said plurality of dampers includes a continuously open ?oW 
path extends betWeen said upper and said loWer Working 
chambers. 

8. The combination according to claim 1 Wherein each of 
said plurality of dampers includes a valve controlling How of 
said pressurized gas through said piston and a valve control 
unit in communication With said valve, said valve control unit 
operating independently from said pressure control unit to 
open and close said valve. 

9. The combination according to claim 1, Wherein each of 
said plurality of dampers includes a continuously open ?oW 
path extends betWeen said upper and said loWer Working 
chambers. 

10. A plurality of dampers in combination With a vehicle, 
said vehicle comprising: 

a sprung portion; 
an unsprung portion; 
a plurality of springs disposed betWeen said sprung and 

unsprung portions, said plurality of springs being the 
only springs disposed betWeen said sprung and 
unsprung portions; Wherein 

said plurality of dampers are disposed betWeen said sprung 
and unsprung portions, said plurality of dampers being 
the only dampers disposed betWeen said sprung and 
unsprung portions, said plurality of dampers being con 
trolled separately from said plurality of springs; each of 
said plurality of dampers comprising: 

a pressure tube forming a Working chamber; 
a pressurized gas being the only damping medium dis 

posed Within said Working chamber; 
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a piston disposed Within said Working chamber, said piston 
dividing said Working chamber into an upper Working 
chamber and a loWer Working chamber; said combina 
tion further comprising: 

a source for said pressurized gas separate from said Work 
ing chamber of each of said plurality of dampers in 
selective communication With both said upper and said 
loWer Working chambers of said Working chamber of 
each of said plurality of dampers; 

a sensor monitoring an operating condition of said vehicle, 
said operating condition being at least one of road con 
ditions over Which said vehicle is traveling, an accelera 
tion of said vehicle, a braking of said vehicle and a 
speci?ed damping characteristic input by a driver of said 
vehicle; and 

means for changing damping characteristics of each of said 
plurality of dampers, said changing means including a 
pressure control unit in communication With said sensor 
and said source for said pressurized gas for continuously 
changing the pressure of said pressurized gas disposed 
Within both said upper and said loWer Working chambers 
of said Working chamber of each of said plurality of 
dampers based upon said operating condition of said 
vehicle monitored by said sensor to control damping 
characteristics of each of said plurality of dampers. 

11. The combination according to claim 10 Wherein each of 
said plurality of dampers includes a ?rst passage extending 
through said piston betWeen said upper and loWer Working 
chambers and a ?rst valve assembly controlling How of said 
pressurized gas through said ?rst passage. 

12. The combination according to claim 11 Wherein said 
?rst valve assembly includes a valve disc engaging said piston 
to close said ?rst passage. 

13. The combination according to claim 12, Wherein each 
of said plurality of dampers includes a continuously open 
?oW path extends betWeen said upper and said loWer Working 
chambers. 

14. The combination according to claim 11 Wherein each of 
said plurality of dampers includes a second passage extend 
ing through said piston betWeen said upper and loWer Work 
ing chambers and a second valve assembly controlling How of 
said pressurized gas through said second passage. 

15. The combination according to claim 14 Wherein said 
?rst valve assembly includes a ?rst valve disc engaging said 
piston to close said ?rst passage and said second valve assem 
bly includes a second valve disc engaging said piston to close 
said second passage. 

16. The combination according to claim 15, Wherein each 
of said plurality of dampers includes a continuously open 
?oW path extends betWeen said upper and said loWer Working 
chambers. 
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17. The combination according to claim 1 0 Wherein each of 

said plurality of dampers includes a valve controlling How of 
said pressurized gas through said piston and a valve control 
unit in communication With said valve, said valve control unit 
operating independently from said pressure control unit to 
open and close said valve. 

18. The combination according to claim 10, Wherein each 
of said plurality of dampers includes a continuously open 
?oW path extends betWeen said upper and said loWer Working 
chambers. 

19. The combination according to claim 10, Wherein said 
operating condition is at least one of said road conditions over 
Which said vehicle is traveling, said acceleration of said 
vehicle, said braking of said vehicle and said speci?ed damp 
ing characteristic input by said driver of said vehicle and a 
loading condition of said vehicle. 

20. At least four dampers in combination With a vehicle, 
said vehicle comprising: 

a sprung portion; 
an unsprung portion; 
at least four springs disposed betWeen said sprung and 

unsprung portions; Wherein 
said at least four dampers are disposed betWeen said sprung 

and unsprung portions, said at least four dampers being 
controlled separately from said at least four springs; 
each of said at least four dampers comprising: 

a pressure tube forming a Working chamber; 
a pressurized gas being the only damping medium dis 

posed Within said Working chamber; 
a piston disposed Within said Working chamber, said piston 

dividing said Working chamber into an upper Working 
chamber and a loWer Working chamber; said combina 
tion further comprising: 

a source for said pressurized gas separate from said Work 
ing chamber of each of said at least four dampers in 
selective communication With both said upper and said 
loWer Working chambers of said Working chamber of 
each of said at least four dampers; 

a sensor monitoring an operating condition of said vehicle; 
and 

means for changing damping characteristics of each of said 
at least four dampers, said changing means including a 
pressure control unit in communication With said sensor 
and said source for said pressurized gas for continuously 
changing the pressure of said pressurized gas disposed 
Within both said upper and said loWer Working chambers 
of said Working chamber of each of said at least four 
dampers based upon said operating condition of said 
vehicle monitored by said sensor to control damping 
characteristics of each of said at least four dampers. 

* * * * * 


