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(57) Abstract

The apparatus comprises a pressure cylinder (40) form-
ing a working chamber (42) having first and second portions
operable to store damping fluid. The apparatus further com-
prises a first sensor (180) for generating a first electrical signal
in response to the difference in pressure between the damping
fluid in the first and second portions of the working chamber.
A second sensor (196) is also provided which is able to gen-
erate a second electrical signal in response to the movement of
the body of the automobile. A computer (198) is used for gen-
erating an electrical control signal in response to the first and
second electrical signals. Finally, the apparatus further com-
prises a solenoid (124) for regulating the flow of damping
fluid between the first and second portions of the working
chamber in response to the output of the computer.
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I"ETHCD AND APPARATUS FCR ARSORBTNG MECHANICAL SHOCK

BACKGROUND OF THE INVENTION

1. Field of the Tnvention

This invention relates to automotive suspension systems, and
more particularly to a method and apparatus for absorbing mechanical

shock.

2. Description of Related Art
Shock absorbers are used in conjunction with autcmotive

suspension s;fsferns to absorb unwanted vibration which occur during
driving. To absorb this unwanted vibration, shock absorbers are
generally connected between the body and the suspension of the
automobile. A piston is located within the shock absorber ané is
connected to the body of the automcbile “hrough a piston rod. Because
the piston is able to limit the flow of damping fluid within the
working chamber of the shock absorber when the shock absorber is
compressed, the shock absorber is able to produce a damping force
which counteracts the vibration which would otherwise be transmitted
from the suspension to the body. The greater the degree to which +he
flow of damping fluid within the working chamber is restricted by the
piston, the greater the damping forces which are generated by *he
shock absorber.

In selecting the amount of damping that a shock absorber is
tc provide, three vehicle performance characteristics are often
considered: ride comfort, vehicle handling and road holding ability.
Ride comfort is often a function of the spring constant of the main
springs of the vehicle, as well as the spring constant of the seat,
tires, and the shock absorber. Vehicle handling is related to the
variation in the vehicle's attitude (i.e., roll, pitch and vaw). For
optimum vehicle handling, relatively large damping forces are required
to avoid excessively rapid variation in the vehicle's attitude during
cornering, acceleration, and deceleration. Road helding abilitv is
generally a function of the amount of contact between the tires anc
the ground. To optimize road holding ability, large damping forces

are required when driving on irreqular surfaces to preven: loss cf
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contact between the wheels and the ground for an excessive period of
time. |

To oo timize ride com.oru,, vehicle handling, and road holding
ability, it

generated by

generally desirable tc have the damping Zorces

shock absorber be responsive to the input frequencv
from the road. When the input frequency from +he road is

approximately equal to the natural frequency oF the bods of the

automobile (e.g., approximately between (-2 Hz), it is generally |

desirable to have the shock abscorber provide large damping Zforces to
avoid excess sively  rapid variation the vehicle's attitude during
cornering, acceleration and deceleration. When the input frequencv
from the road is between 2-10 Hz, it is generally desirable to have
the shock absorber provide low damping forces so as +o produce &
smooth ride and allow the wheels to follow changes in road elevation.
Vhen the input frequency frem the road is appro imatelv equal tc the

natural frequency of the automobile suspension (i.e., approximately

1 10-15 Hz), it may be desirable to have relatively low damping forces

to provide a smooth ride, while providing sufficiently high damping
forces so as to prevent excessive loss of contact between +he wheels
and the ground.

One  method for selectively changing the damping

U)

characteristics of a shock absorber is disclosed in United State
Patent Ne. 4,597,4 In this reference, a solenoid is wused +o
selectively open and close an atixiliar;: Gpening in a base valve oI a
shock absorber. The base valve then regulates the pressure inside cne
portion of the working chamber of the shock absorber so as to control

damping. Another method for selectively changing the damping

characteristics of a shock absorber is disclosed in PCT application

No. PCT/SE 86/006212. In one embodiment, this reference discloses the
use of a pressure sensor to count the mumber of compression-rebound
cycles cof the absorber, as well as an accelercmeter attached +to +the
wheel support to determ_ne the vertical velocitv of the bodv of the
automobile. The damping characterlstlcs of the absorber are then
changed in response to the vertical veloci tv of the bodyr.

2 further method for selectively  changing damping
characteristics of shock absorbers is disclosed in United Kingdom
Patent Application GB 2 147 683 A. Tn one embodiment, this reference

discloses a valve disk which is used to cover channele i 1 a valve bod:-
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which transfers damping fluid between the upper and lower portions of
the working chamber. The valve disk is biased against the valve bodyv
by a support member which is disposed partially within a pressure
chamber. The pressure chamber cormunicates with the lower portion of
the working chamber through a first flow path, and to +he upper
portion of the working chamber through a second flow path. To
requlate the flow of damping fluid through the second flow path and
hence the pressure in the pressure chamber acting on the support
member, an auxiliary valve plate is provided. The auxiliarv valve
plate is diéposed over the second flow path and cooperates with a coil
which is located on the valve bodv below a portion cf the auxiliarv
valve plate. When the coil is energized, the magnetic flux generated
by the coil produces a biasing force on the auxiliary valve disk
causing the auxiliary valve disk to deflect, thereby increasing the
opening between the second flow path and the upper portion of the
working chamber. Accordingly, when the coil biases the auxiliary
valve disk in the position tc allow more hvdraulic fluid to flecw
through the second flow path, the pressure of the damping fluid in the
pressure chamber declines therebv reducing the force transmitted to
the valve plate by the support member. The pressure in the lower
portion of the working chamber causes the valve plate to deflect,
thereby increasing the amount of damping fluid flowing through the

channels.

SUMMARY OF THE INVENTION

Accordingly, it is a primary object of the present iﬁvention
to provide a method and apparatus for absorbing mechanical shock which
is able to permit simultaneous damping of the movement of the body of
an automobile as well as the movement of the wheels and axles of the
vehicle.

Another object of the present invention is to provide a
method and apparatus for absorbing mechanical shock which are able to
counteract tendencies of an automcbile to roll, pitch or yaw during
turning, acceleration, or braking.

It is a further object of the present invention is to
provide a method and apparatus for absorbing mechanical shock which

arc able to provide an acceptable level of friction between the road
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surface and the tire of an automobile so as to maintain the braking
and deceleration capability of the automobile.

Another object of the present inw ntion is to provide a
method and apparatus for absorbing mechanical shock which are able to
generate an adjustable damping characteristic for +the bodv of an
automobile in response to different driving enviromments and different
driving habits.

A further object of the present invention is +o provide a
new and improved direct acting hvdraulic shock absorber having a high
degree of flexibilify with respect to installation on different models
of automobiles. In this regard, a related chbiect of the present
invention is to provide an apparatus for absorbing mechanical shock
which are relatively low in cost and relativel_‘ easy to maintain,

It is a more particular object of the present inventicn +o
provide a new and improved shock absorber of the above character which
utilizes a solencid to control the flow of damping fluid through

various passages in the apparatus under various operating conditions

'so as to control the damping forces provided by the apparatus.

Yet another obiect of the present invention is +o provide a

shock absorber, as described above, in which +the damping forces are

~controlled by a computer which is responsive tc +the pressure

differential between two portions of the werking chamber o +the
apparacus.

It .'LS ancther object ¢ the present invention to provide &
method and apparatus for absorbing mechanical shock in which the
damping forces are controlled by a computer which is responsive to the
vertical movement of the body of the vehicle. '

' An additional object of the present invention is to provide
a method and apparatus for absorbing mechanical shock in which the
damping forces are controlled by a ccmputer which can be reprogrammed

so that the apparatus can provide a different damping characteristic.

BRTIFF' DESCRIPTICN OF THE DRAWINGS

Various advantages of the present invention will became

‘apparent to one skilled in the art upon reading the following

specification and by reference to the following drawings in which:
FIG. 1 is the schematic representation of the apparatus for

absorbing mechanical shock according to the teachings of the preferred
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embodiment of the present invention as shown in operative association
with the typical autcmobile;

FIG. 2 is a reduced side elevational view, partiallv broken
away, of the apparatus for absorbing mechanical shock shown in FIG. 1
according to the first preferred embodiment of the present invention;

FIGS. 3 and 4 is an enlarged elevated prospective exploded
view of the piston according to the first preferred embodiment of the
apparatus for absorbing mechanical shock as shown in FIG. 2;

FIG. 5 is an enlarged longitudinal cross-sectional view
showing the piston according to the first preferred embodiment of the
present invention as shown in FIG. 2;

FIGS. 6-9 are enlarged cross-sectional views of the piston
shown in FIG. 5 illustrating the operation of the piston accerding to
the first preferred embodiment of the present invention;

FIG. 10 is an illustration of the manner in which the
outputs from the pressure senscr and accelerometer are used to operate
the solenoid of the first preferred embodiment of the present
invention as shown in FIG. 5;

FIG. 11 is a schematic diagram of the driving circuit
illustrated in FIG. 10;

FIG. 12 is a flow chart illustrating a method for damping
the movement of the body of an automobile which mavy be used in
conjunctior with the apparatus for damping mechanical shock according
to the first and second preferred embodiments of the present
invention;

FIG. 13 is a flow chart illustrating a method for minimizing
the vibration of the wheel or unsprung mass of an autcomobile which may
be used in conjunction with the apparatus for absorbing mechanical
shock according to the first and second preferred embodiments of the
present invention;

FIG. 14 is a flow chart illustrating a method for preventing
excessive axial movement of the piston during compression and rebound
which may be used in conjunction with the apparatus for absorbing
mechanical shock according to the first and second preferred
embodiments of the present inventicn; and

FIG. 15 is an enlarged longitudinal cross-sectional view cf
the apparatus for absorbing mechanical shock shown in FIG. 1 according

to the second preferred embodiment cf the present inventior.
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FIG. 16 is an enlarged longitudinal cross-sectional view of
the apparatus for absorbing mechanical shock shown in FIG. 1 according

to the third preferred embodiment of the present invention.

DESCRTPTION OF THE PREFERRED EMBODIMENTS
Referring to FIG. 1, a plurality of four shock absorbers 20
in accordance with the preferred embodiments of the present inventicn

are shown. The shock absorbers 20 are depicted in operative
asscciation with a diagrammatic representation of a conventional
automcbile 22. The automobile 22 includes a rear suspension 24 having
& transversely extending rear axle assembly 26 adapted to operably
support the vehicle's rear wheels 28. The axle assembly 26 is
operably connected to the automobile 22 by means of a pair cf shock
absorbers 20 as well as by the helical coil springs 306. Similarly,
the automobile 22 has a front suspension system 32 including a
transversely extending front axle assembly 34 to operatively supvort
the front wheels 36. The front axle assembly 34 is operativelv
connected to the automobile 22 by means of a second pair of the shock
absorbers 20 and by the helical coil springs 38. The shock absorbers

20 serve to damp the relative movement of the unsprung pertion (i.e.,

the front and rear suspensions 32 ar¢ 24) and the sprung portion

(i.e., the body 39) of the autamobile 22. While the automobile 22 has
been depicted as a passenger car, the shock abscrber 20 mav be used
with other types of automotive vehicles as well.

With particular reference to FIG. 2, the shock absorber 20
according to the preferred embodiments of +the ‘Present invention is
shown. The shock absorber 20 comprises an elongated tubular pressure
cylinder 40 defining a damping fluid containing working chamber 42.
Disposed within the working chamber 42 is a reciprocable piston 44
that is secured to one end of an axially extending piston rod 46. The
piston 44 includes a circumferential groove 48 operable to retain a
piston ring 50 as is well known in the art. The piston ring 50 is
used to prevent damping fluid from flowing between the outer peripherv
of the piston 44 and the inner diéﬁleter of the cylinder 40 during
movement of the piston 44. A base valve, generally designated hv the
numeral 52, is located within the lower end of the pressure cvlinder
40 and is used to control the flow o< dampirg €luid between the

working chamber 47 and an annular fluid reservoir 54. The annular

14
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fluid reservoir 54 is defined as the space between the outer peripherv
of the cylinder 40 and the inner peripherv of a reservoir tube or
cylinder 56 which is arranged centrally around the exterior of the
pressure cylinder 40. The construction and operation of the base
valve 52 may be of the type shown and described in U.S. Patent No.
3,771,626, which is hereby incorporated bv reference.

The upper and lower ends of the shock absorber 20 are
provided with generally cup-shape upper and lower end caps 58 and 60
respectively. The end caps 58 and 60 are secured to opposing ends of
the reservoir tube 56 by a suitable means such as welding. The shock
absorber 20 is shown as being provided with a dirt shield 62 which is
secured at its upper end to the upper end of the piston rod 46.
Suitable end fittings 64 are secured to the upper end of the piston
rod 46 and the lower end cap 6C for operatively securing the shock
absorber 20 between the bodv and the axle assemblvy of the automobile
22. Those skilled in the art will appreciate that, upon reciprocal
movement of the piston 44, damping fluid within the pressure cylinder
40 is transferred between the upper and lower portions of the working
chamber 42, and between the working chamber 42 and the fluid reservoir
54. By controlling the flow of damping fluid between the upper and
lower portion of the working chamber 42, the shock absorber 20 is able
to controllably dampen relative movement between the body and the
suspension of the automobile 22 so és to optimize both ride comfort
and road handling ability.  Toward this end, the piston 44 is provided
with a new and improved valving arrangement for selectively
controlling the flow of damping fluid between the upper and lower
portions of the working chamber 42 during reciprocal movement thereo=,
as will hereinafter be described in detail.

According to the first preferred embodiment of the present
invention, the piston 44 comprises a valve body 66 having a first and
second plurality of vertical flow passages 68 and 70. The flow
passages 68 and 70 extend between the upper surface 72 of the valve
body 66 and the lower surface 74 of the valve body 66. Each of the
flow passages 68 comprises a valve controlled upper outlet end portion
76 and a lower counter-recessed inlet end portion 78. Similarly, each
of the flow passages 70 comprises a valve controlled lower outlet end

portion 80 and an upper counter-recessed inlet end portion 82,
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To provide means for controlling the flow of damping between
the upper and lower portions of the working chamber 42, two wvalve
disks 84 and 86 are provided. The valve disks 84 ard 86 are coavially
arranged adjacent to the upper surface 72 and the lower surface 74 of
the valve body 66 respectively. The valve disk 84 is of a suF‘icient
d:.ame*-er so as to register with and cover the outlet end portmr*c 76
of the flow passages 68 thereby preventing damping fluid from entering
the outlet end portions 76. However, the valve disk 84 does not cover
the counter-recessed inlet end portions 82 of the flow passages 70 so
as to allow damping fluid to enter the coun‘.er—recessed inlet end
portions 82. The valve disk 84 also cooperates with a recessed
portion 88 on the upper surface 72 of the valve bodr 66 so as to form
a first pressﬁre chamber 90. Correlativelv, the valve disk 86 is of a
diameter so as to register with and cover the outlet end porticns 80
cZ the flow passages 70 while not covering the counter-recessed inlet
end portions 78. In addition, the valve disk 85 cooperates with a
second recessed portion 92 or the lower surface 74 on the valve body
66 to form a second pressure chamber 94,

' To support the valve body 66 within the pressure cvlinder
40, the valve body 66 has a centrz! bore 96 operable to receive an
axially extending piston post 98. The pistcn post 98 has an upper
portion 100 with an internally t‘m:eaded,-cen-,ral bore 1C2 adapted to
threadably engage an externally ﬂareadé’cir lower end portion 104 of the
piston rod 46. Two radially E}ZtEuulnC" flow passages 105 are disposed
on the piston post 98 which communicate with two flow passages 106
which radially extend fram the pressure chamber 94 to the central bore
96 of the valve bodv 66. The flow passages 105 and 106 allow damping
fluid to flow between the pressure chamber 94 and the solenoicd
described below. The piston post 98 further includes =z radiallv
extendjngr step 107 having an outside diameter greater than the
diameter of the central bore 96. Because the step 107 is disposed
gbove the valve body 66, the step 107 limits upward movement of the
valve bodv 66 relative to the pistonr po'z+ 98. In addition, a piston
retaining nut 108 is provided haxrlng an internally threaded bore 109
which threadably encages an externally threaded lower portion 110 cf
the piston post 98 at a position below the valve bodv 66. Because the
outside diameter of the piston retaining nut 108 is areater than the

diameter of the central bore 96 ¢ the valve bodr 66, the ru:- 102
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prevents downward movement of the valve bodv 66 relative to the piston
post 98. The pistcn post 98 and the piston retaining nut 108 also
serve to secure the innermost portions of the valve disks 84 and 86.
In this regard, the immermost portion of the valve disk 84 engages
both the radially extending step 107 of the piston post 98 and the
upper surface 72 of the valve body 66. In addition, the radially
innermost portion of the valve disk 86 engages the lower surface 74 o=
the valve bodv 66 and the piston.retaining nut 108.

To bias the valve disks 84 and 86 against the .surfaces 72
and 74 oI the valve body 66, a pair of coaxially arranged, axiallv
spaced, helical coil springs 112 and 114 are provided. The spring 117
is disposed coaxially with the piston post 98 between a radially

_ extending step 116 formed on the piston post 98 and an intermediate

backing plate 118 which is located coaxially with, and adjacent to,
the upper surface of the valve disk 84. By means of the intermediate
backing plate 118, the spring 112 is able to resiliently and vieldably
bias the valve disk 84 against the upper surface 72 of the valve body
66. Similarly, the spring 114 is disposed between a radially
extending flange 120 on the piston retaining nut 108 and an
intermediate backing plate 122 which is located adjacent to, anc
coaxially with, the valve disk 86. The spring 114 is therefore able
to resiliently and yieldably biases the valve disk 86 against the
lower surface 74 of the valve body 66 via the intermediate backinc
plate 122,

In accordance with the principles of the present invention,
the piston 44 further comprises a solenoid 124 so as +o provide an
electrical controllable flow means operable +o control the actuation
of the valve disks 84 and 86. The solenoid 124 includes a housing 126
which is disposed coaxially within the central bore 128 of the piston
post 98. Within the housing 126 are disposed a coil 130 arnd an
armature 132 having an enlarged counterbore 134. The armature 132 is
biased axially upwardly relative to the valve bodv 66 bv a helical
ccil spring 136 which is disposed within the counterbore 134. The
upper end of the spring 136 bears against a radial surface 138 in the
counterbore 134, whereas the lower end of the spring 136 bears against
the upper side of a sealing plate 140. An O-ring or similar tvpe
sealing element 142 is disposed between the coil 130 and the armature

132 to prevent damping fluid to flow therehbetween. An annular ring
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144 is provided between the coil 130 and the sealing plate 140 to
ensure that the spatial separation between the coil 130 and +he
sealing plate 140 remains constant.

The solenoid 124 also comprises an annular ring 146 of
erro—magnetlc material disposed adjacent to the coil 130 between the
armature 132 and the housing 126. The annular ring 146 is used to
comolete the magnetic flux path generated bv the coil 130 to ensure
proper operation of the solenoid 124. In aécutlon, the solenoid 124
also camprises an annular housing cap 148 di sposed horizontally within
the upper portion 150 of the housing 126. The housing cap 148 has a
centrally disposed axial flow passage 152 which allows damping fluid
inside the housing 126 to flow to one surface of a pressure sensor
described below. To secure the solenoid 174 within the piston post
98, an externally threaded solenoid retaining plug 153 is provided.
The solenoid retaining plug 153 engages an internally threaded portion .

lower portion 110 of the piston post 98. fThe plug 153 comprises an

- axially extending central bore 154 which allows damping fluid toc Slow

between the sealing plate 140 and the lower portion cf the working
Chamber 42. _
The solenoid 124 operatively cooperates with the sealing

plate 140 to control the flow of damping fluid between a central <low

- passage 155 and a plurality of radiallv displaced flow passages 156

which are disposed on the sealing plate 140. When the solencid 124 is
not energized, damping fluid is able to flow between the central flow
passage 155 and the radially displaced-' flow passages 156. When the
solenoid 124 is energized, the a:cmature 132 moves downwardly against
the force of the spring 136 to a position in sealing engagement with
the sealing plate 140. When this occurs, the armature 132 prevents
the flow of fluid between the passages 155 and 156. 2An O-ring or
similar sealing element 158 is provided on the armature 132 which
prevents the flow of damping fluid between the armature 132 and “he
sealing plate 140 when the solenoid 124 is energized.

To allow the fluid flowing through the passages 155 and 156
to coupter—blas the valve disks 84 and 86, the valve body 66 further
camprises the flow passages 160 and 162. The flow passage 160 extends
axially from the pressure chamber 90 to the pressure chamber 94, while
the flow passage 162 radially extends from the flow passage 70 to the

St §

pressure chamber 94. Because damping fluid in the pressure chamber 94
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is able to flow to the radially displaced flow passages 156 on the
sealing plate 140 by means of the flow passage 106 in the valve bodks
66 and the flow passage 105 in the piston post 98, two flow paths are
formed within the valve body 66. The first flow path permits damping
fluid to flow from the upper portion of the working chamber 42 to the
lower portion of the working chamber 42. In this regard, the first
flow path allows damping fluid in the upper portion of the working
chamber 42 to flow from the vertical flow passage 70 to the pressure
chamber 94 through the flow passage 162. Damping £luid in the -
pressure chamber 94 is therefore able to flow to the radially
displaced flow passages 156 on the sealing plate 140 through the flow
passage 105 in the piston post 98 and the flow passage 106 in the
valve body 66. If the solenoid 124 is not energized, damping fluid
flowing through the radiallv displaced passages 156 is able to flow
into the lower portion of the working chamber 42 through the central
flow passage 155 of the sealing plate 140 and the central bore 154 of
a solenoid retaining plug 153.

The second flow path permits damping fluid to flow between
the lower portion of the working chamber 42 and the pressure chamber
2C. In this regard, the second flow path allows damping fluid in the
lower portion of the working chamber 42 to flow through the central
bore 154 of sclenoid retaining plug 153 to the central flow passage
155 in the sealing plate 140. If the solenoid 124 is not energized,
damping fluid flowing through the central bore 154 is able to flow
into the pressure chamber 94 +hrough the radially displaced flow
passages 156 on the sealing plate 140, the flow passage 105 in the
piston post 98 and the flow passage 106 in +he valve body 66. Damping
fluid is then able to flow from the pressure chamber 94 to the
pressure chamber 90 through the flow passage 160.

To prevent leakage of damping fluid in the pressure chamber
90, an annular retaining seal 164 is provided. The annular retaining

seal 164 is disposed within the pressure chamber 90 adjacent to the

- valve disk 84 so as to prevent damping fluid inside the pressure

chamber 9C from entering the upper portion of the working chamber 42.
An annular retaining ring 168 is also disposed within the pressure
chamber 90 adjacent to the annular retaining seal 164 to ensure that
the seal 164 is nct displaced in such a manner as to allow hydraulic

leakage between the pressure chamber 90 and the upper portion of the
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working chamber 42. In a similar fashion, an annular retaining seal
170 is disposed within the chamber 94 adiacent to the valve disk 86.
The annular retaining seal 170 is used to prevent damping fluid inside
the pressure chamber 94 from entering the lower portion of the working
chamber 42. An annular retaining ring 172 is also disposed within the
pressure chamber 94 adjacent to the annular retaining seal 164 +to

ensure that the seal 170 is not displaced in such a manner as to

permit leakage of damping fluid between the pressure chamber 94 and

the lower portion of ‘the working chamber 42.
) in operation of the shock abscrber 20 acccrding to +he

present invention as shown in FIGS. 6-9, the position of the armature

132 is dependent upon whether the shock absorber 20 is in compression

or. rebound, and whether a firm or soft stroke is desired. When a soft
compression stroke is desired, the solenoid 124 remains idle as showr
in FIG. 6, thereby allowing dampirg fluid in the lower portion of the

working chamber 42 to flow through the central bore 154 o< the

solenoid retaining plug 153 and the flow passages 155 and 156 of the .

sealing plate 140 to the flow passage 105 in the piston post 98.
Damping fluid is then able to flow from the flow passage 105 in the
piston post 98 teo the pressure chamber 90 through the flow passage 106
in the valve body 66, the pressure chamber 94, and the flow passage
160. Because the flow of damping Zluid +to the pressure chamber 90
causes the pressure inside the pressure chamber 90 +o exceed the
pressure in the upper portion of the working chamber 42, a pressure
Cifferential is created across the valve disk 84, his pressure
differential counter-biases the valve disk 84 so as to allow more
damping fluid to flow through the flow passage 68 than would othervwise
be permitted. By allowing more damping fluid to flow through the flow
passage 68, a soft compression stroke is produced. When a firm
compression stroke is desired, the solenoid 124 is actuated as shown
in FIG. 8, thereby preventing damping fluid from flowing Zrom the
central passage 155 to the radially digprl’aféﬁe&'passages 156 of the

sealing plate 14C. Because dampinrg £luid in the lower portion of the

working chamber 42 is thereby prevented from entering the pressure

chamber” 90, the pressure inside the pressure cChamber 9C is
substantially the same as the pressure inside the upper portion of the
working chamber 42. Since no pressure differential is created across

the valve disk 84 due to the damping fluid inside the pressure chamber

-~
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90, no counter-biasing force acts on the valve disk 84 other than that
produced by the damping fluid flowing through the flow passage 68.
Accordingly, the valve disk 84 allows less fluid to flow through the
flow passage 68 so as to produce a firm compression stroke.

When a firm rebound stroke is desired, the solenoid 124 is
not energized as shown in FIG. 7 so that the spring 136 biases the
armature 132 in its raised position. Damping fluid fram the upper
portion of the working chamber 42 which flows into the pressure
chamber 94 through the flow passages 70 and 162 in the valve bodv 66
is therefore able to flow to the radially displaced flow passages 156
in the sealing plate 140 through the flow passage 105 in the piston
post 98 and the flow passage 106 in the valve body 66. Because the
armature 132 is biased upward, damping fluid flowing to the radiallv
displaced passages 156 is able to flow to the lower portion of the
workirg chamber 42 through the central flow passage 155 in the sealing
plate 140 and the central bore 154 of the solenoid retaining plug 153.
Because the pressure inside the pressure chamber 94 is therefore
substantially the same as the pressure in the lower portion of the
working chamber 42, no pressure differential is created across the
valve disk 86 due to the damping fluid in the pressure chamber 94.
Accordingly, the only counter-biasing force which acts on the valve
disk 86 is that provided by the damping f£fluid flowing through the flow
passage 70. Because the counter-biasing force acting on the valve
disk 86 is less than would otherwise be provided if the solenoid 124
was energized, fluid flowing through the passage 70 is reduced therebv
producing a firm rebound stroke. When a soft rebound stroke is
desired, the solenoid 124 is energized as shown in FIG. 9, thereby
preventing the flow of damping fluid between the central flow passages
155 and the radially displaced flow passages 156. Accordinglv,
damping fluid entering the pressure chamber 94 from the upper portion
of the working chamber 42 through the flow passages 70 and 162 remains
in the pressure chamber 94. The pressure inside the pressure chamber
94 therefore becomes greater than the pressure inside the lower
portion of the working chamber 42. Recause a pressure differential is
created across the valve disk 86, the resulting counter-biasing force
acting on the valve disk 86 allows a greater amount of damping fluid
to flow through the passage 70 thereby producing a soft rebounc

stroke.
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In accordance with the principles of the present invention,

the shock absorber 20 further camprises a pressure sensor 180 to

provide means for determining the difference in pressure between the
damping fluid in the upper and lower portions of the working chamber
42, The pressure sensor 180 is mounted on an annular member 182 which
is disposed within the piston post 98 between the piston rod 46 and a
radially inward extending step portion 184 formed within the central
bore 128 of the piston post 98. The annular member 182 has a radiallv
extended passage 186 and an axial passage 188 which extends partially
through the annular member 182. The radially extended passage 186
comunicates with the axial passage 188 at the radially -inner end of
the fadially extended passage 186. The radially extended passage 186
also communicates at its radially outer end with a flow passage 190
formed on the piston post 98. Because the pressure sensor 180 is
mounted over the axial passage 188, damping fluid from the upper
portion of the working chamber 42 is able to flow to a Ffirst surface
192 of the pressure sensor 180 through the passages 190 and 186. In
addition, damping fluid in the lower portion of the working chamber 42
is able to flow through the central bore 154 of the solenoid retaininc
plug 153, the central flow passage 155 in the sealing plate 140, the
counterbore 134 of the armature 132, and the flow passage 152 in the
housing cap 148 to a second surface 194 of +he pressure sensor 180.
By virtue of the foregoing structure, the first and second sur<aces
122 and 194 of the pressure senscr 180 are in fluid ccxmnunication with
the damping fluid in the first and second -portions of the working
chamber 42. The pressure sensor 180 ;Ls’t‘ﬁerefore able to generate a
signal representing the differential pressure between the damping
fluid in the upper and lower portions of the working chamber 4:2.

To provide means for determining the movement of the bodv of
the autcmobile 22, an accelerometer 196 is provided which is disposed
on the annular member 182. Because the accelerometer 196 is secured
to the annular member 182, the accelerometer 196 is able to move in
unison with the piston rod 46, and therefore with the body of the
automobile 22. Accordingly, the accelerometer 196 is able to generate
ah electrical signal responsive to the vertical acceleration of the
body of the autamobile 22. By performing nmnérical integration on the
output from the accelercmeter 196, the vertical velocity of the body
of the automobile 22 may also be determined.
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To provide means for generating an electrical control signal
for energizing the solenoid 124 in response to the outputs from the
pressure sensor 180 and the accelerometer 196, the shock absorber 20
further comprises a signal conditioning circuit generallv designated
by the numeral 198 which is disposed within the piston post 98. A
first plurality of conductors 200 extend through the annular member
182 to allow electrical communication between the conditioning circuit
198 and the pressure sensor 180 and the accelerometer 196. As shown
in FIG. 10, the signal conditioning circuit 198 amplifies the output
from the pressure sensor 180 and the accelerometer 196 prior to a
deliverv to a computer generallv designated by the numeral 202. The
computer 202 1is used to generate an A output and a B output in
response to the electrical signals from the output of the signal
conditioning circuit 198 according to one of several stored programs
described below. The computer 202 generates a logically high or low A
output when the compression stroke is to be soft or firm respectively.
Similarly, the computer 202 generates electrically high or
electrically low B output when the rebound strike is to be soft or
firm respectively. The A and B outputs from the computer 202 are then
delivered to the solenoid 124 through a solenoid driving circuit
generally designated as 204. The solenoid driving circuit 204 is used
for converting the output from the computer 202 as well as the output
Zrom the signal conditioning circuit 198 into voltage levels which mav
be used to actuate the solenoid 124. A second pluralitv of conductors
206 is used for delivering the output from the computer 202 and the
signal conditioning circuit 198 through the annular member 182 to the
solenoid driving circuit 204.

As shown in FIG. 11, the driving circuit 204 comprises a
comparator 208 which receives an output signal from the signal
conditioning circuit 198 as well as from an adjustable voltage supply
which is represented by the variable resistor 210. The output from
the signal conditibning circuit 198 which is delivered to the driving
circuit 204 is a voltage responsive to the pressure differential
between the upper portion and lower portion of the working chamber 42,
When the pressure in the lower portion of the working chamber 42
exceeds the pressure in the upper portion by a predetermined level
(i.e., during rebound), a voltage is generated at the output of the

signal conditioning circuit 198 which exceeds the voltage delivered b
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the variable resister 210. When this occurs, a logical high output is
produced at the output o< the comparator 208. If the pressure in the
lower portion of the working chamber 42 is less than the pressure in
the upper portion of the working chamber 42, the voltage delivered by
this signal conditioning circuit 198 to the comparator 208 is less
than the voltage delivered b§ the variable resistor 210. When this
occurs, a logical low voltage at the output of the camparator 208.

~ To ensure that the voltage delivered to the various logic
gates described below is of a compatible magnitude, the output of the
comparator 208 is delivered through a resistor 212 to an inverter 214,
and to grouhd through & resistor 216. The resistors 212 and 216 serve
to ensure that the voltage delivered to the inverter 214 is within a
range that will enable the inverter 214 to produce a responsive output
which is compatible §rif:h the other components of the driving circuit
204 described below. The output of the comparater 208 is alsc
connected to the capaciter 218 which serves *c filter the relatively
high freguency noise present at the output o< *+he comparator 208. The
output from the inverter 214 is connected to a NOR gaté 220 and an AND
gate 222. The NOR gate 220 and the AND gate 222 also receive the A
output and the B output of the computer 202, In addition, the &
output and the B output are also delivered to an XOR gate 224, and the
A output and the outpﬁt from the XCR gate 224 sre delivered to the AND
gate 226. Because the cutput from the gates 22C, 222 and 226 ars
connected to an OR gate 228, the output from the OP gate 228 responds

according to the following table:

Output from Output from

Computer 202 OR Gate 228
2 B
0 0 D
0 1 1 (0n)
1 0 0 {OfD)
1 1 P

where:

P indicates that the solencid 124 is to be energized
when the output from the pressure sensor 180 is

positive (i.e., when the piston 44 is in rebound)
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P indicates that the solenoid@ 124 is to be energized
when the output from the pressure sensor 180 is not
positive {i.e., when the piston 44 is in compression)

5 1 indicates that the solenoid 124 is *o be enercgized
during both compression and rebound;
0 indicates that the solenoid is to remain unenergized
during both compression and rebound.

10

Accordingly, when the A output and the B output from the computer 202

are both low, the solenoid driving.circuit 204 directs the solenoid

124 to respond directly to the output from the pressure sensor 180.

Similarly, if both the A output and the B output are both high, the

15  driving circuit 204 directs the solenoid 124 to follow the inverted

output frcm the pressure sensor 180. If only the B output is hich,

the driving circuit 204 causes the solenoid 124 to energize, while the
solenoid 124 remains unenergized when only the A output is high.

The outpﬁt from the OR gate 222 is delivered to the IN pin 1

2) of a drive controller 230. The drive controller 230 is used for

controlling the hase current delivered to an an external power NPN

Darlington transistor 234 that drives the solenoid 124. The Arive

controller 230 initially permits the transistor 234 %o provide a

sufficiently large current to cause the armature 132 to engage the

[yS]
ul

sealing plate 140. After the armature 132 engages the sealing plate
140, the drive controller 230 reduces the current delivered +o the
solenoid 124 to a level which maintains the position of the armature
132 relative to the sealing plate 14C. To drive the controller 230,
the SUPPLY pin 7 of the controller 230 is connected to the supply bus
30 vbc which carries a nominal potential of 5 volts. The TIMER pin 8 of
the controller 230 is also connected to +he véc supply bus throuch a
resistor 236, and to ground through the capacitor 238. The values of
the resistor 236 and the capacitor 238 determine the time after which
the solenoid 124 is initiallv actuated that the current through the
solenoid 124 is reduced.

The OUTPUT pin 2 of the controller 230 is connected +o the

(92}
wu

base of the transistor 234, as well as to one plate of the capacitor

240. The second plate of the capacitor 240 is connected to the COMP
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pin 3 of the controller 230 so that the capacitor 24C is able to
provide stabilitv for the circuit when the solenoid 124 is being held
in its actuated state. The SENSE INPUT pin 4 of the controller 230 is
connected to the emitter of the transistor 234 through a resistor 242,
and to ground through a resistor 244. The resistors 242 and 244 serve

to establish the minimum current required to hold the solenoid 124 in

its actuated state. A diode 246 is alsc connected between the emitter

of the transistor 234 and ground to ensure that the voltage at the
emitter of the transistor 234 is equal to “orward bias voltage of the
diode 246 (approximately .7 volts). To protect the transistor 234
froem inductive kickback when the current to +he solenoid 124 is
reduced, -a zener diode 248 is provided. The zener diode 248 provides
a path for current from the solenoid 124 when the voltage across the
diode 248 exceeds the breakdown potential of the diode 248
{approximately 35 volts). The diode 248 thereby limits the voltage
delivered to the collector of the transistor 234 to 35 volts so as +o
reduce the impact of inductive kickback on the transistor 234.

The information which is delivered by the accelercmeter 19€

and the pressure sensor 180 may be used to damp the movement of the

vehicle bodv in the manner shown in FIG. 12, - Initially, the

compression stroke and the rebound stroke are soft as shown in step
25C, indicating that the solenoid 124 remains uractuated during the
compression stroke but is actuated during the rebound stroke. A+ step

252, the output from the accelercmeter 196 is read bv the computer

]

02, and is added to the prior acceleration readings at step 254 so as
to cbtain the vert_ical velocity vbody £ the body of the autcmobile
22, At step 256, the computer 202 determines whether the magnitude of
the velocity obtained from the accelercmeter 196 is greater than a
predetermined value VO which may typically ‘have a value of 0.05 m/s.
If the vertical velocity Vbody is .less than the predetermined value
Vo’ the solenoid 124 remains in its unactuated state during
compression and in its actuated state during rebound as shown in step
258. If the magnitude of the vertical velocity of the body of the
automobile 22 is greater than the predetermined value VO, the compute£
202 then determines at step 260 whether the body of the automobile 22
is moving upward or downward with respect to the road. As shown in
step 262, if the vertical velocitw Kbod'; is positive indicating an

upward movement, the solenoid 124 remains unactuated during both the

w.

o



WO 88/06983

1)

Do
[Sh}

35

N PCT/US87/00618

16

compression and rebound strokes tc produce a firm rebound stroke and a
soft compression stroke. If the vertical velocity Vb‘ody is negative,
the computer 202 actuates the solenoid 124 during both compression and
rebound as shown in step 264. After the response of the solenoid 124
is determined according to the steps 250-264, the processing returns
to the step 250 via step 266 or another initial step in another
method. By using this method, the shock absorber 20 is able to
provide maximum damping when the frequencv of the vertical movement of
the body of the automobile 22 is substantially equal to 1.5 Hz.

To minimize the vibratioi'z of the bodvy of the autocmobile 22
due to a natural Zfrequency of the wheels 28 and 36, the computer 202
may be used to control the solenoid 124 in the manner shown in FIG.
13. The pressure differential between the upper and lower portions of
the working chamber 42 is initially read at step 268. At step 270,
successive pressure measurements are taken during a time interval
which is approximately equal to the natural frequencv of the wheels
The values of the pressure differential are

"
then used to determine the value of A” at step 272 according to the

(typically 10-15 Hz).

following equation at step 272:

where:

Pt is the differential pressure between the upper portion
and the lower portion of the working chamber 42 at +ime t;

and

T is the period of the selected natural frequency of the
wheels of the automobile 22 (typically 10~15 Hz).

At step 274, the value of A2 ig compared with the value of
AO2 which represents a preselected constant chosen to allow the shock
absorber to go to firm when the velocity of the piston exceeds .4 m/s.
It is to be understood, however, that 2\02 may be chgsen to optimize a

particular ride characteristic. If the value of A~ is areater than
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the value of AOZ, the solenoid 124 is actuated during compression so
as to produce a firm compression stroke, while remaining unactuated
during rebound so as to produce a firm rebound stroke as shown in step
276. If the value of A2 is less than or equal to Aoz, then the

actuation of the solenoid 124 remains unchanged from its prior state.

Processing then returns to step 2682 via step 278 or the initial step-

of another method. By using this method, the shock absorber 20 is
able to provide maximum damping when the frequency of the vertical
movement of the wheels of the automcbile 22 is substantially equal to
a value between 10-15 Hz.

To prevent the piston 44 and +he piston rod 46 from
excessive axial movement during compression and rebound, the method
illustrated in FIG. 14 may be used. At step 280, the pressure
differential between the upper and lower portions of the working
chamber 42 is recorded. By determining the value of the differential
pressure at step 282, the computer 202 determines whether +he shock
absorber 20 is in compression or rebound. 2As shown in step 284, iZ

the shock absorber 20 is in compression and the solenoid 124 has been

actuated so as to produce a firm compression stroke, the processing

‘returns to step 280 via step 286 or to the initial step of another

method. If the compression stroke is soft, the piston velocity
A
piston
differential recorded bhv the pressure sensor 180 wit

is determined at step 288 by comparing +the pressure
a
pressure/piston velocity table which is stored in the memory of the

computer 202. If the absolute value of the piston velocity vois tor is

rgreater'than a predetermined value VO (typically .4 m/s) as shown by

step 290, the solenoid 124 is deactivated thereby producing a firm
corpression stroke at step 292. Processing-then returns to step 280
via step 286 or to the initial step” of another method. If the

s

absolute value of the piston velocity vpis fon is less than the
predetermined value Vo' processing also returns to step 280 via the
step 286 or the initial step of another method.

if the shock absorber 20 is in rebound as determined at step

282, the computer 202 détemﬁnes whether the solenoid 124 is producing

a Iirm or soft rebound stroke as illustrated at step 294, 1If the’

rebound stroke is firm, the processing returns to the step 280 via the

~step 286 or an initial step in another method. TIf the rebound stroke

is soft, the piston velocity Vv

biston is determined at step 296 br-

*

™,
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comparing the pressure differential between the upper and the lower
portions of the working chamber 42 to a pressure/piston velocity table
which is stored in the memory of the computer 202. As shown at step

298, if the magnitude of the piston velocity V is greater than a

piston
predetermined value Vo’ the computer 202 deactivates the scolenoid 124
at step 300 to produce a firm rebound stroke. If the magnitude of the

iston velocity V is less than the predetermined value Vo, the

processing returné:) lsotostep 280 via the step 286 or an initial step in
another methcd. By using this method, the shock absorber 20 is able
to provide maximum cdamping when the vertical movement of +*he wheels of
the automobile 22 would otherwise result in over compression or over
extension of the shock absorber 20. _

A second preferred embodiment of the present invention is
shovn in FIG. 15. 1In this embodiment, the valve bodv 302 comprises an
upper surface 304 with a recess portion 306, and a lower surface 308
with a recess portion 310. To allow fluid cammunication between upper
and lower portions of the working chamber 42, the valve body 302
further comprises a first and second plurality of vertical flow
passages 312 and 314. The flow passages 312 and 314 extend between
the upper surface 304 of the valve bodv 302 and the lower surface 308
of the valve body 302. FEach of the flow passagés 312 comprises a
valve controlled outlet end portion 316 which oppcses a
counter-recessed inlet end portion 318. Similarly, each of the flow
passages 314 comprises a valve controlled outlet end portion 320 which
opposes a counter-recessed inlet end portion 322.

To provide means for controlling the flow of damping between
the upper and lower portions of the working chamber 42, two valve
disks 324 and 326 are provided. The valve disks 324 and 326 are
coaxially arranged adjacent the upper surface 304 and the lower
surface 308 of the valve body 302 respectivelv. The valve disk 324 is
of a sufficient diameter so as to register with and cover the outlet
end portions 316 of the flow passages 3]2 therebv preventing damping
fluid from entering the outlet end portions 316. However, the valve
disk 324 does not cover the counter-recessed inlet end portions 322 of
the flow passages 314 so as to allow damping fluid to enter the
counter-recessed inlet end portions 322. The valve disk 324 also
cooperates with the recessed portion 306 cn the upper surface 304 of

the valve body 362 so as to form a first pressure chamber 328.



WO 88/06983 R '~ PCT/US87/00618

10

20

(92
[Sa]

22

Correlatively, the valve disk 326 is of a diameter so as to register
with and cover the outlet end portions 320 of the flow passages 314
ile not covering the counter-recessed inlet end portions 322. In
addition, the valve disk 326 cocperates with a second recessed portion
310 on the lower surface 308 on the valve body 302 to form a second
pressure chamber 330.
' To support the valve body 302 within the pressure cylinder
40, the valve body 302 has a central bore 332 operable to receive an
axially extending piston post 334. The-piston post 334 has an upper
portion (not shown) with an internally threaded central bore adapted
to threadably engage an externally threaded lower end rortion of the
piston rod 46. An O-ring or similar sealing element 336 is disposed

between the valve body 302 and the piston post 334 to prevent damping

fluid to flow therebetween. Two radially extending flow passages 340
are disposed on the piston post 334 which communicate with two flow
passages 340 in the valve bodv 302 which radiallyr extend from the
pressure chamber 328 to the central bore 335 of the valve bodv 302.
In addition, the piston post 334 also has two radially extending flow
passages 346 which communicate with two flow passages 348 which extend
from the pressure chamber 330 to the central bore 332 of the valve
bedy 302. The flow passages 340-348 allow damping fluid to flow
between the pressure chambers 328 and 330 and ore of *he solenoids
described below. The piston post 334 further includes a radiallv
extending step 349 having an outside diameter greater than +he
diameter of the central bore 332. Because the step 349 is disposed
above the valve body 302, the step 349 limits upper movement of the
valve body 302 relative to the piston post 334. In addition, a piston
retaining nut 350 is provided having” an internally threaded bore 352

which threadably engages an externally threaded lower portion 354 of

- the piston post 334 at a position below the valve body 302. Because

the outside diameter of the piston retaining nut 350 is agreater than
the diameter of the central bore 332 of the valve body 302, the nut
350 prevents dovnward movement of the :'}alxre body 302 relative to the
piston post 334. The piston posfi:334 and the piston retaining nut 350
also serve to securé. the innermost portions of the valve disks 324 and
326. In this regard, the innermost portion of the valve disk 2324
engages both the radially extending step 349 of the piston post 334

and the upper surface 304 of the valve body 302. In addition, the
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radially innermost portion of the valve disk 326 engages the lower
surface 308 of the valve body 302 and the piston retaining nut 350.

To bias the valve disks 324 and 326 against the surfaces 304
and 308 of the valve body 302, a pair of coaxially arranged, axially
spaced, helical coil springs 356 and 358 are provided. The spring 35€
is disposed coaxially with the piston post 334 between a radially
extending step 360 formed on the piston post 334 and a backing plate
362 which 1is located coaxially with, and adjacent to, the upper
surface 304 of the valve disk 324. Via the intermediate backing plate
362, the spring 356 is able to resiliently and vieldably bias the
valve disk 324 against the upper surface 304 of the valve body 302.
Similarly, the spring 358 is disposed between a radially extending
flange 364 on the piston retaining nut 350 and & backing plate 366
which is located adjacent to, and coaxially with, the valve disk 326.
The spring 358 is thereby able to resiliently and yieldablv biases the
valve disk 326 against the surface 308 of the valve bodv 302 bv means
of the intermediate backing plate 366.

To provide an electrical controllable flow means operable to
control the actuation of the valve disks 324 and 326, the piston 44
further comprises a first and second solenoid 370 and 372. The
solenoid 370 includes a housing 374 that is disposed within the
central bore 375 of the piston post 334. Within the housing 374 are
disposed a coil 376 and an armature 378 having enlarged counterbore
380. The armature 378 is axially biased downward relative +c the
valve body 302 by a helical coil spring 382 which is disposed within
the counterbore 380. The lower end of the spring 382 bears against
the lower portion of the counterbore 380, whereas the upper end of the
spring 382 bears against the lower side of a sealing plate 384.
Similarly, the solenoid 372 alsc includes a housing 386 which is
coaxially disposed within the central bore 338 of the piston post 334
at a position below the solenoid 370. Within the housing 386 is
disposed a coil 388 and an armature 39C having an enlarged counterbore
392. The armature 390 is biased axially upward relative to the valve
body 302 by a helical coil spring 394 which is disposed within the
counterbore 392. The upper end of the spring 394 bears against the
upper surface of the counterbore 392, whereas the lower end of the

spring 394 bears against the upper surface of a sealing plate 396.
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The axially lower end of the counterbore 380 of the soleroid
370 has an axial flbw passage 398 which is disposed coaxiallv with an
axial flow passage 400 in the housing 374. Similarl , the axiallv
upper end of the counterbore 392 of the sclenoid 372 has an axially
5 flow passage 402 which is disposed coaxially with an axial flow
passage 404 in the housing 386. Because a pressure sensor 406 is
disposed. betweer the housings 374 and 386 adjacent to the flow
passages 400 and 404, the pressure sensor 406 is able to determine the
pressure differential between the damping fluid in the solencid 370
10 and the damping fluid@ in the solencid 372. The ‘output from the
preésure sensor 406, together with the cutput from an accelercmeter
408, are delivered to the signal conditioning circuit 198 which
amplifies the ocutputs prior to delivery to the computer 202, The
computer 202',then generates first and second electrical control
15 - signals for controlling the solenoids 370 and 372 via the solencid
criving circuit 204.
The solenoid 370 operatively cocperates with the sealing
plate 384 to control the damping fluid between a central fluid passage
10 and a pluralityr of radially displaced passages 412 which are
20  disposed on the sealing plate 384. When the solenoid 370 is open,
damping fluid is able to flow between the central luid passage 410
and the radially displaced passages 412. When the solencicé 370 is
~ closed, the armaturé 378 moves downwardly against the force of +the
spring 382 to a position and sealing engagement with the sealing plate
25 - 384. TWhen this occurs, the armature 378 prevents the flow of fluid
7 between the passages 410 and 412. Similarly, the sclenoid 272
cooperates with the sealing plate 396 to control the damping fluid
between a central fluid passage 414 and a plurality of radially
displaced flow passages 416 which are disposed on the sealing plate
30 396. When the solenoid 372 is open, Camping fluid is able to flow
between the central fluid passage 414 and the radially displaced flow
passages 416. When the solencid 372 is closed, the armature 390 moves
ddwnyzuxILy against the force of the spring 394 to a position in
sealing engagement with the sealing plate 396. When this occurs, the
-35 armature 390 prevents the flow of Fluid between the passages 414 and
416.
The solenoid 270 communicates with the upper portion of the-

working chamber 42 through ar axial passage 412 and a radial passage
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424 in the piston post 334. The axial passage 422 extends from the
central passage 410 of the sealing plate 384 and communicates with the
radial passage 424 at its radiallv inwardmost end. In addition, the
solenoid 372 comunicates with the lower portion of the working
champber 42 through the central bore 426 of a solenoid retaining plug
428. The solenoid retaining plug 428 has a threaded exterior surface
which threadably engages the lower portion of the piston post 334.

To allow the fluid flowing through the passages 410-418 to
counterbias the valve disks 324 and 326, the valve body 302 further
comprises the Zflow passages 430 and 432. The flow passage 430
radially extends from the pressure chamber 328 to the vertical flow
passages 312, while the flow passage 432 extends from the pressure
chamber 330 to the flow passages 314. Accordingly, damping fluid in
the flow passage 312 is therefore able to enter the pressure chamber
328 through the flow passage 430, and damping fluid in the flow
passages 314 is able to flow intc the pressure chamber 330 through the
flow passage 432.

In accordance with the principles of the present invention,
it will be seen that two flow paths.are created in the valve bcdy 302.
The first flow path allows damping fluid entering the flow passages
312 to flow to the upper porticn of the working chamber 42. 1In this
regard, the first flow path permits damping fluid in the vertical flow
passages 312 to enter the pressure chamber 328 through the £low
passage 43C. The damping fluid irn the pressure chamber 328 then flows
to the radially displaced flow passages 412 of the sealing plate 384
through the flow passage 342 in the valve body 302 and the flow
passage 340 in the piston post 334. If the solenoid 370 is open,
demping fluid at the radially displaced flow passages 412 is able to
flow through the second central flow passage 410, the axial flow
passage 422 and the radial flow passage 424 to the upper portion of
the working chamber 42,

The second flow path permits damping fluid flowing in the
vertical flow passage 314 to enter the lower portion of the working
Chamber 42. In this regard, the second flow path permits damping
fluid in the flow passages 314 to enter the pressure chamber 330
through the flow passage 432. The damping fluid in the pressure
chamber 330 is therefore able to flow to the radiallv displaced flow
passages 416 in the sealing plate 396 through the radiallv extended
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flow passage 346 in the valve body 302 and the radially extending flow
passage 348 in the piston post 334. TIf the solencid 372 is open,
damping fluid delivered to the radially displaced passages 416 of the
sealing plate 396 is able to pass through the central fluid passage
314 to the lower portion of the working chamber 42 through +he central
fluid passage 414 of the solenoid sealing plate 396.

To prevent leakage of damping fluid in the pressure chamber
328, an annular retaining seal 434 is provided. The annular retaining
seal 434 is disposed within the pressure chamber 328 adjacent to the
valve disk 324 so as to prevent damping fluid inside the pressure
chamber 328 from entering the upper portion of the working chamber 42.
An annular retaining ring 436 is also disposed within the pressure
chamber 328 to ensure that the seal 434 is not displaced in such a
manner as to allow hydrauiic leakage between the pressure chamber 328
and the upper portion of the working chamber 42. In a similar
fashion, an annular retaining seal 43¢ is disposed within the chamber
33C adjacent to the valve disk 326. The annular retaining seal 438 is
used to prevent damping fluid inside- the pressure chamber 33C “rom
entering the lower portion of the working chamber 42. 2An annular
retaining ring 44C is also disposed within the pressure chamber 33C +c
ensure that the seal 438 is not displaced in such a manner as tc
permmit leakage of damping fluid between +the pressure chamber 33¢ an¢
the lower poftion of the workihg chamber 42.

When a large amount of hydraulic fluid is to flow through
the flow passage 314 corresponding to ‘a soft rebound stroke, the
sclenoid 372 is closed thereby rpreventing fluid from flowing between
the central fluid passage 414 and the radially displaced passage 416
o< the'Sealing plate 396. Accordingly, damping fluid in the pressure
chamber 328 is unable to flow into the lower pertion of the working
Chamber 42. The fpressure in the pressure - chamber 330 therefore
increases which increases the counter-biasing force applied tc the
valve disk 326. The valve disk 326 is then deflected from the valve
body 302 to a greater extent than would otherwise occur thereby
increasing the flow of damping fluid through the flow passage 314, If
a firm rebound stroke is desired, the solencid 372 is opened therebw
causing the pressure in the pressure chamber 330 to be substantially
equal to the pressure inside the lower portion of the working chamber

¢7. When this occurs, the counter-biasing force applied to the valve
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disk 326 is reduced. ILess damping fluid is therefore able to flow
through the flow passage 314 thereby producing a firm rebound s*roke...

When a soft compression stroke is desired, the solenoid 370
is closed thereby preventing the flow of the damping fluid between the
central fluid passage 410 and the radially displaced fluid passage 412
in the sealing plate 384. Because fluid is not able to flow between
the passages 410 and 412, damping fluid in the pressure chamber 328 is
not able to flow into the upper portion of the working chamber 42.
Since the pressure of the damping £luid in the pressure chamber 328
becomes greater than the pressure in the upper por.tion of the working
chamber 42, the counter-biasing force applied to the valve disk 324
increases causing a greater deflection in the valve disk 324. This
increase in deflection of- the valve disk 324 increases the flow of
damping fluid through the flow passage 312 thereby producing a soft
compression stroke. If a firm compression stroke is desired, the
solenoicd 370 is opened thereby connecting the pressure chamber 328 to
the upper portion of the working chamber 42. Accordingly, the
pressure inside the pressure chamber 328 is substantially equal to the
pressure inside the upper portion of the working chamber 42, therebv
limiting the counter-biasing force applied to the valve disk 326.

In the third preferred embodiment of the present invention
shown in Figure 16, a first and second annular valving members 442 and
444 are provided. The first and second annular valving members 442
and 444 are disposed coaxially within the first pressure chamber 9C
and the second pressure chamber 94 respectively. Two annular
retaining seals 446 and 448 are disposed between the first annular
valving member 442 and the valve body 66 to prevent hydraulic leakage
therebetween. Similarly, two annular retaining seals 450 and 452 are
disposed between the second annular valving member 444 and the valve
body 66 also to prevent hydraulic leakage. The first annular valving
merber 442 has an unloader port 454 disposed between the first
pressure chamber 90 and the upper portion of the working chamber 42.
The unloader port 454 has an enlarged diameter portion 456 adjacent to
the upper portion of the working chamber 42 Which may be used to
receive a filter for filtering damping fluid. 1In addition, the
unloader port 454 alsc has restricted diameter portion 458 which is
adjacent to the first pressure chamber 90. Vhile the diameter of the

enlarged diameter portion 456 may be .050 in and the restricted
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diameter portion 458 may be .013 in, it is to be understood that other
suitable diameters may rbe used. The unloader port.454 functions in
the manner similar to the flow passage 162 as described in connection
with the first preferred embodiment of the present invention.

In ade.tJ.on, the third preferred embodiment of the present
invention has a f£low passage 460 which radially extends fram the flow
passage 105 to the flow passage 160. The flow passage 460 functions
in the manner similar to the flow passage 106 as shown in conjunction
with the first preferred embodiment of the present invention.

In operation, the,dampmg fluid flows into the flow passage
160 through the flow passage 460 depending on whether the solenoid 124
is open. The damping fluid in the flow passage 160 is then delivered
to the first pressure chamber 90 which is thereby able to bias the
valve disk 72 to requlate the flow of damping f£luid through the
vertical flow passage 68. Because the restricted diameter portion 458
of the unloader port 454 is relatively small, the pressure ir the
first pressure chamber 90 remains relatively constant during
compression. During rebound, damping fluid from the upper portion of
the working chamber 42 enters the first pressure chamber 90 through
the unloader port 454. The damping fluid en itering the unloader port
452 is then able to flow from the Ffirst pressure chamber 90 to the
second pressure chamber 94 through the Slow passage 160. Depending on
whether the solencid 124 is open, cdamping fluid is able to flow from
the second pressure chamber 94 to the lower portion of the working
chamber 42 through the flow passages 460, 10 155, and 156, as well
as the central bore 154 so that tbe pressure in the second pressure
chamber 94 may be requlated.

- While it will be apparent that the prreferred embodiments
illustrated herein is well calculated +o £ill the objects stated
above, it will be appreciated that the present invention is
susceptz_ble to modification, variation and change within departing
from the scope of the invention. For example, a single computer may
be used to control the damping characteristics of several shock

absorbers simultanecusly. Other programs may also be used to control

~ the damping characteristics of the automobile 20, and the programs

disclosed may be used individuallv or collectively. In addition, the
pressure sensor and the accelerometer may both be located within the

solencid housing. Further, the solenoid may be replaced with other
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means for opening and closing the control flow to the valves such as a

piezoelectric closing element.
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¥hat is Claimed is:

1. A direct acting hydraulic shock absorber for damping the

‘movement of the body of an automobile comprising:

a pressure cylinder forming a working chamber havmcr first
and second portions operable to store damping fluid;

first sensor means for determining the difference in
pressure between the damping fluid in said first and second porticons
of said WOrkl.TlO' chamber, said first sensor means operable to generate
a first electrical signal in response to the difference in pressure
between the damping fluid stored in said first and second portions;

second sensor means for determining movement of the bodyv of
said automobile, said second sensor means operable to genera*e a
second electrical signal in response to the movement of the body of
said autcmobile;

means for generating an electrical control signal in
responce to said first and second electrical signals; and

electrical controllable flow means for regulating the flow
of demping fluid between scaid first and second porticons cf said
working chamber in response to said electrical control signal.

2. The shock abscrber as set forth in Claim 1, wherein said
first SensCr means COomprises a pressure sensor having a first surface
ccmnunlcatmc with the damping fluid stored in said Ffirst portion of
said working chamber, said pressure sensor Ffurther having a second
surface camwunicating with the damping fluid stored in said second
portion of said working chamber. )

3. The shock absorber as cet forth in ClalI“ 1, wherein said
second sensor means comprises an accelerometer

4. The shock absorber set forth in Claim 1, wherein said
electrical controllable flow means comprises a solenoid, said solenoid
cperable to requlate the flow of damping fluid between said first and
second portions of said working chamber.

5. A shock absorber of Claim 4, wherein said means for
generating said electrical control signal comprises a signal
conditioning circuit operable to émplify said first and second

electrical signals. , -

w
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6. The shock absorber of Claim 5, wherein said means for
generating an electrical control signal further comprises a computer
electrically commnicating with said signal conditioning circuit, said
computer operable to generate an output in response to the output of
said signal conditioning circuit.

7. The shock absorber of Claim 6, wherein said means for
generating an electrical control signal further camprises a solenoid
driving circuit operable to convert the output of said computer into
said electrical control signal which may be used to energize said
solenoid.

8. The shock absorber of Claim 7, wherein said solenoid
driving circuit is operable to convert the output of said signal
conditioning circuit into said electrical control signal which may be
used to energize said solenoid.

9. A direct acting hydraulic shock absorber for damping the
movement of the body of an automobile comprising:

a pressure cylinder forming a working chamber having first
and second portions operable to store damping fluid;

first sensor means for determining the difference in
pressure between the damping fluid in said first and second portions
of said working chamber, said first sensor means operable to generate
a first electrical signal in response to the difference in pressure
between the damping £luid stored in saia first and second portions;

second sensor means for determining movement of the body of
said automobile, said second sensor means operable to generate a
second electrical signal in response to the movement of +he body of
said automobile;

means for generating first and second electrical control
signals in response to said first and second electrical signals;

first electrical controllable flow means for regulating the
flow of damping fluid into said first portion of said working chamber
in response to said first electrical control signal; and

second electrical controllable flow means for regulating the
£low of damping fluid into said second portion of said working chamber
in response to said second electrical control signal.

10. The shock absorber as set forth in Claim 9, wherein
said first sensor means comprises a pressure sensor having a first

surface communicating with the damping fluid stored in said first
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portion of said working chamber, said pressure sensor further having a
5 second surface comunicating with the damping fluid stored in said
second portion of said working chamber.

11. The shock absorber as set forth in Claim 9, where_n
said second sensor means comprises an accelerameter.

12. The shock absorber set forth in Claim 9, wherein said
first electrical controllable flow means comprises a first solenoid,
said first solenoid operable to requlate the flow of damD_ng fluid

into said first portion of said working chamber.

13. The shock absorber set forth in Claim 12, wherein said
second electrical controllable flow means comprises a second solencid,
said second solenoid operable to regulate the flow of damping fluid
into said second portion of said working chamber.

14. The shock absorber as set forth in Claim 13, wherein
said means for generating first and second electrical control signals
‘comprises a signal conditioning circuit operable to amplify the
outputs from said first and second sensor means.

15. The shock absorber as set forth in Claim 14, wherein
said means for generating first and second electrical control Signals
further comprises a computer electrically communicating with said
signal conditioning circuit, said camputer operable to generate an

5 output in response to the output from said signal conditioning
circuit.

16. The shock absorber as set forth in Claim 15, wherein
said means for generating first and second electrical control signals
further comprises a solenoid driving circuit operable to convert +he
output from said computer into voltage levels which mav be used to

5 energize said first and second solenoids.

17. The shock absorber of Claim 16, wherein said solenoid
driving circuit being further operable to convert the output from said
signal conditioning circuit into an output which may be used +to
energize said first and second solenoids

18. A method for regulating the flow of damping fluid
between first and second portions of the working chamber of a direct
acting hvdraullc shock absorber disposed between the sprung and
unsprung portlons of a vehicle, said method comprising the steps of:

5 sensing the pressure differential between said first and
second portlons of said working chamber;
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sensing the vertical velocity of the sprung portion of said
vehicle;

requlating the flow damping fluid between said first and
second portions of said working chamber in response to the pressure
differential between said first and second portions of said working
chamber and the vertical velocity of said sprung portion of said
vehicle.

19. The method of Claim 18, wherein said step of sensing
the pressure differential between said first and second portions
comprises the step of recording the output of a pressure sensor in
fluid commnication with said first and second portions of said
working chamber.

20. The method of Claim 19, wherein said step of sensing
the vertical velocity of the sprung portion of said vehicle comprises
the step of recording the output from an accelercmeter.

21. The method of Claim 20, wherein said step of regulating
the flow of damping fluid between said first and second portions of
said working chamber comprises the step of delivering damping fluid
from said first and second portions to an electrical controllable flow
means for regulating the flow of damping fluid between said first and
second portions of said working chamber.

22, The method of Claim 21, wherein said electrical
controllable flow means comprises a solenocid, said solenoid operable
to requlate the flow of damping fluid between said first and second
portions of said working chamber.

23. The method of Claim 22, wherein said step of regulating
the flow of damping fluid between said first and second portions of
said working chamber comprises the step of delivering the outputs from
said pressure sensor and said accelercmeter to a signal conditioning
circuit operable to amplify the outputs from said pressure sensor and
said accelerometer.

24. The method of Claim 23, wherein said step of regulating
the flow of damping fluid between said first and second portions of
said working chamber further comprises the step of delivering the
output of said signal conditioning circuit to a computer electrically
communicating with said signal conditioning circuit, said computer
operable to generate an output in response to the output of said

signal conditioning circuit.
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25. The method of Claim 24, wherein said step of regulating
the flow of damping fluid between said first and second portions of
said working chamber further comprises the step of delivering the
output fram said computer to a solenoid driving circuit operable to
convert the output of said computer into voltage levels which may be
used to energize said solenoid.

26. The method of Claim 25, wherein said step of requlating
the flow of damping fluid between said First and second portions of
said working chamber further comprises.the step of delivering the
output from said signal conditioning circuit to said solenoid driving
circuit operable to convert the output from said signal conditioning
circuit into voltage 1levels which may be used to energize said
solenoid.

27. A method for regulating the flow of damping fluid
between first and second portions of the working chamber of a direct
acting hydraulic shock absorber disposed between the sprung and
unsprung portions of the vehicle, said method comprising the steps of:

sensing the pressure differential between said first and
second portions of said working chamber;

sensing the vertical velocity of the sprung portion of said
vehicle; ,
| regulating the flow of damping fluid into said first portion
éf said working chamber by a first electrical controllable flow means
for regulating ‘the flow of damping fluid into said first portion of
said working chamber, said first electrical controllable flow means
responsive to the pressure differential between said first and second
portidns of said working chamber and the vertical velocity of said
vehicle; and ,

regulating the flow of damping fluid intc said second
portion of said working chamber by a second electrical controllable
flow means for regulating the flow of damping fluid into said second
portion of said working cha:hber, said second electrical controllable
flow means responsive to the pressure differential between said first
and second portions of said working chamber and the vertical velocity
of said automcbile. ,

28. The method bf Claim 27, wherein said step of sensing
the pressure differential between séid first and second portions

camprises the step of recording the output from a pressure sensor in
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fluid comunicating with said first and second portions of said

5 working chamber, said pressure sensor operable to sense the pressure
differential between the damping fluid in said first and second
portions of said working chamber.

29. The method of Claim 28, wherein said step of sensing
the vertical velocity of the sprung portion of said vehicle comprises
the step of recording the output of an accelerometer. .

30. The method of Claim 29, wherein said first electrical
controllable flow means comprises a first solenoid, said first
solenoid operable to regulate the flow of damping fluid into said
first portion of said working chamber.

31. The method of Claim 30, wherein said second electrical
controllable flow means comprises a second solenoid, said second
solenoid operable to regulate the flow of damping fluid into said
second portion of said working chamber.

32. The method of Claim 31, wherein said step of requlating
the flow of damping fluid inte said first portion of said working
chamber comprises the step of delivering the output from said pressure
sensor and said accelercmeter to a signal conditioning circuit

5 operable to amplify the outputs from said pressure sensor and said
accelercmeter.

33. The method of Claim 32, wherein said step of regulating
the flow of damping fluid into said first portion of said working
chamber further comprises the step of delivering the outpﬁt from said
signal conditioning circuit to a computer electrically communicating

5 with said signal conditioning circuit, said computer operable to
generate an output in response to the output of said signal
conditioning circuit.

34. The method of Claim 33, wherein said step of regulating
the flow of damping fluid into said first portion of said working
Chamber further ccmprises the step of delivering the output of said
computer to a solenoid driving circuit operable to convert the output

5 of said computer into voltage levels which may be used to energize
said first solenoid.

35. The method of Claim 34, wherein said solenoid driving
circuit being further operable to convert the output of said signal
conditioning circuit into an cutput which may be used to energize said

first solenoid.
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36. The method of Claim 35, wherein said solenoid driving
being further operable to convert the output of said computer into
voltage levels which may be used to energize said second solenoid.

37. The method of Claim 36, wherein said solenoid driving

circuit being further operable to convert the output of said signal

conditioning circuit into an output which may be used to energize said
second solenoid. ' ]

.38. 2 shock absorber for damping the movement of the body
of an automobile relative to a wheel of said automobile, said shock
absorber having a pressure cylinder with a reciprocating piston
disposed therein operable to divide the working chamber Zormed by said
pressure cyllnder into first and second portions, said shock absorber
comprlsmg 7

first valve means for controlling the flow of damping fluid

" between said first and second portions of said working chamber during

compressron,

second valve means for controlling the flow of damplng fluid
between said first and second portions of said working chamber during
rebound;

electrical controllable flow means operable to control the
actuation of said first and second valve means;

a first flow path between said first and second portions of
said working chamber through said electrica’= controllable flow means;

a second flow path between said second portion of said
wor}q.ng chamber and said first valve means through said electrically
controllable flow means; and

means for controllably actuating said electrical
controllable flow means in response to the pressure differential
between said first and second portions of said working chamber.

39. The shock absorber of Claim 38, further comprising an
axiaily extending piston rod and an end fitting, said end fitting
operably securing said piston rod +o said body of said autcmobile '
said piston being secured to said piston rod by a piston post fixedly
secured to said piston rod.

' 40. The shock absorber o Claim 39, wherein said piston rod
has an externally threaded end portion adopted to threadablv engage an
internally threaded central bore portion of said piston post.

~
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41. The shock absorber of Claim 39, wherein said piston has
a central bore operable to receive said piston post.

42. The shock absorber of Claim 39, wherein said piston
post camprises a radially extending step portion, said shock absorber
further comprising a first spring disposed between said step portion
of said piston post and said first valve means, said first spring

5 operable to bias said first valve means against said piston.

43. The shock absorber of Claim 42, wherein said shock
absorber further comprises a piston retaining nut operable to secure
said piston to said piston post, said piston retaining nut having an
internally threaded central bore operable to threadably engage an

5 external threaded end portion of said piston post.

44. The shock absorber of Claim 43, further comprising a
second spring disposed between a radially extending flange on said
piston retaining nut and said second valve means, said second spring
means operable to bias said second valve means against said piston.

45. The shock absorber of Claim 44, wherein said piston
camprises a valve body having a first surface perpendicular to the
axis of reciprocation of said piston, said first surface having a
first recessed portion.

46. The shock absorber of Claim 45, wherein said valve bodv
further comprises a second surface perpendicular to the axis of
reciprocation of said piston, said first surface having a second
recess portion.

47. The shock absorber of Claim 46, wherein said Ffirst
recess portion and said first valve means are operable to form a first
pressure chamber, said first valve means operable to increase the flow
of damping fluid between said first and second portions of said

5 working chamber during compression of said shock absorber when said
pressure in said first pressure chamber exceeds the pressure in said
first portion of said working chamber.

' 48. The shock absorber of Claim 47, further comprising a
first sealing element disposed within said first pressure chamber,
said first sealing element being operable to prevent damping fluid in
said first pressure chamber to flow into said first portion of said

5  working chamber.
49. The shock absorber of Claim 48, further comprising a

first annular retaining ring disposed within said first pressure
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chamber, said first annular retaining ring being operable to prevent
displacement of said first sealing element with respect to said first
valve means.

' 50. The shock absorber of Claim 47, wherein said second
recess portion and said second valve means are operable to form a
second pressure chamber, said second valve means operable to increase
“the flow of damping fluid between said first and second portions of
said working chamber dur.ng rebound of said shock absorber when said
pressure in said first pressure chamber exceeds the pressure in the
second portion of said working chamber.

51. The shock absorber of Claim 50, further comprising a
second sealing element disposed within said second pressure chamber,
said second sealing element operable to prevent damping fluid in said
second pressure chamber to flow into said second portion of said
worklng chamber .

52. " The shock absorber of Claim 51, further comprising a
second annular retaining ring disposed within said second pressure
chamber, said second annular retaining ring operable to prevent
displacement of sald second sealing element with respect to said
second valve means. '

53.  The.shock absorber of Claim 47, wherein said electrical
controllable flow means comprises a solenoid.

54. The appaj:atus of Claim 53, wherein said solenoid
ccmprises a sealing plate having a central flow passage and a
plurallty of radially displaced flow passages, salid central flow
passage being in fluid communication with said second portion of said
working chamber and said radially displaced flow passages bemg in
fluid comunication with said second pressure chamber.

35. The shock absorber of Claim 54, wherein said solenoid

further comprises an armature operable to engage said sealing plate
when said solenoid is closed. , ,
' 56. The shock absorber of Claim 55, wherein said armature
is operable to prevent the flow of damping fluid between said central
flow passage and said radially displaced flow passages when said
solenoid is closed.

57. The shock absorber of Claim 56, wherein said solenoid
further comprises a spring operable to bias said armature in a
direction opposing said seaslng plate.

]
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58. The shock absorber of Claim 57, wherein said armature
has a central bore operable to permit damping fluid from said second
portion of said working chamber to flow therethrough.

59. The shock absorber of Claim 58, wherein said solenoid
further comprises a solenoid housing and a housing cap, said housing
cap having an axial flow passage in fluid camunication with said
central bore of said armature.

60. The shock absorber of Claim 59, wherein said piston
further comprises an annular member disposed within said piston post
between said piston rod and said solenoid housing.

61. The shock absorber of Claim 60, wherein said annular
member has an axial flow passage and a radially extending flow
passage, said radially extending flow passage permitting fluid
communication between the first portion of said working chamber and

5 said avial flow passage through a flow passage in said piston post.,

62. The shock absorber of Claim 61, wherein said shock
absorber further comprises a pressure sensor, said pressure sensor
having a first surface communicating with said axial flow passage of
said annular member, said pressure sensor having a second surface in

5  fluid communication with the axial flow passage in said housing cap;

63. The shock absorber of Claim 62, further comprising an
accelercmeter mounted on said piston post.

64. The shock absorber of Claim 63, wherein said valve body
camprises a first plurality of vertical flow passages operatively
associated with said first and second valve means to permit damping

7 fluid to flow from said first portion of said working chamber to said
5 second portion of said working chamber when the pressure of the
damping fluid in said first portion of said working chamber is greater

than the pressure of the damping fluid in said second portion.

65. The shock absorber of Claim 64, wherein said valve body
comprises a second plurality of vertical flow passages, said second
plurality of vertical flow passages operatively associated with said
first and second valve means to permit damping fluid to flow from said

5 second portion of said working chamber to said first portion when the
pressure of the damping fluid in said second portion is greater than
the pressure of the damping fluid in said first portion.

66. The shock absorber of Claim 65, wherein said first flow

path comprises a flow passage between one of said second plurality of
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vertical flow passages in said valve body and said second pressure
chamber, éaid' first flow path further comprising a flow passage in
said valve body mating with a flow passage in said piston post
operable to allow damping fluid in said second pressure chamber to
flow into said ra&ially displaced flow passages in said sealing plate.

67. The shock absorber of Claim 66, wherein said first flow
path further comprises said radially displaced flow passages in said
sealing plate.

68. The shock absorber of Claim 67, wherein said second
tlow path comprises a flow passage between said first pressure chamber
and said second préssure Chamber, said second flow path further
camprising said flow passage in said valve body mating with a flow
passage in said piston post. , -

69. The shock absorber of Claim 68, wherein said second
flow path further camprises said radially displaced flow passages in
said sealing plate.

' 70.  The direct acting shock absorber for damping the
movement of the body of an automobile comprising:

a pressure cylinder forming a working chamber with first and
second portions operable to store damping fluid;

a piston disposed within said pressure cvlinder between said

first and second portions of said working chamber, said piston. in

- fluid communicating with said second portion of said working chamber;

means for supporting said piston within said pressure
cylinder, 'said means for supporting said piston in fluid communication
camunicating with said first portion of said working chamber;

first sensor means for determining the difference in the
pressure between the damping fluid in said first and second portions
of said working chamber, said first sensor means operable to generate
first electrical signal in response to the difference in pressure
between the damping fluid stored in said first and second portions;

second sensor means for determining the movement of the body
of said autcmoblle, said second sensor means operable to generate a -
second electrical s:Lgnal in reCponse to the movement of the bodv of
sa_d automobile;

" means for generating electrical control signal in response

to said first and second electrical signals; and
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electrical controllable flow means for regulating the flow
of damping fluid between said first and second portions of said -
working chamber through said piston in response to said electrical
control signal.

71. The shock absorber of Claim 70, wherein said means for
supporting said piston comprises a piston post with a central bore,
said piston post having a flow passage between said first portion of
said working chamber and said central bore.

72. The shock absorber of Claim 71, wherein said apparatus
further comprises an annular member disposed within said piston post,
sald annular member having a flow passage in fluid communication with
first flow passage in said piston post and said first sensor means.

73. The shock absorber of Claim 72, wherein said first
sensor means being in mechanical communication with said annular
member .

74. The shock absorber of Claim 73, wherein said electrical
controllable flow means includes a flow passage in fluid communication
with the second portion of said working chamber, said first sensor
means in fluid communication with said flow passage in said electrical
controllable flow means.

75. A shock absorber for damping the movement of the body
of an automecbile, said shock absorkber comprising:

a pressure cylinder forming a working chamber having first
and second portions operable to store damping fluid;

first sensor means for determining the difference in
pressure between the damping fluid in said first and second portions
of said working chamber, said first sensor means operable to generate
a first electrical signal in response to the difference in pressure
between the damping fluid stored in said first and second portions;

second sensor means for determining movement of the body of
said automobile, said second sensor means operable to generate a
second electrical signal in response to the movement of the body of
said automobile;

means for. generating an electrical control signal in
response to said first and second electrical signals;

first electrical controllable flow means for requlating the
flow of damping fluid between said first and second portions of said
working chamber in response to said electrical control signal, said
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first electrical controllable flow means disposed within said pressure

-eylinder and being operable to requlate the flow of damping fluid

during compression of said shock absorber; and

second. electrical controllable flow means for electrically
regulating the flow of damping fluid between said first and second
portions of said working chamber in response to said electrical
control signal, said second electrical controllable flow means
disposed within said pressure cylinder and being operable to regulate
the flow of damping fluid during the rebound of said shock absorber.
7 76. The shock absorber of Claim 75, wherein said first
electrlcal controllable flow means comprises a first solenoid, said

first solenoid operable to regulate the flow of damping fluid into

‘said first portion of said working chamber.

77. The shock absorber of Claim 76, wherein said second
electrical controllable flow means further comprises a second
solenoid, said second solenoid operable to regulate the flow of
damping fluid into said second portion of said working chamber.

78. The shoek absorber of Claim 77, wherein said means for
generating an electrical control signal comprises signal conditioning
circuit operable to amplify the outputs from said first and second
sensor means.

79. The shock absorber of Claim 7€, wherein said means for
generating an electrical control signal comprises a computer, said
camputer operable to generate an output in response to the output of
said signal conditioning circuit. ,

80. The shock absorber of Claim 79, wherein said means for
generatiﬁg an electrical control signal further comprises a solenoid
driving circuit operable to convert the output of said computer into
voltage levels which may be used to energize said first solenoid.

8l. The shock absorber of Claim 80, wherein said solenocid
drlvmg circuit is further operable to convert the output of said
signal conditioning circuit into an output which may be used to
energlze said first solen01d

82. The shock absorber of Claim 81, wherein said solenoid
driving circuit is further operable to convert the output of said
computer into voltage levels which may be used to energize said second
solenoid.
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83. The shock absorber of Claim 82, wherein said solenoid
driving circuit is further operable to convert the output of said
signal conditioning circuit into an output which may be used to
energize said second solenoid.

84. The shock absorber of Claim 75, wherein said shock
absorber further comprises a valve body and a first and a second valve
disk biased against opposing surfaces of said valve body, said valve
body having a first plurality of vertical flow passages operatively

5 associated with said first and second valve disks tc permit damping
fluid to flow from said first portion of said working chamber to said
second portion of said working chamber when the pressure of the
damping fluid in said first portion of said working chamber is greater
than the pressure of the damping fluid in said second portion.

85. The shock absorber of Claim 84, wherein said valve body
further comprises a second plurality of vertical flow passages, said
second plurality of vertical flow passages operatively associated with
said first and second valve disks to permit damping fluid to flow fram

5 said second portion of said working chamber to said first portion of
said working chamber when the pressure of the damping fluid in said
second portibn is greater than the pressure of the damping fluid in.
said first portion.

86. The shock absorber of Claim 85, wherein said valve body
further comprises a first recessed portion cooperating with said first
valve disk to create a first pressure chamber, said first solenoid
operable to selectively increase the pressure inside said first

5 pressure chamber so as to create a pressure differential on opposing
sides of said first valve disk.

87. The shock absorber of Claim 86, wherein said valve body
further comprises a second recessed portion cooperating with said

- second valve disk to create a second pressure chamber, said second
solenoid operable to selectively increase the pressure inside said

5 second pressure chamber so as to create a pressure differential on
opposing sides of said second valve disk.

88. The shock absorber of Claim 87, wherein said first
solenoid permits selective fluid communication between said first
pressure chamber and said first portion of said working chamber when

said solenoid is open.
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89. The shock absorber of Claim 88, wherein said second
solenoid permits selective fluid communication between said second
pressure chamber and said second portion of said working chamber.

. 90. The shock absorber of Claim 89, wherein said Ffirst
plurality of vertical flow passages is in fluid communication with
said first pressure chamber.

91. The shock absorber of Claim 90, wherein said second
plurality of vertical flqw passages is in fluid comunication with
said second pressure chamber.

92. A method for regulating the flow of damping fluid
through a piston disposed between the first and second portions of the
working chamber of the direct acting shock absorber, said shock
absorber operable to damp movement of the bodv of an automobile, said
method comprising the steps of: _

recording the output of a first sensor means for determining
the difference in pressure between the damping fluid in said first and
second portions of said working chamber, said first sensor means
operable to generate a first electrical signal in response to the
difference in pressure between the damping fluid stored in said first
and second portions of said working chamber;

recording  the output of a second sensor means for
determining the movement of a bedy of said automobile, said second
sensor means operable to generate a second electrical signal in
response to the movement of the body of said automobile;

generating an electrical control signal in response to said
first and second electrical signals; and

' regulating the flow of damping fluid through said piston by
an electrical controllable flow means for regulating the flow of
damping fluid through said piston.

93. The method of Claim 92, wherein said first sensor means
comprises a pressure sensor having a first surface communicating with
a damping fluid stored in said first portion of said working chamber,

-said pressure sensor further having a second surface cammnicating

with the damping fluid stored in said second portion of said working
chamber. -

94. The method of Claim 92, wherein said second sensor
means comprises an accelercmeter.
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95. The method of Claim 92, wherein said electrical
controllable flow means comprises a solenoid, said solenoid operable
to regulate the flow of damping fluid between said first and second
portions of said working chamber.

96. The method of Claim 92, wherein said piston comprises a
valve body and a first and a second valve disk biased against opposing
surfaces of said valve body, said valve body having a first plurality
of vertical flow passages operatively associated with said first and

3 second valve disks to permit damping fluid to flow from said first
portion of said working chamber to said second portion of said working
chamber when the pressure of the damping fluid in said first portion
of said working chamber is greater than the pressure of the damping
fluid in said second portion.

97. The method of Claim 96, wherein said valve bodv
comprises a second plurality of vertical flow passages, said second
plurality of vertical flow passages operatively associated with said
first and second valve disks to permit damping fluid to flow from said

5 second portion of said working chamber to said first portion of said
working chamber when the pressure of the damping fluid in said second
portion is greater than the pressure of the damping fluid in said
first portion. ' :

98. The method of Claim 97, wherein said electrical
controllable flow comprises a solenoid, said solenoid is operable to .
selectively create a pressure differential on opposing sides of said
first valve disk thereby counter-biasing said first valve disk.

99. The method of Claim 98, wherein said solenoid is
further operable to selectively create a pressure differential on
opposing sides of said second valve disk thereby counter-biasing said
second valve disk.

100. The method of Claim 99, wherein said valve body further
comprises a first recessed portion cooperating with said first valve
disk to create a first pressure >chamber, said solenoid operable to
selectively increase the pressure inside said first pressure chamber

5 so as to create a pressure differential on opposing sides of said
first valve disk.

101. The method of Claim 100, wherein said valve body
further comprises a second recessed portion cooperating with said

second valve disk to create a second pressure chamber, said solenoid
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operable to sélectively increase the pressure inside said second
pressure chamber so as to create a pressure differential on opposing
sides of said second valve disk.

102. The methed of Claim 101, wherein said shock absorber
further comprises a piston post operable to support said valve body.

7 103. The method of Claim 102, wherein said solenoid further
comprises a sealing plate, said sealing plate having a central flow
passage and a plwrality of radially displaced flow passages, said
central flow passage being in fluid communication with said second
portlon of said working chamber, said radially displaced flow passages
belng in fluid communication with said second pressure chamber through
a flow passage in said valve body and a flow passage in said piston
post.

104. The method of Claim 103, wherein said Ffirst pressure

chamber is in £luid commmication with said second pressure chamber.

105. The methed of Claim 104, wherein said second pressure
chamber is in fluid camunication with at least one of said second
plurality of vertical flow paséages.

' - 106. The method of Claim 105, wherein said solenoid further
comprises an armature operable to engage said sealing plate when said
solenoid is closed.

107. The method of Claim 106, wherein said armature is
operable to prevent the flow of damping fluid between said central
flow passage and said radially displaced flow passages when said
solenoid is closed. ,

108. The method of Claim 107, wherein said solenoid further
comprises a spring is operable to bias said armature in a direction
away from said sealing plate. ,

109. The method of Claim 108, wherein said armature has a
central bore operable to permit damping fluid from said second portion
of said working chamber to flow therethrough.

) 110. The method of Claim 109, vherein said solenoid further
comprises a solenoid housing and a housing cap, said housing cap
having an axial flow passage in fluid communication with said central
bore of said Vannature.

111. The method of Claim 110, wherein said piston further
comprises an annular member disposed within said piston post between
said piston rod and said solenoid housing.
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112. The method of Claim 111, wherein said annular member
has an axial flow passage and a radially extending flow passage, said
radially extending flow passage permitting fluid communication between
the first portion of said working chamber and said axial flow passage
through a flow passage in said piston pest.

113. The method of Claim 112, wherein said shock absorber
further comprises a pressure sensor, said pressure sensor having a
first surface commnicating with said axial flow passage of said
annular member, said pressure sensor having a second surface in fluid
communication with said axial flow passage in said housing cap.

114. The method of Claim 113, further comprising an
accelercmeter disposed on said annular member.

115. A methcd for regulating the flow of damping fluid
between the first and second portions of a direct acting shock
absorber, said shock absorber able to damp movement between the body
and a wheel of an automobile, said method comprising the steps of:

determining whether the frequency of the vertical movement
of the body of said automcbile is substantially equal to a first
predetermined value;

determining whether the frequency of the vertical movement
of the wheel of said autcmobile is substantially equal to a second
predetermined value; and

requlating the flow of damping fluid through a piston
disposed between said first and second portions of said working
chamber in response to whether the frequency of the body of said
automobile is substantially equal to a first predetermined value and
whether the frequency of vertical movement of the wheel of said
automobile is substantially equal to a second predetermined value.

116. The method of Claim 115, wherein said- step of
determining whether the frequency of the vertical movement of the body
of said automobile is substantially equal to said first predetermined
value comprises the step of integrating the output of an accelercmei:er
which moves in unison with the body of said automobile.

) 117.  The method of Claim 115, wherein said step of
determining whether the frequency of the vertical movement of the
wheel of said automobile is substantially equal to said second

predetermined value comprises the step of sensing the difference in
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pressure between said first and second portions of said working
Chamber to determine the velocity of said piston.

118. The method of Claim 115, vherein said step of

- determining whether the frequency of the vertical movement of the

wheel of said automobile is substantially equal to said second
predetermined value comprises the step of recording the pressure
differential between said first and second portions of said working
chamber and calculating the value of A2 according to the following
equation:

where:

Pt is the differential pressure between the upper
portion and the lower portion of said working chamber
at time t; and

T is the period of the natural frequency of the wheel

) of said automobile.

118. A method for regulating the flow of damping £luid
between the first and second portions of a working chamber of a direct
acting shock absorber during compression and rebound, said shock
absorber operable to damp the movement of the body of an automobile,
said method comprising the steps of:

recording the output of a pressure sensor disposed between
the first and second portions of said working chamber to determine
whether said shock absorber is in compression or rebound;

sensing the vertical velocity of the body of said
automobile; '

determining whether the vertical velocity of the body of
said automobile exceeds a predetermined Value; and

regulating the flow of damping fluid through a piston
disposed between said first and second portions of said working
chamber in response to whether the vertical velocity of the body of

n

§
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said automobile exceeds said predetermined value and whether said
shock absorber is in compression or rebound.

120. The method of Claim 119, wherein the step of
determining whether the wvertical velocity of the body of said
automobile exceeds said predetermined value comprises thé step of
integrating the output of an accelerometer, said accelerometer
operable to sense the vertical acceleration of the body of said
automobile.

121, The method of Claim 119, wherein said step of
regulating the flow of damping fluid comprises the step of increasing
the flow of damping fluid between said first and second portions of
said working chamber during both compression and rebound when the
magnitude of the vertical velocity of the body of said automobile is
below said predetermined value.

122. The method of Claim 121, wherein said step of
regulating the flow of damping fluid comprises the step of increasing
the flow of damping fluid between said first and second portions of
said working chamber during rebound and decreasing the flow during
compression when the vertical velocity of the body of said automobile
is downward and the magnitude of said vertical velocity exceeds said
predetermined value. |

123.  The methcd of Claim 122, wherein said step of
requlating the flow of damping fluid comprises the step of decreasing
the flow of damping fluid between said first and second portions
during rebound and increasing the flow during compression when the
vertical velocity of the body of said automobile is upward and the
magnitude of said vertical velocity exceeds said predetermined value.

124. A method for regulating the flow of damping’ fluid
between first and second portions of the working chamber of a direct
acting shock absorber having a piston disposed therein, said shock
absorber operable to damp the movement of the body of an autcmobile,
said method comprises steps of:

recording the output of a pressure sensor disposed between
said first and second portions of said working chamber;

determining whether said shock absorber is in compression or
rebound;

determining the vertical velocity of said piston disposed

within said shock absorber; and
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determining whether the vertical velocity of said piston

- exceeds a predetermined value; and

regulating the flow of damping fluid between said first and
second portions iof said working chamber in response to the vertical
velocity of said piston and whether said shock absorber is in
compression or rebound.

125. The method of Claim 123, wherein said step of
reqgulating the flow of damping fluid between said first and second
portions of said working chamber comprises the step of decreasing the
flow of damping fluid between said first and second portions during
compression when the magnitude of the vertical velocity of said plston
exceeds said predetermined value.

126. The method of Claim 125, wherein said step of
requlating the flow of damping fluid between said first and second
portions comprises the rstep of decreasing the flow of damping fluid
betweer. said first and second portiohs when the magnitude of the
vertical velocity of said piston exceeds said predetermined value.

127. A method for regulating the flow of damping fluid
between first and second portions of a working chamber of a shock
absorber, said shock absorber operable to damp movement of +the body
and a wheel of an automobile, said method comprising the steps of:

recording the output of a pressure sensor disposed between

- said first and second portions of said working chamber during a

predetermined length of time;
2
calculating the value of A" according to the following

equation:
T T
2
A2 = [(22]?t X sin glt)“ + (ZPt X COSs gﬂ)"]
t= T t= T
where:

Pt is the differential pressure between the first and
second portions of said working chamber at time t;

T is the period of the natural frequency of the wheel
of said automcbile; and
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decreasing the flow of damping fluid between said first and
second portions of said working chamber during compression of said
shock absorber when the value of A2 exceeds a predetermined value.

128. The method of Claim 127, further comprising the
additional step of decreasing the flow of damping fluid between said
first and second portions of said working chamber during rebound of
said shock absorber when the value of A2 exceeds said predetermined
value.

129. A method for regulating the flow of damping fluid
through a piston disposed between first and second portions of the
working chamber of a direct acting hydraulic shock absorber, said
shock absorber being disposed between the sprung and unsprung portions
of an automobile, said method comprising the steps of:

sensing the pressure differential between said first and
second portions of said working chamber;

sensing the vertical velocity of the sprung portion of said
vehicle; ]

regulating the flow of damping fluid into said first portion
of said working chamber by a first electrical controllable flow means
for requlating the flow of damping fluid into said first portion of
said working chamber, said first electrical controllable flow means
responsive to the pressure differential between said first and second
portions of said working chamber and the vertical velocity of the body
of said autamobile; and

reqgulating the flow of damping fluid into said second
portion of said working chamber by a second electrical controllable
flow means operable to regulate the flow of damping fluid into said
second portion of said working chamber, said second electrical
controllable flow means responsive to the pressure differential
between said first and seccnd portions of said working chamber and the
vertical velocity of the body of said automcbile.

130. The method of Claim 129, wherein said étep of sensing '
the pressure differential between said first and second portions of
said working chamber comprises the step of recording the output from a
pressure sensor disposed between said first and second portions of
said working chamber, said pressure sensor operable to sense the
pressure differential between the damping fluid in said first and

second portions of said working chamber.
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131. The method of Claim 129, wherein said step of sensing
the vertical velocity of the sprung portion of said vehicle comprises
the step of recording the output of an accelerometer disposed within
said shock absorber. ,

132.  The method of Claim 129, wherein said first electrical
controllable flow means comprises a first solenoid, said £first
solenoid operable to regulate the flow of damping fluid into said
first portion of said working chamber.

~ 133.  The method of Claim 132, wherein said second
electrical controllable flow. means further comprises a second
solenoid, said second solenoid operable to regulate the flow of
damping fluid into said second portion of said working chamber.

134. The method of Claim 133, wherein said step of
regulating the flow of damping fluid into said first portion of said
working chamber comprises the step of delivering the output from said
pressure sensor and said accelerometer to a signal conditioning
circuit operable to amplify the outputs from said pressure sensor and
said accelercmeter. '

135. The method of Claim 134, wherein said step of
regulating the flow of damping fluid into said first portion of said
working_r chamber further comprises the step of delivering the output
from said signal conditioning circuit to a computer electrically
comunicating with said signal conditioning circuit, said computer
operable o génerate an output in response to the output of said
signal conditioning circuit. 7

136. The method of Claim 135, wherein said step of
regulating the flow of damping fluid into said first portion of said
working chamber further comprises the step of delivering the output o=
said computer to a solenoid driving circuit operable to convert the
output of said computer into voltage levels whici'l may be used to
energize said first solenoid.

137. The method of Claim 136, wherein said solenoid driving
. circuit is further operable to convert the output of said signal
conditioning circuit into an output which may be used to energize said
first solenoid.

' 138. The method of Claim 137, wherein said solenoid driving
is further operable to convert the output of said computer into

voltage levels which may be used to energize said second solenoid.

PCT/US87/00618

oy
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139. The method of Claim 138, wherein said solenoid driving
circuit is further operable to convert the output of said signal
conditioning circuit into an output which may be used to energize said
second solenoid.

140. The method of Claim 139, wherein said piston comprises
a valve body and a first and a second valve disk biased against
opposing surfaces of said valve body, said valve body having a first
plurality of vertical flow passages operativelv associated with said

5 first and second valve disks to permit damping fluid to flow from said
first portion of said working chamber to said second portion of said
working chamber when the pressure of the damping fluid in said first
portion of said working chamber is greater than the pressure of the
damping fluid in said second portion.

141. The method of Claim 140, wherein said valve body
comprises a second plurality of vertical flow passages, said second
plurality of vertical flow passages operatively associated with said
first and second valve disks to permit damping fluid to flow from said

5 second portion of said working chamber to said first portion of said
working chamber when the pressure of the damping fluid in said second
portion is greater than the pressure of the damping fluid in said
first portion.

142,  The method of Claim 141, wherein said valve bodv
further comprises a first recessed portion cooperating with said first
valve disk to create a first pressure chamber, said first solenoid
operable to selectively increase the pressure inside said first

5  pressure chamber so as to create a p-ressure differential on opposing
sides of said first valve disk.

143. The method of Claim 142, wherein said wvalve body
further comprises a second recessed portion cooperating with said
second valve disk to create a second pressure chamber, said second
solenoid operable to selectively increase the pressure inside said

5 second pressure chamber so as to create a pressure differential on
opposing sides of said second valve disk.

144, The method of Claim 143, wherein said first solenoid
permits selective fluid communication between said Ffirst pressure
chamber and said first portion of said working chamber when said

solenoid is open.
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145. The method of Claim 144, wherein said second solenoid
permits selective fluid cormmnicatidn- between said second pressure
chamber and said second portion of said working chamber.

146. The method of Claim 145, wherein said first plurality
of vertical flow passages is in fluid communication with said first
préssure chamber.

' 147. The method of Claim 146, wherein said second plurality
of vertical flow passages is in fluid comunication with said second
pressure chamber.

L
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