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BI-STABLE SOLENOID SHOCK ABSORBER ASSEMBLY

CROSS REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of provisional application serial

number 61/263,513 filed on November 23, 2009.

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0002] A shock absorber assembly including a fluid for absorbing forces between

a first component and a second component
2. Description of the Prior Art

[0003] Motor vehicles generally include a suspension system having a shock
absorber, also known as a damper, for absorbing forces between the frame and the wheel
assembly of the vehicle. Most shock absorbers have a cylindrically shaped housing extending
along an axis and presenting an open interior. A piston is slidably disposed in the housing to
divide the open interior into a compression chamber on one side of the piston and a rebound
chamber on the other side of the piston. A rod engaging the piston extends through the piston
housing for attachment to either the frame or the wheel assembly of the vehicle, and the housing
is attached to the other of the frame or the wheel assembly. The piston presents a plurality of
apertures for conveying a fluid in the housing between the rebound and compression chambers in
response to movement of the wheel assembly relative to the frame. Because the fluid must pass
through the small apertures of the piston, a damping force is developed by the shock absorber to
resist movement of the wheel assembly relative to the frame of the vehicle.

[0004] Various methods have been developed for adjusting the damping force of
shock absorbers to affect the dynamic characteristics of the vehicle. One example of such an
adjustable shock absorber is shown in U.S. Patent No. 5,507,371, issued to Koukichi Takahashi
on April 16, 1996 (“Takahashi ‘371”). Takahashi ‘371 shows an adjustable shock absorber
including a valve on one side of the piston that deforms in a deflecting manner to impede the
flow of fluid through the apertures of the piston. A spring is disposed on the other side of the
damping valve to exert a biasing force on the damping valve. The spring is linked to an

actuating rod for adjusting the biasing force being exerted by the spring on the damping valve.
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An adjustment of the biasing force against the damping valve also changes the damping force of

the shock absorber. There remains a continuing need for improved adjustable shock absorbers.

SUMMARY OF THE INVENTION

[0005] The present invention is for a shock absorber assembly including a fluid
for absorbing forces between a first component and a second component. The shock absorber
assembly includes a valve engaging a piston for impeding the passage of fluid through an
aperture in the piston. A bi-stable solenoid is disposed in the housing and is interconnected with
the valve. The bi-stable solenoid features an armature that is moveable between a first stable
position for applying a first biasing force against the valve and a second stable position for
applying a second biasing force being less than the first biasing force against the resilient disc of
the valve (or vice and versa). Adjusting the biasing force on the valve also adjusts the damping
force of the shock absorber. Thus, the operator of the vehicle has the ability to choose between a
hard (high force) damping setting (with the solenoid’s armature in the first stable position) and a
soft (low force) damping setting (with the solenoid’s armature in the second stable position).
The damping setting can be switched between the high and low settings on the fly with the
simple flip of a switch.

[0006] The subject shock absorber assembly is also advantageous when compared
to the prior art. Generally, the device’s response is fast and it consumes very little energy.
Specifically, all that is required to adjust the shock absorber from the high force damping setting
to the low force damping setting is a short pulse of electrical current. Another short pulse of
(reversed) electrical current reverts the shock absorber back to the high force damping setting.
Advantageously, a constant supply of current is not required to maintain the bi-stable solenoid in
either of the stable positions.

[0007] Also advantageously, the bi-stable solenoid system is compact and fits
within the housing of the shock absorber. With minor adjustments to the geometry of the
housing, the shock absorber can be installed onto any pre-existing suspension system. The bi-
stable solenoid also latches very strongly into the first and second stable positions. Therefore,
the shock absorber assembly is resistant to undesirable and accidental damping settings changes.

[0008] Moreover, the valve and bi-stable solenoid can be used in combination

with other valving controls for adjusting the damping force of the shock absorber. Finally, no
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sophisticated controls are required to adjust the damping setting of the shock absorber. All that
is required to adjust the damping force of the shock absorber assembly is a short pulse of
electrical current generated in such a way to cancel the latching force of the bi-stable solenoid
assembly. Thus, the shock absorber can be manufactured cheaply without the need for an

expensive and complicated controller.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Other advantages of the present invention will be readily appreciated, as
the same becomes better understood by reference to the following detailed description when
considered in connection with the accompanying drawings wherein:

[0010] Figure 1 is a perspective view of a first exemplary embodiment of the
subject invention;

[0011] Figure 2 is a cross-sectional view of the first exemplary embodiment taken
along line 2-2 of Figure 1;

[0012] Figure 3 is a cross-sectional view of a second exemplary embodiment; and

[0013] Figure 4 is a cross-sectional view of a third exemplary embodiment.

DETAILED DESCRIPTION OF THE ENABLING EMBODIMENTS

[0014)] Referring to the Figures, wherein like numerals indicate corresponding
parts throughout the several views, a shock absorber assembly 20 for absorbing forces between a
first component and a second component is generally shown in Figure 1. Although shown in the
drawings as being a mono-tube shock absorber, it should be appreciated that all of the exemplary
embodiments could be used in a twin-tube shock absorber. The shock absorber could be used in
many different applications, including but not limited to a motor vehicle, an all-terrain vehicle,
or a snowmobile.

[0015] Figure 2 is a cross-sectional view of a first exemplary embodiment of the
shock absorber assembly 20. The first exemplary embodiment includes a housing 22 having a
cylindrical shape and extending along an axis A from a first housing end 24 to a second housing
end 26 and presenting an open interior 28, 30. An oil is preferably disposed in the interior of the

housing 22, though any other fluid may altematively be used.
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[0016] A piston 32 is slidably disposed in the open interior 28, 30 of the housing
22 for sliding in an axial direction. The piston 32 divides the open interior 28, 30 of the housing
22 into a compression chamber 28 on one side of the piston 32 and a rebound chamber 30 on the
other side of the piston 32.

10017] A first connector 34 is disposed on the first housing end 24 for attachment
to the first component, e.g. the frame of an automobile. A rod 36 interconnected with the piston
32 extends along the axis A through the second housing end 26 to a second connector 38 for
attachment to the second component, e.g. the wheel assembly of an automobile.

[0018] The piston 32 presents a plurality of apertures 40 for conveying the oil
through the piston 32 between the compression and rebound chambers 28, 30 in response to
movement of the second component (wheel assembly) relative to the first component (frame). A
compression resilient disc stack 42 is disposed in the rebound chamber 30 of the housing 22 and
abutting the piston 32 for impeding the flow of oil through the apertures 40 of the piston 32 from
the compression chamber 28 to the rebound chamber 30 during a compression stroke of the
piston 32. During the compression stroke of the piston 32, the pressure of the oil in the
compression chamber 28 increases relative to the rebound chamber 30. The compression
resilient disc(s) 42 are preferably formed of a resilient material for deflecting to allow the oil to
flow through the apertures 40 only in response to a threshold pressure difference between the oil
in the compression chamber 28 and the rebound chamber 30.

[0019] The first exemplary embodiment further includes a valve 44, generally
indicated, disposed in the compression chamber 28 of the housing 22. The valve 44 includes a
rebound resilient disc stack 46 abutting the piston 32 in the compression chamber 28 for
impeding the flow of oil through the apertures 40 of the piston 32 from the rebound chamber 30
to the compression chamber 28 during the rebound stroke of the piston 32. Like the compression
resilient disc stack 42, the rebound resilient disc(s) 46 are also formed of a resilient material.
During the rebound stroke of the piston 32, the pressure of the oil in the rebound chamber 30
increases relative to the compression chamber 28. The rebound resilient discs 46 deflect to allow
oil to flow through the apertures 40 only in response to a threshold pressure difference between
the oil in the rebound chamber 30 and the compression chamber 28 being reached.

[0020] The valve 44 further includes first spring seat 48 abutting the rebound

resilient disc 46 and a second spring seat 50 spaced axially from the piston 32. A valve spring 52
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extends between the first and second spring seats 48, 50 for applying a constant biasing force
against the first spring seat 48. The first spring seat 48 transfers this biasing force to the rebound
resilient disc 46. The constant biasing force on the rebound resilient disc 46 makes it more
difficult for the rebound resilient disc 46 to deflect, and thus, a greater pressure difference
between the oil in the rebound and compression chambers 30, 28 is required for the resilient disc
to deflect and allow oil to flow from the rebound chamber 30 to the compression chamber 28.

[0021] A bi-stable solenoid 54, generally indicated, is disposed in the housing 22
for imparting an additional and adjustable biasing force on the rebound resilient disc 46 to adjust
the damping force of the shock absorber assembly 20. In the first exemplary embodiment, the
bi-stable solenoid 54 includes a sleeve 56 having a cylindrical shape and disposed in the rebound
chamber 30 of the housing 22 between the second housing end 26 and the piston 32. A first core
58 is disposed in the sleeve 56 and engages the rod 36 for interconnecting the sleeve 56 and the
rod 36. A second core 60 is disposed in the sleeve 56 and spaced axially from the first core 58.
The second core 60 engages the piston 32 for interconnecting the sleeve 56 and the piston 32.
The first and second cores 58, 60 are preferably made of soft magnetic materials, e.g. various
low-carbon steel grades, silicon steel grades or other non-permanently magnetized materials.

[0022] At least one seal 62 is disposed between the sleeve 56 and the first core
58, and at least one seal 62 is disposed between the sleeve 56 and the second core 60. The seals
62 prevent the oil from entering the sleeve 56.

[0023] An armature 64 having a generally cylindrical shape is slidably disposed
within the sleeve 56 between the first and second cores 58, 60. As will be discussed in further
detail below, the armature 64 is moveable between a first stable position abutting the first core
58 and a second stable position - shown in Figure 2 - abutting the second core 60. In the
exemplary embodiment, a permanent magnet 66 having a generally annular shape is disposed
along the circumference of the cylindrical armature 64 for magnetically attracting the armature
64 to the first and second cores 58, 60. Alternatively, the entire armature could be made of a
permanently magnetic material, or a plurality of smaller permanent magnets contained within a
sleeve (not shown) disposed along the circumference of the armature.

[0024] The bi-stable solenoid 54 of the first exemplary embodiment further
includes a first armature spring 68 extending from the second core 60 to the armature 64 for

biasing the armature 64 against the first core 58. A third spring seat 70 is disposed in the
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compression chamber 28 and spaced from the second spring seat 50. A spindle 72 extends
through the piston 32 and second core 60 to interconnect the third spring seat 70 and the
armature 64. A second armature spring 74 extends between the third spring seat 70 and the first
spring seat 48 to bias the armature 64 against the second core 60. The second armature spring 74
also imparts an adjustable biasing force against the first spring seat 48 and the rebound resilient
disc 46.

[0025] The spindle 72 moves the third spring seat 70 in response to the armature
64 moving between the first and second stable positions. Movement of the third spring seat 70
affects the compression of the second armature spring 74, which consequently affects the
adjustable biasing force of the second armature spring 74 on the first spring seat 48 and the
rebound resilient disc 46. When the armature 64 is in the first stable position abutting the first
core 58, the second armature spring 74 is compressed to apply a first biasing force against the
first spring seat 48. The first biasing force makes it more difficult for the rebound resilient disc
46 to deflect and allow the oil to flow through the piston 32 into the compression chamber 28.
When the armature 64 is in the second stable position abutting the second core 60 (shown in
Figure 2), the compression of the second armature spring 74 is relieved when compared to the
first stable position. In the second stable position, the second armature spring 74 applies a
second biasing force that is less than the first biasing force against the first spring seat 48 and the
rebound resilient disc 46. Thus, when the armature 64 is in the second stable position, the shock
absorber assembly 20 has a lower damping force compared to the first stable position.

[0026] The bi-stable solenoid 54 further includes a first coil 76 disposed in the
first core 58 and a second coil 78 disposed in the second core 60. The first and second coils 76,
78 are connected in series to one another and are each wound in the same direction. In order to
electrically connect the first and second coils 76, 78, a plurality of electrical connections 80
extend through the armature 64 between the first and second coils 76, 78.

[0027] A controller 82 is electrically connected to the circuit incorporating the
first and second coils 76, 78 for selectively outputting a positive current or a negative current. A
pair of wires 84 run through the rod 36 to electrically connect the controller 82 to the coils 76,
78.

[0028] In operation, the armature 64 starts, for example, in the first stable position

with the armature 64 abutting the first core 58. When the armature 64 is in the first stable



WO 2011/063385 PCT/US2010/057777

position, the second armature spring 74 applies a first biasing force against the first spring seat
48 and the rebound resilient disc 46. To move the armature 64 to the second stable position,
which is shown in Figure 2, the controller 82 outputs a short pulse of either a positive current or
a negative current, depending on the winding of the first and second coils 76, 78. Upon the
application of a short current pulse, the first coil 76 creates an electromagnetic field that
temporarily overrides, or cancels, the magnetic field of the permanent magnet assembly 66
latching the armature 64 to the first core 58. Without the magnetic field of the permanent
magnet assembly 66, the first armature spring 68 applies a force on the armature 64 to move the
armature 64 in an axial direction toward the second core 60. Once the armature 64 gets close to
the second core 60 through the central neutral (middle) position, a magnetic attraction develops
between the permanent magnet assembly 66 and the second core 60 to pull the armature 64 into
the second stable position abutting the second core 60. When the armature 64 moves to the
second stable position, the third spring seat 70 also moves axially to expand the second armature
spring 74. The second armature spring 74 imparts a second biasing force, which is less than the
first biasing force, against the first spring seat 48 and the rebound resilient disc 46.

[0029] To move the armature 64 back to the first stable position, another short
pulse of the current is applied to the coils 76, 78. If a positive current was used to move the
armature 64 from the first stable position to the second stable position, then negative current will
be needed to move the armature 64 back to the first stable position. Again, upon the application
of this short pulse of current, the second coil 78 develops another temporary electromagnetic
field that temporarily overrides, or cancels, the magnetic field of the permanent magnet assembly
66 latching the armature 64 to the second core 60. Without this magnetic attraction, the second
armature spring 74 applies a force on the armature 64 to move the armature 64 in an axial
direction toward the first core 58 through the central neutral (middle) position. Once the
armature 64 gets close enough to the first core 58, a magnetic attraction develops between the
armature 64 and the first core 58 to pull the armature 64 into the first stable position abutting the
first core 58. When the armature 64 moves back to the first stable position, the third spring seat
70 also moves axially so that the second armature spring 74 compresses to impart the first
biasing force against the first spring seat 48 and the rebound resilient disc 46.

[0030] The bi-stable solenoid 54 provides a quick way to adjust the position of

the third spring seat 70, and thus, the biasing force of the second armature spring 74 against the



WO 2011/063385 PCT/US2010/057777

rebound resilient disc 46 of the valve 44. With only a short burst of current, the performance of
the shock absorber assembly 20 can be changed from a high damping force setting with the
armature 64 in the first position to a low damping force setting with the armature 64 in the
second position. Once the armature 64 is in cither the first stable position or the second stable
position, no further current-induced magnetic field is required to hold the armature 64 in place.

[0031] A second exemplary embodiment of the shock absorber assembly 120 is
generally shown in Figure 3. The bi-stable solenoid 154, generally indicated, of the second
exemplary embodiment is disposed in the compression chamber 128 of the housing 122. The rod
136 of the second exemplary embodiment directly engages the piston 132 for moving with the
piston 136. The armature 164 is cylindrically shaped and presents an armature flange 190
extending radially inwardly and disposed axially between the first and second cores 158, 160. At
least one seal 162 is disposed between the cylindrical sides of the armature 164 and each of the
cores 158, 160 for restricting the oil from entering the cylindrical armature 164. An annularly
shaped permanent magnet 166 is disposed on the armature flange 190 for magnetically attracting
the armature 164 to the first and second cores 158, 160.

[0032] The first armature spring 168 is disposed between the armature flange 190
and the second core 160 for biasing the armature 164 against the first core 158, and the second
armature spring 174 extends from the armature 164 to the first spring seat 148 for biasing the
armature 164 against the second core 160 and for biasing the first spring seat 148 and the
rebound resilient disc 146 against the piston 132.

[0033] Similar to the first embodiment, the armature 164 of the second exemplary
embodiment is moveable between a first stable position with the armature flange 190 abutting
the first core 158 and a second stable position with the armature 164 abutting the second core
160. When the armature 164 is in the first stable position, the second armature spring 174 exerts
a first biasing force against the first spring seat 148 and the rebound resilient disc 146, and when
the armature 164 is in the second stable position, the second armature spring 174 exerts a second
biasing force that is less than the first biasing force against the first spring seat 148 and the
rebound resilient disc 146.

[0034] A third exemplary embodiment of the shock absorber assembly 220 is
generally shown in Figure 4. Similar to the second exemplary embodiment, the bi-stable

solenoid 254, generally indicated, of the third exemplary embodiment is disposed in the
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compression chamber 228 of the housing 222. The rod 236 of the third exemplary embodiment
directly engages the piston 232 for moving with the piston 232, In the third exemplary
embodiment, the armature 264 is cylindrically shaped and presents an armature flange 290
extending radially inwardly and disposed axially between the first and second cores 258, 260. At
least one seal 262 is disposed between the armature 264 and each of the cores 258, 260 for
restricting the oil from entering the cylindrical armature 264. At least one permanent magnet
266 is disposed on the armature flange 290 of the second exemplary embodiment for
magnetically attracting the armature 264 to the first and second cores 258, 260.

[0035] The first core 258 of the third exemplary embodiment presents a first core
flange 292 extending radially outwardly. The first armature spring 268 is disposed between the
first core flange 292 and the armature 264 for biasing the armature 264 against the first core 258,
and the second armature spring 274 extends from the armature 264 to the first spring seat 248 for
biasing the armature 264 against the second core 260 and for biasing first spring seat 248 and the
rebound resilient disc 246 against the piston 232.

[0036] The armature 264 of the third exemplary embodiment is moveable
between a first stable position with the armature flange 290 abutting the first core 258 and a
second stable position with the armature 264 abutting the second core 260. When the armature
264 is in the first stable position, the second armature spring 274 exerts a first biasing force
against the first spring seat 248 and the rebound resilient disc 246, and when the armature 264 is
in the second stable position, the second armature spring 274 exerts a second biasing force that is
less than the first biasing force against the first spring seat 248 and the rebound resilient disc 246.

[0037] All of the exemplary embodiments show the permanent magnet 66, 166,
266 as being disposed on the armature 64, 164, 264 of the bi-stable solenoid 54, 154, 254.
However, it should be appreciated that the permanent magnets could alternatively be disposed on
the first and second cores of the bi-stable solenoid. In such a bi-stable solenoid system, the
armature would then be made of a soft magnetic material, e.g. various grades of low-carbon
steel.

[0038] Also, all of the exemplary embodiments show a valve incorporating two
parallel springs of which one always provides a constant force to the resilient disc stack
assembly, whereas the other one is actuated in order to provide an additional biasing force on the

rebound resilient disc stack. However, it should be appreciated again, that a similar effect can be
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achieved with one spring only for providing the additional biasing force to the resilient disc stack
due to the actuator’s operation. A geometric bias feature can be incorporated into the valve 44 in
order to replace the spring 52 for providing the constant bias force to the resilient disc stack.

[0039] Also, all of the above exemplary embodiments reveal bi-stable solenoid
configurations having the first stable position with the bias force that is higher than the second
stable position. However, it should be appreciated again that a variation of the above concepts
may feature the first stable position with a bias force that is lower than the bias force at the
second stable position of the armature .

[0040] Obviously, many modifications and variations of the present invention are
possible in light of the above teachings, including other bi-stable or latching devices, and may be
practiced otherwise than as specifically described while within the scope of the appended claims.
These antecedent recitations should be interpreted to cover any combination in which the
inventive novelty exercises its utility. The use of the word "said" in the apparatus claims refers
to an antecedent that is a positive recitation meant to be included in the coverage of the claims
whereas the word "the" precedes a word not meant to be included in the coverage of the claims.
In addition, the reference numerals in the claims are merely for convenience and are not to be

read in any way as limiting.
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CLAIMS

What 1s claimed is:

I. A shock absorber assembly including a fluid for absorbing forces between a first

component and a second component comprising;

a housing extending along an axis and presenting an open interior,

a piston slidably disposed in said open interior of said housing and defining a
compression chamber on one side of said piston and a rebound chamber on the other side of said
piston,

said piston presenting at least one aperture for conveying the fluid through said
piston between said compression and rebound chambers,

a valve engaging said piston for impeding the passage of fluid through said

aperture of said piston, and

a bi-stable solenoid disposed in said housing and interconnected with said valve
and including an armature moveable between a first stable position for applying a first biasing
force against said resilient disc of said valve and a second stable position for applying a second

biasing force being less than said first biasing force against said resilient disc of said valve.

2. The assembly as set forth in claim 1 further including an first core of a magnetic
material and a second core of a magnetic material and wherein said first position of said bi-stable
solenoid is with said armature abutting said first core and said second position of said bi-stable

solenoid is with said armature abutting said second core.

3. The assembly as set forth in claim 2 wherein said armature includes a permanent

magnet for magnetically attracting said armature to said first and second cores.

4. The assembly as set forth in claim 3 further including a first armature spring for

biasing said armature against said first core.

5. The assembly as set forth in claim 4 wherein said first armature spring extends

between said armature and said second core.

11
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6. The assembly as set forth in claim 4 further including a second armature spring

for biasing said armature against said second core.

7. The assembly as set forth in claim 6 wherein said valve includes a resilient disc

abutting said piston.

8. The assembly as set forth in claim 6 wherein said valve includes a first spring seat
abutting said resilient disc and a second spring seat spaced from said piston and a valve spring
extends between said first and second spring seats for biasing said first spring seat against said

resilient disc and said piston.

9. The assembly as set forth in claim 8 further including a third spring seat
interconnected with said armature and a second armature spring extending between said first
spring seat and second third spring seat for biasing said armature against said first core and for

biasing said first spring seat against said resilient disc and said piston.

10.  The assembly as set forth in claim 9 further including a spindle extending from
said armature to said third spring seat for moving said third spring seat in response to movement

of said armature.

I1. The assembly as set forth in claim 1 wherein said bi-stable solenoid is disposed in

said rebound chamber of said housing.

12. " The assembly as set forth in claim 11 wherein said valve is disposed in said
compression chamber of said housing and further including a spindle extending through said

piston to interconnect said bi-stable solenoid and said valve.

13. The assembly as set forth in claim 1 wherein said bi-stable solenoid is disposed in

said compression chamber of said housing.

12
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14. A shock absorber assembly including a fluid for absorbing forces between a first

component and a second component comprising;

a housing,

a piston slidably disposed in said housing and presenting at least one aperture for
conveying the fluid through said piston,

a valve engaging said piston for impeding the passage of fluid through said piston,

a bi-stable solenoid disposed in said housing and interconnected with said valve and
including an armature having movable between a first stable position and a second stable
position, and

said bi-stable solenoid including at least one permanent magnet for maintaining said

armature in one of said first and second stable positions without the use of external energy.

13
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