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SUSPENSION LEVELING SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Utility Application No.
14/249,461 filed on April 10, 2014, which claims the benefit of U.S. Provisional
Application No. 61/810,302 filed on April 10, 2013, the entire disclosures of
which are incorporated herein by reference.

FIELD

[0002] The present disclosure relates to a suspension leveling system.

BACKGROUND

[0003] This section provides background information related to the
present disclosure, which is not necessarily prior art.

[0004] Devices for raising and lowering a vehicle, such as to increase
or decrease ground clearance, often include a pneumatic spring movable
between a raised position, a lowered position, and a plurality of intermediate
positions. In order to determine the height of the pneumatic spring, a height
sensor is typically required. Such pneumatic springs with multiple intermediate
positions are typically complex and expensive, and must often be controlled by
an expensive and complex control device. A simplified and more cost effective

device and system for raising and lowering a vehicle would thus be desirable.

SUMMARY

[0005] This section provides a general summary of the disclosure, and
is not a comprehensive disclosure of its full scope or all of its features.

[0006] The present teachings provide for a vehicle suspension
assembly including a first end, a second end, and a hydraulic actuator. The
hydraulic actuator is movable between a retracted position providing the vehicle
suspension assembly with a first overall length, and an extended position
providing the vehicle suspension assembly with a second overall length greater
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than the first overall length. The vehicle suspension assembly is configured to
raise a vehicle when moved from the first overall length to the second overall
length by the hydraulic actuator. The vehicle suspension assembly is configured
to lower the vehicle when moved from the second overall length to the first
overall length by the hydraulic actuator.

[0007] The present teachings further provide for a vehicle suspension
assembly including a first suspension mount at a first end, a second suspension
mount at a second end that is opposite to the first end, a spring between the first
end and the second end, and a hydraulic actuator. The hydraulic actuator is
movable exclusively between a retracted position providing the vehicle
suspension assembly with a first overall length, and an extended position
providing the vehicle suspension assembly with a second overall length greater
than the first overall length. The vehicle suspension assembly is one of a shock,
strut, or damperless spring. The vehicle suspension assembly is configured to
raise a vehicle when moved from the first overall length to the second overall
length by the actuator. The vehicle suspension assembly is configured to lower
the vehicle when moved from the second overall length to the first overall length
by the actuator.

[0008] The present teachings also provide for a vehicle suspension
system including a vehicle suspension assembly and a controller. The vehicle
suspension assembly includes a first end, a second end, and a hydraulic
actuator. The controller is configured to move the hydraulic actuator exclusively
between a retracted position in which the vehicle suspension assembly has a
first overall length, and an extended position in which the vehicle suspension
assembly has a second overall length greater than the first overall length. The
vehicle suspension assembly is configured to raise a vehicle when moved from
the first overall length to the second overall length. The vehicle suspension
assembly is configured to lower the vehicle when moved from the second overall
length to the first overall length.

[0009] Further areas of applicability will become apparent from the

description provided herein. The description and specific examples in this
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summary are intended for purposes of illustration only and are not intended to
limit the scope of the present disclosure.

DRAWINGS

[0010] The drawings described herein are for illustrative purposes only
of selected embodiments and not all possible implementations, and are not
intended to limit the scope of the present disclosure.

[0011] Figure 1A illustrates an exemplary vehicle including suspension
assemblies according to the present teachings;

[0012] Figure 1B illustrates a system for controlling the suspension
assemblies according to the present teachings;

[0013] Figure 2A is a cross-sectional view of a suspension assembly
according to the present teachings in a retracted position;

[0014] Figure 2B is a cross-sectional view of the suspension assembly
of Figure 2A in an extended position;

[0015] Figure 3A is a cross-sectional view of another suspension
assembly according to the present teachings in a retracted position;

[0016] Figure 3B is a cross-sectional view of the suspension assembly
of Figure 3A in an extended position;

[0017] Figure 3C is a perspective view of yet another suspension
assembly according to the present teachings in a retracted position;

[0018] Figure 3D is a cross-sectional view of the suspension assembly
of Figure 3C in an extended position;

[0019] Figure 4A is still another suspension assembly according to the
present teachings in a retracted position;

[0020] Figure 4B is a cross-sectional view of the suspension assembly
of Figure 4A in an extended position;

[0021] Figure 5A is a cross-sectional view of an additional suspension
assembly according to the present teachings in a retracted position; and

[0022] Figure 5B illustrates the suspension assembly of 5A in an

extended position.
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[0023] Corresponding reference numerals indicate corresponding parts
throughout the several views of the drawings.

DETAILED DESCRIPTION

[0024] Example embodiments will now be described more fully with
reference to the accompanying drawings.

[0025] With initial reference to Figures 1A and 1B, a vehicle including a
vehicle suspension leveling system according to the present teachings is
generally illustrated at reference numeral 10. The vehicle 10 generally includes
a rear suspension 12, a front suspension 14, and a body 16. The rear
suspension 12 has a rear axle assembly (not shown) adapted to operatively
support the vehicle’s rear wheels 18. The rear axle assembly is operatively
connected to body 16 by first suspension assemblies 110 and second
suspension assemblies 210. The front suspension 14 similarly includes a
transversely extending front axle assembly (not shown) to operatively support
front wheels 20 of the vehicle 10. The front axle assembly is operatively
connected to body 16 by third suspension assemblies 310. The first and the
third suspension assemblies 110 and 310 serve to damp relative motion of an
unsprung portion (i.e. front and rear suspensions 12 and 14, respectively) and a
sprung portion (i.e. body 16) of vehicle 10.

[0026] Although the vehicle 10 is illustrated as a passenger car having
front and rear axle assemblies, the suspension assemblies 110, 210, and 310
may be used with other types of vehicles and/or in other types of applications,
such as vehicles incorporating independent front and/or independent rear
suspension systems. Furthermore, although the vehicle 10 is illustrated as
including a pair of each one of the suspension assemblies 110, 210, and 310,
the vehicle 10 can include any suitable combination of the suspension
assemblies 110, 210, and/or 310. For example, the first and second suspension
assemblies 110 and 210 as illustrated can be replaced with the third suspension
assemblies 310. Furthermore, the third suspension assemblies 310 can each be

replaced with the first and the second suspension assemblies 110 and 210.
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[0027] As described herein, the suspension assemblies 110, 210, and
310 are included with a suspension leveling system and are configured to raise
and lower the vehicle 10. The vehicle 10 further includes a vehicle controller 30
configured to control operation of the suspension assemblies 110, 210, and 310
with respect to raising and lowering of the vehicle 10. Specifically, the vehicle
controller 30 is configured to send commands to a hydraulic control unit 32 for
raising and lowering the vehicle 10. The hydraulic control unit 32 generally
includes a pump/control valve controller 34, one or more pumps 180, a first front
valve 36a, a second front valve 36b, a first rear valve 38a, and a second rear
valve 38b. The valves 36a, 36b, 38a, and 38b can be any suitable valves, such
as three-port, three-way control valves as illustrated. The vehicle controller 30
can be any suitable controller, such as a microcontroller or microprocessor. The
pump/control valve controller 34 can be any suitable controller.

[0028] To raise the vehicle 10, the vehicle controller 30 transmits any
suitable “raise” command to the hydraulic control unit 32, and specifically to the
pump/control valve controller 34 thereof. Upon receipt of the “raise” command,
the pump/control valve controller 34 operates the pump 180 to pump hydraulic
fluid to one or more of the suspension assemblies 110, 210, or 310, and
actuates the valves 36a, 36b, 38a, and 38b as appropriate to permit passage of
hydraulic fluid therethrough. As explained in detail herein, the hydraulic fluid is
received by hydraulic actuators 150, 314/340, 410 at the suspension assemblies
110, 210, or 310, which raise the suspension assemblies 110, 210, or 310 as
commanded in order to raise the vehicle 10.

[0029] To lower the vehicle 10, the vehicle controller 30 transmits any
suitable “lower” command to the hydraulic control unit 32, and specifically to the
pump/control valve controller 34 thereof. Upon receipt of the “lower” command,
the pump/control valve controller 34 releases and/or pumps hydraulic fluid from
one or more of the suspension assemblies 110, 210, or 310, and closes the
valves 36a, 36b, 38a, or 38b as appropriate. Withdrawal of the hydraulic fluid
from the hydraulic actuators 150, 314/340, 410 lowers the vehicle 10. The
pump/control valve controller 34 is configured to actuate any one of the valves
36a, 36b, 38a, or 38b individually as appropriate to raise or lower any one or
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more of the suspension assemblies 110, 210, or 310, and thus raise or lower
one or more corners of the vehicle 10.

[0030] With reference to Figures 2A and 2B, a cross-sectional view of
one of the first suspension assemblies is illustrated at reference numeral 110.
The other one of the first suspension assemblies can be similar to, or the same
as, the illustrated first suspension assembly 110. The first suspension assembly
110 is generally a shock and includes an upper mount 112 at a first or upper end
114 of the first suspension assembly 110, and a lower mount 116 at a second or
lower end 118 of the first suspension assembly 110. The first or upper end 114
is generally opposite to the second or lower end 118. The upper mount 112
includes a first mounting location, which can generally define a first aperture 120
as illustrated, or have any other suitable configuration. The lower mount 116
includes a second mounting location, which can generally define a second
aperture 122 as illustrated, or have any other suitable configuration. The first
and second apertures 120 and 122 are each configured to cooperate with
suitable fastening devices in order to secure the first suspension assembly 110
to the vehicle 10, as is commonly known in the art.

[0031] A damper tube 130 extends from the lower mount 116 towards
the first or upper end 114. The damper tube 130 defines a damper chamber
132. The damper chamber 132 can be filled with any suitable damping
substance, such as air or gas. Slidably mounted within the damper chamber 132
is a damper rod 134. The damper rod 134 extends out from within the damper
chamber 132, and to an upper spring seat 140. The upper mount 112 extends
from the upper spring seat 140, and the damper rod 134 is coupled to one or
both of the upper spring seat 140 and the upper mount 112.

[0032] Extending from the upper spring seat 140 towards the lower
mount 116 and the lower end 118 is a spring 142. The spring 142 extends to a
hydraulic actuator 150, which is mounted to the damper tube 130 proximate to
the lower mount 116. The hydraulic actuator 150 can be any suitable hydraulic
actuator. Furthermore, although the hydraulic actuator 150 is described herein
as being of the hydraulic type, the hydraulic actuator 150 can be any suitable
actuator, and thus need not be hydraulic.
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[0033] The hydraulic actuator 150 generally includes a first portion 152
and a second portion 154. The first portion 152 is rigidly mounted to the damper
tube 130, and the second portion 154 is slidably mounted relative to the first
portion 152. The second portion 154 is configured to slidably move away from
the first portion 152 upon introduction of hydraulic fluid between the first and
second portions 152 and 154. The hydraulic fluid is input at inlet 156 of the first
portion 152. The first portion 152 defines a conduit 158 extending therethrough
from the inlet 156 to an area or space defined between the first and second
portions 152 and 154. The spring 142 extends to the second portion 154, and
specifically to a lower spring seat 160 of the second portion 154.

[0034] Hydraulic fluid is conveyed to and from the inlet 156 by way of a
hydraulic line 170, which is coupled to a pump 180, such as a hydraulic pump.
The pump 180 may be any suitable type of hydraulic pump, or any other type of
pump if the actuator 150 is a non-hydraulic actuator. For example, the pump
180 can be a pump with local control, having pressure and/or current feedback.
Thus, the relative positions of the first and second portions 152 and 154 is set
based on pressure and/or current feedback. The vehicle 10 may include a
dedicated pump 180 for each one of the first, second, and third suspension
assemblies 110, 210, and 310; two or more pumps 180 each in communication
with more than one of the suspension assemblies 110, 210, 310; or one pump
180 can be provided with multiple hydraulic lines 170 extending to each one of
the first, second, or third suspension assemblies 110, 210, or 310, as illustrated
in Figures 1A and 1B. The pump 180 can be located at any suitable position
throughout the vehicle 10, and the vehicle 10 can include multiple pumps 180
configured to pump hydraulic fluid to any one or more of the first, second, or third
suspension assemblies 110, 210, 310.

[0035] Operation of the first suspension assembly 110 will now be
described. Figure 2A illustrates the first suspension assembly 2A in a retracted
position, with the hydraulic actuator 150 at retracted position R. In the retracted
position R, the first suspension assembly includes an overall length of OLg. The
overall length in the retracted position OLg can be measured between any
suitable points along a length of the first suspension assembly 110, such as
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between the upper and lower mounts 112 and 116, such as between the first
mounting location 120 and the second mounting location 122.

[0036] Upon receipt of a request from the vehicle controller 30, the
pump 180 is configured to pump hydraulic fluid through the hydraulic line 170
and to the inlet 156, as directed by the hydraulic control unit 32. From the inlet
156 the hydraulic fluid flows through the conduit 158 to an area between the first
and second portions 152 and 154 of the hydraulic actuator 150. As hydraulic
fluid fills the area between the first and second portions 152 and 154, the second
portion 154 is moved away from the first portion 152, and away from the lower
mount 116. The second portion 154 will continue to move away from the lower
mount 116 until the hydraulic actuator 150 reaches the extended position E of
Figure 2B.

[0037] Movement of the hydraulic actuator 150 to the extended
position E increases the overall length of the first suspension assembly 110 from
the OLgr of Figure 2A to the overall extended length OLg of Figure 2B. Thus
movement of the hydraulic actuator 150 to the extended position E increases the
height of the vehicle 10 by an amount equal to the difference between the overall
length in the retracted position OLg and the overall length in the extended
position OLg. The difference between the overall length in the retracted position
OLgr and the overall length in the extended position OLg can be any suitable
distance, such as less than three inches, three inches, four inches, five inches,
six inches, or greater.

[0038] After moving the hydraulic actuator 150 to the extended position
E, the pump 180 can release hydraulic fluid, or pump hydraulic fluid out from
within, the area between the first and second portions 152 and 154 of the
hydraulic actuator 150, thus allowing the second portion 154, and the actuator
150 generally, to return to the retracted position R (Figure 2B), which will reduce
the overall length of the first suspension assembly 110 to the overall length in the
retracted position OLg. Throughout movement of the hydraulic actuator 150
between the retracted position R and the extended position E, the spring 142

remains at a constant length Ls.
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[0039] The vehicle controller 30, the hydraulic control unit 32, the
pump/control valve controller 34, and the pump 180 are configured to move the
hydraulic actuator 150 exclusively between the retracted position R (Figure 2A)
and the extended position E (Figure 2B). Thus the vehicle controller 30, the
hydraulic control unit 32, the pump/control valve controller 34, and the pump 180
can be simplified, thereby reducing the cost of the components and increasing
reliability. For example, no metering or measuring device, such as a height
sensor, is needed to determine the position of the hydraulic actuator 150, and/or
set the hydraulic actuator 150 at one or more intermediate positions between the
retracted position R and the extended position E. The pump/control valve
controller 34 and the pump 180 rely on pressure and/or current feedback to
determine when the second portion 154 reaches the extended position E.

[0040] With reference to Figures 3A and 3B, a cross-sectional view of
a second suspension assembly according to the present teachings is illustrated
at reference numeral 210. The second suspension assembly 210 includes many
features in common with the first suspension assembly 110. Therefore, the
common features are illustrated with like reference numerals, and the description
of the common features set forth above in the discussion of the first suspension
assembly 110 also applies to the second suspension assembly 210.

[0041] The second suspension assembly 210 differs from the first
suspension assembly 110 in that the second suspension assembly 210 is a
standalone spring without a damper, as opposed to the first suspension
assembly 110, which is generally a shock including the damper tube 130, the
damper chamber 132, and the damper rod 134. Thus with the second
suspension assembly 210, an interior of the spring 142 is generally empty
between the upper spring seat 140 and the lower spring seat 160.

[0042] The second suspension assembly 210 further differs from the
first suspension assembly 110 in that the actuator 150 is arranged such that the
first portion 152 is coupled to, or integral with, the lower mount 116 in the
example illustrated in Figures 3A and 3B. Like the first suspension assembly
110, however, the second suspension assembly 210 includes the hydraulic
actuator 150 movable between the retracted position R (Figure 3A) and the
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extended position E (Figure 3B). In the retracted position R, the second
suspension assembly 210 is provided with an overall length OLRg that is less than
an overall length OLg when the hydraulic actuator 150 is in the extended position
E of Figure 3B.

[0043] Although Figures 3A and 3B illustrate the actuator 150 of the
second suspension assembly 210 proximate to the lower mount 116 and with the
lower spring seat 160 at the second portion 154 of the hydraulic actuator 150,
the hydraulic actuator 150 can be arranged at the first end 114 of the second
suspension assembly 210 proximate to the upper mount 112, as illustrated in
Figures 3C and 3D. As illustrated in Figures 3C and 3D, the hydraulic actuator
150 can include the upper spring seat 140 at the second portion 154 thereof.
Upon movement of the actuator 150 from the retracted position R of Figure 3C to
the extended position E of Figure 3D, the first and the second portions 152 and
154 move apart to increase the overall length of the second suspension
assembly 210 from the overall length in the retracted position OLg to the overall
length of the extended position OLE.

[0044] With reference to Figures 4A and 4B, a cross-sectional view of
the third suspension assembly according to the present teachings is generally
illustrated at reference numeral 310. The third suspension assembly 310 is
generally a strut, which acts as both a damper and a structural support for the
vehicle 10.

[0045] The third suspension assembly 310 includes a strut mount 312.
The strut mount 312 generally includes an upper bearing support and piston 314,
a bearing lower support 316, and an upper spring seat 318. Each one of the
upper bearing support and piston 314, the bearing lower support 316, and the
upper spring seat 318 are generally circular (“dough-nut shaped”). The upper
spring seat 318 is coupled to the bearing lower support 316, which is coupled to
the upper bearing support and piston 314. The upper spring seat 318 provides a
seat for spring 320. The upper bearing support and piston 314 generally defines
an opening in which a cylinder housing 340 is slidably seated therein.

[0046] The cylinder housing 340 is movable between a retracted
position R (Figure 4A) and an extended position E (Figure 4B). The cylinder

10
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housing 340 and the upper bearing support and piston 314 generally provide a
hydraulic actuator, with the upper bearing support and piston 314 being a first
portion of the actuator, and the cylinder housing 340 being a second portion of
the hydraulic actuator. The cylinder housing 340 includes a piston stop ring 342,
which can provide a stop for the cylinder housing 340 when the piston stop ring
342 abuts the upper bearing support and piston 314 when in the extended
position E.

[0047] The cylinder housing 340 further includes a rubber journal 344.
At the rubber journal 344 is a suspension mount 350, which is at a first end 352
of the third suspension assembly 310. The suspension mount 350 is configured
to be coupled to the suspension of the vehicle 10 in any suitable manner.

[0048] Extending from the suspension mount 350 and the rubber
journal is a damper rod 360. The damper rod 360 extends through a damper
chamber 362 defined by damper tube 364 towards a second or lower end 372 of
the third suspension assembly 310. The lower end 372 is opposite to the first
end 352, which can be an upper end. Proximate to the lower end 372 is a lower
spring seat 370, against which is seated the spring 320. At the lower end 372 is
a lower mount 374, which can be any suitable mount for coupling to the vehicle
10. For example, the lower mount 374 can define an aperture 376, which is
configured to cooperate with any suitable coupling member for coupling the
lower mount 374 to the suspension of the vehicle 10.

[0049] The pump 180 is operated by the hydraulic control unit 32 in the
same manner described above with respect to the previously described
suspension assemblies 110 and 210 according to the present teachings. When
the hydraulic control unit 32 commands the pump 180 to pump hydraulic fluid
through the hydraulic line 170, the hydraulic fluid is delivered to an inlet 380 of
the cylinder housing 340. The hydraulic fluid flows through a conduit 382
defined by the cylinder housing 340 to an area between the cylinder housing 340
and the upper bearing support and piston 314. As the hydraulic fluid fills the
area between the cylinder housing 340 and the upper bearing support and piston
314, the cylinder housing 340 moves from the retracted position R of Figure 4A
to the extended position E of Figure 4B.

11
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[0050] In the extended position E, the strut mount 312 increases in
height, and increases the overall length of the third suspension assembly 310
from the overall length in the retracted position OLg of Figure 4A to the overall
length in the extended position OLg of Figure 4B. The pump 180 pumps
hydraulic fluid, or releases hydraulic fluid, out from between the upper bearing
support and piston 314 and the cylinder housing 340 to allow the cylinder
housing 340 to return to the retracted position R of Figure 4A. Similar to the first
and the second suspension assemblies 110 and 210, movement of the strut
mount 312 to the extended position E of Figure 4B raises the vehicle 10. Return
of the strut mount 312 to the retracted position R of Figure 4A lowers the vehicle
10.

[0051] With additional reference to Figures 5A and 5B, the third
suspension assembly 310 can be configured such that the cylinder housing 340
does not actuate, in contrast to the example of Figures 4A and 4B. In the
example of Figures 5A and 5B, the cylinder housing 340 can be stationary and
one or more hydraulic actuators 410 can be arranged on the cylinder housing
340 proximate to the first end 352 of the third suspension assembly 310. The
suspension mount 350 can be modified and coupled to the actuators 410 as
illustrated in Figures 5A and 5B.

[0052] The hydraulic actuators 410 are similar to the actuators
described above, such as the actuator 150. The hydraulic actuators 410 are
thus configured to receive hydraulic fluid from the pump 180 in a manner similar
to the actuators described above, such as the actuator 150. The actuators 410
are movable exclusively between a retracted position R of Figure 4A and an
extended position E of Figure 5B. In the extended position E, the overall length
of the third suspension assembly 310 increases to OLg, which increases the
overall length of the third suspension assembly 310 relative to the overall length
in the retracted position OLg, and raises the vehicle 10. Return of the actuators
410 to the retracted position R lowers the vehicle 10.

[0053] The foregoing description of the embodiments has been
provided for purposes of illustration and description. It is not intended to be

exhaustive or to limit the disclosure. Individual elements or features of a

12
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particular embodiment are generally not limited to that particular embodiment,
but, where applicable, are interchangeable and can be used in a selected
embodiment, even if not specifically shown or described. The same may also be
varied in many ways. Such variations are not to be regarded as a departure from
the disclosure, and all such modifications are intended to be included within the
scope of the disclosure.

[0054] Example embodiments are provided so that this disclosure
will be thorough, and will fully convey the scope to those who are skilled in the
art. Numerous specific details are set forth such as examples of specific
components, devices, and methods, to provide a thorough understanding of
embodiments of the present disclosure. It will be apparent to those skilled in the
art that specific details need not be employed, that example embodiments may
be embodied in many different forms and that neither should be construed to
limit the scope of the disclosure. In some example embodiments, well-known
processes, well-known device structures, and well-known technologies are not
described in detail.

[0055] The terminology used herein is for the purpose of describing
particular example embodiments only and is not intended to be limiting. As used

herein, the singular forms "a,” "an," and "the" may be intended to include the

plural forms as well, unless the context clearly indicates otherwise. The terms

"comprises,” "comprising,” “including,” and “having,” are inclusive and therefore
specify the presence of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or addition of one or more
other features, integers, steps, operations, elements, components, and/or groups
thereof. The method steps, processes, and operations described herein are not
to be construed as necessarily requiring their performance in the particular order
discussed or illustrated, unless specifically identified as an order of performance.
It is also to be understood that additional or alternative steps may be employed.

[0056] When an element or layer is referred to as being "on," “engaged

to,” "connected to," or "coupled to" another element or layer, it may be directly
on, engaged, connected or coupled to the other element or layer, or intervening

elements or layers may be present. In contrast, when an element is referred to
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as being "directly on," “directly engaged to,” "directly connected to," or "directly
coupled to" another element or layer, there may be no intervening elements or
layers present. Other words used to describe the relationship between elements
should be interpreted in a like fashion (e.g., “between” versus “directly between,”
‘adjacent” versus “directly adjacent,” etc.). As used herein, the term "and/or"
includes any and all combinations of one or more of the associated listed items.
[0057] Although the terms first, second, third, etc. may be used herein
to describe various elements, components, regions, layers and/or sections,
these elements, components, regions, layers and/or sections should not be
limited by these terms. These terms may be only used to distinguish one
element, component, region, layer or section from another region, layer or

section. Terms such as “first,” “second,” and other numerical terms when used
herein do not imply a sequence or order unless clearly indicated by the context.
Thus, a first element, component, region, layer or section discussed below could
be termed a second element, component, region, layer or section without
departing from the teachings of the example embodiments.

[0058] Spatially relative terms, such as “inner,” “outer,” "beneath,"

"below," "lower," "above," "upper,” and the like, may be used herein for ease of
description to describe one element or feature's relationship to another
element(s) or feature(s) as illustrated in the figures. Spatially relative terms may
be intended to encompass different orientations of the device in use or operation
in addition to the orientation depicted in the figures. For example, if the device in
the figures is turned over, elements described as "below" or "beneath" other
elements or features would then be oriented "above" the other elements or
features. Thus, the example term "below" can encompass both an orientation of
above and below. The device may be otherwise oriented (rotated 90 degrees or
at other orientations) and the spatially relative descriptors used herein

interpreted accordingly.
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CLAIMS
What is claimed is:

1. A vehicle suspension assembly comprising:
a first end;
a second end; and
a hydraulic actuator movable between a retracted position
providing the vehicle suspension assembly with a first overall length, and an
extended position providing the vehicle suspension assembly with a second
overall length greater than the first overall length;
wherein:
the vehicle suspension assembly is configured to raise a
vehicle when moved from the first overall length to the second overall length by
the hydraulic actuator; and
the vehicle suspension assembly is configured to lower the
vehicle when moved from the second overall length to the first overall length by
the hydraulic actuator.

2. The vehicle suspension assembly of Claim 1, further comprising a
spring between the first end and the second end.

3. The vehicle suspension assembly of Claim 1, wherein the vehicle
suspension assembly includes a shock.

4. The vehicle suspension assembly of Claim 1, wherein the vehicle

suspension assembly includes a strut.

5. The vehicle suspension assembly of Claim 1, wherein the vehicle
suspension assembly includes a damperless spring assembly.
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6. The vehicle suspension assembly of Claim 1, wherein the hydraulic
actuator is movable only between the retracted position and the extended

position.

7. The vehicle suspension assembly of Claim 1, wherein the hydraulic
actuator is directly adjacent to a lower spring seat to directly move the lower

spring seat.

8. The vehicle suspension assembly of Claim 1, wherein the hydraulic

actuator is directly adjacent to an upper spring seat.

9. The vehicle suspension assembly of Claim 1, wherein: the actuator
is included within a strut mount; the actuator places the strut mount in a raised
position when the actuator is in the extended position; the actuator places the
strut mount in a lowered position when the actuator is in the retracted position;
and the strut mount has a first overall strut mount length in the lowered position
and a second overall strut mount length that is greater than the first overall strut
mount length when in the raised position.

10.  The vehicle suspension assembly of Claim 1, further comprising a
spring, the spring maintains a constant length as the hydraulic actuator moves
from the retracted position to the extended position.

11.  The vehicle suspension assembly of Claim 1, further comprising a

first suspension mount at the first end and a second suspension mount at the

second end.
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12. A vehicle suspension assembly comprising:
a first suspension mount at a first end;
a second suspension mount at a second end that is opposite to the
first end;
a spring between the first end and the second end; and
a hydraulic actuator movable exclusively between a retracted
position providing the vehicle suspension assembly with a first overall length,
and an extended position providing the vehicle suspension assembly with a
second overall length greater than the first overall length;
wherein:
the vehicle suspension assembly is one of a shock, strut, or
damperless spring;
the vehicle suspension assembly is configured to raise a
vehicle when moved from the first overall length to the second overall length by
the actuator; and
the vehicle suspension assembly is configured to lower the
vehicle when moved from the second overall length to the first overall length by
the actuator.

13.  The vehicle suspension assembly of Claim 12, wherein the vehicle
suspension assembly is a strut and the hydraulic actuator is included in a strut

mount.

14.  The vehicle suspension assembly of Claim 12, wherein the
actuator is at one of a lower spring seat or an upper spring seat.
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15. A vehicle suspension system comprising:
a vehicle suspension assembly including a first end, a second end,
and a hydraulic actuator; and
a controller configured to move the hydraulic actuator exclusively
between a retracted position in which the vehicle suspension assembly has a
first overall length and an extended position in which the vehicle suspension
assembly has a second overall length greater than the first overall length;
wherein:
the vehicle suspension assembly is configured to raise a
vehicle when moved from the first overall length to the second overall length;
and
the vehicle suspension assembly is configured to lower the
vehicle when moved from the second overall length to the first overall length.

16.  The vehicle suspension system of Claim 15, wherein the vehicle
suspension assembly is one of a shock, strut, or damperless spring.

17.  The vehicle suspension system of Claim 15, wherein the vehicle
suspension assembly includes a spring between the first end and the second
end.

18.  The vehicle suspension system of Claim 15, wherein the controller
is a hydraulic control unit configured to determine whether the hydraulic actuator
is in the extended position based on at least one of pressure feedback and
current feedback.

19.  The vehicle suspension system of Claim 15, wherein the hydraulic

actuator is included within a strut mount.

20.  The vehicle suspension system of Claim 15, wherein the hydraulic

actuator is at one of a lower spring seat or an upper spring seat.
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