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(57) ABSTRACT

Electromechanical apparatuses for controlling vehicle sus-
pension settings. Described herein are electromechanical
apparatuses for controlling wheel alignment (e.g., camber,
castor and/or toe). In particular, described herein are camber
adjusting apparatuses for electromechanically adjusting
camber or camber and toe that may be retrofitted onto
existing vehicle suspensions.
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ELECTROMECHANICAL DEVICES FOR
CONTROLLING VEHICLE SUSPENSION
SETTINGS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This patent claims priority to U.S. Provisional
Patent Application No. 62/447,912, titled “ELECTROME-
CHANICAL DEVICES FOR CONTROLLING VEHICLE
SUSPENSION SETTINGS,” filed on Jan. 19, 2017, which
is herein incorporated by reference in its entirety.

INCORPORATION BY REFERENCE

[0002] All publications and patent applications mentioned
in this specification are herein incorporated by reference in
their entirety to the same extent as if each individual
publication or patent application was specifically and indi-
vidually indicated to be incorporated by reference.

FIELD

[0003] Described herein are electromechanical appara-
tuses for controlling vehicle suspension settings. For
example, described herein are electromechanical devices
and systems for controlling wheel alignment (camber, castor
and toe), anti-roll bar stiffness and roll centers of a vehicle.
In particular, described herein are apparatuses for electro-
mechanically adjusting camber or camber and toe that may
be retrofitted onto existing vehicle suspensions.

BACKGROUND

[0004] The positional settings on any vehicle’s (e.g. an
automobile’s) suspension system significantly affect the
vehicle’s driving characteristics, including handling, tire
wear, fuel efficiency, safety, passenger comfort, and the like.
There is typically a trade-oft between these characteristics,
whereby one set of settings tends to optimize some driving
characteristics, while another set of settings tends to opti-
mize other driving characteristics.

[0005] For example, vehicles predominantly used for nor-
mal road applications typically use more neutral settings for
camber, castor and/or toe that optimize passenger comfort,
but sacrifice handling performance. On the other hand,
vehicles predominantly used for competition applications
(e.g. racing) typically use more aggressive settings that
optimize handling performance, but sacrifice passenger
comfort.

[0006] If a vehicle is generally used for a single purpose
only, settings can be fixed appropriately for that application.
However, there are many vehicles that are used for more
than one purpose, or in more than one set of driving
conditions, where it is desirable to alter settings. For
example, many modern sports cars are used for commuting
to work during the week (where passenger comfort is
desirable), and then used for sport/recreational use on the
weekend (where handling performance is desirable).
[0007] Suspension settings that may be adjusted on a
vehicle in order to alter driving characteristics may include:
spring rates, damper rates, wheel alignment (e.g., camber,
castor and toe), anti-roll bar rates, roll centers, tire pressures,
and the like. While magnetic or adaptive dampers allow the
damping rates of a suspension system to be conveniently
adjusted via the push of a button or automatically, all other
settings must be adjusted manually, most commonly by a
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mechanic. For people frequently using their vehicles for
more than purpose, or in more than one set of driving
conditions, it is time-consuming and expensive to alter
settings often.

[0008] Thus, there is a need for a solution that enables
suspension settings other than just damper rates to be
quickly and easily altered, for example, by the press of a
button or automatically. Further, it would be particularly
useful to provide solutions that may be retrofitted onto
existing suspensions systems. Described herein are appara-
tuses (e.g. devices and systems) and methods of making and
operating them, which address this need. Any of the appa-
ratuses described herein may manually, automatically or
semi-automatically (e.g., electromechanically, robotically,
etc.) adjust one or more suspension settings such as camber,
toe, and castor or combinations of these.

SUMMARY OF THE DISCLOSURE

[0009] The present invention relates generally to electro-
mechanical apparatuses (devices and methods) for control-
ling the suspension settings of a vehicle, and methods of
making and using them. In particular, the electromechanical
systems described herein typically include one or more
devices to control one or more of wheel alignment (camber,
castor and/or toe), anti-roll bar rates and/or roll centers, on
a vehicle. In particular, described herein are apparatuses and
methods for controlling camber and/or toe, and/or castor.
[0010] In general, the suspension settings for each wheel
may be jointly or independently controlled by a single
apparatus or a plurality of apparatuses. The apparatuses may
be configured to be compatible with the vehicle manufac-
turer’s standard suspension systems, or with aftermarket
suspension systems.

[0011] Any of the devices described herein may be used
on the suspension for any wheel, including a left (e.g.
driver’s side) wheel, a right (e.g. passenger’s side) wheel, a
front wheel, or a rear wheel. For example, a vehicle may
have one or more devices fitted to the front wheels only to
control front suspension settings. In another example, a
vehicle may have one or more devices fitted to the front and
rear wheels to control front and rear suspension settings.
[0012] In general, the suspension settings of each wheel
may be controlled independently of all other wheels. For
example, it may be possible to have different suspension
settings between front and rear wheels, and/or between left
and right wheels.

[0013] The apparatuses described herein include appara-
tuses for controlling wheel alignment settings, including
camber, castor and/or toe. In general, for each wheel, the
camber, castor and/or toe may be controlled independently
of each other. For example, it may be possible to alter the
camber of a wheel without altering the castor and/or toe of
that wheel. Alternatively, for any of the apparatuses
described herein, modification to one or more of the wheel
alignment parameters (camber, toe, castor) may automati-
cally adjust one or more of the other wheel alignment
parameters. For example, modifying the camber of a tire
may automatically modify the toe of the same tire.

[0014] In general, the camber, castor and toe of each wheel
may be controlled by separate apparatuses. One apparatus
may control the camber, while a second apparatus controls
the castor, and a third apparatus controls the toe. A controller
for a vehicle may be configured such that only certain
alignment settings for certain wheels may be altered. For
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example, a vehicle (e.g., a controller for controlling wheel
alignment of the vehicle) may be configured with one
apparatus for controlling the camber of one wheel only, with
no control over the castor or toe of that wheel, and no control
over the alignment settings of any other wheel(s). In another
example, a vehicle may be fitted with four apparatuses: one
for controlling the camber of the front left wheel; one for
controlling the camber of the front right wheel; one for
controlling the toe of the front left wheel; and one for
controlling the toe of the front right wheel. Each apparatus
may be controlled independently of all other apparatus, or in
combination with one or more other apparatus. Alternatively
or additionally, a single apparatus may be used to control
one or more alignment settings of all of the wheels. For
example, a single apparatus may be used to control the
camber of all of the wheels (or a subset of the wheels such
as the front wheels, rear wheels, right wheels, left wheels,
etc.). Alternatively or additionally, a plurality of apparatuses
may be used to control a single alignment setting of a single
wheel. For example, two apparatuses may be used to control
the camber of a single wheel.

[0015] The apparatuses described herein include appara-
tuses (e.g., devices, systems) for controlling anti-roll bar
(otherwise termed sway bar, stabilizer bar, etc.) settings. In
particular, one or more devices may be used to control the
stiffness of one or more anti-roll bars. Where a vehicle is
fitted with front and rear anti-roll bars, one or more devices
may be fitted to either the front anti-roll bar to control front
stiffness, the rear anti-roll bar to control rear stiffness, or
both the front and rear anti-roll bars to control front and rear
stiffness.

[0016] The apparatuses described herein include devices
or systems for controlling roll center settings. In particular,
one or more devices may be used to control the settings of
one or more roll centers of a vehicle.

[0017] The apparatuses described herein typically include
at least one structural member configured to support the
relevant static and dynamic loads of the vehicle; at least one
adjustment member configured to control and alter at least
one suspension setting of or related to the structural mem-
ber; and at least one driver configured to drive translation of
the adjustment member(s). Any of the apparatuses described
herein may typically mount to a structural member of a
vehicle’s suspension and/or the vehicle’s frame. Thus, any
of the apparatuses described herein may include a mount
(e.g., mount body) that holds or couples with a structural
member of the vehicle’s suspension and/or a holds or
couples with the vehicle’s frame.

[0018] The at least one structural member may be any
appropriate type of structural member, including (but not
limited to) a beam, support, shaft, rail, rod, housing, stage,
mount, bracket, bolt, nut, screw (e.g. power screw, lead
screw, ball screw, etc.), and the like. The structural member
may remain stationary or may translate in rotation or in
linear dimensions, or in rotation and linear dimensions.

[0019] The at least one adjustment member may be any
appropriate type of adjustment member, including (but not
limited to) a screw (e.g. power screw, lead screw, ball screw,
etc.), gear (e.g. spur gear, helical gear, worm gear, etc.),
pulley, belt, shaft, slide, pivot, lever-arm, connecting rod,
cam, and the like. The adjustment member may translate in
rotation or in linear dimensions, or in rotation and linear
dimensions.
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[0020] The at least one driver may be any appropriate type
of driver, including (but not limited to) a mechanical actua-
tor (e.g., motor, etc.), a pneumatic actuator, a hydraulic
actuator, an electrical actuator, and the like. The driver may
translate in rotation or in linear dimensions, or in rotation
and linear dimensions.

[0021] In general, an apparatus for adjusting camber of a
vehicle adjusts the camber by driving a portion of the
suspension in an axial direction to apply force (either
pushing or pulling) to a region of the tire that is radially
offset from the center and positioned above the central
(rotational) axis of the tire. These camber-adjusting appara-
tuses typically include an electromechanical actuator, which
may include an electric motor (or other actuator) and modi-
fies the position of a portion of the wheel suspension that is
above the central axis of the tire. The device may be
mounted to the wheel suspension, preferably in a region that
does not substantially add to the unsprung mass of the
wheel; thus, it may be preferable that the camber-adjusting
apparatus mount distally from the wheel steering knuckle
(e.g., hub), including on the frame. Any of the apparatuses
for adjusting camber described herein may also generally
include a holder (generically described as an arm holder,
which includes a suspension arm holder or a wishbone arm
holder) for holding a portion of the suspension, such as an
upper wishbone or triangle (in a double wishbone type
suspension) or a shaft (of a MacPherson-type suspension) so
that it may be moved relative to the mount body by moving
the portion having the holder against a bearing surface that
is part of the mount body.

[0022] For example, an apparatus for controlling camber
may include: a housing enclosing all or part of the apparatus,
a mount body, including a translational bearing surface
which may be preferably configured, e.g., as one or more
support rails, a holder, such as an arm holder, for connecting
to a suspension component, where the translational bearing
surface is between the holder and the mount body, and an
electromechanical actuator (e.g., electric motor). The holder
may be part of a linear stage, e.g., the linear stage may
connect to and support the holder through the bearing
surface. The electromechanical actuator may include a low-
friction ball screw and nut assembly (adjustment members),
and may connect to the linear stage and/or holder (e.g., the
electromechanical actuator may directly or indirectly con-
nect to the holder) to drive the holder/linear stage on the
bearing surface. For example, the electric motor (driver)
may be configured to rotate the ball screw and thereby
translate the linear stage. A camber adjusting apparatus may,
for example, be located atop the strut in a MacPherson
suspension system and mounted to the frame to translate the
top of the strut in an axis of direction (in/out), thereby
altering the camber of the tire.

[0023] The devices described herein are typically con-
trolled electronically. Each device may be controlled by its
own electronic system, by another device’s electronic sys-
tem, by a common, centralized electronic system, or by a
combination of electronic systems. In particular, the at least
one driver may be controlled electronically. For example,
each device may include a micro-controller configured to
receive user inputs and/or sensor inputs, and to send com-
mands to the at least one driver via appropriate drive
electronics.

[0024] Any electronic system used to control any device
herein may be used to control other devices/systems/func-
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tions, whether they are described herein or not. For example,
a common, centralized electronic system may control a
number of devices described herein when fitted to a vehicle,
and also control that vehicle’s magnetic dampers.

[0025] A device may include open-loop or closed-loop
control. For open-loop operation, suspension settings may
be electromechanically adjusted by a user to the user’s
satisfaction. Methods of adjustment may include (but are not
limited to) a switch, button, user interface, or the like.
[0026] Any of these apparatuses may include one or more
sensors, including (but not limited to) position sensors,
encoders (e.g. linear, rotary, optical, etc.), limit switches,
proximity sensors, temperature (thermal) sensors, reed
switches, light sensors (e.g. ultraviolet, infrared, etc.), accel-
erometers, and the like. Closed-loop configurations of these
apparatuses may include one or more such sensors, which
may use information from one or more of these sensors
and/or user input (from a button, dial, screen/touchscreen,
knob, etc.) to adjust one or more aspect of the wheel
alignment such as camber, toe, and/or castor.

[0027] An apparatus may be configured with a plurality of
discrete modes. Modes may correspond to pre-determined
positions for camber and/or toe and/or caster. These modes
may be set by a vehicle owner, a vehicle manufacturer, a
service technician, or the like. A user may select these modes
via an input or control, such as a switch, button, user
interface (touchscreen), keypad, keyboard, dial, knob, slider,
or the like. For example, an apparatus may be configured
with a “normal” mode for normal road use, providing neutral
suspension settings (high comfort, low handling perfor-
mance); a “sport” mode for light performance use, providing
slightly altered suspension settings (medium comfort,
medium handling performance); and a “race” mode for high
performance use, providing highly altered suspension set-
tings (low comfort, high handling performance). These
mode settings may correspond to particular positional set-
tings of the camber adjusting apparatus and/or toe-adjusting
apparatus, and/or castor-adjusting apparatus. They may be
stored in a memory of the electronic controller, for example.
An apparatus may be configured with a continuous range of
adjustment, allowing a user to fine-tune the settings to
his/her liking. A user may make the adjustments via any
appropriate input (e.g., switch, button, user interface, etc.).
An output (e.g., dial, screen, LEDs, etc.) may be used to
inform a user of the settings currently being used. For
example, a closed-loop device may include a switch set, a
rotary dial and a screen, whereby the switch set is used to
select the suspension setting to control, the rotary dial is
used to adjust the suspension setting, and the screen reports
the current setting back to a user. This enables a user to
customize settings.

[0028] Any device described herein may include a screen
or other form of output device to notify a user if/when the
suspension settings on one or more wheels deviate from the
desired value(s). For example, if a wheel hits a curb with
sufficient force to alter the alignment of that wheel, feedback
sensors can be used to detect and report the situation to a
user.

[0029] Any device described herein may provide feedback
data other than suspension settings to a user, including (but
not limited to) tire temperatures, temperature profiles of
tires, tire wear, tread depth, tire damage, tire deformation,
tire pressures, wheel angles, wheel distances, wheel loca-
tions, wheel displacements, and the like.
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[0030] Any of the apparatuses described herein may be
configured to operate automatically or semi-automatically
(e.g., with assisted user input or confirmation). One or more
sensors may be used to monitor certain variables intermit-
tently or continuously. The values of these variables may be
used to determine what suspension settings, if any, should be
adjusted. The sensor data may be reported to an electronic
control system, computer, or the like, which may automati-
cally alter suspension settings intermittently or continuously
without any user input. Sensor inputs may include (but are
not limited to) tire temperatures, temperature profiles of
tires, tire wear, tread depth, tire damage, tire deformation,
tire pressures, wheel angles, wheel distances, wheel loca-
tions, wheel displacements, vehicle acceleration (in any
direction), brake input, throttle input, steering angle, wheel
slip, or the like.

[0031] A closed-loop (or semi-closed-loop) device may be
configured to operate automatically/semi-automatically and
may include a temperature sensor located near a tire to
monitor the temperature profile across that tire, from the
inner edge to the outer edge of the tire, or from the outer
edge to the inner edge of the tire. The temperature profile of
a tire may be used to determine whether the suspension
settings currently set are the most appropriate settings for the
current use or application of the vehicle. For example, a
wheel with neutral camber settings currently being used for
aggressive cornering may have a higher temperature towards
the outer edge of the tire, indicating that more negative
camber may be necessary. In another example, a wheel with
more negative camber currently being used for driving in a
straight line may have a higher temperature towards the
inner edge of the tire, indicating that less negative camber (a
more neutral setup) may be necessary.

[0032] Automatically or semi-automatically operating
apparatuses may include accelerometers, which may be used
to monitor the current use or application of the vehicle. The
accelerometer data may be used to determine the most
appropriate suspension settings. For example, one or more
accelerometers may be used to measure the longitudinal
and/or lateral acceleration of the vehicle to determine
whether the vehicle is cornering or driving straight. In
another example, one or more accelerometers may be fitted
to one or more wheels or suspension components to monitor
the behavior of said wheels or suspension components.
[0033] A closed-loop/semi-closed loop device that is con-
figured to operate automatically or semi-automatically may
include more than one type of sensor to monitor and
determine the most appropriate suspension settings based on
the current use or application of the vehicle. For example,
temperature sensors may be used to monitor the temperature
profile of one or more tires, and accelerometers may be used
to monitor the longitudinal and lateral acceleration of the
vehicle, the combination of these data inputs providing a
more complete assessment of the vehicle’s current use or
application.

[0034] For any of the apparatuses described herein (and
particularly the closed-loop or semi-closed-loop appara-
tuses), sensors and/or settings may be monitored intermit-
tently or continuously. Further, some sensors and/or settings
may be monitored intermittently, while others are monitored
continuously.

[0035] For any of the devices described herein, suspension
settings may be controlled by a user via any appropriate
input device including (but not limited to) one or more
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switches, buttons, dials, user interfaces, personal computers,
laptops, tablets, smartphones, touchscreen devices, and the
like.

[0036] For any of the apparatuses described herein, the
objective behind monitoring and/or adjusting suspension
settings may include (but is not limited to) reducing or
minimizing tire wear, increasing or maximizing perfor-
mance, improving safety, increasing passenger comfort,
providing a compromise between certain factors, and the
like.

[0037] Any of the apparatuses described herein may be
applied to any vehicle where measurement and/or control
over suspension settings is desirable, including (but not
limited to) passenger vehicles, cars, buses, trucks, motor-
cycles, bicycles, commercial vehicles, special vehicles, on-
road vehicles, off-road vehicles, racing cars, vehicles for
competition use, front-wheel drive vehicles, rear-wheel
drive vehicles, all-wheel vehicles, four-wheel drive vehicles,
and the like.

[0038] In general, any of the apparatuses described herein
may be applied to any suspension setup, including (but not
limited to) fixed axle, independent, MacPherson strut, wish-
bone, double-wishbone, multi-link, air suspension, leaf
spring, torsion bar suspension, or the like. In particular, any
of the apparatuses and methods described herein may be
configured for retrofitting an existing suspension. Thus, any
of these apparatuses may be configured for retrofitting an
existing suspension by having a particular shape or profile as
shown and described, and/or for mounting to known ele-
ments such as a strut of a MacPherson suspension and/or an
upper wishbone (triangle) of a dual-wishbone suspension,
etc.

[0039] In general, the apparatuses described herein are
configured so that the electromechanical portion does not
need to operate under high loads, including the static load of
the vehicle weight (e.g., the weight supported by the frame)
or the dynamic weight when operating the vehicle. Thus, any
of the apparatuses described herein may be configured so
that the apparatus (e.g., camber adjusting apparatus) is
divided into portions that support high or low loads; the
portion supporting the high load typically mounts to the
frame and supports the holder connected to the suspension,
while the portion supporting low loads couples to the
electromechanical actuator and drives the movement of the
supported holder to adjust the alignment. This allows the
electromechanical actuator to operate more efficiently and
reliably, without having to move or operate under a heavy
load, and permits the use of smaller and lighter motors.
[0040] In addition, each of the apparatuses described
herein for adjusting one of camber, toe or caster is config-
ured so that it permits movement in only one, predictable
axis of movement, while constraining movement in the other
(perpendicular) axes.

[0041] For example, an apparatus for adjusting camber of
a vehicle having a suspension (in which the suspension
includes an upper arm) may include: a mount body having
a translational bearing surface, wherein the mount body is
configured to rigidly connect to the vehicle’s frame; an arm
holder configured to hold an end of the upper arm, wherein
the arm holder is movably connected to the translational
bearing surface, further wherein the translational bearing
surface is configured to permit the arm holder to move in a
first translational axis and to constrain the arm holder from
moving in a second translational axis that is transverse to the
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first translational axis or a third translational axis that is
transverse to the second translational axis; and an electro-
mechanical actuator coupled to the arm holder to drive the
arm holder along the translational bearing surface in the first
translational axis.

[0042] The upper arm may refer to any portion of the
suspension, and particularly known suspensions, such as
MacPherson type suspension, wishbone (e.g., double wish-
bone) suspensions, etc. For example, the upper arm may be
the strut of a MacPherson, or one end of the upper wishbone
of a wishbone (e.g., double wishbone) suspension.

[0043] The mount body may include a housing and the
translational bearing surface, and may be referred to as
including a ‘stage’ (e.g., an upper stage and a lower stage, in
some examples). The mount body may connect, e.g., rigidly,
to the frame of the vehicle. The frame of the vehicle
typically refers to the main supporting structure of a motor
vehicle to which other components are attached (e.g., the
skeleton, body shell, chassis or monocoque of the vehicle)
and may act as the mechanical ground for the apparatuses
described in some of the examples herein. As used herein
rigid connection between the mount body and the frame may
refer to a connection that resists or prevents relative move-
ment between the two bodies, although they may be con-
nected through one or more intermediate bodies (e.g., wash-
ers, rings, etc.).

[0044] The mount body may include an upper mount body
and a lower mount body, and may be configured so that the
vehicle’s frame may be secured between the upper mount
body and the lower mount body. In particular, when the
upper arm holder is configured as a strut holder, to hold the
strut of a MacPherson-type suspension, the mount body may
include an upper mount body portion and a lower mount
body portion, as will be described in greater detail below. In
this configuration, the camber may be controlled from atop
the tower of the strut tower, because the upper mount body
may be attached from above the strut tower (and is a low
load supporting portion) while the lower mount body may be
attached from below the strut tower (and is a high load
supporting portion). The vehicle frame may be held between
the two.

[0045] In any of the apparatuses having an upper and
lower mount body (and particularly the camber adjusting
apparatuses described herein, including those adapted to
couple to a strut of a MacPherson-type suspension), the
lower mount body may include the translational bearing
surface. Typically the translational bearing surface is con-
figured by shape and orientation to permit movement in a
single translational axis. For example, the translational bear-
ing surface may comprise one or more (e.g., a pair) of shafts
extending in parallel on either side of the arm holder. The
outer surface of the shafts may form the bearing surface. The
shafts may be cylindrical, and/or may have any appropriate
cross-section (circular, oval, rectangular, triangular, hexago-
nal, etc.). The shafts may be sized and positioned to support
a high load.

[0046] Any of these apparatuses may include a linear
bearing (e.g., a linear ball bearing or a bush) that is rigidly
connected to the arm holder and movably connected to the
translational bearing surface. The linear bearing may be
configured to be able to slide (with low friction) over the
translational bearing surface, particularly when the transla-
tional bearing surface is part of a shaft (or pair of shafts). In
some variations a pair of linear bearings (e.g., one on each
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of a pair of shafts) are rigidly connected to the arm holder.
Any appropriate type of linear bearing may be used, includ-
ing a rolling element bearing (e.g., ball bearing slide, ball
slide, roller slide, crossed roller slide, etc.) a plane bearing
(e.g., dovetail slide, compound slide, rack slide), a bush, etc.
As mentioned, the arm holder may be part of a linear stage
or may be connected to a linear stage that moves on the
translational bearing surface and relative to the mount body.
[0047] In general, the electromechanical actuator may
comprise an electric motor coupled to the arm holder to
move it in the first translational axis. Other elements of the
electromechanical actuator include gearing (e.g., gear
assembly for translating a rotational motion of the motor
into linear motion for pushing or pulling along the first
translational axis). In general, the electromechanical actua-
tor may be positioned generally in a plane that is parallel
with the first translational axis, although it may have any
appropriate orientation.

[0048] In any of the apparatuses described herein, the
electromechanical actuator may include a ball screw and a
ball nut, wherein the ball nut is coupled to the arm holder
and is configured to be driven back and forth along the ball
screw, e.g., by the action of the motor (or other driver). Any
mechanical linear actuator may be used instead of or in
addition to the ball screw/ball nut. For example, other screw
mechanisms (roller screw, lead screw, screw jack, etc.),
wheel and axle, or cams may be used.

[0049] In general, any of the apparatuses may include a
sensor, such as an encoder, configured to monitor the posi-
tion of the apparatus. For example, an encoder may be used
to monitor the position of the arm holder and thereby the
position of the suspension arm being held (e.g., the upper
wishbone position, the strut position, etc.).

[0050] In any of the apparatuses described herein, the arm
holder may be configured so that the end of the upper arm
may move or be fixed. For example, the arm holder may be
configured to allow the upper arm (e.g., upper wishbone
end) to pivot relative to the arm holder. In some variations
the arm holder may be configured to allow the upper arm to
pivot and move as if hinged. The upper arm holder may be
configured to allow the strut to pivot.

[0051] The translational bearing surface may be config-
ured to support a load (e.g., strut load and/or radial load) of
greater than a minimum load threshold (e.g., supporting a
substantial portion of the weight of the vehicle), such as at
least about 1000 kilograms (kg), e.g., about 1500 kg or
more, about 2000 kg or more, about 2500 kg or more, about
3000 kg or more, about 3200 kg or more, about 3500 kg or
more, about 4000 kg or more, etc. Thus, in variations in
which the apparatus includes a two part (or more) mount
body in which the lower mount body supports a high load,
the high load may be at least this minimum load threshold,
while the upper mount may be configured to support much
less of a load (e.g., less than about 1000 kg, less than about
900 kg, less than about 800 kg, less than about 700 kg, less
than about 600 kg, less than about 500 kg, etc.).

[0052] For example, an apparatus for adjusting camber of
a vehicle having a suspension with an upper arm, the
apparatus may include: a mount body having a translational
bearing surface, wherein the mount body is configured to
rigidly connect to the vehicle’s frame; an arm holder con-
figured to hold an end of the upper arm, wherein the arm
holder is movably connected to the translational bearing
surface, further wherein the translational bearing surface is
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configured to permit the arm holder to move in a first
translational axis and to constrain the arm holder from
moving in a second translational axis that is transverse to the
first translational axis or a third translational axis that is
transverse to the second translational axis; a linear bearing
that is rigidly connected to the arm holder and movably
connected to the translational bearing surface; an electro-
mechanical actuator coupled to the arm holder to drive the
arm holder along the translational bearing surface in the first
translational axis; and an electronic controller configured to
control actuation of the electromechanical actuator.

[0053] As mentioned above, any of the camber adjusting
apparatuses described herein may be configured specifically
for adjusting camber in a vehicle having a MacPherson-type
suspension, including an upper arm that is configured as a
strut. For example a device for adjusting camber of a vehicle
having a suspension including a strut may include: a mount
body having a translational bearing surface, wherein the
mount body is configured to rigidly connect to the vehicle’s
frame; a strut holder configured to hold an end of the strut,
wherein the strut holder is movably connected to the trans-
lational bearing surface, further wherein the translational
bearing surface is configured to permit the strut holder to
move in a first translational axis and to constrain the strut
holder from moving in a second translational axis that is
transverse to the first translational axis or a third transla-
tional axis that is transverse to the second translational axis;
and an electromechanical actuator coupled to the strut holder
to drive the strut holder along the translational bearing
surface in the first translational axis.

[0054] As mentioned any of the apparatuses described
herein may include an electronic controller that is configured
to control actuation of the electromechanical actuator. The
electronic controller may be integrated into the device (e.g.,
within a housing coupled to the mount body, for example),
or it may be located remote from the mount body and may
connect via a wired or wireless connection. In some varia-
tions the electronic controller (which may be referred to
herein a controller or as control circuitry), may include
circuitry such as a processor, memory, timer/clock, power
supply regulatory circuitry, etc. The electronic controller
may be connected to a power source (e.g., battery), includ-
ing connected to the vehicle power supply.

[0055] A device for adjusting camber of a vehicle having
a suspension including a strut may include: an upper mount
body and a lower mount body configured so that the vehi-
cle’s frame may be secured between the upper mount body
and the lower mount body, wherein the lower mount body
comprises a translational bearing surface; a strut holder
configured to hold an end of the strut, wherein the strut
holder is movably connected to the translational bearing
surface, further wherein the translational bearing surface is
configured to permit the strut holder to move in a first
translational axis and to constrain the strut holder from
moving in a second translational axis that is transverse to the
first translational axis or a third translational axis that is
transverse to the second translational axis; an electrome-
chanical actuator coupled to the strut holder to drive the strut
holder along the translational bearing surface in the first
translational axis; and an electronic controller configured to
operate the electromechanical actuator.

[0056] A device for adjusting camber of a vehicle having
a suspension including a strut may include: an upper mount
body and a lower mount body configured so that the vehi-



US 2018/0201319 Al

cle’s frame may be secured between the upper mount body
and the lower mount body, wherein the lower mount body
comprises a translational bearing surface formed by one or
more shafts; a strut holder configured to hold an end of the
strut, wherein the strut holder is movably connected to the
one or more shafts forming the translational bearing surface
by a linear bearing so that the strut holder moves in a first
translational axis and is constrained from moving in a
second translational axis that is transverse to the first trans-
lational axis or a third translational axis that is transverse to
the second translational axis; an electromechanical actuator
coupled to the strut holder to drive the strut holder along the
translational bearing surface in the first translational axis;
and an electronic controller configured to operate the elec-
tromechanical actuator.

[0057] Any of the apparatuses described herein may be
configured to retrofit onto an existing suspension. For
example, a method of installing and/or operating an appa-
ratus (e.g., device) for adjusting camber of a vehicle having
a suspension including a strut may include placing the
apparatus on the top of the strut of a suspension such as a
MacPherson-type suspension. This may include installing a
first (e.g., upper) mount body portion above the strut tower,
which may include on a first, upper, side of the frame (e.g.,
above the wheel region), and connecting it to a second (e.g.,
lower) mount body portion on the opposite underside por-
tion of the body frame, e.g., through an opening in the body
frame. The second mount body portion may support a high
load passed through the strut, while the first mount body
portion does not need to support the high load, and may
include the electromechanical actuator that may then operate
under the much lower load conditions. The strut may fit into
the strut holder and be secured by the strut holder. In
operation, the electromechanical actuator may drive move-
ment of the strut by moving the strut holder on the bearing
surface in the first axis defined by the bearing surface. This
first axis may be aligned during installation with the axis of
the wheel (e.g., approximately the axis of rotation of the
wheel). By controlling the electromechanical actuator (e.g.,
a motor of the electromechanical actuator), either automati-
cally or manually (e.g., using a user control to set or adjust
the camber) the camber may be adjusted by driving the strut
in towards the tire or out, away from the tire along the first
translational axis, resulting in positive or negative camber.
The installation steps may be repeated for one or more
additional tires. In operation, the controller may apply power
to drive the electromechanical actuator to move the holder in
the first translational axis (positive or negative movement).
In any of the devices described herein, the apparatus may
lock or otherwise secure the position of the holder relative
to the mount body, so that the position does not slip or
inadvertently change. For example, the electromechanical
actuator may be configured to lock or hold the position when
not actuated. A separate translation lock may be included
(prohibiting translation of the electromechanical actuator) as
part of the electromechanical actuator, e.g., coupled to or as
part of the linear actuator, preventing movement until the
lock is released. Alternatively or additionally the lock may
be included as part of the holder or translation stage. The
lock may be an electromechanical brake. In any of the
apparatuses described herein, the electromechanical actuator
(e.g., electric motor) may remain active while the vehicle is
on, and may detect, including using a sensor such as an
encoder, slippage or unintended movement of the holder and
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therefore an un-intended change in camber, and may auto-
matically resist and/or adjust back to the intended/target
position.

[0058] In any of the apparatuses described herein, the
apparatus may limit the travel of the holder (e.g., of the
translation stage including the holder) at either end. This
may prevent the apparatus from extending beyond the
transitional bearing surface. The apparatus may also, when
first turning on, initialize the position (e.g., the encoder) by
scanning between the extreme limits of the transitional
bearing surface, e.g., the limited path of the holder/transla-
tion stage on the translational bearing surface.

[0059] In some variations of the apparatuses described
herein the apparatus is configured for use with a wishbone-
type suspension (also referred to as A-arm or triangle-arm
suspensions). In particular, described herein are methods
and apparatuses for adjusting camber of a vehicle having an
upper wishbone arm and a lower wishbone arm. A system
for adjusting camber of a vehicle having a suspension with
an upper wishbone arm and a lower wishbone arm (in which
the upper wishbone arm has a first end and a second end, the
“arms” of the wishbone) may include: a mount body having
a translational bearing surface, wherein the mount body is
configured to rigidly connect to the vehicle’s frame; a
wishbone arm holder configured to hold the first end of the
upper wishbone arm so that the first end of the upper
wishbone arm may pivot relative to the wishbone arm
holder, wherein the wishbone arm holder is movably con-
nected to the translational bearing surface, further wherein
the translational bearing surface is configured to permit the
wishbone arm holder to move in a first translational axis and
to constrain the wishbone arm holder from moving in a
second translational axis that is transverse to the first trans-
lational axis or a third translational axis that is transverse to
the second translational axis; and an electromechanical
actuator coupled to the wishbone arm holder to drive the
wishbone arm holder along the translational bearing surface
in the first translational axis.

[0060] The first end and the second end of the wishbone
arm may refer to the ends of the wishbone that do not
connect near the knuckle (hub) and wheel, which is a third
end of the wishbone arm. In general, because there are
typically two ends for upper wishbone that may couple to the
frame of the vehicle, any of these apparatuses (e.g., systems)
may include a second set of camber-adjusting components
(e.g., a second mount body, second wishbone arm holder
configured to hold the second end of the upper wishbone
arm, and a second electromechanical actuator). For example,
the system may include: a second mount body having a
second translational bearing surface, wherein the second
mount body is configured to rigidly connect to the vehicle’s
frame; a second wishbone arm holder configured to hold the
second end of the upper wishbone arm so that the second end
of the upper wishbone arm may pivot relative to the second
wishbone arm holder, wherein the second wishbone arm
holder is movably connected to the second translational
bearing surface, further wherein the second translational
bearing surface is configured to permit the second wishbone
arm holder to move in the first translational axis and to
constrain the second wishbone arm holder from moving in
the second translational axis or the third translational axis;
and a second electromechanical actuator coupled to the



to the vehicle’s frame; a first wishbone arm holder config-
ured to hold the first end of the upper wishbone arm so that
the first end of the upper wishbone arm may pivot relative
to the first wishbone arm holder, wherein the first wishbone
arm holder is movably connected to the first translational
bearing surface, further wherein the first translational bear-
ing surface is configured to permit the first wishbone arm
holder to move in a first translational axis and to constrain
the first wishbone arm holder from moving in a second
translational axis that is transverse to the first translational
axis or a third translational axis that is transverse to the
second translational axis; and a first electromechanical
actuator coupled to the first wishbone arm holder to drive the
first wishbone arm holder along the first translational bear-
ing surface in the first translational axis; a second mount
body having a second translational bearing surface, wherein
the second mount body is configured to rigidly connect to
the vehicle’s frame; a second wishbone arm holder config-
ured to hold the second end of the upper wishbone arm so
that the second end of the upper wishbone arm may pivot
relative to the second wishbone arm holder, wherein the
second wishbone arm holder is movably connected to the
second translational bearing surface, further wherein the
second translational bearing surface is configured to permit
the second wishbone arm holder to move in the first trans-
lational axis and to constrain the second wishbone arm
holder from moving in the second translational axis or the
third translational axis; a second electromechanical actuator
coupled to the second wishbone arm holder to drive the
second wishbone arm holder along the second translational
bearing surface in the second translational axis; and an
electronic controller configured to operate the first and
second electromechanical actuators.

[0062] Any of the features described above may be
included in a system adapted for a wishbone, including the
electronic controller, rod-shaped (e.g., shaft-shaped) trans-
lational bearing surface, linear bearings, and the like. A
single electronic controller may be used to control multiple
electromechanical actuators; alternatively each electrome-
chanical actuator may be coupled to a single electrome-
chanical actuator.

[0063] Any of the features described above may be
included in a system adapted for a wishbone, including the
electronic controller, shaft-shaped translational bearing sur-
face, linear bearings, and the like.

[0064] Also described herein are methods of adjusting
camber of a vehicle having a suspension with an upper
wishbone arm and a lower wishbone arm, the upper wish-
bone arm having a first end and a second end, the method
comprising: activating a first electromechanical actuator to
drive a first wishbone arm holder on a first translational
bearing surface that is rigidly connected to the vehicles
frame so that the first wishbone arm holder moves in a first
translational axis, wherein the first wishbone arm holder is
coupled to the first end of the upper wishbone arm; and
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activating a second electromechanical actuator to drive a
second wishbone arm holder on a second translational
bearing surface that is rigidly connected to the vehicle frame
so that the second wishbone arm holder moves in the first
translation axis, wherein the second wishbone arm holder is
coupled to the second end of the upper wishbone arm.

[0065] Activating the first electromechanical actuator and
activating the second electromechanical actuator may occur
concurrently. Alternatively, activating the first electrome-
chanical actuator may occur subsequent to (immediately
after, or within a few seconds or minutes after) activating the
second electromechanical actuator.

[0066] Activating the first electromechanical actuator may
include manually activating the first electromechanical
actuator. Alternatively, activating the first electromechanical
actuator may include automatically (or semi-automatically)
activating the first electromechanical actuator.

[0067] Any of these methods may include adjusting the
toe of the suspension concurrently with adjusting the first
electromechanical actuator, or adjusting the toe immediately
before or after adjusting the camber.

[0068] Also described herein are methods and apparatuses
for adjusting camber and toe of a vehicle having a suspen-
sion with an upper arm and a tie rod. Generally, these
methods may include any of the apparatuses for adjusting
camber as described herein, and may also include an appa-
ratus for adjusting toe. For example, an apparatuses for
adjusting camber and toe of a vehicle having a suspension
with an upper arm and a tie rod may include: a camber
adjusting unit comprising: a mount body having a transla-
tional bearing surface, wherein the mount body is configured
to rigidly connect to the vehicle’s frame; an arm holder
configured to hold an end of the upper arm, wherein the arm
holder is movably connected to the translational bearing
surface, further wherein the translational bearing surface is
configured to permit the arm holder to move in a first
translational axis and to constrain the arm holder from
moving in a second translational axis that is transverse to the
first translational axis or a third translational axis that is
transverse to the second translational axis; and a first elec-
tromechanical actuator coupled to the arm holder to drive
the arm holder along the translational bearing surface in the
first translational axis; a toe adjusting unit, the toe adjusting
unit comprising: a tie rod mount at a distal end, configured
to connect to an end of the tie rod; a telescoping rod
configured to extend or retract in the distal-to-proximal
direction; a second electromechanical actuator coupled to
the telescoping arm and configured to drive rotation of the
telescoping arm to extend or retract the telescoping arm
relative to the tie rod; and a steering link mount at a proximal
end, configured to connect to a linkage of a steering rack of
the vehicle; and an electronic controller configured to oper-
ate the first and second electromechanical actuators.

[0069] The second electromechanical actuator may
include an electric motor positioned in parallel with the
telescoping arm. The steering link mount may be a ball joint.
The telescoping arm may comprise a ball screw that rotates
relative to a ball nut that is rigidly coupled with the tie rod
mount, or any other linear actuator. The toe adjusting unit
may include one or more stay rods connecting the second
electromechanical actuator to the tie rod mount to prevent
rotation of the second electromechanical actuator relative to
the tie rod mount.






























