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SUSPENSION AND STEERING SYSTEM FOR A VEHICLE

TECHNICAL FIELD

The present disclosure relates to a suspension and steering system for a vehicle and
particularly, but not exclusively, to a dual knuckle system comprising a suspension
assembly and a steering assembly. Aspects of the invention relate to a system which
can be employed as a front wheel independent suspension system, to a rear wheel
independent suspension system and to a vehicle comprising the system.

BACKGROUND

Suspension systems perform a number of functions within a vehicle. Primarily they
should reduce the noise, vibration and harshness (NVH) of the vehicle, isolating the
passengers from road shocks. Suspension systems also regulate the stability of the
vehicle by enabling contact between wheels and the road and maintain proper wheel
geometry. However, these must also be balanced with vehicle requirements such as
sufficient handling.

There are two main categories of suspension systems; dependent and independent.
Dependent, or ‘rigid axle’ systems have the two front or back wheels connected on the
same axle. This system is mechanically straightforward, and therefore generally
robust. However, as the wheels react to road shocks in conjunction, the efficacy of the
handling is reduced, particularly when compared to independent suspension systems.
Independent systems, as the name suggests, are configured so that the individual
wheels can move independently from one another, reacting individually to road
disturbances. Consequently, the configuration of independent suspension systems can
be rather complex, but does allow for better vehicle handling, and can enhance the
stability of the vehicle.

As independent suspension systems afford characteristics that are advantageous for
modern on-road cars, it is these that are typically used. By using an independent
system, the individual wheel geometries can be controlled. The positioning of the
wheel includes the steered direction, and the camber, caster and toe angle alignments.
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The MacPherson type is a common front suspension system which comprises a
telescopic damper with the coil pivoted at the top end to the vehicle body, which is
employed as the upper steering pivot. Consequently, the MacPherson type is both a
light and compact suspension system, which is particularly useful for front suspensions
where packaging volume is an issue. However, specific positioning of the telescopic
damper is required for suitable caster angle, and often in such systems there is

diminished possibility for camber and toe alignment control.

Another suspension system, which offers improved management of wheel position, is
the double wishbone suspension system. A double wishbone system comprises two
links of a wishbone configuration (an A-shape) which are generally in parallel when in
the usual ride position. The links, or arms, are used to link the wheel hubs to the axle
or chassis, and act to control the position of the wheel. For example, in a double
wishbone suspension system it is common to have the upper link, or arm, shorter in
length than the lower control arm so that negative camber is generated, counteracting
the positive camber often induced whilst a vehicle corners.

Furthermore, a system which improves on some of the advantages presented by the
double wishbone suspension system is the multilink suspension system. This is
derived from the double wishbone system but is comprised of at least three
substantially horizontal links, or arms, and one or more substantially vertical arms, or
links. By providing a system which has an increased number of independent arms,
generally provided with ball joints or bushings at the arm joints, the horizontal and
vertical forces, and consequently wheel geometries, can be configured and handled
more precisely than other suspension systems. Therefore this results in overall
improved handling of the vehicle whilst augmenting passenger comfort.

Both the double wishbone and the multilink suspension systems may also comprise of
an integral link. In such a suspension system, an ‘integral’ link may be provided
between the lower control arm and the knuckle. It further acts as a mount for the hub,
to which the wheel and tyre assembly is attached. However, in other suspension
systems the integral link may be provided between a lower and upper arm, or the
knuckle and an upper arm. The integral link acts to control the fore-aft compliance of
the system. For example, in a wishbone system in which the integral link is attached
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between the lower link and the knuckle, the vertical springing characteristics are
improved giving enhanced road-wheel control. As an integral link can improve the
vertical stiffness of the system, as well as the horizontal compliance there is a better
overall compromise between handling and the NVH of the vehicle.

Consequently integral link suspension systems present many advantages over other
suspension types. Howsver, the integral link can also work to constrain the knuckle, or
upper links, preventing the ability fo steer through significant steer angles. For this
reason, as well as significant packing constraints, integral link suspension systems
have typically been designed only as independent rear wheel suspension systems
{InS).

It is against this background that the present invention has been devised.

At least in cerfain embodiments, the present invention sssks o gvercome or

ameliorate at least some of the disadvantages associated with the prior art.

SUMMARY OF THE INVENTION

Aspects and embodiments of the invention provide a suspension and steering system
for a vehicle, a suspension assembly for the system, and a vehicle comprising the
system as claimed in the appended claims.

According to an aspect of the invention, there is provided a suspension and steering
system for a vehicle, comprising: a wheel hub knuckle; a steering assembly coupled to
the wheel hub knuckle; and a suspension assembly, wherein the suspension assembly
comprises: at least one control member; and an intermediate bracket means, wherein
the at least one control member is coupled to the intermediate bracket means, and
wherein the coupling point of the control member on the intermediate bracket means is
spaced longitudinally from a steering axis of the system.

This provides a system in which suspension and steering may be combined, in a
system which nevertheless provides stability away from or longitudinally separated
from the steering axis of the system, thereby also incorporating some of the
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advantages of previously considered integral link and multilink systems. This is done
by effectively separating the steering system from at least part of the suspension
assembly, so that the steering is operable in spite of the provision of at least one
suspension control member spaced longitudinally from the steering axis. In previous
systems, such a control member would have been attached to the wheel hub knuckle,
thereby impeding steering — here, the control member is coupled to the intermediate
bracket means, allowing the steering to operate separately. In addition, by employing
the configuration of the embodiments of the invention, the steering axis may be
longitudinally offset, for example by enabling steering via the inner knuckle which can
itself be longitudinally offset.

The coupling point of the control member on the intermediate bracket means may be
distal from, off-axis, or not aligned with the steering axis of the system. The steering
axis may be defined as or taken to be an axis through the steering assembly coupled
to the wheel hub knuckle. This axis may be the axis around which a wheel for
mounting on the wheel hub knuckle would rotate in use, thereby providing steering.

The intermediate bracket means may be separate from the wheel hub knuckle, for
example it may be that the intermediate bracket means is spaced laterally from the
wheel hub knuckle. In embodiments, it could be that the intermediate bracket means
is closer in use to a wheel of the vehicle than the wheel hub knuckle. However, in
embodiments of the invention, the suspension assembly comprises a vehicle
mounting, and the intermediate bracket means is disposed between the vehicle
mounting of the suspension assembly and the wheel hub knuckle.

In embodiments of the invention, coupling points between components may be
provided by pivotal, rotational or hinge-like couplings which may have a plurality of
degrees of freedom, dependent on the type of coupling component employed. It will be
clear to the skilled person that suitable coupling components would be selected
dependent on the function of the elements being coupled. Examples of coupling
components which may be employed are flexible couplings, bush pin type flange
couplings, rag joints, ball joints, bushings and bearings. In other embodiments,
coupling may be provided by hinge couplings, which may have fewer degrees of
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freedom. This list is not considered to be exhaustive and other suitable coupling

components are envisaged to be used in arrangements of the present invention.

Optionally, the at least one control member is one of: a toe control arm; a camber

control arm; and a lower control arm.

In an embodiment of the invention, the intermediate bracket means comprises an inner
knuckle. The system of embodiments of the invention may therefore provide a dual
knuckle system, comprising the wheel hub knuckle and the inner knuckle. In this
embodiment, the steering axis is taken to be the axis about which the wheel hub
knuckle rotates relative to the inner knuckle.

Optionally, the at least one control member is a lower control arm, the wheel hub
knuckle is coupled to the inner knuckle at a first position and to the lower control arm
at a second position, the first position is located at a first end of the wheel hub knuckle,
and the second position is located at an opposing second end of the wheel hub
knuckle, and the wheel hub knuckle is coupled to a wheel hub assembly. In this
embodiment the wheel hub knuckle acts as an integral link connected between the
inner knuckle and the lower control arm while also acting as a steerable outer / wheel
knuckle. This embodiment therefore obviates a separate integral link within the
suspension and steering system while maintaining the functionality of an integral link.
The number of components within the system is consequently reduced, thereby
reducing the manufacturing cost.

Alternatively, the wheel hub knuckle may be coupled to the inner knuckle at at least
two positions, wherein at least a first position is located at a first end of the wheel hub
knuckle, and at least a second position is located at an opposing second end of the
wheel hub knuckle, and wherein the wheel hub knuckle is coupled to a wheel hub
assembly.

Optionally, the wheel hub assembly comprises a wheel bearing, a wheel hub, a brake
disc, a caliper and a road wheel mounting face.
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Optionally, the steering assembly comprises a steering track rod coupled to the wheel
hub knuckle at a first end and coupled to a steering rack at an opposing second end.

Optionally, the steering assembly comprises a driveshaft coupled to the wheel hub
assembly at a first end and coupled to a final drive unit at an opposing end.

In an embodiment of the invention, the suspension assembly comprises at least two
suspension arms pivotally coupled to the vehicle mounting at first ends and pivotally
coupled to the inner knuckle at opposing second ends, and a damping system coupled
to at least one arm at a first end and to the vehicle mounting at an opposing second
end.

In an embodiment of the invention, the suspension assembly comprises a lower
control arm pivotally coupled to the vehicle mounting at a first end and pivotally
coupled to the inner knuckle at an opposing second end, an upper camber control arm
pivotally coupled to the vehicle mounting at a first end, and pivotally coupled to the
inner knuckle at an opposing second end, a toe control arm pivotally coupled to the
vehicle mounting at a first end and pivotally coupled to the inner knuckle at an
opposing second end, and a damping system coupled to at least one arm at a first end
and to the vehicle mounting at an opposing end.

In an embodiment of the invention, the suspension assembly comprises an upper arm
pivotally coupled to the vehicle mounting at two substantially horizontal positions at
inner first ends of the upper arm, and pivotally coupled to the inner knuckle at an
opposing second end, a lower control arm pivotally coupled to the vehicle mounting at
two substantially horizontal positions at inner first ends of the lower control arm, and
pivotally coupled to the inner knuckle at an opposing second end, and a damping
system coupled to at least one arm at a first end and to the vehicle mounting at an
opposing second end.

Optionally, the suspension assembly according to any of the above embodiments
comprises an integral link pivotally coupled to the lower control arm at a first end, and
pivotally coupled to the inner knuckle at an opposing second end.
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According to another aspect of the invention there is provided a suspension and
steering system for a vehicle, comprising: a knuckle; a steering assembly coupled to
the knuckle; and a suspension assembly. The suspension assembly may comprise: at
least one control member; and an intermediate bracket means. The at least one
control member may be coupled to the intermediate bracket means. The coupling
point of the control member on the intermediate bracket means may be spaced
longitudinally from a steering axis of the system. The steering axis is taken to be the
axis about which the wheel and steering assembly rotate relative to the knuckle.
Furthermore, the longitudinal direction is the lengthwise direction which may be
understood to define a length from the wheel towards a central parallel point of the
vehicle, between the front and the rear of the vehicle, perpendicular to a lateral
direction/orientation which may be defined along a line between left-hand and right-
hand sides of the vehicle).

According to another aspect of the invention there is provided a vehicle comprising the
suspension and steering system as described above.

According to another aspect of the invention there is provided a system for a vehicle,
comprising: a wheel hub knuckle; a steering assembly coupled to the wheel hub
knuckle; and a suspension assembly, wherein the suspension assembly comprises: at
least one control member; and an intermediate bracket means, wherein the at least

one control member is coupled to the intermediate bracket means.

According to another aspect of the invention, there is provided a suspension and
steering system for a vehicle, comprising: a wheel hub knuckle; a steering assembly
coupled to the wheel hub knuckle; and a suspension assembly, wherein the
suspension assembly comprises: at least one control member; and an intermediate
bracket, wherein the at least one control member is coupled to the intermediate
bracket, and wherein the coupling point of the control member on the intermediate
bracket is spaced longitudinally from a steering axis of the system.

In embodiments of the invention, the suspension assembly comprises a vehicle
mounting, and the intermediate bracket is disposed between the vehicle mounting of
the suspension assembly and the wheel hub knuckle.
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Optionally, the at least one control member is one of: a toe control arm; a camber

control arm; and a lower control arm.

In an embodiment of the invention, the intermediate bracket comprises an inner
knuckle. The system of embodiments of the invention may therefore provide a dual
knuckle system, comprising the wheel hub knuckle and the inner knuckle.

Optionally, the wheel hub knuckle may be coupled to the inner knuckle at at least two
positions, wherein at least a first position is located at a first end of the wheel hub
knuckle, and at least a second position is located at an opposing second end of the
wheel hub knuckle, and wherein the wheel hub knuckle is coupled to a wheel hub
assembly.

Optionally, the wheel hub assembly comprises a wheel bearing, a wheel hub, a brake
disc, a caliper and a road wheel mounting face.

Optionally, the steering assembly comprises a steering track rod coupled to the hub
knuckle at a first end and coupled to a steering rack at an opposing second end.

Optionally, the steering assembly comprises a driveshaft coupled to the wheel hub
assembly at a first end and coupled to a final drive unit at an opposing end.

In an embodiment of the invention, the suspension assembly comprises at least two
suspension arms pivotally coupled to the vehicle mounting at first ends and pivotally
coupled to the inner knuckle at opposing second ends, and a damping system coupled
to at least one arm at a first end and to the vehicle mounting at an opposing second
end.

In an embodiment of the invention, the suspension assembly comprises a lower
control arm pivotally coupled to the vehicle mounting at a first end and pivotally
coupled to the inner knuckle at an opposing second end, an upper camber control arm
pivotally coupled to the vehicle mounting at a first end, and pivotally coupled to the
inner knuckle at an opposing second end, a toe control arm pivotally coupled to the
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vehicle mounting at a first end and pivotally coupled to the inner knuckle at an
opposing second end, and a damping system coupled to at least one arm at a first end
and to the vehicle mounting at an opposing end.

In an embodiment of the invention, the suspension assembly comprises an upper arm
pivotally coupled to the vehicle mounting at two substantially horizontal positions at
inner first ends of the upper arm, and pivotally coupled to the inner knuckle at an
opposing second end, a lower control arm pivotally coupled to the vehicle mounting at
two substantially horizontal positions at inner first ends of the lower control arm, and
pivotally coupled to the inner knuckle at an opposing second end, and a damping
system coupled to at least one arm at a first end and to the vehicle mounting at an
opposing second end.

Within the scope of this application it is expressly intended that the various aspects,
embodiments, examples and alternatives set out in the preceding paragraphs, in the
claims and/or in the following description and drawings, and in particular the individual
features thereof, may be taken independently or in any combination. That is, all
embodiments and/or features of any embodiment can be combined in any way and/or
combination, unless such features are incompatible. The applicant reserves the right to
change any originally filed claim or file any new claim accordingly, including the right to
amend any originally filed claim to depend from and/or incorporate any feature of any
other claim although not originally claimed in that manner.

BRIEF DESCRIPTION OF THE DRAWINGS

One or more embodiments of the invention will now be described, by way of example
only, with reference to the accompanying drawings, in which:

Figure 1 is a rear elevation view of a front left-hand-side suspension and steering
system according to an embodiment of the invention.

Figure 2 is a front elevation view of the front left-hand-side suspension and steering
system of Figure 1, omitting the brakes.



WO 2018/096513 PCT/IB2017/057425

10

15

20

25

30

Figure 3 is a front isometric view of the system of Figure 1, omitting the driveshaft and
brakes.

Figure 4 is a plan view of the system of Figure 1.

Figure 5 is a section view of the system of the embodiment of Figure 2 taken along the
section line (A-A) illustrated in Figure 4.

Figure 6 is a rear elevation view of a front left-hand-side suspension and steering
system according to another embodiment of the invention.

Figure 7 is a front elevation view of the front left-hand-side suspension and steering
system of Figure 6.

Figure 8 is a rear isometric view of the system of Figure 6.

Figure 9 is a plan view of the system of Figure 6.

Figure 10 is a side elevation view of the system of Figure 6 looking outward from the
vehicle structure along the axis of the drive-shaft (omitted from the figure for clarity)
towards the inner knuckle with the outer knuckle visible there-through.

Figure 11 is a side elevation view of the system of Figure 6 looking inward from the
vehicle road wheel along the axis of the drive-shaft (both road wheel and drive-shaft
omitted from the figure for clarity) towards the outer knuckle with the inner knuckle
visible there-beyond.

Figure 12 is a schematic view illustrating a system employed as the front wheel

suspension system in a vehicle, according to an embodiment of the invention.

DETAILED DESCRIPTION

A suspension and steering system as described with reference to the following
embodiments of the invention may be referred to as a dual knuckle suspension and
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steering system. Embodiments are described in which an outer or wheel hub knuckle
and an intermediate bracket means or inner knuckle (for the suspension assembly) are
provided. Although it is a common term to a person skilled in the art, herein a knuckle
should be understood to be a rigid component which is coupled to, and structurally
supports, at least one other vehicle component. For example, a typical steering
knuckle, which may also be referred to as a spindle, is a rigid component which carries
a wheel hub and is coupled to suspension control arms.

In embodiments of the invention, a control member of the suspension is coupled,
instead of to the wheel hub knuckle as in previously considered systems, to a bracket
intermediate the wheel hub knuckle and the suspension mounting. This is so that the
control member can be attached longitudinally away from the steering axis (i.e. fore or
aft of the steering axis), but nevertheless allow steering of the wheel hub around the
suspension. In a typical double wishbone system, as the attachment points of the
suspension on the wheel hub or knuckle are essentially aligned with the steering axis,
there is no impediment to the steering. In previous systems which are not steered,
such as multilink or integral link systems, there are control arms linked to the knuckle
away from the steering axis, to provide fore/aft or longitudinal stability, but therefore
prevent steering.

This intermediate bracket may be simply an extension of a double wishbone-type
upper or lower control arm, projecting at least some distance longitudinally (i.e. away
from the steering axis), with an additional control arm coupled to the bracket at some
point away from the steering axis, but otherwise providing the usual function of such
an additional control arm, such as toe or camber control. For example, a short or stub
arm could be formed in addition to, or attached to, the upper control arm, projecting
longitudinally, with the additional control arm coupled to the end of the stub arm,
thereby longitudinally separating that coupling point from the steering axis.

In embodiments of the invention, the intermediate bracket comprises a secondary or

inner knuckle, separate from the outer or wheel hub knuckle, to which the main and
other control arms of the suspension may be attached.
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Overall, in an embodiment of the invention the suspension and steering system for a
vehicle comprises an outer knuckle or wheel knuckle, an intermediate bracket means
or inner knuckle, a steering assembly, a suspension assembly (which may incorporate
the bracket/inner knuckle, and/or the control links, arms or members of the
suspension) and a wheel hub assembly. The intermediate bracket means or inner
knuckle is coupled to the outer / wheel knuckle, and is coupled at at least two positions
on the outer knuckle where at least a first position is located at an end of the outer
knuckle, and at least a second position is located at an opposing end of the outer
knuckle. In an embodiment of the invention the inner knuckle is coupled directly to the
outer knuckle via joints, which are typically bearings, but in other embodiments may be
any kind of structural linkage providing the appropriate degree of relative mobility. It
should be understood that throughout the following description, any reference to joints
encompasses the possibility that in other embodiments the joints may be any kind of
structural linkage providing the appropriate degree of relative mobility, even if it is not
stated explicitly.

Furthermore, the outer knuckle is coupled to a wheel hub assembly, which comprises
a wheel bearing, a wheel hub, a brake disc, a caliper and a road wheel mounting face,
and where the outer knuckle may be coupled to any of the components of the wheel
hub assembly. Additionally, the outer knuckle is also coupled to the steering assembly,
where the steering assembly comprises a steering track rod coupled to the outer
knuckle at an end and coupled to a steering rack at an opposing end, and a driveshaft
coupled to the wheel hub assembly at an end and coupled to a final drive and
differential unit at an opposing end.

The inner knuckle is also coupled to (or incorporated as part of) the suspension
assembly. The components of the suspension assembly may vary dependent on the
type of suspension assembly used. For example, a double wishbone assembly
comprises an upper arm, a lower control arm, and/or a toe control arm in the form of a
toe control link, and a damping system, whereas a multilink system may comprise a
plurality of upper arms, a plurality of lower control arms, a toe control link or toe control
arm and a damping system. In other embodiments the suspension system may also

comprise an integral link.
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The suspension and steering assembly of embodiments of the invention acts to
separate the functionality of the steering assembly from the suspension assembly, so
that the steering may act independently of the suspension component. This allows the
wheel hub assembly to be steered through significant angles, and in addition, for the
suspension to precisely control the position of the wheel, particularly in terms of the
caster, camber and toe angles. Therefore, the dual knuckle suspension and steering
system for a vehicle presents an advantage over previous suspension systems in that
it is an independent system which may be used in conjunction with many suspension
system types, such as double wishbone and multilink systems including integral links,
but can also be easily steered.

Figure 1 is a rear elevation view of a front left-hand-side dual knuckle system 100,
according to an embodiment of the invention. The dual knuckle system 100 comprises
a lower control arm 102, a camber control arm in the form of an upper camber control
link 104, a toe control arm in the form of a toe control link 106, an intermediate bracket
means, for example provided by an inner knuckle 108, a wheel hub knuckle in the form
of an outer knuckle 122, a wheel hub assembly 110, an integral link 112, a driveshaft
114, a road spring 116 and a damper 118. The dual knuckle system 100 is pivotally
connectable to a vehicle frame (not shown) at the inner end, and is also pivotally
connectable to a wheel (not shown) at the outer end.

Figure 2 is a front elevation view of the embodiment of the invention of Figure 1,
omitting the brakes. The brakes are omitted merely for illustrative purposes, such that
some of the components of the dual knuckle system may be seen more clearly.

Figure 3 is a front isometric view of the embodiment of the invention of Figure 1,
omitting the driveshaft 114 and brakes. The omission of these components is merely to
provide a clearer view of the construction and arrangement of the remaining

components.
Figures 4 and 5 provide additional views of the embodiment of the dual knuckle

system 100 of Figure 1, such that different aspects of the dual knuckle system 100 can

be seen more clearly.

13



WO 2018/096513 PCT/IB2017/057425

10

15

20

25

30

In the embodiment of the invention according to Figure 1 the lower control arm 102 is
connected to a vehicle structure at the inner (vehicle) end by two joints. These may be,
but are not limited to, bushes with controlled compliance. The lower control arm 102 is
connected to the inner knuckle 108 at the outer (wheel) end by a joint. The joint may
be, but is not limited to, a bearing. Additionally, the lower control arm 102 carries the
spring 116 and the damper 118. In an alternative embodiment, the spring 116 and/or
the damper 118 can be otherwise supported, such as by the upper camber control link
104 or the inner knuckle 108. The damper 118 of Figure 1 is a hydraulic telescopic-
acting type and is arranged to be directly connected between the vehicle body and the
lower control arm 102. Within this damper type it is possible to have single or twin-tube
dampers. Moreover, in yet another embodiment, the damper 118 may be a magnetic
ride damper.

The upper camber control link 104 is connected to the vehicle structure at the inner
end by a joint, where the joint is shown as a bush with controlled compliance, but in
alternative embodiments may be any kind of structural linkage providing the
appropriate degree of relative mobility, such as a ball or bearing. The upper camber
control link 104 is connected to the inner knuckle 108 at the outer end by a joint, which
is shown in the embodiment of Figure 1 as a bearing, but which in another
embodiment may be an alternative type of joint such as a bush.

The toe control link 106 is connected to the vehicle structure at the inner end by a
bearing joint, although other joints, such as a bushing, are possible in other
embodiments. The toe control link is also connected to the inner knuckle 108 at the

outer end.

The integral link 112 attaches via joints, using bushes with controlled compliance or
otherwise, to the lower control arm 102 and to the inner knuckle 108. This allows the
geometry of the inner knuckle 108 to be controlled in position, maintaining the camber
and toe angle alignments, as the camber angle alignment is substantially controlled by
the relative geometry of the lower control arm 102 and the upper control link 104. The
integral link 112 can aid the management of the camber angle, enhancing cornering
grip and improving straight-line acceleration. Control of the toe angle may improve
vehicle stability by compensating for rolling resistance often caused by the camber
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angle of the wheels. Depending on the toe angle size chosen this may also help to
reduce wear of the tyres. Therefore, the dual knuckle system 100 according to the
embodiment of Figure 1 is comparable to a typical integral link suspension system.
However, as the suspension components, including the integral link 112, are
connected to the inner knuckle 108 and the steering components are connected only
to the outer knuckle 122 or wheel hub assembly 110, the dual knuckle system 100 can
also be steered through significant steer angles, as the steering components are no
longer constrained in movement by the suspension components. Consequently, it
provides significant advantages over many suspension systems, such as a double
wishbone or integral link suspension system. Furthermore, in the embodiment of
Figure 1, the wheel fore-and-aft compliance can be controlled by the specific stiffness
of the bush controlled compliance joints of the integral link 112 and those inboard the

lower control arm 102.

The inner knuckle 108 is attached to the outer knuckle 122 by two joints, which are
typically, but not limited to, bearings, and which define the road wheel steering axis.
From the above, it can be seen that the position and orientation of the inner knuckle
108 is controlled by the lower control arm 102, the upper camber control link 104, the
toe control link 106 and the integral link 112.

The outer knuckle 122 is connected to the wheel hub assembly 110. In an
embodiment of the invention, the wheel hub assembly 110 comprises a wheel bearing,
a hub, a brake disc, a caliper and a road wheel mounting face. The driveshaft 114 is
connected to the wheel hub assembly 110, and further is connected to the final drive
and differential assembly, which is not shown in Figure 1, and is not considered to be
part of the dual knuckle system. The final drive is the set of components which
produces and transfers the torque to the driveshaft.

Moreover, the embodiment of the dual knuckle system 100 as shown in Figure 1
comprises a steering track rod 120, which is attachable to a steering rack at the inner
end, and to the outer knuckle 122 at the outer end. This arrangement allows the outer
knuckle 122, and thus the wheel hub assembly 110, to be steered by the steering rack
rod 120 independently of the inner knuckle 108. Additionally, the relative geometry of
the lower control arm 102, the upper camber control link 104 and the steering track rod
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120 controls the bump steer of the system. Bump steer should be understood as a
change in the steer angle caused by geometric and compliance effects as the wheel
moves vertically, relative to the vehicle body.

The dual knuckle system 100 of Figure 1 provides an alternative embodiment of a
typical integral link suspension system, but whose arrangement may be employed as a
front wheel suspension system. Generally in an integral link suspension system, the
knuckle or upper arm of a suspension is bound by the integral link such that when also
constrained by packaging and the driveshaft, it cannot be practically used as a driven
wheel suspension system. However, the invention described herein provides a
suspension system 100 in which the suspension assembly (comprising the lower
control arm 102, the upper camber control arm 104, the toe control link 106, a road
spring 116 and damper 118) is independent from the steering assembly (comprising
the steering track rod 120 and the driveshaft 114). These components are separated in
that the suspension assembly is coupled to the inner knuckle 108, whereas the
steering assembly is coupled to the outer knuckle 122. The integral link 112 is
connected between the inner knuckle 108 and the lower control arm 102, and thus
only acts on the suspension system, which permits the steering to act independently of
the main suspension links. Consequently, by using this arrangement the wheel
position can be precisely controlled, as in a typically wishbone or multilink system with
an integral link, but the wheels can also be steered through significant angles.
Therefore the dual knuckle system 100 according to the above described

embodiments may be used as a driven wheel suspension system.

The embodiment of Figure 1 may be adapted such that an integral link is not used.
Additionally, the embodiment of Figure 1 may be adapted to include any multi-link
suspension system, such suspension assembly comprises at least three lateral arms,
and at least one longitudinal arm, and where the suspension assembly is connected
only to the inner knuckle, and the steering assembly is connected only to the outer
knuckle or wheel hub assembly. Moreover, an integral link may be used to connect
components of the suspension assembly, such as a lower control arm to the inner

knuckle, without compromising the steering.
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In another embodiment of the system, the suspension system is a double wishbone
suspension system. This embodiment comprises an upper arm, which can be seen as
an ‘A’ shape, or similar, and is connected at the two substantially horizontal points, via
joints such as ball bearings or bushings, to the inner vehicle structure. Further, the
elbow of the arm is connected to the inner knuckle, also by joints such as a ball
bearing or a bushing. This embodiment also comprises a lower control arm, which is
vertically below but substantially parallel to the upper arm. The lower control arm,
which can be seen as an ‘A’ shape, or similar, is connected at the two substantially
horizontal points, via joints such as ball bearings or bushings, to the inner vehicle
structure. Further, the elbow of the arm is connected to the inner knuckle, also by
joints such as a ball bearing or a bushing. The steering system, comprising the
steering rack and driveshaft, is connected to the outer knuckle or outer wheel hub
assembly via joints such as ball bearings or bushings. Therefore, the steering
assembly and the suspension assembly can act independently of each other, allowing
the wheels to be turned through significant steer angles. Furthermore, this
embodiment may also comprise an integral link, where the integral link is connected to

the lower wishbone arm and to the inner knuckle.

Referring now to Figure 6, there is shown a rear elevation view of a front left-hand-side
dual knuckle system 200 according to a further embodiment of the invention. The dual
knuckle system 200 corresponds closely to the dual knuckle system 100 described
above and like reference numerals have been used for like components, albeit
incremented by 100 for clarity. In this embodiment the dual knuckle system 200
comprises a lower control arm 202, a camber control arm in the form of an upper
camber control link 204, a toe control arm in the form of a toe control link 206, an
intermediate bracket means provided by an inner knuckle 208, a wheel hub knuckle
provided by an outer knuckle 222, a wheel hub assembly 210, a driveshaft 214, a road
spring 216 (not shown in the figure) and a damper 218. The dual knuckle system 200
is pivotally connectable to a vehicle frame (not shown) at the inner end, and is also
pivotally connectable to a wheel (not shown) at the outer end.

In the embodiment of the invention according to Figure 6 the lower control arm 202 is
connected to a vehicle structure at the inner (vehicle) end by two joints. These may be,
but are not limited to, bushes with controlled compliance. The lower control arm 202 is
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connected to the inner knuckle 208 at the outer (wheel) end by a joint. The joint may
be, but is not limited to, a bush or a ball joint. Additionally, the lower control arm 202
carries the spring 216 (not shown) and the damper 218. In an alternative embodiment,
the spring 216 and/or the damper 218 can be otherwise supported, such as by the
upper camber control link 204 or the inner knuckle 208. The damper 218 of Figure 6 is
a hydraulic telescopic-acting type and is arranged to be directly connected between
the vehicle body and the lower control arm 202.

The upper camber control link 204 is connected to the vehicle structure at the inner
end by a joint, where the joint is shown as a bush with controlled compliance, but in
alternative embodiments may be any kind of structural linkage providing the
appropriate degree of relative mobility, such as a ball or bearing. The upper camber
control link 204 is connected to the inner knuckle 208 at the outer end by a joint, which
may be, but is not limited to, a bush or a spherical bearing.

The toe control link 206 is connected to the vehicle structure at the inner end by a
bearing joint, although other joints, such as a bushing, are possible in other
embodiments. The toe control link 206 is also connected to the inner knuckle 208 at
the outer end.

In contrast to the foregoing embodiment of the invention which utilised a separate
integral link 112 attached between the lower control arm 102 and the inner knuckle
108, in the embodiment of Figure 6 the restraining function of the integral link 212 is
incorporated into the outer / wheel knuckle 222. However, in order to provide the
combined function of the integral link 212 and a steerable knuckle 222, the inner
knuckle 208 and the outer / wheel knuckle 222 are no longer coupled together at at
least two positions. Rather, in the embodiment of Figure 6 the outer / wheel knuckle
222 is coupled at its upper end by an upper joint to the inner knuckle 208 and at its
lower end by a lower joint to the lower control arm 202.

In this manner the outer or wheel knuckle 222 acts as the steerable support for the

wheel hub assembly 210 and also enables the geometry of the inner knuckle 208 to be
controlled in position, maintaining the camber and toe angle alignments, as the camber
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angle alignment is substantially controlled by the relative geometry of the lower control
arm 202 and the upper control link 204.

All of the advantages of the separate integral link 112 of the foregoing embodiment are
retained (e.g. management of the camber angle, enhanced cornering grip and
improved straight-line acceleration) using fewer components. The cost of the system is
therefore reduced, albeit the physical shape of the inner knuckle 208 and the outer /
wheel knuckle 222 may be more complex than in the earlier embodiment in order to

accommodate movement of the wheel hub assembly and drivetrain components.

The couplings to the upper and lower ends of the outer / wheel knuckle 222 are both
typically ball joints to accommodate movement of the suspension system.

The outer knuckle 222 is connected to the wheel hub assembly 210. In an embodiment
of the invention, the wheel hub assembly 210 comprises a wheel bearing, a hub, a
brake disc, a caliper and a road wheel mounting face. The driveshaft 214 is connected
to the wheel hub assembly 210, and further is connected to the final drive and
differential assembly, which is not shown in Figure 6, and is not considered to be part
of the dual knuckle system. The final drive is the set of components which produces
and transfers the torque to the driveshaft.

Moreover, the embodiment of the dual knuckle system 200 as shown in Figure 6
comprises a steering track rod 220, which is attachable to a steering rack at the inner
end, and to the outer / wheel knuckle 222 at the outer end. This arrangement allows
the outer / wheel knuckle 222, and thus the wheel hub assembly 210, to be steered by
the steering rack rod 220 independently of the inner knuckle 208. Additionally, the
relative geometry of the lower control arm 202, the upper camber control link 204 and
the steering track rod 220 controls the bump steer of the system. Bump steer should
be understood as a change in the steer angle caused by geometric and compliance
effects as the wheel moves vertically, relative to the vehicle body.

The dual knuckle system 200 shown in Figure 6 provides an alternative embodiment of
an integral link type suspension system, but whose arrangement may be employed as

a front wheel suspension system.
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The embodiment of Figure 6 may be adapted to include any multi-link suspension
system, such suspension assembly comprises at least three lateral arms.

Figures 7 to 11 provide additional views of the embodiment of the dual knuckle system
200 of Figure 6, such that the different aspects of the dual knuckle system 200 can be
seen more clearly.

In particular, Figure 11 clearly illustrates the arrangement of the inner knuckle 208
coupled at its upper extremity to the upper camber control link 204 and at its lower
extremity to the lower control arm 202. Also visible in the figure is the combined
integral link 212 and outer / wheel knuckle 222 which attaches at its upper end to the
inner knuckle 208 and at its lower end to the lower control arm 202.

The above described embodiments may be used on rear wheels or front wheels, as
the separation of the steering and suspension components allows for the wheels to be
steered, through significant steer angles, because the steering system is substantially
independent from the suspension system. Therefore, the dual knuckle suspension and
steering system permits in-vehicle options of both front and rear wheel drive.

The above described embodiments of the invention allow for the outer knuckle to be
arranged such that the steering axis may be placed relative to the wheel, and where
the outer knuckle may steer relative to the inner knuckle. In addition, the embodiments
as described above also allow for configuration of the outer knuckle such that it may
be placed at any reasonable given distance from the wheel centre. In an embodiment
of the invention such that the outer knuckle is configured to minimise the hub level
offset, the front wheel drive induced torque steer may be reduced. For example, it is
conceivable that the steering axis could be arranged through the centre of the wheel,
such that the hub level offset is effectively zero. This would provide the advantage that
the induced torque steer may be greatly reduced in comparison to vehicles with typical
suspension systems, such as a MacPherson Strut. Moreover, in another embodiment
of the invention in which a two-piece driveshaft 114, 214 is employed in conjunction
with the inner knuckle 108, 208 a front wheel drive with high road wheel lock angles is
possible.
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Figure 12 is a schematic view of an embodiment of the invention 600, which extends to
a vehicle comprising the dual knuckle system, wherein a dual knuckle system
according to the aforementioned embodiments is employed in a front wheel drive

5 vehicle 602. The vehicle comprises a right-hand side front wheel 606, coupled to a
dual knuckle system 610, as hereinbefore described. The vehicle also comprises a
left-hand side front wheel 604, coupled to a dual knuckle system 608, as hereinbefore
described.

10  In an alternative embodiment of the invention, a dual knuckle system according to the

aforementioned embodiments is employed in a rear wheel drive vehicle.
Many modifications may be made to the above examples without departing from the

scope of the present invention as defined in the accompanying claims.
15
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CLAIMS

1. A suspension and steering system for a vehicle, comprising:

a wheel hub knuckle;

a steering assembly coupled to the wheel hub knuckle; and

a suspension assembly,

wherein the suspension assembly comprises:

at least one control member; and

an intermediate bracket means,

wherein the at least one control member is coupled to the intermediate bracket
means,

and wherein the coupling point of the at least one control member on the
intermediate bracket means is spaced longitudinally from a steering axis of the system.

2. A system according to Claim 1, wherein the intermediate bracket means is
spaced laterally from the wheel hub knuckle.

3. A system according to Claim 1 or Claim 2, wherein the suspension assembly
comprises a vehicle mounting, and wherein the intermediate bracket means is
disposed between the vehicle mounting of the suspension assembly and the wheel
hub knuckle.

4, A system according to any preceding claim, wherein the at least one control

member is one of: a toe control arm; a camber control arm; and a lower control arm.

5. A system according to any preceding claim, wherein the intermediate bracket

means comprises an inner knuckle.

6. A system according to Claim 5 when dependent on claim 4, wherein,

the at least one control member is a lower control arm;

the wheel hub knuckle is coupled to the inner knuckle at a first position and to
the lower control arm at a second position;

the first position is located at a first end of the wheel hub knuckle, and the
second position is located at an opposing second end of the wheel hub knuckle, and
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the wheel hub knuckle is coupled to a wheel hub assembly.

7. A system according to Claim 5, wherein the wheel hub knuckle is coupled to
the inner knuckle at at least two positions, wherein at least a first position is located at
a first end of the wheel hub knuckle, and at least a second position is located at an
opposing second end of the wheel hub knuckle,

and wherein the wheel hub knuckle is coupled to a wheel hub assembly.

8. A system according to Claim 6 or Claim 7, wherein the wheel hub assembly
comprises a wheel bearing, a wheel hub, a brake disc, a caliper and a road wheel

mounting face.

9. A system according to any of Claims 5 to 8, wherein the steering assembly
comprises:

a steering track rod coupled to the wheel hub knuckle at a first end and coupled
to a steering rack at an opposing second end.

10. A system according to Claim 9, wherein the steering assembly comprises:
a driveshaft coupled to the wheel hub assembly at a first end and coupled to a
final drive unit at an opposing second end.

11. A system according to any of Claims 5 to 10, wherein the suspension assembly
comprises:

at least two suspension arms pivotally coupled to the vehicle mounting at first
ends and pivotally coupled to the inner knuckle at opposing second ends; and

a damping system coupled to at least one arm at a first end, and to the vehicle
mounting at an opposing second end.

12. A system according to any of Claims 5 to 11, wherein the suspension assembly
comprises:

a lower control arm pivotally coupled to the vehicle mounting at a first end, and
pivotally coupled to the inner knuckle at an opposing second end;
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an upper camber control arm pivotally coupled to the vehicle mounting at a first
end, and pivotally coupled to the inner knuckle at an opposing second end;

a toe control arm pivotally coupled to the vehicle mounting at a first end, and
pivotally coupled to the inner knuckle at an opposing second end; and

a damping system coupled to at least one arm at a first end, and to the vehicle
mounting at an opposing second end.

13. A system according to any of Claims 5 to 10, wherein the suspension assembly
comprises;

an upper arm pivotally coupled to the vehicle mounting at two substantially
horizontal positions at inner first ends of the upper arm, and pivotally coupled to the
inner knuckle at an opposing second end,

a lower control arm pivotally coupled to the vehicle mounting at two
substantially horizontal positions at inner first ends of the lower control arm, and
pivotally coupled to the inner knuckle at an opposing second end, and

a damping system coupled to at least one arm at a first end, and to the vehicle
mounting at an opposing second end.

14. A system according to Claim 12 or Claim 13, wherein the suspension assembly
comprises an integral link pivotally coupled to the lower control arm at a first end, and
pivotally coupled to the inner knuckle at an opposing second end.

15. A suspension assembly for the system of any of the preceding claims, the
suspension assembly comprising:

at least one control member; and

an intermediate bracket means,

wherein the at least one control member is couplable to the intermediate
bracket means,

and wherein the coupling point of the control member on the intermediate
bracket means is configured to be spaced longitudinally from a steering axis of the
system.

16. A vehicle comprising the system of any of the preceding claims.
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