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DIRECT DRIVE LONG TRAVEL STEERING KNUCKLE

This disclosure relates to a steering knuckle, specifically a steering knuckle having a wheel hub
with an expanded internal cavity adapted to accommodate a lengthened mid axle shaft so as to increase

axle articulation to improve the range of motion for a vehicle’s wheels.

BACKGROUND

In both industry and leisure applications, it is often desirable to traverse rough terrainin a

wheeled vehicle, such as a truck or in other forms of utility vehicles.

Conventional vehicle suspension and drivetrain systems may not typically be capable of
traversing such terrain, as climbing the vehicle over large obstacles such as fallen trees or boulders,
combined with the uneven nature of the ground itself including ruts and ditches often requires more
ground clearance than may be conventionally provided. For example, when travelling either up, down or
transversely across a slope, adequate ground clearance is required so as to prevent the vehicle from

becoming immobilized on the rough terrain. Wheel travel is also important for performance.

The drivetrain, which comprises a group of components including the differential, universal
joints, and the axle assembly comprising, drive shafts, constant velocity joints (CV joints), axle shafts,
and stub shafts, in addition to a vehicle’s control arms, limit suspension travel and a vehicle’s ground

clearance.

It is thus desirable to increase a vehicle’s ground clearance and wheel travel without increasing
the width of the vehicle, so as to allow crossing of particularly rough terrain presenting large obstacles,

such as fallen trees or boulders, for example in confined spaces between insurmountable obstacles
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Providing for increased vertical range of motion of a vehicles’ wheels allows increased ground clearance
and increased performance over rough terrain, especially when used in conjunction with an active
controlling suspension system, without increased vehicle width, which allows the vehicle’s tires to

remain in contact with the ground in more rugged conditions.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a perspective view of a conventional drivetrain assembly.

Figure 2 illustrates a perspective view of a conventional wheel hub.

Figure 3A illustrates, in plan view, a steering wheel hub according to an embodiment of the present

disclosure.

Figure 3B is a left side elevation view of the steering wheel hub of Figure 3A.

Figure 3Cis a front elevation view of the steering wheel hub of Figure 3A.

Figure 3D is, in perspective view, the steering wheel hub of Figure 3A.

Figure 3E is the section view along line A-A in Figure 3A.

Figure 4 illustrates a perspective view of the steering wheel hub embodiment of Figure 3.

Figure 5 is a top view of a drivetrain and wheel assembly according to an embodiment of the present

disclosure.

Figure 6 is an isometric view of a steering wheel hub according to an embodiment of the present

disclosure.

Figure 7 is a reverse view of the steering wheel hub embodiment of Figure 7.
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Figure 8A is a top view of a steering wheel hub assembly according to the present disclosure.

Figure 8B is a sectional view along line 8-8 in Figure 8A illustrating one example of the range of

articulation of a mid-axle shaft extending through the steering wheel hub cavity.

Figure 9A is a top view of a drivetrain and wheel assembly according to an embodiment of the present

disclosure.

Figure 9B is a section view of Figure 9A sectioned along line A-A in Figure 9A.

Figure 10A is a top view of a drivetrain and wheel assembly according to an embodiment of the present

disclosure wherein the wheel assembly is travelling in a downward direction.

Figure 10B is a section view of Figure 10A sectioned along line B-B in Figure 10A.

Figure 11A is a top view of a drivetrain and wheel assembly according to an embodiment of the present

disclosure wherein the wheel assembly is travelling in an upward direction.

Figure 11B is a section view of Figure 11A sectioned along line C-C in Figure 11A.

Figure 12 is a plan view illustrating the assembly of Figure 9A with the steering mechanism engaged to

turn the wheels.

Figure 13 is a front view of the assembly of Figure 12.

SUMMARY

A direct drive long travel steering knuckle, having a wheel hub, adapted to increase the range of
motion of a vehicle’s wheels on a driven axle that also steers. The steering hub includes a hollow rigid
body having opposite inner and outer ends and having a cavity extending therebetween. The size and

shape of the cavity defines and limits a sweep angle. The sweep angle is the angular range of motion of
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an extended length mid axle shaft which is pivotally mounted in the outermost end of the steering hub
cavity. The extended length mid axle shaft thus replaces the conventional stub shaft in a wheel hub. The
direct drive long travel steering knuckle accommodates an extended length mid axle shaft without
increasing the track axle width. The angular range of motion of the extended length mid axle shaft is
primarily constrained by the internal dimensions of the hub cavity and the size of the opening into the

cavity on its innermost end; that is, the end closest to the differential.

Thus an articulated joint is mountable in the outer end of the steering hub. The articulated joint
mounts to the outermost end of mid axle shaft extending from the differential. The mid axle shaft
extends through the cavity opening in the inner end of the hub and through the cavity in the hub to the
outer end of the cavity. The mid axle shaft is rotatable through substantially the entire sweep angle.
According to wheel size, tire size, type of joints and amount of steering required, in one aspect of the
present disclosure, the increased vertical range of travel of the wheel may be in the range of about 19 -

24 inches or more, for example 36 inches of travel.

The steering hub cavity may for example be substantially frusto-conical or cylindrically shaped.
The opening in to the inner end of the cavity has a diameter sufficient to allow the desired vertical range
of motion of the mid axle shaft. The size of the opening is completely dependent on, and scalable to
accommodate, the size of the tires, wheels, axles, joints, amount of wheel travel and steering required.
The sweep angle of the cavity may for example be in the range of 25-30 or more degrees about the
articulating joint. It will be appreciated by a person skilled in the art that the sweep angle S may vary

depending on the size of the cavity and wheel,and how much suspension travel and steering is required.

According to one aspect of the present disclosure, a direct drive long travel steering knuckle kit
may be provided which includes at least one of the extended length mid axle shafts adapted to extend

from the vehicle differential, through the hub cavity, so as to terminate at the articulating joint on the
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outermost end of the hub. Without the normal outer stub axle, the drive axle attaches to the wheel
further towards outside of the vehicle, but the steering, ball joints and suspension parts can only attach
on the inside of the tire. So for the axle to move up and down with the suspension and move forward
and back when steering, (because the pivot point outer CV / unjointed is moved further out) the axle

needs clearance for this movement to occur, creating the need for a hollow steering knuckle.

DETAILED DESCRIPTION

The direct drive long travel steering knuckle 104 of the present disclosure provides for improved

range of motion of a vehicle’s wheels so as to improve off-road performance.

A vehicle’s drivetrain is a series of parts that work in conjunction to transmit power produced by
the vehicle’s engine to the vehicle’s wheels. In the prior art, as seen in Figure 1, stub shafts 18 are
components of the drivetrain. Stub shafts 18 are mounted in the wheel hub 10, along the wheel axis of
rotation. The innermost ends of the stub shafts 18 are mounted to constant velocity (CV) joints 22, or
other articulating joint (collectively referred herein as “CV joint”). CV joints 22 and 24 are mounted at

the ends of mid axle shafts 20, CV joints 24 couple mid axle shafts 20 to the vehicle’s differential 26.

Each stub shaft 18 is rigidly connected to its corresponding steering hub 10 and bearing
assembly. Conventional wheel hubs 10 do not allow angular movement of the stub shaft 18 other than
the rotational movement about the wheel axis of rotation which transmits the rotation of the mid axle
shaft 20 to the wheel. As seen in Figure 2, the hub cavity 12 of a conventional wheel hub 10 is relatively
narrow for a smug fit over the corresponding stub shaft 18. The stub shaft 18 and the narrow hub cavity
12 are two limiting factors with respect to increasing axle shaft vertical articulation and corresponding
vertical range of motion of the wheel they are connected to, the others being joint angle and vehicle

width.
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In the present disclosure, the stub shaft 18 is eliminated from the vehicle’s drivetrain, and
conventional axle shafts 20 are replaced with extended length axle shafts 118. The steering hub cavity
102 is widened so as to increase the internal diameter of the cavity, as seen in Figures 3 and 4, having a
cavity diameter indicated as dimension D in Figure 3B. An increase in vertical range of wheel travel is
achieved by increasing the vertical angular range of motion and the length of mid axle shaft 118 relative
to the vehicle’s differential 116. By eliminating the stub shaft 18, and lengthening the mid axle shaft 118
by a roughly equivalent length, an extended range of vertical motion of the steering hub 100, and
thereby the vertical motion of wheel 124, is obtained. A lengthened mid axle shaft 118 and its
corresponding angular range of motion is accommodated by widening the internal cavity 102 of the
steering hub 100 so as to increase its diameter D, thereby providing an extended angular range of
motion corresponding to sweep angle S. The direct drive long travel steering knuckle accommodates a
lengthened mid axle shaft without increasing the track axle width. Lengthened axle shaft 118 as
illustrated in Figure 5, extends completely through the hub 100 to an articulated joint 122 mounted in
the hub’s 100 outermost end wall 105. In some embodiments of the present disclosure, the hub cavity

102 may for example be frusto-conical or cylindrically shaped.

The direct drive long travel steering knuckle 104 houses a wheel hub. The wheel hub is a hollow
rigid body having inner and outer ends 103, 105 respectively. The hub cavity 102 extends between ends
103, 105 and includes a sweep angle S, shown between the dotted lines in Figure 3E from outer end 105
to inner end 103. The sweep angle S defines an angular space approximating a cone between the two
ends 103, 105 across which the axle shaft 118 is free to pivot on joint 122. As seen in Figure 8, sweep
angle S may be approximately 30 degrees or more, which provides the increased vertical range of
motion of the wheel 124 as compared to a conventional vertical range of motion. The sweep angle S
may vary, depending on the size of the cavity 102 and wheel 124. Further, the range of motion of the

wheel 124 is further dependent on the length of the mid axle shaft.
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The outer end 105 of steering hub 100 is proximate to the vehicle’s wheel mounting plate 120.
The inner end 103 of steering hub 100 is proximate to steering knuckle 104. Articulated joint 122 is
mounted in outer end 105, as illustrated in Figure 6, and is adapted to receive the outermost end of the
corresponding axle shaft 118. The articulated joint 122 may, for example, without intending to be
limited, be a CV joint. Joint 122 connects the axle shaft 118 to the vehicle’s corresponding wheel 124 via
wheel mounting plate 120 and in the manner of a CV joint, allows the axle shaft 118 to transmit power
to the wheel 124 at a variable angle, at a constant rotational speed, while accommodating the motion of
a vehicle’s suspension system. The outer end 105 of the steering hub 100 body mounts conventionally

to the wheel mounting plate 120.

The dimensions, sweep angle and ranges of motion are provided by way of example in this

description and the accompanying Figures, and are not intended to be limiting.

Control arms 110, 112 are components of the vehicle’s suspension system that also play a role in
ground clearance. Control arms 110, 112 allow the wheels 124 to travel up and down in a controlled
manner; while preventing forward and rearward movement. In the present disclosure, as illustrated in
Figure 4, the steering hub 100 is connected to steering knuckle 104, which in turn is connected to upper
110 and lower control arms 112 via upper 106 and lower ball joints 108. The steering knuckle 104
connects to the wheel’s suspension system via the control arms 110, 112 and attaches to steering
components 111 via knuckle arm 109. The inner ends of the control arms 110, 112 extend inwardly,
towards the center of the vehicle frame from respectively, the upper and lower ends of the steering
knuckle 104. The control arms 110, 112 connect the wheel steering hub 100 and knuckle 104 to the
frame of the vehicle or to a frame extension 114 under the vehicle frame. Control arms 110, 112 may be

A-arms.
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As illustrated in Figures 9A — 11B, the front wheel control arms 110, 112 facilitate the up and
down movement of the wheel 124 (shown in dotted outline). As seen in Figure 10B, as the wheel 124
travels downward in direction B so as to increase vertical distance R, the control arms 110, 112 and axle
shaft 118 rotate downwardly in direction B’, so as to accommodate the downward movement of the
wheel 124 in direction B. Similarly, as seen in Figure 11B, as the wheel 124 travels upward in direction A
so as to decrease height R, the control arms 110, 112 rotate upward in direction A’, so as to
accommodate the upward movement of the wheel in direction A. Steering rotation of hubs 100 is

provided by steering linkage 111.

For the front wheels, in order to accommodate the increased vertical range of motion of the
upper and lower control arms 110, 112, a vehicle frame extension 114 may be provided which mounts
up underneath the vehicle frame and sub-frame supporting the engine and differential 116. The frame
extension 114, once mounted underneath the engine and frame of the vehicle, extends downwardly
there from so as to support the inside ends of the lower control arm 112. Thus, preferably the frame
extension 114 has control arm bushings for the mating of the frame extension 114 to the innermost
ends of the upper 110 and lower control arms 112. The upper 110 and lower control arm 112 bushings

are separated vertically on the frame extension 114.

The frame extension 114 is symmetric about the center line of the vehicle, and accommodates

left and right pairs of control arms 110, 112 for the corresponding left and right wheels 124.

A rear frame extension 114 structure may be provided at the rear of the vehicle frame, again
mounted up under the frame, but otherwise providing the same function as provided by the frame
extension 114 in the front. The description of the use of a frame, or frame extension, and control arms
such as A- arms is not intended to be limiting but rather illustrative, as other systems such as McPherson

strut would also work.



WO 2020/206543 PCT/CA2020/050469

In a preferred embodiment of the present disclosure, the increased vertical range of motion of
the wheel steering hub 100 on the outermost ends of the control arms 110, 112 may provide extra
vertical travel in the range of, for example, 24 or more inches for a typical truck arrangement, for
example, a typical half-ton pick-up truck. The extra vertical range of motion provided will vary

depending on a vehicle’s width, wheel size, sweep angle S, and length of the mid axle shaft 118.
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WHAT IS CLAIMED IS:

1. A direct drive long travel steering knuckle for a vehicle, the direct drive long travel steering

knuckle comprising:

a wheel hub, the wheel hub comprising:

a hollow rigid body having opposite inner and outer ends and having a cavity extending

therebetween, said cavity including a sweep angle, from the outer end, and

wherein the inner end includes an opening into the cavity, and wherein an articulated joint is
mountable in the outer end and is adapted to receive therein an outermost end of a mid shaft
extending from a differential of the vehicle and through the opening in the inner end and through
the cavity to the outer end so as to be rotatable about the articulated joint through substantially the

sweep angle.

2. The direct drive long travel steering knuckle of claim 1 wherein the cavity is substantially frusto-

conically shaped.

3. The direct drive long travel steering knuckle of claim 1 wherein the cavity is substantially

cylindrical.

4. A direct drive long travel steering knuckle kit for a vehicle comprising the steering knuckle of

claim 1, and further including at least one mid axle shaft adapted to extend from the vehicle

differential through said cavity to couple to the articulated joint.

10
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5. The direct drive long travel steering knuckle of claim 1 wherein the increased vertical range of

travel is substantially at least 24 inches.

5 6. The direct drive long travel steering knuckle of claim 1 wherein said opening has a diameter of

substantially at least 6 inches.

7. The direct drive long travel steering knuckle of claim 1 wherein said sweep angle is substantially
in the range of at least 25 degrees.

10
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