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(57) Abrégée/Abstract:

The present invention provides a vehicle different
suspension assembly, providing a floating different

lal inked to and Is arranged to move with a control arm and/or an a-arm of a
lal suspension system. The differential is adapted to be mounted independent of

the vehicle frame. Advantages of a floating differer

tial suspension system include better alignment between the differential and the

transfer case, reduced drive shaft movement in the vertical direction, minimal plunge at the drive shaft splines, longer axle length
with increased wheel travel, decreased angle at mechanical connections, reduced camber change through the wheel travel, lower
frame construction with increased range of suspension travel, and reduced risk of vehicle roll over without compromising the range

of suspension travel.
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(57) Abstract: The present mmvention provides a vehicle differential linked to and is arranged to move with a control arm and/or an
a-arm of a suspension assembly, providing a floating differential suspension system. The differential 1s adapted to be mounted inde -
pendent of the vehicle frame. Advantages of a tloating differential suspension system mclude better alignment between the differen -
& tial and the transfer case, reduced drive shait movement in the vertical direction, minimal plunge at the drive shaft splines, longer
axle length with increased wheel travel, decreased angle at mechanical connections, reduced camber change through the wheel
travel, lower frame construction with increased range of suspension travel, and reduced risk ot vehicle roll over without comprom -
1sing the range of suspension travel.
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FLOATING DIFFERENTIAL SUSPENSION SYSTEM

[0001] This application claims priority to, and the benefit of, U.S. Provisional Application No.
62/249,408 filed on November 2, 2015 with the United States Patent Office, which is hereby

Incorporated by reference.
BACKGROUND

|0002] The present invention relates to differentials for transferring rotational torque from a
drive system to a wheel assembly. The rotational torque is transferred from a drive system
through the differential to one or more axles and/or one or more wheel assemblies. Differentials
are generally secured to a vehicle frame or a component of the vehicle frame. When the
differential is secured to the vehicle frame the vertical range of movement of the wheel assembly
is limited by the position of the differential at the vehicle frame. A new differential system is
needed to increase the vertical range of movement of the wheel assembly while limiting the
modifications to the existing components or existing design of a motor vehicle. An increased

range of vertical wheel travel is particularly advantageous in off-road vehicle applications.

[0003] The present invention is an improvement to a conventional differential system which is
rigidly mounted to a vehicle frame, such as with a traditional independent front suspension (IFS)
system, by linking a differential to a suspension system of a motor vehicle. Additionally, the
present invention is an improvement to a differential system used in combination with a twin-
traction beam (TTB) independent front suspension system, which extends a beam for securing a
difterential across a center of a vehicle’s width. An improved differential system is presented for
reducing mechanical stresses at the drive system, reducing camber at the wheels, and reducing

the risk of vehicle roll-over while increasing the vertical wheel travel.
SUMMARY

[0004] This invention relates in general to vehicle suspension systems and vehicle drivetrains.
More particularly, this invention relates to securing a vehicle differential to a vehicle suspension

system.
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[0005] The present invention provides advantages over the prior art and, particularly, over the
two systems identified above. Advantages include better alignment between the differential and
the transfer case by extending and offsetting the driveshaft to one side of the center of a vehicle
width. This further reduces the drive shaft movement in the vertical direction and reduces the
drive shaft plunge at the drive shaft splines. Another advantage includes increasing the length of
the axle traversing the center of the vehicle width while also increasing the vertical wheel travel,
thereby, decreasing the angle at which mechanical connections are made and reducing the
stresses at those mechanical connections. Moreover, since each suspension system 1S maintained
to one side or the other of the center of the vehicle width the camber exhibited over the distance
of wheel travel is reduced. This is in contrast to a suspension system which extends across the
center of the vehicle width. Further, in the present invention, the vehicle and its frame may be
provided at a lower elevation, thereby, reducing the risk of vehicle roll-over without comprising

the range of suspension travel.

[0006] In the present invention, a vehicle having a floating differential suspension system links a
differential to a vehicle’s lower control arm and/or upper a-arm on a vehicle’s suspension
system. As used herein, floating means moving with or relative to the vehicle’s suspension
system. In other words, a floating differential is not secured to or mounted to a vehicle trame
and, thereby, is independent of the vehicle frame. A differential mounted independent of a
vehicle frame may be mounted to other components of a vehicle assembly, including a
suspension system, an axle assembly, a cradle assembly, a wheel assembly and/or the like. In
particular embodiments, the differential is mounted to a suspension system and correspondingly
moves relative the lower control arm and/or upper a-arm of the suspension system. To secure
the differential to the control arm and/or a-arm, the differential is positioned offset from the
vehicle centerline or, in other words, to one side or the other of the vehicle centerline in the
widthwise direction. The vehicle centerline dividing the width of the vehicle. More particularly
the vehicle centerline divides the vehicle width into two generally equal portions. Specifically,
the differential is secured to and moves with a lower control arm and/or upper a-arm that is

isolated to one side or the other of the vehicle center in the widthwise direction.

[0007] Embodiments include a drive system for a motor vehicle comprising a transfer case

adapted to transfer rotational torque from a power plant. A differential is linked to and is
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arranged to move with a control arm and having a corresponding range of motion, where the
differential is adapted to be mounted independent of a vehicle frame. In embodiments, the
control arm, a-arm and/or the differential are located to one side of a vehicle centerline of a
width of the motor vehicle. The differential may be linked to the control arm and/or a-arm by a

shackle system. The shackle system may include one or more shackles.

[0008] In some embodiments, a cradle assembly may also be connected to the differential. The
differential may be connected to both the cradle assembly and a control arm. Alternatively, the
cradle assembly may be the mechanism connecting the differential to the control arm and allow
the ditferential to move with the control arm having a corresponding range of motion. The
cradle assembly may be secured to the vehicle frame. It is appreciated, however, the cradle
assembly allows the differential to move with the control arm having a corresponding range of
motion. In various embodiments, the cradle assembly may further connect multiple suspension
systems together as a suspension unit. By example, the cradle assembly may connect a first
suspension system and second suspension system, as further described below, into a suspension
unit. The suspension unit may be constructed independent of the vehicle frame. The suspension
unit may be secured to the vehicle frame where the suspension unit maintains independent
movement at each suspension system. This independent movement includes the movement of
the differential which moves with the control arm and/or a-arm having a corresponding range of

motion.

[0009] The differential is arranged to engage and transfer rotational torque from the transfer case
to a wheel assembly. The drive system may have an axle connected to the differential and the
wheel assembly and is arranged to move with the control arm and the differential. In addition,
the axle may be connected to the differential by a universal joint. A drive shaft is also provided
to connect the transfer case to the differential. Drive shaft splines may be used to connect the

drive shaft to the differential.

[0010] In some embodiments, one or more drive shaft splines are used to connect the drive shaft
to the transfer case and one or more draft shaft splines are used to connect the drive shaft to the
differential. In various embodiments, the drive shaft plunge at the one or more drive shaft

splines is between 0.0 and 1.0 inch.
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[0011] In some embodiments, a drive system from a motor vehicle comprises a first suspension
system at a first wheel assembly and a second suspension system at a second wheel assembly. A
differential is adjacent to and/or connected to the first suspension system wherein the differential
is linked to and moves with the first suspension system, such as through a control arm and/or an
a-arm of the first suspension system with a corresponding range of motion. The differential is
adapted to be mounted independent of the vehicle frame. The differential transfers rotational
torque from a transfer case to the first wheel assembly and to the second wheel assembly. In
some embodiments, a vehicle centerline, of the width of the vehicle, separates the first

suspension system from the second suspension system.

[0012] In particular embodiments, the first and second suspension system has up to 16 inches of
vertical travel at the wheel assembly. In these embodiments, a drive shaft may connect the
differential to a power plant or transfer case and the drive shaft plunge is no more than 0.500
inch for every 5 feet to 7 feet of length of the longitudinal axis of the drive shaft. Some
embodiments may limit the angle between the longitudinal axis of the drive shaft and a
horizontal plane of the differential to 31 degrees or less. In other embodiments, the angle

between the longitudinal axis of the drive shaft and a horizontal plane of the differential is from

32 degrees to 45 degrees.

[0013] In one embodiment, the drive shaft may connect the differential to the power plant or
transfer case proportionate with the following parameters. A vertical travel of the first
suspension system and the second suspension system is 16 inches. A drive shaft length at full
compression of the first suspension system and the second suspension system is 41.05 inches. A
drive shaft length at full droop of the first suspension system and the second suspension system
is 41.62 inches. An overall drive shaft plunge is 0.570 inches. Various other embodiments

carrying similar proportions are contemplated.

[0014] Embodiments of the present invention may also include a drive system for a motor
vehicle comprising a differential connected to a wheel assembly by an axle. The wheel assembly
may be connected to a vehicle frame by a suspension system. The differential may be linked to
and moves with the suspension system where the differential is mounted independent of the

vehicle frame. The axle plunge of the axle at the differential, may be limited to 0.695 inches or
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less. Similarly, the axle plunge of the axle at the suspension system may be limited to 0.750

inches or less.

[0015] A method for mounting a drive system to a motor vehicle is also included in the present
invention. The method includes providing a transfer case for transferring rotational torque from
a power plant. Connecting the transfer case to a differential mounted independent of the vehicle
frame. Transferring rotational torque to a wheel assembly through the differential. Linking the
differential to a suspension system at the wheel assembly where the differential moves relative
the suspension system and the suspension system is positioned to one side of a vehicle centerline

of the width of the motor vehicle.

|0016] The foregoing and other objects, features and advantages of the invention will be
apparent from the following more detailed descriptions of particular embodiments of the
vention, as illustrated in the accompanying drawings wherein like reference numbers represent

like parts of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Reference is made to the accompanying drawings in which particular embodiments and
further benefits of the invention are illustrated as described in more detail in the description

below, in which:

[0018] F1G. 1 is a cross sectional view of vehicle drivetrain extending a portion of the length of a

vehicle, in accordance with an embodiment of the invention.

[0019] FIG. 2 is a cross sectional view of the floating differential suspension system extending a

portion of the width of a vehicle, in accordance with an embodiment of the invention.

[0020] FIG. 3 is a cross sectional view of the floating differential suspension system at full
compression and extending a portion of the width of the vehicle, in accordance with an

embodiment of the invention.

[0021] FIG. 4 is a cross sectional view of the floating differential suspension system at full droop
and extending a portion of the width of the vehicle, in accordance with an embodiment of the

invention.
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[0022] FIG. 5 is a cross sectional view of the differential and axle extending a portion of the
width of the vehicle and illustrating various examples of mechanical connections, in accordance

with an embodiment of the invention.

[0023] FIG. 6 is a cross sectional view of the second axle of the floating differential suspension
system extending a portion of the width of the vehicle and illustrating the plunge at the axle, in

accordance with an embodiment of the invention.

[0024] FIG. 7 is a cross sectional view of the first axle of the floating differential suspension
system extending a portion of the width of the vehicle and illustrating the plunge at the axle, in

accordance with an embodiment of the invention.

[0025] FIG. 8 is a cross sectional view of the first suspension system of the floating differential
suspension system extending a portion of the width of the vehicle and illustrating the range of
movement of each component of the floating differential suspension system, in accordance with

an embodiment of the invention.

DETAILED DESCRIPTION

[0026] In some embodiments, the vehicle comprises a first suspension system at a first wheel
assembly and a second suspension system at a second wheel assembly. In various embodiments,
the first suspension system is positioned to one side of the vehicle centerline and the second
suspension system is positioned opposite the first suspension system on the other side of the
vehicle centerline, the vehicle centerline positioned relative the vehicle width. In other words, at
least a portion of the vehicle width separates the first suspension system from the second
suspension system. In various embodiments, the first suspension system includes a lower control
arm and an upper a-arm. The first suspension system may be secured to a vehicle frame but 1s
not a component of the vehicle frame. In yet other embodiments, the first suspension system
may comprise a single control arm or a-arm, a plurality of control arms and/or a-arms, or any
combination thereof. The lower control arm and/or the upper a-arm are connected to a spindle.
Generally, the spindle is positioned between the lower control arm and the upper a-arm.
Extending from the spindle is a wheel assembly further comprising a hub and a bearing
assembly. In the present invention, the wheel assembly is characterized as any wheel assembly

known by one skilled in the art and may include or exclude any of the components listed above.

6



CA 03000511 2018-03-28

WO 2017/079263 PCT/US2016/060076

Further, the suspension system as described above may include any suspension system

comprising at least one control arm and/or a-arm as known to those skilled in the art.

[0027] The movement of a vehicle is generated through a drive system. A drive system includes
a power plant. The drive system is connected to the differential and transfers rotational torque
from the drive system to one or more vehicle axles and one or more wheel assemblies. The drive
system may be connected directly to the differential. Alternatively, the rotational torque from
the drive system may be transferred through a drive shaft and/or a transfer case. By example, In
some embodiments, a transfer case is adapted to transfer rotational torque from a power plant.
Examples of a power plant include an internal combustion engine, an electric motor, a turbine,
etc. The transfer case transfers the rotational torque from the power plant to the one or more
vehicle axles. In various embodiments, a drive shaft connects the transfer case to a differential.
The rotational torque is transferred by the rotation of the drive shaft rotating about an axis
extending the length of the drive shaft. The transfer case rotates the drive shaft extending to a
differential and to the one or more vehicle axles extending from the differential. However, as
indicated above, it is appreciated the rotational torque may be transferred directly to the

differential from the engine or a transmission.

[0028] A differential is connected to the vehicle axle to further transfer the rotational torque
from the drive system to the vehicle axle extending to one or more wheel assemblies. In other
words and with reference to the embodiment comprising a transfer case, the differential is
arranged to engage and transfer rotational torque from the transfer case to the one or more wheel
assemblies. In an embodiment, the differential is located opposite the transfer case at opposing
ends of the length of the drive shaft. In embodiments where a transfer case is not used, the
differential is directly connected to the drive system or s located opposite the drive system on
thé ]engthof the dri.{f.é“éhaft. In yet other embodiments, multiple drive shafts may extend from
the transfer case in vehicles having multiple drive axles. By example, in a four wheel drive
vehicle, a front drive system with a drive shaft may extend to the differential positioned on the
front axle and a rear drive system with a drive shaft may extend to the differential positioned on

the rear axle.
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[0029] Extending from the differential are one or more vehicle axles for transferring rotational
torque to the one or more wheel assemblies. The axle is connected to or passes through the
spindle thereby providing rotational torque at a hub. At the one or more wheel assemblies, the
rotational torque rotates the one or more wheel assemblies and rotates one or more tires In
contact with a driving surface, such as a road surface. The rotation of the tire and the friction

between the tire and driving surface propels the vehicle across the driving surface.

[0030] The drive system is connected to the differential by one or more mechanical connections.
In embodiments comprising a drive shaft, the drive shaft is connected to the differential, the
transfer case, the transmission, and/or the power plant using one or more drive shaft splines. The
drive shaft splines are an example of a mechanical connection providing freedom in the
longitudinal movement along the length of the drive shaft while transferring the rotational torque
to or from the differential, the transfer case, the transmission and/or the power plant. A drive
shaft spline includes any connection means providing freedom in longitudinal movement while
transferring the rotational movement through the drive shaft. Examples of such a connection
includes inserting the drive shaft into a slot, aperture, or connection at the draft shaft spline. In
an embodiment, a slot is arranged to provide movement in the axial direction or longitudinal
direction of the drive shaft while securing the drive shaft for rotation about the longitudinal axis
of the drive shaft. The total amount of movement in the axial direction is referred to as plunge
and may also be referred to as yoke travel at each respective longitudinal end of the drive shaft.
To secure the drive shaft for rotation about the longitudinal axis, the drive shaft may comprise
keys, teeth, and/or gears inserted into a slot at the drive shaft spline, or vice versa. A drive shaft
spline may be used at one or both longitudinal ends of the drive shaft. Other mechanical
connections or a combination of mechanical connections may be used in alternative or In
addition to securing the drive system directly to the differential or through the drive shaft
connected to the differential, the transfer case, the transmission, and/or the power plant.
Examples of other mechanical connections include a CVD (constant velocity) joint or a universal

joint.

[0031] The axle is pivotally connected to the differential and the wheel assembly and is arranged
to move with the control arm, a-arm, and/or the differential. The one or more axles are

connected to the differential and/or the one or more wheel assemblies using one or more
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mechanical connections. Similar to the drive shaft, the axle is rotated about its longitudinal axis
along the length of the axle to transfer the rotational torque from the differential to each
respective wheel assembly. The one or more axles are connected to the differential at a first
longitudinal end of the axle and connected to a wheel assembly at the opposing second
longitudinal end of the axle. The various mechanical connections used at each of these
connections are arranged to transfer the rotational torque while maintaining pivotal, rotational,
angular, and/or longitudinal freedom of movement. This freedom of movement allows the axle
to move with a control arm, a-arm and/or the differential in a variety of directions. A
combination or variety of mechanical connections may be used at either longitudinal end or both
longitudinal ends of the axle. In some embodiments, the axle is connected to the differential by a
CV joint. Further, the axle may comprise an intermediate mechanical connection, referred to as
a knuckle, dividing the axle into a first half axle and a second half axle through which the
rotational torque transfers. Again, this intermediate connection may comprise any mechanical

connection known in the art.

[0032] In some embodiments, a differential is connected to a first axle and a second axle. The
differential is arranged to engage and transfer rotational torque from the transfer case to a first
wheel assembly by way of the first axle. Similarly the differential is arranged to engage and
transter rotational torque from the transfer case to a second wheel assembly by way of the second
axle. In some embodiments, one or more differentials may be provided to provide rotational

torque at additional axles and wheel assemblies.

[0033] In some embodiments, the differential is linked to and is arranged to move with a control
arm and/or a-arm. Further, the differential is linked to the control arm and/or a-arm having a
corresponding range of motion as the control arm and/or a-arm. In embodiments of the
invention, the first suspension system includes a lower control arm and/or an upper a-arm. For
example, the differential may be connected to the lower control arm by means of a shackle
system. The shackle system may keep the differential in-line with the axle, drive shaft, wheel
assembly, suspension system, and/or knuckle. In these embodiments the control arm and/or a-
arm may be positioned above or below the differential, thereby, the differential and the control
arm and/or a-arm may have different pivot points. The shackle system allows the differential to

move in relationship with the control arm while maintaining the different pivot points. In

9
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alternative embodiments, the differential and the control arm may be constructed to share a pivot
point on the vehicle. In order to achieve a shared pivot point, the strength of the shear bolt
connecting the suspension system to the vehicle frame may need to be increased in order to
offset the resulting increased stresses at the pivot point. In these embodiments wherein the
differential shares a pivot point with the control arm and/or a-arm, the differential may be rigidly

attached to the control arm and/or a-arm.

[0034] In some embodiments, the shackle system includes a first shackle connected to the
differential and a second shackle connected to the lower control arm where the first shackle and
the second shackle are additionally connected. The shackle system allows the top of the
differential to pivot between the lower control arm and the upper a-arm. The shackle system
secures the differential to the lower control arm while maintaining a degree of freedom
vertically, laterally and/or rotatably between the differential and the lower control arm. In this
way, the differential moves in relation to the lower control arm or in general unison with the
lower control arm. One or more shackle systems may be used to secure the differential to the
lower control arm. In yet other embodiments, the differential may additionally or alternatively
be connected to the upper a-arm using one or more shackle systems. This may be in combination
with, or independent of, the lower control arm with a similar structure as described with respect

to the lower control arm.

[0035] In some embodiments, the shackle system may include means for adjusting the distance
between or the position of the differential in relation to the control arm and/or the a-arm.
Examples of this means for adjustment may include threaded rods, adjustable slots and pins, a
ratchet connection or any other adjustable mechanical connection known in the art. The means
for adjustment may be provided between the first shackle and the second shackle. Further, the
shackle system may be arranged to rotate or pivot at the differential, the control arm and/or a-
arm, between the differential and the control arm and/or a-arm, and/or at each location. Further,

more than one shackle systems may be used.

[0036] In embodiments, the differential is adapted to move independent of the vehicle frame. As
indicated above, the differential is linked to and is arranged to move with the suspension system,

via the control arm and/or a-arm, by example. This insures the differential is separate and

10
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independent of the vehicle frame. By linking and moving the differential with the control arm
and/or a-arm, the movement of the differential corresponds with the vertical movement of the
wheel assembly and/or the suspension system. By providing corresponding movement between
the differential and the vertical movement of the wheel assembly and/or the suspension system,
the angle at which the longitudinal axis of the axle intersects the differential, the wheel assembly,
and/or the suspension system is decreased over the range of vertical travel of the suspension
system and/or wheel assembly. Thereby, these components are moving in unison or in relation
to one another and are forming a system of moving components, as illustrated and described in
FIG. 8, below. Vertical suspension travel, vertical wheel travel, vertical movement of the wheel
assembly, and/or vertical movement of the suspension system are used synonymously herein.
The fullest extent of the vertical suspension travel and/or vertical wheel travel is the greatest
amount of vertical travel available at the outer most extend of the wheel assembly, from full
compression of the suspension system to full droop of the suspension system. Full compression
1s when the suspension system is compressed to its fullest extent. Full droop is when the

suspension system is extended to its fullest extent.

[0037] As mentioned above, it is appreciated that the differential linked to the control arm and/or
a-arm may move at a different range of motion than the control arm and/or a-arm. In particular,
the differential may have a first range of motion and the control arm and/or a-arm may have a
second range of motion. The second range of motion may be independent of the first range of
motion. In particular, the control arm and/or a-arm is attached to the vehicle structure at a
different pivot point than the axle and/or drive shaft connections at the differential. Therefore,
each of these components move at different rates and at different positions. The shackle system
may link the differential to the control arm and/or a-arm and provide movement between the

control arm and/or a-arm and the differential at these different rates.

[0038] In some embodiments, the differential may be connected to a cradle assembly. A cradle
assembly is a structure for securing moveable components, such as a suspension system, axle
assembly, or the like to one another, to a frame component and/or to the frame of a vehicle. The
differential may also be moveably connected to the cradle assembly. Through the cradle
assembly, the differential moves with the control arm and/or a-arm having a corresponding range

of motion. In yet another embodiment, the differential may connect to both the cradle assembly
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and the suspension system. In such an embodiment, the differential may be linked to the control
arm and/or a-arm by a shackle system at a first end and linked to the cradle assembly at a second
end. In some embodiments, the first end of the differential, linked to the control arm and/or a-
arm, moves with the control arm having a corresponding range of motion and the second end of
the differential, linked to the cradle assembly, moves with and/or pivots at or near the cradle
assembly. In these embodiments, although the differential moves with a corresponding range of
motion of the control arm it additionally moves with a corresponding range of motion of the
cradle assembly, thereby moving between the control arm and the cradle assembly. It is also

appreciated that the control arm may additionally be connected to the cradle assembly.

[0039] A cradle assembly may connect multiple suspension systems together to form a
suspension unit. In an embodiment, a first suspension system and a second suspension system
are connected to the cradle assembly. A differential may be connected to the first suspension
system, as described above. The differential may also be connected to the cradle assembly. The
cradle assembly, the multiple suspension systems, and the differential may be constructed
independent of a vehicle frame component or vehicle frame. Once fully constructed, the cradle
assembly may be secured to the vehicle frame, thereby, maintaining independent movement of
the differential and suspension systems, relative the vehicle frame. In some embodiments, the
differential is linked to and connected to a first wheel assembly. By moving the differential in a
corresponding relationship with the first wheel assembly, the movement or the angle at which the
longitudinal axis of the axle intersects the differential and the wheel assembly 1s decreased over
the distance of vertical travel at the suspension system or wheel assembly. This reduced angle
decreases the drive shaft plunge and thereby reduces the axial loads on the drive shaft and
stresses at the connections. As known by one of ordinary skill in the art, drive shaft plunge
includes the distance a drive shaft extends or retracts to or from the joints at each axial end as a
result of the angle of the drive shaft and movement of the drive shaft. In contrast, a prior art
differential, which is affixed to the vehicle frame, remains fixed independent of the suspension
system and/or wheel assembly. In the prior art, as a suspension and/or wheel assembly moves
vertically in this configuration, the differential does not move in a corresponding manner.
Thereby, the angle, at which the longitudinal axis of the axle intersects each adjoining
component, increases over the range of vertical travel of the suspension system or wheel

assembly and, thereby, the amount of drive shaft plunge is greater.
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[0040] Additional advantages of reducing the angle at which the longitudinal axis of the axle
intersects the differential and/or the one or more wheel assemblies includes reduced camber.
Excess camber is the primary cause for an increased change in the scrub radius and creates bump
steer. An increased change in the scrub radius and bump steer require an increase in rotational
torque at the wheel when turning a vehicle. An increase in camber increases tire wear. By
maintaining the scrub radius and controlling bump steer, less energy is exerted by the power

plant for a vehicle to turn and the life of the tire is improved.

[0041] Some embodiments of the floating differential suspension system allow a vehicle to
reduce the elevation of the vehicle frame or maintain a vehicle’s stock elevation, while
increasing the range of vertical travel of the wheel assembly and/or suspension system. This
allows a mechanic to make modifications to an existing vehicle while limiting expense,
modification, and/or replacement of other components of a vehicle. This is particularly
advantageous for mechanics who are making modifications to a vehicle for off-road use, which
may not otherwise be suitable for the intended off-road application. Also, by maintaining or
reducing the vehicle frame elevation and the roll center of the vehicle, vehicle balance is
maintained or improved and the risk of vehicle roll-over is reduced while increasing the range of
suspension travel or without compromising the range of suspension travel. This provides a more
stable vehicle at higher speeds. Simply, the higher the roll center of the vehicle, the more the
vehicle wants to roll-over in a curve. By example, in the prior art suspension systems, in order to
increase the range of vertical travel of the wheel assembly and/or suspension system, the height
of the vehicle frame must be increased to accommodate the additional vertical travel. The
embodiments of the floating differential suspension system maintain vehicle stability while

increasing the range of vertical travel at the wheel assembly and/or suspension system.

[0042] The ability to reduce or maintain a stock vehicle frame elevation under the present
invention also reduces the amount of drive shaft plunge. In embodiments of the present
invention, the plunge at the drive shaft is limited to 0.500 inch over 5 feet to 7 feet of drive shaft
length with 16 inches of vertical suspension travel or vertical wheel travel. This is achieved
without modifying a vehicle’s stock components, such as widening the control arms and/or
bringing the control arms across the centerline of the width of the vehicle. However, additional

modifications may be made in combination with the floating differential suspension system to
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increase the vertical suspension travel or vertical wheel travel and increase the vehicle frame
elevation to amplify the amount of vertical wheel travel. In some embodiments of the present
invention, wherein 16 inches of vertical travel at the suspension system is achieved, the angle at
which the longitudinal axis of the drive shaft intersects the differential is limited to 31 degrees
with a stock vehicle frame elevation (although, in these embodiments, this angle may be adjusted
up to 45 degrees to achieve more vertical travel at the suspension system based upon the vehicle
frame elevation and/or the position of and adjustment to the upper vehicle frame rail).
Additional adjustments may be made to limit or increase the performance of the floating
differential suspension system and the distance of vertical travel at the suspension system. By
example, the control arm and/or a-arm may be modified to extend through a void of the vehicle
frame rail and/or by modifying or providing a control arm and/or an a-arm to allow at least a
portion of the control arm and/or a-arm to extend past a horizontal plane of the frame rail. This
would extend the upper limits of vertical travel of the suspension system and/or the wheel
assembly that occurs when a suspension system contacts the frame rail. Additionally, and

alternatively, the vehicle frame may be modified and/or raised.

[0043] The embodiments of the floating differential suspension system discussed above will now

be described in further detail below in association with the accompanying Figures.

[0044] With reference to FIG. 1, a vehicle 10 having a vehicle frame 20 is shown with a
drivetrain. The drivetrain comprises a transfer case 30 extending from an power plant 40. In this
embodiment, the transfer case 30 transfers rotational torque from the power plant 40 to a front
drive shaft 50 and to a rear drive shaft 60. The front and rear drive shaft extend a length relative
a longitudinal direction of a vehicle length to a respective differential (not shown). The
longitudinal direction of the vehicle is illustrated by a horizontal axis X. The front and rear drive
shaft move laterally along a vertical axis Y, between full compression and full droop, as
illustrated by the change in position of the front drive shaft 50. The front and rear drive shafts
are connected to the transfer case using a mechanical connection illustrated by O (examples of
which are illustrated in FIG. 5). The front and rear drive shafts are also connected to each

respective differential using a mechanical connection as illustrated by O (examples of which are

illustrated in FIG. 5).
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[0045] In FIG. 1, the front driveshaft length at full compression of the suspension system DS rc
1s 41.05 inches. Full compression is when the suspension system is compressed to its fullest
extent. The front driveshaft length at full droop of the suspension system DS, ppis 41.62 inches.
Full droop is when the suspension system is extended to its fullest extent. The overall drive shaft
plunge DSp of the front driveshaft is 0.570 inches. These results are produced while achieving

16 inches of vertical wheel travel using the floating differential suspension system.

[0046] FIG. 2 illustrates a cross sectional view of the vehicle drivetrain and suspension system
across the width of the vehicle. A vehicle centerline C;i. extending 1n a lateral direction,
separates a first suspension system 80 from a second suspension system 90. The first suspension
system 80 and the second suspension system 90 positioned to opposite sides of the vehicle
centerline Cy, on the horizontal axis X. A differential 100 is connected to the first suspension
system 8U. The vehicle drivetrain (as illustrated by FIG. 1) extends from a power plant crank
center 190 to the differential at the first suspension system 80. In some embodiments, the crank
center 190 may be the same as the vehicle centerline and, in other embodiments, the crank center
190 may not be the vehicle centerline. In FIG. 2, the differential 100 is connected to a first lower

control arm 120 of the first suspension system 80 using a shackle system 220.

[0047] In various embodiments, a cradle assembly may be connected to the differential and/or
the suspension system. The cradle assembly may be used to secure the floating differential
and/or the suspension system to a frame component and/or a frame of a vehicle. In one
particular embodiment, the cradle assembly may secure the differential to pivot at the
intersection of the vehicle centerline Cy, and the horizontal axis X, as illustrated by FIGs. 2-7, in
combination with linking the differential to a control arm and/or a-arm and moving the

differential with a corresponding range of motion as the control arm and/or a-arm.

[0048] In some embodiments, the first suspension system 80 further comprises a first upper a-
arm 110. The first upper a-arm 110 is connected to a first spindle 150. Opposite the first upper
a-arm 110, the first spindle 150 is additionally connected to the first lower control arm 120. A
first axle 170 extends from the differential 100 to a first wheel assembly 200 through the first
spindle 150.
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[0049] A second suspension system 90 is positioned opposite the vehicle centerline Cp in
relation to the first suspension system 80. At the second suspension system 90, a second axle
180 is mechanically connected to and extends from the differential 100 to a second spindle 160
and a second wheel assembly 210. Connected to the spindle are a second upper a-arm 130 and a

second lower control arm 140.

[0050] FIG. 3 illustrates the floating differential suspension system of FIG. 2 at full
compression. As shown, the range of vertical motion of the floating differential suspension
system is limited by the vehicle frame rail 230 of the vehicle 10 and extends into the frame rail.
This may be limited by contacting the frame rail. By creating a void or modifying the control
arm and/or the vehicle frame rail, the range of vertical motion of the floating differential

suspension system may be increased.

[0051] FIG. 4 illustrates the floating differential suspension system of FIG. 2 at tull droop.
Again, the position of the floating differential suspension system is illustrated in relation to the
vehicle frame rail 230 of the vehicle 10, as it extends away from the frame rail. This further
illustrates the amount of movement that may occur between a differential rigidly mounted to the
frame in contrast to a differential of the floating differential suspension system of the present

invention.

[0052] FIG 5 illustrates examples of mechanical connections used in the drivetrain and in the
suspension of the floating differential suspension system. In this particular embodiment, a CVD
joint 240 connects each axle 170, 180 to each wheel assembly 200, 210 at each spindle 150, 160
(illustrated in FIG. 2). A splined joint 250 and a CVD joint 240 are used to connect each axle
170, 180 to the differential 100. The differential 100 is connected to and moves with the first
lower control arm 120 using a shackle system 220 (Heim joint). A universal joint 270 is another
example of a mechanical connection and is used to connect the drive shaft 50 to the differential

100. These examples of mechanical connections are not exhaustive.

[0053] With reference to FIG. 6, the amount of second axle plunge SAp is illustrated at the axle
180 adjacent the second suspension system, using an embodiment of the present invention.
Since the differential is connected to and moves with the first lower control arm 120 of the first

suspension system 80 a longer axle length is provided across the vehicle centerline Cp and
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extending to the second suspension system 90 relative the horizontal axis X. The second axle
length at full droop SAyfp is 25.4 inches. The second axle length at full compression SA| rc is
26.150 inches. This longer axle length limits the second axle plunge SAp at the second
suspension system 90 to 0.750 inches (SAprc - SALrp = SAp) while maintaining 16 inches of
vertical suspension travel or wheel travel. Similar to drive shaft plunge as described above, axle
plunge includes the distance an axle extends or retracts to or from the joints at each axial end as a
result of the angle of the axle and movement of the axle. In other words, total amount of
movement in the axial direction of the axle is referred to as plunge. Similar to the first
suspension system 80, the second suspension system has 16 inches of vertical suspension travel

or wheel travel in this particular embodiment.

|0054] With reference to FIG. 7, the amount of first axle plunge FAp is illustrated at the first
suspension system 80 using an embodiment of the present invention. Since the differential 100
1s connected to and moves with the first lower control arm 120 (illustrated by FIG. 2) of the first
suspension system 80, the first axle plunge FAp at the differential 100 is limited to 0.695 inches
and 1s calculated in the same manner, respectively, as the second axle plunge (i.e. SA1rc - SALFD
= SAp). Similar to the second suspension system 90, the first suspension system 80 has 16

inches of vertical suspension travel or wheel travel.

10053] FIG. 8 illustrates the relative position of and the amount of travel at each suspension
component with reference to a horizontal plane 100y at the differential and a vertical plane 100y
at the differential. With reference to the previous FIGs., the horizontal plane 100H at the
differential extends in the same direction as the horizontal axis X illustrated in FIGs. 2-7. The
vertical plane 100V at the differential has the same direction of travel as the vertical plane as
tllustrated by the vehicle centerline Cp. in FIGs. 2-7. In this embodiment the first suspension
system has 16 inches of vertical suspension travel, or wheel travel. A first shackle travel 310 and
a second shackle travel 320 is illustrated. The control arm travel 330 and the a-arm travel 340 is
also illustrated. Finally, the spindle travel 350, including the amount of axle plunge 360 is also
iHlustrated. A differential yoke travel zone 370 is shown. With 16 inches of wheel travel only

5.6 inches of yoke travel is required, thereby limiting the drive shaft plunge.
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[0056] The terms “comprising,” “including,” and “having,” as used in the claims and
specification herein, shall be considered as indicating an open group that may include other
elements not specified. The terms “a,” “an,” and the singular form of words shall be taken to
include the plural form of the same words, such that the terms mean that one or more of
something is provided. The terms “at least one” and “one or more™ are used interchangeably.
The term “single” shall be used to indicate that one and only one of something is intended.

Similarly, other specific integer values, such as “two,” are used when a specific number of things

2% 46 b Y * 2% s

are intended. The terms “preferably,” “preferred,” “prefer,” “optionally,” “may,” and similar
terms are used to indicate that an item, condition or step being referred to is an optional (i.e., not

required) feature of the invention.

[0057] While this invention has been described with reference to embodiments thereof, it shall
be understood that such description is by way of illustration only and should not be construed as
limiting the scope of the claimed invention. Accordingly, the scope and content of the invention
are to be defined only by the terms of the following claims. Furthermore, it is understood that
the features of any embodiment discussed herein may be combined with one or more features of

any one or more embodiments otherwise discussed or contemplated herein unless otherwise

stated.
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CLAIMS

What 1s claimed is:
1. A drive system for a motor vehicle comprising:
a transfer case adapted to transfer rotational torque from a power plant,
a differential linked to and arranged to move with a control arm, wherein the differential
1s adapted to be mounted independent of a vehicle frame, and
the differential is arranged to engage and transfer rotational torque from the transfer case

to a wheel assembly.

2. The drive system of claim 1, where the control arm is located to one side of a vehicle

centerline of a width of the motor vehicle.

3. The drive system of claim 1, where the differential has a first range of motion and the

control arm has a second range of motion independent of the first range of motion.

4. T'he drive system of claim 1 further comprising:
an axle connected to the differential and the wheel assembly and is arranged to move

with the control arm and the differential.

5. The drive system of claim 4, where the axle is connected to the differential by a constant-
velocity joint.
6. The drive system of claim 1 further comprising:

a drive shaft connecting the transfer case to the differential.

7. The drive system of claim 1 further comprising:
one or more drive shaft splines connecting a drive shaft to the transfer case and the one or

more drive shaft splines connecting the drive shaft to the differential.

8. The drive system of claim 7, where a plunge at the one or more drive shaft splines is

between 0.0 and 1.0 inch.
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9. The drive system of claim 1, where the differential is also linked to and arranged to move

with an a-arm.

10.  The drive system of claim I, where the differential is linked to the control arm by a

shackle system.

11.  The drive system of claim 10, where the shackle system linking the ditferential and the

control arm is adjustable.

12.  The drive system of claim 1, where the control arm includes a void for receiving a frame

rail of the vehicle frame and at least a portion of the control arm extends past a horizontal

plane of the frame rail.

13. A drive system for a motor vehicle comprising:
a first suspension system at a first wheel assembly,
a second suspension system at a second wheel assembly, and
a differential linked to and moves with the first suspension system having a
corresponding range of motion,
the differential adapted to be mounted independent of a vehicle frame, and
the differential is arranged to engage and transfer rotational torque from a power plant or

transfer case to the first wheel assembly and to the second wheel assembly.

14.  The drive system of claim 13, where a vehicle centerline of a width of a vehicle separates

the first suspension system from the second suspension system.

15.  The drive system of claim 13, where the differential is linked to and moves with a control

arm of the first suspension system.

16.  The drive system of claim 13, where the first suspension system and the second

suspension system have a vertical travel up to 16 inches.
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The drive system of claim 16, where a drive shaft connects the differential to the power
plant or transfer case and a plunge at the drive shaft is no more than 0.500 inch for every 5

feet to 7 feet of a length of a longitudinal axis of the drive shaft.

The drive system of claim 17, where an angle between the longitudinal axis of the drive

shaft and a horizontal plane of the differential is 31 degrees or less.

The drive system of claim 17, where an angle between the longitudinal axis of the drive

shaft and a horizontal plane of the differential is 32 degrees to 45 degrees.

The drive system of claim 13, where a drive shaft connects the differential to the power
plant or transfer case with the following proportions:

a vertical travel of the first suspension system and the second suspension system of 16
inches:

a drive shaft length at a full compression of the first suspension system and the second
suspension system is 41.05 inches;

the drive shaft length at full droop of the first suspension system and the second
suspension system is 41.62 inches; and

an overall drive shaft plunge is 0.570 inches.

A drive system for a motor vehicle comprising:

a differential pivotally connected to a wheel assembly by an axle,

the wheel assembly connected to a vehicle frame by a suspension system, and

the differential is linked to and moves with the suspension system where the differential

is mounted independent of the vehicle frame.

The drive system of claim 21, where an axle plunge of the axle at the differential is 0.695

inches or less.
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23.  The drive system of claim 21, where an axle plunge of the axle at the suspension system

1s 0.750 inches or less.

24. A method for mounting a drive system to a motor vehicle comprising:
providing a transfer case for transferring rotational torque from a power plant;

connecting the transfer case to a differential mounted independent of a vehicle frame;

transferring rotational torque to a wheel assembly through the differential;

linking the differential to a suspension system at the wheel assembly where the
differential moves relative the suspension system and the suspension system is positioned to

one side of a vehicle centerline of a width of the motor vehicle.
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