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1
WALKING BEAM SUSPENSION

CROSS REFERENCE TO RELATED
APPLICATIONS

Not applicable to this application.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not applicable to this application.

BACKGROUND

Field

Example embodiments in general relate to a walking

beam suspension for a vehicle or robot having a chassis,
such as an autonomous agricultural vehicle or robot.

Related Art

Any discussion of the related art throughout the specifi-
cation should in no way be considered as an admission that
such related art 1s widely known or forms part of common
general knowledge 1n the field.

Walking beam-type suspensions can be used in vehicles to
reduce the transfer of disturbances from surface contacting
elements, such as wheels and tires, to the vehicle chassis as
the surface contacting elements encounter unevenness or
deviations, e.g., ruts, holes, mounds, rocks, etc. in a surface,
¢.g., terrain or ground. By reducing the disturbances to the
chassis, potential shifting and/or damage of a load supported
by the chassis can be reduced. In some applications the load
may comprise sensitive equipment, such as measuring
equipment or scientific instruments. Reducing the distur-
bances that reach such equipment and instruments may
enable them to produce better and more accurate measure-
ments and/or other data, for example by reducing vibration,
changes 1n orientation, etc.

Walking beam-type suspensions can be used on a variety
of vehicles, ranging from multiple axle trailers to autono-
mous unmanned robots. One particularly complex example
1s the rocker-bogie suspension system used on various
NASA unmanned robotic rovers, including Sojourner,
Spirit, Opportunity, Curiosity and others.

Another particular application for a walking beam-type
suspension 1s for autonomous agricultural robotic vehicles.
A need for such vehicles has arisen out of the ever-increas-
ing cost of manual labor, particularly 1in labor intensive
operations such as cropping. The evolution of technology
has made such vehicles feasible.

For example, 1n cropping operations, a tractor or other
vehicle may pass over a row of a crop, sometimes multiple
times. Over time, this results 1n the ground where the crop
1s present, 1.€., the crop bed, having a substantially flat even
surface, and the ground on either side of the crop where the
tractor wheels have travelled developing a substantially
compacted and uneven surface with wheel ruts, etc. When an
autonomous vehicle 1s used to perform certain cropping
operations, €.g., preparing or monitoring the crop bed, better
performance can be obtained if disturbances transierred to
the chassis of the vehicle from the ground contacts of the
vehicle, e.g., wheels and/or tires, as they encounter uneven
ground, €.g., wheel ruts, are reduced.

Some autonomous agricultural robotic vehicles either
have no suspension, or have a suspension that cannot
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suitably react to the disturbances generated by surface
contacting elements as they encounter unevenness or devia-

tions and reduce the disturbances transferred to the chassis.
Such vehicles produce inferior results. Other agricultural
robotic vehicles have suspensions that are mechanically
heavy, cumbersome, and/or complex. Such characteristics
are undesirable from both power consumption and mainte-
nance perspectives. Still other agricultural robotic vehicles
have suspensions that are electronically controlled. Such
suspensions present an unnecessary drain on power and
processing resources.

There 1s a need for a walking beam suspension for an
autonomous agricultural robotic vehicle or other vehicle that
1s simple, that 1s cost eflective, and that 1s effective 1n
operation to reduce the impact of surface contacting ele-
ments encountering unevenness or deviations, e.g., wheel
ruts, on a chassis of the vehicle and on any load, imnstrument,
etc. that may be supported thereon. There 1s also a need for
such a suspension that mechanically reduces the distur-
bances transferred to a chassis of such a vehicle due to
surface contacting elements encountering unevenness or
deviations without the need for complex, costly, and power
intensive electronic controls. There 1s also a need for such a
suspension that acts to reduce disturbances to a chassis of
such a vehicle from each of a plurality of surface contacting
clements individually and independently from other surface
contacting elements. There 1s also a need for such a suspen-
sion that acts to simultaneously reduce disturbances to a
chassis of such a vehicle i both vertical and lateral direc-
tions from each of a plurality of surface contacting elements
encountering unevenness or deviations. There 1s also a need
for such a suspension that is able to support a chassis of such
a vehicle on a surface, e.g., terrain or ground, by 1tself and
independently without the need for external chassis support
from additional surface contacting elements.

SUMMARY

An example embodiment 1s directed to a walking beam
suspension. The walking beam suspension includes a first
walking beam that 1s adapted to be pivotably connected to a
first side of a vehicle chassis and to have one or more first
surface contacting elements connected, and a second walk-
ing beam that 1s adapted to be pivotably connected to a
second side of the vehicle chassis and to have one or more
second surface contacting elements connected. The first
walking beam 1s separately pivotable 1n response to the one
or more first surface contacting elements encountering a
deviation in a surface to maintain each of the first surface
contacting elements in contact with the surface, and the
second walking beam 1s separately pivotable 1n response to
the one or more second surface contacting elements encoun-
tering a deviation in the surface to maintain each of the
second surface contacting elements in contact with the
surface.

The walking beam suspension also includes a dynamic
coupling that 1s connected to the first walking beam and to
the second walking beam, and that 1s adapted to be con-
nected to the chassis. The dynamic coupling 1s dynamically
adjustable to reduce movement of the chassis due to the
pivoting of the first and second walking beams 1n response
to deviations in the surface.

According to one aspect of the example embodiment, the
first walking beam, the second walking beam, and the
dynamic coupling together are adapted to support the chassis
suspended above the surface without an external surface
contacting element.
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According to another aspect, the dynamic coupling 1s
dynamically adjustable by dynamically moving with respect
to the first walking beam, the second walking beam, and the
chassis to compensate for changes in the distance and angle
between the first and second walking beams as the first and
second walking beams pivot relative to the chassis and to
cach other.

According to another aspect, the dynamic coupling 1s
connected to the first walking beam by a first dynamic
connector and to the second walking beam by a second
dynamic connector. The first and second dynamic connec-
tors can comprise first and second dynamic telescopic con-
nectors that are dynamically extendable and retractable.

According to another aspect, the dynamic coupling 1s
adapted to be connected to the chassis by a third dynamic
connector. The third dynamic connector can be dynamically
pivotable and/or dynamically linearly movable with respect
to the chassis.

According to another aspect, the dynamic coupling
includes a lateral connector and a chassis connector. The
lateral connector extends 1n a direction of a lateral axis of the
vehicle between the first walking beam and the second
walking beam, and has a first end portion connected to the
first walking beam by a first dynamic connector and a second
end portion connected to the second walking beam by a
second dynamic connector. The chassis connector extends 1n
a direction of a longitudinal axis of the vehicle between the
lateral connector and the chassis, and has a first end portion
adapted to be connected to the chassis and a second end
portion connected to the lateral connector by a third dynamic
connector. The first, second, and third dynamic connectors
are dynamically adjustable to reduce movement of the
chassis due to the pivoting of the first and second walking
beams 1n response to deviations in the surface.

According to another aspect, the first and second dynamic
connectors are dynamically adjustable by dynamically mov-
ing in the direction of the lateral axis of the vehicle with
respect to the first and second walking beams to compensate
for changes 1n the distance and angle between the first and
second walking beams as they pivot relative to the chassis
and to each other. The third dynamic connector 1s dynami-
cally adjustable by dynamically pivoting and/or moving
linearly with respect to the chassis about an axis that extends
in the direction of the longitudinal axis of the vehicle also to
compensate for changes in the distance and angle between
the first and second walking beams as they pivot. The first
and second dynamic connectors can include first and second
dynamic telescopic connectors that are dynamically extend-
able and retractable between the first and second end por-
tions of the lateral connector and the first and second
walking beams.

There has thus been outlined, rather broadly, some of the
embodiments of the walking beam suspension in order that
the detailed description thereof may be better understood,
and 1 order that the present contribution to the art may be
better appreciated. There are additional embodiments of the
walking beam suspension that will be described heremaftter
and that will form the subject matter of the claims appended
hereto. In this respect, before explaimning at least one
embodiment of the walking beam suspension 1n detail, 1t 1s
to be understood that the walking beam suspension 1s not
limited 1n 1ts application to the details of construction or to
the arrangements of the components set forth in the follow-
ing description or illustrated in the drawings. The walking
beam suspension i1s capable of other embodiments and of
being practiced and carried out 1n various ways. Also, 1t 1s
to be understood that the phraseology and terminology
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employed herein are for the purpose of the description and
should not be regarded as limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments of the walking beam suspension
will become more fully understood from the detailed
description given herein below and the accompanying draw-
ings, wherein like elements are represented by like reference
characters, which are given by way of 1illustration only and
thus are not limitative of the example embodiments herein.

FIG. 1 1s a top front perspective view of a robotic vehicle
with a walking beam suspension in accordance with an
example embodiment.

FIG. 2 1s a top rear perspective view of a robotic vehicle
with a walking beam suspension i1n accordance with an
example embodiment.

FIG. 3 1s a bottom front perspective view ol a robotic
vehicle with a walking beam suspension 1n accordance with
an example embodiment.

FIG. 4 1s a bottom rear perspective view ol a robotic
vehicle with a walking beam suspension 1n accordance with
an example embodiment.

FIG. 5 1s a top view of a robotic vehicle with a walking
beam suspension in accordance with an example embodi-
ment.

FIG. 6 1s a left side view of a robotic vehicle with a
walking beam suspension in accordance with an example
embodiment.

FIG. 7 1s night side view of a robotic vehicle with a
walking beam suspension in accordance with an example
embodiment.

FIG. 8 1s a front end view of a robotic vehicle with a
walking beam suspension in accordance with an example
embodiment.

FIG. 9 1s a rear end view of a robotic vehicle with a
walking beam suspension in accordance with an example
embodiment.

FIG. 10 1s a bottom view of a robotic vehicle with a
walking beam suspension in accordance with an example
embodiment.

FIG. 11 top rear perspective exploded view of a robotic
vehicle with a walking beam suspension 1n accordance with
an example embodiment.

FIG. 12A 15 an enlarged top perspective view of a portion
of a robotic vehicle with a walking beam suspension 1n
accordance with an example embodiment 1illustrating {first
and second pivot connections between a chassis of the
vehicle and first and second opposed walking beams.

FIG. 12B 15 an exploded view of the portion of the robotic
vehicle 1llustrated 1n FIG. 12A.

FIG. 13A 15 an enlarged top perspective view of a portion
of a robotic vehicle with a walking beam suspension 1n
accordance with an example embodiment illustrating first
and second telescoping connections between a lateral walk-
ing beam connector and first and second opposed walking
beams.

FIG. 13B 1s an exploded view of the portion of the robotic
vehicle illustrated in FIG. 13A.

FIG. 14 A 15 an enlarged top perspective view of a portion
of a robotic vehicle with a walking beam suspension 1n
accordance with an example embodiment illustrating a chas-
s1s connector connected between the lateral walking beam
connector and the chassis of the vehicle.

FIG. 14B 15 an exploded view of the portion of the robotic
vehicle 1llustrated 1n FIG. 14A.
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FIG. 15A 1s a side view of a robotic vehicle with a
walking beam suspension i1n accordance with an example
embodiment 1llustrating the reaction of the suspension to a
front wheel on a first side of the vehicle encountering a
surface depression.

FIG. 15B 1s a side view of a robotic vehicle with a
walking beam suspension in accordance with an example
embodiment 1llustrating the reaction of the suspension to a
front wheel on a first side of the vehicle encountering a
surface elevation.

FIG. 15C 1s a side view of a robotic vehicle with a
walking beam suspension in accordance with an example
embodiment 1llustrating the reaction of the suspension to a
front wheel on a second side of the vehicle encountering a
surface depression.

FIG. 158D 1s a side view of a robotic vehicle with a
walking beam suspension in accordance with an example
embodiment 1llustrating the reaction of the suspension to a
front wheel on a second side of the vehicle encountering a
surtface elevation.

FIG. 15E 1s a side view of a robotic vehicle with a walking
beam suspension in accordance with an example embodi-
ment 1llustrating the reaction of the suspension to rear wheel
on a first side of the vehicle encountering a surface depres-
S101.

FIG. 15F 1s a side view of a robotic vehicle with a walking,
beam suspension 1n accordance with an example embodi-
ment illustrating the reaction of the suspension to a rear
wheel on a first side of the vehicle encountering a surface
clevation.

FIG. 15G 15 a side perspective view of a robotic vehicle
with a walking beam suspension in accordance with an
example embodiment 1llustrating the reaction of the suspen-
sion to a rear wheel on a second side of the vehicle
encountering a surface depression.

FIG. 15H 1s a side view of a robotic vehicle with a
walking beam suspension in accordance with an example
embodiment 1llustrating the reaction of the suspension to a
rear wheel on a second side of the vehicle encountering a
surface elevation.

FIG. 16A 1s a front end view of a robotic vehicle with a
walking beam suspension i1n accordance with an example
embodiment 1llustrating the reaction of the suspension to a
front wheel on a first side of the vehicle encountering a
surface depression.

FIG. 16B 1s a front end view of a robotic vehicle with a
walking beam suspension in accordance with an example
embodiment 1llustrating the reaction of the suspension to a
front wheel on a first side of the vehicle encountering a
surface elevation.

FIG. 16C 1s a front end view of a robotic vehicle with a
walking beam suspension in accordance with an example
embodiment 1llustrating the reaction of the suspension to a
front wheel on a second side of the vehicle encountering a
surface depression.

FIG. 16D 1s a front end view of a robotic vehicle with a
walking beam suspension i1n accordance with an example
embodiment 1llustrating the reaction of the suspension to a
front wheel on a second of the vehicle encountering a
surface elevation.

FIG. 16F 1s a rear end view of a robotic vehicle with a
walking beam suspension in accordance with an example
embodiment 1llustrating the reaction of the suspension to a
rear wheel on a first side of the vehicle encountering a
surface depression.

FIG. 16F 1s a rear end view of a robotic vehicle with a
walking beam suspension in accordance with an example
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embodiment 1llustrating the reaction of the suspension to a
rear wheel on a first side of the vehicle encountering a
surtace elevation.

FIG. 16G 1s a rear end view of a robotic vehicle with a
walking beam suspension in accordance with an example
embodiment 1llustrating the reaction of the suspension to a
rear wheel on a second side of the vehicle encountering a
surface depression.

FIG. 16H 1s a rear end view of a robotic vehicle with a
walking beam suspension in accordance with an example
embodiment illustrating the reaction of the suspension to a
rear wheel on a second side of the vehicle encountering a
surface elevation.

DETAILED DESCRIPTION

The relative orientations and movements of the compo-
nents and elements comprising an example embodiment of
a walking beam suspension 10 for a vehicle can be described
with reference to a coordinate system comprising three
orthogonal axes: a longitudinal axis, a lateral axis, and a
vertical axis. As referred to herein, the longitudinal axis
comprises a longitudinal axis of the vehicle including the
walking beam suspension 10 and extends through the center
of gravity of the vehicle substantially 1n the direction of
travel over a surface. The lateral axis extends laterally
through the center of gravity substantially perpendicular to
the longitudinal axis. The vertical axis extends vertically
through the center of gravity substantially perpendicular to
the longitudinal and lateral axes. When the vehicle 1s on a
substantially flat horizontal surface, the longitudinal and
lateral axes will be substantially horizontal and parallel with
the surface, and the vertical surface will be substantially
vertical and perpendicular to the surface.

A. Overview

An example walking beam suspension 10 i1s adapted to
support the chassis 12 of a vehicle, e.g., an autonomous
agricultural or other vehicle, on a plurality of movable
surface contacting elements, e.g., wheels 60 and tires 61.
The walking beam suspension 10 1s adapted to support and
suspend the chassis 12 above the surface independently and
without the need for any additional external support from
additional surface contacting elements.

The example walking beam suspension 10 operates
mechanically and dynamically to maintain all of the surface
contacting elements 1n contact with a surface, e.g., ground or
terrain, as the vehicle traverses the surface and one or more
ol the surface contacting elements encounter surface devia-
tions, e.g., depressions and elevations. The example walking
beam suspension 10 also operates mechanically and dynamai-
cally to simultaneously reduce the transier of movement or
other disturbances to the chassis 12 and to any load that 1s
supported thereon 1n response to the surface deviations.
The example walking beam suspension 10 generally
includes a first walking beam 20, a second walking beam 40,
and a dynamic coupling 70. The first walking beam 20 has
a front end portion 22 connected to a front wheel and tire 60,
61 and a rear end portion 24 connected to a rear wheel and
tire 60, 61. Similarly, the second walking beam 40 has a
front end portion 42 connected to a front wheel and tire 60,
61 and a rear end portion 44 connected to a rear wheel and
tire 60, 61. The wheels and tires 60, 61 comprise four
independent and separate surface contacting elements and
pomnts of moving contact between the vehicle and the
surface. The wheels and tires 60, 61 may be driven by drive
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motors 64. The two front wheels and tires 60, 61 may be
selectively steerable with one or more steering motors 66.

The first walking beam 20 has a first pivot connector 29
with a first pivot axis and the second walking beam 40 has
a second pivot connector 49 with a second pivot axis. The
chassis 12 1s pivotally connected between and 1s supported
by the first and second walking beams 20, 40 with the first
pivot connector 29 of the first walking beam 20 being
pivotally connected to a first side of the chassis 12 and the
second pi1vot connector 49 of the second walking beam 40
being pivotally connected to a second opposite side of the
chassis 12. The first and second pivot axes extend substan-
tially 1n the direction of the lateral axis of the vehicle and are
substantially coaxial. The first walking beam 20 1s pivotable
about the first pivot axis in opposite first and second direc-
tions with respect to the chassis 12 separately and indepen-
dently from the second walking beam 40, and the second
walking beam 40 1s pivotable about the second pivot axis in
opposite first and second directions separately and indepen-
dently from the first walking beam 20. The dynamic cou-
pling 70 1s located between and i1s connected to the first
walking beam 20, the second walking beam 40, and the
chassis 12 by dynamic movable connections. The dynamic
coupling 70 1s adapted and configured to extend and retract
substantially along the lateral axis of the vehicle, pivot about
a third pivot axis that extends substantially in the direction
of the longitudinal axis of the vehicle, and simultaneously
move linearly forward and backward along the third pivot
axis relative to the chassis 12 and the first and second
walking beams 20, 40 as the first and second walking beams
20, 40 pivot about the first and second pivot axes relative to
cach other and the chassis 12.

The dynamic coupling 70 comprises a lateral connector
90 and a chassis connector 100. The lateral connector 90
extends substantially 1n the direction of the lateral axis of the
vehicle between the first and second walking beams 20, 40.
The lateral connector 90 has a first end portion 92 that is
connected to the first walking beam 20 and an opposite
second end portion 94 that 1s connected to the second
walking beam 40. By providing a lateral connection between
the first and second walking beams 20, 40 and a connection
to the chassis 12 the dynamic coupling 70 enables the
walking beam suspension 10 to support and suspend the
chassis 12 of the vehicle on the walking beams 20, 40 and
the connected wheels and tires 60, 61 above the surface on
its own and without any additional ground contacting ele-
ments being required.

The connections between the first and second end portions
02. 94 of the lateral connector 90 and the first and second
walking beams 20, 40 respectively comprise movable
dynamic connections. Accordingly, the first end portion 92
of the lateral connector 90 comprises a first telescopic
connector 96 and the opposite second end portion 94 has a
second telescopic connector 98. The first and second tele-
scopic connectors 96, 98 are adapted to extend and retract
inwardly and outwardly relative to the lateral connector 90
and the first and second walking beams 20, 40 substantially
in the direction of the lateral axis of the vehicle as the first
and second walking beams 20, 40 pivot about the first and
second pivot axes relative to each other and the chassis 12.

The chassis connector 100 extends 1n the direction of the
longitudinal axis of the vehicle between the lateral connector
90 and the chassis 12. The chassis connector 100 has a first
end portion 102 with a fixed first connection 106 to the
chassis 12 preferably at or near 1ts mid-point and an opposite
second end portion 104 with a second connection 108 to the
lateral connector 90 preferably at or near 1ts mid-point. The
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second connection 108 comprises a movable dynamic con-
nection. The movable dynamic connection comprises a

connector that 1s simultaneously pivotable on the chassis
connector 100 about a third pivot axis that corresponds to the
longitudinal axis of the chassis connector 100 and linearly
movable on the chassis connector 100 along the third pivot
axis. The movable dynamic second connection 108 enables
the lateral connector 90 to simultaneously pivot about and
move linearly along the third pivot axis as the first and
second walking beams 20, 40 pivot about the first and
second pivot axes relative to each other and the chassis 12.

As a vehicle with the walking beam suspension 10
traverses a surface, one or more of the wheels and tires 60,
61 on the first side of the chassis 12 may encounter surface
deviations. In response, the first walking beam 20 pivots
about the first pivot axis 1n the first and second directions
(depending on the deviation) to maintain both of the wheels
and tires 60, 61 on the first side of the chassis 12 in contact
with the surface. Similarly, as one or more of the wheels and
tires 60, 61 on the second side of the chassis 12 encounter
surface deviations, the second walking beam 40 separately
and independently pivots about the second pivot axis 1n the
first and second directions to maintain both of the wheels
and tires 60, 61 on the second side of the chassis 12 1n
contact with the surface.

However, as the first and second walking beams 20, 40
pivot relative to each other the distance and angle between
directly opposite points on the first and second walking
beams 20, 40 change. This includes the connection points to
the first and second end portions 92, 94 of the lateral
connector 90 of the dynamic coupling 70. A static rigid
lateral connection between the first and second walking
beams and between the lateral connection and the chassis 12
would transfer these changes to the chassis 12 and to any
load elements supported thereon directly and unabated as
changes 1n elevation and orientation.

In contrast, the dynamic coupling 70 dynamically adjusts
and compensates for any changes in distance and angle
between the first and second walking beams 20, 40. As the
first and second walking beams 20, 40 pivot relative to each
other, the first and second telescopic connectors 96, 98 at the
opposite first and second end portions of the lateral connec-
tor 90 extend or retract (depending on the direction of
relative pivoting of the first and second walking beams 20,
40) 1 the direction of the lateral axis of the vehicle.
Simultaneously the lateral connector 90 pivots on and moves
linearly forward and backward on the chassis connector 100
about an axis that extends substantially 1n the direction of the
longitudinal axis of the vehicle. In this manner the movable
dynamic connections provided by the dynamic coupling 70
compensate for the changes in distance and angle and reduce
the transfer of any movements and disturbances caused by
the surface deviations to the chassis 12.

B. Chassis

The example walking beam suspension 10 1s adapted to
support a chassis 12 of a vehicle, e.g., an autonomous
agricultural vehicle or other vehicle, on and between the first
and second walking beams 20, 40 as best illustrated in FIGS.
1-12 and as described further below. The chassis 12 1n turn
1s preferably adapted to support a load, which may include
for example a variety of tools, equipment, instruments,
devices, self-contained power sources, transmitters, receiv-
ers, electronics, video and/or still cameras, lighting, etc. For
example, the chassis 12 may support various tools or equip-
ment useful i cropping such as plows, tillers, harrows,
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seeders, spreaders, etc. Also for example, the chassis 12 may
support one or more wireless transceivers, controllers, pro-
cessors, logic circuits, etc. to wirelessly receive remote
control signals to control the operation of various tools,
equipment, and devices on the chassis 12, control steering
and drive motors to motivate and direct the vehicle, and
sense and wirelessly transmit data related to crops, weather,
moisture, etc. to a remote data receiver. The chassis 12 1s
preferably constructed of a light-weight rigid material, such
as a light-weight metal, that 1s sufliciently strong to support
the load without deformation or damage.

The items comprising the load may be directly or indi-
rectly mounted or connected to the chassis 12. For example,
a platform, frame or container may be mounted to and
supported on the chassis 12 and the i1tems comprising the
load may be mounted to or may be contained on or in the
platform, frame, or container. As described herein, the
walking beam suspension 10 1s operative to mechanically
and dynamically reduce the movement and other distur-
bances that are transferred to the chassis 12 and through the
chassis 12 to the load supported thereon as the vehicle
traverses an uneven surface.

In the example embodiment best illustrated 1n FIGS. 1-12,
the chassis 12 1s represented as an elongated substantially
linear beam or bar with a first end portion or first side portion
14, a second end portion or second side portion 16 opposite
of the first end or side portion 14, and a top surface 17. It 1s
noted that whether the opposite ends or sides of the chassis
12 are denominated as “ends” or *“sides” may depend on the
relative length and width dimensions of the vehicle and the
chassis 12. However, whichever term 1s used does not limit
the example embodiments described herein and has no
impact on understanding the features of the example
embodiments described herein. Thus, the term *““side” will be
used hereinaiter and 1s mtended to encompass “end.” The
first side portion 14 preferably includes a first side connector
18 that 1s adapted to pivotally connect the first side portion
14 to the first walking beam 20. Similarly, the second side
portion 16 preferably includes a second side connector 19
that 1s adapted to pivotally connect the second side portion
16 to the second walking beam 40. The chassis 12 1s thus
pivotally supported on and between the first and second
walking beams 20, 40 with a first side of the chassis 12
pivotally connected to the first walking beam 20 and a
second side of the chassis 12 opposite of the first side
pivotally connected to second walking beam 40.

The first and second side connectors 18, 19 enable the first
and second walking beams 20, 40 on the first and second
sides of the chassis 12 respectively to separately and inde-
pendently pivot relative to each other and to the chassis 12
about pivot axes that extend substantially in the direction of
the lateral axis of the vehicle. Thus, the first and second
walking beams 20, 40 are able to separately and indepen-
dently pi1vot substantially in the direction of the vertical axis
of the vehicle, 1.e., upwardly and downwardly, as the vehicle
traverses a surface and encounters surface deviations. The
walking beam suspension 10 1s thus able to maintain all the
surface contacting elements, e.g. wheels and tires 60, 61 on
cach side of the chassis 12 1n contact with the surface and to
reduce the transfer to the chassis 12 of movement or
disturbances due to the surface deviations.

The first and second side connectors 18, 19 each may
comprise any type of connector that 1s suitable to pivotally
connect with the first and second p1vot connectors 29, 49 of
the first and second walking beams 20, 40 respectively,
which are described further below. For example, the first and
second side connectors 18, 19 may each comprise a flange
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fixed to the first or second side portion 14, 16 of the chassis
12 with an opening adapted to receive and pivotally retain a

pivotable portion of the first or second pivot connector 29,
49 respectively.

The 1tems comprising the load may be connected or
attached to and supported directly on the top surface 17 or
clsewhere on the chassis 12. Similar, a platform, frame,
container, etc. may be connected or attached to and sup-
ported on the top surface 17 or elsewhere on the chassis 12.

The chassis 12 1s supported and suspended above and 1n
movable contact with the surface by the first and second
walking beams 20, 40, by the plurality of movable surface
contacting elements, e.g., wheels and tires 60, 61 connected
to the first and second walking beams 20, 40, which are
described further below, and by a dynamic coupling 70
between the first and second walking beams 20, 40 and the
chassis 12, which 1s also described in detail below. As will
become clear from the description herein, no other surface
contacting elements, e.g., additional axle and wheels, tow
hitches, etc. are necessary to maintain the chassis 12 sup-
ported and suspended above the surface and to prevent 1t
from pivoting into contact with the surface.

While the chassis 12 1s illustrated in FIGS. 1-12 as an
clongated linear member, that 1s merely one example con-
figuration of the chassis 12. It 1s contemplated and will be
appreciated that the chassis 12 may have numerous other
and different configurations that are consistent with the
objectives and functionality of the example embodiments as
described herein. As additional examples, the chassis 12
may comprise an elongated non-linear member, or a plural-
ity of elongated interconnected linear and/or non-linear
members. The chassis 12 also may comprise a multi-mem-
ber or monolithic closed or open frame structure. The frame
structure may have numerous shapes including square, rect-
angular, and other geometric shapes. The frame may be
substantially planar or may be three dimensional. The chas-
s1s 12 also may comprise a partially or wholly solid structure
and the structure may have various shapes in either two or
three dimensions. All such variations and others that are
consistent with the purposes and functions of the chassis 12
as described herein are intended to be 1ncluded.

C. First and Second Walking Beams

As best illustrated 1n FIGS. 1-12, the example embodi-
ment of the walking beam suspension 10 comprises a first
walking beam 20 and a second walking beam 40. As
described above, the first walking beam 20 1s pivotally
connected to a first side of the chassis 12 and the second
walking beam 40 1s pivotally connected to the second side
of the chassis 12 opposite of the first side. Preferably the first
and second walking beams 20, 40 each extend in the
direction of the longitudinal axis of the vehicle, are substan-
tially parallel with each other, and are directly opposite each
other on the opposite sides of the chassis 12. Also preferably
cach of the first and second walking beams 20, 40 1is
constructed of a light-weight rigid material, such as a
light-weight metal, that 1s sufliciently strong to support the
chassis 12 and the load thereon without deformation or
damage.

In the example embodiment, the first and second walking
beams 20, 40 are represented as substantially identical
clongated substantially linear beams. However, that is
merely one example configuration of the first and second
walking beams 20, 40. It 1s contemplated and will be
appreciated that the first and second walking beams 20, 40
cach may have many different configurations that are con-
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sistent with the objectives and functionality of the example
embodiments described herein. As additional examples each
of the first and second walking beams 20, 40 may comprise
an elongated non-linear member or a plurality of elongated
interconnected linear and/or non-linear members. Each of
the first and second walking beams 20, 40 also may com-
prise¢ a multi-member or monolithic closed or open frame
structure, and the frame structure may have numerous geo-
metric shapes and may be substantially planar or may be
three dimensional. Each of the first and second walking
beams 20, 40 also may comprise a partially or wholly solid
structure and the structure may have numerous different
geometric shapes in either two or three dimensions. Further,
the first and second walking beams 20, 40 need not be the
same. All such varnations and others that are consistent with
the objectives and functionality of the example embodiment
as described herein are intended to be 1ncluded.

The first walking beam 20 has a front end portion 22
rotatably connected to a front wheel and tire 60, 61 1n a
manner described below, a rear end portion 24 opposite of
the front end portion 22 and connected to a rear wheel and
tire 60, 61 also 1n a manner described below, a first side 26
facing the chassis 12 and the second walking beam 40, a
second side 28 opposite of and facing away from the first
side 26, and a top surface 30. Similarly, the second walking
beam 40 has a front end portion 42 connected to a front
wheel and tire 60, 61 1n a manner described below, a rear end
portion 44 opposite of the front end portion 42 connected to
a rear wheel and tire 60, 61 also in a manner described
below, a first side 46 facing the chassis 12 and the first
walking beam 20, a second side 48 opposite of and facing
away from the second side 46, and a top surface 50.

1. First and Second Pivot Connectors and Pivot Axes.

The first walking beam 20 also has a first pivot connector
29 with a first p1vot axis and the second walking beam 40 has
a second pivot connector 49 with a second pivot axis. The
first pivot connector 29 of the first walking beam 20 1is
pivotally connected to the first side connector 18 on the first
side portion 14 of the chassis 12. The second pivot connector
49 of the second walking beam 40 1s pivotally connected to
the second side connector 19 on the second opposite side
portion of the chassis 12. The chassis 12 1s thus pivotally
connected between and 1s supported by the first and second
walking beams 20, 40 on its opposite first and second side
portions 14, 16. Each of the first and second pi1vot connectors
29, 49 may comprise a freely rotatable hub set and/or axle
structure, such as are often used on trailers and the like, and
which are commercially available.

The first and second pivot connectors 29, 49 are prefer-
ably located on the first and second walking beams 20, 40
directly opposite each other on the respective first and
second side portions 14, 16 of the chassis 12. As best
illustrated 1 FIGS. 1-10, each of first and second pivot
connectors 29, 49 1s preferably located on the respective first
and second walking beam 20, 40 at a point approximately
mid-way between the axes of rotation of the respective front
and rear wheel and tire 60, 61 connected to the respective
walking beam 20, 40. The first and second pivot axes of the
respective first and second pivot connectors 29, 49 each
extend substantially 1n the direction of the lateral axis of the
vehicle and substantially perpendicular with respect to the
longitudinal axis of the vehicle and the first and second
walking beams 20, 40. Preferably, the first and second pivot
axes are substantially coaxaal.

As noted, the first walking beam 20 and the wheels and
tires 60, 61 connected thereto extend 1n the direction of the
longitudinal axis of the vehicle on the first side portion 14 of
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the chassis 12. The first walking beam 20 and connected
wheels and tires 60, 61 are pivotable about the first p1vot axis
upward and downward in the direction of the vertical axis of
the vehicle with respect to the chassis 12 separately and
independently from the second walking beam 40. Similarly,
the second walking beam 40 and the wheels and tires 60, 61
connected thereto extend in the direction of the longitudinal
axis of the vehicle on the second side portion 16 of the
chassis 12. Also similarly, the second walking beam 40 and
connected wheels and tires 60, 61 are pivotable about the
second pivot axis upward and downward in the direction of
the vertical axis of the vehicle with respect to the chassis 12
separately and independently from the first walking beam
20.

From the foregoing, i1t will be appreciated that as the
vehicle traverses a surface, one or more of the front and rear
wheels and tires 60, 61 connected to the first walking beam
20 on the first side portion 14 of the chassis 12 may
encounter surface deviations, e.g., elevations and depres-
sions. The front and rear wheels and tires 60, 61 also may
assume different elevations, for example 1n the case of an
upwardly or downwardly sloped surface. In response, the
first walking beam 20 pivots about the first pivot axis 1n a
direction to maintain each of the connected front and rear
wheel and tire 60, 61 i1n contact with the surface. The
pivoting of the first walking beam 20 also reduces the
transier of any movements and other disturbances due to the
surface deviations to the first side 14 of the chassis 12.
Because the first walking beam 20 1s pivotable about the first
pivot axis separately and independently of the second walk-
ing beam 40, the first walking beam 20 1s able to maintain
the wheels and tires 60, 61 on the first side of the chassis 12
in contact with the surface and to reduce the transfer of
movements and disturbances to the chassis 12 separately and
independently of the second walking beam 40.

Similarly, 1t will be appreciated that as the vehicle tra-
verses a surface, one or more of the front and rear wheels
and tires 60, 61 connected to the second walking beam 40 on
the second side portion 16 of the chassis 12 may also
encounter surface deviations and may assume difierent
clevations. In the same way as described with respect to the
first walking beam 20, the second walking beam 40 responds
by pivoting about the second pivot axis m a direction to
maintain both the front and rear wheel and tire 60, 61 1n
contact with the surface and to reduce the transfer of any
movements and other disturbances due to the deviations to
the second side or end portion 16 of the chassis 12. Because
the second walking beam 20 1s pivotable about the second
pivot axis separately and independently of the first walking
beam 20, the second walking beam 40 1s able to maintain the
front and rear wheels 60, 61 1n contact with the surface and
to reduce the transier of movements and disturbances to the

chassis 12 separately and independently of the first walking
beam 20.

FIGS. 15A-1SH and 16A-16H illustrate graphically the
response of each of the first and second walking beams 20,
40 to each of the front and rear wheels and tires 60, 61 on
each of the first and second sides 14, 16 of the chassis 12
individually encountering a deviation in a surface the
vehicle 1s traversing. For example as shown in FIG. 15A,
when the front wheel and tire 60, 61 on the first end 14 of
the chassis 12 encounters a depression or decline in the
surface, the first walking beam 20 responds by pivoting
about the first pivot axis 1n a first direction to maintain both
the front and rear wheels and tires 60, 61 in contact with the
surface. Similarly as shown i FIG. 15B, when the front
wheel and tire 60, 61 on the first side or end 14 of the chassis
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12 encounters an elevation or incline in the surface, the first
walking beam 20 responds by pivoting about the first pivot
axis 1n a second direction opposite to the first direction to
maintain the front and rear wheels and tires 60, 61 1n contact
with the surface. As similarly 1llustrated in FIGS. 15C-15H,
the first and second walking beams 20, 40 cach separately
and independently pivot about the first and second pivot
axes respectively 1n the first and second directions as each of
their connected front and rear wheels 60, 61 encounter
upward and downward deviations in the surface to sepa-
rately and independently maintain their respective front and
rear wheels and tires 60, 61 in contact with the surface.

Although FIGS. 15A-15H and 16A-16H illustrate for
exemplary purposes the eflect of each individual wheel and
tire 60, 61 of a vehicle encountering a surface deviation, it
will be appreciated that as the vehicle traverses a surface,
one or more of the wheels and tires 60, 61 on either or both
of the first and second sides 14, 16 of the chassis 12 are
likely to encounter surface deviations simultaneously and/or
sequentially. Once again, because each of the first and
second walking beams 20, 40 i1s separately and indepen-
dently pivotable about the respective first and second pivot
axis from the other, the first and second walking beams 20,
40 are operative to respond simultaneously and/or sequen-
tially as necessary to all surface deviations encountered by
each wheel and tire 60, 61 on each side 14, 16 of the chassis
12 to maintain all wheels and tires 60, 61 of the vehicle 1n
contact with the surface.

2. Connectors for the Dynamic Coupling.

The first and second walking beams 20, 40 each have a
respective connector 38, 58 for connecting the walking
beam to the dynamic coupling 70, which 1s described in
detail below. The connectors 38, 58 can be substantially the
same.

The connectors 38, 58 preferably are located on the
respective first (inner facing) sides 26, 46 of the respective
first and second walking beams 20, 40 directly opposite each
other on the opposite first and second sides 14, 16 of the
chassis 12. The connectors 38, 38 also preferably are located
on the respective first and second walking beams 20, 40 at
positions between the axes of rotation of the respective front
and rear wheels and tires 60, 61. In the example embodi-
ment, the connectors 38, 58 are located forward of the
respective first and second pivot connectors 29, 49, 1.e.,
closer to the respective front end portions 22, 42 of the
respective first and second walking beams 20, 40 than the
respective first and second pivot connectors 29, 49. Thus in
the example embodiment, the connectors 38, 58 are located
closer to the front wheels and tires 60, 61 and closer to the
front end of the vehicle than the first and second pivot
connectors 29, 49. However, 1t 1s contemplated and will be
appreciated that in other embodiments, the connectors 38, 58
could be located between the respective first and second
pivot connectors 29, 49 and the respective rear wheels and
tires 60, 61 11 desired.

The connector 38 on the first walking beam 20 1s adapted
to connect to a first end portion 92 of the lateral connector
90 of the dynamic coupling 70 and more specifically to a
first telescopic connector 96 on the first end portion 92.
Similarly, the connector 38 on the second walking beam 40
1s adapted to connect to a second end portion 94 of the lateral
connector 90 opposite of the first end portion 92 and more
specifically to a second telescopic connector 98 on the
second end portion 94. The first and second walking beams
20, 40 are thus dynamically and telescopically connected by
the lateral connector 90 so that as they separately pivot
relative to each other the telescopic connectors 96, 98 extend
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and contract (depending on the direction of the relative
pivoting) and thus compensate for the change in distance

between the points of connection with the lateral connector
90, 1.e., the connectors 38, 58.

Hach connector 38, 58 can be connected, attached to, or
formed as part of the respective first and second walking
beam 20, 40, and can comprise any mechanical connector
suitable for the above described purpose. In an example
embodiment, each connector 38, 58 comprises a lug or
flange that projects inwardly from the respective first side
26, 46 of the respective first and second walking beam 20,
40 toward the chassis 12 and the walking beam on the
opposite side of the chassis 12. Each connector 38, 58 has an
opening that 1s arranged to be aligned with a corresponding
opening of the respective first and second telescopic con-
nector 96, 98 of the dynamic coupling 70 for connection.
The connectors 38, 38 can be connected to the respective
telescopic connectors 96, 98 of the lateral connector 90 by
iserting a bolt or similar mechanical fastener through the
aligned openings and securing with a nut or the like.

D. Dynamic Coupling

The dynamic coupling 70 1s located between and 1s
connected to the first walking beam 20, the second walking
beam 40, and the chassis 12. The dynamic coupling 70
comprises a lateral connector 90 and a chassis connector
100, the structure and operation of which are described 1n
detail in the sections below.

The dynamic coupling 70 provides a lateral connection
between the first and second walking beams 20, 40 and a
chassis connection between the lateral connection and the
chassis 12. With these connections the dynamic coupling 70
enables the walking beam suspension 10 to support and
suspend the chassis 12 of the vehicle on the walking beams
20, 40 and the connected surface contacting elements, e.g.,
wheels and tires 60, 61, above the surface on 1ts own and
without any additional surface contacting elements, e.g.,
axle and wheels, tow hitch to another vehicle, etc. being
required.

The lateral connection and the chassis connection pro-
vided by the dynamic coupling 70 each comprise one or
more dynamic connections. The dynamic connections
dynamically adjust as each ground contacting element of a
vehicle traversing a surface encounters a surface deviation
and thus reduce the transfer of movements and disturbances
caused by the surface deviations to the chassis 12.

More specifically, as a vehicle with the walking beam
suspension 10 traverses a surface, one or more of the surface
contacting elements, e.g., wheels and tires 60, 61, on the first
and/or second sides of the chassis 12 may encounter surface
deviations. In response, the first and second walking beams
20, 40 separately and independently pivot about the first and
second p1vot axes 1n the first and second directions (depend-
ing on the deviations) to maintain all the surface contacting
clements 1n contact with the surface as described above.
However, as the first and second walking beams 20, 40 pivot
relative to each other the distance and angle between directly
opposite points on the first and second walking beams 20, 40
changes. With a static rigid lateral connection between
opposite points on the first and second walking beams 20, 40
and a static ngid connection between the lateral connection
and the chassis 12, the changes 1n distance and angle would
be transferred directly and unabated to the chassis 12 and to
any load elements supported thereon.

With the dynamic coupling 70 however, the lateral con-
nection between the first and second walking beams 20, 40
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comprises dynamic connections to the first and second
walking beams, and the chassis connection between the
lateral connection and the chassis 12 comprises a dynamic
connection to the lateral connection. As the first and second
walking beams 20, 40 pivot relative to each other, the
dynamic connections dynamically adjust to compensate for
the change 1n distance and angle and thus reduce the transier
of movements and disturbances caused by the surface devia-
tions to the chassis 12.

As described 1n detail 1n the sections below, the dynamic
connections to the first and second walking beams 20, 40
adjust by extending and retracting substantially in the direc-
tion of the lateral axis of the vehicle (depending on the
surface deviations) and the dynamic connection to the lateral
connection adjusts to allow the lateral connection to pivot
about and to move forward and backward along an axis that
extends substantially in the direction of the longitudinal axis
of the vehicle, 1.e., the axis of the chassis connector 100.

1. Lateral Connector.

The lateral connector 90 of the dynamic coupling 70
comprises an elongated member having a first end portion
92 and a second end portion 94 opposite of the first end
portion 92. The lateral connector 90 1s preferably con-
structed of a strong, rigid, and light-weight material, such as
a light-weight metal.

While the lateral connector 90 of the example embodi-
ment 1s represented as a substantially linear beam or bar, that
1s merely one example configuration and it will be appre-
ciated that the lateral connector 90 may have many different
configurations consistent with the objectives and function-
ality of the example embodiments as described herein. As
additional examples the lateral connector 90 may comprise
an elongated non-linear member or a plurality of elongated
interconnected linear and/or non-linear members. The lateral
connector 90 also may comprise a multi-member or mono-
lithic closed or open frame structure, and the frame structure
may have numerous geometric shapes and may be substan-
tially planar or may be three dimensional. The lateral
connector 90 also may comprise a partially or wholly solid
structure and the structure may have numerous different
geometric shapes 1n either two or three dimensions. All such
variations and others that are consistent with the objectives
and functionality of the example embodiment as described
herein are intended to be included.

The lateral connector 90 extends substantially in the
direction of the lateral axis of the vehicle between the first
and second walking beams 20, 40. The lateral connector 90
1s connected at its {irst end portion 92 to the connector 38 of
the first walking beam 20 and at 1ts second end portion 94
to the connector 38 of the second walking beam 40 as
described above. The lateral connector 90 1s also connected
at approximately 1ts mid-point between the first and second
walking beams 20, 40 to the chassis connector 100, which 1s
described 1n detail below, and via the chassis connector to
the chassis 12.

As described above, the connectors 38, 38 are preferably
located on the respective first and second walking beams 20,
40 between the respective first and second pivot connectors
29, 49 and the front surface contacting elements, 1.e., the
front wheels and tires 60, 61. Hence, the lateral connector 90
extends laterally between the first and second walking
beams 20, 40 at a location that i1s between the location of the
first and second pivot axes of the respective first and second
walking beams 20, 40 and the location where the front
surface contacting elements are connected to the first and
second walking beams 20, 40. This location i1s beneficial
because as the front surface contacting elements encounter
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surface deviations causing the first and/or second walking,
beams 20, 40 to pivot about the first and/or second pivot
axes, the lateral connector 90 experiences less movement
and disturbance than the surface contacting elements do
because it 1s closer to the pivot axes. Because the lateral
connector 90 experiences less movement and disturbance,
there 1s less movement and disturbance to be transierred
from the lateral connector 90 to the chassis 12 through the
chassis connection 100.

It 1s contemplated and will be appreciated that 1n another
embodiment the connectors 38, 58 of the respective first and
second walking beams 20, 40 and the lateral connector 90
could be located between the respective first and second
pivot connectors 29, 49 and the respective rear wheels and
tires 60, 61. A similar benefit to that described above would
be obtained with that arrangement because the lateral con-
nector 90 would be located closer to the first and second
pivot axes of the first and second walking beams 20, 40 than
the rear surface contacting elements.

It 1s also contemplated and will be appreciated that in
other embodiments the lateral connector 90 could be located
neither substantially forward nor substantially rearward of
the first and second pi1vot connectors 29, 49 and correspond-
ing first and second pivot axes of the respective first and
second walking beams 20, 40, but rather substantially above
or below the first and second pivot axes. Such an arrange-
ment would still provide the benefit described above because
the lateral connector 90 would be closer to the first and
second pivot axes than the surface contacting elements
would be.

The lateral connection between the first and second walk-
ing beams 20, 40 provided by the lateral connector 90 and
the connection of the lateral connector 90 to the chassis 12
via the chassis connector 100 enable the walking beam
suspension 10 to support and suspend the chassis 12 of the
vehicle on the walking beams 20, 40 and the surface
contacting elements e.g., wheels and tires 60, 61, above the
surface on 1ts own and without any additional surface
contacting elements being required. The connection between
the lateral connector 90 and the chassis 12 prevents the
chassis 12 from being able to freely pivot about the first and
second pivot axes of the respective first and second pivot
connectors 29, 49 of the respective first and second walking
beams 20, 40. The chassis 12 and any platform or load
clements supported thereon are thus prevented from pivoting
in the direction of the longitudinal axis of the vehicle and are
unable to come 1nto contact with the surface. In that way, the
walking beam suspension 10 thus provides the sole and
independent support for the chassis 12 and/or a platform or
clements of a load supported thereon.

As described above, the connections between the first and
second end portions 92, 94 of the lateral connector 90 and
the respective connectors 38, 58 of the respective first and
second walking beams 20, 40 are dynamic connections that
dynamically adjust as the first and second walking beams 20,
40 pivot relative to each other. As best illustrated 1n FIGS.
13A-13B, the first end portion 92 comprises a first telescopic
connector 96 that 1s adapted to be connected to the connector
38 of the first walking beam 20 as described above. The
second end portion 94 comprises a second telescopic con-
nector 98 that 1s adapted to be connected to the connector 58
of the second walking beam 40 also as described above. The
first and second telescopic connectors 96, 98 are adapted to
extend and retract inwardly and outwardly relative to the
respective first and second end portions 92, 94 of lateral
connector 90 and the first and second walking beams 20, 40
substantially 1n the direction of the lateral axis of the vehicle



US 11,279,189 Bl

17

as the first and second walking beams 20, 40 separately pivot
about the first and second pivot axes relative to each other
and the chassis 12.

The dynamic adjustments of the connections between the
first and second end portions 92, 94 of the lateral connector
90 and the respective first and second walking beams 20, 40
by the first and second telescopic connectors 96, 98 extend-
ing and retracting (depending on the direction of the relative
pivoting of the walking beams) compensate for the change
in the distance and angle between the connectors 38, 58 as
the respective first and second walking beams 20, 40 pivot
relative to each other. The movements and disturbances that
are transierred to the chassis 12 due to surface deviations are
thus dynamically reduced and in that regard the lateral
connector 90 effectively functions as a lateral stabilizer for
the vehicle.

Each of the first and second telescopic connectors 96 and
98 can comprise a rigid elongated rod element 96 A, 98A, an
outer sleeve element 96B, 98B, and a stop element 96C,
98C. The rod clement 96 A, 98A has a first end portion with
an opening that 1s arranged to be aligned with a correspond-
ing opening ol the respective connector 38, 58 of the
respective first or second walking beam 20, 40 for connect-
ing the telescopic connector 96, 98 to the respective first and
second walking beam 20, 40 as described above. The outer
sleeve element 968, 98B and the stop element 96C, 98C can
be elongated and substantially cylindrical. They are preter-
ably connected and arranged to be abutting and substantially
co-axial. The stop element 96C, 98C 1s preferably atlixed or
connected to the respective first and second end portions 92,
94 of the lateral connector 90. The rod element 96A, 98A
extends through and 1s free to slide withun the outer sleeve
clement 96B, 98B and the stop element 96C, 98C substan-
tially in the direction of the lateral axis of the vehicle. The
rod element 96 A, 98A 1is thus free to extend outwardly and
to retract inwardly with respect to the respective first and
second end portions 92, 94 of the lateral connector 90. The
stop element 96C, 98C is preferably adapted to engage a
portion of the rod element 96A, 98A and to prevent it from
retracting within the lateral connector 90 beyond a certain
amount.

In the example embodiment, 1t 1s preferred that both of the
first and second end portions 92, 94 of the lateral connector
90 comprise dynamic connections and more specifically
telescopic connectors 96, 98 as described. However, 1t 1s
contemplated and will be appreciated that 1n some other
embodiments 1t may be necessary or desired for only one of
the first and second end portions 92, 94 to comprise a
dynamic connection and that variation 1s thus intended to be
included within the scope of the embodiments described
herein.

2. Chassis Connector.

The chassis connector 100 of the dynamic coupling 70
comprises an elongated member having a first end portion
102 and a second end portion 104 opposite of the first end
portion 102. The chassis connector 100 1s preferably con-
structed of a strong, rigid, and light-weight material, such as
a light-weight metal. While the chassis connector 100 of the
example embodiment 1s represented as a substantially linear
rod, bar, or shaft, that 1s merely one example configuration
and 1t will be appreciated that the chassis connector 100 may
have many different configurations consistent with the
objectives and functionality of the example embodiments
described herein, including any of the various configurations
described above with respect to the lateral connector 90.

The chassis connector 100 extends substantially in the
direction of the longitudinal axis of the vehicle between the
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lateral connector 90 and the chassis 12. The first end portion
102 comprises a first connection 106 to the chassis 12,
preferably at approximately the mid-point of the chassis 12
between the first and second walking beams 20, 40. The first
connection 106 1s a fixed non-movable connection. The
second end portion 104 comprises a second connection 108
to the lateral connector 90, preferably at approximately the
mid-point of the lateral connector 90 between the first and
second walking beams 20, 40. The second connection 108
comprises a dynamic movable connection.

As best 1llustrated 1n FIGS. 14A-14B, the second con-
nection 108 comprises a third pivot connector that has a third
pivot axis and that 1s also linearly movable forward and
rearward (relative to the vehicle and the first and second
walking beams 20, 40) along the third pivot axis. The third
pivot axis corresponds with the longitudinal axis of the
chassis connector 100, extends substantially 1n the direction
of the longitudinal axis of the vehicle, and 1s substantially
perpendicular to the first and second pivot axes of the first
and second pivot connectors 29, 49 to which the first and
second walking beams 20, 40 are connected. The lateral
connector 90 1s able to simultaneously pivot about the third
pivot axis and dynamically move linearly along the third
pivot axis as the first and second walking beams 20, 40 p1vot
about the first and second pivot axes relative to each other
and the chassis 12. The second connection 108 thus dynami-
cally adjusts and compensates for the change 1n distance and
angle between the first and second walking beams 20, 40 as
they pivot relative to each other and dynamically reduces the
movements and disturbances that are transferred to the
chassis 12 as the vehicle encounters surface deviations.

In the example embodiment, the second connection 108
comprises a single member that 1s both pivotable and
slidable on the chassis connector 100 at or near 1ts second
end portion 104. More specifically, the single member 1s
both pivotable about and linearly movable 1n the direction of
the longitudinal axis of the chassis connector 100 at and near
its second end portion 104. The single member can comprise
an elongated substantially cylindrical structure, such as a
bushing or similar structure. The member can be fixedly
connected or attached to the lateral connector 90 1n any
suitable fashion. For example the member can be inserted
and fixedly retained 1n an opening in a face of the lateral
connector 90. The second end portion 104 of the chassis
connector 100 extends imto and can extend through the
member so as to enable 1t and the lateral connector 90 to
freely pivot and linearly slide on the second end portion 104
of the chassis connector 100. A stop element, such as a
shoulder, can be formed on an exterior surface of the chassis
connector 90 at a location between the second end portion
104 and the first end portion 102. The stop member 1s
adapted to engage the member and to prevent 1t from sliding
turther toward the first end portion 104 and the chassis 12
thus limiting the range of linear motion of the dynamic
connection.

It 1s contemplated and will be appreciated that while the
chassis connector 100 extends substantially in the direction
of the longitudinal axis of the vehicle between the lateral
connector 90 and the chassis 12 1n the example embodiment,
it could also be arranged to extend substantially in the
direction of the vertical axis of the vehicle or even 1n a
direction having components 1 both the longitudinal and
vertical axes of the vehicle. Such vaniations are thus
intended to be included within the scope of the embodiments
described herein.

FIGS. 15A-15H and 16 A-16H illustrate graphically how

the first and second walking beams 20, 40 and the dynamic
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coupling 70 respond to each of the surface contacting
clements, ¢.g., front and rear wheels and tires 60, 61, on each
of the first and second sides 14, 16 of the chassis 12 of a
vehicle encountering deviations in a surface the vehicle 1s
traversing. For example, as shown in FIGS. 15A and 16A,
when the front wheel and tire 60, 61 on the first side 14 of
the chassis 12 encounters a surface depression, the first
walking beam 20 pivots downward toward the front wheel
relative to the second walking beam 40 and the chassis 12 to
maintain both the front and rear wheels on the first side in
contact with the surface. In response to the first walking
beam 20 pivoting downward relative to the second walking,
beam 40, the lateral connector 90 dynamically pivots coun-
ter-clockwise (viewed from the front end of the vehicle)
about the longitudinal axis of the chassis connector 100.
Simultaneously, the first and/or second telescopic connec-
tors 96, 98 may dynamically extend or retract and the lateral
connector 90 may dynamically move linearly on the chassis
connector 100 forward or backward depending on the size
and/or severity of the depression. These dynamic adjust-
ments compensate for any difference in distance and angle
between the first and second walking beams 20, 40 caused
by the depression and reduce the amount of any movement,
¢.g., longitudinal and/or lateral tilting, that 1s transferred to

the chassis 12.

Similarly as shown 1n FIGS. 15B and 16B, when the front
wheel and tire 60, 61 on the first side 14 of the chassis 12
encounters a surface elevation, the first walking beam 20
pivots upward toward the front wheel relative to the second
walking beam 40 and the chassis 12 to maintain both the
front and rear wheels on the first side 1n contact with the
surface. In response, the lateral connector 90 dynamically
pivots clockwise (viewed from the front end of the vehicle)
about the longitudinal axis of the chassis connector 100.
Again, the first and/or second telescopic connectors 96, 98
may also dynamically extend or retract and the lateral
connector 90 may also dynamically move linearly on the
chassis connector 100 forward or backward depending on
the size and/or severity of the elevation. Again, these
dynamic adjustments compensate for any difference 1n dis-
tance and angle between the first and second walking beams
20, 40 caused by the elevation and reduce the amount of any
movement, €.g., longitudinal and/or lateral tilting, that 1s
transferred to the chassis 12.

FIGS. 15C-15H and 16C-16H similarly illustrate for
exemplary purposes the response of the first and second
walking beams 20, 40 and the dynamic coupling 70 to each
surface contacting element, e.g., each front and rear wheel
and tire 60, 61, on each of the first and second sides 14, 16
of the chassis 12 encountering downward (depression) and
upward (elevation) deviations 1n a surface the vehicle 1s
traversing. It will of course be appreciated that a surface
being traversed by a vehicle may have many and varied
deviations that may be encountered by one or more of the
wheels and tires 60, 61 on one or both sides 14, 16 of the
chassis 12 simultaneously and/or sequentially. The first and
second walking beams 20, 40 and the dynamic coupling 70
as described herein are adapted and operative to respond
simultaneously and/or sequentially as necessary to all devia-
tions encountered by the wheels and tires 60, 61 on each side
14, 16 of the chassis 12 to maintain all wheels and tires 60,
61 of the vehicle in contact with the surface and to reduce
the transier of any resulting movement, e.g., lateral and/or
longitudinal tilting, to the chassis 12.

E. Wheels, Tires, and Motors

In the example embodiment, the movable surface con-
tacting elements of the vehicle comprise a plurality of
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wheels and tires 60, 61. However, 1t will be appreciated that
wheels and tires 60, 61 are merely examples and that other
forms of movable surface contacting elements can be used
either 1n place of or 1 addition thereto so long as consistent
with the objectives and functionality of the embodiments
described herein. For example, various different types and
shapes of wheels 60 with or without tires 61 may be used.
As additional examples, one or more tracks, skids, skis or
the like may be used.

In the example embodiment, a rear wheel and tire 60, 61
1s rotatably connected to the respective rear end portions 24,
44 of each of the first and second walking beams 20, 40, and
a front wheel and tire 60, 61 1s rotatably connected to the
respective front end portions 22, 42 of each of the first and
second walking beams 20, 40. The wheels and tires 60, 61
thus comprise a plurality of independent and separate sur-
face contacting elements and points of moving contact
between the vehicle and the surface it 1s to traverse.

Each of the front and rear wheels and tires 60, 61 1s
connected to be rotatable about a first axis of rotation that
extends 1n the direction of the lateral axis of the vehicle to
enable the vehicle to move on and over the surface 1n the
direction of the longitudinal axis. Each of the front wheels
and tires 60, 61 1s also connected to be separately rotatable
about a second axis of rotation that extends in the direction
of the vertical axis of the vehicle substantially transverse to
the first axis of rotation to enable the vehicle to be selec-
tively steered or directed on and over a surface.

As best illustrated 1n FIGS. 5 and 10, preferably, but not
necessarily, the corresponding rear wheels and tires 60, 61
rotatably connected to the first and second walking beams
20, 40 are arranged to be directly opposite each other with
their first axes of rotation substantially coaxial, and the
corresponding front wheels and tires 60, 61 connected to the
first and second walking beams 20, 40 are arranged to be
directly opposite each other with their first axes of rotation
substantially coaxial. Also preferably, but not necessarily,
the rear and front wheels 60, 61 connected to the first
walking beam 20 are arranged to be substantially in-line, and
the rear and front wheels 60, 61 connected to the second
walking beam 40 are arranged to be substantially in-line
(when the front wheels and tires 60, 61 are not rotated
around the second axis to steer the vehicle).

A wheel adaptor or connector 32 can be connected to,
attached to, or formed as part of the rear end portion 24 of
the first walking beam 20 for rotatably connecting the rear
wheel and tire 60, 61 to the first walking beam 20 to rotate
about the first axis of rotation. The wheel adaptor or con-
nector 32 can have a first end portion that 1s connected to,
attached to, or formed as part of the rear end portion 24 and
a second end portion that 1s opposite of the first end portion
and that projects outwardly from the rear end portion 24
preferably substantially parallel thereto. A substantially
identical wheel adaptor or connector 52 can be connected to,
attached to, or formed as part of the rear end portion 44 of
the second walking beam 40 for rotatably connecting the
corresponding rear wheel and tire 60, 61 to the second
walking beam 40 to rotate about the first axis of rotation.
Each of the wheel adaptors or connectors 32, 52 can
comprise an opening at or near 1ts second end portion
through which a hub 62 of a corresponding rear wheel 60
can be accessed.

Although 1t 1s not necessary to achieve the objectives or
functionality of the walking beam suspension 10 for any of
the wheels and tires 60, 61 to be directly driven, 11 it 1s
desired to drive the rear wheels, a rotor or drive shatft of a
drive motor 64 can extend through the opening of each
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wheel adaptor or connector 32, 52 and be connected to the
hub 62 of the corresponding rear wheel 60 to selectively
rotationally drive the corresponding rear wheel and tire 60,
61. The drive motor 64 can be an electric drive motor for
example and can be powered by a self-contained power
source, such as a battery mounted to the chassis 12. Alter-
natively, 11 1t 1s not necessary or desired that the rear wheels
and tires 60, 61 be driven, a short non-driven rotatable axle
can extend through the opening of each wheel adaptor or
connector 32, 52 and be rotatably connected to the hub 62
by suitable rotary bearings for example.

Similarly, although it 1s not necessary to achieve the
objectives or functionality of the walking beam suspension
10 for any of the wheels and tires 60, 61 to be directly
steerable, 11 steerability 1s desired a steering arm 34 can be
rotatably connected or attached to the front end portion 22
of the first walking beam 20, and a substantially i1dentical
steering arm 54 can be rotatably connected or attached to the
front end portion 42 of the second walking beam 40. Each
steering arm 34, 54 can comprise an L-shape bracket for
example. As viewed from the perspective of the front end of
the vehicle and as best 1llustrated 1n FIGS. 1 and 8, each
steering arm 34, 34 can have an upper portion that corre-
sponds to the horizontal segment of the “L” and a lower
portion that corresponds to the vertical segment of the “L.”
The upper portion projects outwardly away from the respec-
tive front end portion 22, 42 of the respective first and
second walking beam 20, 40 over a corresponding front
wheel and tire 60, 61. The lower portion projects down-
wardly from the upper portion along the inside of the
corresponding front wheel and tire 60, 61.

The lower portion of each steering arm 34, 54 comprises
a wheel adaptor or connector for rotatably connecting a
corresponding front wheel and tire 60, 61 to the respective
first or second walking beam 20, 40 to rotate about the first
axis of rotation. The upper portion of each steering arm 34,
54 can be rotatably connectable to a rotor or drive shaft of
a steering motor 66 to selectively rotate about the second
axis of rotation to selectively steer or direct the front wheels
and hence the vehicle.

Like the second end portion of each rear wheel adaptor
32, 52, the lower portion of each steering arm 34, 54 can
comprise an opening through which a hub 62 of the corre-
sponding front wheel 60 can be accessed. If it 1s desired to
directly drive the front wheels, a rotor or drive shaft of a
drive motor 64 can extend through the opening and be
connected to the hub 62 of the corresponding front wheel 60
to selectively rotationally drive the corresponding front
wheel and tire 60, 61 about the first axis of rotation. As noted
above, the drive motor 64 can be an electric drive motor
powered by a battery mounted to the chassis 12. Similar to
the rear wheels and tires 60, 61, 11 it 15 not necessary or
desired that the corresponding front wheels and tires 60, 61
be driven, the drive motor 64 can be omitted and a short
non-driven rotatable axle can extend through the opening in
the lower portion of each steering arm 34, 54, connect to the
hub 62, and be rotatably connected to the steering arm 34,
55 and to the hub 62 by suitable rotary bearings for example.

The upper portion of each steering arm 34, 54 can
comprise an opening for receiving and retaining a rotor or
drive shait of a corresponding steering motor 66. The
steering motor 66 can be located above the upper portion of
the steering arm 34, 54 with the rotor or drive shaft extend-
ing downwardly through the opening. The rotor or drive can
be connected to the steering arm 34, 54 using a suitable
clamp or other mechanical fastener for example. The steer-
ing motor 66 1s thus operable to selectively rotationally drive
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the steering arm 34, 54 and the corresponding front wheel
and tire 60, 61 about the second axis of rotation to selec-
tively steer or direct the vehicle 1n a desired direction.

The steering arm 34 with 1ts corresponding steering motor
66 can be rotatably connected to the front end portion 22 of
the first walking beam 20 by a steering motor connector 36.
The steering arm 54 with 1ts corresponding steering motor
66 can be rotatably connected to the front end portion 42 of
the second walking beam 40 by a substantially i1dentical
steering motor connector 56. Each steering motor connector
36, 56 has a first end portion that can be connected to,
attached to, or formed as part of the respective first or second
walking beam 20, 40. Each steering motor connector 36, 56
has a second end portion that 1s opposite of the first end
portion and that projects outwardly from the respective front
end portion 22, 42 of the respective first or second walking
beam 20, 40 above the upper portion of the respective
steering arm 34, 54. Fach steering motor connector 36, 56
can have an opening that 1s aligned with the opening 1n the
upper portion of the respective steering arm 34, 54. The
steering motor 66 corresponding to a steering arm 34, 54 can
be connected to and supported on the respective steering
motor connector 36, 56 with its rotor or drive shaft extend-
ing downwardly through the aligned openings 1n the respec-
tive steering motor connector 36, 56 and upper portion of the
corresponding steering arm 34, 34.

IT 1t 1s not necessary or desired to use steering motors 66
to selectively rotate the respective steering arms 34, 54 and
front wheels and tires 60, 61 about the second axis to steer
or direct the vehicle, the steering motors 66 can be omitted
and replaced with a non-driven rotatable connection
between the respective steering arms 34, 534 and the steering
motor connector 36 or directly between the respective
steering arms 34, 34 and the respective first and second
walking beams 20, 40. Similarly, 11 1t 1s not necessary or
desired to have the front wheels and tires 60, 61 be rotatable
about the second axis for steering or directing the vehicle,
the steering arms 34, 54 can be omitted and replaced with
structures similar to the rear wheel connectors 32, 52 for
rotatably connecting front wheels and tires 60, 61 to the
front end portions 22, 42 of the respective first and second
walking beams 20, 40.

It 1s contemplated and will be appreciated that even
without steering motors 66 and rotatable steering arms 34,
54 the vehicle can still be steered or directed in any number
of ways. As one example, the vehicle can be towed behind
another steerable vehicle. As another example, the vehicle
can be steered or directed by using skid steering by selec-
tively operating drive motors 64 connected to each of the
wheels 60 to cause one or more wheels and tires 60, 61 on
cach side of the chassis 12 to rotate in selected directions 1n
order to propel the vehicle 1n a selected direction. For
example, the wheels and tires 60, 61 on one end or side of
the chassis 12 may be rotated 1n a forward direction while
the wheels and tires on the opposite end or side are rotated
in a reverse direction to cause the vehicle to rotate left or
right. Similarly, the two wheels and tires 60, 61 on one side
or end of the chassis may be rotated in a forward or reverse
direction while the wheels and tires 60, 61 on the opposite
end or side remain stationary to cause the vehicle to veer
right or left.

Regardless of the steering mechanism or approach used
for the vehicle, and even if the vehicle 1s not made steerable
at all, the walking beam suspension 10 of the example
embodiment operates substantially the same and provides
substantially the same improvements and benefits described
herein. Similarly, even 11 the vehicle 1s made non-driven and
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must be towed, pushed or otherwise motivated to traverse a
surface, as long as the vehicle 1s able to traverse the surface,
the walking beam suspension 10 of the example embodi-
ment operates substantially the same and still provides
substantially the same improvements and benefits described
herein.

F. Exemplary Telecommumications Networks

Although remote control of the vehicle and remote com-
munication with the vehicle are not necessary to achueve the
objectives and functionality of the walking beam suspension
10, if remote control and/or communication are desired the
example embodiment of the walking beam suspension 10
may be utilized with or upon any telecommunications net-
work capable of transmitting data including voice data and
other types of electronic data. Thus, while the walking beam
suspension 10 may be used on autonomous agricultural and
other autonomous vehicles wherein remote communication
with the vehicle may not be necessary or desired, 1t also may
be used on autonomous and semi-autonomous agricultural
and other vehicles where remote communication with the
vehicle components and/or elements of a load supported by
the vehicle chassis 12 are necessary or desired. For example,
components of a vehicle including the walking beam sus-
pension 10, such as drive motors 64 and/or steering motors
66, may be fitted with transceivers and local control appa-
ratus to recerve and act on remotely communicated com-
mands to propel and/or steer the vehicle. Similarly, elements
of a load supported by a chassis 12 of a vehicle including the
walking beam suspension 10, such as instruments, measure-
ment devices, cropping equipment, etc., may be fitted with
transceivers and local control apparatus to receive and act on
remotely communicated commands to perform cropping
functions, take measurements, and/or record and transmit
data to a remote receiver.

Examples of telecommunications networks suitable for
use with vehicles including the walking beam suspension 10
include but are not limited to global computer networks (e.g.
Internet), wireless networks, cellular networks, satellite
communications networks, cable communication networks
(via a cable modem), microwave communications network,
local area networks (LAN), wide area networks (WAN),
campus area networks (CAN), metropolitan-area networks
(MAN), and home area networks (HAN). Components of
such vehicles and/or elements of loads supported by the
chassis 12 of such vehicles may communicate via a single
telecommunications network or multiple telecommunica-
tions networks concurrently. Various protocols may be uti-
lized by the electronic devices for communications such as
but not limited to HT'TP, SMTP, FTP and WAP (wireless
Application Protocol). Various wireless networks may be
utilized such as but not limited to 3G, 4G, LTE, CDPD,
CDMA, GSM, PDC, PHS, TDMA, FLEX, REFLEX, IDEN,
TETRA, DECT, DATATAC, and MOBITEX. Various online
services and internet service providers may also be utilized
for remote communications.

The Internet 1s an exemplary telecommunications net-
work for remote communications with vehicles including
the walking beam suspension 10 and load elements sup-
ported on the chasses 12 of such vehicles. The Internet 1s
comprised of a global computer network having a plurality
of computer systems around the world that are in commu-
nication with one another. Via the Internet, the computer
systems are able to transmit various types of data between
one another. The communications between the computer
systems may be accomplished via various methods such as
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but not limited to wireless, Ethernet, cable, direct connec-
tion, telephone lines, and satellite.

(. Central Communication Unit

The central communication unit may be comprised of any
central communication site where communications are prei-
erably established with. The central communication units
may be comprised of a server computer, cloud based com-
puter, virtual computer, home computer or other computer
system capable of receiving and transmitting data via IP
networks and the telecommunication networks. As can be
appreciated, a modem or other communication device may
be required between each of the central communication units
and the corresponding telecommunication networks. The
central communication unit may be comprised of any elec-
tronic system capable of receiving and transmitting infor-
mation (e.g. voice data, computer data, etc.).

H. Mobile Device

The mobile device may be comprised of any type of
computer for communicating with and processing data asso-
ciated with a vehicle including the walking beam suspension
10 and/or a load element supported on a chassis 12 of such
a vehicle. For example, the mobile device can be a personal
computer (e.g. APPLE® based computer, an IBM based
computer, or compatible thereof) or tablet computer (e.g.
IPAD®). The mobile device may also be comprised of
various other electronmic devices capable of sending and
receiving electronic data including but not limited to smart-
phones, mobile phones, telephones, personal digital assis-
tants (PDAs), mobile electronic devices, handheld wireless
devices, two-way radios, smart phones, communicators,
video viewing units, television units, television receirvers,
cable television receivers, pagers, communication devices,
and digital satellite receiver units.

The mobile device may comprise any conventional com-
puter. A conventional computer preferably includes a display
screen (or monitor), a printer, a hard disk drive, a network
interface, and a keyboard. A conventional computer also
includes a microprocessor, a memory bus, random access
memory (RAM), read only memory (ROM), a peripheral
bus, and a keyboard controller. The microprocessor 1s a
general-purpose digital processor that controls the operation
of the computer. The microprocessor can be a single-chip
processor or implemented with multiple components. Using
instructions retrieved from memory, the microprocessor
controls the reception and manipulations of input data and
the output and display of data on output devices. The
memory bus 1s utilized by the microprocessor to access the
RAM and the ROM. RAM 1s used by microprocessor as a
general storage area and as scratch-pad memory, and can
also be used to store input data and processed data. ROM can
be used to store instructions or program code followed by
microprocessor as well as other data. A peripheral bus 1s
used to access the mnput, output and storage devices used by
the computer. In the described embodiments, these devices
include a display screen, a printer device, a hard disk drive,
and a network interface. A keyboard controller 1s used to
receive mput from the keyboard and send decoded symbols
for each pressed key to microprocessor over bus. The
keyboard 1s used by a user to input commands and other
instructions to the computer system. Other types of user
input devices can also be used in conjunction with the
walking beam suspension. For example, pointing devices
such as a computer mouse, a track ball, a stylus, or a tablet
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to manipulate a pointer on a screen of the computer system.
The display screen 1s an output device that displays images

of data provided by the microprocessor via the peripheral
bus or provided by other components in the computer. The
printer device when operating as a printer provides an image
on a sheet of paper or a similar surface. The hard disk drive
can be utilized to store various types of data. The micro-
processor, together with an operating system, operates to
execute computer code and produce and use data. The
computer code and data may reside on RAM, ROM, or hard
disk drive. The computer code and data can also reside on a
removable program medium and loaded or installed onto
computer system when needed. Removable program medi-
ums 1nclude, for example, CD-ROM, PC-CARD, USB
drives, tloppy disk and magnetic tape. The network interface
circuit 1s utilized to send and receive data over a network
connected to other computer systems. An interface card or
similar device and appropriate software implemented by
microprocessor can be utilized to connect the computer
system to an existing network and transfer data according to
standard protocols.

I. Operation of Preferred Embodiment

In use, the walking beam suspension 10 may be either
incorporated into the assembly of an autonomous, semi-
autonomous, or non-autonomous agricultural or other
vehicle. Alternatively, the walking beam suspension 10 may
be retrofitted into an existing vehicle.

Once the walking beam suspension 10 1s incorporated into
the vehicle, the vehicle incorporating the walking beam
suspension 10 may be propelled under its own power or may
be towed, trailered, etc. by a separate vehicle to a location
where the vehicle 1s to be used. For example, 11 the vehicle
1s an agricultural vehicle for conducting certain cropping
operations, the vehicle may be propelled or transported to a
field or other crop site where the cropping operations are to
be conducted.

Once at the desired location, the vehicle may be operated
according to normal practice and without any particular
changes to accommodate the walking beam suspension 10.
As the vehicle traverses a surface, e.g., terrain or ground, to
conduct the cropping operations, the wheels and tires 60, 61
or other surface contacting elements on opposite ends or
sides 14, 16 of the chassis 12 of the vehicle may encounter
various surface deviations. As surface deviations are
encountered, the walking beam suspension 10 automatically
operates to maintain all of the wheels and tires 60, 61 1n
contact with the surface and to reduce the transfer of any
movements and disturbances to the chassis 12 and to any
load elements supported thereon as described herein.

Depending on the vehicle, the vehicle may autonomously
propel and direct itself, conduct cropping operations, and
communicate data to a remote receiver. Alternatively, an
operator may remotely communicate commands to compo-
nents of the vehicle to propel and/or direct it, and may
communicate commands to and receive data from various
clements of a load supported on the chassis 12 of the vehicle,
including instruments, measurement devices, and cropping
equipment, to conduct cropping operations and receive
associated data.

Any and all headings are for convenience only and have
no limiting eflect. Unless otherwise defined, all techmical
and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. Although specific terms are
employed herein, they are used 1n a generic and descriptive
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sense only and not for purposes of limitation. All publica-
tions, patent applications, patents, and other references men-
tioned herein are incorporated by reference 1n their entirety
to the extent allowed by applicable law and regulations.
The data structures and code described 1n this detailed
description are typically stored on a computer readable
storage medium, which may be any device or medium that
can store code and/or data for use by a computer system.
This includes, but 1s not limited to, magnetic and optical
storage devices such as disk drives, magnetic tape, CDs
(compact discs), DVDs (digital video discs), and computer
instruction signals embodied 1n a transmission medium
(with or without a carrier wave upon which the signals are
modulated). For example, the transmission medium may
include a telecommunications network, such as the Internet.
At least one embodiment including the walking beam
suspension 10 may be described above with reference to
block and tlow diagrams of systems, methods, apparatuses,
and/or computer program products according to example
embodiments of the invention. It will be understood that one
or more blocks of the block diagrams and flow diagrams,
and combinations of blocks 1n the block diagrams and flow
diagrams, respectively, can be implemented by computer-
executable program instructions. Likewise, some blocks of
the block diagrams and flow diagrams may not necessarily
need to be performed in the order presented, or may not
necessarily need to be performed at all, according to some
embodiments of the mvention. These computer-executable
program instructions may be loaded onto a general-purpose
computer, a special-purpose computer, a processor, or other
programmable data processing apparatus to produce a par-
ticular machine, such that the instructions that execute on the
computer, processor, or other programmable data processing
apparatus create means for implementing one or more
functions specified 1n the flow diagram block or blocks.
These computer program 1nstructions may also be stored 1n
a computer-readable memory that can direct a computer or
other programmable data processing apparatus to function in
a particular manner, such that the instructions stored 1n the
computer-readable memory produce an article of manufac-
ture including nstruction means that implement one or more
functions specified in the flow diagram block or blocks. As
an example, embodiments of the invention may provide for
a computer program product, comprising a computer usable
medium having a computer-readable program code or pro-
gram 1nstructions embodied therein, the computer-readable
program code adapted to be executed to implement one or
more functions specified in the flow diagram block or
blocks. The computer program instructions may also be
loaded onto a computer or other programmable data pro-
cessing apparatus to cause a series ol operational elements
or steps to be performed on the computer or other program-
mable apparatus to produce a computer-implemented pro-
cess such that the instructions that execute on the computer
or other programmable apparatus provide elements or steps
for implementing the functions specified 1n the flow diagram
block or blocks. Accordingly, blocks of the block diagrams
and flow diagrams support combinations of means for
performing the specified functions, combinations of ele-
ments or steps for performing the specified functions, and
program 1nstruction means for performing the specified
functions. It will also be understood that each block of the
block diagrams and tflow diagrams, and combinations of
blocks 1n the block diagrams and flow diagrams, can be
implemented by special-purpose, hardware-based computer
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systems that perform the specified functions, elements or
steps, or combinations of special-purpose hardware and
computer mstructions.

The present invention may be embodied 1n other specific
forms without departing from the spirit or essential attributes
thereol, and 1t 1s therefore desired that the present embodi-
ment be considered in all respects as illustrative and not
restrictive. Many modifications and other embodiments of
the walking beam suspension will come to mind to one
skilled 1n the art to which this invention pertains and having
the benefit of the teachings presented in the foregoing
description and the associated drawings. Therefore, it 1s to
be understood that the invention 1s not to be limited to the
specific embodiments disclosed and that modifications and
other embodiments are intended to be included within the
scope of the appended claims. Although methods and mate-
rials similar to or equivalent to those described herein can be
used 1n the practice or testing of the walking beam suspen-
sion, suitable methods and materials are described above.
Thus, the walking beam suspension 1s not intended to be
limited to the embodiments shown, but is to be accorded the
widest scope consistent with the principles and features
disclosed herein.

What 1s claimed 1s:

1. A walking beam suspension, comprising:

a first walking beam that 1s adapted to be pivotably
connected to a first side of a vehicle chassis and to have
one or more first surface contacting elements con-
nected;

wherein the first walking beam 1s separately pivotable 1n
response to the one or more first surface contacting
clements encountering a first deviation 1n a surface to
maintain each of the one or more first surface contact-
ing elements 1n contact with the surface;

a second walking beam that 1s adapted to be pivotably
connected to a second side of the vehicle chassis and to
have one or more second surface contacting elements
connected:

wherein the second walking beam 1s separately pivotable
in response to the one or more second surface contact-
ing elements encountering a second deviation in the
surface to maintain each of the one or more second
surface contacting elements 1n contact with the surtace;
and

a dynamic coupling connected to the first walking beam
and to the second walking beam, and adapted to be
connected to the vehicle chassis;

wherein the dynamic coupling 1s dynamically adjustable
to reduce movement of the vehicle chassis from piv-
oting ol the first walking beam and pivoting of the
second walking beam:;

wherein the dynamic coupling i1s connected to the first
walking beam by a first dynamic telescopic connector
that 1s dynamically extendable and retractable.

2. The walking beam suspension of claim 1, wherein the
dynamic coupling 1s connected to the second walking beam
by a second dynamic connector.

3. The walking beam suspension of claim 1, wherein the
dynamic coupling 1s connected to the second walking beam
by a second dynamic telescopic connector that 1s dynami-
cally extendable and retractable.

4. The walking beam suspension of claim 1, wherein the
dynamic coupling i1s adapted to be connected to the vehicle
chassis by a third dynamic connector.

5. The walking beam suspension of claim 1, wherein the
dynamic coupling i1s adapted to be connected to the vehicle
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chassis by a third dynamic connector that 1s dynamically
pivotable with respect to the vehicle chassis.

6. The walking beam suspension of claim 1, wherein the
dynamic coupling 1s adapted to be connected to the vehicle
chassis by a third dynamic connector that 1s dynamically
linearly movable with respect to the vehicle chassis.

7. The walking beam suspension of claim 1, wherein the
dynamic coupling 1s adapted to be connected to the vehicle
chassis by a third dynamic connector that 1s dynamically
pivotable and linearly movable with respect to the vehicle
chassis.

8. The walking beam suspension of claim 1, wherein the
dynamic coupling 1s dynamically adjustable by dynamically
moving with respect to the first walking beam, the second
walking beam, and the vehicle chassis to compensate for
changes 1n a distance and an angle between the first walking
beam and the second walking beam as the first walking beam
pivots and as the second walking beam pivots.

9. The walking beam suspension of claim 1, wherein the
first walking beam, the second walking beam, and the
dynamic coupling together are adapted to support the
vehicle chassis suspended above the surface independently
of an external support.

10. A walking beam suspension, comprising:

a first walking beam that 1s adapted to be pivotably
connected to a first side of a vehicle chassis and to have
one or more first surface contacting elements con-
nected;

wherein the first walking beam 1s separately pivotable 1n
response to the one or more first surface contacting
clements encountering a first deviation 1n a surface to
maintain each of the one or more {irst surface contact-
ing elements 1n contact with the surface;

a second walking beam that 1s adapted to be pivotably
connected to a second side of the vehicle chassis and to
have one or more second surface contacting elements
connected;

wherein the second walking beam 1s separately pivotable
in response to the one or more second surface contact-
ing elements encountering a second deviation in the
surface to maintain each of the one or more second
surface contacting elements 1n contact with the surface;
and

a dynamic coupling comprising:

a lateral connector that extends 1n a direction of a lateral
axis of the vehicle chassis between the first walking
beam and the second walking beam, and that has a
first end portion connected to the first walking beam
by a first dynamic connector and a second end
portion connected to the second walking beam by a
second dynamic connector; and
a chassis connector that extends i a direction of a
longitudinal axis of the vehicle chassis between the
lateral connector and the vehicle chassis, and that has
a first end portion adapted to be connected to the
vehicle chassis and a second end portion connected
to the lateral connector by a third dynamic connec-
tor;

wherein the first dynamic connector, the second dynamic
connector, and the third dynamic connector are each
dynamically adjustable to reduce movement of the
vehicle chassis from pivoting of the first walking beam
and pivoting of the second walking beam.

11. The walking beam suspension of claim 10, wherein

the first dynamic connector comprises a first dynamic tele-
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scopic connector that 1s dynamically extendable and retract-
able between the first end portion of the lateral connector
and the first walking beam.

12. The walking beam suspension of claim 10, wherein
the first dynamic connector comprises a first dynamic tele-
scopic connector that 1s dynamically extendable and retract-
able between the first end portion of the lateral connector
and the first walking beam, and the second dynamic con-
nector comprises a second dynamic telescopic connector
that 1s dynamically extendable and retractable between the
second end portion of the lateral connector and the second
walking beam.

13. The walking beam suspension of claim 10, wherein
the third dynamic connector 1s dynamically pivotable with
respect to the vehicle chassis about an axis that extends in
the direction of the longitudinal axis of the vehicle chassis.

14. The walking beam suspension of claim 13, wherein
the third dynamic connector 1s dynamically linearly movable
along the axis with respect to the vehicle chassis.

15. The walking beam suspension of claim 10, wherein
the first dynamic connector and the second dynamic con-
nector are dynamically adjustable by dynamically moving in
the direction of the lateral axis of the vehicle chassis with
respect to the first walking beam and the second walking
beam to compensate for changes 1n a distance and an angle
between the first walking beam and the second walking
beam as the first walking beam pivots and as the second
walking beam pivots.

16. The walking beam suspension of claim 10, wherein
the third dynamic connector 1s dynamically adjustable by
dynamically pivoting with respect to the vehicle chassis
about an axis that extends in the direction of the longitudinal
axis of the vehicle chassis to compensate for changes 1n a
distance and an angle between the first walking beam and the
second walking beam as the first walking beam pivots and
as the second walking beam pivots.

17. The walking beam suspension of claim 16, wherein
the third dynamic connector 1s dynamically adjustable by
dynamically linearly moving along the axis with respect to
the vehicle chassis.

18. The walking beam suspension of claim 10, wherein
the first walking beam, the second walking beam, and the
dynamic coupling together are adapted to support the
vehicle chassis suspended above the surface independently
ol an external support.

19. A walking beam suspension, comprising: a first walk-
ing beam that 1s adapted to be pivotably connected to a first
side of a vehicle chassis and to have one or more first surface
contacting elements connected; wherein the first walking
beam 1s separately pivotable 1n response to the one or more
first surface contacting elements encountering a {irst devia-
tion 1n a surface to maintain each of the one or more first
surface contacting elements 1 contact with the surface; a
second walking beam that 1s adapted to be pivotably con-
nected to a second side of the vehicle chassis and to have one
or more second surface contacting elements connected;
wherein the second walking beam 1s separately pivotable in
response to the one or more second surface contacting
clements encountering a second deviation 1n the surface to
maintain each of the one or more second surface contacting
clements 1n contact with the surface; and a dynamic cou-
pling connected to the first walking beam and to the second
walking beam, and adapted to be connected to the vehicle
chassis; wherein the dynamic coupling 1s dynamically
adjustable to reduce movement of the vehicle chassis from
pivoting of the first walking beam and pivoting of the second
walking beam; wherein the dynamic coupling 1s adapted to
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be connected to the vehicle chassis by a first dynamic
connector that 1s dynamically pivotable with respect to the
vehicle chassis.

20. The walking beam suspension of claim 19, wherein
the dynamic coupling 1s connected to the first walking beam
by a second dynamic connector and 1s connected to the
second walking beam by a third dynamic connector.

21. The walking beam suspension of claim 19, wherein
the dynamic coupling 1s connected to the first walking beam
by a first dynamic telescopic connector that 1s dynamically
extendable and retractable and 1s connected to the second
walking beam by a second dynamic telescopic connector
that 1s dynamically extendable and retractable.

22. A walking beam suspension, comprising: a first walk-
ing beam that 1s adapted to be pivotably connected to a first
side of a vehicle chassis and to have one or more {irst surface
contacting elements connected; wherein the first walking
beam 1s separately pivotable 1n response to the one or more
first surface contacting elements encountering a first devia-
tion 1 a surface to maintain each of the one or more first
surface contacting elements 1n contact with the surface; a
second walking beam that 1s adapted to be pivotably con-
nected to a second side of the vehicle chassis and to have one
or more second surface contacting elements connected;
wherein the second walking beam 1s separately pivotable in
response to the one or more second surface contacting
clements encountering a second deviation 1n the surface to
maintain each of the one or more second surface contacting
clements 1n contact with the surface; and a dynamic cou-
pling connected to the first walking beam and to the second
walking beam, and adapted to be connected to the vehicle
chassis; wherein the dynamic coupling 1s dynamically
adjustable to reduce movement of the vehicle chassis from
pivoting of the first walking beam and pivoting of the second
walking beam; wherein the dynamic coupling 1s adapted to
be connected to the vehicle chassis by a first dynamic
connector that 1s dynamically linearly movable with respect
to the vehicle chassis.

23. The walking beam suspension of claim 22, wherein
the dynamic coupling 1s connected to the first walking beam
by a second dynamic connector and 1s connected to the
second walking beam by a third dynamic connector.

24. The walking beam suspension of claim 22, wherein
the dynamic coupling 1s connected to the first walking beam
by a first dynamic telescopic connector that 1s dynamically
extendable and retractable and 1s connected to the second
walking beam by a second dynamic telescopic connector
that 1s dynamically extendable and retractable.

25. A walking beam suspension, comprising: a {irst walk-
ing beam that 1s adapted to be pivotably connected to a first
side of a vehicle chassis and to have one or more {irst surface
contacting elements connected; wherein the first walking
beam 1s separately pivotable 1n response to the one or more
first surface contacting elements encountering a first devia-
tion 1n a surface to maintain each of the one or more first
surface contacting elements 1n contact with the surface; a
second walking beam that 1s adapted to be pivotably con-
nected to a second side of the vehicle chassis and to have one
or more second surface contacting clements connected;
wherein the second walking beam 1s separately pivotable in
response to the one or more second surface contacting
clements encountering a second deviation 1n the surface to
maintain each of the one or more second surface contacting
clements 1n contact with the surface; and a dynamic cou-
pling connected to the first walking beam and to the second
walking beam, and adapted to be connected to the vehicle
chassis; wheremn the dynamic coupling 1s dynamically
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adjustable to reduce movement of the vehicle chassis from
pivoting of the first walking beam and pivoting of the second
walking beam; wherein the dynamic coupling 1s adapted to
be connected to the vehicle chassis by a first dynamic
connector that 1s dynamically pivotable and linearly mov-
able with respect to the vehicle chassis.

26. The walking beam suspension of claim 25, wherein
the dynamic coupling 1s connected to the first walking beam
by a second dynamic connector and 1s connected to the
second walking beam by a third dynamic connector.

27. The walking beam suspension of claim 25, wherein
the dynamic coupling 1s connected to the first walking beam
by a first dynamic telescopic connector that 1s dynamically
extendable and retractable and 1s connected to the second
walking beam by a second dynamic telescopic connector
that 1s dynamically extendable and retractable.
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