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SELF-PROPELLED SOIL WORKING MACHINES
CROSS-REFERENCE

The present application claims the benefit of and priority to U.S. Application
No. 61/622,290 filed April 10, 2012 the disclosure of which is hereby incorporated by
reference.

BACKGROUND

Machines and tools for working soil are useful in connection with a variety of
endeavors including athletic field maintenance, maintenance of arenas, tracks, and
competition courses for horses and other animals, landscaping, runoff and erosion
control, installation and maintenance of lawns and seedbeds, grading, and
scarification and smoothing of soil among others. While present soil working
machines and tools offer a number of benefits, they suffer from significant limitations
and shortcomings. Applications such as landscaping, athletic field maintenance, race
tracks, equestrian courses, and show rings for horses and other animals may present a
number of challenges including the need for a high degree of uniformity and
consistency, the need to navigate tight or complex geometries, the need to work
unconventional soil compositions or compositions of other media such as engineered
or treated soil media used, for example, in equine competition arenas as well as a
variety of other engineered, synthetic or augmented media all of which are
collectively referred to as soil for the sake of concise description, the need for
operator safety and ease of operation. There is a significant heretofore unmet need for

the self-propelled soil working machines disclosed herein.
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DISCLOSURE
For the purposes of clearly, concisely and exactly describing exemplary

embodiments of the invention, the manner and process of making and using the same,
and to enable the practice, making and use of the same, reference will now be made to
certain exemplary embodiments, including those illustrated in the figures, and specific
language will be used to describe the same. It shall nevertheless be understood that
no limitation of the scope of the invention is thereby created, and that the invention
includes and protects such alterations, modifications, and further applications of the
exemplary embodiments as would occur to one skilled in the art to which the

invention relates.
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SUMMARY

Unique self-propelled soil working machines are disclosed. In certain
exemplary embodiments the self propelled soil working machine includes a tool
carrier which is actively adjustable to provide variable downward force on a soil
working tool via a suspension element which is further passively responsive to
accommodate motion of the tool in response to external force. In certain exemplary
embodiments, the tool carrier is configured to adjust the working depth and pitch of
the tool. Further embodiments, forms, objects, features, advantages, aspects, and

benefits shall become apparent from the following description and figures.
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BRIEF DESCRIPTION OF THE FIGURES

Fig. 1 is a first perspective view of an exemplary self-propelled soil working
machine carrying an exemplary soil working tool.

Fig. 2 is a second perspective view of the exemplary self-propelled soil

5 working machine of Fig. 1.

Fig. 3 is third perspective view of the exemplary self-propelled soil working
machine of Fig. 1 with the soil working tool in a raised position.

Fig. 4 is fourth perspective view of the exemplary self-propelled soil working
machine of Fig. 1 with the soil working tool in a lowered position contacting the

10 ground.

Fig. 5 is fifth perspective view of the exemplary self-propelled soil working
machine of Fig. 1 with the soil working tool in a lowered position contacting the
ground and the springs compressed.

Fig. 6 is a perspective view of an exemplary self-propelled soil working

15 machine carrying a second exemplary soil working tool.

20
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DETAILED DESCRIPTION

With reference to Figs. 1-4 there are illustrated several views of an exemplary
self-propelled soil working machine 100. Machine 100 includes a chassis 102
supported by front wheels 104 and rear wheels 106 which contact a ground surface
101 and support chassis 102. In the illustrated embodiments chassis 102 is configured
as a frame based chassis. It shall be appreciated, however, that other embodiments
comprise a partial frame chassis, unibody chassis, or other types of chassis or support
structures that are configured to be supported by ground contacting wheels or other

ground contacting members and coupled with one or more soil working tools.

In the illustrated embodiments front wheels 104 are configured as caster type
wheels which preferably are rotatable 360 degrees relative to chassis 102. It shall be
appreciated that a variety of differently configured front wheels may be utilized
including, for example, front wheels provided on an axle, rack and pinion assembly,
or other types of front end steering assembly and/or front end drive assembly. It shall
be further appreciated that additional embodiments may include only a single front
wheel, a greater number of front wheels, or may include ground surface contacting
elements other than wheels, such as treads or tracks. While front wheels 104 are non-
driven wheels in the illustrated embodiment, it shall be appreciated that other
embodiments comprise one or more driven front wheels configured to provide at least

part of the propulsion to the vehicle.

In the illustrated embodiments rear wheels 106 are coupled with a machine
prime mover (not visible in the illustrated views). In a preferred embodiment the
prime mover comprises an internal combustion engine configured to drive a hydraulic

pump flow coupled with a hydraulic drive system configured to provide torque to rear
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wheels 106. Exemplary hydraulic drive systems may include elements such as high
pressure accumulators, low pressure reservoirs, secondary pumps, gearboxes,
collectors and/or differentials. In other embodiments the prime mover is configured
as an internal combustion engine configured to provide driving torque through an
output shaft. In other embodiments the prime mover comprises an electric motor
configured to provide output torque. The electric motor may be powered by a battery
or other power storage source, by a generator driven by an internal combustion engine

or a combination thereof.

In the illustrated embodiments each of rear wheels 106 is independently
controllable and drivable in a forward or reverse direction, though other embodiments
may comprise different drive wheel arrangements including front wheel drive
arrangements, all wheel drive and four wheel drive arrangements, to name several
non-limiting examples. Certain embodiments may comprise only a single rear wheel

or a greater number of rear wheels or other ground contacting members.

With continuing reference to Figs. 1-4, chassis 102 supports an operator
station 112 which includes a standing platform (not visible in the illustrated views)
and a guard rail 114 positioned at the aft end of machine 100 adjacent the standing
platform. Controls 150 are positioned to be manipulatable by an operator occupying
the operator station in order to control movement or propulsion of the machine 100 as
well as the positioning of one or more tools carried by the vehicle as further described

hereinbelow.

In the illustrated embodiments machine 100 is configured as a substantially

zero-turning radius machine, however it shall be appreciated that in additional
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embodiments the machine may be configured in a variety of other forms including,
for example, a tractor, an ATV, or another type of wheeled or treaded machine.
Furthermore, in certain embodiments, the operator station 112 may comprise an
operator seat instead of or in addition to a standing platform. In certain embodiments
the operator station 112 may be omitted and the machine may be controlled remotely
using a separate operator control station in wireless communication with a controller
provided on the machine 100 and configured to control movement or propulsion of

the machine 100 as well as the positioning of one or more tools carried by the vehicle.

Chassis 102 is configured to support a soil working tool assembly 120. In the
illustrated embodiments, soil working tool assembly 120 comprises a finishing comb
138 including a plurality of finishing teeth, and a plurality of scarifying shanks 132
and scarifying tips 134. It shall be appreciated that for clarity of illustration only one
of the scarifying shanks 132 and one of the scarifying tips 134 are labeled with
reference numerals. Finishing comb 138 is coupled with angle iron 136, for example,
by bolting, welding or with other types of connections. It shall be appreciated that
angle iron 136 is but one example of a bracket structure to which one or more soil
working tools may be coupled and that other embodiments comprise different tool
mounting structures, or no tool mounting structures at all with direct tool connection

to one or more linkage elements.

Scarifying shanks 132 are coupled with pockets 133 (only one of which is
labeled with a reference numeral for clarity of illustration) which are in turn coupled
with angle iron 136. These couplings may be provided through a variety of
techniques including bolting, welding, connection pins, clamps, or various other

techniques. Collectively, the finishing comb 138, angle iron 136, pockets 133, and
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scarifying shanks 132 and scarifying tips 134 comprise one example of a tool
assembly which may be used in connection with machine 100. It shall be appreciated
that a variety of other configurations of tool assemblies may also be utilized in
connection with machine 100, including those examples described further herein

below.

Exemplary elements connecting tool assembly 120 and chassis 102 will now
be described. The tool assembly 120 is coupled with a pulling linkage 130 at a
pivotal coupling 153 which rotates or pivots generally in the directions indicated by
arrow R3. Pulling linkage 130 is coupled with chassis 102 at pivotal coupling 151
which rotates substantially in the directions indicated by arrow R4. Pulling linkage is
configured to provide a force vector component to the tool assembly in the forward or
reverse directions generally indicated by arrow X-X of the direction legend illustrated
in Figs. 3 and 4 as the machine is propelled forward or backward. A force vector
component generally in the direction of arrow Y-Y of the direction legend illustrated
in Figs. 3 and 4 may also be provided, for example, during turning of the machine.
Regardless of the particular direction, the pulling linkage provides one or more force
vector components providing working force to the tool assembly 120. Furthermore,
the rotation permitted by pivotal couplings 151 and 153 accommodates both
adjustment of the height and pitch of the tool assembly 120 relative to the plane

defined by arrows X-X and Y-Y of the direction legend illustrated in Figs. 3 and 4.

The tool assembly is further connected to a suspension 125 at pivotal coupling
156. The suspension 125 is in turn connected to a rocker 124 at pivotal coupling 155.
Rocker 124 is further coupled with chassis 102 at pivotal coupling 154. Pivotal

coupling 156 permits rotation of the tool assembly substantially in the direction
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indicated by arrow RS. Pivotal coupling 155 permits rotation of the rocker 124
relative to the suspension 125 substantially in the direction indicated by arrow R2.
Pivotal coupling 154 permits rotation of the rocker 124 relative to the chassis 102

substantially in the direction indicated by arrow R1.

In the illustrated embodiments the suspension 125 is configured as a pair of
telescoping cylinders in combination with springs 126 which are compressible
between spring mounts 128 through relative motion of the telescoping cylinders. It
shall be appreciated that a variety of other suspensions may be utilized in various
embodiments in addition to or instead of the illustrated configuration including shock
absorbers, elastomeric suspension elements, compressible members, pneumatic
suspension elements, hydraulic suspension elements, other spring arrangements and
combinations of the foregoing and/or other suspension elements. It shall be further
appreciated that a variety of spring mounts may be utilized. In the illustrated
embodiments spring mounts 128 are crimped or compressed in place relative to
respective shafts or cylinders of a telescoping assembly. In certain embodiments the
spring mounts may alternatively or additionally be welded, bonded, bolted or
otherwise fixedly coupled with respective suspension elements. Certain embodiments
comprise spring mounts adjustably coupled with respective suspension elements, for
example, through an axial threaded connection which may utilize one or more lock

nuts or other locking members, or by a set screw, pin or bolt.

The tool assembly is further coupled with an actuator 142 at pivotal coupling
157. Actuator 142 is coupled with chassis 102 at pivotal coupling 152. In the
illustrated embodiments actuator 142 is configured as a hydraulic cylinder which is

laterally displaceable in the directions indicated by arrow L2. The operator controls
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150 may be configured to control the supply of pressurized hydraulic fluid to actuator
142 to control its position. The tool assembly is connected to the rocker assembly by
a chain 121 via a V-bracket 123. The rocker 124 is coupled with an actuator 140 at
pivotal coupling 160. Actuator 140 is coupled with the chassis 102 at a further pivotal
coupling (not illustrated). In the illustrated embodiments actuator 140 is configured
as a hydraulic cylinder which may be controlled in the same or similar fashion as
actuator 142. It shall be appreciated that either or both of actuators 140 and 142 may
be provided in different configurations, for example, as ratchets, top links or other
actuators configured to provide appropriate displacement and force. It shall further be
appreciated that either or both of actuators 140 and 142 may be omitted in certain
embodiments. In such embodiments vertical adjustment of a tool assembly is
preferably, though not necessarily, provided by actuators configured to adjust other
structural elements of a machine, for example, adjustable wheel suspension elements
configured to raise or lower a chassis, frame or other structure supporting, directly or

indirectly a tool assembly, or via a variety of other actuators.

In the illustrated embodiments actuator 140 is selectably controllable to
expand and contract in the direction generally indicated by arrow L1 effective to
cause rocker 124 to rotate about pivotal coupling 154 in the direction generally
indicated by arrow R1. Rotation of the rocker 124 is effective to raise and lower the
tool assembly 120 with the chain 121 over a first predetermined range from a
maximum height to the point at which the tool assembly 102 contacts the ground
surface 101 underlying the machine 100. At this point the further rotation of the
rocker 124 is effective to vary the amount of downward force applied to the tool

assembly 120 by varying the compression of springs 126. The suspension 125 further

10

PCT/US2013/035994



10

15

20

WO 2013/155194 PCT/US2013/035994

accommodates movement of the tool assembly in response to external force applied
thereto, for example, if the tool assembly contacts an obstruction such as a rock or

other structure located in a soil medium being worked.

It shall be appreciated that chain 121 is one example of a weight lifting
structure that may be utilized to raise and lower a soil working tool or tool assembly.
Structures such as cables, jointed linkages and other structures that limit relative
displacement of a tool relative to a support structure to allow lifting through actuation

in one direction, and deform, bend, flex, move or otherwise accommodate movement

Actuator 142 is selectably controllable to expand and contract in the direction
generally indicated by arrow L2 effective to cause tool assembly 120 to rotate about
pivotal coupling 153 in the direction generally indicated by arrow R3. In this manner
the pitch of the tool assembly to the plane defined by arrows X-X and Y-Y of the

direction legend illustrated in Figs. 3 and 4 may be varied.

With reference to Fig. 3 there is illustrated the machine 100 with the tool
assembly 120 configured in a raised position along vertical axis Z-Z. Rocker 124 is
rotated upward or counterclockwise relative to Fig. 4 (described below) effective to
lift the tool assembly 120 with chain 121. In this position, the spring 126 of
suspension 125 will apply a fixed force to the tool assembly, which could be
substantially zero force or a predetermined preload force. The preload force may be
adjusted by varying the length of the chain 121 to preload springs 126 by a desired
amount or additionally or alternatively by setting the position of spring mounts 128
and/or their respective supporting structures either at the time of assembly or through

adjustment mechanisms provided in certain embodiments. From the configuration

11



10

15

20

WO 2013/155194 PCT/US2013/035994

illustrated in Fig. 3, rocker 124 may be counterclockwise to further raise the tool
assembly 120 or clockwise to lower the tool assembly 120. Once the tool assembly
contacts a surface or structure underlying the machine, further clockwise rotation may
be applied to vary the downward force vector component by compressing the springs

126 of the suspension to increase this force, or expanding them to decrease this force.

With reference to Fig. 4 there is illustrated the machine 100 configured with
the tool assembly 120 in a lowered position along vertical axis Z-Z. In the
configuration of Fig. 4, the tool assembly 120 has been lowered to the point of
contacting the ground, but the springs 126 remain in the same state as discussed above
in connection with Fig. 3, either with substantially zero compression or a desired
amount of preload. Rocker 124 is rotated downward or clockwise relative to Fig. 3
effective to lower the tool assembly 120 with chain 121. In this position, the spring
126 of suspension 125 will upon initial contact with the ground surface 101 apply a
relatively small, initial magnitude or a substantially zero initial magnitude of
downward force vector component to the tool assembly. The magnitude of the
downward force vector component may be increased by further rotation of rocker 124
as described below in connection with Fig. 5. Simultaneously the suspension 125
may accommodate passive movement of the tool assembly 120 in combination with

the active adjustment of force.

With reference to Fig. 5 there is illustrated the machine 100 configured with
the tool assembly 120 in a lowered position along vertical axis Z-Z. In the
configuration of Fig. 4, the tool assembly 120 has been lowered to the point of
contacting the ground and the springs 126 remain have been compressed by further

rotation of the rocker relative to Fig. 4. Rocker 124 is rotated downward or clockwise

12
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relative to Fig. 4 effective to compress the springs 126. In this position, the spring
126 of suspension 125 will apply an adjustable downward force vector component to
the tool assembly. The magnitude of the downward force vector component may be
increased by further clockwise rotation of rocker 124 or decreased by further
counterclockwise rotation of rocker 124. Simultaneously the suspension 125 may
accommodate passive movement of the tool assembly 120 in combination with the

active adjustment of force.

With reference to Fig. 6 there is illustrated an additional exemplary self-
propelled soil working machine 200 coupled with a second exemplary soil working
tool assembly 220. In the illustrated embodiment machine 200 includes substantially
the same features as machine 100 described in connection with Figs. 1-5 above with
the exception of tool assembly 220. For the sake of brevity and clarity of illustration
the corresponding elements of machine 200 have not all been numbered. Tool
assembly 220 includes finishing comb 138 and pockets 133 coupled with angle iron
136, and further includes profile blade 222 which includes a plurality of support struts
223 received by and coupled with respective pockets 133. Further details of profile
blade 222 are described in U.S. Patent Application No. 13/158,760 filed June 13,

2011, the disclosure of which is hereby incorporated by reference.

It shall be appreciated that tool assemblies 120 and 220 are but two examples
of tool assemblies including soil working tools which may be coupled with and
carried by the exemplary soil working machines disclosed herein. Further examples
of such tool assemblies include leveling blades, rolling baskets, rock tecth, hydraulic
rippers, grooming rods, pin or post arrays, brushes, brooms, and finishing mats to

name several non-limiting examples. Further details and examples of soil working

13
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tools and tool assemblies which may be coupled with and carried by the exemplary
soil working machines disclosed herein include those disclosed in the above
referenced U.S. Patent Applications No. 13/158,760, and U.S. Patent Nos. 7,540,331,
7,478,682, 7,066,275, 7,055,698, 6,739,404, and 5,806,605, and U.S. Reissued Patent
No. RE39889 E. The aforementioned patents and applications are hereby

incorporated by reference.

Additional aspects according to a number of exemplary embodiments will now
be described. Certain exemplary embodiments include apparatuses comprising a self-
propelled soil working machine including a frame and an operator station, front and
rear ground supporting wheels coupled with the frame with a least one of the front
and rear wheels configured to propel the machine, a linkage coupled with the frame
and coupled with a soil working tool, the soil working tool being adjustably
positioned by the linkage rearward of the front wheels and forward of the rear wheels,
the linkage including a suspension element accommodating movement of the tool in
response to external force, and an adjustment mechanism coupled with the linkage
and configured to adjust the linkage effective to emulate the addition or subtraction of

weight exerting downward force on the tool.

In certain forms the linkage further comprises a lifting element coupled with
and extending between the tool and the frame, the lifting element configured to
selectably raise and lower the tool and to limit movement of the tool relative to the

suspension element in a first direction.

In certain forms the linkage further comprises a rocker pivotally coupled with

the frame at a first connection, pivotally coupled with the adjustment mechanism at a

14
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second connection, and pivotally connected with the suspension element at a third

connection.

In certain forms the lifting element comprises a chain, a cable, or a jointed

assembly coupled with and extending between the rocker and the tool.

In certain forms the suspension element comprises a first member, a second
member displaceable relative to the first member, and a spring coupled with the first

member and the second member.

In certain forms the adjustment mechanism comprises an actuator configured

to provide positive and negative vertical movement of the tool via the linkage.

In certain forms the actuator comprises a hydraulic actuator, a ratchet, or a top

link.
In certain forms the linkage comprises a plurality of suspension elements.

In certain forms the plurality of suspension elements are pivotally coupled at
respective first ends with the tool and pivotally coupled at respective second ends

with a rocker, the rocker being pivotally coupled with the frame.

In certain forms the linkage comprises a three point connection element

rotatably coupled with the frame, the linkage, and the actuator.

Certain forms further comprise tool position controls configured to be

manipulatable by an operator from the operator station.

Certain forms further comprise a second adjustment mechanism configured to

vary pitch of the tool.

15
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In certain forms the second adjustment mechanism comprises a second

actuator pivotally coupled with and extending between the frame and the tool.

In certain forms the machine is a substantially zero turning radius machine or

a tractor. In certain forms the operator station comprises a standing platform.

Certain exemplary embodiments include self-propelled soil working machines
comprising a plurality of surface contact wheels carrying a chassis, a carrier assembly
coupled with the chassis, the carrier assembly including a suspension coupled with the
chassis and a soil working tool coupled with the suspension, an adjustment
mechanism coupled with the carrier assembly and configured to adjust the position of
the tool and to vary force applied to the tool at least in part based upon compression
of the suspension.

In certain forms the carrier assembly comprises a rocker rotatably coupled
with the chassis, the suspension, and the adjustment mechanism at respective first,
second, and third couplings.

In certain forms the suspension comprises a first spring assembly, a second
spring assembly, and a weight bearing coupling member rotatably coupled with the
rocker and the tool.

In certain forms the first spring assembly, the second spring assembly, and the
weight bearing coupling member are rotatably coupled with the rocker and the tool by
separate couplings.

In certain forms the suspension comprises a lifting member configured to
restrict motion of the tool relative to the suspension in a first direction and not to
restrict motion of the tool relative to the suspension in a second direction substantially

opposite from the first direction.

16
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In certain forms the chassis comprises a frame structure connected with the
plurality of surface contact wheels.

In certain forms the chassis comprises a unibody assembly.

Certain forms further comprise an operator station and controls configured to

5  be manipulatable by an operator occupying the operator station to control the
adjustment mechanism.

Certain exemplary embodiments include soil working machines comprising a
plurality of support members configured to contact a ground surface under the
machine, at least one of the ground contacting members being a driven member

10 configured to propel the machine, a tool linkage rotatably coupled with the machine
and including a tool mount and at least one compressible member, and an actuator
coupled with the tool linkage, wherein the tool actuator may be configured to
adjustably position the tool mount in a plurality of positions intermediate the front and
the back of machine and to vary a downward force vector component applied to the

15 tool mount.

Certain forms further comprise an operator station coupled with the machine.

In certain forms, the operator station comprises a standing platform, or a seat.

In certain forms, the compressible member comprises a spring.

In certain forms the spring is configured to selectably apply variable force to

20 the tool mount and the actuator is configured to vary said force.

In certain forms the actuator is configured to vary said force in accordance
with Hooke’s law.

In certain forms the tool linkage is configured in a belly mount configuration

relative to the machine.

17
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Certain forms further comprise a soil working tool coupled with the tool
mount.

In certain forms the actuator is configured to raise and lower the tool.

In certain forms the actuator is configured to compress the compressible
member effective to increase force applied to the tool when the tool is in contact with
the ground surface under the machine.

In certain forms the actuator is configured to compress the compressible
member effective to increase force applied to the tool only when the tool is in contact
with the ground surface under the machine.

In certain forms the compressible member is configured to apply a pre-load
force to the tool when the tool is not in contact with the ground surface under the
machine.

In certain forms the pre-load force is variable by adjusting the length of a
weight lifting linkage coupled with and extending between the tool and the machine.

It shall be understood that the exemplary embodiments summarized and
described in detail above and illustrated in the figures are illustrative and not limiting
or restrictive. Only the presently preferred embodiments have been shown and
described and all changes and modifications that come within the scope of the
invention are to be protected. It shall be appreciated that the embodiments and forms
described below may be combined in certain instances and may be exclusive of one
another in other instances. Likewise, it shall be appreciated that the embodiments and
forms described below may or may not be combined with other aspects and features
disclosed elsewhere herein. It should be understood that various features and aspects

of the embodiments described above may not be necessary and embodiments lacking

18
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the same are also protected. As utilized herein, the term substantially is used to
indicate that an acceptable margin or degree of variance or error falls within the literal
scope of a precise term as would occur to one of ordinary skill in the art depending on
the particular embodiment or application in question. Unless otherwise limited the
terms connected, connector, coupling and coupled refer to and encompass any direct
or indirect coupling, connection, attachment. In reading the claims, it is intended that
when words such as “a,” “an,” “at least one,” or “at least one portion” are used there
is no intention to limit the claim to only one item unless specifically stated to the
contrary in the claim. When the language “at least a portion” and/or “a portion” is

used the item can include a portion and/or the entire item unless specifically stated to

the contrary.

19
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CLAIMS

What is claimed is:

5 L. An apparatus comprising:
a self-propelled soil working machine including a frame and an operator
station;
front and rear ground supporting wheels coupled with the frame, a least one of
the front and rear ground supporting wheels configured to propel the machine;

10 a linkage coupled with the frame and coupled with a soil working tool, the soil
working tool being adjustably positioned by the linkage rearward of the front wheels
and forward of the rear wheels, the linkage including a suspension element
accommodating movement of the tool in response to external force; and

an adjustment mechanism coupled with the linkage and configured to adjust
15 the linkage;
wherein adjustment of the adjustment mechanism emulates the addition or

subtraction of weight exerting downward force on the tool.

2. The apparatus of claim 1 wherein the linkage further comprises a
20 lifting element coupled with and extending between the tool and the frame, the lifting
clement configured to sclectably raise and lower the tool and to limit movement of the

tool relative to the suspension element in a first direction.

20
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3. The apparatus of claim 2 wherein the linkage further comprises a
rocker pivotally coupled with the frame at a first connection, pivotally coupled with
the adjustment mechanism at a second connection, and pivotally connected with the

suspension element at a third connection.

4. The apparatus according to claim 3 wherein the lifting element
comprises a chain, a cable, or a jointed assembly coupled with and extending between

the rocker and the tool.

5. The apparatus of claim 1 wherein the suspension element comprises a
first member, a second member displaceable relative to the first member, and a spring

coupled with the first member and the second member.

6. The apparatus of claim 1 wherein the adjustment mechanism

comprises an actuator configured to provide positive and negative vertical movement

of the tool via the linkage.

7. The apparatus of claim 6 wherein the actuator comprises a hydraulic

actuator, a ratchet, or a top link.

8. The apparatus of claim 1 wherein the linkage comprises a plurality of

suspension elements.
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9. The apparatus of claim 8 wherein the plurality of suspension elements
are pivotally coupled at respective first ends with the tool and pivotally coupled at
respective second ends with a rocker, the rocker being pivotally coupled with the

frame.

10. The apparatus of claim 6 wherein the linkage comprises a three point

connection element rotatably coupled with the frame, the linkage, and the actuator.

11. The apparatus of claim 1 further comprising tool position controls

10 configured to be manipulatable by an operator from the operator station.

12. The apparatus of claim 1 further comprising a second adjustment

mechanism configured to vary pitch of the tool.

15 13. The apparatus of claim 12 wherein the second adjustment mechanism

comprises a second actuator pivotally coupled with and extending between the frame

and the tool.

14. The apparatus according to claim 1 wherein the machine is a

20  substantially zero turning radius machine or a tractor.

15. The apparatus of claim 1 wherein the operator station comprises a

standing platform.
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16. A self-propelled soil working machine comprising:
a plurality of surface contact wheels carrying a chassis;
a carrier assembly coupled with the chassis, the carrier assembly including a
suspension coupled with the chassis and a soil working tool coupled with the
5  suspension; and
an adjustment mechanism coupled with the carrier assembly and configured to
adjust the position of the tool and to vary force applied to the tool at least in part

based upon compression of the suspension.

10 17. The machine according to claim 16 wherein the carrier assembly
comprises a rocker rotatably coupled with the chassis, the suspension, and the

adjustment mechanism at respective first, second, and third couplings.

18. The machine according to claim 17 wherein the suspension comprises
15 afirst spring assembly, a second spring assembly, and a weight bearing coupling

member rotatably coupled with the rocker and the tool.

19. The machine according to claim 18 wherein the first spring assembly,

the second spring assembly, and the weight bearing coupling member are rotatably

20  coupled with the rocker and the tool by separate couplings.

20. The machine according to claim 16 wherein the suspension comprises

a lifting member configured to restrict motion of the tool relative to the suspension in

23



10

15

20

WO 2013/155194 PCT/US2013/035994

a first direction and not to restrict motion of the tool relative to the suspension in a

second direction substantially opposite from the first direction.

21.  The machine according to claim 16 wherein the chassis comprises a

frame structure connected with the plurality of surface contact wheels.

22.  The machine according to claim 16 wherein the chassis comprises a
unibody assembly.
23. The machine according to claim 16 further comprising an operator

station and controls configured to be manipulatable by an operator occupying the

operator station to control the adjustment mechanism.

24.  An apparatus comprising:

a soil working machine comprising a plurality of support members configured
to contact a ground surface under the machine, at least one of the ground contacting
members being a driven member configured to propel the machine, a tool linkage
rotatably coupled with the machine and including a tool mount and at least one
compressible member, and an actuator coupled with the tool linkage;

wherein the actuator is configured to adjustably position the tool mount in a
plurality of positions intermediate the front and the back of machine and to vary a

downward force vector component applied to the tool mount.
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25. The apparatus according to claim 24 further comprising an operator

station coupled with the machine.

26. The apparatus according to claim 25 wherein the operator station

5 comprises a standing platform, or a seat.

27. The apparatus according to claim 24 wherein the compressible member

comprises a spring.

10 28. The apparatus according to claim 27 wherein the spring is configured

to selectably apply variable force to the tool mount and the actuator is configured to

vary said force.

29. The apparatus according to claim 24 wherein the actuator is configured

15 to vary said force in accordance with Hooke’s law.

30. The apparatus according to claim 24 wherein the tool linkage is

configured in a belly mount configuration relative to the machine.

20 31. The apparatus according to claim 24 further comprising a soil working

tool coupled with the tool mount.

32. The apparatus according to claim 24 further comprising a soil working

tool coupled with the tool mount.
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33. The apparatus according to claim 32 wherein the actuator is configured

to raise and lower the tool.

5 34. The apparatus according to claim 33 wherein the actuator is configured
to compress the compressible member effective to increase force applied to the tool

when the tool is in contact with the ground surface under the machine.

35. The apparatus according to claim 33 wherein the actuator is configured
10 to compress the compressible member effective to increase force applied to the tool

only when the tool is in contact with the ground surface under the machine.

36. The apparatus according to claim 35 wherein the compressible member
is configured to apply a pre-load force to the tool when the tool is not in contact with

15 the ground surface under the machine.

37. The apparatus according to claim 36 wherein the pre-load force is
variable by adjusting the length of a weight lifting linkage coupled with and extending
between the tool and the machine.

20
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