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between or behind opposing rake arm assemblies of the wheel rake. The cab can be configured to allow an operator to sit or stand
while operating the wheel rake.
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SELF-FROPELLED WHEEL RAKE
CROSS-REFERENCE TO RELATED APPLICATIONS
8061} This application claims the benefit of United States Utility Patent Application No.
18/504,023, filed November 7, 2023, which claims the benefit of United States Provisional
Patent Application No. 63/423,398, filed on November 7, 2022, each of which is incorporated
herein in s entirety,
BACKGROUND
[6682] A hay rake is farm equipment that 1s used to rake hay into windrows, or rows of
hay, that can more easily be picked up by a baler. Variouns types of hay rakes exist including
whee] rakes, parallel bar rakes, rotary rakes, and belt rakes. Wheel rakes are most common due
tos their speed and low cost. Figure 1 provides an example of a wheel rake. As shown, a tractor
10 is used to pull a wheel rake 20 that is separate from the tractor. Wheel rake 20 jneludes a
main body 21 with a front portion 21a that 15 confi gured to attach to tractor 10, wheels 22 that
sapport main body 21, and support arms 23 that extend outwardly from main bhody 21.
Opposing rake arms 24 are mounted to support arms 23 and are oriented in a V-shape during
use. Tine arms 235 are attached to rake arms 24 and support tine wheels 20 1 an overlapping
configuration. As tractor 10 pulls wheel rake 20, tne wheels 26 are rotated (e.g., via hydraulics
or driven by contact with the ground) to cause their teeth to rake cut hay into a windrow 30,

BRIEF SUMMARY
16063] The present invention extends o a self-propelled wheel rake. A self-propelied

wheel rake may include a cab that may ba mounted 1o or otherwise secured (o 2 main hody.
The cab or the main body may include a powerhouse for propelling the wheel rake along the
ground. The cab and main body can be positioned between or behind opposing rake arm
assemablies of the wheel rake. The cab can be configured to allow an operator {o sit or stand
while operating the wheel rake.

[6064] In some embodiments, the present invention may be implemented as a wheel rake
that includes a main body having a powerhouse for propelling the wheel rake along the ground,
a cab that is configured to accomunodate an operator, and opposing rake arm assenablies
between which the cab is positioned. Each rake arm assembly may support a plurality of tine
wheels.

[6085] In some embodiments, the cab may include controls for steering the wheel rake.
[6606] in some embodinents, the cab may inclode multipie sets of controls for steering the

wheeli rake.
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{95071 in some embodiments, the cab may include an enclosure and a door.

{3008] In some embodinents, the wheel rake may inclade a primary support assembly that
sapports the main body, the cab, and the opposing rake arm assemblies.

RERLY in some embodiments, the primary support assembly may include opposing vertical
support assemblies that support the opposing rake arm assemblies.

{401 0] In some embodiments, the primary suppori assembly may be confligured to extend
and retract the opposing rake arm assemblies between a V-shaped posuiion and a parallel
position.

{8911} in some embodiments, the primary support assembly may include a plurality of
actuators that extend and retract the opposing rake arm assemblies.

[6612] in some embodiments, each vertical support assembly may include a wheel.

{662 3] in some embodiments, the wheels of the vertical sopport assemblies may be
drivable to cause the wheel rake to torn

[0014] in some embodiments, the wheel rake may include a rear support assembly that
supports the opposing rake arm assemblies.

{0015} In some embodiments, the rear support assembly may also support the main body
and the cab.

{8916] In some embodiments, the rear support assembly may include one or more rear
wheels.

{66171 In some embodiments, each of the upposing rake arm assemblies may include a
rake arm and each rake arm may form a rear coupling point at which the rake arm is coupled
o the rear support assembly.

{8818] In some embodiments, each of the rake arms may be configured to pivot at the rear
coupling point when the opposing rake arm assemblies are extended from and retracted towards
the main body.

[8019] In some embodiments, the present invention may be implemented as a wheel rake
that includes opposing rake arm assemblies with each rake arm assembly supporting & plurality
of ting wheels, a main body having a powerhouse for propelling the wheel rake along the
ground, and controls by which an operator can control the wheel rake. The controls may be
positioned between the opposing rake arm assemblies such that the operator is between the
opposing rake arm assemblies when the wheei rake is used to rake hay.

[6024] In some embodiments, the wheel rake may include a cab positioned between the

apposing rake arm asserablies, and the controls may be located in the cab.
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{0821} in some embodiments, the wheel rake may include a primary support assembly that
is configured o support the opposing rake arm assemblies and the main body. The privnary
support asserably may inchude wheels that can be driven o cause the wheel rake to turn.
166221 in some embadiments, the wheel rake may include a rear support assembly that is
configured to support the opposing rake arm assemblies. The rear support assembly may
include one or more rear wheels.

[6023] In some embodiments, the primary support assembly may inclade one or more
actuators that are configured to pivot the opposing rake arm assemblies hetween a parallel
position and a V-shaped position.

[6624] In some embodiments, the present invention may be implemenied as a method for
raking hay. At a first time, hay may be raked to form parallel windrows. Then, at a second time,
the parallel windrows can be raked to form a single windrow. In some embodiments, the
paraliel windrows may be between 4 and 5 feet apart.

[6025] In some embodiments, the present invention may be implemented as a wheel rake
thatincludes a main body, a cab supported by the main body, and opposing rake arm assemblies
that extend from the main body. Hach rake arm assembly can include a rake arm that is coupled
o the main body in front of the cab.

{6026] In some embodiments, the main body may include a cross support on which the cab
is supported.

(60271 In some embodiments, the main body may inclade vertical supports on opposite
ends of the cross support.

[6028] I some embodiments, the main body may inchide an upper support arm and a lower
support arm that extend frontwardly from each vertical support.

(6829} In some embodiments, each rake arm assembly may include a vertical connection
member that is connected to the main body between the respective upper and lower support
arms.

{6G30] In some embodiments, the vertical connection member may rotate relative to the
respective upper and lower support arms.

{80311 In some embodiments, a rear end of the rake arm may connect to a lower end of the
respective vertical connection member and cach rake arm assembly may include a reinforcing
armn that connects to an upper end of the respective vertical connection member.

[6032] In some embodiments, the cab may inchude a steering component that is adjustable

belween a standing position, a sitling position, and a hands-free position.
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{9533} in some embodiments, the wheel rake can include stairs on one or both sides of the
cab.

{8034] In some embodiments, the wheel rake can inclade lghts on top of the cab,

16835} in some embodiments, the wheel rake can include lights that extend frontwardly

from the cab towards a bottom of the cab.

{66361 In some embodimenis, the wheel rake can include one or more lights on each rake
arm.
{8837} in some embodiments, each rake arm may be independently pivatahle relative to

the mamn body.

[5438] In some embodiments, the wheel rake may include a control system for
independently pivoiing each rake arm.

[6639] In some embodiments, the wheel rake may include wheels that support the main
body oft the ground and wheels that sapport the rake arms off the ground.

[0040] In some embodiments, the wheels that support the rake arms off the ground may be
independently steerable.

{41} In some embodiments, the present invention may be implemented as a wheel rake
that inclodes a main body that is supported off the ground by a first aet of wheels, a cab
supported by the main body, and opposing rake arm assemblies that are supported off the
ground by a second set of wheels. Each rake arm assembly can be connected to the main body
in front of the cab such that tine wheels connected to rake arms of the rake arm assemblies are
positioned in front of the cab.

[8042] This summary is provided to introduce a selection of concepts in a simplified form
that are further described below in the Detatled Description. This Summary 15 not intended to

identify key features or essential featwres of the claimed subject matier.

BRIEF DESCRIPTION OF THE DRAWINGS

[6043] Understanding that these drawings depict only typical embodiments of the
invention and are not therefore to be considered limiting of its scope, the invention will be
described and explained with additional specificity and detail thwough the use of the
accompanying drawings in which:

[8044] Figure 1 is a rear view of a tractor pulling a prior ant wheel rake;

16845} Figure 2 is a side view of a self-propelied wheel rake configured in accordance with

one or more embodiments of the present invention;
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[8846] Figure 3 is a front view of a self-propelled wheel rake of Figure 2;

{$847] Figure 4 is a rear perspective view of a self-propelled wheel rake of Figure 2;
[0048] Figure 5A 1s a front view of a self-propelied wheel rake of Figure 2;

REIZSL Figure 5B is a front view of a self-propelled wheel rake of Figure 2;

[6056] Figure 6 is a side view of another self-propelled wheel rake configured in
accordance with one or more embodimenis of the present invenlion;

{0051} Figure 7 is a top view of the self-propelled wheel rake of Figure 6;

{6852] Figure § is a front view of the seif-propelied wheel rake of Figure 6;

[8953] Figare 9 is a side view of the self-propelled wheel rake of Figare 6; and

[9854] Figares 10A and 10B are bottom views of the self-propelled wheel rake of Figare

& with the rake arms in the closed and open positions respectively.

DETAILED DESCRIPTION

LR Embodiments of the present invention extend to a self-propelied wheel rake and
corresponding techmiques that allow a wheel rake to be ased independently of a tractor. Figure
2 provides an example of a self-propelled wheel ruke 50 (or wheel rake 50) that is configured
in accordance with embodiments of the present invention,

{63567 Wheel rake 50 includes a cab 100 that may be mounted to or otherwise secured
from a fromt side of a main body 200. Main body 200 can house one or more engines, motors,
or other powerhouses for propelling wheel rake 50 along the ground and driving its various
components. Wheel rake 50 may also include a primary support assembly 300, a rear support
assembly 404, and rake arm assemblies SO0, Primary support assembly 300 and rear support
assernbly 400 can be configured to support cab 100, main body 200, and each rake arm
asserably 500 off the ground.

{66571 Figure 3 provides an example of how cab 100 may be configured in one or more
embodiments. In Figure 3, priumary support assembly 300 has cavsed rake arm assemblies 00
{or rake arms 510 as described with reference to Figares 5A and 3B) to be pivoted outwardly
o create a Y-shape for raking hay into a windrow. Cab 100 s positioned between rake arm
assemblies 500 such that it would be positioned overtop the windrow as it is being formed. Cab
190 generally includes an enclosure 110 and a door 120 for gaining access 1o enclosure 11{.
A ladder or other mechanism for climbing into enclosure 110 may be selectively lowered from
enclosure 110, A rear 110b of enclosure 110 may be coupled to or otherwise supported by main

body 200. Sides 110a of enclosure 110 may be formed of one or more windows 112 which may
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span the height of enciosure 110 to thereby enable an operator to see outwardly to the sides and
back of cab 100. Door 120 may also be formed of one or roore windows 121 which span the
height of door 120 to thereby allow the operator to see frontwardly. Accordingly, the operator
can have a full view of the hay as it is being raked.

[6058] Controls 113 may be positioned within enclosure 110 to enable the operator to
control wheel rake 30. Controls 113 may include a steenng wheel or other sieenng mechanism
{e.g., foot pedals), hydraslic controls for actvating various hydraslic components, speed
controls, etc. Controls 113 may be configured to enable an operator to sit or stand. For example,
a hetght of controls 113 could be adjusted based on whether the operator 1s standing or seated
in seat 114, In some embodiments, cab 100 may include more than one set of controls 113 {e.g,,
for steering). For example, one sct of controls 113 could be active when the operator is seated
in seat 114, whereas another set of controls 113 could be active when the operator is standing.
In such embodiments, the position of a set of controls 113 {e.g., a steering wheel) could dictate
which set of controls 113 is active {e.g., by folding down a steering wheel for use when scated
0 activaie a steering wheel for use when standing).

{0059} Figure 4 provides an example of how primary support assembly 300 and year
sapport assembly 444 may be configured in one or more embodiments. Primary suppost
assembly 300 can include 4 housing 310 which may support actuators 320 on top of main body
200. For example, each actuator 320 may include a cylinder 321 that is supported on top of
main body 200 and oriented outwardly along with a rod 322 that travels within cylinder 321
In the depicted example, a pair of actuators 320 extend from each side of houasing 310 but other
numbers of actuators 320 could be used. Primary support assembly 300 may also include
opposing vertical support assemblies 330 to which rods 322 are secured. Accordingly, actuators
320 can be acuiated to cause vertical support assemblies 330 1o be extended away from and
retracted towards main body 200.

[8964] Each vertical support assenbly 330 may include one or more inner vertical support
members 331 and one or more outer vertical support members 332 that extend upwardly from
an axle 333 to which a wheel 334 is mounted. An inper honzontal support member 331a may
extend froma inner vertical support member(s) 331, and an outer horizontal support member
332a may extend from outer vertical support member{(s) 332, Rods 322 of respective actuators
320 may insert through or otherwise be coupled to inner horizontal support member 331a and
outer honzontal support member 332a to cause vertical support assembly 330 to move with

rods 322.
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{8861} Rear support assembly 460 may include a support arm 401 that is coupled to main
body 200 and extends outwardly beyound rake arm assemblies 300, In some embodiments,
support arra 401 may have an inverted U-shape with rear wheels 403 coupled to its ends and
an inner support member 401a that couples to a rear extension 201 of main body 200. Rear
support assembly 400 may also nclude coupling members 402 by which rake arm assemblies
300 are coupled to and supported rom support arm 401, In some embodiments, rear wheels
403 may be in the form of casters which may facilitate the wrning of wheel rake 50 as described
in detail below.

[8962] Figares SA and 5B provide an example of how rake arm assemblies 5300 may be
configured 1n one or more embodiments. Each rake arm assembly 500 can inchide a rake arm
510 that extends along one side of wheel rake 50. Rake arm 510 can be supported by support
arm 401 and the respective vertical support assembly 330 and can extend frontwardly beyond
caby 100. Tine arms 520 can be coupled along rake arm S10 and can support tine wheels 530.
Tine arms 520 can be actwated {¢.g., hydrashcally) to raise and lower tine wheels 530
individually or collectively, as desired.

{8063} Rake arm 510 can include or form a front coupling point 511 and a rear coupling
point 312, In some embodiments, front coupling point 511 may be in the form of a cylindrical
opening through which fuper vertical support reernber 331 extends and rotates. Similarly, rear
coupling point 312 may be in the form of a cylindrical opening through which coupling member
4072 extends and rotates. In some embodiments, a truss 5313 can be coupled along the portion
of rake arma SHO that extends froutwardly bevond vertical support assembly 330 and may
reinforce this portion of rake arm 510.

{8864} In Figure 3B, actuators 320 have been driven to cause rods 322 to be pulled into
cylinders 321 thereby causing rake arms 510 to be pivoted inwardly around rear coupling point
512 and woto a paralle] position relative to cab 100. With vake awns 510 in this parallel position,
wheel] rake 50 can be driven to a desired location {(e.g., along aroad to a field where raking will
be performed). Upon reaching the desired location, actuators 320 can be driven to cause rods
322 to be extended from cylinders 321 thereby causing rake arms 510 to be pivoted cutwardly
into the V-shaped position shown in Figure 5A. With rake arms 510 in this V-shaped position,
wheel rake 30 can be propelled along the ground to rake hay into windrows.

{8065] in some embodiments, wheels 334 may not be steerable and in such cases, wheel
rake 50 may be propelled forward as rake arms 310 are pivoted outwardly and inwardly to

minimize side-to-side skidding of wheels 334, In other embodiments, wheels 334 may be
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steerable to allow rake arms 510 to be pivoted outwardly and inwardly without propelling

wheel rake 50 frontwardly and without causing wheels 334 to skid along the ground.

[8066] A control systern of wheel rake 50 may be configured to drive wheels 334 {(e.g.,

hydraulically) to cause wheel rake 50 o turn. For example, wheels 334 may be driven in
opposite directions to cause wheel rake 30 to turn around an axis that is centered between
wheels 334 and below cab 1080 (ie., to perform a zero radius tum). As another example, the
control system could be configured 1o drive only the wheel 334 on the outside of the turn such
that wheel rake 50 pivots around the inside wheel. In either case, rear wheels 403 can frealy
turn relative to sapport arm 401 to facilitate turning. In some embodiments, rear wheels 403
could be dnivable to further enhance torning efficiency. In some embodiments, only rear wheels
403 may be drivable to cause wheel rake 50 to tum.

{66671 By positioning cab 100 and main body 200 between rake arms 310, wheel rake 50
has a compact length. Likewise, by positioning cab 100 between rake arms 510, the operator
can easidy see the hay as it is raked and can therefore make speed adjustmuents on demand such
as based on the moisture conient of the hay, which may change during a raking session. In
comparison, with a prior art wheel rake, the operator is positioned inside a tractor at a
sabstantial distance in front of the hay that is being raked and therefore would need to stop
raking and exit the tractor to determine if any adjustments should be made.

[6068] In some embondiments, a wheel rake may not include a cab. For example, cab 100
could be replaced with an open platform in which contrels 113 and seat 114 may be located.
In such embodiments, the open platform would still provide an open view of the hay being
raked.

{8869] in some embodiments, the position of various components of wheel rake 50 may be
altered from what is represented in the figures. For example, the position of wheels 334 and
rear wheels 403 could be swapped such that the rear wheels are driven while the front wheels
are casters or otherwise undriven. In such embodiments, the positions of cab 100 and main
hody 200 could alsc be swapped. With cab 100 behind main body 200, door 120 could be
oriented rearwardly and frontward oriented windows could be provided in enclosure 1190 to
enable the operator to see {rontwardly overtop main body. In this configuration, the operator
may be able to better see the windrow as it is being formed given that he or she may be directly
above it

(987401 In some embodiments, controls 113 may allow each tine arm 320 1o be

independently conirolled such that each tine wheel S30 may be raised or lowered independent
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of each other tine wheel 530. In such cases, the operator could manipulate controls 113 to cause
mulitple windrows to be formed at the sarpe time {e.g., by raising tine wheels 330 in the middie
of each rake arm 51§ so that two additional windrows are formed fo the sides of the prirmary
windrow).

[6671] in some embodiments, each rake arm 510 may be configured to pitch frontwardly
or rearwardly o facilitate raking hay on a lull. In such embodiments, controls 113 may allow
the operator 1o adjust the pitch such as to §ift the fronts of rake arms 510 when approaching an
apward slope. Alternatively, rake arms 510 may be configured to automaticaily pitch with the
slope of the terrain.

[8472] Figures 6-10B are different views of another self-propelled wheel rake 1050 (or
wheel rake 1050) that is configured in accordance with embodiments of the present invention.
Wheel rake 1050 inciudes a cab 1100 that may be mounted to or otherwise secured 10 a main
body 1200, Cab 1100 can house one or more engines, raotors, or other powerhouses for
propelling wheel rake 1030 along the ground and driving its various components. Wheel rake
1050 may also include rake arm asserablies 1300 that are supported from main body 1200. A
pair of wheels 1410 can be coupled to main body 1200 to support main body 1200 off the
ground, and a wheel 1420 can be coupled to each rake arm assembly 1300 to sapport the
respective rake arm assembly 1300 off the ground.

[6673] Cab 1100 s mounted to main body 1200 to be positioned behind rake arm
assemblies 1300 so that an operator inside cab 1100 can easily view hay as it is being raked.
The interior of cab 1100 may include a chair (or seat} 1110 and a steering component 1120
{e.g., a steering wheel with or without foot pedals). Steering component 1120 can be adjustable
o allow the gperator to steer wheel rake 1050 while seated in chair 1110 or while standing. For
example, steering component 1120 can include multiple pivot peints 1121 for pivoting
frontward and backward and for pivoung up and down. Sieering component 1124 can further
include food pedals for hands-free sieering while seated in chair 1110 or while standing. The
interior height of cab 1100 can be sufficient to allow the operator to stand such as at least six
feet, six inches. Cab 1100 may include windows on all sides to allow the operator to look out
from cab 1100 in any direction. As best seen in Figure 7, stairs 1130 may extend along both
sides of cab 1100 to allow the operator 1o enter cab 1100 from etther side.

{8974] in some embodiments, a wheelchair lift may be integrated into cab 1160 or any
other cab of a wheel rake configured in accordance with embodiments of the present invention.

For example, a wheelchair Iift may be secured at the rear side of the cab and may facilitate
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operation of the wheel rake by individuals in wheelchairs or who are otherwise unable to clhunb
stairs. In such embodiments, the rear side of the cab may include a door (or opening} through
which a wheelchair may enter when the wheel chair 1if is elevaied. Also, the cab may not
include a chair (or may have the chair removed) to accommodate the wheelchair. In some
embodiments, a cab may include 2 wheelchair 1ift and one or more sets of stairs as well as a
removable chalr to thereby accommodate operation by individuals in wheelchairs and
individuals without wheelchairs.

{6875] As best seen in Figures 10A and 1OB, main body 1200 includes a crnss suppost
1210 that extends between wheels 1410 and on which cab 1100 may be supported. Main body
1200 can also include vertical supports 1220 that are positioned on opposite ends of cross
support 1210. A lower end 1221 of each vertical support 1220 can extend below cross support
1210. Wheels 1410 can be connected to main body 1200 at lower ends 1221, An upper sapport
arm 1231 and a lower sapport arm 1232 can extend frontwardly from each vertical support
1220 to form a connection point for each rake arm assembly 1300.

{0476} Fach rake arm assembly 1300 includes a rake arm 1310 from which tine wheels
1340 are supported. A tine wheel arm 1341 may connect each tine wheel 1340 o rake arm
1314 at a pivot point 1342 thereby allowing each tine wheel 1340 to be independently raised
and lowered. In some embodiments, a bar or other mmember may couple to each tine wheel arm
1341 to allow cach tine wheel 1340 to be raised or lowered synchronously.

{86771 A rear end of rake arm 1310 may connect to a lower end of a vertical copnpection
member 1330, A reinforcing arm 1320 may extend between an upper end of vertical connection
member 1330 and an intermediate point of rake arm 1310, In some embodiments, this
intermediate point may be where wheel 1420 connects to rake arm 1310 and could be the
midpoint between the rear and front end of rake arm 1314 or frontward of this midpoint to
belter support the weight of rake arm 1310,

[8078] As best shown in Figure 9, vertica] connection member 1330 may rotate around an
axis defined by the front ends of upper support arm 1231 and lower support arm 1232, In other
words, upper support arm 1231 and lower sapport arm 1232 can be configured to form an axis
around which rake arm 1310 pivots. In some embodiments, vertical connection member 1330
may form a cylindrical shape into which upper support arm 1231 and lower sapport arm 1232
{or another component extending between these arms) extend to couple rake arm assembly

1300 to main body 1200. Because this pivoting connection between rake arm assembly 1300
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and main body 1200 is in front of cab 1100, the operator will have full visibility of rake arm
1310 and wheel tines 1340 and therefore full visibility of the windrow.

(90791 Wheel rake 1050 can include a control system that allows each rake arm assembly
1300 to be independently pivoted relative to main body 1200. In particular, as the operator
steers wheel rake 1050, the control system can independently control the angle of each wheel
1420 which in turn will independently pivol the respeclive rake armn assembly 1300 1o
maxinuze the efficiency of the tam. In some embodiments, the steering of each wheel 1420
about a pivot point 1421 (see Figures 104 and 10B) could be controlled electronically such as
via an electronically controlled actiator included in each rake arm 1310, In some embodiments,
the steering of each wheel 1420 about pivot point 1421 could be controlled mechanically such
as via tie rods and pitman arms. In some embodiments, the steering of each wheel 1420 about
pivot point 1421 could be controlled by articulated steering and respective front and rear rack
and pinion steering components, such that wheel rake 1050 is equipped with dual steening
components and functionality. As such, wheel rake 1030 is configured and enabled to follow
the gradual tightening radius of a standard pivot irrigation system.

{088} In some embodiments, and in contrast o what is shown in Figures 6-10B, each
wheel 1420 can be coupled to the respective rake arm 1318 via a connection that aliows the
wheel to rotate 360 degrees around the connection point {e.g., a caster). Such a configuration
can facilitate the turning of the wheel rake when the rake arms are fully open. For example,
when performing a sharp turn with the rake arms fully open, the wheel on the inside of the rn
may need 1o pivot ap 1o or beyond paraliel with the rake arm to avoid being dragged/pushed
through the turn. By coupling wheels 1420 in this manner, they can follow the natural direction
of the nun regardless of the angle of the rake arm.

{0081} Wheel rake 1050 may include lights in various locations. For example, lights 1501
can be positioned on top of cab HOO and lights 1502 may exiend fontwardly from a lower
portion of cab 1100, Lights 1501 may generally iluminate in front of cab 1100 while lights
1502 can provide additional illumination imamedistely in front of and below cab 1100,
Although not shown, one or more lights may be positioned on/along rake arms 1310

[6082] In some embodiments, rake arm assembly 1300 may include a separate am (o
which tine wheels 1340 are connected. This separate arm may be connected to rake arm 1310
by a linear actuator that allows the separate arm to be raised and lowered relative to rake arm
1310, In sach embodiments, rake arm 1310 may be shortened. For example, rake arm 1310

may extend up o wheel 1420, In such embodiments, reinforcement arm 1320 may extend
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overtop but spaced from rake arm 1310, The linear actuator, such as a hydraulic eylinder, may
extend between rake arm 1310 and reinforcement arm 1320

{90831 In some embodiments, a wheel rake configured in accordance with embodiments of
the present invention may include a speed control lever inside the cab such as on a steering
column. In some embodiments, the cab may inclode pedal steering in place of or in addition to
a steering wheel.

{0084} In some embodiments, the main body and/or rake arm assemblies of a wheel rake
may be configured to allow each rake arm o independently pivot up and down to thereby
follow the contour of the ground over which the wheel rake travels. For example, in the context
of wheel rake 1050, each rake arm assembly 1300 could be coupled to main body 1200 via a
pivoting connection. As one example only, the portion of vertical supports 1220 from which
upper support arm 1231 and lower support arm 1232 extend could be configured to rotate
around cross support 1210 or an axis paraliel with cross sapport 1210

[0085] In some embodiments, a wheel rake may include a steering assembly that enables
over steering on one side to compensate for differences in the angles of the two rake arms
duning a turn. For example. Figure 16 provides an example of a steering assembly 1600 in the
context of wheel rake 1058, However, steening assembly 1600 could be used on any wheel rake
where the wheels on the rake arms are actively steered. In Figure 16, one rake arm 1318 is
shown in isolation to simplify the figure. However, a symmetrical configuration would exist
on the other rake arm 1310,

REESY Steering assembly 1600 includes a double-ended cyvlinder 1601 {which may be
hydraulically, electrically, or otherwise actuated) having its ends connected (0 opposing pitman
arms 1602 (only one of which is shown). Steering assembly 1600 also includes an inner tie rod
1603a that is connected 1o an outer te rod 1003b via a telescoping interface. For example, an
outer end of inner tie rod 1603a may have a narrowed diameter o allow il to insert into outer
tie rod 1603b or vice versa. The outer end of outer tie rod 1603b is coupled to pivot point 142
such that wheel 1420 is steered based on the linear movement of outer tie rod 1603b. A spring
1604 is positioned at the telescoping interface with its ends secured to inner tie rod 16032 and
outer tie rod 1603b. Spring 1604 can have a relatively high spring constant such that it will
resist compression and siretching absent a relatively large force. For example, spring 1604 can
resist compression between inner tie rod 1603a and outer tie rod 1603b when inner tie rod
1603a is pushed outwardly towards outer tie rod 1603b until inner tie rod 1603a is pushed

beyond a threshold amount. Likewise, spring 1604 can resist stretching when inner tie rod
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16032 is pulled inwardly away from outer tie rod 1603b until inner tie rod 1603a is pulled
beyond a threshold amount. Accordingly, spring 1604 enabies the wotal lengih of nner tie rod
1603a and ouster tie rod 16030 1o dvnamically change at the extremes of double-ended evlinder
1601’s movement without changing the angle of wheel 1420 relative to rake arm 1310

{60871 More specifically, in the context of Figure 11, when double-ended cylinder 1601 is
pulled rightward, the depicted lelt-side pivman arm 1602 will pivot to push toner te rod 1603a
outward/lorward. Tnuially, the force applied by inner tie rod 16032 on spring 1604 will be
insufficient to substantiaily compress spring 1604 such that outer tie rod 1603b will be pushed
outwardiy/forwardly in a corresponding amount to turn wheel 1420 to the right. Then, as wheel
14240 reaches a rightward threshold, which may oceur before doable-ended cylinder 1601 has
fully travelled to the right, the continued outward/forward movement of inner tie rod 1603a
may create a force sufficient o compress spring 1604 against outer tie rod 1663b rather than
causing a corresponding (e.g., linear} movement of outer tie vod 1603b that may damage/stress
pivot point 1421 or the other structural components at wheel 1420 on the left rake arm 1310
during the right tum. Imporiantly, while this spring 1604 on the left side is being compressed,
spring 1604 on the right side can enable the outer tie rod 1603b on the right side to continue
moving sehstantially linearly with the inner tie rod 16032 such that wheel 1420 on the night
side can turn further rightward relative to the right rake arm 1310 in comparison to wheel 1420
on the left side relative to the left rake arm 1310. Stated another way, during this sharp right
turn, the total length of inner tie rod 1603a and outer tie rod 1603b on the left side can
dynamically shorten relative to the wial length of inner tie rod 16032 and outer tie rod 1603b
on the right side thereby cansing the respective wheels to be oriented at differentrelative angles.
Then, after the turn, or at least after the turn is not as sharp, springs 1604 can allow the
respective inner and outer tie rods 1603a/1603b to return to their nevtral positons. This same
process can oocur when a left tum is performed.

[8988] Steering asserably 1600 may be particularly beneficial when sharp tumns arve
performed when rake arms 1310 are in an open position. For example, when rake arms 1310
are fully open, wheels 1420 will be spaced apart at such a distance that their ideal angles for
performing a sharp turn will not match. In particular, the wheel 1420 on the inside of the tum
will need to torn farther relative to the reapective rake arm 1310 than the wheel 1420 on the
outside of the turn. The use of springs 1604 enable this over turning on one side without the

risk of damage/stress to the components on the other side.
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{6089] A wheel rake configured in accordance with embodiments of the present invention
provides a mimber of bepefits in comparison to raditional wheel rakes. For example, traditional
wheel rakes, such as shown in Figure 1, are pulled by a tractor and therefore the tractor and the
wheels of the wheel rake run over the hay before it is raked. In comparison, wheel rake 50 does
not run over the hay because it i1s self-propelled. For example, as can best be seen in Figures
3A and 10B, the wheels are positioned outside of the tine wheels such that they will not rup
over the hay, whether belore or aflier raking.

{6094] Additionally, because traditional wheel rakes are pulled by tractors, they make very
arge turns and ron over significant amounts of hay 1o doing so. In companison, a wheel rake
configured in accordance with embodiments of the present invention, which may be one-third
the length of a tractor and waditional wheel rake, can make very tight turns, incleding zero
radius turns, o minimize the amount of hay that is run over during a turn or avoiding ronning
over hay altogether.

[0091] A wheel rake configured in accordance with embodiments of the present invention
also ecnables unique hay raking lechniques to be performed. For example, wheel rake 50 and
wheel rake S0 can be seli-propelied along a field io create two paralle] windrows without
running over the unraked hay or the windrows. In some cases, the two parallel windrows could
be formed 4.5 feet apart or another close distance relative to the span of the rake anms. This
could be accomplished by lifting appropriate tine wheels to form the parallel windrows in a
single pass or by making muhtiple passes across the field. The hay could be raked into these
parallel windrows as soon as the ground is dry after cutting the hay so that the dry ground can
pull moistare from the windrows (e.g., 24 hours after cutting the hay). The hay in the parallel
windrows can then be allowed to partially dry ¢e.g., for another 24 hours). Then, the wheel rake
can again be used to rake the parallel windrows into a single windrow. This second raking can
facilitate even drying by Hlipping over the parallel windrows as the single windrow s formed
and by forming the single windrow on dry ground. Again, the design of the wheel rake allows
this raking to be performed without running over the windrows.

[6092] In addition to factlitating even drying, this raking technique also minimizes damage
to the hay. The leaves of the hay, which contain the most nutrition, are most likely o be
damaged and detached when the hay is moved. As the hay dries, the likelihood of this damage
increases. By imitially raking the hay into two parallel windrows which are spaced closely
together, the majority of the movement of the hay s performed while it is sull relatively wet

and therefore less prone (o leal damage. Then, when the hay has dried and will therefore be
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more prone to damage, the hay in the two parallel windrows is raked over the shorter distance
1o form the single windrow. In this way, the hay is tarned as it s formed into a windrow without
be mooved across the full width of the rake arms.

REARY This turning of the hay also minimizes the damage that sunlight would otherwise
cause to the hay on top of the windrows. In other words, the raking technique reduces the
amount of direct sunlight the hay on top of the originally {ormed windrows will receive.
[0094] This raking technigue can also minimize the impact of rain on cut hay, If hay is left
anraked to dry and it rains, the rain is likely to soak into all the unraked hay. In contrast, by
inttially raking the hay into parallel windrows for dryving, the windrows can function like a
thatched roof to prevent rain from soaking the majority of the hay.

[6695] This raking technique can be effectively performead with a wheel rake configured in
accordance with embodimenis of the present invention because it will not run over the hay. In
comparison, if a tractor and traditional hay rake were used to rake hay in this manner, the
damage caused by ronning over the hay and windrows would exceed any benefit the raking
technique would otherwise provide.

{8096} In some embodiments, the present invention provides a method for raking bay in
accordance with a raking technique described herein.

{8997] The present invention may be embodied in other specific forms without departing
from its spirit or essential characteristics. The described embodiments are to be considered in
ali respects only as iHustrative and not restrictive. The scope of the invention is, therefore,

indicated by the appended clatros rather than by the foregoing description.
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CLAIMS
What is claimed:
i. A wheel rake comprising:
a main body having a powerhouse for propelling the wheel rake along the ground;
a cab that s conligured to accommodate an operator; and
opposing rake arm assemblies between which the cab is positioned, each rake arm

assembly supporting a plurality of tine wheels.

2. The wheel rake of claim 1, wherein the cab includes controls for steering the wheel
rake.
3. The wheel rake of claim 1, wherein the cab includes multiple sats of controls for

steering the wheel rake.

4, The wheel rake of claim 1, wherein the cab includes an enclosure and a door.
5. The wheel rake of claim 1, further comprising:

a prirmary support assembly that supporis the main body, the cab, and the opposing rake

arm assemblies.

6. The wheel rake of claim 5, wherein the primary support assembly comprises opposing

vertical support assemblies that support the opposing rake arm assemblies.

7. The wheel rake of claim 6, wherein the primary sapport assembly is configured to
extend and retract the opposing rake arm assemblies between a V-shaped position and a paraliel

POSIHON.

8. The wheel rake of claim 7, wherein the primary support assembly includes a plorality

ot actuators that extend and retract the opposing rake arm assemblies.

9. The wheel rake of claim 7, wherein each vertical support assembly includes a wheel.

1 The wheel rake of claim 9, wherein the wheels of the vertical support assemblies are

drivable to cause the wheel rake to turn.

ik The wheel rake of claim 7, further comprising:
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a steering assembly for steering the wheels of the vertical support assemblies, the

steering assembly being configured to enable over steering on one side.

1Z. The wheel rake of claim 5, further comprising:

a rear support assembly that supports the opposing rake amm assemblies.

13. The wheel rake of claim 12, wherein the rear support assembly also supparts the main

body and the cab.

4. The wheel rake of claim 12, wherein the rear support assembly comprises one or more

rear wheels,

15, The wheel rake of claim 12, wherein each of the spposing rake arm assemblies includes
a rake arm, and wherein each rake arm forms a rear coapling point at which the rake arm is

coupled o the rear support assembly.
J

f6. The wheel rake of claim 5, wherein each of the rake arms is configared to pivot at the
rear coupling point when the opposing rake arm assemblies are extended from and retracted

towards the main body.

i7. A wheel rake comprising:

opposing rake arm assemblies, each rake arm assembly supporting a plurality of tine
wheels;

a main body having a powerhouse tor propelling the wheel rake along the ground; and

controls by which an operator can contro] the wheel rake, the controls being positioned
between the opposing rake arnm assemblies such that the operator is between the opposing rake

army assemblies when the wheel rake 1s used to rake hay.

18. The wheel rake of claim 17, forther comprising:
a cab positioned between the opposing rake arm assemblies;

wherein the controls are jocated in the cab.

i9. The wheel rake of claim 17, further comprising:
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a primary support assembly that is configored o support the opposing rake arm
assernblies and the main body, the primary support assemnbly including wheels that can be

driven to cause the wheel rake to tum.

20. The wheel rake of claim 19, further comprising:
a rear support assembly that is configured to support the opposing rake arm assemblies,

the rear support assembly including one or more rear wheels.

21. The wheel rake of claim 20, wherein the primary support assembly inclodes one or
more actuators that are configured to pivot the opposing rake arm assemblies between a parallel

position and a V-shaped position.

22. A method for raking hay comprising:
at a first time, raking the hay o form parallel windrows;

at a second time, raking the parallel windrows to form a single windrow.

23. The method of claim 22, wherein the parallel windrows are between 4 and 5 feet apart.
24. The method of claim 22, wherein the method is performed using the wheel rake of claim
i

25. A wheel rake comprising:

a main body;
a cab supported by the main body; and
opposing rake arm assembilies that extend from the main body, each rake arm assembly

including a rake arm that is coupled to the main body in froni of the cab.

26. The wheel rake of claim 23, wherein the main body comprises a cross support onn which

the cab i3 supported.

27. The wheel rake of claim 26, wherein the main bedy includes vertical supports on

opposite ends of the cross support.

28. The wheel rake of claim 27, wherein the main body includes an upper sepport arm and

alower sopport arm that extend frontwardly {rom each vertical support.
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29 The wheel rake of claim 28, wherein each rake arm assembly includes a vertical
conpecion rmember that is connected 1o the main body between the respective upper and lower

support arms.

30. The wheel rake of claim 29, wherein the vertical connection mermber rotates relative o

the respective upper and lower support arms.

31. The wheel rake of claim 29, wherein a rear end of the rake arm connects to a lower end

of the respective vertical connection member and each rake arm assembly includes a

reinforcing arm that connects to an upper end of the respective vertical connection member.

31. The wheel rake of claim 25, wherein the cab includes 2 steering component that is

adjustable between a standing position, a sitting position, and a hand-free position.

32. The wheel rake of claim 23, further comprising:
stairs on one or both sides of the cab.
33 The wheel rake of claim 25, further comprising:
lights on top of the cab,
34. The wheel rake of claim 25, further comprising:
Lights that extend frontwardly from the cab towards a bottom of the cab.
35. The wheel rake of claim 25, further comprising:
one or more lights on each rake arm.
36. The wheel rake of claim 25, wherein each rake arm is independently pivotable relative

e the main body.

37. The wheel rake of claim 36, further comprising:

a control systern for independently pivoting each rake arm.

38. The wheel rake of claim 25, further comprising:
wheels that sapport the main body off the ground; and

wheels that support the rake arms off the ground.
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39. The wheel rake of claim 38, wherein the wheels that support the rake arms off the

ground are independently steerable.

40. A wheel rake comprising:

a main body that is supported off the ground by a first set of wheels;

a cab supporied by the main body; and

opposing rake arm assemblies that are supported off the ground by a second set of
wheels, each rake arm assernbly being connected to the main body in front of the cab such that
tine wheels connected to rake arms of the rake arm assemblies are posidoned in front of the

cab.



PCT/US2023/079004

WO 2024/102767

1/13

(b Joid)

S :
Bl
P
1 Kl s lom %W,mmwm
ngc—ﬁ m u&.. ﬁr« .fm .WN \\ﬁ\i:ﬁ\\
g oot o g Ao
E&,ON &g,%%ﬁ?,/ﬁin%
B AT
\Aﬁ.\sl// e \x‘ﬁ B
s&#g’ﬁ&vi %cﬁ..}aa kil »wm«%.i;\\ :
‘mg o ,fv? R o
é E
M N

%3&




WO 2024/102767 PCT/US2023/079004
2/13

FIG. 2

500

500 N



WO 2024/102767 PCT/US2023/079004
3/13

=
< -
g
g
O
<~ (0 s
~
g
e
&
7 °
<3
(e
[an]

500



PCT/US2023/079004

WO 2024/102767

4/13




WO 2024/102767 PCT/US2023/079004

5/13

520

[an]
o HES
) <>
L R
N
o L4
i
X
—
e & C:}
L) S &G
X 0]
< o
R
e <
o
[Xp)
&€
2
1
2
[ap]
X}
~ M
‘i"“-"/ N
Ve
L B~ &
il
L \va o
k] /{N
- [ty
(V)
(]
g
[Xep)
4 .
L)
B £
c::a/
=
<
M3 &
s

520



PCT/US2023/079004

WO 2024/102767

6/13

A%

0LG




PCT/US2023/079004

WO 2024/102767

7/13

0vEl
LS~ 2
2581~
\.ﬁﬁhﬂ\
0LEL
a0el

135

1%



WO 2024/102767 PCT/US2023/079004
8/13

1050~
1100

N\ 1310

1341



PCT/US2023/079004

WO 2024/102767

9/13

Ovel

0yl

8 Old

1147

*- 0501



PCT/US2023/079004

WO 2024/102767

10/13

6 "Oid

=L

0011
0cil



WO 2024/102767 PCT/US2023/079004
11/13

1410 1420

1410 1420

FiG. 10A



WO 2024/102767 PCT/US2023/079004
12/13

1420

FIG. 10B



WO 2024/102767 PCT/US2023/079004
13/13

e
A
)

FIG. 11

.
foy]
<o
Y
LTS

1603a




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings

