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ABSTRACT

An oscillating in-line steering system for a pulled agricultural implement
includes first and second in-line axles pivotably coupled with a frame. The
system also includes at least first and second in-line wheel arrangements
pivotably coupled with the first and second axles respectively. Each wheel
arrangement has a plurality of pivotable wheel assemblies arranged in-line and
wheel linkages coupling the in-line wheel assemblies such that in-line wheel
assemblies oscillate together. A right-to-left linkage couples the wheel linkage of
the first in-line wheel arrangement to the wheel linkage of the second in-line
wheel arrangement so that the first in-line wheel arrangement oscillates at a

steering angle proportional to that of the second in-line wheel arrangement.
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TITLE OF THE INVENTION:
OSCILLATING TANDEM STEERING SYSTEM FOR AN AGRICULTURAL

IMPLEMENT

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention is directed to steering systems for pulied
agricultural implements, and in particular, to a novel steering system for a pulled
agricultural implement having in-line wheel arrangements.

Description of the Related Art

[0002] Pulled agricultural implements, such as grain carts and the like, are
known. Further, pulled agricultural implements having steering systems are
known. Such steering systems have been known to take the forms of dual side-
by-side arrangments of wheels. One problem with side-by-side arrangements,
however, is a lack stability caused by the effective track width becoming centered
between the tires. As a result, the agricultural implement can become unstable
during turns. Hence, it is desireable to have a wheel arrangement that will
Increase stability during turns.

[0003] A dual in-line wheel arrangement is one proposed way to address this
problem because of its minimal compaction, superior stability and excellent
handling characteristics. Turning such an agricultural implement with a dual in-
line arrangement, has proved difficult, however.

[0004] Thus, there is a continued need for new and improved systems and

methods for steering pulled agricultural elements.
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SUMMARY OF THE INVENTION

[0005] According to an embodiment of the present invention, a multi-wheel
oscillating steering system for a pulled agricultural implement includes first and
second in-line axles pivotably coupled with a frame. The system also includes at
least first and second in-line wheel arrangements pivotably coupled with the first
and second axles, respectively. £ach wheel arrangement has a plurality of
pivotable wheel assemblies arranged in-line (i.e., along the in-line axle) and
wheel linkages coupling the in-line wheel assemblies (on one side) such that the
in-line wheel assemblies oscillate together. A right-to-left linkage or other means
can be provided for coupling the wheel linkages of the first in-line wheel
arrangement to the wheel linkages of the second in-line wheel arrangement, so
that the first in-line wheel arrangemént oscillates at a steering angle that is
proportional to the second in-line wheel arrangement.

[0006] According to an embodiment of the present invention, a steerable four-
wheel oscillating tandem steering system for a pulled agricultural implement is
provided. The steering system may comprise dual oscillating in-line tandem
axles, each with a plurality of pivotable wheel assemblies. A linkage arrangement
pivotably connects a front wheel assembly to a rear wheel assembly on each of
the dual axies. A right to left linkage mechanically ties the dual inline tandem
axles together to create a proportionate steering angle between the wheel
assemblies. Additionally, an actuating device may be employed provide

resistance or to actively pivot the wheel assemblies.
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[0007]  According to another embodiment of the present invention, the
steering system may be configured to operate such that the pivoting of the front
wheels in a tandem arrangement causes the rear wheels to pivot in the opposite
direction, as the front and rear wheels are pivotably coupled to one another.
[0008] According to another embodiment of the present invention, the steering
system may be operated, at least in part, actively. Actuating devices can be
controlied (e.g., by the operation of a towing vehicle, control unit, etc.) to cause
the wheeils to pivot to a selected position.

[0009] According to another embodiment of the present invention, actuating
devices may include hydraulic cylinders, electric motors or any appropriate
means for controlling rotation of the wheel assemblies rotate.

[0010] According to an embodiment of the present invention, a steerable, in-
line tandem axle is provided. In line wheel assemblies are provided and the front

and rear wheel assemblies are pivotably coupled by a linkage arrangement.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Further applications and advantages of various embodiments of the
present invention are discussed below with reference to the following drawing
figures:

[0012]  Figs. 1-7 illustrate several different views of a steerable tandem system
for an agricultural implement, according to embodiments of the present invention;
[0013] Figs. 8A-9C illustrate several different views of an agricultural element

having a steerable tandem system, according to embodiments of the present

invention;
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[0014] Fig. 10 is a view of a tandem axle;

[0015] Fig. 11 is a view of a tandem axle according to an embodiment of the
present invention;

[0016] Fig. 12 illustrates an agricultural element having a steerable tandem
system in the act of turning in a circle according to embodiments of the present
invention; and

[0017] Fig. 13 illustrates an agricultural element having a steerable tandem

system according to embodiments of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0018] While the present invention may be embodied in many different forms,
a number of illustrative embodiments are described herein with the
understanding that the present disclosure is to be considered as providing
examples of the principles of the invention and such examples are not intended
to limit the invention to preferred embodiments described herein and/or illustrated
herein.

[0019] According to an embodiment of the present invention, a steeri‘ng
system for a pulled implement is illustrated in Fig. 1. System 100 includes in-line
tandem wheel arrangements 102a and 102b (also called “in-line tandems”),
which include tandem axles 104a and 104b respectively, that are each pivotably
attached to a center frame 106. The frame 106 may include means for coupling
the frame 106 with an agricultural implement, such as the hopper to form a grain

cart or the like, such as flanges 122.
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[0020] Each in-line wheel arrangement 102a, 102b includes front wheel
assemblies 116a1 and 116b+ and rear wheel assemblies 116a, and 116b,
pivotably respectively coupled with the tandem axles 104a and 104b. Wheel
assemblies 116a4, 116a,, 116b4, and 116b, can be pivotably attached to the
tandem axies 104a and 104b by pivots (“kingpins™) 118a4, 118a,, 118b4, and
118b,, or the like, such that the wheel assemblies are positioned rearward of the
pivots. The Wheel assemblies could also be positioned in line with the kingpin but
are preferably not positioned forward of the kingpin.

[0021] Each in-line wheel arrangement 102a, 102b includes linkages for
coupling front wheel assemblies 116a1, 116b1 with corresponding rear
assemblies 116a2, 116b2, such that when a front wheel assembly pivots in one
direction, the corresponding rear wheel assembly pivots in an opposite direction
an equivalent amount. Accordingly, wheel assemblies can oscillate together.
[0022] For example, Fig. 1 shows linkage arrangements 108a, 108b pivotably
coupling the front wheel assemblies 116a, and 116b; with rear wheel assemblies
116az and 116b,. Linkage arrangements 108a, 108b each include a pair of
coupling rods 108a4.,, 108b4.o pivotably coupled with each wheel assembly and
with a rotating coupling 110a, 110b. The linkages are arranged such that the
wheels will turn to accurately follow a towing vehicle. As shown, each rotating
coupling 110a, 110b may be positioned slightly rearward of the tandem pivot axis
120. However, positioning of the rotating coupling can be varied.

[0023] A right to left linkage 112 can be provided through the center pivot axis

coupling rotating couplings 110a and 110b so that oscillation can occur without
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affecting the steering geometry. The right to left linkage 112 mechanically
couples the rotating couplings 110a, 110b to regulate the steering angles
between the two in-line tandems. Accordingly, appropnate gearing or the like
may be provided to create a proportional steering angle between the wheels one
side relative to the wheels on the other side of the system. For example, in a
turn, the wheels on the inside of the turn should be turned at an angle that is not
equal to the angle of the wheels on the outside of a turn. Instead, the wheels on
the inside of the turn should be turned at an angle that is proportionally greater
than the angle that the wheels are tuned on the outside (e.qg., due to the width of
the implement, etc.). The linkages can be configured to allow the wheels on the
inside of a turn to pivot at a greater angle than the wheels on the outside of a
turn. Accordingly, the turning angles of the wheels on one side are preferably
not the same as for the wheels on the other side during a turn.

[0024] The steerable wheel system 100 can be provided with means for
turning the wheels. For example, it may be desirable to move the wheels from a
turned position to a neutral position (i.e., straight ahead position) when pulling the
implement out of turn. Further, it may be desirable to lock the wheels in the
neutral position for backing or the like. Further, it might be desirable to be able to
manually turn the wheels. Such means could include an actuation device such
as a hydraulic or electric actuator. Further, the means could include other self-
regulating or self-aligning arrangements, such as springs, air bags, etc. that

would assist alignment of the wheels into a neutral position coming out of a turn.

1400748 1 6
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[0025] As shown, in the present embodiment, one or both of rotating
couplings 110a and 110b may be connected with actuating devices 114a and
114b, such as a hydraulic piston, which could be controlled from a towing vehicle
or from a separate control system. A hydraulic system (not shown) can couple
the activity devices with the hydraulic system of a towing vehicle.

[0026] The actuating device(s) 114a, 114b could be contracted or expanded
in order to bring the wheels into a neutral (straight) position, such as for backing,
or to assist the operator to bring the system 100 out of a turn, or used to pull the
system 100 out of a turn and into a straight ahead or aligned position. It would
be understood by one of ordinary skill in the art that the actuating device may
take any number of suitable forms including, but not limited to electric motors,
pneumatic devices, or other actuation devices.

[0027] In normal towing, the steering system 100 may be configured to
passively follow the towed vehicle. Accordingly, the linkages mechanically
regulate the steering angles of the wheel assemblies so that the implement
accurately follows the towing vehicle. For example, the size and positioning of
the rotating plate, the length of the arms and the coupling points thereof, can be
selected to control the angles of the wheels relative to each other.

[0028] As shown in Fig. 2, movement of the front wheels 116a; and 116b in
the direction following the towing vehicle (not shown) causes the rotating
couplings 110a and 110b to pivot thereby causing the linkage arrangements

108a and 108b to pivot rear wheels 116a; and 116b; in a direction following the
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turn of the towing vehicle. Actuating devices 114a and 114b can also be
configured to provide resistance or dampening during the turn, if necessary.
[0029] According to an embodiment of the present invention, the wheel
assemblies 116a4, 116a,, 116b4, and 116b, can be manually controlled by
actuation of the actuating devices 114a and 114b. Actuation of the actuating
devices 114a and 114b causes rotation of the wheel assemblies 116a4, 116a,,
116b4, and 116b, of the tandem axles 104a and 104b. For example, as shown in
Fig. 2, when the actuating device 114a is extended (114b is contracted), the
rotating coupling 110a rotates counterclockwise, which causes the linkage
arrangements 108a move the wheel assemblies 116a, and 116a, thereby
causing the wheel assemblies 116a4 and 116a, to pivot outward in opposite
directions about pivots 118a4 and 118a,. Likewise, when actuating device 114a
IS contracted (114b is extended), the rotating coupling 110b rotates counter
clockwise causing the linkage arrangements 108b to move the wheel assemblies
116 thereby causing the wheel assemblies 116b4, and 116b, to pivot inward in
opposite directions about pivots 118b4, and 118b,. A control unit (not shown)
could be provided control the actuating devices or hydraulic actuation could be
provided from a towing vehicle, such as a tractor.

[0030] Fig. 3is a perspective view of system 100. As shown, the tandem
axles 104a and 104b can be connected to frame 106 by pivot connections 302.
The pivot connections 302 allow the tandem axles 104a and 104b to pivot in the

same plane as the wheel assemblies 116a4, 116a,, 116b+, and 116b, rotate,
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when the four-wheel oscillating tandem steering system 100 travels over uneven
ground or rocks, for superior off-road handling.

[0031] Fig. 4is a front view of system 100. As shown, the pivot connection
302 pivotably joins the tandem axles 104a and 104b to the frame 106.
Additionally, the right to left linkage 112 passes through the center pivot axis 120
so that the axles may pivot without affecting the steering geometry.

[0032] As shownin Figs. 5 and 6, the right to left linkage 112 is aligned with
the axis of the pivots 302. Accordingly, each in-line tandem axle 104a, 104b is
allowed to pivot without affecting the steering angle of the wheel assemblies 116.
[0033] Fig. 7 is a detailed perspective representation of an in-line tandem
wheel arrangement according to an embodiment of the present invention. As
shown, the wheel assemblies 116 are connected to axie 104 via pivot 118 and
are free to pivot about pivot 118. Also shown, the right to left linkage 112 is
coupled to the rotating coupling 110 via coupling 702. Coupling 702 can be any
appropriate mechanical coupling to rotationally connect the right and left rotating
coupling 110. Appropriate reduction gearing or the like can be provided to effect
proportional tuning angles.

[0034] Figs. BA-8C and 9A-9C illustrate embodiments of the invention relating
to a grain cart utilizing a steering system 100, as described and illustrated herein
with respect to Figs. 1-7. As shown, grain cart 800 includes a hopper 802
coupled with the steering system 100, and an auger elevator 801 that may be
foldable. As shown in the Figs. 8B and 9B, the steering system 100 configured to

obtain a 10 degree osbillation. Exemplary, non-limiting dimensions are shown in
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Figs. 8A-8C for perspective. As shown, the wheel assemblies on tandem axle
104a are configured to oscillate independently of the wheel assemblies of
tandem axle 104b.

[0035] Fig. 10 illustrates a single tandem axle without linkages. The tandem
axle 104 is connected to frame 106 via pivot connection 302. Wheel assemblies
116 are shown with tires 1001. Fig. 11 illustrates the axle of Fig. 10 with the
linkages— a linkage assembly 108, a rotating coupling, 110 and an actuating
device 114 -- being provided. The tandem axle 104 has a linkage arrangement
108 connected to the wheels for steering. The arrangement 108 includes the
rotating coupling 110 comprising a pivot plate with a vertical shaft. The rotating
coupling is connected to an actuating device114. Connecting rods 1108a and
1108b connect the forward 116a and rearward 116b wheel assemblies
respectively to the rotating coupling 110.

[0036] Fig. 12 shows a grain cart 1200 having a steering system according to
embodiments of the present invention, traveling in a turning radius. As can be
clearly seen and understood, the inside 104a and outside 104b tandem wheels
are controlled to oscillate at different degrees to give the wagon superior stability
and excelient handling characteristics.

[0037] Fig. 13 is a perspective view of a grain cart 1300 having a steering
system 100 according to embodiments of the present invention.

[0038] One skilled in the art should recognize that the present invention can
be fabricated from suitable materials, such as metal tubular frame pieces, sheet

metal, steel, etc. Further, as appropriate, off-the-shelf components could be
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utilized for components of the present invention, such as, wheel spindles, bolts,
lugs, etc.

[0039] Thus, a number of preferred embodiments have been fully described
above with reference to the drawing figures. Other details of the embodiments of
the invention should be readily apparent to one skilled in the art from the
drawings. Although the invention has been described based upon these
preferred embodiments, it would be apparent to those of skilled in the art that
certain modifications, variations, and alternative constructions would be
apparent, while remaining within the spirit and scope of the invention. For
example, although the steering system of the present invention is described in
terms of in-line tandems, the invention is not limited to a four wheel system and
other multiple wheel systems are possible. For example, six wheel systems
would work as well.

[0040] Further, the examples above include a grain wagon, however, the
steerable wheel system could be utilized for a number of towéd agricultural
implements.

[0041] In one embodiment, the cross linkage is removed and the linkages
could be configured to cause the outer wheels rotate at an angle that is different,

but proportional, that the inside wheels as already described above.
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IN THE CLAIMS:

We Claim:

1. A muiti-wheel oscillating tandem steering system for a pulled agricultural
implement, comprising:

first and second in-line axles pivotably coupled with a frame;

at least first and second in-line wheel arrangements including a plurality of wheel
assemblies arranged in-line and pivotably coupled with said first and second axles
respectively, each wheel arrangement having wheel linkages coupling the in-line wheel
assemblies such that in-line wheel assemblies oscillate together,

wherein said wheel linkages each include a rotating coupling pivotably connected
to the corresponding in-line axle, and a plurality of arms, each arm being connected to
a wheel assembly and to the rotating coupling such that rotation of the rotating coupling
causes each of the connected in-line wheel assemblies to turn; and

a right-to-left linkage coupling the rotating coupling of the wheel linkage of the
first in-line wheel arrangement to the rotating coupling of the wheel linkage of the
second in-line wheel arrangement so that said first in-line wheel arrangement oscillates
at a steering angle proportional to that of said second in-line wheel arrangement;

wherein said wheel linkages and said right-to-left linkage are arranged such that
each of said in-line wheel assemblies is caused to oscillate passively to steering angles
that follow a vehicle towing said agricultural implement, and when in a turn, an inside

wheel arrangement turns at an angle greater than an outside wheel arrangement.

2. The steering system as recited in claim 1, further comprising means for actively

controlling movement of the wheel assemblies.

12
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3. The steering system as recited in claim 1, further comprising means for self-

aligning the wheel assemblies.

4. The steering system as recited in claim 1, further comprising at least one

actuating device connected to at least one of said first and second wheel linkages for

controlling movement of the wheel assemblies.

D. The steering system as recited in claim 4, wherein said actuating devices include

hydraulic cylinders.

0. The steering system as recited in claim 4, wherein said actuating devices

Includes electric motors.

7. The steering system as recited in claim 4, wherein said actuating devices are

configured to move said wheel assemblies into a neutral position.

8. The steering system as recited in claim 1, wherein said wheel linkages are
arranged such that a first wheel assembly coupled with a first rotating coupling turns in

a direction opposite to that of a second wheel assembly coupled with the first rotating

coupling.

0. The steering system as recited in claim 7, wherein a rotating coupling of each
wheel linkage is positioned rearward of a pivot connection between said in-line axle and

sald frame.

10.  The steering system as recited in claim 1, wherein the right-to-left linkage is

positioned on an axis through the center of a pivot connection between said in-line axle

and sald frame.

13
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11. A steerable grain cart, comprising:
a grain hopper coupled with a frame;

first and second in-line axles pivotably coupiea with the frame;

first and second in-line wheel arrangements including a plurality of wheel
assemblies arranged in-line and pivotably coupled with said first and second axles
respectively, each wheel arrangement having wheel linkages coupling the in-line wheel
assemblies such that in-line wheel assemblies oscillate together;

wherein said wheel linkages each include a rotating coupling pivotably connected
to the corresponding in-line axle, and a plurality of arms, each arm being connected to
a wheel assembly and to the rotating coupling such that rotation of the rotating coupling
causes each of the connected In-line wheel assemblies to turn; and

a right-to-left linkage coupling the rotating coupling of the wheel linkage of the
first in-line wheel arrangement to the rotating coupling of the wheel linkage of the
second in-line wheel arrangement so that said first in-line wheel arrangement oscillates
at a steering angle proportional to that of sa-id second in-line wheel arrangement;

wherein said wheel linkages and said right-to-left linkage are arranged such that

each of said in-line wheel assemblies is caused to oscillate passively to steering angles
that follow a vehicle towing said agricultural implement, and when In a turn, an inside

wheel arrangement turns at an angle greater than an outside wheel arrangement.

12.  The steerable grain cart as recited in claim 11, further comprising a plurality

actuating devices are connected to said first and second wheel linkages for controlling

movement of the wheel assemblies.

14
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13.  The steerable grain cart as recited in claim 12, wherein said actuating devices

include hydraulic devices that can be controlled by a towing vehicle's hydraulic system.

14.  The steerable grain cart as recited in claim 12, wherein said actuating devices

includes electric motors.

15.  The steerable grain cart as recited in claim 12, wherein said actuating devices

are configured to move said wheel assemblies into a neutral position.

16. The steerable grain cart as recited in claim 11, wherein said wheel linkages are
arranged such that a first wheel assembly coupled with a first rotating coupling turns in

a direction opposite to that of a second wheel assembly coupled with the first rotating
coupling.

17.  The steerable grain cart as recited in claim 11, wherein a rotating coupling of

each wheel linkage is positioned rearward of a pivot connection between said in-line

axle and said frame.

18.  The steerable grain cart as recited in claim 11, wherein the right-to-left linkage 1s

positioned on an axis through the center of a pivot connection between said in-line axle

and said frame.
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