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Abstract of the Disclosure

A hydraulic system has a frame member having an end. The structural
member Is pivotally coupled with the frame member end. A first hydraulic cylinder
includes a cylinder housing, a ram with a head reciprocally disposed within the -
housing, a first chamber on one side of the head, and a second chamber on another
side of the head. A first end of the first hydraulic cylinder is attached to the frame
member. A preload spring has a first end which is attached to the frame member,
and a second end which is attached to the second end of the first hydraulic cylinder.
A second hydraulic cylinder is coupled between the frame member and the structural
member. The second hydraulic cylinder includes a cylinder housing, a ram with a
head reciprOCaIly disposed within the housing, a first chamber on one side of the
head and a second chamber on another side of the head. A first fluid line
interconnects the first chamber of the first and second hydraulic cylinders. A second
fluid line interconnects the second chamber of the first and second hydraulic

cylinders.
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HYDRAULIC SYSTEM FOR AN AGRICULTURAL MOWER

Field of the Invention

The present invention relates {o hydraulic systems, and, more particularly, to

hydraulic systems used to position one structural member relative 1o another.

Backdground of the Invention
A hydraulic system for an agricultural application typically includes one or more

hydraulic cylinders which receive pressurized hydraulic fluid from a pressure source,
such as a hydraulic pump within an agricultural tractor. In the case of a single
cylinder, the hydraulic cylinder inciudes a pair of fluid lines which are in
communication with chambers on respective sides of a piston attached to a ram.
The fluid lines are coupled with a dual outlet hydraulic bank located at the back of
the tractor and operated from within the cab. In the case of multiple hydraulic
cylinders coupled together, each of the cylinders receive pressurized fluid in a
parallel or series manner, depending upon the particular application. Hydraulic
cylinders of this type are generally usefuli for lifting heavy loads and the like.

It is also possible to balance a load such as a structural member pivotally
connected to another frame member through the use of springs, counter weights,
etc. In the case of springs, one or more springs may be placed between the load to
be balanced and the pivotally coupled frame member on opposite sides of the pivot
location to keep the load in a generally centered orientation relative to the frame
member. Spring configurations of this type may be suitable for balancing loads, but
may also be bulky and impractical in terms of space requirements. Further, such
spring arrangements offer some resistance to relative movement between the
structural members, but do not prevent movement therebetween.

What is needed in the art is a hydraulic system which can be used, e.g., with an
agricultural mower, and provides the dual functionality of both balancing as well as

locking a load relative to a frame member.

Summary of the Invention
The present invention provides a hydraulic system which balances and locks a

position of a frame member relative to a structural member such as a cutter head of

an agricultural mower.
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The invention comprises, in one form thereof, a hydraulic system including a
frame member having an end. The structural member is pivotally coupled with the
frame member end. A first hydraulic cylinder includes a cylinder housing, a ram with
a head reciprocally disposed within the housing, a first chamber on one side of the
head, and a second chamber on another side of the head. A first end of the first
hydraulic cylinder is attached to the frame member. A preload or counterbalance
spring has a first end which is attached to the frame member, and a second end
which is attached to the second end of the first hydraulic cylinder. A second
nydraulic cylinder is coupled between the frame member and the structural member.
The second hydraulic cylinder includes a cylinder housing, a ram with a head
reciprocally disposed within the housing, a first chamber on one side of the head and
a second chamber on another side of the head. A first fluid line interconnects the
first chamber of the first and second hydraulic cylinders. A second fluid line
interconnects the second chamber of the first and second hydraulic cylinders. In an
alternate form of the invention, the spring could be coupled between the frame
member and the structural member.

An advantage of the present invention is that the structural member, such as a
cutter head of an agricultural mower, is balanced relative to the frame member
without the use of sophisticated and relatively expensive sensors and controls.

Another advantage is that the position of the structural member relative to the
frame member may be selectively locked.

Yet another advantage is that the preload on the first hydraulic cylinder may be
selectively adjusted.

Still another advantage is that the cylinders act to dampen relative movement that
occurs between the structural and frame members due to loads induced on the

cutting head during operation.

Brief Description of the Drawings

The above-mentioned and other features and advantages of this invention.
and the manner of attaining them, will become more apparent and the invention will
be better understood by reference to the following description of an embodiment of
the invention taken in conjunction with the accompanying drawings, wherein:

Fig. 1 is a side view of an agricultural mower including an embodiment of a
hydraulic system of the present invention:
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Fig. 2 is a fragmentary, side view of the hydraulic system of the present
invention shown in Fig. 1;

Fig. 3 is a top view of the hydraulic system shown in Figs. 1 and 2; and

Fig. 4 is a schematic illustration of the hydraulic system shown in Figs. 1-3.

Corresponding reference characters indicate corresponding parts
throughout the several views. The exemplification set out herein illustrates one
preferred embodiment of the invention, in one form, and such exemplification is not

to be construed as limiting the scope of the invention in any manner.

Description of the Preferred Embodiment
Referring now to the drawings, and more particularly to Fig. 1, there is shown an

agricultural mower 10 which includes an embodiment of a hydraulic system 12 of the
present invention. Agricultural mower 10 generally includes a traction unit 14 and a
pair of cutter heads 16, one of which is shown in Fig. 1 in the folded, transport
position generally in line with traction unit 14. Cutter head 16 includes a rotary disk
cutterbar 18 which is driven by a telscoping drive shaft 20 extending between a
source of power located on the traction unit 14. An agricultural mower having a
rotary disk cutterbar is generally known, and therefore will not be described in
greater detail herein. For example, the assignee of the present invention markets a
model No. 956 mower-conditioner with a rotary disk cutterbar.

Agricultural mower 10 also includes a 3-point hitch assembly 22 which pivotally
supports a frame member 24 in the form of a cantilever beam. Frame member 24
Includes a proximal end which is pivotally coupled with 3-point hitch assembly 22
and a distal end 26 which is pivotally coupled with cutter head 16 at pivot point 28.
Cutter head 16 defines a structural member supporting rotary disk cutterbar 18, and
includes a proximal end 30 and distal end 32 (relative to 3-point hitch assembly 22).
Distal end 26 of frame member 24 is pivotally coupled with the structural member or
cutter head 16 at a location approximately midway between proximal end 30 and
distal end 32. '

Referring now to Figs. 2-4, hydraulic system 12 will be described in greater detail.
Hydraulic system 12 functions to balance cutter head 16 relative to frame member
24, and selectively lock the position of cutter head 16 relative to frame member 24.
In general, hydraulic system 12 includes a first hydraulic cylinder 34, preload or
counterbalance spring 36, second hydraulic cylinder 38, first fluid line 40 and second
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fluid line 42.
First hydraulic cylinder 34, shown schematicalily in Fig. 4, includes a cylinder

housing 44. A ram 46 with a head 48 is reciprocally disposed within cylinder housing
44. Cylinder housing 44 defines a variable volume first chamber 47 on a side of
head 48 which is opposite from ram 46. Cylinder housing 44 also defines a variable
volume second chamber 49 on a side of head 48 which is adjacent to ram 46. A first
end 50 of first hydraulic cylinder 34 is positioned at an end of cylinder housing 44;
and a second end 52 of first hydraulic cylinder 34 is positioned at an end of ram 46
opposite from head 48. First end 50 Is attached to a flange 54 extending from frame
member 24.

Preload spring 36 includes a first end 56 which is attached to a flange 58
extending from frame member 24. Preload spring 36 also includes a second end 60
which is attached 1o second end 52 of first hydraulic cylinder 34. In the embodiment
shown, preload Spring 36 is a tension spring, but could be a compression spring
depending on the spring characteristics needed for applying a selected axial preload
to ram 46 of first hydraulic cylinder 34 in a required direction, for the purpose
explained in more detail below. To coupile first end 56 of spring 36 with flange 58, an
adjustable preload member 62 in the form of a mechanically adjustable threaded bolt
interconnects first end 56 with flange 58. The degree to which bolt 62 is threaded
Into a suitable coupling at first end 56 determines the preload applied to spring 36
and hydraulic ram 46. An electrically or hydraulically driven actuator could also be
used to adjust preload member 62. Also, instead of being coupled to the hydraulic
cylinder 34, the spring 36 could be mounted between the frame member 24 and the
cutter head 16.

Second hydraulic cylinder 38 is coupled between frame member 24 and cutter
head 16. Second hydraulic cylinder 38 includes a cylinder housing 64 (Fig. 4). A
ram 66 with a head 68 is reciprocally disposed within cylinder housing 64. Cylinder
housing 64 defines a variable volume first chamber 70 on a side of head 68 opposite
from ram 66. Cylinder housing 64 also defines a variable volume second chamber
72 on a side of head 68 which is adjacent to ram 66. Second hydraulic cylinder 38
Includes a first end 74 coupled with a flange 76 extending from frame member 24 at

distal end 26, and a second end 78 coupled with a flange 80 extending from cutter
head 16 (Figs. 2 and 3). |

First fluid line 40 fluidly interconnects first chamber 47 in first hydraulic cylinder
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34 with first chamber 70 in second hydraulic cylinder 38. Second fluid line 42 fluidly
interconnects second chamber 49 in first hydraulic cylinder 34 with second chamber
72 in second hydraulic cylinder 38. An electrically operated valve 82 is interposed in
second fluid line 42. In the closed position, valve 82 prevents fluid flow between
second chamber 49 of first hydraulic 34 and second chamber 72 of second hydraulic
cylinder 38. Valve 82 may also be manually operable (such as through a solenoid
valve, etc.), but is preferably electrically controlied based upon an operating position
of cutter head 16. For example, cutter head 16 is movable between a transport
position (as shown in Fig. 1), a working position, and a raised field position. Valve
82 is closed when cutter head 16 is in the transport position or raised field position to
lock the position of cutter head 16 relative to frame member 24.

During operation, transport wheel 84 is removed from cutter head 16 and frame
member 24 is pivoted relative to 3-point hitch assembly 22 until cutter head 16 is in a
working position (generally perpendicular to the position shown in Fig. 1). Threaded
bolt 62 is threaded into first end 56 of spring 36 until a desired preload is placed
upon spring 36. This in turn exerts an axial tensile load on ram 46 which
compresses the hydraulic fluid within second chamber 49 of first hydraulic cylinder
34. With valve 82 in the open position, the compressed fluid within second chamber
49 transmits fluid pressure to second chamber 72 of second hydraulic cylinder 38.
This in turn applies an axial lifting force to ram 66 and flange 80 of cutter head 186.
Applying a greater preload to spring 36 results in a greater lifting force to distal end
32 of cutter head 16. Conversely, applying a smaller preload to spring 36 resulits in
less lifting force to distal end 32 of cutter head 16. In this manner, cutter head 16
can be balanced relative to pivot point 28. The application of a lifting force, as
described, presumes that the part of the cutter head 16 outboard of the pivot
connection 28 is heavier than the inboard part. If this is not the case, then a
compression spring would be used instead of the tension spring 36, resulting in a
pushing force being exerted by the pressure fluid acting on the head end of the
piston 68 of the second hydraulic cylinder 38. Of course, another way to accomplish
this result would be to retain the tension spring 36, but mount the second hydraulic
cylinder 38 so that its rod end is coupled to the cutter head 16 to the left of the pivot
connection 28, as viewed in FIG. 2.

While the spring 36 is operating to counterbalance the cutter head 16 about the
pivot connection 28, the hydraulic cylinders 34 and 38 will operate to dampen any

--------------------
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motion of the cutter head 16 about the pivotal connection 28 caused as the cutter
head 16 moves over uneven terrain or obstacles.

As agricultural mower 10 approaches the end of a field, 3-point hitch assembly 22
and cutter head 16 are typically raised to a raised field position during a turning
maneuver before traversing in an opposite direction across the field. The position of
hitch assembly 22 relative to traction unit 14 can be sensed using an appropriate
sensor and controller (not shown). The controlier closes valve 82 based upon an
input signal to prevent fluid flow between first hydraulic cylinder 34 and second
hydraulic cylinder 38, thereby locking the position of cutter head 16 relative to frame
member 24. Similarly, frame member 24 is pivoted to the position shown in Fig. 1
such that cutter head 16 is generally in line with traction unit 14 when cutter head 16
IS in a transport position. The position of frame member 24 relative to 3-point hitch
assembly 22 can be sensed using an appropriate sensor (not shown) and inputted to
a controller. The controlier again closes valve 82 so that the position of cutter head
16 relative to frame member 24 does not pivot during transport.

Having described the preferred embodiment, it will become apparent that various
modifications can be made without departing from the scope of the invention as
defined in the accompanying claims.
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Claims:

1. A hydraulic system, comprising:

a frame member having an end;

a structural member pivotally coupled with said frame member end;

a first hydraulic cylinder including a cylinder housing, a ram with a head
reciprocally disposed within said housing, a first chamber on one side of said head, a
second chamber on an other side of said head, a first end associated with one of
said cylinder housing and said ram, a second end associated with an other of said
cylinder housing and said ram, said first end of said first hydraulic cylinder being
attached to said frame member;

a preload spring having a first end and a second end, said spring first end
being attached to said frame member, said spring second end being attached to one
of said structural member and said second end of said first hydraulic cylinder;

a second nhydraulic cylinder coupled between said frame member and said
structural member, said second hydraulic cylinder including a cylinder housing, a
ram with a head reciprocaliy disposed within said housing, a first chamber on one
side of said head, and a second chamber on an other side of said head;

a first fluid line interconnecting said first chamber of said first hydraulic
cylinder and said first chamber of said second hydraulic cylinder; and

a second fluid line interconnecting said second chamber of said first hydraulic
cylinder and said second chamber of said second hydraulic cylinder.

2. The hydraulic system of claim 1, further including a valve interposed in one
of said first fluid line and said second fluid line.

3. The hydraulic system of claim 2, wherein said valve is an electrically
operated valve.

4. The hydraulic system of claim 2, wherein said valve is interposed in said
second fluid line, and wherein said second chamber of said first hydraulic cylinder is
adjacent said ram in said first hydraulic cylinder, and said second chamber of said
second hydraulic cylinder is adjacent said ram in said second hydraulic cylinder.

5. The hydraulic system of claim 1, further including an adjustable preload
member coupled with said spring first end.

6. The hydraulic system of claim 5, wherein said preload member comprises
a threaded bolt.
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/. The hydraulic system of claim 5, wherein said preload member is
mechanically adjustable.

8. The hydraulic system of claim 1, wherein said frame member includes
spaced apart flanges extending outwardly therefrom, said first end of said first
hydraulic cylinder being attached to one of said flanges and said spring first end
being attached to an other of said flanges.

9. A method of operating a hydraulic system, comprising the steps of:

providing a first hydraulic cylinder including a cylinder housing, a ram with a
head reciprocally disposed within said housing, a first chamber on a side of said
head opposite said ram, a second chamber on a side of said head adjacent said
ram, a first end associated with said cylinder housing, and a second end associated
with said ram;

providing a second hydraulic cylinder inciuding a cylinder housing, a ram with
a head reciprocally disposed within said housing, a first chamber on a side of said
head opposite said ram, and a second chamber on a side of said head adjacent said
ram;

iInterconnecting a first fiuid line between said first chamber of said first
hydraulic cylinder and said first chamber of said second hydraulic cylinder;

Interconnecting a second fluid line between said second chamber of said first
hydraulic cylinder and said second chamber of said second hydraulic cylinder;

attaching a preload spring to said second end of said first hydraulic cylinder;
and

adjusting a preload on said second end of said first hydraulic cylinder using
sald preload spring.

10. The method of claim 9, including the step of positioning a valve in one of
said first fluid line and said second fluid line.

11. The method of claim 10, including the step of electrically operating said
valve.

12. The method of claim 11, including the step of attaching said first end of
said first hydraulic cylinder to a frame member, said electrically operating step being
carried out dependent upon a position of said frame member.

13. An agricultural mower, comprising:

a frame member having an end:

a cutter head pivotally coupled with said frame member end:;
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a first hydraulic cylinder including a cylinder housing, a ram with a head
reciprocally disposed within said housing, a first chamber on one side of said head, a
second chamber on an other side of said head, a first end associated with one of
said cylinder housing and said ram, a second end associated with an other of said
cylinder housing and said ram, said first end of said first hydraulic cylinder being
attached to said frame member;

a preload spring having a first end and a second end, said spring first end
being attached to said frame member, said spring second end being attached to one
of said structural member and said second end of said first hydraulic cylinder;

a second hydraulic cylinder coupled between said frame member and said
cutter head, said second hydraulic cylinder including a cylinder housing, a ram with a
head reciprocally disposed within said housing, a first chamber on one side of said
head, and a second chamber on an other side of said head:

a first fluid line interconnecting said first chamber of said first hydraulic
cylinder and said first chamber of said second hydraulic cylinder; and

a second fluid line interconnecting said second chamber of said first hydraulic
cylinder and said second chamber of said second hydraulic cylinder. |

14. The agricultural mower of claim 13, further including a valve interposed in
one of said first fluid line and said second fluid line.

15. The agricultural mower of claim 14, said cutter head being movable
between a working position, a raised field position and a transport position, said
valve being operable dependent upon said position of said cutter head.

16. The agricultural mower of claim 15, wherein said valve is an electrically
operated valve.

17. The agricultural mower of claim 15, wherein said valve is interposed in
said second fluid line, and wherein said second chamber of said first hydraulic
cylinder is adjacent said ram in said first hydraulic cylinder, and said second
chamber of said second hydraulic cylinder is adjacent said ram in said second
hydraulic cylinder.

18. The agricultural mower of claim 13, further including an adjustable
preload member coupled with said spring first end.

19. The agricultural mower of claim 18, wherein said preload member
comprises a threaded bolt.

20. The agricultural mower of claim 18, wherein said preload member is
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mechanically adjustable.

21. The agricultural mower of claim 13, wherein said frame member includes
spaced apart flanges extending outwardly therefrom, said first end of said first
hydraulic cylinder being attached to one of said flanges and said spring first end
being attached to an other of said flanges.

22. The agricultural mower of claim 13, wherein said frame member

comprises a cantilever beam.

10
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