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(57) Abrege(suite)/Abstract(continued):
of the tractor. The apparatus Iincludes the draw bar hitch at the rear spaced across from the hitch arm for attachment to the cutter

so that the cutter Is offset to one side of the tractor. Two gear boxes and a drive shaft provide connection from the PTO of the
tractor to the drive input of the cutter. The offset hitch apparatus allows the cutter to run in a ditch while the tractor remains on level

ground.
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ABSTRACT OF THE DISCLOSURE

A hitch apparatus for connection between a tractor and a trailing implement
such as a cutter includes a hitch arm at one end of the apparatus extending
forwardly and pivotal so as to extend eitherinwardly or outwardly thus offsetting the
apparatus across the rear of the tractor. The apparatus includes the draw bar hitch
at the rear spaced across from the hitch arm for attachment to the cutter so that the
cutter is offset to one side of the tractor. Two gear boxes and a drive shatft provide
connection from the PTO of the tractor to the drive input of the cutter. The offset

hitch apparatus allows the cutter to run in a ditch while the tractor remains on level

ground.
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ARTICULATED POWER TRANSFER APPARATUS

FIELD OF THE INVENTION

The present invention relates to an offset hitch apparatus which can be
attached to a tractor for towing an implement, such as a cutter or mower behind the
tractor with the implement being moveable by the hitch apparatus to be towed
offset to either one side of the tractor or the other. The apparatus is particularly but
not exclusively designed for use in towing a cutter behind a tractor so that the
cutter can effect a cutting action in a ditch while the tractor remains on level

ground.

BACKGROUND OF THE INVENTION
It is well known that various mowing attachments can be towed behind a

tractor. In most cases the mowing attachment comprises a cutter defined by a
plurality of rotary cutter elements connected togetherin a frame arrangement whicn
may or may not provide pivotal action between each rotary element and the others.
Normally the cutter is towed directly behind the tractor and this provides an
effective cutting action on level ground where the cutter can be simply pullea
centrally and directly behind the tractor.

However, it has been a long standing problem to provide effective cutting
action in a ditch to one side of a roadway. In many cases the tractor driver simply
drives the tractor in the ditch with the cutter towed behind to provide a cutting
action directly behind the tractor.

_ In some cases, some degree of offset can be provided by moving the draw
bar hitch of the tractor to one side since most tractors have the ability to allow the
hitch to be moved to respective sides of the center position. However, this amount
of offset is very limited and certainly does not allow the tractor to remain on level
ground while the cutter is in the ditch.

Specially designed equipment has, therefore, been provided for this function
including sickle bars which are carried to one side of the tractor and a ditch swather

in which a swathing assembly is mounted at the outer end of a frame unit towed

behind the tractor with the ditch swather being pivotal about a horizontal axis along
the direction of movement so that it can run on level ground or can pivot
downwardly into a ditch. Other apparatus have been used to fixedly maintain a
cutter in an offset position relative to the tractor, and again while a certain variance
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in the offset angle may be permitted, these apparatus do not permit offset mowing
on both sides of the tractor, or permit mowing or transport of the cutter directly
behind the cutter. The power transmission through the offset angle in many known
devices is provided by continuously variable transmission (CVT) joints in the power
train. The drawback to CVT joints in the power train is the decrease in life span of
the joint with an increase in required angle. Thus a large ofiset angle reduces the
life span of the joint and severely limits the cutter operation hours. Additionally,
these special devices are limited in application and relatively expensive.

OBJECT AND SUMMARY OF THE INVENTION

Wherefore, it is an object of the present invention to provide an improved
apparatus which allows a conventional cutter to be used for mowing a ditch while
a tractor remains on level ground.

Anotherobject of the presentinvention is to provide an adjustable apparatus
which permits a tractor operator to adjust an offset of the cutter relative to the
tractor to facilitate the cutter mowing in a ditch while the tractor remains on level

ground.

A still further object of the present invention Is to provide an adjustable
towing apparatus which permits an adjustable offset of the cutter relative to the
tractor to either side of the cutter to facilitate the cutter mowing a ditch in any
direction while the tractor remains on level ground.

Another object of the present invention is to provide an adjustable towing
apparatus which permits the cutter to be towed directly, i.e. not offset in any
manner, behind the tractor for both mowing and road transportation purposes.

According to one aspect of the invention, there is provided an off-set hitch
apparatus for connection of animplement to a tractor comprising a moveable frame
having a ground wheel or wheels for transportation across the ground, said frame
and ground wheels being adjustable to a position relative to a towing device to
define an intended direction of working movement; a moveable hitch arm attached
to a forward end of the frame at one end of the frame and having a hitch coupling
at a forward end of the arm for connecting the offset hitch apparatus to the draw
bar hitch of the tractor; and a power input shaft for connecting to the power take-oft

of the tractor; a draw bar hitch at a rear end of the frame for connecting to a hitch
coupling of an implement such that the implement is towed at a position offset to
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said one side form said draw bar hitch of the tractor; a power take-off drive shaft
at the draw bar hitch of the frame for supplying drive power to the implement, and
a series of gear boxes and drive shafts for communicating drive from the power
input shaft to the power take-off shaft; and the frame being arranged to pivot
relative to the direction of working movement of the tractor and the towed
implement. The frame is further arranged to pivot about a substantially vertical axis
at the forward end of the frame and a substantially vertical axis at the rear end of
the frame respectively.

Preferably the frame comprises a parallel tfront and rear substantially
vertically aligned beams supporting an intermediate longitudinal beam, the front
beam being connected to the hitch arm and the second beam behind being
connected to the draw bar hitch with the intermediate beam connecting the front
and rear beams.

Preferably the ground wheels include at least a first wheel at the rear end
of the frame opposite to the hitch arm which via hydraulics is moveable relative to
the frame to direct the rotation of the intermediate and rear beam about the front
beam axis.

Preferably the drive coupling includes a first gear box on the frame
connected to the input shaft, a second gear box stacked substantially vertically
above the first gear box on the frame and an intermediate drive shaft
interconnecting the first and second gear boxes with a similarly stacked pairof gear

boxes at the rear end of the frame.
The present invention also relates to a control arm for a towed cutting

implement comprising a frame having a first pivotal connection at a first end and
a second spaced apart pivotal connection at a second end, a steering wheel
pivotally attached to the second end of the frame, a power train for operating the
towed cutting implement comprising an input shatft at the first end of the frame and
an output shaft at the second end of the frame defining a linear drive line
therebetween, wherein the input and the output shafts are connected by a parallel
intermediate power shaft spaced from the drive line.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will now be described, by way of example, with reference to

the accompanying drawings in which:
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Fig. 1 is a perspective view of an articulated power transfer arm 18
according to the present invention for attachment between a tractor and a cutter

showing the attachment of the apparatus to the rear of a tractor;
Fig. 2 Is a perspective view of a cutter to be attached to the end of the

power transfer arm 18 shown in Fig 1;

Fig. 3 Is a side elevational view of the apparatus as shown in Fig. 1;

Fig. 4 Is a top plan view of the apparatus of Fig. 1 showing the attachment
of the apparatus to the rear of the tractor;

Fig. 5 is a top plan view of the apparatus of Figs. 1-3 showing the
attachment of the apparatus to the rear of the tractor in an offset configuration.

Fig. © is another side elevational view of the apparatus as shown in Fig. 1

showing the power transfer shatfts.
In the drawings like characters of reference indicate corresponding parts in

the different figures.

DETAILED DESCRIPTION OF THE INVENTION

In Fig. 1 a partial rear end of a conventional tractor 10 includes a draw bar
11, hitch 22 and a power take-off shaft 12 connected to an articulated power
transfer 18. In order that a tractor 10 can tow a cutter 13 (as shown in greater
detail Fig. 2), in a ditch while the tractor 10 remains on level ground, there is
provided between the tractor 10 and the cutter 13 an articulated power transfer
apparatus or power transfer arm 18.

The power transfer arm 18 is connected between the tractor draw bar 11
and hitch 22, and a hitch coupling 8 of the cutter 13. The articulated power transfer
arm 18 generally comprises a front end 20 connected to the tractor 10, an
intermediate portion 30 and a rear end 40 spaced from the tractor 10 and
connected to the cutter 13. Besides connecting the tractor 10 and cutter 13, the
arm 18 passes power supplied by the tractor 10 and the power take off shaft 12
through the arm 18 to the cutter 13 to rotate the cutting blades (not shown).

The power transfer arm 18 is provided, usually at the rear end 40 with at
least a wheel or pair of ground wheels 16 to support and steer the power transfer
arm 18 as it is towed along the ground behind, or behind and to the side of the

tractor 10. It should be readily apparent to those of skill in the art that the ground
wheels 16 are generally steered by a mechanically actuated steering’'system, for
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example a hydraulic pressure system not shown here, as such steering systems
are well known in the art no further discussion is provided.

Turning to Figs. 3 and 4, the arm is connected at its front end 20 to the draw
bar 11 of the tractor 10 by a tractor hitch 22 which allows the power transfer arm
18 at least two degrees of freedom relative to the tractor 10. Travel hinge h of the
hitch 22 permits axial displacement of the power transfer arm 18 relative to the
tractor 10 about an axis h’ generally perpendicular to the center line C of tractor 10
and positioned between the arm 18 and the tractor 10. The hinge h allows a
certain amount of bending action, or relative up and down motion between the
tractor 10 and the power transfer arm 18 to pass over hills, bumps or other ground
obstacles. In other words, where there is a vertical height discrepancy between the
arm ground wheels 16 and the rear wheels of the tractor 10, for example when the
ground wheels 16 are down in a ditch, rotation of the arm 18 about the hinge h

permits this relative height difference.

The hinge h thus defines a vertical displacement angle a for the power
transferarm 18, i.e. a non-parallel angle of the power transfter arm 18 relative to the
tractor 10. This vertical displacement angle a is generally caused by the angle of
the incline of the ditch being mowed relative to the surface upon which the tractor
10 is traveling. This displacement angle a is in a range of O {o 50 degrees up, and
0 to 50 degrees down, however a more preferable range is 0 to 25 degrees up and,
0 to 25 degrees down to accommodate almost any ditch incline which tends to run
in a range of about 5 to 15 degrees of slope.

Additionally, a second travel hinge H defines an axis of rotation H’
substantially perpendicular to the axis h’ and permits the power transferarm 18 to
rotate also about the axis of rotation H' i.e. radially relative to the tractor 10. This
is important because, as can be ascertained by those of skill in the art, as the
operator steers the ground wheels 16 down into a ditch beside, i.e. offset from the
tractor 10, the ground wheels 16, which follow the contours of the side of the ditch,
will not only lower the rear end 40 of the power transfer arm 18 relative to both the
front end 20 of the arm and the tractor 10 running beside the ditch, but also radially
rotates the power transfer arm 18 about the axis H' so that both ground wheels 16
can remain in contact with the ground.

The power transfer arm 18 itself is primarily composed of a front beam 21,
an intermediate beam 31and a rear beam 41 supporting and/or housing the drive
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arrangement for the cutter 13, including gear boxes and drive shafts to be
discussed in further detail below. The front beam 21 includes a front swivel mount
23 supporting a portion of the tractor hitch 22, as discussed above, for connecting
with the tractordraw bar 11. The swivel mount defines a front swing axis FA about
which the intermediate beam 31 and the rear beam 41 (and any cutter 13 attached
thereto) are permitted to swing left or right, i.e. horizontally towards or away from
the centerline C of the tractor 10. As can be appreciated, as the ground wheels
16 steer the rear end 40 of the arm in a desired left or right direction relative to the
centerline C of the tractor 10 as dictated by a tractor operator, the rear end 40 of
the power transfer arm 18 swings about the front swing axis FA and
correspondingly moves the towed cutter 13 to a desired nhorizontal, or offset
relationship with respect to the centerline C of the tractor 10.

The three axes h’, H and FA all work in conjunction to allow the necessary
articulation of the arm 18 relative to the tractor 10. Hinge h, and axis h’ permits
relative axial bending if necessary between the tractor 10 and the arm 18. Hinge
H, and axis H’ permits relative radial rotation between the tractor 10 and the arm
18, and the front swivel mount 23 and axis FA allows for the arm 18 to be offset to
either side left or right of the centerline C of the tractor 10. This permits the stable
offset ditch and incline mowing capability and articulation of the arm 18.

As seen in Fig. 3 the arm 18 itself is essentially an upside down, U-shaped
structure having a front beam 21 which has an upper portion 25 substantially
vertically spaced from the swivel mount 23 by a desired distance and connecting
to the intermediate beam 31. The intermediate beam 31 extends at substantially
a 90 degree angle from the front beam 21 a desired distance to connect again at
substantially a 90 degree angle with an upper portion 45 of the rear beam 41. The
rear beam 41 is supported by a steerable connection with the ground wheels 16
which permits the ground wheels 16 to pivot relative to the arm 18 and thus control
the offset alignment of the arm 18 relative to the tractor 10.

The rear beam 41 also includes rear swivel mount 43 supporting a rear
cutter draw bar 47 for attachment to the cutter hitch 8. The rear swivel mount 43
defines a rear swing axis RA about which the rear cutter draw bar 47, the rear
output shaft 69 of the arm 18, the cutter hitch 8 and cutter 13 are all permitted to
rotate, so that the cutter 13 will follow the power transfer arm 18, and remains in-
line with the power take off shaft 12 as it is steered left or right by the ground
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wheels 16 relative to the centerline C of the tractor 10. Thus, despite this
articulation of the arm 18 relative to the tractor 10, because of the rear swivel
mount 43 the cutter 13 remains in-line with the output shaft 69 of the arm 18, this
ensures direct transfer of power minimizing the wear of drive train 60 components,
a further description of this feature of the present invention will be discussed in
detail below.

Because of the rigid 90 degree attachment of the front beam 21 and the rear
beam 41 to the intermediate beam 31, the front swing axis FA and rear swing axis
RA remain aligned substantially parallel to one another and perpendicular to the
intermediate beam 31, no matter what direction or orientation the power transfer
arm 18 achieves. This arrangement of the front and rear swing axes FA, RA
permits the cutter 13 and respective rotary cutting elements to be pulled by the
power transfer arm 18 along a travel vector M as seen in Fig. 5, parallel to but
offset to either side from the centerline C of the tractor 10. As is more readily
observed in Fig. 5, the power transfer arm 18 has a side to side, i.e. left and right,
angular range A of about 50 degrees to either side of the center line C of the tractor
10. Although this angular range A could be larger or smaller than 50 degrees, for
purposes of stability and mechanical articulation a range of about 50 degrees is
preferable.

It is to be understood that the term side to side means that the travel vector
M can be moved horizontally relative to the centerline C of the tractor 10 so that the
travel vector M remains substantially parallel to the centerline C of the tractor 10
during operation, no matter what relative vertical discrepancy there is between the
tractor 10 and the arm 18. ltis also to be understood by the above description that
the tractor 10 is pulling the cutter 13 in a substantially straight line, and that during
turning operations the vector M may vary from such a parallel relation with the
centerline C of the tractor 10.

Besides being capable of pulling the cutter 13 in an offset condition, i.e. the
cutter 13 travel vector M, being spaced from the centerline C of the tractor 10 on
either side of the tractor 10, it is to be appreciated that the power transfer arm 18
may also pull the cutter 13, either in a cutting mode or in a travel mode, directly
behind the tractor 10 as shown in Fig. 4. This is of particular importance for safety

and stability of the tractor 10. Travel and use of the tractor 10, either in a travel or
cutting mode with the cutter 13 in an offset condition, i.e. with the cutter 13 spaced
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horizontally to one side or the other of the tractor 10, may counteract the center of
gravity of the tractor 10 itself and create situations where the tractor 10 and cutter
13 are dangerously unbalanced. Thus, the ability to pull the cutter 13 into
alignment, i.e. where the travel vector M of the cutter 13 is co-linear with the center
line C of the tractor 10, is particularly important.

It is also to be appreciated by the above description that the front and rear
beams 21 and 41 and the relative 90 degree connections with the intermediate
beam 31 raise the intermediate beam 31 a desired distance above the ground.
This spacing or clearance permits the power transfer arm 18 to pass over certain
objects or obstacles to facilitate the mowing process. For example many roadways
have curbs, or low railings which impede conventional tractors towing offset
mowing devices. In the presentinvention when the cutter 13 is in an offset position
relative to the tractor 10, the clearance provided by the raised intermediate arm
would allow such impediments and obstacles to pass underneath the cutter arm,
and between the cutter 13 and the tractor 10 without interfering with offset mowing
operations.

Turning to Fig. 6, in order to operate the rotary cutting elements of the
cutter 13, i.e. cutting blades, power from the tractor's engine must be transferred
via a drive train 60, shown generally as 60, the power take-off shaft 12 from the
tractor 10 as conventionally used to supply the necessary power to turn the rotary
blades of the cutter 13. In the context of the articulated power transfer arm 18 as
described herein. and the substantial angular range, i.e. articulation, of the power
transfer arm 18 relative to the tractor 10, it is of paramount importance that cutter
drive apparatus be as simple and sturdy as possible while permitting the desired
movement of the power transfer arm 18. The above discussed structure of the
power transfer arm 18 frame provides the support and essentially the pathway for
the power train 60 to be described below, between the tractor 10 and the cutting
elements of the cutter 13.

The power take off shaft 12 from the tractor 10 provides power through a
drive connection shaft 59 to a first gear box 61 mounted on a base section 24 of
the front swivel mount 23 on the power transfer arm 18. The base section 24 of the
front swivel mount 23 is held horizontally fixed relative to the center line C of the
tractor 10 so that the take-off shaft 12 and the drive connection shaft 59 with the
first gear box 61 are always substantially in-line with the centerline C. The base
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section 24 is however radially rotatable about the axis H' as defined by the travel
axis H, and the U-joints, or CV joints of the drive connection shaft 59 permit the
relative radial rotation of the base section 24 and the supported gear box 61. As
can be readily discerned by a person of skill in the art, this arrangement holds the
first gear box 61 horizontally fixed, i.e. substantially in-line with the centerline of the
tractor 10, but rotatable in a substantially radial plane perpendicular to the main
travel vector T of the tractor 10.

The front beam 21 is fixedly attached to an arm support section 26 of the
swivel mount 23 to rotate substantially horizontally about the front swing axis FA
defined by the front swivel base 24 of the front swivel mount 23 and the first gear
box 61 supported thereon. The front swivel mount 23 and the output shaft 69 from
first gear box 61 essentially define the front swing axis FA about which the arm 18
swings horizontally side-to-side. Thus, in the case of side to side angular motion
of the power transfer arm 18 relative to the tractor 10, due to the relative motion
between the horizontally restrained front swivel base 24 and the front beam 21
which rotates horizontally about axis FA, the front beam 21, intermediate beam 31
and rear beam 41 of the arm 18 rotate about the front swing axis FA and
consequently the output shaft 69 of the first gear box 61 even as the first gear box
61 maintains the in-line connection of the drive train 60 with the take-off shaft 12.

It is to be noted that the arm 18 and the drive train 60 are together radially
rotatable along with the first gear box 61 about the plane perpendicular to the
center line C of the tractor 10 due to the draw bar 11 and hitch connection as
explained above. The result of which is that the power transfer arm 18 may be not
only offset from the tractor 10 left or right, but also tipped to follow the contour or
incline of a slope while the tractor 10 remains substantially level.

The first gear box 61 delivers power from the tractor 10 along a first shaft
63 to a second gear box 65. |t is to be appreciated that first shaft 63 may be a
straight power transmission shaft as known in the art, or the first shaft 63 may also
comprise a series of U-joints as shown in Fig. 6, to absorb any minor misalignment
or operating intolerances between the first and second gear boxes 61, 65. The
second gear box 65 is supported adjacent the top portion of the front beam 21 and
is provided spaced from and aligned with the first gear box 61 along the front swing

axis FA.
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The second gear box 65 delivers power from the first shaft 63 to an
intermediate shaft 67. Because the first and second gear boxes 61, 65 are
maintained in a linear relationship along the front swing axis FA, despite the
relative radial rotation between the gear boxes, no matter at what angle the power
transfer arm 18 is horizontally rotated about the front swing axis FA, and tipped
radially about the axis H’, the linear relationship between the second gear box 65
and the first gear box 61 about the front swing axis FA ensures that the ftirst shaft
63 is maintained in-line with the intermediate shatt.

't is to be appreciated that a combined gear box may also be used in place
of the above described first and second gear boxes and first shaft 63. The use of
such a combined gear box could eliminate the necessity for the first shaft 63 and
still ensure that a substantially in-line power transfer is accomplished between the
tractor power take off and the intermediate power shaft 67 described above.

The second intermediate power shaft 67 extends from the second gear box
65 at about a ninety 90 degree angle relative to the first shaft 63, although other
angles can be contemplated as well, along or within the intermediate beam 31 30
to a third gear box 71 supported in, on or adjacent the top portion 42 of the rear
beam 41. The intermediate power shaft 67 is generally the longest ot the power
shafts as the length of this intermediate shaft determines the overall offset distance
of the cutter 13 from the tractor 10.

The intermediate power shaft 67 is essentially parallel to and elevated above
the ground in order to provide the above discussed ground clearance as well as a
longer working length, i.e. offset distance, of the cutter arm. The third gear box 71
is aligned in-line with the second gear box 65 along an intermediate axis defined
by the intermediate power shaft 67. It is to be appreciated that intermediate shatft
67 may be a straight power transmission shaft as known in the art, or the
intermediate shaft may also comprise a series of U-joints as shown in Fig. 6, 10
absorb any minor misalignment or operating intolerances between the second and

third gear boxes 65, 71.

Extending from the third gear box 71, again at about 90 degrees relative to
the intermediate power shaft 67, is a third power shaft 73 which is connected with
a fourth gear box 75 supported on a swivel base 44 of the rear swivel mount 43
adjacent a bottom portion 46 of the rear beam 41. The third power shaft 73
extends between the third and fourth gear boxes 71, 75 and substantially defines
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the rear swing axis RA. The fourth gear box 75 receives in-line power transfer
from the from the third gear box 71 via the third shaft and into the fourth gear box
75 mounted on the rear swivel base 44 rear beam 41. The swivel base 44 of the
rear swivel mount 43 also carries the rear cutter draw bar 47 which consequently,
and in cooperation with the output shaft 78 from the fourth gear box 75, remains
substantially in-line with the drive connection shaft 59 and the initial power delivery
to the arm 18. The rear swivel mount 43 thus permits relative rotation between the
power transfer arm 18 and the trailing cutter 13 about the rear swing axis RA where
the rear swivel base 44 maintains the fourth gear box 75 and the power output
shaft 78 substantially parallel, i.e. in-line with the power take off shaft 12. As can
be readily discerned by a person of skill in the art, when the arm 18 is offset from
the centerline C of the tractor 10, this arrangement permits the fourth gear box 7o
to be correspondingly rotated about the rear swing axis RA relative to the rear
beam 41 of the arm 18 while remaining in direct linear connection, i.e. in-line with
the third gear box 71 which is maintained in a substantially fixed position relative
to the arm 18.

Returning to Fig. 1, the power transfer arm 18 is supported by a wheel, or
pair of ground following wheel(s) 16 attached to the arm 18 adjacent the rear beam
41. The wheel(s) 16 rotate about a generally horizontal wheel axle 15 which in turn
is rotatable about a steering axis SA, to direct the ofiset of the rear end 40 of the
arm 18 as desired. The steering axis SA is substantially parallel, but spaced
forward. relative to the tractor 10, from the rear swing axis RA of the arm 18. The
axle 15 and wheels 16 are in general hydraulically operated to turn about the
steering axis SA and thus cause the offset of the power transfer arm 18 relative to
the centerline C of the tractor 10, as the tractor 10 travels forward or backward.

The hydraulics, except for a single actual wheel steering piston 17 as
shown, are omitted from the drawings as such is well known in the art and for
purposes of clarity in the drawings. Because the wheel(s) are poSitioned
essentially adjacent or connected to the rearbeam 41, as the wheels steerthe arm
18 away from the centerline C of the tractor 10, the rear beam 41 directly follows
the wheel(s) away from the centerline C, thus causing the front beam 21 to rotate
about the front swing axis FA and bring the power transfer arm 18 and cutter 13
into an offset position to one side or the other of the tractor 10. Throughout this off-
setting motion, the cutter 13 remains is a substantially parallel direction of travel
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relative to that of the tractor 10 while the power transfer arm 18 creates an angular
link between the cutter 13 and the tractor 10 to facilitate the parallel off-set travel.

One of the more important features of the arm 18 is that even during offset
cutting operations the drive connection shaft 59, which is connected from the
tractor 10 to the front end 20 of the arm 18, and the power output shaft 78,
connected from the rear end 40 to the cutter 13, are almost always parallel with
one another. This significantly reduces the wear and tear on the components of
the arm 18 as well as components of the cutter 13. Furthermore, because the
cutter 13 is always directly in-line with the output shaft 78, the life expectancy of the
input drive of the cutter 13 is extended exponentially. It is well known that as the
joint angle between parts of a power transmission driveline increase the average
life expectancy of the joint decreases exponentially. Therefore with the parallel
alignment of the power take off shaft 12, power output shaft 78 and the cutter 13,
these in-line driveline components will last longer

An important aspect of the present invention is the relative arrangement of
the first, second, third and fourth gear boxes of the power transfer arm 18. The
gear boxes are each a right angle gear box as shown in Fig. 6, and can be for
example a splined shaft design as known in the art, although other designs ot gear
boxes could be contemplated. Within the context of the power transfer arm 18 the
first gear box 61 receives power input from the tractor's 10 power take off shaft 12
and drive connection shaft 59. Because the first gear box 61 is fixed to the front
swivel base 24 which does not rotate horizontally when the arm 18 is rotated about
front swing axis FA to an offset position, the power take off shaft 12 and the input
to the first gear box 61 remain in-line, i.e. there is little or no angular moment
applied to the connection between the take off shaft 12 and the gear box 61.

The first gear box 61 transfers the input power 90 degrees via the first power
shaft to the second gear box 65 which is also a 90 degree power transfer gear box.
The second gear box 65 then supplies the power at about 90 degrees to the
second power transmission shaft, and which in turn applies the power to the third
gear box 71 which is again a 90 degree power transfer gear box. The third gear
box 71 then provides 90 degree power transmission to the third power transmission
shaft connected to the fourth gear box 75 which is also a 90 degree power transfer
gear box for connection with the power output shaft 78 to drive the cutter 13.
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Because the fourth gear box 75 is fixed to the rear swivel base 44 which remains
parallel to tractor center line C when the arm 18 is moved to an offset position, the
power output shaft 78 remains in-line with the output of the fourth gear box 75 and
with the cutter 13, i.e. there is little or no angular moment applied to the connection
between the power output shaft 78 and the gear box 61, nor between the power
output shaft 78 and the cutter 13. Itis to be appreciated that the first and second
gear boxes could be a combined gear box, which could eliminate the necessity for
the first shaft 63. Also, the third and fourth gear boxes could also be a combined
gear box eliminating the necessity for the third power shaft 73.

It is also to be noted that the above described power transfer arm 18 design
permits a cutter to have, or accomplish a 0 degree turn radius. This is due to the
fact that the cutter 13 turning radius is not limited by the turning radius of the tractor
10. By way of example, where an operator desires to mow around a sign post or
utility pole, with the cutter 13 offset to the inside of the tractor 10 and the inner most
side of the cutter 13 being immediately adjacent the sign post or utility pole, the
tractor 10 can maintain a larger turning radius relative to the post or pole while
permitting the cutter 13 to have a much smaller and independent turning radius
dictated solely by the post or pole. This is true down to the zero turning radius
where the cutter 13 can turn about a single point, i.e. a zero turning radius.

In summary, and by way of further explanation, the presentinvention relates
to an articulated power transfer arm 18 for attaching an apparatus 13 to a towing
vehicle 10 and towing the apparatus 13 along an apparatus travel axis generally
parallel to a vehicle travel axis. The invention comprises an articulated arm
assembly 18 , including a U-arm assembly including a horizontal arm member 31
extending generally between the vehicle 10 and the apparatus 13, a forward
vertical arm member 21 and a trailing vertical arm member 41. The arm includes
a forward chassis having a forward horizontal pivot attachable to a vehicle drawbar
11 and allowing vertical rotation of the forward chassis about a forward horizontal
axis h'. A forward vertical pivot 23 rotatably connecting the forward vertical arm
member to the forward chassis and allowing rotation of the forward vertical arm
member about a forward vertical axis FA. A trailing chassis including a trailing
horizontal pivot P attachable to the apparatus and allowing vertical rotation of the
apparatus about a trailing horizontal axis P', and a training vertical pivot 43
rotatably connecting the trailing vertical arm member 41 to the trailing'chassis and
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allowing rotation of the trailing chassis about a trailing vertical axis RA. The
invention also includes a power train assembly, having an input shaft 59 attachable
to a power takeoff 12 of the vehicle 10 and connected by a first continuously
variable rotating coupling to a forward vertical shaft 63 rotating coaxially with the
forward vertical pivot. A horizontal arm shaft 67 rotating generally parallel with the
horizontal arm member 31 and connected from the forward vertical shaft 63 and
to a trailing vertical shaft 73 rotating coaxially with the trailing vertical pivot, and an
output shaft 78 attachable to a power input of the apparatus and connected from
the trailing vertical shaft by a continuously variable rotating coupling.

Since certain changes may be made in the above described improved off
set power transfer arm 18 without departing from the spirit and scope of the
invention herein involved, it is intended that all of the subject matter of the above

description or shown in the accompanying drawings shall be interpreted merely as
examples illustrating the inventive concept herein and shall not be construed as

limiting the invention.
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Wherefore, |/we claim:

1. A control arm for a towed cutting implement comprising:

a u-shaped frame having a first pivotal connection at a first end and a
second spaced apart pivotal connection at a second end,;

a steering wheel pivotally attached to the second end of the frame;

a power train for operating the towed cutting implement comprising an
input shaft at the first end of the frame and an output shaft at the second end of
the frame defining an in-line driveline therebetween;

wherein the input and the output shafts are connected by an intermediate

power shaft spaced from the driveline.

2. The control arm for a towed cutting implement as set forth in claim 1 further
comprising a front gear box providing a substantially perpendicular transfer of
power from the input shaft to the intermediate power shaft, and a rear gear box
providing a second perpendicular transfer of power from the intermediate power
shaft to the output shaft.

3. The control arm for a towed cutting implement as set forth in claim 2 wherein
the intermediate power shaft is spaced substantially vertically above and is

angularly moveabile relative to the in-line input and output shafts.

4. The control arm for a towed cutting implement as set forth in claim 3 wherein
the steering wheel is spaced from a front end of the frame and attached the

frame forward of the cutting implement.

5. The control arm for a towed cutting implement as set forth in claim 2 wherein

the front gear box further comprises a separate first and second gear boxes
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connected by a first drive shaft, and the rear gear box further comprises a

separate third and fourth gear boxes connected by a second drive shaft.

6. The control arm for a towed cutting implement as set forth in claim 1 wherein
the shaped frame defines a plane which is substantially perpendicularly aligned

relative to a ground surface being traversed by the control arm.

7. The control arm for a towed cutting implement as set forth in claim 6 wherein

at least a first and second gear boxes are linearly aligned on the frame.

8. The control arm for a towed cutting implement as set forth in claim 7 wherein a
third and fourth linearly aligned gear boxes are supported on the frame.

9. An articulated power transfer arm for attaching an apparatus fo a towing
vehicle and towing the apparatus along an apparatus travel axis generally
parallel to a vehicle travel axis, comprising:
an articulated arm assembly, including
a U-arm assembly including a horizontal arm member extending
generally between the vehicle and the apparatus, a forward vertical arm member
and a trailing vertical arm member,
a forward chassis including
a forward horizontal pivot attachable to a vehicle drawbar
and allowing vertical rotation of the forward chassis about a forward horizontal
axis,
a forward horizontal rotational joint between the forward
horizontal pivot and the forward chassis and allowing rotation of the forward

chassis about a horizontal axis generally parallel to the vehicle travel axis, and
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a forward vertical pivot rotatably connecting the forward
vertical arm member to the forward chassis and allowing rotation of the forward
vertical arm member about a forward vertical axis, and

a trailing chassis attachable to the apparatus, including

a trailing vertical pivot rotatably connected between the
trailing vertical arm member and the trailing chassis and allowing rotation of the
trailing chassis about a trailing vertical axis, and

a power train assembly, including

an input shaft attachable to a power takeoff of the vehicle and
connected by a first continuously variable rotating coupling to a forward vertical
shaft rotating coaxially with the forward vertical pivot,

a horizontal arm shaft rotating generally parallel with the horizontal
arm member and connected between the forward vertical shaft and a trailing
vertical shaft rotating coaxially with the trailing vertical pivot; and

an output shaft connected from the trailing vertical shaft and
attachable to a power input of the apparatus by a second continuously variable

rotating coupling.

10. The articulated power transfer arm of claim 9, wherein:

the forward vertical arm member extends downwards from a forward end

of the horizontal arm member to the forward chassis.

11. The articulated power transfer arm of claim 9, wherein:

the trailing vertical arm member extends downwards from the horizontal
arm member to the trailing chassis.

12. The articulated power transfer arm of claim 9, wherein:

the forward horizontal axis is generally parallel to the drawbar and
perpendicular to the vehicle travel axis.
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13. The articulated power transfer arm of claim 9, wherein:
the forward vertical axis is generally perpendicular to the forward

horizontal axis and to the vehicle travel axis.

14. The articulated power transfer arm of claim 9, wherein:
the trailing horizontal axis is generally parallel to the horizontal and

perpendicular to the apparatus travel axis.

15. The articulated power transfer arm of claim 9, wherein
the trailing vertical axis is generally perpendicular to the trailing horizontal

axis and to the apparatus travel axis.

16. The articulated power transfer arm of claim 9, wherein:
the apparatus travel axis is offsettable from the vehicle travel axis in a
horizontal plane and in a vertical plane and is rotatable from the horizontal plane.

17. The articulated power transfer arm of claim 9, wherein the trailing chassis
further includes:

a wheel assembly having a pair of wheels supported by an axle that is
generally horizontal and oriented generally perpendicular to the apparatus travel

axis.

18. The articulated power transfer arm of claim 9, wherein the wheel assembly
further includes:

a steering mechanism controlled from the vehicle to permit an operator of
the vehicle to control the horizontal offset of the trailing chassis with respect to
the venhicle, wherein
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the vertical and rotational offsets of the apparatus with respect to
the travel axis of the vehicle are determined by terrain over which the apparatus
is traveling such that the apparatus generally conforms to contours of the terrain.

19. The articulated power transfer arm of claim 9, whereby:.
the input shaft, forward vertical shaft, horizontal arm shaft, trailing vertical
shaft and output shaft and the first and second continuously variable rotating

couplings form an in-line power transfer assembly.

20. The articulated power transfer arm of claim 9, whereby:

the U-arm assembly raises the horizontal arm shaft of the power train
assembly vertically to clear obstacles lower than a vertical clearance between the
horizontal arm member and a ground surface.
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