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ABSTRACT

A rotary mower apparatus includes a center section with a center blade, inner wings with
inner and middle blades, and outer wings with outer blades. Rear wheels support rear
ends of the decks, and gauge wheels support front portions of the outer wings. A
tfransport mechanism folds the outer wings upward to a transport position over the inner
wings, and then folds the inner wings to a transport position upright from outer edges of
the center section. A drive is operative to rotate c¢ach blade. Beneficially axes of the
blades are oriented alternately forward and rearward across a width of the apparatus. A
disclosed drive has a main gear box adapted at an input thereof for attachment to a

rotating power source, and slip clutch protected power shafts are connected to outputs of

the main gear box to drive the blades.
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FIVE-SECTION ROTARY MOWER

This invention is in the field of rotary mowers and in particular such mowers that include

wings for improved terrain following and narrow transport configurations.

BACKGROUND

Rotary mowers are well known for use in road-side maintenance, agriculture, and general
grounds maintenance activities., Rotary mowers comprise a substantially horizontally
oriented deck with a blade rotatably attached to a bottom side of the deck by a shaft
extending through the deck to a blade gear box on top of the deck. The blade typically

comprises a rotating blade bar or blade pan with blade knives pivotally attached thereto.

A power shaft is connected to the input of the blade gear box to rotate the blade.

In many situations it is desirable to have as wide a mower as possible, for example for

mowing large areas such as airports, agricultural fields, and the like. Thus mowers have

thus been developed that have three decks comprising wings pivotally attached to a
center section. This configuration provides improved ground following and a more even
cut across the width of the mower compared to a wide rigid mower. A narrow transport
width is provided as well by folding the wings up to a substantially vertical orientation
along each side of the center section. In order to transport such a mower along roadways

in many jurisdictions the transport width must be no greater than 3 meters. Height

restrictions also often apply.

Such wing mowers typically include a single rotating blade on a center section, and the
widest available mowers have two rotating blades on each wing. The blades are oriented
typically in a V-configuration with the center blade nearest the front of the mower, the

inner wing blade on each side shghtly rearward of the center blade, and the outer wing

blades slightly rearward of the inner wing blades. In order to provide some overlap to




10O

15

20

23

CA 02527792 2005-11-25

- Page 3 -

avoid misses, the rotational axes of one blade must be forward or rearward of the adjacent

blades. It is also known to configure a three section mower with the center blade back

near the rear of the mower, the inner wing blades forward, and the outer wing blades back

again in a W-configuration.

A tractor towing the three section mower is connected by a power take off (pto) shaft to a
main gear box, and then the main gear box typically has three outputs, each connected to
a power shaft. A center power shaft 1s connected to a center gear box driving the center
blade, and right and left power shafts are connected to corresponding right and left
intermediate gear boxes driving the corresponding right and left inner wing blades, which
intermediate gear boxes in turn each include another output connected to a power shaft

driving an outer gear box and the outer blades.

The power shafts from the gear boxes typically include slip clutches to protect the drnive
train. Such slip clutches are designed such that when the blade strikes an obstruction, the
clutch will slip and thus reduce damage to the drive train and the blade. The slip clutch
will be set from the factory, or in some cases can be set it the field by tightening or
loosening them, to transmit sufficient torque through the shaft to drive the blade during
normal .working conditions, but if the torque requirement climbs to a slipping point, such
as when the blade hits a rock, the clutch will slip and the blade will stop. Typically the
slipping point will be about 100% above the normal load to avoid constant slipping and

poor cuiting performance. On a typical mower the torque requirement during normal
operations could be about 600 Newton-meters (NM), such that the slip clutch was set to

slip at 1200 NM. Thus where the torque requirement on the shaft increases by 600 NM,
the clutch will slip.

Typically the pto shaft from the tractor to the main gear box will not have a slip clutch, as

the power shafts from the main gear box include slip clutches to provide the required

protection. Thus the power shaft from the main gear box to the center gear box, and
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corresponding slip cluich, drives only the center blade. The power shafts from the main
gear box to the right and left intermediate gear boxes, and corresponding slip clutches on
each, are however required to drive both the inner and outer wing blades. Thus each slip

clutch must be set to transmit sufficient torque through the shaft to drive two blades

during normal operations.

For a typical mower the torque requirement during normal operations could be about
1200 Newton-meters (NM) for two biades, such that the slip clutch was set to slip at 2400
NM. Thus when one of the inner wing blades hits an obstruction, the torque requirement
must climb by 1200 NM in order to cause the clutch to slip, reducing protection for the
inner wing blade and drive line. The slip clutch can be loosened to reduce the torque at
which same will slip, however there is then a risk of poor performance. The outer wing

blade, like the center blade, is driven by a slip clutch on a shaft driving only that blade, so

it 1s not affected by this problem.

Adding another blade outside the outer wing to make a wider mower would require
adding an output to the outer gear box, and another power shaft to drive the outside blade.
This would require that the power shafts from the main gear box to the right and left
intermediate gear boxes, and corresponding slip clutches on each, drive the inner, outer,

and outside blades, or three blades, exacerbating the problem significantly.

Other types of protection could be provided, such as providing a slip clutch in the short
drive shaft down from each gear box to the blade being driven, however slip clutches are

preferred for reasons of economy, convenience, and the like, and the reduced protection

15 not prohibitive in a three section mower, affecting only the inner wing blades.

Such mowers have been limited in width to about 8.5 meters. The width of the center

section 1s limited by the transport width, and height restrictions limit the overall length of




10

15

20

23

CA 02527792 2005-11-25

- Page 5 -

the wings which upward from the sides of the center section. Stability issues arise as

well when the upright wings are excessively high.

Other towed implements, such as agricultural ground working implements such as
cultivators and the like, have been extended to wider widths by adding outer wings to the
Inner wings to create a five section implement. This is relatively straightforward with
implements that do not require a mechanical rotating drive train out to the outside wings.

Where such a drive train is required as is the case for rotary mowers, significant problems
arise 1n providing a suitable drive train that can power the outside rotor, provide

satisfactory driveline protection, and at the same time fold into a satisfactory transport

width.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a rotary mower that overcomes

problems in the prior art.

In a first embodiment the invention provides a rotary mower apparatus for operation in an
operating travel direction. The apparatus comprises a center section comprising a center
deck and a center blade mounted under the center deck and driven through a center gear
box mounted on the center deck. Right and left inner wings comprise right and left inner

wing decks pivotally attached at inner edges thereof to corresponding right and left outer

edges of the center section, and inner and middle blades mounted under each of the right
and left.inner wing decks and driven through corresponding inner and middle gear boxes
mounted on the mner wing decks. Right and left outer wings comprise right and left
outer wing decks pivotally attached at inner edges thereof to corresponding right and left
outer edges of the right and left inner wings, and an outer blade mounted under each of

the right and left outer wing decks and driven through outer gear boxes mounted on the

outer wing decks. A plurality of rear wheels is operative to support rear ends of the
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decks. A transport mechanism is operative to fold the outer wings upward to a transport

position over the inner wings, and operative to then fold the inner wings to a transport
position oriented substantially upright from outer edges of the center section. A drive is

operative to rotate cach blade.

In a second embodiment the invention provides a rotary mower apparatus for operation in
an operating travel direction. The apparatus comprises a center section comprising a
center deck and a center blade mounted under the center deck and driven through a center
gear box mounted on the center deck; inner wings comprising inner wing decks pivotally
attached at inner edges thereof to corresponding outer edges of the center section, and
inner and middle blades mounted under each of the inner wing decks and driven through
corresponding inner and middle gear boxes mounted on the inner wing decks; and outer
wings comprising outer wing decks pivotally attached at inner edges thereof to
corresponding outer edges of the inner wings, and an outer blade mounted under each of
the outer wing decks and driven through outer gear boxes mounted on the outer wing
decks. Axes of the blades are oriented alternately forward and rearward across a width of
the apparatus. A plurality of rear wheels support rear ends of the decks and gauge wheels
are operative to support front portions of the outer wings. A transport mechanism is
operative to fold the outer wings upward to a transport position over the inner wings, and
operative to then fold the inner wings to a transport position oriented substantially upright
from outer edges of the center section. A main gear box is adapted at an input thereof for
attachment to a rotating power source, and includes a plurality of outputs, and each of a
plurality of power shafts is connected to an output of the main gear box and 1s operative

to drive at Jeast one blade.

The rotary mower apparatus can be configured with the blades oriented alternately
forward and rearward across a width of the apparatus so that overlap is achieved, and the
overall length of the apparatus is minimized to improve maneuverability., Configuring

the blades with the center blade forward, the inner blades rearward, the middle blades
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forward, and the outer blades rearward such that four of the seven blades are spaced
along a rear discharge area of the apparatus will give the most even spread of cut
material. Locating the center blade forward also reduces the distance between the main

gear box and the center gear box, beneficially reducing the length of the center power

shaft.

The drive can be configured such that each blade is protected by a slip clutch, as is
required to protect the blades and driveline, and yet no slip clutch is required to dive
more than two blades. Transmitting sufficient torque to drive three blades through a
single slip clutch reduces the effectiveness of the slip clutch to provide protection and

presents difficulties in setting the slipping point of the slip clutch. Prior art mowers drive

two blades with a single slip clutch, and though somewhat problematic, such

configurations have proven workable in the prior art.

DESCRIPTION OF THE DRAWINGS

While the invention is claimed in the concluding portions hereof, preferred embodiments
are provided in the accompanying detailed description which may be best understood in
conjunction with the accompanying diagrams where like parts in each of the several

diagrams are labeled with like numbers, and where:

Fig. 1 1s a top view of an embodiment of a rotary mower apparatus of the

invention connected to a towing tractor;

Fig. 2 1s a perspective view of the embodiment of Fig. 1 in an operating position;

F1g. 3 1s a perspective view of the embodiment of Fig. 1 with outer wings in a

transport position folded over the inner wings;
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Fig. 4 is a perspective view of the embodiment of Fig. 1 with inner and outer

wings in the transport position.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

Figs. 1 — 4 illustrate an embodiment of rotary mower apparatus 1 of the present invention
adapted for operation in an operating travel direction T. The apparatus comprises a
center section 3 comprising a center deck 5 and a center blade 6 mounted under the center
deck 5 and driven through a center gear box 7 mounted on the center deck 5. Inner wings
9 comprise inner wing decks 11 pivotally attached at inner edges thereof to
corresponding outer edges of the center section 3, and inner and middle blades 13, 15
mounted under each of the inner wing decks 11 that are driven through corresponding

inner and middie gear boxes 17, 19 mounted on the inner wing decks 11.

Outer wings 21 comprise outer wing decks 23 pivotally attached at inner edges thereof to
corresponding outer edges of the inner wings 9, and an outer blade 25 mounted under

cach of the outer wing decks 23 and driven through outer gear boxes 27 mounted on the

outer wing decks 23.;

In the illustrated embodiment, the rotational axes of the blades, as indicated by the
location of the gear boxes 7, 17, 19, 27 are oriented altermately forward and rearward
across a width of the apparatus 1. The center blade axis at the center gear box 7 is
forward, the inner blade axes at the inner gear boxes 17 are rearward, the middle blade
axes at the middle gear boxes 19 are forward, and the outer blade axes at the outer gear
boxes 21 are rearward. By alternating the blades forward and rearward across the width,
overlap is achieved, and yet the overall length of the apparatus 1 from front to rear is

minimized, compared to orienting the blade axes in a V-shape from front to back. It is
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contemplated that the illustrated configuration, with four of the seven blades rearward,

will also give the most even spread of cut material rearward of the apparatus 1.

A plurality of rear wheels 29 are operative to support rear ends of the decks 5, 11, 23 and
are typically hydraulically controIled to raise and lower the mower decks. In the
illustrated embodiment, gauge members, illustrated as castering gauge wheels 31 are
operative to support front portions of the outer wings 2. It is contemplated that a skid or
the like could possibly be used as a gauge member as well where it is required to support
the front portions of the outer wings. In the illustrated configuration the gauge wheels 31
are located on the outside front corner of the inner wing 9, to which the outer wings 21
are attached. The gauge wheels 31 and rear wheels 29 can be linked to raise and lower

front and rear ends of the apparatus 1 together to maintain the mower substantially level.

A transport mechanism, which typically will comprise a plurality of appropriate hydraulic
cylinders, is operative to fold the outer wings 21 upward to a transport position over the
inner wings 9 as illustrated in Fig. 3, and is operative to then fold the inner wings 9 to a
transport position oriented substantially upright from outer edges of the center section 3
as 1llustrated 1n Fig. 4. In the illustrated embodiment the outer wings 21 fold over the
mnner wings 9 to lie at an angle in a transport position that is less than about 25 degrees,
generally between 15 and 20 degrees with respect to the inner wing 9, such that the outer
wings 21 are fairly close to and generally above the inner wings 9. This orientation

allows the inner wings 9 to fold to the upright orientation extending up from outer edges

of the relatively narrow center section 3 with the outer wings 21 lying between the right

and left upright outer wings 21.

The apparatus 1 includes a drive is operative to rotate each blade. In the illustrated
embodiment the drive comprises a main gear box 33 attached to the hitch 35 of the
apparatus 1 and adapted at an input 37 thereof for attachment to a rotating power source,

typically as illustrated the power take off of a towing tractor 39. The main gear box 33
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transfers the rotation of the input 37 to three outputs 41. Power shafts are connected to
each output 41 of the main gear box 33 to drive the blades. Each blade is driven by a

power shaft that includes a slip clutch to provide protection for the driveline and blades.

In the illustrated embodiment, a center power shaft 43 is connected to a main gear box
output 41 at a first end therecof and is connected at an opposite second end thereof to the
center gear box 7, and a slip clutch 45 in the center power shaft 43 1s operative to drive
the center blade 6. Right and left power shafts 47 are each connected to a main gear box
output 41 at a first end thereof and are connected at opposite second ends thereof to an
input 49 of a T-gear box 51 mounted on a corresponding mner wing deck 11. The T-gear
boxes 51 each have two outputs 53. An inner power shaft 55 is connected to the first
output 53 of each T- gear box 51 at a first end thercof and is connected at an opposite
second end thereof to the corresponding inner gear box 17, and a slip clutch 57 in each

inner power shaft 55 is operative to drive the inner blade 13.

A middle power shaft 59 is connected to the second output 53 of each T- gear box 51 at a
first end thereof and ts connected at an opposite second end thereot to the corresponding
middle gear box 19. The middle gear boxes 19, in addition to driving the middle blades
15, each include an output 63 to drive the outer blade 25, and a ship clutch 61 in each
middle power shaft 59 is operative to drive the middle and outer blades 15, 25. An outer
power shaft 65 is connected to the output 63 of each middle gear box 19 at a first end
thereof and is connected at an opposite second end thereof to the corresponding outer
gear box 27, and a slip clutch 67 in each outer power shaft 65 1s operative to drive the
outer blade 235. In the rlustrated embodiment the outer power shafts 65 include three
telescoping shaft sections instead of the more usual two, in order to enable the outer wing

21 to fold to the transport position of Fig. 4, and also unfold to the operating position of
Fig. 2.
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Thus the slip clutch 45 in the center power shaft 43, the slip clutches 57 in the inner
power shafts 55, and the slip clutches outer power shafts 65 each must transfer sufficient
torque to operate a single blade. The slip clutches 61 in the middle power shafts 59 must
transfer sufficient torque to drive two blades, as is known in the prior art three section
mowers. Thus with the illustrated drive configuration, no slip clutch is thus required to

transmit sutficient torque to operate more than two blades.

The T-gear boxes 51 are not connected directly to a blade thereunder, and the right and

left power shafts 47 driving them do not require a slip clutch. Slip clutch protection is

provided in the power shafts driven from the outputs 53 of the T-boxes 51.

The foregoing is considered as illustrative only of the principles of the invention.
Further, since numerous changes and modifications will readily occur to those skilled in
the art, it is not desired to limit the invention to the exact construction and operation
shown and described, and accordingly, all such suitable changes or modifications in

structure or operation which may be resorted to are intended to fall within the scope of

the claimed invention.

ap—
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CLAIMS
What is claimed is:
1. A rotary mower apparatus for operation in an operating travel direction, the

apparatus comprising:

a center section comprising a center deck and a center blade mounted under the

center deck and driven through a center gear box mounted on the center deck;

right and left inner wings comprising right and left inner wing decks pivotally
attached at inner edges thereof to corresponding right and left outer edges of the

center section, and inner and middle blades mounted under each of the right and
left inner wing decks and driven through corresponding inner and middle gear

boxes mounted on the inner wing decks ;

right and left outer wings comprising right and left outer wing decks pivotally
attached at inner edges thereof to corresponding right and left outer edges of the

right and left inner wings, and an outer blade mounted under each of the right and

left outer wing decks and driven through outer gear boxes mounted on the outer

wing decks;
a plurality of rear wheels operative to support rear ends of the decks;

a transport mechanism operative to fold the outer wings upward to a transport
position over the inner wings, and operative to then fold the inner wings to a

transport position oriented substantially upright from outer edges of the center

section; and
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a drive operative to rotate each blade.

The apparatus of Claim | wherein rotational axes of the blades are oriented

alternately forward and rearward across a width of the apparatus.

The apparatus of Claim 2 wherein the center blade is forward, the inner blades are

rearward, the middle blades are forward, and the outer blades are rearward.

The apparatus of Claim 1 wherein the drive comprises:

a main gear box adapted at an input thereof for attachment to a rotating power

source, and including a plurality of outputs;

a plurality of power shafts, each connected to an output of the main gear box and

operative to drive at least one blade.

The apparatus of Claim 4 wherein each blade is driven by a power shaft that

includes a slip clutch.

The apparatus of Claim 5 wherein each slip clutch is required to transmit

sufficient torque to operate a maximum of two blades.

The apparatus of Claim 6 comprising:

a center power shaft connected to a main gear box output at a first end thereof and

connected at an opposite second end thereof to the center gear box, and a slip

clutch in the center power shaft operative to drive the center blade;
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right and left power shafts, each connected to a main gear box output at a first end
thereof and connected at an opposite second end thereof to a corresponding one of
right and left T- gear boxes mounted on corresponding right and left inner wing

decks, the T-gear boxes each having first and second outputs;

an inner power shaft connected to the first output of each T- gear box at a first end
thereof and connected at an opposite second end thereof to the corresponding

inner gear box, and a slip clutch in each inner power shaft operative to drive the

inner blade:

a middle power shaft connected to the second output of each T- gear box at a first
end thereof and connected at an opposite second end thereof to the middle gear
box, the middle gear box including an output, and a slip clutch in each middle

power shaft operative to drive the middle and outer blades; and

an outer power shaft connected to the output of each middle gear box at a first end

thereof and connected at an opposite second end therecof to the outer gear box, and

a slip clutch in each outer power shaft operative to drive the outer blade.

The apparatus of Claim 7 wherein the outer power shafts include three telescoping

shaft sections.

The apparatus of Claim 7 wherein rotational axes of the blades are oriented

alternately forward and rearward across a width of the apparatus.

The apparatus of Claim 9 wherein the center blade 1s forward, the inner blades are

rearward, the middle blades are forward, and the outer blades are rearward.
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The apparatus of any one of Claims 1 — 9 wherein the outer wing folds over the

inner wing to lie at an angle in the transport position that is less than 25 degrees

with respect to the inner wing.

The apparatus of any one of Claims 1 — 11 comprising right and left gauge

members operative to support front portions of the corresponding right and left

outer wings.

A rotary mower apparatus for operation in an operating travel direction, the

apparatus Comprising;

a center section comprising a center deck and a center blade mounted under the

center deck and driven through a center gear box mounted on the center deck;

inner wings comprising inner wing decks pivotally attached at inner edges thereof

to corresponding outer edges of the center section, and inner and middle blades
mounted under each of the wner wing decks and driven through corresponding

inner and middle gear boxes mounted on the inner wing decks ;

outer wings comprising outer wing decks pivotally attached at inner edges thereof
to corresponding outer edges of the inner wings, and an outer blade mounted
under each of the outer wing decks and driven through outer gear boxes mounted

on the outer wing decks;

wherein rotational axes of the blades are oriented alternately forward and

rearward across a width of the apparatus;

a plurality of rear wheels operative to support rear ends of the decks;




14.

15.

16.

CA 02527792 2005-11-25

- Page 16 -

gauge wheels operative to support front portions of the outer wings;

a transport mechanism operative to fold the outer wings upward to a transport

position over the inner wings, and operative to then fold the inner wings to a

transport position oriented substantially upright from outer edges of the center

section:

a main gear box adapted at an input thereof for attachment to a rotating power

source, and including a plurality of outputs;

a plurality of power shafts, each connected to an output of the main gear box and

operative to drive at least one blade.

The apparatus of Claim 13 wherein each blade is driven by a power shaft that

includes a slip clutch.

The apparatus of Claim 14 wherein each slip clutch is required to transmit

sufficient torque to operate a maximum of two blades.

The apparatus of Claim 15 comprising:

a center power shaft connected to a main gear box output at a first end thereof and

connected at an opposite second end thereof to the center gear box, and a slip

clutch in the center power shaft operative to drive the center blade;

right and left power shafts, each connected to a main gear box output at a first end
thereof and connected at an opposite second end thereof to a T-gear box mounted

on a corresponding inner wing deck, the T-gear boxes each having first and

second outputs;




17.

18.

19.

CA 02527792 2005-11-25

- Page 17 -

an inner power shaft connected to the first output of each T- gear box at a first end
thereof and connected at an opposite second end therecof to the corresponding

inner gear box, and a slip clutch in each inner power shaft operative to drive the

inner blade;

a middle power shaft connected to the second output of each T- gear box at a first

end thereof and connected at an opposite second end thereof to the corresponding

middle gear box, the middle gear box including an output, and a slip clutch in

cach middle power shaft operative to drive the middle and outer blades; and

an outer power shaft connected to the output of each middle gear box at a first end
thereof and connected at an opposite second end thereof to the corresponding

outer gear box, and a slip clutch in each outer power shaft operative to drive the

outer blade.

The apparatus of Claim 16 wherein the outer power shafts include three

telescoping shaft sections.

The apparatus of Claim 17 wherein the center blade is forward, the mner blades

are rearward, the middle blades are forward, and the outer blades are rearward.

The apparatus of any one of Claims 13 — 18 wherein the outer wing folds over the

inner wing to lie at an angle in the transport position that is less than 25 degrees

with respect to the inner wing.
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