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A crop harvesting header includes a reel rotatable about a reel axis. The reel has a reel bat supported at a spaced distance from
the reel axis. The reel bat can pivot about a bat axis radially spaced from the reel axis. The reel bat has a crop collection member
that extends generally away from the bat axis. The reel bat can move in a cyclical path around the reel axis during rotation of the
reel. The reel bat can vary the angle of the crop collection member about the bat axis as the reel rotates about the reel axis. A sun
gear is provided that may be positioned in axial alignment with the reel axis. A planetary gear system is rotatable about the sun gear.

The planetary gear system interacts with the sun gear, and causes said planetary gear system to effect pivotal movement of the reel
bat about its bat axis.

50 rue Victoria ¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca i+l

50 Victoria Street e Place du Portage 1 e Gatineau, Quebec KIAO0C9 e www.cipo.ic.gc.ca ( Eal lada



10

CA 02876686 2014-12-24

ABSTRACT

A crop harvesting header includes a reel rotatable about a reel axis. The reel
has a reel bat supported at a spaced distance from the reel axis. The reel bat
can pivot about a bat axis radially spaced from the reel axis. The reel bat has a
crop collection member that extends generally away from the bat axis. The reel
bat can move in a cyclical path around the reel axis during rotation of the reel.
The reel bat can vary the angle of the crop collection member about the bat
axis as the reel rotates about the reel axis. A sun gear is provided that may be
positioned in axial alignment with the reel axis. A planetary gear system is
rotatable about the sun gear. The planetary gear system interacts with the sun
gear, and causes said planetary gear system to effect pivotal movement of the

reel bat about its bat axis.
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REEL SYSTEM

TECHNICAL FIELD

[0001] This relates to the field of agricultural machinery and equipment and

in particular crop harvesting headers.

BACKGROUND

[0002] The use of crop harvesting headers is known in the field of
agriculture. Headers are used for a variety of purposes, such as for example to
harvest crops with a header on a combine harvester or to swath crop material with

a header on a swather.

[0003] Harvesting equipment may be equipped with a header located
generally at its front portion. The header may be generally oriented transverse to
the direction of movement of the harvesting equipment during operation. The
header may include a support frame, a cutting system (often referred to as a
“cutter bar”) to cut the portion of the crop that is to be harvested, a crop collection
system having a surface or “table” onto which cut crop material can be collected
and transported for further processing, and a rotating reel to collect and sweep
crop material onto the collection tabie. A typical reel may include a main central
reel tube that rotates about a reel axis and the central reel tube may be surrounded
by and interconnected to a series of smaller tubes (often referred to as "bats”).
Bats are typically oriented generally paraliel to the main reel tube, and spaced
radially apart from each other, typically with equal angular spacing about the reel
axis. A plurality of structural arms (often referred as “spiders”) may extend radially
from the central reel tube to support the bats in a radial position relative to the
central reel tube. Each bat may be equipped with a plurality of crop collection
members (which may for example be “fingers” or “tines”) and which may extend

from the bats in a generally outward radial direction.
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[0004] During operation of some typical headers known in the art, rotation of
the main reel tube may cause the attached bats to rotate about both the central
reel axis as well as about their own axis passing longitudinally along the length of
the bats. Thus the fingers of the bats may also be configured to sweep standing
crops towards the cutter bar as the header moves through a field, and may assist
in collecting crops that have been cut by the cutter bar and moving them onto the
collection surface of the crop collection system once the crop material has been
cut. Fingers [tines] attached to the bats may assist in the gathering, sweeping, and
collecting of crop material by creating a raking motion which may effectively

engage standing crops on a field.

[0005] The performance of a header may be improved in several ways.
Headers may be constructed for various requirements (such as type of crop or field
conditions) by providing a means for adjusting the height or position of the reel.
The motion and position of fingers {tines] may also be adjusted for improved crop
engagement. For example, the angle of the fingers [tines] relative to the bats may
be adjusted to optimize crop engagement. The motion of fingers [tines] may
improve crop engagement, separate cut crop from uncut crop, and also facilitate

release of crops from the reel onto the table.

[0006] One known mechanism for controlling the motion of bats and fingers
ftines] is by a cam and cam follower system. Using a cam, bats and fingers [tines]
may be guided during the rotation of the reel to follow a non-circular path. In such
systems, the path of motion of bats and fingers [tines] may depend at least in part
on the shape of the cam and cam follower mechanisms. However, there are
disadvantages to cam-controlled bats. For example, cam-controlied bats may have
increased wear and tear due to the friction between cams and cam followers. It
may also be difficult to adjust cam systems because each cam design may only be

optimized for a specific application, and adjustment of the reel for other
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requirements (such as crop type or field conditions) may require replacement of

the cam system which may be quite time consuming and difficult to accomplish.

[0007] Accordingly, it may be desirable to utilize alternative ways for

controlling the movement of bats and fingers [tines] on a header.

SUMMARY

[0008] According to one aspect of the invention there is provided a crop
harvesting header comprising: a reel rotatable about a reel axis, the reel having at
least one reel bat supported at a spaced distance from the reel axis, the at least
one reel bat being operable for pivotal movement about a bat axis radially spaced
from said reel axis and oriented generally parallel to the reel axis. The at least one
reel bat has at least one crop collection member connected thereto, and the at
least one crop collection member extends generally away from the bat axis. The at
least one reel bat is operable to move in a cyclical path around the reel axis during
rotation of the reel. The at least one reel bat is operable to be pivoted about its bat
axis so as to vary the angle of the at least one crop collection member about the
bat axis as the reel rotates about the reel axis. The header also comprises a sun
gear that may be positioned in axial alignment with the reel axis; and a planetary
gear apparatus being rotatable about and relative to the sun gear and rotatable
about the reel axis. The planetary gear apparatus is operable during rotation about
the reel axis with the reel to interact with the sun gear, and cause the planetary
gear apparatus to effect pivotal movement of the at least one reel bat about its bat
axis. Also is provided a piece of harvesting equipment comprising the header as

just recited and a propulsion unit.

[0009] According to another aspect of the invention there is provided a kit for
use with a harvesting header, the kit being configured to be interconnected to a
reel of the harvesting header. The kit comprises: (@) a sun gear apparatus

comprising a sun gear; and (b) a planetary gear assembly comprising (i) a plurality
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of planetary gear systems, each of said planetary gear systems positioned and
operable to be rotated about the sun gear; (ii) at least one gear carrier plate
operable to support the plurality of planetary gear systems; said planetary gear
assembly being operable to be rotated about the sun gear; and (c) a connection
mechanism for connecting the sun gear assembly to the planetary gear assembly.
When the end kit is interconnected to a reel, in operation the reel is rotated about a
reel axis, and each of the plurality of planetary gear systems is operable to cause
pivotal movement of one of a plurality of reel bats to pivot about its respective bat

axis.

[0010] According to another aspect of the invention there is provided
method of operating a crop harvesting header comprising: providing a reel
rotatable about a reel axis, the reel having at least one reel bat supported at a
spaced distance from the reel axis, the at least one reel bat being operable for
pivotal movement about a bat axis located radially outward from the reel axis and
oriented generally parallel to the reel axis; the at least one reel bat having at least
one crop collection member connected thereto, said at least one crop collection
member extending generally away from the bat axis, the at least one reel bat being
operable to move in a cyclical path around the reel axis during rotation of the reel;
the at least one reel bat being operable to be pivoted about its bat axis so as to
vary the angle of the at least one crop collection member about the bat axis as the
reel rotates about the reel axis; providing a sun gear in axial alignment with the reel
axis; providing a planetary gear system being rotatable about and relative to said
sun gear and about said reel axis; rotating said reel about said reel axis; rotating
said planetary gear system about the reel axis in interaction with the sun gear to
cause said planetary gear system to effect pivotal movement of said at least one

reel bat about its bat axis.

[0011] According to another aspect of the invention there is provided a joint
device for transmitting torque between a first shaft and a second shaft. The joint

device comprises: a housing connected to an end portion of a first shaft, the
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housing having an interior cavity configured to permit an end portion of a second
shaft to be received therein; the housing having an opening configured to allow the
second shaft to extend from the end portion of said second shaft through the
opening; at least one block located in the interior cavity of the housing, the at least
one block having at least one inner surface and at least one outer surface, the at
least one block being located between at least one inner surface of the housing
and at least one outer surface of said end portion of the second shaft; the at least
one inner surface of the at least one block being operable to engage the at least
one surface of the end portion of the second shaft; the at least one outer surface of
the block being operable to engage the at least one inner surface of the housing;
the at least inner wall of the housing, the at least one outer face of the at least one
block, the at least one inner face of the at least one block and the at least one
outer surface of the end portion of the second shaft being configured to functionally
co-operate such that in operation, rotation of the first shaft will cause said joint

device to rotate to thereby effect rotation of the second shaft.

[0012] According to another aspect of the invention there is provided a crop
harvesting header comprising: a reel supported for rotation about a reel axis, the
reel having at least one reel bat supported at a spaced distance from the reel axis,
the at least one reel bat being operable for pivotal movement about a bat axis
spaced from the reel axis and oriented generally parallel to the reel axis; the at
least one reel bat having at least one crop collection member connected thereto,
the at least one crop collection member extending generally away from the bat
axis, the at least one reel bat being operable to rotate around the reel axis during
rotation of the reel; the at least one reel bat being operable to be pivoted about its
bat axis so as to vary the angle of the at least one crop collection member about
the bat axis as the reel rotates about the reel axis. The header also comprises (i) a
sun gear that may be supported in axial alignment with the reel axis; (ii) a planetary
gear system being supported and rotatable about and relative to the sun gear. The

planetary gear system is operable during rotation about the reel axis to interact
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with the sun gear, and cause the planetary gear system to effect pivotal movement

of the at least one reel bat about its bat axis.

[0013] According to another aspect of the invention there is provided a crop
harvesting header comprising: a reel rotatable about a reel axis, the reel having at
least one reel bat supported at a spaced distance from the reel axis, the at least
one reel bat being operable for pivotal movement about a bat axis radially spaced
from said reel axis and oriented generally parallel to the reel axis; the at least one
reel bat having at least one crop collection member connected thereto, the at least
one crop collection member extending generally away from the bat axis, the at
least one reel bat having an outward end. The at least one reel bat is operable to
move in a cyclical path around the reel axis during rotation of the reel. The at least
one reel bat is operable to be pivoted about its bat axis so as to vary the angle of
the at least one crop collection member about the bat axis as the reel rotates about
the reel axis. The header may further include a reel end kit comprising (i) a gear
system and (ii) a bat connection mechanism connecting the gear system to the at
least one reel bat. The gear system is operable during rotation to interact with the
sun gear, and to effect pivotal movement of the at least one reel bat about its bat

axis.

[0014] According to ancther aspect of the invention there is provided a
method of providing an end kit for a reel for a crop harvesting header, said method
comprising: (a) constructing an end kit comprising: (i) an axle; (i) a gear system
and a bat connection mechanism operable for connecting said gear system to at

least one reel bat of said reel (b) installing said end kit on a reel.

[0015] According to another aspect of the invention there is provided a
method of constructing an end kit for a reel for a crop harvesting header, the end
kit comprising: (i) an axle; (i) a gear system and a bat connection mechanism
operable for connecting the gear system to at least one reel bat of the reel and (iii)

at least one gear carrier plate. The method comprises (i) providing the axle; (ii)
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installing the at least one gear carrier plate on the axle; (iii) installing the gear

system and the bat connection mechanism on the at least one gear carrier plate.

[0016] According to another aspect of the invention there is provided a crop
harvesting header that comprises a reel rotatable about a reel axis, the reel having
at least one reel bat supported at a spaced distance from the reel axis, the at least
one reel bat being operable for pivotal movement about a bat axis radially spaced
from the reel axis and oriented generally parallel to the reel axis; the at least one
reel bat having at least one crop collection member connected thereto, the at least
one crop collection member extending generally away from the bat axis, the at
least one reel bat being operable to move in a cyclical path around the reel axis
during rotation of the reel; the at least one reel bat being operable to be pivoted
about its bat axis so as to vary the angular orientation of the at least one crop
collection member about the bat axis as the reel rotates about the reel axis; a sun
gear; a planetary gear assembly being rotatable about and relative to the sun gear
and rotatable about the reel axis; the planetary gear assembly being operable
during rotation about the reel axis with the reel to interact with the sun gear, and
cause the planetary gear assembly to effect pivotal movement of the at least one
reel bat about its bat axis; the planetary gear assembly comprising at least one
planetary gear system operable to be rotated around the reel axis and the sun
gear, and the at least one planetary gear system comprising a planetary gear
being rotatable about a planetary gear axis; the at least one planetary gear system
being interconnected to the at least one reel bat, the planetary gear system being
operable during rotation about the reel axis with the reel, to rotate with the reel and
for the planetary gear to engage with the sun gear, such that the planetary gear
system causes pivotal movement of the at least one reel bat about the bat axis; the
at least one planetary gear system further comprising a bat connection mechanism
connecting the planetary gear with a reel bat, such that during rotation of the
planetary gear system about the reel axis the planetary gear interacts with the sun
gear, and through the interaction each the bat connection mechanism cause
pivotal movement of the reel bat about its bat axis; the bat connection mechanism
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comprises a gear crank device connected to the planetary gear and operable for
rotation with the planetary gear; a connecting member having one end connected
to the gear crank device and another end connected to a first end of a bat crank
arm; the bat crank arm being interconnected to a bat; wherein in operation, rotation
of the planetary gear causes the gear crank device to rotate about the planetary
gear axis with the planetary gear, which causes the gear crank device to move the
connecting member, which causes the bat crank arm to rotate the bat about the
bat axis.

[0017] According to another aspect of the invention there is provided a kit for
use with a harvesting header, the kit being configured to be interconnected to a
reel of the harvesting header, the kit comprises (a) a sun gear assembly
comprising a sun gear; (b) a planetary gear apparatus comprising (i) a plurality of
planetary gear systems, each of the planetary gear systems positioned and
operable to be rotated about and engage with the sun gear; (ii) at least one gear
carrier plate operable to support the plurality of planetary gear systems; the
planetary gear apparatus being operable to be rotated about the sun gear; (c) a
connection mechanism for connecting the sun gear assembly to the planetary gear
apparatus; (d) a plurality of bat connection mechanisms operable for connecting a
planetary gear of each the plurality of planetary gear systems with a reel bat, such
that in operation, during rotation of the planetary gear system about the reel axis
each planetary gear interacts with the sun gear, and through the interaction each
the bat connection mechanism cause pivotal movement of a connected reel bat
about its bat axis; where each of the plurality of bat connection mechanisms
comprises (i) a gear crank device, each the gear crank device connected to a
planetary gear and operable for rotation with the planetary gear about a planetary
gear axis; (ii) a connecting rod, each connecting rod having one end connected to
the gear crank device and another end of the connecting rod configured to be
connected to a first end of a bat crank arm, each the bat crank arm being operable
for connection to a reel bat; wherein when the end kit is interconnected to a reel, in
operation the reel is rotated about a reel axis, and each of the plurality of planetary

7a
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gear systems is operable to cause pivotal movement of each of a plurality of
interconnected reel bats to pivot about its respective bat axis; and wherein when
said kit is interconnected to the bat crank arm, in operation, rotation of the plurality
of planetary gears about the sun gear causes the plurality of gear crank devices to
rotate about the planetary gear axes with the respective plurality of planetary
gears, which causes the plurality of gear crank devices to move the respective
connecting rods, which causes each of the respective bat crank arms to rotate the
respective reel bats about their respective bat axes during at least part of the
rotation of the planetary gears about the sun gear.

[0018] According to another aspect of the invention there is provided a crop
harvesting header that comprises a reel rotatable about a reel axis, the reel having
at least one reel bat supported at a spaced distance from the reel axis, the at least
one reel bat being operable for pivotal movement about a bat axis radially spaced
from the reel axis and oriented generally parallel to the reel axis; the at least one
reel bat having at least one crop collection member connected thereto, the at least
one crop collection member extending generally away from the bat axis; the at
least one reel bat having an outward end; the at least one reel bat being operable
to move in a cyclical path around the reel axis during rotation of the reel; the at
least one reel bat being operable to be pivoted about its bat axis so as to vary the
angle of the at least one crop collection member about the bat axis as the reel
rotates about the reel axis; a sun gear; a kit comprising (i) a gear system and (ii) a
bat connection mechanism connecting the gear system to the at least one reel bat;
wherein the gear system is operable during rotation to effect pivotal movement of
the at least one reel bat about its bat axis; and wherein the gear system comprises
a planetary gear assembly being rotatable about and relative to the sun gear and
rotatable about the reel axis; the planetary gear assembly being operable during
rotation about the reel axis with the reel to interact with the sun gear, and cause
the planetary gear assembly to effect pivotal movement of the at least one reel bat
about its bat axis; the planetary gear assembly comprising at least one planetary
gear system operable to be rotated around the reel axis and the sun gear, and the

7b
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at least one planetary gear system comprising a planetary gear being rotatable
about a planetary gear axis; the at least one planetary gear system being
interconnected to the at least one reel bat, the planetary gear system being
operable during rotation about the reel axis with the reel, to rotate with the reel and
for the planetary gear to engage with the sun gear, such that the planetary gear
system causes pivotal movement of the at least one reel bat about the bat axis; the
at least one planetary gear system further comprising a bat connection mechanism
connecting the planetary gear with a reel bat, such that during rotation of the
planetary gear system about the reel axis the planetary gear interacts with the sun
gear, and through the interaction each the bat connection mechanism cause
pivotal movement of the reel bat about its bat axis. The bat connection mechanism
comprising (a) a gear crank device connected to the planetary gear and operable
for rotation with the planetary gear; (b) a connecting rod having one end connected
to the gear crank device and another end connected to a first end of a bat crank
arm; the bat crank arm being interconnected to a bat; wherein in operation, rotation
of the planetary gear causes the gear crank device to rotate about the planetary
gear axis with the planetary gear, which causes the gear crank device to move the
connecting rod, which causes the bat crank arm to rotate the bat about the bat

axis.

[0019] According to another aspect of the invention there is provided a crop
harvesting header that comprises a reel rotatable about a reel axis, the reel having
at least one reel bat supported at a spaced distance from the reel axis, the at least
one reel bat being operable for pivotal movement about a bat axis radially spaced
from the reel axis and oriented generally parallel to the reel axis; the at least one
reel bat having at least one crop collection member connected thereto, the at least
one crop collection member extending generally away from the bat axis, the at
least one reel bat being operable to move in a cyclical path around the reel axis
during rotation of the reel; the at least one reel bat being operable to be pivoted
about its bat axis so as to vary the angular orientation of the at least one crop

collection member about the bat axis as the reel rotates about the reel axis; a sun
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gear; a planetary gear assembly being rotatable about and relative to the sun gear
and rotatable about the reel axis; the planetary gear assembly being operable
during rotation about the reel axis with the reel to interact with the sun gear, and
cause the planetary gear assembly to effect pivotal movement of the at least one
reel bat about its bat axis; the planetary gear assembly comprising at least one
planetary gear system operable to be rotated around the reel axis and the sun
gear, and the at least one planetary gear system comprising a planetary gear
being rotatable about a planetary gear axis; the at least one planetary gear system
being interconnected to the at least one reel bat, the planetary gear system being
operable during rotation about the reel axis with the reel, to rotate with the reel and
for the planetary gear to engage with the sun gear, such that the planetary gear
system causes pivotal movement of the at least one reel bat about the bat axis; the
at least one planetary gear system further comprising a bat connection mechanism
connecting the planetary gear with a reel bat, such that during rotation of the
planetary gear system about the reel axis the planetary gear interacts with the sun
gear, and through the interaction each the bat connection mechanism cause
pivotal movement of the reel bat about its bat axis; the planetary gear and the sun
gear being configured so that in operation, during rotation of the planetary gear
about the sun gear the interaction of the planetary gear and the sun gear is such
there will only be rotational movement of the planetary gear about the planetary
gear axis resulting in pivotal movement of the reel bat about the bat axis, during a
part of the cycle of rotation of the reel about the reel axis.

[0020] According to another aspect of the invention there is provided a crop
harvesting header that comprises a reel rotatable about a reel axis. The reel
having at least one reel bat supported at a spaced distance from the reel axis, the
at least one reel bat being operable for pivotal movement about a bat axis radially
spaced from the reel axis and oriented generally parallel to the reel axis; the at
least one reel bat having at least one crop collection member connected thereto,
the at least one crop collection member extending generally away from the bat
axis, the at least one reel bat being operable to move in a cyclical path around the

7d
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reel axis during rotation of the reel; the at least one reel bat being operable to be
pivoted about its bat axis so as to vary the angular orientation of the at least one
crop collection member about the bat axis as the reel rotates about the reel axis; a
sun gear; a planetary gear assembly being rotatable about and relative to the sun
gear and rotatable about the reel axis; the planetary gear assembly being operable
during rotation about the reel axis with the reel to interact with the sun gear, and
cause the planetary gear assembly to effect pivotal movement of the at least one
reel bat about its bat axis; the planetary gear assembly comprising at least one
planetary gear system operable to be rotated around the reel axis and the sun
gear, and the at least one planetary gear system comprising a planetary gear
being rotatable about a planetary gear axis; the at least one planetary gear system
being interconnected to the at least one reel bat, the planetary gear system being
operable during rotation about the reel axis with the reel, to rotate with the reel and
for the planetary gear to engage with the sun gear, such that the planetary gear
system causes pivotal movement of the at least one reel bat about the bat axis; the
at least one planetary gear system further comprising a bat connection mechanism
connecting the planetary gear with a reel bat, such that during rotation of the
planetary gear system about the reel axis the planetary gear interacts with the sun
gear, and through the interaction each the bat connection mechanism cause
pivotal movement of the reel bat about its bat axis; the bat connection mechanism
comprises: (a) a disk crank device connected to the planetary gear and operable
for rotation with the planetary gear; and (b) a connecting member having one end
connected to the disk crank device and another end connected to a first end of a
bat crank arm; the bat crank arm being interconnected to a bat; wherein in
operation, rotation of the planetary gear causes the disk crank device to rotate
about the planetary gear axis with the planetary gear, which causes the disk crank
device to move the connecting member, which causes the bat crank arm to rotate
the bat about the bat axis.

e
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BRIEF DESCRIPTION OF THE DRAWINGS

[0021] In the figures which illustrate by way of example only embodiments:
[0022] FIG. 1 is a perspective view of a combine harvester with a header
attached;

[0023] FIG. 1A is an enlarged perspective view of the portion of the reel

marked 1A as shown in FIG. 1;

[0024] FIG. 2 is an end perspective view of a reel, showing a reel end kit in
relation to a main reel tube, reel bats, fingers [tines], and part of a cutting system of
the combine harvester of FIG. 1;

[0025] FIG. 2A is a side elevation view of the header from the combine
harvester of FIG. 1, with the header frame partially cut-out;

[0026] FIG. 3 is a perspective view of the reel end kit of FIG. 2;
[0027] FIG. 3A is an exploded perspective view of the reel end kit of FIG. 3;
[0028] FIG. 4 is a front elevation view of the reel end kit, part of a reel bat

and part of a main reel tube, of FIG. 2;

[0029] FIG. 4A is a perspective rear view of the reel end kit of FIG. 4;

7f
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[0025] FIG. 5 is a perspective view of the reel end kit of FIG. 2 with a gear

carrier plate omitted;

[0026] FIG. 6 is a schematic side elevation view of the reel end kit of FIG. §

with gear carrier plates omitted;

[0027] FIG. 6A is a schematic side elevation view of the reel end kit of FIG.

5 with gear carrier plates omitted for clarity;

[0028] FIG. 7 is a schematic side elevation view of an alternative

embodiment of a reel end kit with gear carrier plates omitted;

[0029] FIG. 7A is a perspective rear view of the alternative embodiment of

the reel end kit in FIG. 7 including gear carrier plates;

[0030] FIG. 8 is a schematic side view showing a time-lapse of a sample

path followed by bats and fingers [tines] of the planetary gear reel of FIG. 5;

[0031] FIG. 8A is a schematic side view of the time-lapse of FIG. 8, showing
the position of fingers [tines] and bats in relation to some other components of the
header of FIG. 1,

[0032] FIG. 9 is an additional schematic side view demonstrating zoned
areas of the path followed by bats and fingers [tines] of the planetary gear reel of
FIG. 5;

[0033] FIG. 10 is a front view of the header of FIG. 1, showing the

connections between the reels and reel drive arm;
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[0034] FIG. 11 is a partially exploded perspective view showing the
interconnection between a reel drive assembly and reel drive shaft, with reel

components omitted for clarity;

[0035] FIG. 12 is another partially exploded, and enlarged perspective view

of the joint and components of FIG. 11,

[0036] FIG. 13 is a front view of the joint device and interconnected

components of FIG. 10.

DETAILED DESCRIPTION

[0037] With reference initially to FIG. 1, a piece of agricultural harvesting
equipment generally designated 50, in particular a combine harvester, is shown
schematically. Combine harvester 50 may include a propulsion and processing
portion 51 (hereinafter referred to as a “propulsion unit” 51) and a header 130
Propulsion unit 51 may include an operator cab 52 from which the operation of the

combine harvester 50 and its components may be controlled.

[0038] Header 130 may be generally oriented transversely to the direction of
movement of the combine harvester 50 when the combine harvester is moving in a
field to cut crops growing on the ground. Header 130 may include a support frame
generally designated 131 that may include a longitudinally and transversely
extending main frame tube or beam portion 129 extending between side frame
members 127. Main frame tube 129, and interconnected side frame members 127
that may extend forward from main frame tube 129, may be interconnected to and
supported on a propulsion unit 51 of combine harvester 50. Propulsion unit 51 may
be of a known type such as a combine harvester model S690 made by John
Deere. In some embodiments, support frame 131 may be translatable and
rotatable in various directions relative to the propuision unit 51 of the combine

harvester 50.
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[0039] Referring now to FIGS. 2 and 2A, header 130 may also include a
cutting system (often referred to as a “cutter bar”) 141 that may be operable to cut
crop material growing on the ground that is to be harvested. Header 130 may also
include a crop collection system 143 that may have a surface or “table” 142 onto
which cut crop material can be moved and collected. Crop collection system 143
may also include a conveyor (sometimes known as a “draper”) associated with
table 142 that can transport cut crop material fransversely for further processing. In
other embodiments, crop collection system 143 may include an auger type
conveyor adapted to transport crop material for processing. In a typical combine
harvester 50 such as shown in FIG.1, there may be two conveyors located on
either side of a common discharge location and the conveyors may both transport
cut crop material transversely and inwardly to the common discharge location
(often known as a ‘lateral draper”) where the crop material may be discharged
from the header 130 and may in the case of a combine harvester like combiner
harvester 50 be fed to the propulsion unit 51 of the combine harvester 50 for
further processing. In other types of agricultural harvesting equipment, crop
material may be discharged at the discharge location onto the ground where it may
be further handled and/or processed with additional agricultural machinery. Both
the construction and operation of the support frame 131, cutting system 141 and

crop collection system 143 may be of types that are well known in the industry.

[0040] Header 130 may also include a reel generally designated 137 (FIG.
1) which may be operable to rotate to push crop towards the cutter bar 141 and
collect and sweep cut crop material onto collection table 142 (FIG. 2A). Reel 137
may include a central main reel tube 132 that rotates about a central reel axis
(which in FIG.1 is also coincident with sun axis S as will be explained hereinafter).
In some embodiments, main reel tube 132 may span substantially the entire width
of the header 130. In other embodiments such as the illustrated embodiment as
shown in FIG. 1, two or more separate main reel tubes 132, 232 may be provided

with the two or more main reel tubes being positioned in longitudinal alignment with
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each other such that in combination they span substantially the entire width of the
header. Each of the separate main reel tubes 132, 232 may be oriented along a
common reel axis and may be oriented co-axially coincident with sun axis S which
is the axis through the center of sun gear 106 (FIG. 6). Main reel tube 232 may be
constructed substantially identically to main reel tube 132 as described herein. It
should be noted that while in the illustrated embodiment, the reel axis and sun axis
S are coincident, in other embodiments a planetary gear apparatus comprising a
planetary gear assembly and a sun gear assembly may be constructed in which a

sun axis S through the centroid of a sun gear is not coincident with the reel axis.

[0041] Main reel tube 132 may be surrounded by, and be interconnected to,
a plurality of elongated members (referred to herein as “bats” or “reel bats”) 138a-f
that like main reel tube 132 may extend transversely and may be oriented with a
longitudinal axis that is generally parallel to the main reel tube 132 and the reel
axis / sun axis S. Bats 138a-f may be formed as elongated hollow tubular
members and may be spaced radially outward from sun axis S and main reel tube
132 and be angularly spaced apart from each other, sometimes with equal angular
spacing about sun axis S. It may be appreciated that while reel 137 as described
herein has six bats 138a-138f, the number of bats for any particular reel 137 may

be varied according to the requirements of any particular application.

[0042] Main reel tubes 132, 232 may be formed as a cylindrical generally
hollow tube from of any suitable material such as for example round steel tubing.
Similarly, bats 138a-138f may also be formed from any suitable material such as

for example extruded aluminum profile.

[0043] One or more support elements 136 (often referred to as “spiders”)
may also be connected to and positioned along, in spaced relation to each other,
the main reel tube 132. Referring now to FIG. 1A, each spider 136 may have arms
145 that extend radially outward from an annular spider collar 147 that is fixedly

attached in a conventional manner such as by welding or bolts to main reel tube
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132. Spider arms 145 may extend and may be interconnected to the bats 138a-f to
support the bats 138a-f in radial positions relative to the central main reel tube 132.
The bats 138a-f may be connected to the distal ends of the arms 145 of spiders
136 with a pivot link 146 that will allow each of the bats to pivot about the end of

the spider arm in an arc about respective bat pivot axes 126a-126f.

[0044] Each bat 138a-f may be equipped with a plurality of crop collection
members (such as fingers or tines) 102 that may be mounted in spaced relation
along each bat 138a-f and which may extend from each of the bats in a generally

outward direction from its respective bat.

[0045] During operation, as will be explained in further detail hereinafter, the
rotation of the main reel tube 132 causes each of the interconnected bats 138a-f to
rotate in a complex path including rotation about the reel axis / sun axis S as well
as about longitudinal bat pivot axes 126a-126f through the action of pivot links 146
at the end of the arms 145 of the spiders 136. Rotation of planetary members
about an axis of a planetary member (described in detail hereinafter) causes a
linkage mechanism inter-connected to each bat to move and thus driving the

pivoting movement of each bat 138a-138f about its respective bat axis 126a-126f.

[0046] Bat pivot axes 126a-126f may be oriented longitudinally, generally
parallel to the length of the respective bat 138a-138f, and may be parallel to each
other and parallel to the reel axis / sun axis S. Thus the fingers [tines] 102 of each
of the bats 138a-f may be configured and oriented during a complex combined
rotational movement, to sweep standing crops towards the cutter bar 141 as the
combine harvester 50 with header 130 mounted thereto, moves through a crop
field, and may assist in collecting crops that have been cut by the cutter bar 141
and moving them onto the collection deck 142 of the header 130 once the crop

material has been cut.
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[0047] In the embodiment of FIGS. 1 and 2, two sets of bats may be
provided. First set of bats 138a-f may be mounted to main reel tube 132 and a
second set of bats 238a-f may be mounted to a second main reel tube 232 in an
axially aligned, substantially end-to-end relationship to the first set of bats 138a-f
but with at least a small amount of longitudinal spacing between the two sets of
bats to allow the reel drive arm 135 and reel drive assembly 170 (Fig. 10) to be
located there between. Bats 138a-f may in some embodiments, such as the
embodiment shown in FIGS. 1 and 2, be mounted angularly about central reel tube

132 and sun axis S in an out of angular phase relationship to bats 238a-f.

[0048] Also as shown in FIGS. 1 and 2, header frame 131 may include reel
arms 134, 234 each at opposed ends of the header 130 and a medial reel drive
arm 135 and reel drive assembly 170 (Fig. 10), located substantially at the middle
of the header in a transverse direction. Reel arm 134 and reel drive arm 135
together may rotatably support main reel tube 132, while reel arm 234 and reel
drive arm 135 together may rotatably support main reel tube 232. As main reel
tube 232 is substantially identical to main reel tube 132, only main reel tube 132
will be described in detail hereinafter. In an alternate embodiment, a single reel
may be used with header 130, with main reel tube 132 supported on one end by a

reel drive arm and on the other end by a reel arm.

[0049] Main reel tube 132 may comprise a generaily cylindrical outer
housing that may be interconnected to reel axle 150. Referring to FIGS. 3, 3A, 4,
and 4A, reel axle 150 may be a cylindrical rod made of a durable material such as
steel. Reel axle 150 may be fixedly attached on one interior end to an end plate
151 (FIGS. 3A and 4A) by means such as welding. End plate 151 may be
generally star-shaped. With particular reference to Fig. 4A, at a longitudinal
distance outward along reel axle 150 and away from end plate 151, a coilar 154
may be fixedly attached to reel axle 150 by means such as welding. A connection
plate 152 may be fixedly attached to reel axle 150 at the position of collar 154 by

means such as welding. Connection plate 152 may have a generally circular
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aperture centrally positioned to allow reel axle 150 to pass through, and may be
generally star shaped with bolt holes proximate an end of each arm of the star
shaped plate 152. Bolts may then be provided to pass through the bolt holes in
each arm of connection plate 152 and extend into aligned corresponding bolt holes
of an inner gear carrier plate 108, thus securing plate 152 to inner gear carrier
plate 108. In other embodiments, end plate 151 and connection plate 152 may be
disc-shaped or other non-circular shapes. Reel axle 150 may extend a short
distance into, and end plate 151 may be positioned a short distance within, the
outward end portion of main reel tube 132. End plate 151 may be sized to fit
closely with, and preferably engage with, the interior surface of the housing of main
reel tube 132 that generally defines the interior cavity of main reel tube 132,
thereby keeping reel axle 150 and main reel tube 132 aligned generally coaxially.
A plurality of cleats or brackets 153a, 153b, 153c may be positioned at or
proximate the outward end of main reel tube 132 and may be fixedly attached to
main reel tube 132 by known types of attachment means such as welding on to the
exterior surface of the housing of main reel tube 132. Cleats/brackets 153a, 153b,
and 153c may be made of a suitable material such as steel, and may be provided
with one or a plurality of bolt holes. Cleats 153a, 153b, and 153c may be attached
to a planetary gear end kit 140 (described below) by means of bolts through bolt
holes provided on each cleat and corresponding bolt holes on inner gear carrier
plate 108.

[0050] When main reel tube 132 is driven around the reel axis (and sun axis
S) by a reel drive mechanism (as will be described below), a rotational force may
be transmitted through cleats/brackets 153a, 153b, 153c onto inner gear plate 108
which can cause the inner gear plate 108 and those components fixedly attached

to inner gear plate 108 to rotate about the reel axis / sun axis S.

[0051] With particular reference now to FIGS. 3 and 3A, a gear end kit is
illustrated which may be a planetary gear end kit 140. In other embodiments, gear

apparatuses other than planetary gear apparatuses may form part of a gear end kit

14



10

15

20

25

30

CA 02876686 2014-12-24

used with reel 137. However, a planetary gear kit like kit 140 is of particular
benefit.  Planetary gear end kit 140 may include reel axle 150 that may be
rotatably supported by reel arm 134. Planetary gear end kit 140 may also include
a planetary gear apparatus that may include gear carrier plates 108, 109, planetary
gear assembly 103. Planetary gear assembly 103 may at least in part be
sandwiched between gear carrier plates 108, 109 such that at least some of the
components (in particular the planetary gears 104a-104f) may be significantly
protected by being sandwiched between the gear carrier plates 108, 109.
Planetary gear end kit 140 may also include a sun gear assembly 161 supported
on reel axle 150 (as described below). Reel axle 150 may be mounted to reel
mounting sleeve 169 (Figs. 3A and 4) and may be configured to be rotatable within
reel mounting sleeve 168 by means such as a bushing / bearings 139 (not shown).
Reel axle 150 may be held in place within reel mounting sleeve 169 by a snap ring
167, which is designed to snap onto a ridge or neck 168 at the end of reel axle
150. Reel mounting sleeve 169 may be a hollow cylindrical tube, and may be
fixedly attached to reel mount plate 166 by means such as welding. Reel mount
plate 166 may be fixedly attached to reel arm 134 and may be fixedly attached by

means such as bolts.

[0052] As indicated above, reel arms 134, 234 may be located at or
proximate each of the opposite transverse ends of header 130 and a medial reel
drive arm 135 and reel drive assembly 170 may be located substantially
transversely at the middle of the header 130 between main reel tubes 132 and
232. With reference to FIG. 10, reel drive arm 135 may be provided with a reel
drive assembly 170 which may include a hydraulic motor 171 connected to a
hydraulic power source on combine harvester 50 through hydraulic line 172. Motor
171 may be connected with motor gear 173 (inside housing). Motor gear 173 may
be mated to reel gear 174 within a reel gear housing. In one example embodiment,
motor gear 173 and reel gear 174 may have a gear ratio of approximately 2.5:1,
such that reel gear 174 and reel gear axles (such as reel gear axle 175 - Fig. 111)

, along with main reel tubes132, 232 interconnected thereto) may rotate between
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approximately 40-80 RPM during operation. Reel gear 174 may be fixedly
connected to reel gear axle 175 such that both reel gear 174 and reel gear axle
175 rotate at the same time about sun axis S. Reel gear axle 175 may be
connected to reel drive shaft 178 through joint device 176 (described in greater
detail fully below). Reel drive shaft 178 can be fixedly connected to a dish-like plate
177 by means such as welding. Dish plate 177 may be fixedly attached to spider
arms 145 positioned at the end of main reel tube 132 by means such as bolts and

thus main reel tube 132 may be supported at its transversely inward end.

[0053] When a source of power is supplied to motor 171, motor gear 173
may be driven to rotate by motor 171. Rotation of motor gear 173 may cause reel
gear 174 to rotate. Reel gear 174 may transmit the torque to reel gear axle 175,
which in turn transmits torque to reel drive shaft 178 through torsion flex joint 176.
Reel drive shaft 178 may transmits the torque to dish plate 178, which in turn may
transmit the torque to spiders 145, causing reel 137 and in particular main tube
132 to rotate about sun axis S. Main reel tube 232 may be driven in a
corresponding manner to main reel tube 132 with corresponding components as

described above.

[0054] With particular reference now to FIGS. 11-13, a joint device 176 may
be comprised of an outer drive housing mated to an inner driven shaft arrangement
by compliant material blocks which are triangular in shape. The outer drive housing
may be comprised of an upper housing 190 and a lower housing 191 that each
may be made of a durable material such as a strong metal like steel. Upper
housing 190 and lower housing 191 may be provided with a plurality of
corresponding bolt holes such that they méy be connected together by means of
bolts 193 and nuts 192. On a first end of joint device 176 proximate to reel drive
assembly 170, upper housing 190 and lower housing 191 have portions that can
co-operate to form a cylindrical shaped slot that can receive the cylindrical end of
reel gear axle 175. The end portion of reel gear axle 175 received in the

aforementioned slot may be provided with a bolt hole 179 corresponding with a bolt
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hole 198 on upper housing 190 and a bolt hole (not shown) on lower housing 191.
When connected by means of nuts 192 and bolts 193, upper housing 190 and
lower housing 191 can be clamped together and become frictionally engaged with
reel gear axle 175 such that rotation of reel gear axle 175 about sun axis S also
causes rofation of joint device 176 about sun axis S. A bolt (not shown) may also
be placed through boit hole 179 and corresponding bolt holes on the upper and
lower housings 190 and 191 to act as a key to fixedly engage joint device 176 with
reel gear axle 175 and assist in transmitting torque from gear reel axle 175 to

interconnected upper and lower housings 190, 191.

[0055] A sleeve 195 may be fixedly attached (such as by welding) to the end
of reel drive shaft 178 proximate to reel drive assembly 170. Sleeve 195 may be
generally shaped as a hollow square shaped tube that fits over and is attached the
end of reel shaft 178. The outer surface of sleeve 195 may configured such that
sleeve 195 be may fit within the hollow cavity formed between interconnected
upper housing 190 and lower housing 191 but not fit through the generally circular
opening 298 (FIG. 11) on the output side of the joint device 176. Blocks 194a,
194b, 194c, and 194d, shaped generally as triangular prisms, may be provided and
adapted to be received concurrently with sleeve 195 and the covered end of reel
drive shaft 178 within the hollow cavity formed between upper housing 190 and
lower housing 191. The blocks 194a-194d may be positioned within the aforesaid
hollow cavity and be located between the outer surfaces of sleeve 195 and the
inner wall surfaces defining the hollow cavity of upper housing 190 and lower
housing 191. Each of blocks 194a-194d may be made of a material that can
elastically deform to some extent. Examples of elastically deformable materials
that may be employed may be polyurethane and natural rubber, or any other
material with similar elastic properties. One face of each block 194a-194d may be
configured to interface with a face of sleeve 185, while the other faces interface
with the upper and lower housings 190 and 191, thereby keeping reel drive shaft
178 centrally located within torsion flex joint 176. Attached to sleeve 195 may be

flanges 196 and 197, which protrude outwardly in each of the four directions from
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the outer surfaces of sleeve 195 and may have an arcuate shape. Flanges 196
and 197 may also operate to keep reel drive shaft 178 centrally located within joint
device 176. The inner wall surfaces of upper housing 190 and lower housing 191
can co-operate to provide a generally square shaped interior wall surface that
when blocks 194a-194d are in place, is offset by 45 degrees from the
corresponding outward facing surface of square shaped tubular sleeve 195. This
arrangement facilitates the ability of torque and force to be transmitted from the
housings 190/191 through the blocks 194a-194d to the sleeve 195 and its fixedly

interconnected reel drive shaft 178.

[0056] In operation, a source of power as described above drives reel gear
axle 175. Reel gear axle 175 may transmit force and torque to interconnected
upper housing 190 and lower housing 191 through clamped frictional engagement
at the fixed connection point between joint device 176 and reel gear axle 175 and
through the keyed connection of a bolt (not shown) passing through bolt hole 179
and corresponding bolt holes on the upper and lower housings 190 and 191.
Upper and lower housing 190 and 191 can then act through their interior surfaces
engaged with mating / adjacent surfaces of blocks 194a-194d to transmit the
rotational force to blocks 194a-194d, which in turn may transmit the rotational force
and torque to reel drive shaft 178 via the interface with sleeve 195. If reel drive
shaft 178 becomes angularly displaced (up to as much as 45 degrees but typically
not beyond 20 degrees) from axial alignment relative to reel gear axle 175, blocks
194a-194d may elastically deform, while still transmitting rotational force from reel
gear axle 175 to reel drive shaft 178. Joint device 176 may therefore act as a
flexible torsion join connection which allows reel gear axle 175 and reel drive shaft
177 to remain coupled even when reel drive shaft 177 becomes angularly
displaced to some extent relative to reel gear axle 175. The angle of deflection
permitted is dependent on the material chosen for blocks 194a-194d, and the
material may be selected for the desired performance characteristics in a given
application. For example, it will be appreciated that softer materials such as natural

rubber may permit greater angular deflection, but may be less efficient at
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fransmission of torque than a harder material. With reference now to FIG. 13, a
joint device 276 substantially identical fo joint device 176 described above may be
provided to connect reel drive assembly 170 to reel drive shaft 278, which is
substantially identical to reel drive shaft 178. As shown, reel drive shaft 278 may
be angularly offset relative to torsion flex joint 276, but may still be rotated about its

own axis when provided with power by reel drive assembly 170.

[0057] Joint devices 176 and 276 as described above may also absorb
torsional and angular shocks from reel drive shaft 178 and 278 respectively, which
may occur for example if reel 137 hits a bump on the field or is caught on tangled
crops or other foreign material, or that may occur during start up or shut down of
power and torque from reel gear axle 175 and corresponding reel gear axle 275
(FIG. 10).

[0058] In another embodiment, joint device 176 may be designed as a
frangible coupling by varying the design of blocks 194a-194d such that they may
be caused to fail at a predetermined force / torque threshold. For example, blocks
194a-194d may be a solid made of wood, carbon fiber, phenolic, fiberglass, or
other similar materials selected based on compression failure mode
characteristics. Compressive failure of blocks 194a-194d may occur by crushing or
by inelastic yielding, in such a way that blocks194a-194d can no longer carry
torsional loads. Alternatively, blocks194a-194d may be designed for a frangible
coupling using a relatively resilient or hard material such as acetal resin,
acrylenitrile butadiene styrene (ABS), or ultra-high molecular weight (UHMW)
polyethylene. This may be accomplished by shaping the blocks as hollow
triangular prisms such that at a predetermined force threshold, the material may
fail for example by buckling or cracking, thereby no longer able to carry loads. In
this manner, a frangible joint device 176 may be used as a torque fuse that may
prevent reel drive assembly 170 and motor 171 from damage if for example reel
137 is caught on tangled crops or other foreign material in the field, since any

torsional force above the predetermined threshold associated with the blocks
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194a-194d will cause failure in blocks 194a-194d in such a manner that joint

device 176 can no longer transmit force and torque to reel drive assembly 170.

[0059] In another alternate embodiment, joint device 176 may be adapted
for use as a constant velocity joint to transmit torque at a variable angle. This may
be accomplished by modifying the shape of blocks 194a-194d, for example by
rounding the ends of the triangular prism shape to permit some rolling movement
of the blocks within the housing, thereby allowing reel drive shaft 178 to be
displaced at a greater angle relative to reel gear axle than in other embodiments

described above.

[0060] Joint devices 176 may be used in applications other than harvesting
headers, as it may be adapted for use in any mechanical system involving a
rotational power source and rotational output, including any systems where the
input and output axes of rotation may be axially displaced. By way of example only,
it may be adapted to be used in a conveyor belt drive assembly, a power take-off

drive output, or a vehicle drive train.

[0061] As shown in FIGS. 1 and 2, reel 137 may also be provided with
planetary gear reel end kit 140. Planetary gear reel end kit 140 (also referred to
herein simply as “reel end kit 140”) may be operable to engage with and cause
each of the bats 138a-138f positioned around main reel tube 132 to rotate about
sun axis S, and during at least part of the rotation about the sun axis S at the same
time rotate about its own respective bat pivot axis 126a-126f. The rotation of each
bat 138a-138f about its bat pivot axis 126a-126f can be controlled by a planetary
gear assembly 103 (FIG. 3A) that links each bat to its own dedicated planetary
gear system 101a-101f, as will be explained hereinafter. The plurality of fingers
[tines] 102 that may be fixedly attached at approximately regular intervals along the
length of bats 138a-138f may then have a path that is provided by: (a) rotation
around sun axis S; and (b) during at least part of the cycle of rotation of each bat

around sun axis S, rotation about the bat pivot axis 126a-126f associated with its
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respective bat. Such a combination of movements can provide a desirable path for
each of the fingers [tines] 102 on each bat 138a-138f as the bats and the fingers
[tines] attached thereto cycle around the main reel axis / sun axis S as the main

reel tube 132 rotates.

[0062] With reference to FIGS. 1 and 4 in particular it may be noted that end
kit 140 may be located inboard of the outward end of the reel bats such as reel bat
138a. This allows to the end of the reel bats 138a-138f to travel in a path where
the end of each bat will pass quite closely to the inside surfaces of reel arm 134.
Thus fingers [tines] 102, which may be positioned close to or at the outward end of
each bat 138a-138f can also pass close to the inside surfaces of reel arm 134. If
the control mechanism for the rotation of bats 138a-138f were mounted
outside/outboard of the end of the bats then there would be a significant fransverse
gap between the end of the bats and the inside surfaces of the reel arm 134. This
gap would allow material that is being drawn into reel 137 from passing into a
significant gap between the end of the bats and the inside surface of reel arm 134
and potentially causing problems to the operation of the reel bat control
mechanism. But in the illustrated embodiments, by mounting reel end kit 140
inboard of the outward end of reel bats 138a-138f, it can minimize or eliminate crop
material that is being drawn into reel 137 from entering between the end of the
bats and the inside surface of reel arm 134. It will also be appreciated that the
components of end kit 140 are located entirely inboard radially of the cyclical path
of the reel bats 138a-138f as the bats travel around the reel axis / sun axis S.
Thus, the use of end kit 140 provides for a relatively space efficient and

functionally effective reel design.

[0063] When attached to a piece of agricultural machinery such as combine
harvester 50, reel 137 including planetary gear end kit 140 is generally positioned
and configured such that forward movement of combine harvester 50 will allow
fingers [tines] 102 of bats 138a-138f to engage standing crops and allow cutter bar

141 to cut standing crops as combine harvester 50 moves across a field. The
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height of reel 137 (e.g. combine reel lift adjustment) relative to the ground, cutter
bar 141 and the crop to be cut may be adjusted by a linear actuator (e.g. a
hydraulic or electric cylinder) 187 positioned between reel arm 134 and header
frame 131 (FIGS. 1 and 3) and a second linear actuator (not shown) between reel
arm 234 and header frame 131. The forward position of reel 137 (e.g. combine reel
fore/aft adjustment) may also be adjusted by a linear actuator 186 positioned on
reel arm 134 and a corresponding linear actuator (not shown) on reel arm 234. The
operation of these linear actuators may be manually and / or computer controlled

by suitable control systems known in the art.

[0064] With reference now to FIGS 1-4A, planetary gear reel end kit 140
may include reel axle 150 and may further comprise two gear carrier plates 108
and 109, a planetary gear assembly 103 and a sun gear assembly 161 (FIGS. 3-
4A). Gear carrier plates 108 and 109 may be made of any suitable durable material
such as by way of example only steel. Held between gear carrier plates 108 may
be a combination of components that form planetary gear assembly 103 (FIG. 6)
also made from suitable durable materials such as steel. As particularly shown in
FIG. 6, planetary gear assembly 103 may include a plurality of planetary gear
systems 101a-101f, each of which may have a respective planetary gear 104a-
104f that may be mounted about sun gear 106 of sun gear assembly 161.
Planetary gear systems 101a-101f may also include various bat connecting /
linking components which interconnect each of the planetary gears 104a-104f with

a respective bat 138a-138f, as described hereinafter.

[0065] The components of reel end kit 140 may be mounted such that
components other than reel axle 150 and end plate 151 are mounted onto reel axle
150, generally at an outward end portion thereof, but inboard of the location where

axle 150 is supported by bearings 139 on reel arm 134 (see in particular FIGS. 3,
3A, and 4).
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[0066] Sun gear assembly 161 may include sun gear 106 that may be
fixedly attached at an outward facing surface thereof, to a sun gear disc plate 125
(FIGS. 3 and 3A) which can be received and held within a generally
circular/cylindrical aperture in the outer gear carrier plate 109. Outer gear carrier
plate 109, inner gear carrier plate 108 and the planetary gears 104a-f sandwiched
there between, are rotatable about sun axis S relative to sun gear assembly 161
comprising sun gear 106, sun gear disc plate 125 and a sun gear timing

adjustment mechanism (as described below).

[0067] Sun gear assembly 161 may be provided with a cylindrical tubular
sleeve 128 (FIG. 3A) which at one end is attached to sun disc plate 125 and at the
outer end to sun gear timing mechanism comprising sun gear adjustment plate 163
and handle 162. Sun gear timing plate 163 may be provided with a plurality of bolt
holes arranged along an arc approximately equidistant from sun axis S. Sun gear
assembly 161 may be connected to V-plate 164 by means of a bolt or pin 165
which may be secured to any one of the plurality of boit holes on sun gear timing
plate 163. V-plate 164 may be fixedly attached to a reel mount sleeve 169. By
these means, sun gear assembly 161 remains fixed relative to V-plate 164 and reel
arm 134 during operation such that it does not rotate about sun axis S during
rotation of reel 137. The angular position of sun gear assembly 161 about sun axis
S may be adjusted by removing bolt 165, and then using handle 162 to rotate sun
gear assembly 161 to a desired setting, and re-inserting bolt 165 to a different bolt
hole on sun gear timing plate 163. By this mechanism, the timing of movement of

planetary systems 101a-f may be adjusted according to various requirements.

[0068] As may be evident from FIGS. 3 and 4, reel axle 150 may pass
through openings at the center of sun gear assembly 161, in particular through sun
gear disc plate 125, sleeve tube 128 and sun gear 106. Reel axle 150 can rotate
about sun axis S while sun gear assembly 161, sun gear disc plate125, sleeve
tube 128 and sun gear 106 remain stationary relative to V-plate and reef arm 134.

Therefore, in operation, reel axle 150, main reel tube 132, gear carrier plates 108
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and 109 and planetary gear assembly 103 are all rotatable together around sun
axis S and rotatable relative to fixed sun gear 108, sun gear disc plate 125, sleeve

tube 128 and sun gear assembly 161.

[0069] With reference now to FIGS. 6 and 6A, a plurality (in the illustrated
embodiment: six) functionally equivalent - and preferably substantially identical -
planetary gear systems 101a-101f forming part of planetary gear assembly 103
may be rotatably mounted for rotation between gear carrier plates 108 and 109.
Planetary gear systems 101a-101f may be mounted for rotation about planetary
axes 120a-120f respectively. Planetary axes 120a-120f may be positioned at equal
distances from sun axis S and at equal angular distances from each other.
Planetary axes 120a-120f may each be oriented parallel to sun axis S. Only one
planetary gear system 101a will be described herein in detail but it will be
understood that planetary gear systems 101b-101f may be identical in structure

and operation.

[0070] Planetary gear system 101a may be comprised of a planetary gear
104a and a bat connection mechanism that may consist of a gear crank arm 110a,
connecting rod 111a, and bat crank arm 112a. Planetary gear 104a may be
rotatably mounted on and between gear carrier plates 108 and 109 about planetary
axis 120a. Planetary gear 104a may have a circular cylindrical protrusion
proximate its center of both faces which may be configured to fit into corresponding
circular cut-outs 113a and 114a positioned at planetary axis 120a on gear carrier
plates 108 and 109 respectively. Gear carrier plates 108 and 109 may act as
bearing surfaces to allow planetary gear 104a to rotate freely about planetary axis
120a between inner and outer gear carrier plates 108, 109 without substantial

longitudinal movement along planetary axis 120a.

[0071] Planetary gear 104a can be interconnected to bat 138a with a bat
connection mechanism. For example, planetary gear 104a can be fixedly attached

to a gear crank arm 110a by a connection such as a keyed connection such that
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gear crank arm 110a rotates simultaneously with, and in fixed relation to, planet
gear 104 about planetary axis 120a. Distally positioned from the planetary gear
connection point, gear crank arm 110a can be rotatably attached to a connecting
rod 117a. Connecting rod 111a can be rotatably attached at or proximate its
opposite end to a first end of a bat crank arm 112a. A second opposite end of bat
crank arm 112a may be fixedly clamped onto or attached to bat 138a (see in
particular FIGS. 5 and 6).

[0072] Additionally, gear carrier plate 108 may have a plurality of arms
188a-f and similarly gear carrier plate 109 may have a plurality of arms 199a-f. The
arms of gear carrier plates 108 and 109 form six pair of arms 188a/199a to
188f/199f. Each pair of arms 188a/199a to 188f/199f provides a pivotal sandwich
connection with one of a respective pivot link 115a-115f. Each of the pivot links
115a-115f interconnects one of the pairs of arms 188a/199a to 188f/199f with a
respective bat 138a-f. Thus bats 138a-138f may be rotatably connected to the
distal end portions of arm pairs 188a/199a to 188f/199f by means of a pin joint to
pivot links 115a-115f which may be fixedly clamped onto bats 138a-138f. Pivot
links 115a-115f are rotatable about bat pivot axes 126a-126f respectively, such
that bats 138a-138f can pivot about bat pivot axes 126a-126f. The bat pivot axes
126a-126f are the same bat pivot axes that the bats rotate about as per the spider
pivot links on the distal ends of the arms 145 of spiders 136 .as described above.
The bat pivot axes 126a-126f are located at a distance (offset) from the

longitudinal centroid axes through the bats.

[0073] As indicated above, in addition to providing a bearing surface for
planetary gears 104a-104f and sun gear 106, the position of gear carrier plates
108 and 109 also form a sandwich-like construction for reel end kit 140 which may
protect internal components and may facilitate the efficient installation and
replacement of a reel end kit 140 on a reel 137 as a single unit. Gear carrier plates

108 and 109 may also structurally support bats 138a-f so as to eliminate a set of
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spiders that would otherwise be necessary on a reel 137 at an end of a reel tube
132.

[0074] Moreover, the construction and use of reel end kit 140 with planetary
gear assembly 103 allows the reel end kit 140 to be mounted axially transversely
inboard of the outermost ends of bats 138a-f. In other words, reel end kit 140 need
not be attached directly to the outermost ends of bats 138a-f, but may be
positioned transversely inward along sun axis S such that reel end kit 140 does not
extend past the length of bats 138a-f. The use of reel end kit 140 may possibly
improve engagement of the reel 137 with crop material by reducing interference

compared to conventional bat movement mechanisms.

[0075] Planetary gear 104a may be configured with a toothed section 118a,
a toothless section 119a, a first index member 121a, and a second index member
122a. Sun gear 106 may be similarly provided with a toothed section 116 and a
toothless section 117. Toothed section 118a of planet gear 104a may be designed
to engage with toothed section 116 of sun gear 106. Toothless section 119a of
planetary gear 104a may be arc-shaped, with the concave side being configured
so that it can be positioned directly facing sun gear 106. The radius of curvature of
toothless section 119a may be substantially similar to the radius of curvature of
toothless section 117 such that toothless section 119a may slide over toothless
section 117 as planetary gear 104a rotates around sun gear 106. As planetary
gear 104a passes over the toothless section 119a, it remains rotationally

stationary, which results in a fixed finger [tine] orientation angle.

[0076] A first pivot index slot 121a of planetary gear 104a is shaped to
engage with and receive therein an accelerator pivot pin 123. A second pivot index
slot 122a is shaped to engage with and receive therein a decelerator pivot pin 124.
Accelerator pivot pin 123 and decelerator pivot pin 124 can be fixedly attached to

sun gear assembly 161 and positioned such that first pivot index slot 121a will

26



10

15

20

25

CA 02876686 2014-12-24

engage with accelerator pivot pin 123 and second pivot index slot 122a will engage

with decelerator pivot pin 124 as planetary gear 104a rotates about sun axis S.

[0077] Referring now to FIGS. 6 and 6A, in relation to the illustrated
embodiment, the relative dimensions of each part may be described more
specifically in the following mathematical terms. Toothed section 116 of sun gear
106 has radius R4. Toothless section 117 of sun gear 106 has radius R,. Toothed
section 118a of planetary gear 104a has radius ry. The distance between planetary
axis 120a and the center of toothless section 119a of planetary gear 104a is r,.
The distance between sun axis S and planetary axis 120a is D/2. Ry, Ry, ry, and rp

are governed by the foliowing relationship:
D/2=R1+r1=R2+r2

[0078] Thus the distance D/2 between sun axis S and planetary axis 120a
can be selected so that it remains constant during the orbit of planetary gear 104a
about sun axis S, resulting in a substantially circular orbit. The radius of curvature
of the curved surface of toothless section 117 of sun gear 106 is 1/R;, and the
radius of curvature of toothless section 122a of planetary gear 104a can be
selected to that it is also approximately 1/R;. The arc angle of toothed section 118a
of planet gear 104a is given by 8, and the arc angle of toothed section 116 of sun
gear 106 is given by 8. The arc length of toothed section 118a and toothed section

116a can be chosen to be substantially identical, such that r18; = R46s.

[0079] It will be appreciated that if the reel 137 is generally rotated about the
sun axis at an angular velocity of W1, the angular velocities of the corresponding
planetary gears 104a-104f when positively engaged with the sun gear 106 will
depend upon the selected gear ratios (i.e. the ratios of the radius of the toothed
section 116 of the sun gear 106 to the radiuses of the toothed sections 118a-f of

the toothed sections of the planetary gears 104a-f).
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[0080] It may be appreciated that the particular configuration, size and
shape of the planetary gears 104a-104f relative to the configuration, size and
shape of the sun gear 106 will determine the movement of the planetary gears and
the corresponding movement of the bats and fingers [tines] that are interconnected
to the planetary gears. The combination of the length of the arcs of the toothed
section 118a-f, the angular position where the toothed sections 118a-f start and
stop and the angular velocity of the planetary gears 104a-f will at least in part,
determine the profile of movement. It will be appreciated that for example, the
longer the arcs of the toothed sections, the greater range of rotation of the bats

and the fingers [tines] secured thereto.

[0081] Additionally the transition from rotation to non-rotation of each
planetary gear 104a-f can be controlled by the relative positioning of an accelerator
pivot pin 124 and a decelerator pivot pin 123 and interaction of the accelerator
pivot pin 124 and the decelerator pivot pin 123 with the first and second pivot index
slots 121a-121f and 122a-122f. In the embodiment illustrated in FIG. 6A, the
relative angular positions of the fixed sun gear elements may be provided as
follows. Using decelerator pivot pin 124 as reference (0°), in the counter-clockwise
direction, toothless section 117 of sun gear 106 may span approximately from 18°
to 180°. Accelerator pivot pin 123 may be positioned at approximately 198°.
Toothed section 116 of sun gear 106 may span approximately from 212° to 340°.
The interaction of the accelerator pivot pin 124 and the decelerator pivot pin 123
with the first and second pivot index slots 121a-121f and 122a-122f respectively
controls the engagement and the disengagement of the planetary gears 104a-104f
and ensures that the toothed portions of planetary gears 104a-104f will properly
engage with, and disengage from, the toothed portions sun gear 106 at appropriate

times during the cyclical motion around sun gear 106.

[0082] In the example embodiment of FIG. 6A, the relative dimensions of
parts comprising planetary system 101a and sun gear 106 may be provided as

follows. Gear crank arm 110a has length D4 as measured from planetary axis 120a
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to the center of the pin connection with connecting rod 111a. Connecting rod 111a
has length D, as measured between the pin connections with gear crank arm 110a
and bat crank arm 112a. Bat crank arm 112a has length D; as measured from the
pin connection with connecting rod 111a to the centroidal axis of bat 138a. The
ratio Dy : D, : D3 is approximately 1: 3.3 : 1. The ratio ry : Dy is approximately 4 : 5,
and the ratio ry: rp is approximately 4 : 6. The relative dimensions described above
are preferred for the current configuration of reel tube diameter, reel bat operating
circumference, and other variables. Aspects will deviate from a formula applied to
the current design, if, for example, more or less than six bats where used. The
same ratios described above may be used for embodiments containing less than
six bats, and the design of planetary members 101a-f need not change for such
embodiments. For embodiments with more than six bats, it may be neceséary to
construct a reel with larger diameter to accommodate the aforementioned parts in
the available space with sufficient clearance for movement. In such a case, the
same ratios may generally be used but the size of each part must be varied to

accommodate the larger diameter reel.

[0083] The design and selection of gear ratios and dimensions of the parts
described above depend on a variety of considerations, including the reel tube size
and diameter, the number of bats, radial distance of the bats from the reel axis,
size and number of teeth on planetary and sun gears, material type, and physical
clearance between the moving parts. In various embodiments, a desired position
or radius for the bats or bat pivot axes 126a-126f may first be determined and then
a desired rotation of the bats during use may be determined. The design and
selection of gear ratios and dimensions of parts may then be chosen based, at
least in part, on the desired position or radius of the bat axes 126a-126f and the

desired rotation of the bats.

[0084] In various embodiments, a ratio of the radii of toothed sections of the
planet gears and the sun gear may be set to facilitate a desired rotation or

movement of the bats as they travel about the sun gear, while avoiding clearance
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problems. For example, in various embodiments, the ratio of r1 to R1 may be set
to about 7:11.

[0085] It will be apparent that various dimensions provided above may be
varied according to the operational requirements of reel 137 and the desired
movement profile of the fingers [tines] 102 attached to each of bats 138a-f. For
example, variations in the lengths D¢, D, and D3 will affect the range of motion and
position of bat 138a and its fingers [tines] 102 during the rotational cycle of
planetary gear assembly 103. These lengths may be chosen to optimize the path
of motion of bats 138 and fingers [tines] 102 with the aid of computer design
software such as 3D CAD.

[0086] An example method for assembling planetary gear reel end kit 140
and installing on reel 137 is provided as follows. Referring to FIGS. 3, 3A, 4, and
4A, planetary gear reel end kit may be assembled by the following steps. First,
gear carrier plate 108 can be connected to reel axle 150 by sliding reel axle 150
through a centrally located circular cut-out on gear carrier plate 108 until it reaches
collar 154 and connection plate 152. This step may be performed while carrier
gear plate 108 is oriented generally horizontally such that reel axle 150 is sld
vertically up through gear carrier plate 108. Gear carrier plate 108 may next be
fixed to reel axie 150 by affixing connection plate 152 to gear carrier plate 108 with
bolts. Next, with reel axle 150 attached to gear carrier plate 108, sun gear
assembly 161 may be put into position by sliding it onto and along reel axle 150
until it comes into contact with gear carrier plate 108. Next, with sun gear assembly
161 in place, planetary gears 104a-f may be placed one at a time on
corresponding cut-outs 113a-f on gear carrier plate 108. Specifically, planetary
gear 104a may be placed on circular cut-out 113a on gear carrier plate 108, such
that it is mated to sun gear 106 in a position as described above. Once planetary
gear 104a is in place, sun gear assembly 161 may be rotated using handle 162,
and a second planetary gear 104b may be placed onto gear carrier plate 108.

Placement of planetary gears and rotation of sun gear assembly 161 may be
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repeated until all planetary gears 104a-f are in place. This allows planetary gears
104a-f to be installed easily while maintaining proper mating with sun gear 106. In
the next step, planetary gear systems 101a-101f may be substantially completed
so as to allow the planetary gear assemblies 101a-101f to interconnect each of
bats 138a-138f to its respective planetary gear 104a-104f. This can be
accomplished by attaching each of gear crank arms 110a-f to the end of a shaft
attached to a respective planetary gear 104a-104f. Connecting rods 111a-f may
have one end interconnected to the distal end of gear crank arms 110a-110f and
the opposite end attached to an end of bat crank arms 112a-f. The other end of
each of the bat crank arms 112a-112f may be provided with an adjustable bracket
107a-107. When gear reel end kit 140 is mounted onto the main tube 132, the bat
crank arms 112a-112f may be fixedly secured to the bats 138a-138f at an
appropriate position and orientation. The foregoing allows each bat 138a-138f to
be interconnected to their respective planetary gear 104a-f when the real end kit is

mounted onto the header.

[0087] In the next step, outer gear carrier plate 109 is put into position by
sliding it along (and maybe vertically down) reel axle 150 until it forms the
sandwich construction as described above with gear carrier plate 108. Gear carrier
plate 109 may be secured to gear carrier plate 108 by bolts. This then completes

the construction of the reel end kit 140.

[0088] Next, planetary gear end kit 140, now assembled, may be attached to
reel mount plate 166 by sliding reel axle 150 into reel mounting sleeve 169 and
attaching snap ring 167 to collar 168 on reel axie 150. The angular position of sun
gear assembly 161 may be selected as described above by choosing one of the
plurality of bolt holes on sun gear timing plate 163 to connect with V-plate 164.
Next, planetary gear end kit 140 may be placed into main reel tube 132 by sliding
the interior free end of reel axie 150 and end plate 151 into the center of main reel
tube 132. Main reel tube 132 may then be secured to planetary gear end kit 140 by

bolting cleats / brackets 153a-c to corresponding belt holes on gear carrier plate
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108. Finally, planetary gear end kit 140, now secured to main reel tube 132, may
be attached to reel arm 134 by bolting reel mount plate 166 to reel arm 134. Main
reel tube 132, axle 150 and end kit 140 may thus be supported at the outward end

of the reel by the attachment to reel arm 134.

[0089] it will be appreciated from the foregoing that the planetary gear reel
end kit 140 may be replaced as an entire unit onto reel 137 without replacing other
components of reel 137, thereby allowing efficient and timely repairs and

maintenance of planetary gear end kit 140.

[0090] In operation, a source of rotational power on reel drive arm 135 as
described above drives main reel tube 132 in rotation about sun axis S, thereby
causing rotation of reel 137 including bats 138a-f and their fingers [tines] 102 and
planetary gear systems 101a-f also about sun axis S. Consequently, planetary

gears 104a-104f are caused to rotate around stationary sun gear 106.

[0091] It will be convenient to describe the motion of planetary gear systems
101a-101f in phases as the gear carrier plates 108, 109 are driven in counter-
clockwise rotation around sun axis S and about fixed sun gear 106. As planetary
gears 104a-104f attached to carrier gear plates 108, 109 move counter-clockwise
in orbit about sun axis S, each planetary gear 104a-104f moves through a dwell

phase, an acceleration phase, a rotational phase, and a deceleration phase.

[0092] With reference now to FIG. 8, planetary gears 104a and 104b are
examples of planetary gears in the dwell phase of orbit. During the dwell phase,
toothless section 119a/119b of planetary gears 104a/104b respectively are
engaged with toothless section 117 of sun gear 106, causing planetary gears
104a/104b to rotate about sun axis S without significant rotation about planetary
axis 120a/120b respectively. During the dwell phase, gear crank arms 110a/110b
are held in an angularly fixed position relative to planetary axis 120a/120b.

Connecting rod 111a, bat crank arm 112a, and bat 138a are therefore also held in
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a fixed position relative to planetary axis 120a during this dwell phase. Fingers
[tines] 102 attached to bat 138a are thereby locked in a fixed relative position to
bat 138a and planetary gear 104a, generally perpendicular to the direction of
motion of bat 138a. Similarly, fingers [tines] 102 attached to bat 138b are thereby
locked in a fixed relative position to bat 138b and planetary gear 104b, generally
perpendicular to the direction of motion of bat 138b. Planetary gears 104a/204b
continue to move along an arc about sun axis S until they each in turn reach the
position depicted in FIG. 6 by planetary gear 104c. In FIG. 6, planetary gear 104c

is shown entering the acceleration phase.

[0093] In the acceleration phase, as depicted by planetary gear 104c¢ in FIG.
6, toothless section 119c¢ of planetary gear 104c disengages with toothless section
117 of sun gear 106 while first pivot index slot 121¢c engages with accelerator pivot
pin 123, thereby pivoting planetary gear 104c about planetary axis 120c until
toothed section 118c of planetary gear 104c engages and meshes with toothed
section 116 of sun gear 106. Once the teeth of planetary gear 104c has engaged
with sun gear 106, it moves into the rotational phase as depicted for example by
planetary gear 104d. During the acceleration phase, gear crank arm 110c¢ begins
to rotate about planetary axis 120c, thereby transmitting a force to bat crank arm
112c through connecting rod 111c. The force transmitted to bat crank arm 112c,
which is fixedly clamped to bat 138c, causes bat 138c to move in an arc about bat
pivot axis 126c¢. Fingers [tines] 102 attached to bat 138c are therefore caused to
rotate counter-clockwise about bat pivot axis 126c¢. Bat 138c is also extended
radially away from sun axis S by the combined action of gear crank arm 110c and

connecting rod 111c.

[0094] In the rotational phase, as depicted for example by planetary gear
104d in FIG. 6, toothed section 118d of planet gear 104d is engaged with toothed
section 116 of sun gear 106. As planetary gear 104d is driven in a counter-
clockwise in orbit about sun axis S, it also rotates counter-clockwise about

planetary axis 120d. During this rotational phase, gear crank arm 110d also rotates
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counter-clockwise about planetary axis 120d. As gear crank arm 110d sweeps in
an arc towards sun axis S, it pulls connecting rod 111d closer to sun axis S and
thereby causes a rotation in-bat crank arm 112d about bat pivot axis 126d in a
direction opposite to the motion of planetary gear 104d (clockwise) around sun
gear 106. Rotation of bat crank arm 112d causes bat 138d to move in an arc about
pivot axis 126d, causing fingers [tines] 102d to also rotate in the same direction as

bat 138d.

[0095] In the rotational phase, between that depicted by planetary gear 104d
in FIG. 6, and that depicted by planetary gear 104e in FIG. 6 each planetary gear
104a-f will continue to move counter-clockwise in orbit about sun axis S, and also
rotate counter-clockwise about its respective planetary axis 120a-120f. During this
rotational phase, each gear crank arm 110a-110f also continues to rotate counter-
clockwise about its planetary axis 120a-120f. As each gear crank arm 110a-110f
continues to sweeps in an arc eventually it reaches its closest position in relation to
sun axis S and then starts to move away from sun axis S. In doing so, it starts to
push connecting rod 111a-111f away from sun axis S and thereafter move to the
position shown in FIG. 6 by gear crank arm 110e thereby causing a rotation in bat
crank arm 112e about bat pivot axis 126 in the same direction to the motion of
planetary gear 104 around sun gear 106. By way of example in Fig. 6, further
rotation of bat crank arm 112e will cause bat 138e to move in an arc about pivot
axis 126e, causing fingers [tines] 102e to also rotate in the same direction as bat
138e. Each planetary gear 104a-104f continues an orbital motion about sun axis S
until it reaches the deceleration phase as depicted by planetary gear 104f in FIG.
6.

[0096] In the deceleration phase, second pivot index slot 122f of planetary
gear 104f is shown engaged with decelerator pivot pin 124. The force applied by
decelerator pivot pin 124 as its engages second pivot index slot 122f counteracts
the rotational movement of planetary gear 104f, which pivots planetary gear 104f

about planetary axis until toothless section 119f is brought into engagement with
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toothless section 117 of sun gear 106. Decelerator pivot pin 124 will then
disengage from second pivot index slot 122f as planetary gear 104f continues to
orbit about sun axis S and planetary gear 104f is shown just entering the dwell
phase. During the deceleration phase, gear crank arm 110f has returned to its
initial position in the dwell phase, causing fingers [tines] 102f also to return to a
position where they oriented approximately perpendicular to the direction of
motion. With further rotation of the planetary gears 104a-104f around sun gear
106, when each planetary gear 104a-104f reaches the position depicted by
planetary gear 104a, the cycle of motion is complete and accords with cne
complete cycle of rotation of reel 137. The movement just described can hereafter

be repeated during each rotation of main reel tube 132 / reel 137.

[0097] Referring now to FIGS. 8 and 8A, the behavior and movement of bats
138a-138f and fingers [tines] 102 during one cycle of rotation of reel 137 are
shown in greater detail. Bat path BP is created by tracing the path of motion of any
one of bats 138a-138f during a given cycle of motion. It will be seen that bat path
BP forms a complex non-circular shape due to the combination of rotational motion
about sun axis S, variations in radial distance from sun axis S caused by planetary
members 101a-101f, and the arc motion of bats 138a-138f about bat pivot axes
126a-126f. The motion of bats 138a-138f also causes fingers [tines] 102 to move in
a complex manner. It will be appreciated that bat path BP may be mcdified by
varying the dimensions and shapes of the parts described above so as to optimize
bat path BP for different applications. In the embodiment described herein, bat
path BP is chosen such that bats 138a-138f reach a maximum radial distance from
sun axis S near the front of the reel and a minimum radial distance from sun axis S
near the rear of the reel. Complex bhat path BP may facilitate engagement of crops
by fingers [tines] 102 at its maximum extension, and increase clearance distance
to the rearward components of header 130 at its minimum extension. As compared
to a circular path C about sun axis S, it can be seen that bat path BP allows bats

138a-f to reach further radially from sun axis S when engaging crops to be cut and
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retract more toward sun axis S when moving past other components of the header,

during various portions of the movement cycle.

[0098] It will be convenient to describe the motion of fingers [tines] 102 as
each bat and the fingers [tines] provided thereon, travel through different activity
zones as illustrated in FIG. 9. The illustrations of the finger path and pattern are
provided are an example working embodiment, but only roughly shown in relation
to ground [down/bottom is generally ground]. Adjustments to the timing can rotate
the finger pattern clock/anti-clock wise according to operating requirements in
different harvesting conditions. In one embodiment, in a crop entry zone 161 (that
may extend from an axis substantially orthogonal to the ground, at an angle Z from
about 90 degrees to about 120 degrees fingers {tines] 102 are oriented generally
perpendicular to the counter-clockwise direction of rotational motion of planetary
gears 104a-104f about the sun axis. This finger orientation when combined with
the forward motion of header 130 as combine harvester 50 moves through a field
holding a crop may allow fingers {tines] 102 to engage crops without crop
pushover. In a gather zone 162 (that may extend at an angle Z from about 120
degrees to about 155 degrees), fingers [tines] 102 remain generally perpendicular
to the rotational motion of planetary gears 104a-104f about the sun axis. At this
stage fingers [tines] 102 and bats 138a-138f may sweep engaged crops toward
header 130. In a pick-up zone 163 (that may extend at an angle Z from about 155-
195 degrees to about 190, fingers [tines] 102 remain oriented generally
perpendicular to the direction of rotational motion of planetary gears 104a-104f
about the sun axis, but are extended to the maximum distance from sun axis S by
the action of planetary members 101a-101f as described above. Extension of
fingers [tines] 102 in pick-up zone 163‘may further engage downed crops that may

otherwise be missed.

[0099] In a lift zone 164 (that may extend at an angle Z from about 195
degrees to about 210 degrees) the tips of fingers [tines] 102 rapidly move in an

upward trajectory so as to lift any engaged crops over cutter bar 141 on header
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130 with a quick “flip”-like motion that efficiently clears the cutter bar and moves
the crop into the conveyance zone. The lifting motion of fingers [tines] 102
combined with forward motion of header 130 may cause engaged crops to be cut
by cutter bar 141, allowing engaged crops to be collected. In a sweep zone 165
(that may extend at an angle Z from about 210 degrees to about 240 degrees),
fingers [tines] 102 continue to move in a sweeping or raking motion in an arc,
moving any cut crop material still engaged with fingers [tines] 102 toward collection
deck 142 of header 130. The rotational movement of bats 138a-138f may also
clear the area above cutter bar 141 to prevent crop material build up and move

crops toward collection deck 142.

[00100] In a release zone 166 (that may extend at an angle Z from about 240
degrees to about 290 degrees), fingers [tines] 102 rotate about bat pivot axes
126a-126f in a direction contrary to the rotational motion of planetary gears 104a-
104f about the sun axis, such that fingers [tines] 102 become aligned generally
parallel to the direction of motion of bats 138a-138f. The orientation of fingers
[tines] 102 in release zone 166 may allow crops to fall away from fingers [tines]
102 onto collection deck 142. In this zone, the finger tips come very close to, but
do not stall. That is, the tips of the fingers [tines] 102 are in motion for the full
rotation of the reel. In release zone 166, fingers [tines] 102 reach a minimum radial
distance from sun axis S due to the action of planetary members 101a-101f, which
may allow greater clearance from header 130. When Z reaches approximately
270-300 degrees, the bats themselves are retracted to be closest to the main reel
tube 132. The combined maximum finger and bat retraction results in a “clean reel
backside” for minimal interference with the crop collection system 143. In neutral
zone 167 (that may extend at an angle Z from about 290 degrees to about 360
degrees), fingers [tines] 102 begin to rotate from an orientation parallel to the
direction of motion of bats 138a-138f to an orientation perpendicular to the
direction of motion. In this zone fingers [tines] 102 remain relatively close to sun
axis S. Finally, in transition zone 168 (that may extend at an angle Z from about 0

degrees to about 90 degrees), fingers [tines] 102 return to a ready position wherein
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fingers [tines] 102 are oriented generally perpendicular to the direction of motion of
bats 138a-138f. When fingers [tines] 102 return to crop entry zone 161, the cycle

repeats.

[00101] In the embodiment as illustrated by FIGS. 1 and 2, a second reel end
kit 240 substantially identical to reel end kit 140 may also be provided on header
130 axially aligned along sun axis S and mounted on axle 250 (not shown, but
substantially identical to axle 150) and main reel tube 232 (constructed like main
reel tube 132) at an opposite end of header 130 to reel end kit 140. Similarly,
second reel end kit 240 may have components fixed on reel arm 234. Second reel
end kit 240 may be configured and operable to rotate the bats 238a-238f and
fingers [tines] 102 provided thereon, in the same manner reel end kit 140 rotates
bats 138a-f and the fingers [tines] 102 provided thereon as described above.
Second reel end kit 240 may be driven around a common sun axis S by main reel
tube 232, in a manner like main reel tube 132 is driven around sun axis S, as
referenced above. Thus each fransverse half of reel 137 may be constructed as

substantiaily the mirror images of each other.

[00102] However, as indicated above, bats 238a-f may be angularly offset so
that they are equally interleaved with bats 138a-f, such that crops are not engaged
simultaneously by both sets of bats 138a-f and bats 238a-f. By engaging crops in
an alternating manner, peak loads on header 130 may possibly be reduced when
compared with single-reel headers of comparable size. The use of a split main reel
tube like main reel tubes 132, 232 may reduce wear when compared to single-reel
headers of comparable size. It may also reduce the costs of repair since each part
of the split reel as well as reel end kits 140 and 240 may be repaired and/or

replaced independently of each other.

[00103] While the embodiment shown in FIGS. 1 and 2 provides a split reel
on header 130, it will be apparent that header 130 may have a single continuous

reel or a plurality of reels such as in the presently described embodiment. In the
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case of more than 2 reel sections, it is possible to mount the reel end kit 140 to any
reel arm configured to support a reel, which may not necessarily be the outermost
reel arms on a header. The number of reels may be varied according to

engineering requirements without substantially affecting its function.

[00104] With reference now to FIGS. 7 and 7A, there is provided an alternate
embodiment of a reel end kit generally designated 340. Reel end kit 340 (shown
without some components like an axle like axle 150) is substantially identical to
reel end kit 140 as described above, except that gear crank arms 110a-110f are
replaced with disk cranks 310a-310f. Only disk crank 310a will be described in
detail, but it will be understood that disk cranks 310a-310f are identical in nature.
Disk crank 310a may generally circularly disk-shaped, and may be made of a
durable rigid material such as steel or aluminum. Disk crank 310a can be
positioned coaxial to planetary axis 320a and planetary gear 304a (like planetary
gear 104a). Disk crank 310a may be fixedly attached at its center to planetary gear
304a by means of a keyed attachment or using means such as bolts such that disk

crank 310a rotates simultaneously with planetary gear 304a.

[00105] Disk crank 310a may be provided with a plurality of holes 328a
distributed both radially and circumferentially around planet axis 320a. Holes 328a
may be placed on any point on disk crank 310a. The pattern as shown in FIGS. 7
and 7A are provided by way of example only. Connecting rod 311a may be
rotatably attached to any one of holes 328a on disk crank 310a by means such as
a pin or a bolt. In operation, the rotation of planetary gear 304a will cause disk’
crank 310a to rotate, thereby causing movement in connecting rod 311a and
corresponding bat crank arm 312a in a manner similar to the embodiment
described above. By attaching connecting rod 311a to a different hole 328a on disk
crank 310a, one may adjust the timing of the motion of corresponding bat 338a

(not shown) and fingers [tines] 302a.
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[00106] For example, attachment of connecting rod 311a to a hole positioned
at a different radial distance from planetary axis 320a may alter the range of
movement of fingers [tines] 302a. Furthermore, the timing of finger movement may
be adjusted by selecting a different hole circumferentially along disk crank 310a to
which connecting rod 311a is attached. The use of disk crank 310a may therefore
allow an operator to calibrate and adjust the timing and motion of bat 338a and
fingers [tines] 302a depending on operational requirements. For example, there
may be different optimal finger and bat positions depending on the type of crop

being harvested or field conditions.

[00107] It may be appreciated that the use of the planetary gear end kit like
end kit 140 in a reel for a harvesting header may require a significantly less
number of parts compared to alternate systems, and may be much more readily
repaired / replaced due to ease of removal and installation compared {o at least

some alternate systems.

[00108] The above described embodiments are intended to be illustrative
only and in no way limiting. The described embodiments of carrying out the
invention are susceptible to many modifications of form, arrangement of parts,
details and order of operation. Other modifications will be apparent to those skilled

in the art and, therefore, the invention is defined in the claims.

[00109] When introducing elements of the present invention or the

” o

embodiments thereof, the articles “a,” “an,” “the,” and “said” are intended to mean

n oKy

that there are one or more of the elements. The terms “comprising,” “including,”
and “"having” are intended io be inclusive and mean that there may be additional

elements other than the listed elements.
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WHAT IS CLAIMED IS:

1. A crop harvesting header comprising:

a reel rotatable about a reel axis, said reel having at least one reel bat
supported at a spaced distance from the reel axis, the at least one reel bat
being operable for pivotal movement about a bat axis radially spaced from

said reel axis and oriented generally parallel to the reel axis;

the at least one reel bat having at least one crop collection member
connected thereto, said at least one crop collection member extending
generally away from said bat axis, the at least one reel bat being operable to

move in a cyclical path around the reel axis during rotation of the reel;

the at least one reel bat being operable to be pivoted about its bat axis so as
to vary the angular orientation of the at least one crop collection member

about the bat axis as the reel rotates about the reel axis;
a sun gear;

a planetary gear assembly being rotatable about and relative to said sun

gear and rotatable about said reel axis;

said planetary gear assembly being operable during rotation about the reel
axis with the reel to interact with the sun gear, and cause said planetary
gear assembly to effect pivotal movement of said at least one reel bat about

its bat axis;

said planetary gear assembly comprising at least one planetary gear system
operable to be rotated around said reel axis and said sun gear, and said at
least one planetary gear system comprising a planetary gear being rotatable
about a planetary gear axis; said at least one planetary gear system being
interconnected to said at least one reel bat, said planetary gear system

being operable during rotation about the reel axis with the reel, to rotate with
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the reel and for said planetary gear to engage with the sun gear, such that
said planetary gear system causes pivotal movement of said at least one

reel bat about said bat axis;

- said at least one planetary gear system further comprising a bat connection
mechanism connecting said planetary gear with a reel bat, such that during
rotation of said planetary gear system about the reel axis the planetary gear
interacts with the sun gear, and through said interaction each said bat
connection mechanism cause pivotal movement of said reel bat about its bat

axis;
- said bat connection mechanism comprises:

(a) a gear crank device connected to said planetary gear and operable

for rotation with said planetary gear;

(b) a connecting member having one end connected to said gear crank
device and another end connected to a first end of a bat crank arm; said

bat crank arm being interconnected to a bat;

wherein in operation, rotation of said planetary gear causes said
gear crank device to rotate about said planetary gear axis with
said planetary gear, which causes said gear crank device to move
said connecting member, which causes said bat crank arm to

rotate said bat about said bat axis.

2. The crop harvesting header as claimed in claim 1 wherein said sun gear has a

central sun axis positioned in substantial axial alignment with the reel axis.

3. The crop harvesting header as claimed in claim 1, further comprising:

()] a frame operable to be moved in a direction of movement across ground

carrying a crop to be harvested;
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(i) a cutting system operable for cutting crop material situated on the

ground;

(i)  a crop collection system operable for receiving crop material cut by the

cutting system and transporting the cut crop material for further handling;

- wherein said reel is supported by, and rotatably mounted on, said
frame and said reel operable to move crop in an area of the cutting
system and operable to assist in feeding cut crop material to the crop

collection system,

- wherein said reel axis is oriented generally longitudinally and the reel
is mounted on the frame for movement therewith in the direction of

movement and mounted for rotation about said reel axis;

- wherein the reel comprises a plurality of reel bats supported at
spaced positions around the reel axis, each of the reel bats being
mounted for pivotal movement about a bat axis located radially
outward from said reel axis and oriented generally parallel to the reel

axis;

- each of said plurality of reel bats having a plurality of crop collection
members, said crop collections members extending generally away

from the respective reel bat;

- each of the reel bats being operable to move in a cyclical path around

the reel axis during rotation of the reel;

- each of the reel bats being operable to be pivoted about its respective
bat axis so as to vary the angle of the crop collection members about

the bat axis as the reel rotates;

- said sun gear being located proximate one end of the reel and being

fixed relative to the frame;
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wherein said planetary gear assembly comprises a plurality of planetary
gear systems each operable to be rotated around said reel axis and said
sun gear, and said planetary gear systems each having a planetary gear
being rotatable about a respective planetary gear axis; said plurality of
planetary gear systems being each interconnected to a respective one of
said plurality of reel bats, each of the planetary gear systems being
operable during rotation about the reel axis with the reel, to rotate with
the reel and have its respective planetary gear rotate about its planetary
gear axis and engage with the sun gear, such that each of said planetary
gear systems causes pivotal movement in each respective reel bat and

its crop collection members about its respective bat axis.

4. The crop harvesting header as claimed in claim 3, said crop harvesting header

further comprising a reel drive mechanism operable to drive said planetary gear
assembly in rotation about said reel axis, and wherein said planetary gear
assembly comprises at least one gear carrier plate connected to said plurality of
planetary gear systems, and wherein said reel drive mechanism drives said at
least one carrier plate and said planetary systems in rotation about said reel

axis.

. The crop harvesting header as claimed in claim 4 wherein said reel further

comprises a main reel tube, and wherein said main reel tube is interconnected
to said at least one gear carrier plate and wherein said reel drive mechanism is
interconnected to said main reel tube to drive said main reel tube in rotation
about said reel axis so as to drive said at least one carrier plate and said

plurality of planetary gear systems about said reel axis.

. The crop harvesting header as claimed in claim 4, wherein said at least one

gear carrier plate comprises first and second gear carrier plates connected to

each other and to said plurality of planetary gear systems and wherein said first
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and second gear carrier plates support said plurality of planetary gear systems

there between.

. The crop harvesting header as claimed in claim 3 wherein each of said

planetary gear systems comprises a planetary gear mounted for rotation about
a planetary axis, and each said planetary gear system further comprising a bat
connection mechanism connecting each said planetary gear with a respective
one of said plurality of reel bats, such that during rotation of said planetary gear
systems about the reel axis the planetary gears interact with the sun gear, and
through said interaction each said bat connection mechanism cause pivotal

movement of each respective reel bat about its respective bat axis.

. The crop harvesting header as claimed in claim 7 wherein said planetary gear

assembly comprises at least one gear carrier plate connected to said plurality of
planetary gear systems, and wherein said at least one gear carrier plate has an
outward facing surface and an inward facing surface and wherein said planetary
gear systems are located generally longitudinally inward of said inward facing
surface of said at least one gear plate and said gear crank arm is located
generally longitudinally outward of said outward facing surface of said at least

one gear carrier plate.

. The crop harvesting header as claimed in claim 7 wherein each of said plurality

of planetary gears and said sun gear are configured so that in operation there
will be pivotal movement of each respective reel bat about its respective bat
axis during only a rotational part of the cycle of rotation of said reel about said

reel axis.

10.The crop harvesting header as claimed in claim 9 wherein each said planetary

gear and said sun gear have toothed sections which when engaged in
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operation cause pivotal movement of each respective reel bat about its

respective bat axis.

11.The crop harvesting header as claimed in claim 10 wherein each said planetary

gear and said sun gear have non-toothed sections which when engaged in
operation cause the reel bat to have no pivotal movement of each respective

reel bat about its respective bat axis.

12.The crop harvesting header as claimed in claim 11 wherein when each of said

non-toothed sections of said planetary gear and said sun gear are engaged,
said planetary gear is in a locked configuration whereby the sun gear and the
planetary gear interact to prevent rotation of each planetary gear about its
respective planetary gear axis and thus lock the reel bat to prevent pivotal

movement of each respective reel bat about its respective bat axis.

13.The crop harvesting header as claimed in claim 12 further comprising a pin

member on said sun gear and a slot mounted on each of said planetary gears,
said pin member and each said slot configured to co-operate such that during
operation during rotation of each planetary gear about said sun axis, said slot
will engage with said pin member to transition said planetary gear from a first
state of non-rotation about its planetary gear axis to a second state of rotation

about said planetary gear axis.

14.The crop harvesting header as claimed in claim 13 wherein said pin member

comprises a first pin member and said slot comprises a first slot, and wherein
said crop harvesting header further comprises a second pin member on said
sun gear and a second slot mounted on each of said planetary gears, said
second pin member and each said second slot configured to co-operate such
that during operation during rotation of each planetary gear about said sun axis,

said second slot will engage with said second pin member to transition said
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planetary gear from said second state of non-rotation about its planetary gear

axis to said first state of rotation about said planetary gear axis.

15.The crop harvesting header as claimed in claim 3 wherein each bat axis of said
plurality of said bat axes is located at a distance from a central longitudinal axis

through said respective reel bat.

16.The crop harvesting header as claimed in claim 1, further comprising a reel
drive mechanism operable to drive said planetary gear assembly in rotation

about said reel axis.

17.The crop harvesting header as claimed in claim 1 wherein said gear crank

device comprises a gear crank arm.

18.The crop harvesting header as claimed in claim 1, wherein said bat axis is
located at a distance from a central longitudinal axis through said at least one

reel bat.

19.A kit for use with a crop harvesting header, said kit being configured to be

interconnected to a reel of said crop harvesting header, said kit comprising:
(a) a sun gear assembly comprising a sun gear;

(b) a planetary gear apparatus comprising (i) a plurality of planetary gear
systems, each of said planetary gear systems positioned and operable to be
rotated about and engage with said sun gear; (ii) at least one gear carrier plate
operable to support said plurality of planetary gear systems; said planetary gear

apparatus being operable to be rotated about said sun gear;

(c) a connection mechanism for connecting said sun gear assembly to said

planetary gear apparatus;
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(d) a plurality of bat connection mechanisms operable for connecting a
planetary gear of each said plurality of planetary gear systems with a reel bat,
such that in operation, during rotation of said planetary gear system about the
reel axis each planetary gear interacts with the sun gear, and through said
interaction each said bat connection mechanism cause pivotal movement of a

connected reel bat about its bat axis;
- where each of said plurality of bat connection mechanisms comprises:

(i) a gear crank device, each said gear crank device connected to a
planetary gear and operable for rotation with said planetary gear about a

planetary gear axis;

(i) a connecting rod, each connecting rod having one end connected to
said gear crank device and another end of said connecting rod
configured to be connected to a first end of a bat crank arm, each said

bat crank arm being operable for connection to a reel bat;

wherein when said kit is interconnected to a reel, in operation said reel is
rotated about a reel axis, and each of the plurality of planetary gear systems is
operable to cause pivotal movement of each of a plurality of interconnected reel

bats to pivot about its respective bat axis; and

wherein when said kit is interconnected to said bat crank arm, in operation,
rotation of said plurality of planetary gears about said sun gear causes said
plurality of gear crank devices to rotate about said planetary gear axes with said
respective plurality of planetary gears, which causes said plurality of gear crank
devices to move said respective connecting rods, which causes each of said
respective bat crank arms to rotate said respective reel bats about their
respective bat axes during at least part of the rotation of the planetary gears

about said sun gear.
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20.The kit as claimed in claim 19 further comprising an axle received through said

sun gear and said plurality of planetary gear systems.

21.The kit as claimed in claim 19 comprising first and second gear carrier plates for

supporting said plurality of planetary gear systems there between.

22.The kit as claimed in claim 19 wherein each of said plurality of planetary gear
systems further comprises a plurality of planetary gears rotatable about
respective planetary gear axes, and a plurality of bat connection mechanisms
operable for connecting each of said plurality of planetary gears with a
respective one of a plurality of reel bats of said reel, said kit operable such that
when connected to said reel, during rotation of said reel about a reel axis, each
of the planetary gears is operable to interact with the sun gear, and through
each said bat connection mechanism cause pivotal movement of each

respective reel bat about its respective bat axis.

23.A crop harvesting header comprising:

a reel rotatable about a reel axis, said reel having at least one reel bat
supported at a spaced distance from the reel axis, the at least one reel bat
being operable for pivotal movement about a bat axis radially spaced from

said reel axis and oriented generally parallel to the reel axis;

- the at least one reel bat having at least one crop collection member
connected thereto, said at least one crop collection member extending

generally away from said bat axis;
- the at least one reel bat having an outward end;

- the at least one reel bat being operable to move in a cyclical path around the

reel axis during rotation of the reel;
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- the at least one reel bat being operable to be pivoted about its bat axis so as
to vary the angle of the at least one crop collection member about the bat

axis as the reel rotates about the reel axis;
- asun gear,

- a kit comprising (i) a gear system and (ii) a bat connection mechanism

connecting said gear system to said at least one reel bat;

wherein said gear system is operable during rotation to effect pivotal movement

of said at least one reel bat about its bat axis; and wherein:

- said gear system comprises a planetary gear assembly being
rotatable about and relative to said sun gear and rotatable about said

reel axis;

- said planetary gear assembly being operable during rotation about
the reel axis with the reel to interact with the sun gear, and cause
said planetary gear assembly to effect pivotal movement of said at

least one reel bat about its bat axis;

- said planetary gear assembly comprising at least one planetary gear
system operable to be rotated around said reel axis and said sun
gear, and said at least one planetary gear system comprising a
planetary gear being rotatable about a planetary gear axis; said at
least one planetary gear system being interconnected to said at least
one reel bat, said planetary gear system being operable during
rotation about the reel axis with the reel, to rotate with the reel and for
said planetary gear to engage with the sun gear, such that said
planetary gear system causes pivotal movement of said at least one

reel bat about said bat axis;

- said at least one planetary gear system further comprising a bat

connection mechanism connecting said planetary gear with a reel

50

Date Regue/Date Received 2020-06-25



10

15

20

25

CA 2876686

bat, such that during rotation of said planetary gear system about the
reel axis the planetary gear interacts with the sun gear, and through
said interaction each said bat connection mechanism cause pivotal

movement of said reel bat about its bat axis;
- said bat connection mechanism comprising:

(@) a gear crank device connected to said planetary gear and

operable for rotation with said planetary gear;

(b) a connecting rod having one end connected to said gear crank
device and another end connected to a first end of a bat crank

arm; said bat crank arm being interconnected to a bat;

wherein in operation, rotation of said planetary gear causes said
gear crank device to rotate about said planetary gear axis with
said planetary gear, which causes said gear crank device to move
said connecting rod, which causes said bat crank arm to rotate

said bat about said bat axis.

24.The crop harvesting header as claimed claim 23 wherein said kit further
comprises first and second gear carrier plates for supporting said gear system
and said bat connection mechanism, and wherein at least part of said gear

system is sandwiched between said first and second gear carrier plates.

25.A crop harvesting header comprising:

- a reel rotatable about a reel axis, said reel having at least one reel bat
supported at a spaced distance from the reel axis, the at least one reel bat
being operable for pivotal movement about a bat axis radially spaced from

said reel axis and oriented generally parallel to the reel axis;

- the at least one reel bat having at least one crop collection member

connected thereto, said at least one crop collection member extending
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generally away from said bat axis, the at least one reel bat being operable to

move in a cyclical path around the reel axis during rotation of the reel;

the at least one reel bat being operable to be pivoted about its bat axis so as
to vary the angular orientation of the at least one crop collection member

about the bat axis as the reel rotates about the reel axis;
a sun gear;

a planetary gear assembly being rotatable about and relative to said sun

gear and rotatable about said reel axis;

said planetary gear assembly being operable during rotation about the reel
axis with the reel to interact with the sun gear, and cause said planetary
gear assembly to effect pivotal movement of said at least one reel bat about

its bat axis;

said planetary gear assembly comprising at least one planetary gear system
operable to be rotated around said reel axis and said sun gear, and said at
least one planetary gear system comprising a planetary gear being rotatable
about a planetary gear axis; said at least one planetary gear system being
interconnected to said at least one reel bat, said planetary gear system
being operable during rotation about the reel axis with the reel, to rotate with
the reel and for said planetary gear to engage with the sun gear, such that
said planetary gear system causes pivotal movement of said at least one

reel bat about said bat axis;

said at least one planetary gear system further comprising a bat connection
mechanism connecting said planetary gear with a reel bat, such that during
rotation of said planetary gear system about the reel axis the planetary gear
interacts with the sun gear, and through said interaction each said bat
connection mechanism cause pivotal movement of said reel bat about its bat

axis;
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- said planetary gear and said sun gear being configured so that in operation,
during rotation of said planetary gear about said sun gear the interaction of
the planetary gear and the sun gear is such there will only be rotational
movement of said planetary gear about said planetary gear axis resulting in
pivotal movement of said reel bat about said bat axis, during a part of the

cycle of rotation of said reel about said reel axis.

26.The crop harvesting header as claimed in claim 25 wherein each said planetary
gear and said sun gear have toothed sections which when engaged in
operation cause pivotal movement of each respective reel bat about its
respective bat axis; and wherein each said planetary gear and said sun gear
have non-toothed sections which when engaged in operation cause the reel bat
to have no pivotal movement of each respective reel bat about its respective bat

axis.

27.A crop harvesting header comprising:

a reel rotatable about a reel axis, said reel having at least one reel bat
supported at a spaced distance from the reel axis, the at least one reel bat
being operable for pivotal movement about a bat axis radially spaced from

said reel axis and oriented generally parallel to the reel axis;

- the at least one reel bat having at least one crop collection member
connected thereto, said at least one crop collection member extending
generally away from said bat axis, the at least one reel bat being operable to

move in a cyclical path around the reel axis during rotation of the reel;

- the at least one reel bat being operable to be pivoted about its bat axis so as
to vary the angular orientation of the at least one crop collection member

about the bat axis as the reel rotates about the reel axis;

- asun gear,
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a planetary gear assembly being rotatable about and relative to said sun

gear and rotatable about said reel axis;

said planetary gear assembly being operable during rotation about the reel
axis with the reel to interact with the sun gear, and cause said planetary
gear assembly to effect pivotal movement of said at least one reel bat about

its bat axis;

said planetary gear assembly comprising at least one planetary gear system
operable to be rotated around said reel axis and said sun gear, and said at
least one planetary gear system comprising a planetary gear being rotatable
about a planetary gear axis; said at least one planetary gear system being
interconnected to said at least one reel bat, said planetary gear system
being operable during rotation about the reel axis with the reel, to rotate with
the reel and for said planetary gear to engage with the sun gear, such that
said planetary gear system causes pivotal movement of said at least one

reel bat about said bat axis;

said at least one planetary gear system further comprising a bat connection
mechanism connecting said planetary gear with a reel bat, such that during
rotation of said planetary gear system about the reel axis the planetary gear
interacts with the sun gear, and through said interaction each said bat
connection mechanism cause pivotal movement of said reel bat about its bat

axis;
said bat connection mechanism comprises:

(a) a disk crank device connected to said planetary gear and operable for

rotation with said planetary gear;

(b) a connecting member having one end connected to said disk crank
device and another end connected to a first end of a bat crank arm; said

bat crank arm being interconnected to a bat;
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wherein in operation, rotation of said planetary gear causes said
disk crank device to rotate about said planetary gear axis with
said planetary gear, which causes said disk crank device to move
said connecting member, which causes said bat crank arm to

rotate said bat about said bat axis.

28.The crop harvesting header as claimed in claim 27, further comprising:

(i) a frame operable to be moved in a direction of movement across ground

carrying a crop to be harvested;
(i1) a cutting system operable for cutting crop material situated on the ground,;

(ili) a crop collection system operable for receiving crop material cut by the

cutting system and transporting the cut crop material for further handling;

- wherein said reel is supported by, and rotatably mounted on, said frame and
said reel operable to move crop in an area of the cutting system and

operable to assist in feeding cut crop material to the crop collection system;

- wherein said reel axis is oriented generally longitudinally and the reel is
mounted on the frame for movement therewith in the direction of movement

and mounted for rotation about said reel axis;

- wherein the reel comprises a plurality of reel bats supported at spaced
positions around the reel axis, each of the reel bats being mounted for
pivotal movement about a bat axis located radially outward from said reel

axis and oriented generally parallel to the reel axis;

- each of said plurality of reel bats having a plurality of crop collection
members, said crop collections members extending generally away from the

respective reel bat;

- each of the reel bats being operable to move in a cyclical path around the

reel axis during rotation of the reel;
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each of the reel bats being operable to be pivoted about its respective bat
axis so as to vary the angle of the crop collection members about the bat

axis as the reel rotates;

said sun gear being located proximate one end of the reel and being fixed

relative to the frame;

wherein said planetary gear assembly comprises a plurality of planetary
gear systems each operable to be rotated around said reel axis and said
sun gear, and said planetary gear systems each having a planetary gear
being rotatable about a respective planetary gear axis; said plurality of
planetary gear systems being each interconnected to a respective one of
said plurality of reel bats, each of the planetary gear systems being operable
during rotation about the reel axis with the reel, to rotate with the reel and
have its respective planetary gear rotate about its planetary gear axis and
engage with the sun gear, such that each of said planetary gear systems
causes pivotal movement in each respective reel bat and its crop collection

members about its respective bat axis.
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