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YIELD MONITORING APPARATUS, SYSTEMS, AND METHODS

ABSTRACT

A sensor (200) for measuring yield harvested by a harvesting machine, the harvesting
machine having a clean grain elevator (30) with elevator flights (32) configured to carry grain
between a lower sprocket (35-2) and an upper sprocket (35-1) disposed within an elevator
housing (20), whereby the elevator flights (32) thrown the grain in the direction of the sensor
(200) as the elevator flights (32) pass over the upper sprocket (35-1), the upper sprocket (35-1)
and the lower sprocket (35-2) defining an elevator plane (Pv), the sensor (200) comprising: a
sensor surface (122) having a forward end and a rearward end disposed above the upper sprocket
(35-1) in a direction parallel to the elevator plane (Pv); a support secured to the elevator housing
(20), said support including a resilient flexible member capable of allowing said sensor surface
(122) to move upward in translational movement with respect to said elevator housing 920),
whereby said rearward end and said forward end of said sensor surface (122) move a
substantially equal distance in substantially parallel relation; whereby the grain thrown by the

elevator flights (32) imparts said upward translational movement of said sensor surface (122).
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YIELD MONITORING APPARATUS, SYSTEMS, AND METHODS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This is a divisional application of Australian Patent Application No. 2012294255, the

entire contents of which is incorporated herein by reference.
BACKGROUND

[0001a] Live or real-time yield monitoring during crop harvesting is known in the art. One type
of commercially available yield monitor uses an impact-type mass flow sensor such as that
disclosed in U.S. Patent No. 5,343,761, which is hereby incorporated herein in its entirety by
reference. Although such monitors are generally capable of indicating the relative rate of mass
flow in the combine during harvesting, they are known to be substantially inaccurate. As the
interest and market investment in site-specific farming practices (e.g., variable rate planting and
crop input applications) has increased, the need for accurate yield measurements (e.g., to
generate accurate spatial yield maps by associating yield measurements with GPS-tracked

locations) has become more significant.
OBJECT OF THE INVENTION

[0002] It is an object of the present invention to substantially overcome or at least ameliorate

one or more of the above disadvantages, or to at least provide a useful alternative.
SUMMARY OF THE INVENTION

[0002a] An aspect of the present invention provides a sensor for measuring yield harvested by a
harvesting machine, the harvesting machine having a clean grain elevator with elevator flights
configured to carry grain between a lower sprocket and an upper sprocket disposed within an
elevator housing, whereby the elevator flights throw the grain in the direction of the sensor as
the elevator flights pass over the upper sprocket, the upper sprocket and the lower sprocket
defining an elevator plane, the sensor comprising:

a sensor surface having a forward end and a rearward end disposed above the upper
sprocket in a direction parallel to the elevator plane;

a support secured to the elevator housing, said support including a resilient flexible
member capable of allowing said sensor surface to move upward in translational movement with
respect to said elevator housing, whereby said rearward end and said forward end of said sensor
surface move a substantially equal distance in substantially parallel relation;

whereby the grain thrown by the elevator flights imparts said upward translational

movement of said sensor surface.

14179832_1:hxa
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[0002b] Another aspect of the present invention provides a sensor for measuring yield
harvested by a harvesting machine having a clean grain elevator with elevator flights carrying
grain between an upper sprocket and a lower sprocket disposed within an elevator housing,
whereby the elevator flights throw the grain toward the sensor, the upper sprocket and the lower
sprocket defining an elevator plane, comprising:

a sensor surface disposed above the upper sprocket, said sensor surface having a
rearward end and a forward end, wherein the grain that contacts said sensor surface has a
transition velocity substantially parallel to the sensor surface immediately prior to contacting the
sensor surface; and

a leading surface rearward of said sensor surface, said leading surface having a forward
end, wherein the grain contacts said leading surface prior to contacting said sensor surface;

wherein said sensor surface remains in a first position when no grain force acts on said
sensor surface;

wherein when a grain force acts on said sensor surface said forward end of said sensor
surface translates upward in translational movement to a second position with respect to the
clean grain elevator;

wherein said rearward end of said sensor surface and said forward end of said leading
surface are equidistant from the upper sprocket in said first position; and

wherein said rearward end of said sensor surface translates upward in translational

movement along a direction normal to said transition velocity in said second position.

[0002¢] There is also disclosed herein an apparatus for measuring yield harvested by a
harvesting machine including a clean grain elevator carrying a grain pile, the clean grain
elevator having a housing and an upper sprocket and a lower sprocket, the upper sprocket and
the lower sprocket defining an elevator plane, comprising:

a sensor surface disposed above the upper sprocket in a direction parallel to the elevator
plane, said sensor surface having a forward end and a rearward end, said forward end and said
rearward end being located adjacent to the elevator plane;

a rigid support including a forward portion and a rearward portion, said forward portion
rigidly supporting said forward end of said sensor surface, said rearward portion rigidly
supporting said rearward end of said sensor surface; and

a resiliently flexible member having a first end and a second end, said first end coupled

to said rigid support and said second end coupled to the clean grain elevator housing;
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wherein said rigid support and said resiliently flexible member cooperate to retain said
sensor surface in a first position when no grain force acts on said sensor surface;

wherein said rigid support and said resiliently flexible member cooperate to allow said
sensor surface to deflect to a second position when a grain force from the grain pile thrown by
the elevator acts on said sensor surface;

wherein said forward end of said sensor surface translates upward by a first distance with
respect to the clean grain elevator as said sensor surface deflects from said first position to said
second position;

wherein said rearward end of said sensor surface translates upward by a second distance
with respect to the clean grain elevator as said sensor surface deflects from said first position to
said second position; and

wherein said first distance is substantially equal to said second distance such that said

first position is substantially parallel to said second position.

[0002d] There is also disclosed herein an apparatus for measuring yield harvested by a
harvesting machine including a clean grain elevator carrying a grain pile, the clean grain
elevator having an upper sprocket and a lower sprocket, the upper sprocket and the lower
sprocket defining an elevator plane, comprising:

a sensor surface disposed above the upper sprocket, said sensor surface having a
rearward end and a forward end, wherein grain within the grain pile that contacts said sensor
surface has a transition velocity substantially parallel to the sensor surface immediately prior to
contacting the sensor surface; and

a leading surface rearward of said sensor surface, said leading surface having a forward
end, wherein grain contacts said leading surface prior to contacting said sensor surface;

wherein said sensor surface remains in a first position when no grain force acts on said
sensor surface, wherein said sensor surface deflects to a second position when a grain force acts
on said sensor surface;

wherein said forward end of said sensor surface translates upward with respect to the
clean grain elevator as said sensor surface deflects from said first position to said second
position;

wherein said rearward end of said sensor surface and said forward end of said leading
surface are equidistant from the upper sprocket in said first position; and

wherein said rearward end of said sensor surface is translated along a direction normal to

said transition velocity in said second position.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0002¢] Preferred embodiments of the invention will be described hereinafter, by way of

examples only, with reference to the accompanying drawings.

[0002f] FIG. 1 is a side elevation view of a conventional combine.

[0002¢g] FIG. 2 illustrates a conventional clean grain elevator with a conventional impact-type

yield paddle.

[0003] FIG. 3 is an enlarged view of the upper portion of the clean grain elevator of FIG. 2
illustrating preferred planes for removing a portion of the clean elevator housing and tapping

holes in the elevator housing for installation of a yield sensor assembly.

[0004] FIG. 4A illustrates the same portion of the clean grain elevator of FIG. 3 with one

embodiment of the yield sensor assembly installed.

[0005] FIG. 4B illustrates the grain as it is being thrown from the elevator flights against the
yield sensor assembly of FIG. 4A.

[0006] FIG. 5 is a top perspective view of the yield sensor assembly embodiment of FIG. 4A.
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[0007] FIG. 6 is a bottom perspective view of the yield sensor assembly of FIG. 5.

[0008] FIG. 7A is a front elevation view the yield sensor assembly of FIG. 5.

[0009] FIG. 7B is a rear elevation view of the yield sensor assembly of FIG. 5.

[0010] FIG. 8A is a top view of the yield sensor assembly of FIG. 5.

[0011] FIG. 8B is a bottom view of the yield sensor assembly of FIG. 5.

[0012] FIG. 9A is an enlarged partial top view of the yield sensor assembly of FIG. 5.
[0013] FIG. 9B is an enlarged partial bottom view of the yield sensor assembly of FIG. 5.

[0014] FIG. 10 is a partial cross-sectional view the yield sensor assembly as viewed along

lines 10-10 of FIG. 8B.

[0015] FIG. 11 is a partial cross-sectional view of the yield sensor assembly as viewed along

lines 11-11 of FIG. 8A.
[0016] FIG. 12 is enlarged partial view of the circled areas in FIG. 11.

[0017] FIG. 13 is a cross-sectional view of the yield sensor assembly along lines 13-13 of

FIG. 8A.

[0018] FIG. 14A is an enlarged view of the circled area of FIG. 13, illustrating deflection of

the sensor plate.
[0019] FIG. 14B is an enlarged view of the circled area of FIG. 14A.
[0020] FIG. 15 schematically illustrates a yield monitoring system.

[0021] FIG. 16 illustrates an embodiment of a process for manufacturing the yield sensor

housing of FIG. 5.

[0022] FIG. 17 illustrates an embodiment of a process for installing the yield sensor

assembly of FIG. 5 to a clean grain elevator housing.
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[0023] FIG. 18 is a rear cutaway view of a clean grain elevator housing incorporating an
embodiment of the grain height sensor.
[0024] FIG. 19 illustrates an embodiment of a process for generating a yield map.
[0025] FIG. 20 illustrates an embodiment of a process for calibrating a yield sensor using a
grain height sensor signal.
[0026] FIG. 21 illustrates a side elevation view of an upper portion of a clean grain elevator

with another embodiment of a yield sensor assembly.

[0027] FIG. 22A illustrates a side elevation view of a clean grain elevator with a side view of

still another embodiment of a yield sensor assembly.
[0028] FIG. 22B is an enlarged side view of the yield sensor assembly of FIG. 22A.

[0029] FIG. 22C is another side view of the yield sensor assembly of FIG. 22A illustrating

velocity profiles of grain within a clean grain elevator housing.
[0030] FIG. 23 is a graph of a yield sensor signal.

[0031] FIG. 24 illustrates a process for determining the mass flow rate, volumetric flow rate,

and test weight of grain.
DESCRIPTION

Conventional combine and vield sensor

[0032] Referring now to the drawings, wherein like reference numerals designate identical or
corresponding parts throughout the several views, FIG. 1 illustrates a conventional combine 300.
In operation, as the operator in cab 312 drives the combine 300 through the field, the crop being
harvested is drawn through the head 315 into the feeder house 316 where the grain is separated
from the other harvested plant material. The separated grain is lifted by a clean grain elevator 30
before being discharged into a collection area 318. Grain is then lifted from the collection area
318 by a fountain auger 350 and is discharged into a storage container incorporated in the

combine such as a grain tank 320. The grain is subsequently conveyed by a cross-auger 322 to
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an unloading auger 330, which discharges the grain into a grain cart, wagon, truck or other

vehicle for transporting for further processing or storage.

[0033] FIG. 2 schematically illustrates the clean grain elevator 30 within the elevator
housing 20 of the combine 300. The elevator 30 is driven about an upper sprocket 35-1 and a
lower sprocket 35-2. The elevator 30 includes flights 32 which collect grain from a lower arca
generally indicated by reference numeral 14. The flights 32 carry the grain up the height of the
elevator 30. As the flights 32 rotate past upper sprocket 35-1, the grain is thrown toward the
impact-type paddle 40 mounted within the elevator housing 20 in the area designated generally
by reference numeral 16. The grain impacts the surface of the paddle 40 before falling into the
collection area 318. The paddle 40 is generally instrumented (e.g., with strain gauges) to provide
a signal related to the impact force of the grain. This signal is then transmitted to a yield monitor
for processing where the impact force is correlated to the mass of the grain which is displayed to

the operator, typically in bushels per acre.

Yield sensor apparatus, manufacture and installation

[0034] FIG. 5 is a perspective view of an embodiment of a yield sensor assembly 100,
described in greater detail later. Turning to FIGs. 3 and 4A, the yield sensor assembly 100 is
preferably installed at or near the top end of the clean grain elevator by removing a section of the
elevator housing 20. As best illustrated in FIG. 3, a plane Pv runs through the center C of the
upper sprocket 35-1 and through the center of the lower sprocket 35-2 (FIG. 2). The yield sensor
assembly 100 includes a rearward attachment lip 140 extending rearward of a plane P1. The
rearward attachment lip 140 preferably includes holes 149 (FIG. 5) aligned along a plane A for
receiving screws 142. The yield sensor assembly 100 includes a forward attachment lip 150
extending forward of plane P2. The forward attachment lip 150 preferably includes holes 159
(FI1G. 5) aligned along a plane B for receiving screws 152. Bosses 162 are preferably disposed
below each hole in the forward attachment lip 150. The attachment lips 140,150 are further
illustrated in FIGs. 7A and 7B, which illustrate the yield sensor assembly 100 from the front and

rear, respectively.

[0035] FIG. 17 illustrates a process designated generally by reference numeral 1700 for
installing the yield sensor assembly 100. At step 1710, the operator preferably cuts an opening
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in the elevator housing 20 (e.g., using an acetylene torch) extending between two planes P2 and
P1 (FIG. 3) extending through the elevator housing forward and rearward, respectively, of the
plane Pv. The opening preferably has a width (into the page on the view of FIG. 3) sized to
receive the yield sensor assembly 100. The operator then removes the portion 22 (FIG. 3) of the
housing 20 within the opening. At step 1720, the operator preferably lowers the yield sensor
assembly 100 into the opening. At step 1730, the operator preferably guides the screws 152
through the holes in the forward attachment lip 150. The screws 152 are preferably self-tapping.
At step 1740, the operator preferably drives the screws 152 into the elevator housing 20, thus
securing forward attachment lip to 150 the elevator housing. At step 1750, the operator
preferably guides the screws 142 through the holes in the rearward attachment lip 140. The
screws 142 are also preferably self-tapping. At step 1760 the operator preferably drives the
screws 142 into the elevator housing 20, thus securing rearward attachment lip 140 to the
clevator housing. It should be appreciated that the steps of process 1700 may be accomplished
from outside the elevator housing 20, such that the operator is not required to disassemble the

clevator housing to install the yield sensor assembly 100.

[0036] It should be appreciated that installation of the yield sensor assembly 100 may be
performed by modified processes. For example, other embodiments of the elevator housing 20
are preferably manufactured with an opening for receiving the yield sensor assembly 100 such

that cutting an opening in the elevator housing is unnecessary.

[0037] Turning to FIG. 5, the yield sensor assembly 100 is illustrated from a top perspective
view. The yield sensor assembly 100 includes a sensor housing 110. The yield sensor assembly
100 preferably includes left and right sensors 200-1, 200-2, respectively. A lid (not shown) is
preferably removably mounted to the sensor housing 110 at an upper end thereof for protection
of the sensors 200. The sensors 200 are mounted to the sensor housing 110. The sensors 200 are
mounted at a forward end to a sensor plate 120. Referring to FIG. 6, which illustrates a bottom
perspective view of the yield sensor assembly 100, the sensor plate 120 has a sensor surface 122.
The sensor surface 122 is disposed between a pre-sensor surface 112 and a post-sensor surface
132. The pre-sensor surface 112 and the post-sensor surface 132 comprise lower surfaces of the
sensor housing 110. Referring to FIG. 8B, a width Ws of the sensor surface 122 is preferably
approximately half the width of the elevator flights 32.
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[0038] Referring to FIG. 13, the surfaces 112, 122, 132 are preferably concentric about the
center C of the upper sprocket 35-1. The surfaces 112, 122, 132 preferably have equal radii of
curvature. Planes P and Q intersect the center of the upper sprocket 35-1 and a forward end 121
and a rearward end 123 (FIG. 14A), respectively, of the sensor surface 122. Plane P is
preferably approximately co-planar with the elevator plane Pv (FIG. 3) such that a forward end
121 (FIG. 14A) of the sensor surface 122 is located proximate the elevator plane Pv. Elevator
plane Pv preferably intersects the sensor surface 122. Planes P and Q define an angle A. The
angle A is preferably small enough that both the forward end 121 and the rearward end 123 of
the surface 122 are proximate the elevator plane Pv. The angle A is preferably smaller than the
maximum radial measurement (measured about point C) of each contiguous grain pile 50 sliding
along the sensor surface 122 (e.g., grain pile 50-4 in FIG. 4B) at operational flow rates (¢.g., ata

grain mass flow rate of 25 kilograms per second). The angle A is preferably 15 degrees.

[0039] Continuing to refer to FIG. 13, the surface 112 extends rearwardly to a transition
plane 148 which is abutted to the elevator housing 20. It should be appreciated that the transition
plane 148 is the location at which any grain that has been thrown from the flights 32 against the
inside of the elevator housing 20 will experience a transition between contacting the inside of the
clevator housing and contacting the pre-sensor surface 112. It should further be appreciated that
the flow of grain against the surfaces may experience a disturbance if the grain encounters a gap
between the transition plane 148 and the elevator housing 20 or if the pre-sensor surface 112 is
not co-planar with the interior surface of the elevator housing. It should further be appreciated
that such a disturbance is then progressively reduced as the grain continues to flow against the
surface 112. Plane O represents an angular position counter-clockwise from which any such
disturbance will be sufficiently reduced prior to plane P such that the disturbance has no
significant impact on the signal generated by the sensors 200. Plane N represents a plane
counterclockwise from which grain is not thrown against the interior surface of the elevator
housing 20 (or the pre-sensor surface 112) at expected flow rates. The transition plane 148 is
preferably counter-clockwise of plane O. The transition plane 148 is preferably counter-
clockwise of plane N. The transition plane 148 is preferably counter-clockwise of plane O. The
transition plane 148 is preferably 45 degrees counter-clockwise of the rearward end 123 (FIG.

14A) of the sensor surface 122.
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[0040] FIG. 16 illustrates a process designated generally by reference numeral 1600 for
manufacturing the sensor housing 110 and the sensor plate 120. At step 1610, the sensor housing
110 and sensor plate 120 are preferably made of ductile cast iron as an integral casting. At step
1620, the lower surface of the integral casting is preferably treated to improve the material
properties of the surface exposed to grain flow in operation. For example, a thermal spraying
process such as tungsten carbide high velocity oxy-fuel (HVOF) coating is preferably applied to
improve the resistance of the lower surface to wear resulting from grain flow. At step 1630, the
sensor plate 120 is cut from the sensor housing 110. It should be appreciated in light of the
instant disclosure that casting and treating the sensor plate 120 together with the sensor housing

110 results in similar wear properties of the surfaces 112, 122, 132 (FIG. 6).

[0041] Referring to FIGs. 8 A and 8B, the yield sensor assembly 100 is illustrated from top
and bottom views, respectively. Turning to FIGs. 9A and 9B, the yield sensor assembly is
likewise illustrated from top and bottom views, respectively, and enlarged to better illustrate a
small gap 126 preferably disposed between the sensor plate 120 and the sensor housing 110. The
gap 126 is preferably smaller than the minimum width of grain to be harvested (e.g. smaller than
5 hundredths of an inch) with the combine 300 such that grain is substantially excluded from
entering the gap 126. Additionally, the gap 126 is preferably sealed with an elastic gel (not

shown) such as a dielectric tough gel available from Dow Corning in Midland, Michigan.

Sensor apparatus

[0042] The sensors 200 are illustrated in detail in FIGs. 10-12. Referring to FIGs. 10 and 11,
cach sensor 200 preferably includes a board holder 210 mounted to the sensor housing 110. A
printed circuit board 230 is preferably mounted to the board holder 210. The printed circuit
board 230 preferably includes a Hall-effect sensor 232 in electrical communication with
processing circuitry for receiving a signal from the Hall-effect sensor. In other embodiments, the
Hall-effect sensor 232 is replaced with other types of displacement sensors as are known in the
art. An upper spring 212 is preferably mounted at a rearward end to the board holder 210. A
lower spring 214 is preferably mounted at a rearward end to the board holder 210. The upper
spring 212 is preferably mounted at a forward end to an upper magnet holder 222. The lower

spring 214 is preferably mounted at a forward end to a lower magnet holder 224. The spring 212
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and the spring 214 are preferably substantially parallel. It should be appreciated that the springs
212, 214 comprise a parallel support arm arrangement for supporting the sensor plate 120. The
springs 212 of each sensor 200 are preferably substantially co-planar. Likewise, the springs 214
of each sensor 200 are preferably substantially co-planar. An upper magnet 242 is preferably
mounted to the upper magnet holder 222. A lower magnet 244 is preferably mounted to the
lower magnet holder 224. As best illustrated in FIG. 11, the springs 212, 214 and the board
holder 210 are preferably mounted to the sensor housing 110 by screws threaded into the sensor
housing. The springs 212, 214 and the magnet holders 222, 224 are preferably mounted to the

sensor plate 120 by screws threaded into the sensor plate.

[0043] As illustrated in FIG. 12, the magnets 242, 244 have like poles 252, 254, respectively,
which preferably face each other. The magnets 242, 244 preferably have substantially equivalent
size and strength such that the magnetic field is approximately zero along a plane Pm equidistant
from the magnets 242, 244. The plane Pm preferably intersects the Hall-effect sensor 232 when
the sensor plate 120 is not being deflected upward by grain flow.

Operation

[0044] In operation, as best illustrated in FIG. 4B, the clean grain elevator 30 collects
individual grain piles 50 near a lower end and throws the grain piles forward. As the grain piles
50 travel around the top of the conveyor, they travel radially outward from the upper sprocket

35-1 and slide along yield sensor assembly 100.

[0045] FIG. 4B further illustrates the approximate shape of the grain piles 50 at several
stages as the grain piles are carried around the upper end of the elevator 30. Grain piles 50-1 and
50-2 rest on the flights 32. Grain pile 50-3 has begun to travel around the top of the elevator 30

and has been partially deformed in a radially outward fashion by centrifugal acceleration.

[0046] In a region clockwise from plane Pv, grain piles such as grain pile 50-4 have been
further deformed and translated such that they have been released from the flight 32 and slide
along the yield sensor assembly 100. Thus the forward end 121 (FIG. 14A) of sensor surface

122 is preferably located proximate elevator plane Pv.

[0047] In a region angularly clockwise from a plane R intersecting the center C of the
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sprocket 35-1, grain pile 50-5 begins to lose its contiguous shape as the grain is scattered. Thus
(as best seen in FIG. 13) the plane Q denoting the forward end 121 (FIG. 14A) of the sensor
surface 122 is preferably counterclockwise of the plane R such that the grain passing along the

sensor surface 122 has a contiguous shape.

[0048] It should be appreciated that the flow of grain across surfaces 112, 122, 132 exerts
radially outward forces against those surfaces. The surfaces 112,132 are substantially
undeflected by these forces. However, as best illustrated in FIGs. 14A, which is an enlarged
view of the circled area of FIG. 13, and 14B, which is an enlarged view of the circled area of
FIG. 14A, surface 122 is deflected slightly upward by a distance D from an undeflected position
(indicated by reference numeral 122-1) and its deflected position. It should also be appreciated
that the deflection of surface 122 results from translation of the entire sensor plate 120, because
the sensor plate preferably comprises a solid steel casting, the surface 122 is sufficiently tough
and hard that the surface 122 itself is not substantially deformed by contact with passing grain.
Moreover, due to the parallel arrangement of 212, 214, the deflection of surface 122 is preferably
substantially by simple translation (i.e., substantially without rotation) such that each point along
the surface 122 is deflected upward by substantially the same distance. The maximum deflection
D of the paddle (i.c., the deflection at maximum grain flow rate) is preferably less than 10
hundredths of an inch. The maximum deflection D of the paddle is preferably less than 10
thousandths of an inch. The maximum deflection D of the paddle is preferably approximately 5
thousandths of an inch. It should be appreciated that the illustrated deflection D is exaggerated
in FIGs. 14A and 14B for illustrative purposes. Additionally, the undeflected position of the
forward end 121 of surface 122 is preferably higher than a rearward end of the surface 112 by a
very small distance (e.g., less than 10 thousandths of an inch) to ensure that grain does not
encounter a horizontal surface when moving from the rearward end of the surface 112 to the
sensor surface 122. Similarly, as illustrated in FIG. 14A, the fully deflected position of the
rearward end 123 of surface 122 is preferably lower than the forward end of the surface 132 by a
very small distance (e.g., less than 10 thousandths of an inch) to ensure that grain does not
encounter a horizontal surface when moving from the rearward end 123 of the surface 122 to the
sensor surface 132 even when the surface 122 is fully deflected upward. It should be appreciated
that the position of surface 132 relative to surface 122 is exaggerated in FIG. 14A for illustrative

purposes.
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[0049] Due to the preferably small size of gap 126 (FIG. 11), the preferably small upward
offset of surface 122 relative to surface 112 in both deflected and undeflected positions of the
surface 122 (FIG. 14A), the preferably small deflection of the surface 122 in operation, and the
preferably common curvature of surfaces 112 and 122 (best seen in FIG. 13), the surfaces 112
and 122 preferably comprise a nearly continuous surface and preferably allow substantially
continuous grain flow across both surfaces during operation. Similarly, due to the preferably
small size of gap 126 (FIG. 11), the preferably small upward offset of surface 132 relative to
surface 122 in both deflected and undeflected positions of the surface 122 (FIG. 14A), the
preferably small deflection of the surface 122 in operation, and the preferably common curvature
of surfaces 122 and 132 (best seen in FIG. 13), the surfaces 122 and 132 preferably comprise a
nearly continuous surface and preferably allow substantially continuous grain flow across both
surfaces during operation. Thus it should be appreciated that the surfaces 112, 122 and 132
preferably comprise a nearly continuous surface and preferably allow substantially continuous

grain flow across all three surfaces during operation.

[0050] Turning to FIG. 11, the upward deflection D is allowed by deformation of the
springs 212,214 of the sensors 200. In order to permit only a very small maximum deflection D
of the surface 122, the effective spring rate of the springs 212,214 is preferably approximately 20
pounds per two thousandths of an inch. The natural frequency of the yield sensor assembly 100
is preferably greater than ten times the maximum frequency at which grain piles 50 contact the
sensor surface 112. The natural frequency of the yield sensor assembly 100 is preferably

approximately 400 hertz.

[0051] Returning to FIG. 12, as the sensor plate 120 is deflected upward, the magnets
242,244 deflect upward such that the Hall-effect sensor 232 is exposed to a stronger magnetic
field. Thus as the deflection of the sensor plate 120 increases, a signal generated by the Hall-
effect sensor 232 increases. It should be appreciated that because the plane Pm representing zero
magnetic field (as discussed elsewhere herein with respect to FIG. 12) intersects the Hall-effect
sensor 232 in the undeflected state, the signal generated by the Hall-effect sensor 232 changes
from near-zero to a non-zero value upon deflection of the sensor plate 120. This results in more

clearly delineated pulses in the signal, making the signal more conducive to processing.
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Yield measurement systems

[0052] A yield measurement system 400 is schematically illustrated in FIG. 15 with respect
to the combine 300. The yield measurement system 400 preferably includes a yield sensor
assembly 100. As discussed elsewhere herein, the yield sensor assembly 100 is preferably
mounted to the clean grain elevator housing above the clean grain elevator. The yield
measurement system 400 preferably further includes a grain height sensor 410, a moisture sensor
420, a global positioning receiver 430, a graphical user interface 440, and a processing board

450.

[0053] The grain height sensor 410 preferably comprises a sensor configured and disposed to
measure the height of grain being lifted by the clean grain elevator. The grain height sensor 410
is preferably mounted to the sides of the clean grain elevator housing 20 adjacent the location
where grain piles 50 are lifted vertically before reaching the top of the clean grain elevator 30.
The grain height sensor is preferably disposed below the center C of upper sprocket 35-1 such
that the measured grain piles 50 have not been deformed by turning of the flights 32 about the
upper sprocket 35-1. In an embodiment as illustrated in FIG. 18, the grain height sensor 410
preferably comprises an optical transmitter 412 configured to emit a beam 416 toward a receiver
414 disposed opposite the passing grain piles 50. The receiver 414 is preferably in electrical
communication with the processing board 450. In some embodiments, the grain height sensor
410 may comprise a commercially available grain height sensor such as that used in the 80001
Yield Monitor available from Loup Electronics in Lincoln, Nebraska. It should be appreciated
that the grain height sensor 410 is not required for operation of the yield monitoring system 400

or the yield sensor assembly 410.

[0054] The moisture sensor 420 preferably comprises a sensor disposed to measure the
moisture of grain being lifted by the clean grain elevator 30. For example, in some
embodiments, the moisture sensor 420 comprises a capacitive moisture sensor such as that
disclosed in U.S. Patent No. 6,285,198, the disclosure of which is incorporated by reference
herein in its entirety. The moisture sensor 420 is preferably mounted to the side of the clean
grain elevator housing 20 adjacent the location where grain piles 50 are lifted vertically before

reaching the top of the clean grain elevator 30. The moisture sensor 420 is preferably in



17 Jun 2016

2016204086

12

electrical communication with the processing board 450.

[0055] The global positioning receiver 430 preferably comprises a receiver configured to
receive a signal from the global positioning system (GPS) or similar geographical referencing
system. The global positioning receiver 430 is preferably mounted to the top of the combine
300. The global positioning receiver 430 is preferably in electrical communication with the

processing board 450.

[0056] The processing board 450 preferably comprises a central processing unit (CPU) and a
memory for processing and storing signals from the system components 410, 420, 100, 430 and

transmitting data to the graphical user interface 440.

[0057] The graphical user interface 440 preferably comprises a central processing unit

(CPU), a memory and interactive display interface operable to display yield measurements and
yield maps to the operator and to accept instructions and data from the operator. The graphical
user interface 440 is preferably mounted inside the cab 312 of the combine 300. The graphical

user interface 440 is preferably in electrical communication with the processing board 450.

Yield mapping methods

[0058] FIG. 19 illustrates a method designated generally by reference numeral 1900 for
generating a yield map using the yield monitoring system 400. At step 1910, the yield sensor
assembly 100 generates a yicld monitor signal which is preferably recorded and time-stamped by
the yield monitor board 450. At step 1915, the global positioning receiver 430 (or a speed sensor
such as an axle-mounted Hall-effect speed sensor as is known in the art) preferably reports the
harvesting speed of the combine 300 to the yield monitor board 450, which preferably records
and time-stamps the speed data. At step 1920, the yield monitor board 450 preferably calculates
the local yield by, e.g., calculating the mass flow rate of grain and deriving the local yield from
the mass flow rate of grain using, e.g., the speed of the combine 300 and the width of the head
315. Atstep 1930, the global positioning receiver 430 preferably reports the position data (e.g.,
global positioning coordinates) corresponding to the position of the combine 300 to the yield
monitor board 450, which preferably records and timestamps the position data. At step 1940, the

moisture sensor 420 preferably reports the current grain moisture to the yield monitor board 450,
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which preferably calculates a corrected local yield based on the grain moisture. At step 1945, the
yield monitor board 420 preferably associates recorded positions with corrected local yields
recorded at corresponding times. At step 1950, the yield monitor board 450 preferably reports
the local yield and corresponding location to the graphical user interface 440 and the graphical
user interface 440 generates a map including a graphical depiction of the corrected local yield at

the location.

Yield monitor calibration methods

[0059] FIG. 20 illustrates a process designated generally by reference numeral 2000 for
calibrating a yield sensor with the grain height sensor 410. At step 2010, the grain height sensor
410 generates a signal related to the amount of grain on the flights 32, which signal is preferably
recorded by the yield monitor board 450. In other embodiments, step 2010 is carried out using
another sensor configured to measure the amount of grain being processed by the combine 300.
At step 2020, the yield sensor assembly 100 generates a yield monitor signal related to the force
of grain against a sensing surface, which signal is preferably recorded by the yield monitor board
450. In some embodiments, step 2020 is carried out using a yield sensor assembly such as yield
sensor assembly 100. In other embodiments, step 2020 is carried out using an impact-type yield
sensor paddle (e.g., the impact-type yield paddle 40 illustrated in FIG. 2). At step 2030, the yield
monitor board 450 preferably applies a time shift to either the yield monitor signal or the grain
height signal corresponding to the time between the grain height sensor and yield sensor
assembly measurements. At step 2040, the yield monitor board 450 preferably compares a
characteristic of the yield sensor signal to the same characteristic of the grain height signal (e.g.,
by comparing the sum of the yield sensor signal to the sum of the grain height signal over
corresponding periods). At step 2050, the yield monitor board 450 preferably determines a
correction factor based on the comparison (e.g., by dividing the sum of the grain height signal by
the sum of the yield sensor signal over corresponding periods). At step 2060, the yield monitor
board 450 preferably applies the correction factor to the yield sensor signal (e.g., by multiplying
the correction factor by the yield sensor signal) and reports the corrected yield sensor signal to

the graphical user interface 440.
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Test weight and volumetric flow rate measurement methods

[0060] The yield measurement systems disclosed herein are preferably configured to
determine the volumetric flow rate of grain through the clean grain elevator 30 based on the

signal generated by the yield sensor during harvesting operations.

[0061] Turning to FIG. 23, a representative graph 2300 illustrates a signal 2310 generated by
the yield sensor as grain piles 50 impact the sensor surface. A base voltage Vb represents the
signal emitted when no grain contacts the sensor surface. The average value of the signal over
time is represented by average voltage Vave. A period Tp of the signal may be measured by
measuring the time delay between the first crossings of average voltage Vave. A pulse width Pw
of the signal may be measured by measuring the time delay between the first and second
crossings of the average voltage Vave. It should be appreciated in light of the instant disclosure
that because the grain piles on each flight is compressed into a substantially discrete, contiguous
shape against the yield sensor, the signal 2310 includes discrete pulses having measurable pulse

width Pw. The pulse width Pw is related to the volumetric flow rate of grain.

[0062] Turning to FIG. 24, a process 2400 for determining mass flow rate, volumetric flow
rate, and test weight of grain is illustrated. At step 2405, grain is compressed into a discrete
shape (e.g., as illustrated in FIG. 4B) by changing its direction along a surface (e.g., the inner
surface the housing 20 and the sensor surface 122). At step 2410, the step of step 2405 is
repeated at discrete, spaced intervals. At step 2415, the grain force on the surface is measured
over a sampling period, resulting in a signal such as signal 2310 in FIG. 23. At step 2417, the
operational speed of the conveyor 30 is preferably determined either by a separate sensor such as
a shaft encoder, or by calculating it based on the period Tp of the signal, which is inversely
related to conveyor speed. At step 2420, the grain forces are integrated or summed over the
sampling period by multiplying the sum of voltage V by an empirical constant k1 relating

voltage to mass flow rate. At step 2425, the mass flow rate w: of the grain is determined by

dividing the sum of grain forces over the sampling period by the duration T of the sampling

period, e.g., using the relation:
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Where: k2 is an empirical offset.

[0063] At step 2427, the mass flow rate measurement obtained in step 2425 is preferably
corrected by comparing the conveyor speed to a reference speed and applying a correction factor
related to said comparison. At step 2430, the grain mass flow rate is preferably displayed on the
graphical user interface 440. At step 2435, the pulse width Pw of the signal is preferably

measured. At step 2440, volumetric flow rate ¥ is preferably calculated based on the pulse

width Pw, e.g., using the following relation:

I — I 5 _
Vo= xa “‘-“e}

Where: k3 and k4 are an empirical multiplier and offset, respectively.

[0064] At step 2445, a test weight of the grain is preferably determined by dividing the mass
flow rate of grain by the volumetric flow rate and performing any additional mathematical
operations necessary to arrive at a standardized test weight. It should be appreciated that the
standard test weight (e.g., of corn) is the weight in pounds of a bushel (1.244 cubic feet) of crop.
At step 2450, the test weight is preferably displayed to the operator on the monitor.

Alternative vield sensor embodiments

[0065] FIG. 21 illustrates an alternative yield sensor 2195. The yield sensor 2195 includes a
deformable sheet 2110 having a fixed end mounted to the housing 20 above the apex of the
elevator 30 and a free end disposed downstream of the fixed end along the direction of grain
travel. The deformable sheet 2110 is provided with instrumentation 2120 (e.g., strain gauges or
a pressure transducer) in electrical communication with a yield monitor. The instrumentation
2120 is preferably mounted on an upper side of the sheet 2110. In operation, successive grain

layers pass along the surface of the deformable sheet 2110 such that the free end of the
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deformable sheet is deflected upward by centrifugal forces imparted to the grain by the elevator

30.

[0066] FIG. 22A illustrates another alternative yield sensor 2200 located in a preferred
location above the apex of the elevator 30. Turning to FIG. 22B, the yield sensor 2200 includes
a mounting bracket 2220 mounted to an upper side of the housing 20. The yield sensor 2200
includes a sensor body 2210 extending through an aperture in the mounting bracket 2220 and
through an aperture provided in housing 12 such that a sensor face 2250 of the sensor body 2210
is at least partially aligned with an inner surface of the housing 20. The sensor surface 2250
preferably descends along the direction of grain travel. The sensor surface 2250 is preferably
arcuate. In some embodiments, the sensor surface 2250 has a curvature substantially equal to
that of the inner surface of the housing 20 at a location adjacent to the sensor surface 130 (to the

left along the view of FIG. 22B).

[0067] Continuing to refer to FIG. 22B, the sensor body 2210 includes an upper portion 2218
coupled to a stationary tower 116 by upper and lower displacement arms 2214,2212. Lower
displacement arm 2212 is preferably a thin sheet of metal (e.g., having a thickness between .01
inches and .02 inches) and is mounted at a first end to stationary tower 116 and mounted at a
second to the upper portion 2218 of the sensor body 110. Upper displacement arm 2214 is
preferably thicker than lower displacement arm 2212. Upper and lower strain gauges 2230-
1,2230-2 are preferably mounted to upper and lower surfaces, respectively, of the upper
displacement arm 2214. Strain gauges 2230-1,2230-2 are preferably in electrical communication
with a graphical user interface located in the combine cab. Stationary tower 116 is mounted to
mounting bracket 2220. In operation, sequential layers of grain pass across the sensor surface
2250, displacing the sensor body 2210 upward and imposing strain on strain gauges 2230-
1,2230-2 such that a signal generated by the strain gauges is related to the upward translation of
the sensor body.

[0068] Turning to FIG. 22C, velocity profiles 2272 of cross-sections of grain piles 50 vary
between several zones 2270. In zone 2270-1, the grain velocity is substantially uniform and
substantially vertical. In zone 2270-2, the magnitude of grain velocity, as well as the relative

magnitude of the vertical component of grain velocity, increases with distance from the conveyor
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20. In zone 2270-3, the magnitude of grain velocity still increases with distance from conveyor
20, but grain within the zone 2270-3 preferably has a velocity substantially parallel to the sensor
surface. In zone 2270-4, the velocity of the grain is inconsistent in both magnitude and direction.
The sensor surface 2250 of the yield sensor 2200 is preferably disposed to contact grain in zone
2270-3. It should be appreciated that in operation of the yield sensor 100 disclosed earlier
herein, grain contacts the sensor surface 122 in zone 2270-3 such that the velocity of grain
immediately prior to contact with the sensor surface 122 is substantially parallel to the sensor
surface; the velocity of the grain pile 50 is also preferably substantially parallel to the sensor
surface 122 while in a portion of the grain pile is in contact with the sensor surface. Thus the
force imposed by grain contacting the sensor surface in the yield sensor 100 and the yield sensor

2200 is preferably comprised substantially of centrifugal force rather than impact force.

[0069] The foregoing description is presented to enable one of ordinary skill in the art to make
and use the invention and is provided in the context of a patent application and its requirements.
Various modifications to the preferred embodiment of the apparatus, and the general principles
and features of the system and methods described herein will be readily apparent to those of
skill in the art. Thus, the present invention is not to be limited to the embodiments of the
apparatus, system and methods described above and illustrated in the drawing figures, but is to

be accorded the widest scope consistent with the spirit and scope of the disclosure herein.
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CLAIMS:

1. A sensor for measuring yield harvested by a harvesting machine, the harvesting
machine having a clean grain elevator with elevator flights configured to carry grain between a
lower sprocket and an upper sprocket disposed within an elevator housing, whereby the elevator
flights throw the grain in the direction of the sensor as the elevator flights pass over the upper
sprocket, the upper sprocket and the lower sprocket defining an elevator plane, the sensor
comprising:

a sensor surface having a forward end and a rearward end disposed above the upper
sprocket in a direction parallel to the elevator plane;

a support secured to the elevator housing, said support including a resilient flexible
member capable of allowing said sensor surface to move upward in translational movement with
respect to said elevator housing, whereby said rearward end and said forward end of said sensor
surface move a substantially equal distance in substantially parallel relation;

whereby the grain thrown by the elevator flights imparts said upward translational

movement of said sensor surface.

2. The sensor of claim 1, wherein the grain that contacts said sensor surface has a velocity

substantially parallel to the sensor surface immediately prior to contacting the sensor surface.

3. The sensor of claim 2, wherein the grain has a velocity substantially parallel to the

sensor surface while contacting the sensor surface.

4. The sensor of claim 1, further including a pre-sensor surface disposed rearwardly
adjacent to the sensor surface, said pre-sensor surface configured to allow the grain to flow
substantially continuously from said pre-sensor surface to said sensor surface such that the
velocity of the grain retains substantially the same direction as the grain flows from a forward

end of said pre-sensor surface to said rearward end of said pre-sensor surface.

5. The sensor of claim 4, wherein a distance between said pre-sensor surface and said

sensor surface is vertically offset by less than ten hundredths of an inch (2.5mm).

14179832_1:hxa
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6. The sensor of claim 4, further including a post-sensor surface disposed forwardly
adjacent to the sensor surface, said post-sensor surface configured to allow the grain to flow
substantially continuously from said sensor surface to said post-sensor surface such that the
velocity of the grain retains substantially the same direction as the grain flows from said forward

end of said sensor surface to a rearward end of said post-sensor surface.

7. The sensor of claim 1, wherein the translational movement of said sensor surface is less

than 10 hundredths of an inch (2.5mm).

8. The sensor of claim 1, further comprising:
a displacement sensor disposed to measure the translational movement of said sensor

surface.

9. The sensor of claim 8, wherein while said sensor surface is subject to translational
movement due to the grain contacting said sensor surface said sensor surface remains

substantially undeformed by contact with the grain.

10. The sensor of claim 1, further comprising:
a first spring; and
a second spring, wherein said first spring and said second spring resiliently retain the

sensor surface in a first non-translated position.

11. The sensor of claim 1, wherein the sensor has a natural frequency greater than 400 hertz.

12. A sensor for measuring yield harvested by a harvesting machine having a clean grain
elevator with elevator flights carrying grain between an upper sprocket and a lower sprocket
disposed within an elevator housing, whereby the elevator flights throw the grain toward the
sensor, the upper sprocket and the lower sprocket defining an elevator plane, comprising:

a sensor surface disposed above the upper sprocket, said sensor surface having a rearward
end and a forward end, wherein the grain that contacts said sensor surface has a transition
velocity substantially parallel to the sensor surface immediately prior to contacting the sensor
surface; and

a leading surface rearward of said sensor surface, said leading surface having a forward

end, wherein the grain contacts said leading surface prior to contacting said sensor surface;
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wherein said sensor surface remains in a first position when no grain force acts on said
sensor surface;

wherein when a grain force acts on said sensor surface said forward end of said sensor
surface translates upward in translational movement to a second position with respect to the
clean grain elevator;

wherein said rearward end of said sensor surface and said forward end of said leading
surface are equidistant from the upper sprocket in said first position; and

wherein said rearward end of said sensor surface translates upward in translational

movement along a direction normal to said transition velocity in said second position.

13. The sensor of claim 12, wherein said sensor surface has a forward end and a rearward

end, said forward end and said rearward end being located adjacent to the elevator plane.

14. The sensor of claim 13, wherein the sensor surface is received within a hole in a clean

grain elevator housing of the elevator.

15. The sensor of claim 14, further including:
a housing resiliently supporting said sensor surface, wherein said housing is received

within said hole in said clean grain elevator housing.

16. The sensor of claim 12, wherein said sensor surface has a forward end and a rearward

end, said forward end and said rearward end being located adjacent to the elevator plane.

17. The sensor of claim 16, further including:
a pre-sensor surface adjacent to said sensor surface, wherein a vertical offset between
said pre-sensor surface and said sensor surface is smaller than ten hundredths of an inch

(2.5mm).

18. The sensor of claim 16, further including a post-sensor surface adjacent to the sensor
surface, said post-sensor surface disposed to allow substantially continuous grain flow from said

post-sensor surface to said sensor surface.

19. The sensor of claim 12, wherein said upward translation movement of said sensor surface

is less than 10 hundredths of an inch (2.5mm).
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20. The sensor of claim 12, further comprising:
a displacement sensor disposed to measure said upward translation movement of said

sensor surface.

Precision Planting LL.C
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON



SI¢

1/27

910c unt /1

(LIV dondd)
[ DI

- o e

T mcacaR~d

00¢

980702910Z

0ce

0t¢



SONNNNNNANNY

2 Qw

2127

300

S S

_/

:w: | |
HRR

NN ANSANANNANNANNNANN

91o0cunt /T  980102910¢

FIG. 2
(Prior Art)



20
B

3/27

91o0cunt /T  980102910¢

32

30

FIG. 3



152-2

150
162-2
fZO

5

4/27
Pv

142-2

91o0cunt /T  980102910¢

30

112

140

FIG. 4A



1 Pv

5/27

910c unt /T  980102910¢

o

w

W

.

FIG. 4B



2016204086 17 Jun 2016

6/27

159-2

FIG. 5



9 'DId

(444!

7127

91o0cunt /T  980102910¢



2016204086 17 Jun 2016

8/27
jo
150
ol
162-2 H
162-3 162-1
1
140 j 142-2 142-1
FIG. 7A

140




d8 ‘OId

791

€291 17291
h

© g, @ @

—_— — = =~

0S1
\ \\l_
S
Z€l \ M
P
& 4
Al
0l
mq . aag
001

910c unt /T  980102910¢

S~ 1-7vl

ovl

v
- =

V8 ‘DId
€]
(o] (@] O
=N 11 _ =
0S1 o
_
— | —_—
0zl C R
P
1-00T I
A\I@ O

Tmﬂ [ar44! \ 7
el

001

2-00C

ol



200

10/27

\

910c unt /1

980702910Z

FIG. 9A

122

126

FIG. 9B



01 DId

Z€l
ozl 2 ctl
ozl
\EN
__ 1\
/ 1 : JA_/D, o
-
S e \ \ /
TN S | 3
1 = /
_ - 0TC
||« ==
| 0€Z
\\\. (A%4 \
\ | @F \ — — — —

.N
NMN QN\ N~— 7002 /o:

910c unt /T  980102910¢




43!
ozl 48
,\ #A \ el
\ pIT ﬂ/

14744

yc

e 77 77 7777 77 77 7 7
) \ | r
21T .

e K 01z
1-002

910c unt /T  980102910¢

N/
///g/\i/\\\




2016204086 17 Jun 2016

232

13/27

N
o
N

|

FIG. 12

(e




¢l 'OId

@
7\
y TN
RN
/ NN
/1 NI
/ [ NN\
/ / _ NN
/ / \ //
/ | | \ N Al
/ v _ \ N
[ / 0/ q - \ ov1
43 _
/ / zzl //
\MH | N
\
O/

0¢l K 001
- 011 [-00¢

91o0cunt /T  980102910¢



120
123

132

15/27

122-1

91o0cunt /T  980102910¢

FIG. 14A

FIG. 14B



¢I 'DId

16/27

910c unt /1

NN

-'Q"--"'-" (L

L

00t

980702910Z



17/27

910 unt /1

980%029T0C

91 "DId

Suisnoy
woij oe[d 10suds )
0£91

ooBJINS
J0suds pue Juisnoy Jo 90BLMS
19M0] 18a1) A[SNOJUB)NUILS

0291

h

wred rex3ayur se oyeyd
JOSUQs pue Juisnoy JIosuss 1se)
0191

0091



gumuado
JO premreas 3uisnoy

L1 "DId

Suisnoy I078AS[d SPISINO
woij dif Jusuyoeye
1891 UL S9[oY y3no1y}

A

1018AQ]R Ut speasyy de,
09L1

18/27

guisnoy 10JeAJ[d
opisino woij dif Jusuydeye presmIo] ut
saoy ydnoayy smards Jurdde)-Jos puaxy
OeLl

smoros Jurdde-J1os puaIxyg
0SL1

Sumuodo
Jo pIemio} uisnoy

Buruado oyut

I0YeAQ[P Ul speary) dej,
ovLl

A[quuosse 10SUaSs P[IIA I9MOT] |«
0cLl

91o0cunt /T  980102910¢

Suisnoy 1038A9[2 UI Suruado nH
OrLt

00L1



2016204086 17 Jun 2016

410

FIG. 18




61 DI4

uonisod prodoy
0col

20/27

PIRIA [BO0] 91e[Nofe)

ploi&
[890] Pa30aLIod ajernofed’

dew ppa1£ uo
uonisod je p[aIA [800] 10]d
0561

A

uonisod ym paIAk
[B90] POIOSLIOO JJRIOOSSY

‘QINJSIOW pI0dY
0v61

A

0¢61

91o0cunt /T  980102910¢

paads Sunsasrey pIoosy
Sle6l

Sv61

0061

A

0161

[euSIs 101IUOW PIIIA PIOIY




0C "DId

000¢C
reusts yyStey uresd uostedwiod eudIs 10sUas py2IL 0]
JO onsLvoRIRYd 0) [BUFIS JOSUIS | U0 paseq 1010e] . ﬁw - wor oub%“ £idd
~ PIAI£ Jo onsudoeIRyd dredwo) 7| uomnoa11oo djernore) > 108 Mw 507 v
S 0702 - 0s02
~
/ ¥
pourad reudis jysioy
ure1d uum porrad yeudis rortuowt eugIS I0UOW PIOIA PIOOY rudis 1y3oy ureld p1ood
1els A POLISd [eust ' - Jeust ! PIoIA D [eusIs Jsloy utels p1039y
pIoIA oyeroosse o yiys oum Addy |~ 020¢ A 010C
0¢0C

91o0cunt /T  980102910¢



2016204086 17 Jun 2016

300

20

22/27

2195

[ LSS

2110

2120

ANANEN

FIG. 21



NOOONNNNNN

23/27

T 7777
30

N

35-1

A

z\zio

ittt

ﬂ /xﬂ/ //// AN

20

91o0cunt /T  980102910¢

FIG. 22A



2016204086 17 Jun 2016

2230-1

24/27

////——2214

2216

Al

2212

2230-2

T~

2200

2218

N
[\
[

—

2250

FIG. 22B




2016204086 17 Jun 2016

2270-1

4

2272-1

25/27

FI1G. 22C

2270-4



¢C 'DId

oIy

00¢€T

2\

26/27

0I¢eC

—T'Bm —3

9TOZ UNC /T 980%029TOZ

Y511 (V)



27/27

910c unt /1

vC "DIA

11974

Iojerado 0}
1Yy31om 1591 Ae[dsi(q

A

potrad Surjdures
IOA0 S2210] UrRI3

pourad
Burdures 1240

A

[BIUSWIRIOUT WNG
0Cve

h 4

Svic

91BI MOT] J1IjoWIN[OA AqQ
9181 MO[J SSew SUrpiAIp
£q 1S1om 159} QUTULINR(]

A

porrad Gurdwes Aq
wns 3210J SUIPIAIP
£q 9181 MO[J Ssew
ure1d auIuLIl_(J
Scve

ovvc

h 4

yipim aspnd
uresd woxy djel
MO[J OLIIOWN[OA
uresd suruIRg

paads 10A3AT0D 10]
JUSUWIMSBIW d)eX
MO[J SSBW }09110))

LTYC

paads 10£0AU00
QUTULINA(]
L1vC

A

pourod Surjdures
I2A0 D0BJINS UO
9010 ureI3 2INSBIN

SIve

A

P

Seve

osind ureid

A 4

101019do 01
911 MO]J ssew

oInSeaJN

980702910Z

ure1d poday
0evc

A

S[eAIoIUI
paoeds ur G06
¥001q 1BdaY

(844

A

JoryIns Juore UONIAIP
ureid uidueyd
Aq adeys a1a1081p
ojur urerd ssordwo))

Sove

oovc



	Bibliographic Page
	Abstract
	Description
	Claims
	Drawings

