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RESIDUE MONITORING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Patent
Application No. 62/721,040, titled “Residue Monitoring”
and filed on Aug. 22, 2018, the entirety of which is incor-
porated herein by reference.

BACKGROUND

Demand for greater productivity during agricultural har-
vesting has resulted in relatively wide headers for agricul-
tural harvesters (“harvesters”), including with regard to
grain platforms and corn headers. As a result, relatively large
amounts of crop are concentrated for processing within the
harvesters, with a corresponding concentration of crop resi-
due (sometimes referred to as material other than grain or
“MOG™).

For various reasons, it may be useful to distribute crop
residue relatively evenly over a field during harvesting. For
example, appropriate residue management can assist in
maintaining soil productivity through nutrient return and
prevention of erosion. However, the relatively wide area
over which crops may be harvested in a single pass may
present challenges to appropriately uniform distribution of
crop residue from harvesters back to a field. This may be
particularly true, in some applications, where crop residue of
relatively large characteristic sizes are desired.

SUMMARY

Some embodiments of the invention provide a residue
management system for an agricultural harvester that
includes a chopper with a knife assembly for reducing size
of crop residue. A sensor arrangement can be in communi-
cation with one or more components of the chopper. The
sensor arrangement can be configured to measure indicators
of a mass flow rate of the crop residue through the chopper
across a width of a stream of the crop residue, based on
measuring forces of the crop residue on the knife assembly.

Some embodiments of the invention provide an agricul-
tural harvester that includes a header configured to harvest
crop material, a residue processing system configured to
process crop residue separated from the harvested crop
material, and a residue management system. The residue
management system can include a sensor arrangement in
communication with one or more components of the residue
processing system. The sensor arrangement can be config-
ured to measure indicators of a mass flow rate of the crop
residue through the residue processing system, and can
include a plurality of sensors distributed across a width of
the residue processing system to measure indicators of the
mass flow rate at different locations across the width of the
residue processing system.

Some embodiments of the invention provide a method of
managing crop residue for an agricultural harvester using
one or more processor devices. Using a sensor arrangement,
indicators of a mass flow rate of the crop residue through a
chopper can be measured. Based upon the indicators of the
mass flow rate, one or more of a distribution of the crop
residue within the chopper or a total mass flow rate of the
crop residue through the chopper can be determined.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a residue management
system installed in a combine harvester according to an
embodiment of the invention;
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FIG. 2 is a schematic partial view of the residue manage-
ment system and a size-reduction chopper of the combine of
FIG. 1;

FIG. 3 is an isometric view of a sensor arrangement on a
stationary knife bank of a harvester according to an embodi-
ment of the invention;

FIG. 4 is an isometric view of the sensor arrangement and
the stationary knife bank of FIG. 3 installed in a size-
reduction chopper of a harvester according to an embodi-
ment of the invention;

FIG. 5 is an isometric view of an impact sensor arrange-
ment according to an embodiment of the invention;

FIG. 6 is an isometric view of the impact sensor arrange-
ment of FIG. 5 installed in a chopper of a harvester accord-
ing to an embodiment of the invention;

FIGS. 7 and 8 are isometric views of a size-reduction
chopper of a harvester with a strain sensor arrangement
according to an embodiment of the invention; and

FIG. 9 is a schematic representation of a method of
managing crop residue according to an embodiment of the
invention.

DETAILED DESCRIPTION

The following discussion is presented to enable a person
skilled in the art to make and use embodiments of the
invention. Various modifications to the illustrated embodi-
ments will be readily apparent to those skilled in the art, and
generic principles herein can be applied to other embodi-
ments and applications without departing from embodi-
ments of the invention. Thus, embodiments of the invention
are not intended to be limited to embodiments shown, but
are to be accorded the widest scope consistent with the
principles and features disclosed herein. The following
detailed description is to be read with reference to the
figures, in which like elements in different figures have like
reference numerals. The figures, which are not necessarily to
scale, depict selected embodiments and are not intended to
limit the scope of embodiments of the invention. Skilled
artisans will recognize the examples provided herein have
many useful alternatives and fall within the scope of
embodiments of the invention.

Also, it is to be understood that the phraseology and
terminology used herein is for the purpose of description and
should not be regarded as limiting. The use of “including,”
“comprising,” or “having” and variations thereof herein is
meant to encompass the items listed thereafter and equiva-
lents thereof as well as additional items. Unless specified or
limited otherwise, the terms “mounted,” “connected,” “sup-
ported,” and “coupled” and variations thereof are used
broadly and encompass both direct and indirect mountings,
connections, supports, and couplings. Further, unless other-
wise specified or limited, “connected” and “coupled” are not
restricted to physical or mechanical connections or cou-
plings.

Embodiments of the invention can be implemented as
systems and/or methods, including computer-implemented
methods. Some embodiments of the invention can include
(or utilize) a device such as a special purpose or general
purpose computer including various computer hardware,
software, firmware, and so on, consistent with the discussion
below.

In some implementations, aspects of the invention,
including computerized implementations of methods
according to the invention, can be implemented as a system,
method, apparatus, or article of manufacture using standard
programming and/or engineering techniques to produce
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software, firmware, hardware, or any combination thereof to
control a computer or processor based device to implement
aspects detailed herein. Unless otherwise specified or lim-
ited, the term “article of manufacture” as used herein is
intended to encompass a computer program accessible from
any computer-readable device, carrier (e.g., non-transitory
signals), or media (e.g., non-transitory media). Computer-
readable media can include, for example, magnetic storage
devices (e.g., hard disk, floppy disk, magnetic strips, and so
on), optical disks (e.g., compact disk (CD), digital versatile
disk (DVD), and so on), smart cards, and flash memory
devices (e.g., card, stick). Additionally it should be appre-
ciated that a carrier wave can be employed to carry com-
puter-readable electronic data such as those used in trans-
mitting and receiving electronic mail or in accessing a
network such as the Internet or a local area network (LAN).
Those skilled in the art will recognize many modifications
may be made to these configurations without departing from
the scope or spirit of the claimed subject matter.

In the context of computerized implementation of
embodiments of the invention, as used herein, unless oth-
erwise specified or limited, the terms “component,” “sys-
tem,” “module,” and the like are intended to refer to aspects
of computer-related system that may include hardware,
software, a combination of hardware and software, or soft-
ware in execution. For example, a component or module of
a computerized implementation may be a processor device,
a process running on a processor device, a programming
object, an executable, a thread of execution, a program,
and/or a computer. By way of illustration, for example, both
an application running on a computer and the computer itself
can be a component or a module. In some implementations,
one or more components, systems, or modules may reside
within a process and/or thread of execution, may be local-
ized on one computer, may be distributed between two or
more computers or processors, and/or may be included
within another component, system, or module.

Some embodiments of the invention may include methods
with multiple operations. Unless otherwise specified or
limited (e.g., unless inherently necessary), orders of opera-
tions presented herein for particular embodiments are
intended as examples only.

As noted above, it may be useful to distribute crop residue
from harvesters with appropriate uniformity. Some conven-
tional approaches to residue management can allow operat-
ing parameters of harvesters to be closely controlled, includ-
ing during active operation of the harvesters. For example,
operators can adjust residue distribution systems to account
for environmental factors such as wind speed and direction,
sloping of terrain, and so on. However, conventional sys-
tems may lack accurate information regarding the actual
distribution of crop residue within the relevant harvester, as
might usefully guide system adjustments. Among other
benefits, embodiments of the invention can usefully execute
monitoring and other tasks to address this issue

In some embodiments, for example, systems or methods
according to the invention can usefully determine spatial
distribution of crop residue (e.g., left-to-right distribution)
within a relevant harvester. This spatial distribution, as
appropriate, can then be utilized to more effectively monitor
and control dispersal of residue from a harvester to a field.
Thus, for example, embodiments of the invention can help
to support improved spatial distribution of crop residue on a
field and thereby help to ensure appropriately uniform cover
and protection of the soil surface.

Consistent with the discussion above, embodiments of the
invention can include a sensor arrangement that is config-

20

25

40

45

55

60

65

4

ured to measure indicators of crop-residue mass flow within
a harvester. For example, one or more load, torque, or strain
sensors can be disposed in communication with a compo-
nent (e.g., a size-reduction chopper) of a residue processing
system of a harvester, in order to measure loads, torque, or
strain as indicators of mass flow rate of crop residue through
the chopper. Based upon the measured indicators, a proces-
sor device can then determine a lateral distribution of crop
residue within the residue management system, a bulk or
local mass flow rate of crop residue within the chopper, or
other related measurements.

Different embodiments of the invention can be imple-
mented with regard to different types of harvesters. For
example, FIG. 1 illustrates a crop residue management
system 20 installed for use with a combine harvester 22
according to an embodiment of the invention. Generally, a
header 24 of the combine harvester 22 can harvest crop
material from a field and direct the crop material into the
body of the combine harvester 22 for processing. As a result,
the crop material can be separated into a retained fraction
(e.g., grain) and crop residue (e.g., MOG). The crop residue
is directed by internal machinery of the combine harvester
22 to a residue management system that includes a chopper
26, which is generally configured to cut the crop residue into
pieces of an appropriate size distribution.

Using any of a variety of sensors, such as load sensors,
torque sensors, strain sensors, impact sensors and so on, the
crop residue management system 20 can measure indicators
of the mass flow rate of the crop residue that passes through
the chopper 26. Usefully, in some embodiments, the crop
residue management system 20 can measure indicators of
the mass flow rate of crop residue at multiple discrete or
continuous points across a width (e.g., a full width) of the
crop residue flow stream. In this way, for example, the
distribution of crop residue across a relevant area may be
determined and, as appropriate, adjustments made to other
residue distribution systems.

In different embodiments, choppers and other components
of crop residue management systems can be configured in a
variety of ways. In the combine harvester 22, as also
illustrated in FIG. 2, the chopper 26 is configured as a rotary
flail chopper, with a rotating knife assembly 28 that is
configured as a chopper rotor with a rotating array of knives
32. Correspondingly, a stationary knife assembly 30 is
configured as a stationary bank of knives that are interleaved
with the knives of the chopper rotor. Rotation of the knives
32 of the chopper rotor past the knives of the stationary knife
assembly 30 can accordingly cause crop residue to be cut
(e.g., sliced, shattered, bent, broken, and so on) to appro-
priate sizes. Further, the movement of the chopper rotor, or
other components, can propel the crop residue rearward, to
be dispersed from a residue distribution system of the
combine harvester 22 onto a field.

In some configurations, the stationary knife assembly 30
can be withdrawn from the crop residue stream, as may be
appropriate for crops such as corn, or in other contexts. In
some configurations, the stationary knife assembly 30 can be
adjusted to any number of positions relative to the rotating
knife assembly 28 or other components. For example, the
stationary knife assembly 30 can be adjusted to extend into
the path of the knives 32 of the rotating knife assembly 28
to any desired degree between maximum-extension and
minimum-extension positions.

Certain details of the crop residue management system 20
are illustrated in FIG. 2 in the context of the particular
configuration of the chopper 26. In other embodiments, the
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crop residue management system 20, or other similar sys-
tems, can be utilized in the context of choppers or harvesters
with different configurations.

In the embodiment illustrated in FIG. 2, the residue
management system includes a sensor arrangement 40 that
is generally configured to sense indicators of a mass flow
rate of crop residue that passes through the chopper 26. In
different embodiments, a sensor arrangement can be con-
figured to sense different types of indicators of a mass flow
rate of crop residue. In some embodiments, the sensor
arrangement 40 can be configured to measure forces on the
stationary knife assembly 30 or on a portion of a housing 42
of the chopper 26. For example, as also discussed below,
loads on knives of the stationary knife assembly 30, impacts
on plates of the housing 42, or strain on the housing 42 can
be measured as indicators of mass flow rate of the crop
residue stream.

In some embodiments, a sensor arrangement 40q that may
be similar to, or part of, the sensor arrangement 40 can be
configured to measure indicators of mass flow of crop
residue via the rotating knife assembly 28. For example, as
also discussed below, loads or impacts on knives of the
stationary knife assembly 30, torque or other loading on
portions of the rotor of the rotating knife assembly 28, or
strain on different components the rotating knife assembly
28 can be measured as indicators of mass flow rate of the
crop residue stream.

In some embodiments, indicators of mass flow of crop
residue can be measured at multiple locations across a width
(e.g., a full width) of the chopper 26 or other system. For
example, the sensor arrangement 40 or the sensor arrange-
ment 40a can be configured to measure indicators of mass
flow rate of crop residue at one or more central locations,
one or more right-side locations, and one or more left-side
locations relative to the chopper 26. This may be useful, for
example, in order to help determine the relative scale of
mass flow rate of crop residue passing through different parts
of the chopper 26. Further, in some embodiments, measure-
ments of mass flow rate of crop residue at multiple locations
across a chopper can be combined in order to provide an
estimate of total mass flow of crop residue through the
chopper.

In some embodiments, an electronic processing device
can be used in order to analyze data collected by a relevant
sensor arrangement. For example, as illustrated in FIG. 2, a
processor device 44 with an associated memory 46 can be
configured to communicate with the sensor arrangement 40
(or other sensor arrangements). In this way, for example, the
processor device 44 can receive signals from the sensor
arrangement 40 (or others) corresponding to the measured
indicators and, based on the received signals, perform appro-
priate calculations (e.g., based on previously calibrated
correlations) to determine the mass flow rate of the crop
residue.

In some embodiments, the processor device 44 can be
included in the combine harvester 22, and communication
between sensor arrangements and the processor device 44,
and between the sensor arrangements and the processor
device 44 and various other equipment, may be wired or
wireless. Wireless communication for on-board configura-
tions of the processor device 44 can be useful, for example,
in order to generally increase reliability, as well as to
simplify communication architectures for configurations in
which a sensor arrangement is disposed on a rotating com-
ponent, such as the rotating knife assembly 28. In some
embodiments, the processor device 44 can be disposed
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remotely from the combine harvester 22 and communication
with the processor device 44 may be at least partly wireless.

In some embodiments, the memory 46 can be utilized to
store data relevant to the analysis of signals from the sensor
arrangement 40 or analysis of other relevant data, such as
may be entered, for example, via an outside user interface.
For example, in some cases, information relating to the type
of crop being harvested, the expected (or actual) water
content of the crop material, operating states of the combine
harvester 22, environmental conditions, or other factors can
be used to correlate measurements of impact forces, strain,
torque, cutting loads, and so on with actual mass flow rates
of the relevant crop residue stream. In this regard, for
example, it may sometimes be useful to store look-up tables
or other data structures in the memory 46, for use in
combination with signals from the sensor arrangement 40, in
order to improve the accuracy with which the mass flow rate
of crop residue flow streams can be determined. In some
implementations, relevant other factors may include, for
example, a number of knives installed in stationary or
rotating knife assemblies, hours of use on a set of knives or
other components, calibration data for various components,
and so on.

In different embodiments, a processor device can be
configured to determine, in different ways, a distribution of
crop residue across a relevant width of a chopper. In some
embodiments, the processor device 44 can be configured to
determine relative distribution of crop residue flow based on
the relative scale (e.g., strength) of the signals received from
the sensor arrangement 40. In some embodiments, as also
noted above, the measurements represented by the signals
can be converted to scalar (e.g., absolute) values of the
crop-residue mass flow rate. In some embodiments, scalar
values of mass flow rate of crop residue can be combined
(e.g., added together, with appropriate weighting) in order to
determine a total mass flow or mass flow rate of crop residue
across an entire relevant width of the chopper 26.

In some embodiments, the processor device 44 can be
configured to calculate an effective center of mass flow of
crop residue within a relevant width, based upon the indi-
cators of the mass flow rate of crop residue measured by the
plurality of sensors. For example, the processor device 44
can calculate, relative to an origin location (e.g., a center
point) along the relative width, a weighted average of
measured forces, strain, or other factors. The location of the
weighted average relative to the origin can then be provided
as a relative indicator of the balance (or imbalance) or
uniformity of the mass flow distribution of crop residue
across the relevant width.

FIGS. 3 and 4 illustrate a residue management system 60
according to an embodiment of the invention, including as
installed on a chopper 62 (see FIG. 4). In the embodiment
illustrated, the chopper 62 is similar to the chopper 26 (see
FIG. 1), with a stationary knife assembly 64 and a rotating
knife assembly 66. Accordingly, for example, the residue
management system 60 can be used, in some cases, with a
combine harvester similar to the combine harvester 22 (see
FIG. 1). In other embodiments, other configurations are
possible.

In illustrated configuration, a full cutting-width of a knife
bank of the stationary knife assembly 64 is divided into three
distinct segments 68a, 685, 68¢. Each of the segments 68a,
68b, 68¢ includes a subset of stationary knife blades 78, is
independently supported by a frame 70, and is rotationally
linked to the frame 70 by a pivot bar assembly 72. Further,
a set of load cells 74a, 74b, 74c is secured to the frame 70,
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with each of the load cells 74a, 745, 74¢ in alignment and
operational contact with a respective one of the segments
68a, 685, 68c.

Thus arranged, the load cells 74a, 74b, T4c¢ are disposed
to measure the shear force on the stationary knife blades 78
of the segments 68a, 685, 68¢, respectively. Accordingly,
when the stationary knife blades 78 are extended for contact
with a stream of crop residue, as illustrated in FIG. 4, the
load cells 74a, 745, 74¢ can measure the effects of the shear
force at the segments 68a, 685, 68c as an indicator of the
mass flow rate of the crop residue past the stationary knife
assembly 64. As appropriate, the measured forces can then
be further analyzed (e.g., as described above) in order to
determine useful information regarding the crop-residue
mass flow rate.

In the embodiment illustrated, the particular configuration
of the load cells 74a, 74b, 74¢ may generally maximize a
moment arm between force application to the stationary
knife blades 78 and the measurement point of the load cells
74a, 74b, 74c. This may be useful, for example, in order to
magnify the force on the knife blades as measured by the
load cells 74a, 74b, 74c while reducing the effect of vibra-
tions on the relevant measurements. In other embodiments,
however, other configurations are possible.

Other variations are also possible. For example, a differ-
ent number of load cells can be used, with the same or a
different number of segments of the stationary knife assem-
bly 64. Similarly, in some embodiments, a different type of
sensor can be used to measure forces on the stationary knife
assembly 64.

In the embodiment illustrated, the load cells 74a, 745, 74¢
and the segments 68a, 685, 68¢ are configured to substan-
tially span a full lateral cutting width of the stationary knife
assembly 64. This may be useful, for example, in order to
provide measurements of crop-residue mass flow rates
across the entire operational width of the stationary knife
assembly 64, as may be helpful for accurate determination
of the distribution of crop-residue mass flow rate within, and
of the total mass flow of crop residue through, the chopper
62. In some embodiments, a larger or smaller number of
sensors or segments can be used. In some embodiments,
sensors may not necessarily be configured to sense loads
across a full width of the stationary knife assembly 64. For
example, sensors may be configured to measure loads on
sets of non-adjacent segments, or segments that do not
collectively extend to the outer lateral edges of the stationary
knife assembly 64.

In some embodiments, as also noted above, a sensor
arrangement can be configured to measure forces on a
rotating knife assembly. For example, load cells or other
sensors, such as torque sensors 76a, 765, 76¢ (see FIG. 4),
can be secured to the rotating knife assembly 66 between
adjacent segments (not shown) of the rotating knife assem-
bly 66. Mass flow rate of crop residue through the chopper
62 can then be determined, for example, based on measure-
ment of torque between the segments of the rotating knife
assembly 66, as may correlate to forces on the knives 58 of
the rotating knife assembly 66. In some embodiments, this
arrangement can be used in place of, or in combination with,
an arrangement in which sensors are configured to measure
forces on the stationary knife assembly 64, such as is also
illustrated, for example, in FIG. 4.

As another example, in some embodiments, loads on the
knives 58 of the rotating knife assembly 66 can be measure
relatively directly. For example, instrumented load pins (not
shown) can be used to secure one or more of the knives 58
of the rotating knife assembly 66 to the rotor. Or other
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sensors can be similar positioned. The load pins or other
sensors can then be used to measure the shear force at the
knives 58 during operation to process crop residue.

In some embodiments, analysis of signals from the load
cells 74a, 74b, T4c, the torque sensors 76, or other sensors
in a relevant sensor arrangement can be modulated based on
environmental or other factors. As noted above, for example,
determination of mass flow rate of crop residue can be based
in part on information relating to crop type, moisture con-
tent, or other factors. Similarly, for example, determination
of mass flow rate of crop residue can be based upon how far
the stationary knife assembly 64 extends into the crop
residue stream, the dullness of the relevant knives (e.g., as
estimated based on total operational time and type of crop),
or other factors.

In some embodiments, other components can be included.
For example, the load cells 74a, 745, 74c¢, the torque sensors
76a, 76b, 76¢, or other sensors (not shown) can be in
communication with a processor device similar to the pro-
cessor device 44 (see FIG. 2).

FIGS. 5 and 6 illustrate a crop residue management
system 90 according to an embodiment of the invention,
including as installed on a chopper 92 (see FIG. 6). In the
embodiment illustrated, the chopper 92 is similar to the
chopper 26 (see FIG. 1), with a stationary knife assembly
(not shown) and a rotating knife assembly 96. Accordingly,
for example, the residue management system 90 can be
used, in some cases, with a combine harvester similar to the
combine harvester 22 (see FIG. 1). In other embodiments,
other configurations are possible.

In the illustrated configuration, a set of impact plates 98a,
985, 98¢ are independently supported by a frame 100, with
each being rotationally linked to the frame 100 by a pivot bar
assembly 102. Further, a set of impact sensors 104a, 1045,
104c¢ is secured to the frame 100, each being in alignment
and operational contact with a respective one of the impact
plates 98a, 985, 98c¢.

In some embodiments, the impact plates 98a, 985, 98¢ can
be supported relative to the frame 100 in other ways. For
example, the impact plates 98a, 985, 98¢ can be connected
to the frame 100 (or another component) via a living hinge
or other arrangement instead of, or in addition to, being
connected via the pivot bar assembly 102.

In the embodiment illustrated, the impact sensors 104a,
1045, 104¢ are load cells connected to the associated impact
plates 98a, 98b, 98¢ by rigid force-transmitting pins 106a,
1065, 106¢. In other embodiments, other configurations are
possible. In some embodiments, force may be transmitted
from the impact plates 98a, 984, 98¢ to the associated sensor
by other connections. In some embodiments, a different type
of sensor can be used. For example, in some configurations,
a respective spring 110 and a displacement-measuring
device 112, as shown schematically in FIG. 6, can be
connected to each of the impact plates 98a, 985, 98¢ and the
displacement-measuring device 112, such as a potentiometer
or pressure sensor, can be configured to measure displace-
ment of the springs 110 (or of the impact plates 98a, 985,
98¢). In this way, for example, due to known relationships
between force and spring displacement, impact force of the
impact plates 98a, 985, 98¢ can be measured.

As illustrated in FIG. 6 in particular, the impact plates
98a, 985, 98¢ are disposed along a housing 108 of the
chopper 92, downstream of the rotating knife assembly 96.
As the rotating knife assembly 96 accelerates crop residue
rearward within the relevant harvester, different portions of
the crop residue may tend to impact a particular one of the
impact plates 98a, 985, 98¢, with a location and a force that
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may depend on the nature of the crop residue, the lateral
location of the crop residue within the chopper 92, and the
velocity of the crop residue as it leaves the rotating knife
assembly 96. Accordingly, with appropriate calibration for
particular crop types, operating characteristics, and environ-
mental factors, impact measurements by the impact sensors
104a, 1045, 104¢ can be correlated with the mass flow rate
of crop residue over each the impact plates 98a, 985, 98¢,
respectively.

Also as illustrated in FIG. 6 in particular, the impact plates
98a, 98b, 98¢ angle slightly into the enclosed envelope of
the chopper 92, as generally defined by the housing 108.
This may be useful, for example, in order to allow for
displacement of the impact plates 98a, 985, 98¢ upon impact
by crop residue, to allow useful impact measurements,
without allowing the crop residue to escape through the
housing 108 at the impact plates 98a, 985, 98¢. This may
also be useful, for example, in order to allow appropriately
accurate measurement of crop residue flow rates without
deflecting the crop residue sufficiently to significantly
adversely affect redistribution of crop residue by other
components of the relevant harvester. In some embodiments,
an optimization analysis may be undertaken to determine an
appropriate angle of a set of impact plates relative to a
housing, to obtain appropriate measurement accuracy by
associated sensors, along with appropriately small adverse
deflection of crop residue by the impact plates. In some
embodiments, in contrast to the example illustrated in FIG.
6, impact plates may not necessarily angle or otherwise
extend into an enclosed envelope of a chopper.

In the embodiment illustrated, the impact plates 98a, 985,
98¢ substantially span a full lateral width of the chopper 92.
This may be useful, for example, in order to provide
measurements of crop-residue mass flow rates across the
entire chopper 92, in order to more accurately determine of
uniformity of flow rate and of total mass flow of crop residue
through the chopper 92. In some embodiments, a larger or
smaller number of impact plates can be used. In some
embodiments, impact plates may not necessarily span a full
width of a chopper or other system. For example, significant
spacing may be provided between adjacent impact plates, or
between impact plates and lateral boundaries of a relevant
enclosure.

In some embodiments, an impact-plate arrangement simi-
lar to that illustrated in FIGS. 5 and 6 can be located
elsewhere in a relevant harvester. For example, an arrange-
ment similar to that illustrated for the impact plates 98a, 985,
98¢ can be disposed at an inlet of a distribution tailboard (not
shown in FIGS. 5 and 6) or at other locations in a residue
processing system of the harvester (including a header).
Depending on the particular location, such an arrangement
may still allow measurement of crop-residue mass flow rates
through a relevant chopper, although the arrangement may
not necessarily be disposed within the chopper.

In some embodiments, analysis of signals from the impact
sensors 104a, 1045, 104¢ or other sensors in a relevant
impact sensing arrangement can be modulated based on
environmental or other factors. As noted above, for example,
determination of mass flow rate of crop residue can be based
in part on information relating to crop type or moisture
content. Similarly, for example, determination of mass flow
rate of crop residue can be based upon how far a particular
impact plate extends into the crop residue stream, the size or
stiffness of the impact plate or associated structures, or other
factors, such as chopper rotational speed.

In some embodiments, other components can be included.
For example, the impact sensors 104a, 10456, 104¢ or other

25

30

40

45

65

10

sensors (not shown) can be in communication with a pro-
cessor device similar to the processor device 44 (see FIG. 2).

FIGS. 7 and 8 illustrate a crop residue management
system 120 according to an embodiment of the invention, as
installed on a chopper 122. In the embodiment illustrated,
the chopper 122 is similar to the chopper 26 (see FIG. 1),
with a stationary knife assembly (not shown) and a rotating
knife assembly 126. Accordingly, for example, the residue
management system 90 can be used, in some cases, with a
combine harvester similar to the combine harvester 22 (see
FIG. 1). In other embodiments, other configurations are
possible.

In the illustrated configuration, a set of strain gauges
128a, 128b, 128¢ are arranged along a width of a housing
130 of the chopper 122, downstream of the rotating knife
assembly 126. As the rotating knife assembly 126 acceler-
ates crop residue rearward within the relevant harvester, the
crop residue may tend to impact the housing 130 more
closely to a particular one of the strain gauges 128a, 1285,
128c. The crop residue can thereby generate a reaction force
in the housing 130, with a location and a magnitude that may
depend on the nature of the crop residue, the lateral location
of the crop residue within the chopper 122, and the velocity
of the crop residue as it leaves the rotating knife assembly
126. Accordingly, with appropriate calibration for particular
crop types, operating and structural characteristics, and
environmental factors, measurement of local strain on the
housing 130, as obtained by the strain gauges 128a, 1285,
128c, can be correlated with a local (or other) mass flow rate
of crop residue within the housing 130.

In the embodiment illustrated, the strain gauges 128a,
1285b. 128¢ are secured to the housing 130 via a precision-
machined strain plate 132 that has been installed in place of
a portion of the usual (e.g., original) sheet metal of the
housing 130. This may be useful, for example, in order to
appropriately isolate regions of strain measurement from
vibrational noise or other interference originating in, or
transmitted through, other portions of the housing 130. In
some embodiments, however, the strain gauges 128a, 1285,
128c¢ can be directly secured to uninterrupted panels of the
housing 130, or in other locations in a residue processing
system. In some embodiments, strain gauges can be secured
to the rotating knife assembly 126, such as illustrated by
strain gauges 134a, 134b, 134¢ to measure strain on the
rotating knife assembly 126 during operation.

In the embodiment illustrated, the strain plate 132 sub-
stantially spans a full lateral width of the chopper 122. This
may be useful, for example, in order to provide measure-
ments of crop-residue mass flow rates across the entire
chopper 122, to help accurately determine a distribution of
flow rate of crop residue, and of total mass flow of crop
residue, through the chopper 122. In some embodiments, a
strain plate or other mounting arrangement of larger or
smaller width can be used. In some embodiments, a strain
plate or other component to which strain gauges are
mounted may not necessarily span a full width of a chopper
or other system. For example, significant spacing may be
provided between adjacent strain plates, or between one or
more strain plates and the lateral boundaries of a relevant
enclosure.

In some embodiments, a strain-gauge arrangement similar
to that illustrated in FIGS. 7 and 8 can be located elsewhere
in a relevant harvester. For example, an arrangement similar
to that illustrated for the strain gauges 128a, 1285, 128¢ can
be disposed at an inlet of a distribution tailboard (not shown
in FIGS. 7 and 8) or at other locations in a residue processing
system. Depending on the particular location, such an
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arrangement may still allow measurement of crop-residue
mass flow rates through a relevant chopper, although the
arrangement may not necessarily be disposed within the
chopper.

In some embodiments, analysis of signals from the strain
gauges 128a, 1285, 128¢ or other sensors in a relevant strain
sensing arrangement can be modulated based on environ-
mental or other factors. As noted above, for example,
determination of mass flow rate of crop residue can be based
in part on information relating to crop type or moisture
content. Similarly, for example, determination of mass flow
rate of crop residue can be based upon characteristics
relating to how a particular strain plate configuration, or
other component, responds to particular types of impacts, or
other factors.

In some embodiments, other components can be included.
For example, the strain gauges 128a, 1285, 128¢ or other
sensors (not shown) can be in communication with a pro-
cessor device similar to the processor device 44 (see FIG. 2).

In some embodiments, including relatively close varia-
tions of those expressly discussed above, different types of
sensors can be used. For example, in some embodiments, a
mechanical component at which force is to be measured can
be linked with a piston that extends within a fluid-filled
cylinder. Further, one or more sensors can be disposed to
measure the pressure of the fluid within the cylinder. By
measuring pressure of the fluid, force applied to the piston
can be determined and, thereby, relevant forces imparted by
crop residue moving through a harvester. As another
example, speed sensors on a rotating knife assembly or other
moving component can be configured to measure indicators
of impact energy, or position sensors on a stationary knife
assembly or other component can be configured to measure
other relevant indicators.

Some embodiments of the invention can include methods
of monitoring crop residue within a harvester, including via
computer-implemented operations. FIG. 9 illustrates an
example method 200 according to the invention. In some
implementations, the method 200 (or aspects thereof) can be
implemented with respect to arrangements expressly dis-
cussed above. In some implementations, the method 200 can
be used with other arrangements, or the arrangements
expressly discussed above can be operated using different
methods.

In the embodiment illustrated, the method 200 includes
measuring 202 indicators of a mass flow rate of the crop
residue through the chopper. In some implementations,
measurement 202 can be effected using a sensor arrange-
ment 204, such as an arrangement of load cells, strain
gauges, torque sensors, impact sensors, or other sensors,
which may be configured to relay sensor data to a processor
device.

Once the relevant indicators have been measured 202,
signals corresponding to the measurements can be received.
For example, a processor device within a central control unit
of a harvester, a sensor package, or a remote (e.g., cloud-
enabled) control system can receive 210 signals from a
sensor (or sensors) that are indicative of the force or other
indicator measured 202 by the sensor arrangement 204.

Having received 210 appropriate signals, a processor
device can then determine 220 a distribution of crop residue
within a relevant area. In some embodiments, as discussed
above, crop residue distribution can be determined within a
chopper based upon sensor data gathered within the chopper.
In some embodiments, sensor data can be gathered at other
locations within a residue processing system, such that the
data may not necessarily directly indicate crop residue mass
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flow within a chopper, although the data may still generally
correspond to crop residue mass flow that passes through the
chopper.

In some embodiments, determining 220 a distribution of
crop residue may include first identifying 222 indicators of
mass flow of crop residue at multiple locations and then
calculating 224 an effective center of a mass flow rate of
crop residue based upon the identified 222 mass flow of crop
residue. For example, weight averages of absolute or relative
mass flow of crop residue across a width (e.g., a full width)
of a chopper can be determined, with a larger or smaller
number generally corresponding to a bias of the mass flow
rate of crop residue towards a particular region of the
chopper. Thus, for example, determining 220 a distribution
of crop residue can include calculating 224 an indicator of
the lateral distribution or general uniformity of the mass
flow.

In some embodiments, a total mass flow rate of crop
residue can be determined 230. For example, with appro-
priate calibration, measured 202 indicators of mass flow rate
of crop residue can be correlated to absolute mass flow rates
of crop residue, as opposed to relative mass flow rates of
crop residue measured comparatively between different
regions of a harvester. As also noted above, in some cases,
appropriate calibration may depend upon factors including
crop type, moisture content, operational parameters of the
relevant harvester, other environmental factors, and so on.

As also discussed above, in some embodiments, sensor
arrangements can be configured to measure indicators of
mass flow of crop residue at different parts of a residue
processing system. For example, sensor arrangements can be
configured to measure indicators of mass flow rate of crop
residue at a chopper or a downstream component, such as
tailboard spreader. In some embodiments, sensor arrange-
ments can be configured to measure indicators of mass flow
rate of crop residue within a residue processing system
upstream of a chopper.

Thus, embodiments of the invention can provide
improved systems and methods for monitoring flow of crop
residue through harvesters. This may be useful, for example,
in order to improve erosion protection, prevent plugging of
tillage or seeding equipment, improve stand establishment,
ensure uniform germination, and support no-till and direct
seeding practices. Further, maintaining crop residue on a
field, particularly with appropriately uniform distribution,
can offer significant benefits over alternatives, such as baling
or tilling, including better snow catch and water infiltration,
reduced moisture evaporation, increased soil organic matter
content, improved soil structure and plant nutrient cycling,
and lower overall costs of production.

It will be appreciated by those skilled in the art that while
the invention has been described above in connection with
particular embodiments and examples, the invention is not
necessarily so limited, and that numerous other embodi-
ments, examples, uses, modifications and departures from
the embodiments, examples and uses are intended to be
encompassed by the claims attached hereto. The entire
disclosure of each patent and publication cited herein is
incorporated by reference, as if each such patent or publi-
cation were individually incorporated by reference herein.

Various features and advantages of the invention are set
forth in the following claims.

What is claimed is:

1. A residue management system for an agricultural
harvester, the agricultural harvester including a chopper with
a knife assembly for reducing size of crop residue, the
residue management system comprising:
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a sensor arrangement in communication with one or more
components of the chopper, the sensor arrangement
including a plurality of sensors arranged on a stationary
knife assembly of the knife assembly of the chopper to
measure indicators of a mass flow rate of the crop
residue through the chopper across a width of a stream
of the crop residue, based on measuring forces of the
crop residue on the stationary knife assembly.

2. The residue management system of claim 1, wherein
the plurality of sensors are distributed across a width of the
chopper along the stationary knife assembly to measure
indicators of the mass flow rate at different locations across
the width of the chopper.

3. The residue management system of claim 2, further
comprising:

a processor device in communication with the sensor

arrangement;
wherein the processor device is configured to:
receive signals corresponding to the indicators of the
mass flow rate measured by the plurality of sensors;
and

determine a distribution of the crop residue across the
width of the chopper based upon the indicators of the
mass flow rate.

4. The residue management system of claim 3, wherein
determining the distribution of the crop residue across the
width of the chopper includes:

calculating an effective center of mass flow of the crop
residue within the width of the chopper based upon the
indicators of the mass flow rate measured by the
plurality of sensors.

5. The residue management system of claim 1, wherein
the plurality of sensors arranged on the stationary knife
assembly are associated with a plurality of knives of the
stationary knife assembly.

6. The residue management system of claim 5, wherein
the plurality of sensors arranged on the stationary knife
assembly includes a plurality of load cells associated with
the plurality of knives of the stationary knife assembly.

7. The residue management system of claim 1, wherein
the knife assembly further includes a rotating knife assem-
bly.

8. The residue management system of claim 7, wherein
the sensor arrangement further includes a plurality of torque
sensors distributed across a width of the rotating knife
assembly.

9. The residue management system of claim 1, further
comprising:

one or more impact plates that extend at least partly into
a flow path of the crop residue,

wherein the sensor arrangement is further configured to
measure impact forces of the crop residue on the one or
more impact plates as further indicators of the mass
flow rate.

10. The residue management system of claim 9, wherein
the sensor arrangement further includes one or more springs
coupled to the one or more impact plates and one or more
displacement-measuring devices configured to measure dis-
placement of the one or more springs.

11. The residue management system of claim 1, wherein
the sensor arrangement further includes one or more strain
gauges configured to measure strain caused by movement of
the crop residue through the chopper.

12. The residue management system of claim 11, with the
chopper including a housing, wherein the one or more strain
gauges are configured to measure strain on the housing
caused by the crop residue.
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13. An agricultural harvester comprising:

a header configured to harvest crop material;

a residue processing system to process crop residue that is

separated from the harvested crop material; and

a residue management system that includes a sensor

arrangement in communication with one or more com-
ponents of the residue processing system,

the sensor arrangement being configured to measure indi-

cators of a mass flow rate of the crop residue through
the residue processing system,

the sensor arrangement including a plurality of sensors

distributed across a width of the residue processing
system to measure impact forces of the crop residue, on
a plurality of impact plates that extend at least partly
into a flow path of the crop residue, as indicators of the
mass flow rate at different locations across the width of
the residue processing system, and

the plurality of sensors including a plurality of impact

sensors configured as a plurality of load cells connected
with the plurality of impact plates by rigid force-
transmitting pins to measure the impact forces.

14. The agricultural harvester of claim 13, further com-
prising:

a processor device in communication with the sensor

arrangement;

wherein the processor device is configured to:

receive signals corresponding to the indicators of the
mass flow rate measured by the plurality of sensors;
and

determine a distribution of the crop residue across the
width of the residue processing system.

15. The agricultural harvester of claim 14, wherein the
processor device is further configured to determine a total
mass flow rate of the crop residue through the residue
processing system.

16. The agricultural harvester of claim 13, wherein the
residue management system includes a chopper with a knife
assembly; and

wherein the sensor arrangement further includes a plural-

ity of strain gauges configured to measure forces on the
knife assembly from the crop residue.

17. The agricultural harvester of claim 16, wherein the
knife assembly includes a rotating knife assembly, and

wherein the plurality of strain gauges are arranged on the

rotating knife assembly.

18. A method of managing crop residue for an agricultural
harvester using one or more processor devices, the agricul-
tural harvester including a chopper with a knife assembly for
reducing size of the crop residue, and a sensor arrangement
in communication with the chopper, the method comprising:

measuring, using the sensor arrangement, indicators of a

mass flow rate of the crop residue through the chopper;
determining, using the one or more processor devices,
based upon the indicators of the mass flow rate, one or
more of:
a distribution of the crop residue within the chopper; or
a total mass flow rate of the crop residue through the
chopper,
wherein the knife assembly of the chopper includes a
stationary knife assembly, and the sensor arrangement
includes a plurality of sensors arranged on the station-
ary knife assembly.

19. The method of claim 18, further comprising:

determining the total mass flow rate based upon deter-

mining the distribution of the crop residue.

20. The method of claim 18, wherein determining the
distribution of the crop residue within the chopper includes:
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identifying, using the one or more processor devices, an
indicator of the mass flow rate of the crop residue at
each of multiple locations along the stationary knife
assembly within the chopper; and

calculating, using the one or more processor devices, an
effective center of the mass flow rate within the chop-
per, based upon the indicator of the mass flow rate of
the crop residue at each of multiple locations along the
stationary knife assembly within the chopper.

* * * * *
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