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(57) Abréegée/Abstract:

An agricultural combine having a supporting structure that Is driven by ground engaging wheels at a harvesting speed by a
propulsion assembly. The combine Is also provided with a threshing assembly that is driven by a variable torque sensing drive. The
variable torque sensing drive Is manipulated by pressurized hydraulic fluid. A hydraulic sensor in hydraulic communication with the
variable torgue sensing drive provides an actual hydraulic pressure signal that Is directed to an electronic controller. An operator
control In the operator's cab of the combine provides a loss rate signal that Is also directed to the electronic controller. The
electronic controller converts the loss rate signal into a desired hydraulic pressure signal. The electronic controller regulates the
forward speed (harvesting speed) of the combine so that the desired hydraulic pressure signal Is equal to the actual pressure
sighal. The harvesting speed regulation can be modified or overridden by moisture signals from a moisture sensor located In the
feederhouse for sensing the moisture content of harvested crop.
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Abstract of the Disclosure

An agricultural combine having a supporting structure that is driven by ground
engaging wheels at a harvesting speed by a propulsion assembly. The combine is also
provided with a threshing assembly that is driven by a variable torque sensing drive. The
variable torque sensing drive is manipulated by pressurized hydraulic fluid. A hydraulic
sensor in hydraulic communication with the variable torque sensing drive provides an actual
hydraulic pressure signal that is directed to an electronic controller. An operator control in
the operator’'s cab of the Combine provides a loss rate signal that is also directed to the
electronic controller. The electronic controller converts the loss rate signal into a desired
hydraulic pressure signal. The electronic controller regulates the forward speed (harvesting
speed) of the combine so that the desired hydraulic pressure signal is equal to the actual
pressure signal. The harvesting speed regulation can be modified or overridden by moisture
signails from a mbisture sensor located in the feederhouse for sensing the moisture content
of harvested crop.
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THROUGHPUT CONTROL FOR COMBINES

Background of the Invention-

1. Field of the Invention:

The present invention is directed to a throughput control system for an agricultural
combine wherein the actual hydraulic pressure of the variable torque sensing drive is used to
control the harvesting ‘sp'eed of the combine.

2. Description of the Prior Art:

Agficultural combines are large machines that harvest, thresh, separate and clean an
agricultural crop. The resulting clean grain is stored in a grain tank located on the combine.
The clean grain can then be transported from the grain tank to a truck, grain cart or other
receiving bin by an unloading auger.

A harvesting assembly located at the front of the combine harvests the crop. The
harvested crop is directed to a feederhouse for delivering the harvested crop material to a
threshing assembly. The threshing assembly may either be a conventional transverse
threshing cylinder and concave, or a rotary threshing assembly. The rotary threshing
assembly may be arranged axially or transversely. The forward harvesting speed of the
combine controls the amount of harvested crop material ingested by the threshing assembly.
A variable diameter torque sensing drive typically drives the threshing assemblies. Such a
drive is currently used on John Deere 50 Series combines manufactured by the assignee of
this patent application.

Various throughput control systems have been proposed to facilitate combine
efficiency. Some of these systems sense grain loss using grain loss monitors. Other

systems sense crop material throughput and try to maintain a relatively constant throu'ghput
of crop material. |

wilh -

Summary

3«

It is an object of the present invention to provide a simple and effective throughput
control system for an agricultural combine.

An agricultural combine having a supporting structure is driven by ground engaging
wheels at a harvesting speed by a propulsion assembly. The combine is also provided with
a threshing assembly that is driven by a variable forque sensing drive. The variable torque
sensing drive is manipulated by pressurized hydraulic fluid. A hydraulic sensor in hydraulic
communication with the variable torque sensing drive provides an actual hydraulic pressure
signal that is directed to an electronic controller. An operator control in the operator’s cab of
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the combine provides a loss rate signal that is also directed to the electronic controlier. The
electronic controller converts the loss rate signal into a desired hydraulic pressure signal.
The electronic controller requlates the forward speed (harvesting speed) of the combine so
that the desired hydraulic pressure signal is equal to the actual pressure signal;

A further refinement to the throughput control system is the use of a moisture sensor
on the feederhouse to measure the moisture content of harvested crop material before it
enters the threshing assembly. The moisture signal is directed to the electronic controller
and can be used to modify the desired hydraulic pressure signal or the actual pressure
signal, to thereby modify the harvesting speed of the combine.

Cumulatively or alternatively the moisture signal can be used to immediately change
the speed of the combine if the moisture signal falls outside certain preset limits or the
moisture is dramatically changed from previous moisture readings. For example, if the
combine is entering a green weedy patch in the field, the moisture sensor would signal high
moisture crop material, the controller in turn would immediately slow down the combine to
better accommodate this heavy load. Similarly, as the combine passes out of this weedy
patch the controller would automatically speed up the combine as the combine enters more
normal crop conditions. As stated above, the moisture signal can be used to simply modify
one of the hydraulic pressure signhals and/or be used against moisture set points to override
the normal throughput control using the actual hydraulic pressure of the variable torque
sensing drive.

Brief Description of the Drawings

Figure 1 is a semi-schematic side view of an agricultural combine.
Figure 2 is a schematic of the throughput control system of the present invention.

M -

Detailed Description

Figure 1 shows an agricuitural combine 10 comprising a supporting structure 12
having ground engaging wheels 14 extending from the supporting structure. Aithough the
combine is illustrated as having wheels it could also have ground engaging tracks either full
tracks or half tracks. A harvesting platform 16 is used for harvesting a crop and directing it
to a feederhouse 18. The feederhouse 18 contains a conveyor for conveying the harvested
crop to a beater 20. The beater 20 directs the crop upwardly through an inlet transition
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section 22 to a rotary threshing and separating assembly 24. The lllustrated threshing and
separating assembly 24 is axially arranged in the combine 10, however, it could be in other
orientations relative to the longitudinal axis of the combine. Although the present invention is
described and illustrated as being used on a rotary threshing and separating assembly, it
can also be used on a combine having a conve\ntional transverse threshing cylinder and
concave assembly.

The rotary threshing and separati-ng assembly 24 threshes and separates the
harvested crop material. Grain and chaff fall through grates on the bottom of the assembly
24 to a cleaning system 26. The cleaning system 26 removes the chaff and directs the clean
grain to a clean grain elevator (not shown). The clean grain elevator deposits the clean
grain in grain tank 28. The clean grain in the tank can be unloaded into a grain cart or truck
by unloading auger 30.

Threshed and separated straw is discharged from the axial crop processing unit
through outlet 32 to discharge beater 34. The discharge beater in turn propels the straw out
the rear of the combine. [t should be noted that the discharge beater 34 could also
discharge crop material other than grain directly to a straw chopper. The operation of the
combine is controlled from operator's cab 35.

The rotary threshing and separating assembly 24 comprises a cylindrical rotor
housing 36 and a rotor 37 located inside the housing 36. The front part of the rotor and the
rotor housing define the infeed section 38. Downstream from the infeed section 38 are the
threshing section 39, the separating section 40 and the discharge section 41. The rotor 37
in the infeed section 38 is provided with a conical rotor drum having helical infeed elements '
for engaging harvested crop material received from the beater 20 and inlet transition section
22. Immediately downstream from the infeed section 38 is the threshing section 39.- In the
threshing section 39 the rotor 37 comprises a cylindrical rotor drum having a number of
threshing elements for threshing the harvested crop material received from the infeed
section 38. Downstream from the threshing section 39 is the se;;érating section 40 wherein
the grain trapped in the threshed crop material Is released and falls through a floor grate in
the rotor housing 36 to the cleaning system 28. The separating section merges into a
discharge section 41 where crop material other than grain is expelled from the rotary
threshing and separating assembly 24.

The front wheels 14 of the combine 10 are driven by a hydrostatic transmission 50.
The hydrostatic transmission 50 is driven in a conventional manner by an internal
combustion engine, not shown. The hydrostatic transmission in turn drives a gear box 52.
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Two live axles 54 extend outwardly from the gear box 52 and drive final drives 56 of the front
wheels 14. The hydrostatic transmission 50 comprises a pump unit and a motor unit. The
pump unit and/or the motor unit are provided with adjustable swash plates. The adjustable
swash plates control the output speed of the transmission and its direction of rotation.
Solenoid control valves contro! the positions of the swash plates. The steerable rear wheels
14 can also be driven by wheel motors directly mounted to the wheels. The speed of the
wheel motors can be controlled by the throughput control system discussed below.

A variable torque sensing drive 60 drives the rotor 37. The same internal combustion
engine that drives the hydrostatic transmission drives the variabie torque sensing drive 60.
The drive 60 is a belt drive having a variable diameter drive sheave, not shown, and a
variable diameter driven sheave 62. A belt 64 extends between the drive sheave and the
driven sheave 62 for transmitting rotational power. Hydraulic cylinders control the diameters
of the sheaves. The hydraulic cylinder 66 is coupled to the driven sheave 62 and moves the
face plates 68 of the sheave 62 in and out to contro! the sheave’s effective diameter relative
to the belt 64. By changing the effective diameters of ’the sheaves the effective speed of the
driven sheave 62 is changed. Pressurized hydraulic fluid Is directed through hydralllic line
70 to hydraulic cylinder 66 from valve stack 72. The rotor is driven at a constant selected
rotor speed by the variable diameter sheaves. The torque transmitted by the belt and
sheaves varies as crop material throughput varies. Variations in throughput result in
variations in loss rates. Throughput being directly related to loss rates.

An electronic controller 80 controls the harvesting speed of the combine 10. That is
the electronic controller 80 regulates the forward speed (harvesting speed) of the combine
by regulating the position of the swash plates of the hydrostatic transmission by controlling
the operation of the solenoid control valves though line 82. The controller 80 receives an
actual hydraulic pressure signal through line 84 from hydraulic pressure sensor 86.

Hydraulic pressure sensor 86 senses the hydraulic pressure in the vanable torque sensing
drive 60. It has been found that hydraulic pressure in the vanable torque sensing drive 60 is
related to throughput and thereby to loss rates. The controller 80 also receives a desired
loss rate signal tﬁfough line 88 from switch 90. Switch 90 is located in the operator’s cab 35.

In operating the throughput control system the operator selects a desired loss rate on
switch 90. The controller 80 receives this loss rate signal and converts it into a desired
hydraulic pressure signal. The controller 80 also receives the actual pressure signal from
the sensor 86. The controller 80 regulates the forward speed of the combine so that the
desired hydraulic pressure signal is equal to the actual pressure signal.
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As a further refinement to the system, the feederhouse 18 is provided with a moisture
sensor 92 that is in communication with the controller 80 through line 94. The moisture
sensor 92 senses moisture in the harvested crop passing through the feederhouse. The
moisture signal can be used to modify the actual pre'ssure signal or the desired pressure
signal to slow the combine as it encounters high moisture harvested crop.

Together with the signal modification, discussed above, or as an alternative to the
signal modification, the moisture sensor signal may be used to directly regulate the
harvesting speed of the agricultural combine. If the crop moisture level of the harvested crop
Is greater than a specified amount, the combine will be slowed by a specified amount. For
example if the combine encounters a weedy green crop material the moisture sensor 92 will
sense increased moisture. The moisture signal will be directed through line 94 to controiler
80. The controlier 80 receiving this signal will first determine if the crop moisture Is above a
specified amount and if it is the controlier will immmediately slow down the combine.

The present invention should not be limited by the above-described embodiments,
but should be limited solely by the claims that follow.
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CLAIMS:

1. An agricultural combine for harvesting, threshing and separating an
agricultural crop, the agricultural combine having a loss rate, the agricultural combine
comprising:

a supporting structure;

ground engaging means for propelling the supporting structure at a harvesting
speed,

a threshing assembly being mounted to the supporting structure;

a variable torque sensing drive for driving the threshing assembly, the variable
torque sensing drive being provided with hydraulic fluid having a hydraulic pressure;

a hydraulic pressure sensor for sensing the hydraulic pressure of the
hydraulic fluid and providing an actual hydraulic pressure signal;

a controller for adjusting the harvesting speed of the ground engaging means
In response to the actual hydraulic pressure sensed by the hydraulic pressure
Sensor;

an operator control for controlling a loss rate of the combine, the operator
control providing a loss rate signal to the controller, wherein the controller converts
the loss rate signal into a desired hydraulic pressure signal that together with the
actual hydraulic pressure signal regulates the harvesting speed of the ground
engaging means.

2. An agricultural combine as defined by claim 1 wherein the supporting
structure is provided with a feederhouse, the feederhouse being provided with a
moisture sensor for sensing the moisture of a harvested crop passing through the
feederhouse, the moisture sensor providing a moisture signal to the controller.

3. An agricultural combine as defined by claim 2 wherein the controller uses
the moisture signal to modify the desired hydraulic pressure signal.

4. An agricultural combine as defined by claim 2 wherein the controller uses
the moisture signal to modify the actual hydraulic pressure signal.

5. An agricuitural combine as defined by claim 2 wherein the controlier uses

the moisture signal to directly regulate harvesting speed.

6
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6. An agricultural combine as defined by claim 3 wherein the controller uses
the moisture signal to directly regulate harvesting speed.

7. An agricultural combine as defined by claim 4 wherein the controller uses
the moisture signal to directly regulate harvesting speed.

8. A method of controlling a harvesting speed of an agricultural combine
having a variable torque sensing drive for driving a threshing assembly, the method
comprising:

sensing a hydraulic pressure of a hydraulic fluid in the variable torque sensing
drive and forming an actual hydraulic pressure signal;

requlating a harvesting speed of the agricultural combine based on the actual
hydraulic pressure signal;

iInputting a selected loss rate to a controller;

converting the selected loss rate to a desired hydraulic pressure signal.

9. A method as defined by claim 8 wherein regulating the harvesting speed
equalizes the desired hydraulic pressure signal with the actual hydraulic pressure
signal.

10. A method as defined by claim 9 comprising the additional steps of
measuring a moisture content of harvested crop material passing through a
feederhouse, generating a moisture signal and directing the moisture signal to the
controller.

11. A method as defined by claim 10 comprising the additional step of
modifying the desired hydraulic pressure signal in response to the moisture signal.

12. A method as defined by claim 10 comprising the additional step of
modifying the actual hydraulic pressure signal in response to the moisture signal.

13. A method as defined by claim 10 comprising the additional step of using
the moisture signal to directly regulate the harvesting speed.

14. A method as defined by claim 11 comprising the additional step of using
the moisture signal to directly regulate the harvesting speed.

15. A method as defined by claim 12 comprising the additional step of using

the moisture signal to directly regulate the harvesting speed.
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16. An agricultural combine for harvesting, threshing and separating an
agricultural crop, the agricultural combine comprising:

a supporting structure;

ground engaging means for propelling the supporting structure at a harvesting
speed;

a threshing assembly being mounted to the supporting structure;

a variable torque sensing belt drive for driving the threshing assembly, the
variable torque sensing belt drive being provided with a belt that engages a variable
sheave, the variable sheave being controlled by a hydraulic cylinder, the hydraulic
cylinder is supplied hydraulic fluid having a hydraulic pressure;

a hydraulic pressure sensor for sensing the hydraulic pressure of the
hydraulic fluid and providing an actual hydraulic pressure signal;

a controller for adjusting the harvesting speed of the ground engaging means
in response to the actual hydraulic pressure sensed by the hydraulic pressure
sensor.

17. An agricultural combine as defined by claim 16 wherein the combine has a
loss rate, the agricultural combine further comprising an operator control for
controlling the loss rate of the combine, the operator control providing a loss rate
signal to the controller.

18. An agricultural combine as defined by claim 17 wherein the controller
converts the loss rate signal into a desired hydraulic pressure signal that together
with the actual hydraulic pressure signal regulates the harvesting speed of the
ground engaging means.

19. An agricultural combine as defined by claim 18 wherein the supporting
structure Is provided with a feederhouse, the feederhouse being provided with a
moisture sensor for sensing the moisture of a harvested crop passing through the
feederhouse, the moisture sensor providing a moisture signal to the controller.

20. An agricultural combine as defined by claim 19 wherein the controller uses
the moisture signal to modify the desired hydraulic pressure signal.

21. An agricultural combine as defined by claim 19 wherein the controller uses

the moisture signal to modify the actual hydraulic pressure signal.

8



CA 02377423 2004-09-22

22. An agricultural combine as defined by claim 19 wherein the controller uses
the moisture signal to directly regulate harvesting speed.

23. An agricultural combine as defined by claim 20 wherein the controller uses
the moisture signal to directly regulate harvesting speed.

24. An agricultural combine as defined by claim 21 wherein the controller uses
the moisture signal to directly regulate harvesting speed.

25. A method of controlling the harvesting speed of an agricultural combine
having a variable torque sensing belt drive for driving a threshing assembly, the
variable torque sensing belt drive having a belt and variable sheave, the variable
sheave being controlled by a hydraulic cylinder, the method comprising:

sensing the hydraulic pressure of the hydraulic fluid in the hydraulic cylinder
for adjusting the variable sheave and forming an actual hydraulic pressure signal;

regulating the harvesting speed of the agricultural combine based on the
actual hydraulic pressure signal.
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