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FIG. 3

OPERATING THE FIRST INPUT SHAFT | 200
AT A FIRST SPEED -

l

OPERATING THE CLUTCH ASSEMBLY /202
TO COUPLE ONLY THE SECOND INPUT
SHAFT WITH THE FIRST OUTPUT SHAFT

'

INCREASING THE SPEED OF THE
MOTOR SUCH THAT THE RATIO OF /204
THE SPEED OF THE SECOND OUTPUT

SHAFT TO THE FIRST SPEED IS
WITHIN A PREDETERMINED RANGE
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OPERATING THE CLUTCH ASSEMBLY 206
TO COUPLE THE FIRST INPUT SHAFT |~
WITH THE FIRST OUTPUT SHAFT
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1
HYDRO-MECHANICAL TRANSMISSION

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

The present invention relates to an improved transmission
of the type including a combination of hydrostatic (fluid)
and mechanical drives. More specifically, the present inven-
tion relates to a transmission which may transmit power
solely through the hydrostatic portion of the transmission,
solely through the geared portion of the transmission, or in
combination through both the hydrostatic and geared por-
tions of the transmission.

BACKGROUND OF THE INVENTION

Both hydrostatic transmissions and geared transmissions
are used in agricultural and construction equipment to
transmit power from engines to equipment for accomplish-
ing a desired task. For example, transmissions are used to
properly transmit power to the wheels of a vehicle, or to a
vehicle implement such as a rotor on an agricultural com-
bine. However, depending upon the application, it is seldom
that either a geared transmission or a hydrostatic transmis-
sion will provide the best performance for all of the trans-
mission requirements. Two important considerations in
selecting transmissions are their efficiency and range of
input and output speed variability. In general, hydrostatic
transmissions provide extremely high speed variability
between the input and output, but are less efficient than
geared transmissions.

Turning to the rotor of a combine, such rotors usually are
relatively high in mass, and as the size of combines
increases, become increasingly larger. Typical combines
now use variable pulley belt drives to transmit power to the
rotors. However, the power required to rotate the larger
rotors of larger combines cannot be effectively transmitted
through conventional belt drives. Also, the current machines
have a provision to manually rotate the rotors in reverse,
after they become clogged with excess material. This is not
only cumbersome but also less effective with larger
machines. Accordingly, in the larger combines there is a
move toward using geared transmissions to drive the rotor
and provide an engine-powered reversing feature. However,
one of the problems with geared transmissions is the limited
variability in speed. This limitation restricts the operator’s
ability to optimize rotor speed to obtain peak harvesting
efficiency. Another problem with geared transmissions is the
amount of energy which must be dissipated by the input
clutch when engaging the power source to initiate rotation of
the rotor. Due to the high inertia of large combine rotors,
initiating rotation of the rotor when the combine engine is
rotating at operating speed results in substantial wear of the
input clutch to the transmission.

In view of the need for an improved transmission having
improved variability between transmission input and output
speed while maintaining efficiency, it would be desirable to
combine the features of a hydrostatic transmission with a
geared transmission.

SUMMARY OF THE INVENTION

The present invention provides a hydro-mechanical trans-
mission. The transmission includes a clutch rotatably sup-
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ported by a housing. The clutch includes a first input shaft,
a second input shaft and a first output shaft, and is configured
to selectively couple the output shaft to the first and second
input shafts. The transmission also includes a motor coupled
to the second input shaft, and a differential assembly coupled
to the first output shaft. The differential assembly is rotatably
supported by the housing, and includes a third input shaft
coupled to the first output shaft, a fourth input shaft coupled
to the motor, and second output shaft. The speed of the
second output shaft is a combination of the speeds of the
third and fourth input shafts.

The present invention also provides a method for increas-
ing the speed of the output of the hydro-mechanical trans-
mission. The method includes the steps of operating the first
input shaft at a first rotational speed, operating the clutch to
couple only the second input shaft with the first output shaft,
and increasing the rotational speed of the motor to a speed
which rotates the second output shaft at a second rotational
speed such that the ratio of the first and second rotational
speeds is within a predetermined range of a predetermined
ratio. After the ratio of the first and second rotational speeds
is within the predetermined range, the clutch is operated to
couple the first input shaft with the first output shaft.

The present invention further provides a threshing system
for a combine including a clutch having a first input shaft,
a second input shaft and a first output shaft. The clutch is
configured to selectively couple the output shaft to the first
and second input shafts. The system also includes a hydrau-
lic motor coupled to the second input shaft and a differential
assembly. The differential assembly includes a third input
shaft coupled to the first output shaft, a fourth input shaft
coupled to the motor, and a second output shaft. The speed
of the second output shaft is a combination of the speeds of
the third and fourth input shafts. The system also includes an
internal combustion engine coupled to the first input shaft,
a hydraulic pump coupled to the engine and in fluid com-
munication with the hydraulic motor, and a threshing rotor
coupled to the second output shaft.

The present invention still further provides a method for
increasing the speed of the rotor of the threshing system. The
method includes the steps of operating the first input shaft at
a first rotational speed defined by the speed of the engine,
operating the clutch to couple only the second input shaft
with the first output shaft, and increasing the rotational speed
of the motor to a speed which rotates the rotor at a second
rotational speed such that the ratio of the first and second
rotational speeds is within a predetermined range of a
predetermined ratio. After the ratio of the first and second
rotational speeds is within the predetermined range, the
clutch is operated to couple the first input shaft with the first
output shaft.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the following detailed description, taken in conjunction
with the accompanying drawings, wherein like reference
numerals refer to like parts, in which:

FIG. 1 is a schematic block diagram of a transmission
connected to a rotor of a combine; and

FIG. 2 is a schematic block diagram of a control circuit of
the combine shown in FIG. 1.

FIG. 3 is a flowchart of a method of operating the
transmission of FIGS. 1 and 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 is a schematic diagram of a vehicle, such as an
agricultural combine, designated by the reference numeral
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10. Combine 10 includes an engine 12 mechanically coupled
to a hydro-mechanical transmission 14. Hydro-mechanical
transmission 14 selectively drives a differential assembly 16
at various gear ratios, as commanded by an operator and
controlled by a control circuit 18. Differential assembly 16
drives a multi-speed gear transmission 20 which in turn
drives a portion of an agricultural implement, such as a rotor
22.

Hydro-mechanical transmission 14 is supported in com-
bine 10 by a housing or support frame 24. Hydro-mechanical
transmission 14 includes a motor 26, a pump 28, a clutch
assembly 30 and differential assembly 16. Motor 26 is a
hydraulic motor, and pump 28 is preferably an electronically
controlled variable displacement hydraulic pump. By chang-
ing the volume in pump 28 for a fixed pump input speed,
pump 28 controls the speed of motor 26. Hydrostatic pump
28 and motor 26 are operated in a closed circuit and
connected to one another by hydraulic lines 34 and appro-
priate fluid filters and storage tanks (not shown) as required.

Clutch 30 of hydro-mechanical transmission 14 is rotat-
ably supported relative to housing 24 by an input shaft 36
and an output shaft 40. Input shaft 36 is rotatably supported
by bearings 70 and 72, and output shaft 40 is rotatably
supported by bearings 76 and 78. Clutch 30 has two input
shafts 36 and 38. First input shaft 36 is coupled to engine 12
and to pump 28. A shaft 84 extends from pump 28 and is
rotatably supported by bearings 86 and 88. Shaft 84 rotates
a gear 90. Gear 90 meshes with a gear 92 mounted on first
input shaft 36, thereby enabling pump 28 to drive first input
shaft 36.

Second input shaft 38 of clutch 30 is supported by bearing
74 and coupled to motor 26. Extending from motor 26 is a
shaft 94 which is rotatably supported by bearings 96 and 98.
Shaft 94 rotates a gear 100 which meshes with a gear 102.
Gear 102 is coupled to a shaft 104 which is rotatably
supported by bearing 106. Gear 102 also meshes with a gear
105 mounted on second input shaft 38. Thus, motor 26 may
rotate second input shaft 38.

Clutch 30 has output shaft 40 which may be selectively
engaged to either first input shaft 36 or second input shaft 38.
As will be discussed in further detail below, output shaft 40
may be engaged either to first input shaft 36 by turning on
a hydro-mechanical clutch 112 or to second input shaft 38 by
turning on a hydrostatic clutch 114. When output shaft 40 is
coupled to first input shaft 36, clutch 30 is driven by engine
12. When output shaft 40 is coupled to second input shaft 38,
clutch 30 is driven by motor 26.

Differential assembly 16 has a first input shaft 42 which
is the same as or coupled to output shaft 40 of clutch 30. As
shown in FIG. 1, differential assembly 16 may be a planetary
gear arrangement including a ring gear 44, a plurality of
planetary gears 46 supported by a shaft 52 and a sun gear 48.
First input shaft 42 of differential assembly 16 is coupled to
ring gear 44. Differential assembly 16 also has a second
input shaft 50 which rotates on bearing 106. Second input
shaft 50 couples motor 26 to sun gear 48. Shaft 94 which
extends from motor 26 also rotates a gear 108. Gear 108
meshes with a gear 110 mounted on second input shaft 50 of
differential assembly. Thus, motor 26 may rotate second
input shaft 50 of differential assembly 16.

Output shaft 52 of differential assembly 16 is rotatably
supported by bearing 116 and rotates at a speed which is a
combination of the speeds of first and second input shafts 42
and 50, respectively, of differential assembly 16. For
example, 0.728 times the speed of shaft 42 plus 0.272 times
the speed of shaft 50 equals the speed of shaft 52. Output
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shaft 52 may drive wheels on an axle (not shown) of vehicle
10 or an agricultural implement, such as motor 22 as shown.

In a preferred embodiment, output shaft 52 of differential
assembly 16 is coupled to a multi-speed transmission 20
which in turn drives rotor 22. As will be appreciated by one
skilled in the art, multi-speed transmission 20 (e.g., four
speed) may be any one of a number of types of
transmissions, including synchronous power shaft, jaw
clutch and standard gearbox transmissions.

As shown in FIGS. 1 and 2, combine 10 also includes a
control circuit 18. Control circuit 18 has a system control 54
for controlling the speed of shaft 52 connected to multi-
speed transmission 20 which in turn rotates rotor 22. Com-
bine rotor 22 is used to harvest different crops, including
corn, oats, wheat, soybeans and rice. The optimal rotor speed
for harvesting depends on the type of crop to be harvested
as well as other conditions, such as the amount of moisture
and the volume of the crop. Control circuit 18 includes an
input speed transducer 56 which monitors the rotational
speed of first input shaft 36 of clutch 30 and an output speed
transducer 58 which monitors the rotational speed of output
shaft 52 of differential assembly 16.

Control circuit 18 is connected to clutch 30 via a clutch
actuating circuit 60 and clutch actuating assembly 31, so that
system control 54 can regulate the engagement of output
shaft 40 to first and second input shafts 36 and 38, respec-
tively. By activating hydro-mechanical clutch 112 or hydro-
static clutch 114, system control 54 may engage output shaft
40 with respective input shafts 36 and 38. As shown in FIG.
2, clutch actuating circuit 60 includes a hydraulic circuit 62,
a solenoid operated valve arrangement 64, and hydraulic
fluid source 32. Circuit 62 is coupled to clutch 30 to engage
and disengage output shaft 40 from first and second input
shafts 36 and 38, respectively. Arrangement 64 may be pulse
width modulated valves controlled by signals applied to
arrangement 64 by system control 54 via a signal bus 80.

Furthermore, control circuit 18 regulates the speed of
motor 26 by applying appropriate control signals or speed
signals to pump 28 via signal bus 82 to maintain a prede-
termined speed for output shaft 52 of differential assembly
16 or to maintain a predetermined speed difference between
first input shaft 36 of clutch 30 and output shaft 52.

Thus, with reference to the method depicted in FIG. 3,
hydro-mechanical transmission 14 preferably operates as
follows. When engine 12 is running, pump 28 and first input
shaft 36 are powered and rotated at a first rotational speed at
a step 200. First input shaft 36 is initially disengaged from
clutch 30, and shaft 94 of motor 26 is coupled to shaft 40
through the intervening drive train elements and clutch 30 at
a step 202. The speed of motor 26 is increased by increasing
the displacement of pump 28 until the ratio of the rotational
speeds of shafts 36 and 52 is within a predetermined range
of a predetermined ratio at a step 204.

Once the ratio is within the predetermined range, clutch
30 may be disengaged from second input shaft 38 and
engaged to first input shaft 36 at a step 206. With shaft 38
disengaged, varying the speed of motor 26 enables hydro-
mechanical transmission 14 to change the speed of shaft 52
without altering the speed of engine 12. Thus, with hydro-
mechanical transmission 14 greater variability in speed is
available, allowing combine 10 to harvest crops more effi-
ciently by controlling the speed of rotor 22 more precisely.

Hydro-mechanical transmission 14, therefore, has several
benefits. Rotor 22 may be accelerated from start-up to an
operating speed in any gear without the use of a slipping,
high energy clutch. Rotor 22 may also be reversed and
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forwarded at high torque without using a high energy clutch.
In addition, since braking is accomplished hydrostatically,
within a certain range rotor 22 may be decelerated without
the need for brakes. Furthermore, if transmission 20 is of the
type which can be electronically shifted control 54 can be
configured to control shifting and gear synchronization, if
necessary, speed matching (hydrostatic synchronization).
Finally, the shift between the pure hydrostatic mode and the
hydro-mechanical mode may be made at synchronism with-
out torque interruption.

It will be understood that the foregoing description is of

a preferred embodiment of this invention and that the
invention is not limited to the specific forms shown. Other
modifications may be made in the design and arrangement of
other elements without departing from the scope of the
invention as expressed in the appended claims.

What is claimed is:

1. A hydro-mechanical transmission comprising:

a transmission housing;

a clutch assembly rotatably supported by the housing, the
clutch assembly including a first input shaft, a second
input shaft and a first output shaft, the clutch assembly
being configured to selectively couple the output shaft
to the first and second input shafts;

a motor coupled to the second input shaft;

a differential assembly rotatably supported by the
housing, the assembly including a third input shaft
coupled to the first output shaft, a fourth input shaft
coupled to the motor, and a second output shaft,
wherein the speed of the second output shaft is a
combination of the speeds of the third and fourth input
shafts;

an output speed transducer supported by the housing to
generate an output speed signal representative of the
speed of the second output shaft;

an electrically controlled clutch actuating circuit; and

a control circuit coupled to the speed transducer and the
actuating circuit to control the engagement and disen-
gagement of the first and second input shafts to the first
output shaft.

2. The transmission of claim 1, wherein the differential

assembly is a planetary gear arrangement comprising:

a ring gear coupled to the third input shaft;

a sun gear coupled to the fourth input shaft; and

at least one planetary gear coupled to the output shaft and
engaged with the ring and sun gears.

3. The transmission of claim 1, wherein the motor is a

hydraulic motor.

4. The transmission of claim 2, wherein the motor is a

hydraulic motor.

5. The transmission of claim 4, further comprising:

a hydraulic pump coupled to the first input shaft; and

a hydraulic conduit coupled between the motor and the
pump to convey hydraulic fluid therebetween.

6. The transmission of claim 1, further comprising:

an input speed transducer supported by the housing to
generate an input speed signal representative of the
speed of the first input shaft.

7. The transmission of claim 6, further comprising:

an electrically controlled motor speed control coupled to
the motor and the control circuit, wherein the control
circuit applies a speed signal to the control to operate
the control to control the speed of the motor to maintain
a selected speed difference between the first input shaft
and the second output shaft.
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8. The transmission of claim 7, wherein the clutch actu-
ating circuit comprises:

a hydraulic actuating assembly coupled to the clutch
assembly to engage and disengage the output shaft
from the first and second input shafts;

a hydraulic fluid source; and

a solenoid arrangement coupled to the control circuit to
control the flow of hydraulic fluid between the actuat-
ing assembly and the fluid source.

9. The transmission of claim 7, wherein the motor is a
hydraulic motor and the motor speed control comprises a
hydraulic pump coupled to the first input shaft and in fluid
communication with the hydraulic motor, the pump having
an electronic displacement control coupled to the control
circuit.

10. The transmission of claim 7, further comprising a
multi-speed gear transmission coupled to the second output
shaft.

11. A method for increasing the speed of the output of a
transmission of the type including: a transmission housing;
a clutch assembly rotatably supported by the housing, the
clutch assembly including a first input shaft, a second input
shaft and a first output shaft, the clutch assembly being
configured to selectively couple the output shaft to the first
and second input shafts; a motor coupled to the second input
shaft; and a differential assembly rotatably supported by the
housing, the assembly including a third input shaft coupled
to the first output shaft, a fourth input shaft coupled to the
motor, and a second output shaft, wherein the rotational
speed[s] of the second output shaft is a combination of the
rotational speeds of the third and fourth input shafts, and the
rotational speeds of the first input shaft and the second
output shaft are a predetermined ratio when the fourth input
shaft is stationary; the method comprising the steps of:

operating the first input shaft at a first rotational speed;

operating the clutch assembly to couple only the second
input shaft with the first output shaft;

monitoring the first rotational speed;

increasing the rotational speed of the motor to a speed
which rotates the second output shaft at a second
rotational speed such that the ratio of the first and
second rotational speeds is within a predetermined
range of the predetermined ratio; and

operating the clutch assembly to couple the first input
shaft with the first output shaft after the ratio of the first
and second rotational speeds is within the predeter-
mined range.

12. The method of claim 11, further comprising the step
of operating the clutch assembly to disengage the second
input shaft from the first output shaft.

13. The method of claim 12, further comprising the step
of setting the rotational speed of the motor to a speed which
rotates the fourth input shaft at a rotational speed which
rotates the second output shaft at a third rotational speed
such that the ratio of the first and third rotational speeds is
greater than the predetermined ratio.

14. The method of claim 12, further comprising the step
of setting the rotational speed of the motor to a speed which
rotates the fourth input shaft at a rotational speed which
rotates the second output shaft at a fourth rotational speed
such that the ratio of the first and fourth rotational speeds is
less than the predetermined ratio.

15. A threshing system for a combine comprising:

a transmission housing;

a clutch assembly rotatably supported by the housing, the

clutch including a first input shaft, a second input shaft
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and a first output shaft, the clutch assembly being
configured to selectively couple the output shaft to the
first and second input shafts;

a hydraulic motor coupled to the second input shaft;

a differential assembly rotatably supported by the
housing, the assembly including a third input shaft
coupled to the first output shaft, a fourth input shaft
coupled to the motor, and a second output shaft,
wherein the speed of the second output shaft is a
combination of the speeds of the third and fourth input
shafts;

an internal combustion engine coupled to the first input
shaft;

a hydraulic pump coupled to the engine and in fluid
communication with the hydraulic motor; and

a threshing rotor coupled to the second output shaft.

16. The system of claim 15, wherein the differential

assembly is a planetary gear arrangement comprising:

a ring gear coupled to the third input shaft;

a sun gear coupled to the fourth input shaft; and

at least one planet gear coupled to the output shaft and
engaged with the ring and sun gears.

17. The system of claim 15, further comprising:

an output speed transducer supported by the housing to
generate an output speed signal representative of the
speed of the second output shaft;

an electrically controlled clutch actuating circuit; and

a control circuit coupled to the speed transducers and the
actuating circuit to control the engagement and disen-
gagement of the first and second input shafts to the first
output shaft.

18. The system of claim 17, wherein the hydraulic pump

is an electronically controlled variable displacement pump.

19. The system of claim 18, wherein the control circuit is

coupled to the variable displacement pump to control the
speed of the motor to maintain a selected speed difference
between the first input shaft and the second output shaft.

20. The system of claim 19, wherein the clutch actuating

circuit comprises:

a hydraulic actuating assembly coupled to the clutch
assembly to engage and disengage the output shaft
from the first and second input shafts;

a hydraulic fluid source; and

a solenoid arrangement coupled to the control circuit to
control the flow of hydraulic fluid between the actuat-
ing assembly and the fluid source.

21. The system of claim 15, further comprising a multi-

speed gear transmission coupled to the second output shaft.

22. A method for increasing the speed of a threshing

system rotor using a transmission including: a transmission
housing, a clutch assembly rotatably supported by the
housing, the clutch assembly including a first input shaft, a
second input shaft and a first output shaft, the clutch
assembly being configured to selectively couple the output
shaft to the first and second input shafts; a hydraulic motor
coupled to the second input shaft; a differential assembly
rotatably supported by the housing; the assembly including
a third input shaft coupled to the first output shaft; a fourth
input shaft coupled to the motor, and second output shaft
coupled to the threshing rotor, wherein the rotational speed
of the rotor is a combination [o0] of the rotational speeds of
the third and fourth input shafts, and the rotational speeds of
the first input shaft and the second output shaft are a
predetermined ratio[n] when the fourth input shaft is sta-
tionary; an internal combustion engine coupled to the first
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input shaft; and a hydraulic pump coupled to the engine and
in fluid communication with the hydraulic motor; the
method comprising the steps of:

operating the first input shaft at a first rotational speed
defined by the speed of the engine;

operating the clutch assembly to couple only the second
input shaft with the first output shaft;

monitoring the first rotational speed;

increasing the rotational speed of the motor to a speed
which rotates the rotor at a second rotational speed such
that the ratio of the first and second rotational speeds is
within a predetermined range of the predetermined
ratio; and

operating the clutch assembly to couple the first input
shaft with the first output shaft after the ratio[n] of the
first and second rotational speeds is within the prede-
termined range.

23. The method of claim 22, further comprising the step
of operating the clutch to disengage the second input shaft
from the first output shaft.

24. The method of claim 22, further comprising the step
of setting the rotational speed of the motor to a speed which
rotates the fourth input shaft at a rotational speed which
rotates the second output shaft at a third rotational speed
such that the ratio of the first and third rotational speeds is
greater than the predetermined ratio.

25. The method of claim 22, further comprising the step
of setting the rotational speed of the motor to a speed which
rotates the fourth input shaft at a rotational speed which
rotates the second output shaft at a fourth rotational speed
such that the ratio of the first and fourth rotational speeds is
less than the predetermined ratio.

26. A hydro-mechanical transmission comprising:

a transmission housing;

a clutch assembly rotatably supported by the housing, the
clutch assembly including a first input shaft, the clutch
assembly being configured to selectively couple the
output shaft to the first and second input shafts;

a motor coupled to the second input shaft;

a differential assembly rotatably supported by the
housing, the assembly including a third input shaft
coupled to the first output shaft, a fourth input shaft
coupled to the motor, and a second output shaft,
wherein the speed of the second output shaft is a
combination of the speeds of the third and fourth input
shafts;

a speed transducer supported by the housing to generate
a speed signal representative of the speed of one of the
first input shaft and the second output shaft;

an electrically controlled clutch actuating circuit; and

a control circuit coupled to the speed transducer and the
actuating circuit to control the engagement and disen-
gagement of the first and second input shafts to the first
output shaft.

27. The system of claim 15, further comprising:

an input speed transducer supported by the housing to
generate an input speed signal representative of the
speed of the first input shaft;

an output speed transducer supported by the housing to
generate an output speed signal representative of the
speed of the second output shaft;

an electrically controlled clutch actuating circuit; and

a control circuit coupled to the speed transducers and the
actuating circuit to control the engagement and disen-
gagement of the first and second input shafts to the first
output shaft.
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28. A threshing system for a combine comprising:
a transmission housing;

a clutch rotatably supported by the housing, the clutch
including a first input shaft, a second input shaft and a
first output shaft, the clutch being to selectively couple
the output shaft to the first and second input shafts;

a hydraulic motor coupled to the second input shaft;

a differential assembly rotatably supported by the
housing, the assembly including a third input shaft
coupled to the first output shaft, a fourth input shaft
coupled to the motor, and a second output shaft,

10

10

wherein the speed of the second output shaft is a
combination of the speeds of the third and fourth input
shafts;

an internal combustion engine coupled to the first input
shaft;

a hydraulic pump coupled to the engine and in fluid
communication with the hydraulic motor;

a multi-speed gear transmission coupled to the second
output shaft; and

a threshing rotor coupled to the second output shaft.

#* #* #* #* #*



