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A Belt Drive Transmission System

Field of the Invention
The present invention relates to a belt drive transmission system for a vehicle, preferably

an agricultural tractor, and a vehicle having such a transmission system.

Background of the Invention

Transmission systems are an important feature of vehicle construction, providing for the
transfer of motive power from an engine or prime mover to the wheels or tracks of the
vehicle. While the most common types of transmission systems have relied on
arrangements of selectable gears, continuously-variable transmission systems (CVTs) are
becoming the transmission of choice for

One example of a CVT is the Vario transmission produced by AGCO Corporation, a
hydrostatic CVT which uses variable displacement pumps to vary the fluid flow into
hydrostatic motors. Such hydrostatic transmissions can be relatively expensive to

implement and service.

Another example of a CVT is the belt-driven transmission system used in the Variomatic
system, produced by DAF. In the Variomatic transmission, adjustable belt drives are
arranged between the engine and each of the driven wheels. Adjustment of the belt drives
allows for the variation of the wheel speed, as well as allowing the wheels to rotate at
different speeds. In addition, reverse drive is provided by reversing the entire drive
system. While such a belt drive system can be relatively inexpensive and light-weight, the
stresses involved in continual change of drive direction between forward and reverse drive

can lead to high levels of component failure and increased service costs.

It is an object of the invention to provide an improved transmission system.

Summary of the Invention
Accordingly, there is provided a belt drive transmission system for a vehicle having a
prime mover and a driven axle to be driven by the transmission system, the transmission
system comprising:

an input shaft to be driven by a prime mover of the vehicle;

a first belt drive having an input and an output, the first belt drive driven in a first
direction by the input shaft, the first belt drive having an adjustable input:output ratio;
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a second drive having an input and an output, the input driven by the input shaft;
and

a differential coupling having an output to be connected to a vehicle driven axle,
the differential coupling driven by the outputs of the first belt drive and the second drive to
provide an aggregate drive at the output of the differential coupling,

wherein the output of the differential coupling can be varied by adjusting the
input:output ratio of the first belt drive.

By using the output of a differential to drive the driven axle, accordingly the driven axle
speed is based on the aggregate of the speeds of the first and second drives, which can
provide for wide variation of drive speed, with minimal system cost and weight. The use of
a belt drive allows for the drive speed to be easily varied, and which can be relatively
easily serviced.

In one aspect, the second drive comprises a fixed shaft between the input shaft of the
transmission system and the input to the differential coupling.

Providing a fixed shaft between the transmission input and the differential allows for a
fixed output speed provided to the differential coupling, and wherein the output speed of
the transmission system can be controlled by adjusting the input:output ratio of the belt
drive, to provide for an aggregate output of the first and second first and second drives.

Preferably, the transmission system further comprises a forward-reverse selector coupled
to the output of the differential coupling.

For embodiments using a fixed drive shaft as the second drive, it will be understood that
the first and second drives are preferably driven in the same direction. Accordingly, the
transmission system further utilises a forward-reverse selector provided downstream of

the differential, to allow the transmission to output both forward and reverse drive.

In a particularly preferred embodiment, the second drive comprises a second belt drive,
the second belt drive driven in a second direction by the input shaft, the second direction
an opposite direction to the first direction,

wherein the output of the differential coupling is driven in a forward or reverse
direction based on the output speeds of the first and second belt drives.
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As the differential coupling is arranged to output the aggregate of the first and second belt
drives, accordingly the output of the transmission system is based on the difference
between the speeds of the first and second belt drives. If the first belt drive is faster than
the second belt drive, then the differential output will be driven in the first direction over
the second direction, and vice versa. The use of two belt drives in this configuration
provides a continuously variable transmission having relatively low cost, relatively low

weight, and which is relatively easily serviceable.

It will be understood that in a preferred embodiment, the first direction corresponds to a
forward drive direction, and the second direction corresponds to a reverse drive direction.

Preferably, the first and second belt drives comprise at least one variator arranged to
adjust the input:output ratio of the at least one of the first and second belt drives. The
variator may be of any suitable construction, e.g. a cone variator, a pulley variator. In
addition, it will be understood that the term belt drive may also refer to a chain drive
system.

Preferably, the first belt drive and the second belt drive comprise separately adjustable
input:output ratios.

The input:output ratios of the belt drives may be adjusted to control the output speeds of
the belt drives. It will be understood that if the outputs of the first and second belt drives
run at the same speed, but in opposite directions, accordingly the output of the differential
coupling does not rotate, and the transmission is in a neutral drive state. Similarly, if the
output of one of the belt drives runs at a faster speed than the other of the belt drives,
consequently the output of the differential coupling will rotate in the direction dictated by
the relatively faster belt drive. Depending on which belt drive is rotating faster, as a result
the output of the differential coupling will rotate in either a forward or a reverse direction.

There is further provided a vehicle, preferably an agricultural or off-road vehicle,
comprising:

an engine;

a driven axle; and

a belt drive transmission as described above, the input shaft of the belt drive
transmission driven by the engine, the output of the differential coupling driving the driven

axle.
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In a preferred embodiment, the driven axle is a rear axle of the vehicle.

For vehicles having a front-mounted engine, the belt drives of the transmission can be
arranged to extend in a longitudinal direction between the forwardly-located engine and
the rear axle. Alternatively, the driven axle can be a front axle of the vehicle.

Preferably, the vehicle comprises an electronic control unit (ECU), the ECU operable to
control an adjustable input:output ratio of at least one of the first and second belt drives.

Preferably, the first direction corresponds to a forward drive direction and the second
direction corresponds to a reverse drive direction, wherein the vehicle comprises a user
input, the ECU operable to receive from the user input an request for forward direction or
reverse direction, and

when forward direction is requested, the ECU controls the first and second belt
drives such that the output of the first belt drive is greater than the output of the second
belt drive, to provide a forward drive output to the driven axle; and

when reverse direction is requested, the ECU controls the first and second belt
drives such that the output of the second belt drive is greater than the output of the first
belt drive, to provide a reverse drive output to the driven axle.

Preferably, the vehicle comprises a throttle input, wherein the ECU receives throttle data
from the throttle input, and wherein the ECU controls the first and second belt drives to
adjust the output of the transmission based on the throttle data.

Preferably, the vehicle further comprises a speed select mechanism having an input and
an output, the output of the belt drive transmission provided as input to the speed select
mechanism, and the output of the speed select mechanism connected to the driven axle,
and wherein the speed select mechanism is adjustable between a plurality of different

speeds.

The speed select mechanism may comprise a speed changing gearbox, for example a
plurality of selectable gear connections arranged between the input and the output of the
speed select mechanism. It will be understood that an electronic control unit (ECU) can
control the operation of the speed select mechanism to adjust the drive speed provided to
the driven axle, e.g. between a high range or a low range gear.
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Detailed Description of the Invention
Embodiments of the invention will now be described, by way of example only, with
reference to the accompanying drawings, in which:

Fig. 1 is an illustration of an agricultural tractor according to the invention;

Fig. 2 is an illustration of a first embodiment of a transmission system for a vehicle
according to the invention;

Fig. 3 is an illustration of a second embodiment of a transmission system for a
vehicle according to the invention; and

Fig. 4 is an illustration of a third embodiment of a transmission system for a vehicle
according to the invention.

In Fig. 1, a vehicle in the form of an agricultural tractor is indicated at 10. The tractor 10
comprises front wheels 12 which are provided on a front axle and rear wheels 14 which
are provided on a rear axle. The tractor 10 comprises an engine section 16 and a cab
section 18. An engine 20 is provided in the engine section 16 of the tractor 10, the engine
20 arranged to provide motive force in the form of a rotating shaft.

The tractor 10 further comprises at least one Electronic Control Unit (ECU) 22, which is
arranged to control operation of various tractor systems. The cab section 18 is provided
with operator controls 24 for control of the different components of the tractor 10. The
operator controls 24 may comprise mechanical levers and/or electronic control systems
incorporating configurable switches, touchscreen displays, etc. It will be understood that
the ECU 22 is provided in communication with the engine 20 and with the operator
controls 24.

The tractor 10 further comprises a transmission system arranged to transfer power from
the engine 20 to a driven axle of the tractor 10, which may be the front or rear axle. With
reference to Fig. 2, a first embodiment of a transmission system according to the invention
is indicated at 26. The transmission system 26 comprises an input 28, which is to be
driven by engine 20, and an output 30, which is to be coupled with a rear axle system 32
arranged to drive rear wheels 14 via left and right driven rear axles 34a,34b. It will be
understood that the rear axle system 32 may comprise any suitable construction, e.g. any
known final drive construction having a differential and associated gearing systems,

wherein an input can be used to drive wheel axles.
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The transmission system 26 comprises a bevel gear system 36 coupled to the input 28 of
the transmission system 26, the bevel gear system 36 connected to a first shaft 38
rotating in a first direction and a second shaft 40 rotating in a second, opposite, direction.
The first and second shafts 38,40 are arranged substantially orthogonal to the input 28.
The first shaft 38 is connected as the input to a first belt drive 42, having a first input pulley
44 and a second output pulley 46, with a belt 48 connected therebetween. At least one of
the first and second pulleys 44,46 is provided as an adjustable variator pulley, such that
the input:output ratio of the first belt drive 42 can be varied. Accordingly, the rotational
speed of an output shaft 50 coupled to the output pulley 46 can be adjusted by controlling
the input:output ratio of the first belt drive 42 relative to the speed of the first shaft 38.

Similarly, the second shaft 40 is connected as the input to a second belt drive 52, having a
first input pulley 54 and a second output pulley 56, with a belt 58 connected therebetween.
At least one of the first and second pulleys 54,56 is provided as an adjustable variator
pulley, such that the input:output ratio of the second belt drive 52 can be varied.
Accordingly, the rotational speed of an output shaft 60 coupled to the output pulley 56 can
be adjusted by controlling the input:output ratio of the second belt drive 52 relative to the
speed of the second shaft 40.

The first and second output shafts 50,60 are arranged as inputs to a differential coupling
62, the output of the differential coupling forming the transmission output 30. As a result,
the transmission output 30 is provided as the aggregate sum of the rotation of the outputs
50,60 of the first and second belt drives 42,52. As the first belt drive 42 is driven in the first
direction, and the second belt drive 52 is driven in the opposite direction, accordingly,
accordingly if the first belt drive 42 is faster than the second belt drive 52, the output 50
rotates faster in the first direction than the output 60 rotates in the second direction. The
aggregate sum of the outputs 50,60 then causes the transmission output 30 to rotate in
the first direction over the second direction. It will be understood that appropriate control of
the input:output ratios of the first and second belt drives 42,52 allows for adjustment of the
output 30 of the transmission across a range of speeds across both the forward and
reverse directions. The use of two belt drives in this configuration provides a continuously
variable transmission having relatively low cost, relatively low weight, and which is

relatively easily serviceable.
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It will be understood that the tractor 10 comprising the transmission system 26 as
described above may be implemented in any other configuration. For example, a further
embodiment of a transmission system configuration is illustrated in Fig. 3, wherein the
transmission system 26 and the rear axle 32 retain the same reference numerals as in the
embodiment of Fig. 2. In the system of Fig. 3, the output 30 of the transmission system 26
is provided as the input to a speed select mechanism 64. The speed select mechanism 64
comprises a plurality of selectable geared connections, arranged to provide a variety of
speed ranges in the transmission path between the engine 20 and the rear axle 32. The
speed select mechanism 64 can be controlled by the ECU 22 or directly by the operator
controls 24.

While the transmission system 30 of the above embodiments is described as having first
and second belt drives both with adjustable input:output ratios, it will be understood that
the transmission system may be provided with just one of the two belt drives as having an
adjustable input:output ratio, wherein the other of the two belt drives operates at a defined
input:output ratio.

A further embodiment of the invention is illustrated in Fig. 4. In this embodiment, a
transmission system according to the invention is indicated at 126. The transmission
system 126 comprises an input 128, which is to be driven by engine 20, and an output
130.

The transmission system 126 comprises a bevel gear system 136 coupled to the input
128 of the transmission system 126, the bevel gear system 136 connected to a first
orthogonal shaft 138. In addition, the transmission system 126 comprises a fixed shaft
140 arranged to rotate with the input shaft 128 from the engine 20, at the speed of the
input shaft 128.

The first shaft 138 is connected as the input to a first belt drive 142, having a first input
pulley 144 and a second output pulley 146, with a belt 148 connected therebetween. At
least one of the first and second pulleys 144,146 is provided as an adjustable variator
pulley, such that the input:output ratio of the first belt drive 142 can be varied. Accordingly,
the rotational speed of an output shaft 150 coupled to the output pulley 146 can be
adjusted by controlling the input:output ratio of the first belt drive 142 relative to the speed
of the first shaft 138.
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The first output shaft 150 and the fixed shaft 140 are arranged as inputs to a differential
coupling 162, the output of the differential coupling forming the transmission output 130.
As a result, the transmission output 130 is provided as the aggregate sum of the rotation
of the output shaft 150 and the fixed shaft 140.

In this embodiment, the fixed shaft 140 and the first belt drive 142 are configured to both
rotate in the same direction. Accordingly, the system further comprises a forward-reverse
selector mechanism 164 connected to the output 130 of the transmission 126. The
forward-reverse selector mechanism 164 may comprise any suitable selectable gear
connection which is arranged to transfer a rotation at the input into a forward or a reverse
rotation direction at an output 166 of the selector mechanism 164. The output 166 of the
forward-reverse selector mechanism 164 is coupled with the rear axle system 32 arranged
to drive rear wheels 14 via left and right driven rear axles 34a,34b. It will be understood
that the selector mechanism 164 can be controlled by the ECU 22 or directly by the
operator controls 24, to provide appropriate control of forward-reverse selection.

It will be understood that the individual features of the different embodiments may be
combined without departing from the scope of the invention, for example it will be
understood that the embodiment of Fig. 4 may further comprise the speed selector
mechanism 64 shown in Fig. 3.

The use of such a transmission system, wherein a continuously-variable transmission is
provided through the use of at least one belt drive having an adjustable input:output ratio
as a first input to a differential coupling, provides a transmission system having relatively
low weight and cost, and reduced service requirements compared to prior art systems.

The invention is not limited to the embodiments described herein, and may be modified or
adapted without departing from the scope of the present invention.
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CLAIMS
1. A belt drive transmission system for a vehicle having a prime mover and a driven axle
to be driven by the transmission system, the transmission system comprising:

an input shaft to be driven by a prime mover of the vehicle;

a first belt drive having an input and an output, the first belt drive driven in a first
direction by the input shaft, the first belt drive having an adjustable input:output ratio;

a second drive having an input and an output, the input driven by the input shaft;
and

a differential coupling having an output to be connected to a vehicle driven axle,
the differential coupling driven by the outputs of the first belt drive and the second drive to
provide an aggregate drive at the output of the differential coupling,

wherein the output of the differential coupling can be varied by adjusting the
input:output ratio of the first belt drive.

2. The transmission system of claim 1, wherein the second drive comprises a fixed shaft
between the input shaft of the transmission system and the input to the differential

coupling.

3. The transmission system of claim 1 or claim 2, wherein the transmission system further

comprises a forward-reverse selector coupled to the output of the differential coupling.

4. The transmission system of claim 1, wherein the second drive comprises a second belt
drive, the second belt drive driven in a second direction by the input shaft, the second
direction an opposite direction to the first direction,

wherein the output of the differential coupling is driven in a forward or reverse
direction based on the output speeds of the first and second belt drives

5. The transmission system of claim 4, wherein the first and second belt drives comprise
at least one variator arranged to adjust the input:output ratio of the at least one of the first
and second belt drives.

6. The transmission system of claim 4 or claim 5, wherein the first belt drive and the
second belt drive comprise separately adjustable input:output ratios.

7. A vehicle, preferably an agricultural or off-road vehicle, comprising:

an engine;
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a driven axle; and

a belt drive transmission as claimed in any one of claims 1-6, the input shaft of the
belt drive transmission driven by the engine, the output of the differential coupling driving
the driven axle.

8. The vehicle of claim 7, wherein the driven axle is a rear axle of the vehicle.

9. The vehicle of claim 7 or claim 8, wherein the vehicle comprises an electronic control
unit (ECU), the ECU operable to control an adjustable input:output ratio of at least the first
belt drives.

10. The vehicle of any one of claims 7-9, wherein the vehicle comprises a throttle input,
wherein the ECU receives throttle data from the throttle input, and wherein the ECU
controls at least the first belt drive to adjust the output of the transmission based on the
throttle data.

11. The vehicle of any one of claims 7-10, wherein the vehicle further comprises a speed
select mechanism having an input and an output, the output of the belt drive transmission
provided as input to the speed select mechanism, and the output of the speed select
mechanism connected to the driven axle, and wherein the speed select mechanism is

adjustable between a plurality of different speeds.

12. The vehicle of any one of claims 7-11, wherein the second drive comprises a second
belt drive, the second belt drive driven in a second direction by the input shaft, the second
direction an opposite direction to the first direction, wherein the first direction corresponds
to a forward drive direction and the second direction corresponds to a reverse drive
direction, wherein the vehicle comprises a user input, the ECU operable to receive from
the user input an request for forward direction or reverse direction, and

when forward direction is requested, the ECU controls the first and second belt
drives such that the output of the first belt drive is greater than the output of the second
belt drive, to provide a forward drive output to the driven axle; and

when reverse direction is requested, the ECU controls the first and second belt
drives such that the output of the second belt drive is greater than the output of the first
belt drive, to provide a reverse drive output to the driven axle.

10
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