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GEAR, MOTOR-GEAR UNIT, VEHICLE, GENERATOR WITH A GEAR, AND
FORCE-TRANSMITTING ELEMENT

The present application relates to a gear having an input
shaft and an output shaft. More particularly, the present ap-
plication relates to a motor-gear unit with such a gear and to
a motor vehicle with such a motor-gear unit. The present ap-
plication also relates to an electric generator with a drive
unit such as an internal combustion engine or such as a pro-
peller for water or wind, further having a generator unit for
generating electricity and having a gear in accordance with

the application.

The present application provides an improved gear, motor-gear
unit, vehicle, generator with a gear, and force-transmitting

element.

Throughout this specification, unless the context requires
otherwise, the word “comprise” and variations such as
“comprises” and “comprising” will be understood to imply the
inclusion of a stated integer or group of integers but not the

exclusion of any other integer or group of integers.

The gear has an input shaft and an output shaft and also

an outer wheel and an inner wheel which is positioned concen-
trically in relation to the outer wheel and often inside the
outer wheel. There is also a ring-shaped or cylindrical or el-
liptic traction provided that extends between the outer wheel
and the inner wheel. A revolving transmitter lifts or drags
the traction means away from the outer periphery of the inner

wheel and pushes it onto the inner periphery of the outer
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wheel. This is a simple and reliable setup for a gearbox,

which can provide high gear ratios.

The revolving transmitter comprises an oval disc which is con-
nected to the input shaft Furthermore, the revolving transmit-
ter comprises a flexible bearing, which is provided on an out-
er circumference of the oval disk, wherein the traction means

is in contact with the flexible bearing.

There are many ways for connecting the input shaft and the
output shaft to the gear. It is especially advantageous to
connect the input shaft to the transmitter and to connect the
output shaft is to the inner wheel or to the outer wheel. The
wheel, which is not connected to the output shaft needs then

to be kept steady or connected with a housing of the gear.

The gear can be provided as a one row gear design wherein the
traction means has one single radial section that is provided
both for the contact with the outer wheel and for the inner
wheel. In the one row gear design, the transmitter often con-
tacts the traction means from within the gap between the inner
wheel and the outer wheel. The transmitter, the inner wheel,
the outer wheel as well as the traction means respectively the
pressure means are located essentially in the same axial

plane, which makes the design axially symmetric.

In an axially asymmetric two row gear design, the inner wheel
and the outer wheel are often located in different axial
planes, wherein the transmitter is either located in the axial
plane of the inner wheel or in the axial plane of the outer
wheel. The traction means then extends axially between the ax-

ial planes of the inner wheel and the outer wheel, contacting
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both the inner wheel and the outer wheel at different sections

of their respective circumferences.

In a three row gear design, the two pairs of an inner wheel
and an outer wheel are often located in different axial
planes, wherein the transmitter is located in a third axial
plane between the two pairs of an inner wheel and an outer
wheel. One can also think of a three row gear design with two
inner wheels and one outer wheel or - alternatively - also
with two outer wheels and one inner wheel. In a further alter-
native, it is also possible to provide a double row transmit-
ter with two transmitter sections, wherein each transmitter
section is provided in an axial plane, which is different from
the axial plane of the inner wheel. The traction means then
extends axially between the axial planes of the outer wheels
and the inner wheel, contacting both the inner wheel and the
outer wheels at different sections of their respective circum-

ferences.

It is also possible to provide an axially symmetric three row
gear design with two outer wheels and one inner wheel, that
are located in different axial planes, wherein the transmitter
is located in the axial plane of the inner wheel. It is then
also possible to provide a double row transmitter with two
transmitter sections, wherein each transmitter section is pro-
vided in the axial plane of each outer wheel. The traction
means then extends axially between the axial planes of the in-
ner wheels and the outer wheel, contacting both the inner
wheels and the outer wheel at different sections of their re-

spective circumferences.
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The traction means may also comprise at least one continuous
elliptic traction element that can also be a deformable circu-
lar ring or cylinder. Such a traction means is easy to manu-
facture, especially if the traction element is provided in the
form of a flexible belt, possibly with teeth. Such a traction
element is often made from plastic or rubber, which provided

on a metal meshing or a woven or non-woven fabric.

In a very advantageous form, the traction element comprises a
thin and flexible spline element, that is possibly provided
with teeth and it can also be made from plastic. The flexible
spline element may comprise a multitude of pins that stand
proud of or protrude from at least one axial surface of the
spline element and that are coaxially arranged with the flexi-
ble spline element. With such a traction element, extremely
high gear ratios can be achieved because the difference be-
tween the diameter of the outer wheel and the diameter of the
inner wheel can be made almost as small as the diameter of the

pins.

The transmitter or the transmitters may be positioned on a ro-
tatable transmitter carrier by mounting them concentrically in
relation to the outer wheel and the inner wheel. As said be-
fore, the transmitter carrier is preferably connected to the
input shaft or to the output shaft for achieving high trans-

mission ratios.

The transmitters can be each mounted on a shaft such that they
are able to rotate while the shafts are provided on the trans-
mitter carrier. Alternatively, the transmitter may be fixed to

the transmitter carrier, wherein the traction means comprises
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a multitude of rotatable contact elements such as rollers on

chain bolts.

The rotation axis of the transmitter may essentially coincide
with the rotation axis of the transmitter carrier, wherein a
contact surface of the transmitter facing towards the traction
means is provided with an essentially elliptic shape. Provid-
ing an essentially elliptic shape includes that a non-circular
flat surface is provided which is round such that a bearing or
a number of balls can be arranged between the contact surface

and the traction means.

In one possible use of the gear, an electric motor is provid-
ed, a rotor of the electric motor being connected to the input
shaft of the gear. For lightweight vehicles, often a DC brush-
less motor with a radial gap is provided, but other types of
motors and also internal combustion engines apply as well, as
described below with the embodiments. The DC brushless motor
is easy to provide with the gear of the application because

the gear housing can be the motor housing at the same time.

A vehicle, in particular a two- or three-wheeled vehicle, can
be equipped with such a motor-gear unit, wherein at least one
driven wheel of the vehicle is connected to the output shaft

of the gear.

The gear may also be used for an electric generator with a
drive unit such as an internal combustion engine or a propel-
ler for water or wind and with a generator unit for generating
electricity. An input shaft of the gear is then connected to
the drive unit and an output shaft of the gear being connected

to an input shaft of the generator.
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An advantageous transmitter assembly for contacting a traction
means in a gear comprises one or more first transmitter ele-
ments and one or more a second transmitter elements that are

provided on a rotatable transmitter carrier that is mounted

concentrically in relation to the outer wheel and the inner
wheel and that is preferably being connected to the input
shaft or to the output shaft for achieving high transmission
ratios. The transmitter elements are each mounted on a shaft
such that they can rotate on the transmitter carrier. The
first transmitter element and the second transmitter element
are provided eccentrically from the rotation axis of the
transmitter carrier. Such an arrangement allows for new shapes
of the transmitter, which provides some extra degrees of free-

dom for the design of a gear.

It is then possible to tighten or tension the transmitter with
the two transmitter elements by shifting them with respect to
each other. A guide for shifting the first transmitter element
with respect to the second transmitter element may therefore
be provided, as well as transmitter adjustment slits with a
guiding element, the guiding elements being either provided in
carrier adjustment slits in the transmitter carrier or the
guiding elements being taken up by guiding slits in adjacent

transmitter elements.

In an alternative form, the gear of the application is provid-
ed with an input shaft and with an output shaft, wherein the
at least one revolving transmitter pushes the pressure means
away from the inner periphery of the outer wheel and pushes

the pressure means onto the outer periphery the inner wheel.
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This gear is very similar to the other alternative where the
transmitter shifts the traction means away from the outer pe-
riphery of the inner wheel into the inner periphery the outer
wheel. Most of the design elements of the other gear can be
used for the gear with the pressure means, except that the
pressure means needs to be able to transmit compressive
forces. This is why many chains with movable links cannot be

used as a pressure means.

The application also provides a thin and flexible spline ele-
ment for a gear, the spline element comprising a multitude of
pins that stand proud of or protrude from at least one axial
surface of the spline element and that are coaxially arranged
with the flexible spline element. The multitude of pins may
also stand proud of both axial surfaces of the spline element.
A flexible spline element in which the multitude of pins are
provided in a multitude of axial cylindrical orifices is easy
to manufacture. It has turned out that it is advantageous to
make the pins from steel, that is later hardened, and the

spline element from aluminium.

The application further discloses a harmonic pin drive. The
harmonic pin drive comprises at least one outer ring gear with
inner teeth that are adapted to the shape of pins of a pin
ring, a transmitter for connecting to a rotor of an electric
motor, a ball bearing that is supported on the transmitter and
an arrangement of flexible means. The flexible means is dis-
tributed essentially on the circumference of a radius and is
provided for attachment to a casing. The flexible means com-
prise openings for inserting pins of the pin ring, and an out-
put shaft for receiving a rotation of the outer ring gear via
further transmission elements such as freewheels and rotating

elements.
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In this embodiment, a high reduction ratio can be achieved.
Unlike in some of the other embodiments, an inner wheel is not
needed. Thereby, weight and space is saved. The reaction
force of the outer ring is taken up by the flexible means. 1In
addition, the flexible means with which the pins are connected
allow for a radial motion of the pins of the pin ring. The ra-
dial motion is caused by the motion of the transmitter part

which is driven by the rotor of the motor.

A pin ring is used that can be lightweight and robust. The pin
ring is advantageous over a chain in that it comprises less

moving parts and needs less lubrication.

According to one alternative, the transmitter which drags the
pin ring into the outer ring gear comprises an oval shaped

portion on which the ball bearing is supported. This is advan-
tageous in that the shape of the oval can be adapted to have a

small gap between pin ring and outer gear, for example.

According to a second alternative, the transmitter comprises a
circular portion that is eccentrically supported with respect
to a rotation axis of the rotor. This is advantageous in that

the ball bearing does not need to be a flexible ball bearing.

Specifically, the harmonic pin drive may comprise two outer
ring gears in which the pin ring engage to provide a more even

force distribution than with just one outer ring gear.

Similarly, the application also discloses a harmonic pin gear
comprising. The harmonic pin gear comprises at least one outer
ring gear with inner teeth, a transmitter for connecting to

an input shaft, a ball bearing that is supported on the
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transmitter, an arrangement of flexible means. The flexible
means are distributed essentially on the circumference of a
radius and the flexible means are provided for attachment to a
casing of the harmonic pin drive. Furthermore, the pin gear
comprises a pin ring with pins, wherein the pins of the pin
ring are connected to the flexible means and at least one of
the pins engages into an inner tooth of the outer ring gear.
Furthermore, the pin gear comprises an output shaft for re-
ceiving a rotation of the outer ring gear via further trans-

mission elements such as freewheels and rotating elements.

The pins and the resilient means may be made of one piece or
the resilient means may comprises openings in which the pins
of the pin ring are inserted. In the first case, a robust con-
nection is achieved whereas in the second case the pin ring

can be manufactured separately.

Similarly to the harmonic pin drive the transmitter of the
harmonic pin gear may comprise an oval shaped portion or it
may also comprise a circular portion that is eccentrically

supported with respect to a rotation axis of the rotor.

Similarly to the harmonic pin drive, the harmonic pin gear may

also comprise two outer ring gears.

The application further discloses a multi-layer pin ring for a
harmonic pin drive. The multi-layer pin ring comprises an out-
er steel ring and a reception ring which is fixed to the outer
steel ring. The reception ring is arranged radially inwards to
the outer steel ring, wherein the reception ring comprises

round openings which are adapted to take up pins.
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By using the two layer structure, the inner layer can be
adapted for good flexibility while the inner layer can be
adapated to take up the pins. The inner layer can be made of a
cheaper material such as plastic as the outer layer already
provides stability. The multi-layer pin ring can be used ad-
vantageously in the harmonic pin gear or the harmonic pin

drive, for example.

Furthermore, the multi-layer pin ring may be designed as three
layer pin ring with an inner layer. The inner layer is de-
signed as an outer bearing surface for guiding balls of a ball
bearing, wherein the outer bearing surface is arranged radial-
ly inwards to the reception ring and is fixed to the reception
ring. Thereby, the ball bearing can be provided as a light-

weight incomplete ball bearing without outer ring.

In particular the round openings for taking up the pins may be
distributed at essentially equal distances along a circumfer-

ence.

Furthermore pins may be provided in the openings of the recep-
tion ring which protrude from the reception ring on two oppo-
site sides. Thereby, the protruding portions of the pins can
be used to engage into respective pin rings of a harmonic pin

ring gear.

Furthermore, the round openings of the multi-layer pin ring
according to the application may form an insertion slit on an
inner side of the reception ring. Thereby it is easy to insert

or to remove the pins from the inside.
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Moreover the application provides a motor-gear unit with a
harmonic pin drive or a harmonic pin gear according to the ap-
plication. Therein, an electric motor is provided and a rotor
of the electric motor is connected to the transmitter of the
harmonic pin drive or the harmonic pin gear via an input
shaft. The high reduction ration of the harmonic pin drive is
advantageous to drive the electric motor in a regime with a
high revolution and outputting a lower output frequence, for
example for an electric bicycle or for obtaining a high

torque.

In particular, the electric motor may be designed as a DC

brushless motor with a radial gap.

The application furthermore discloses a motor-gear unit with a
harmonic pin gear of harmonic pin drive wherein an internal
combustion engine is provided and an output shaft of the en-
gine is connected to the transmitter via an input shaft of the

harmonic pin gear.

Furthermore the application discloses a vehicle which compris-
es a motor-gear unit according to the application in which at
least one driven wheel of the vehicle is connected to the out-

put shaft of the harmonic pin gear.

Moreover, the application also discloses an electric generator
with a drive unit, with a generator unit and with a harmonic
pin drive or a harmonic pin gear according to the applica-
tion., The transmitter of the harmonic pin drive or of the
harmonic pin gear is connected to the drive unit via an input
shaft and an output shaft of the harmonic pin drive is con-

nected to an input shaft of the generator. Especially in a
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wind powered generator, the conversion from a low to a high
revolution rate which is done by the harmonic pin drive, is

advantageous for power generation.

Specifically, in accordance with the present invention there

is provided gear comprising an input shaft and an output

shaft, the gear further comprising the following elements:
- an outer wheel, an inner wheel which is positioned co
centrically in relation to the outer wheel and a traction
means extending between the outer wheel and the inner
wheel, and
- at least one revolving transmitter which lifts the
traction means from the outer periphery of the inner
wheel and pushes it onto the inner periphery of the outer
wheel, wherein the revolving transmitter comprises an
oval disc, the oval disk being connected to the input
shaft, and a flexible bearing, which is provided on an
outer circumference of the oval disk, wherein the

traction means is in contact with the flexible bearing.

Preferably the gear is characterised in that the input shaft

is connected to the transmitter.

Preferably the gear is characterised in that the output shaft

is connected to the inner wheel.

Preferably the gear is characterised in that the output shaft

is connected to the outer wheel.

Preferably the gear is characterised in that the traction
means comprises at least one continuous elliptic traction

element.
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Preferably the gear is characterised in that the traction

element comprises a flexible belt.

Preferably the gear is characterised in that the traction

element comprises a flexible spline element.

Preferably the gear is characterised in that the flexible
spline element comprises a multitude of pins that protrudes
from at least one axial surface of the spline element and that

are coaxially arranged with the flexible spline element.

Preferably the gear is characterised in that the transmitter

is positioned on a rotatable transmitter carrier.

Preferably the gear is characterised in that the transmitter
is fixed to the transmitter carrier, wherein the traction

means comprises a multitude of rotatable contact elements.

Preferably the gear is characterised in that the transmitter

is rotatably provided on the transmitter carrier.

Preferably the gear is characterised in that the rotation axis
of the transmitter essentially coincides with the rotation ax-
is of the transmitter carrier, wherein a contact surface of

the transmitter facing towards the traction means is provided

with an essentially elliptic shape.

Also in accordance with the present invention there is provid-
ed a motor-gear unit with a gear as described above,
characterised in that an electric motor is provided, a rotor
of the electric motor being connected to the input shaft of

the gear.
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Preferably the motor-gear unit is characterised in that the

electric motor is a DC brushless motor with a radial gap.

Preferably the motor-gear unit is characterised in that an in-
ternal combustion engine is provided, an output shaft of the

engine being connected to the input shaft of the gear.

In addition, also in accordance with the present invention
there is provided a vehicle comprising a motor-gear unit as
described above, characterised in that at least one driven
wheel of the vehicle is connected to the output shaft of the

gear.

Still further, in accordance with the present invention, there
is provided an electric generator with a drive unit and with a
generator unit and with a gear as described above, an input
shaft of the gear being connected to the drive unit and an
output shaft of the gear being connected to an input shaft of

the generator.

The embodiments of the application are explained in further

detail with reference to the following figures, in which

Fig. 1 shows a front view of a motor-gear unit as disclosed
in the application,

Fig. 2 shows a section through the motor-gear unit illus-
trated in Fig. 1 along the line of intersection
marked J-J in Fig. 1,

Fig. 3 shows a section through the motor-gear unit illus-
trated in Fig. 1 along the line of intersection
marked F-F in Fig. 1,

Fig. 4 shows a top view of the motor-gear unit illustrated

in Fig. 1,
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Claims

1. Gear comprising an input shaft and an output shaft, the
gear further comprising the following elements:
- an outer wheel, an inner wheel which is positioned
concentrically in relation to the outer wheel and a
traction means extending between the outer wheel and the
inner wheel, and
- at least one revolving transmitter which lifts the
traction means from the outer periphery of the inner
wheel and pushes it onto the inner periphery of the outer
wheel, wherein the revolving transmitter comprises an
oval disc, the oval disk being connected to the input
shaft, and a flexible bearing, which is provided on an
outer circumference of the oval disk, wherein the

traction means is in contact with the flexible bearing.

2. Gear according to claim 1,
characterised in that

the input shaft is connected to the transmitter.

3. Gear according to one of the claims 1 to 2,
characterised in that

the output shaft is connected to the inner wheel.

4. Gear according to one of the claims 1 to 2,
characterised in that

the output shaft is connected to the outer wheel.

5. Gear according to one of the claims 1 to 4,

characterised in that
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the traction means comprises at least one continuous

elliptic traction element.

Gear according to claim 5,
characterised in that

the traction element comprises a flexible belt.

Gear according to claim 5,
characterised in that

the traction element comprises a flexible spline element.

Gear according to claim 7,

characterised in that

the flexible spline element comprises a multitude of pins
that protrudes from at least one axial surface of the
spline element and that are coaxially arranged with the

flexible spline element.

Gear according to one of the aforementioned claims,
characterised in that
the transmitter is positioned on a rotatable transmitter

carrier.

Gear according to claim 9,

characterised in that

the transmitter is fixed to the transmitter carrier,
wherein the traction means comprises a multitude of

rotatable contact elements.

Gear according to claim 11,

characterised in that
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the transmitter is rotatably provided on the transmitter

carrier.

Gear according to claim 11,

characterised in that

the rotation axis of the transmitter essentially
coincides with the rotation axis of the transmitter
carrier,

wherein a contact surface of the transmitter facing
towards the traction means is provided with an

essentially elliptic shape.

Motor-gear unit with a gear according to one of the
aforementioned claims,

characterised in that

an electric motor is provided, a rotor of the electric

motor being connected to the input shaft of the gear.

Motor-gear unit according to claim 13,
characterised in that

the electric motor is a DC brushless motor with a radial

gap.

Motor—-gear unit with a gear according to one of the
claims 1 to 12,

characterised in that

an internal combustion engine is provided, an output
shaft of the engine being connected to the input shaft of

the gear.

Vehicle comprising a motor-gear unit according to one of

claims 13 to 15,
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characterised in that at least one driven wheel of the

vehicle is connected to the output shaft of the gear.

Electric generator with a drive unit and with a generator
unit and with a gear according to one of the claims 1 to
12, an input shaft of the gear being connected to the
drive unit and an output shaft of the gear being

connected to an input shaft of the generator.
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