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(57) Abstract: A motor drive hub, in particular for a handlebar-steered vehicle, comprises: - a transmission assembly configured to
drive the vehicle in forward direction; - an electric motor rotatable in a first direction and in a second direction and contigured to
drive the transmission assembly, - the transmission assembly configured to operate in a first operating mode when the motor is rotat-
ing in the first direction to provide at least one first drive speed in the forward direction and in a second operating mode when the
motor is rotating in the second direction to provide at least one second drive speed in the forward directions motor controller for
controlling the motor, wherein the motor is switched by the motor controller between a state in which it rotates in said first direction
and a state in which it rotates in said second direction depending on a speed parameter.
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Bicycle Motor Drive Hub and Motor Controller

Description
Background of the Invention

The present invention relates to a vehicle wheel drive system and more particularly
to a vehicle wheel drive system that includes a motor and a transmission assembly
wherein the transmission assembly is configured to provide at least a first forward
wheel speed when the motor is rotated in a first direction and at least a second
forward wheel speed when the motor is rotated in a second direction. Moreover, the
present invention relates to a controller for controlling such a vehicle wheel drive
system.

Vehicle wheel drive systems, in particular vehicle wheel drive systems which are used
for handlebar-steered vehicles like bicycles, are well-known in the art. Recently, such
drive systems have been developed which have an additional motor for providing an
assisting force to the driver. Bicycles equipped with such a drive system are called E-
bikes. Such a drive system is known from European patent application EP 2 204 316
Al. This documents describes a vehicle wheel drive system that includes a motor
and a transmission assembly wherein the transmission assembly is configured to
provide at least a first forward wheel speed when the motor is rotated in a first
direction and at least a second forward wheel speed when the motor is rotated in a
second direction.

Summary of the Invention

It is an object of the present invention to provide a drive system for driving a vehicle
wheel in a forward direction at various speeds wherein the drive system provides a
smooth activation and a switching operation which is dependent on the actual
driving situation.

This object is solved by a motor drive hub, motor drive hub, in particular for a
handlebar-steered vehicle, the motor drive hub comprising:
a transmission assembly configured to drive the vehicle in forward direction;
an electric motor rotatable in a first direction and in a second direction and
configured to drive the transmission assembly,
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the transmission assembly configured to operate in a first operating mode when
the motor is rotating in the first direction to provide at least one first drive speed
in the forward direction and in a second operating mode when the motor is
rotating in the second direction to provide at least one second drive speed in the
forward direction, and
- a motor controller for controlling the motor,
wherein the motor is switched by the motor controller between a state in which it
rotates in said first direction and a state in which it rotates in said second direction
depending on a speed parameter.

According to the present invention, the direction of rotation of the motor of the
motor drive hub is controlled based on a speed parameter related to the motor drive
hub. The speed parameter represents the speed of the motor or the speed of an
output member of the motor drive hub or the speed of a wheel of the vehicle. The
speed parameter can be provided by a speed sensor adapted to determine the speed
of the motor or the speed of the output member of the motor drive hub or the speed
of a wheel of the vehicle. Alternatively, the speed parameter can be calculated based
on at least one operational parameter of the motor drive hub or the vehicle.

The transmission may have one or plural first drive speeds for transmitting a
combined drive force from an input driver and the motor to a hub shell via plural
different transmission paths when the motor rotates in the first direction and may
have one or plural second drive speeds for transmitting a combined drive force from
an input driver and the motor to a hub shell via plural different transmission paths
when the motor rotates in the second direction. Switching means can be associated
to the transmission to choose one of the different first and second drive speeds
automatically or by a driver selection.

According to one embodiment of the invention, the motor drive hub further
comprises a memory in which a first and second speed parameter threshold value
are stored, wherein the motor controller switches the motor from the state in which
it rotates in the first direction to the state in which it rotates in the second direction
when the speed parameter exceeds said first speed parameter threshold value and
wherein the motor controller switches the motor to rotate from the state in which it
rotates in the second direction to the state in which it rotates in the first direction
when the speed parameter falls below said second speed parameter threshold value.
In this embodiment, it is possible according to the invention that the first speed
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parameter threshold value is of the same or a higher amount than the second speed
parameter threshold value.

According to a further development of the invention, the motor drive hub may
further comprise a load sensor for detecting an actual external load applied to the
motor drive hub. This load can be applied by a driver applying a driving force on
pedals which is transmitted via a chainwheel and a chain and sprocket coupled with
an input driver of the motor drive hub. In this regard, it is possible that the motor
controller controls a current supply supplied to the motor based on the external load
detected by the load sensor.

In one embodiment of the invention, the load sensor comprises a torque sensor
coupled to an input driver of the motor drive hub for detecting the external torque
applied to the input driver. In particular it is possible that the drive hub includes a
drive ring which is coupled to the input driver in a torque transmitting manner by
means of a spring arrangement, which spring arrangement deflects to allow a
relative movement between the drive hub and the drive ring depending on the actual
external torque applied to the input driver. In other words, depending on the actual
external load (i.e. torque) applied to the input driver the spring arrangement deflects
to as certain degree resulting in a relative movement between the drive hub and the
drive ring. The amount of this relative movement can be detected in order to
determine the input torque which indicates the external load applied to the input
driver. Stops can be provided between the input driver and the drive ring to limit the
relative movement in regard to one another.

Moreover, it is possible that the input driver and the drive ring are formed by
permanent magnets having at least one magnetic north pole and one south pole on
a detection surface, respectively, wherein at least one magnetic sensor is associated
to each of the input driver and the drive ring for detecting the actual rotational -
position thereof, respectively. Thereby the angular position of the magnetic input
driver and the magnetic drive ring can be determined based on a phase shift of the
output signals of the magnetic sensors. In particular, the at least one magnetic
sensor is formed by a Hall sensor or a Reed sensor. However also other types of
magnetic sensors can be used.

Based on the signals received from the magnetic sensors providing indications on the
actual relative position of the drive ring and the input driver the motor controlier
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uses a pulse width modulation scheme to control the current supply supplied to the
motor,

As an alternative to a control based on the speed parameter, the invention relates to
a motor drive hub, in particular for a handlebar-steered vehicle, the motor drive hub
comprising:
a transmission assembly configured to drive the vehicle in forward direction;
an electric motor rotatable in a first direction and in a second direction and
configured to drive the transmission assembly,
the transmission assembly configured to operate in a first operating mode
when the motor is rotating in the first direction to provide at least one first
drive speed in the forward direction and in a second operating mode when the
motor is rotating in the second direction to provide at least one second drive
speed in the forward direction,
a load sensor for detecting an actual external load applied to the motor drive
‘hub, and
- a motor controller for controlling the motor,
wherein the motor is switched by the motor controller between a state in which it
rotates in said first direction and a state in which it rotates in said second direction
depending on the external load detected by the load sensor.

In order to avoid shocks in the motor, the present invention further provides that
when switching between the first direction and the second direction the motor is
slowed or braked in a braking mode. Moreover, it is possible that the motor is
operable in a braking mode in which it functions as a generator.

In a further embodiment of the invention the motor is deactivated if the vehicle or
the motor drive hub or the input driver is moved in a backward direction.

The motor drive hub according to the invention may further comprise a thermal
sensor for monitoring the temperature of the motor, wherein the motor is controlied
depending on the actual temperature detected by the thermal sensor.

The invention further relates to a motor controller for controlling a motor drive hub,
in particular for a handlebar-steered vehicle, the motor drive hub comprising:
a transmission assembly configured to drive the vehicle in forward direction;
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an electric motor rotatable in a first direction and in a second direction and
configured to drive the transmission assembly,
the transmission assembly configured to operate in a first operating mode
when the motor is rotating in the first direction to provide at least one first
drive speed in the forward direction and in a second operating mode when the
motor is rotating in the second direction to provide at least one second drive
speed in the forward direction,
wherein the motor controller switches the motor between a state in which it rotates
in said first direction and a state in which it rotates in said second direction
depending on a speed parameter .

As an alternative, the invention relates to a motor controller for controlling a motor
drive hub, in particular for a handlebar-steered vehicle, the motor drive hub
comprising:
a transmission assembly configured to drive the vehicle in forward direction;
an electric motor rotatable in a first direction and in a second direction and
configured to drive the transmission assembly,
the transmission assembly configured to operate in a first operating mode
when the motor is rotating in the first direction to provide at least one first
drive speed in the forward direction and in a second operating mode when the
motor is rotating in the second direction to provide at least one second drive
speed in the forward direction,
a load sensor for detecting an actual external load applied to the motor drive
hub,
wherein the motor is switched by the motor controller between a state in which it
rotates in said first direction and a state in which it rotates in said second direction
depending on the external load detected by the load sensor.

Brief Description of the Drawings

In the drawings:

Fig. 1 is a cross-sectional view of a vehicle drive system;

Fig. 2 is a partial cross-sectional view of the drive system shown in ﬁg. 1;

Fig. 3 is a cross-sectional view taken along line A-A of fig. 2;
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Fig. 4 is a cross-sectional view taken along line B-B of fig. 2;
Fig. 5-7 are different signal lines provided by the first and second hall sensors in
different driving situations;
Fig. 8 is a cross-sectional view similar to fig. 1;
Fig. 9 is a cross-sectional view taken along line C-C of fig. 2 in a first state;
Fig. 10 is a cross-sectional view taken along line C-C of fig. 2 in a second state;
and
Fig. 11 is a side view of a bicycle including a vehicle wheel drive system

according to one embodiment of the present invention.

Detailed Description

The bicycle motor drive hub of the present invention is shown in Figure 1 and has
the reference number 10. The drive hub 10 is adapted to be mounted to the rear
wheel 202 of a bicycle 200 (Fig. 11) and includes a drive sprocket 12 to be
connected to a front crankset 204 by a chain 206 , belt, or other means. The drive
hub 10 includes a motor 14, a gear reduction transmission 16, a motor controller 18,
and an input torque sensor 20. '

The drive system 10 may be used on other types of handlebar-steered wheeled
vehicles such as scooters and tricycles, and on other types of wheeled vehicles such
as cars. The wheel hub 10 includes a hub axle 22 non-rotatably mountable to a
frame 205 of the bicycle 200 and a hub shell 36 that encloses the electric motor 14
and the transmission assembly 16. The hub shell 20 includes outer flanges having
holes to receive ends of spokes 203 that connect the hub shell 36 to an outer rim
207 of the bicycle wheel 202. Roller bearings are disposed between the hub shell 36
and the hub axle 22.

The drive hub 10 includes an axle 22 and axle nuts 23, 24; the axle nuts 23, 24
being used to attach the drive hub 10 to the rear fork of a bicycle frame. The drive
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sprocket 12 is coupled to an input driver 26 by spines and is secured with a wire ring
or other means. A drive spring 28 is disposed between stops 27, 29 of the input
driver 26 and a drive ring 30. A one-way clutch 31 is disposed between the drive ring
30 and a hub shell 36. A first magnet ring 32 is coupled to rotate with the input
driver 26; a second magnet ring 34 is coupled to rotate with the drive ring 30. When
torque is applied to the drive sprocket 12, the first magnet ring 32 will rotate relative
to the second magnet ring 34 due to the deflection of the drive spring 28 disposed
between the input driver 26 and the drive ring 30.

The motor 14 is configured to drive the hub shell 36 through a multi-speed
transmission. When the motor spins in a first direction it drives the hub shell 36 with
a first gear reduction. When the motor 14 spins in a second direction it drives the
hub shell 36 with a second gear reduction. The drive hub 10 is also able to spin
freely in the forward direction when the motor 14 is off and not rotating.

This drive method is described in detail in the applicant’s European patent
application EP 2 204 316 A1, the content of which is incorporated by reference in

this application.

The transmission 16 is composed of 2 stages, a first stage and a second stage (Fig.
8). The first stage of the transmission 16 is composed of a first sun 40 coupled to
the output of the motor 14, which is connected to a rotor 42, a set of first planet
gears 44 supported by a first planet carrier 46, the first planet gears 44 being
engaged with the first sun 40, a first ring gear 48 engaged with the first planet gears
44, wherein said first planet carrier 46 is fixed to the axle 22 and. The second stage
of the transmission 16 is composed of a second sun gear 50 coupled to the first ring
gear 48 of the first transmission 16 stage, a set of second planet gears 52 engaged
with the second sun gear 50, a second ring gear 54 engaged with the set of second
planet gears 52, the second ring gear 54 coupled to drive the hub shell 36, and a
second carrier 56 supporting the second planet(s) 52.

The second carrier is 56 coupled to a cam 58. An inner roller clutch 60 is disposed
between the cam 58/second carrier 56 and the axle 22; an outer roller clutch 80 is
disposed between the cam 58/second carrier 56 and the second sun 50. When the
motor 14 operates in a first direction the second stage carrier 56 is locked to the axle
22 and both gear reduction stages are active to provide an overall first gear
reduction. When the motor 14 operates in a second direction the second stage
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carrier 56 is locked to the second sun 50 effectively making the second stage 1:1
and providing an overall second gear reduction.

Details of the inner roller clutch 60 and outer roller clutch 80 are shown in Fig. 9 and
Fig. 10. The inner roller clutch 60 is composed of an inner race 62 formed on a collar
64, said collar 64 is locked to the axle 22, an inner ramp 66 formed on the cam 58,
an inner spacer 68 with slots 70 to accept inner rollers 72, and an inner friction
element 74 between the inner spacer 68 and the collar 64. As shown in Fig. 9 when
the cam 58 is rotated clockwise relative to the collar 64 the inner rollers 72 pushed
by the inner spacer 68 and inner friction element 74, will lock the cam 58 to the
collar 64 and axle 22.

The outer roller clutch 80 is composed of an outer race 82 formed on the second sun
gear, an outer ramp 84 formed on the cam 58, an outer spacer 86 with slots 88 to
accept outer rollers 90, and a friction element 92 between the outer spacer 86 and
the outer race 82. As shown in Fig. 10 when the second sun gear 50 is rotated anti-
clockwise relative cam 58 the outer rollers 90, pushed by the outer spacer 86 and
outer friction element 92 will lock the second sun gear to the cam 58.

The cam 58 has a pocket 94 to receive a regulator 96. The regulator 96 has a first
arm 98 that abuts a surface on the inner spacer 68 and a second arm 100 that abuts
a surface of the outer spacer 86. The regulator 96, inner spacer 68, outer spacer 86,
and cam 58 are configured so that the outer clutch and inner clutch can not be
locked at the same time. This permits the bicycle to be rolled backwards.

The transmission 16 is configured to allow the bicycle to roll backwards in second
gear (the second sun 50 locked to the cam 58). Second gear is a smaller gear
reduction and allows the bicycle to be rolled backwards with less effort.

The motor controller 18 contains a motor drive circuit, a microprocessor, memory
storage, and a torque sensor 20 circuit. The motor controller 18 can be mounted to a

motor stator 110 or the axle 22.

The torque sensor 20 circuit contains a first Hall sensor 112 configured to sense the
angular position of the first magnet ring 32 and a second Hall sensor 114 configured
to sense the angular position of the second magnet ring 34 (Fig. 2). The face of each
magnet ring contains at least one north pole N and one south pole S (Fig. 4). The
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poles are offset relative to the hall sensors 112, 114 to produce a quadrature signal
(Fig. 5), therefore the motor controller 18 can determine if the crankset is pedaled
forwards or backwards (Fig 7). As the rider applies more force to the pedals, more
torque is applied to the input sprocket 12 causing the drive spring 28 to deflect. As
the drive spring 28 deflects there is a phase shift relative to the two signals of the
first and second hall sensors 112, 114. The phase shifts are represented by
dimension A and dimension B in Figs. 5 and 6. From these figures it can be seen that
with increasing external load the face shift dimensions A and B change.

Although the torque sensor in this embodiment uses magnets and hall sensors to
generate a signal, other means could be utilized to generate the signal such as
optical sensors, mechanical switches, etc.

The microprocessor compares the phase shift values from the torque sensor circuit
to values stored in memory to calculate the amount of assistance the motor 14 will
supply to the hub shell 36. The microprocessor sends a signal to the motor control
circuit to provide the necessary electrical current to the motor 14. The motor
controller 18 uses a pulse width modulation (PWM) scheme to control the current
supplied to motor windings 120. Generally the higher the input torque, the larger the
deflection of the drive spring 28 and hence the larger the phase shift and more
current is supplied to the motor 14.

The motor controlier 18 is configured to determine the speed of the hub shell 36.
This can be accomplished with a speed magnet 122 coupled to rotate with the hub
shell 36. A magnet sensor 124, such as a Hall sensor or Reed switch, is used to
measure the period of the wheel rotation and can therefore calculate the rotational
speed. Other means could be used to measure the hub shell speed, such as optical
sensors or mechanical switches. Alternatively the motor controller could calculate
hub speed based on the motor speed and transmission gear ratio, which is known to
the controller. The controller contains in memory an upshift speed threshold value
and a downshift speed threshold value. When the hub speed is below the downshift
speed threshold value the motor 14 operates in a first direction. When the hub speed
exceeds the upshift speed threshold value the motor 14 operates in a second
direction. Generally the upshift speed threshold value is higher than the downshift
speed threshold value; however, they could be the same speed.
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When a speed change is desired the motor 14 must change direction. It is desirable
that the speed change happens quickly enough that the rider does not notice a
significant loss of power. However, if the motor 14 accelerates too quickly a shock
load could cause damage to the parts when the motor re-engages with the
transmission. When the motor controller 18 determines that it is time to change
speeds, the motor 14, spinning in a first direction, is quickly slowed to a zero or near
zero velocity by being operated in a braking mode. In braking mode the spinning
motor 14 acts as a generator and energy is absorbed by any or all of the motor
windings 120, motor controller 18, or the battery. As the motor 14 is at or near zero
velocity it will be driven by the controller 18 in a second direction. At first the motor
14 is driven the second direction at a first fast acceleration. When the controller 18
determines that the motor 14 is close to the engagement speed the motor 14 will be
driven at a second slower acceleration. This is to ensure a smooth re-engagement
and prevent the motor 14 from creating a shock load that can damage the
transmission 16 and cause unpleasant noise and vibration. The controller 18 can
determine the engagement speed by using a pre-determined value from memory or
from the signal from the hub speed sensor 124.

When the rider has been coasting and not pedalling the hub shell 36 will be rotating
but the motor 14 will be off and not rotating. During this time the motor controller
14 monitors the hub speed. When the rider begins to pedal and applies load to the
pedals the motor controller 18 uses the measured hub speed to determine what
direction the motor 14 should be operated. If the hub speed is below a
predetermined first value stored in memory the hub 10 will operate in a first gear; if
the speed is above a second value stored in memory, the hub 10 will operate in
second gear. The first and second hub speed values can be the same value. The
motor 14 starts with a first fast acceleration. When the controller 18 determines that
the motor speed is close to the engagement speed the motor 14 will accelerate with
a second slower acceleration. The engagement speed can be determined from the
hub speed sensor 124 or other means.

The rate of acceleration of the motor 14 can be controlled by various methods. One
method is to control the rate that the current changes. In this case the motor 14
would start a first rate of current change and switch to a second rate of current
change when the motor 14 is close to engaging the transmission 16.
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Another feature of the motor controller 18 in the current invention is a soft pedal
mode. When a rider is pedalling with very low pulsed load the motor 14 could
continually be switched on and off, causing excessive wear, noise, and vibration. To
eliminate this undesirable condition the controller 18 will supply a minimum amount
of current to the motor 14 to maintain transmission 16 engagement and smooth
operation and to reduce engagement lag. Typically this amount of current supplied is
about 1 amp.

Another feature of the motor controller 18 in the current invention is backward
pedalling motor 14 cut-off feature. At any time if the controller 18 detects that the
pedals are moved backwards, the power to the motor will be abruptly terminated.
The motor controller 18 can determine the pedalling direction by the quadrature
signal generated by the torque sensor 20 hall sensors, although other means could
be used.

The motor controller 18 in this embodiment is located between the sprocket driver
assembly 26 and the motor 14 . The motor 14 in this embodiment is a brushless
type. The motor 14 has a stator portion 110 mounted (fixed) to the axie 22 and a

- rotor portion 42 mounted on a bearing 130 rotatable about the axle 22. The inner

surface of the rotor 42 contains magnets 132. The motor controller 18 is connected
to windings 120 on the stator 110 by a drive conductor 134 and configured to drive
the motor 14 in a first direction and a second direction. The controller 18 uses motor
position sensors 140, such as hall sensors, attached to the board reaching into the
motor 14 to measure the angular position of the rotor 42. A motor thermal sensor
142 is also mounted to the motor controller 18. The controller 18 uses the motor
thermal sensor 142 to monitor the temperature of the motor 14. If the monitored
motor temperature exceeds a pre-determined temperature stored in memory the
controller 18 can temporarily reduce the current supplied to the motor 14.

The motor controller 18 also contains a thermal sensor that monitors the
temperature of the motor controller 18. If the monitored motor controller 18
temperature exceeds a pre-determined temperature stored in memory the controller
18 can temporarily reduce the current supplied to the motor 14.

A harness 144 containing power conductors 146 and optional data conductor 148
passes through a hub shell 36 bearing and is received in a slot 150 in the axle 22.
The power conductors 146 and optional data conductors 148 electrically connect to
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the controller 18 to provide power to the motor controller 18. A harness connector
152 is located at the external end of the harness 144 to connect to a power source
145, such as a battery, and optionally a data receiver module. The data receiver
module may contain a display to show information from the motor controller 18,
such as wheel speed, current gear, battery voltage, remaining battery capacity,
system errors or fault conditions, trip odometer, etc. The data conductor 148 could
also be used to change operation parameters of the drive hub 10, such as a power
output or maximum assist speed.
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Claims

1. Motor drive hub, in particular for a handlebar-steered vehicle, the motor drive

hub comprising:

a transmission assembly configured to drive the vehicle in forward direction;
an electric motor rotatable in a first direction and in a second direction and
configured to drive the transmission assembly,

- the transmission assembly configured to operate in a first operating mode when
the motor is rotating in the first direction to provide at least one first drive speed
in the forward direction and in a second operating mode when the motor is
rotating in the second direction to provide at least one second drive speed in the
forward direction,

- a motor controller for controlling the motor,

wherein the motor is switched by the motor controller between a state in which it

rotates in said first direction and a state in which it rotates in said second direction

depending on a speed parameter.

2. Motor drive hub according to claim 1,
wherein the speed parameter represents the speed of the motor or the speed of an
output member of the motor drive hub or the speed of a wheel of the vehicle.

3. Motor drive hub according to claim 2,

wherein the speed parameter is provided by a speed sensor adapted to determine
the speed of the motor or the speed of the output member of the motor drive hub or
the speed of a wheel of the vehicle.

4, Motor drive hub according to claim 2,
wherein the speed parameter is calculated based on at least one operational
parameter of the motor drive hub or the vehicle.

5. Motor drive hub according to one of the preceding claims,

further comprising a memory in which a first and second speed parameter threshold
value are stored, wherein the motor controller switches the motor from the state in
which it rotates in the first direction to the state in which it rotates in the second
direction when the speed parameter exceeds said first speed parameter threshold
value and wherein the motor controller switches the motor to rotate from the state
in which it rotates in the second direction to the state in which it rotates in the first
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direction when the speed parameter falls below said second speed parameter
threshold value.

6. Motor drive hub according to claim 5,
wherein the first speed parameter threshold value is of the same or a higher amount

than the second speed parameter threshold value.

7. Motor drive hub according to claim 5 or 6,

wherein the motor starts with a first fast acceleration and when the motor controller
determines that the motor speed is close to an engagement speed the motor
accelerates with a second slower acceleration.

8. Motor drive hub according to claim one of the preceding claims,
further comprising a load sensor for detecting an actual external load applied to the
motor drive hub.

9, Motor drive hub according to claim 8,
wherein the motor controller controls a current supply supplied to the motor based
on the external load detected by the load sensor.

10.  Motor drive hub according to claim 8 or 9,
wherein the load sensor comprises a torque sensor coupled to an input driver of the
motor drive hub for detecting the external torque applied to the input driver.

11.  Mode for drive hub according to claim 10,

wherein the drive hub includes a drive ring which is coupled to the input driver in a
torque transmitting manner by means of a spring arrangement, which spring
arrangement deflects to allow a relative movement between the drive hub and the
drive ring depending on the actual external torque applied to the input driver.

12, Motor drive hub according to claim 11,

wherein the input driver and the drive ring are formed by permanent magnets
having at least one magnetic north pole and one south pole on a detection surface,
respectively, wherein at least one magnetic sensor is associated to each of the input
driver and the drive ring for detecting the actual rotational position thereof.
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13.  Motor drive hub according to claim 12,
wherein the at least one magnetic sensor is formed by a Hall sensor or a Reed

Sensor.

14.  Motor drive hub according to one of the claims 9 to 13,
wherein the motor controller uses a pulse width modulation scheme to control the

current supply supplied to the motor.

15.  Motor drive hub, in particular for a handlebar-steered vehicle, the motor drive
hub comprising:
a transmission assembly configured to drive the vehicle in forward direction;
an electric motor rotatable in a first direction and in a second direction and
configured to drive the transmission assembly,
the transmission assembly configured to operate in a first operating mode
when the motor is rotating in the first direction to provide at least one first
drive speed in the forward direction and in a second operating mode when the
motor is rotating in the second direction to provide at least one second drive
speed in the forward direction,
a load sensor for detecting an actual external load applied to the motor drive
hub, and
- a motor controller for controlling the motor,
wherein the motor is switched by the motor controller between a state in which it
rotates in said first direction and a state in which it rotates in said second direction
depending on the external load detected by the load sensor.

16.  Motor drive hub according to one of the preceding claims,
wherein when switching between the first direction and the second direction the

motor is slowed or braked in a braking mode.

17.  Motor drive hub according to one of the preceding claims,
wherein the motor is operable in a braking mode in which it functions as a

generator.

18.  Motor drive hub according to one of the preceding claims,
wherein the motor is deactivated if the vehicle or the motor drive hub or the input
driver is moved in a backward direction.
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19.  Motor drive hub according to one of the preceding claims,

further comprising a thermal sensor for monitoring the temperature of the motor,
wherein the motor is controlled depending on the actual temperature detected by
the thermal sensor.

20.  Motor controller for controlling a motor drive hub, in particular for a
handlebar-steered vehicle, the motor drive hub comprising:
a transmission assembly configured to drive the vehicle in forward direction;
an electric motor rotatable in a first direction and in a second direction and
configured to drive the transmission assembly,
the transmission assembly configured to operate in a first operating mode
when the motor is rotating in the first direction to provide at least one first
drive speed in the forward direction and in a second operating mode when the
motor is rotating in the second direction to provide at least one second drive
speed in the forward direction,
wherein the motor controller switches the motor between a state in which it rotates
in said first direction and a state in which it rotates in said second direction
depending on a speed parameter.

21.  Motor drive hub according to claim 20,
wherein the speed parameter represents the speed of the motor or the speed of an
output member of the motor drive hub or the speed of a wheel of the vehicle.

22, Motor drive hub according to claim 21,

wherein the speed parameter is provided by a speed sensor adapted to determine
the speed of the motor or the speed of the output member of the motor drive hub or
the speed of a wheel of the vehicle.

23.  Motor drive hub according to claim 21,
wherein the speed parameter is calculated based on at least one operational
parameter of the motor drive hub or the vehicle.

24.  Motor controller according to one of claims 20 to 23,

further comprising a memory in which a first and second speed parameter threshoid
value are stored, wherein the motor controller switches the motor from the state in
which it rotates in the first direction to the state in which it rotates in the second
direction when the speed parameter exceeds said first speed parameter threshold
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value and wherein the motor controller switches the motor to rotate from the state
in which it rotates in the second direction to the state in which it rotates in the first
direction when the speed parameter falls below said second speed parameter
threshold value.

25.  Motor controller according to claim 24,
wherein the first speed parameter threshold value is of the same or a higher amount
than the second speed parameter threshold value.

26.  Motor controller according to claim 24 or 25,
further comprising a load sensor for detecting an actual external load applied to the
motor drive hub.

27.  Motor controller according to claim 26,
wherein the motor controller controls a current supply supplied to the motor based
on the external load detected by the load sensor.

28.  Motor controller according to claim 26 or 27,
wherein the load sensor comprises a torque sensor coupled to an input driver of the
motor drive hub for detecting the external torque applied to the input driver.

29.  Motor controller according to one of the claims 26 to 28,
wherein the motor controller uses a pulse width modulation scheme to control the

current supply supplied to the motor.

30.  Motor controller for controlling a motor drive hub, in particular for a
handlebar-steered vehicle, the motor drive hub comprising:
‘a transmission assembly configured to drive the vehicle in forward direction;
an electric motor rotatable in a first direction and in a second direction and
configured to drive the transmission assembly,
the transmission assembly configured to operate in a first operating mode
when the motor is rotating in the first direction to provide at least one first
drive speed in the forward direction and in a second operating mode when the
motor is rotating in the second direction to provide at least one second drive
speed in the forward direction, '
a load sensor for detecting an actual external load applied to the motor drive
hub,
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wherein the motor is switched by the motor controller between a state in which it
rotates in said first direction and a state in which it rotates in said second direction
depending on the external load detected by the load sensor.
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