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(54) Title of the Invention: An electric motor

Abstract Title: In-wheel electric motor using rotor position sensors
(57) An electric motor 40 for rotating a wheel of an electric

vehicle, particularly an in-wheel or in-hub electric
motor, comprises a rotor 240, a stator 252 and coil
windings 231, a first sensor arranged to output a first
signal indicative of a position of the rotor relative to the
stator. The output of the first sensor is used to control
current in the coil windings and is also provided to a
braking system (e.g. ABS) to determine a wheel
condition e.g. wheel lock or wheel spin. A second
sensor may be provided to output a second signal

indicative of a position of the rotor relative to the stator.

The first and second sensors are offset with respect to
each other such that upon rotation of the rotor relative
to the stator, the direction of the rotor can be
determined.
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AN ELECTRIC MOTOR

The present invention relates to an electric motor, and in
particular an electric motor for rotating a wheel on a

vehicle.

Anti-lock braking systems (ABS) are typically electro-
mechanical control systems designed to monitor and influence
wheel dynamics during braking manoeuvres. A typical ABS
system will include 3 to 4 wheel speed senscrs, an
electronic control unit containing algorithms for processing
wheel speed information, a series of solenoid driven valves,
and a pump motor sub-system that can be actuated to
interrupt and release brake fluid pressure from brake

components.

ABS systems operate by analysing wheel speed information. If
during a braking manoeuvre an ABS system determines that
wheel speed is slowing at a rate greater than would be
expected for a vehicle, the ABS system assumes that the
wheel is beginning to slip (i.e. the onset of a wheel lock

is occurring) and the ABS system releases brake pressure.

As such, 1t is essential for an ABS system to have accurate
wheel speed information. Similarly, Electronic Stability
Program (ESP) systems also need accurate wheel speed

information.

In accordance with an aspect of the present invention there
is provided an electric motor according to the accompanying

claims.

The invention as claimed provides the advantage of allowing
electric motor rotor position information to be used as a

speed input signal to an ABS system, thereby avoiding the
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need for separate ABS speed sensors and consequently

allowing ABS system costs to be reduced.

The present invention will now be described, by way of
example, with reference to the accompanying drawings, in
which:

Figure 1 illustrates a vehicle according to an embodiment of

the present invention;

Figure 2 illustrates an exploded view of an electric motor

as used in an embodiment of the present invention;

Figure 3 illustrates an exploded view of the electric motor

shown in figure 2 from an alternative angle;

Figure 4 illustrates a control device in accordance with an

embodiment of the present invention;

Figure 5 illustrates the output from two electric motor

position sensors.

Figure 1 illustrates a vehicle 100, for example a car or
lorry, having four wheels 101, where two wheels are located
in the vehicles forward position in a near side and off side
position respectively. Similarly, two additional wheels are
located in the vehicles aft position in near side and off
side positions respectively, as is typical for a
conventional car configuration. However, as would Dbe
appreciated by a person skilled in the art, the vehicle may

have any number of wheels.

Incorporated within each wheel 101 is an in-wheel electric
motor, as described in detail below. Although the current

embodiment describes a vehicle having an in-wheel electric
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motor associliated with each wheel 101, as would Dbe
appreciated by a person skilled in the art only a subset of
the wheels 101 may have an associated in-wheel electric
motor. For example, for a four wheeled vehicle only the
front two wheels may have associated in-wheel motors or
alternately only the rear two wheels may have associated in-

wheel motors.

Coupled to each in-wheel electric motor 1s a master
controller 102, otherwise known as a vehicle dynamic
controller, for controlling the operation of the in-wheel

electric motors.

Additionally, the vehicle includes a Dbattery 120 for

providing a power source for the in-wheel electric motors.

Incorporated in the vehicle is a brake system in which a
brake, for example a disc or drum brake, is associated with
at least one of the wheels to allow a brake force to be
applied to the wheel. For the purposes of the present
embodiment a brake assembly is mounted on each of the in-
wheel electric motors to allow a braking force to be

imparted to each of the four wheels.

The application of a brake torque on each of the four wheels
from a respective brake assembly is initiated via a brake

pedal located within the wvehicle.

To allow optimum braking under a variety of different
driving situations and zroad conditions the brake system

includes an antilock braking system.

As 1is well known to a person skilled in the art, antilock

brake systems are arranged to reduce brake force being
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applied to a wheel if the antilock brake system makes a
determination that a wheel lock condition or the onset of a

wheel lock condition has occurred.

The antilock braking system within the vehicle includes an
electronic control module for controlling the operation of
the antilock braking system and means for adjusting braking
force during a wheel lock condition or an onset of a wheel
lock condition. For the purpose of the present embodiment,
where the vehicle includes a hydraulic braking system, the
means for adjusting braking force 1is a hydraulic control
unit that is arranged to control hydraulic pressure to the

brake system.

To make a determination as to whether a wheel lock condition
or the onset of a wheel lock condition is occurring during a
braking manoeuvre, the antilock brake systems electronic
control module analyses wheel speed information at
predetermined time intervals. If the wheel speed information
indicates that the wheel is decelerating at greater than a
predetermined rate (e.g. at a rate greater than would
normally be achievable for a vehicle) this is considered as
being indicative of a wheel lock condition or the onset of a
wheel lock condition and the antilock brake system reduces
the brake force being applied to the wheel, for example by
reducing hydraulic brake pressure, thereby allowing the

wheel to reaccelerate back up to the vehicle’s actual speed.

The onset of a wheel lock condition may be determined based
on a number of predetermined criteria, for example upon a
determination that a wheel is decelerating above a threshold

value.
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For the purpose of illustration, the in-wheel electric motor
is of the type having a set of coils being part of the
stator for attachment to the vehicle, radially surrounded by
a rotor carrying a set of magnets for attachment to a wheel.
However, as would be appreciated by a person skilled in the
art, the present invention is applicable to other types of

electric motors.

As illustrated in figure 2, the in-wheel electric motor 40
includes a stator 252 comprising a rear portion 230 forming
a first part of the housing of the assembly, and a heat sink
and drive arrangement 231 comprising multiple coils and
electronics to drive the coils. The coil drive arrangement
231 1is fixed to the rear portion 230 to form the stator 252
which may then be fixed to a vehicle and does not rotate
during use. The coils themselves are formed on tooth
laminations which together with the drive arrangement 231

and rear portion 230 form the stator 252.

A rotor 240 comprises a front portion 220 and a cylindrical
portion 221 forming a cover, which substantially surrounds
the stator 252. The rotor includes a plurality of magnets
242 arranged around the inside of the cylindrical portion
221. The magnets are thus in close proximity to the coils
on the assembly 231 so that magnetic fields generated by the
coils in the assembly 231 cooperate with the magnets 242
arranged around the inside of the cylindrical portion 221 of

the rotor 240 to cause the rotor 240 to rotate.

The rotor 240 1is attached to the stator 252 by a bearing
block 223. The bearing block 223 can be a standard bearing
block as would be used in a vehicle to which this motor
assembly is to be fitted. The bearing block comprises two

parts, a first part fixed to the stator and a second part
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fixed to the rotor. The bearing block is fixed to a central
portion 233 of the wall 230 of the stator 252 and also to a
central portion 225 of the housing wall 220 of the rotor
240. The rotor 240 is thus rotationally fixed to the
vehicle with which it is to be used via the bearing block
223 at the central portion 225 of the rotor 240. This has
an advantage in that a wheel rim and tyre can then be fixed
to the rotor 240 at the central pcrtion 225 using the normal
wheel bolts to fix the wheel rim to the central portion of
the rotor and consequently firmly onto the rotatable side of
the Dbearing block 223. The wheel Dbolts may be fitted
through the central portion 225 of the rotor through into
the bearing block itself. With both the rotor 240 and the
wheel being mounted to the bearing block 223 there is a one
to one correspondence between the angle of rotation of the

rotor and the wheel.

Figure 3 shows an exploded view of the same assembly as
Figure 2 from the opposite side showing the stator 252
comprising the rear stator wall 230 and coil and electronics
assembly 231. The rotor 240 comprises the outer rotor wall
220 and circumferential wall 221 within which magnets 242
are circumferentially arranged. As previously described,
the stator 252 is connected to the rotor 240 via the bearing

block at the central portions of the rotor and stator walls.

Additionally shown in Figure 2 are circuit boards 80
carrying control electronics, otherwise known as motor drive

controllers or inverters.

A V shaped seal 350 is provided between the circumferential
wall 221 of the rotor and the outer edge of the stator

housing 230.
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The rotor also includes a focussing ring and magnets 227 for
rotor position sensing, which in conjunction with sensors
mounted on the stator allows for an accurate position
determination of the rotor relative to the stator to be

made, as described in detail below.

The motor 40 in this example includes 8 coil sets 60 with
each coil set 60 having three coil sub-sets 61, 62, 63 that
are coupled to a respective control device 64, where each
control device 64 and respective coil sub-sets form a three
phase logical or sub electric motor that can be controlled
independently of the other sub motors. The control devices
64 drive their respective sub motor with a three phase
voltage supply, thereby allowing the respective coil sub-
sets to generate a rotating magnetic field. Although the
present embodiment describes each coil set 60 as having
three coil sub-sets 61, 62, 63, the present invention is not
limited by this and it would be appreciated that each coil
set 60 could have two or more coil sub-sets. Equally,
although the present embodiment describes an electric motor
having eight coil sets 60 (i.e. eight sub motors) the motor
could have two or more coil sets with associated control

devices (i1.e. two or more subp motors).

Each control device includes a three phase bridge inverter
which, as 1is well known to a person skilled in the art,
contains six switches. The three phase bridge inverter is
coupled to the three subset coils of a coil set 60 to form a
three phase electric motor configuration. Accordingly, as
stated above, the motor includes eight three phase sub-
motors, where each three phase sub-motor includes a control
device 64 coupled to the three sub-set coils of a coil set

60.
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Each three phase bridge inverter is arranged to provide PWM
voltage control across the respective coil sub-sets 61, 62,
63 to provide a required torque for the respective sub-

motors.

For a given coil set the three phase bridge switches of a
control device 64 are arranged to apply a single voltage

phase across each of the coil sub-sets 61, 62, 63.

Although the in-wheel electric motor described in the
present embodiment includes a plurality of logical sub-
motors, as person skilled in the art would appreciate the
electric motor may be of a conventional design without the

use of logical sub-motors.

In this embodiment, each control device 80 is substantially
wedge-shaped. This shape allows multiple control devices 80
to be located adjacent each other within the motor, forming

a fan-like arrangement.

The control device 80 switches can include semiconductor
devices such as MOSFETs or IGBTs. In the present example,
the switches comprise IGBTs. However, any suitable known
switching circuit can be employed for controlling the
current. One well known example of such a switching circuit
is the H-bridge circuit having six switches configured to
drive a three phase electric motor. The gix switches are
configured as three parallel sets of two switches, where
each pair of switches is placed in series and from a leg of
the H-bridge circuit. Figure 5 illustrates an example of an

H-bridge circuit 400 coupled to three coil subsets.

Figure 4 shows an example of a control device 80 1in

accordance with an embodiment of this invention.



10

15

20

25

30

The control device 80 includes a first circuit board 83 and
a second circuit board 82. Preferably the second board 82 is

arranged to overlay the first circuit board 83.

The first circuit board 83 includes the plurality of
switches that are arranged to apply an alternating voltage

across the respective coil sub-sets.

As described above, the plurality of switches are configured
to form an n-phase bridge circuit. Accordingly, as is well
known to a person skilled in the art, the number of switches
will depend upon the number of voltage phases to be applied
to the respective sub motors. In the present embodiment, in
which the control devices and coil sub-sets are configured
to form a three phase motor, the first circuit board 83 of
the respective control devices include six switches.
Although the current design shows each sub motor having a
three phase construction, the sub motors can be constructed

to have two or more phases.

The wires (e.g. copper wires) of the coil sub-sets can be

connected directly to the switching devices as appropriate.

To aid heat dissipation, the first circuit board 83 is
preferably manufactured from a material having a relatively
high thermal conductance, for example metal, that aids the
removal of heat away from the switches. As material having a
high thermal conductance typically also have a high
electrical conductance it is preferable for materials having
a relatively high electrical conductance to have an
insulating layer applied to portions of the first circuit

board 83 to minimize the risk of short circuits occurring.
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The second circuit board 82 includes a number of electrical
components for controlling the operation of the switches
mounted on the first circuit Dboard 83. Examples of
electrical components mounted on the second circuit board 82
include control logic for controlling the operation of the
switches for providing PWM voltage control and interface
components, such as a CAN interface chip, for allowing the
control device 80 to communicate with devices external to
the control device 80, such as other control devices 80 or a
master controller. Typically the second control board 82
will communicate over the interface to receive torque demand

requests and to transmit status information.

As mentioned above, the second circuit board 82 is arranged
to be mounted on top of the first circuit board 83, where
the first circuit board 83 and the second circuit board
include means for being mounted within the motor 40, for
example, adjacent to the coil sub-set which they control,
directly to a cooling plate. In the illustrated example,
these means include apertures 84 through which screws or
suchlike can pass. In this example, the first circuit board
83 and the second circuit board 82 are substantially wedge-
shaped. This shape allows multiple control devices 80 to be
located adjacent each other within the motor, forming a fan-
like arrangement. By separating the control logic from the
switches this has the advantage of thermally isolating the
control logic from the switches while also minimizing the

impact of any electrical noise generated by the switches.

To control current in the respective coilsg, the timing of
the control devices 80 switches is determined using a vector
control system, where vector control is used to recreate DC

electric motor orthogonal components in an AC motor to allow

10
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the torque producing current to be determined independently

of the magnetic flux producing current.

As 1is well known to a person skilled in the art, the
transformation of 3 phase stator currents into a two phase
orthogonal vector is performed using a Clarke transform. A
further transformation is then required to relate the
components of a stationary stator frame into the rotating

reference frame of a rotor using a Park transform.

To perform the Park transform, accurate angular position of
the rotor is required, which is performed using an active
position sensor mounted on each of the circuit boards. For
the purposes of the present invention, a Hall sensor is used
as a position sensor, where the hall sensor is arranged to
generate an electrical signal dependent upon the relative
position of the focusing ring and magnets 227, which 1is
mounted on the rotor 240. To determine the direction that
the rotor is turning in, the control device 80 preferably
have two position sensors that are offset by a predetermined
angle, for example 90 degrees, so that the changes in signal
from each of the position sensors can be analyzed to
determine both the relative position of the rotor 240 and
the direction of rotation of the rotor is. As is well known
to a person skilled in the art, the angle position
information is based on phase angle of the current in coil
windings of a sub motor. To allow each control device 80,
and hence each sub motor, to operate independently of each
other each control device 80 has their own set of position
sensors. However, a single set of position sensors could be
used per in-wheel electric motor. By having a set of
position sensors mounted on a number of the control devices
this has the advantage of providing redundancy should a

fault occur with one set of position sensors.

11
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Although the present embodiment incorporates an active
sensor, other forms of position sensor could be used, for
example inductive position sensors that include a magnet and

coil mounted adjacent to a toothed ring.

As the rotor rotates relative to the stator, the position
sensors output an AC voltage signal that allows the position
of the rotor to be determined. The output AC voltage
position signals have a frequency proportional to the speed
of the rotor. By way of illustration, Figure 5 represents
the output from two position sensors mounted on a control
device 80 that have Dbeen separated by approximately 90
degrees. That is to say, two sinusoidal signals are output,
where one output signal 1is shifted by approximately 90

degrees with respect to the other output signal.

As stated above, the position information is used by the
control devices to control the inverter switches to allow a

required current to flow in the respective coils.

To generate a speed signal for input into the ABS electronic
control module, the output signals from two position sensors
mounted on a control device are rectified to generate
respective alternating square waves that are shifted by
approximately 90 degrees with respect to each other. The two
square waveforms are passed through an exclusive OR gate to
generate a series of pulses, where the series of pulses are
proportional to the speed of the rotor relative to the

stator and consequently proportional to the wheel speed.
The series of pulses are input into the ABS electronic

control module. Typically, the series of pulses generated by

the position sensors, and which form the ABS input signal,

12
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is a pulse train derived from detecting the zero c¢rossing
points of at least one of the position sensor signals. The
ABS electronic control module uses the series of pulses to
determine wheel speed and consequently whether a wheel lock

condition or onset of a wheel lock condition is occurring.

If there is a mismatch between the frequency of the pulse
train generated by the position sensors and that expected by
the ABS electronic control module preferably the pulse train
is re-sampled to generate a required pulse train frequency.
Alternatively, the ABS electronic control module can be

recalibrated.

Although the present embodiment describes the use of two
position sensors to generate a speed input signal for the
ABS system, a speed input signal for the ARS system can be

generated from the output of a single position sensor.

Using the output signals from position sensors in each of
the in wheel electric motor it is possible to provide the

ABS system with speed information for each vehicle wheel.

Although the above embodiment is based on determining wheel
speed information for an ABS system, it would be appreciated
by a person skilled in the art that the determinined wheel
speed information can be used in an ESP system, where the
wheel information can be used to determine whether a wheel
is accelerating faster than the wvehicle to which the wheel
is attached (i.e. a wheel spin condition is occurring). In
such a scenario the braking system can be arranged to appy a
braking force to the spinning wheel to stop the wheel spin

condition.

13



10

15

20

25

30

CLAIMS

1. An electric motor for rotating a wheel of a vehicle,
the electric motor having a rotor, a stator and coil
windings, a first sensor arranged to output a first signal
indicative of a position of the rotor relative to the
stator, wherein the first output signal is used for
controlling current in the coil windings and the first
output signal is provided to a vehicle braking system to
allow the vehicle braking system to determine a wheel lock
condition or an onset of a wheel lock condition, wherein the
onset of a wheel lock condition is determined based on

predetermined criteria.

2. An electric motor according to claim 1, further
comprising a second sensor arranged to output a second
signal indicative of a position of the rotor relative to the
stator; wherein the first sensor and second sensor are
offset with respect to each other such that upon rotation of
the rotor relative to the stator the first output signal and
second output signal allow the direction of the rotor to be

determined.

3. An electric motor according to claim 2, wherein the
first output signal and second output signal are used for
controlling current in the coil windings and at least one of
the first output signal and the second output signal is
provided to a vehicle braking system to allow the vehicle
braking system to determine a wheel lock condition or an
onset of a wheel lock condition, wherein the onset of a
wheel lock condition is determined based on predetermined

criteria.

14
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4, An electric motor according to claim 1, wherein the
predetermined criteria includes determining that the
deceleration of the wheel is above a threshold deceleration

value.

5. An electric motor for rotating a wheel of a vehicle,
the electric motor having a rotor, a stator and coil
windings, a first sensor arranged to output a first signal
indicative of a position of the rotor relative to the
stator, wherein the first output signal is used for
controlling current in the coil windings and the first
output signal is provided to a vehicle braking system to
allow the vehicle braking system to determine a
predetermined acceleration condition of the wheel, wherein
upon determination of the predetermined acceleration
condition the vehicle braking system is arranged to adjust a

braking force to the wheel.

6. An electric motor according to claim 5, further
comprising a second sensor arranged to output a second
signal indicative of a position of the rotor relative to the
stator; wherein the first sensor and second sensor are
offset with respect to each other such that upon rotation of
the rotor relative to the stator the first output signal and
second output signal allow the direction of the rotor to be

determined.

7. An electric motor according to claim 6, wherein the
first output signal and second output signal are used for
controlling current in the coil windings and at least one of
the first output signal and the second output signal is
provided to a vehicle braking system to allow the vehicle
braking system to determine a predetermined acceleration

condition of the wheel, wherein upon determination of the

15
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predetermined acceleration condition the vehicle braking

system is arranged to adjust a braking force to the wheel.

8. An electric motor according to any one of claims 5 to
7, wherein the predetermined acceleration condition is
indicative of a wheel lock condition or an onset of a wheel

lock condition.

9. An electric motor according to any one of claims 5 to
7, wherein the predetermined acceleration condition is

indicative of a wheel spin condition.

10. An electric motor according to any one of claims 2 to 4
and 5 to 8, wherein the first sensor and second sensor are
offset by substantially 90 degrees with respect to the phase

angle of a current in a coil winding.

11. An electric motor according to any one of claims 2 to 4
or 5 to 8, wherein the first and second sensor is a position

Sensor.

12. An electric motor according to claim 11, wherein the
first sensor and/or second sensor is a passive inductive

position sensor or an active position sensor.

13. An electric motor according to claim 12, further
comprising a plurality of magnets, wherein the plurality of
magnets are positioned to allow the active position sensor
to determine the location of the rotor relative to the

stator.

14, An electric motor according to any one of the preceding

claims, further comprising means for generating a rotor

16
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speed from changes in position data from the position

sensors as the rotor moves relative to the stator.

15. An electric motor according to any one of the preceding
claims, wherein the first output signal is converted into an
ABS signal by detecting the zero crossing points of the

first output signal.

16. An electric motor according to claim 15, wherein the

ABS signal is re-sampled.
17. A vehicle having a plurality of in-wheel electric

motors according to any one of the preceding claims, with a

wheel mounted to a respective in-wheel electric motor.

17
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Amendments to the claims have been filed as follows:
CLAIMS

1. An electric motor for rotating a wheel of a vehicle,
the electric motor having a rotor, a stator and coil
windings, a first sensor arranged to output a first signal
indicative of a position of the rotor relative to the
stator, wherein the first output signal is used for
controlling current in the coil windings and the first
output signal is arranged to be provided to a vehicle
braking system to allow the vehicle braking system to
determine a wheel lock condition or an onset of a wheel lock
condition, wherein the onset of a wheel lock condition is

determined based on predetermined criteria.

2. An electric motor according to claim 1, further
comprising a second sensor arranged to output a second
signal indicative of a position of the rotor relative to the
stator; wherein the first sensor and second sensor are
offset with respect to each other such that upon rotation of
the rotor relative to the stator the first output signal and
second output signal allow the direction of the rotor to be

determined.

3. An electric motor according to claim 2, wherein the
first output signal and second output signal are used for

controlling current in the coil windings.

4. An electric motor according to claim 2 or 3, wherein
the second output signal is arranged to be provided to the
vehicle braking system to allow the vehicle braking system
to determine a wheel lock condition or an onset of a wheel
lock condition, wherein the onset of a wheel lock condition

is determined based on predetermined criteria.

18
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5. An electric motor according to claim 1, wherein the
predetermined criteria includes determining that the
deceleration of the wheel is above a threshold deceleration

value.

6. An electric motor for rotating a wheel of a vehicle,
the electric motor having a rotor, a stator and coil
windings, a first sensor arranged to output a first signal
indicative of a position of the rotor relative to the
stator, wherein the first output signal is used for
controlling current in the coil windings and the first
output signal is arranged to be provided to a vehicle
braking system to allow the vehicle braking system to
determine a predetermined acceleration condition of the
wheel, wherein upon determination of the predetermined
acceleration condition the vehicle braking system is

arranged to adjust a braking force to the wheel.

7. An electric motor according to claim 6, further
comprising a second sensor arranged to output a second
signal indicative of a position of the rotor relative to the
stator; wherein the first sensor and second sensor are
offset with respect to each other such that upon rotation of
the rotor relative to the stator the first output signal and
second output signal allow the direction of the rotor to be

determined.
8. An electric motor according to claim 7, wherein the
first output signal and second output signal are used for

controlling current in the coil windings.

9. An electric motor according to claims 7 or 8, wherein

the second output signal is provided to a vehicle braking

19



system to allow the vehicle braking system to determine a
predetermined acceleration condition of the wheel, wherein
upon determination of the predetermined acceleration
condition the vehicle braking system is arranged to adjust a

braking force to the wheel.

10. An electric motor according to any one of claims 6 to
9, wherein the predetermined acceleration condition is
indicative of a wheel lock condition or an onset of a wheel

lock condition.

11. An electric motor according to any one of claims 6 to
9, wherein the predetermined acceleration condition is

indicative of a wheel spin condition.

12. An electric motor according to any one of claims 2 to 5
and 7to 11" wherein the first sensor and second sensor are
offset by substantially 90 degrees with respect to the phase

angle of a current in a coil winding.

13. An electric motor according to any one of claims 2 to 5
oY 7to1ll- wherein the first and second sensor 1is a

position sensor.

14, An electric motor according to claim 13, wherein the
first sensor and/or second sensor is a passive inductive

position sensor or an active position sensor.

15. An electric motor according to claim 14, further
comprising a plurality of magnets, wherein the plurality of
magnets are positioned to allow the active position sensor
to determine the location of the rotor relative to the

sStator.

20



10

15

16. An electric motor according to any one of the preceding
claims, further comprising means for generating a rotor
speed from changes in position data from the position

sensors as the rotor moves relative to the stator.

17. An electric motor according to any one of the preceding
claims, wherein the first output signal is converted into an
ABS signal by detecting the zero crossing pcints of the

first output signal.

18. An electric motor according to claim 17, wherein the

ABS signal is re-sampled.
19. A vehicle having a plurality of in-wheel electric

motors according to any one of the preceding claims, with a

wheel mounted to a respective in-wheel electric motor.

21
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