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(57) Abstract

An electric actuator (14) is disclosed which comprises an electric motor (28) and a sensing means is provided which is adapted for
detecting the angular position, and hence speed, of the rotor assembly (27) of the motor (20) by sensing the passing of a magnetic means
which forms part of the rotor assembly. In one embodiment, the sensing means is adapted to measure the passing of an end face or an
overhanging portion of the rotor magnet of the motor. The sensing means may comprise Hall effect or magneto-resistive sensing elements
(62) and a shielding assembly (65) is also disclosed which both protects the sensing elements (62) from unwanted magnetic fields and
increases the flux linked between the magnetic means and the sensing elements.
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IMPROVEMENTS IN ELECTRIC
ACTUATORS FOR VEHICLE SYSTEMS

This invention relates to improvements in electric actuators for
vehicle systems of the kind comprising a combination of at least two
component assemblies comprising an electric motor having a rotor and a
gearbox. Such actuators may be used in power steering systems, for
example, or as actuators for electric brake assemblies. In particular, the
invention relates to improvements in sensing means provided for the

purpose of detecting the rotor position and hence speed of the motor.

In order to provide adequate control of the motor, it is important
that the position of the motor rotor, and hence speed, is known or can be
measured. This information can be used as a control variable in a general

motor control strategy.

It is known to measure the rotor position by providing a separate
magnetic sensor assembly which is mounted to an output shaft of the
motor. Such arrangements do not lend themselves to low cost mass

production, and can lead to an undesirable increase in actuator size.

According to a first aspect of our invention, we provide an electric
actuator comprising an electric motor having a stator assembly and a rotor
assembly which is concentric with the stator assembly and adapted to
rotate about a common axis, the rotor assembly comprising magnetic
means and the electric actuator further comprising sensing means adapted
to sense the angular position of the rotor about the axis by sensing the

position of a magnetic field generated by the magnetic means.
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2
Preferably, the sensing means comprises one or more Hall effect
sensing elements or magneto-resistive sensing elements which may be
provided on a sensing body fixed relative to the housing of the motor. The
sensor body may be adapted to support the sensing means in close
proximity to the magnetic means. Preferably, three sensing elements are

provided.

The rotor assembly may comprise one or more rotor magnets. In
use, energisation of the stator assembly generates a magnetic field which
interacts with the magnetic field of the rotor magnets in turn to cause the
rotor assembly to rotate about its axis. The magnetic means could
therefore comprise the rotor magnets themselves, in which case the

sensing means directly detects the position of the rotor magnets.

In an alternative, the rotor assembly may further comprise one or
more magnetic elements in addition to the rotor magnets. The magnetic
means could therefore comprise only those additional magnetic elements,
and in this case the sensing means would not detect the position of the
rotor magnets, but would instead detect the position of the magnetic
elements. This would allow the overall length of the rotor magnets to be

kept to a minimum.

Most preferably, the magnetic means comprises the rotor magnets
and the sensing means is adapted to measure the position of an overhang
portion of the rotor magnets which overhangs the motor stator coils.
Alternatively, the sensing means may sense the position of an end face of

the rotor magnets.

The Hall effect sensing elements require a certain threshold level or

density of magnetic flux to enable them to switch. Such flux densities
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usually require that special strong, rare earth magnets are used and/or that

the sensing means is positioned very close to the magnets.

In order to ease the requirements for coupling sufficient flux from
the magnetic means to the sensing means, the electric actuator may be
provided with a magnetic shield assembly which acts to improve the

magnetic circuit between the sensors and magnetic means.

The magnetic shield assembly may further be adapted to shield the
sensing elements from unwanted magnetic fields. The shield may protect
the sensing elements from the field generated by the stator coils and/or
external magnetic fields. The shield may be adapted to surround the
sensing elements, and may be of steel or another material having a high

magnetic permeability.

The sensing elements may be supported around the rotor assembly
with a spacing between the sensing elements being 60° or 40° mechanical.
In the case of a three pole motor, the sensors may be preferably mounted
with a 40° mechanical spacing (120° electrical). Alternatively, a 20°

mechanical spacing may be used.

In the case of a four pole motor, similar spacing of the sensors may

be employed where the spacing is a muitiple of 60 degrees.

In accordance with a second aspect of the invention, we provide a
method of sensing the position of a rotor assembly in an electric motor by
providing a sensing means which is adapted to sense the passing of a

magnetic field generated by the rotor magnets of the motor.
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Several embodiments of our invention are illustrated in the

accompanying drawings in which:-
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Figure 1 is a layout of an electric actuated power assisted steering
system for a vehicle which incorporates a first embodiment of an

actuator in accordance with the present invention;

Figure 2 is a view of an electric actuator for the system of Figure 1
including a longitudinal section through an electric motor and

electro-magnetic clutch assembly;

Figure 3 is a view of an embodiment of the sensor body fixed to

the motor housing;

Figure 4 shows an end elevation of the section as shown in

Figure 3;

Figure 5 shows a second arrangement for sensing rotor position in

an actuator incorporated in an electrically actuated brake system;

and

Figure 6 illustrates a third arrangement for sensing motor rotor

position directly from an end face of the rotor magnets.

In order to illustrate the motor position sensing of the present

invention, an example of the use of an electric actuator in an electric

vehicle power steering system is provided.

In the system illustrated in the layout of Figure 1 an electronic

30  control unit 1 is adapted to receive signals from an ignition switch 2,
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vehicle speed signalling means 3, diagnostic means 4, CAN interface
means 5, and torque sensor electronic means 6. The electronic control
unit 1 operates on the various signals and emits an energising current to

control the power assistance applied to a steering mechanism 10.

As illustrated a steering wheel 11 controls the operation of a
steering linkage 13 through a column shaft 12. The torque applied to the
column shaft 12 is augmented by an electric actuator 14 under the control

of the energising current from the electronic control unit 1.

The electric actuator 14 is shown in detail in Figure 2 and
comprises three component assemblies consisting of an electric motor 20,

an electro-magnetic clutch 21, and a gearbox 22.

As illustrated in Figure 2 of the accompanying drawings, the
electric motor 20 comprises a cylindrical housing 25 in which is housed a
coil defining a stator assembly 26, and a rotor assembly 27 comprising an
armature. The end of the housing 25 remote from the gearbox 22 is

adapted to include an annular recess 28.

The electro-magnetic clutch 21 comprises an annular coil 29 which
is located within the recess 28. The wall of the housing 25 defining the
recess provides magnetic shielding between the stator 26 and the coil 29.
A rotatable dog clutch member 30 is axially moveable in response to axial
movement of a clutch armature 31 against the force in a biasing spring in
the form of a Belleville or spring washer 32 to form a coupling drive
engagement with a plurality of angularly spaced dog apertures 33 in the

adjacent end of the armature 27.
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A drive shaft 40 is journaled for rotation at one end in a bearing 41
housed within a cover plate 42 which encloses the clutch armature 31 and,
optionally, is detachably secured to a wall at that end of the housing 25.
The shaft 40 is also journaled for rotation at an intermediate point in its
length in a bearing 43 retained within an opening 44 in a wall at the
opposite end of the housing 25. A portion of the shaft 40 inboard of the
bearing 43 defines a plane bearing 45 on which the armature 27 is

journaled for rotation.

The clutch member 30 is keyed to the shaft 40 on a splined
member 46 secured to the shaft 40, and the clutch armature 31 is secured
to the shaft 40 by means of a retainer 47. The portion of the shaft 48
carrying the splined portion 46 comprises an end drive portion. The shaft
40 extends beyond the bearing 43 and through the gearbox 22 being

journaled for rotation at its free end in a bearing 49.

When the steering wheel 11 is operated a signal from the sensor 6
is recognised by the electronic control unit which, in turn, emits an
energising current to energise the stator 26 and cause rotation of the
armature 27. Since the clutch 21 is engaged that rotation is transmitted to
the drive portion 48 of the shaft 40, and through a transmission portion of
the shaft 40 in the gearbox 22, in turn to augment the torque applied

manually to the column shaft 12 from the steering wheel 11.

The actuator described above with reference to Figure 2 includes a
motor rotor angular position sensor 71 in accordance with the present
invention. The motor rotor angular position sensor 71 is illustrated in

more detail in Figure 3 and 4 of the accompanying drawings.
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The angular position of the motor rotor assembly 27 is sensed
through the use of a motor rotor angular position sensor assembly 71
placed so as to detect the passing of an overhang section of the rotor
magnets 63 wherein sensing elements 62 are provided with a magnetic
shield 65 that provides a magnetic path for the sensor circuit itself whilst
shielding the sensor from the effects from any external magnetic fields.
Determining the angular position allows the motor rotor speed to be
calculated, i.e. by taking several position readings at known time

intervals.

Figure 3 shows the sensor body 60, fixed to the motor housing 61,
which carries an extension 66 having on it’s inner face sensing
elements 62. The sensor body 60 and extension 66 are dimensioned so
that the sensing elements 62 are in close proximity to the rotor
magnets 63, providing a small sensor air gap 64 across which a magnetic
circuit is formed. A steel backplate 65 is used to provide the sensing
elements with a suitable magnetic circuit for co-operation with the rotor
magnets 63 or poles on the motor. Additionally the steel backplate 65
shields the sensing elements 62 from the effects of interference from the

magnetic fields generated by the motor coils 67.

In operation a sensing element 62 switches each time a magnetic
circuit is made or broken which occurs as a pole of the motor or rotor
magnet 63 passes that sensing element 62. This switching signal is passed
via connections, not shown, to a motor control circuit, not shown, which

is used to control the position, speed and direction of the motor in use.

Figure 4 shows an end elevation of the section as shown in
Figure 3, where a section of the magnetic sensor assembly 71 is shown in

detail. The rotor assembly 27 carries a back iron sleeve 73 having
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magnets 63 secured around its periphery covered by a rotor sleeve 69. A
clearance or air gap 64 is provided to allow the rotor assembly 27 to
move angularly with respect to the sensor assembly 71 and motor stator

(not shown).

The sensor assembly 71 is shown in Figure 4 surrounding an arc or
outer section of the rotor assembly 27. The size and number of sensing
elements 62 within the sensor assembly 71 could vary between 1 and any
number covering the entire circumference of the rotor assembly 27,
depending upon the configuration i.e. the number of rotor pole pieces of

the motor. Three sensing elements are shown in the figure.

The sensing elements are arranged, as shown in Figure 4, with a
spacing of 120° electrical (40° mechanical). This applies to a 3 pole
motor. In the case of a 4 pole motor, similar arrangements can be used

but in this case 120° electrical is equivalent to 60° mechanical.

The sensor assembly 71 comprises a non-magnetic sensor carrier 72
which supports the magnetic sensing elements 62. This is surrounded by
a magnetic sensor back iron 65 which acts to enhance the magnetic field
strength around the sensing elements 62 to aid switching and eliminate
magnetic interference, and importantly to provide the sensor assembly 71
with its mechanical robustness, as typically the materials from which a
suitable non-magnetic sensor carrier would be made are low in mechanical

strength.

A further embodiment of a motor rotor position sensor is illustrated
in Figure 5 of the accompanying drawings. In this illustration, the
motor 20 forms a part of an electric disc brake assembly. The operation

of this assembly is described in detail in our earlier application
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no. 9519289.4. In this embodiment, the magnetic sensing elements 62 are
arranged on a sensing assembly 71 so as to detect the passing of the end
face 90 of the rotor magnet 63 or rotor magnets of the rotor assembly 27
as opposed to the previous embodiment in which the sensing elements 62
are aligned to detect the passing of the upper face of the rotor magnets

(i.e. the face furthest away from the axis of rotation). This enables a

shorter rotor assembly 27 to be used as no overhang is needed. Otherwise,

the sensing assembly is the same as illustrated in Figure 3 and 4.

In Figure 6, a final embodiment of the present invention is
illustrated. In this case, instead of sensing directly from the rotor
magnets 63, one or more separate magnetic elements 100 are provided as
an integral part of the rotor assembly 27, and the sensing assembly 71 is
arranged so that it detects the passing of these magnetic elements 100.
Again, this helps to reduce the cost of the actuator and reduces the size of

rotor magnets 63 which are needed.

It will be readily understood from the above description that the
present invention lies in improvements in detecting the position of a rotor
in an electric actuator so as to minimise costs and/or actuator bulk and/or
reduce assembly time when compared with the prior art. This is achieved
by detecting the passing of a magnetic field generated by the rotor

assembly.
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CLAIMS

1. An electric actuator (14) comprising an electric motor (20) having a
stator assembly (26) and a rotor assembly (27) which is concentric with
the stator assembly (26) and adapted to rotate about a common axis, the
rotor assembly (27) comprising magnetic means and the electric actuator
further comprising sensing means (71) adapted to sense the angular
position of the rotor assembly (27) about the common axis by sensing the

position of a magnetic field generated by the magnetic means.

2. An electric actuator according to claim 1 in which the sensing
means comprises one or more Hall effect or magneto-resistive sensing

elements (62).

3. An electric actuator according to claim 2 in which the sensing
elements (62) are provided on a sensor body (61) fixed relative to a

housing (25) for the motor.

4. An electric actuator according to any one of claims 2 or 3 in which
the sensor body (61) is adapted to support the sensing elements (62) in

close proximity to the magnetic means.

5. An electric actuator according to any preceding claim in which the
rotor assembly (27) comprises one or more rotor magnets (63) and in

which the magnetic means comprises the rotor magnets (63).

6. An electric actuator according to any one of claims 1 to 4 in which
the rotor assembly (27) comprises one or more magnetic elements (100) in
addition to one or more rotor magnets and the sensing means (71) is

adapted to detect the position of the magnetic elements (100).
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7. An electric actuator according to claim 5 in which the sensing
means is adapted to measure the position of an overhang portion of the

rotor magnets (65) which overhangs the motor stator (26).

8. An electric actuator according to claim 5 in which the sensing
means (71) is adapted to measure the position of an end face of the rotor

magnets.

9. An electric actuator according to any preceding claim in which a
magnetic shield assembly (65) is provided to improve the magnetic circuit

containing the sensing elements (62) and magnetic means.

10. An electric actuator according to claim 9 in which the magnetic
shield assembly (65) is further adapted to shield the sensing elements (62)

from unwanted magnetic fields.

11.  An electric actuator according to any preceding claim in which the
sensing elements (62) are supported with a spacing between the sensing

elements (62) being 60° or 40° or 20° mechanical.

12. A method of sensing the position of a rotor assembly (27) in an
electric motor (20) comprising providing a sensing means which is
adapted to sense the passing of a magnetic field generated by the rotor

magnets (63) of the motor (20).
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