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from as witching circuit (28) under the control of a control circuit (38). Eight
possible excitations state combinations exist for the circuit in Fig. 2 depend-
ing on whether the output of the circuit (28) is at supply voltage or ground
for each of the three phases. Measurements are made of ratios of the voltage
at the common point (22) as a proportion of the supply voltage, during vari-
ous excitation states,and a comparison of these ratio values is used to derive
position information for the rotor16of the motor (10).



WO 2013/124631 A2 |IINIWAT 00NN AN AT R RC AU Ao

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, Published:

ML, MR, NE, SN, TD, TG). —  without international search report and to be republished

upon receipt of that report (Rule 48.2(g))



10

15

20

25

30

WO 2013/124631 PCT/GB2013/050369

Improvements in or relating to rotor position detection

The present invention relates to improvements in or relating to rotor position

detection.

Rotor position detection forms part of the control regime for permanent magnet
synchronous motors. A permanent magnet synchronous motor will have a rotor of
permanent magnets, which turns either within or around the stator, and stator
windings to which excitation voltages are applied to create magnetic interaction with
the permanent magnets and cause the rotor to be driven. The excitation voltages
may be pulse-width modulated (PWM) voltages, in which case, current is controlled

by changing the modulation. This creates torque on the rotor.

In the examples to be described, the motors exhibit "saliency". That is, the

inductance of the stator windings varies with rotor angle.

Control of this type of motor is relatively easy when the motor is running at sufficient
speed to create measurable back EMFs in the windings, but control at zero and low

speed is less easy.

Examples of the present invention provide a method of rotor position detection for a
permanent magnet synchronous motor, the motor having a rotor, a stator and a
plurality of stator windings which exhibit saliency, the stator windings being
connected from a common point to respective feed points to form respective phases

for the motor, wherein:

each phase is driven by a PWM excitation voltage derived from a supply

voltage and applied to the corresponding feed point;

the excitation voltages of the phases have PWM waveforms which are
staggered in time to create combinations of excitation states in the phases, the

combinations changing with time;
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measurements of the supply voltage and the voltage at the common point,
are taken at a plurality of times

and position information for the rotor is derived from the voltage

measurements.

The method may include discriminating between the two 180° electrical

ranges.

Ratios of voltage at the common point to the supply voltage may be used to derive
the rotor position, the ratios being compared to identify a range of positions within
which the rotor position is contained. Some of the ratios may be measured, the
other ratios being calculated from these measurements. The motor may have three
phases. The ratios may be measured for three different excitation states or
alternatively, the ratios may be measured for two different excitation states, and a

ratio for a third excitation state calculated therefrom.

Within a three phase system, voltage measurements may be taken from the
common point when two phase feed points are at the supply voltage and the third is
at ground potential or one phase feed point is at supply voltage and the other two at
ground potential. Measurement of the supply voltage may also be taken from the
common point when all phase feed points are at the supply voltage.

The PWM modulation may be applied in such a manner as to create at least two
required excitation states in each PWM cycle, each required excitation state having
a pair of stator windings in parallel and a different third stator winding in series with
the pair, the voltage measurements being taken within the duration of the required
excitation states. The phase waveforms may be substantially equally staggered in

time. Alternatively, the phase waveforms may be unequally staggered in time.
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In another aspect, examples of the present invention provide an arrangement for
rotor position detection in a permanent magnet synchronous motor, the motor
having a rotor, a stator and a plurality of stator windings which exhibit saliency, and
the stator windings being connected from a common point to respective feed points

to form respective phases for the motor, wherein the arrangement comprises:

a drive arrangement operable to provide PWM excitation voltages to each of

the feed points to drive the corresponding phase;

the drive arrangement providing excitation voltages for the phases having
PWM waveforms which are staggered in time to create combinations of excitation

states in the phases, the combinations changing with time;

a measurement arrangement operable to measure the supply voltage and the
voltage at the common point at a plurality of times corresponding with respective

combinations of excitation states;

and the arrangement being operable to derive position information from the

voltage measurements.

The arrangement may discriminate between the two 180° electrical ranges.

Ratios of voltage at the common point to the supply voltage may be used to derive
the rotor position, the ratios being compared to identify a range of positions within
which the rotor position is contained. Some of the ratios may be measured, the
other ratios being calculated from these measurements. The motor may have three
phases. The ratios may be measured for three different excitation states or
alternatively, the ratios may be measured for two different excitation states, and a

ratio for a third excitation state calculated therefrom.

Within a three phase system, voltage measurements may be taken from the

common point when two phase feed points are at the supply voltage and the third is
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at ground potential or one phase feed point is at supply voltage and the other two at
ground potential. Measurement of the supply voltage may also be taken from the
common point when all phase feed points are at the supply voltage.

The PWM modulation may be applied in such a manner as to create at least two
required excitation states in each PWM cycle, each required excitation state having
a pair of stator windings in parallel and a different third stator winding in series with
the pair, the voltage measurements being taken within the duration of the required
excitation states. The phase waveforms may be substantially equally staggered in

time. Alternatively, the phase waveforms may be unequally staggered in time.

Examples of the present invention will now be described in more detail, by way of
example only, and with reference to the accompanying drawings, in which:

Fig. 1 is a highly schematic diagram of a permanent magnet synchronous motor of

the type with which the present invention may be implemented,;

Fig. 2 is a circuit diagram of a control arrangement for the motor of Fig. 1;

Fig. 3 shows the voltage waveforms which may be used within the motor of Fig. 1;

Fig. 4 shows voltage waveforms in accordance with a first example of the present

invention;

Fig. 5a, b, ¢, d, e, f are equivalent circuits representing the stator windings
corresponding to the excitation states yielding the ratios p, q, r, p, g and r shown in
Fig. 4;

Fig. 6 illustrates examples of possible voltage ratios corresponding to some of the

equivalent circuits of Fig. 5, at various rotor positions;
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Fig. 7a, b, c shows voltage waveforms in accordance with a second example of the

present invention; and

Fig. 8a, b are equivalent circuits representing the stator windings at different times

within the waveform of Fig. 7a.

Structure and control arrangements

Figure 1 illustrates an electrical machine which is a permanent magnet synchronous
motor 10. The motor 10 includes a plurality of phase windings 12. In this example,
the phase windings 12 are arranged to form a stator 14 and are therefore also called
stator windings. A rotor 16 of permanent magnets is rotatable relative to the phase
windings 12. Drive current for the phase windings 12 is provided from a drive
source 18. Drive current in the phase windings 12 creates torque to turn the
member 16, relative to the windings 12. This creates torque on the output shaft 20

of the motor 10.

The stator windings 12 have inductances which vary with the angle of the rotor 16.

This inductance variation is known as "saliency".

Control arrangements for providing drive current to the windings 12 are provided by
the drive source 18 (Fig. 2). In Fig. 2, the windings 12 are shown connected from a
common point 22 to respective feed points 24. Each winding 12 can therefore be
fed with drive current as a different phase of the motor 10. In this example, the
motor 10 is a three phase motor having three windings 12 (labelled a, b and c) fed
from three separate feed points 24, and connected at the common point 22. The

rotor 16 is not shown in Fig. 2.

Drive current is provided to the feed points 24 from a DC supply 26, by means of a
switching circuit 28. The switching circuit 28 includes three pairs of power switching
devices 303, b, ¢, such as power transistors. The devices of each pair of devices 30

are connected in series across the supply 26. The voltage applied to the respective
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feed point 24 is taken from the connection between the pair of devices 30.
Accordingly, in one switching condition, the corresponding feed point is connected to
the supply voltage at 32 by switching on one of the devices 30. In the other
condition, the corresponding feed point is connected to ground at 34 by switching on
the other of the devices 30. The condition of the devices 30 is controlled by a
control circuit 36.

For each pair of devices 30, the control circuit 36 will not switch both on
simultaneously. This would short the DC supply 26 (a condition known as shoot
through). Neither will the control circuit 36 switch both off simultaneously (except for

short transition periods necessary to eliminate any risk of shoot through).

The control circuit 36 uses the devices 30 to provide PWM voltage pulses to the
feed points 24, as will be described. Thus, each feed point switches between the
two excitation states described above. In this description, the phases will be
identified as phase A, phase B and phase C. These letters are used in upper case
within the switching circuit 28 to indicate that phase being fed from that point, and in
lower case to indicate the corresponding phase winding 12. In the following
description, the switching state of the devices 30 is denoted as A, B and C when the
output of the switching circuit 28 is at supply voltage 32 for that phase, and by A, B
and C when the output of the switching circuit 28 is at ground 34 for that phase.
Thus eight possible excitation state combinations exist for the circuit in Fig 2, which
can be listed as:-

() ABC
(i) AB,C
(i) A,B,C
(iv) AB,C
(v) ABC
(vi) AB,C
(vii) A,B,C

and (viii) A,B,C
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Fig. 3 illustrates a regime for drive voltages applied to the three windings 12. This is
a PWM regime and does not itself form part of the present invention. In Figure 3,
the pulse trains for each of the phases are illustrated, one above the other. The
horizontal axis indicates time. Each phase is driven with a zero modulation PWM
train of pulses having 50% mark-space ratios. The three phases are driven in phase
with each other. Thus, the excitation states of the three phases alternate regularly

between states (i) and (viii) as set out in the list above.

This results in no PWM carrier frequency current (ripple) in the windings 12, and
hence no loss (ignoring possible small losses due to charging and discharging any
capacitance associated with the windings 12). In addition, the absence of phase
current will result in no torque being created within the motor 10.

In order to create torque within the motor 10, current is injected by changing the
modulation. This is achieved by changing the pulse width modulation of the phases,
indicated in Fig. 3 by the horizontal arrows 38, indicating that the time of the falling
edge of the pulses can be moved to change the mark-space ratio. Thus, Fig. 3
indicates the use of falling edge modulation of the PWM pulse stream. Alternatively,
leading edge modulation could be used, or both edges could be moved.

However, in order to effectively start the motor, and to control the motor at standstill
and low speeds, it is necessary to establish the relative positions of the rotor 16 and
the windings 12. Once this has been done and the motor begins to rotate, the phase
modulations will have to vary to create the appropriate rotating flux pattern to

continue motor rotation.
In the example implementations of the invention, now to be described, the relative

positions of the rotor 16 and the windings 12 are established by control of the PWM

switching sequence, and consideration of the voltage at the common point 22.

Example 1
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Fig. 4 illustrates a modified PWM excitation regime which is created by appropriate
operation of the control circuit 36. In the regime of Fig. 4, the pulse trains of the
three phases are no longer in phase. That is, they are staggered in time. In this
example, the three phases are equally staggered in time. That is, phase B is
delayed by one third of the total period of the switching cycle, relative to phase A.
Phase C is delayed by a further one third of the total period of the switching cycle.

When this excitation regime is applied to the windings 12, more combinations of
excitation states will occur than can occur in the regime of Fig. 3. Each of these
combinations can be illustrated as an equivalent circuit by considering the common
point 22, with each winding 12 being connected from the common point 22 either to
the supply voltage 32, or to ground 34. Fig. 5 illustrates six such equivalent circuits,
each showing a different excitation state after one of the phases has changed state,
to be connected either to the supply voltage 32 or to ground 34. The excitation

states changes with time, as can be seen from Fig. 4.

Transitions between the excitation states are indicated by vertical broken lines in Fig
4, and the excitation states are labeled as p, g, r, p, gandr. These labels (p, q etc.)
are also shown in Fig. 5, to identify the respective equivalent circuit.

A measurement at the common point may be made at any time within the regions
indicated for each switching state in Fig4, with the exception of a short period
following each switching transition, when ringing may be seen in the voltage at the

common point

Each of the equivalent circuits of Fig. 5 is in the form of an inductive divider between
the supply voltage 32 and ground 34. Within each of the equivalent circuits, the
voltage at the common point 22 will be substantially the product of the supply
voltage and the ratio of the inductance between the common point 22 and ground
34, to the total inductance between the supply voltage 32 and ground 34. In the
equivalent circuits of Fig. 5, each has a different arrangement of phase windings 12

connected from the common point 22 to ground 34 or supply voltage 32 and
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accordingly, measurements from each of the equivalent circuits (at the
corresponding time) will yield different values according to the ratio of each of the
inductances and the total inductance. Since the value of each of the inductances
depends on the rotor position (because the windings 12 exhibit saliency) the ratios
recovered from the equivalent circuits of Fig. 5 will vary with the electrical angle of
the rotor. These ratios, expressed as a proportion of the supply voltage, V; are:

p=Vy/Vs where V, is the common point voltage measured during excitation state
ABC

9=V¢/Vs where V, is the common point voltage measured during excitation state
ABC

r=V/Vs where V, is the common point voltage measured during excitation state ABC

p=V/Vs where V, is the common point voltage measured during excitation state
ABC

a=V4/Vs where V4 is the common point voltage measured during excitation state
ABC

r=V/Vs where V, is the common point voltage measured during excitation state ABC

Fig. 6 indicates three ratio values, across a full 180° range of electrical angles of the
rotor 16. Ratio p is shown as trace 40. Ratio q is shown as trace 42. Ratio r is
shown as trace 44. It is readily apparent from Fig. 6 that once the three ratios have
been measured, as described above, a comparison of the three values p, q, r will
allow the electrical angle of the rotor 16 to be derived, within one of six ranges, each
of 30°. (In practice, it may be beneficial to measure the ratios over several complete
PWM cycles in order to minimise any noise effects). The following table sets out the
various conditions which can arise from the comparison of the three values, and the

corresponding range of angles which can be deduced from Fig. 6:
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Range
of

Condition angles Interpolation routine
p<qsr >Q° to  <30° 0°+(r-q)/(r-p)*30°

OR ">180° to  <210° 180°+(r-q)/(r-p)*30°
qsp<r >30° to  <60° 30°+(p-q)/(r-q)*30°
OR >210° to  <240° 210°+(p-q)/(r-g)*30°
q<r<p >60° to  <90° 60°+(p-r)/(p-q)*30°
AR >240° to  <270° 240°+(p-r)/(p-q)*30°
r<g<p 290° to <120° 90°+(q-r)/(p-r)*30°
OR >270° to  <300° 270°+(q-r)/(p-r)*30°
r<p=q >120°  to  <150° 120°+(q-p)/(q-r)*30°
OR >300° to  <330° 300°+(q-p)/(q-r)*30°
p<r<q 2150°  to  <180° 150°+(r-p)/(q-p)*30°
OR >330° to  <360° 330°+(r-p)/(g-p)*30°

TABLE 1

The right-hand column of Table 1 indicates how the position can be estimated more
precisely, within each 30° range, by using an interpolation routine. It is to be
appreciated that the accuracy of such an interpolation will depend on the
assumptions on which the interpolation is based, such as the precise form of the
underlying saliency characteristic, but we expect that in many practical situations in

which saliency is substantially sinusoidal, this type of interpolation can give an
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accuracy to within about 5° of electrical angle. Other interpolation and correction
routines may be used. There may be an offset between the derived electrical angle
and true electrical angle.

Given that, in each 360° cycle of electrical angle of the motor, the saliency
inductance variation and thus the voltage ratios (as in Figure 6) will go through two
complete cycles, then the method does not establish whether the electrical angle
lies within 0°-180° or 180°-360°. Table 1 shows these pairs of possible angle ranges
for each condition. A method of discriminating between these two ranges is to
initially establish two possible rotor positions using the above table — i.e. 6 or
180°+6. This then identifies where the 0° or 180° axis lies. Two current pulses are
then applied to the windings, such that the flux direction adds to the magnet flux for
one pulse and subtracts from it for the other pulse. If these current pulses are of
sufficient magnitude, the stator laminations will be driven into saturation when the
flux from the permanent magnets reinforces the flux created by the current in the
windings and away from saturation when the two fluxes are in opposite directions.
This difference in saturation will result in a difference in inductance, which can be
identified, for example, by a difference in current rise times. If the convention is
adopted that when the control conditions are such that the applied flux enhances the
magnet flux this denotes the 0° position and where the applied flux opposes the
magnet flux this denotes the 180° position, then the true rotor position can be
uniquely established.

The nature of the regime used in the first example has the following additional
implications.

The evenly staggered PWM sequence produces a ripple current in the windings 12,
at the PWM frequency and harmonics of that frequency. This creates resistive
losses within the windings 12 and iron losses within the motor. Thus, the efficiency

of the motor 10 is reduced, as compared with the regime illustrated in Fig. 3.
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Secondly the method described requires that ratios p, g and r all can be measured
within each PWM cycle which imposes limits on the minimum stagger and the
maximum stagger that can be applied. This restriction together with the need to
avoid the ringing which occurs after a switching transition imposes a limit on the

maximum modulation achievable.

This will limit the maximum speed achievable at full torque.

Example 2

Example 1 requires that conditions p,q,and r all occur within each PWM cycle, which
imposes a limit on the maximum achievable modulation depth. This restriction can
be largely overcome by making use of the relationships which will now be described,
and which allow p, g, and r to be derived from just two common point

measurements.

Consider the following equations:

p=1-p Eq (i)
=19 Eq (ii)
r=1-r Eq (iii)

Equation (i) expresses the fact that p is the complement of p and similarly for
equations (ii) and (iii).

A fourth equation can be derived by noting that the voltage ratios p,q and r are also
the inductance ratios in the inductive dividers of the equivalent circuits (Fig. 5a,b,c)
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p=—tatls  Eqvi)

where L, Lg and L¢ are the inductances of the three stator windings of the phases,
5 A/ BandC.

Multiplying both numerator and denominator of Equations (v), (vi) and (vii) by

(Lgt+Lc), (Latlc) and (Lat+Lg) respectively gives:-

10 po— tule (vii), g =——Zale (%), r=e—Tatls
L,L,+L,L.+L,L. LL,+LL.+L,L. L,Ly+L,L.+L,L.
Adding together p, g and r gives:-
pogire ket Lile v Lole
L, L,+L,L.+L,L.
15
Therefore p+qg+r=1 Eq(iv)
Thus, if any two of p, g or r are known, then the third can be calculated and rotor
position can be deduced by using Table 1 above.
20

This analysis excludes the effects of mutual inductance which if included have been
shown to cause negligible additional errors. Thus it is only necessary to make two
common point measurements to generate the three ratios p,q,r required for position

determination.
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Noting that p and p yield effectively the same saliency dependent information, the
useful combinations of measurements are those taken in any of the following

conditions:

(p OR p) AND (g OR g) AND (rOR )  Condition (i)

OR
(p OR p) AND (q OR q) Condition (ii)
OR
(p OR p) AND (r OR 1) Condition (iii)
OR
(QOR g) AND (rOR 1) Condition (iv)

These conditions can be summarized (by considering Fig. 5) in that each one
requires two excitation states, and in that each required excitation state has a pair of
stator windings in parallel and a different third stator winding in series with the pair.
Thus, to meet one of the conditions, either of a pair of complementary states (such

as p and p) can be used, but not both.

Using this additional freedom, it is possible to adjust the stagger to yield one of the
valid combinations at any modulation depth up to a maximum determined by the
settling time of the common point voltage and the capture time of the measurement
electronics. Typically this allows modulation depths of 95% to be achieved whilst still

producing a valid measurement during each PWM cycle.

Fig. 7a illustrates how this additional freedom may be used in practice. Fig. 7a
illustrates a further PWM excitation regime which is created by appropriate operation
of the control circuit 36. In the regime of Fig. 7a, the pulse trains of the three phases
are again not in phase. That is, they are staggered in time. Whereas the three
phases were equally staggered in time in Example 1, being staggered by 33% of the
total switching cycle, all three phases are not equally staggered in time in this

example, as can be seen from Fig. 7a. In this example, the phases are staggered by
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about 10% of the total switching cycle. That is, phase B is delayed by 10% of the
total period of the switching cycle, relative to phase A. Phase C is delayed by a
further 10% of the total period of the switching cycle. Phase A is then delayed by
80% of the switching cycle. This stagger regime compared to the 33% equal stagger
in example 1 results in reduced ripple current at low modulation depth. Fig. 7a
shows the situation as might be used to detect rotor position ( prior to starting) with

0% modulation.

When this excitation regime is applied to the windings, more useful combinations of
excitation states will again occur than can occur in the regime of Fig. 3. Each of
these combinations can be illustrated as an equivalent circuit by considering the
common point 22, and each winding 12 being connected from the common point 22
either to the supply voltage 32, or to ground 34.

Fig. 8 illustrates two of these equivalent circuits under the switching regime of Fig
7a, taken respectively just after the first of the phases (A) has switched high
(excitation state p), and just after the second of the phases (B) has switched high
(excitation state r). Over each PWM cycle this sequence of excitation states repeats.
However, as the modulation depth increases, the situation will arise where the falling
edge of one phase may encroach on the measurement window following another
phase rising edge. Fig 7b shows that for an 80% modulation depth and at an applied
electrical angle of 90° the excitation states following the rising edges cease to
provide the ratios p and r. However, it can also be seen that other valid
combinations of excitation states become available (in this case g and r). Thus, the
method can be extended by examining the excitation state after every switching
transition and extracting a valid combination matching any one of the conditions (i)
to (iv) described earlier. By applying this method, modulation depths throughout the
range of 0% to approx 95% can be achieved with centre modulation and a wide
range of fixed stagger values. For example, fig. 7c, shows the situation at 95%
modulation and a 10% stagger at an applied 120° electrical angle. This electrical
angle represents the worst case condition as regards generation of suitable

excitation states, where 2 phases are at maximum modulation.
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Once these three ratios have been obtained, the rotor position can be deduced by
using Table 1, set out above in relation to Example 1. This allows the rotor position
to be deduced within one of the six 30° ranges, or to be interpolated more precisely,

as discussed above.

When using the regime of Example 2, the relatively small stagger of the three
phases, together with the ability to use centre modulation causes much less PWM
frequency carrier current to arise, thereby reducing resistive and iron losses and
improving the efficiency of the motor. By extending measurements to include all
possible excitation states, including those introduced by higher levels of modulation
and not just those after rising edges, it is possible to achieve significantly higher
modulation depth - typically 95%, thus increasing the power available at start up and
low speed. Many variations and modifications can be made to be apparatus and
methods described above, without departing from the scope of the present
invention. In particular, many different circuits could be used for creating and

controlling the excitation regime applied to the phases of the motor.

Whilst endeavouring in the foregoing specification to draw attention to those
features of the invention believed to be of particular importance it should be
understood that the Applicant claims protection in respect of any patentable feature
or combination of features hereinbefore referred to and/or shown in the drawings
whether or not particular emphasis has been placed thereon.
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CLAIMS

1. A method of rotor position detection for a permanent magnet synchronous
motor, the motor having a rotor, a stator and a plurality of stator windings which
exhibit saliency, the stator windings being connected from a common point to
respective feed points to form respective phases for the motor, wherein:

each phase is driven by a PWM excitation voltage derived from a supply

voltage and applied to the corresponding feed point;

the excitation voltages of the phases have PWM waveforms which are
staggered in time to create combinations of excitation states in the phases, the

combinations changing with time;

measurements of the supply voltage and the voltage at the common point are

taken at a plurality of times

and position information for the rotor is derived from the voltage

measurements.

2. A method according to claim 1, wherein the method includes discriminating

between the two 180° electrical ranges.

3. A method according to claim 1 or 2, wherein ratios of voltage at the common
point to the supply voltage are used to derive the rotor position, the ratios being
compared to identify a range of positions within which the rotor position is contained.

4. A method according to claim 3, wherein some of the ratios are measured, the

other ratios being calculated from these measurements.

5. A method according to any preceding claim, wherein the motor has three

phases.
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6. A method according to claim 5, wherein the ratios are measured for three
different excitation states.
7. A method according to claim 5, wherein the ratios are measured for two

different excitation states, and a ratio for a third excitation state is calculated
therefrom.

8. A method according to claim 5, 6 or 7, wherein voltage measurements are
taken from the common point when two phase feed points are at the supply voltage
and the third is at ground potential or one phase feed point is at supply voltage and

the other two at ground potential.

9. A method according to claim 8, wherein measurement of the supply voltage is

taken from the common point when all phase feed points are at the supply voltage.

10. A method according to any of claims 5 to 9, wherein the PWM modulation is
applied in such a manner as to create at least two required excitation states in each
PWM cycle, each required excitation state having a pair of stator windings in parallel
and a different third stator winding in series with the pair, the voltage measurements

being taken within the duration of the required excitation states.

11. A method according to any preceding claim, wherein the phase waveforms

are substantially equally staggered in time.

12. A method according to any of claims 1 to 10, wherein the phase waveforms

are unequally staggered in time.

13.  An arrangement for rotor position detection in a permanent magnet
synchronous motor, the motor having a rotor, a stator and a plurality of stator

windings which exhibit saliency, and the stator windings being connected from a
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common point to respective feed points to form respective phases for the motor,

wherein the arrangement comprises:

a drive arrangement operable to provide PWM excitation voltages to each of

the feed points to drive the corresponding phase;

the drive arrangement providing excitation voltages for the phases having
PWM waveforms which are staggered in time to create combinations of excitation

states in the phases, the combinations changing with time;

a measurement arrangement operable to measure the supply voltage and the
voltage at the common point at a plurality of times corresponding with respective
combinations of excitation states;

and the arrangement being operable to derive position information from the

voltage measurements.

14.  An arrangement according to claim 13, the arrangement being operable to

discriminate between the two 180° electrical ranges.

15.  An arrangement according to claim 13 or 14, wherein the arrangement is
operable to use the ratios of voltage at the common point to the supply voltage in
order to derive the rotor position, the arrangement being operable to compare the

ratios to identify a range of positions within which the rotor position is contained.

16. An arrangement according to claim 15, wherein some of the ratios are

measured, the other ratios being calculated from these measurements.

17.  An arrangement according to any of claims 13 to 16, wherein the motor has

three phases.
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18. An arrangement according to claim 17, wherein the measurement

arrangement is operable to measure the ratios for three different excitation states.

19.  An arrangement according to clam 17, wherein the measurement
arrangement is operable to measure the ratios for two different excitation states, and

a ratio for a third excitation state calculated therefrom.

20. An arrangement according to claim 17, 18 or 19, wherein voltage
measurements are taken from the common point when two phase feed points are at
the supply voltage and the third is at ground potential or one phase feed point is at

supply voltage and the other two at ground potential.

21.  An arrangement according to claim 20, wherein measurement of the supply
voltage is taken from the common point when all phase feed points are at the supply

voltage.

22. An arrangement according to any of claims 17 to 21, wherein the PWM
modulation is applied in such a manner as to create at least two required excitation
states in each PWM cycle, each required excitation state having a pair of stator
windings in parallel and a different third stator winding in series with the pair, the
voltage measurements being taken within the duration of the required excitation

states.

23. An arrangement according to any of claims 13 to 22, wherein the phase

waveforms are substantially equally staggered in time.

24.  An arrangement according to any of claims 13 to 22, wherein the phase

waveforms are unequally staggered in time.

25. A method of rotor position detection substantially as described above, with

reference to the accompanying drawings.
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26.  An arrangement for rotor position detection substantially as described above,
with reference to the accompanying drawings.

27. Any novel subject matter or combination including novel subject matter
disclosed herein, whether or not within the scope of or relating to the same invention
as any of the preceding claims.
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