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rel uctance machines, particularly those machi nes which are operated

a reluctance

W t hout a 'senso asyre rotor position. In general,

machine is an e ox: i osiiomdietedtion ter Swiiteh

tendency of its novable part to nove into a posSIitio

of a magnetic circuit is mnimsed, . ere the inductance of the
exciting winding is maximsed. In on IBCS el uct ance machine, circuitry

is provided for detecting the angular position of the rotor and energi sing
the phase w ndings as a function of the rotor position. This type of

rel uct ance K i L.S: er al known as a, sw tched reluctance machine. It
may be oper %%bgés\seg§ llp%ﬁglpnorlci%eab Eiar ppsitipredetection iresivitches refucsinch
sw t ched relgé¢lsines ki I l. kn and are described in, for
exanpl e, "The char a’cg eri !él![élf S’fﬁ%&ééﬁ%& mé;sng}ﬁggbPF%QP?’@W%W‘QWIFC%&@ISOF to-

rel uct ance mmeaswse aobr @okitRs. by Stephenson and Bl ake, PCIM 93, Nurnberg,
21-24 June 1993, incorporated herein by reference. That paper describes

the features .of the switched reluctance nmachi ne which together produce the

characteristic cycljcally varying inductance of the phase wi ndings. Figure
1 shaws thePr¥ f?aima EJReigRed meaddine is ypi elebtrioal tmaddne dhURhithC forgiié U8

system The | r .suppl ¥..11 can be either a_battery or rectified
and filter g%@ﬁ%éesdjgypﬁgé"%}}ge;&%goﬁgs fngable pattdpimeve inte ampogition deherghike DC
vol tage pr exhdethcBYoft ! i.tched across  the phase

wi ndi ngs 16 of 2 31_Aqg%%%%4aﬁgﬂ %Drﬁé}lhﬁﬁé%n 4 %rtE‘EdHGB?tFB?e o8 theder
t he cont r.ol_ eytitingewetding iomaxigORd Oln one type of reluctance machine, circuifry is

t

ct ance

provided for detecting the angular position of the rotor and energising the phase
windings as a function of the rotor position. This type of reluctance machine is
generally known as a switched reluctance machine. It may be operated as a
motor or a generator. The characteristics of such switched reluctance machines
are well known and are described in, for example, “The characteristics, design
and application of switched reluctance motors and drives” by Stephenson and
Blake, PCIM93, Niirnberg, 21-24 June 1993, incorporated herein by reference.
That paper describes the features of the switched reluctance machine which

together produce the characteristic cyclically varying inductance of the phase

windings.

Figure | shows the principal components of a typical switched reluctance drive
system. The input DC power supply 11 can be either a battery or rectified and
filtered AC supply and can be fixed or variable in magnitude. The DC voltage
provided by the power supply 11 is switched across the phase windings 16 of
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different switching arrangement of the devices in the power converter 13 is

required.  In other systems, the position detector can be a software algorithm
which calculates or estimates the position from other monitored parameters of
the drive system.  These systems are often called “sensorless position detector
systems” since they do not use a physical transducer associated with the rotor
which measures the position. As is well known in the art, many different

approaches have been adopted in the quest for a reliable sensorless system.

The energisation of the phase windings in a switched reluctance machine
depends on detection of the angular position of the rotor. This may be
explained by reference to Figures 2 and 3, which illustrate the switching of a
reluctance machine operating as a motor. Figure 2 generally shows a rotor
24 with a rotor pole 20 approaching a stator pole 21 of a stator 25 according to

arrow 22. As illustrated in Figure 2, a portion 23 of a complete phase winding
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In general, the phase winding is energised to effect rotation of the rotor as
follows. At a first angular position of the rotor (called the .“tum-on angle™,
Bon), the controller 14 provides switching signals to turn on both switching

| devices 31 and 32. When the switching devices 31 and 32 are on, the phase
winding is coupled to the DC bus, causing an increasing magnetic flux to be
established in the machine. The magnetic flux produces a magnetic field in the
air gap which acts on the rotor poles to produce the motoring- torque. The
magnetic flux in the machine is supported by the magneto-motive force (mmf)
which is provided by a current flowing from the DC supply through the
switches 31 and 32 and the phase winding 16. Current feedback is generally
employed and the magnitude of the phase current is controlled by chopping the
current by rapidly switching one or both of switching devices 31 and/or 32 on

and off. Figure 4(a) shows a typical current waveform in the chopping mode of
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turn-of f angx&@pls 82t hoddhrough only one of the diodes 33/34 (in this example 34).
During the freewheeling period, the voltage drop across the phase winding is
small, and the flux remains substantially constant. The circuit remains in this
f'reewhceling condition uﬁtil the rotor rotates to an angular position known as
the "turn-off angle", 90%5 (e.g. when the centre-line of the rotor pole is aligned
with that of the stator pole). When the rotor reaches the turn-off angle, both
switches 31 and 32 are turned off and the current in phase winding 23 begins to
flow through diodes 33 and 34. The diodes 33 and 34 then apply the DC
voltage from the DC bus in the opposite sense, causing the magnetic flux in the
machine (and therefore the phase current) to decrease, It is known in the art to

use other switching angles and other current control regimes.

As the speed of the machine rises, there is less time for the current to rise to the
chopping level, and the drive is normally run in a “single-pulse” mode of

operation.  In this mode, the turn-on, freewhee! and turn-off angles are chosen
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of the methods was satisfactory for operation over the entire operating range.
One of the known methods for operating in the high-speed (ie single-pulse)
mode is described in EP-A-0573198 (Ray) (also incorporated herein by

reference), which discloses a method of flux and current measurement [eading

to predictions of rotor position.

A problem common to most sensorless position detection methods is that the
computations required to predict the rotor position take a finite amount of time.
With the microproéessors and digital signal processors commercially available,
this time is generally short compared with a phase period when the machine is
in the chopping mode. However, as the speed of the machine rises, the mode
of operation changes to the single-pulse mode, the phase period becomes
shorter and there eventually comes a speed at which the computations can no
longer be carried out in time for correct operation of the machine to be

continued.  This difficulty has been widely reported by researchers, eg in “A



continued. This difficulty has been widely reported by researchers, eg in
"A 31 August 2004 6 self-tuning controller for switched reluctance

machi nes" by Russa et al, PESC98, 29th Annual | EEE Power El ectronics
Speci al i sts Conference, Fukuoka, Japan, 17-22 May 1998, Vol 2, pp 1269 -
1275. It is an object of this invention to provide a reliabl & &rietYnoni c
sensorl ess position detection nethod fog a switched reluctance drive which
can operate at high speeds. The present invention is generally applicable
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accordance with a first aspect of the invention there is provided a frethod
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rotor speedUkppka,Japdh el hdlanddebh Yok 2inn 1269 t 2The stator according to a
cyclic variatioit &f anmaghjett of fhioprvdrtim o6 prechiephasdiablehande¢dopdmic
conprising: defining a reference position of the rotor relative to the
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sanmpl ed chgsachehishi %n%& ?d?ﬁ‘n daf%&] | r a subsequent
ref erence position ar? sanl% | ng(% t eﬁgy?geg@%&gtr?gggﬁ?ré% eristic again to
allow further tinme for a subsequent derivation of the rotor position,
wherein said one reference position is in one phase and said subsequent
ref erence pogreordan¢eswiith a fisstraspepthelstheoventéon tiere hie grovated sanethodudhi ne.
A switched rel uct.ance ma%hi wor ks on the princi 1%Ine t hat the magnetic
rotor position detection for a switched reluctance machine having a rotor, a stator,
a plurality of phase windings and means for detecting rotor speed, the rotor being
movable relative to the stator according to a cyclic variation of magnetic
properties of each phase, the method comprising:
defining a reference position of the rotor relative to the stator in each
cyclic variation of the magnetic properties;
sampling at least one characteristic of the machine at an estimate of the time
of reaching one of the reference positions;
deriving a rotor position from the sampled characteristic(s); and
advancing the rotor beyond a subsequent reference position and sampling
the at least one characteristic again to allow further time for a subsequent derivation
- of the rotor position,
wherein said one reference position is in one phase and said subsequent

reference position is in another phase of the twitched reluctance machine.

A switched reluctance machine works on the principle that the magnetic
properties of the machine are cyclic with the rotor pole pitch. The magnetic
properties can be defined by reference to the inductance of the phase winding or the
flux linkage generated by the winding,

The invention provides the option to skip one or more reference positions, thus



properties of the machine are cyclic with the rotor pole pitch. The

magnetic properties can be defined by reference to the iggug ogpef the
phase winding or the flux |linkage generated by the w nding. &I‘ﬁgelzignventi on
or nore reference positions, thus 7 31
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sanpl ed char ddfeerdvahte (Ssl)re%fab1i}'n=iqleiﬁ)i%&?rﬁtuln¥bgrro re}etrénce positions.

The speed ranges may include a first high speed range, the value of the advance
.of the subsequent reference position according to the first high speed range

being a fraction of one phase inductance cycle. For example, the fraction is I/n
where n may be the number of phases,

The speed ranges may also include a second high speed range, the value of the

advance of the subsequent reference position according to the second high

speed range being one or more phase inductance cycles.

The rotor speed can be derived by reference to the sampled characteristic(s) or
independently from it.

The invention also extends to a switched reluctance drive system including a

stator having a plurality of phase windings; a rotor movable relative to the



The invention also extends to a switched reluctance drive systemincluding
a stator having a plurality of phase w ndings; a rotor ngyg&hﬁﬁﬁﬁggtlve to
the 31 August 2004 8 stator; neans for determ ning rotor sSpee and "a
controller programmed with a reference position of the rotor relative to
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In accordance with a second aspect of the invention, there is provided a
method of rotor position detection for a switched reluctance machine having a
rotor, a stator and a plurality of phase windings, the rotor being movable relative

 to the stator according to a cyclic variation of magnetic properties of each phase,

the method comprising:

defining a reference position of the rotor relative to the stator in each cyclic
variation of the magnetic properties;

sampling at least one characteristic of the machine at an estimate of the
time of reaching one of the reference positions;

deriving a rotor position from the sampled characteristic(s) ;

advancing the rotor beyond a subsequent reference position and sampling the
at least one characteristic again to allow further time for a subsequent derivation of
the rotor position;

defining a set of speed ranges for the rotor, including a low speed range and
at least a first high speed range;

determining into which speed range the rotor speed falls; and

advancing the rotor beyond the subsequent reference position if the rotor

speed falls outside the low speed range.



defining a set of speed ranges for the rotor, including a | ow speed range
and at least a first high speed range; determning into @@%@Qu&@@@g range
the rotor speed falls; and advancing the rotor beyond the subsSequent
reference position if the rotor speed falls outside the | ow speed range.
31 August 2004 8a In accordance with a third aspect of the invention, there
Is provided a swi tched reluctance nmachi ne systemincluding: a stator
having a plurality of phase windings; a rotor novable relative to the
stator; and a controller programmed with a reference position of the rotor
relative to the stator in each cyclic véiag ation of the magnetic properties
of each phase of the nmachine, the controller having neans for deriving a
rotor position fromat |east one sanpled characteristic of the machi ne;

and rmeans for sanipl acgrddreceatvifheashirdnaspebpofahe ihdrtior) fthéfeeisTBivid&l at an
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reference position 1s 1n another phase w t ched reluctance machi ne.

Sui {ched rol tot anoe naoht e Bnanediiith rofAL: podich YT Ee LR EMENE oD,
of phase wi it stpgor inceachtayclinasiation roflthe in@ﬁ“etic tphepettias of each phase of the
machine, the controller having means for deriving a rotor position from at least
one sampled characteristic of the machine; and
means for sampling the at least one characteristic of the machine at an
estimate of the time of reaching one of the reference positions, the controller
further being operable to advance the rotor beyond a subsequent reference
position and to enable the means for sampling thereafter to allow further time for

subsequent derivation of the rotor position;

wherein said one reference position is in one phase and said subsequent

reference position is in another phase of the switched reluctance machine.

In accordance with a fourth aspect of the invention, there is provided a
switched reluctance machine system including:

a stator having a plurality of phase windings;

a rotor movable relative to the stator;

a controller programmed with a reference position of the rotor relative to
the stator in each cyclic variation of the magnetic properties of each phase of the
machine, the controller having means for deriving a rotor position from at least

one sampled characteristic of the machine;



a controller programmed with a reference position of the rotor relative to
the stator in each cyclic variation of the magnetic propegyigs, afzoggach
phase of the nachine, the controller having nmeans for derivifig a rotor
position fromat least one sanpled characteristic of the machine; 31
August 2004 8b neans for sanpling the at |east one characteristic of the
machine at an estimte of the tine of reaching one of the reference
positions, the controller further being8perable to advance the rotor
beyond a subsequent reference position and to enable the means for
sanpling thereafter to allow further tinme for subsequent derivation of the

t I tion; : i L.t Lch of ow speed range
and at I oast a fimepi pHoBIGENR B aBPohD aEIR pf b€ IhERERE of
control | er hstingiteoperadtant Q)fafé‘é@llﬁﬁgdm}é;i@frtﬁé %fe‘?&ié&“?ﬂ%‘éiﬁlﬁﬁuﬁl%e ller

reference position if the rotor spee | s outsid ow speed range.

| n accor dandirther tbeing ioperebde ploc adwincehthel mutent beyondt heﬁlﬂ)sjeQuémtOYe::ﬁﬁéi}qét
swi t ched rel uct.ance chi ystemincluding: a stator having a plurality
of phase wi MPSHYD angto cragle s ¥og|samipliag thereadtes taadow ntimd foar

" each oycl P RoeenE R B tBR aRiioi abdr T esof each phase of the
mmchi ne, the, contaldsor et antoY ok cheBodddingl ASTicAPE (BRI

characteristic of the machine; ahd a sanpler one

char act er i sthigh sppeedrangetiv reorspeed fakts ttherbatroflet BéingiofRratile k& aghime one
of the reference positions, the controller further béing operable to

advance t he thereier beywxhths subseauent referesce position if the rotor speed falls outside
the low speed range.

In accordance with a fifth aspect of the invention, there is provided a
-switched reluctance machine system including:

a stator having a plurality of phase windings;

a rotor movable relative to the stator;

a controller programmed with a reference position of the rotor relative to
the stator in each cyclic variation of the magnetic properties of each phase of the
machine, the controller deriving a rotor position from at least one sampled
characteristic of the machine; and

a sampler for sampling the at least one characteristic of the machine at an
estimate of the time of reaching one of the reference positions, the controller
further being operable to advance the rotor beyond a subsequent reference
position and to enable the sampler thereafter to allow further time for subsequent
derivation of the rotor position;

wherein said one reference position is in one phase and said subsequent

reference position is in another phase of the switched reluctance machine.

Preferably, n is a variable number. It may desirably vary according to the
speed of the rotor so that the choice of reference position is made to allow time

for the processing of data according to the speed of the rotor.



position and to enable the sanpler thereafter to allow further tinme for
subsequent derivation of the rotor position; wherein saig19@ uiiedognence
position is in one phase and said subsequent reference positron'1s in

anot her phase of the switched reluctance machine. Preferably, nis a

vari able nunber. It may desirably vary according to the speed of the rotor
so that the choice of reference position is made to allowtinme for the
processing of data according to the speegeof the rotor. 31 August 2004 8c
The invention can be put into practice in a nunber of ways, sone of which
will now be described by way of exanple with reference to the acconpanying
drawi ngs in ich: Figure 1 shows the principal conponents of a sw tched

rel uct ance dbi% B1VEPHER gandeznutAni praciondn @ gumeer2ofsiveys sancobwdiiche will

di agr am of t roaching a stator. pole;, Figure 3 shows typica
swi t chi ng cf}}ccgz"gllﬁ 98?‘#{?%&%2’%7‘%3 0?188?‘?@31’?‘? Mﬁd‘sgﬁfpﬁ% %? HEEE: WROTPHHNSN of
t he phase deﬁﬂvﬁ%%iﬁhwﬁeﬁznachine of Figure 1; Figures 4(a) and 4(b)
illustrate typical. current waveforns of a switched reluctance drive
operating i nfighmepbshuyvsthe psinoipabequposenosswRERAGEERLYS diifé Sytién> shows
the idealised inductance profiles and possible reference angle ™ positions
for a machi ne operated according to the invention in single-pulse node;
Figure 6 is a schematic block diagram of a switched reluctance drive
enbodying the invention; and Figure 7 shows a flow chart describing the
control of a machine operated over a



wi de range of speeds in single-pul se node according to the invention.
Figure 6 illustrates a schematic circuitgqgdiagramof a sw g¢hgdydtebygt ance
drive systemin which the invention is incorporated. The cirCuit is based
on that in ']:Tji ure 1 and |like reference nunerals have been used where

i at e. T1BUFG h&howe gschematio dideraine feorsign i | t b
ropeated ho it i pele BRI thIng % statahalen | s

r epeat ed her%,i%lgl%t i w ll be noted that the rot
of the sensofless %ﬁﬁ%wﬁéyﬁlﬁ%[ svaitehing cirtuaitiysint power %HW&rttth?co%ﬁ l{;(1)rllssgluecer
T

15 of Fig 1. efBfs; r 14" conprises an Application Spec

| nt egr at ed or cfﬁ‘%:&f%%h%l’ SW‘E&p“igﬁ@thém@hmﬂmoﬁEimquor which is
operably |inFégurtes a(4)o ahl: 2.and to an AID converter 44. The AID
converter rrulrzgijl exe(s )sigg%gﬁsbt)rghgltr\? dtyﬁ”%'f‘ncpﬁfé’ﬂéuWﬂ‘éﬁ:ﬂOmISanﬁcwwitch%dand
a vol t age seteluogndedrive ojRraMi £l & o_npnitor the voltage
across one o Eéﬂe hgse vﬁfﬁgang‘g’g 16® B Ip?d %ﬁ?}?ﬁgéleﬂ%m%ﬁsg@smmﬂe@;
separate Al BiGet sBews dbe ddealised se dhietanea oo t handl e t hese

i nputs. 10 3& Atjgust 2004 In_this enbodi men? t@leggrsraeitdh'g%sszlﬁetrﬁgerﬂ%ﬁ?emgl§n

i ncor por at esPEHIEBR R mgchine eperated sicopwling itonthef i@%ﬁéﬁe&og%yéit nce
machi nes eg.pdag. si ngl e-pul se node described by Ray in EP-A- “B8SCThe
met hods of measufement used for flux-linkage and current described in that

di scl osure aFiguseli bald & o a other suitable methods coul d be
substi t ut ed -%élg t he curreEtQH%Qﬁ ggocrlfe e an Svifahedarelictmen sdrias

comonl y usembodyingvthe dstendiony exglyst ens, or the flux- |inkage measurenment

coul d be obt ligggé:l?b ot heﬁ& ag}ah ytical or conputational technique. It wll

be apparent % FEOoPIEellewarharsdesqribingythe Ridnk o : orl ess

techni ques QLhger bhan t hat, des¢ri bed by g&I':zay. The ?E?eﬁr}??fgﬁggigﬁt%iovﬁr%at er
speeds to be contrsr PEaPEAsAn ginala-pudsesnote secdrdimionte.inbenmby ch t he

Figure 6 illustrates a schematic circuit diagram of a switched reluctance drive
system in which the invention is incorporated. The circuit is based on that in
Figure 1 and like reference numerals have been uéed where appropriate.
Further description of the common components will not be repeated here, but it
will be noted that the rotor position detection is of the sensorless type as the

circuit lacks the rotor position transducer 15 of Fig 1,

The controller 14° comprises an Application Specific Integrated Circuit (ASIC)
40 which includes a microprocessor which is operably linked to a look-up table
42 and to an A/D converter 44. The A/D converter multiplexes signals received
from the current transducer § and a voltage sensing device 46 which is
arranged to monitor the voltage across one of the phase windings 16. It will be

appreciated that a separate A/D converter could be used for each phase to
handle these inputs.



limt on speed woul d otherw se be determ ned by the speed of processing
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in the controller.

In the single-pulse mode, data is normally gathered once on the inductance
cycle of each phase since, in a polyphase machine, the phase inductance cycles
overlap. Thus, for a given inductance cycle each phase will be interrogated in
turn. An angular reference point is predetermined and current and flux-linkage
are measured when it is anticipated that the rotor will be at this position. Any
error between the measured and expected flux-linkage is used to derive a
Ppositional error and hence a revised estimate of position. The estimate of
position can be used as the basis of a calculation of speed and/or acceleration.
The arrangement is shown schematically in Figure 5, where LA, LB and LC
denote the idealised inductance profiles of a 3-phase machine and Ref A, Ref B
and Ref 'C denote the reference angles for the three phases for motoring
operation. Motoring and generating operation can be catered for by exploiting

the symmetry of the magnetic characteristics of the machine, so that data



temwaiting until an interrupt
used. Step 51 shows the control syst:
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i ntegrator. Current can be neasure

known type orwhichrsbmeusr e flentchadt ofaht a s%ﬂgh%?rus%gggpéﬁﬁggérgggg, besed t o

resistor, swtching device, etc) 1 n the circui

digital worddO nggﬁtjlgnm;fcﬂcmmﬂ;?d.t ﬁiﬁgﬁﬂﬁ%ﬂﬁg@%ﬂﬁ%@‘gQ?sft‘fegi‘?‘e“"%%t
7or |1 kage ttorostindbion:Seedindic angi roalife ool URGE oG Y,
U oh 37 o SRR U BB end o ket com
54 cal cul at gimagﬁglﬁﬂé Q{rtlé‘que cr:%rhtg(g’ d%rgée\fl\s'te ?t&ﬁ Qse ﬂ?gﬁgalgmgwrp@amms,\Ntef)
Eg? s g;\g@uaﬁlemow, aaBquivalen? Caddfehel Birchif Rnmlemnfidh Hhe At tion conlis
val ue of rOEaPsro fe %lsgc:l. OSt:epsg ffshm?vi tgw control system waiting until an interrupt is
received which indicates that the rotor is expected to be at a predetermined
reference angle.  Step 52 samples the flux-linkage and current at the moment
the rotor is considered to be at the reference angle and stores these values for
use in the calculations below. The flux linkage, ., may conveniently be
estimated by integrating the emf applied to the phase winding;
Yo =[V-iR) (1)
where V is the supply voltage less any device drops, i is the instantaneous phase
current and R is the phase resistance. Alternatively. it can be estimated by
integrating the dc link voltage and using a knowledge of switch states to control
the integrator. Current can be measured by an isolated current transducer of
known type or by measurement of voltage drop over a component (eg, resistor,
switching device, etc) in the circuit. The value is converted to digital words by

the A/D converter 44 and stored in registers.

Step 53 uses the measured value of current to look up the expected value of

flux-linkage, ., and the gradient of angle with flux-linkage, d6/dy, at the



where the positive sign is taken for notoring operation and the negative

sign for generating. Sensorless positi o, detection systens Aglsn&rnghy have
to operate in electrically noisy environnents close to power “switching

devi ces, andré ig@%;}ggr}l IeTads to corruption of the neasurenents of

fl ux-1inkage ¢, TheaapipugptistetiaguesCab Galatd ur{ ous

posi ti onal d%ha. I n o(r_éder Lo i nprove the robust n(gidsg}g? %_Et (gres’{?Qk'&H tables
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devel oped. Th t ghqt e is . carried out in Step 56. Each tine
position is cCal’culared, Uf Bl adhe dimgobietieadingsi are @fien SEREhE P&ice
e

stored. Usi Bgsfifapy 1 ast n stored values, a predicted position can
extrapol ated for conparison with the newy cal culated one. If the newy

cal culated and predi ctgd vad M 0 not agree within a predeterm ned
anmount, an error count 1S mcrﬁfi t'e&’fﬁﬁd the .predi cted @)ue used in

pl ace of theThid angalaedronani fhel . €e..any existing error count is
decrenented and the cal cul at ed valr[rl;e)e/ulsésgjnﬁgiﬁf 5?&,90%&?0@@@ they ye swilve of
cycl es of nekdOF anglet . a picture is built up of the reliability of the

positional data. If the error count exceeds a certain value representative

of, say, 5 consecutivefcal@ui atiAfs not agreeing, the conxggl system can
ft

deci de t hat ‘Bhega%l | ost.. synchronismwith the real positio he rotor 13
31 August 2004°HnECHINY &kakeafbomotéring operacibh nadiné %gal?vr@/sigﬁr r
serious evergeﬂyf,gﬁﬁ%. The storage and extrapol ati on of the val ues®can” be
done by any CTonvenient neans but typically by digital storage in nenory

| ocations. It has been found that using n = 8 gives a good conproni se

bet ween system stability and storage requirenents. In an alternative

g S oo i v it il
g devices, and this often leads to
corruption of the measurements of flux-linkage and current, leading to the
calculation of spurious positional data, In order to improve the robustness of
the system, a method of checking the validity of the calculated positional data
has been developed. This technique is carried out in Step 56. Each time a new
position is calculated, the values of position, time and speed can be stored.
Using the last n stored values, a predicted position can be extrapolated for
comparison with the newly calculated one, If the newly calculated and
predicted values do not agree within a predetermined amount, an error count is
incremented and the predicted value used in place of the calculated one: if they
do agree, any existing error count is decremented and the calculated value is
used.  Hence, over successive cycles of measurement, a picture is built up of
the reliability of the positional data. If the error count exceeds a certain value
representative of] say, 5 consecutive calculations not agreeing, the control

System can decide that it has lost synchronism with the real position of the rotor
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be reached. This time was stored and the controller looped back to step 51 to

wait till the stored time hasg elapsed and the measurements are taken at the next
reference position.

It will be seen that, by following the prior art routine, successive measurements

were taken at adjacent reference points. For example, referring to F igure 5, if

the measurements have just been completed on Phase A at the
A, step 57 in Figure 7 sets

realised that' the flux-

rotor angle Ref
Ref B as the next reference position. It will be
linkage and current measurements must be taken
sufficiently close to the reference angle that the position error is small, or else

the system becomes unstable and loses control.

Since the calculations take a finite time, there is clearly a limit on the
speed using this method.

poles and 8 rotor poles,

operating
For example, for a 3-phase machine with 12 stator

there are 8 phase inductance periods in one revolution
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controller.

The invention allows operation at higher speeds regardless of the number of
poles on the rotor. After step 57 is completed, the speed is tested at step 59 to
find which of several predetermined ranges it falls into. " This is' done in the
processor by comparing the speed value determined in step 56 with various
appropriate speed ranges. In this example. the machine has 3 phases and the
rotor has 8 poles, and three speed ranges are chosen.  These ranges could be
<3500 rev/min, 3500 to 7000 rev/min, and >7000 rev/min. For other
machines with different phase and pole numbers, different ranges could be
chosen. There is no theoretical limit to the number of different ranges which
can be incorporated. It may also be found appropriate to incorporate into steb
59 some hysteresis effect so that the ranges actually overlap to cope with any

speed fluctuations around the boundaries between the speed ranges.



position to reference position Ref C on Phase C. This effectively doubles

the tine available for the calculationsifor the new posi i e
pl ace, and doubles the speed limt for a given processingﬁgggggébggth t he
additional third of a phase angle added to each reference position it wll
be seen that on successive cycles the reference positions are then on

Phase A, Phad€tke shthask, P A .. , ie _on every second phase, while
t he machi ne speed remai nssg;?erﬁl &%gﬁa}speg.bwﬂpégtwefaﬂpMGé@ngﬁﬁl,@bhtrHPﬁ eQr

i nterrogat i osfraigis thampbnestandg NGy, of i nterrogation differs from
t he sequence and frequency o?ﬁlt he~ l&?@@ﬁﬁ@gﬂﬂ&nqg{ée iRassposifion hfiesReqd

i s higher stidis Red B sindetenni NEYheOspledl lis id&é%gﬁﬂ%@%Bﬁt'@,ll(s’i}}?ﬁgﬂgqlgégyhﬂghﬁri e

execut ed ahdﬁérkklggeglr?%g%rg?nce position i's I ncreas
to Ref B2 i iPAStcsde Bbp BEf wBichThd& Hag; ffect of nmoying to a
ref erence po}ég i choal | %‘H\%uf our .tines the sweptlr?rc}tﬁoa?cgﬁlél g tgﬁcﬁeiéereﬂce

t herefore. a%%i at i of i hEUrer; 4t peillstes sedre tispeids nhdvds MY ﬁe\):’%f'q?‘én%
ase

four. In thigostad ; fe) equence of reference points

A Phase B fﬁ;ﬁe’ﬁ t;cf:a%ge%ﬁ&gﬁ{mﬁﬁ’éw&e@@é;&fgﬂs?%oneﬁﬂs?ff@ﬁy@fﬂ ddles the
original. 1 asgitablb OB Ve o, interrogation in'the order o
phase excitation. 16 31 Augg{set c?&@%ﬁ)ﬁgv{qu {hSeHPWaPPQél@nt ttatalot Ipbacearmmint s

coul d be addéeithles theespestdcimitcyrpoi 60 .§1. The _anmount wil |

depend on thefocha#'lact eri sation éat%ﬁ?g?f?ﬁ%ﬁﬁ%‘?eﬂgnﬂlﬁghﬂ@ﬁd@mnaﬁhird

descri bed bel'oft. PRISC; ABSIehadded doi et eefeebitcd BoQfiSH i't”?{hm%e' ggémﬁ%tabl e
chi'he,

42 refers t erage .values anticipated in the na t ps
appropri at e%tu E):B‘?Sr? A ?%@8% éh%é%fle?re”fﬂ‘?d%@lﬁlm& arenthehasn Pragplae Plﬁgg i@q’é@\@
e spe

conpl ete cyd,eBhaseudd  al k&%rﬁe‘f’%ﬁg’%r?%fﬁfpg to he applied td't

comp Home\ﬁer e pr of ey fs¢, while the machine speed remains in
\ange 2. While the phases are all used for interrogation, the sequence and

frequency of interrogation differs from the sequence and frequency of the
excitation of the phases.

If the speed is higher still and is determined to fall into Range 3, step 61 is

executed and the reference position is increased by one complete cycle, ie to
Ref B; in Figure 5 instead of Ref B. This has the effect of moving to a
reference point which allows four times the Swept rotor angle and, therefore

calculation time. This raises the speed limit by a factor of four. In this mode

of operation, the sequence of reference points is Phase A, Phase B, Phase, C

but the frequency is one quarter of the original.  All phases, however, are used

for interrogation in the order of phase excitation.



add either 1/n cycle for an n phase nmachine (where 11 is a non-zero

positive integer) or whole cycles, sincg. these are additi i w | |
result in all the phases being used in ﬁgrn for interroggﬁ)%@ﬁwtzﬁ)ﬁé
aver agi ng out _the ;{;sects of paraneter variation between the phases and

giving a reli Horéll hestealised thatditicatarmouniienss bBadAER S g e ?%%grﬁg{'bgg
macni ) r (

data refers o ké’ to.a aaéticul ar phase of the

to interrogat (ﬂ‘?l@olaﬂ t0lohdBe amount tvidl deseadost ﬂlé"@l?irﬁcteﬁ)é&éi(frg V\@ﬁ@d Fgleﬁ
added to the ﬁﬁfcﬁp’f‘e“&e Lgoi.nt. I(P ge_ner al ternms, the equation fiﬂ r er
of reference positionsieRIPhets dgscribed bele@n+m where n nunber of phases in
the machine mis a positive integer less than n Cis an integer > 0
representi ngprcmfg:(l)ll e cycles of inductance 31 August 2004 For exanple, nel C=0
n=3 Ski ps | ei characerisatiok >=0,. - n=3 Skips 2 positions, eg. Ato .
A MO C=I n=3 Skips 3 posi toihg%a?f‘ Sfebgr.gdiﬁSBe iookrndable 42 refemato tieaavérhge

i nvention is \fHes antigipatgl im&héﬁn%ﬁeath’\?ndﬁ fange of. l‘[ep ntrol regi mes and
I .

phase nunbers., The above enbodi ments of the | nveHth A 19 detegrogaieegach

f BasgintHrn. o Fiox exaempde, cariting
det or m nat | ongof 44 B o Eor ton o S pue R ORi Rould Blpera fustoro
t he sane anglrﬂ ar regealpcé Egt‘g e?Rﬁeer@@ﬁsE-th‘wr, ithe prefafted eaoIiRRE

a9 . h 1S
However, it iagdp&sigdol lish,more than one reference positl 59 n
the sanme phase so t hatﬁa&)ﬁ%ng&g?ﬁd%d’h@%m@h@le whereende a non-zero positive

integer) or whole cycles, since these are additions which will result in all the
phases being used in turn for interrogation, thus averaging out the effects of

parameter variation between the phases and giving a reliable position
indication.

Where the stored characterisation data refers only to a particular phase of the

machine, it is appropriate to interrogate only that phase. In this case only whole
cycles would be added to the reference point.

In general terms, the equation for the number of reference positions skipped, P
iS 7 2

P=Cn+m

where n = number of phases in the machine

m is a positive integer less than n

C is an integer > 0 representing whole cycles of inductance



position at which to determne rotor position is available. It wll be

realised that, while - the above exanple§7haVe been descrbpggghgzobglation
to a three-phase nachine, the invention can be applied to any~polyphase

swi tched relugtance nachine with any nunber of poles. Simlarly, the

i nvention cotPt®HEMBSplied to a |inear machi ne where the novi ng part
(often referred to as @_"rotor") travels linearly. Thus, the skilled
person will apprecl™ A&t $=Pi ation Sﬁpsthpoﬂii&s,‘,légs.gpt rangenents are
possi bl e wi t hout dﬁ,g_@lrtbg fromthe invention. Accordingly, the above
description of several € odfménts is §KH§2D®SiMyS,@§. axapl e and not for

the purposes of |ipatean. ;[J_jgs presengk. i gvent_i,on is intended to be
limited only by the spirit and scope oP*ifie’ Peiieng ng. Acbd,ms. 31 August

2004 18 CLAIMS 1. A nethod of rotor position detection for a swtched

rel uctance r%tr}g,hﬁvi n a rotor, a stator and a plurality of phase
wi ndi ngs, th IS Gearigatrtheainlentiel & 4 tor according to a
£l el Bl o e e o of

cyclic variatj f magnetic properties of e

conpri si ng: é’gﬁﬁ'ﬂfﬁegg‘@%ﬁéﬂélp@ﬁ%npmbbmon of the rotor relative to the
stator in each cyclic variation of the magnetic properties; sanpling at
| east one characteristic of the machine at an estimate of the tinme of

reachi ng oneThk dHiger ikiaons; deriving a rotor position fromthe
sanpl ed characteri Sti ??g’?ﬁﬁ%(}?%?v@ﬁc‘flﬁﬁmﬂ%uﬂ fon fesd neferemcy hsRaidin

reference poSaeh phasndorshmplonng,clé ke ast._one charagcteristic againto
al low further ti meeﬁ[,}Qrt a subsggyﬁent c}gﬁ t@t;&%ﬁrm ﬁ?’?‘né’ rtbe gPtqropdsitiom is
ec

ut int i
P () with reference to the same angular reference but not necessarily
ln - - 1] . ’
an adjacent phase. However, it is possible to establish more than one
. e
eference position in the same phase so that a more graded choice of reference

posiiion at which to determine rotor position is available.

It will be realised that, while the above examples have been described in

relation to a three-phase machine, the invention can be applied to any polyphase

swi . .
itched reluctance machine with any number of poles, Similarly, the invention

c : . .
ould be applied to a linear machine where the moving part (often referred to as

a “rotor”) travels linearly. Thus, the skilled person will appreciate that variation

| of the disclosed arrangements are possible without departing from the

mvention. Accordingly, the above description of several embodiments is made
b

Yy way of example and not for the purposes of limitation. The present

mvention is intended to be limited only by the spirit and scope of the following
claims.



wherein said one reference position is in one phase and said subsequent
reference position is in another phase of the sw tched yebyg&ga&goﬁgchlne.
2. Anethod as claimed in claim1l in which the advance is an rnteger number
of reference positions. 3. A nethod as clainmed in claim1 in which the at
| east one sanpled characteristic is ustdl to provide signals indicative of
phase currc@LABMBI fl ux |inkage in a correspondi ng phase winding. 4. A
nmethod as claimed in claim1l in which the at | east one sanpled
characteristic conprises phase current and vol tage applied across the

dihg  wh reitngl ofFotoApaEHidasbiaction fé A8RitdBd$biRbBhde naBihdfh
gce):(ragtsipgg Iro'? r sp?%ﬁ?@m <—i: sanpl eg.characlteri sti Ct?]g%e 8 '!& rrp?ﬂ%d as
claimed in acic’g‘i"'n?f,a?fn%’? PHgRbyeir RS yindingsy ther rotgsdsingrmavpble felativetie |
rotor, inclthelistgoradcondinpeed dyaRofaransh ofmdghafid pl?p%ﬂire?to_f Riagh pgﬁggqhé ange,
determ ning into which speed range the rotor spee alT's; "and "31" August
2004 19 ad%ﬂ?}tﬁpﬁﬁmﬂ“ﬁﬂsm%tor beyond t he subsequent reference position if the

d fal t&t - . jmed in
claime | b ihdﬁ?§v§|fﬁ’?@???ﬁ“‘%ﬁi’ﬁﬁ‘?ﬁ?@%‘ﬁ%@ KR RBE IS AR ence
t

posi tion isvaﬂat_l'% | H‘aSFeWOB‘Hﬁgii i nductance cycle. 8. A method as o
clai med in clai rsamplig whieabt dritecHaf %< of fhe'hic 5Fame$t§n§t3§f tf{éliiﬁ? g
phases and is,an integer lLess than n. 9. A method as clained in im
in which tﬁg}%aé:f‘"@for?ﬁgg@ hefgigace pasiticnsies a  second hi gh speed range, the
val ue of the advrnciagRav@ndotitich SOHRISISSAbed characteristic(s); and
advancing the rotor beyond a subsequent reference position and sampling
the at least one characteristic again to allow further time for a subsequent derivation
of the rotfor position:
wherein said one reference position is in one phase and said subsequent

reference position is in another phase of the switched reluctance machine.

2. A method as claimed in claim 1 in which the advance is an integer number of
reference positions.

3. A method as claimed in claim 1 in which the at least one sampled
characteristic is used to provide signals indicative of phase current and flux linkage in
a corresponding phase winding.

4, A method as claimed in claim 1 in which the at least one sampled
characteristic comprises phase current and voltage applied across the corresponding
winding.

5. A method as claimed in claim 1, including detecting rotor speed from the
sampled characteristic(s).

6. A method as claimed in claim 1, including:

defining a set of speed ranges for the rotor, including a fow speed range and
at least a first high speed range;

determining into which speed range the rotor speed falls; and



[ [ [ hod
ference position being one or nore phase inductance cycles. 10. A net
g? r ot or pgsition detection for a switched reluctance nacgkﬁsgaﬁwbaﬂovgble
rotor, a stator and a plurality of phase wi ndings, the rotor el?g
relative to the stator according to a qﬁgl!c_varlatlpn_of nagn$ i C .
properties of each phase, the nethod coffprising: defining a re ersnc of
position of the rotor relative to the stator in each cyclic variation

[ InBS,; [ at | east one characteristic of the
mchine at an estiLooe R iRl S ibeileg e ors wmraiios iosnior
posi tions; eRasMakOusidether lowepeed canger om t he sanpl ed characteristic(s);

advancing the rotor beyond a subsequent reference position and sanpling
the at | east one characteristic again to allow further tine for a

B o Ao 8¢ ulne o | e apenn L enahoile BuRfice JevaRFRD.
s fo . ¥ . |
L?Sgespeed %angiﬁ%@é‘?ﬁé’?ﬁwﬁ%ﬁﬁa "?rh{sc? (ﬁ?ﬁ“@ﬁ OSB%%Hh?S&d@@thmerC@Giér speed falls:

[ ition if the
d advancing the rotor beyond the subsequent reference posi _ _
?gt or Speeéigf al A s, H&@i ge t.he l'owlaiﬁﬁed range. 11. A nmethod as clainmed in
claim 10 in which t‘%e V&P plAigpd i g AR WhisB o fractigneis sudpswiogre rmt lsrfbée(r)egcz:e
posi tion i Swunfer e pharesandondés mmf@%fy@ﬁqﬁmh -? cy;:: g.n |3§ ﬁjgu\?\;]erzgoﬁ iZS 12.
thod as clained in claim1l in iC e frac _
ﬁuger of phases and mis an integer less than n. 13. A nethod as cl ai ned

in claimi1@®.in vhimsthaches sleimerf insgisigrls 18R the SoLEEMERA AR cilid'a SPeed
‘ e se
range, the gggh h(?éh tsf&gegt dr\éﬁag,e th%e)(rg u% E)f She uadvaﬁce beyond the subsequent

reference position being one or more phase inductance cycles.

10. A method of rotor position detection for a switched reluctance machine having
a rotor, a stator and a plurality of phase windings, the rotor being movable relative to
the stator according to a cyclic variation of magnetic properties of each phase, the
method comprising:

defining a reference position of the rotor relative to the stator in each cyclic
variation of the magnetic properties;

sampling at least one characteristic of the machine at an estimate of the time
of reaching one of the reference positions;

deriving a rotor position from the sampled characteristic(s);

advancing the rotor beyond a subsequent reference position and sampling
the at least one characteristic again to allow further time for a subsequent derivation
of the rotor position;

defining a set of speed ranges for the rotor, including a low speed range and
at least a first high speed range;

determining into which speed range the rotor speed falls: and

advancing the rotor beyond the subsequent reference position if the rotor
speed falls outside the low speed range.

11. A method as claimed in claim 10 in which the value of the advance beyond
the subsequent reference position is a fraction of one phase inductance cycle.



ref erence position being one or nore phase inductance cycles. 14. A

swi tched rel uctance machine systemincluding: a stator h_@YiA'&gu&%bHral : 'ltyr_
of phase wi ndings; a rotor novable relative to the stator; and a controlle

i It | ative to the stator
rogranmed with a reference position of the rotor re
Pn gach cyclic variation of the magnetlg properties of each phase 011: t he t
machi ne, the controller having neans for deriving a rotor position froma

teristic of the machine; and means for sanpling
the.at T cast Zone CHEVER 8, TEIrEt 6B i et e rafhon ds imatrsron s (| e

[ i irid | l'er further being
chi ngnumbenéf phases arfcemdnar imegdridseBan hhe contro nei
gLe;:gle tg advance the rotor beyond a subsequent reference position and to
enabl e the nmeans for sanpling thereafter to. allow further tinme for

i ' i it ' ' reference
osi L 1on | 5.4 cnee hase Ant arf aabea e R RH 2ol o fBE IR

osition is_jJ ng. ph
gnot her phagéa&gg ﬁ'ﬁﬁ WA e dhecelee OF nifie hadiance Sbeyandy #tee subsequisai med

| pOEifi e\ he at | east
i | m laraferehcmipoufiomen®y 6y ordsre\ghaSe IS chREQEyd&aeed fromthe at |
Iogec!sglrrg]l ed char acltmggfjti stic. 16. A sy\s?t em as cﬁtaal ITE@I n claim 14 including

means for determning into which of a |ow speed range and at |east a first

' ; cEe mi.rol | er being operable to
ghggn(s:ge?ﬂe‘i?g?ggtshgcm%f@{uhe sﬁ%séecp't%%tysﬁgﬁgtr:gﬁ@ " position if the ro'lto_rm
speed falls outsf 8% ‘%/r%'@v'lng\ﬁ RIyaly of phase windings system as clai med in cl ai

[ [ aredorsmbebi WEtdiNaGtatsr: sager abl e to allocate the _
dotormned rot g eod wﬁtf@;&%ﬂst @%tgﬁr ggeed range, the «controller being

ggtes;g] gegor géeganzégﬁfﬂlglr PEOGIM™BES dfth & Fréerenes basition of tlegptmaelatipoti theon by
a fraction sfétot lire gabhseyclinSEHGARACE: MEC hagnade 6%é?ﬁe3299%a0h phase of the
machine, the controller having means for deriving a rotor position from at least one
sampied characteristic of the machine; and
means for sampling the at least one characteristic of the machine at an
estimate of the time of reaching one of the reference positions, the controller further
being operable to advance the rotor beyond a subsequent reference position and to
enable the means for sampling thereafter to allow further time for subsequent
derivation of the rotor position;
wherein said one reference position is in one phase and said subsequent
reference position is in another phase of the switched reluctance machine.

15. A system as claimed in claim 14 including means for deriving the rotor speed
from the at least one sampled characteristic.

16. A system as claimed in claim 14 including means for determining into which
of a low speed range and at least a first high speed range the rotor speed falls, the
controller being operable to advance the rotor beyond the subsequent reference
position if the rotor speed falls outside the low speed range.

17. A system as claimed in claim 16 in which the means for determining is
operable to allocate the determined rotor speed into a first high speed range, the
controller being operable to advance the rotor beyond the subsequent reference
position by a fraction of the phase inductance cycle.



21 18. A systemas claimed in claim17 in which the fraction is m'n where n
Is the nunber of phases and mis a positive integer |955399®pu§¥2063' A
systemas clained in claim16 in which the neans for determning 1s
operable to allocate the determ ned rotor speed into a second high speed
range, the controller being operable t 81advance the rotor beyond the
subsequent reference position by one or nore phase inductance cycles. 20.

A switched lucfance machine systemincluding: a stator having a
plurality of . pha’ééyﬁﬁeﬂ’d?ﬁa@lm%d otlaim wdimphichribe ftactien isonireherean i thea

control | er murigsr d8idrld 1A i #pBSIARSIREBERIcs fang] the rotor relative to
the stator in each cyclic varigtion ofeatﬁe magneti c properties of each

phase of the nachine, the controller having means for deriving a.rotor

posi tion from atAlagn @8eclaifRIIPINCamh B2 ﬁrHcflt fh% maaﬁ%?orna&?}r@ﬁing gans
for sanpling t at | east one characteristic of the machine at an “eStimate
of the ti ne%éﬁ%&%ﬁ'f%@teotﬁé dsterminedrretas spaedintwsisetantshigh speebrangs) lfher
further beion et Yt etHeO W t. reference
position aﬁdd tg_gwenab ?ptbﬁg&ﬂea%g@?@ré S%n%ﬁrng&%éﬁgﬁggf@egéf%%gFF%erﬁrt her
time for siSERN&NONe®sMaraPhase Bfustarce @yctes. positi on: and means for
determ ning into which of a |low speed range and at least a first high
speed range the rotor speed falls, the controller being operable to advance
the rotor 4Peyorfusvitheduplieignes mackingsysiem ipdudingon if the rotor speed

falls outside t 3 ugs-emas clained in claim20 in
whi ch the neansrf%tbtbgg???%g%hﬁgm?? plﬁsgrug}gﬁléé%,o all ocate the determ ned

rotor speed int & Ririmavable rglativepéxthersiatge, the controller being operable
to advance the rpbHtrolEy SHagrdmiiRed WARSAREInES hESIRAEST the rotor relative to the
stator in each cyclic variation of the magnetic properties of each phase of the
machine, the controller having means for deriving a rotor position from at least one
sampled characteristic of the machine;
means for sampling the at least one characteristic of the machine at an
estimate of the time of reaching one of the reference positions, the controller further
being operable to advance the rotor beyond a subsequent reference position and to
enable the means for sampling thereafter to allow further time for subsequent
derivation of the rotor position; and
means for determining into which of a low speed range and at least a first
high speed range the rotor speed falls, the controller being operable to advance the
rotor beyond the subsequent reference position if the rotor speed falls outside the low
speed range. '

21. A system as claimed in claim 20 in which the means for determining is
operable to allocate the determined rotor speed into a first high speed range, the
controller being operable to advance the rotor beyond the subsequent reference
position by a fraction of the phase inductance cycle.

22. A system as claimed in claim 21 in which the fraction is m/n where n is the
number of phases and m is a positive integer less than n.

23. A system as claimed in claim 20 in which the means for determining is
operable to allocate the determined rotor speed into a second high speed range, the



position by a fraction of the phase inductance cycle. 22. A system as
clained in claim21 in which the fraction is mn where n kg$ s B8st Joggber of
phases and mis a positive integer less than n. 23. A systemas clainmed in
claim20 in which the nmeans for determning is operable to allocate the
determned rotor speed into a second hi gk speed range, the 31 August 2004
21 a controller being operable to advance the rotor beyond the subsequent

ref erence E{gsti t”i on py one or nore phase inductance cycles. 24. A switched
rel uct ance HEEHRE PEVY: ehpralie taddygnee dhastetoobeyend tig sulmequaiti feferficephase

W ndi ngs; apositich by®va& Rofegidks WRiukRnkd & c?e%e.at or; a controller programed
wth a reference position of the rotor reYa 've to the stator in each

cyclic variation of the magnetic properties of each phase of the machine,

t he control p&r darsh L | east one sanpl ed
5 B R S i

characteristic of the machine; a g'Sarrpl ing the at | east one
characteristic of SEa% haykeisrlurlitynf phess windingspf the tinme of reaching one

of the referenceap&si hbGibte rdidlf: r further being operable to
advance the rotor beyond aegu%sgqﬁg{ne{sq%ﬂgﬁer ence position and to enable the

sanpl er t her eaf t 2COP¥PIgr peagrammed avitht 4 naferfence pobiien ot the BerirvRivO®D B t he
rotor positstamlr iMhRichi &c@hvarifih ition is.in one phase and
sai d subseqﬁéé}h Ceferang pOSI 11 éﬁqﬁ%%gﬁcgt %[FerE??aQB <gFh (HES @ WRed
rel uct ance e the gpnfrpiecTderiving a rofor position from at least one sampled

characteristic of the machine; and

a sampler for sampling the at least one characteristic of the machine at an
estimate of the time of reaching one of the reference positions, the controller further
being operable to advance the rotor beyond a subsequent reference position and to
enable the sampler thereafter to allow further time for subsequent derivation of the
rotor position;

wherein said one reference position is in one phase and said subsequent
reference position is in another phase of the switched reluctance machine.



Rotor Position Detection in Switched Reluctance Machines A pol yphase

swi t ched rel uctance machine is controll edby a control sys} %Ué{%ﬁg
sensorl ess position detection. A nmethod of operating the machine at high
speeds interrogates every nth phase reference point to allow sufficient
time for conputations of position to be carried out. where n is an integer

greater than one. Figure 6 ABSTRACT

Rotor Position Detection in Switched Reluctance
Machines

A polyphase switched reluctance machine is coniroliad by a control system
using sensorless position detection. A method of operating the ma;ch;c at
high speeds interrogates every nith phase reference point to allow sufficient time
for computations of position to be carried out, where g is an integer greater than

one,

Figure 6



