| 16 MARCH 2005 Rotor Position Detection of a Switched Reluctance Drive
This invention relates to sensorless rotor position detection in relyctance
machi nes, particularly in switched reluctance nachi nes. The control- and
operation of switched reluctance machines generally are ded¢mMaBed2ion t he
paper "The Characteristics, Design and Applications of Swtched Reluctance
Motors and Drives"” by J M St ephenson and R J Bl ake delivered at the

PCI M 93 Conference and ) ny, 21-24 June

1993, which is incorpora - : = - Biper the
"Tchoppi ng" and "single -pulse" nDdes of energlsatlon of swi tched

rel uctance machi nes are d&@ ) , =hi ne at | ow and
hi gh speeds, respectivel y== < Fown schematically
in Figure 1. This includes a D pomer supply 11 that can be either a
battery or rectified and filtered AC mains. The DC vol tage provided by the
power supply I 1 is switched across phase w ndi ngs 16 of the nDtor 12 by a

power convertery %‘g HoL& ont F@at?ée)%rs?%wr trg%r é“%ﬁh \%ﬁé control it 14.

One of the many Known, conver og| es | ere

the power suppliviadhihesi, ﬁarﬁ&ﬂﬁlﬂ&dmﬁhchcﬂ&@ﬁbtﬁnﬁ@hﬂaﬁh]ﬁ@s 27 V\hl ch have a
capacitor 25 connected across themto cater for any alternating conponents

of current. The phase w ndi ng 1 is connected to the supply rails by an

(i pper swi teh 2 ARt GPTLRSMbE o duirc RS R RE nflalh 08, A3 24, @
I on CF

connected in conventlona a re5|stor I's connec series
with the |ower destdilnid 22 the papevilihc A teutsdienistics,! Ergpacknd i pMcatidhs of

mul ti phase systemtypically uses several _of the "phase 2
switched Reluctance Motors and Drives" by J Mp“}tcphcnsn::«n and R J Blake
delivered at the PCIM'93 Conference and Exhibilion held in Nurnberg,
Germany, 21-24 June 1993, which is incorporated herein by reference. In that
paper the "chopping” and "single-pulse" modes of energisation of switched
reluctance machines are described for operation of the machine at Jow and

high speeds, respectively.

A typical pricr art drive is shown schematically in Figure 1. This incl_udcs a
D power supply 11 that can be either a battery or rectified and filtered AC
mams. The DC voltage provided by the power supply 11 is switched across
phase windings 16 of the motor 12 by a power converter 13 under the control
of the electronic contrel unit 14. One of the many known converler
topologies 1s shown in Figure 2, where the power supply 11 is pmviﬂed on
supply rails 26,27 which have a capacitor 25 connected across them to cater
for any alternating cormnponents of current,  The phase winding 16 is
connected to the supply rails by an upper switch 21 and a lower swilch 22,
Energy return diodes 23,24 are connecled in conventional fashion. A registor
28 is connccted in series with the lower switch 22 to provide a cument

feedback signal. A multiphase system typically uses several of the “phase



1 6 MARCH 2005 | egs" of Figure 2 connected in parallel to energise the
phases of the electrical machine. The performance of a switched rel yctance
machi ne depends, in part, on the accurate timng of phase energisation
wWith respect to rotor position. Detection of rotor positi onsadagcH 2005
conventional |y achieved by using a transducer 15, shown schematically in
Figure 1, such as a rotating toothed di sk nounted on the machine rotor,

whi ch co- oper at &gsWof Figarc Dpbhtted iiBgRatdl Go eherdlsB ghe pBRRS OF HIRUEHRE 0N the
stator. A signal, e.g. a pulse train, indicative of rotor position

relative to the™¥hipgr s generated by the sensor and supplied to control
circuitry, allow ng accurate phase energisation. This systemis sinple and
wor ks well in many applications. However, the rotor position transducer

i ncreases the o¥he phtfonmaice aff AswidMddyreldctandt SEachittsdgehad Rl Ret hC@k
connections to the machine and_ is, therefore, a potential source of unre

liability, Vari@trae: WOEE rdr Phrssy oRSTRRRaNt Withh gcspseiorto posdt | position,
t ransducer hav ] - e ) : . nevi d.in
"Sensor | ess I\/Ete]r?g%s norBf %?ggﬁlﬁﬁ%r’ﬁ‘gﬁ %@%ﬁsﬁggﬁ%ﬁob 5% Fapdiper

Rel uct ance Mbt of%"shbym\AtReriRaicallaie Figure Al suchaRRadtoatingubbihed ek i otulied
Proceedi ng's of The European Power El ectronics Conference, Brighton, LJK,

13-16 Sep 1993, Ofépe mychips rotor.3wfichcsp-opasates seithhan spacilhemgheticogr pdkeer ence.

Many of these ”&ﬁgﬂ% : rof Qr. ition.estimation use.the
measur ement of phase P'?'E}Q&);a?lﬁﬂ éﬁ?’l“i é‘;L ?'lkﬁgei%fﬁ@g?"g“fe i, Bidfselde PErehe with
respect to tinepositih relativens therstnoeis @endiated bphtas SssoPaf dupBled & &akey! at ed

usi ng know edge of t?ﬁ variation in inductance of the machine as a
function of andfEWitEhplloprRg Agcuraty; phase, ghergisations | Thisaystear ist smplt and a

f1 ux-1inkage/ angl,g t : | S L.eted graphically in Figure 3.
The storage of thi gqgéi'! gﬂi%a@aghﬁéaggggﬁt a[—g{g"g%vé:tf’i E]ei W\?‘gﬁ %%%1 Iﬁé"ﬂﬂgfgmgff a
| arge menory arinegases diooverslilidst ofadsembly. It also adds extra electrical connections

to the machine and is, therefore, a potential source of unreliability.

Various methods for dispensing with the rotor position transducer have been
proposed.  Several of these are reviewed in "Scnsorless Methods for
Determining the Rotor Position of Switched Rehictance Motors" by W T Ray
and [ H Al-Bahadly, published in the Proceedings of The European Power
Eiectronics Conference, Brighton, UK, 13-16 Sep 1993, Vol. 6, pp 7-13 which

is incorporated hercin by reference.

Many of these methods proposed for rotor position estimation use ithe
measurement of phase flux-linkage (i.c. the integral of applied voltage with
respect to timc} and current in one or more phases. Position is calculated using
knowledge of the variation in inductance of the machine as a function of angle
and current. ‘This characteristic can be stored as a flux-linkage/angle/current
table and is depicted graphically in Figure 3. The storage of this data is a
disadvantage as it involves the use of a larpe memory array and/or additional

system overheads for interpolation of data between stored points.




system over heads for interpolation of data between stored points. 3 16
MARCH 2005 Sone net hods nake use of this data at | ow speeds where
"choppi ng" current control is the dom nant control strategy for varying

t he devel oped torque. Chopping control is illustrated aphi claMarcHizansFi gur e
4(a) in which the current and inductance waveforns are shown over a phase
I nductance period. (Note that the variation of inductance is depicted in

i deal i sed form fofkesethod inakis usaisiUhid Yate aplosy spticdg Rdstd ChBPpRE'S cirfent
non-t or que- product i neiq%ases._ A nmethod suited to | ow speed operation is

that proposed b¥ & rflgmisgy copul strategh dps oarving 'the developcdSenger. | ess

Rot or Position ' ' "1?1:'?})11 ssheg yn Pro di ngs .of the
Eur opean Power g&e@%&%%?‘é@ lgl)!rll erenﬁ%‘%ﬁ@ﬁ@?lhﬁ%ﬂa mlﬁg'fﬁ(?ﬁﬁ)f"‘,“g“ﬂt pp
390- 393, i ncor panchinglichnceivavifprms efcslonaeové h phasiEhdeince AR BIS(Nde t he

"singl e- pul se” de of cncrgisation at higher speeds. This node Is
illustrated in @bﬁﬁeé’"’ﬁ%‘)’n %ﬂwwlﬁé‘aﬁm‘?ﬂéﬁﬂdf&ﬁiﬁ forauc t Bweemsthods or ns

are shown over ' : ' | _ jtQr_the

oper ating vol tagse]%hgﬁglﬁéé}gr e%ts gfp%z%cggg??%—gﬁéﬁ%g@hgﬁﬁ%%gﬁ'n‘gﬁ?@ﬁing

wi th nornal opesuatiae. lowv-syeei ozperdtiophiar thap peshos®d edNi B1 MMARET iaaadr M

I nt ernati onal Pﬁt t Aﬁ)pl igation WD 911(12401, incorporated "herein by

ref erence. Havi tﬁpﬁ%mg dP e ACHUREC dPSRERETSS nBtoR Fagtiass Dietastipneindar &5 iR or der
to operate W thRMi™a LHeldO R SPRS LGS Vi IS nt .

Al ternative mnet hodg ! r@ggéﬂggegn proposé%’”,ycS %i gﬁ: a@gﬁﬁhy’ﬁédﬁ%?ﬁ%

maj ority of angUbrfetopce.rEfenzenttaly, 189 hrvisl i, g 39E 393 Sike@glositad Bordit By at  one
angle only. One such nethod is described in European Patens. Application
F, P- A-0573198 ( NCe i ncorporated herein by reference. This nethod ainms to
sense the phase '

Other methods operate in the "single-pulse” mode of cm.;:rgisaiion at higher
speeds. This mode is illustrated in Figure 4(b} in which the carrent and
inductance waveforms are shown over a phase inductance period. Thesc
methods monitor the operating voltages and currents of an active phase
without intcrfering with normal operation. A typical higher speed method is
described in International Patent Application WO 91/02401, incorporated

hercin by reference.

[laving to storc a two-dimensional array of machine data in order to operale
without a posilion sensor is an obvious disadvantage. Alternative methods
have been proposed, which avoid the need for the majority of angularly
referenced mformation and instead slore data at one angle only. One such
method is described in Liuropean Patent Application FP-A-0573198 (Ray),
incorporated hercin by reference. This method aims to sense the phase
flux-linkage and current at a predefined angle by adjusting the diagnostic point
in accordance with the calenlated deviation away from the desired point.
Fhoe-linkage is estimated by integrating (with respect lo time) the
measurement of the voitage applied to the phase. Two one-dimensional tables




flux-1linkage and current at a predefined angle by adjusting the diagnostic
point in accordance with the cal cul ated deviation away fromthe deskred
point. Flux-linkage is estimated by integrating (wth respect to tine) the
measur enent of the voltage applied to the phase. Two one-di reM4RER&N t abl es
4 16 MARCH 2005 are stored in the preferred enbodi nent, one of flux-Iinkage
versus current at a referenced rotor angle and another of the differential
of flux-1inkageanistdred iretheasticired embodingonl enevedfhuslinkage antsus Byrrendat &or i ng
phase voltage and current, the deviatjon y.froma predicted anglge can
be assessed, wi taierenesd gier angle and %‘B?@?Ipﬂf g% ngcr%‘ﬁﬁl ﬂﬁﬁ%a‘%f‘ﬁn can
be adjusted acc ' Y. ..Thi h beag, $hidi '

provi ded t hat tﬁ%géﬁ@??-ﬁlﬁkg“géﬂﬁkugﬂce et'er%g&ned Wi F?llgsﬁfﬁ?%gfonen gg?:uracy
whenever requi r egrday, thealcpixsiokiowny fileh ecpicdipial guld cimrbe Asseased) avithhibe

flux-linkage integrator drifting (dye to unwanwd I se. in,the st.em and
i nper f ecti ons i Aidt¢lethe;lppksip talles, an Wﬂg’e@eﬁ}m“z‘é?“gg%?&mgd &ﬁ‘a"fa%'g ach

conduction cycl gu: Whehed S Hil $8 nqﬁ%egréﬁilﬂﬁeﬂrﬁviﬁéi fhat BRI ANRNRSEN
g a hi's et

wi nding is no |onger Tinkin ny f1 ux. hod 1s a

"predi ctorl corr petdetermingdt Wwitl, sufficiemmasccntack nwhéralv by rqguadd dysthehpasitidre r ot or
will be at a reference paqsition,, neasures ﬁ;‘ir.a ters of tag machj ne when
it believes thdeteeiuy dgpathysi ¢ Torayid heel 'ﬂ'@g'gﬂ?eﬂl,t“%"ﬂar Bing e syt s
of these neasu Is FEH& ed}, G d £ eatttgke
corrective acti W&Q@Bfﬁgﬁ“ﬁﬁ‘ﬁ%ﬁe Ictl gﬁ{nsg?q%éh%\%%rﬁ%r ence
position. A speegéralatnixtendbi opdy aindoctieaf cyobd, tvelemdthe carract zasclaemtichitnes i s
the continuous current node, __as .di scll osed..in US 5469039 Ra%% ﬁ-ﬁ{j

i ncorporated handithe phascepanding & npplopgerstinlgng 2oppEugy ndi thod s a

re-connected to. : pe, t it REeREEwhAEHE Yo N1 HRave
returned to zcr#g?m?(ﬁ%gen uof tgﬁlgd' %ﬁé@g@%@&?ﬁ period. The phase
wi ndi ngs t her ef ar 2 refprened pusititin, rocasemstparameters of the machine when 1t believes
th¢ reference position has been reached, and uses the results of these
measurements to detect error in the prediction and henee take corrective action

by adopling a new prediction for the next reference position.

A special mode of operation of switched reluctance machines is the
continuous current mode, as disclosed in US 5469039 (Ray) and incorporated
herein by reference. Lo this mode, the winding is re-connected to the supply
before the flux, and hence the current, have retirrned to zero at the end of the
energy return period. The phase windings therefore operate with current
conlinuousty [lowing through them and are always linked by fhee.  “This is an
important mode for systems which have to producc high levels of overioad
ou{put at some points of their operating cycle. Although the efficiency of the
drive falis in this mode, it allows specifications to be achieved which would
otherwise require a larger machine.  However, in this mode it has not hitherto
been possible to use any of the prior art methoeds for sensorless rotor position

detection, as there 13 no opportunity in the phase cycle to reset the integrators



continuously flow ng through them and are always |inked by flux. This is an
i mportant node for systens which have to produce high |levels of overl;oad
out put at sone points of their operating cycle. Al though the efficiency of
the drive falls in this node, it allows specifications to hesagbihessd

whi ch would otherw se require a |arger machine. However, in this node it
has not hitherto been possible to use any of the prior art nethods for

sensorl ess rot gy sdaskhbRA pok@t 6Ckdr8 Thwadnd BRfrentl Sind@ sRAPA ot doesi it he
phase cycle to reset the integrators 5 16 MARCH 2005 at some known point of

zero flux and c&®Bent, since such a point does not exist. Attenpts to find
a solution to this problem have included schenes which allow the drive to
operate in the continuous current node except when the control system

judges it essenfighptOty Ein@St soMtien b ahROSiohicP hatd iMNLEdA béH¥ehek NBhich
continuous current node is exited, the position estimted, and the drive
put back into @b ithi diize dgaaperate fibthse c@pimants carent mod exeeph Wiendbne by

i th ne in.a. i ch: i doni nantly. conti t
bt dr ops hackoa e skl SRS el fo B SERML B nol iR MRl BrRIBE L
al | ow posi ti onatontinab@y cmtdm@mnéde RecgRingR %U-Ehﬁmt Etinttsll and 9RE W e G t he

speed being virtuall constant, which mau‘é@ e aipproxi matelc?/ true at higher
speeds (at whi chackdptptqontipuauscyieahmope, gificglhwrthisopn dp done byrumdhgess, a

| oss of torque j ci.a i I. i,ng.out. of continuous, current. An
al ternative rret’flfgo[n @?et%l %g@%ﬁéﬁggéﬁgﬁeﬁaﬁﬁ'ﬂfﬁﬁﬁﬂﬂﬁm? f"éh‘i]mpﬁr a
gi ven nunber of baskohRsdiscminudis cididt bhprdéeremed isichaR BhaRe hditichashorter
time on the next cycle such that the current will definitely Tall to zero,

al | owi ng the i niDEYPEREigR t9 be Baineds dihedpehmiqus ck@gndsazre{pegmddz@g_)ﬁmauy
1 0c. L nkage OB RIGN 0" B SRNDIGHE) r B e S RS o
continuous current is wsually employed). Ncvertheless, a loss of torque is
associated with dropping out of continuous current, An altemative method is
to operate cach phase in continuous current for a given number of cycles, say
1), and then to excile the phase for a shorter time on the next cycle such that
the current will definitely fall to zero, allowing the integralor to be reset and
an accurate eslimate of flux-linkage to be made. By interleaving this “short™
cycle with the other phases operating in contimuous current, the deleterions

effect of the loss of torque is mitigated.

However, with all of these methods the loss of torque can render the machine
performance unstable and several cycles are required before stability is
rcached again because the current must be built up over a period in the

conlinuous curment.

The present invention is defined in the accompanying independent claims.
some preferred foatures are recited in the dependent claims.



effect of the loss of torque is mtigated. However, with all of these

met hods the |oss of torque can render the machine performance unstale and
several cycles are required before stability is reached again because the
current nust be built up over a period in the continue curnerasrcilbhes
present invention is defined in the acconpanying i ndependent clains. Sone
preferred features are recited in the dependent clains. 6 10 MARCH 2905

According to anagrhafis RN an Umideanbiestitle pRYGIH infemidieiRrd $s PFoWddled a
met hod of detecting rotor position in a reluctance machine, conprising,
deriving a val umefidd of Higlefcling dotoTk pefatien Inca ackugtanpe Mmadhénce reumprisgist one

h f th hi. t I rst L. t . t which | t '
Bop 1 ed (ot hat STHES a-valtyiog iy P ki b0 iet it ot Bt Bt Re phase
flux Iinkage at ofiheSHRBGRUEAIROHSRE aiamﬁnaﬁtﬁﬁvhi&pmmgbﬁﬂaﬁﬂ?ﬁdsmed

T .

flux |inkage values to give a value of total flux |inkage at the
subsequent poi nphasandertiang wi vague hether piase cpoeit arshtherphase Hox Jhkege sunr ent

and the value of .the total fl | i nkage.,.Preferapl. gre i s Rprovided a
method i - wh cheETsaheRitfdhe SRR EpLinE B ees SR fiake R UET e
poi nt when fl uxgiiknka@ige HTawhb fivk fifkagt ak 9Re sUbRquéHodd! and deAingahe
moment may be sUbstantially zero or non-zero. Preferably, the value of the
flux |inkage at ratdrepasitinenromittesphast cagentiand sspyalegiof the tethlkflwhliskeiges deri ved

fromthe current at the said nonent. For exanple, the flux |inkage at the
said nmonent is derived fromthe current and stored values of inductance

for ordinates oprefithbigNthere [s MOvIRIB QCGBIROE iR WwiHidle HeNMBMENOWhES volidRrief or e,
particularly useful in the single-pulse node of operation of a swtched

rel uctance nachipdicd Théhe phaveiitaldhe peint when fluxvigkege gowtisigiatet fThe first
point to deri Vec&rpcent\é %hlé%aﬁfmnmcnt may be substantially zero or nen-zero.

Preferably, the value of the flux linkage at the moment when voltage is applied
to the phase 1s derived from the current atl the said moment. For example, the
flux linkage at the said moment is derived from the current and stored values

of inductance for ordinates of current.

‘The cmbodiment of the inventicn 15, therefore, particularly useful in the
single-pulse mode of operation of a swiiched reluclance machine. The
invention can use the value of current al the first point to derive the value of
flux-linkage. When the current is discontinuous the zero current value gives
rise to a zero value of flux-linkage. When the current is continuous the vaiue

of current can be used to derive the non-zero flux-tinkage.

Preferably, the flux-linkage from the said first point is derived by integrating
the phaze voltage from the said moment to the subseguent point. The said flux-
linkage at thc subsequent point may be derived by integrating the phase

voltage from the said moment to the subsequent point. The retor posilion may



flux-1inkage. When the current is discontinuous the zero current val ue
gives rise to a zero value of flux-linkage. Wen the current is continuous
the value of current can be used to derive the non-zero flux-1inkage.
Preferably, the flux-linkage fromthe said first point is desmxedfiys
integrating the phase voltage fromthe said nonment to the subquent point.
The said flux- linkag at the subsequent point nmay be derived by

integrating thehphaseed fiomt aoedf p@amtee Balich EBsRRMatdsOof st WABRANSA
point. The rotor position may 7 16 MARC. 2005 be derived from stored

par anet er s haviA¢<-HB&E8i nat es of phase cunt and flux-1inkage. The nethod
of the invention according to one particul ar enbodi nent neasures the
current at turn-on of a phase wi nding when flux growmh is initiated and

uses this curr eftic mathod of thel indaition scaddimeab ond $uicaRs embdgncr@easets
i nductance provided by the table is then nultiplied by the current to give
an estimte of theKBMERGLHAUTTOR o2 Phasg Fjadingwhete lys ggewthnissiaitiated ah- on, a

fl ux- measuring . [ .S . . is. i .integration
mode. At a pret g{‘fe}ﬁ% neg gﬁl\g@éﬁﬂjedﬁi dg%}il’lﬁ%)?"ﬁlrg%\j/%‘%‘uéﬂ%?alﬁ%&ﬁ’ﬁ

provi ded by t heprovidtd by ahe tables isadige enilaplidiehe deCairtne th ¥y dstimasd andi ng |
flux-linkage, apd the, resulting total Is used to determ ne rotor position.

Because t he i ndhesinding Huxrdipkegs Metheaphass + Alse @ Auarpn, ja Bux-mirasunmg i at i on

of flux growth,j ik ce cle he. nme dqes t wre
large amount sqgifcasg orggﬁﬁﬁgt g@%i ta{ai &0 8 ;pgi)u@fﬂ i'hpcg%émﬁr &% ce"g‘gfEl noi se
on the wavef orpreddi¢raiimeh katibeliient QRirae thad 08luk | INFhnAliflRaRC RN Hled O ehd he
present invention there |sﬁ£rOV|ded a nmethod in which rotor positionis

derived from vadniseetelsis sedded & thy ealcwdated vahestor slandingplbwy inkass, aad thne.

resulting total 1s used to determine rotor position.

Becausc the inductance is delermined at switch turm-on, i.c. the inilialicn of
flux growth in a phase inductance cycle, the method does not require large
amounts of stored data. It is also robust in the presence of noise on the

waveforms from which it deduces position.

Also according to the present invention there is provided a method in which
rotor position is derived from values associatcd with each phase of a

polyphasc machine.

One embodiment of the present invention provides a robust and cost-efleclive
melhod of monitoring rotor position and a rotor position detector, which can
opcrate without a rotor posilion transducer in the single-pulse mode, with or

without coatinucus current.

‘The invention can be ppt into practice in a mumber of ways, some of which
will now be described by way of example and with reference to the

accompanying drawings in which:




One enbodi nent of the present invention provides a robust and
cost-etfective nethod of nonitoring rotor position and a rotor posikion
detector, which can operate without a rotor position transducer in the
singl e-pul se node, with or wthout continuous current. The1éaxeoimon can
be put into practice in a Lunber of ways, sonme of which wll now be
descri bed by way of exanple and with reference to the acconpanying

drawi ngs in vxhiEilgwaI shn&rmﬁldanﬁ%dﬁw@edrdhmalﬁwi cal prior art

swi tched rel uct rive; ur shows a known topol ogy of one phase of
t he convener of g Wﬂﬁ%@%ﬂgﬁm"%pmﬁﬂﬁwvmm&e@aﬁ d; phase

current curves, k1" 99 te 8 N pkke qiggg it'(ﬁ%"‘g

typi cal notori ngycjurrent 9@?&! mlﬁrﬁ:] @ﬁlgpp"?ﬁlg co%t “'t I gut e ]\él\f]ows a
typical notori rlgmiumr@raipalmﬁbm min single-pul se cont rol; Figure 5 shows
in schematic f .maﬁ i tched reluctance drive in which the _invention is

enbodi ed: Fi gur OPYE 3Ly P SOTIRE G BRI RE VIR L(ﬁlf-’l-"}sﬂ(l}gc?’r"""‘l':‘iﬂgure 5in
continuous CUrFigie rfgﬁesho%aw Wﬁh@ﬁ@@bf glméﬁu&g&fsﬂﬁf%“h V&iige m for

the drive of Figure 5; age wavef orFns |nthe
drive of Figurevdtriph d| scontl nuous current node. The phase |nduct ance

cycle of a swt hed uctan machinhe is th erjod of the variation of
i nduct ance for ]Tc %‘E%F'F S%WH?QG iI1;'{')'13‘ %%‘ﬁﬁ%}"g shictaees drivs,dn prligh ke t he
stator poles aqgvgﬂ%nrﬂ,ﬁmmgd_r espective rotor poles are fully aligned.

The illustrative enbodi nent to be described uses a 2-phase switched
Figure 6 shows flux-linkage waveforms in the drive of Figure $ in continuous

current mode;
Figure 7 shows a continuous current wavetorm for the drive of Figure 5; and
Figure 8 shows flux-linkage waveforms in the drive of Figure 5 in

discontinuous current mode.

The phase inductance cycie of a switched reluctance machine is the period of
the variation of induciance for the, or each, phase, for example berween
maxima when the stator poles and the rclevant respective rotor poles are fully
aligned. The illustrative embodiment to be described uses a 2-phase switched
reluctance drive in the motoring mode, but any phase number from one
upwards could be used, with the drive in either motoring or generaling modc.

Figure 5 shows a system for implementing the method in which the invenlion
is embodicd. Figure 7 illustrates graphically the continuous current waveform
for the system of Figure 5. In this system, a power converter 13 is typically
the same as that shown in Figure 1, and like reference numerals have been
used where appropriatc. The converter 13 controls the switched reluctance
machine, as before. The converter 13 is itself controlled by a controller 42
which, in this embodiment, incorporates a digital signal processor 44, e.g. one
from the Analog Devices 2181 family. Allernative embodiments could




reluctance drive in the notoring node, but any phase nunber from one
upwards could be used, with the drive in either notoring or generating
node. Figure 5 shows a systemfor inplenmenting the nethod in which the
invention is enbodied. Figure 7 illustrates graphically thétdRtHAWOUS
current waveform for the systemof Figure 5. In this system a power
converter 13 is typically the sane as ffial shown in Figure 1, and |like

reference numer alcsridase abekdro maduwoehmmpfmpmmmmﬁme:dmewtgrarms
controls the switched reluctance nachi ne, as. befor The conve%er 13 is
i tsel f control|wiltlsrmamclaﬁ3t1%ut|erﬁwzﬂumw -phase; t R

2151 Fam 1y, A P ENERBSREARE Bies é’%‘%@%ﬁ%&‘%ﬁ@bﬁ%&‘?ﬁ@r e

m croprocessor @4/38! NBfe Mﬂmﬂfrnﬁfrqgﬂ@rﬁmhhcﬁ o aviistewith Siantig: theahbelinown i n
the art. The illustrated 2- phase _nachi ne has a statg@ 30 and a rotor 32.
The stator has h#us pplsilaee b thas gefipgscnstgpredibinsg WHLES frsel ﬁé@m“ﬁlﬁ’ %6. The

rotor has rotor pol lea%n dar{{:.vﬂ] ik thath brfhe g{‘ﬁﬂp?ace P Stato?elilas o

pol e race 54 that 3 I'Nes a epp airgap w pol e.
One skilled in bhpolkdomMindtiohe dbiidehet iBatl, sindeahbiimenvivh fis acidipk-tdkcantanphase
nunber or pole conblnatlons coul d be_aced, since the invention iﬁ¥not

specific to anypamsigalar é%ﬁfamﬂn‘ﬂéﬁ]% t%‘ﬂﬁl%’@’y ﬂlESF}ﬁCF‘a‘l’IF% nph s Q8n is

not restricted 'Si“J:cgf %Hma t dfonet Yean be
ueca?ﬁ:l c
controller and onverafﬁéecan use as It | s sw tably

pr ogr ammr nabl e uaaﬂ'ﬁﬂ&n@&ﬂ’ﬁm{abl}q&@ﬁﬂuﬂnbkﬁ current transducer 38
arranged in relation to each phase w nding. The output signals indicative
of current in each phase are fed to the controller 42. A |look-up table 46

cont ot or a2, DR FeiEed, il Bia oA Ripkdicl Ieaf ARt RAM b SLE o
a sel ection of phagaesindingl diHeeoutputisigtabdinfifantive of current in cach phasc are fed
to the controller 42. A look-up table 46 storing phase inductance for rotor
angles is also connected with the controller 42. While a current transducer for
gach phase is shown, o or a selection of phases could be monitored for

phasc current according to the invention

An integrator 4 depicted in the controller 42 is used to derive measurements
of flux by integrating the phase voltage V across the winding provided by
voltage transducer 43. For greater accuracy the voltage drop (IR) across the
winding can be factored oul of the inlegrated value. Only one voltage
transducer 43 15 shown in Tigure 5 as the supply voltage will be common to
each phase. [l wall be appreciated that each phase could have a respective
voltage transducer. While the integrator 15 shown as a discrete device 40 # is

preferably implemented in the software minning in the processor 44.

The method according to this embodiment of the invention opcraies as
fellows., It is assumed that the machine is operating in continnous current

mode and that the rotor position is known sufficiently well to allow the



phase current according to the invention. An integrator 40 depicted in the
controller 42 is used to derive neasurenents of flux by integratinggthe
phase voltage V across the wi nding provided by voltage transducer 43. For
ganmer accuracy the voltage drop (I R) across the w nding canéb@arfaetor ed
out of the integrated value. Only one voltage transducer 43 is shown in
Figure 5 as the supply voltage will be commbn to each phase. It wll be

appr eci ated t hat,; fRdd AAVI® PoineSE i@ on] Oklidgpodianselugeris Wil e
the integrator %‘%‘ﬁgﬁ%\}\ﬁ&gzﬁa di screte dg?/i ce 40 it is Bfoef erablf/t%
i npl enented i n iydiedaictosatte phasaithe vilne pheunpns demeasured by thedransdirsg 38

according to this dijent of t i.nventi.on.oper t is
assumed t hat th%"%gfgai?’ﬁéﬁr‘? %ﬂfﬁ'ﬁ’é‘f’ﬁ‘?ﬁngnf‘ﬁ“‘% iuﬁ'ﬁg:ﬁ"}%%zer’ ?%nlf] B]Q_#t;’ e gﬁg t hat
the rotor positjpage KRQUR R fabsin@NahyleWsd lintefroghtb@Wd femdd thé HidsEH 2005

wi nding to be energised. At the point of turn on, when positive voltage is
appl i ed across fflecthas eprredpendiaizue the rotorrangie. i s hicyaive digypdegance is

transducer 38 and. hel.d by the contraller 42. LNghe tarn- | e,
t he | ook-up tabFE‘(il 1ed§:fy %’ﬁﬁ‘ﬂ“ﬁﬁ&ﬂ‘é@a ‘E:té’g%ﬁ'{?%vg%ll'}é&% éidn %?’ﬁ%‘g&qed to
return the phasge AdisiUftcsh. C Thissaneidisiiged. OAL fif rofiraama Bt entediaer val ue of

i nductance is nultiplied by the stored current value to give the
f1ux-1inkage i noptratepliagnegrate thiyzolbegeracrass the phassrwindings aawuéhﬁ'— gomi¢r ed.

As the rotor turns, the integrator. 40 . operates . .to integr t he_vol tage
across the phas@W‘-ﬂdmm'wgﬁﬁ?thglecéﬂ?ﬁcﬁlmnqs%fjgﬂ%%‘grﬁ%ﬁ\tgﬂsnt atlg)?ehe
subsequent predgiGhiftded hBRShédnOrRadlRe, HRSrrchEid MBAREed Gsiba iR Rasduigached,

the current is measured using the transducer 38 for the active phase and
the estimate of 38fuxtheiantiagphdse and theeesimatgyphftox liskags Somdbe integratondlst or ed

value fromthe table .46 10 give the totgl value of {l Link i he

phase at that pb%?‘i‘ﬁ’ﬂﬁf’ lﬁ%#@"{fcgffg}m \%'I"hg‘% @g{eh‘g%ahggﬁ%? h el VAEE of Buk
linkage in the phase at that position.  This total value is then used, in
conjunction with the current, to find the true position which, if neccssary, can

be uscd to correct the previous eslimate.

The angular diflerence A8 between the predicted rotor posilion €y, and the

rcference rotor position 8, can be calcuiated by the processor 42 us

AD  ={00} AW (1)
¥

In order to detenmine the angular difference between the predicted position {(at
which the measurement of flux and ecurrent are made) and the reference

position , it is therefore also a feature of this embodimen! o store in the
processor for the reference position values of partial derivative /¢ {or its
inverse cy/00) for a set of values of phase current i.



conjunction with the current, to find the true position which, if
necessary, can be used to correct the previous estimte. The angul ai

di t Terence AO between the predicted rotor position emand the reference
rotor position O, can be calculated by the processor 42 as ACMARQA2M05e' P {1
OT. In order to determ ne the angul ar difference between the predicted
position (at which the neasurenent or flux and current are nmade) and the

reference posi GjRD the kdfeichod RALEDHOEAORIOS & Bndv@iil ttie aruf rotdt posttithosti teent  t o
store in the processor ?or the reference position values of parti al
derivative Maw EMidtécEinsﬁanrﬁme By bOkalchiatcdofronetAdods val ues of phase
current i. 11 Ib ! ARCI ['2005 since the reference rotor position O, is
known, the true rotor position at the predicted instant in tinme my be
calculated from”) as 0,,, = O fL@(: +T£$ expected tine EP t he next rotor
position can then be estinmated usi 'y the nown val ue of rgo or speed. Under
accel erating or decelerating conditions a correction may need to be nade

to the notor speed. If all phases are used for measur&mant t he next  rotor
ref erence posit lba cxpgdtedimetindhe mext 1ot rositiongzan, fhen é’P“F‘@LeSH-@l%‘}bF phase

i n the sequence). For _an n- ph ] ool ﬁ{&g% of
rotation to thi L‘“‘b i‘?ﬁlsW?W&PQ%CH?%Eﬁ%%&!&%E%%&&EﬁP%%ﬁg t igs
angl e by the spgggectiohondy fedrte & inizd th the hewme bpdelli s next position can be
estimated. If only one phase is used for neasurenent, the next rotor

reference position wll be after a rotation of (360lp - AGand, by
dividing this anglie byt e uSPRE e Montchiho' EciS fefehorc sl b s t i on
thal for phasc 2 (or whatever is the next phase in the sequence). For an n-
phase motor with p rotor poles, the angle of rotation to this position will be
(360/np)° - AB and, by dividing this angle by the speed, the time required to

reach this next position can be estimated,

If only one phase is used for measurement, the next rotor reference position
will be after a rotation of (360/p)" - AD and, by dividing this angle by the
speed, the time required to reach this position can be estimated.

The predicted lime to the next reference positior is then counted out using a
high frequency cleck (net shown} by known means and at the instant such
time has elapsed a further measurement of flux W, and current L, is made for
the corresponding phase. Due to changes in speed, and tolerances in stored
data and calculations, the predicied position 8, will not be identical to the
relerence position B,. The angular difference 9, - 6, can again be calcuiated
using equations (1) and (2) and the procedure outlined above.

The process of predicting rotor posilions on a phase by phase hasis and

measuring the true rotor position at each measurement instant is repeated to



The predicted tinme to the next reference position is then counted out using
a high frequency clock (not shown) by known neans and at the instant such
time has el apsed a further nmeasurenent of flux ,, and current i,,, is nmade
for the correspondi ng phase. Due to changes in speed, and tl/@MAREHE®S in
stored data and cal culations, the predicted position 0. will not be
identical to the reference position 0,. The angul ar difference Or - OF,
can agai n be capfiHidd oinckBidngl dadisdiicansf rofor pasitio 2y aadictct heplpencetiore
outlined above. The process of predicting rotor position on a phase by
phase basi s andcxisgngepticalor $lectioEmete FROpBUITL S each measur ement
instant is repeated to 12 16 MARCH 2005 provide an increnental indication
of rotor position as a direct replacenent for existing optical or

el ectromagnet i c Thot mbeqhsd tbpihe aasord. siidle-pulec epemtord amdeheegrasatiof

si ngl e- pul se operation under regeneratng conditions is the sane_a

descri bed abovecendigpns ishthe same smerssibed aboveyexgept tha Hhg,yalugs mfgﬂyéwe will
b ti ther t it for th i i
Potor Jpost ti on S L ERuRrS L AE hetstiva P IEAGAREM 18 b MR Bondfibot oo

flux. Any knomwﬂi@]g&@;@n&ﬂﬁoﬁﬁnﬁﬁucer coul d be used. However, the

measurenent is ‘preferably by neans of anal ogue or digital electronic
resettable integrators (which integrate the phase voltage with respect to

time t), together with neans . for ting f h i,Sti age

drop in the phasfé’"ﬂll%afrﬁ‘bg.mﬁeﬁg I?‘ﬁ:‘fggra o?ﬁéﬁ%éﬁf?%%e@ﬁ@ %ﬁ%’?i%}é‘f%ﬁ Voo

) dt ) where: Vi tfeflidhasmsinderagfld ibd asédie Hoageerc Uhs eftasurement is
preferably by means of amalogue or digital clectronic resettable intcgrators

(which intcgrate the phase vollage with respect to time t), together with means
for compensating for the resistive voltage drop in the phase winding.

The integrator executes the equation:

Iﬂ

W = J (v—iR}dt {3}
where: v is the phase voliage
1 ig the phase current

R i3 the phase resistance

tm iz the instant of measurement

The integrator start time i, is arranged to be the instant of application of
voitage to the phase cach time the phase is energised {for the higher speed
mode). The digital processor is informed of the instant of application of the
voltage to the phase by the electronic controller using a control interface (not
shown)}. The integrator 1s reset by the digtal processor after each flux reading
has been made.



| is the phase resistance tms the instant of ntsurenment The integrator
start tinme Lis arranged to be the instant of application of voltagg;to the
phase each tinme the phase is energised (for the higher speed node). The
digital processor is informed of the instant of application 19MaRfg260§0] t age
to the phase by the electronic controller using a control interface (not
shown). The integrator is reset by the digital processor after each flux
readi ng has bebn applédmtions (46 WHECHh Giifecl sbuppédingt i Wnis feditivaly Gdrot he
direct source voltage,V is relatively large conpared tg the_ voltage drop
across the sem SRR b the,jollase S1OnATers o senicopdislawiiches iutgiRoder
source voltage i B 2k i ndi vl dual
phase voltage. %?‘?Hﬁré?‘?ﬂg&ﬁ@%?&’é’ghﬁg@%? one&(:/%fdt glfé g%éﬁ(;g!%&
measur ed. The fblithcisdividaal pheas vokegzeas ThislHas (he adviafage that ohiy k) vokggan
alternative to usi r]?% separate electronic integrators, the digital processor
may be used by PRAYTIRSASHE he direct supply (or phase) voltage by time on
a step by step basis. This has the disadvantage that the digital processor
is substantially busy and nay need to be a separate unit. However,

provi ded t he suph flux ol themmeasrsdigst antial |y constant and | arge conpared
with the resistive voltage i R, various approxi mati ons nmay he made. For
exanpl e:

&

[ v-irydt @)

!‘h

yr

As an alternative i using separate electronic integralors, the digital processor
may be used by multiplying the direct supply (or phase) voltage by time on a
step by step basis. This has the disadvantage that the digital processor is
subslantially busy and may need to be a separate unit.

However, provided the supply voltage is substantially comstant and large

comparcd with the resistive voitage iR, various approXimations may he made.
For exampie:

W = (V—kigR) (tn — ) {3
where k is a constant, typically k = 0.5, such that:

Kinltm —to) = | idt

I

As a [urther embodiment, in the case where the supply vohage V is relatively
large compared with the resistive voltage iR, the need to compensate for the




4.,r = (V- ki,R (t,,, - tt) (5 where k is a constant, typically k = 0.5,
such that: k i,,,(t,,, - to) f idt As a finer enbodiment, in the cade where
the supply voltage Vis relatively |arge conpared wth the resistive
voltage i R the need to conpensate for the 14 16 MARCH 2003%Mé&f€2i%e

vol tage drop may be avoided by using a nodified value for the flux in the
stored data or ignoring ilk altogether. In this case the val ues of phase
flux |inkage r fesistine paltdgeairbpmagyberasnided bansingpamodidiel apluedeothe ghxiini on 0
stored in the d| g| taI Brocessor arg Eggced by vaI ues of the volt-second

ﬂ{!)'ﬁ “lcurrent

integral ir’ Ed g AghaEngy for the rotor position
0 are given by 4r = Jvdi In testing the rrachlneto establish the table of
values of y' and c HI ", v may, for convenience, be held constant

(provided v is nettds cxel the lvah@e)of phdsd fux pinkdger ebioy aqmnﬁntulmocmnqnpll;and
vol tage. The rotor position neasurenent procedure 1is the sane _as r eady
described in thwﬂ&p}@ﬂ&i&'tmﬂ@b&wlﬁ e digital prasesparire V@ﬁ@

erected flux k a i al vati ve r ace y 1

and M) - Wresp@gﬂ?“\e rSCRR rB{E’gFa 'F'Fé'l\‘%&%lﬁt e)ﬂ%aﬁg @E’ﬁ lfg[{jtehgcrl bed
fromthe stored, gl\iﬁm %11 Figures 4 and 6 and wherethe fl ux
l,,," is measur & a@o t?a%r%n ta) (6) Equations (3), (4), (5 and (6)
represent different nethods of evaluating the phase flux |linkage for the
purpose of identifying rotor p03|t|on and these represent different

i npl enent ati ons of the techni gtieT e various enbodi nrents descri bed above
arc all based on the neasurenent

In testing the machine to establish the table of values of y' and b/, v may,
for convenience, be held constant (provided v is relatively large) and is
preferably equal to supply voltage. The rotor position measurement procedure
is the same as already described in this application except that the measured
flux ., and expected flux vy, and partial derivative {&0/5y) are replaced by
Wy, and (A0/2y') respectively, where y'; and (66/0y') are cblained as
deseribed from the stored data represented by Figures 4 and 6 and where the

flux y." Is measured as
Ym' = V(ta - 1) (6)

Equations {3), {4), (3) and {6) represeni diflerent methods of evalvating the
phase flux linkape for the purpose of identifying rotor position and these

represent different implementations of the technique.

The various embodiments described above are all based on the measurement
of thex y,, and current I, at a predicted roior position, the look-up of the

cxpected fhux w, for the measured current i, corresponding to the refercnce

rotor position, and the calcutation of the difference AB between the reference




of flux iVj, and current Imat a predicted rotor position, the | ook-up of
the expected flux fir, for the neasured current imcorrespondi ng tqsthe
reference rotor position, and the calculation of the difference. A between
the reference 15 1 6 MARCH 2005 rotor position and the predilgMadCy wor
position according to the equation: AO{ ) .( mk) (7) aT mFigure 6
illustrates the nmethod of the invention graphically. The sawtooth

waveformrir, represeish dndahépicdrted dowk posiisagecaameabaliestuatioic a phase
while the machine is in the continuous current node. The flux-Iinkage

value tlr, is the mninmum or "standing" value during the cycle. The
sawtooth waveform kV; repre e&[_j t?e flux |inkage i gi cated by the output
of the integrator. The dﬁgs_ei Wi ¥ned¥oh at the dddle fly , prior to
which the integrator has been @¥ld in reset for the period R by nmeans of a
signal fromthe processor 44. This period Ris |long enough to return the

I ntegrator output to zero. At 0,,L, the current is neasured (see Figure 7)

and the | ook-up _table 46 of inductance_ is _interrogated. to fjnd the

i nduct ance of tﬁ@%&s‘ﬂ“%ﬁtﬂﬁtfl’?ﬁtm?tg?‘ng&WgWé'Fnﬁﬂbg'%ﬂf"Gﬁ%t ﬁm Fhe-eetfr ent
and the inducta | I I I N ol VA

cotimte of 1| - VasiofmiE FHSRES siladnd] RRORIGEE b RbncBHE fMES W |

actual flux |inkagfadiind REnRh@sentintene aseamtahode, I Athe filclinitagd valuetineis
applied voltage, and is tracked, with an offset of fir,, by the output of

the integrator theAnindwne, poiandimgt valug diring the gyelii sThr seuioptiowpvelRETphase
Syst om det or mi nis et i ke Gueag B bR b ERR R it ion &6 The
el 0 The st or Bieat [ RAFReA ot IR, 4G, brill i S QR RE e, o
estimate of Kj Jaeld in resel for the period R by means of a signal from thc processor 44. This
period R is long cnough to return the integrator outpart to zero. At B, the
current is measured (see Figure 7) and the look-up iable 46 of inductance is
interrogated to find the inductance of the phase for that rotor angle. The
product of the current and the inductance is calculated by the processor 44.
This gives an estimate of ., which is then stored by the contreller 42. After
8, the actuzl Nux linkage in the phasc increases at a rate dictated by the
applied voltage, and is iracked, with an ofiset of y,, by the output of the
integrater. At some point {not critical to this discussion) the phase is
switched off and the flux hinkage begins to ramp down.  When the control
system determincs that the rotor is at the predetermined position 9,5, the
output from the integrator and the value of phase carrent are sampled and held.
The stored estimate of y, s added o the value of y; to give an estimate of vy, .
The curreni and i, can then be used to find the actaal rotor angle in the way
described above and taught by Ray in EP-A-0573193.

This embodiment of the invention is particularly advantageous in that it works

equally well when the phase current is discontinuous, i.e. in the conventional



The current and i i can then be used to find the actual rotor angle in the
way described above and taught by Ray in EP-A-0573195. This enbodi nent of
the invention is particularly advantageous in that it works equally well
when the phase current is discontinuous, i.e. in the convent!f 9ABFHYBS! 6
MARCH 2005 singl e-pul se node. This is illustraated graphically in Figure
8. Since the current is zero imediately before O the nultiplication with

the inductance ?]M?cbttﬁhl&i WRRie! NFhBOY Hifsraed Ukiapliitaiie o Kpaeds ngince the
flux-1inkage. Thus, the sane program code cat be used in the controller 42

for both di scontiremiszemdmmaiiatelyhefiaedy, thamultpicaion poth he daducge above
provides a sinple, yet effective, . of onbi ni. ng,.contin nt
operation with §@H§&F‘F’é§éﬂ ﬁ%‘é’?‘itirﬁw\f@%'t@?isgﬂﬁ%g&h?’%gﬁﬁgghy%ﬁggéﬁs
degradation in b&gﬁﬁ%ﬁ& @A Qledt REtHIBEHdfer TG0 ol GitchRIERNs Wt

varl a

appreci ate that trons of tree disclosed arrangenents are possible

w t hout departi agitiouons tdvezntnventi on, particularly in the details of the
i npl enentation of the algorithmin the controller. Also, the diagnosis on
whi ch rotor position detection is based could be carried out in only one

phase of a pol yﬁﬂésﬁeﬁﬁ-ﬁhh&%rib@tfcﬁbq?nﬂloﬁidehhﬁ ahowe #aseffedivieonwayofof

several enbodinents I's nmade by way of exanple and not for the purposes of
limtation. |t winhinie: comtimone curenis kpdmden pydtls sensptiess pesiéen de@EFetati ons

cporati on  desciTied! iguEvarHscgadebit R dRtPERERS RN, bo 11 m 1o

only by the scope of the following clains. 17 1 6 MARCH 2005 CLAI M5
The skilled person will appreciate that variations of the disclosed
arrangements are possible withowt departing from the mvention, particularly mn
the details of the implementation of the algorithm in the controller. Also, (he
diagnosis on which roter position detection is based could be carried out in
only one phase of a polyphase machine. Accordingly, the above description
of several embodiments is made by way of example and not for the purposes
of limitation. It will be clear to the skitled person that minor modilications
can be made o the drive circuit without significant changes to the operation
described above., The present invention is intended to be limited only by the
scope of the following claims.



1. A nethod of detecting rotor position in a reluctance nachine,

conprising: deriving a value for the flux |inkage associated with tihe or
at | east one phase of the machine at a first point, at a nonment at which
application of voltage to that phase is initiated; derivindtHARaHYES of t he
phase current and flux |inkage at a subsequent point in tinme; conbining
the derived flux |inkage values to give a value of total flux Ilinlagc at
the subsequent pQigypsand deriving the rotor position fromthe phase
current and the~varue of the total flux |linkage. 2. A method as cl ai ned
in. claiml in which the nonent is at the point when |iux-1snkage growth

isinitialed. 3; A nptho | i ] apmad or: .2 i thl'i’lﬁ t NS GAY I ent
at the said m)ml\'nt i H’cf%l erﬂg. ﬂ?%%ﬁgdb%&% allnneadmfln [ gbi m1lor 2in

which the currepdmpfisihfle said monent is Zero, 5. A nethod as clained in any
of claims 1 to 4 in which the value of the flux linkagtg at the nonment when
t

positive voltage is desingd valyeduetsHliselinknze gasqciased vib e HEACIERTORE at
the said nonent_, 6. t . A4S ' i TR o - Seafibi 6t
|inkage at the B35 c'&rﬁernn%qﬁl% 8@%%]‘%%9?1%”#,[%6 cur?gﬁwﬂéﬂga@?oﬁed val ues
of i nductance. F8ltak® tyHRCPh2RAS inftiatéd;met hod as clained in claiml1l in which
the flux-linkage at” the said _subsequent point is derjyed byais%seca]rlgr}ti ng

phase vol tage from t#@ivng a vaieeat: the phaserauesnp aug, fux inkaes at
point N fime;
combining the derived flux linkage values to give & value of tofal flux
linkage at the subsequent point; and
deriving the rotor position from the phase current and the value of the

total flux linkage.

2. A method as claimed in. ¢laim 1 in which the moment is at the point
when [tux-linkage growth is initiated.

3. A method as claimed in claim 1 or 2 in which the current at the said

moemeni 1§ non-2ero.

4. A method as claimed in claim 1 or 2 in which the current at the said

moment 1s zero.

3. A method as claimed in any of ¢laims 1 to 4 in which the value ol the
flux linkage at the moment when positive voltage is applied to the phase 15

derived from the current at the said moment.

6. A method as claimed in claim 5 in which the fhot linkage at the said

moment 18 derived [rom the current and siored values of induciance.



8. Anethod as clainmed in claim7 in which the said nonent is the point of
m ni mum flux |linkage and the integration is started at the said nonght. 9.
A nmethod as clainmed in claim1l in which the rotor position is derived from
stored paranmeters of phase current and flux |inkage. 10. A AeMABEH3E>
claimed in claim1 in which rotor position is derived from val ues

associ ated with each phase of a pol yphase nmachine. 11. A nethod as cl ai ned
inclaiml in which Ahfethed as chdamed woldinm dér whath the fbmg-lekage st Aas s at ed
wi th one phase of a polyphase machjne. 12, A rotor_ position detector for a
rel uct ance machsuhsequsapPigt xglerivad Ry '“@%%B‘E‘@FH‘PH‘EEFJ m\}ﬁ? Ef’é&flﬁ)tm?qtux

| i nkage associ aj e j at | east one phase of the machine at a
first point, a?{na ﬁ#ﬁ%ﬂﬁ %gﬁhé'ppl ication of voltage to that phase is
initiated; means for deriving a value for the phase current and fl ux

| i nkage at a subsequent point in {|ne;. means f.or ,conbjnin he.derived
flux linkage vaPues &dngfh 39&“@%1@“@”&%“@&@? M%&gﬁ 5 e poin

subsequent poi nt; : [ 'ﬂlgﬁérgﬁﬂ-ggw%{}{cisgja hé@enit he phase
current and thegfwgﬂglgﬂgﬁﬁ%gb%gﬂf E)}H(%I nkage. l13. A detector as clained in
claim 112 including a | ook-up table storing values O inductance for val ues

of phase current. 19 .16 MARCH 2005 14, A defecio s claimed in elaim1l12 in
whi ch the means?f or G#W%@S&E‘ﬂwa‘# Hé“]F‘HPthe ’I"“[]fﬁ‘? TOIRG BRsIipn ﬁ:ienvecrp

subsequent Poi N retferdid bP Bk Qb and fbAGHIAEL NG the phase vol tage

fromthe said ngrr?ehnn%bltég%t% e surgseguent point. 15. A detector as clained in

claim 14 including neans for resetting the integrator for the said nonent.
10. A method as elaimed in claim 1 in which rotor position is derived from

values associated with each phase of a polyphase machine.

11. A method as ciaimed in claim 1 in which the rotor position is detived

from values associated with one phase of a polyphase machine.

12. A rotor position detector for a reluctance machine comprising:

means lor determining a value for flux linkage associated with the or at
least one phasc of the machine at a first point, at a moment when applicalion
of voltage to that phase is initiated;

means for deriving a value for the phase current and fhux linkage ai a
subsequent point in time;

means for combining the derived flux linkage values to give a value of
total flux linkage at the subsequent point; and

means for deriving the rotor position from the phase current and the

value of total Hux linkage.

13. A detector as claimed in claim 12 including a look-up table storing

values ol inductance for values of phase current.
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16. A detector as clained in claim12, including processor neans operable
to determne the value for the flux |inkage when flux-1linkage growth9is
initiated. 17, A detector as claimed in claim16 in which the processor
means is operable to derive the value for the flux |inkage ¥Rt #&3
current at the said nonment. 18. A detector as clainmed in claim212 in which
the nmeans for deriving the rotor position include neans for storing val ues
of rotor positipn fox deskteasaflaimeiadaaidnr d2no vench theusmeansnfaaglsriving a

value for the flux linkage at the subsequent point includes an integrator for
integrating the phase voltage from the said moment 1o the subsequent point.

15. A detector as claimed in claim 14 including means for reseiting the

integrator for the said moment.

16. A detector as claimed in claim 12, including processor means operable

to delermine the value for the flux linkage when tlux-linkage growth is

imtated.

17. A detecior as claimed in claim 16 in which the processor means i3
operable to derive the value for the flux linkage from the current at the said

momaent.

18. A detector as claimed in claim 12 in which the means for denving the
rotor position include means for storing values of rotor position for values of

phase current and flux linkage.




