; ~e3eFzZFW4( 6TZQMYV Rotor Position Detection of a Switched Rel uctance
Drive This invention relates to sensorless rotor position detection in
teluctance machines, particularly in switched reluctance nachi nes. The
control and operation of switched reluctance nachi nejmm "mw re

described in the paper "The Characteristics, Design m ,mons of
Swi t ched Rel uctance Mdtors and Drives" by J M Stephenson .a9d,«R J Bl ake
delivered at the PCIM 93 Conference and Exhibition held in Nurnberg,

Ger many, 21-24 June 19 L oh UQr NO Féhe by geference. In
t hat paper the "choppi 0 i HION DELECUON O - on of

swi tched reluctance nmachi nes are described for operation of the nmachine at

| ow and hi gh speeds, resg { /€ A\ Y RUEAN 4 doOL 1 b gejve is shown
schematically in Figure E\uf... g8 (K . e 321 1 that can be
either a battery or rectified and filtered AC mains. The DC vol t age

provi ded by the power supply 11 is switched across phase w ndings 16 of the
notor 12 by a power converter 13 under the control of the electronic
control unit 14. One of the many known converter topologies is shown in
Figure 2, wheTlistiwentivR reldted Ity dehsbflesy euiorepositioniudetertior i ins relfictdicahi ch
have a capacitor 25 connected across themto cater for any alternating
conponent s ofmachines; particwaghyas switiched reJudténce machinest ed to t he supply
rails by an upper switch 21 and a |lower switch 22. Energy return di odes
23,24 are connected in conventional fashion. A resistor 28 is connected in

il 11 phase. sy U FOLFE! Alid §Petliohs of cHEH " rglbiafi, ShBEARES focheBIR) aré'
Figure 2 connpgtfBed rinp@ﬁ@'ﬂaghr TR EMarRReridtisP Pedan Ohnd N& ﬁiié‘éﬁdﬂscaf
machi ne. The performance of swi t ched rel uctance ma%i ne degends, In part,
on the accur Bwitthed Rghaftandeaboterscargl Paiviest byi I MrStephensoncandRoJ Blake
position. Detection of rotor_position is conventionally achieved by using a

transducer 13leliygrecth at cthen®GIMIBy Gonferegee cand Exhhition deldtia: Mynbergs hed
di sk nmounted Qn the chine r , ich.co-operates with an optical
manet Lo or GfERaSa st Mo To8S oxtithds it Bprth by lesshce. oy e
train, indicati " . B3OS {3 L. atii e ' 3 by
t he sensor aﬁ;c?lp \séﬁgg%l gg&ﬁ%mgoﬁdtn:dofﬁgélr%cﬂflﬁ‘yfﬁdg#f(}?\ﬂf ﬁ% ccatgilro gltgpg atgtelg&l
ener gi sat i on.reluttaenceyfifachines £t duseribed! foo bjserationl of thevhxcking lat doti and -
However, the rotor position transducer increases the overall cost of
assenbl y. |t highspeetlss respeetavelyectri cal connections to the machine and is,

therefore, a potential source of unreliability. Various nethods for
di spensing with the rotor position transducer have been proposed. Several

of these are ] P artoie 05 . 1. Nepd: r
Position of é&ﬁ%ﬁgﬁgﬂ"e}?&ct angggﬁwkgéﬂ%@k’ag? 21;? Ie 1—1 %ﬁ%g‘héafﬁ‘lﬁ%a
publ i shed i n DOepdvecagsplydsl Hat Tan Beugithizeanb r oEréstifienand filienéd AaDce,
Brighton, LTK, 13-16 Sep 1993, Vol. 6, pp 7-13 ich is incorporated herein
by reference.mainsy Bhe {2 yoltage poavided dyothedpdwer supply boss swiched acnoss i on
use the neasurenent, Qf phase_flux-linkage (i.e. the integral  of applie

vol tage wi t h FEspandings: 1tnes Mg ot T LAY & POWHECORvartcl pAEdghS ARSI o

is calculate I .ed f riatd 16l hi ne
as a functi ogoﬁiﬁé;%é@()%g %ﬁ'rtfoénbgﬁT iil's ctr%]fé;c(ifg}ll&és]% gﬁﬁgﬁ%ﬁg’f’ sé‘%ﬁ'g gs a
fl ux-1inkagel/ Ufal I i i LAl h Vigl LR 6n 3.
The st or age aPo R St 38 Hgata; NHERPURS BOwat SOpPEF I is' dioTid &

| ar ge menory sapphy railsd26,27awHtichi haval a eupacitord® cbaneted aicrosst thepptmtaten of

data between stored points. 3 Lo )
for any alternating components of current. = The phase winding 16 is

connected to the supply rails by an upper switch 21 and a lower switch 22.
Energy return diodes 23,24 are connected in conventional fashion. A resistor
28 is connected in series with the lower switch 22 to provide a current

feedback signal. A multiphase system typically uses several of the “phase
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Sone net hods make use of this data at | ow speeds where "choppi ng" current
control is the dom nant control strategy for varying the devel oped torque.
Lhopping control is illustrated graphically in Figure 4(a) in which tRe
current and inductance waveforns are shown over a phase inductance peri od.
(Note that the variation of inductance is depicted in idealised form)
~These nmet hods usual |y enpl oy di agnostic pul ses in non-torque-productive
phases. A nmethod suited to | ow speed operation is that proposed by N M
Msungi and J o) hina : iftd tion
n an S R NoihE O RUERRCE chfine A 8 BAIIRERS Shofiie [ Bhadks o ing Bleckicn

El ectroni cs fpehiiecnce, Firenze, Italy, 1991, Vol.1, pp 390-393,

i ncorporated herein by reference. O her nethods operate in the

"singl e-pul se” node of energisation at higher speeds. This node is

illustrated in Figure 4(b) in which the current and inductance wavef Qr ns
are shown ovdhePes g fce svdtched relietanpgemachinendependsnin part; ga the

operating voltage nd. current,s of an acti ve se_wi thout interferi with
nor mal oper a??%ﬁ?tseA%{r&ﬁg:a?tetﬁ’}bqﬁgr egffgé‘ﬁﬁlr?& h‘gﬂﬂl §e‘?§§€r ﬂ’oe{?tﬁgrn 608]{1&9'

I nt er nat i onapepaitimt of Potol Pksitish 1 Weﬂﬁéﬂﬁﬂy'd&ﬁ%@ﬂr%%iﬂﬁeﬁ tdhsB¥cer

ref erence. ving to store a two-di nensional array of chife data 1 n order
to operate wlShshwm sclanhiicallysitnBigure 4, siclohy aoreosatiligs tubthed digk. mounted

Al ternative nmethods have been proposed, which_avoid the need for the
majority of endheanhchinefretevehich rroseperatesrwithdan epticaly magnaticder ther one
angle only. One suc i

h method_is descrjbed in European Patent,. | i gation
EP- A- 073198 B¢BSPT ,m?wsa;ﬂﬂ%eﬂafﬁéreirﬁlw r@BepdLEe “‘Fﬁ}’s‘nh‘@éﬁgﬁ iTREOT; o

sense the ph f | I ' . [ 4sting
t he di agnost ﬁ@ﬁggﬁ?fgﬁr\ﬁggg@? ag%rgiy\%% ﬁ%a%%ebgg?%%ﬂgs%gﬁggg‘pgfgiédo@/%%af rom
the desired pRebitry, FilowingicRuLatt DHASE iciBigishtivh. | NTRY sydtem {sVéihdplé amAect
to time) the 4 rreasurenent of the voltage applied to the phase. Two

one- di mensi omairks ai¢lk Ssnammnyt applitations.neHomevery the eofovdposition transdoéer
flux-1inkage, versus current at a_referenced rotqr, angle and a3not her.of the
di fferential iRfireasesthe pRetalcast ohassembly. [k alse gdds exfrgelectiacal conpertions: . py

nonitoring phase voli.age and ecurrent, the iatio £.0m a predicted
angl e can be '3 EEAAE ,n%\ﬂ“?h‘s’t 8re£$ﬁ’" 81?0?‘?{3%%8@{%]0‘;}}%%@?‘5@% system
operation can be adjusted accordingly. This nmethod has been shown to be
reliable, provided that the flux-linkage can be determ ned wth sufficient
accuracy wheMarisusrmethods dobispeasingswithahd abtmt posjtieh granstducer havesbernd t he
flux-1inkage integrator drifting (due to unwanted noise in the system and

i nper f ect i onProppsede i Heverahtof )these jage sxavigwed einp "Sensedessn dMethods c for
conduction cycle, wmwhen,th urient hasofallke ZEro d, the i.ndi ng
is no |onger qtﬁﬁi%“%ﬂv ?‘Pfﬁfﬁ%‘?%n Hﬁﬁ%tc”ﬁg %&Mﬁp@&;ﬁg}%&f@@fﬁﬂy

nmet hod, in t i &1 iARithd j . n I ofiMh Eﬁro% ence
posi ti on, rreggﬂrregl égrgéénlgdtdé ’sﬁ%l??gt}ﬁgsl#\ggﬁi lr?{é&\;cﬁfelﬁ{g?t O%E{Ihibeves %ﬁﬁel P:cg{/ég ence
posi tion has Ble&roriesCoaference] Briglton,HEK!, 43416 Sepfl998¢e Vol g am7-d3ewhicht o
detect error in the prediction and hence take corrective action by adopting
a new predi ci$ incofparatedcherein by rtferesnee position. A special node of
operation of switched reluctance machines is the continuous current node,
as disclosed in US $469039 (Ray) and incorporated herein by reference. In

this mode, thg, W f‘&ﬁ]’lﬁeées n‘é&hB&é"}fing&cf %{- k&ﬁ@“g&%&g@ﬁ%ﬁ%&% quHXEhea“d

hence the curre have returned zero'a ( e energy return
period. The phas@rethéit @Eﬁhﬁd&eﬂﬁiﬁrﬂcageeﬁ.él theMritBgll 'dfeapplizdny ol peuslith

flowi ng through them and are always |inked by flux. This is an inportant
node for systespectio time)and cuorept ndomeohimgire iphasdss Pofitioneis [calolated psingat

sonme points of their operating cycle. Al though the e,fficipgﬂ‘cy,of t he drive
fall's in thi knevdedgs of the amatiopdniinductencs ef the machingas adunghien o asgley

h i i | hj . Ho i hi i h
T R TR T LM RTE X TN e T
rotor positiqn,defefid GE%icget?i gﬁﬂ:‘?ﬁ@mﬂp F?@ﬁ@rﬁ.u%Eystbﬁgrehﬁf ashts sl to

reset the integrators pornt of zero ux and current,
since such adigidvantageasioinivéd theAisecdPa $arge rhemdry asalyldniddor additibhal
probl em have i ncl uded schemes which allow the drive to operate in the
cont i nuous csystem overtieadsdorpntevpalatiomof datatbesiveen stored poitdes it essenti al
to re-estimate the position, at which tinme the continuous current node is
exited, the position estinmated, and the drive put back into continuous
current node. Specifically, this can be done by running the nachine in a
node which is predom nantly continuous current but drops back into

di sconti nuous current at predetermned intervals to allow positional

Y - v —— .



Preferably, there is provided a nmethod in which the nonment when voltage is
applied to the phase is at the point when flux-linkage growh is initiated.
JThe current at the said nonent nay be substantially zero or non-zero. 3
Preferably, the value of the flux |linkage at the nonent when voltage is
applied to the phase is derived fromthe current at the said nonent. For
-exanpl e, the flux linkage at the said nonent is dewed fromthe current and
stored val ues of inductance for ordinates of current. The enbodi nent of the
invention is, therefore, particularly useful in the single-pul se node of
operation of a switched reluctance nmachine. The invention can use the val ue
of current atSarhe miétheds paketusefcthis datatdtdowaspeeds wlidraxX'choppiag® cuitbpt t he
current is discontinuous_the zero current value gives rise tqQ a zero val ue
of flux-Iink&eatrohysthedorainant pontrel strategi do verdngathecdeveleped donquean be

used to deriveg the naon-zero £l ux-]inkage. Prefet.abl he fl.ux-linkage, from
the sar d f1 r <chomhing SPabRLR Viustipled wanhicallyiy Higire e df webich she BRBRR ne
said nonment tgQ it gyfg;yf | sal 1{@% t

subsequent po@rﬁltﬂ%ls&ggg eri voe %3}? ﬁgé\gpaﬁeggaf #ﬁée(selp aseﬁglg?tpaéé@(af r(ISI%t? he
said moment tthat the vawiasiofl wiihdidtanée isldepicted ah idulised IOy Tiese méthody ed
fromstored paraneters having coordi nates of phase current and fl ux

| i nkage. The ussallp@myloy kkagnostintpulsesdncwmndtorgue-productjver phases.aA sretlosd ment

nmeasures the current_at turp-on of a,phase w nding when flux growh .is
initiated anduif§dsto jow-speed aperatign,ds that prepesad tip N My Myngitanded. Mrhe

val ue of ind C rovided by the table 4s then.nultipli by the rent
'o ghve an etrhmgol: B 12%Epthle Snsorltsf Kok JE0hi8n DoldcEdn "oy adt X
turn-on, a fINtsPRApibliREed Nif IPRICRedingd! OF e SBhrdptah® Power® Bledtrdrits

I ntegration node. At" a predeterm ned subsequent point, the value o

f1 ux-1inkage Qonlerehed, Fyrehie; Kalye 31081 pValsl, gepd 8604393t Hacomploeated thedeinchy e
for standing flux-1inkage, and the resulting total is used to determ ne
rotor positi deference.

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

herein by reference.

Having to store a two-dimensional array of machine data in order to operate
without a position sensor is an obvious disadvantage. Alternative methods
have been proposed, which avoid the need for the majority of angularly
referenced information and instead store data at one angle only. One such
method is described in European Patent Application EP-A-0573198 (Ray),
incorporated herein 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 calculated deviation away from the desired point.

Flux-linkage is estimated by integrating (with respect to time) the



Because the inductance is determned at swtch turn-on, i.e. the initiation
of flux growth in a phase inductance cycle, the nethod does not require

] arge anounts of stored data. It is also robust in the presence of noi%e on
the wavefornms fromwhich it deduces position. Al so according to the present
i nvention there is provided a nethod in which rotor position is derived
.fromval ues associated with each phase of a pol yphase machi ne. One

enbodi ment of the present invention provides a robust and cost-effective
net hod of nonmeadurétienPdPthepRsitdgetipphied té thepRiseP Pwbiohe-digtengical tablesh
can operate without a rotor position transducer in the single-pul se node,
with or w thoare starediimdle preferred embotiment) wantaf dluxelink4ge persus nurept atct i ce

in a nunber of ways,,  sonme of which will ngow be_descrihed by way of exanple
and with ref degreacad rotos angle andngnether pzfvmhﬁgél(%fqmmlcﬂf uxglipkager avith

shows a typical prior_art switched reluctance, drive: Figure 2 shows a known
Copol ogy of JREPBcr Pt ARG JAFU EPYEC F Jof endiiomet Rsd SRIRER, S ca
£ ux-1inkage QRFMRHRCICHARGH away! (8 a Wrbdictedl Higld ¢ah e ysSsed, RATR TR °
Figure 4(a) shows a typical notoring current wavet ormin choppi hg control;
Figure 4(b) sdidwd thetlppkag tabdés)randosysteni @perasioneéa beiadjedted accordingly.
control; Figure 5 shows in schematic forma swtched reluctance drive in
whi ch the i nvEhisimethod hasibean stiowhi tgurecrebiabley provited thatithe fbudinkage oan i n

the drive of Figqure 5 in cqntipuqQus current de; Figure 7 shqws a.,

conti nuous. cibe Bete Hith sufticient a?q%%qu%ngm reqiggch by @wr Bogitighnns
flux-1linkage r L4yt he drd v, ' e1.5 | | ' t
node. The pha%gggcﬁ{?%ué%gﬁ@gﬁj?ycl Z‘oofvoj& st% %H&%ug{tgﬁ%g&ngﬁmfﬂé F(Ee
period of thempfdritéd neiseCin ﬂi&déﬁiéiﬁca‘ﬁdf i%;?érfé%tioﬁé iR A6 in 8r) #q5 sexegpl e
bet ween maxi ma when the stator "poles and the rel evant respecti‘'ve rotor

pol es are fuldeyo at tlgnend ofreachldonduction egclepvddnrthatcurrent dhadefalien becerses a

2- phase switched reluctance drive in the npotoring mde, but, K any phase
nunber from W thewphase sdndingois neclonger dinking: aay; fux; n dhis,aethed dsidg or

[ . 4.Fi ) f.or. i | ' h '
GErer o119, e I S H T PSP e PR 08
continuous C%rae}%geﬁéﬂi{@ o511 O{‘/nét greS%y SR %T%ﬁ%&hiﬁ@ WHEDSit Delef8s 2

power converter IS typlca nme as that shown in Figure 1, and

| i ke refer endhe teferente tiohechis Useed wéuthedapmdopsesnitthe Fdsalisoofethess 13
controls the switched reluctance nmachi ne, as_before. The converter 13 is
i tsel f cont r ah¢asyrémentsdo detest emor a2 thehprediction angd hennetfekie gerrective action

i ncorporates,a djgital signal .processgr 44 e.g. one ..
P by a o%tmg a new predll?:{lon For the next referénce 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. In this mode, the winding is re-connected to the supply
before the flux, and hence the current, have returned to zero at the end of the
energy return period. The phase windings therefore operate with current
continuously flowing through them and are always linked by flux. This is an
important mode for systems which have to produce high levels of overload
output at some points of their operating cycle. Although the efficiency of the
drive falls 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 methods for sensorless rotor position

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



9 fromthe Anal og Devices 2181 famly. Alternative enbodi nents coul d

i ncorporate a m croprocessor or other form of progranmbl e device, as are
well-known in the art. The illustrated 2-phase machine has a stator 36 and
a rotor 32. The stator has four poles 50, on which are wound phase w ndi ngs
34/ 36. The rotor has rotor poles 52 and, to assist with starking the

-machi ne, has a pole face 54 that defines a stepped airgap with the face of
a stator pole. One skilled in the art will realise that a nachine with a

di fferent ph I imat | : a 8

nvent on | oEnerREpaRwipdiat B SRHE R Gl Burol bifls, 1K o Bl et
the inventioggxikge not restricted to a particular type of control technique
and any controller and converter can be used as long as it is suitably
programuabl e. Phase current is sensed by a current transducer 3 8 arranged
inrelation to each phase mﬁnghng. The_out%?t sjgnal ;s indicatjive of_ current
in each phasAtigmptsdg findissolyion & (this prodblem bave included schemes gwvhig

phase i nductance for,rotqr angles. ig al sq.connected with the controller 42.
DhiTe acor r BHow, 18 it &b qHSFEcion M eadintBuE otifent dhids, XeeSE MR, 16 o
hases coul d J r el LAg: j: | &R. An
it ogr at or 450 eldh ftdedit BRRGaFIY feeipinRAk ARG pificich, of Srfich BRlc B8,
of flux by i séémdusneurrditt 100ds ds \exittddthe\position estiitated nahd the deivedat by

vol tage transducer 43. For greater accuracy the voltage drop (IR) across
t he wi ndi ng baek ndofcentioneds cutrentfmode | Spesificallyy thisl can. beodone bygumingage

transducer 43 is shown,in Figure 5 as the supply voltage will be cqQqmmon to
each phase. H€ maFP‘mﬁema%rW &5@95}1 thete ﬁﬂﬂg’b‘hﬁé’@ngﬁl}g\!ﬁ ﬁHVGn%lgP‘e tive
vol tage tran iLl.e: [ ( LS. Shown. ' j 40
it is prefer Qg%ﬁl{‘ﬂpﬁ%ﬁ{“é@ﬁ? r?ﬂbﬁg{ @%ﬁ{e\ﬂgﬁgﬂr lﬁ% ."ﬁ%“?“ﬁ‘iéﬁgﬁ"e&‘gﬁﬁ%ﬁa44
The nethod agfefAkiien k@ bk @a&e@lﬁ‘bﬂb rfé‘éﬂni@ie défsenid3 i HheXNpetd BeiL virfiially
follows. It is assuned that the nachine i's operating in continuous cufrent
10 node and toumdtanth ewhichomapp she iapproxdmatelyntraef bt diighet yspeedd (ab whichw t he
wi nding to be energised. At, the point of turn_on, when positive voltage is
appl i ed acr osentinousheussent; iscuspallycerploygd). e niNevertheless, adoss, of terque is
transducer 3 _8 an el. the coptgoller 42. Know ng t t urn-on.angl e,
the T ook. up eI Sfh piarbits RELRS niiusy cnEtenh oie SiGmalivk RREEE" o

return the p r } Fg;eglr e of
i nduct ance i g@ﬁﬁﬁ %Fﬁ%%%eﬁ ﬁeéﬁiggggé ggrrrtragtnf&saa ue t%‘ﬁg%‘g"f Egﬁeé',aéay

f 1 ux-1i nkagelOpand éharhrsexdite theephase for afshottentiate orithe nert cycle sushdhatd. As
the rotor turns, the integrator 40 operates to integrate the voltage across

t he phase wi thei exyremthwill definitely fall tosgeroe pllawing ithe, itegraser tchbe seset andent
predet erm ned position has b estimated to ve Jheen reached,.the current
P reacur ed. 68 ARG CHHARE I Bakigs 1 e ndl v oY BlcEeARE, s te
of flux link f Entl 0 ] d&ﬁg r?érﬂr . £r.om
the table 46 oeg‘:b%tgeo?g% z)?lﬁ\gﬁasl é%é}g?h? Ilﬁx |lr11tjggg}'ﬁln t ’e%g?gvg%&{shat
posi tion. Theffetdfthelossief fosqidmmitipated.i n conjunction with the current,
to find the true position which, if necessary, can be used to correct the

previ ous estimate. The angul ar difference e8 between the predicted rotor

position 9m and the reference rotor paqsition Ar, can be cal cul gted by. the
brocessor  42Tipwveysr. it alliof these miethodadhe loss qifiterateean Frodsh i machine

difference b en e hCt ilio t [ r of, flux
and current g_%g‘e’mm%fg% %&[%R% ar%g]f grgz%réie gis%t i% &&uiljalas ﬁ%?e%gﬁgﬂﬁl f;so a
feature of tﬂa%heﬂb@ﬁil’i‘%cahﬁb hécurrenit trﬁﬁstpbéclﬁﬁﬁo_b?f 8vert Bepér‘iﬁ&riﬁnﬁﬂ
position values of partial derivative c¢c'~A/~yr (or its inverse ~/a9) for a

set of val uesomtfinydwsseurrenty ent i . 11 Since the reference rotor position
Ar is known, the true rotor position at the predicted instant in tinme my
be cal cul ated from 08 as

P

Ji

The present invention is defined in the accompanying independent claims.

Some preferred features are recited in the dependent claims.



6", = 6t + DA (2) The expected time to the next rotor position can then be
estimated using the known val ue of notor speed. Under accelerating or

decel erating conditions a correction may need to be made to t he not or6
speed. If all phases are used for neasurenent the next rotor reference
position will be that for phase 2 (or whatever is the next phase in the
sequence). For an nphase notor with p rotor poles, the angle of rotation to
this position will be (360/np) - 08 and, by dividing this angle by the
speed, the Abé@r_d!iﬁ%%rﬂij enthddiRfet (dF the i%seat)%%nﬁibﬁneﬁeeisegﬁdﬁaé&% A
only one phase is Used for neasurenent, (he next rotor referenhce position
wi Il be af tmetlod @fatleteoting fod6O/positiora9naadrelustatdce | miadhirie)i comypridingoy t he
speed, the tine required to reach this position can be estinmated. The

predi cted tdeniving a velusdor the fluxdinkageoassociated withhthe onahlosst ong phaseng a

hi gh frequen cl ock (not shown) by known neans.and t he i ngtant such
time has el %‘g&\?dnﬁc 11 @ﬁérffrﬁba%@ moment, g&whpc%ﬁ%%mmpipa tﬁl‘?@t made
for the cor ondi. h es i pged d I es in
Stored da PG Sa U A e O fhb s SHBEmh Aol R pad Ahe THIGREH o

I dentical t f i hid ini : ' 5 can
agai n bo ool aTaual CERNOR (BE Toldrs Sofibinilt U5 AtiOEd ey HAREE Alues &7
outlined abgive.a Vatuepofaetad fhix hinkdge tat rthe rsubsequeas i poiatsamh deripimgs thdy
phase basis and neasuring the true rotor position at each measurenent

i nstant i s yodpepesition drom the phasei eurent anddhe vehieaof thedtotal tflwnlinkageot or

position as a direct replacenent for existing optical or electronmagnetic
rotor position sensors. The procedure for the case of single-pulse

operation [ | 1.1 [ rl.b

except t hatp{égéemv‘;gﬁggfegﬁs ngyf—d;%radds O%&Ii E\ﬁ I‘—R?ﬂgglrl zﬁgﬁ\}f’ﬁf’ﬂﬁéﬂ‘ﬁ% ggg P%é){sre at her
than posi tiagpliddoto thepHhase (LSR8 Hoist wheh ‘fﬁix-ﬁﬁ]‘c@é@?iiﬂmlﬂs%itm&d.t I'Thb
Various arrangenents nay be used for the neasurenent of flux. Any known
form of fl| uwurrentrad doe saidonoimgntmayswedisubistantiadly, zarb ormemszerenent i s
preferably by neans of anal ogue or digital electronic resettable

I ntegrators (which integrate the phase voltage with respect to tine t),

phase i nii WF AR, WLy FRBCS MR A ARk G R Bt TV O 1 67

(3) r. applied to the phase is derived from the current at 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 embodiment of the invention is, therefore, particularly useful in the
single-pulse mode of operation of a switched reluctance machine. The
invention can use the value of current at 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 value

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

Preferably, the flux-linkage from the said first point is derived by integrating
the phase voltage from the said moment to the subsequent point. The said flux-
iinkage atthe subsequent point may be derived by integrating the phase voltage

from the said moment to the subsequent point. The rotor position may be



where: v is the phase voltage i is the phase current Ris the phase
resistance tr" is the instant of neasurenent The integrator start tinme to
s arranged to be the instant of application of voltage to the phase @ach
time the phase is energised (for the higher speed node). The digital
processor is infornmed of the instant of application of the voltage to the
phase by the electronic controller using a control interface (not shown).
The integrator is reset by the digital processor after each fl ux reading

has been mad@erived $rdrl stdtell afa?%nh?ﬁ?sfl i g‘Eo‘B?dﬁleéscB O‘Sslgd%e%%'féh? e Vv

Is relatively Parge conpare e Vo drop acr the sem con uct or
swi tches in {ipkagewer converter, the direct source voltage may be neasured
and integrated in place of the individual phase voltage. This has the
advant age that only one voltage need be nmeasured. The flux is then neasured
as: fw W- f V- iR, dt_(4) As an alternative to usmg s arate electronic
i nt egr at or s, Theanethgdiofithe invsationraceaxding to enel p@l;tl tgmbodiment maeasuresct

di Sadvant age n bR s imean of FopbibeoyindRs i, Srciiyiy, Th‘ﬂi‘i\@ e ecd
to be a 56paﬁ§ésetlﬂ§‘bﬁrreﬁf°\)éﬁ?f§fo indeR\d 2otk Bf‘ﬁxcﬁlﬂ%g Wet\?aﬂﬁe of nﬂductancc

substantially constant an arge conpared wt resistive vo

vari ous apprpmviﬂ‘edthysﬂﬁﬂhbhelsrthéﬁ mieiplied &Ipite; curferit tb 1ve“kﬁPést{mme-oﬂ 0)
where k is a constant, typically k = 0.5, such that: l m(tm - to)

Idt r As a f the istanding dhixekinkage in the pbass widse atthuns-opplay watmeasguring s

relatively Iar%e (of0) aredhvmth the resistive voJtage i R .the need to

conpensat e f & which 1s set to zero, is put into integration mode. At a
predeterrmned subsequent point, the value of flux-linkage provided by the
integrator is added to the calculated value for standing flux-linkage, and the

resulting total is used to determine rotor position.

Because the inductance is determined at switch turn-on, i.e. the initiation 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 associated with each phase of a

polyphase machine.

One embodiment of the present invention provides a robust and cost-effective
method of monitoring rotor position and a rotor position detector, which can
operate without a rotor position transducer in the single-pulse mode, with or

without continuous current.

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

accompanying drawings in which:



14 resistive voltage drop may be avoided by using a nodified value for the
flux in the stored data or ignoring iR altogether. In this case the val ues
of phase flux linkage yr for a particular current | and particul ar rot8or
position A stored in the digital processor are replaced by val ues of the
volt-second integral W required to create the phase current | for the
Jotor position 8 are given by y' = jvdt In testing the machine to establish
the table of values of yi' and 7A/~r', v may, for convenience, be held
constant (provided v is relatively large) and is preferably equal to supply
voltage. The rotor position neasurenent procedure is the sane as already
descri bed i n Rigure bslpdws attypicalkpriendrt stvitched eeluetance drive) ux Wn and expect ed
fl ux yr- and parti al derrvatrve (aﬁder are replaced by 4r' m- W~ and
(c~6/ayr') d‘ggum 2 shows akmema tppolo gne-phaseyo athecemetqraf l%tgutrebcrr bed

fromthe stor d daare resent ures nd 6 and where th X yam
s measur ed ef Tpuriinkes B iphse CufPaL SFG, ¥Eh o

nmet hods of eg@ ﬁ;ahﬁa gge flux linkage for the purpose of identifying
rotor position ese représent different inplenentations of the

techni que. TiEgyRY 4(Q)shewdadypral motstaty ceentaRavefopmanhbppipesbnvli he

measurenment of flux yamand current Imat a predicted rotor position, the
| ook-up of t IRigurepdb)e dshbwsx ay typitalr mdtoringasunrent ovavedotmi in csmmgleqpﬂsujr ng
to the reference rotor position, and the calculation of the difference D8
bet ween t he F@P@P@i-nce 15 rotor position and the predicted rotor position

according to hee tion; Ce38 R -y = I_gur

illustrates réH Vo 11 ﬁ‘g’q"?‘é}bcn }ag§‘§116§ﬁeéiaf‘?€i§’ é@‘% @gg} §’[hﬁc ef orm
yea repr esentlﬁvf1 %@&t%o&ggx | i nkage associated with a phase while the
machine is in the contlnuous current node. The flux-linkage value erg is
the mi ni mum Rigufesé d8hows dluxvHhkspedwavefprinsdn alie deive 1dfeFigare § dntdontinuedsr m
yl; represents the flux |linkage indicated by the output of the integrator.
The phase is aufentmafdesn at the angle Son, prior to vvhi ch the integrator

processor 44 FIgHIG SB9VSE enBupE Gz R e fro?o%fl'@ut put
to zero. Al Saurd he gHivEN Hm.’IEEg? g@ o Me e gphoos

table 46 of in ctancersrn errog dthern uct ance

for that rotiscsigingoud barmehaoaiede. of t he current and the inductance is

cal cul ated by the processor 44. This gives an estimate of yls, which is
then stored by the controller 42. After San, the actual flux linkage in the

h i e dictated th I d | t tr
W th an of f solhephysggindy aph%cﬁet?a}bﬂv BvicheX Fofuéignas srachige Soie Rstod of not
critical 10 Sy glasy Olg.tg ybARcPEP kS of Wi Sthatl 16 ubhiBld 'uememkage

begins to ranp down e con system fes t ha rot or
at the predetfisgineohefithé 'sﬁﬂono?@lfss athh@ﬁélelintfﬂe@mdd% fobéregslas afe Aully t he
val ue of phase current are sanpled and held. The stored estimate of yes is
added to the ahgned afhwﬂl;ustratlge embadineent tmb@dcsfcrgbed useiﬂae2—rpha$@smt ire
can then be us to find the actual rotor ein t scrj bed above
and taught byre nce fnva. s e geotorings oﬁmrtemy eﬁ/lrms%tr%n one
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This is illustrated graphically in Figure 8. Since the current is zero
i mredi ately before 90", the nultiplication with the inductance val ue gives
the correct rEigutd 5showsrasystandonimplemertingkthgemethodsin whizhsthedanpemtipram

code can be used .in the_controller 42 for both discontinuous and conti nuous
current. is embodied. 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 appropriate. 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



The net hod descri bed above provides a sinple, yet effective, way of

conbi ni ng conti nuous current operation with sensorless position detection,
wi t hout any unwant ed degradation in the performance of the nmachine. TRe
skilled person will appreciate that variations of the disclosed
arrangenents are possible wi thout departing fromthe invention,
particularly in the details of the inplenentation of the algorithmin the
controller. Also, the diagnosis on which rotor position detection is based
coul d be car gi t Al I e 13 po, gp=Ta Y C lgnal y,
t he above degﬂgﬁﬁ;}g?oﬁhg#dg;el\j/eeﬁg% gﬁ%?)dlfﬁélr}?'s iAs‘Mma gﬁgy wa;kl)ag?ergéarer% g and

not for the pisopssate & midropiodkssdn. orl bther Iforracof pesiraimindlile ddvidd, e arer son
that m nor nodifications can be nade to the drive circuit w thout

signi ficant welnguswva in theeadperBhé dinstirated 2 {phaseimachineThas pstatem30 andent i on

Is intended to be limted only by the scope of _the follow_ng clains, 17
CLAI MB: 1. ATQ#erf Réd theopé@f@éthaﬁé%%pelesp@ ian wihigh,age w&unét&m Windmese,

comDr 109 S85! B o by 4k B PARLSRRSAAAY o "
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t he phase fl ux age at a subsequent the rotor; g the

derived fl uxOnerskilled iredheest wall gealisethuth neaching otithl a differeht phasganahbérhe
subsequent point; and deriving the rotor position fromthe phase current
and the val uer pble sembinations (could be magd, since therinventionds ot spegificrodnyi m 1
in which the nonept is t he poi nt € | ux-1.i nkage growth is.injtiated.
L A et hod RO machinecOpOTEY: o ST IR yyithe Hinppiten, 1 B0t Tebtrical toAq

oment 1S NOPanfdutar type of control technique and any controller and converter can be

used as long as it is suitably programmable.

Phase current is sensed by a current transducer 38 arranged in relation to each
phase winding. The output signals indicative of current in each phase 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
each phase is shown, one or a selection of phases could be monitored for

phase current according to the invention.

An integrator 40 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 out of the integrated value. Only one voltage
transducer 43 is shown in Figure 5 as the supply voltage will be common to
each phase. It will be appreciated that each phase could have a respective
voltage transducer. While the integrator is shown as a discrete device 40 it is

preferably implemented in the software running in the processor 44.

The method according to this embodiment of the invention operates as

follows. It is assumed that the machine is operating in continuous current



4. A nmethod as clained in claiml or 2 in which the current at the said
nmonment is zero. 5. A nethod as clainmed in any of clains 1 to 4 in which the
value of the flux |linkage at the nonent when positive voltage is appli%ed to
t he phase is derived fromthe current at the said nonent. 6. A nethod as
claimed in claim5 in which the flux |linkage at the said nonent is derived
fromthe current and stored val ues of inductance. 1$ 7. A method as
claimed in any of clainms 1 to 6 in which the flux-linkage at the said
subsequent pehéde ianddeat e fitor gb@iﬁbﬁt {shinbhe Bhffictetb) tval tor sifowhthesai d
nonent to the subsequent point. 8. A nethod as clainmed in claim7 in which
the sai d nonevinding tm(bepamemglsed rAhtheupoint wof- turm komg evhenl pokitivienvelgaget ison i s
started at the gsaid nonment. 9. A nmethod as clainmed in any of clains 1 to 8
in which theapplied apwsﬁh@nhm, ﬂprvalw of ncumcgt Er@aaq@u%hyt@ drags W%

t d fl d 1
icgr\r/\ﬁinchapot &P%&‘i‘?g?’gﬁe pgnltaglllq ‘% O8W?€% r%gg e\f;?qclﬁugm P ase
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of a pol yphaiﬁdﬁaﬁﬁbd?@mré@onﬂlﬂ t®the adtdri Mipleet ecriy vhlue of 1ﬂdubt§1ﬁfd§ﬁ
machi ne conprising: nmeans for determning a value for the flux |inkage

associ at ed winultipheddy the $terest cuwrrent prahse to givetherfhwtrlinkage im thé phasepat nt |,

at a nonent en vol t age
e point of tum on. This value is stored. As the rotor turns, the integrator 40

operates to integrate the voltage across the phase winding. When the control
system determines that the subsequent predetermined position has been
estimated to have been reached, the current is measured using the transducer
38 for the active phase and the estimate of flux linkage from the integrator 40
is added to the stored value from the table 46 to give the total value of flux
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 necessary, can

be used to correct the previous estimate.

The angular difference AO between the predicted rotor position 8, and the

reference rotor position 6, can be calculated by the processor 42 as

A0 ={00} .A¥Y 1)
¥

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

position , it is therefore also a feature of this embodiment to store in the
processor for the reference position values of partial derivative 06/0y (or its

inverse 6y/00) for a set of values of phase current i.



Is applied to that phase; neans for deriving a value for the phase current
and the phase flux |inkage at a subsequent point of the rotor; neans for
combi ning the derived flux |inkage values to give a value of total f14x

| i nkage at the subsequent point; and neans for deriving the rotor position
fromthe phase current and the value of total flux |linkage. 13. A detector
.as clainmed in claim12 including a | ook-up table storing val ues of

i nductance for val ues of phase current. 19 14. A detector as clainmed in
claim 12 or Siné¢enthehreferenbe rotarposition @¢ris knowny thelttire fator pbositionuat thenkage
at the subsequent point include an integrator for integrating the phase

vol t age fr omprédictediidstanhirtimeonaybe calondated ftonpdOres. 1 S. A detector as
claimed in claim14 including reset neans operable to reset the integrator
for the said nonent. 16. A detector as clained in claim212, 13, 14 or 15

I ncl udi ng processor neans operabl e t% g& rm ne the val ue r the
flux-1inkage when flux-Iinkage g nitiated. 17. A dYetector as
claimed in claim16 in which the processor neans are operable to derive the
value for the flux-linkage fromthe current at the said nonent. 18. A

detector as i‘glﬁg f I dpsg | or
deriving t heqt}%t 0 Sgdsq tﬂfﬁcﬁ:nﬁl tr111tgl ud‘g 8 tor %%tlér)rle?gg t?éh wgt%?iﬁ%&\l/?ﬁg:ﬂ%f
known value of motor speed. Under accelerating or decelerating conditions a

correction may need to be made to the motor speed.

If all phases are used for measurement the next rotor reference position will be
that for phase 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)° - AO 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)° - A and, by dividing this angle by the

speed, the time required to reach this position can be estimated.

The predicted time to the next reference position is then counted out using a
high frequency clock (not shown) by known means and at the instant such
time has elapsed a further measurement of flux ¥, and current 1, is made for
the corresponding phase. Due to changes in speed, and tolerances in stored
data and calculations, the predicted position 0, will not be identical to the
reference position 8,. The angular difference 6, - 0, can again be calculated

using equations (1) and (2) and the procedure outlined above.

The process of predicting rotor positions on a phase by phase basis and

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



rotor position for values of phase current and flux |inkage.
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o form of flux transducer could be used. However, the measurement is

preferably by means of analogue or digital electronic resettable integrators
(which integrate the phase voltage with respect to time t), together with means

for compensating for the resistive voltage drop in the phase winding.

The integrator executes the equation:

In

y = [ v-iR)at 3)
'.
where: \ is the phase voltage
i is the phase current
R is the phase resistance

tm 1s the instant of measurement

The integrator start time t, is arranged to be the instant of application of
voltage to the phase each 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 is reset by the digital processor after each flux reading

has been made.
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In applications for which the direct source voltage V is relatively large
compared to the voltage drop across the semiconductor switches in the power
converter, the direct source voltage may be measured and integrated in place
of the individual phase voltage. This has the advantage that only one voltage

need be measured.

The flux is then measured as:
v = [(V-iRa 0

As an alternative to using separate electronic integrators, 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

substantially busy and may need to be a separate unit.

However, provided the supply voltage is substantially constant and large
compared with the resistive voltage iR, various approximations may be made.

For example:

= (V-kimR) (tn—1to) (5)
where k is a constant, typically k = 0.5, such that:

e

Kin(tn—to) ~ | idt

t

As a further embodiment, in the case where the supply voltage V is relatively

large compared with the resistive voltage iR, the need to compensate for the
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resistive voltage drop may be avoided by using a modified value for the flux in

the stored data or ignoring iR altogether.

In this case the values of phase flux linkage y for a particular current I and
particular rotor position 0 stored in the digital processor are replaced by values
of the volt-second integral y’ required to create the phase current I for the

rotor position 0 are given by

In testing the machine to establish the table of values of ' and 60/8y’, 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 y,, and expected flux . and partial derivative (06/0y) are replaced by
yY'w e and (00/0y’) respectively, where ', and (00/0y') are obtained as
described from the stored data represented by Figures 4 and 6 and where the

flux y,,’ is measured as

Yn' = V(i - t) (6)

Equations (3), (4), (5) and (6) represent different methods of evaluating the
phase flux linkage 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 flux y,, and current I, at a predicted rotor position, the look-up of the
expected flux . for the measured current i, corresponding to the reference

rotor position, and the calculation of the difference AO between the reference
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rotor position and the predicted rotor position according to the equation:

AB = {30} . (Ym- W) )]
or ™

Figure'6 illustrates the method of the invention graphically. The saw-tooth
waveform y, represents the actual flux linkage associated with a phase while
the machine is in the continuous current mode. The flux-linkage value w; is
the minimum, or “standing” value during the cycle. The saw-tooth waveform
y; represents the flux linkage indicated by the output of the integrator.  The
phase is switched on at the angle 0,,, prior to which the integrator has been
held in reset for the period R by means of a signal from the processor 44. This
period R is long enough to return the integrator output to zero. At 0, the
current is measured (see Figure 7) and the look-up table 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 controller 42. After
Oon, the actual flux linkage in the phase increases at a rate dictated by the
applied voltage, and is tracked, with an offset of y;, by the output of the
integrator. At some point (not critical to this discussion) the phase is
switched off and the flux linkage begins to ramp down. = When the control
system determines that the rotor is at the predetermined position Oy, the
output from the integrator and the value of phase current are sampled and held.
The stored estimate of ; is added to the value of y; to give an estimate of \y, .
The current and \y, can then be used to find the actual rotor angle in the way
described above and taught by Ray in EP-A-0573198.

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



100 : 10% & ()-a8 10% & () - OQTRSSST: TA<bC

10t ! " &$s10%1+1& ()-!, &$S10%& ()-! &$SL10%& ()- SLI0%VE ()- & 109%VE ()-

& 109 ()-: TTTVIVWMWMAN \ = 10t! 109%&' ()- F(10%&' ()- 10M 10M 16
10Ms0M 1098VE () - ! &$S109%4+& () - ! &$S10%949& () - WAIVKWAKXEYaB{\ = 10t ! y@
109 ()-y$ 109& ()-y 109& ()->l MLOY& ()-!IMLO% i & ()-y

109 () - EYRYKYYYZUZVZ} A24= 10 10S,8 10%& ()- 6

10%&' ()-!H,  -glo%mhnh& ()-&  , -gl0%[& ()-&@L10%& ()-f' 10%& () - VZWEXZ[ ZZ
[['~A* AN f +1C§&ﬁ§e(pulse?c'1ﬁ6&6 & Thrs isliltstiated graplically )in! Figars §.) Siddedle () -
10 10*An4 1] b@+10! Df * 109% ()-10% & ()- (10% & ()- 10" 10°

10" 58! 10% & (c)urrem!t 1976’ (mmediajgly pforeq@yabthiennditiplioation ithithessdygtancen®
value gives the correct result of zero standing flux-linkage. Thus, the same
program code can be used in the controller 42 for both discontinuous and

continuous current.

The method described above provides a simple, yet effective, way of
combining continuous current operation with sensorless position detection,

without any unwanted degradation in the performance of the machine.

The skilled person will appreciate that variations of the disclosed
arrangements are possible without departing from the invention, particularly in
the details of the implementation of the algorithm in the controller. Also, the
diagnosis on which rotor 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 skilled person that minor modifications
can be made to 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.
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1. A method of detecting rotor position in a reluctance machine,
comprising:

deriving a value for the flux linkage associated with the or at least one
phase of the machine at a first point, at a moment at which voltage is applied

to that phase;

deriving a value of the phase current and the phase flux linkage at a

subsequent point of the rotor;

combining the derived flux linkage values to give a value of total 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 claim 1 in which the moment is at the point

when flux-linkage growth is initiated.

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

moment is non-zero.

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

moment 1S zero.

5. A method as claimed in any of claims 1 to 4 in which the value of the
flux linkage at the moment when positive voltage is applied to the phase is

derived from the current at the said moment.

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

moment 1s derived from the current and stored values of inductance.
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7. A method as claimed in any of claims 1 to 6 in which the flux-linkage

at the said subsequent point is derived by integrating the phase voltage from

the said moment to the subsequent point.

8. A method as claimed in claim 7 in which the said moment is the point

of minimum flux-linkage and the integration is started at the said moment.

9. A method as claimed in any of claims 1 to 8 in which the rotor position

is derived from stored parameters of phase current and flux linkage.

10. A method as claimed in any of claims 1 to 9 in which rotor position is

derived from values associated with each phase of a polyphase machine.

11. A method as claimed in any of claims 1 to 9 in which the rotor position

is derived from values associated with one phase of a polyphase machine.

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

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

means for deriving a value for the phase current and the phase flux
linkage at a subsequent point of the rotor;

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 flux linkage.

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

values of inductance for values of phase current.
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integrator for integrating the phase voltage from the said moment to the

subsequent point.
15. A detector as claimed in claim 14 including reset means operable to

reset the integrator for the said moment.

16. A detector as claimed in claim 12, 13, 14 or 15 including processor
means operable to determine the value for the flux-linkage when flux-linkage

growth is initiated.

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

moment,

18. A detector as claimed in any of the claims 12 to 17 in which the means
for deriving the rotor position include storage means for storing values of

rotor position for values of phase current and flux linkage.



