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WO 2005/ 076454 PCT/ GB2005/ 000297 1 Control of
El ectrical Machines This invention relates to

w@omsin4sd ng an el ectrical machi ne, parti cul arP@T/@B2005/000297

machi ne of the switched reluctance type, such as a
swi tched reluctance notor. 5 Switched rel uctance
machi nes have becone increasi.ngly popular in recent
years. In a switched reluctance notor, a stator has

-sets of poles that are sequentially energised to

rotate a rotor into line with the energi sed pair of

pol es, under the i GbohtrehcEElettricabMachiestic fi el ds
associated with each set of poles. By rapidly

switching between 10 different pairs of poles, it is

25T Righ TSR RTE skttt o leBricll Pl A Mhonine of
et sviehbdwedudtasie |ty sich abiaghvéichsihebdtnoé mot@t ati on of

the rotor than was achi evable hitherto. However,

control of the rotor at such high speeds can be

B SR o P G Becoh AR OB  Alears. 1o
geiteirdmeiusachfrRis, 4 Salde hgonsty dlpotd tharaed sdquyntidllyleasrgised to

been proposed to enploy control |aw tables, held in a
PR ra/ TS B89 Aine avith the cnergased et off Palps, cwidesis thefinflpence of the

machi.ne. ;The con ) a “ i Ly . i S€
PG g LS ERRAP Yottb a8l B phE Bl e BRRE s bevecn
arrgh@s phRs bhgolsd) eeid padieblé & Guse 1BE rdibetodGtai@ et vy BibBiIspeed.
a w de range of operating conditions. However, such

control law tables conprise a |l arge anount of data,

ich.thys require .a,large nmenory. The inveniiagn
B deSprh Gl b s ree PTRE Mt s B! igfheter spoeds of
EHRET bRk ORE MThAiPwad aMiAAbR Hilefth. FHElvéVer,| RAED] 8N rotor at
el ectrically energi sabl e phase wi ndi ng, the control

2&hniEgh speeds icaih hg paobemeatist dn piarizdlaadhanogulangdsation of the rotor
f N L T

range of rotor speeds, and an angle correction factor
to be applied to a predeterm ned portion of the
It has been proposed to employ control law tables, held in a memory associated with

the control circuits of the machine. The control law tables typically comprise look-
up tables relating the turn-on and turn-off angles to the speed and torque of the
machine over a wide range of operating conditions. However, such control law

tables comprise a large amount of data, which thus require a large memory.

The invention provides a control map for the controller of an electrical machine
having a rotor and at least one electrically energisable phase winding, the control
map comprising a predetermined advance angle profile representing energisation of
the phase winding with respect to angular position of the rotor over a range of rotor
speeds, and an angle correction factor to be applied to a predetermined portion of the

advance angle profile.
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advance angle profile. WO 2005/076454
PCT/ GB2005/ 000297 2 The invention permts control of

wa@rooshaass i cal machine whilst utilising | ess nBODGH2005/000297

than was required hitherto. Furthernore, the invention
allows notors having a wide variation in conponent
tol erances to be produced, as the correction factor
conpensat es for conponent tol%®erances. 5 The invention
further conprises a nethod of generating a control map
for a controller of a machine having a rotor and at
Teagtvenive pdradtsrconalol pf enetegirsabhechinasehilstiutiising less meemory
nmet hod conprising the steps of: .producipg a ) i
e o6 ssaitgd ditherom derthgimgre tHe FyepaoR éﬁ?\@% Bitordaving a wide
ql.sati h LNEL NG oW Edy T t BE fact
SRR O OhaBho TR RRARR, Mo OB MBUO, T BENEE" oD factor

spepasiteeive canpontmt téierancesdi Nng in accordance with the
advance angle profile; and producing an angl e
correction factor to be applied to a predeterm ned

PEE )G, AS-EE0bI S oR T Y BHBBECL biof o o o

Yésrol1do Meedelind hh Mgt OsoterSanidng 16RNBhY cldeeidsl P BhetgisH 1€ phase
the advance angle profile and the correction factor.

winglinge ttho tnediodgeareprasing ghe Kepe oht porueing 4 ereigimiped dvance
SRS Eeh R AP TR RETEE L Py PGNP B Pt o e
At Positibh Sf tROrolBNBY o Angd6f £AGL §fRbdLlenerbiding the winding in
correction factor may be transmtted to the controller

tspordeaceswish theaativence pegla enefjles inghpioducingiap nglenesyrsstion factor
t d t i de. | ect ri cal tion to th
todPaT T R e o PR B aE ST R he machi ne.

25

The invention permits a control map to be produced requiring less memory than was
needed hitherto, as the memory needs only hold the advance angle profile and the

correction factor.

The method of generating the control map including the correction factor may be
carried out during motor production, with the map being stored in a non-volatile

memory in the controller.

The correction factor may be transmitted to the controller by means of radio
frequency signals, which removes the need to provide an electrical connection to the

coniroller buried inside the bucket for the machine.

The invention will now be described, by way of example, with reference to the

accompanying drawings, in which:-

Figure 1 schematically shows a typical switched reluctance motor;
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The invention will now be described, by way of
exanple, wth reference to the acconpanying draw ngs,

WO pooslofaabd Figure 1 schematically shows a typiR@l/GB2005/000297

swi tched reluctance notor; WO 2005/076454

PCT/ GB2005/ 000297 3 Figure 2 shows a prior art

control map for the notor of Figure 1; Figure 3 is a
schemati ¢ di agram of appar at & for generating a
control map for 5 the notor of Figure 1; Figure 4
illustrates a graph of desired i nput power over a
range of operating speeds of the notor of Figure 1;
10 Figure S5 illustrates a c ntr%l fap for ntralling
the nbEBIe othomisfPrEomArt eqniol mag Torthg mMAtNREENeH: agr am
of alternative apparatus for generating a control map
for the notor of Figure 1; 15 Figure 7 schematically
showsFighe Fristapgcheialic gidpean ofiapbaaatao fdrrgeheating aicbntrol map for
Figure 8 shows a typical wave formof the DC |link

vol t aje matpiRfriE gure f;I ustrates a relationship between
the applied DC link voltage and a 20 correction to
the angul ar position of the rotor at which the phase
Wi ndi Piggredd @luseiatisgi saph ofdesifddduper Pdivesu3eB adange of operating
cl eani ng s?f%gl iance in the formof a cyclonic vacuum

cl eanwecdsrichporaer offigwe ot or of Figure 1. 25 Like
reference nunerals refer to |like parts throughout the
specification. Figure 1 is a cross-sectional view of a
typi Cﬁ'ful%VE febegtet alcbBirdngs fPtotktrollihg (HeQABIor 6€Figare 1;
rotor I, nounted on a shaft 2 and a stator 3. The
rotor 1 conprises an WO 2005/ 076454 PCT/ GB2005/ 000297

Figure 6 is a schematic diagram of alternative apparatus for generating a
control map for the motor of Figure 1;

Figure 7 schematically shows the motor of Figure 1 and a control circuit;
Figure 8 shows a typical wave form of the DC link voltage;

Figure 9 illustrates a relationship between the applied DC link voltage and a
correction to the angular position of the rotor at which the phase windings are

energised; and

Figure 10 shows a cleaning appliance in the form of a cyclonic vacuum

cleaner incorporating the motor of Figure 1.
Like reference numerals refer to like parts throughout the specification.

Figure 1 is a cross-sectional view of a typical switched reluctance motor. It

comprises a rotor 1, mounted on a shaft 2 and a stator 3. The rotor 1 comprises an
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4 axially |am nated stack of steel plates, arranged to
forma pair of poles | a, Ib. The stator 3 conprises

w@2@bandsof steel | am nations arranged to havePCT/GBR9EH00297

exanple, four inwardly projecting salient poles 3a,
3b, 3c and 3d. Opposing poles 3a and 3c each support
a w nding 4a, 4b which togetg.r forma first phase.
The other dianetrically 5 opposite poles 3b and 3d
simlarly accommpdate respective w ndings 4c and 4d,
whi ch represent a second phase. Each wi nding 4

£G4Ipr lagdsated baclgef stectipdatepfartangad to (@nga pali-oftpoiessda, ab. The
an insul ated el gcﬁt ri ca conduct or around the
Telgha cPTPESH ! (}féFeé lanypatiQns argRgediashaveoin this example, four

1910/%&@}/ g%](ﬂ gétﬂ%os l ﬁnt%%% rﬁl bf,ﬂaés Qn@@gerOﬂp%s ];fo%s 33t %nd 3¢ each

rota rotor:

Mﬁgom atwaindaipada, Bb Sitticiogethert lbernt @tfﬁﬁt phaém Thés peet diahtetrically
hase mnndlngs i.s._known. Thus, position detecting
@mo@ﬁlée aplkes p}bo@mh d sipijanh pecoramodate rrepnrstive pringmgarfc and 4d,

SERIgr o RS R B2l Roifh o

RQs bbb+ anash dl’%h\&@@[htéd‘lﬁecﬁﬂwl nbu@bfaroded ertreépectistator pole.
plane of the disk being substantially perpenJ)cuIar to

the direction of 15 optical radiation. Apertures in

he di sk .al | | gh th be .t
et o14b® Pirse B ber areRrgiendpdrey Giaet fefion of
$B83btor.2 T8k, PR hpeRitiva sise ikl Yot&ﬁona'l p§tioh 0@Md Rfor with respect
source is interrupted intermttently. Thus, the

mptha: phdsesandiogs isdmeivne dhas, gnﬁhtmﬁdétccgmg rsq:eg]ﬁ ake prov1ded in this

Fr? l{,lfc’q o ¢ Qr}ebfr? b C%ﬁgésgggfrc?aqr of pgﬁl m%(i}t ’S],OH and %n optical
s%h&ﬁ" (%1 fsﬁ&)()ﬁf d ThE cGOsHeF Ask! Belsagﬂﬁﬁtkﬁﬁﬁ"&@wgén HR! {RS& 6 and

phase w ndings. Typically, this is done by
M@Juﬂ tiic plahs ef iaddisk rouhg|sabistmtiallPydpendibilah to $he direction of
di scussed. further bel ver speed increases, .
ARG LHGIAIGR APBEITE Brf S tiskrulo ikt FpilRe SAus o Rg &rahgmitted
0 I

B0 sEgh L M MBI & kit sl B0 SR e bl

]aglmlfnonﬁthem@um‘e wmﬂteﬁa@&dl inteRmis¢miyp ekhuss the optical-sehdor receives a
ngle). The turn-on_ angl e nust be advanced to all ow

Pt glenglp gnats fgm the epvieahssphe tiegsnitisddo peopieller.

desired val ue before the i nductance starts

At low speeds, it is relatively straightforward to control the application of voltage to
the phase windings. Typically, this is done by means of pulse width modulation
(PWM), which is discussed further below. However, as speed increases, the angular
position of the rotor at which voltage is applied to the windings (the turn-on angle)
must be advanced, as must the angular position at which the application of voltage is
stopped (the turn-off angle). The turn-on angle must be advanced to allow the build-
up of flux in the winding from zero to the desired value before the inductance starts
rising as the poles approach. This is known as the on-advance angle. Similarly, the

turn-off angle must be advanced to be able to reduce the flux to zero before
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rising as the pol es approach. This is known as the

on-advance angle. Simlarly, the turn-off angle nust
wheooatiwanced to be able to reduce the flux to RET/GB2005/000297

bef ore WD 2005/ 076454 PCT/ GB2005/ 000297 5 i nduct ance

starts dimnishing as the poles separate. This is

known as the off-advance an%I e. In a typical

controller for a switched reluctance notor a control

law map is enployed 5 in the formof a |ook-up table.

An exanpl e of such a table is shown in Figure 2. The

indidtenceagatsidh@inishiise ns the pofesstparaige Thixciatkinows ak¢halofifadvance

a menory. The table charts the relationship between

%mﬁﬁspeed of the notor and the desired torque produced

by the notor. In each location of the table are

stored control paraneters for controlling the nmachine

G Pplealamiiolier ek kesehatichgtaie etbtans céird] U8y map is employed

Tygically, the control 10 paraneters conprise the.
ioribatprareie lapkiue tahle Anexamploefisigk e e Issshopprin Aggure 2. The
operation of th Q he.spee n [

GPE AblerEhsinl FRhhes BORARIEM AL P RY Aoy RigHEans e

REbastEp bbvdeR Bl sHzctial?ltRe hdtdr 41l thblesipgy @Nﬁeﬁﬁ%@duced by the
firing angles to control energisation of theép ase
motedi %gsa' oeatigaroftthe toblh apstared santrd dasgyestersdaricontrolling the
t orque

. 15 weyer, a drawback qf this type.of control
AP 9 RaRcRE e copret R e Ll " ey, M bontol
Fathh eFmREBpridel tHeh8nGRADAAR! P dn¥l 8RPbffeflvhite angle. During
manufacture to a batch of notors, it is essentia

erfeadtionhddbe motar thelspeed atbmotaringperdusranmmeesured and input to the

characteristi.cs in orde 0 _achi ev si st ent. .

BT PR sralossife ok raShlsdp 5l B EBtre diingrneles
for QEHEOIRENEMOR PRV PhsE MAHBEE M oREIRIIRRA desired speed and
tol erances, both physical and™ electrical. Naturally,

tohjue. adds considerably to the overall cost of the

notor. The alternative is to generate |ook-up tables
fromscratch for each notor, which proposal

However, a drawback of this type of control map is that it occupies a large amount of
memory. Furthermore, if the control map is applied in manufacture to a batch of
motors, it is essential that those motors have the same performance characteristics in
order to achieve consistent results. Therefore, the motors must be manufactured
from components having consistent and defined tolerances, both physical and
electrical. Naturally, this adds considerably to the overall cost of the motor. The
alternative is to generate look-up tables from scratch for each motor, which proposal

is extremely time-consuming and also costly.
Generating a Control Map

A control map overcoming this problem, and a method of generating the control map

will now be described with reference to Figures 3 to 5.
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is extrenmely time-consum ng and al so costly. 25
Cenerating a Control Map A control map overcomng this

w@e@blbaar4 and a net hod of generating the cont reCT/GBR005/000297

will now be described with reference to Figures 3 to
5. WD 2005/ 076454 PCT/ GB2005/ 000297 6 A schematic

di agram of appar at us suitablg for generating a contro
map according to the inventPon is shown in Figure 3.
The notor is indicated generally by the reference
nunmeral 7 and is |located in a notor bucket 8, together

Wistherasticediegiain efaippaatisrsoitabld far ger@ratihge @ntrehgRpeBtording to
i ncludes a voltage source 10 in the fonn of a DC power

the dwipsptign ihdowadn Figre Pt Ade motpristiadigaisd geeerally pugheagtprence
fil d_AC i . The g ' he.

bt iy R, i pi e R OE 1oBbBY AR, A lpdfical conto

15ohird OheTheAGF RS meRhiasiadwy Ndolnge Qurdd B0 IDHRI form Y ot DE power
electronic control board 9. In the present

sapplyi bat ¢aorbe ather Dintiesy origetiffrdogndifened AGmagng Ty voltage

BB s s Sahb f i Stegtizd s ARtk E e across
pifhsd m@n&iﬁg$ 0P khdBRER P by $hé eRPEESHhRAIr@ro€ 36Ad0d. t e the present
phase wi ndings of the nbtor 7, and controls operation

aplichieomsho Ddhyoltapesirayideh e Hisaswitoladdichptance rhachine (whether
Bttt eSS RS iRt aes Tsony TnGrghees.

fromthe power neter 11 are input to a test controller
12 which, in 15 turn, sends data to the electronic
Tlontorgtol boawd® 8. coEhepied todeash ofidha ptiasi windings miithometer 7, and

rofile over a.wi de range of. operating speeds, ,Such a ..
P13 6P RHP b & s BPoF HEcE g RESRAPIGFS HORGNEY fqybe Snereised in
re, ) :
SR TS ResTL), S OApEL Lot DBPRAL k) Seapure fhe imput
pavgr eSigfhld floas the gemeg emtardtl edtef inputatova tsticordtodlen 2 which, in

nmotor._ This profile shows the power
turn, sends data topthe electron?c contro{ boarcpl 9.

Figure 4 shows a desired input power profile over a wide range of operating speeds.
Such a profile may predetermined by means of modelling software, and may be
generated for a specific application of the motor. For example, the profile of Figure
4 has been generated for a vacuum cleaner motor. This profile shows the power
increasing steadily with speed until maximum power is achieved at very high speeds
of between eighty thousand and one hundred thousand rpm. At speeds above this
limit, the motor is arranged to power-down to avoid excessive wear to the

components.

Figure 5 shows a corresponding predetermined profile in the form of a nominal
advance angle map. This profile represents an idealised operating condition. The
line indicated by the reference numeral 13 shows the variance of the off-advance

angle with increasing speed of the rotor. The line indicated by the reference numeral
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increasing steadily with speed until maxi mum power is
achi eved at very high speeds of between eighty

w0 bwssaass and one hundred thousand rpm At sSpeROEGBRWF©00297

this |imt, the notor is arranged to power-down to

avoi d excessive wear to the conponents. 25 Figure 5

shows a correspondi ng predetﬁnnined profile in the

formof a nom nal advance angle map. This profile
represents an idealised operating condition. The Iine

i ndi cated by the reference nuneral 13 shows the

Maslicavcthe atlatibieshof betacdumatheeon-ahginee anglh witicreasspegd. The on-
speed of the rotor. The_ line_ indicated by_the

PRGeetieae osenedl vanprbdbsnidl7be saotee heemoshed epepslgan excess of
t . D57 _ '
B o A€ 5 R0l 5L 1SR RS FENARES R by

BWwMl [Thelfihe 15 bhehembysh indirates PACNEchitdend showe Mogsscatage of

60, 000 rpm At | ower speeds, energising of the

sich @y #lg surias wieh Kpliagmis aplietiopiic Phege Windaes; dd shoyv sppeds of,
he_ gr aph 4 ndj e 7 tr t .

RSB SR PR GO Rlse SRRy i paprosimatay

BPR b etk &y tige. phias eolinicd giiRE Svid i isdreae 3P @etkpedd incrdadés until
exanpl e, five thousand rpm a voltage pulse is applied

4t grovsd| fiftaiboreswid memefu]l widihosodiege pulsdutrg appl¢dto tipaindings.
vol tage pul se wi dths increase as the speed increases

until at around fifty thousand rpm full wdth

MAUHSIR HERS IR RnBBPhiafdtht Gollfage \emﬁﬂy N@Sis aHdnkéd to supply a
order to generate the control map, the voltage supply

chdstagt woltagede dha motonFptiy the eledratianentyal|oae9+ dhetwalue of the
notoor 7 via the electronic control .bagrd 9.. The val ue
BPlh o 1l on SR Gofttiueond “eH Bdpugl eratmt voltage
B ESRHIGuBb A 8 thRhGRte GRMADNGY R 9% tHeYHbsent example
woul d be supplied to the machine via the DClink in

afse mdtor fdrea pee@mentleaeanthk eonsthint volbager isfsetectedvimcigprasent the

cl eaner, the.gonstant .voltage_.is selec to represent
YHGES 958 HATeL SETBH 4T 0R e A s suppl y,
for exanple, 230V.

A speed is selected that corresponds to a predetermined input power from the power
speed profile. A convenient speed in this example would be 80,000 rpm, because it
is known that the motor should be operating at full power at that speed. The control
board 9 is arranged to apply voltage pulses to the windings in accordance with the
nominal advance angle profile of Figure 5, in order to bring the rotor up to speed.
The pulses are applied according to the on-advance angle and off-advance angle

stored in the nominal advance angle profile.

The power meter 11 measures the input power and sends this as a signal to the test
controller 12. The controller 12 compares the measured input power with the desired
input power indicated by the power profile of Figure 4. If there is a discrepancy, the
test controller applies an incremental change in both the on-advance angle and the

off-advance angle, and the input power is measured again. Again, if there is a
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A speed is selected that corresponds to a
predeterm ned i nput power fromthe power speed

w@e@biot@s4 A conveni ent speed in this exanpl e wetl/GBR@®5/000297

80, 000 rpm because it is known that the notor should

be operating at full power at that speed. The contro

20 board 9 is arranged to apgly vol tage pul ses to the

wi ndi ngs in accordance with nom nal advance angl e
profile of Figure 5, in order to bring the rotor up to
speed. The pulses are applied according to the

discraghnan detvaog ke mpabuoddf npavsrwe adghe destedrieput pDWehethe on-
nom nal _advance angl e prgflle 25 The power, net.er

Frslaqiir advanse angige ero Alke crodhetsmeRpenhs A fsg?l@%lamealental
:% h%latr %ﬁgnlﬁe 9 8{" {h%l c{rgér o]f?O 7°Thfth§?ﬂ6cregé ecfo éﬁu&@ﬁ'ﬁ?rtﬁé measured

edlnu

ﬂnpdﬂ AV @tardythe m@mmpwppmérl aeogub&a@wl@ the slafnet hW’H%n thls is
IS a discrepancy, the test controller applies an

achéavedethe a¢talc¢1nns@ in pdvanehangdie ivAtosildinbe neveey agrdcorrection

e PLIFR N T Bar fetorrs e RS R oBieBlsantsd agion of the
Sl BERARREDHAS ?rofﬁe %r§ﬁfa%@aﬂ§é’¥&ﬁbﬁ\%ﬁn Rehibk #sd!6@&ddvance

I nput power and the desi red i npu power he on- and
afge cadesaimte phapgl Be aivencd angle @rcbﬁ/leamtﬂlrmtypum icerrestion factor

| cal i ncr enment al r h
GBS Seoehi f5F Semeenrea ks B e o advance
ér{%gé‘tzvlﬂ?loﬂﬁrcofi‘ﬁgu&h eafiGShdrd tbnﬂl{"s 1ﬁ@i‘6@t@3d 8Jyethe: line 16. The on-
stant 1 al the same. When this is 5 achi eved, the

ddvhade azigtm\gﬂh il cadectinmefacioghddddstost isnmdicated bhn therimmlﬂy
as a correction factor. In use, this correction
factor is enployed over a predeterm ned portion of the

gﬁ%@me&ﬁﬁg@% % dg@ng EE %mé?}lﬁgé ﬁ{&&hémmﬁgeuﬁprthe Measured

uring cones I nto
ihpet pevantewithyl & rp)nigmf of esluws hhtlﬁr&spmtctal the qrre@aiemuned input
factor taken into account are represented by the
MY%¥en lines in Figure 5. The of f-advance 10 angl e
with the correction factor added to it is indicated by
the line 16. The on- advance angle with the correction
Tiech@hinadgddntoaigle pfilasid ik adrivytidihéctarmee held permanently in

locations in a non-volatile memory associated with the control board. The amount of
data stored is typically the equivalent of one row of data in the prior art control map
consisting of look-up tables. Thus, the control map allows a smaller memory to be
used, thereby reducing the cost of the machine. Alternatively, the extra, unused

memory may be utilised for other applications.

A further alternative is illustrated schematically in Figure 6. In this arrangement, the
test controller 18 is arranged to communicate with the control board 19 by means of a
radio frequency (rf) transmitter. In this embodiment, the correction factor is
transmitted to the memory of the control board 19 by means of rf signals. This

arrangement advantageously removes the need for a physical electrical connection
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Al ternatively, the advance angles nmay be anended

incrementally until the nmeasured input power is
wowakiorm4sd range of val ues with respect to the PCT/GB2005/000297

predeterm ned input 15 power. The nom nal advance

angle profile and the correction factor are held

permanently in Jlocations in.a non-volatile nenory

associated with the control Poard. The amount of data

stored is typically the equival ent of one row of data

in the prior art control map 20 consisting of | ook-up

Hetlobasthe Tesi Sontrolder cmdtthe contep batidpwhich isnmdder withiothe motor

to _be used, thereby reducing the cost of the nmachi ne.

?W*%&%atively, the extra, unused nenory may be

utilised for other applications. A further alternative

is illustrated schematically in Figure 6. In this

ViohanoEsmptasatioa 25 test controller 18 is arranged to

communi cate with the control board 19 by neans of a

radio frequency (rf) transmtter. In this enbodi nment,

the correction factor is transmtted to the nenory of

Theeafommdtscpibed oamteb] haphyn camanen ofithpiios i naingrol Ftaps assumes that

arrangenent, advant ageous]y renpves the need for .
Byeliesn eoplied i Pe A NEaRHE CPIGRIVBO 2005 B35 e DC link voltage

/ L3089 L 1 Ww&Heri¢opt rol ler and
\t%gegs @ﬁ?@glvggo%e?%,w V\ﬁlp@h\elgs itn?l%en Wi thin the motor
bucket 8. Voltage Conpensation 5 The aforedescribed
control map, in conmmon with prigr art caontrol maps )
Higuisad/stor hanclusivreillpsirata gemethed pegompensaiang,fpma ygeimng DC link
coq&%gant. However, in use, the DClink voltage varies
YT the voltage at which the control map was deri ved.
10 Figures 7 to 9 inclusive illustrate a nmethod of
conpensating for a varying DC |ink .
Figure 7 is a simplified schematic diagram showing a switched reluctance motor 25
in use. In this drawing, power conversion apparatus is indicated generally by the
reference numeral 20. In use, the power conversion apparatus 20 is connected to the
mains power supply and is arranged to provide a filtered and rectified DC link
voltage. Suitable power conversion apparatus is described in our co-pending patent

application GB0229873.5.

An example of an actual DC link voltage is shown by the line 21 in Figure 8. The
voltage signal fluctuates rapidly with time. The DC link voltage is sampled at the
filter circuit 22 of Figure 7, in order to provide a smoothed average value of the DC
link voltage. A typical average DC link voltage is indicated at 23 in Figure 8. This
average DC link value is supplied to the controller 24, in which is stored a voltage

compensation map, such as that shown in Figure 9.

This map charts the relationship between advance angle and the average DC link
voltage. The map may be derived by experiment or otherwise generated by means of

modelling software. The map is held permanently in a non-volatile memory
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voltage. Figure 7 is a sinplified schematic di agram
showi ng a switched reluctance notor 25 15 in use. In

WO oS/ 0Tsm Ng, power conversion apparatus is iPdi/GBR@d/000297

generally by the reference nuneral 20. In use, the

power conversion apparatus 20 is connected to the

mai ns power supply and is aﬁranged to provide a

filtered and rectified DC IiRk vol tage. Suitable

power conversion apparatus is described in our

co- pendi ng patent application GB0229873.5. 20 An

sxaimedwith thecarttoliat 240n! thislexsopleathe ddyasdeomgldip zetoeat 230V.

line 21 in Figure 8. The . voltage signal fluctuat

Thip by e the GPHED! TRV BT WISt AGRUIS Solipbteiiee pulses
7 . : 2 0f Ei e

A M B SLIRE TSt uR b S Gves oSl gt of the motor

atahdtagitagd Ty i< atangple rthg eddfict amde\io btrageedi to reduce as the DC

indicated at 23 in Figure 8. This 25 average DC |ink

Ik (pdtape Ingigsses, apdl vige V¥é2-control ler 24, in which is

stored a voltage conpensation map, such as that shown

in Figure 9. This map charts the relationshi p between

wivaneeDanglevenge ihanpler Aga tRCfltenkhe vohtralipe 24 THddresses the
map may be derived by experipent or otherw se
pdiaee seleipnishipnkaldian Be mIpoTRHEIIIPIEP defYahcatrection fagfpr to be

i S.hel d tLy i ' .
S5Bes o e TR andobd Bebdrt Mt BsCRERL IR bromale if the
Bedhfeal ber 1iré volthgd i 307X afiph ehe theireithr aappic@ngl ®lvhsice angle
zero at 230V. This is because the control nmap was

aberectied ofitd beth thpph ypnd gftatvencemangles efaé°.pdheasthe figing of the

the windin f.230V. Thus, the control p_di,ves

g6t it SOl 81 PR ROPBT o] TERes VBE | g, ff pensors for
&Qésﬁﬁﬁg‘@ﬁ%}bﬁeﬁiétf& PRI @RGbRuL SspRkd.anged to reduce

as the"DC 5 link voltage increases, and vice versa.

When the DC link voltage is sanpled fromthe filter,

the contral ler 24 .

The relationsh?p between vggggreea% %%g ehc%rrection need not be stored in the form
of the map of Figure 9 . If, for example, the relationship is a linear one, it would be
within the capabilities of the skilled person to cause the controller to apply a
predetermined correction factor to the advance angle for every volt, or fraction of a

volt, by which the applied DC link voltage is shifted.

The aforedescribed method of voltage compensation may be applied continuously,

periodically, or simply at a predetermined event, such as on starting the motor.

It has been found that, when the motor is connected to the power supply, but is not
being run, the DC link voltage is generally higher than would otherwise be expected,
because current is not being drawn from the circuit. Thus, a correction factor may be
stored purely to correct firing angles at start-up of the motor. This may be effected

simply by shifting the angle compensation factor by a predetermined voltage value.
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voltage relationship held in the nenory, in order to
derive a correction factor to be applied to the

wa@oawanogsangl es at which the, phases are firedPCFGB2005/000297

exanple, if the 10 nmeasured DC link voltage is 207V,
then the controller applies an advance angle
correction of to both the on ?nd of f advance angl es of
2.1'. Thus, the firing of thé phases is controlled in
a sinple manner and reduces the need for sensors for
nmeasuri ng characteristics of the notor e.g. torque,
Fpeedamdls, dhestarblipt 2 G Hing etageed 316V age lane anrgtresponding
correction need not be stored in the form of the map
advancg eirge adjustprent olok-4%xanpl e, the relationship is a
linear one, it would be wthin the capabilities of
the skilled person to cause the controller to apply a

B REBELEMaNesh&ANs aet Apicdtant & hysRrdshecad¥RN I tiRNEb&ured DC
for every volt, or fraction of a volt, by which the

élp}glvoétdgc{xﬂulcmt@swapltdagéetivv@e@ Hivbt edues2 theThdv ance angle correction

Bk 5 oy oSt TR PO R, BF e Such that
RIdRhgE M PBHa@vRAtio wgﬁeatals 1R SbRAERGNSD InRhRA: blfbre the

has beén found that, when the notor is connected
thrgllenepplsg plpieyv viue fqré;hmzcdvan%artg@ ergreciion. sdw*élatxhe change of

bt Gt e B AL Fetde B R bl PRI B otoce

& %?6&102‘3'01"\/ t0 11395, tl?e G&IF[IrOﬁEIt fn‘ﬁff‘ bk %Bét %lrg@yo %1’[ t?ﬁtﬁ &8 voltage

purely to correct ‘firing angles at t-up of

it 0gen tTBB4V ibaford eppafihe etcedectminrtp lthe dlyasdei afrtgleng t he
angl e conpensation factor by a predeterm ned vol tage
val ue. WD 2005/ 076454 PCT/ GB2005/ 000297 11 For

%@%&vuoﬁ%s& ﬁ%aﬂw to asv%héd '?glugtl% clﬂﬁeg’léﬁﬁ F‘?%aﬁlculaﬂy

have a corres advance an | ust ment
Asdfulrinhach emthines ﬂ’eiltlbpd:rstetdﬁ m@pﬂiee@&%ﬁ, @:Iy, @O0t evelstions per
control. If the neasured DC 5 link voltage fluctuates
FHPHE y between two val ues, the advance angle

correction

Figure 10 shows one example of a vacuum cleaner 30 in which the switched
reluctance motor may be used. The motor is arranged to drive an impeller at very
high speed. The pumping action of the impeller draws dirty air into the cleaner via a
nozzle 31 and a hose and wand assembly 32. The dirty air enters a separator 33,
which serves to separate dirt and dust from the dirty air. The separator 33 can be a
cyclonic separator, as shown here, or some other separator, such as a dust bag.
Cleaned air leaves the separator 33 before entering the motor housing located within
the main body 34 of the cleaner. A pre-motor filter is typically placed in the airflow
path before the impeller to filter any fine dust particles that were not separated by
separator 33. A post-motor filter may be placed in the airflow path. However, the
provision of a brushless motor reduces the requirement for such a filter. The cleaned

air is then exhausted from the cleaner to the atmosphere via a suitable outlet.
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factor will tend to fluctuate accordingly. The
controller may be arranged such that the change in

waelotsagashas to be greater than a predet er ni neBCT/GB2005/000297

i ncrenent before the controller applies a new val ue

for the advance angle correction, so that the change

of advance angl e | ags behind the change in voltage.

For exanple, if the DC link Itage 10 rises from 230V

to 232V, the controller may be configured to wait

until the voltage has risen to 234V before applying a
Variathaisitonhd desthivedeivipridaes glik be Bppatenvend slaled erson and are
applicable tqo switched reluctance machi nes, and |s

indended dp fpll yvithi dre jcopé, of theninkertinm e Kok Beamplpevhile agour-pole
&h&? t%pc?—ﬁgl% I%ft()l' %%MHnéL%QS 809, rd@%?’*bléh,' S iRShtiont 2an be equally
m nute. Frgure 10 shows -one exanpl e of a vacuum
ghrraed mAthines\Wavieh diee nawibesheftb ole€bhlGisastater Al eftom@d with
be used. The notor is arranged to drive an inpeller at
petgrs hayigg ofysedignenyioes.punpi ng action of the inpeller
draws dirty air into the cleaner via a 20 nozzle 31
and a hose and wand assenbly 32. The dirty air enters
Thé BPROAGY s Sfhally \WpIEdAbRED YRSt ofsOarsE PeHetdt6rsUhbi nadBsharily of the
dust fromthe dirty air. The separator 33 can be a
swidthsdi relustapae sy andasas hevwempleyed ioepplomecoother than domestic
separator, such, as dust bag.. O eaned air l.eaves th
LiBpplsness EhoPe e BPPRE Bife RO g oty water
gﬁh ¢ n the main body 34 of the cleaner. A pre-notor

ilter is typically placed in the airflow 25 path

before the inpeller to filter any fine dust particles
that were not separated by separator 33. A post-notor
filter may be placed in the airfl ow path. However, the
provi sion of a brushless notor reduces the requirenent
for such a filter. The cleaned air is then exhausted
fromthe cleaner to the atnosphere via a suitable
outlet. WO 2005/076454 PCT/ GB2005/ 000297 12
Variations to the described enbodi nents will be
apparent to a skilled person and are intended to fal
within the scope of the invention. For exanple, while
a four-pole



stator, two-pole rotor machi ne has been described, the

i nvention can be equally applied to machi nes having
wo@ehwen7asnbers of poles on its stator and rot oPCEG$2005/000297

with 5 notors having other dinensions. The invention

is equally applicable to notors and generators, not

necessarily of the swtched reluctance type, and may

be enpl oyed in appliances other than donestic vacuum

cl eaners, such as |awn nowers, air conditioners, hand

Qlapmss and water 10 punps. WO 2005/ 076454

PCT/ GB2005/ 000297 13 dCdains 1. A control map for the

controller of an electrical machine having a rotor and

Al | 83%htrONBas i Ghe EGlodr SNET Gb$AR nRBARANAU Rffor and at

the control map conprising a predeterm ned advance

langy| engreltiricelly espemssahiei plgpse memgirgatthencanfrol heaplvasprising a

winding wth respect tQ angul ar. positjon of the rotor. .

Boaricainsthy @%VaaFe Aol Prafie serdcseRipd EHETEISEHiQn Of Hierhase sfinding

¢ . .

et o AR osin ot 1, B EELE AnBE R ALY PRt PR amele

&radctivd , fadtor vdhibe happlied advwapredetangined psafioh eof thncddvdese angle

on-advance angle data for a predeterm ned range of

Pofil speeds. 3. A control nmap as clained in claim 2,

in which the angle correction factor is applied to

t he on-advance angle. 4. A control map as clained in

Aany pAeestion@npl & Blairhéd Whiiatin tihdn prieidktthe mdeette angle profile

profile includes off-advance angle data for a

ineloides ep-pdviace ialgydats foragiredetepradgange o atQyPees. map

as clainmed in claim4, in which the angle correction

factor is applied to the off-advance angle. 6. A

zont r al corpl A8p &k 2limed inclaity 2pire®BiéhN@e GhgleMortebtion factor is
whi ch the angle
applied to the on-advance angle.

4, A control map as claimed in any preceding claim, in which the predetermined

profile includes off-advance angle data for a predetermined range of rotor speeds.

5. A control map as claimed in claim 4, in which the angle correction factor is

applied to the off-advance angle.

6. A control map as claimed in any preceding claim, in which the angle
correction factor depends on a difference between a measured input power to the

machine and a predetermined input power at a predetermined rotor speed.

7. A control map as claimed in claim 6, in which the angle correction factor
comprises a change in angle required to reduce the discrepancy between the
predetermined input power and the measured input power to within predetermined

limits.



correction factor depends on a difference between a
nmeasured i nput power to the nmachine and a

w@e@detassm ned i nput power at a predeterm ned POL/GB2005/000297
speed. 7. A control map as clainmed in claim6, in
whi ch the angle correction factor conprises a change
in angle required to reducemé$e di screpancy between
the predeterm ned input po and the neasured input
power to within predetermined limts. WO 2005/ 076454
BCT/ GB206to0 @ 20mrolling 8n elkciseliparhite nying airpion @né at least one

east

h
eae I rg s S e fnaBRE s Ry™a ¢ PRta i o cleimed

RIRlyDH G cRihODi6 9! map as claimed in any one of
clarms 1 to 7. 9. A nmethod of generating a control nmap

for a controller of a machine having a rotor and at

east ,one_el e trlcall ener gi sabl e phase. wi ndi ng,,.the .
ot hod BEHBH L SRS atHLa VB 1P b Badenig o & maehine Baving o
RItGAGieLEAe gn?@%@ﬂﬁ%lﬁ@@r@sﬁﬂ@% hds€ erﬁcﬂlflg 1t thB@od compnsmg

energi sation o hase W ndihg with réspect to
drguteps phsptddoningf at peedetetmined oadmnee ranglye plbﬁia)trepresentmg

speeds; energising winding in a orda ce with t
glgwgﬁ%tém %é)b&ﬁ%mlqlcgng gﬁ‘@l ﬁgﬁﬁhﬁq ﬁ)& gﬁ@luon 0] t%e rotor

SEDSRhED: LRSS sRSpRER i REGHBLEE Bt aanc
@ﬂx@e Mprdfild; nandhipebdidives winndhgle t@reetien gfas@d it be applied to a
accordance with the advance angle profile at a
piedeterraingsl Redionpd dhe copfiPbMaBpeed is associated with a
predet erm ned i nput power, the nethod further

conprising the steps of neasuring the input power and

po.odugi Retidie agniimes dnr €ain O ih achiol thé witkpenderaergised in
on a difference between the nmeasured power and the

prcetiianes wiithelie apvanse angle profilewt ppmedstsrmingd ranged.nwhichisaged is
%ssbmat%d\’@v{tﬁ ha %)Pe%etse Shed fll’l ﬁtolgjol'\lx%rn fhet heth%& glltﬁther comprising the

steps of measuring the input power and producing the angle correction factor in
dependence on a difference between the measured power and the predetermined

power.

11. A method as claimed in claim 10, in which the step of producing the angle
correction factor includes applying predetermined incremental changes to the
advance angle profile, measuring the input power after each incremental change and

comparing the measured input power with the predetermined input power.

12. A method as claimed in claim 10 or 11, in which the angle correction factor
comprises the change in angle required to reduce the difference between the
measured input power and the predetermined input power to within predetermined

limits.



correction factor includes applying predeterm ned

i ncremental changes to the advance angle profile,
wore@srd4ng t he i nput power after each increnmenP@l/GB2005/000297

change and conparing the nmeasured i nput power wth

t he predeterm ned i nput power. 12. A nethod as cl ai ned

in claim10 or 11, in which E?e angl e correction

factor conprises the change'in angle required to

reduce the difference between the neasured input

pdower Aamgthodes staamed by aviyoae of algires ond?, fughes edmnprising the step

det er.mi ne lim.ts. WO 2005/ 076454 . .

PP dass Bt 7o e T e MR BAR S iplegithythe sonpler

one of clainms 9 to 12, further conprising the step of

storing the angle correction factor in a nenory

d4socitamethodiasielaimed mommy ook béelaims9 ta\13pfurber epnprising the step

G rgidife thy S8, Sl T of e’ conolig by means of radio

GRAi&EEY sRafsactor to the controller by means of radio
frequency signals. 15. A nmethod as clained in any one
of clains 9 to 14, in which the input voltage applied

g the phass winding, s, substaptiably CO0Stant: ndSinfiotage
REEoIYSE B ; imed in any one of
C aﬁﬁg§9 t3%%%QT%ﬁﬁ%gﬁgﬁggﬁdﬁﬁﬁﬁféﬁpa machi ne, as

generated by a nmethod according to any one of clains

9 to 15. 18. An electrical machine incorporating,

BNt r &1 CORBPUGPIOBTAMHEH Coirodling gngefyjne 8h%‘3°8¥daaé‘P%W the method
: ¢l al - | ectrical machine as clained

%ﬁd%PgﬁﬁﬁfQ?%P%Z¥%%ﬁ#iﬁ?%ﬁ% a swtched reluctance

notor. 20. A cleaning appliance incorporating an

el ectrical machine as clainmed in claim .

1 A control map for a machine, as generated by a method according to any one

of claims 9 to 15.

18.  An electrical machine incorporating a control map as claimed in claim any

one of claims 1 to 7 or claiml17.

19. An electrical machine as claimed in claim 18, in the form of a switched

reluctance motor.

20. A cleaning appliance incorporating an electrical machine as claimed in claim
17 or 18.
21. A control map for the controller of an electrical machine having a rotor and at

least one electrically energisable phase winding, substantially as hereinbefore

described, with reference to, or as illustrated in, the accompanying drawings.



17 or 18. 21. A control map for the controller of an
el ectrical machine having a rotor and at |east one
web@sordssal |y ener gi sabl e phase wi ndi ng, substBeiL/GaRI0§/000297
as hereinbefore described, with reference to, or as
illustrated in, the acconpanying draw ngs. WO
2005/ 076454 PCT/ GB2005/ 00029¥ 16 22. A nethod of
generating a control map for % controller of a machine
having a rotor and at |east one electrical Ity ) )
gher gi%@abthed o gereraiingia n@}ﬁr@mﬁ@t@hﬁ icemtrgllersof a machine having a
rei nbefore described, .wth ref ceto r as .
9107 a edf 3 O0F Fociu b i S BREPI iy i " Spstantially as
RELRBE0SE deQired)! Wit OreferBRehioN &r ha@vlulﬁgra@ea GhO &h@@é’ccﬁ‘ﬁpanymg
| east one electricall y ener gi sabl e phase wi ndi ng,
dubstgent i al |y as herei nbefore described, with
reference to, or as illustrated in, t he accomnpanyi ng
drawi ngs. 24. An electrical machi ne a swtched
| uc :
gﬁ bst %ﬁr?:étgx] R%ffgént 11i Qtrﬁ fgl'rng%%\gg @tg Smd _at }]east one electrically
eefrgisaie phise, wmdlng,sswblsﬂamsalbaa‘séﬂralmb efdrh desmﬂmd;maﬂhyeﬁgence to,

dra
or as 1llugtrated in, the accompanying drawings.

24.  An electrical machine, a switched reluctance motor or a cleaning appliance,
substantially as hereinbefore described, with reference to, or as illustrated in, the

accompanying drawings.



