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SI NGLE W NDI NG BACKEMF SENSI NG BRUSHLESS DC MOTOR
TECHNI CALFI ELD This invention relates to
webk@sieand catly controll ed brushl ess DC not or SP¢TraZ200g/000327
per manent magnet rotors) and-ilmparticul ar, but not
ﬁolely, to three wi ndi ng notors for fractiona
or sepower l'ications such as in_ hone i anc
heai SRYGLE BIAG BAGH EAF St i SBE Es3SE MBTOR
el ectronically controlled notors may be used to power
t he wash and spin notion of an agitator or drum and/or

TEOENIEAL Povwpdrain and recircul ati ng purrps. PRI ORART
Met hods of controlling el ect rect)lgy i cal |

t .
br usihie daveptiongelsies oy PECHalf SeMy i st%sgg?g pipotors  (having
T S e
pe@fl%?’aé?a%né} %&r)rgﬁélﬁeld Iqlli]l I%!mrre@agp 'FIJJQP glg’% Eg’le?ﬁ"tbf Ohflee®iddify motors for
fraotional hutsapowaapplisatinns kuchgs meledThe emhancetsmaeelmhcare equipment. Ina

454092 1];11&1e %cqbgltpgﬁém g%t H@S(ﬁrg glﬁa%fgﬁ)eEhggsﬁro OV, t%e wash and
spEf Iﬁf)‘t%n & Baglisor Bif MubLahd/orABe RASHAUREntaad kEErcRlE88 Plmps.

Invention some of the basic electronically controlled
not or (ECM concepts described in these patents is

ri.sed below with reference to Figures 1 and 2. A

Plﬁrﬁ@%ﬁase (three stator w ndings) DC notor is shown

schevighb&abf Moﬂtfblﬁh_lg] 'éIe@trﬂlithc@rﬁmmﬂtal banrhkw Dthesotors have been
whi ch coul d be | GBT power Ts. By .turnin

disslised in USRS HekOS, AR it 2k apiteddor Vo FABiRCo Ltd) and for
L
T

(BoRd lepwhr assighéd o I5dneral (HHlacisic C(Sdrhpemyi)m@ﬁ eRatentf 48978 14 (Duncan et al,

nove in_a clockw directio Turnin ff u
assggﬁlqdciﬁ Fisheg & Eﬁ %Améltﬁ ttﬁ? pﬂ@rwdl}%ﬁg@ pgeﬁﬁﬁeﬁvgltpgrsome of the
a h f n
oS Po ARAN Sy BETECND (Bl BRI e pucs s
su;nmﬁed beldwofith teteremerto Feguresnl adi2.ches the magnetic
ie int i11. ten rotate at th P
spedd thge P %Ses(\ﬁ}rf’% ﬁﬁa){gé %‘Pﬁltnﬁg Its)@l TPRIRE S SRy pC errt%%"l? iy in Figure 1
w19‘f corRmnmtiah kR RcRMWIEeh @&Ilcﬁ ¥aiGBT $FdkSBy klﬁﬁmgtdil upper switch 1
cl ockwi se rotation, but the one described produce

fonphasnu%an@tl@welt wvitahe? fox phdise B, trestaibe awmenetia fipld Wilkbe created in the

gg,' e des S (g’\%/e%ns%@#cés e%? Ip‘ﬁ/’age% N4 Aﬁbﬁz‘g%efogx}e? %1’[&# 3 for phase C,

rrng") atte

thf[s Eh%tgﬁb@fc ﬁ&lfdtvﬁh nedtlifa cﬂdﬁkwﬁs&dumhﬁ@re Thiriihg gffoippekywm 1 for phase A
rotation is shown in Figure 2, This can be |%&) reted

and dumisle) WEPPeT 6WEBh 4ifhr MP Rl eause he magneiic O gqfiinue to move
in GROVEG S aRRUbS. 99 éﬁeeﬁﬂg fiis ¢0tifdG” QF 1HE VoRENAMHE switches the

magnetic field in the stator will tend to rotate at the same speed as the switching of the

switches. Other patterns of commutation switch activation could also lead to clockwise
rotation, but the one described produces maximum motor torque.

It will be noted that in the example described only two windings are energised at any
one time (“two phase firing”). A full pattern of the six switch states for two phase firing
clockwise rotation is shown in Figure 2. This can be interpreted as follows. To obtain
maximum torque in the motor the connections would be A+ and C- to the 60 degree angle,
then B+ and C- to the 120 degree angle, then B+ and A- to 180 degree angle, then C+ and A-
to the 240 degree angle, then C+, B- to the 300 degree angle, and then A+ and B- to the 360

degree angle, the sequence commencing at A+ and C- again. Thus there is a sequence of six



10

15

20

25

30

then B+ and G to the 120 degree angle, then B+ and A-

to 180 degree angle, then C+ and Ato the 240 degree
wangbmee246then C+, B- to the 300 degree angl e, aPdI/NEZI04/000327

A+ and B- to the 360 degree andle, the sequence

commencing at A and C again. Thus there is a sequence

of sjxdifferent swtch patterns and each goes to 60
dlﬁfsfﬁPt%W’éﬂbP%f? S prst achogpey it oA glegree gingle ff rogsion giying astotal of 360
delgfeet & Rfidtf. Counter-cl ockw se rotation of the notor

I's achi eved by reversing the switching pattern

sequesieraflokivdsccotationalf iwnmetot fscivhiyed\by revetsinpae siliching pattern

e ex |l e described, for creating a rotating
Seérlgeélﬁ%f)fggfcp@n&‘i?wntSP(%‘JCCQF%t-_or only two phases have
cur r&dinehfié@at inafe bk ympie AU Bbel ok {&?ﬁigg ﬁﬁng I@%g& field in the

phase firing" is also possible, bu ghase
staiers only Biepy Bbasay dlave cuhventt iatentioyallyi fewingeinwihedi aig oh@s “Three phase

»l ' or drive.cyrrent .flowi ng through. it. oo
T S TR B A
hat 80 $eas@thal Sobta@Rlive eLirastdldwiay e8cudyit LIAghd &Eé’ﬂgﬂa@&ts this temporarily

permanent magnet rotor to provide an indication of
unpgsdayingag; is isesed fereanynalieee indscebe thesrotitimg trermbanskt magnet rotor to

: J: . nsed BEVMF wavef or .
D R ol R b T e BT P0G, G2 1R celfpmotive force
(BEMH)soi d. The "zero crossings" of this waveformare

e of the permanent nmagnet pol es and

due.to the g[g ¢ . _
pr ovi¥ sensed gli\@t WAYeTgEn Ag cyiicehand wegs beéW@qnatrkpdzolsial and a near
sin 3@t TR ler PABLLA AR of WIE Wa@é’f%ﬁg %{%&gbc'(’) lfﬁi%(fﬁ%sof g l%mlgﬂsent magnet

runni ng, each cormutation nee e syncht onous
poleh engpprsividesncapsistehepaiot r the Astostoarack s rdteti@RMposiignal

desc¢yri bed abov SS t hrough, zero, a decision is

mead 4D ¢ | Z%(g%ﬁﬁé HEE SwEHen Fapat qoskRutedon needs to be
syrRRfonbas GAMN tHaUSitlddt 8t iHeNotct. ASGRR! Ak She BEvAM si%%lal Q&cribed above

must only occur when the rotor is 1n an appropriate

Pasgergiiranghzssa. tai degisionhis snade dalcomniutata te thesredt $witghing pattern to ensure
. e .cont kol li.ng speed. The co tation . |

co SPGB AL A SR SO0 AR SEy " PEH RS 9B s i n

approméeel ahgdpr petiddrackhié k@l e a BEdded 9685 Kedback system for controlling

Agc eration or de-acceleration of the rotor is
Spegtc FUnEYtabion dragyency; Wik keent nepeowitidbe eetet dye tivdhe closed loop

fee@BdcR iHf ting magnetic field in the stator
ee(b)‘/: pul se v]\?%rgﬁsno SI ation (PW) techniques) since the

f or Secederatidre or de-accelaaioropd el idl istadcdhiglishbd ®RHithePncreasing or

t he, netic field. Miintaining a pre-determ ned speed
decliASioR e sianafh Of BA P AMATO BB ing B 57 Al By Briee pith modulation

LIS I BN D Tt —
fielghr Maduipiming nepresfrterthiodd spedt innter wotern &radi igolveadsntrolling the
streﬁgtﬂu(l)f fi2 magnetic field in the stator to ensure that the desired commutation rate is
maintained. To maintain a pre-determined speed of rotation under varying loads requires
corresponding alteration of the strength of the magnetic field in the stator to compensate for
changes in the load on the rotor.

The use of BEMF sensing to determine rotor position has many advantages, of which
one is obviating the need for external sensors, such as Hall effect sensors. But prior art ECMs
using BEMF sensing have the problem in that the BEMF digitisers use a relatively high

number of components, particularly high voltage resistors, which require excessive space on

the associated printed circuit boards and increase cost.. .
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corresponding alteration of the strength of the
magnetic field in the stator to conpensate for changes

WO pooshe2dbad on the rotor. The use of BEMF senBCTINZ2004/000327
determine rotor position has—fany advant ages, of which
one is obviating the need for external sensors, such

as Hall effect sensors. But prior art ECMs using BEM-
sendi isghdrefoe athebipnt o teanresent Maentioico prnride py plefisepeally controlled
se a relatively high n : .
mef3F el ) BT e Dl ARG R er ERRE BRRbve dissdvantages.
excessive space on the associated printed circuit
boards and increase cost.-It is therefore an object of

DES(d-QPEBEMF INVENTHMNt o provi de an el ectronically
o ntAc%lo}d?%lfﬁlte @I{aebagééctt ?{IKQ Sélgéeﬁping%ﬁ)nsc%?{%&ﬁé@ﬂ 2 WA commutating a

overcon n vant ages. OSURE OF
pethMENThebhehesior Biuskikeys damotoe hawipg dliret heasprseg@nwindings for producing

i nvention, consists, jn ﬁ met hod of commutating a
rofipgraepRticrirremisgthefERMess dc notor having three

ph a%%l’rﬁﬁlﬁ&[ﬁlr% ér%fg?'iht%%cée@ﬁv@ F&Hb’i‘ﬁhﬁ’(ﬂlsr&_ttﬁb loPSaiRER@hESto cause flux

flux conpri e steps of: commutating current to
rotation @ssdesered dindyitioat i ons of two of said windings to

cause flux rotation in a desired direct] sensi 0.

onl RHRE BronCpRe Sh il WHEER ShopRsr ogl tach SO Rigiced By tolation of the
peM%ﬁggagyetggggti on of the permanent nmgnet rotor,

sald sensSing béing enabled in the two out of six 60

i nt sridadessing daingi andbled indke Ho eul plesik o intervalsedhqnowinding has no
it, digitising.said sensed back EMF signal in said one
Cuweﬁto‘ioﬂ'gm%te‘ag?l&cti ng the zerocrossings of said signal,
det efigiiifihpQaid deakdd ki PO digkal Gh saidli ohesivrihg by detecting the zero-
obtai ning a neasure of the tine between the pul se
cresdiggs of $pid signalj gitised signal which are due to zero

Cr ossi . fr ' i.od-ti : )
O3B OMER L A BELOLAEIT ARG 08280 of e i
besaeh thapulsecalgorinaht dipitised sipnal which tiends tokéoltressmgs,
substantially. defined .each, | j¢c transiti.on in said. ]
di giffqm é%ﬁé}%fn%ﬁm&&gn? gglz‘é% Q]&‘? 8¢, sﬁW@ sOgen ime, ('ﬁ%mmu‘fgﬂon period)
anﬁ gﬁ%@dea@ﬁ égiﬁ%o%gutﬁﬂ?&ﬂ 50l &t tihied Whidh laRNsubkafitially defined by each

sald zero crossings. In a second aspect the o o
loginvweansition ic sad digtiset vignal dbetot zeomictaasings @@ﬁ?ﬁlﬁ@ﬂé@VGd 60° and 120

b usg ess %;: t.or ri.sing. a .stator having a
aﬂg{eaP h}l’f {piagto m‘Hal? ﬁoag’r‘&g%aé ?eég G658 sel ectively

¢ om?rjltaastegoqldtagpect the invention consists in an electronically commutated brushless dc
motor comprising:

a stator having a plurality of windings adapted to be selectively commutated to

produce a rotating magnetic flux,
a rotor rotated by said rotating magnetic flux,
a direct current power supply having positive and negative output nodes;

commutation devices connected to respective windings which selectively switch a
respective winding to said output nodes in response to a pattern of control signals which leave
at least one of said windings unpowered at any one time while the other said windings are

powered so as to cause stator flux to rotate in a desired direction;
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produce a rotating magnetic flux, a rotor rotated by
said rotating magnetic flux, a direct current power
Wa aslog24bavi ng positive and negative output nOREBNZ2004/000327
comut ati on devi ces connect ed4to respective wi ndings
whi ch selectively switch a respective wnding to said
out put nodes in response to a pattern of control
si giigltisinghinedns| @apledad dreamly ofsaidf windings iphdigiiging the back EMF

RS b 00 LTR8BS P A s

{ 8t g_tﬁgcrlggcprgplggrségggiq%: q;g]?:% %tgpe@%géﬁal@séqr}&oﬂgs%ﬁg&%g Cl ep%ter having
o 00 B i Rt i i
corRpatatibh S@itthneartrob signalsl spidogicarnocter sleterniping from said digitised back
EWTagirggq(iﬁﬂ:npng%%%%B? \é}iﬁadnlg%ﬁgﬁr:ﬁ]cp g%;e{)ogrl{:yolifrlgés}%@é glixegiggliggl%egxﬁgen the pulse

edg%g mﬁeﬁikﬁge? é’i%ﬁaq Ryt @D bfeQdueStb BRY-Srosshdsdsaid ediowonmpiiter effectively
ng fr

etermn m said digitised back EM- signal a
divitiag sié dofermived halffpepied ibych nurebaciqupltoriia SUpRGOk Hator windings to
t.ime between the.pul se edges in. th Lol | :
progHfcheRPRURIEn P b R aRb St B SRR Boreo signals o
saiﬁg)&gﬁ& YRS Yo EHuéé HgatRifkixd6tretard Waekcbplsivitpiingodf byid gommutation

. er equal to the nunber of stator w ndi t.o .

devpeascare dinedcionerstiael eashpero-GEpssiaaid Sﬁ%d%%?goﬁbg@t gnal and at intervals
roduci ng, commut af i ' -

theg%’f‘ﬁ’ée;_flég%sg‘ﬂ’% T} R0 FET bt Bl oR. TR by P!
switchings o i.d conmmut at.i devij ' .
A e R

and at interval s therebet n substantially equal to
sai @ h@%%baé’tni‘%ﬁwh@é‘g i“glat. an e]équt”ﬁ PP%E%as pect yt hg

invention consists in a washing appliance pu

i nchuithpgler fochiedst Frid hawatig 2BY i qui d i nl et and a

liquid outlet, an inpeller located in said, hOLi I ng, .
and amrlestrenicaln ceminuiated metert whish 1REHS Saith IBPF Irs"36>t ¢ glectronically

said impeller, said electronically comrutated notor
CO‘E?‘I‘%F?%?%B’?;%IY’B?%P% having a plurality of wi ndings

adapted t e selectively conmuta

dri vasiay %e‘élagF‘é’bﬂﬂt‘%tys"gi‘%nﬁﬁﬁﬁse?cfa@ie;%qg of st8flely commutated,

power supply having positive d negative out put

nodes rotebereblyi HPIE ¢ ??é@nEB"ﬁ &cted to respective

wi ndi ngs which selectively switch a respective wi gdi ng

to salitctouent pavesy e8Pl hresp BREEY #dnegatyepHPEmodes;

control signals which | eave at |east one of said

wi ndbmgsrtatiopodmices @mmentyd tmeespeetiyeviindingshwhish rjectively switch a

said wn jngt;s acrie . . :
respective winding 0 said cutput nodes in response to a patiern of control signals which leave

at least one of said windings unpowered at any one time while the other said windings are

powered so as to cause stator flux to rotate in a desired direction;

digitising means coupled to one only of said windings for digitising the back EMF

across that winding by detecting the zero crossings of said back EMF signal; and

a microcomputer operating under stored program control, said microcomputer having
an input port for said digitized back EMF signal and output ports for providing said
commutation switch control signals, said microcomputer determining from said digitised

signal a measure of the half period of the back EMF signal by measuring the time between the

Apulse edges in the digitised signal which are due to zero-crossings, said microcomputer
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powered so as to cause stator flux to rotate in a

desired direction; digitising neans coupled to one
wondog/oafseeai d wi ndi ngs for digitising the backP@&VNZ2004/000327

across that wi nding by detecting the zero crossings of

sai d back EMF signal; and a m croconputer operating

under stored programcontrol, said m croconputer
effdeivélnglividingnmpin dgemtingdhal€ petodbyiat iuelebr ieqedl eNhe number of stator

| gnal t put ts for i di. i - ,
winal,;ggg g’rﬁ grgﬂygegppcg)'nﬁ‘ﬁ%%‘g(?n gg{rl%&hoa\é# 61'&1%%}&%1?1‘3&6% g)?géﬁ#cnﬁ’fr% g(g}nmutatmn
con&)@?%@ﬁ% gt %L(%&ﬁtﬁtﬁ%@r@ kDOkRke heBAGUTE Bfrofatteviatly switchings of said

back EMF signal by neasuring.the time .
conretitatien defizep abes dmedgieso¢anr tahecagh diack ié\équl@‘@zeywreﬁsmg and at

. ar ue.to zero-cr I NQS., . Sal . .

integy s g’&&?ﬁh‘{e&Pé’r%fsgaé‘?‘?@% A0 g copupgtationperiody o4 hal f
period by a nunber equal to the nunber of stator
wi ndi ngs to produce a conmutation period, said

el I | gy IR@Rrut ati on control signals at
Bﬁﬁﬁ%@%ﬁ%ﬁoﬁé’ﬁm

sal ports to cause the stator flux to rotate g
wheFiloye bisi4 simphifjed oifcuitdisereomfnnsdcgnnigaly eemmyjated three winding
ti med &o occur at each back EMF signal zero-crossing

brughlgssdPC i@ val s t her ebet ween substanti al | y equal to

sai @i LUhLalE IR BRfubAch oBRbEnulECERWIEL GMt€FfoDRANA NESe firing to
Figure 1 is a sinplified circuit diagram of an

cawust elockwise cethtign off sared Figired. wi ndi ng brushl ess DC
not gr, Figure hows., t & C > i hless DC
SWi ?]ﬁillresbgfz easblg)gﬁ S0Git ﬁdﬁha%ﬁ%eﬁl Ele Qo B RAbh@Rted brushless

e firing to cause cl ockw se

mot@tadtdramgqb thechgesdt @remfonfi gure 1, Figure 3 is a bl ock
circuit gi agram of an e ectroni cal IéK%:(:iomTut at

! d .
br uBiges 400 foveReTaEL gy SROVIRAIG ABRE PTG Afpying, tiroueh the

Figure i wavef orm di agram showi ng the drive

thr%eu dﬁ %ﬁé(o?l)&gvmrﬁ%%r’t hrough the three w ndings of the
ot Bigurd gl 8 @ (ayefosmadinget sawidy dbe amitagroasrags Hgesingle sensed
_vol tage across 1:l;,he gi ngl e sensed wi ndi ng of the notor

winging-phie sofor ¢ifgEHE34(c) is a wavef orm di agram showi ng

t heptll gi tdSedh Lot Gbrh iapaht aBewnavekodigitsbdWorhnof the voltage
Fi gg?éél%(zﬂl@, Fiagure 5is acircui twgi agram for the
wabefokm EMFwdl igFigineebshown in Figure 3, and Figure 6

h di i cal | h | {: 00 . :
ot By P Db s PR R e RbRE FRRRES, and

cl oFiRSe WaRHE didsRekth Mecall ST apgloRSo FERhEARRYNGOIOUTriving a drain
THE ['NVENTI ON )
and/or recirculation pump in a clothes washing machine.

BEST MODES FOR CARRYING OUT THE INVENTION

Preferred implementations of the invention will now be described.

Figure 3 shows one preferred form of the electronically commutated motor of the
present invention in block diagram form. The main hardware blocks are a permanent magnet
three winding motor 21, motor winding commutation circuit 22, DC power supply 23, back
EMF digitiser 24 and a programmed microcomputer 25. In the preferred application where the
motor 21 drives an impeller 61 in a pump 62 in a washing appliance (see Figure 6) the
microcomputer 25 will usually be the appliance microprocessor which will be responsible for
all other appliance control functions; including control of a main motor for spin and wash

actions in the case of a clothes washing machine.
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Preferred i nplenentations of the invention will now be
described. Figure 3 shows one preferred formof the
web@soenn cal | y commut at ed notor of the preseneCI/NZ2004/000327
i nvention in bl ock di agram fofm The nain hardware
bl ocks are a permanent magnet three w nding notor 21,
not or wi ndi ng conmutation circuit 22, DC power sulpgldy. .
ibed in relation to

23, Tbapt@sw?qﬂrgnip@lbé@omu@#é TROtF efr Mo 1s desc
L

salmﬁmeg C&Ffil sjtagmﬁﬁgmetifﬁmm 69 udeldeThe motr dapatieur @ permanent
W usua e the a i.an ' ich ..
oo P e P el L B S58 ¢ K s A, B and
C %% g&ﬁvt\%gﬁa gocéeﬂfelr WAL O GBBEAbn B this éi'lﬁﬂad?ihﬁgﬁtoars ihREat&PinFigure 3.

ons in the case of a cl othes washi ng
mac Riorendhgompeiesird? mickdes paical $witdhdorgrdeatasdn e 6yrm of IGBTs or

ol Mg b ASS RN, Lo B0t O TA! S8 e pove

;@Jl'? $ o Brid B ARicEr-A0H 16 bdmBatdEBichRIMARdinES ReB Hidat &f the manner
su on??gu?atlldgéns clc‘()gul d be used. The Cm)tor hlgéga f our o

alrgealyelepeibed ve it refragree tio Figuuss, | andihwherh theydire flesignad A+/A-, B-/B- and

r of .pol.e oul d bhe opted.. ..T e . .
e
shdvih $n ERREiBNt EaR dMthe Gat edittiingidguices thakpmpitiat tpper and lower

circuit 22 includes pairs of switching devices in the
switcliam fof edohBTetop phaseie switphaddbyegate sienels #is R b~ (fEgsproduced by

.which are ec i , .
i f552 G BEH iy BN Gy sHffefihe B vtk Sl PRUBRicA across cach
swathink devibgpaih, B and C in the manner already described

with reference to Figures, 1 and % where t

desiBddH digifiger 24eqives giginpyl sena Froan jhe, n edend of motor phase A
foﬂ;itg% #iglfa%gé\sec?f n%}ﬁwﬁ‘ﬁ% tReLLREMPindd2aY by @8tdtibiS of fhe rotor which provides

matel'y sinusSoidal as shown in”Figure 4(a). Each
rotof pbdittors infosmitionhngprdimgi togbisnakintign el He appériremd single motor

wilg(gﬁ ?@Stgﬁ;q%gf%ikf &%ﬁ}enaggg), {ng&s?cri é&r!qt S?pﬁ%sgn%gghﬁgig%%er 24 supplies at
its 3%1&& GOATPHA1 & ordd (sePFi RRVEN )5 vt ¥ndBve WP ld @tlddue siXdal at its input

tage Which is ag_ﬁl I ed across each sw tching devi

(sepdiigure BEM; agq‘i getivesehe ogie teyels\nyscommaraigiieclyligial aspyljrhe described.
t he .swi t d_.af. : |
o P eSS A bR S R LRPRZ Bl comsspond

to HRUQEroMIbSingRT BV iafle F2rPtiey arpluput BEME wbhagesindwred in phase winding A
According to this invention only the output froma

as g irotgt fEOlﬂ"@ﬂ@pS il ingPolE AssoRiatedaiti et P iaSRdi ng A) s
use or._ t hi dbgi:t i 4 e i
o ot e tafats RIME, Sl 818 R 4 HRDIS.O8 @hnperator 51 i

préelEFantaklorencefvolthee Wpabwgipet §6 gviath &tthe petentipluef the star point of
(see Figure 4(b)) and derives tggjal.o ic levels.b

thegapeanacesed slaton m)ia@iégs Ao By C.pbhigdS e sd Py dpgprdically summing the
o AT S0l rckssapeggon o Kot 521094
are used to combine the winding voltages. ‘

The two state output 57 of comparator 51 is fed to microprocessor port 27. As already
mentioned it is the back EMF across only winding A (when it is not beingy commutated)
which is used for rotor position and other control purposes. Since commutation is determined
by the microprocessor it is always known when winding A is not conducting motor current
and thus a time window is established within which rotor zero-crossings from the comparator

are monitored.
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to the "zero crossings" Zl and Z2 of the anal ogue BEMF
vol tage induced in phase winding A as a rotor pole
wWeamsee4e0 Wi ndi ng pol e associated with that pheGENZXl0€000327
circuit for the BEMF digitisel 24 is shown. in Figure
5.|A conparator 51 is provided wth a reference
vol tage Vref on input 56 which is the potenti of the .
st aFheupltageofrompmotor A¥indiva v df @@P%%Q%’Oo}nw ééi%g@nmaf r 51 via a
and, C. .This i riV b r aneal ' et
potfliL frvidetoPupSs Y dB0n00 ARG BIRT foX 1T A Wiling A voltage
sigll BEinBEs5 Pex Bed W QestRelishirtoor backFMB z6eb-a@pssingspmunt) the output 57 of

conmbi ne the wi ndin | t ages. t I .
e St 28 oGt ot TS AR B R BY Renty e

alrea i Lo kSpdihe back EMF
§ {abe Ligndihe bac across onl

exc\%shogll (r% W&%l aFes 1%%% bei ng comut at ed) whi %:/h IS

g s eRlefbring totFigurp dstht imieroeordpwtthettveon funetiouwiblowes be described. A

ince commutation is determ ned,by.the mcro Cc

sarf HOVn% PUPNSR DR RBHEART TP RS RSPt dd PRG e Dulses oo

t G h &N el b MESsvRtchi faBieMis REGW ins Fiatead! Badtesf th tch
Oué\nﬁt}%ﬁtﬁ V\htl()ch ?ot o?ézerso-croﬂggieng;s from t%e corrgar atoreSlX e
pat@res i sita@sevelT hetrievied aige i offomro tsmMORy i ng @onteol pulses for the

lied to | 55, of Vi . _
corgtpes’gaéglll S‘TN%F. n%llrj%?yq%é%}sgg g&gﬁ‘%@&g@ﬁ%x 'c%{[gor% %?Lsg 'élte{el%gﬁor routine 29
wh{&}l é%él(ﬁdé@ Qg?mer&aml WEER [Eaingsnai thatlodafiphitof Boe exitedefsstate pattern in

establi shing a back EM- - [ '
tableud $ wthi@y isofequited gq;msﬂp@a the et 2%%%\%%?024%?&?@? é%t@%ultap direction of
Fi gure 4 and 4.het f .Gl .
oy PRI Pl PR SRt 408 s
altfdugH baly3wio 6l thtseroheniatite bn sadt caneuthtione t Tlonswvitdhl pattexmg are cycled
be described. A start routine

A 0 th .
contimppualn el Ve seed &9 px&g}pgx’ea @t@t‘n})é%gi(&%fégrsog%essqt 6%%3@116 speed to induce
thepu{of?osro(me %HWh&%ﬁée%iﬂm*th&Ps caq.reflecting the switch

63 erns sho I'n Figure 2. Il_gach of the six switch

pat The Eiseitisedspiese o's buelt FMIetighalv4% i9 moniiened fhyorputiperdpyio seek the

28. Control .pul ses f t . t at . SW - A .1
oot £ eS8 DS PSR B AR LR BE pd et
syx{cﬁfbﬁa%ﬂ? of theWRtdrh difkl M eSicRchapbiteels coatrbkkingRogimpationt i open loop

o the l'ocation of the switching state pattern in. .
motle b catnziﬁ.pmgrfammqgl tp sqriitoe oridl pr Hd Gepsiipes HHMe window established

co ation f.or e partjcul [ LN i
B

crodific bE e BRE HMF hetesttd benilirtatalmdiaugiments fpr o Wgiopattern 110 or a
these change state on each comutation, . T

logiapattarmH0ar A peduagned pf a HaBRiEPYy Adi or AR %ﬁgp%\é\%thg}ged time windows
wi]trl) gﬁ%ﬂ% r?{ggss?rg) a]:‘gilrnﬁ %0 Wcﬁ%{ﬁes% B ShMotdi s&%ﬁieﬁ’cﬁ eed

or-toTo and synchroni se wt
t hatrhs pegdconfii@tatbytdn ineneditalydeAripgarkd ElEetsitingahe BEMF transition

is nmonitored by routine 46 to, seek the . .
using the next switch B/attern in memory as ind?cated by a pointer. The possibility that the

back EMF transition has occurred just prior to the monitoring time window is also used as an

indication of rotor synchronisation. That is if a change of logic state is detected at the start of

_ the time window a short time-out routine is initiated, eg 2mS, and if the logic state is

unchanged after the 2mS rotor synchronisation is assumed and the next commutation switch
pattern fired. When, as stated above, a commutation is initiated following the 2mS timeout
routine the next commutation, rather than occurring (A2-A1)/3 later is initiated after a shorter

fixed delay, eg 2mS. This is based on the assumption that if a rotor pole has passed phase a
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occurrence of a logic transition Al or A2 in the
expected tinme wi ndow which woul d i ndicate synchroni sm
wo@Rooshe24s@t or . Si nce the m croconputer is contPOI/NZ®4/000327
commut ation in open | oop node8i-t can be programmed to
nmonitor for Al or A2 transitions in a tinme w ndow
establ i shed around the zero crossing of the current in
wipdiag guspbefGieahe tinleogindow roamithﬁ?rbﬂile iretopAay pgaotating faster than the open

zerocross ng of. the bac t t
loqp; Gogpalt Lmog 3n rcognrugad 08 10 tnéarg?w §\§?%1b%a;rt%§l %hoﬂﬂl ##ladvanced.
pat [(Rhdt A&hs AcHREIEHE rfexnfeeoroa‘ynahxbﬁeﬁlsdmm@thel opeh 14&p startup phase
the established time windows will indicate the rotor
malysbemscchtl ng in synchronismwth the rotating stator
The next ty
1 e SA0E TR Ry e Rl RGO o) i pripaceed by the
1og'|@ﬁfbltl§ﬁ‘d>rts_(irg tRAbAGS ]EgM:Frblgfﬁ[T@ll’ paispdrn @7 dat etbsby lca)p mode and the start
poi nt er e possibility that. the bac I\/Ftra t|o
roliis exeedr Fed ﬁ@ﬁgtAﬁhe g}glq BansHons gL ?Ef!r( iAEth qlg@ a}reetly used.
I
Tr@nrgﬁlgt#zzgﬁmﬁ%ﬁ @dh]e&@o?ﬁﬁlk@%n‘% a;é@ieg)ig)fr plhgsgls (1:3 %r%da? émllsé be derived
sindettecices cmtssmé‘lpomtsarﬁthe)backiﬁvm isigpalvindesesB gtttpbetaue not detected. As

T ot BTG Rl 858m, 5R A! ottopas
and YO CRT QR ﬁg{a!n%n}ﬂl e?géaﬁ%fﬂ RN dofbfitdtRnt of @iﬂ%ﬂta&)l Pibse A at times

swtch pattern When, as stated above
conrespondiag ito transtionsi Al andd2f m@wﬁ@etéﬁe 129% Mpw@@dﬁOO points which .

coprsepon sy menf 01T A SR el B LT @R 7 e

del gy heffekdABinvahtich theschag@tlitafbn thBeds ldeimddify dxdtapolafion. This is
a rotor ‘pole has passed phase aw ndin ust fore
doh¢ by nwiameong thp simee hetwpen the PrYLGS Cﬁﬁlym%eglcrrﬁt oA PhAg A

e s SRR 6 s i

1/36EBP/8 @8spelivity. Tﬁm&ateﬁlaﬁbﬁs‘:éte rmgecf for gemetatr commutatlon tr1ggers at Al

+ D Enie AIBoF (GG hon AT AP HeD et BeE ST eic) routine 47
w}f{(?}gﬂ%%@%% ﬁigth.c&ﬁtgxgcpAg ap?ﬁ&lfcbéw %llagetk?)\f tigRrd RPicemmutation control pulse

I'n EMF signal at input port 27 in
geﬁe;]reﬂoeaed Ioop node and the start routl ne exited. For
phase t.ransitions Al and n, si gnal .
are Hltﬁ1A Feﬁrea§ér§3°d*r?‘? s 0egsgred; e B%W gtmil‘%tﬁ&s APand A2 which
is g&'&ttB lecﬁlé{éﬁtéﬁ@@i%&t QmrdRati s iPRasRenSaveidbe G Prstioddezero crossing
erived since the zero crossing points of the back EMF
pesibdmddterimngshizse forBettingl factaafidtennot  det ect ed. As can be

from Fi 4 h
f}ﬁgt nmrggcg%fzr:.ﬂ? gﬁ?ré%lis r\éma%ﬂgé}.gé Cagg‘glﬁlgﬁ%%w&tg&fs nog:f)%&g '8 and C may
be sﬂff%’a'}?&h tHeSr&disd NO-A0NBUHLRE] B &antple, eh atp(hamaﬂfscéhnected from

at tines corresponding to transitions Al and
the RXG byppdt by lecopamutation, svitgh syeresiodue ‘igoqhﬁtlgdqm;ﬂnee] of the winding will

Cor { Sﬁ&h'{]& %ree\ﬁh Sc’ho(ae CO%L?C’[(%?II’?E?{I Lol ?Eﬂviﬂe dBhbfifhtiod switch (see

e present 1 nve
F1§&€TII)| i 1ORhstjL TR e bRitekexdi of £ dT ey cuexdnt aplst ad poriucéthisseflected in the

back EMEF signal as shown in Figure 4(b) and designated CP. The effect on the digitised back

%or example the

EMF signal can be seen in Figure 4(c). Since the current pulse duration is a function of the
motor current (see US 6,034,493) at higher motor currents the current pulse can potentially be
of sufficient duration as to bracket the times where transitions Al and A2 occur and thus

mask those transitions. In order to avoid this it is an optional feature of the present invention
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done by neasuring the tinme between the previous

commut ati ons of phase A, for exanple the tine between
w@\oodte46®, and effectively dividing that by 3PCTINZ2004/000327

routine 31 by multiplying by"f/‘B and 2/ 3 respectively.

These cal cul ations are used to generate comutati on

to %&ég%eéfeﬁtgh?' gﬁlc;gg{tgé éoélln%lé%og;%{m&%@,sgq 1%1 %%cﬁ:? 2% B?? This ensures the
cm%é]{t %Hlsg %qﬁlh@?éé’lay\ﬁ§ RaAbrm3ngefBeBrOEMERR NS AlUdd st Of
rirggers for ctomrutation control pul se generator 29. )
| n phenpxehele dt Hhimdinreinte cdemntations wdy be rdvinsedbrpa00 uS. This
transitions d A2 ich.is used to cal cul ate
enERGRFERT Y 81166 e SOPBRL 1S S SR Er R dfrs. The motor may
the?ébsrvﬂec}ﬂﬁ a@ﬁgﬁeﬂé@assbmm@ﬁfaﬂaoL@iuqﬁai_ﬁfam aeehidyist. |
orgetting factor filter. In practice, for various
r eaForiber, thés kmivoufratethe quiomarttaall eeramytation divees @ulthbe edvanced to

may. be shjft. fr.omt recise (A2-Al)/3 times. For

au%‘%zgﬂ‘pﬂuér,enmﬁgg’ {ﬁ’?ﬁ@@g ﬁ??%hys%%rﬁ%ség?r *fromthe DC
SUPBhYed¥on&of B TR irAstoP Whe:s Yrinly @ider Elabedlvep contidlds achieved in the
i nductance of the winding will flow through the

mahneredisdeseddinods Raiemeo i phhafl isetheviypfepiged commutation control
omut at.i on.sw t | QUE i - e .
P T SR T SO, A58 bt 2.
rodtﬁfe'ﬁ%r%dsés% b c A€ in Bdpuddeg mdlichedre siaiesised Ui rgutiee 29 appropriate
4(b) and designated CP. The effect on th %i itised h th
to HarchonEnptalpy IaYicesafrerghselich mpotey gHFet Af(ff) floy; ifcaecpifgnee with the
r O foSatfonl 806k r he applied
Ll T8 QAR TIED, Ay al Mo han byt Bt vy e oo
volthie dubssselnd stptot séndings tpaicesieiatl dngl deeclefatsmbiar @il eamd to accommodate
duration as_to bracket the tinmes where transitjons Al .o
vaigiRg Joads cButhe JREPT RS TENKIOFHESE RPR PElo sI.no*Oﬁ By and this is
deteBn Y@ LY thdl éf'ctyclesofafﬁe PRk aAdh dheriaion @WNHe Ips@sensplications it

I nventi bnt o advance one of the cal cul ated comrutati on

 mayi eesiffitientrio BinlapidsCovidth Bgiularhthe lewet bdea ¢ryices ip dip commutation

. pul CP in signal 45 has term nated before
CHQ‘P&Z@H ons Al and A2. As an exanple, the 2/3 .
i Nt gLEBEYAL n 50PN ehAb AR SalsR e hariad fantedolpos806f mBintaining motor
This ensures the current E_ul se CPis conplete ?b]é&iore Ise CP
syndheonisation i eirerne sikyatigns c & e durattpi baYesR tap§nd peihe gyrrent pulse

run.at hj level s _of : | idaah#tgi 300
R e 2 L35 e B S i o
uS3lke EWMIdtihioed tkdiesios vultspele raticahustil thosetinhaginfioregained. Thus

current build-up time and thereby jncrease tarque. .
undpregPidaReesie 1p gnqtﬁreloalg{r@;or\mgﬁr %Ldﬁﬁ’feﬁ@e%dﬂ &g@dgﬁ)sg Of gynchronism.

| oop,60 id i Rlsettli BGERRA0adnievES the kn
Pat gr?t% egé%%indfg%%?ggﬁggrﬁ?thg%gﬁ? Ees??sed co.rmuai1 at iVon ) OTNH
adeamiges| ofproterepositien datesminatiott simgdodckt BMFwsensitgeimg manner which

mipbplied ¢ ogaltetg %@ggggégﬁml %'Hg%gg'gh hGegee QUi Briifd circuit board
arsyy NRERIRRD tRY nfiRBE! HEMELo BRI ihpltS required and processor loading time

are both reduced. These advantages facilitate an economically viable motor for intelligent

pumps for use in clothes washing machines and dishwashers.
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to the comutation devices through which notor current
is to flowin accordance with the present val ue of
waleiog/oepeld e held in |ocation 33. The duty cyclBCT/SZ2004/000327
varied to vary the applied volG@age across the stator
wi ndi ngs to accel erate and decel erate notor 21 and to
accommodat e varying | oads on the rotor since rotor
CliAdMSe i s proportional to nmotor current and this is
determi ned by the duty cycle of the pulse wdth
nodul ation (PW) . In sone applications it may be
1. suf Al GEBBY of SleORdnlcdll cemitalidy APetilapte hdpdel @eabrushless de motor
bri dge devices in thé commutation circuit 22, The PW
having thyee piwst statdr|windings feyeprodidingirotadinghrenstic BBZ% goyprising the steps
mai ntai ni ng notor synchronisation in extremne
ofsituations. The duration between the end of the
CUr LeRtnuRins @uebhtan Guédessinexdmizastions o6 586 nfjsaid windings to cause flux
measured and if it falls below a predeterm ned margin
rotgtgeryin3odesivg) dirgedlomWM det er mi ned excitation voltage is
reduced unt | e s egal tion of the
e O R e M b
peinfan@MOhgerle0sBorpf synchroni sm The el ectronically

commut at ed nptor of the present invention achieves
O Bt o B P HBSBA SHE S el when
: ' ' RRSIoYDi ch m ni ni ses
Sm%%%ggﬁgﬁ%ggggiﬁgﬁép%ac ENF.gi itiser and therefore |
r equigigsingsaidtsensedi backi EMBosignil dn said one winding by, detgeting the zero-

nunber _ of , m croprocessor inputs required and processor
crqsyags Add 808 e both reduced. These advant ages

f acigbich@tEn AR IRHOPEIEE AlleYof sad|sgaDb@robtaiing a measure of the time
intelligent” punps for use in clothes washing nmachi nes

betwedn dieshusesttigesinthadigiised signalnshigh greghuedp g0 CETIEER:| y
co tati. er mpnent o .
oo AR AL IR ELT: 66! A ARV 858 Gmmuion ericd
andl @h@idehcARGIAIOhEn dithtion BOFMRUT &i tiigest Which bepsibethntially defined by each

commutating current to successive conbi natj f.t 0 0
logi¢, mensitomimad dieiissd siamebarg (o ERTBE M 3 e dpried 60° and 120
ir i -0 el : .sai d wi ndi ngs the
an%%?5%%?%9%%§%n§%@9Fﬂgﬁgggyﬁﬁgggggﬁgﬁn of the permanent

magnet rotor, said sensing being enabled in the two

out of six 60intervals of f|ux ratati.on,when the .
2. sendednfivAdi #GORERS 118 %WeLt%%Wﬁufaége‘aﬂ{VSdi goimutation times are

de%&ﬁg{eh%y%qlcgﬁkiﬁ% $RO8EM fAkoEMRIsSkgRalivdlf oaiidhangeriod time.
W ndi ng- by

etecting the zerocrossings of said signal,

3. A method according to either of claims 1 or 2 wherein said half period is a moving

average of a succession measured times between zero-crossings.

4. A method according to any one of the preceding claims wherein the 120° flux angle

commutations are advanced by a predetermined time.

5. An electronically commutated brushless dc motor comprising:

a stator having a plurality of windings adapted to be selectively commutated to

produce a rotating magnetic flux,

a rotor rotated by said rotating magnetic flux;
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determning a half period time of said signal by

obtai ning a neasure of the tine between the pul se
weowsemei4n t he digitised signal which are due tRCENZZN04/000327

crossings, fromsaid half perﬂbd time deriving the 60

flux rotation time (comutation period) and causing

each said conmutation to occur at tipes which are

subtdreet @Iyt PRIYST FBRPIE RawWAE ROFIHYT %n‘{rlf%ﬁtéﬁ PBRAUERedes; g

digitised signal due to zero crossings and at.  the | .

der icpaund@icandevices congpaied 9 respastiveorvirdings Whick rselectively switch a

- follow said.zer.o crossings. 1L Ag: :
resrPlih Ere S A T B S artea el ae R P Satd] gkt which leave
at k68 HEshidWikdh&haiowRgeDMeartyhbriedtimn dvitileatht lotiedl Said windings are

respectively of said half period tine. 3. A nethod
poastasseian & eayse stetes flugfo el iua dedied ifgHigsi n sai d hal f

period is a noving average of a succession neasured

t i neligibisbgwerany eoupled trs onngsly df said wardigs & cbeitiping the back EMF

.. any . one of.the preceding clains wherein .t L UX,

iniet & Beiat e BreBRE a0 Bt BRo s dPe B il and
time. 5. An electronically co tated br uslhl ess .dc tor havi
ot GrMSERRSRISIeR Gperaiiug HpSAr SRGH Rip ek capigl 344 gricrocomputer having

an\’\ir%gjc g)gﬁ adapt £ didig Le vbaQd TN VELnAl CRRMBEBECHokto for providing said
produce a rotating magnetic flux, a rotor rotated bg o

cosmiudatiant setitch gonteg)rségrials, §4id myierodpmpueter dalermaming digat said digitised back

ppl y. havi ng pgsjtive and at i ve_ out put ,
B iR oo te ot oot o ee S6RS! VEaRt Pt MEIRE: Reween the pulse
edb BMhé al el RIY1 WhichGlle ué BSRRE-CtosSind, REfidngickaxogdputer effectively
out put nodes in response to a.pattern of control

dividimg et Jeterarnadezaleperiod agmugyber eguak iy theiiumeher Q§ stator windings to
unpower e . .0pe tij i i . .
RGP PR M S5 A g conc sl
safdodil.ﬂ%nﬁ dﬂdﬁts ao desdertae sthitdreftusd wntotate gitterebyngvitehangs of said commutation
coupl ed to one only of said w ndi ntgs_({) r dtg{b{isin{? . |
deyiges BrecRmEMED PR 6§25t ZeIRz OSSP N §a%¥e Figgal gpd at intervals

th%rnglgeq‘wgénos?ﬁ%tgr%\‘aﬂ feqﬁgi!tg sﬁaﬁ:gn%at%r%@iloa. and a

croconputer operating under stored program control,
said m croconputer having an input port for said
digitized back EMF signal and output ports for

provj di ng sai d.co tati,on swtch control signpals .
6 sai moé‘?ro%:(‘i?ltglmgeﬁo %mk’ﬁ%’%ﬁrﬂﬂ SIS T i Piggpmmed to switch
satdesnEMEtiS 8BAtestt TBRSMILbAved gaill abfo-q6dsingd drieideinick EMF signal
nmeasuring the tinme between the pul se edges in the

y ! . : . .
widtlytei eadanlasecypmonanthindrangr tevodthirds eespeqtivelyr fssgichpgasuge pf half period
" m croconputer effectively dividing said determ ned
™41 f period by a nunber equal to the nunber of stator

wi ndi ngs to produce a conmutation period, said
m croconput er produci ng commutation control signals at

Pt O

7. A motor according to either of claims 5 or 6 wherein said microcomputer is
programmed to provide said measure of half period time by calculating a moving average of
successive measured times between pulse edges in said digitised signal which are due to zero-

crossings.

8. A motor according to either of claims 6 or 7 (when dependent on claim 6) wherein

said microcomputer is programmed to subtract a predetermined time from said calculated two
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said output ports to cause the stator flux to rotate
wher eby switchings of said commutation devices are
WO Revsde4o0 occur at each zero-crossing of sai d PEONZENE000327
signal and at intervals therebetween substantially
equal to said conmutation period. 6. A notor according
to claim5 wherein said mcroconputer is programred to . )
thirsle afcénid anaseenefuhalf inshod dune de pieducht &y odvastpb s fp Switch said
sai 158110561 O siiggcl? %‘c a%ﬂn back EMF signal which are
co PROASHCR SHE PHIIE  SAY two thirds respectively of
said neasure of half period tinme. 7. A notor according
to either of clains 5 or 6 wherein said m crocomnputer
I's programmed_to provide ?aLd nmeasure of half period
9. ti néfﬁs?toéa‘FC@Eﬂl’é%T%ﬂal&lﬁé‘%‘l‘fbn%ver age of successive
measured tinmes between pul se edges in said djgitised .
si gfratwhasel divdas eonhesterlgn neradlel Bl qagh commugatipg; dsice, a pulse width
ccordi.ng to.either..of cl
mog gy e P omelea oh it et S fori b SEnERACE Bptollable duty
cydlOtSHRY HRcdffatipé eleigerappalifrbirmid dimot satait pawvewdupplydo said stator
twothirds of said measure of half perjod tinme to
winshioghaed WhelgiAaHEBIFTQGEPWE 18 RX%W@%" ®: commut ati on
devi ces at said advanced tine. 9. A notor accordi&&(&o
ue to current

cl aith 5 imeitadibegrailing edgreed a arlsel és theghgitisedbagknt

aral.l el ,wit.h each co [ ice;: i
N
sai@ ARbEQurshidghls, W th a control | able duty cycle to vary

the effective voltage applied fromsaid direct current

F’F’W?Zo) SURRLYIateQhS hf inledi D bewidldithoEailing ddyhef eiidipsiad shd the next
m croconputer is programed to: (1) nonitor the

deteetad kémerressipeg thé insbask [FMF signelhendli gi t i sed back EMF due
to current flow ng through a free wheel diode when i
sai @)senskaidrabclilated tias ibeeval i lsssahares predstetied vebigi @ltering the duty

direct current. su ., (2) calculate the.ti i r .
cy%%pggé%Pwﬁ%Wﬁt]amquﬁ@ﬁ@aé% e the o lstrecawblipd sl %@Q%’ Bindings

detected zero-crossing the in back EMF signal, and (3)

if said calculated tine interval is less than a

pre-stored value, altering the duty cycle of said
10pu|éammhmgwpﬂEWQQHWQmHﬁb%ﬂéﬁuce t he vol tage appli ed

to said stator windings. 10. A washi ng appliance punp

i nclabdisigg havihgadigqnigl ihkey amdya Habidgutlel. i nl et and a

liquid outlet, an inpeller |located in said housing,

and aanmptleg lécatiddakiiy hoosinpitaatied not or which rotates

said inpeller, said electronically

an electronically commutated motor which rotates said impeller, said electronically

commutated motor comprising:
a stator having a plurality of windings adapted to be selectively commutated,
a rotor driveably coupled to said impeller;
a direct current power supply having positive and negative output nodes;

commutation devices connected to respective windings which selectively switch a
respective winding to said output nodes in response to a pattern of control signals which leave
at least one of said windings unpowered at any one time while the other said windings are

powered so as to cause stator flux to rotate in a desired direction;
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commut at ed notor conprising: a stator having a

plurality of w ndings adapted to be selectively
w@eosneased, a rotor driveably coupl ed to sai dPCT/NZ2004/000327

inpel ler; a direct current polkr supply having

positive and negative out put nodes; comrutation

devi ces connected to respective w nd| ngs

sel digitising yaegm eeupled focaproenly\af w%mrﬁglasofog gitl]%iﬁ%ﬁ% fht back EMF
BRI B P E et ool s e

one ti he d di
o) She L e L0 0o SEL WKL NS 3LE ROVt v
an dlhgﬁ‘tc bR nfo?l ' Q(ij& IdpdifgbdmB RS ESOURieE! taad angpwnportsoffors piadiding said

dings for digitising the back EM- included int
commmuatmgl mtch@pmhs:@alsh@aldg gn@om@@gq:rr@ger@fmg& ansggﬁdlgmsed back

|
NEI;M: ng%éﬁt@l}r& fafgg}hgfforﬁ%glgg%e%o ;n%élévuﬁ% Ypd %:Er}]esf)é%{;vg& the pulse

ed@Qrih thoHighased sihingl Whﬁﬁdtr@&%to%-ﬁﬂo@ﬁﬁgs aznd rmutopuinputer effectively
ports for providing said conmutation SVVI tch cont

dl‘gd@g apigl dedegmdnag) el E‘?ﬂ?&u@é? ng@beh $AUR] Rgihe PHmbELP stator windings to
prcﬂ%lg o?x%gmgﬁfo S{E:%Ecrll Sdy cr@c ?fﬁgﬁ edr;%lfc% %gb%ggﬁgtgtugﬁédn%l signals at
saidouihe pibktgltb icassd the gmﬁir ﬂMXI ohrotate wieeby switchings of said commutation

zero-crossings, said Croco uter ef
e e Pl 3 LSRR 1B Mol gyt vt
thedrSoetiGer \WBREH iRy egﬁﬁttg aiWicBRhRERidnPeRb@duce a

comutation period, sald m croconputer producing

commut ation control signals at said output ports to

cause the stator flux to rotate whereby sw tchings of

sald co tation devices are. e 0 ;
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13. A washing appliance pump according to either to claims 11 or 12 (when dependent on
claim 11) wherein said microcomputer is programmed to subtract a predetermined time from
said calculated two thirds of said measure of half period time to produce an advanced time to

switch said commutation devices at said advanced time.

14. A washing appliance pump according to claim 10 including:

freewheel diodes comnected in parallel with each commutation device, a pulse width

modulator which modulates said commutation switch control signals with a controllable duty
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16. A washing appliance pump substantially as hereinbefore described with reference to

Figures 3, 5 and 6 of the accompanying drawings.



