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PCT/ NZ98/ 00012 BRUSHLESS DC MOTOR

TECHNI CAL FI ELD This invention relates to electronically
control l ed brushless DC notors (having . permanent nagnet rotors) and in
particular, but not solely, tdg ey 3y acti onal

hor sepower applications sﬁch %ﬁﬁﬂmﬁm@%ﬁg@ﬁ@@%are

equi pnent . EW Met hods of controlling el ectronicall y
conmmut at ed brushless rmt ors have been di sclosed in US Patent

4, 495, 450 (Toki zakiThe intentien dethtds to etectioniculty edittolbsdriBushlRss BT nidtors %mvmg
partlcul ar laundry washing machines in US Patent 4540921 (Boyd et al), US

Pat ent 48578 1gerfiament magnehtgtorsyamd mfpathmlbashm net salehy o thteeywinding nidtexs for
not or (ECM concepts described iin these patents is, summarised, bel ow

with ref er 8ncfractaonal h CESERaVERY appligations such as in hompgpphengesiagddhe a4 (or

wi ndi ng) DC notaor is . shown in Figure 1 with 15 commutation swtches which

woul d nor mal | STHEMSher FETs. By turning on upper switch 1 for phase A
and | ower swii,ﬁ@izﬂmphase B, a static magnetic field will be created
in the stator ng off lower switch 2 for phase B and turning on

| ower switch 31\&&?08@6?60&01% |eResifibAlly Eofintutited brilfiess DCGmotors have

cl ockwi se direction urning upper swtch 1 for phase A and turning

on upper sw tpéerftdiselosptidn &/BPatent 4;3@5%02(3Tolhbﬂnrmgh)emcbfo‘rmbdnﬁmmapplmes |
to nove in the clockw se direction. By repeatin tation”

t he comuifl@t i amdmpmiwﬁanlnundwgweshmgmmmnq: g(HS P@ﬁmhﬂﬁ“wm (Boydtes ala)t, US
ot oo For *° Pateat 62571 5bnih fat) MorRe oh B b eledhonRalty Lohued thbol
states for .

-cl ock h . '
sui tching 28 @%@W%@&h ierbpd i BAG paorf I ShHitaRted 640 With ference to

t he net hod de %d ? dn@ip.creating a rotating field in the stator, only two
phases have curten |ntent|onally flowng in themat once. This Ieaves t he

third wi ndi ng An ideabthre@phads @ravinding)dDC thotoniis ghdvan dw Figuire. 1 witht he
cited patents this tenporarily unused winding is sensed for any

vol t age i uceomimyutation swiitches yhich weould normaliy deqowestiiTs. &mhmo@npper
di cat f t t T
:alnel:tc ?Olrrgtn , Ses{vﬁp&l quSI L0 (P fo | eq'ds%x(r:l%% X?Jor Sl%’ase B,a statsic magnc%cbﬁa(iﬁ will be

created in the stator. By turning off lower switch 2 for phase B and turning on lower

switch 3 for phase C, this magnetic field will move in a clockwise direction. Turning
_ off upper switch 1 for phase A and turning on upper switch 4 for phase B will cause
20 the magnetic field to continue to move in the clockwise direction. By repeating this
“rotation” of the commutation switches the magnetic field in the stator will rotate at
the same speed as the switching of the switches. A full pattern of switch states for
clockwise rotation is shown in Figure 2.
Counter-clockwise rotation of the motor is achieved by reversing the switching
25 pattern sequence of the commutation switches.

In the method described for creating a rotating ﬁeld in the stator, only two
phases have current intentionally flowing in them at once. This leaves the third
winding with no intentional current flowing through it. In the cited patents this

© temporarily unused winding is sensed for anir voltage induced by the rotating
30 permanent magnet rotor to provide an indication of rotor position. The induced voltage

is due to back electromotive force (BEMF).
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The sensed BEMF waveformis cyclical and varies between trapezoidal and a
near sinusoid.- The "zero crossings" of thi s “avef orm are due to the edge of -
t he per manent magnet poles and provide a consistent point on the rotor
to track its r'bhe sersed) BEVH wiagglormsis cyclical angyaries hetwaemtrapezaidaband a

notor is running,.each t ati on neegs ;t.0 be synchronqus with the
bosi 1 on of M siFEP. AHE 570 SEsTHESBRkHts aveforn SS A the cdisinkfhe
passes throu . | Sl | t he next .swit.ching
Pattern to enderingnt fhagiet S0P shd pEBiRe wciRi Bofe & 3RO BRCER
occur when gﬂ(?] & s in an appropriate angular position. This _
results in a r(?lt%tge Pgo%fo eedback 10 systemfor controlling speed.

Accel erati®n or deVAsgedueha DObrishleseniotopis ruinineC 846l éshnshtitons nkb& to be

I ncreasi ng or decreasing the strength of the rotating nagnetic field
in the st at orsynichrgndgusewith dheposition of the raton AL S ast the BEMRsignal deseribbd
force on the rotor is proportional to. the, strength of the magnetic

field. The cAhAveaassss threpghsaery, aderisianis madeto gammutate 1o the sextrswitching

h | d | f eedback f 4 L g .. 1. Mai ntainj

e Geterm ndttern 50 eiiire) ConBbd rotalbn I Ao Pimmished Sitghing ipust onlyfgbotr when
| erm naer™ . . / !

ot o 8RR Sn'phdhri, WISt Bk TERS Y ol 5 Kalpo

rotation mdqysy@ﬁﬁﬂgoﬂ@@m speed.equi res corresponding alteration of the
strength of the nagnetic field in the stator to 20 conpensate for changes

in the |oad on theAcctleration or de-acceleratien BEfthe rutbnis| avgymplished by kither Hgreasing
Pat ents 4,540,921 and 4,857,814 requires, t he _use, of dedicated current
liniting circendecyeasing tha strangth e g eragoetic fieklin the statep(lyrpelise width

xpense of t MBoRRIRpSE S TReHir) Fute it s o el b Brrortonal Bne
o opor 11 ot 6 e 6 i gn it HERL ThSonhufBionl r GHIREY paMEkich el i B8

not or cur 1®ntrotér Geo the cipyed loop fedtbask ifesth theé BEMF sefidinse to events
whi ch cause | oad changes. Wth the cited prior art technol ogy such | oad

sensi ng woul d r equMainthining erpresdetersiined kpesdlvander constant load inFolves sentrblling
BEMF sensi ng tilo determ pe rotor pogition has many advant but 30 has a

probl em t hat thestisngthet theqnagneticiield dn the statartg eéﬁlﬁ@ﬁb@é%gs&m%ﬂ@ﬁmmﬂon

el i m nat e tr angl a0t s Wb ch -PECHE BN, § QIIULALL AR Plod A% eSbALRN WA VA8ing Bads

requires corresponding alteration of the strength of the magnetic field in the stator to
20 compensate for changes in the load on the rotor. L
The ECM technology disclosed in US Patents 4,540,921 and 4,857,814 requires
the use of dedicated current limiting circuitry to limit the current Which can flow |
throughthe switching FETs to safe values. Such protection circuitry increases the
expense of the ECM system and precludes its use in lower power, less expensive
25 applications. Futthermbre, as motor current varies in direct proportion to motor load, it
would be desirable to use a measure of motor current to control appliance behaviour in
response to events which cause load changes. With the cited prior art technology such
load sensing would require further expensive hardware. |
The use of BEMF sensing to determine rotor position has many advantages but
30 has a problem that the output requires filtering using expensive components to

eliminate transients which occur on commutation of the stator windings. In addition,
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systens. of- this type generally do not' run at sqpti numnotor efficiency due
to the notor current |eading the BEM. It is therefore an

erbodi mont s STCVRDIRDE At 7R BOACRly Wndtrafilt Bpfiuial roter eAGREGY il tg the

enbodi nent s rovi de an electro
5 system whi GRogRRerepltedtitg HRVBENSFOver coni ng the above di sadvant ages.
DI SCLOSURE OF | NVENTI ON Accordingly the present invention
consists in an el éitis thereforé wn objeot of tkeipresenbinveitions and/or vat @t mbry ¢f theat
any instant one notor w nding is unpowered and used to detect back EM-
zer o- cr ossi nguefdnrashembodiments of the myestion do providaan el¢atrtimicaliypcontrolled motor
comut ati ons, wherein pul se wi dth nodul gti on of .the signalsg, _c8ntrol ling the
comut at i ch d¥steaRWhich geesiseme W to3Yards pyFrogpug dhe abeye ‘iﬁa vantages.

uni di rection G | connected in parallel with the
conmmut at i on M@@%&FW@‘?W t he duration of the current

pul se produced in ' b Adi e LRSI j -Of ﬂe(?"- TV

said unidirecti Ona{\?éﬁrﬁé‘%@?@%a ces{g#v?grﬁag%gp 1?/@3? agﬁ%l?cén ﬁ%léygeen el
renmoved 15 fyrfaghleld DOVitbN Fhicfeill 96 8n¥ fnsdim\Uriéamatorarindiny RfuriPovedred and used

pod

current. In a second aspect” the invention consists in an
el ectroni cal Ity detestitiask MF zerbronsssirgsswhichninformattoer isiused to amifiatenwimdihg one
notor winding is unpowered and used to_detect back EMF zero-crossings

whi ch i nf B} neconemutationse whegein pulseawidthimedugtion of thawignalsicontrollimg the n

pul se wi dth nodul ation of .the. si |s confrollin he.20 conmut,ati on

fevices |5 uORTRGUEET ABYicHbisva e SPERS) FORCLAGEIRFIGR FaQ ARbHgroRoRs serent
devi ces are cgppect | l; .| : CEUR ' 1 C e i
characteri seéf)elq'gg%%hagrg .coﬂég%gxé?%ﬂe% ﬁml%q]ﬂ}ehe cu&l?%dr?t%n%%ﬁésl% cgr:aggﬁtcegzgetlirz]n that
this windi ng feguiftich 8FtHA¢UBehtPulse Sroddceed in ﬁﬂﬁvﬂf{dth duRitd dissipation of stored
uni -di rectional current devices after supply of current has been renoved
fromthis wi reiengy by saikhani-ditectidial cumeahdevioés aftermsmpaly oficurfrenthiasereeniremoved
the motor 25 windings is delayed beyond the occurrence of each back EMF

zer o- cr os$¥ ndrem thisiwinding is uped fsrprovidemg meapute pianotaxCumendr current and

t he back EMF to thereb i mse, . tor efficLenc ai d del ay bei

calcul ated as a fnﬁ‘cﬁﬁ%‘??%g#(asﬁ’ﬁ%t?‘fgﬂﬁv %W%lnmgwa9pm3®qug%ns
and said curr ' . . I - .AS e

I nvention corpg‘lﬂél?lgyél %%ﬁ%@%eﬁ?gg?P;l%s% gf‘g wﬁo%%’og%st em d and used

conprising: g detect back EMFUEbRE6ssRigsWhith inforniiich issed ta istiateskiidifg
with at | east one phase

commutations, wherein pulse width modulation of the signals controlling the

20 cofnmutation devices is used to control rﬁotor acceleration and uni-directional current
devices are connected in parallel with the commutation devices characterised in that
the duration of the current pulse produced in this winding due to dissipation of stored

- energy by said uni-directional current devices after supply of current has been removed
from. this winding is measured, the instance of commutation of current in the motor

25 windings is delayed beyond the occurrence of each back EMF zero-crossing to reduce
the phase angle between the motor current and the back EMF to thereby maximise

- motor efficiency, said delay being calculated as a function of the time between the
previous commutations and said current pulse duration.
| In a further aspect the invention consists in an electronically commutated motor
30 system comprising;
a brushless DC motor having a rotor and a stator with at least one phase
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wi*ndi ng, a commutation circuit including a direct current power
supply, swtching devi ces connect ed to-4aid power supply to suppl y-
current to said at | east one w ndi ng or to selected pairs of stator

wi ndi ngs and wimditaig,ect i onal current devices which supply 5 a current path
to dissipate energy stored.in each.w fter supply of current

through a switchi rijCoraRHatien grpwt mﬁ&vj@%?a ect current poweg sypplys switehingyi ¢
whi ch : h | t ' | i,ndi d . .
ot 0 'vor t age deyges ienBBiedo SRl pfVon bl B St cubin B said 23 153T Bt Sandios
f 2 ! ! . | . by” ! STO ETT

Phe rotor 10 b seécted BAEEEF it Hidables diRPlniBREHbIM kel abRCES LMD typrly
| nput - out Pt P&frrént pth to diskipatd emapy sgﬁ{eagn eatRehditgladtel @ﬁggl?tél‘ﬁuri’énts ai d

digitiser circuit and a second group o ports ber'ng co ted to said
commut ati on dhrough a switching devive hashiengimatedr ol si gnal s t hereto,

software stored in said nenory to, cause said processor to generate said 15
swi t chi ng control aligitiser cizatovhishtsgases thagtoliage gn said at least one winding and

tabl e-which stores (i)..,a sequence of conbinatiops of states_, for each .

S T Chi g QeVRORPATRS MR D 4 Felprecicr Slamel XARBsS 1o Tafhyt detscierderepsaings of
and cycljcall | Lt Cha V] - W . r. Wi ndi ng
to produce a tb%?gf’g#é\m: ﬁa&%@eﬁé%@%&%&w& g&%@%@é}]@ftﬁ%ﬁé%ﬁbsm bl e
out put stades of | #h%hﬁ | o1 ' ; gﬁ;ﬁr HN6 @8&#

posi ti onsﬂ?)f sai dsaragfb i%ﬁﬁg@hﬁ?ﬁ%%‘;rg%%%%n%& saiagHriﬁﬂu co 'ulf‘ glftls’oan

of switching fixgvper teing esnndeiteditostheloupichfsaid digitisericirculteandd sécond gﬁrogpbf
continuing rotation when the rotor is in the corresponding predeternmnne

posi tion, ports being conpected to saidicommutatiosl cirmittg supply switdhingigontred signals

stored state conbination and . produci ng digital sw tching control
signals for gxteuni t chi ng device having logic 25 levels corresponding to

oy S A ot ne e e ed I WR AR 36 GBI brdtsd o Hiperate shidTF:
tper %J%M@gﬂg cehtrbl §ighMB, ﬁi&@sﬁwaiﬂdmﬁgat or wi ndi ngs,

to
(d) a routine r-setting the duty cycle of the pulse width nodulation in
30 accordance with(a} statsbde siltivh stoe¢s(iy alsequence of combinations of states for each

switching device in said commutation circuit which if applied sequentially and
cyclically to said switching devices will canse the stator winding to produce a rotating
magnetic field, (ii) a sequence of the possible output states of said digitiser circuit for
20 predetermined angular positions of said rotor which each correspond to one said
combination of switching device states which will produce torque in the rotor to ensure
continuing rotation when the rotor is in the corresponding predetermined position,
(b)  aroutine for selectiﬁg from said table each stored state combination and
producing digital switching control signals for each switching device having logic
25 levels corresponding to the states of the particular combination selected at any given
time, '
- (¢) aroutine for pulse width modulating said switching control signals to
thereby control the RMS current in the stator windings, _
(d) aroutine for setting the duty cyde of the pulse width modulation in
30 accordance with a stored duty cycle value,

(¢) aposition determining routine which reads the output of said digitiser
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(:a) a posidd erm ning routine which reads the output of |
di‘gitiser wd-%% 98/ 35428 P&M%ﬂﬂl}

PCT/ NZ98/ 00012 5 : - 5 - and
determ nes therefromthe angul ar position of“fthe rotor, T(f)7 a
routine for calling said_selecting routine to select the stored state

conbi nat i on 8vd Aetssanpeshereirem dhe srgulanpesition qfde rotoR for conti nui ng
tati th f, 5 . d det I, Ni ti whi ch
[oads the outpur B samfontigefoeelithe sald SACHREPRERELS shiletBasirodstate
| . Sai . . st.ar i . f
S0 1SS oo ol SO R GRE RS O

-

determined rg@epsospeed with the value of the desired rotor speed to
produce a speed error value, 10 (1) a routine for receiving said
speed erré§r val ue(gnd ampetddeteraiiningtroutifle whickl utadsalie batpulofeakbdigitise® and
incréease it when rotor speed is |less than desired speed and decrease it
when rotor sgetevminestthgrefrom {be angular speedmefsaid rotor, (k) a pul se
duration determ ning routjne.which reads t Qut put of said digitiser
and det er i nes th@i‘%fr@ﬁﬁt’%efoaﬁmqgﬂ?ﬂws Pﬁéesﬁﬂds@t%%ﬁé%d in each phase

cach vindivg Y oudotEE Aot T RhEE A Sr Bl ord R R el fe Va6 oF e
(1) ar OUt-h&gref&)fotﬁPg%%ﬂitB%rwﬁcesf’ﬁérga h@ul se duration with a '

stored predetermn maxi-nmum va ul se duration to produce a val ue

for settilpg said (j) staaoatindfoyreeybling yaidupetd efrof 9alieathMapditinigl salid Stored
determ ned duration is greater than 20 said maxi mum val ue, and

(m a routi detyyalé vahmde asdiodndreaseitowhémiptonspeedds dessphian desirdtbspeed and

Filure 1 i's deaPaiaitov BTt SRe04h BEShes CHo eSO RSt at ed 3 w ndi ng 25

the commut ati on. SHk chadPies durgbioh defermifgRiin® TG FHHE e PHERERN,

motor and coliEiTerand AR MostBaPhe SIrkd) o HARIRPPRIGRT IR A phait”
15 winding during dissipation of stored energy after supply of current to each winding

through a switching device has been terminated,

1)) a routine for comparing the so determined pulse duration with a stored |
predetermined maximum value of pulse duration to produce a value for setting said
stored duty cycle value to a reduced value if the so determined duration is greater than

20 said maximum value, and | '
(m) aroutine which reads said decrementing value and updates the currently
stored duty cycle value.
BRIEF DESCRIPTION OF DRAWINGS
~ Figure 1 is a circuit diagram of an electronically commutated 3 winding
25 brushless DC motor, |
Figure 2 shows the sequence of states for the commutation switches to cause
clockwise rotation of the motor of Figure 1, _
~ Figure 3 is a block circuit diagram of a brushless DC motor and controller
according to the present invention, _ _
30 Figure 4 is a waveform diagram showing the voltage across a phase of the

motor of Figure 3,
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30 jqure 4 is a waveform di agram showi ng the vol tage_across a
phase of thgbc_lp g‘F?tﬁ‘[or of Figure 3, WD 98/ 35428 PCTINZ9_8/00013
PCT/ NZ98/ 00012 _ 3 -6 -

Figure 5 is a part-circuit di agram show ng n®tor current pat hs t hrough--the
wi ndi ngs, o Figure 6 is a graph of notor performance at different
notor currents, alfggure 5 is a part-cimcyitrdsagraps showimganotoncuiitent pathsithvough thet or
wi ndi ng current and back EM-. 5 Figure 8 is a circuit diagramfor
the back EMFVaRMESser shown in Figure 3. BEST MODES FOR CARRYI NG OUT .

NTI ON . . Fi h gl f th
;ngslawE:\rrE{/entionF?anﬁl%gg gr%ﬁcﬂ%ég?@mﬁ%%wé)a@'m .'BS Sté’%rﬁn‘l'eg&témare a

YT
per manent . magnet &8 Ny F5h Ol wﬁ% . 0l '

circuit 22, switc m%\iesr%%gggv\e_r "islg%ﬁn?/%%g ﬁ{?t*foﬁﬂig%gg ?ﬁﬂggﬂ %&#B&i}( EMF
m croconpyt er 25. Fifge!® ok Eirddit Hia@;iﬂl%ﬁm&&@m/ﬁﬁdigiﬁse&%ﬂb%eiﬁtﬁgure 3.
functions executed Dy software routines which will be described bel ow.

‘The present BBIBMOBDES FOR CARRYING OTET ATHBINMENTIONor having a stator
with t hree wi ndi ngs (or phases% A, B and C and six salient poles. Oher

stator confi gur at iFigire 3 shawsithe metarseatrol spstemy of tha present tnengiondn block
per manent magnet rotar, .although different 15 nunber of poles coul d be

Rdopted.  The At gen, The maia hardyare biosks pise peguateat magrer thrge gynding motor
configuratiog,i | S I pent. i_adi s i _
Cormutg at i on 2?’?‘2‘9&& \%&lﬁﬁg%ﬂ ég'"ﬁlgl&r‘sc ﬂ% f"?ﬁ?%@g&g‘g‘;ﬁc@g ROV mply %1_30‘9&1{
pover fi qjpd EMF%%Mséf‘z# ahansictédehsgutéh 25 TR BloekS Qﬁﬂﬁﬁ?ni@fé&ﬁﬁ%ﬁt%zg' rect

current power Supply 23 to commutate each of wndings A, B and Cin the

manner al r eagsprésent desctionyekeoutdd byesafiwarerautings ghicswill bodiesdcribed belofv.t he
six sw tching devices nmakin up the upper and | ower swtches for each
not or phase is swiiheipraseng ystamas deseribed in relation tp ajmotor-having p statiorcwith

0 T OEST % G oS el 2 R SLEF, B By Ot S S
L oo 2AcA i T8 Bl eR e, BRI

by the 15 rﬁﬁﬁiberwgo%étdﬂﬂd beadbpied. TRE Windinpdi A9B WAH T ard carbectid/Rgetticlt

I s not belng supplied with current fromcomutation circuit 22 is used .
for this pur giaseoniigardtionkin this dehbodiaresit ag indieateddn Figwer3eady descri bed
with reference to Figures 1 and 2. BEM . Lo L.

Commutation circuit 22 includes pairs of switching devices in the form of

%

power field effect transistors (FETs) which are connected across the direct current
power supply 23 to commutate each of windings A, B and C in the manner already

20 described with reference to Figures 1 and 2. Each of the six switching devices making
up the upper and lower switches for each motor phase is switched by gate signals a+,
a-, b+, b-, ¢+, c- produced by microcomputef 25. Switched mode power supply 23

- supplies the DC voltage which is applied across each switching device pair.
BEMTF digitiser 24 receives input signals from the switched end of each of the

25 motor phaseé A, B and C for the purposes of monitoring the back EMF induced by the
rotor. The output from the motor winding which ét any given time is not being
supplied with current from commutation circuit 22 is used for this purpose. The back
EMF sensing used is as already described with reference to Figures 1 and 2. BEMF
digitiser 24 supplies at its output a composite- digital signal representative of the

30 analogue signals at its three inputs and derives these logic levels by known comparator
techniques. The output signal will include logic transitions which correspond to the
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digitiser 2WOMPHIBes at its output a conposite digital signaPCI/NZ98/00012
representative of the 30 analogue signals at its three inputs and derives
these logic'levels by known conparat or t%chni ques. The out put signal
will include logic transitions which correspond to the WD 98/ 35428
PCT/ NZ98/ 000f¥z2ro crossings” of the individual analogue BEMF voltages as a rotot-pole passezar 0
crossings” of the individual anal ogue BEMF vol tages as a rotor pol e passes

a wi ndi nyinsing pele assosiated Wi tipkaseh Abis outhutalsacpntains other infioamation as
ot her infor rrat'gn S ., %II |1 be described bel ow. A suitable
circuit for- BIQ%F“‘EI‘?‘@# ¢lo%- 24 i's shown in Figure 8. A comparator 5 51
Is provided with 3 . i .nacke EMF

vol t ages frfom S[ #@Iﬂ%ﬁ@%&% ? J(’)é %ﬁ%@%&% Zgﬁg %@%ﬂﬁ%‘dgﬁ:&s@_ X\Fﬁ?ﬁp arptor
| evel of tkhe e : Weyall S} - LAWPH

V[err] (t% eg%:aﬁ | sh&gd yétrho%érigl}segig%‘g%%ﬁyw F ﬁgﬁﬂ) m'8560ut pu%clggbgﬁﬁgges from
conpar at or  cihanhfse motdrewiidingA[ BundICord inges 55 Whepi the évellofithe composite
excursions of the winding voltage signal. 1 Resistors 52 to 5

conbi ne t he wimdihgyoltage aigral ahthpuh 65 exceeds Vi, (tb establish e @epa-crassing point) the
therefore determ ned by the voltage across all three w.ndings., The two

state out putowpubp7ofdhe samparater Changes state and thespby digitises sficiently large

al r eady nmentjoned jt i.s.the voltage across the wi nding which is not
bei ng commt%?fcéﬁswgﬁﬂ?%wmdmgd’?!%FSMr otor position and other control
pur posesgabut sin &{{.gns [ |- Shi : %\ﬁg ] or it
S knownlgt any glg\%fr% |n2q&h$%dn%%§|t%g%&i# %‘S%ggggéﬁg%ﬁnﬁgﬁ%urrent
and thus a tiampHtaRéion thercRleaithiraiindd byith8 vaRhgE BbARS alfthcl windingd. MKHeltvo
voltage is reflected in the digitiser olUtput in any given interval of tinme.
I n the star tstate owtptt 52 oftlee comgpatateteisded tdmibroprodsskor port 25. Asudesddy ndi ng
S insufficient to change the state of the conparator 51 and cl osed

| oop f eedbacwentionedit is ghe ypltagaacross therwinding whieh isseaf beimg commuatated which is

V whi ch t b tar d t f i stor. 58
Chosen 10 s USSHRLLGR ot R ioT A IR FohEPLERPOsH bk sics spgImutation s 0. <) g

state trapsi §i,00S: W a ' .

for ?gwi {1%‘ 'ﬁ'ﬁ%tdoﬂ}_é osegl{rf)@ltt)nﬁzFe g%rl{? ngﬁ&ﬁg C(}{Jgﬁ eﬂ;q/%#l %a léﬁkghﬁﬁgﬁt
for some cartyip! I hdtdr Yugrent And thus a tide WindoW iy @atilished SviER FRBrmines which
I nvention is performed by a single programed m croprocessor 25 which

suppl i es t hewindihghiohiggeigreflectddin therdigitiser ontput ircany ghen interval oftimley
wi t hout the need for additional | ogic or "current steering"” circuitry. The, .

required pul se wi b thewtatumjoptingthe magaimde of thabadkeENSY &1 the yrnsed dvinding is

al so perfor rT}:"noslufﬁc:ient to change the state of the comparator 51 and closed loop feedback control

20 of commutation cannot be used. The value of V_, (which may not be constant) and the
value of resistor 58 are chosen to set the hysteresis of the digitiser such that zero-
crossing state transitions will appear at the output 57 at the desired rotor speed for

- switching to closed loop control. This could typically be 330 rpm for some
applications.

25 Motor control in the present invention is performed by a single programmed

| microprocessor 25 which supplies the switching signals for commutation circuit 22
directly without the need for additional logic or “current steering” circuitry. The
required pulse width modulation of the current in the motor vﬁndings is also performed
by micro-processor 25. -

30 Microprocessor 25 is typically an 8-bit single chip CPU and a suitable type is

~ Texas Instruments TMS370. The MCIOProCessor hardware components such as CPU,
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Py mcro-pro . 30 M croprocessor 25 is typical - bj X
single chip %ﬁ%sﬁi suitable type is’ Texas I nstrunents %@%ﬂg’%

m croprocessor hardware conponents such as CP%) -+ WD 98/ 35428

PCT/ Nz98/ 00012 - ' e -8 - - B

=bus, clock, RAM and ROM are not shown in Figure 3, since these essential

“#onponents of busceleskrBddMrand-ROM are netdhown muFigare 3; snee these essgntishat i on
-the . ocks shown within m croconputer each resent .a contr o

e i on o b Eombotol oF ierSsohDReaR ahe el kiR SR B Bisidh plimation the

Tt o1 ane 1 ocat ioAElfShcv ifih nfibtdeontputb RS Eadferfelti A chiROF AardABbe,
shown in Fi gurg%r?oatt el By 8'56ftwake Poutald esac_eaﬁtled by ﬁﬁ%ﬂrd&e&éb@i‘%m&nﬁﬁgbﬁnce |

of swi tching erns f'or producing anti-cl ockw se rotation of t

not or . Conty Olreprésentsa Hata table araina sioragelosation emenicrysynt hesi sed by

the commutation control pul se generator routine 29 which includes a pointer
val ue 10 whi ch poiGommutating switchirigypatterns aAs:shown i Figpre Coare speretddna table 28
table 28 which_is required to produce the next comrutation fqr _the ..
particul ar di seqansk SegHenes Rt Fiiching pattemsfoF producing aptiraleekawvisen

g oA
Changesonce RS SElR el ST bASS) 25 e bbMARoR b ihes S pRadfioy
initial phase {3368 '.@L'ﬁxn"c%h%ﬁ'}'ng@vgeﬁaﬁ&oﬁ%uh EWP%\I}V]%&IP%\S’% %gda'yiﬂ&r value

pattern sequence W th a constant requency (or a
I ncr easi ngi( r afhRAPOints toithe lovaiohaifake biwitching! NitelPatteasin @bl 28 witich is required

rotating magnetic field at a speed high enough to overcone the )
bysteresis of tolproducs thesraxt 26mmutatih foptherparticttlandieetion of rotation requiradef
rotating stator field. . . Wen the_ notor is rotating_ at, a_speed
sufficient tometeadde Six gpmmaviptign drvestenals atg rgauired to gﬁ sykthssised althppghenly

each unused phase w ndi th tor starting.routine branches fromthe
open | oop cont§ OhpFeEe gﬂétgq %@%anoeaé:ic (’?%Té"g}h(%'p control node. Thi s

i hvol ves causi ng a RQshhiPRnRfTI0 APt eBsentiafly “BrockapeRitb£29 h
digital BEMF si%%z#ﬁaé)ﬁl) nput mpglréxp%ﬁgfpc}%ﬁ ussi ng anorna??’on on vmﬂ'ilrgﬁg 2

phases are1s switdhing pafeaisdgnehes nithonoonstaitdowdéqiency ot hdowrtansidwiyns
due to the back EMF In 25 the unused phase and to produce a parall el

pattern or di ghtreasing fitequency)v This eanimutatesdhe statorpheses togproduce acotaiings e

and to pass this pattern to routine 29. By accessing, a, | ook-u .taple
within tabl e Imagngtic Reldkataspesdiugh e@%i%mra?m?\h%W%%?ﬁsr%%@@t@msrfh%-

table 28 The permanent magnet rotor follows the rotating stator field. |

_ When the motor is rotating at a speed sufficient to produce a digital back EMF

20 signal at input port 27 from each unused phase winding, the motor starting routine
branches from the open loop control mode described to a closed loop control mode.
This.involves causing a position sensing routine 31 to read the composite digital
BEMF signal at input port 27 and by usiﬁg information on which phases are
instantaneously being commutated determine the transitions due to the back EMF in

25 thé unused phase and to produce a parallel pattern or digital word following each “zero
crossing” in each phase and to pass this pattern to routine 29. By accessing a look-up
table within table 28 this routine locates the éommutaﬁon switching pattern in table 28
which is appropriate to be applied to ensure efficient continued rotation of the motor
having regard to the rotor position as indicated by the pattern supplied by routine 31.

30 Thus the position of the rotor determines commutation of the stator phases. :

The synthesised commutation control pulses are pulse width modulated when
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whi ch IS apRy@BsAsaks to be applied to ensure efficient continysg ,132%,7};0 n
of the m)toiw- g‘ﬁaw ng regard to the rotor position as indicate y t%

pattern supplied by routine 31. 30 Thus the QOSI'[IOI’] of the rotor .
det erm nes conmut ation of the stator phases : The synt hesi sed

t at t | | S dt h. nnd
gagg‘-f-l '?’U:EO gH g st UQE? hé combiuta W'g; ggg% "Pha% 18, a rougne 32 imposes a duty

PCT/ NZ98/ 000
‘bei ng suppli & ﬂlepcu(%sﬁ??ut aclhoarll'ec cw tsegiwy:?ﬁu?ew apgro%n %}& i nposes

a duty Gdﬁhﬁu@ﬂoh i vives tRfoudhi whichofor Rt 506 Myw'if lat:bsﬂa%%e with the

appropriate to the comut ation devi ces through which notor current Is

to flow.in apresertvslacwiiduty bgclerteid i location 330 Thetduty yetle i ehatietdno laoceltie
33. The duty Céd e is varied to accelerate 5 and decelerate notor 21 and to
accomodate deaejerata aroton 24 iaditotageosimedate yarying loadstasr thearotar since rotor

proportional to mptor current and this is d te.rm ed by the duty cycle of

t he pul LOTGHE a8 RroRATHPRA) o mptepepirrent and this 15 myeé@ gws‘?f cysin pthe
34 reads the VFE zero C erns and in associ ati on W|th a
~timer routi nBBE'é‘H’é@P?ﬁ‘ﬁ@i& \@/%1 represent ative of the angul ar 10 speed
of the rotor. Routf SRR Rdin Qﬁﬁ’ of
speed, n, stored |n§§e%[b 820t 2?431‘5"6 F&tmg' ro 813{%%3%@% qgln n

the duty cychsociation/withes tigled rbﬁhﬂ@BGUbeifnﬁﬁeM bblub&e}t)ﬁ@éﬂﬁﬁ% off theé angilir
1% and if the cal cul ated rotor speed is greater than n the duty cycle

val ue at 183 spédd aftheaotenBontie (3Fycampartsdhis Value with apredeteeminetdvalap efd
val ue sel ected from tabl e 33 W|3r|§| depen n the notor_application 15 at
|

any pa_rtlc:JI spe MEqufﬂdéFh Isfthwa adﬁepéﬁp%pdlﬁﬁcﬁsauhapme@@micﬁ@h
reat "SRR Bt St ey (5 s MR e
: S .
HEPTR k- BE AR 005 MAE i3 BN, Wl A (REEay 19). The

(that is, a pfedetsrniiaRd spBe@ﬁdluB%bIecﬁéd ﬁ@ﬁﬁ%l@gls RAfSRpend odlthe BhotoR applEation

s di rectly proporti onal the tinme duration of the freewheeling
current \i5i cht amppamdulmamﬂnemhnm examapleediseusspd pelow a typwal predetermined on
switch has been termnated. This current is of course due to the wel |
known proper OpeEat speedkis 30904p8t-e energy and the need to dissipate that
energy o N LR Brotél th oRBRut 8 bhckititdiing deViRbs, 4 CiEht tinkdi 21

function must be imposed. As will be described in further detail below with reference
to Figure 6, the applicants have discovered that the RMS motor current (thatis, a

20 current in any pair of connected phases at any given time) is directly proportional to
the time duration of the freewheeling current which flows in each winding after supply
from a commutation switch has been terminated. This current is of course due to the
well known property of inductors to store energy and the need to dissipate that energy
-on removal of the applied voltage. As is well known in the art, “freewheel” diodes are

25 connected in parallel with the commutation switching devices to facilitate such current
flow.

Based on this discovery, the current pulse which occurs in each unused winding
is extracted from the output of BEMF digitiser 24 by routine 40 which in conjunction
with timer 36 determines the time duration of- each freewheel current pulse. A first

30 decision routine 41 ascertains whether the pulse width CP is greater than a

predetermined value T, stored in location 42, which corresponds to a value of motor
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25 connected in parallel with the comutation switching devices to -
facilitate AP ent flow. Based on this BEERE9¥R8P12  he
current pul se which occurs in each unused w nding - is extracted from

t he output of BEMF digitiser 24 by routine-48-which in conjunction-

with tinmer 36 determnes the tinme duration of each freewheel current pulse.
A first 30 derest whichoistat tke adtical maxinium linit foethetdommutationdettibesCHfiss a
greater than a . prede{ erm ne(:j”, VﬁJ e_{é?,rr] stored in location 42, which
corresponds Valug 43:isfet 1 logghign 33 which estgblishess PA¥M duty cycle having a minimal
PCT/ Nz98/ 000

gur rent whi ](c:b%}] timg. Ipthe Sr?‘PPkaﬁﬁsﬂ%S?P%ﬁ}(}W this might MCQMQZ%JF]I?P“ISC

o docy oy cradbisless tARCa odrt AdR3b RS 56 Bacbhialfl Shefiick 30 RMGR: fhise

bel ow t hi § Mg ath éxdeledsthe/ diAtidh 6F al ﬁnlhgﬁ}]d%@rg?redﬁtemiﬁeﬁt\;’alﬁé’ﬂ %&ﬁ'eg réff‘fbd:-gﬁion
e et her t W dt

a second decision routine 50 ascertains e current puPse

exceeds the d9rand cotrespondingtbhormabnexipuareife operidihg\dirtnt Bhd! Iflsos ho/alsk 44

at location 49 and corresponding to nornmal naxi num safe operating
current and, is @sesito decvemnent the PWM duty ciald valnedis e typicaltdeerdtmbhicini ghtdecs %.
val ue 33. A typical decrenent m ght, be 5% | f the current, pul se .
duration is qugEeRt rquratien 1slgss thanchy: then morquseent limiting;is sequired and

PWM. dut trol | t d _deci si ti 37. 10 In.
many ;p)pl)l f’égk’m‘% gcycgg%F@t@ﬁ%ﬁﬁp&%ﬁ%&ﬁ%ﬁg&%&%fo%% nleg ‘increase in Iogd
tho Eow 10 5yet o Haa RHIEEHORE e Megebl of KA 4l 4 bRF AL 3 L Pttt

change in nDhfYy Eotistigite useful dnfbrinatiof Yor thel caittol of MRSprocesdin Whidhthe FCHAN
be used to provide such sensing - information. A load nonitoring routine

45 i s passedsystemigiusedoAny ichangs imarotoyload willdherefieoted inw changepnlmetonicdtient
by routine 41 and by ascertaini ng,suddene;‘{]ange in pul se width or by
det er mi ni ng #RGtheciment FHsmmeasiting EHmeA(canbe Bod toRrovidesied sensing

sec For " P barAR, AdPR pfinilRid toRthE 433s pRSE R 1 ine o B B g L °
wash 11 qyisd guERmRdEEurrent Wi uﬁﬁeqrﬂﬁidr}g;ﬁa@énqmgfsha&eﬁ Eﬁmgéggﬁn

i ncrease 1 n notor current punp begi toIn wat er on

suction si depulse width or byldetdrfithingsthatpuleé witith hasreactesld phedbtertinkdditeshold
running efficiency of the motor 21 is not achieved owng to the phase
current. | eadiseful hutpBidvFams be sapplied foramexternal controller via output ports 46. For

example, where the motor is used in a dishwasher to drive a wash liquid pump water

1 (D

level can be ascertained by detecting the sudden increase in motor current when the
20 pump begins to induct water on the suction side. |
In ECM systems of the type described, maximum running efficiency of the
motor 21 is not achieved owing to the phase current leading the BEMF so that current
and voltage peaks do not coincide. This is remedied in the present invention by
computing a time used to delay the switching of phases after the detection of the zero-
25 crossing. Thus a delay algorithm 47 (described in more detail below) intr_oduces a
delay in commutation to cause the voltage and cﬁrrent peaks in the motor windings to
coincide, to thereby optimise the efficiency of the motor. |
The output signal from BEMF digitiser 24 contain transients coincident with the
occurrence of commutation. Instead of using hardware filters, in the present invention
30 these transients are filtered out in software. Routine 48 reads the signals on input ports

27 but interrupts the read function at each commutation occurrence using timing

SUBSTITUE SHEET (Rule 26)



and vol t agewoessas4z80 not coincide. This is renedied in the preeeNzosoo012
I nvention by - conputing a tine used to delay the swtching of phases”
after the detection of the zero- 25 crossing- Thus a delay al gorithm 47
(described in nore detail below) introduces a delay in commutation to

cause the v ? 5 oft CohfRtitafita eo x*ﬁouﬂﬁe@tor w ndi ngs to coi nci de,
to thereby optimse t?ue I cl ency of the notor The out put

signal from BEM- ¥helo bﬁa@ioredfsiﬁaif% foutinds dudiied sbyveds @emn%&ﬁlﬁﬁ?e detail in
occurrence of comutation. Instead of using hardware filters, in th

present i nveheifollo®ing bectiontst ansi ents are filtered out in. sof t war e. Routl ne
48 reads the signals on input ports 27 but interrupts the read function
at each..cormMiafor Stariing RaHire ysi ng tini ng WO 98/ 35428

PCT/ NZ98/ 00012
i nfor mati dn on coMAIPLStAHINgG jscAmdusted i tyep steps by routine M@%SF%IWPIWS

7ol Tou ng sctbiRerotod GEARAkEaldc AERER) Rty s lsdaec%%doﬁy sepihg i <

conduct ed i f Bklvigad
rotation of ntPk&?s’nagnet [ c%ﬁg% I'n ﬁgtég%?gzt)ofpfﬂmléfsﬁ?g [ eveamby ?Pepm%g
through the fticd) i THe pernidions nid{gﬁ@tlfaoﬂiavm%ll@wtthe &oﬁhﬁglﬁ/alden tlie stator. In this
count er-cl ockw se rotation e permanent nagnet rotor will follow the

rotating flestdplthesymmwtoplenlowthl S step the systemis open |oop. 10
The end speed of the rotating magnetlc field at.  the conpletiqn of this

first st& i Thaend speed of Hie 1ateting magnsticbold aitheicompletion of this first step

i tect iy oligide e e aﬁﬁw%?voﬁmﬁewﬁ@o FsioRe o) b ek rtation of

rotation, t ﬁomﬁ;% gmﬁ}, t '

greater h@%éﬁﬁw wever A ec%egfsl'lg{égﬁglﬁélaté&' ere %édggg% E))gﬁi f?%%g o1 If

the rotati ngthkidlsthd fothkien,lthef BENIF 1§ideko.hiltewatively, tHefastorehé pdtatioh the eater
"catch up”. This wll result in the notor never properly starting. This

upper speed BEMF. Howwegrthereds apointwhereethei apenfloop epeest of theimotating field in the
application of the_ preferred enbodi ment the initial start‘l;ﬁ speed maxi num

i s 319 rqmor will be too fast far theotop 9 ¢ ﬁ@fﬁb mpBeRus; wilkresakdn dhe motar never

C oS e oo SRRERY Shish Thes it AT ot 1 S flrSea B e hcbiortk S b
response to She,Biiation Gtihe plefPRMSMBNMikikht N A startup speed maximum is

330 rpm.
- At 330 rpm enough BEMF is generated to aliow closed loop operation. As

~1

20 outlined in the discussion of the prior art, the software will now only change to the
next stored switch pattern in response to the BEMF. Figure 4 shows how the voltage
across phase B varies during each switch pattem. The position of the rotor is
determined when the BEMF waveform crosses a reference voltage V., for the digitiser
24. The software then decides the optimum time to change to the next switch pattern.

25 When the speed of the rotor is under feedback control a commutation will not occur
until a BEMF “reference crossing” has occurred. | |

The second step in the start up routine involves increasing the speed of the rotor
up to the desired speed of operation by increasing the PWM duty cycle as outlined in
the description of the prior art. .
30 Speed Control

Under closed loop control commutations will “follow” the rotor. In one
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across phas ries during each switch pattern. The position of the rotor,
i s. det-grﬁ?%g%fz&hen t he BEMF waveform crosses a ref er ence P¢SMNZ8/00012
Vierr] for the digitiser 24. The software then deci des the optinmm
time to change - to the next switch pattern. -3%- Wen the speed of the r-otor
i s under feedback control a commutation will not occur ~~  until a BEMF
"ref erence capplicatign ofthe preferredembodiment 3000 rpmeis she desirest speedrofirotatiomar t

osi 10 SpechioNSHReE G2 sgooa Bsa CPTRIuTHE OB HRI0Y. 1oyme sThodmant dbarmotor
| oop.cont r ol e 58aRkd & pftdon s RorR A0 B bt pols roer and a sipele sfatd

SUBSTI TUE.S “ # .
PCT/ NZ9S/ 0 Og?gj:_h GERN & nétbr two “electifQ1? fviidiéns or complete BEMF c_yf]f_s are required

applicatign g rdthe the eb®r'one mediadicat péveliion BasH detiRallfsiol@Eor e8fsix

rotation. ‘This equates to 0.02 seconds per revolution of the rotor. In
one enbodi necomnineationsThis meaps thertiine betweean edmmutations i 1.66Fonsec. Tavinoxgase
four pole rotor and a six, pole stator. _Wth such a notor two

"el ect ri cal " thesspsediafantation fromthe dritisbstarting: spasd0fe3 30spm (@ 3006 rpw, the eureent
the rotor one chani cal - revol ution. ch electri.cal revol utj requires

six o contatbesta mu b TRetereed Rl iR SoBER UL Cotn Aals bR67I56E. o7
nsec.. To increase ?ﬂ%l%a : | f L. Gl ' .
speed of 330 rpm toc§1 cg&h%?&g%@? cu‘?%%tsbggﬂ’ alh&rr? }gio?{] gtlgga ﬁégﬁé t(jétagwﬂl

i ncr easequngf i %p‘ééﬂ'."lhééééﬁhﬂ &%Qfm dre bobfpendBRd for b aryin 5)]PWM

r ot or isqgt %{)fg?tg?éia nal speed, ar%? variation in Iegad onO;[-h}e/Vrot ogﬂ\}vl I 108@13/
affect its spypeld.in Theamnnbpalyexdy dessribed tocnsurethattha desiréd spded ofwogativh ishe
PWM dut y cycle in the manner already described to ensure that the
desired speealwgysimoaintaisadi s al ways mai nt ai ned. The

software wll alt t he val ue,.of,, t P d in t different ste
o o xanp! Thegpatp fifialtet e falte Afile BYTAL duy dyife i Sfibremt S50
desired speegiz Iﬂ}éﬁﬁxﬁw rate is altered by 1% 2. If the

Wi

speed of the me)%‘or s n thin 10% the PWMrate is altered by 5%

E_he hs peeds 3@1‘ H'the dpé&] 6 oot i9REHER NS of tR d&diredhiPebdMBoh MNP WM ERLe is
i gher speeds

altered by 1%.

2. If the speed of the motor is not within 10%, the PWM rate is altered by 5%.

The speeds referred to exemplify one application of the invention. Much higher speeds

may be selected for other applications.
20 Freewheel Current Pulse
Routines 40, 41, 50 for limiting switching device current make use of the
freewheel current pulse. This is explained with reference to Figure 5 (which is a
. simplified version of Figure 1) and Figure 4. Figure 5 shows current flowing in phases
A and C. This corresponds to phase A upper switch (A+) and phase C lower switch 3
25 (C-)being on. This current is represented by the solid arrow. -
| The dotted arrow represents the current flowing due to the switching pattern of
the previous commutation. The previous commutation had switch 1 (A+) and 2 (B-) on
(see Figure 2). When power switch 2 (B-) was furned off and switch 3 (C-) turned on,
the current in the inductor of phase B could not instantaneously reduce to zero. The
30 inductor keeps the current flowing. This raises the voltage at the end of phase B until
freewheel diode 5 in parallel with the upper switch 4 starts to conduct. At this point the
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may be sel ewaeobrisags ot her applications. 20 Freewheel Current pRginedsmnco12
Routines 40, 41, 50 for limting switching device current make use-of the
freewheel current pulse. This is explained.ygth reference to Figure 5 _
(which is a sinplified version of Figure 1) and Figure 4. Figure 5

shows curren | qvm b Q%gs '

upper  swit chlcfl R+%Hr%ep&g§2 lcgav\gap eé‘vtmg':‘f:iﬁ&g v%?s iflg(%glé géﬁ%gggﬁ%%?ﬁé
current is ke Rt Thiv“Fedwhesling?éurrent occurs everyEnféod kRftcR S &ﬁfned off.
represents the current flowi ng due to the switching pattern of t he '
previ ous coriiieatthe currehthas reduced te nenw, the diode Btupswondabtidg An thedoRags- )

on (see Figure 2). Wen power switch 2 (B-) was turned off and swtch
3 (C) tutneatross phase B ishgolelyrdusrito the BIEME. aéud)mrwlml cherent pulses for phase B

i nstant aneously reduce tq zerag, The 30 inductor keeps the current -fl ow ng.
This rai sts argdlesignatesk (g? ﬂ%§1%840f phase B unti | freewheel di ode 5

in parallel with e upper . swstch 4.stanrts 1,0 ct. At this Lnt the
WD 98/ 35428 'w}xen 1B'rent1\sMﬂowmgmap ehmeﬁﬁ%'camotbes%ﬁ /00012

-13- " sen vl | - t
flows out o emanedtii et gafes 4 BiscOAMRRy hPMK Sinlinie che BIEMETTINES 27
every tinme gefarédto hérelds theeirbnt pulse Ve flige BIvokie Wabeforiisahowm in

zero, the diode stops conducting and the voltage across phase B is
sol el y due tFiguhe4Rintfthe Therent pelseseedn clearlgiie seahses for phase B 5 are
designated "CP" in Figure 4. When current is flowng in a phase
t he BEMFlQarfaurrent Centkod. The freewheel i ng current causes a

di inuity i ' f. the BEMF, This | ferred to h

the ~ourrent pul 'sEh6 CRERHREoRE RS taRR Tt s amusthariiiod £0 safe (Fvisy
dth : . o

The current SRFSRHaEHRAENitcE doViBetiR, It he Rt erBlfitnt the limite fyr,

appropri at e the FHIPs S3id £ fheGvARHISE devizes ard Dafips stiabl/Qtdte %nﬁ@&ﬁ?ﬁe nt the

limts for the FETs used as the switching devices are 2 anps Steady
state and 4 comiuouslycpuisedMeaximpumudissmht inkachwinding iedetermimatby therdi ng
Is determ ned by the 15 difference between the rail voltage and the BEM-

gener at el | rdiffezengerkntivgenithe titiveljage and the BEMIE generatedrinithe windingdivided by
[err] . e e
the resistance of the winding.

-

I

motor

Vet = Vamar) _

Rwindfng

The rate of rise of current is determined by the inductance in the winding.

dImotor = [Vraif - VBEMF]

dt L

To ensure that the peak current through the commutation devices at start-up is
always below 4 amps, the PWM duty cycle is kept to a minimum value. This minimum
20 value also sets the maximum torque allowed at start-up. The inertia of the rotor and
connected lead must be low enough to ensure that the maximum torque allowed at
 start-up can start the motor. |
The initial PWM value 1s selected to ensure that there is enough starting torque
.to overcome the inertia of the rotor and any initial load. This value is altered on a

25 commutation by commutation basis according to four criteria.
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The rate of riggg of current is determned by the inductance in the w nding.

[err] WO 9835428 14 ensure that the peak current through PSENZIRRMA:i on
devices at start-up is al ways bel ow 4 anps, the PWM duty cycle is kept
to a mninumvalue. This nininmum20 value-dfso sets the maxi num tor que
allowed at start-up. The inertia of the rotor and connected | ead nust
be | ow enough- t o Bimit BWMdo a pre-defineduiisafed alue iff motordument becames tritipalcan
start' the notor. e.initial PW val Uﬁ is selected to ensure that
there i s enofigh s%q?%al’t‘@ﬁa@notorw%mm %@qm i Hmait. t he rotor

and any inithal l.ead. Thigm ' ered,on a 25 comutati on by

commut ati on %asi sf%‘?éﬁﬁez#’ﬁ@f‘gg%‘ﬂfuﬁﬁ s@ﬁgﬂ WO 98/ 35428 -
PCT/ NZ98/.00042 se PWM i - 14- 1.
Limt PW to;é prgegg?ﬁsﬁepd sé?%"pu\)/ra?%eésp?edrfot or current becomes critical.
2. Decrgase PWigure® sliows!grapht ifdibatdes SLmottepdifirdnk ihithe system alrbady
I ncrease PWMif notor under speed. 4. Decrease PWM i f notor over
speed. 5  describedli Fhedhypesinliscuyvephrs tonqtiecvdrsweratér speedrgraphs forrdifferenit n
t he system al read descri bed. Thea%/@per bolic curves are torque versus

rotor speed BW%UW&Y@S fees- S0, 18%, &ta)y Thy anere qrdess. h@izontgogurygsgre
RVE cur rent - BOWPEERIBIREARoE RS ShEas Al Syen BYIM gitfey e befsentibe npdudtor

gr aphs show: 'aﬂp ,hear relationship between the PWM duty cycle
and notor ou %%td'gg%% E hs@hh\x}? Tor que = Power and

Qut put Pqger = VI §r ] lihésrelationship between the PWM duty cycle and motor output torque -

Power _ ' :
Torque = and Output Power = 7V, x I
Speed P BEME — “motor
- Varssr X Loowor)
- therefore Torque = s )

Speed

~ At a constant speed (say 314 fad/sec or 3000 rpm) V,;,, Will stay constant.
Variation in L,,,, (via different PWM duty cycles) will cause the torque of the motor to
vary in a reasonably linear relationship. This means that for a given speed, the
relationship between PWM duty cycle and load variation is linear.

15 2. Minimum PWM duty cycle to ensure that motor current does not exceed
4 Amps. All of the PWM duty cycle curves of 30% or less never cross the 4 Amp
horizontal line. This means that irrespective of rotor speed, the motor current will not
exceed 4 Amps for these duty cycles. This determines a maximum PWM value at start-
up and under motor fault conditions. '

20 3. Normal operation will not cause the motor current to exceed 2 Amps RMS.
At a speed of 314 rad/sec (3000 rpm) and a PWM duty cycle of 100%, the graphs |
show that the current in the motor does not exceed 2 Amps RMS. _

Figure 6 also shows a graph of RMS motor current (right hand Y axis -
measured in Amps) versus the duration of the current pulse (measured in msecs). This

25 graph shows that the duration of the current pulse is directly proportional to the RMS

current in the motor. This allows RMS current in the motor to be determined by
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Speed At a constant speed (say 314 rad/sec or 3000 rpm) V[err]
wrl-l stay constant. Variation in I[err]_fsvia different PW duty cycles) .
wi |l cause the torque of the notor to vary in a reasonably |inear

bot neen Pt TRV EDBAS Jutptith ofthe Sullehf fuBORtls ih tim allow uil SRR, of
PW duty cycligdicated Ratdfard slirreRi Bhitcdifdiiy vides tiﬂﬁé?ﬁt%ﬁgrtﬁg%sﬁﬁps- Al

of the PWM duty cycle curves of 30% or | esS never cros _
hori zont al | iigredtlimirreans that irrespective of rotor speed, the notor
current will not exceed 4 Anps for these duty cycles. This determ nes a

maxi mum PWM val-ue Gurrentdimit is achigpedhyt limiding the FOVM dutyt cyde vialueods to 20%

- 3. Normal operation wll not cause fhe notor current to exceed Anps RIVB.
At a speed otnderanyfpulter S3UME sonAttt A Telhe {iopye pﬂaﬁﬁﬂw@w&eﬂ Fautine 50

hs ~ sh h h inth 0 d, 2 '
R e A
su | S :
msecs). Thi s%%}éﬁ? gﬁé‘(’f/v%ﬁf%?to ﬁp%g@%ﬁérg%{!‘%ﬁ&%srms i?;l éﬁg%t pu setﬁlgsl,:‘l BYs. If
direct!y propeisidopiton i déiéotBfihe duty byce Vahidis iltnedaely ikited @ 1 Pyanid e

current in the notor to be determ ne

PCT/ Nz98/ 000 $8ftware will try to restore th&motor to fullespeedi o predettmminednumbet bé
current pulse. This in turn allows the elimnation of - _dedicated '
har dwar e Iur attempts fail tarestare thg materte fujlspeed she sofiware wilkfieg. an erroxtorthent
Limt Current limt is achieved by limting the PWM duty cycle
value 33 to B386 5 under any fault or starting conditions. A fault
condition is starl#ei'.;hed when routine 50 ascertains fromthe data

passed from 3 40 that the current pul se duration is |onger than 1

[hi s condition | o om0 ataled 67 T I OO R (MR e
17% and the current in the primary inductor rises above 2.25 - 3.15 Amps then the top switch turns
15 offuntil the next cycle of the SMPS is initiated. This limits the amount of energy that
can be transferred to the secondary.
The typical fault that will cause this condition to occur is an upper and a lower
FET being on at the same time due to loss of software coﬁtrol or a hardware fault. The
amount of current that will flow through the FETs is reliant on how much energy is in
20 the secondary inductor of the transformer and the smoothing capacitor across the 40 V
rail. The peak energy that the N channel FETs in particular can handle before being
damaged is 30 mJoules.
Optimising Motor Efficiency .
The function of algorithm 47 is to keep the BEMF and current waveforms in
25 phase to optimise motor efficiency, as is appreciated from the equation for motor

power:

" Power,,, = Vo * I

‘motor ot X COS(Dhase angle)

To keep the phase angle as small as possible involves delaying every

commutation an amount of time that is specific to the previous coinmutation.
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software will try to restore the notor to full speed. If a predeterm ned ,
nunber of 1W°a?8(:éﬂ§ts fail to restore the motor to full speedP€HNZI8Nkr e
will flag an error to the user. . Current Trip Current
tripis facilitated by the switch node powel6supply (SMPS) 23. If +the -
current in the primary inductor rises above 2.25 - 3.15 Anps then the top
switch turns 15 oTheequation fier cadoulating this dynamic GBBnitatiomdelagtied. Thi s
limts the anmount of energy that can be transferred to the secondary.
The typical fault that will cau bl ks o] ' : d a
| ower FET beOpfimumsDelaye=s g{%&@%ﬁ ueifa geﬁgé@ eféié{f{p] %@ge%ﬁiwor
a hardware fault. The anount of current that wi2l flow through the FETs
is reliant on how nmuch energy is in 20 the secondary inductor of the
transfornmer and the snoot hing capacitor across the 40 V rail. The peak
energy that .the NTFW | | -@ﬁf@l '

damaged i s 30 mJoul es. hog%pa?iﬁnﬂ?%édl\%? %E%??[Fcll encz%hg%%%e‘%gghe
function of ghesuidhhimact/isithe BEMFcipdhbeal BFle windimgiof tietstatoy aj tidperiniandht
phase to optimse notor efficiency, as is appreciated fromthe equation for
not or pomagnet spins ajound. The trapezoidabirhesh,.i. e thehewreent flpwingsthzongh a given

possi bl e i nvol ves ayj ng ever -_C tation_an _anount of ti that is
specific %o Wﬁgﬁﬁge %Bgng%f‘ﬁﬂagﬁtoﬁ.ts- is ensures that the current wav 15 peptred
SHEET (Rul'e 5 respect to th\%%%a%%fom, to minimise the phase angle, . _

PCT/ Nz98/ 000 _
The equation for calculating this dynam c comutation delay is:

time between commutations (TBC)= t,+t,+t,
' therefore t,= TBC-t,-t,
10 rearrange and appreciating that t,=t =t

ts + t; = TBC - 1
2t, = TBC -

(IBC - &)

tﬁ = ——

2
“where t, = Optimum Delay

t; = Current Pulse Duration
TBC = Current Commutation Rate.

15 This algorithm is dynamically executed with each commutation. However in
~ applications of substantially constant speed operation delay time values may be pre-
calculated and pre-loaded in microprocessor 25 to be applied during each motor
operating mode. The calculation in this case uses a value of time between
. commutations based on desired commutation rate and a value of current pulse duration
20 determined by computer modelling or assumption. -
The present motor system is able to be. implemented with relatively low PWM
rates and can achieve low noise operation. Using large inductance motors (salient pole

- for example) facilitate the use of low PWM rates.
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Opt i mum Del ayom i m. _Pul se Durati-om)anmangs
2 - S " Thrs Pessripdem: prged el vegagadahi-dal | y ure 7 shows-two

. Fi
traces. The si nu Jaim(shce: paged hi.BE e']dncl?fced Th iBeefi Beplagel t he
stator as the per mandri] Drawing{gnepagspi.zrs. tapagad.~THe t ce
I[err] is the,c ti [l Atdtrage t hi guged .. £ Gbpeged .. W nd s to
—‘CIK‘F‘W LY £ Fuge vage

m.arﬁt[err] i : | waveformis centred

Wi respect jto t P T .

-time between om@?%oﬁﬁgé%ﬂ?ﬁmﬁ@gﬁ?Q%F%S’r"?&gh?at arty instant one
therefore [ FichE Lehhl EMF 3 . .
appreci ating ntlﬂ’gf[r v%:la%ttge-lrs-rli@otv‘[’egrg]hﬁ: 1{S[E§r'h? ]he%t ba%]%r r] 2exdh é:‘@ﬂ@m@@@v%]ér e
t6 = Opti numibRirénation is used to initiate winding cotrmutations,hereir pilse weidiunmidudation
TBC = Current Commut ation Rate. 15 This algorithmis dynamcally

execut ed V§ t lofthe isignatsiconiroling thiy semsautation devigsplis used torepnirol motor
substantially constant speed operation del ay fime val ues y re-.

ca![cul at ed araﬁicpkéat_ ﬁQIad u_!i}gd}ﬁ‘é‘r%ﬁlﬁlm CYIGEE ArecOTRsEY Rt;’tei ﬂgwkthéhe

not or .. an j [ '
pet veen :’picé%?&%&‘sag{eﬁ%ﬁ%&?éﬁ thel: i BB ot 8 et rferofzp OB
curren ul se - e ' : ]

The present - iBoh Wipkfing due 16 HETRARRE SRetoRMYRky By SHi wdluifbcripal Fltre,
rates and Carﬂe%‘i&’és%ﬁerf it Lsggﬁgfbﬁalﬁaﬁr}ﬁsimn rbiioved s Ehis RendimniensEdito provide

(salient pole e) facilitate the use of | ow PWM rates.
' 10 ameasure of motor current. - '

2. An electronically commutated brushléss DC motor as claimed in claim 1
wherein said measure of motor current controls said pulse width modulation duty cycle
to limit the motor cutrent to safe values.
3; An electronically commutated brushless DC motor wherein at any instant one

15 motor winding is unpowered and used to detect back EMF zero-crossings which
information is used to initiate winding commutations, wherein pulse width modulation
of the signals bontrolh'ng the commutation devices is used to control motor
acceleration and uni-directional current devices are connected in paréllel with the
commutation devices characterised in that the duration of the current pulse produced

20 in this winding due to dissipation of stored energy by said uni-directional current
devices after supply of current has been removed from this winding is measured, the
instance of commutation of current in the motor windings is delayed beyond the
occurrence of each back EMF zero-crossing to reduce the phase angle between the
motor current and the back EMF to thereby maximise motor efficiency, said delay

25 Dbeing calculated as a functioﬁ of the time between the previous commutations and said
current pulsé duration.
4, An electronically commutated brushless DC motor as claimed in claim 3
wherein said function is half the difference of the time between winding commutations
and said current pulse duration. -

30 5. An electronically commutatéd motér system comprising:

a brushless DC motor having a rotor and a stator with aW
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PCT/ NZ98/ 00012 - 17--— Al VB: 1. An electronically comutat ed

brushl ess DEOSEE28Wher eiie@ias oty RE nt one nmot or wi ndiREI/NB9I800012
unpowered and used to 1 zer o- crossl—ngs—%—eh—————ﬁﬁornatlon

is used to initiate win ons, et ein dul ati-on 5
of the signals controll nru ation deV| il m Hmntrol not or
accel er at i orwiadihgjni di recti onal current ‘devi ces paral | el

with the conmrut at i on devi ces characterised i n that the duration of the
current pul se pr cdemamutation girewif inclpdiagadiseat cusreat pewensupplypswitchingd

s ben’ r oSYIAFSIPBHPRER 45 RFIFCRATET PpLL(P THPY GGt [sad ahisast pue Biading
Clai med | n AP &elf&dp R ?ﬁ#ﬁﬁ%@%&%@?@‘)ﬁmy

pul se wi @hdaﬂi@ﬁwaﬂftcﬂ&fs!{mgﬁl R Cstdred!meaéh rﬁfé&reﬁ‘fe

val ues. ectro ommut at-ed not or yst em rising: 15

a brushl ess tﬂaughta)gwﬁahmggjmm)mteﬁnﬂ;aaecgt ator with at Ieast one phase
wi ndi ng, a commutation circuit including a direct current power

supply, switching dlgmsear\cumst wlmhescnmﬂmvghage poiseid atlpaityoneovindimg gnd
current to said at st _.one w nd or_to, selected pairs of stator

Wi ngl ngs and®ORPaIes é%’ ivehage do Freasv signal ?(ﬁlt%gﬁ wbsxe;byz@ptacfczmﬁ@s%s{pf
aﬁ“’lﬁzﬁl Qatsib?g’ Ak EMES @‘M‘é&ﬁﬁﬁ%ﬁq 3!%%4?“8%9%# o o8Bt ¢ cui v d
vo: fagze oe,SA ﬁe?er@h e Sl gna@ﬂ ge to ergg/ﬁgg{bg%gﬂgér &ﬁgﬂ?ﬁgs °0 !

the back EMfiisppofeRingcomicdtat to tha DutitofWaltldipitidey cirehitlandh sconlgzrbep of
25 a programred digital processor I ncl udi ng menory and i nput- out put

ports, a pdrts'isding cohnénted ¢p said veptmutationtdireuitiipsupphf swichingiopntiol eignals
circuit and a second group of ports being connected to said comrutation
circuit to mﬁ}sswltchl ng control signals t her et o,

software stored |n ai d rrerggéﬂ\{ al;acause ald roc ssor tot enerate s%id 30
swi t chi ng cont r ol SOXHVEFs Stored 1n § ﬁ%‘f PTOCESSOT to genefals sai

table whjgh s%mrﬁﬁg(:bﬁua1§§ﬂmen££d%ft@a@iﬁmaﬁ§s of states for each

(a) atable which stores (i) a sequence of combinations of states for each

()

switching device in said commutation circuit which if applied sequentially and -
cyclically to said éwitching devices will cause the stator winding to produce a rotating
magnetic field, (ii) a sequence of the possible output states of said digitiser circuit for
20 predetermined angular positions of said rotor which each correspond to one said
combination of switching device states which will produce torque in the rotor to ensure
continuing rotation when the rotor is in the corresponding predetermined position,
(b)  aroutine for selecting from said table each stored state combination and
producing digital switching control signals for each switching device having logic
25 levels corresponding to the states of the particular combination selected at any given
time, .
(c)  aroutine for pulse width modulating said switching control signals to
thereby control the RMS current in the stator windings,
(d) aroutine for setting the duty cyc-le of the puIse width modulation in
30 accordance with a stored duty cycle value, '

() aposition determining routine which reads the output of said digitiser
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18 - . Woldsgbizny I Been Lo mut at i on ci rcuit whi ¢ hpéfynabibdoss
sequentially and - ¢ H Id switching devices wll cause the

st-ator winding to prod - maggetic field, (ii) a sequence of

t he possi bl e output states of said 9igitiser chcuL; fog ' .
angul ar pOSIa%‘POga ?é %géﬂ%}é%@it%%'@%&éﬁ&éﬁﬁ% og?}%a “Illmm'mmﬂ“m "T!“
4

conbi pati on \ ; ce tor§uetinttlife
rotor to ensure COR ot for Al %d‘é’@ﬁ!&tih@%o?@&fo seledtthb Ubred state
correspondi ng predeterm ned position, _ _ ~oaroutrne tor
sel ecting froymbiahtioh @@hespmdinF&@ each sérled rofTPoRitidrofor Fogtinuingf8tien N9
digital swtching control signals for each sw tching device having |logic

| evel s corrdbhemeodj ng to the states of the particular conbination sel ected
at any given 10 ¢tine, a routine for pulse wdth

- . (c) . ho

modul atiny sai d @t chf Speedbdeterniningsewting which reags therquipyt of saididigitisrsand
current int stator., wi pdi ngs, a routine for setting the
duty cycle %Wﬁﬁm?eﬁﬁomﬂ‘erml%ﬁ%ﬁdioﬁsgﬁ)mt%cordance with a stored
duty cycl e val ue,415 : | td4 on.- 1. routi ne which
reads the output @ salacfiabc}feglo .I@cégpg%aﬁ{?e%aénf letggﬁﬁ#'oﬁl%gé%érefromthe

angul ar position t hg v f ing the detdrmingd ' |y} '
selecting routi neei o] serect thoer csq[molzaerglgst gt e o cg%{r%ﬁ%ﬁﬁ%lg@rbe@%\%méjfﬁg
t o each. senspdiredirotorspeed teprdducecspeed ey vabigt i on thereof, 20

(9) a speed determining routine which reads the output of said digitiser
and 1G@let er mi @ t harewtimhforireceining said spesstiensér valizd andmpdating said stored
(h) a table for r val ues of desi.red rotor [

: oy .
a routine fRtESHS t?ﬂlﬁggﬂé‘sa‘éﬂ%@ﬁi‘m w}@pd'pt%rpspgaa%eﬁaﬁss than desined SPFefl(ﬁlﬁé

desired rotog eed I C r | 2 (1) a
routine for‘#@@%ﬁ%ﬁﬁ§8§§f§ggﬁﬁ€§d35&@%553?%6k§§83§883gipg said stored
duty cycle value 49 asypAldetfirBAdR deterififibgBifhe WHCHdals RS Snidid brdan] r od
speed and decrease”it when rotor speed is higher than desired speed,
(k)  a pul digitisepahddetizhrines thepefromithe daraorcof thegsilsd prodaced i eadh phasé
digitiser and determ nes therefromthe duration of the pulse produced in
each phab® 3winding idngngdissipativnsef sterédenasgy afisr supplyaf purrent o eaclpptindiog
current to each 'ndim% ) Lhrﬁugg a switching device has been

ter m nat ed, through a switching device has'been terminated,

()] a routine for comparing the so determined pulse duration with a stored

predetermined maximum value of pulse duration to produce a value for setting said

stored duty cycle value to a reduced value if the so determined duration is greater than
20 said maximum value, and

(m) aroutine which reads said decrementing value and updates the currently

stored duty cycle value.

6. An-electronically commutated motor system according to claim 5 wherein said

stator has at least three phase windings, said switching devices sequentially connect
25 . selected pairs of wmdmgs to said power supply and said digitiser is connected to each

winding to detect zero crossings of the back EMF induced in all windings.

7. An electronically commutated motor system according to claim 5 wherein there

is included a routine to reduce the phase angle between the current and the back EMF

by delaying the switching of phase windings \-Jvhen said digitising circuit detects a zero-
30 crossing. '

8. An electronicall‘y commutated motor system according to claim 7 wherein the
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PCT/ Nz98/ 0Q012 HdsBeenRe laced (1) a routine for co ar | n the so
det er m ned vﬁﬂpg'és%rat S predeterm ned na

pul se duration to prod MW““L\% settl ng said stored duty cycl e
value to a reduced val et erm4 duration is greater-than-

sai d maxi nrum val ue, and 5 a routine which reads said

decr enent i ndelmting rmltdle.mﬂplenmntshe delalyrw}uchys equalstodradfithe differsnce devwmberethe
4. ‘An el ectronically comutated nptor systemaccording to claimb5 wherein
said st imae infexval %et\m thpnmetbn@bépmmdmgg@mmgm mtthngiw:c ofthe

and sai d ép&%ﬁzpufsspeeqﬁef dsl%i‘éérﬁ Bly Piebfoikparimited Pois winditg
ol ot ron cal “?ﬁéo%f}? s o O ey Reter bl WP tté%%t@ﬁ%h%m

I S I nCl uc?d I.Bllllll'l
back EMF by e ayl ng the swtching of phase w ndi ngs when said

di gi tising ®,rcuiAn éhict®nicallyzeoramutated aiictos sygemldrcofding t&&lﬁirﬁsmtﬁ&héﬁé
comut ated notor system according to claim7 wherein the del ayi ng

routine i nplisimiudecha duitay stani ronting vejoh causestsaid seléating fdutinertosubetssively

t he time int erval bet weep, the i di ately. precedi ng conput ati ons and
the dur at i oselsct sigzed state.¢f mahaasg é’& gl supply mtlatgeqqnqﬂ étgtaﬂsﬂty

upply of cPeB AR devige ab RRRatt B A-hARsL 7 edf BloSiS Wy Tnbiihsing

| ect |
s 1 nol o SEREREY WIAE s (MRLcted By R AR Sl Position SRt Kethe R
successi vel yp redeteﬁﬁilﬁﬁtsp‘éé@ hﬁﬁbéé@h@aﬁ@&bwhéﬁdupﬁﬁ datoffofipéald pabitionadstermining

supply sw tchi ng contr signals to each swi tching device at -a constant

| ow frequencyutine is thenysed go eall isaid seléatingamuting 1@ Beterminp thecywitdliing device
unaffected by data fromsaid position determning routine until a

pr edet er m né‘@ngse been attai ned, wher eupon data from said position

e PR LR R R R L R AR g
el ectronj adtgmqu&@wa%&tn B E3abAEs IRNGHeAGrILR vahit i A6F thrddhols
I ch conpares sald speed error val ue W|t

30 is inc a routine
stored t hr esjabheland if the error value exceeds the threshold value the stored duty cycle value is

incremented or decremented by a larger value than is the case when the error value
does not exceed the threshold value. |
11.  An electronically commutated motor system according to claim 5 wherein there
20 is included a routine which compares said pulse duration with a second stored
predetermined value less than said predetermined maximum value to decrement said
stored 'duty cycle value by a predetermined amount if the pulse duration is greater than
said second predetermined value.
12.  An electronically commutated motor system according to claim 5 wherein there
25 is included a routine which compares the updating duty cycle value with a stored
predetermined maximum value and if the updating value exceeds the maximum value
the duty cycle value is set to said maximum value.
' 13.  An electronically commutated motor system according to claim 12 wherein a
second maximum value of duty cycle is store.d and used when said start routine is
30 being executed.

14.  An electronically commutated motor system according to claim 5 wherein there
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“val ue and b& g ror val ue exceeds the threshol d val ue theP@g@ﬁggmdnﬁy

be)ss4
(F:’)C/Z% %Z\égll ggollg -20 - ”“l“”“l“lmumm ed 9. decrenmented by a | arger value

than is the case when the €rrdér val ue does not exceed the threshold
e wnelsdashide R RSPl GBS iR e e RS A ]
pul s¢_dur at GoRli L RoSFRARE wilPasH passePBEFHAL SERLARY réditsd & ts of

sai d predet XImmum val ue crenent sai store u
cycl e val ueghy, d%‘l 29k 6 BE RSSH A B wHenttherdoafe&endiﬂoaatsuﬁrthe §w@€cﬁiﬁ§deﬁb@n
sai d second predeterm ned val ue. . An electronically comutated
not or syst egoR@ePsighalg. t o clai m S wherein there is.included a
routi ne which conpares the updating duty cycle value with a stored 10
pr edet er 5i ned maxi nrum val ue and if the updating val ue exceeds the maxi num
val ue - the duty cycle value is set to said maxi mnum val ue.
11. An electronically comutated notor systemaccording to clai
wherein a second maxi mum val ue of duty cycle is stored and used
when said start routine is bei ng execut ed. 15 'n,]sZsheetHnsBeenRe laced
el ectronically comutated notor system according to cIa|n1 E ¥m

se ectlng

is included a routine which controls the routine which rea

sai d digitiser in accordance with data passed fromsa

routi ne to cause outputs of the digitiser not to be read at tines
when there are transitions in the sw tching device control signals.
20 :
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