1 - CONTROL OF SYNCHRONQUS ELECTRI CAL MACHI NES
Technical Field The invention generally relates to
alternating current driven Synchronous notors. Mre
particularly the invention relates: to controlling
alternating current (AC) drilven synchronous not or s- .
Background Art A synchronous nmotor may be defined as
either a notor which has a running speed which is
exactly proportional to an AC supply frequency or as a
notor which is driven by waves of current synchronous
with the notor back EMF. This latter definition

i ncludes at | east sone AC supplied brushl ess DC notors
| ocked by el ectronic or other control to the AC
supply.for efficiency reasons. _. AC driven
synchronous notors are an efficient and wel | known

met hod of powering nachines: requiring a constant
speed drive, since the notor is |ocked to a rotationa
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there is no unidirectional starting torque unless the
notor. speed is close to the- - - synchronous speed,
in other words, Unless synchronous speed-is low_

= Toypl-caglly this indicates-the use. of either a
v%?%ﬁl‘?qfé'é&élency poi ver supply to allOw . _
‘The invention generally relates to 'alternating'current driven synchionous motors.

+Moré partlcularly the invention relates to controlling alternating current {AC) driven

- synchronous motors.

‘ Background Art

- A synchronous motor may be defined as either a motor which has a running speed
~which is-exactly proportional to an AC supplyﬁequency or ‘& a motor which is
" driven: by. waves . of current synchronous Wlth the motor back EMF. This latter
- definition 1ncludes at least some AC supphed brushless DC motors locked by

electromc or other control to the AC supply. for efﬁc1ency reasons.

CAC driv‘enA synchronous motors are an efficient and well known method of - powering
: machmes requiring a constant speed drive, since the motor is locked to a rotatlonal

srate: whrch is dependent on.the drrvmg ﬁ‘equency Starting ‘such motors is dlfﬁcultr

~since there is no un1d1rectlonal starting torque unless the motor. speed is close to the. - -

synchronous speed, in other words, unless synchronous speed-is low._

.‘Typically this indicates the use. of either a variable 'frequency 'pBWér supply to allow
'»‘“startmg the ‘motor at low speed the combination of the motor w1th another type of

-motor to supply the startmg torque (such as an 1nduct10n motor us1ng at least partlally -



starting theynotor at |ow speed, the conbination of
the notor with another type of . notor to supply the
starting torque (such as an induction notor using at

| east partially 2 the sanme wi ndings), or the use of
some nechani cal device to prdbvide initial novenent and
then to allow novenent in only a single direction.
Exanpl es of the-latter- include various clutches and

i mpul se starters although a feature -common to many is
adifficulty in determning a starting direction for
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“The-present 1nvent10n prov1des a solution to this and other problems wh1ch offers.

“advantages over the prlor art or which will at least provide the public wrth a useful '

choice. -

All references, including any patents 'er patent applications"eifed in this specification
are"hereby incorporated by reference. No admission is‘ mede that'amy reference |
-constitutes prior art. The-discussion of the references States what their authors assert, -
.and the applicants reserve the rrght to challenge the accuracy and pertmency of the
‘crted documents lt w1ll be clearly understood that, although a number of prlor art
.publications are referred to herein, this reference does not constitute an admission that

-any ‘of-these: documents form part of the common general knowledge in the art, in



cited docunents It will be clearly understood that,
al though a nunber of prior art publications are
referred to herein, this reference does not constitute
an adm ssion that any of these. docunents form part of
the comon general knowl edge3in the art, in New
Zeal and or in anyother country. It is acknow edged
that the term'conprise" may, under varying _
jurisdictions, be attributed with either an exclusive
or an inclusive neaning. For the purposedof ths

t qu% s otherw se noted, the term
qgﬁﬁ%%?ég(kgﬂgl ave af i ncl usive - nmeani ng i.e. that
it will be taken to nean an inclusion of not only the
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Summary of the Invention

ln one exempiitication the mvention con51sts m a method ot startmg and controllmg
an alternatmg .current drlven motor compnsmg a rotor w1th poles and a stator the

stator having at least one energlsmg coﬂ per pole by

' transiently supplying alternating current through at least one energising coil in
a switched. manner synchronously with the alternating current supply to the motor to

start the motor in a rotatlonal d1rect10n

detectmg when the rotatlonal dlrectron is 1ncorrect and removmg the

| altematmg current supply and allowmg the motor to stop,
~ - otherwise controlling the con‘nection of supply currént*t‘o 'th‘e'coils by:

detectmg wher at least one of the energising coils could, if energised, supply -

an acceleratmg torque to the rotor;



transiently supplying alternating current through at

| east one energising coil in a swtched manner
synchronously with the alternating current supply to
the notor to start the notor in a rotationa

di rection; _ detecting 4hen the rotationa
direction is incorrect and renoving the alternating
current supply and allowi ng the notor to stop; -

ot herwi se controlling the connection of supply
current-to he coils by: - - connecting a supp!yd
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rotational .rate. Preferably the invention includes
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once accelerated. Prefera - nvention indl udes

Fpitial Iy aligning the Fotor by  maintaining a supply
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Ubeiohcd da6elérmic@r IS aligned with the magnetic fiel d B

created. Preferably .the invention includes sfartlng

t of,.in a randomdirection by transiently = -

éﬂ%ﬁ#ﬁfmée VERESRI eledss indiellyt efigaing dhq rotr bygnaintaining a supply
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the alternating current supply to a coil or

connect | n :
Eﬁﬁwaﬁﬂ%ﬁgﬁﬁg?%n for at |east part of the period when
both the coil reverse EMF and the applied voltage are

iPRefprablyethe iV &Htioh AREMddsNGaBhERhOTmAEE &l RRdYCAreRtion by-
coil, or coils could |y an accel erating torque. to

su
{RBsietly providipg g é!&’é’lyo‘é‘frg‘gttt? AGOH precoilzembipioron at | east

on€ coi [ or conibination of-.coils, detéefing‘fhe"AC R
\Podftrable tipipydneion kicludBecolvhédting fhe@ﬁéﬁﬁtﬁdgﬂﬂrrm%ﬁgﬂl?ﬁ) a coil or.
a Ingg'voLt e is of the sani_e polarity as the back
ERRE coBbiagEy BT ¢ Jetrk park pe e grerigE whies poththtoccti e verst VI and
QP iy b nhasts rate includes eontiecting the AC
Volfgge'to di e Coil-or conbination of coils when die

k. > [ vol tage are of the sane L
g’g??érplﬁ%hg thp %l? %IetleagngAv(v:h%oa -cm% ‘or coils could. supply an.accelerating
torque. to the. rotor includes detecting the. back EMF. on.at least -one -coil “or
combination of coils, detecting thé AC voltage ‘applied to the motor, detecting when

the applied voltage is of the same polarity as the back EMF.

Preferably the :step of accelerating the rotor towards a synchronous rate includes
Connectinig the AC voltage to the coil or combination of coils when the back EMF and
applied AC voltage are of the same polarity.
Preferably the switching means is a triac, and thé triac gatg-vqltage is monitored to
determine. when the triac is 'Iibn——conductihg, and a¢value«repres'enta'tlive of the back .

EMF derived from the voltage across the triac ‘when the triac is non-conducting, -~ *

Preferably at ‘synchironous-speed the rotor accelerating torqué is maintained -at thie

minimum value which will retain synchronism.

An alternating current driven synchronous motor control circuit comprising:



Preferably the switching neans is a triac, and the
triac gate voltage is nonitored to determ ne when the
triac is non-conducting, and a val ue representative of
the back EMF derived fromthe voltage across the triac
when the triac is non-conduciing. Preferably at
synchronous speed the rotor accelerating torque is

mai nt ai ned at the mni mum value which will retain
synchronism An alternating current driven synchronous
notor control circuit conprising: 5 a swtching

-means. | t ernak en e .
o1 e SR e ot Sppta Aucihin s B o 983} oot or
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~coi-ls. is of -the sanme polarity_as. the applied voltage .
-and - adetection means Walerting wheartbe backiEMF iong cofleor seinbinhtiongof
rhod detected by the
g%?ﬂ%f&ﬁ%S%%gh@%ﬁgfgpékgngkﬁﬁggg&#tching nmeans
separately switches at |east two adjacent coils.
- Pr ef ePRSFYvaliRg meapsadivetingothe switching aweans foutasdedsy part of the
RRti6d §Qtded¥yithe &’etécﬁﬂ%{n@&spo"m . Preferably the circui't
swi tchi ng méans has acontrol electrode and the cir.cui:t
_v§pqpahes the back EMF_ _as neasured_ across the - - -
~ Spterahlyibe sratchie mrens Erareialy srvitakestet eagt twaadiasenitoods.
el ectrode of a switching neans indicates that the
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ilpvfené\#o wi.l |, be .ag&gr ent upon readi ng of the o
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__.hot conducting.
< These and other features of as well as advantages which characterise the present

" invention will'be apparent qpo'n reading of the following' detailed description and

 teview of the asSOCiateq drawings.~ "~ 7 °
Brief Descripﬁon of the Drawings
) F ivg?reil is a g.qnel"al’ Bg@peqﬁye vjew pf amotor layout.
~Figure 2 is a block §iagraﬁ1 of a circuit for'use with the motor of Figure 1.
f: i-gufe Jisa ﬂox;\; diagram suitable for the circuit drive of Figure 2.
-.Figure 4 shows a comparison of winding back EMF for direction ‘determinaﬁqn‘;

Figure 5 shows the torque developed by the windings.



Figure 1 is a general perspective view of a notor
| ayout. - Figure 2 is a block diagramof a circuit for
use wWith the notor of Figure 1. Figure 3 is a flow
diagram suitable for the circuit drive of Figure 2.
Figure 4 shows a conparison 61W ndi ng back EMF for
direetion determ nation. Figure 5 shows the torque
devel oped by the windings. 6 Figure 6 shows control
of the nmotor current at |ow speed. - Figure 7 shows
control of the notor current at hi gher speed. Ei %retS
i s _at synchtOnis
Sﬁglgﬂé\gftgmgvsg og%l&t%ﬁg%ﬁmu 3&6}/) "gi'te versus | oad
torq “Descr i ption~of- t he Inventlon Referring now to
E‘Q‘HPE Sll"“é? sopinelipf eauaorryrront at bighérspeedgeneral 'y of a
rotor with pole piéces 101 and magnets 102, the axle

shgdrt 8 aRAvsahé YRRt COMHR ahd Wialds af Yach@hRf not being
sh%fvfm St at or 40f2 conS|sts gésafgglgk iron 105; -which

.S a te magnet ] | ement such as |.aminated steel,
z}ﬁ%“ 9\/%%9 q’rﬁf tOfqyg VersuulogHieraies he bobbi ns f or m
‘a W nding on each pol e of "the notor, the bobbins
form.ng.a first w nding of bobbins 103 and a second

wi ndi ng of bobbi ns 104, and the windings in total do
end ful | chum‘ erence of the stator. The
W‘%ﬁ?ﬁg&'o&‘#ﬁgedlﬂﬁ R, each side consi st typically
of a 'single Wre cortinususly wound along all four
IraigiifSnovotd Figutt € Al Mdrdrdus motor consists generally of a rotor with pole
pieces 101 and magnets 102, the axle shaft and driven connection of the rotor not

being shown.

Stator: 102 consists of a back Aron 105;+which is a“toric: magnetrc -element such as -«

lammated steel; and wire wound bobbins 103,.104- where-the- bobbms form a winding. =

-on‘each -pole-of the motor, the bobbins forming 4 first winding 6f bobbing 103 and @' -

second .winding' of bobbins 104, and the windings in- total do not subtend the full
circumference. of the stator. The wmdlngs on- the bobbms on each 51de consrst
-typlcally -of a s1ngle wire contmuously wound along all four bobbms but extendmg to
atap pomt located in the grooves on the bobbm cheek. There * may be a tap point
between each pair of bobbms or only one tap pomt may be present 1ocated between
bobblns 103 104. Typrcally the wmdmgs on each pole of a srngle phase machme o
may subtend from 120 to 135 degrees '

A smgle phase AC supply is-connected to the bobbms on each srde of the ‘motor and ‘
the current through the drfferent parts of the wmdmg is phase controlled to prov1de a :
unldlrectlonal torque while the motor is below synchronous speed - .Thls requrres

detectlon of the speed of the rotor versus the AC supply ﬁ'equency, and control of the

current in a° ~part of the w1nd1ng in dependence ‘on the speed drfference from

synchronous speed. Many possrble connectrons of the wmdmgs may be used to -

prov1de the requlred control.



a tap point |located in the grooves on the bobbin
cheek. There nmay be a tap point . between each pair of
bobbi ns or only one tap point may be present |ocated
bet ween bobbins .103; 104. Typically the w ndi ngs on
each pole O a single phase 7machi ne may subtend from
120 to 135 degrees. A single phase AC supply is
connected to the bobbins on each side of the notor and

the current through the different parts of the
winding is phase controlled to provide a
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suc gure 2 may be .used wher e- a B
‘soui ce of alternatlng -- current 201 i's connécteed to
"Wk Pddroirecea g cantrbl 203, supplfpdesitntridageasinind-the sipplR:a- L@ goltage -
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the. voltage at the.-
- gate of each triac via connections 208, 209, - = - o -

'Connections 210 211 monitor the Voltage across the triacs when these Aféiuméd on,
<and the back EMF of the motor when the trlacs are off.. The deteetron of the back
- EMF allows -a measure of whether the rotor is rotatlng in response to the apphed
: Voltage ‘what the speed of rotation i is, and what the rotor pos1t10n is with respect to the
‘windings: . Optionally the: back EMF ‘may-be-measured. when:the:gate-voltage. of the :

triacs indicates that the triac is »off. :

Usmg thls 1nformatlon 1t is possrble to firstly ahgn a non-rotatmg rotor to a known
pos1t10n (normally by hghtly energlsmg both w1nd1ngs to centralise the rotor between 4
‘them), then to energise one half of the winding to begin the initial rotor rotation in the
-desired-direction, then to advance:the rotor by controlling the cyclic.energisation of
the coils to maintain a rotating field ahead of the rotor until the rotor is-at synchronous
speed. - - - . - R D AR T TN e

LA normal synchronous motor can be loaded untﬂ the rotor lags the rotatmg ﬁeld by up
to. .90 .degrees, at which point it is provrdmg maxrmum torque Any attempt to-
-increase. 1oad1ng past that point will result in the motor droppmg out of synchromsm
-and stopping.: Using the controlled.fields of the: two windings: it-is:possible to exceed .
90 degrees. of lag, since sensing the back EMF allows the ‘detection of the.rotor lag -.
and-control: of the individual windings to maintain the rotor.sensibly synchronous at-

lag factors over 90 degrees.



- A mcroprocessor control 212, supplied with and
nmeasuring the applied AC voltage via 213, 214 controls
the firing angle of the triacs under software contro
in a known manner, based on the phase of the AC

vol tage, the voltage at the & apping point via
connection 210, the voltage at the end point via
connection 211 and the voltage at the gate of each
iliac via connections 208, 209. - Connections 210, 211
nonitor the voltage across the triacs when these are
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measurenent is carried out where, with aninitial

i npetus havi ng been supplied to the notor, the

rel ative normalised back EMF 401 across A is shown at
403 and across the conbination AB at 404. If the phase
of voltage 403 is |l eading that of 404 then the notor
is rotating one way. If it is lagging then the notor
is rotating the other way. It may require a few cycl es
of applled current to rotate the rotor at a speed
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9 applied voltage. At 309 the detection of no change
in position and zero speed indicates that -the notor
has stalled, so the whole procedure is restarted from
301, otherwise if the speed is found at 311 to be

bel ow synchronous speed the $rocedure using the A coi
is re-entered at 305. Figure -5 shows how t he notor,
unli ke a normal synchronous notor, generates a

conti nuous torque fromeven a slow speed. The figure
shows the normalised torque at 501 plotted against the

Rphan Stke. T%tagd)@ Eheodet%&ﬂgn rggtn%r cﬁa?é%{pzl?)ostl gorn?iljlpg 750 speed-
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fromclose to zero rotational speed :Eventual |y -the-. -
I . r S swtch to
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oltgge aggl 3% to the coils in such a manner as to
2O #5770 (pAPonalseeshe applied torque and 'so bring
the rotor back to the desired position. In this manner
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can .t hen . be triggered at the sanme point

PP throgar bagketo sy dgpirashposision: successi ve set of
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1/ 2 2/3 etc of the frill synchronous sg
me&d Be’g %fd’l’ eﬁlyy itdgactually synchronised with the applied AC. Further, .

~the:phase.lead-or lag can be controlled in at least some degree to provide the- greatest ‘

-possible efﬁc1ency

At rotor speeds below synchromsm the rotor is most eas1ly controlled by a trxac or |
srmllarly trlggered swrtchmg device when the number of ac cycles per rotatlon of the ‘
- roter i is.an- mtegral number d1v1ded by the number of poles smce the trlac can then be
trlggered at the same poxnt in the rotatlon of the rotor on each successrve set of cycles
‘The rotor. speeds around which control is most easily obtalned are therefore 1/5 1/4

1/3 2/5 1/2 2/3 ete of the full synchronous speed The mlcroprocessor may be



10 arranged: to step up -through such a sequence
to bring the rotor to full synchronous - speed. - -
Figure 6 shows the torque generated at a speed well
bel ow synchroni sm and shows the applied voltage 602
measured at 601, the back ENM¥ across w nding A at 603
and - the torque 605 neasured at 604 generated by
switching on the current through winding A/ The
processor controlling triacs 206,207 will switch the
appropriate one on when at torque in the co:rectI y
d t R .
VaRE RGP ol Sl SOt TR AR R D B Rprfoncns
afs¢d-ed vol tage and the-back - EMF are of ~the same- - - -
polarity the triac to the.relevant coil could usefully
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RLQ es, a back NF .503 through _w ndi ngs AB which

|%8%’ %@8”@5@ P8rfNge, as opposed to the standard

ynchronous mot or where the back EMF | eads the applied

\Ibgm:a@ showWiihe came maﬂmgshaisou Higurd16 Hut for@lotitle BRWaotor.rotational
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R 8 2 ka1 Bt e oo e seiarat forque are reduced
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d.. A valuable feature. o

'alﬁwis%iws%we SRR s Fagiemiompars it st fore s
nmdﬁmbnthmmb the mi ni num power is taken from =
t he-upply line to o . e

-Figure 8. shows typical waveforms at synchreny where the AC supply measured at. .
-501 and shown at 502 is applied to the motor and produces a back EMF 503 through ..
=windings AB which lags the applied voltage, as opposed to the standard. synchronous . -
~motor where the back EMF leads the applied voltage. The current through the triac is
now controlled, by controllmg the ﬁrmg tlme to provrde the torque requlred to
maintain the- motor in synchromsm ‘since it is possrble to operate the motor above
: synchronous speed A valuable feature of operatron is that the motor may be
mamtamed ina mode in which the minimum- power is taken from the supply lme to
. mamtam the-motor in synchromsm with the AC supply In comparlson with a typlcal .
::synchronousumotor which will prov1de maximum torque and efﬁcnency at 90 degrees .
phase lag-with the applied voltage, and drop out of synchronism‘ to require restarting
“if the load is increased, the inventive motor will merely require controlling back up to
-synchronous .speed on a load increase and can be maintained at any required phase

-Jead orlag for efficiency. The waveform shows the motor with a leading phase angle.



mai ntain the nmotor in synchronismwth the AC supply.

In conparison with a typical synchronous notor which
wi |l provide maxi numtorque and efficiency at 90
degrees phase lag with the applied voltage, and drop
out of synchronismto requidé restarting if the |oad

is increased, the inventive notor will nerely require
controlling back up to synchronous speed on a | oad

i ncrease and can be nmintained at any requi red phase

| ead or lag for efficiency. The waveform shows the
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I ndustrial Applicability The notor of the invention is
used in the electrical industry and are typically
enpl oyed it the donestic white ware industry for
i nstance as fluid punps or fan notors. The present
invention is therefore indudfrially applicable.
Clains: 1.A nethod of starting and controlling an
alternating current driven notor conprising a rotor
with poles and a stator the stator having at | east one
energi sing coil per pole, by: transiently supplying

' hr.ough at. | east one energi sing
?m ﬁfd@l\ p(‘::%‘g)gﬁ nner synchronously with the
alternating current supply to the notor to start the
iBteomoion o thetiatdntiowlis dbddedit HRNelectieN GadusRg anbede thfically
rotﬂgigqﬁhld'rec%iOH.is i ncarrect and renoving the ’
AMPEPRALT HE LAMPEH I IEE 351 MIHIafor duitange eh dlujbpwpps er fan
shatprs. ThiipresensRivaioh isthérbfog: hidus@p assiichnie. of supply
current to the coils by: detecting when at | east
one-of the energising coils could, if energised,
supply an accelerating torque to the rotor; connecting
a supply current to that coil for at |east part of the
period during which it would provide rotationa
accel eration; accelerating the rotor towards a
synchronous rotational rate.



2: A nethod as clained in claim1 including naintaining
the rotor at a synchronous rotational rate once

accel erated. 3. A nethod as clained in claim1l _
including initially aligning the rotor by maintaining
a supply current applied told coil or conbination of
coils until the rotor is aligned with the magnetic
field created. 4. A method as clainmed in claiml

i ncl udi ng connecting the alternating current supply tO
a coil or coil conbination for at |east part of the
period when both the coil reverse OH and the applied
veldias: are in phase. 5. A nethod as claimed in claim
1 wherein the step of detecting when a coil or coils

coul d s celer torgue.to the rotor

i fr)1cl ud ellsﬁglg!)%, 1‘asttm{j‘l‘l: i CO%I%P%@& liepating current %’é’g’ﬂ mgipE

‘coi i opmpmnig mmtorwnthqfolds and & statdethe laion Havidptat Aastviab t age
appl” notok detecting when the applied - - -
voltag%mggmgfmewggg ‘pol arity as the-back EMF. A
nmethod as clained in claim1 wherein the SMAtChIng

reans triassiently isegplying alltdrimlng curéeht gﬂmgh\ao leba@fe brfergising coil in

nDnlt deternm n

noncof 8‘9 c%le(rgligl}ialglﬁ o S Sg’lnﬂlésli]}’r 8&5 ééee ﬁ'%ﬁ'i‘al‘t'{}% crent [jupaby fcthe
EMF deratoredlsthit drenhdter malrcbta@mlabcﬁfe@ﬁ@q t he t riac V\,hen t he
triac i s non-conducting.

- - detecting when the . rotational . direction is incorrect and removing the

alternating current supply and allowing the motor to stop;
- otherwise controlling the connection of supply current to the coils by:

- detecting when at least one-of the energising coils could, if energised, supply

an accelerating torque to the rotor;

connecting a supply current to that coil for at least part of the period during

which it would provide rotational acceleration;
accelerating the rotor towards a synchronous rotational rate.

2 A method as claimed in claim 1 including maintaining the rotor at a

synchronous rotational rate once accelerated.

3. LA method as claimed in claim 1 including 1n1t1ally allgnmg the rotor by
'mamtammg a supply current applled to a coil or combination of coils untll the

-rotor is aligned with the magnetic field created. -

4. ..A method as claimed in claim 1 including connecting the altemating currénti
e ssupply tb a coﬂ or coil comblnatlon for at least part of the period when both

the coil reverse EMF and the apphed voltage are in phase.

5. . A method as claimed in claim 1 wherein the step of detecting when a coil or

::coils.could supply an accelerating torque to the rotor includes detecting the



A nethod as clainmed in claim1 wherein at synchronous
speed the rotor acceleration is maintained at the

m ni mum val ue which will retain synchronism An
alternating current driven synchronous notor control
circuit conprising: a swtcHing means supplying
alternating current to at |east one coil or .
conmbi nation of coils in a notor with a rotor having
mul tiple poles and a stator having at |east one
energi sing coil per pole, a detection neans detectlng

when tdask BABK offME 10 QneCQ 1 of 'éorﬁf?iﬂ%k éi* é)cﬁlsofiet%; mgﬁhel Ac

of the sane polarity as tage
acti valoltege apphgddo thetrnetor detgcttng evlsn\ﬂtecabplﬂﬁ@i votiageds fthe sime

| east f g od detected by the detecting
mea p%%ﬁy%th‘flt%glr{%g/{l ng current driven-notor-control
CIJCUIt as. clained in claim8 wherein the swtching -
‘means Agsthodas IC&NIB% incipiy awhereinghe smclmg meams fis T tiacsand
10. LRr [ r 0 L.toas- -
cl ai ﬁeﬁ}a@ﬁ]&c?ﬁ% r‘r’? ga%h{esrlzl?{l]ﬁt%de\(cgiﬁf cu %15 g‘?/’\lllle?‘ c{l?l @a‘hé ﬁ'gn
has a cewdvctied, aail acvaledmpesehtative afi the batk EMdeﬁrﬁfﬁc\im tfioen the
back the swi t ching neans when a
m%asu?gﬂ;&jl t %?ﬂﬁﬁéﬁggﬁ§é§% c‘%??hﬂgﬁgﬁ g swi t chi ng
neans i ndi cates that the SMAtCh IS not conducti ng.

A A method as claimed in claim 1 wherein at synchronous speed the rotor

..acceleration is maintained at the minimum value which will retain

synchronism.
. 8.+ Awalternating current driven synchronous motor control circuit comprising:

...a switching means supplying alternating current to at least one coil or
- combination of coils in a motor with a rotor having multiple poles and a stator

having atleast one energising coil per pole,

a detection means detecting when the back EMF on a coil or combination of

coils is of the same polarity as the applied voltage and

an activating means activating the switching means for at least part of the

period detected by the detecting means.

9..  ..An. alternating current driven motor control circuit as claimed in claim 8

wherein the switching means separately switches at least two adjacent coils.

-10. ‘An alternating current driven control circuit as claimed in claim 8 wherein the
circuit switching means has a control electrode and the circuit compares the

back -EMF as measured across the switching means when a measurement at

+‘the control electrode of a switching means indicates that the switch is not

conducting.



