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SYNCHRONOQUS ELECTRI CAL MACHI NES. Technical Field The
WO pwsfsilon generally relates to alternating cUPCENEZ2007/000245

driven synchronous notors. Mre particularly the
invention relates to controlling alternating current
(AC) driven synchronous notors.. Background Art A
synchronous notor may be defined as either a notor
whi ch 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 electronic or other control to the AC
supply for efficiency reasons. AC driven, synchronous
notors are an efficient and well known nethod of
powering rmachines, requiring a constant speed drive,
GCONLRUL O SYNEH HRONOUS E1 ECTRICHE MACHNES' Cn
i s dependent on the driving frequency. tartlng such
notors is difficult,- since there is no unidirectiona
starting torque unless the notor, speed is close to
t he- synchronous speed, in other words, unless

el eed is low Typically this indicates the
sg%é:ﬁ % ﬁi& a variable frequency power supply to
allow starting the notor at |ow speed, the

cRnebiveatiorOfen@hily REd¥Rs Ellfen’{éﬂtlhé1 c@fot B¥ensyRGiAbus drhbt%rs

starting_notor to supply torgue (such as an induction
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| HiftsoR¥ention yalates' tg eppiraffing plicnasing eprrang @Gb@men
- Ginchesoudmetoani cal device to provide, initial

_movement and- then to allow novenent in only a single
“di'rection.’ Exaﬁples of the latter include various
~clutches. and ‘i.npul se starters although a feature
.common to

‘ Background Art

- A synchronous motor may be defined as e1ther a motor which has a runnmg speed'
~which is-exactly proportional to an AC supply frequency or as a motor which is N
" 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 efﬁmency reasons.

"AC driv‘en 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: whlch is dependent on.the drrvmg frequency Starting ‘such motors is dlfﬁcult
~since there is no unldlrecttonal 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 'frequeney '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 usmg at least partlally -



many is a difficulty in determning a starting
direction for the synchronous notor, which will |ock
weonsalosaromel | in either direction of rotation. PGONE2007/000245

solutions are shown : in US patents 5859513 whi ch uses

a separate starting- w ndingZ and 4716325 which uses- a

mechani cal reverse -direction: protection.: US_

pat ent 352922.1 - shows -a shaded pol e notor o

wi t h-wi ndings switched to start the-notor, -providing

limted control of starting. direction and torque. The
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and maintain a rotational speed synchronous with an AC supply.
“The-present 1nvent10n prov1des a solution to this and other problems wh1ch offerst
“advantages over the prlor art or which will at least provide the public wrth a useful '
choice. 4 o -
;‘Alll references, ineluding any patents or patent épplicationms"eiﬁed 1nthls .speeillee%cion
-are-hereby incorporated by reference..~ No admission is mdde that'ény reference
-constitutes prior art. The-discussion of the references States what their authors assert, -
eand the applicants reserve the nght 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



3 New Zeal and or in any-other country. It is
acknowl edged that the term conprise' nay, under

WO 2008080309 ur i sdi ctions, be attributed with ei POIENZ2007/000245
excl usive- or an inclusive neaning. For-- the purpose
of this specification, and-unless otherw se noted,
the term conprise'. shall have an inclusive neaning
- i.e. that it will be taken to nean an inclusion of
not only the |isted conponents it directly
ref erences, but al so other non-specified conponents,
Weﬁk@d’[ﬁ{at&m o?hdr%&ﬁ ale will also be used when the
term” conprised’ rising’ is used in relation
t.o one or ADre steps 1n ‘a nmethod or process.. ~Fhe~term:-.
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"stator the stator having at | east one energ|S|ng
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current.supply and allowi ng the notor to stop,. .
“otherwi se' controlling the connection of supply ™
current to the coils. by: . detecting wheti--at: t-edast -one - ~
of the energising coils could if energlsed suppl.y an
Suwimany ioftheclnyentiont he rotor; WO 2008/ 030109 =
PCT/ NZ2007/ 000245 4

. In one exemphﬁcatron the 1nvent1on con51sts m a method of startmg and controlhng

an alternatmg .current drlven motor compnsmg a rotor w1th poles and a stator the “

stator having at least one energlsmg c01l per pole by

' transiently supplymg alternating current through at least one energising coil in
a swrtched manner synchronously with the alternatmg current supply to the motor to

start the motor in a rotatlonal dlrectlon

detectmg when the rotatlonal dlrectron is 1ncorrect and removmg the

aIternatmg current supply and allowmg the motor to stop,

= otherwise controlling the con‘nection of supply currént*t‘o 'th‘e'coils b‘Yf o

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

an acceleratmg torque to the rotor;



connecting a supply current-to-that coil for at |east
part- of the period during --which -it would provide

WO eaoasanal accel eration; accel erating the rotBCT/NZ2007/000245

towards a synchronous rotational rate. Prefer- ably the
i nvention includes maintainithg the rotor at a
synchronous rotational rate once accel erated.
Preferably the invention includes initially- aligning
the rotor by '"maintaining A supply current applied to
a coil or conbination of coils until the rotor is
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the invention incl'udes, start
1 whiglswenldarevidgrotajional ﬁ%ﬂqu@ml;l‘y provi dimng: a: suppl y
cureent.to.a coil or coil. conbination. Preferably the

i nventabéubratﬁxgltyéiﬁ&r CRRRRCL dyRchrddds ?dt&tﬁﬁ?e}ﬁte ng current
supply to a coil coil,-"conbination for- at |east

Hﬁ.{ é’ﬁ‘ rlod mhen beth the coil reverse”EMF and -
tHE 6‘3’8 I 87‘?%15}@ “QPSemPWt%‘H%& the rofor @f érsamhyomhsar@at@pal
Qﬁwdﬂ&ﬁﬁbﬂagmnhen a coil or. coils coul'd supply an ~

accel erating torque to therotor includes detecting
one. coil or -conbi-nation -

t b EMF on-.. at._.le
TPl dhg dtvediom ulids iRealiot Enige hegsun hicmalbaie = supply

nontrenit, appi&l ©C4 t610 oMb&bindtidf EIRBIIE GhtiIRS E(ﬁ&els'aﬁg&ﬁ Wine %he
sanetgwgﬁrlt as' the back EMF. Preferably the step 0

J688f atede rof or° t owards a synchrorous rate-
i ncludes connecting the AC voltage to the coil or

Qoeibiablgt theNindéntioAi inSluddieftading the GkotbMin aNehnd&R plhke%ﬁ'oxﬁ@y-
vol t.a f ﬁ@HOf th? sane polarity. Preferably-t
SRPETpgoYidane syRl-cuientep a calhar qoeombingtionat c.
voltage'is nonitored to determne. whén the triac is

»lmefemhlydltthMOn afethdas conbatifg HRPMES IRt sﬁﬁpl& 1884 coil or.
ved front%ﬁg valta e across the triac
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SMﬂ@bﬁ@h@ﬂ@gemﬁﬂfﬁﬁbethe rot or acceleratlng tor que |s
-mai ntained -at the  'm ninumival ue whi ch Wt Fetain

: terna rrent .driven synchronpous
TSGDIRE o “8icPistite bt i 16 colhor s sympBd sogccclersing
RECqNI AR /1600 AddIudes 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 acceleratmg the rotor towards a synchronous rate includes
connectmg the AC voltage to the coil or combination of coils when the back EMF and’

apphed AC Vol,tage‘are of the same polar;ty.

Preferably -the sw1tch1ng means is a triac, and the triac gate voltage is monitored to
determine. when the triac is non—conductmg, and a_value representative of the back

EMF derived from the voltage actoss the triac when the ‘triac is non-conducting, - -

Preferably at ‘synclironous-speed the rotor accelerating torqué is maintained at the

minimum value which will retain synchronism.

An alternating current driven synchronous motor control circuit comprising:



5 -a. switching neans supplying -alternating current
to at |east one coil or conbination of coils in a
wWore0s/03mpe h a rotor having nultiple poles and BCENa2I/000245

havi ng-, at | east one energising coil per pole, : a

detectlon means detecting when the -back EMF on a coi

or conbination of <coils is of the sane polarity as

the applied voltage, and an activating neans ans

activating the switching neans for at |east part of

the period detected by the detecting neans.

-Pref erablichife mid %pﬂ%ﬁﬁ&ﬁatﬁ%p@ﬁrgeﬁﬁ ly a?v\i'e;l NGe @k or

least two adjacent -coi'ls. - Pre the ad | acent
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[ the -.circuit smntchlng nmeans  _

%g&gatoggﬁrtlerr%iglﬁéﬁ 2?4 %glg and t he circuit conpares , the

_ back .EMF as -neasured.: across the sw tching nmeans when
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t duct
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hese : and- ot her feat 5 well™ as advantages
mhlch characterise”' the present ' invention will-. be.
- appar. @Rtectiybing means Agivating the %khl@wmﬁgns queqtdcasteaart of the,

CBb%ﬁ@dl HREdRNbyARGdetsBYE Rt the associated drawings.
ef Description of the. Drawings Figure 1 |s a

2@1 Eerngctlve view of a notor layout. ::Fi- Ufé.z
yd 158 ifans separately; spitghas af lgpst @sfeadmehtqo & -
nDtor of -Figure T. Figure 3 is a fi{ow-diagram

. Suefeablyehd @ljackit@oils 4r6 Bd)ﬁstlﬁfdd\b? anoleFdoﬂ l’bﬁﬂ%\ a2tap ifg shafte 44
shows a conparison of" windi ng bac JTrectlon .
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. re7 hOMB contro] of "thé notor  current -at”
m?eaﬁg?m g e contro electrode of a switching means indicates that the switch is

__hotconducting. ..

< 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 associated drawings, "~ 7 °

Brief Descrlptlon of the Drawmgs

) F igure 1 isa general perspective view of a motor layout.

*Figure 2 is a block diagram of a circuit for use with :the'mc}f;gjyipf Figure'l. -+ =

Figure 3 is a flow diagram suitable for the circuit drive of Figura 2 - »
Figuré 4 shows a comparison of winding back EMF for direction detérmination.

Figure 5 shows the torque developed by the windings.



Figure 8 shows the circuit current and vol tages at
synchronise Figure 9 shows a graph of supply torque
WO 008030109 oad torque. Description of the |nvePCT/a&2007/000245
Referring now to Figure 1 as nchronous notor consists
generally of a rotor with p pi eces 101 and nmagnets
102, the axle shaft and drlven connection of the rotor
not being shown. Stator: 102 consists of a back iron
105, which is a toric nagnetic elenment such as
| am nat ed-steel ; and . wire wound bobbins 103, 104
\M«‘lgﬁ@ 6tsﬂﬁvm%mtﬁe%&bﬁcu‘(¥e R speff) -£aCh pole of the
t he bobbi ns fornrng a tirst wnding of
bobbi ns 103 and-a" ~second wi nding, efbobbins - 104,
gﬁ&‘lf? A é‘lwwtr@lsof’fh? RYJORAUIgRF ah bigherspeadnd the ' ful |
circunference. of the stator. The wi ndings on the
kit BShaws tﬁé@lfbu&lcdﬁerﬁﬁﬁ@t/(ﬁiagestay W&hﬁr of a single
W re continuously -wound al ong al’l fourhbobblns - but
exten to oi nt | ocated in the grooves on
%‘“Bgﬁ% %@koftsrﬂ%é?@fmyeags 9 FIYSoi Nt bet ween
Each ‘pai't of ‘bobbi-hs or only one tap p0|nt may be
present .located hetween bobbins J-03,-, 104.
Typically on each pole of a Slnglisghgse nachlceA t he
btend fron112 to egr ees
W?ﬁ%t@@ﬁﬁﬂﬁiﬁi eéﬁy ?@ connected to the bobbins on
each si de”of “the notor ard the :current t hrough the
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un|d|rect|onal taorque while the notor is

@éﬁcsﬁ @\/ﬂ%%ﬁ&@s 2p dhepxle shpfj and dsiyign ceanectipat efcthe aptoipnot
themgshead of the rotor versus the AC supply frequency,
and control of the current in a-, part of the w nding

ndence t he .speed dlfference from N
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ofeag o5, the Gobkinsylopaipe peirsrouiading oF Bokbinssdaianda - -
Qécondl tvahdidd bNYobbins 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 o
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 wmdrngs may be used to -

prov1de the requlred control.



a-current 201-is connected to w ndings 204 and 205,
representing wi ndings 103- and 104 where all w ndings
waoBsas®Eoe ypi cal Iy in series and all-w ndi ngs PQDNZ2007/000245
in-series. The -w nding-tap between 204 and 205 is
"~ connected to triac 207 and the end connection of the

w ndings is connected to triac 206. A m croprocessor

control 212, supplied with and

-nmeasuring-the-.applied- AC -voltage via 213,214,

controls the firing angle of the triacs under software
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I ightly energising both windings to centralise the
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he detection of the-rotor |a
em),athclano%\%nct:rgiese one ha% of the winding to begin the mlt?al 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. - - - - S e et e oL

LA normal synchronous motor can be loaded unul the rotor lags the rotatmg ﬁeld by up
to. .90 .degrees, at which point it is provxdmg maxunum 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.



and--control, of the individual wi ndings to maintain

the rotor sensibly synchronous at |ag factors over 90
walegseaad WO 2008/ 030109 PCT/ NZ2007/ 000245 8 PFCNZZ007/800245

shows the flow diagram of the m crocontroller which

consi sts essentially of . three operating ar eas
concerned with (a) starting the notor rotating- in the
correct. ~-direction;, (b)-bringing the notor up to

synchronous speeds (c) naintaining the motor in
synchroni sm under varying |loads. Wien initially :
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:In this manner the motor may be set at a selected output speed and maintained at that -
- speed regardless of whether it is actually 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
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-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 provrde 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.
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the spirit and scope of the present invention.

In ‘addition; although the preferred embodiments described “herein are directed to
alternatmg current synchronous motors for use in systems such as low power ﬂuld
pumps, it will be appreciated by those skllled in the art that the teachmgs of the
- present invention can be applied to other systems such as industrial fan motors,

without departing from the scope and spirit of the present invention.



the application only a single part of a coil on a
single pole or pair of poles may need to be set as a
W@ e@s301g9 Wi ndi ng where the starting torque i SPUBNZ2007/000245
low. While. the description refers to a stator
carrying controlled coils tHé construction is equally
applicable to a rotor carrying the control circuitry
and the controlled coils. It is to be understood that
even t hough numerous characteristics and advant ages
"of the various enbodi nents of the present invention
n .the foregoing description,
:‘?‘é@fﬁr ?ﬁ"&g@ﬁs of the structure and functioni ng
of various enbodinents of the invention, this
dfhecinoure the invdntied rmtusade i ey ele@richl qhmgseSanHBafe Ripically

et as the functioning of the
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pRotbisc [[hapre&lnehﬁéﬁtﬁ)nsuﬁ&eﬁﬁe inbstumyagslicable.sol es of the
notor may vary dependent on the particul ar
application for which it is used without variation in
the spirit and scope of the present invention. In
addi tion; although the preferred enbodi nents descri bed
herein are directed to alternating current
synchronous notors for use in systens such as | ow
power fluid punps; it will be appreciated by those
skilled in the art that the teachings of the present
i nvention can be applied to other systens such as
i ndustrial fan notors, w thout departing fromthe
scope and spirit of the present invention. WO
2008/ 030109 PCT/ Nz2007/ 000245 12 Industria
Applicability The notor of the invention is used in
the electrical industry and are typically enployed it
the donestic white ware industry for instance as fluid
punps or fan notors. The present invention is
therefore industrially applicable. WD 2008/ 030109
PCT/ NZ2007/ 000245 - 13 dains: -1. A nmethod of
starting and controlling an alternating current driven
not or



conprising a rotor with poles and a stator the stator
having at | east one energising coil per pole, by:
woe@assEne |y supplying alternating current thrBUGNZ2107/000245
‘ | east one energising coil in a swtched manner
synchronously with the altedAating current supply to
the notor to start the notor in a rotationa
direction; detecting when the. rotational direction is
incorrect and renoving the alternating current supply
and allowing the notor to stop; otherw se control-1ling
the connection of supply current to the coils by:
delfipignNg when at | east one of-the energising coils
could, 1f energised, supply an acceleratlng torque to

the r nt to that co
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neth05£9§mm?coﬁgd%’ﬁ EYalntl i ncl uding-maintaining the
rotor at a synchronous rotational rate once

accel eansiently s@pplyingrelfdruading surdna ihrexgshian least @nererergising coil in
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i ngagl&gtl frllééil %atglgr )é}'n%lh ous Wltg;tb? glieanaitlgg guxgg}tlsu]mly to the
conbi matieran steft tmmdﬁer inntrotatidlabdirectiérgr 1 s al i gned with
t he-magnetic field created -4. - A nethod as clai med
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cur'rent For ol
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when a coil S ¥i ng
torque to the rotor |ncludes det ecti ng the WO
2008/ dgioting when anjert One 06 e 4Bergibinglvaiik cdaids iOeneegisell csmpply

one cgh bk aﬁggmﬂﬁtth%r&forcm |I's, .detecting the AC

vol t age app I e e not gr detectlng when t he

applied voltage is of the sane
-+ 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 tt) 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



polarity as the back EMr. 6. A nethod as claimed in
claim1l wherein the swtching neans is a triac, and

W0 b@sisiler gate voltage is nonitored to deter mPOENEL®N000245
the triac is non- conducting, and a val ue :
representative of the back HNF derived fromthe
vol tage across the triac when the triac is .
non-conducting. 7. A method as clainmed in claim1
wherein at synchronous speed the rotor acceleration
is maintained at the mninmumvalue which will retain
synchriagk $MF &n af\rleastabﬁee](:&ﬁbf @&n?ﬁiétgcﬁxn{)fl gt{ifrs],\é Sa%cting the AC
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the applied voltage and an activating nmeans activatin

t he swondusting ang hvalficorepatsetgivet ofpthe thadf EMTederjved ifath the

det eCtv%ﬁa %cio@@thg ﬁ"a@ %hgﬁ glregﬁaﬂ:qg' hongc?nég%ci al ternating

current driven notor c Ci rcui "€ ai med in
claim8 wherein the switching neans separately
s 't ¢ Hednegitod) @saelpimeddn salginc & rwheeaii [ag synch®nownspeed the rotor
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cont r §ynchrasésmr.ode and the circuit conmpares the _  back

EMF as neasured across the sw tching neans when a
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means indi cates that SWic not ~con

...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.



