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Description Electric drive and nethod for controlling
it Technical Field This invention relates to an

weolemimi4ssdri ve for a brushl ess notor with per rEmABRL008/002372

magnets and to a nmethod for controlling the drive. By
way of non-limting exanple1 " this specification
describes a drive conprising a three-phase brushl ess
notor with permanent magnets that generates a

si ne-wave counter electronotive force (c.e.mf.) for
driving axial, radial angeRtiBgéntypes of fans used in
electric ventilators. Background Art Considering that
the field of application of these electric fans is
that of cli maBiecodndiiw andndetbodidrreantsyiiheits for
installation in notor vehicles, it should be observed
that the main ains of devel oping electric fans for
this purpose are: |ow acoustic noise, |limted energy
consunption and reduced costs. These requirenents have
led to the adoption of sine-wave c.e.mf. brushless
nmotors (AC brushl ess notors) driven by inverter
TeghaidabField gener ati ng si ne-wave currents and naking

obso te.the.use PV Si en tra
o A REHYT Feflles Vomosti knsih 1 perbRiEn e wit
ponhoene)t maghbes agd tea mﬂmﬁdommﬁroﬂhg the drime.f . and of the
rel at a I )rég{?‘ e q 4 npl.e ..
(virt a|"f5§) §€ rng lfn%] %né c]g nﬁusa%%%gﬁ?atégp H’I&bﬁb& a dﬂve
eaTaPTATRR)3 firee-wbiss drushless encipiswith MevpAteRhmapeet; that generates
@‘%%&L\%\% E&m‘f@r%léﬂtﬁ)ﬁuﬁ% Bt (@I ) oo PRiR 8ifll, radial and
talnggwet e, .t her bty maxi m zi ng
%‘i A2HTSE Fn S?W%ngil AOE¥ fi ci ency t hrough
opti mum drive of AC brushless notors which are

B9 Uy A1 ven by current-controlled, inpressed
voltage inverters. To obtain this ty ge of drive, the

st at iConsidpiing gt e fickh ah geplicetioe of thesgcdledriodynst isathat of
tigate %ﬁt&olaazﬁu%o@ﬁng a@temtiaf in¥RURESd & thbRt %msmllﬂﬁmtd be

90 eI degrees e | ar. XI s. of
Ee tﬁ%iﬂ&iﬂb %‘d f&y ek decitc 1 tf%m«l%avrapf%@w‘ low
hdwsm mn@er lintitedienggy cmmhqmen ahﬁl@e@@d&d]tt&t§UDpl i ed and

the r"[%teg’g gultrécigéiﬁ%g?av% lchP % g adof;tP ! ”%Isﬁnoe ZR0UL o f th Brushless

angul-ar the ro ver expenst ve
heldre ééCahr@slmss mEdtorg) dugead, b}f m@blme:iu cngalzlb S0 benceatimgcaerewgve

SrrdiRd AncdBhBBRE obsolete the use of PWM six-step driven trapezoidal c.e.m.f
motors (more commonly known as DC brushless motors) .

The sine waveform of the c.e.m.f. and of the related phase current
minimizes active torque ripple (virtually zero), thus reducing mechanical
vibrations and acoustic noise.

It is also known that it is possible to minimize current draw to generate a
certain drive torque, thereby maximizing electromechanical conversion efficiency
through optimum drive of AC brushless motors which are normally driven by
current-controlled, impressed voltage inverters.

To obtain this type of drive, the static switches must change state in such a
way that the polar axis of the rotor magnetic field remains at 90 electrical degrees
to the polar axis of the magnetic field generated by the current circulating in the
stator windings, whatever the torque supplied and the rotation speed.
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sensors, integral with the stator and suitably
positioned angularly, to detect the sine waveform of

woheoomagset i ¢ energi zing field along the peri pheryBmns/ 002372

the rotor. The output signals generated by the sensors
are then suitably decoded t® drive the static switches
in such a way as to keep the angular shift of 90

el ectrical degrees between the rotor and stator
magnetic fields. This type of drive requires the use

of | t {1?6 &fi%ﬁi_nf@ﬁltah {Ii@m %goﬂ?t?lbtdntgﬁltaﬁ PRSifAbA ,oﬂt’&%@ &stois,ol%lafti’vély

relatively high. In . an atte .to redyce cos

drpriuee Seieds g nopPalbyds TR sPROHE GutoEan @opal sftect

dehims,t npgrdiavich lieestade wed gpeghly Poesienett angudgly, to detect the

' .1 ' [ if

G4 FLARLET GRS maARSECaRRE FRRTSL PR I Bl plergior

are iThe shitue sigmelsvgeperatedr by thet seaserh apoihen Juiabliiedecoded to

SERIEE Shilc ghttiolh ScthPwap 85 & LD ROERDIaFIEIER Yecpica

%ﬁg‘?ﬁ’ég?g‘wﬂfl@?? 1}%‘\?@11& 6%@’%“%?%@%%@% as "sensorl ess",

are b‘h&&lﬁp@ﬂf drhve regaeisnige ade céltlﬁé: asdveaherfiioaed poditesh sensors,
.g. voltage at,.nptor termnals or current

‘&ﬁ?%lﬂo%ttlls ﬁeggtfvﬁ?yn]%'g r W ndings) to detect the points

wher &1 arh ettemyet. tmréduca tlae stéoﬁdmivjﬁndriuingss"atzgﬂes that do mot use

%ﬁg&%bfﬁﬁ%wggﬁé\%‘ﬂe@ﬁﬁext el ative phase between

1d current and 1 npl ement appropriate nethods,
of dibgsendriving stiateges erre staged ensifet eameislergtips Hbateadrive is
dtfyﬁﬁlﬁnh,hﬁltethd/.‘&nﬂlﬂlﬁﬂ& ittt ﬂtﬁaﬁé '%%Jﬁ&;'ﬁs?‘e i%ﬁaé@éaﬁft@dﬁt@@ tvﬁz@@ a®kach
ese ods in the, fac af. to e e zero
RPESE e Pl gbut. Skt spiell BCpPEI e ne
si gn Cohsdgnentty, ehose fdrividgharategieseatd ddives) whichhiave gbriche be
1 ndi ngs: eNg| Q.l g b .
S e e S et T LY O
wiltage of dwtonieneihals wr ofrred eitoulating in moger windinge)ioatetash the
HiR e idead miO AP Jagehi bl znerf Efe?& ERessihdS, da8R@D the

of the ti interval during which e current remalns
pitige phate bsbveadfuc®d el ewenhapd Huplewaet appernsieicingihods of

Mxtﬁngi tietifvdried Btﬁﬁdﬂ @lwa@ﬁg b@tﬁc]ghena: gﬁl::dep |th@ﬁvqﬂi’lﬁ?ﬁtié‘stih&ﬁﬁl§e.

I nNtery upf.1 an owever priefr,, ana.tne LKl SKS 0]

- baa O e ey Shiesmsfous B i M. BBl Ry aMRitrihg zero

apssingnof the woed. t, shatds cusat & tedad thagigh af thoe.e . Hnthefcurrent
. TP IR i ; .

A0 L T LR80T LR g

forbettaleen; optragthwith thegdepirethsinpsnidal maveleam s ghegurrent.

sophipst {1eale@BtiaR frofX MR N&dY & AR HRlibBIeSeftd) tHd 18Rth of the

RN AR TN A

current remains zero must esreldchd to the
minimum and, to eliminate the distortion induced by the controlled phase current
interruption, however brief, and the risks of not reading the desired signal,
sophisticated algorithms are introduced to calculate the angular position of the
rotor in real time: in practice, these algorithms are an integral part of field-oriented
controls (FOC in the jargon of the trade) and require the use of sophisticated and
expensive controllers with high processing capacity (known as DSP controllers in

the jargon of the trade).
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the jargon of the trade). D sclosure of the Invention
In this context, the main purpose of the present

WwWOnv®Bsss i s to propose an electric drive whi OTilB2008/002372

tree of the above nentioned di sadvantages. One ai m of
this invention is to providd a | ow noise and | ow
energy consunption drive. Another aimof the invention
is to provide an electric drive based on a sinple and
inexpensive control architecture. The stated technica
ok Impegichi ed ains are substantially achi eved

Sésiﬁ? B8 SPHoh SIS b6 BFrbABYBfiof feto Propose an
degigndevd which umee offies abovenhnmedldmadvaﬂtagees_ to a
met h °£ur9 %@t v‘%ﬁt@ﬁ % q d@ré %w&%?%{/ glﬁc{ hoR é’r{

the Drawn urther ¢ arac I'cs "an ages oreY
qupéumm@mm@n are nore apparent |n t he description

bel oWnoek Qm{ &f BE BRVeBLIPis B BoviR n@IbetitOM Vel Hikdd i simple
enpodi nent of pEmcégftr'C drive for permanent nmagnet

Y JaeneREvVEeR °{¥¢-ustrated in the acconpanyi ng
d r awlhg Statddrteddnioehpmposlél aad rspeclﬁé‘duiﬂ@ afe subktatiablyechieved by

f d
SLABKAF ARt BRRYE PRty CIGER] PElSh 1R onp stmape of
g denaadentclaiis. élihetln@htlan phawwﬁto ametiidbefimwhireldisg the drive.

notor; - Figure 3 iIIustrates a vector diagramof the
[ it .of Figur 2 Figure 4 illustrates a vector
1 L ti mum operation of the circuit

of FiFgﬂh@characteﬁistQ:ls ra@d fadvmeegggl bﬁgfeaﬁvaﬁgw afRgmare apparent in

X £.0 ort of the dr accardin

RS EREPR 8ok bih 3aRhed O BB TR RE shibgpfient of an

¢legtse dtisteaifor (pfenmmemd miagaetobrishipes endiors, #5i dgilustatgd in the
of a second detail of the

%g?;\{/s@ g? %ﬁlﬁ%ﬁg qhm igure 8 illustrates a_ procedure

for cohigues! shﬂyv& maripgiplpaliegram; Guthe electuigthrpshbess imaien drive

%@f@ﬁgt&h@gﬁ@hﬁér@ns are reached; - Figure 9 is a

diagr alEn sho 11T195trags a\rlloelqtula\i% ent %B‘gult 09 a p%agehce)f gr[ lA%]{:n%ssﬁless
motor;

- Figure 3 illustrates a vector diagram of the circuit of Figure 2;

- Figure 4 illustrates a vector diagram representing optimum operation of
the circuit of Figure 2; :

- Figure 5 is a diagram showing an example of a portion of the drive
according to the invention;

- Figure 6 shows a circuit diagram of a first detail of the drive of Figure 1;

- Figure 7 shows a circuit diagram of a second detail of the drive of Figure
L

- Figure 8 illustrates a procedure for controlling the drive of Figure 1 until
optimum operating conditions are reached;

- Figure 9 is a diagram showing the voltages applied to the brushless
motor;

- Figure 10 shows the diagram of Figure 9 in a particular operating

condition.
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notor; - Figure 10 shows the diagramof Figure 9 in a
particul ar operating condition.Detailed Description of

wohavsefser red Enbodi nents of the | nventi on W POT/IB2008/002372

reference to the acconpanying drawi ngs and in
particular with reference t® Figure 1, the nunmeral 1
denotes an electric drive according to this invention.
This invention is based on the principle of obtaining
i nformati on, continuous in tinme, fromwhich to derive

%ﬁeilaugeicﬁnﬂeﬁ beme w&eﬁ@@Efr@bd@@ts{jﬂmh@ggv@ﬁﬁﬁr{j ol of

e ower e the electri.c dri,ve rive

o e ReE FE e A comipgine vy Tt sl Rt Wil Feffigpe
@ Higure hothe htuhexat T déredes ah%ldoaizatras ac¢c1-?dlng to thés ihtdngion.
descrd pt: '

to ob aﬁh&£m§§?%%$%§§nQ%B$¥Bﬁﬁ§? %LH%OSI a%%b%n#ﬁmous
mdines, fiony whish thgertsttbe supply ‘td%fregqmltmdpbsmrmgmgfconﬂrd of the
&BEEE@&&E&G§H&Qﬂ£&h%ﬁu%orCe (also referred to in the

viated formc.e.mft.) in a sinple anpd ecqononm ca
manndpe dpye hegmprises,anrieciiic gotas dufor| exarnpiergr dreng adaenot
ﬂ)ﬁ;st}d@ | nventl on th| s specifi catl on refers to a

per nt Mgl shl.ess I sotr

t wop SERPRGE eﬁ‘ﬁe& aP ﬁ*f"%éesﬁﬂ%é"é‘ %"PEP%EF eﬂ?&fpﬁ ° 0‘%% drive 1 is
ot dtain inforohtion relatipg ks the pokitior ofitidinots A/\notdr byddetdctiogthe
%%89 %ﬂ%oﬁﬂ&%’%‘é J&rbelte&foﬂ'?otlvé AL gzpé(yr %ﬁ%o%ﬁ“tﬁeta%ﬂre@i/ated

onnect e e conne | ONn 0ose centre 1Is
951 cegnds & pimpl énOZmP@lIWP%\t es a circuit nodel

OL t |B9t oy adf g)éan%ﬁ@ hv@&oﬁth ﬁnﬁtlil{ge ﬁlé/\/'s&qiengﬁ the invention, this
C arac eri ase rIesi
S RERTRIEETS It ETIRIET, WSt PP oLt 2 vl Jiqtisgic, Svo-
pdiercmtzmt tidec-phisk statorwendiog. ES represents the induced

. €. i : L QF 1 Wi Dl T
C- . TobsalRRglh At s HRLSR B Qhy O Rgpc D mumtic
plovmts snatialty phsee-pliftedihe A20 henghesmneasedby a Meyejcenpagiion whose

BhAS S fohERBEbledl SO sinusoidal, which flows through
each _of the three w nd |ndsb Figure 3 shows the vector
e

di agFtot luseatey aefqiicatdeyoline maids: vs, I's, Es just
ment iBagledf the three windings is characterized by a phase resistance Rs and a

synchronous inductance Ls.

A voltage Vg is applied to the motor 2, while a vector Eg represents the
induced c.e.m.f. in each of the three stator windings.

The c.e.m.f. has a sine waveform and is due to the rotation of the permanent
magnet rotor; Is is the phase current, also sinusoidal, which flows through each of
the three windings.

Figure 3 shows the vector diagram of the electrical quantities Vs, Is, Eg just
mentioned.

The direct axis d is oriented in the rotor flow direction @, and the quadrature
axis q makes an angle of 90° with the direct axis d.

According to the law of induction (e = d®/dt) the induced c.e.m.f. Eg in the
stator winding is always directed along the quadrature axis q, i.e. it is phase-shifted
by 90° with respect to the rotor flow ®;.

The voltage Vg applied by the drive 1 to the stator windings for a
predetermined operating condition is, as mentioned, represented by the vector V.
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The direct axis d is oriented in the rotor flow
direction Fr and the quadrature axis g nmakes an angl e

woho®d3wissh the direct axis d. According to theciraBzoo$/002372

i nduction (e dF/dt) the induced c.e.mf. Es in the

stator winding is always diPected al ong the quadrature
axis q, i.e. it is phase-shifted by 90 with respect to
the rotor flow Fr. The voltage Vs applied by the drive
1 to the stator windings for a predeterm ned operating

condirhé Qtﬁtok §urre&1$ vea&t X qlmtas af a@gle Wiﬂe chebaecﬁoh Glffé@éifce st -
vec

Hond PG gl v Bl BRee Yaractieshi pianiivg, o Podnian ot of e
mbﬂydﬁqnmyQCGMngthhemtoars of the notor and on the

supply_ fr \NEE‘H%GL@Z? giecording to the relation: y =

ar ct The el ectromagnetic power yield of

t he Wb@ electiamagngténpdyer Jiedd gibs meptonik @iven §y BEsls¢ns(YamgrEe Y

iTBlenbi FRled%Elafd The power absorbed by the notor 2

IS es entlallythe sum of the el ectroma power
yi el dherepwsr Bbserisduly thgs By de 1 &S%qqgglgsbl}ﬁ% ey the

dlétutoh&gﬁétfcqsbvwﬁ 35etd BEd bStherwelHbnes, d@l tsahe douleeffédtiin the

ectronmagnetic yield, the absorbed power is |owest
t&ﬁgﬁﬁlﬁ?& %SE e g is zero, that is, when the c.e.ni. Es

and Hhecec @givee rit cdrlalmclectrammetiaeyiehls thid dhsethedtpoaver ms lowest

WhAHE of C aftgle g‘% %elrJ) l’ﬂﬁa{t [ ALad 'tlﬂa dd: e, ﬂlgfr EF Ind fBCuHEAME ark in phase,

conpri hése inverter for
%éﬂ%&tﬁa@mﬁ@umor 2. Preferably, the drive 1

CO”pAs%ﬁtSstﬁteJdoiWF@QfHClt EI Y ﬁn%‘llrﬁon?pﬁqs@@Q Res-PHasdbrRIde Wor

in Fi gure elhiee | egs of the inverter 3 an
B ‘HPWCFH%th@&W 's circulating in the inverter,

as desterabied th!ertirmere cdibsiids bevoimdudhgcastive 34 @hswted as
%ﬁ%g@ﬁggﬁ&d%or l}}rlr(r:e]:g 2%%?2& i 21%76 rt‘e% Boanfll C?V\ﬁé(h 'Bg tﬁe urrents

evel'ling
d@rc(igbing jn thathvartén, hy dascmhpdiin drwm d\frtalBheIQWbus) By vvay of

exa r UGy
sfnzﬁﬁi e Bk e SRE Cdfne RO R T T crin R e 3
3y actugp Peapiésing A dewllgng ¢apacitasyd (Cysy ﬁ@%aef&mnétln@%ct%ﬁ Sa
yaadabl e frequency "freq" Advant ageously, the

anpl !Bt uvggy 8 e)tcalﬂr]r?plg ut e tnger:]-tpﬁ‘asesbrpd%la% ggnle%a%e%e%hrgug% sl,)lge-delta
PWM modulation of substantially known type, three voltages phase-shifted by 120°
from each other at variable frequency “freq”.

Advantageously, the amplitude of the fundamental supply voltages can be
programmed both as a linear function of the frequency f and independently of the
latter.

It should be noticed that, as is well known, the permanent magnet brushless
motor 2 develops torque only at its synchronous speed and therefore it will rotate
exactly at a speed directly proportional to the frequency f of the applied voltages
according to the known relation RPM = 120 x freq/p, where p is the number of poles
of the permanent magnet rotor.

The drive 1 comprises a circuit 6 for detecting the counter electromotive force
and, more specifically, the zero crossings of the c.e.m.f. Eg, hereinafter also referred
to as c.e.m.f. zero crossing detection circuit 6.

The detection circuit 6 comprises a first stage, illustrated in Figure 5, and a
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programed both as a linear function of the frequency
f and independently of the latter. It should be

woabipadisshat, as is well known, the permanent POREBEDS/002372

brushl ess nmotor 2 devel ops torque only at its
synchronous speed and therefore it will rotate exactly
at a speed directly proportional to the frequency f of
the applied voltages according to the known rel ation
RPM = 120 x freq/p, where p is the nunber of poles of
3BEn QRS HBRaldB IR Piguh©@b50The IBndKia¥€ proceRBPHeRFHR signal
]/F:l rgﬁé%ﬁé for detecting the counter "electronotive

oln tStageor e specifically, the zero crossings of

t he & ehenpieferltg] ehdodineat tibustatedp as efidlr bednieo clearer as this

L.mf. zero CLOSSLN e lon circukt 6. . The .
Sl st B R BR SEIEBGT 8L Ingorol 6 obined by
ddtéctiog ithet zedb cnossmgyof ¢hete.e.axld genseateshily snlpgas of the three phases
g,ﬂﬁhéjﬁﬁ){(ﬁt ed in Figure 6. The second stage processes
the output signal fromthe first stage. In the o
pr ef & piemEMscanbadiraents, 1ok example) in zorgsophistisatsdapplications

t‘hbﬁ?ﬁﬁﬁfe H@h%ﬂﬁ@sﬁ?ﬁ%ﬁﬂ»cﬁ&é t@;ﬁbeagratﬂogjtiq@siﬁgﬂ giginglf it§ rd@t?_&de@ For
osiItlon .0 er or .S al.ne etectin
lle PhasB By trolirie th e dgEopbRe shOVESOTEne BBy onl v
one Gbntifieingh faecqvaseread! ddaiptiohpthe phasaltatitied be wye
@dﬂﬁlﬁ&é&'ﬁlb‘t&' 2 Elﬁ I'ist %@%&@n't t aatas%me&éd ftf’yt(ﬁqs functionally
app.lcatlons a require I gher transi en response .
wdstagishabledt@n ijsowye comnested egrivelenethectadus elovbegg.m.f. is

D& Bhdseslatidh: replicating the circuit described above
or each phase. Considering, for convenience of

description, the phase quantities of a we connected

nmotor 2 (it is also known(that ctéilsta connect ed not or

is functionally in6iStYsghi'shab ’f‘[r mits we

connected equi val ent), the val ue 0?7 he c.e.mf. is

given by the relation: To find the value of es it is
ry to know both the val ue

f/gletr f@%{rfdstﬂg%g@? oliéibistherelua geestary okt B(}{ﬁzﬁe;yéﬁqe Feeof
the Siokhge/¥s bpidiedtid vie shaspofihie nictoit heand thevesidtiveundieite dfop
oAU el B oA T or Tan i m to

fi nd Ashigsergwil delove the dnmdul sdcorling tpthandentien basl hageaim to
APtk hoghlian ahp iR RLOR: e OBl o
motor 2. -

For finding the resistive — inductive drop, the drive 1 comprises, as
illustrated in Figure 5, an inductive — resistive element 9 connected in series with
one of the three phases of the motor 2, as described below.

The element 9 comprises a first inductor L;; and a second inductor L with
a mutual magnetic coupling coefficient very close to 1.

The two inductors L;j; and Lj; are connected to form an autotransformer 9a
and, preferably, are wound around a magnetic core illustrated schematically and
labelled 30 in Figure 5.

By way of example, the magnetic core is in the shape of a double E and is
made either of high-frequency ferrite or of plain steel for magnetic plates.

The first inductor Lj; is connected in series with one of the phase windings

of the motor 2 and constitutes the primary of the autotransformer 9a.
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wohemas4ss t he notor 2,

illustrated in Figure 5, an inductive - resistive
el ement 9 connected in series with one of the three

9 conprises a first inductor Lj1l and a second i nductor
Lj2 with a nutual magnetic ¢oupling coefficient very
close to 1. The two inductors L 1 and Lj2 are
connected to form an autotransformer 9a and,
preferably, are wound around a nagnetic core

I I | UPIferfélhﬁlgr &€ hﬁ&@&d&a{ h¥% ARG, halsdrNedoBlirdd MikthBiF furss to
E‘% exa ﬁﬁg]a gee(f%c core is in the shape

Iafn“é“z(% P%W@ dh’ie§° Qu &+ of hi gh-frequency

ferr Rh&e}ﬁl’és@fs thé adsibtgice of theavinding rméthecﬁrpd atesor Ihe

first.,induct 1|s conn e W t h.one of
t he B‘Hgsgec\mm d Ih t°<r)f Lt2h %1 %0 ctglﬁst I%on{iaug tg the
prtotremsformer, thae aaumaher ¥ b tures m@lah théfeem the nuppber N1 of

o mHuétth-§aﬁ'd isqwt emrbgwh e Blrrdi?ig an@ﬂf%f%%&mwdes

turns to mnimze PV\% guetothe f%?

efvplege VR that éﬁl?e@éérﬂns hederivatiys o4 ibe correntnis Hgwaemy the
e first inductor Ln. The second inductor Lj2,

vvhic lﬁhfﬁtltme the Sﬁcondary of the

aut ot BEHEO runmber N2 of turns much higher

t han W he/oimgdx&rthd\lermﬁlat 10,118 odftigrhne 5j thaluistab thel tiedmianld oif she
08, rrent is, and therefore provides

igﬁ%cg I%g%t“%v?%rg?n ?gpends on the derivative of the

curré’mt—V@tagﬁder@ﬂéiﬁrWﬁéordh mary. Wth reference to

Fi gurg, =5vol'tefge dY6p mﬂ@lﬂrﬁgﬁdﬁoﬂﬂlﬁ termnal 10, 11 of

Fi gure t te mnls of the

i nductd vé@@&@?ﬂ%&’@lsﬁ%‘ﬁﬂn ICctajR42; 0l t age drop on the

resi 8 ermiRpdl iMluclanee belwieag &GP 9N the first inductor

L 1; Vt2— vol tage drop on the second inductor L 2; M=

nmut ugf f nduct ance between L 1 and L ; then: vt

=vR+tvn+vta Vt Rnis +La -+Mdis dt dt Vdis t =Rnis

ALV, + 7,

V, =Ry, +L,.1%f;—+Mcj;;

di,

V, =Ry, +(Li1 +M) dt

It is important to note that the expression for V; is formally identical to that
for the resistive — inductive drop in the windings of the motor 2 due to the flow of
current.

The following equation can therefore be written:

di. o di
= a S°Ss s
dt ( dt j

R,
where o = ? is an attenuation coefficient.

s

'Rilis + (Lil + M)

as descri bed bel ow. TheCceir1es002372
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dt It is inportant to note that the expression for Vi
is formally identical to that for the resistive -

wonowwaiase drop in the wi ndings of the notor 2prduaB1008/002372

the flow of current. The follow ng equation can
therefore be witten: where®a - is an attenuation
coefficient.Since the synchronous inductance Ls of the
notor 2, the self-inductance of the primary Lil and
the rel ated nunber of turns NI can be used to find the
nunber of turns N2 of the secondary Lj2 mhich

nduStior e PEREios MRERARHoL Sk Ldrupos-pk o udytnce of
thb @vieyary he aad tlenmehitetnwabaref ofms Né cae b aﬁedme find the number
RN e QRoRRt e BAB6 SuiRlied S B4R, 2, can. be

|ng circuit
correspondlng to the eqU|vaIent CIFCUIt of the phase

of the r 21t should be noticed that the
aVRen o coefficient a indicates the inpact of the
c.e.mf. tectjon circuit 6 on the total | oss of the

drive 1: the lower the coefficient, the | ower the
|l oss. The information on the voltage Vs applied to the

ert OThds, By aikHoN8dediStino— Qn&hc?di‘irﬁ Igél%r%%g{,l? trwﬁf-‘ ARUpABSieters

d | t 12
Eﬁféﬁgglg&q Fﬁ'fwea};%e% MQH% of the Tesiglivere ~dipducitye dyop on the phase
of |th§t1{16{oe?%l Eh:rp&{et Iobtghrtfﬁd using] gﬂtr pra5t1<t:eBYa aﬁllt::@ihbﬁ@gl Biglcuit
e gcoe ci ent .a .bo contri i 0
P BEoibErERta S bUe TR B0’ 100e | bea
| n mbr shodkt e hotired dhgt thy attbrnasien coéf_fmgea‘_c adndiestes the impact
stﬁlesct O, Jigtect}odh cﬂ'aut grb(i’l nl eroﬁl]p ?Jesg'o%;fﬁ% EHV(Q f. 'ﬂﬂ: ower the

resistive - in p supp e nut ual

%Q?ﬁ%‘?l@ﬁ,ﬁhﬁé%ﬁfdh%l%fl and Lj2, the circuit of Fi gure 5

supphing wﬁnmdne@wak%nﬁg@v g‘af)phe‘él' BRR¢ meRRSeis aig?inlééd%?l
-1 , -a- as e

%ﬂ“&ﬂ%ﬁgﬁ¥éﬁﬂ%FF@Hh%GﬁﬂFﬂéwgﬁ?’a defi ned above, the
wye dbaneekedhg eisest 02 sorhPrisekdhretSvyts eshnbeied nresdsonsi 139 14,

§OG1SHRRY Yo YRh A% Y3gd:d sS Ui tably unbal anced.

By attenuating by the coefficient a both the contribution of the applied
equivalent voltage vg measurable, as described in more detail below, by the set of
wye connected resistors 13, 14, 15, and the contribution of the resistive —
inductive drop supplied by the mutually coupled inductors L;; and Lj,, the circuit
of Figure 5 supplies an attenuated c.e.m.f. signal whose amplitude is given by:

aszawyﬂwRy%—aly%%

Based on the attenuation coefficient o defined above, the wye connected
resistors 13, 14, 15 used for measuring the supply voltage Vg is suitably
unbalanced.

Figure 9 shows the real first harmonic voltages V1, V2, V3 generated by the
inverter 3 and applied to the motor 2, each schematically represented with a
respective ideal voltage generator.

As illustrated, the voltage oV1 must appear at the terminals of the resistor
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Figure 9 shows the real first harnonic voltages M
V2, V3 generated by the inverter 3 and applied to the
wounimrozsseach schematically represented w th &CT/1B2008/002372

respective ideal voltage generator. As illustrated,

the vol tage aVl nust appear9at the termnals of the
resistorl3, also |labelled Ra. Preferably, the val ues

of the resistors 13, 14, 15 can be calculated, at a

given point in time, with reference to the symetrica

Bhere14BsERY, | ad that powers the notor 2. For

exanple, at the point.jn ti.ng re V]_ reaches, i
o BrsTrail ookt escot, e sk TBre U5 B ols S50 RE Bighladed. at
giten @bin¢ Uhttithe tétharfdrysedto thet henatoicel thiec-pinae shadwthat

n Figure 10, Applying the overl apping effects
poﬂeﬁ%:glr%lr%m?rgz'cal culating the voltage drop on Ra in the

ci r chptt exampl, gtithe pbdntdn figas where i hilsacdies ithmaxishumivehee Vi

RELARENRP aflvRagAVRe, derived for the previously
fixed value o 2a_where Ri,sEa generic

f aa a R-R 3-
resi Eb%\ﬁléfélwfah?@n?lafe%ﬂﬁ5@%@?%%9@6 pvang Figie ABpl yi ng
the gipghalg desovedappisg stfgctalpriaoiplt o edulg@ing the Wioltage drop
shgmm A Fi@ngEQ%QJﬁFs qysignal for the zero crossing
Y ¥ ALUESURYEP Ct T ottt ve force that can be
processed by a mcrocontroller 26. It should be
noticed that the behavi gur obtaineg ijsRsubstantially

the same as t 4t o}, a tHa out put Hal
sensor. As illustrat ghh}@prticdi@ Ko Eigure 6, this

circuit conprises t onpar at or stages connected in
cascade: the first stage 7, with a respective

conpgral oict @hm@&‘ﬁ%n %Q%egﬁ Eﬂ.eo{)alrfd B ggnawﬁ?%rﬁieﬁ Sﬁit)rs‘thél E%X%ously

spurious Sw tching can ecte S outpu

fixed vabiesafioon speeds, the circuit of Figure 5 for
detecting the zero crossing of the c.e.mf. gives

vol tage values of a few hundred mllivolts and, ow ng
to the | ow attenuati onpfac he si gnal - noi se
ratio is | ow and causes®the 3—2¢g

where R is a generic resistance value for the resistors 14 and 15.

Applying the signal aes to the signal conditioning circuit shown in Figure 6
gives a signal for the zero crossing of the counter electromotive force that can be
processed by a microcontroller 26.

It should be noticed that the behaviour obtained is substantially the same as
that obtained with a digital output Hall sensor.

As illustrated in particular in Figure 6, this circuit comprises two
comparator stages connected in cascade: the first stage 7, with a respective
comparator 16, does not exhibit any hysteresis and spurious switching can be
detected at its output.

At low rotation speeds, the circuit of Figure 5 for detecting the zero
crossing of the c.e.m.f. gives voltage values of a few hundred millivolts and,
owing to the low attenuation factor o, the signal-noise ratio is low and causes the
above mentioned spurious switching at the output of the first stage 7 of the circuit
of Figure 6.

The second stage 8 comprises a second, hysteresis comparator 17 having an
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above nentioned spurious swtching at the output of
the first stage 7 of the circuit of Figure 6. The

weeednd44ssage 8 conpri ses a second, hysteresi SPCT/IB2008/002372

conparator 17 having anRC input filter 18 to limt the
signal oscillations that m ght erroneously trigger the
conparator 17. The RC filter 18 conprises a capacitor
19 and a resistor 20 and is of substantially known

type. The second stage 8 al so conprises a resistive

Re! npitkiilte 181ty liktieths Wignahoseflatibh£HbPMibhe BHohdbRsiyaligdd dhe
hysteresis. In the enbodinent illustrated, the

?%“é‘ agfﬂiobi networ k conprises four resistors 21, 22, 23,
24 sUibeaRCyfitanh& coagrikes @aapacdtohd®. anthasesittoer2® aml soof
&&%{ainﬁglyﬁnvgtq&iggg at the output of the hysteresis
conpar at’or stage,” wth obvi ous advantages in terns of

t he pheceswidagsf§ plsp samprisds & resistive pefevork fofik dhe o@itching

@e%ﬁa{ﬂdztﬁeiéﬁﬁec?ﬁ%jt&éﬁ@cy of the notor 2 the current
flow 1 n the stator. w ndi ng;érrust be in_phase with the

r el atl®#hecerebadimpent illygtiated, Byedpasibie nebvtkeoppEipes four resistors
i ammﬁsugh@lyrcaméec_tddtto ie?chikﬂliéﬂ ble to ogt ain an |

approxi mat.ed expression of the optipum advange,an .
opt T tee dpptd aagnrr apboGad i e bERIERT gy Rsforesis
comparator stege, wifh etheouseslivattages il teops ohthelpeogeksisg efficiency of
ﬁ%%iicﬂic%ﬁolﬁ kg higher the efficiency of the motor 2,
the nore negligible the drop), assum ng KE as the

c. e. rhOf Magispige ahn ciisieany of thmoterphithenelreant fore i thepgator

aﬁn&@gsqﬁustmeﬁthasew{lhméﬁelaéh@%g.m.ﬁép -Ls 258 tgd r nnt

= = -ls - = -| opt. Es .
vor oV ER efERnbn o e orabipRRIR b e dhig 0> o pbtain an

beexintutel 2Rpretstmt fof dhe oppeigreesdvidve drptgégt ot théieapplied

ﬁ&%g@\?ﬁiﬂ??%ﬁ%ﬁo‘)ﬁ rpetlﬁq it h the angle itself and
ence: ere €'S

[
yﬁchronouss i nductance Ls is

pr ef &f Hisi npsistiysr deopdn thapisariy segligiblo(the rhigher i efificiene of
f1eShsfol ve ag ﬁBreE"%éfgﬁfgib‘}e ﬂ%g(!lrbﬁj, BEQnihE K RSRECle. h?. Ehstant

and the fangent he advance ang| e dopt can be
BlpTUSd MaY Eemane i a5 ke nippbE of paléts J;en;

1g5,, 2 2L "2 m g Ls-Is-——F _ZLsp g
Es 60-K, o, 60-K,

Moreover, if the optimum value of the angle 8oy is less than 20 electrical
degrees, the tangent of the angle can be approximated with the angle itself and
hence:

w-Ls-p
optE ']S’
60'KE

where the synchronous inductance Lg is preferably expressed in Henrys.

In other terms, if the resistive drop Rgsls is negligible with respect to Eg and
the tangent of the advance angle Sop¢ can be approximated with the angle itself,
then, in practice, the advance angle 8., depends linearly only on the phase current
Is.
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then, in practice, the advance angl e dopt depends
linearly only on the phase current |1sSince the drive 1

weaceewridii43g to the invention conprises an extr ereiryB2008/002372

si mpl e and econom cal mcrocontroller 26, for exanple
an 8-bit microcontroller, tHe above nentioned Iinear
rel ati on between dopt and the current draw Is; can be
stored init, for exanple in table format, naking
avai l able to the mcrocontroller 26 a signal

pr opgirck MRAdrivO1 E&%rdﬁﬁ% k& e ihven®bd cbﬁh BrifdsCn&ARER] difble
26, will be.able to ¢

t he br e 3 accordin
Ko CBPREE) JRETHRPHBTRT. 543 ¢ for Expiple ﬁﬁl FB‘&E%PO?%%J'ﬁef the
itoee dicntiendd Idsaprdlsizm l:&tmdncﬁal;t hnc?ﬂlefc!)fremﬂ‘diaw ég tchty be stored

(A h D BOSB SaBio FRle FRe 8As W' RGPl Yo o
degnad preportienag do zﬂie whirett Iorand ébe esicrogentaler 2gewsl gaable to
SnEdEe b@f‘dg& @%c&ﬁﬁfﬁgrﬂ@h& c%he%l{b Wyt 3a, directly

proportlon e _current hrough the shunt 3a
i t seltris fasthis PRIRGHH Tt G dive | |°9@P8§q§r%01f‘f‘ﬁfe2§r§§tﬁ wdhectly

&@,&dﬂﬁg@hagefmrféﬁi au@eaks on the shunt 3a is
proportional. h phase rrent.peak of

B e St tariseis, AR 58] SRR Pt dHiad el or
dldm:tmst@e@ﬂl wigichl ptapesses ﬂ@?voiltag@mgml presenta tlef tteuitnals ee)f the

ld?re@ciy d}%llago@ Iaﬁglg(} ﬁ%re t mttﬁrg{‘lél?ﬁl g}{mﬁ/ 1tse

enve pI ng track IS INn orna |on
and ﬁﬁes ey Gom the lifeaptures @Wl@gm Yalyg ofghervielfage dwales on

tfhé SHMR '36315 Hdpbrtiolatto Fhe p8e Edfdnt 9éadeMe hiaeor\gal I dl t y

of the informtion is duar act

chang¥§ © Grrrends %‘H\}%)Il?g’éy tﬁ@ f‘?ﬂ’é{n&ﬁfail etector

Whisehualgo die eftdctiye balnk Ei)ﬂthle p}i‘£e cilnadng nmﬂtqslr.bﬂd@/ t he
mechani cal Loa ver l.d be not

ho
That e oyelodilh sefelffoyr iRty ol "G el S AISE tand the
widroconirplleli e sahple d atcﬁ woeh &ovdryirdqobhayvihah ehat of dheoparier
PW]_\IIhﬁlec\}éﬁHﬁf' bf Hﬁ:al%ﬂgﬁﬁtl&lﬂ?s ?\Bﬁ’é}ft?]ea%g Bash&ahitihe tcﬂﬁlgmg
m crocontro er Sa utput S gn al

sneed exfvibeoprvslpring éétegior a@étPZ‘Z VhicBuighdirgcdly ket the
anabegsheddifghd Mlecl@aeIcheis Ve@dbwect |y measures the

T T AN VST R
diplnsieded 1© doereptly fodloowuthe emtelope qfhlaserwint pedkk endheshamt 3a.
.S hu n%%ﬁal?yé . 9 Vﬁlc??c%hﬁgﬁe%n& fbgagarﬁ%@gd e Q&tpﬁ{ sfglﬂgl of the

curr enve
enveloping detector stage 2 through its analog-to-digital converter, indirectly

measures the current value of the phase current and, as a result, determines the
corresponding optimal angle to be applied to keep the current in phase with the
c.em.f. .

Figure 7 shows a diagram of an embodiment of the shunt current
enveloping detector 27. |

The detector 27 comprises an RC filter 28 for filtering the shunt current
envelope.

The detector 27 also comprises a circuit 29 for charging-a capacitor in such
a way that when the non-inverting signal is lower than the inverting signal, the
capacitor can be discharged through the resistors 30 and 31.

The resistors 30 and 31 are suitably connected to enable the device to
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The detector 27 conprises an RC filter 28 for

filtering the shunt current envel ope. The detector 27
wahem/cespri ses a circuit 29 for chargi ng a capatiBmnsg/002372

in such a way that when the non-inverting signal is

| ower than the inverting siﬁ%al, the capacitor can be

di scharged through the resistors 30 and 31. The

resistors 30 and 3 1 are suitably connected to enabl e

the device tofollow the shunt current peaks. Figure 8

ﬁﬂ%uﬁh&gﬁﬁ@c&ﬁﬁﬁ?égﬁﬁdure for controlling the

brush| ess ri the fql.lowing s s: A

st ep* Bk ng ugiratgy |ﬂb‘a1"1 gg’ﬁ?‘? urg) ogtcglﬁr(g*m%‘\é\f&ee%g}sgfeg% &’Otgr 2,
aﬁmrsdlmemﬂcampgetém ermned ranp V/If ; C) step of
enggg_Egpahgg%grggggmﬂnzero crossing signal, where

"eng chi ig an optimum operatin
condiB istep;of Bycedratingdccondingrtv agyeddtdrmened mmpt Whs A and

B theyid ﬁe&t %gg»glﬁgwa{esc & her Ri0rosifNtibhal whe& & B&fing”
| oop™ "o to say, W thout USing either o
PRASEGRS TN %11’@1@@8%%1&(0%d$9&1|= s, nanely, c.e.mf.

zeromrsgbpsdf@gtlﬁmdahmt current envel ope In step C
only. the c SSIn

st 1 SEpTAGl g BirRre b Evas i MO0 A s B rppen toop”

siodejathataisdotsae, whibott usingr @ther ofi el opeawilgblzl fsedhack wigndls,
%Qelgt e 1Y B g%gosgmgrahif Eﬁlrﬁ e dRERleigpdnder opti mum

opérating con s to say, with the
c.e. MStCPQrmﬂYﬂ@%@ser@”Qﬁf@ﬁﬂglsmn jageedi t h each

ot hel a5t E‘lﬁp £ E&h/bhé HEQef. %&Wr@ﬁlng\/ﬁ RGBS tiRS s@iunt current

iedto. t ui t ab t o_enabl
%W&@ﬁﬁ%& ?ravvsmi ﬁﬂvy %giﬂtvss k@owﬁ? ey fobfimum
bpﬁrii’tmgfttolnﬁltiohs I thatdk t@salymwh thEosé. . O andvtherphatdha@rsshingghase
eachog the rotor field are aligned. This step
Gres thRat the maxi mum drive tor gue possi bl e under
opeﬂDurmgpS”tep: dnthro¢ conntiatittiolingescarn dpeliefb etz awtorn syikably

8&%tedSh @Ratke (Y ciRtetPtPréen Qﬁbthoe[ wa b§to°1%§\ﬁ‘é d 1Bior H}hea%tﬂ
si.nusol dal vol tages phase shifted 120@{3{91 m each

Bihtra o WAPOSI o wAS the staberafa)d anchihgroior Bpid age aligned.
i ncr gasd B@pfdnsaes fﬂi&t @B dnIA%E) ARPE itbidde dossible under “open

porti naI o0 the rlngthls
EOPE co thog °8P|‘B%1P]E‘Stj‘i?é‘ t%?fgeg?f@ eﬁé%!fhe\?&f‘{ HPapplied to the
not orIn gtep B the motor 2 is powered by three sinusoidal voltages phase shifted
by 120° from each other so as to create a rotary stator field at increasing frequency

and whose amplitude is proportional to the frequency itself.

During this step, the amplitude of the mean voltage applied to the motor 2
varies proportionally with its frequency “freq”, as illustrated in Figure 8.

The frequency “freq” starts at zero and is increased until it reaches the
“fset” value shown Fig. 8, set in the software of the microcontroller 26.

The “fset” value is greater than the minimum electrical frequency at which
the c.e.m.f. zero crossing signal can be surely detected, so that the phase relation
between the counter electromotive force Eg and the applied voltage Vs.can be
measured in the next steps C and D.

This relation is the angle & made by the quantities Es and Vg shown in
Figures 3 and 4.

The slope of this acceleration ramp is a parameter of the drive and must be
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varies proportionally with its frequency "freq", as
illustrated in Figure 8 The frequency "freq" starts

watomasoisand i s i ncreased until it reaches theptTABR1008/002372

val ue shown Fig. 8, set in the software of the

m crocontroller 26. The "fsgf" value is greater than

the m nimum el ectrical frequency at which the c.e.mf.

zero crossing signal can be surely detected, so that

t he phase rel ati on between the counter el ectronotive

force Es and the appl.ied voltag s.can be measured in

Iflﬂ‘é‘%ﬁ%%coé‘il%éo earafaﬁ@og $RTEOIPRY A0PASHIER e angl e d

madeThy bhﬁlilegslﬂf(btoﬂz esbjEgeddthYsoahovator ekl gereesedBby the
of .this,ac elertlonr g

i aiegnta iRl il S SnB e s Btorete pREH el sai ke

t o t hestem8r the drushlashmotat Dis ®ntroll@hm sipsilythe sahne way as an

SURTIUERS o R BE AR, 2GR B Y pP R S

wingtibe rmﬂ s0fin i Bredetwpeietpterdicdd apd pigtor fﬁ§l§t nevey %ceeds

&t @BgrBed R r&éﬁkﬁ@ @S cofdlitiin 36(’56‘55&59 ahd @uﬁﬁﬁeﬂtntoe takey the

A DR o LSEmBan e el DR GRS dodt kg el

‘tshechramqus? hoedif , t he angl e betvveen rotor field and
stat g %x e bloft galﬂ%{ﬂ{he%%geﬁ/% jsc c%og @%ﬁéh 5%g%§ ?J‘étkaﬁ&téé%ﬁat

conditron necessar I Cl en rat
thie inetor aeagines fsa;fﬁqmé qussierrh readt hengg ﬁ@ltqubar tos A¢astpsategt én the

NBhicds 188 td ThekPpOiMeortedpéndiSy RERE HRGHScy FREET, for-@%ﬁmple as 2
S| ope vaI ue.of the ranp V/f is chosen in_such Vé)/\[ae%:ge S d

fugctinnn oh R EORRGItal RAARSTEF ek &1V IBYeILGT § i PRk
aulfiegttmpéatirdence torque, to accelerate it in the

R B ARS8 SRR i e ey

remainscromsnniadt thavaet ‘éet” sudtheaappliet goltage Bs §u¢qgtejased at a

%ﬁnﬁf‘& nmbi ent tenperature. Reaching the
I%(requency %eget ri fglers step C, during which_the
f r eqéémesationedin §tep sroemdt Zepp erogsing 8ignalde pvailghle apd ghe

ﬁ[bt% b&@lleé‘ﬁ)k]% ﬁﬁk@Eé/ﬁs théreftR6 f&aﬁﬁﬁ ﬁﬁo@hﬁh@ﬂﬁér@édﬂtﬂbﬂér 26.
rate oned e C.

oo TP doreage o N radiees Mmoot B ls §EH fursretyg the
midmias Ivalub hmq&ifre:d eo nesap uthe dmbtor otugling:hevhen this condition is
{Qﬁ&{eﬁcf} s%ﬁsta&:[tbﬁly% %%ws%l th%%lcﬁ%%aﬁtr&fler\é% Je?eg{éctﬁé mn

e curr Elr aw
plege p@mutmrobdtweqn YhendhBs and eansidiersptepfhendadni s

condigtdyQPid Rllowed by step D.

In step D, only the amplitude Vs is set and not the frequency “freq”.

The microcontroller 26 continuously detects the electrical frequency,
acquiring the time interval between two consecutive signal edges, whether
homologous or non-homologous, of the output signal from the c.e.m.f. zero
crossing detection circuit 6 to which the frequency of the output voltage
fundamental of the inverter 3 corresponds.

In order to obtain optimum operation of the motor 2, an iterative procedure
comprising the steps described below is also implemented.

The peak value of the phase current is measured by the microcontroller 26
through the shunt current enveloping detector 27.

The microcontroller 26 detects the c.e.m.f. zero crossing through the
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reached, Vs and Es are substantially in phase, the
m crocontroller 26 detects the in phase condition

woetmwmsmsys and Es and considers step C ended. pErap20as8/002372

is followed by step D. hi step D, only the anplitude
Vs is set and not the frequéhcy "freq". The

m crocontrol |l er 26 conti nuously detects the el ectrical
frequency, acquiring the time interval between two
consecutive signal edges, whether honol ogous or

AP RERIREBNSeirQfit .he out put signal fromthe c.e.mf.
0Ssi hg de e ui t

zero ncir 0 wh e

fr eqﬁwcvwa?mﬁe L u% gty e %ffY&%%%QPetwerf Ne and Es,

ke ke rsoﬁmee rmaan@mﬁs theh imi@beaitroller Abtiatspofatdsndinrelation
er at i tor qur

BBfHsh oot Eodlp poiisdy. P bt Bt i BERCGANE Bt the phase

Du@@ﬁﬁﬁﬂtﬂ@ﬂmﬁg@)mammmﬁmmmﬂmh the phase current is

meas uAletﬂjsﬁ%lﬁth@le ?&&%Q&% e atd f%m%ﬁe B oHGhed: BE 1R AL Value

current envel oping detector 27. The m crocontrol I'er

gbthephasq {great.e. mf. zero cr035|ng t hr ough

t her eﬁﬁexbbw el Bb@alt d;mmzﬂng (pbki)dedﬁre c'£h§c‘-:s MRl BdsabioeD to

26 t I|e he adva ﬁ en Vs ?nd Es5

SPsies THLE st B AL S o Bipee e MRS sttty of 1 er 26

i ncorlpdhiat étwatidre asehattlonnd t}’éisméeah poiver admarimézedn by euitably

g@cﬁﬁ% ki?léfn’:', Mﬁlqu{ér\gﬁ r{ﬂe Bﬁﬁm%%%%ls&ﬁ‘e Oft it %Sssﬁrh@%ﬁ make the

curr correspon opt i n1opera
wtm reztSﬁéahiY é@@ﬂm @V¢YE§Q apddsnfl p@dnvm@% &@Fﬁm@%e to

(ﬁ@@‘%h\é@ﬂn? fthe IR eBhARPOrGUENGNEucts'beth8 RAVIS draulic circuit
5 |ong |n12|q&#ﬁﬁ9 egyre causes the brushl ess
3B 8ie 53 ?eﬂug‘ﬁé?rgf"éa f. in phase with the
r espeniic venhtfolh aﬁf&h@w deeribed hlsotd]lo&vssmmmmm Rffidkéncy of motor
nti,oned, . ab bed oue sul I
r&[glv? |br¥ g c%%]engt e vaeiaCfl Statm%lg Wg%fggnt% H%}ég p %agsgd%lrﬂé the
ir¢spegtivesssinl e t o make the systen1reasonab|y reactive

even fipsSipd %ﬁﬂ %ﬁ\gra‘(e%rth@ | QS 't@ 683&%@@9{ fessetdQn other

tenporary C el |very or suct ducts
thedirusiiesg raeier & diiveatiicignidy PPF@U% e%ern@urrent has no

g@ﬂ@&@n‘cﬁh thd18xi€ H%‘ﬁt oy i gRlakis gThe control met hOd
escr

also | | ows ximum efficienc
i ety i oot fbSuds Y T Bheh g sartre fRhdraids exer.
hm)td)lrpcm’msenmﬂmohhsmlmwmdtunder all badthcbnditions and at all speeds
of rotation: in terms of the vector diagram, the phase current is in phase with the

respective c.e.m.f.
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Thus, the notor generates the maxi num torque possible.
Expressed in other terns, the brushless notor is

wdnoosa4esfi ci ently because the stator current PORSB008/002372

conponents in the axis d but only in the axis q. The
drive operates in such a wd? that, once the starting
transient is over, notor power consunption is

m nim zed under all |oad conditions and at all speeds

of rotation: in ternms of the vector diagram the phase
current is in phase with themgespective c.e.mf.C ains
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ﬁﬁﬁ&ﬁle(ﬁ rebiRBvdTBleent @) chthedRH eh REMS WifteedcBSihstd ¥the motor
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5.  The drive according to claim 4, characterized in that the first and second
inductors (Li;, Liz) are mutually connected to form an autotransformer (9a), said
first and second inductors (Li; , Liy) being in particular wound around a magnetic
core (30).

6.  The drive according to claim 4 or 5, characterized in that the second inductor
(Liz) has a number (N2) of turns much higher than the number (N1) of turns of the
first inductor (Lij).

7. The drive according to any of the foregoing claims from 4 to 6, characterized
in that the number (N2) of turns of the second inductor (Lj) is the product of the
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s . 5. The drive according to claim4, characterized
inthat the first and second inductors (Ln, L ) are

wounbtasaBksss connect ed to form an aut ot ransf or mer PC9a32008/002372

said first and second inductors (Lj1, L 2) being in
particul ar wound around a ngnetic core (30). 6. The
drive according to claim4 or 5, characterized in that
the second inductor (Lj2) has a nunmber (N2) of turns
much hi gher than the nunber (NI) of turns of the first
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i {Jlléctor (Lj1) by the difference between the ratio of
hﬁe synchronous inductance (Ls) of the motor (2)
multiplied by an attenuation coefficient (a) and the
i nductance value (Lj1) of the.firsy inductor (Lj1) and
one, that is: 8. The c?r?lwé(:@ dll}g to claim?7,
characterized in that the attehuation coefficient (a)
is calculated as the ratio of the resistance (R 1) of
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ont ?(rf%]f Featio ﬁthe circuit (6)

t hat detects the zero crossings of the counter

el ectronotive force and withrfhe circuit (25) that
indirectly detects the pH%Sé——urrents (I's), the
controller (26) controlling %ﬁe power supply bridge
(3) according to the zero cr033|ngs of the
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the controller (26), the curve of the advance angle (8) between the supply voltage
(Vs) and the counter electromotive force (Egs) as a function of the phase current
(Is); said curve being in particular linear and obtained in the controller (26) by
approximating tangent of the advance angle (tgd) with the advance angle (9) itself.
11. The drive according to any of the foregoing claims from 1 to 10,
characterized in that the circuit (6) for detecting the zero crossings of the counter
electromotive force (Es) comprises a first stage (7) in turn comprising a first
comparator (16).

12. The drive according to claim 11, characterized in that the circuit (6) for
detecting the zero crossings of the counter electromotive force (Eg) comprises a
second stage (8) connected in cascade with the first stage (7) to minimize spurious
switching.
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WOBs)/copri ses a first stage (7)

characterized in that the circuit (6) for detecting
the zero crossings of the counter el ectronotive force
in turn conNpPCTIBLH0L002372
first conparator (16). 12. The drive according to
claim11, characterized in that the circuit (6) for
detecting the zero crossings of the counter

el ectronotive force (Es) conprises a second stage (8)
connected in cascade with the first stage (7) to
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enveleaioa@aet ect or (27) of the current flow on the
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1929&&111510:9 three-phase motor, so as to make the rotor turn until it is at a known
position.

17. The method according to claim 16, characterized in that at the known
position the rotor field and the stator field are aligned.

18. The method according to claim 16 or 17, characterized in that it comprises
the step of powering the motor (2), in particular after applying the constant
voltages, with three sinusoidal voltages phase shifted by 120° electrical degrees
from each other so as to create a rotary stator field at increasing frequency whose
amplitude varies linearly with the frequency itself; the stator winding comprising
in particular three windings with identical shape and number of turns, spatially
phase-shifted by 120° and connected by a wye connection whose centre is not

accessible.
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17. The nmethod according to claim 16, characterized in
that at the known position the rotor field and the

webteams4fssel d are aligned. 18. The net hod accoprdrmBRodg002372

claim16 or 17, characterized in that it conprises the
step of powering the nmotor ¥®), in particular after
appl ying the constant voltages, with three sinusoi dal
vol t ages phase shifted by 120 electrical degrees from
each other so as to create a rotary stator field at
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characterized in th It COTT‘[%IWSGS an jterativ

ﬁl‘c%te(ébﬂ@t ﬁqu;ct%‘g{eg‘em (ﬁ@ssgr}% the counter electromotlve force (Es);
- applying an advance angle (8) between the supply voltage (Vs) and the induced

counter electromotive force (Es), in particular as a function of a relation between
the advance angle (8) and the peak value of the phase current (Is).

24. The drive according to claim 23, characterized in that the predetermined
relation sets the advance angle (8) by calculating the ratio of the product of pi (7)
by the synchronous inductance (Lg) of the motor (2) and the number of poles (p)
to the product of 60 by counter electromotive force constant (Kg), said ratio being
further multiplied by the effective value of the phase current (Is), that is:
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opti m zed operation of the drive, said procedure
conprising the steps of: - neasuring the peak val ue of

woOheryphase current (I1s) using a shunt current PCT/IB2008/002372

envel opi ng detector (27); - detecting the zero
crossings of the counter ell@tronotive force (Es)
using the circuit (6) that detects the zero crossings
of the counter electronotive force (Es); - applying an
advance angle (d) between the supply voltage (Vs) and
t he i nduced counter eIggUru@pqiv force (Es), in
particular as a functi‘oOn & relsati on between the
advance angle (d) and the peak val ue of the phase
current (1s). 24. The drive according to claim?23,
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of the notor (2) and the nunber of poles’{) to the
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ef fective val ue of the phase current (Is), that is: _
-Ls -p d = L 60 -KE the counter el ectronotive force
constant (KE) being in particular neasured in volts V
di vi ded by the nunber of revolutions per mnute, that
is, the synchronous rpm i nductance (Ls) being
expressed Henrys and the phase current (ls) in anps.



