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ACTUATI ON AND CONTROL METHOD AND DEVI CE, PARTI CULARLY FOR SYNCHRONCQUS
PERVANENT- MAGNET MOTORS Technical Field The present invention
relates to an actuation and control nethod and to the correspondi ng
device, parti for permanent-nmagnet synchronous rggy

Backgr ound ArthgkLM7 Synchronous notors are AC notors mhichl?g$g?e at a
5 fixed rate, known as synchronous rate, which depends on the

frequency of the supply voltage and on the nunber of poles of the

ot or. ACHYLEIGIONANS OONDRSL S&ECHOQerdeDal DEVICGHbsRARTIGIIARLY FOR
constituted by a rotor, having a ring of naﬁnetic poles 10 excited with
direct current $YHCHRONAUS HﬁgﬁAH§N5‘§P§?§?, OTORS constituted by a | aninated
magnetic core; the argietgieeld winding is located in the internal
peripheral regi&f&t* core, within grooves forned therein, and is
connected to the Thé\Cpgbpphy liinve i dreansl at esertd nahs.actlbation land he
parti-cul ar case of pernanent-nmagnet notors, the inductor is
constituted by ecopersarestthodagndt togeher apryespondipgldeyfcgl npastdfularly
magneti zed ferrite, instead of by, pol It with DC current.
Snﬁl{permnentf?@gq'leelfmasrifﬁ’c E“Sﬁ{)‘é% rgr%ﬁg)trlgmé?ueseérﬁ&rtr?g%t'l y 20 in wi despread
use owing to thgggkéggqﬂd(xfky and | ow cost and rare ‘usual ly used for | ow
power |evels. e synchronousgznot or,. however, entail's sone .

dr awbacks. Fi rstSyicaténoys mesteps possiisl QP s edhéch Herkahft idfg @
rotation direction; noreover, the stati torguefg{ ered. ;s

, i | 5
_substantial | § weled ety "NE"t G5 SORSTTRES Ul TEendePengs (3, the

I C even
Qﬁesence~0t~19|@}éaﬁﬂﬁbfﬂgﬁ|tﬂémgﬁbply voltage and on the number of poles

cof the motor.
Synchronous motors are generally substantially
constituted by a rotor, having a ring of magnetic poles
0 excited with direct current (inductor), and by a stator,
constituted by a laminated magnetic core; the armature
winding is located in the internal peripheral region of said
core, within grooves formed therein, and is connected to the
AC supply line by means cf terminals.
15 - In the particular case of permanent-magnet motors, the
inductor is constituted by a permanent magnet, generally
made of alnico or magnetized ferrite, instead cf by poles

excited with DC current.

Small permanent-magnet synchronous motors are currently

20 in widespread use owing to their simplicity and low cost and
are usually used for low power levels.

The synchronous motor, however, entails some drawbacks.

First of all, it is not possible to predict the starting

rotation direction; moreover, the static torque offered is

.25 substantially weék, making startup sometimes Qifficult even

in the presence of relatively small loads.



2 gexpensive and therefore cannot be used conveniently in notors which
must have a nobdest cost, such as for exanple those designed for punps or
sim | ar devices. In many cases, the use of these systens entails
structural nodifications to the notor, making their use inpossible in
nor mal NMBSS- RyPsGLsh ON. A principal aimof the presentpdpManbdign is to
allow the startup of a synchronous notor so as to select the preferred
rotation direction and provide a high static torque. These characteristics
can be achieved by nmeans of an electrénic device which is particularly
sinmple and econonVaa&ousaddvicasesaveaheenappwépedatelyrdeprmgranwﬁdte
m crocontrol |l er, ThIS sqQlutio aII to mnimze the use of _discrete
ﬁVﬁh

external conpoi®its STEY R t3Hfe RFFEEFR GFQYSFﬁ&H%ﬁY?ted and
reliability, and Gosli%e and Iﬂsrahe\f% addnnd BEhels AP €6hs it

become appar ent PRerei nafter are achi eved by a nethod for actuating ang
controlling el aetbre mbtiahs musar thaoad &t | yodest pesstanestch aagifetr example

synchronous notors powered by alternating current supplied by a supply

mai ns and coRprthePAgdasbeRFANEIN -PUIRRYMEL SIFELaF dEWdCew stator which. is
provided with ¢ S qng§n te gs, t

provi-des,- for__ theE-%pgnwer gu%cé EP,\QI rslgélg %gtﬁég 5 SZggmgdlﬁ:”lrn??l;on of
t he alternatingtgabmafaﬂtmuﬁiﬂmc&ﬁmbw$ngo thermbzoﬁkwmwghn@lﬁﬁétmOhge
solid-state switches driven by mcropgocessar neans,. a DC conponent so as
to correct theimpagadbie BR|RfFEH: THSSHQINGEAPD- sai d switches being
adapted to adjust on_co Pd th BT RN rotation direction as well as

t.-he .t or que andQéﬁﬁgﬁigﬁgas—Fé%e—va+ues£%f said notor.

REPLACENENT SHEETS,§Gpr1nc1pal aim of the present invention is to allow

10 the startup of a synchrcnous motor so as to select the
preferred rotation direction and provide a high static
torque;'These characteristics can be achieved by means of an
electronic device which 1is particularly simple and
economical and uses an appropriately programmed

15 microcontroller. This solution allows to minimize the use of
discrete external components, to the full advantage of
"circuit simplicity, reliability, and costs.

The foilowing characteristics are among the advantages
cf the present invention and are listed by way of non-

- 20 limitative example.

Wwith the method and corresponding device according to
the present invention it is possible to vary the rotaticn
rate of a synchronous motor through a frequency variation,

. gradually passing from the motor rotation rate to a preset

25 rotation rate. This is achieved by means of a ramp time
which is calibrated (according to the characteristics of the
motor) so as to maintain synchronism.

) It“is_possiﬁle to correct the induction on the stator

by means of a curve which is preset in the EPROM of the
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2a The above aimis also achieved by a device for actuating and
controlling electric notors, particularly for permnent-nmagnet
synchronous notors supplied by an alternating voltage provided by a
power supply mains and conprising a pernmanent-magnet rotor and a stator
provided wi thygQgegeprondi ng exciter windings, further conpriy %@99%4 4
position sensor acting on said rotor, and m croprocessor- base con rol
means arranged between said nains and said stator and connected to said
position sensor, said nmeans being adaﬁt ed to nodul ate the AC nmains vol t age
by appl yi ng DCrcp@peaenitSrcbDlean d( ACswol taderesocad too Stear t urcatrat ron llenr
a preset direction accordlng to the polarity of said DC conponent,
characteri zed |thHﬂ¥Pa§éF6 m croprocessor-based control neans are
e e N 2 TP Yis e Eh <R 1okl %200 oG RS SHALE! Ly
driving solid-state “sw c es acting on said 61 1 'ow

characteristics @1%&@angawa>madvammgw afe thecm@ﬁ&r}iolllféien]by oneand arfe
listed by way of non- limtative exanple. Wth the method and
cor respondi ngs deledésasedoraf iga e, AIROYSHAGIP FATAPFHASIRY | oRRisiais ofo

vary the rotati 36,(% Ir attgag’fSl tabzsy&?ar}r(qcﬁ%ougs ngt %nE'EESHQQfa t],(l'{ equggy of the

variation, ..gra ng .from notor- rotation rate pt esét

rotation rate. Fhine k8qacReaves Myadeansctftadn 28Patidk ravd ,chaﬁcsetera
calibrated (according to the characteristics of the notor) so as to
mai nt ai n synchroni smin otnertwqusd%)ostsliebwe?omréé#?éc@omwn%mﬁﬁweowmm:

stator by means of a cu Qpreset in the EP
ni crocontrol | er copfpLgs . Féfef%h%’é n léesqu.lrpegorhlctro léf’e. grelcrlllgfvter“ﬁhmh

10 1s most adapted to the operating conditions of the motor.
The stator current is controlled in order to correct
the induction curve and to protect the permanent magnet.
There is provided a launching procedure and a
presetting operation by using DC current which is modulated
1s so as to avoid demagnetizing the rotor magnet.
The rotation direction and the position of the motor

are also controlled by means cf sensors.

Brief Description of the Drawings

The characteristics of the present invention, according
to the above aim and objects, can be clearly determined from
20 the content of the appended claims, and its advantages will
become apparent from the following detailed description,
given with reference to the accompanying drawings, which
illustrate a purely exemplifying and non-limitative
embodiment thereof, wherein:
25 figure 1 is a schematic embodiment of a permanent-
magnet synchronous motor;
figures 2 and 3 are views of possible circuit diagrams
related to devices for the actuation and control of

synchronous motors according to the present invention;
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3 m crocontroller (also referenced to as [err]controller

herei nafter). It is possible to inplenment various curves, which
are sel ected automatically by the m crocontroller by nmeans of 5
dedi cat ed sofhweeds7 according to the operating conditions @frppsrpsisbe
notor, for exanple as a function of the |oad, of the tinme required to
reach a certain rotation rate, etcetera. I n other words, the
[err]controller contains software which contains the i nforrrati on
required to define ﬂ:Jt,sntﬁuarvé WimdchS  a@ej sV rse Qéa[ﬁ@ﬁs%él?hefb@éﬁﬁlalrﬁ@

conditions of the not héa st at or, curregtcbﬁt? Ptrf)lé gd.Jdn

order to corrd&lated ttohé'“tﬁaﬂitf%ﬁ uerv‘—}‘ec‘e'ilnad:“toé1 570t 68 errranen

magnet . r@%fc%o'ralargovbdgﬂeapi@é}émhlﬁgem—_%agiure and a
presetting operatlon by using DC current whichis nodulated 15 so as to
avoi d demagneti zi ngildueresotéoranmagheare respectivelle arvievi ofi @i ridottihmr and

the position of the notor are al so controlled by neans of sensors.

Brief Descsi ptdioreift t AeaBFaRi fgdated to thendedhhcREFPIGTY of Ot h&e
present invention GeordiBdeion LRALNE APAYE Al M-andQhi eEES,p&QBlBQe
clearly det er R ne%l rom 20 the content of the._ appended clains, ;and its..
advant ages Wi lave formseenienhappareatusedmd entgbloandgddeve the motor .
descri ption, given with ref er ences to t he acconpanying dr awi ngs, whi ch
illustrate a pia AL e pghY Mot i ve enbodi ment

t hereof, wherein: £nbogli it & mot

per manent - mgné%ynchréﬁ%&éﬂgﬁéfﬁlﬁ %ES@H% urg%Z ar? Su armeO volrevvs
of possibl e CigeiidirtaldiyageaiBnated gy atiasd ntafetiemlceesufneral he. artieiatdwrr dnd.

control of synchronous notors according to the present invention,
10 comprises a permanent-magnet Totor 4 arranged between 'the

poles 3, whereon corresponding exciter windings 2 act. In
order to perform measurements on the rptor 4, at least one
position sensor 5 is provided, for example of the Hall~-
effect type. It is of course possible to provide a plurality
i35 of sensors (for example two such as those designated by S1
and S2 in figure 6) and said sensors can be of another kind,
provided they are adapted to detect the position-motion of
the motor.
one of the possible embodiments of the invention
20 provides, as shown in figure 2, for the use of a circuit
based on a microprocessor 7 (also referenced to as
microcontroller or pucontroller 7 in the present
description), which is electrically connected to the power
supply circuit 8 of the motor (designated by M in figures 2
>5 and 3) at corresponding connecting points 9 and downstream
of a power supply 6.
In the illustrated example, the microprocessor circuit
7 is connected to the Hall-effect position sensor 5 and to a

TRIAC component 10 which is arranged, for example, in series
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4 figures 4 and 5 are views of possible flowharts related to
nmet hods for the actuation and control of electric notors according to
t he present invention; figures 6 and 7 are respectively a view of
a further 5 wiorsendls7 diagramrelated to the device accordi ngcrErhingi49
present invention and a diagramrel ated §0 possible wavef orms whi ch can
be used to control and drive the notor. Ways of carrying out the

| nventi on gure 1 sche t| cal | | ust r at.es syn7c r onous not or

general |y desi g‘h‘ét*’e’be bf?t"t‘h%r r B Jer}%e n &r Bt OO © 1S3 WoHpri Ses
a permanent - magnet . £ of Oty 4k ald,angegy petmeero h.@ilustﬂﬁkﬁﬁ 131 YRer 08ures)

correspondi ng ex0|ter w ndings 2 act. In order to perform neasurenents
on the rotor 4,sqtad eastpreset thepmtemdﬂﬁsmm ioB iddrprbypded, for exanple
of the Hall - effect type. is of_ course poss rovide a

plurality 15 of serF§br"she( f%"ra“@%&rrﬂfe Fi0irsuch & ?Eu‘b’%%l %a‘f‘é’ﬂp‘b@/eﬁis
and S2 in fi urle 2}? %&Esle e &M, Lt@/lq;eda%%t%{ ahh{g:’natlve PV ed

they are adatedltod ect thep Ition- rmtlono _
One of the possidia emvadienents of the invention 20 provides, as shown in
figure 2, for the use of a circuit based on a m c¢roprocessor 7 (also_ - -
referenced to as  The crititohefol feF of‘c[télrar‘]b’bﬂtr%PFlerc?“ltrF‘ihélSﬂeséﬁ‘te

description), IS electr ly..co t up
circuit 8 of tﬁéyrh%l%? ?%ses%“a%é? d’yabn %E Qﬂg%%%sg%h%gg lcaé)@ Pivo a
correspondi ng CONNRHIN}I pROEBESTS a&mi ﬂmmsd r@dtue con®fol POYEEdSHPPI Y 6.
In the illustrated exanp F

the m Cr oprocessor circuit : 7 is.connected.... .

to the Hal lzxoef f ect g’@g tl.aencéemwr@%et,o describedppalrenanbonekt 0 tF ch

I's arranged, fo{l % 1§J11ees4 particularly in the first part of
said flowchart, can also be used as a procedure which is
independent of subseguent procedures, i.e., only to start-
the motor in the chosen rotation direction. In this

15 procedure, the stator is powered by means of a 50-Hz AC
voltage characterized by a DC component, the effective
voltage whereof causes the rotor to be positioned in the
chosen directicn. The polarity of the DC component depends
on the chosen rotation direction. The position sensor & 1is

20 capable of reporting to the microcontroller 7 that the rotor
¢ has aligned, so as to promptly apply the symmetrical in-
phase 50~Hz AC voltage, thus starting rotation in the chosen
direction.

Oonce the startup procedure has ended, it is possible to

25 act so as to improve the intrinsically weak torque of the

. ' synchronous motor. The above-described position sensor 5
measures, at every 180° of rotation, the phase shift of the
rotor, which is accelerating towards the synchronous
rotation rate, with respect to the mains frequency.

30 Proportionally to said phase shift, the microcontroller
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5 ’ to the stator windings. The mcrocontroller 7 can have, or be
connected to, a switch (not illustrated in the figures) so as to
preset the intended rotation direction. In the exanple of figure
3, aplurality of conponents 5 11 of the MOSFET type is provided as an
al ternative ?"c? PlYe7 TRI AC devi ce. The net hod CHEIP70444#% uat i ng
and controlling the synchronou5|nﬁcn can be divided-schematically
into a Iaunching procedure and into a torque control procedure. 10

The | aunchi ng Proge Fr &0 dEser gbg@oscfaensihgahuvbyo hesymmed L PACHANLe O
figure 4, particularly in the first part” of said fl owchart, can a

be used as a pﬁﬂ&ﬂdﬂﬁeDWhmohppsent oflhﬂ@pﬁnuemuuetespbseqMEﬁt(xmfmxﬁhﬁés
i.e., only to start notor in the chosen rotatlon direction. In

this 15 procetfiiid Pﬁeqﬁ%ﬁcﬁo EPBoePEF MR Trelfs IH $03H A this
vol t age char a%aqunlte;:ed by,eq.yDglggngQ ﬁ] tc;g]ﬁleeffegycggned whi’?rlltf?%el Vglei' eof

causes the rotor to ‘be positioned In chosen direction

pol arity ofg t he e aompabedhaliesgndsronous aoridue .chosen rotation direction.
The position sensor 5 is 20 capable of reporting to the mcrocontroller 7
that the rotor W¥$hhé§I5PF§ﬁéH r&5ea8PEB BPofpELYC appl Fhehdedpesetqdarcal -

i n- phasech%‘%e'z%fgfﬁ@mgea tlys¢StAL g d%err%&at gg, eg@osqh%o%t&%%%n iS o

direction ce the startup psoceédure has I'S poSs

to 25 act Sge%idwmddﬁpmﬂvehbhesymhétﬂ5¢Cﬂbhybﬁﬁﬁﬂ(édﬂﬁyﬂpdﬂaﬂh@eto the
synchronous notor. The above-described position sensor 5 - nmeasures, at
every 180[ er r [chefsemotratREAODt AT §Hken sif fitn Jgctede Then, ren gthe Wisdls iof

e mal s B oqudiiy o St IS ueseat Bt b Rl B 8l [ FR8T
niCrOCOﬂtrO"Qﬁgure 3, the half-wave corresponding to the rotation
direction 1s injected or, as an alternative, the
asymmetrical component corresponding to the rotation
direction is injected again.
15 For particular applications requiring even higher
starting torques, it is possible to use, instead of the
TRIAC 11, a solid-state switch characterized by the
possibility of perfectly defining the polarity of the
applied wave trains, so as to reach values which are 10
20 times the nominal synchronous torque. By means of this last
configuration, instead of working with the mains AC voltage,
but by modulating a DC voltage (as preovided in the diagram
of figure 5), the microcontroller 7 is also capable of
varying the synchronous rate on command, generating an AC
25 voltage of appropriate frequency. In this manner it becomes
possible to édjust the torgue and rotation rate values of
any synchronous motor by varying them within the mechanical
limits of said motor, even in the presence of a variable
load.

30 During the launching procedure and during rotation at
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6 - 7 sends to the stator a plurality of asymmetric waves havi ng a
DC conponent of the appropriate polarity (reference shoul d be nmade to
the flowmhart of figure 3). In this manner, a very high static torque
i s obtai ned whyglgasss7l. 5+2 5 tinmes the nom nal synchronousptpEsit@4149

Wth particular reference to figure 4, theynethod can therefore
include a first step wherein position control is performed and the

asymretric conponent corresponding to the chosen rotation direction is
injected. Then, mm-tdyachaonsusf rali®sa Hek | G KO# raé’lsorétgdl PYusbeas®RREDY ishe

deci si on synbol of r the_ha C ndi to_the
rotation dﬂrétrl§ﬁﬁeéM%Q?uQ§:l%PP éurrexg R ?@Tﬁ% ger™ FRE® °f

asynmet ri cal CO%&% eer peap@ﬂgb@go;ﬁ@ramﬂ Qitatnloﬁnsy 'nchrEh6€6t Eoed 5 the
injected again. - For particular applications requiring even hlgher
starting torqueﬁpudr|1§[ﬂﬁﬂﬂ¢ﬂ+QQQ)%ﬂ#?rmkﬁﬂaﬁﬂiWﬁbnrﬁ#e micqepoxtroller,
solid-state switch characterize ossi bi | 1%%Of per f ect

defi ni ng the5pm%%ﬁﬁyao?uFHecycge §ﬁﬁﬁ%ﬁi%ﬂ9 P& NP ﬁglx§r%%cﬁV9}d

val ues which ar Qnbi BBS PG, 1N NAlb SPHHN [ @ROUS ) OF Si€re ByadANSs of
this last - Sb%? urgtlon tlnsteadrg$ mnrklné MAthm he naf%s i(:voltage

but by nodul ating a BEtwopeayecysr preoﬁ/drdmd:a kot hbedf hgvamart of ofidumpurse
5), the mcrocontroller 7 is also ca varyln%%%he S nchronous

ab:
rate on commandth§&Rerldt PndlaftARF©S s§dVPé§B BRlapTT ot ol
Lhi's manner it BRGQYMESoratioROFaLR! &dd 8dkUSt ibhe L01AUE ] r%@fn' on bt e

values of- - .any synchronous notor by varying themw thin the mechani cal
-limts of sgpd Mreentevehei pollheipyesbdrceodf ia walkabké accorbbag. to3@he
During the |aunching procedure and during rotation at
measured value, 1s injected. Then, depending on the result
of the motion control, a sine wave having a lower freguency
than the selected one is injected or the injection of DC
current of the previous step is repeated.

15 The step for the injection of a sine wave at a
frequency which is lower than the selected one is followed
by a motor jamming control action; in case of jamming, the
motor is powered down and a timer is started which keeps the
motor in this configuration for a preset time (for example

20 10 seconds, as in the illustrated chart); if jamming has not
occurred, position control is performed. If position control
yields a negative result, the selected sine wave is repeated
with a reduced amplitude; if the result of the control is
positive, a subsequent sine wave is instead injected, its

»5 frequency rising until the selected frequency is reached.

In other words, a device provided according to the
present invention uses a microcontroller 7 which is
programmable {(i.e., wherein dedicated resident software is
provided) combined with a rotor position sensor 5. The

30 microcontroller 7 is capable of modulating the AC mains
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7 . ..non-synchronous rates, the current absorbed by the stator is
1.5[err]2 times the nom nal current. Accordingly, in case of j anm ng
or prolonged operation at non-synchronous rates, the notor is

controll ed iwrg%esyogjﬁgt ently by the mcrocontroller, S W th-peidubacyCl e
havi ng a preset value so as to avoid taking the stator w ndi ng beyond

its tenperature rating. Wth parati cular reference to the flowhart
of figure 5, there is a first process which relates-to position
control, voM £ igé Obat is@p lydng &t démpenesfissei@cepfot.o ThenTaSOCtHD
current,- the polarity whereof is s Iectogd accor ilré%.to t.r{?t metasured
val ue, is injmegnakicThttIrdesén@ifnd "6n THETr dsuld 09 A% H® rdtdon ¢
scontrol, 2 sine wave havlnoaplOueln fTeGUCREKeor wikBRRG MR sehantad gpe s

i njected or t’h}éeiﬂf%)é?l on o current of the previous step is
repeated. 15...ns Jh€ast epaéorohdesbhjeestare oéwitsh nevivinte iatsaries-
frequency which is-lower than the selected one is fall ov\ﬁéd \% a_not or
jammi ng comt rodnmttiesh;to FheaBainf YahvR¥Ry,attthd s dT1VABt B TPSTHBWRY et Yown
and a timer is, started which keeps the a1yerfiBtoUel,n skhi s coptiawiat i for
‘a preset .tine"tfHPCRRARP %%‘2 N %% seconds, as in the ill us?rat ed chart);
it jamm ng hag fptde coMSerdrtad, oPoshei ARIAGNtYEe | B0 perf ofmecthe |HOPRET ti on
cont rol aél el ds a negative result, the selected sine wave is repeated
with a reducegyperplitodeofi bthére pRes t (¥AT t AR W] Fhe ICBT JH&Rgil%, a
subsequent sine wave is instead.injected, |t 25 frequency rising until
: ) t 4, :
t he sel ect.ed ‘?*%‘tﬁfbﬁcﬁf"‘l?lﬁégfﬁéd#_ gﬁe ro OISI n other words, a device
provided accordingrf 9 phesent dRASAN! (AAYERMONCESER sPANDINGORtettdey 7
whi.ch is . programable (i.e., wherein dedicated resident software is
pravi ded) condinees wid hirgreeiser tpesterowe s8nskt the PYSChIGNOHFCFRERM DI | er
7 1s capable S;tgnggl%uigg %Q%d%gdn%fu%eans-of adapted wave trains of
adequate polarity applied to the stator winding and
superimposed on the mains AC voltage.

15 The stator winding 2 can be supplied with a DC voltage
which is appropriately modulated by means of single-pole
solid-state switches which can regulate the starting
rotation direction as well as the torque and synchronous
rate values of the synchronous motor.

20 In order to detect the position of the rotor 4, it is
possible to use, as also mentioned earlier, two position
sensors which are arranged so that they can precisely
determine the position of the rotor even in case of
momentary jamming during rotation at the synchronous rate;

25 this particularity is useful for correctly restarting

rotation in the same direction by means of appropriate DC
components superimposed on the AC supply voltage.

1t is also possible to 1limit the maximum current

~ absorbed by the étator 4 during the startup procedure or

30 during rotation at non-synchronous rates by means of an
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8 - voltage by applyi ng DC conponents so as to correct the magneti c
alignnment of the rotor 4, allowing it to start in the preferred
direction. The stator winding is powered by means of at |east one
solid-state swd&heewhich is series- 5 connected to the medcdAseryfdsipge and
is driven directly by the m crocontroller 7. As an alternative, it is
possible to provi de conponents of the PRI AC type 10 or of the MOSFET
type 11 or of other types (for exanple of the | GBT-type or bi pol ar
transi stors) at hheckhetieked modil ationlhef ptesedi tgewioel € and tthne applied
correspondi ng ne od allows to increase the torque while t

synchronous rotaeven so asrtf @yoteasd yer §46Red B%/“We‘%sz o‘fr%é’ﬁteééioﬂﬁ§e
trains of adeqqﬁa?ngpéégfé céﬂyy E%%5E9ahg?es$§tfE%&¥é§“é1 n%nq herge

superi nmposed on the The stator winding 2 can

supplied with a,PEe ¥ebl aged foﬂﬂﬂl@é}np&nerﬁjwrdml’ﬁ}ﬁi elogrEndwlygleed deby grraaad
of “si ngl e-pol e solird-state switches which can regulate the starting
rotation directbpntas welferesce heumeralel hn@lnsyh@hméhbuérawmgat ehiah uase of

t he synchronous notor . I n order e¢ the 05|t| Lon of th
rotor 4, it is contpgdde él é’yt&}ﬁfsélc%tlé?}sg &nt 55’ r?l &P IR S5 R P on

sensors whi ch aEfEl%Eatig;%(ioSthﬂtat A&Iﬁ-ﬁ‘a’r&ﬁmgpwcntﬁglﬂé are gebendiere fder
position of the rotor even in case of . mnpnentary:jami ng during

rotati on at thedsynehspndesigrated 195 theiseferariceulsidnsy &.s Risefuland op -
correctly restarting rotation in the sape |rect|3 g means of

-appropriate DCFi JUIHMPonEROY Super F mpod®d Shr FAE dacds vol Pg§&Lble
It is also Ossh?tgrkgtl'v@st dN e X UBYHPESY F &ifch as RRIYNEEN DY bLIFe the

stator 4 du ?ng e startup procedure or 30 ‘during rotation at
non-synchr onoustfah€6styr mars 1aft and of the IGBT type 11".

Between the drivers A, B, C, and D and the pcontroller
7, in_the.lower part of the drawing of figure 6, there 1is
provided a block 7' which represents the component that

15 supports the driver logic unit.

The reference numeral 71 designates the current
feedback connection between the circuit of the motor and the
pcontroller 7; this control of the stator current allows to
correct the induction curve and to protect the magnet of the

g Mmotor.

The stator switches are preferably driven according to
the waveforms illustrated in the accompanying diagram of
figure 7, which shows the waveforms sent by the various
drivers, and by the driver logic unit, as a function of the

25 rotation rates of the motor.

The current values are not linked in a linear fashion
to the rotation rates but they are linked by a particular
curve which is stored in the EPROM of the ucontroller 7; in
practice, dedicated software resides in the pucontroller 7

ap and includes a plurality of curves related to different
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9 appropriate nodul ati on of the duty cycle of the applied - wave,
so as to protect the stator winding 2 from overl oads. Wth
reference to the exanple of figures 6 and 7, there are provi ded four
conmponent s Qo bf&MOSFET type, designated by the referengerpdiRaad 11 in
the main draw ng, which are controll?d by the [err]controller 7

t hrough a correspondi ng driver logic bnit. Accordi ngly, there are
provi ded four drivers, designated by the reference signs A, B, C, and
D. Fi gur epefashogsconditidre ofciposisedledmpaprs, to prs stdiitaroli@d and
alternatives to the MOSFETSs, sudch .as corrgog\%gt stof rtlhe transi stor type
11' and of theckaprefypLthbhe device accgrfyng tepbhg RIRFP N 1EEEL3nd D
and the [err]controll &y nnary?, dilet By iWer aRaidr &fnhhe Jraneng Ofsbhqure
6, there is provided a block 7' which represents™the conponent that
15 supports thevehicven |ogiewainftll control Thé sehertancmonamercio7d as
desi gnates the current f eedback connectjon between the circuit of the

motor and theregar@er Front PHPLCY; IERISE THAProlt bt FRE Ttat of W FRAL
altows to . GORERGL.LNEalIAUGHI0N JGiLYe aad bo REPISHa LiidRGARL e the

20 not or. ator 'switches are preferably driven according
the wavef or nsaphlil webhatedlynatberatngnpanyheg apipdgratiohs, allbging Fhe
whi ch shows the wavefornms sent by the yarious drivers, and by the
driver |ogic smhthrasousfuekdy 6P drvehe viger 5eRE i raRRISL Gt iofe WHE6h.

The current val ues are L Lipked . ip A linear. fasi he cHddde fetation

: a ri :
rates but the?rﬁrﬁ.‘..llrlrﬁﬁggyb? a ga‘?%l cfﬁ-’ar- Soooourv _--\r/%}m--ch--l--s st--ore% in-the
EPROM of the Ler Elﬁ?MEQHrﬁreJdndmiy,_ andpkathhbelitediciattechrsofiywaralr ei des
in the [erf'(icontrol er 7 30 and includes a plurality of curves related to
di fferent the technology of said motors. _

The invention thus conceived is susceptible of numerous
modifications and variations, regarding both its
constructive characteristics and successions of steps

15 related to flowcharts, all of which are within the scope of

the same inventive concept. All the detalils may &also be

replaced with other technically equivalent elements.

~
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10 operating conditions of possible notors to be controlled and
actuated with the device according to the present invention. In
summary, the device according to the present i nvention allows ful
control of synghhgeests notors as 5 regards the rotation direetwpyrostabe
torque, and the synchronous rate; these val ues can be adjusted

i ndependent |y and separately accordinmg to the applicatjons, allown
t he synchronous notor to have a wide range of appli catumﬂl ,,I“""IlﬂH"'
are currently not possible, maintaining tH&AWE acteristicsyie y i
sinplicity, econony, and reliability which are typical of t he

t echnol ogy of said notors. The invention thus conceived is
susceptible of numerqus , nopghdi eati aBs AR nVArdAd | 888« rbadal gl ng1beth sid s
constructivelcharacteristics and successions of steps 15 related to-

flowcharts, gll r@ftoss clpaarecwiahlin fde moopmenft-magnehesgapkromyesntiaers

concept. Al the details nmay_ al so he replaced with other technically -
equi val ent ebenmawered by alternating current supp ied ﬂAFI\/@uPplY ma Ing

met hod for aCtuati”%@%p%oﬁ89359$%imeé¥ﬁﬁﬁé€$lma6B%Qr§ot8§rE£?Uéﬁé'y’JéHfo;

pernanent-nagneﬂEQy onotis notors.© powered by-alternating current: - -
supplied by g supp YwitBdSis ( BYoahded onpthsicey respendingntextageet wiotdimgss)
and a stator™ (3) which is provided w th _corresponding _exciter w ndings

(2), characteri Z&d ;i shemactpripprdiiddiaty gt PROVAEREr SeppFye RAVERiSFPPLY

stator (3), t7he org)dsl'lali%[ is(%r‘]:lt%fr t(g?,alzfagrﬂg&hfgt:[@ﬂ St the élterna_ting mains -
g . voltage by applying thereto, through microprocéssor ‘means. .

9 (7), a DC component so as to correct the magnetic alignment

10 ©of said rotor (4).

2. A method for actuating and controlling electric
2 motors according to claim 1, characterized in that it

3 comprises the steps of:

~— detecting the phase shift of said rotor (4) with respect

4

5 to the mains frequency during the acceleration of the motor
g whereby said motor reaches the synchronous rate;

s -- supplying, as a function of the detected phase shift, a

g plurality of asymmetric waves or wave trains of preset
g polarity to said windings (2) of said stator (3), using
10 microprocessor means (7) which are provided with, or
i1 connected to, switch means so as to preset the chosen
12 rotation direction before power-on.

1 3. A method for actuating and controlling electric
2 motors according to claim 1, characterized in that it
3 comprises the following successive steps:

4 a) controlling, through sensor means (5) which are

5 arranged at said rotor (4) and act thereat, the position of

6 said rotor (4);. REPLACED SHEETS SG
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vol tage by applying thereto, through single-pole solid-state swtches
driven by m croprocessor neans (7 so as to correct the
magneti c alignment of said rotor memnmﬂmes bei ng adapted to
adj ust on conmand the starting rotatton di"reétion as well as the torque

and synchro £ values of said notor (1). 2. A
actuating an&glggn{ ?%)I ling electric nmotgrs according to cl 2?%‘}?[%99709{49
characterized in that it conprises the steps of: -- detecting the phase

shift of said rotor (4) with respect to the mains frequency during the
accel eratiop of thep)nitngiectwher eby asgimderoior coppohest t wel sly nedir Kesitsnds
rate; -- supplyin as a function of the detected phase shift, a '

plurality o8 a er F&‘O\ﬁ/ﬁve’éo*'b?t%z\%:ved’trf%ﬁtrfé’”of preset polari ty to said

wi ndi ngs (2) of saldst u g GLORLO S ) 7)., i-ch
are pr ovi o‘%d witht or ggﬁ%g tghgt m,oml h grﬁ %%ngoggqgs%d g"ro)és nt\g] %
chosen f?’itl e2n) CHH@CEBDDobEfx@r%tl&@WaJ’n- ofase of 3 posethod fﬁs@DEU&tnlmg
and controlling electric notors according to claiml, characterized in -
that it cmprlmtwrnhegf &Pl étﬁfﬁhgblsu?e:rté‘s,asﬁe\/@fstaeﬁ§gata)’e zoul®i | ing,

t hr ough sensor mean d_) ' '
12 arrgﬁgé eC\%AS}aI %0 1f)crce(sllg)lVaenclh erezﬁlc}i & ’T()essiﬁ()ll'ltﬁjr]s of -

sai d ro-tor 3(4) to the rotation diPdctiyrecting an asyrmetrl c conponent whi ch

correspond to the chosen r@tation direction; . C)
control li ng t he not koen Aofmetﬂ’rEOd ofor étt):uamwgngutm controllingtelehgric
follow ng step in case of 05|t|vefesult % et urnin to _
step b) in2cas@°4PrF n%@%??g nged t612 + charactegyz Erf[e ehingi® it
successi ve halfOW@¥QS@Q'Eﬂec96IF5WEHEk%ucce551ve stkPst he rOtat'On

direction. A method for actuating and controlling

electric a Aot m@taclﬂokmmgtb@ Plosiihilon chr satigt | zetoim thhat aind

conprises the follow ng successive a) controlling the
position of saS§LPEESPY(EReafpration Pl angdy 8ALPREIPAE rotation rate and

direction; 6 b) injecting a DC component having a polarity which is

7 selected according to the value detected during the control

8 of the previous step;

9 c) controlling the motion of the rotor (4), moving on
10 to the following step in case of a positive result and
11 returning to step b) in case of a negative result;

12 d) injecting a sine wave at a frequency which is lower
13 than the one selected in step a);

14 e) verifying the operation of said rotor (4), i.e.,
15 controlling any jamming thereof, moving on to the following
16 step f) if jamming has occurred and moving on to step g) if
17 jamming has not occurred;

18 f) performing a shutdown of said motor (1) for a preset
19 . period, subsequently moving on to step aj);

20 g) controlling the position of the rotor (4), i.e.,
21 controlling that the intended position has been reached,

22 moving on to the-subsequent step if the position is correct
23 and repeating the injection of the selected sine wave with
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b) injecting a DC conponent having a polarity which is sel ect ed
according to the value detected duri nﬂ t he control

of the '
previ ous step; c) :UII llﬂll l |”I| ﬁ tion of the rotor (4),
moving on _ to the fol | oMiNGE Ml of a positive result

and wo'sghdkNi Ng to step b) in case of a negative resulmPY7/04149

d) injecting a sine wave at a frequency which is | ower . than the
one selected in step a); eB verifying the operation of said
rotor (4), i.e., controlling any jamm ng thereof, noving on to
the followng . guced ampi8Rublp ih fasei of haoosanr ¢ igadnrovi ng on to
step g) if - janm ng has not occurred; . £ .f% in
perform ng g shut down ofnsaftinet or JUHSEPICR pldddt Wave ©* 1BREFF6F "9
subsequent|ly noving on to _step ; ;OReehkbhng t he

posi tion of 2& hef’f%ﬂ‘{:?rnc(y4)u,n%|lie.tgz afl%%%%crlo T?%Lbenc?)hélt the i nt ended
position has been 4eaghgdthod for actumtingy oantio ctoime ubkengertl esttapi ¢ f
the positiontis correct and repeating the injection of the selected sine
wave with redugedonsphbictodding dasec biimndor et pokprigfd in thgf the
injecting a subsequent sine wave qf ingreasing I Re e
sel-ected freguereyans Féa&ﬁ&ﬁ.ea_seg Wh%ie zc%ene?%%égtg%?%g%st uulna%t%gtlgar?de}pg
controlling el ectcr:i“gd t QERn3CEer APia dpy id B M d v eChafaaicd €1 b2 ed dey tatae

the torque s TRcFeased whil et he synghronous rate iis being reached b%
means of appg OppéBAEi MAYewbich narof andbiedt 0 FolRarFtAFOTWH dH id% &bl ¢ &

to the stator wnding (2) and  are supe{‘]i rrgosed Oltncat hee_AC mai ns vol t age..
6...A met hod § oranetsereRgRan®dcht FBFI fhgmetRet ¥ ot ors according to -
claim1, characterized {n LDAL I troYSeR+ 0L SENEARS clodft HAIEL PRSI teilait0f i ¢ he
rotor (4) which are gar%aﬁégg So'as to all owfo determ ne the position of
said rotor gvep,idrsasecofdimyrant alpirarmi wpadactagiredainohhat 1thgses.
synchronous rate, so as to be able tg correctly restart gt atigp l,gﬁQﬁe
same directign byr meamwen HPERYi 9fetPE SERRPOAEHIE S g& i'nfosed on t he
AC supply vol tage. L ark thQd forr AchHakiRg 1 &bl 608bNAld-igHgate
electric nofor PBEEBF&Fﬁﬁlyoﬁgldglﬁm 1= char ac%eri ileg; inthat it

' switches which are capable of adjusting on command the

5

g sStarting rotation direction as well as the torque and
- synchronous rate values of the synchronous motor (1l).

1 2. A method for actuating and controlling electric
> motors according to claim 1, characterized in that it uses
3 two sensors for the position of the rotor (4) which are
4 arranged so as to allow to determine the position of said

5 Trotor even in case of momentary jamming during rotation at
g the synchronous rate, so as to be able to correctly restart
rotation in the same direction by means of appropriate DC
g8 components superimposed on the AC supply voltage.

1 8. A method for actuating and controlling electric
2 motors accordiné to claim 1, characterized in that it
provides for limiting the maximum current absorbed by the
4 stator (3) during the startup procedure and/or during
g rotation at nén-synchronous rates, by means of an .

6 appropriate modulation of the duty cycle of the applied
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provides for limting the maxi mum current absorbed by the stator (3)
during the startup procedure a ﬂu tion non- synchr onous
rates, by neans of an Hmm " Ilmmﬂmron of the duty cycle of the
applied wave, SO as to protettcthe Stator* winding (2) against

over | oads A method for actuating and controllin electric
not or s accaygfﬁgﬁwto claim1l, charaetdﬂized in that safgEFI04139
throprocess?r ne?ns E?) fﬁntalr dedlcated saL;mﬁre agaptedd _

o automatically select a curve ich can be used in
5Upp|¥|m37pogﬁ$etCbo?afﬂtdﬁ%ﬁéﬁeC£3kbea@%H{nge£ﬁ?lnéh?%) ag?lhft
operating conditions o e notor evice for actuating
and contra | i ngeelestsic notors, particularly for pernmanent-nagnet
synchr onous nDtors u an_alternating.vol tage proyided
by a power 6pﬂfﬁéﬁ#w§?§)aﬁﬁﬁag%ﬁﬁrF&%mf b%?ﬂﬁﬁ@ﬁ:éi@ﬁEFlFotor
(4) amgtoes HldHaidp)to Hoyifed, Whiha GUFLSPONGIHNG haEXELEEr
wi ndi ngs 62) further conprising a p05|t|on sensor (5) acting on
sai d rotor (4m;caoﬁrucese@romesswrébhsemhtaxnndaﬁlcated sofrwame @dppted
o eard pdsitton ai@%%a%%'%afﬁé Sk 2 " ¥eVe peh hghaditibaobo vl Afe
the AC mains Qggygkngx;x; d statt®PPORENtS. LG Al ge,
so as to ?tar%gkgﬁgfl é al¥e§efid?regtﬁon %ccéQgﬁﬁ E% t%ﬂg
polarity ef SépﬂrEf%ng condlmmmpnménthe mbaoacterlzed I n tgaé sa{ﬂ
n1croprocessor- ased means are provi ded wi a nenory

whichil-a . 1°-pﬁuP§VﬁF§ fBF aEGP@é&“gaP@@ﬁ%ﬂQﬁF°¥bﬂngdﬁ¥HQEFlc

.SOLTd-sta e ot RGNS 10.
A devi ce cco?%?%@stzgé%aln19 aractgrfzeﬁ ﬁ%ﬁk{§Hé¥'§§£khronoua mgglflon
sensor (5% is(pf &hppHakd- B?fentauyBEnatlng voltage ﬂﬁovfﬁé&wﬁweaapﬁﬁéﬂlng

to claim9 characterized in that
4 supply mains (8) and comprising a permanent-magnet rotor (4)

5 and a stator (3) provided with corresponding exciter
6 windings (2), characterized in that it is constituted by a
2 position sensor (5) acting on said rotor (4) and by
g programmable control means (7) arranged between said mains
g (8) and said stator (3) and connected to said position
10 sensor (5),‘said means being adapted to modulate the AC
11 mains voltage by applying DC components to said AC voltage,
12 so as to start rotation in a preset direction according to
13 the polarity of said DC component.

1 11. A device according to claim 10, characterized in
o that said position sensor (5) is of the Hall-effect type.

1 12. A device according to claim 10, characterized in
2 that it comprises at least one component of the TRIAC type
3 (10) arranged and acting between said.microprocessor—based
4 control means (7) and said motor (M) .

1 13. A device according to claim 10, characterized in
2 that it comprises at least one component of the MOSFET type

3 (11) arranged and acting between said microprocessor-based
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it conprises at |east one conponent of the TRI AC type (10) arranged

and acting between said mcrop - ed control neans (7)
and said notor (1). 1Hmm@ﬂ' Eﬁﬁﬁt ldi ng to claim9,
characterized in that it cowpr S one conponent of the

MOSFET type wosseisfll) arranged and acting between said PCT/EP97/04149

m cr opr ocessor - based control neans (7) and said notor (1). 13. A
devi ce according to claim9, characterizeth in that it
conprises at |east one conponent of the |GBT type arranged and acting
bet ween saiad cohtroprmea’soilbaied sadehiesermeihs (7) and said notor (1).
14. A device according to %I.%i ma9c, o ch%racteriggldm kg tgat it . d i '
conprises atl | east ohé' cBMPERERE SFOTFREY bi%orad ™t FansFEEERCTEypeed 1n
arranged  ahd (,3ftiiRgcomP@iveeNat Siadt MBrd GYPRSTR! Jrasekk COBkt Okype
means (7) and saird notor (1). 15. A device according to claim 12,
characterized i arrehgedi tardn@dtsexy f bat wWEBFE= i ¢ periconppnenes scrhHbawmedh
are -arranged and act_between sai 'cr.gprocessor-based control means (7)

idm
and sai d notor F2FTERY MF AT drife 6 SB3Y BREPEr MEont r of led by, said .
m croprocesgor - based; 0N} T gleyiBANGCAkaiRY MRANS) Hifm 37 6T i ¥ﬁ£r£89éﬁzsé83pgﬁ.t
conmpanent. (7':)... ... .. ‘16. The devi ce according to claim9, characterized in
that said npnoryhas am EPRPMitsgse aterlorast one component of_the bipolar
. 3 transistor type arrgﬂﬁed ‘and acting between said

microprocessor-based control means (7) and said motor (M).

a
1 . ..16. A device acéqfding to claim 13, characterized in
2 that it comprises four MOSFET-type components (11) which are
3 arranged and act between said microprocessor-based control
a means (7) and said motor (M) and are connected to, and/or

5 controlled by, said microprocessor-based control means (7)
6 by means of a driver logic support component (7').

17. A device according to claim 10, characterized in
2 that said microprocessor-based control means (7) are
provided with a memory of the EPROM type containing
4 dedicated éﬁftware which comprises a plurality of curves for

5 driving solid-state switches (11) acting on said motor (M).
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