1 Title: "CONTROL SYSTEM FOR ELECTRI C MOTOR APPLI ED TO CYCLI C LOADS
AND CONTROL METHOD FOR ELECTRI C MOTOR APPLI ED TO CYCLI C LOADS'. The
present invention refers to a system anld method for 5 controlling
el ectric notors, and especially permanent nmagnet notors, of the
Brushl ess DC trapezoidal type, with the aimof optimzing the
efficiency of electric energy consunption in driving the cyclical
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consunpti on of energy i s necessary to synchronize the current

! It ) .
with the i n@aRicRtess tthglkinvalve HBe pisgselscylicahioadst shch FniteoseafPuse idone
by usi ngpse Spl &gl Mhi f . i ;

i nducedg(\)/ol {& gg g or '?ﬂ?é@?\%\&% ﬁﬁfoﬁ hhé@#r{%tt%rﬂg%)%ﬁlggﬁﬁ(y@%ﬁé@ﬁgwie
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el ements to he desi f d.h or, .considerably increasing the
final cost OftHE 'SB%EE‘B&#“%D@@MFF limtations of space and the
environment itself tpemhardhtt RAgA®t Ghotbls SHOHRCtIBruBRksE enderyddieaidse
of these tyges of sensors unfeasible. This is why the use of voltage
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vol t age observer t wth a network forned vol tage conparators,

capaci t or s andintess upside slowrh evicoepibe geonsnenit pagnéts asenmbourded on the

m cropr 0CeSeq{br, %Nhile in DC motors the reversal of the current is carried out by the
switch and the brushes, in the case of Brushless DC motors, the current is
reversed by power inverters which drive the stator coils.

20 To obtain maximum torgue and highest efficiency in the
consumption of energy, it is necessary to synchronize the current with the
induced voltage in the phases of the motor. This can be done by using
sensors coupled to the motor shaft or by observing the induced voltages, or
currents, in the motor phases. The sensors coupled to the motor shaft have

25 the drawback of adding extra elements fo the design of the motor,
considerably increasing the final cost of the solution. Moreover, limitations of
space and the environment itself to which the motor is subject, may render
the use of these types of sensors unfeasible. This is why the use of voltage
or current observers constitutes the best choice in most cases.

30 North American patent US 69822027 discloses a technique that
uses a voltage observer built with a network formed by voltage comparators,

capacitors and resistors. The comparators output is sent to a microprocessor



whi ch determ nes the comutation instants of the notor drive.

Al t hough the solution is mcroprocessed, it requires the use of many
external conponents. ANDRI et al. uses a technique where
the three phases of the notor are showf, treated mathematically, and
then conpared with each 5 other to determ ne the comutation instants
of the notor. The advantages of this technique are the elimnation of
the analogical circuits in determning the position of the notor, the
f1exibility which Heteamingstthe copraftatidreinstssds vetheavotor dring Adthobgh the
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rotation speed. e contro e aver age spee
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consunption due to the reduction of the 10 notor power factor.
displacement direction. During this stage, the fluid is compressed inside the
25 cylinder. Compressing the fiuid generates a much greater torque than the
average torque resulting from a complete mechanical round. Bearing in mind
that this behavior is repeated every mechanical round, a cyclical behavior
can be seen in the variation of the torque during the working of the motor.
The torgue variation within a mechanical round causes a
30  variation in the motor speed, decreasing the speed of the motor during the
compression cycle. Generally, there is no offset in the control action to

adjust the instantaneous speed of the motor within a mechanical round, so as



Bearing in nmind the conpression cycle, for exanple, it is noted that
the induced voltage in the notor sustains a reduction of anplitude
due to the reduction in speed caused b% i ncreased torque.
Conventional controllers do not act to“nodify the average vol tage
applied to the nmotor and this is why 15 there is an increase in the
difference in potential applied to the notor coils, which is defined
as being the difference between the voltage applied by the inverter
and t he i nddeeifselohespecdidurine the compreshioniaycieeabiee conttdilersdiidviedopedce
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compression cycle and decreases during the suction cycle. This behavior is
exactly the opposite in the behavior of the induced voltage, which decreases

25 during the compression cycle and increases during the suction cycle. The
impact of this reverse behavior between the voltage and the current is on the
motor power factor, a factor that decreases as the waveform of the current
becomes different to the waveform of the induced voltage.

Brief Description and Objectives of the Invention

30 The objective of the present invention is to improve the Brushless

DC motor power factor applied to the drive of cyclical loads, by way of

adjusting the waveform of the current applied to the motor. This adjustment



Anot her means of achieving the objectives of the present invention is
by the provision of a control nethod for electric notor, said

20nmet hod having the foll ow ng steps: i) cal cuI ate an

aver age speed of the electric notor based on a readi ng of an

i nst ant aneous speed of the notor, H) cal cul ate, using the
average speed of the prior step, an average voltage, 25iii) nonitor
an i nstantaneous speed of the electric notor, i V)
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Brushl ess DC type, three-phase with 4
electronic power unit being arranged to electrically drive the electric motor by
15 way of an instantaneous voltage value, this instantaneous voltage value
being calculated by multiplying the average voltage by the result of the
division between the instantaneous speed and the average speed.

Another means of achieving the objectives of the present

invention is by the provision of a control method for eleciric motor, said
20  method having the following steps:

i) calculate an average speed of the electric motor based on a
reading of an instantaneous speed of the motor,

i) calculate, using the average speed of the prior step, an
average voltage,

25 iii) monitor an instantaneous speed of the electric motor,

iv) electrically drive the electric motor, by way of an
instantaneous voltage value, this instantaneous voltage value being
calculated by multiplying the average voltage by the result of the division
between the instantaneous speed and the average speed.

30 The system and method described above implement the
adjustment in the waveform of the current, pursuant to the teachings of the

present invention. Accordingly, the control method modifies the voltage fo be



15 poles, with trapezoidal 'voltages at a level of 120 el ectrical
degrees. The diagram conprises a rectifier, a capacitive filter, a

t hr ee- phase inverter, characterized by _.the set of power sw tches, a
per manent magnet notor, a voltage observer and a control unit. In
(b), the waveforns characteristic of the drive of the electric notor;
20Figure 2: presents the block diagramfor driving the electric notor
using an average speed controller. The control of this solution is by
moni tori ng ehplied & thie Mateemubipingthepevarage voltage, PFGV!PH@}W@fIB@d ©x0)

waveforns o a d
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t he notor; Tthlvgmk @lse: highiighésthat ihet iInwoshicsef giisbaned in the

ot or ©esul Mol AL cGBRY B B e bl R SRR R
identical wawehosior, without altereghtial eadrageusiiage calculated b¥ritharspedd

characteristic curve of a cyclical |load applied to a notor driven by
an average SPRER NESHPTol I er; SFigure 7: (a) presents the waveforns of

t he indqlgedSylp,l,,;‘gnglggtﬁPngoﬁfofm@D\{%; applied to the notor FA

(b) presents the wavef or the current resulting in the nmotor. The
vari ation of the indliead lnﬂ@htla@ev\fﬂh be alegemken withsgglesenee ofo tihe

varlatlonof e el 'tin hani cal _round:. .
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to the notor FA and Figerd mdwgedpne@bht@g@bl‘n%kcumgragq bhe drivstgsterdbf a
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speed. (d) current resulting during
diagram comprises a recfifier, a capacitive filter, a three-phase inverter,

characterized by the set of power switches, a permanent magnet motor, a
voltage observer and a control unit. In (b), the waveforms characteristic of
the drive of the electric motor;

20 Figure 2: presents the block diagram for driving the electric motor
using an average speed controller. The control of this solution is by
monitoring the average speed of the motor;

Figure 3: (a) waveforms of the induced voltage EA and the
average voltage applied FA in one of the phases of the motor, to & constant

25 load applied to the motor shaft. In this same case, (b) presents the current
waveform of the motor;

Figure 4: (a) and (c) detail of the difference between the voltage
applied to the motor FA and the induced voltage EA in different instants,
within a mechanical period. Additionally, (b) and (d) show the respective

30  currents resulting in the motor;

Figure 5: Current in the three phases of the motor resuiting from

the control method of the average speed applied to a constant load. The



15 the instant of m ni num speéd:; Figure 9: presents the
current in the three phases of the notor resulting fromthe control
net hod of the average speed applied to the cyclical |oad,

Figure 10: bl ock di agram of the cont rol® et hod proposed for 20

i nprovi ng the notor power factor. The bl ock responsible for adjusting
t he waveformof the current is highlighted in the draw ng;

Figure 11: (a) presents the waveforns of the induced voltage EA and
of the volt ageeatsplaf ethet dhrehe phatey fFésardr ercidedtidal wheelprropadtbid a
control nethod. g]b resents the waveformof the current resulting in
t he not or; f%ecrﬁi 5')311 ufs, (a) detail of the voltage applied to the

notor FA corrected byiguhescetractbrisidiodk Bf 2epsirdl 18ad abPRed R4 GRALr
vol tage EA during the instant of maxi mum speed. (b) current resulting
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arrangement datbcia cefgiduinedi srofrmyangionbbf ke spdeadl ofvenee htom wikirski Ng
in the drive of an electric notor 10, in 5 this case a pernanent

magnet not omMgshapisal Bumghl ess DC type three-phase with four pol es,

trapezoikdal wave. ; . ey granmle i i
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the i nventi d¢m thes malteroF Aaniddhé onduarey \ydtega e tunmg thet instno f efaxirhem
Brushl ess DC type, ., Under, norpal 10 rKi the control apalyzes the
Cnput of t hEPUET (Y EU R BRI PUiRg Thderat orRaian sReethi O cirbl G
to 8W in the greHeRecHIREES W JoftdhcFASiEs t& thd motBUF A URRL thEGnd RRd
position detect ed. Additionally, it is known that by using

sensors coupPéape BAI¢EINGDherinsRRY ¢f Mg emanesdofd) quaeat teskbingalising or
currentgg i fd ﬁws&%?%%mirﬁmhﬁ%éeéﬁeasure the speed of the notor. In the
g

proposed arrangenent, a vo e Observer as illustrated in Figure 1

(a) was used, althougiguen®: ptdsentssipeezlirremd dukhenthree whases af tHeEemotor

applied to trgseultimrglgv rgr;[witﬁg cgﬁt?glen%tﬁgd of the average speed applied to the cyclical
load;

Figure 10: block diagram of the control method proposed for

20  improving the motor power factor. The block responsible for adjusting the
waveform of the current is highlighted in the drawing;

Figure 11: (a) presents the waveforms of the induced voltage EA
and of the voltage applied to the motor FA corrected by the proposed control
method. (b) presents the waveform of the current resulting in the motor;

25 Figure 12: (a) detail of the voltage applied to the motor FA
corrected by the control method proposed and the induced voltage EA during
the instant of maximum speed. (b) current resulting during the instant of
maximum speed. (c) detail of the voltage applied to the motor FA corrected
by the control method proposed and the induced voltage EA during the

30 instant of minimum speed. (d) current resulting during the instant of minimum
speed; and

Figure 13: presents the current in the three phases of the motor



Figure 2 shows a block diagramof a control by average speed of an

el ectric notor 10. This typical arrangenment shows the notor and the
20 inverter, as well as a sensor mhich7can nonitor the speed. In this
case, the controller is responsible for processing the information on
speed com ng fromthe sensor jointly with the reference, or setpoint,
defined by the system Figure 3, in turn, presents the
response of the electric notor 10 driven by a conventional controller
of average spyedeidy thasootelenethot ppersised i2Hisinyenierant | oad on t he

shaft. The %g%q%fé%& @%88'%@1@&03?@%5%%@%“ is favorable to this kind

of control, i"on"speed remai ns constant during a

mechani cal cycle.  Figure 1 (a) Shows dendbaitarkehi@wiant offa tdidres RieRpams
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t he mechani cal cycl eadditionally, it is kiwgv@fat by ubing s@serobodpiediBothe
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Figure 2 shows a block diagram of a control by average speed of
an electric motor 10. This typical arrangement shows the motor and the
20 inverter, as well as a sensor which can monitor the speed. In this case, the
controller is responsible for processing the information on speed coming from

the sensor jointly with the reference, or sefpoint, defined by the system.
Figure 3, in turn, presents the response of the electric motor 10
driven by a conventional controller of average speed for the case of imposing
25 a constant load on the shaft. The condition of the constant load is favorable
to this kind of control, since the real rotation speed remains constant during a

mechanical cycle.

This constant behavior of the speed is reflected in the induced
voltage waveform in the motor. As per Figure 3 (a), the induced volitage
30 maintains a uniform shape, that is, it does not alter during a mechanical
cycle. As a consequence, the waveform resulting from the current in the

motor also assumes a uniform behavior, and does not alter during the



20 RPWM The speed oscillation causes a variation in
anplitude of the induced voltage EA, which is shown in Figure 7. As
the voltage applied to the notor FA by8t he speed controller is
constant during a mechanical round, the higher the induced voltage EA
the lower the 1A current resulting fromthe 25notor.

Therefore, during the instant of maxi num speed, highlighted in Figure
8 (a) and (b), the induced voltage EA cones very close to the voltage
appl i ed to thechapiost raund, Ag peeseoiasidnegite 3 bhere is a decrease in the
anplitude of the IA nt,. I i - . 1 Ni
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i nduced vol tagter. Therefore, when there is a decrease in the induced
voltage it is necess&rgy to reduce the curren}: and vice-versa. But the

phenonenon that occub8NERIUSHUY S EFhDe SePD Al idise 8d theowYgPIes of Be

preci sehy t '&ﬁrr@ﬁ@o%éﬁinlg-rhﬁ StheUkHrest ?Négeisabf QRe WREdH b identical, not

di sproportional to the I0 induced voltage during a nechanical round

of the not odepicastidiingeny kied mbdistorpondurigitheoneeranicdaygeguent | y

decreases the efficign f the syste - . Al.ong these l.ines,
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the cyclical |opads, whereby adjusting the waveform of the current of
15 the el ec®PY notor 10. The control system proposed i s represented

in the hgrm of bl oCkrgyROr@NBrdsBnisi G _Pexéﬁw_pleThc?f %?Qlfdéj rBRRONGHiB €isf O

adj usting the waveformof the current is highlighted in the draw ng.
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The el ectri conpiregsol0 Tise énpattr bl ahé Ymotor \epaely opbaitial &8t comantipaser
unit 30, the Iatieer, as illustrated in figure la, being driven by a
set of el ecCPBIPHETpLmEYETEdRt SN aﬁ?'g@f@éuaf%"@omer 8Ve1399 otRRGe
of eachophasgafis the electric notor 10. 25Further, said electronic

power unit 30 is electrically comranded
The speed oscillation causes a variation in amplitude of the

induced voltage EA, which is shown in Figure 7. As the voltage applied to
the motor FA by the speed controlier is constant during a mechanicail round,
the higher the induced voltage EA the lower the IA current resuiting from the
25 motor.
Therefore, during the instant of maximum speed, highlighted in
Figure 8 (a) and (b), the induced voltage EA comes very ciose to the voltage
applied to the motor FA. As a consequence, there is a decrease in the
amplifude of the |A current. During the instant of minimum speed, highlighted
30 in Figures 8 (c) and {d), the reverse phenomenon occurs.
The impact of the variation in speed on the currents of the motor

is summarized in Figure 9, clearly showing the distortion of the currents of



by the electronic control unit 20. ; | nnovat i vely, conpared
to prior arts, the present system conprises an average speed
controller, inplenented by the electrog;c control unit 20, such that
t he average speed controller is arranged to nonitor 30an

I nst ant aneous speed V, of the electric notor 10, and thus provide an
aver age speed value of the notor 10. In turn, the electronic control
unit 20 is arranged to calculate an 10 average voltage Va, based on
t he aver age phpeesil/aiBandde. within egnechasical tavmdel ldet dasnezsepeiiee cument 30
i s arranged 2| ectrl cal L. e I ]<Cpy TO; n

i nst ant ancote WIS TLINE o BHE SeinERRt i bBlet sPtadt vt
Vs bei ng calitdibadeedf the owiréritpduingght deceasseagiethedhiiagel Mataly, tinectly

result of the 5 division between the instantaneous speed V; and the
aver age spedgpacts the reductiongf Beaalg) PAERT 61Ed, the present invention
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simlar notors can be used, according to the teachings of the present
i nvention. Vevaithe shmestoopet ef théanguced evitapey ethareiiore, i whans therevsd ded
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Additionally, the present invention provides for the use of a filter

arranged t o'S HSCE6Y PROPRpEY FRiaguRgNoYaTEHen ¥iNisht ip idispropastionpbio theas
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uses cycl i cabweotadtor and consequenthSigateanss rzleTitientycofding exbidy. way of

t he system descri bed

steps: 20i) cal cul at %%Eﬁ\fﬁ%seq?li@eg | gérl?xﬁ%ﬂgp énit%ﬁsp r&r’l' eé g's'ygt\gm“gnd a
method especially designed to optimize the motor power factor applied fo the
drive of the cyclical loads, whereby adjusting the waveform of the current of

15 the electric motor 10. The control system proposed is represented in the
form of biock diagrams in Figure 10. The block responsibie for adjusting the
waveform of the current is highlighted in the drawing.

The control system for electric motor applied 1o cyclical loads, as
conceived, comprises an electric motor 10, at least an electronic control unit

20 20 and at least an electronic power unit 30.

The electric motor 10 is electrically driven by the electronic power
unit 30, the latter, as illustrated in figure 1a, being driven by a set of
electronic power switches SW2N arranged to control a voltage of each phase
of the electric motor 10.

25 Further, said electronic power unit 30 is electrically commanded
by the electronic control unit 20.

innovatively, compared to prior arts, the present system
comprises an average speed controller, implemenied by the electronic
control unit 20, such that the average speed controller is arranged to monitor

30 an instantaneous speed V, of the electric motor 10, and thus provide an
average speed value of the motor 10.

In turn, the electronic control unit 20 is arranged fo caiculate an



-average of the electric notor 10 basedon the reading of an
i nst ant aneous speed \fins of the notor, H) cal cul at e,
usi ng the average speed of the prior st1 p, an average vol tage Va,
iii) nonitor an instantaneous speed Vi 'of the electric notor 10, 25
and iv) electrically drive the electric notor 10, by way
of an instantaneous voltage value Vies, this instantaneous voltage
val ue Vimbeing calculated by multiplying the average vol tage V2 by
the result civefage Wliagsi \bn bissedwentherayeragst spaednaldained pde dovtrast, drd

p : h L, . hod, I h
teachi nge_of AL BRRL T IL R PhATRER SPeeCThar s Pt Betet 10°°
applied to thyearelretdntameomt@itage valod VipHkhis istamansosy adRg¥ kR0, V2,

reviously defined by the speed control, 11 by the division between
F he inst ant %aigbéw Qy ”gwtﬂpiwﬁa 8o VRIS peltageRpVRY dhadesuli phibe

The cor [ gct ighisAbenRErlb hdtatBReYal £305 (ALY ol GablspEBtor . as

descri bed, nmanages to adjust the waveform of the curr so that it

is simlar 5 to the Mavekeady ohenfimnedndinee dressnt agwenfiorg e e picferlab)y

presents the ) [ of, th nduced voltage and. of the voltage
applied to ﬁ%%ﬁ%%% g?rr%B\.ShlﬁséB nt‘gp?{ntfggrsokowﬁ\éergghpééwarapﬁ?rérﬁanﬁ%
shown in Fi gisee, ddootding td thettbagitngd ef theiprésdnt nveheigr tional to the
i nduced voltage EA. Hence, during the instant of maxi num speed,

highlighted in 10 Fi $he §e seopeapidhe prespnt investion, i igeroxjsiedi that e t o
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Fi gures 12 (Evetoma szthecalectrihenmtevéﬂmbptaetiaiipeaﬂigmeddom sravdtoemrastsl t
of the adj u%cm%g& V%Ttaéeh.e currents of phases IA [|IB and
Additionally, the present invention provides for the use of a filter
arranged to improve the speed reading of the electric motor 10.

15 As mentioned previously, the present invention also provides a
control method for an electric motor 10, especially designed for a motor that
uses cyclical loads.

Said method, implemented by way of the system described
above, essentially comprises the following steps:

20 ) calculate an average speed RPMaversge Of the electric motor 10
based on the reading of an instantaneous speed Vi, of the motor,

i) calculate, using the average speed of the prior step, an
average voltage V,,
iii) monitor an instantaneous speed V; of the electric motor 10,

25 and

iv) electrically drive the electric motor 10, by way of an
instantaneous voltage value Vi, this instantaneous voltage value Vine being
calculated by multiplying the average voltage V, by the result of the division
between the instantaneous speed Vins and the average speed.

30 Therefore, the control method, according to the teachings of the
present invention, modifies the voltage to be applied 1o the electric motor 10,

multiplying the average voltage V,, previously defined by the speed control,



15 ICis presented in Figure 13. In this sense, the oscillations now
presented by the current favor the inprovenent of the power factor,
as they are in phase wth the sane vari ?tlons presented by the

i nduced vol tage. In Iight of the above, the present

i nvention offers, advantageously conpared to prior arts, an optim zed
control for electric notors operated by 20 cyclical | oads,
significantly reducing the consunption of electric energy of the

equi prent , iydhetdiksing hetveermtsoinstandandousrapase Vi mntihbe s teeshazaner
factor pursq@ﬂ@ to the system and nethod now proposed. _ _
Lastly, it must®™B&°poi nted out that the |qyent|on in question is also
especi al | y advant ageous for applpcatyogs I'm whi ch cooling conpressors
are 25used, since they work in opérati n®Rygles significantly aligned
with the control proposal of the object now cl ai med.
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cyclical |odf iy s Oégﬁélmycgigij@?ﬂ %‘%ﬁqd c%ﬁ@e VO'E@Q%‘T‘%‘?B ie t'?ﬁ)fflﬁ’rtor
(10); 5- at Hﬁﬁa%eadm[ﬂlt@&é 0P fheC c@@@&té@'cuﬂr%hi IA, ZQ‘)OWI’} #f FlgeRs t11a@9 is
el ectronic power uni t - the electric notor

being el ect M&EATS Cﬁfﬁpg}!éﬁfwrttq{@' ) @@t“ﬁ@imed vodags Edni t  (30);
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el ectronic control un|t
10 Figure 12 (a) and 12 (b}, the voltage applied FA to the motor is increased,

providing an increase in the amplitude of the current IA. During the instant of
minimum speed, highlighted in Figures 12 (¢} and 12 (d), the reverse
phenomenon occurs.
The result of the adjustment of the currents of phases IA, IB and
15 IC is presented in Figure 13. in this sense, the oscillations now presented by
the current favor the improvement of the power factor, as they are in phase
with the same variations presented by the induced voltage.
In light of the above, the present invention offers, advantageously
compared to prior arts, an optimized control for electric motors operated by
20 cyclical loads, significantly reducing the consumption of electric energy of the
equipment, when taking into account an increase in the adjusted power factor
pursuant to the system and method now proposed.
Lastly, it must be pointed out that the invention in question is also
especially advantageous for applications in which cooling compressors are
25  used, since they work in operating cycles significantly aligned with the control
proposal of the object now claimed.
Having described an example of a preferred embodiment, it
should be understood that the scope of the present invention encompasses
other possible variations, and is only limited by the content of the claims

30 appended hereto, potential equivalents being included therein.




the system being characterized by conprising an average speed
controller inplemented by the electronic control unit (20), the

aver age speed controller being arrangeqlzto noni tor an i nstantaneous
speed (V,) of the electric notor (10) and provide an average speed
val ue RPMaverage of the 15 notor (10), the electronic control unit
(20) being arranged to cal cul ate an average voltage (Vrn) based on
the average speed obtained, the electronic power unit (30) being
arranged to electrically drive the Fe8tMPc notor (10) by an

i nst ant aneous vol tag LS | J I val ue
(Vins) being cal cul af'e%@[lﬂ)t;tﬁr?g fte?ff)?oyri%l\%&tﬁ ﬁéﬁgﬂggﬁl‘%ﬁégﬁ ?%,8-5’, ?‘)e by
t he result obntrblesy2temicoipiisingbet ween t he i nst ant aneous speed (V1)
and the average speed_ RPMaver age ) 2. System according to
claim1, characterized’ 81‘;@@&9%10& ectric notor (10) is of the
Brushl ess DC type. -atleast an eiSctropi¢tSirAeapEINg to claim1,
characterized wherein the 25 electronic power unit (30) conprises a
set of el ectronic poviirleastianaiedransveayeninitid§d to control a vol t age
in each phase of the M : . o4 .
according to claim 1,ﬁ%ﬁeg%c%ﬁg@érggOé\%g%gierlle%tﬁ%a”yr?s”tvgrﬁpgn%é%%%%%'tcage
val ue (Vs) pswealoitif3)ed so as to provide a current 30 wavef orm of
the electric nmotor (10 ubstantially, gﬁned to ai_vvalyeformof he

i nduced vol tage in th&" ESETOPCPHET O ”'€ being electrically gomigangied,by
accordi ng t eheclRbMdAic cohwdlamitgeozed by using a filter 13 arranged to
optim ze the speed reading of the electric nmotor (10). 6.
Control method for eh8ctystemnbee cheyacdprized by sopyrrisingalanl edersget he
met hod bein ' :gé%[rpr' j f i ]

cal cul ate a%p%%?gg%ﬂ%%éﬁ@eﬁ% ver aghzé %’g Cl{rﬂﬁc gﬁéﬂg@ﬁn@%@igﬁégv%@?
based on a epeeli mgndliearbeing baahgerk du snapiee dn( Mslantdnebbhe speear(Vi)iof
gﬁl g\ljle?;g’e 8’%5%%6 ig(r%/%e)f ?’I\ﬁ raangeprlg\ﬂgg%n%efg?ggeer gp?eeedo\];alttjehﬁPRLlue?age gft tﬁg

15 motor (10), the electronic controi unit (20} being arranged to calculate an

average voltage (Vi) based on the average speed obtained, the electronic
power unit (30) being arranged to electrically drive the electric motor (10) by
an instantaneous voltage value (Vins), this instantaneous voltage value (Vi)
being calculated by multiplying the average voltage (Vi) by the result of the
20  division between the instantaneous speed (Vi) and the average speed
RPMayerage
2. System according to claim 1, characterized wherein the
electric motor (110} is of the Brushless DC type.
3. System according to claim 1, characterized wherein the
25 electronic power unit (30) comprises a set of electronic power switches
(SW2N) arranged to control a voltage in each phase of the electric motor
(10).
4. System according to claim 1, characierized wherein the
instantaneous voltage value (Vins) Is calculated so as to provide a current
30  waveform of the electric motor (10) substantially aligned to a waveform of the
induced voltage in the electric motor (10).

5. System according to claim 1, characterized by using a filter



iii) nonitor an instantaneous speed (VI) of the eléctric notor (10),
iv) electrically drive the electric nmotor (10), by way of an 10

I nst ant aneous vol tage val ue (Vi ns), thH? I nst ant aneous vol t age val ue
(Vins) being calculated by nultiplying tthe average voltage (Vm by
the result of the division between the instantaneous speed (Vi) and
t he average speed RP Maverage 7. Control nethod for

el ectric notor (10) according to claim®6, 15 characterized wherein
the steps ardrangsrdaweptiaizese spect sxnding ofdps etaatitemnotesdi®n clains 1

to 5. 6. Control method for electric motor (10) applied to cyclical loads,
the method being characterized by comprising the following steps:
i) calculate an average speed RPMaversge 0f the electric motor
5 (10) based on a reading of an instantaneous speed (V;) of the motor
i) calculate, based on the average speed RPMaverage ©f the prior
step, an average voltage (Vy),
lii) monitor an instantaneous speed (V) of the electric motor (10),
iv) electrically drive the electric motor (10), by way of an
10 instantaneous voltage value (Viy), this instantaneous voltage value (Vins)
being calculated by multiplying the average voltage (Vi) by the result of the
division between the instantaneous speed (Vi) and the average speed
RPMayerage
7. Control method for electric motor (10) according to claim 6,
15 characterized wherein the steps are implemented by the control system

defined in claims 1 to 5,





