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20 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
the drawback of adding extra elements to the design of the motor,
considerably increasing the final cost of the solution. Moreover, limitations of
25 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 hest choice in most cases.
North American patent US 6922027 discloses a technique that
uses a voltage observer built with a network formed by voltage comparators,
30 capacitors and resistors. The comparators output is sent to a microprocessor
which determines the commutation instants of the motor drive. Although the

solution is microprocessed, it requires the use of many external components.



5 position of the notor, the flexibility in the adjustnents of the
‘observer according to the nechanical structure of the notor, |ower

sensitivity to the paranmetric variations of the.conponents: :and the . « ¢

possibility of calibrating the circuit., The Brushl éss'DC Nbtors can
be used in driving the 10 conpressors applied to cooling systens.
This type of application satisfies the cyclical |oad conditions
defined in the scope of this invention. The aimof applying this type
of notor to cooling sgﬁtens is the variation of the system s cooling
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the fluid geinewiat es a nmuch greater torque than the average torque
resulting froma co et hani cal .round. Bearing in mng.25 that
this behavior is reggéfegr@\i‘?? é@h%&% ?%h?%‘? gs%‘é/cm c‘i’l“’"ﬁ%hg\ﬁ or
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nmotor. _The torque variati'on within a mechani cal round
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the_cont rol REDRs A EE LRG| ont 8RB s L FABoh Fihehiths
Wi t hi n a mechaling edpadtyndhichocas be coafrbkzet by vansme ¢tk doslingofidwae The
conpression C The caontro] |l ers devel oped for

cle riving the
T easor o calieton eI v 5 S LGN oPaOD AL bl SR sReRs €

is the ¢gnt ke ko %@Y@h@?ﬁh@%éh%eﬁﬁ@ﬂion@ 1hB dohtrBAs Fdbildbe the
defined by the average rotafion speed. However, the sinple
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exanpl eppi t ciitnde@! §uring this processing, the cylinder is filled with the cooling fluid.
The compression cycle, in turn, begins when the piston reverses its
displacement direction. During this stage, the fluid is compressed inside the
cylinder. Compressing the fluid generates a much greater torque than the
average torque resulting from a complete mechanical round. Bearing in mind
25 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 torque variation within a mechanical round causes a
variation in the motor speed, decreasing the speed of the motor during the
compression cycle. Generally, there is no offset in the control action fo
30 adjust the instantaneous speed of the motor within a mechanical round, so as
to offset the speed during the compression cycle. The controllers developed

for driving the compressors assume that what is important for the cooling



10 that the induced voltage in the motor sustains a reduction of
anmplitude due to the reduction in speed caused by increased torque.
Conventional controllers do not act to nodify the average voltage
applied to the notor and this is why 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 15
inverter and the induced voltage of the notor. The increase in the
di fference in potenti al lied to the notor coils.then causes an
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the motor.

20 Hence, the current applied in the motor increases during the
compression cycle and decreases during the suction cycle. This behavior is
exactly the opposite in the behavior of the induced voltage, which decreases
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

25  engine 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
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

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

in the waveform of the current should be carried out due to the variations in

the induced voltage of the motor resulting from variations in speed within a



10 the adjustnents needed in the voltage applied to the notor based
-on this foreseen behavior. Accordi ngly, the objectives of
the present invention are achieved by providing an antici patory
control systemand nethod for electric,motors applied to cyclical

| oads, said system having an electric notor, conprising at 15 | east
an electronic control unit, at |least an electronic power unit, at

| east an el ectric position-observing device, the electric notor being
driven electrically by the electronic power unit, the electronic
power unit BeaRgniErb@Undcal Iy conmanded by the el ectronic control
unit, the systemco 1 NAgR

posi ti on-observi ng gR@P%%NQFQQ%gﬁg ectP?§?§g§@$%bB%bLshaﬁa?ﬁ%cghgﬁ ed
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vol t age val ue bei cal cul at ed t he aver age  vol y
Vhe rocult STPRRtdneAT oD EN e oIS [ peiByRs RAHE 48 HelcRA
average180 smeadiustrRenBtiidelami e \Idﬁﬁ?é%ld pRMd RE t5é @RStor based on th[s
i) calculate an average speed of the electric notor; i)

cal cul ate, deragen hehamiert age speed of the prior step, an average
voltage, Siii) mnoni tREcc?r&nbﬂ(?It/ﬁfé‘B?j@@ﬂé% o?ﬁﬁ@ﬂrés’én?%%{lf?&fh d Qc‘fhlé’\‘;e& he

el ectric notor, ore one aneous sp
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vol tage val ue being cal culated by nultiplying the average 'vol t age by
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and the averb?rgﬁesgfe%ﬂomc power unit, the electronic power unit being electrically

commanded by the electronic control unit, the system comprising an average
speed controller and a position-observing device of the electric motor, both
20 imp[emehted by way of the electronic control unit, the speed controlier being
arranged to monitor an average speed of the electric motor, the position-
observing device being arranged to monitor and store an instantaneous
speed in each position of the electric motor and estimate, by way of each
position, an instantaneous control speed of the electric motor, the electronic
25 control unit being arranged to calculate an average voltage based on the
average speed monitored, the electronic power unit being arranged to
electrically drive the electric motor by way of a control voltage value, this
control voltage value being calculated by multiplying the average ‘voitage by
the result of the division between the instantaneous speed and the average

30 speed.
As mentioned, the objectives of the present invention are further

achieved by providing an anticipatory control method for electric motor, said



15In order to inplenment the adjustnent in the waveform of the
-current, said control nethod nonitors and stores the instantaneous
speeds in each position of the notor. As described above, the control
met hod then nodifies the voltage to be gpplied to the notor,

mul ti plying the average voltage previously defined by the speed
control by the division between the 20 instantaneous speed and the
aver age speed. The i nformati on on instantaneous speed used in this

cal culation co fromtﬁ1 ef\ ri,or round of the notor, such that the
controller '8¢ é"acVB" YHEi ‘&‘ @%Stﬁﬁé behavi or of the motor. The

correction performed 'd%aléd‘ﬁe‘é‘ﬂ | $RER AR hOckBETRE, 1N the

manner descri bed, na ages to a wave ormo e ‘current so
that it is 25 simnl afi) tczaictumewamegothﬁ civetage speeded thel page step, an
Thi s work alg\p hi hI' hts that the inposition of any change in the
current will (?5?9}% y of altering the instantaneous voltage

delivered to the not @, mehitdowh &stitamebushepdaeriadeactolpoaien of the
cal cul at ed by t he speed control network. 30 Sunmary Descri ption of
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pur poses and wher ei n: represents
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a rectifiger ,ingtapfip@elLs shsed cﬂécﬁﬁnoi@fﬂqere@@:trﬁ&]ﬂ@ﬁarl nverter,
characterized by the set of power switches, a perrranent magnet not or,

a vol tage observer aMb Sleckinally sriveihia elephicrpgtor, tyavaiaokd semiol voltage
characteri St\}a?u@fthfsrkh%n‘f’Fo I(a%fgl V% Sleﬁ@ﬁédé@ulg@eﬁocfy muitiplying the average

Flgure 2: preserits t agram rrvin
usi ng an avevdigge sipeéte cesultr of tf‘E‘ divighen betwear thmf indtardasedust speed of by

10 nmonitorin spe t he notor; Figure 3:
(a) wavefor n‘%”&]"?f’ﬂ%ﬁl 5%%%‘6&?‘? ge EA and the average vol t age

appl i ed 45A i n one of |4 kpdéhes @hplefnehb eheHdistmeRt # Qf%‘%\ﬁa@@brhﬁ%ﬂ the
applied to the notor shaft. In this same case, (b) presents the

current waveduramt.oTaid pentralmsthod sPNiaiseand stores the inste)tankausi spestis e
difference b@ééﬁe 1{[6]?8@ rapRls tfé%chBe(ﬁ E[‘BRUBt ftle Eébr‘hl%ngnétﬁgd then

i nduced voltage eren i nstants, ani ca
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20 instantaneous speed and the average speed. The information on
instantaneous speed used in this calculation comes from the prior round of
the motor, such that the controller is able to anticipate the behavior of the
motor. The correction performed in the voltage applied to the motor, in the
manner described, manages to adjust the waveform of the current so that it is

25 similar to the waveform of the induced voltage.

This work also highlights that the imposition of any change in the
current will occur by way of altering the instantaneous voltage delivered to
the motor, without altering the average voltage calculated by the speed
control network.

30 Summary Description of the Drawings

The invention will be described with reference to the

accompanying drawings, provided for explanatory purposes and wherein:



20 the control nmethod of the average speed applied to a constant

-l oad. The currents of the three phases present an identical waveform
wi thin a nechani cal round; Figure 6: characteristic curve
of a cyclical |oad applied to a notor d¢riven by an average speed
controller; 25Figure 7: (a) presents the waveforns of the induced

vol tage EA and of the voltage applied to the motor FA. (b) presents
the waveformof the current resulting in the notor. The variation of

the induced voltage EA is a direct consequence of the variatijon of
the speed of the notBBUlE thial rapiesenis# ekck degram sbaidjypsystem &f a

detail of t j r ﬁi?e@re Led ; FA
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7 the difference between the V?ﬁt age apglj.ed fto t he,not or _FA.and t he
i nduced vol (REABACHIPTFRS £hEeGUARY 20 CaRACVR; TS Ep@é%‘?’P%ﬁﬁe SO
resul ting denbpgtdrizedi sisthnietodf povdmaltcHReed; permanent magnet mict@ze
9: presents the current” in the three phases of the notor 5 resulting

from the conpliage pbssiver and eheordipbuade 18gBbdhapmveRIMsoChaiacteljwia efal
| oad; the dri ShEHES I Ric moﬂﬁ'!‘ di agram of the control nethod for

i nproving the notor power factor; Figure 11: (a) presents the

wavef orns of the indeigatk 2gireserds e hiockdegodm tibtrediviig thgesleqipt medort o

th t FA ted by th d t t.r ol t hod., (b
T B AR, LA BRI IARRARY SEIA e P
Figure 18 (Rdni@@hg'tthe Q\};erﬁgfﬁgﬁéd 80®eapptol:ed to the notor FA

corrected by the contro proposed and the induced vol tage EA
during 15 the instantiggfe Raxipmwaveieras of Bhe codyeast vpéags B @ndutheng
t he instant [ C t ad t [

t he notor F,nge:[)ér@)é{:c{ﬁégk %‘{;}%ﬁ %de F%o'hto(r%o @flrrté ﬁ%‘gggggﬁysee@ggoﬁg@%}'ggﬁﬁéﬁtced
vol t age EA doad appliddetoi thetraotor ehafiti i thisnsapeechse( @) presemstthe esukebi ng

during the instant of, m nimum speed;
waveform of the motor;

15 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
currents resuiting in the motor;

Figure 5: current in the three phases of the motor resulting from

20 the control method of the average speed applied to a constant load. The
currents of the three phases present an identical waveform within a
mechanical round;

Figure 8: characteristic curve of a cyclical load applied to a motor
driven by an average épeed controller;

25 Figure 7: (a) presents the waveforms of the induced voltage EA
and of the voltage applied to the motor FA. (b) presents the waveform of the
current resulting in the motor. The variation of the induced voltage EA is a
direct consequence of the variation of the speed of the motor within a
mechanical round;

30 Figure 8: (a) detail of the difference between the voltage applied
to the motor FA and the induced voltage EA during the instant of maximum

speed. (b) current resulting during the instant of maximum speed. (c) detail of



20Fi gure 13: presents the current in the three phases of the notor
-corrected by the control nethod that is the object of the present

i nventi on; Figure 14: presents the average speed in each
position acquired by a speed observer,.ﬂointly with the real speed of
the notor, pursuant to the teachings of the present invention;

25Fi gure 15: shows the existing delay in speed neasurenent,
characterized by the difference between the real speed and the speed
measured by the instants of commutation, pursuant to the teachings of

t he present thadéfererse bafween the voltage applied iguhe mefor Ao theenduesdage
f the i i . iti , .
di sposed | n CHASE B FaRE e B GRE B AbBRR AL RO utfes e fling o

Descri pti on tié irtshent f aviningsn speed; Figure 1 (a) shows the

basi ¢ arrangenent of _a control diagramand. t he i deal vef orns
existing in the dri vg'gé‘lreghpé?st?@fsr %f%% 'ége‘e ithreerRnasey ﬂé? motor
per manens MeEgaatindRbAY thefcohtiel Retphl F35e Bferbi@8pbad 8BpIRERanECYElichpur
pol es, trapezoidal wave. By way of exanple, hereinafter, this hotor 5
shal | be usdeRd;or anal yzing the remaining graphics. However, the
invention is also vali ) [ e . .

Brushl ess DC type. nglzgg‘\;%ﬁb Sﬁékﬁﬁa en io@&}h%@@&%’%ﬁﬁﬁ@ﬁg\ﬁ% the
per manent nmagser poweofacedr; t he Brushl ess DC type. Under nor nal

wor ki ng, the control _anal yzes the insgut of the voléjgge and/ or, current

observer and drives Elgweds %\Riest%‘t_%‘i"%"ecfwg‘si% ahcedi vodraaéy
in Figung 1 {d)ar tﬁé‘%éﬁé%aﬁ;ﬂieﬁ"t@ tRO&{diboh B6EQEE By t\‘ne proposeﬂ system
no that by ed tot

Additionally, it 1Is usi ng sensors coup e’ not or
shaft, obserangreondfol medlued dbypiesagisshe araveinrmesitthe cutrenkragsoliing i éhe o
measur e theéﬁ@@Fd of the nmotor. In the proposed arrangenent, a
vol t age obs *as illustrated in Figure 1 (a) was used, although

any other speed 15 nPRrfiuei 179 @¢Vdeisi ofrthbevolppki gsblied théhd mystoF IRAN
present ed. Figure 2 shows a bl ock diagram of a try%itcal

control opercegtasdyetnegrpnimbmatiadreressebancbinedidrastiatiage wst during
his arnangangThstaiews haimb 8hedNdeh NireRY Sediftfing BRriME the Astlnt of

sensor which can nonitor the speed. nfiguring a contr
responsi bl e maximpnospsed.ng) tékiliaiftioe rekfagsnappiiedosthe edotoo FAnepriacted

the sensor gl fid Yollrbmefod R and e HhARAt volBET Rl %
instant of minimum speed. (d) current resulting during the instant of minimum
speed;

20 Figure 13: presents the current in the three phases of the motor
corrected by the control method that is the object of the present invention;

Figure 14: presents the average speed in each position acquired
by a speed observer, jointly with the real speed of the motor, pursuant to the
teachings of the present invention;

25 Figure 15: shows the existing delay in speed measurement,
characterized by the difference between the real speed and the speed
measured by the instants of commutation, pursuant to the teachings of the
present invention; and

Figure 16: shows the storage of the instantaneous speed in each

30 position of the motor, as disposed in the control block diagram of this

invention.

Detailed Description of the Drawings



Figure 3, in turn, presents the response of the electric notor driven
‘by a conventional controller of average speed for the case of

i nposing a constant |oad on the shaft. The condition of the constant
|l oad is favorable 25 to this kind of captrol, since the real rotation
speed remai ns constant during a nechanical cycle. This constant
behavi or of the speed is reflected in the induced voltage waveformin
the notor. As per Figure 3 (a), the induced voltage naintains a

uni form shape, that is, it does not alter during a nechanical cycle.
As a consequence, thEIgHER df @ dhowstheibhasic aisanganeersoofcai cpeiiel dindreme

not or al so u -y Dgﬁ.g J; ; ' e
nmechani cal %@n@?ig%#é%ﬁ I ?@@Er'@qge?‘@?é cgf%nu?ﬂg{sﬁ& rﬁgolrggdﬁ'{lc)
detai |l the dhitfaasera peinedvezd magred ceator 8f thel BaghleEd DO dypehthrembhage
FA applied ta, the notor, which renai approxi mately constant. within
= mochani calGGHE PR AR A EVEN Y U8V SF B TG harROSRED Q1 RS
the phasg cuyhufBk UsedYbd difdydiny fHeerefifhg 8Fphidss HdvAanrr] alindntiBh s 2
mechani cal round, due to the naintenance of the difference 5 between
t he i nduced al&s tvali@ fon anyd pemeanasitt mgeneAMaty pbdhe Brurklesstde. type.
Consequent | " | , f

curront s r et eE e FraRER, s delron any BN 0EEQ bieF ot e
not denonst BrtishigsabL fypad Wideti rmtmat workirdy then gorithe amaBiaesitieainpay of e.
However, it Jjs ipportant to int out the difference in,the inpacts

10 for a cotbs yARgRaRRR SHITER) R ixes SRS SWAHP SWO M fhea
| oad onqphe s%ﬁﬂéﬁqé)iﬁdfcaﬁedﬁﬁt%uregi g?,r&r&ﬂt@éﬁﬁﬁo%rﬁd@%& of

cyclical load, which is conprise an oscillation around an average
TM oper ating poi nt. Adtigadaly, tihisa kngwh dhal by aiping sansarh aacaiptesr icsthe

motor - speed, MaBLr NP ng by Rnn ot b abs “ABERR: PORTEenly Y TPAS L i

i's an oscil lra¢asune ai®ypded i the enctge  $pdies pRIPvved arrangement, d heltggeed
oscillation causes ani}fari ati onlgi n anplitude of thgpi nduced vol t age

EA, which | $PSRBiRA 3Srlystied Iy Fige Thia) s Herd. apirerel ay ether ferst
FA by the spgeskfingidedck®anitse g@@ﬂ%&&h@wemrﬂor@m@m cal round, 20

the hi gher the indliced voltage the lower the I'A current resulting
fromthe notor. Figure 2 shewefapbiockddiagnag the tpiteheontbl ppagiabecn

shecd. 1 IS D DLGHE SR RSl o, SEghbPE A
consequence,thé hester arsd thedaesiesrs as iwelltasea sensor which can monitor the speed.
configuring a controller is responsible for processing the information on
20  speed coming from the sensor jointly with the reference, or setpoint, defined
by the system.

Figure 3, in turn, presents the response of the electric motor
driven by a conventional controller of average speed for the case of imposing
a constant load on the shaft. The condition of the constant load is favorable
25  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
voltage maintains a uniform shape, that is, it does not alter during a
mechanical cycle. As a consequence, the waveform resulting from the
30 current in the motor also assumes a uniform behavior, and does not alter

during the mechanical round, as presented in Figure 3 (b).

Figures 4 (a) and (c) detail the difference between induced



25anplitude of the 1A current. During the instant of m ni mum speed,

~ ‘highlighted in Figures 8 (c) and (d), the reverse phenonenon occurs.

The i npact of the variation in speed on the currents of the notor is
sumari zed in Figure 9, clearly show ng the distortion of the
currents of phases IA IB and IC within a mechanical round. The
decrease of the current 30 resulting in the notor during the increase
of the induced voltage, or the increase of the current during the
decrease of the induced voltage, directl¥ i npacts the reduction of
the engi ne peliege bt apd thegvoltage FA appligd ojagdhe tmotofp Miie re@aist or
power factor, -h ; r i d
Vol tage. - ThaPBroaaty EheaRPHIin S el iR TBulS PRoupS 4 07 2R aF
proposed i n shbe thattenwavaiorerd dicthe phiasaladrraot resolting duthes tniotori anel @dsed

vol 120 1) e B3 o icRe RIS A e RS RIARE Y B0
the notos WhRBnESStHeUhd@dtld VotahB EABAPthd Yollaf€ FAesRMed to the motor, But

t he phenonmenon that occurs using the conventional sFeed controller
conventional is precCoasgaushtly.oppedi be seeRiil Faure Snthe wavefermos ofiiech

is disproporti - he . C oLt 208 during L o]
of the 10 m?lth(lr)liléﬂgér é{e%ﬂ%ﬁs‘ﬁ?ﬁg ﬁlﬂ?éb%omrq}?aﬁeoﬁgﬁgg%ﬂgg@?gat ng
decr eases t hienedrfstratiegnany kihdtdidistyrsibeoiuring the mechanidd! epgjet hese | i nes,

t he objective of the system,and neth NOw, pr pROS is to | hprove, the
mot or power fact or aE‘B?'/"ie?é?F {tds yrpRoO '?c%&‘é p&”tﬂqgﬁ'ﬁ/@g‘?r@am I”bﬁl‘]"s'_,mpa‘:ts
wher eby 18d] Yt & R@nERAt WAMRHIRIHTEOhpERRY ©UHEES cominy/YrdYa BcliREl loBE drP
adjust the current of the notor is illustrated in the bl ock diagram

of Figure 1dhe shaft of the moyi dFigwmt& presgotssan exaraplest ayplicahinasi winiahof
L oo EBRELEE Dl DS BRE S SERRCT A RS e
t he techni catitrda daydieally @tli) charmtirigiclie the loadeemeritéd byran altenative
Wrhi o & he CCHURPAGE: of B HOPRFGEBNE! FOLt sd. SPSRUOE L REnETtoRet o
met hod 3se RGLARBASI oS GvafighOspEK W 4 Relibiich efourd il avefkgePgsskd
val ues, it being possibleto predict the behavior of the notor during
its RPMM.

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 controller is constant during a mechanical round,

20  the higher the induced voltage EA the lower the IA current resulting from the
motor.

Therefore, during the instant of maximum speed, highlighted in
Figure 8 (a) and (b), the induced voltage EA comes very close 1o the voltage
applied to the motor FA. As a consequence, there is a decrease in the

25 amplitude of the |A current. During the instant of minimum speed, highlighted
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
phases IA, IB and IC within a mechanical round. The decrease of the current

30 resulting in the motor during the increase of the induced voltage, or the
increase of the current during the decrease of the induced voltage, directly

impacts the reduction of the engine power factor.



25 working, differently to that which occurs in the solution
‘presented in Figure 10. Accordi ngly, the present control
system called anticipatory control systemfor electric notor applied
to cyclical |oads, conprises an el ectri16 notor 10, at |east an

el ectronic control unit 20 and at |east "an 30 electronic power unit
30. Figure 1 illustrates an inplenentation possibility of the object
now cl ainmed. Furthernore, it is worth nentioning that the electric
nmotor 10 is 11 electrically driven by way of the power unit 30. The
el ectroni ¢ power -uni in 3¢esdApPiPs@s thes Broterf pewveictacikti thepevrentssiiauithes
SW2N arrang f a h '
motor 10 vk 8 Ve torhal & W lee 8 WRadE T RefRtorky R SLREL bislem,
power unit 3J0Or esambplel eath iasathhly proposed de dhépresent diventien eslesiid @t to

control unit i nnovati ve characteristic. o
E‘WE‘?Y‘E’

0. , f the
present | R thesinguged yolage Taite @1 edirdHBionssthenpperating
conpriseg an #eet 898urs PAaHc M Bhé &k wiich RPaiSéLH ih@uced voltage in the
posi tion-observing device of the electric notor, both inplenented by
way of the dghelor mhendhe owrentlin the moRe.is I0T#asedver age speed control | er
IS especially arrang ' e f e .el [jC
not or 10, whereas th%ﬂbgﬁ Eﬁ%&ﬁ%@%?y?a\ég&%g% @gﬁgghgrcroég%rgﬁngggpéed
n})ni tor and @inﬁ‘?gembriv@ﬁﬂim W@UiSe%fﬂﬁed)é)}fbsird] Chig ltupresi \iérmgloﬁfwﬁidﬂ'e
el ectric notor 10. ) ) ccordingly, it is possible to
estimate, bySwkSPreportiand tedbetindiped ¥olggs; ﬁ‘gfﬂ'éwﬁdﬁ'é’éf@' dgncpt the
control 4¥, i | C
cont rol 1\gni 1% %%prsréjgrsfregﬁ&g%mﬁ%t%gﬂa gﬁalrgta gtognangvnéc;ﬂ;%ghs%twg%@e\%ﬁ]é%gfiléed
on t he aver a&jaciepaeef thesystemed, whereas the el ectronic power unit 30

Is arranged to el ectrical rive the electric not 10 by of a
control voltage val ué\"‘\?@olﬁ%?%"!‘e%o@&i %bf%gfﬁ(ﬁ%’ﬁh%ﬁygf%%3{)§|'T}%{%§Sd?ﬂ‘¥ ol
i s cal cul at gifopysatuist tapinyhroge the neter aawey FhdtagapMmwddis tHaedimes uf thef
the division betwen the instantaneous speed of control V, and the

aver age spedychgsiioads, whgigby adjusting the waveform of the current.
15 A way of acting to adjust the current of the motor is illustrated in

the block diagram of Figure 10.

Said control acts to adjust the waveform of the current,
monitoring the instantaneous speed and the average speed of the motor. In
contrast, the control illustrated in Figure 10 has the technical drawback of

20 needing real-time monitoring and control, in addition to high-capacity
processing hardware.

Within the teachings of the present invention, a system and a
control method are proposed so as to work with estimated and stored speed
values, it being possible to predict the behavior of the motor during its

25  working, differently to that which occurs in the solution presented in Figure
10.

Accordingly, the present control system, called anticipatory
control system for eleciric motor applied to cyclical loads, comprises an
electric motor 10, at least an electronic control unit 20 and at least an

30 electronic power unit 30. Figure 1 illustrates an implementation possibility of
the object now claimed.

Furthermore, it is worth mentioning that the electric motor 10 is



Based on the above, the present control system nodifies the voltage
‘to be applied to the notor based on the equation below V 25V',, -=
V x in RPMrnetho The correction carried out in the
voltage applied to the notor, as descr{' ed, manages to adjust the
waveform of the current so that it is simlar to the waveform of the
I nduced voltage. Figure 11 (a) presents the waveforns of the induced
vol tage EA and of the voltage applied to the notor 30FA. The
anplitude of the corrected current 1A shown in Figure 11 (b), is

t her eaf t er @lgcdigally dovem by taynefl the powes Unii dle ethey Bleckigric pAWeT AN tRer
wor ds, the 0 (Qieni I to
provi de a c%rBr ﬁ@éﬁv%%t%%@#ﬁ%%g’%gtsﬂltgh%%t(‘s(?pﬁqOé}gaﬁlglgta Ca)[r?t | at[faf/a
al i gned to aocltayebbeanhgfhashef thedeieetticvodtoad@ in the el ectric notor
10. Hence,, during_the |nstant, of . maxi num speed . .

hi ghl i ghted in Fi gur &8 $2Me) fidyg J!t??‘PB?,th?Léh‘?/&'%E@B'Ca&b‘f"?feli”'ff&otk?
the notog | $iddMdMPSBhmandelAMVA) ShaRlddhehrAGtioNuAiPgo.anpl i t ude of
the current A During the instant of m ninmum speed, highlighted in
Figures 12 (c) and 12n(mhovativeecharaeiesstipakifenwasentdeaitien reters to the

The result t ' r S I C
o pr osent edriirel Bt VAT SletBin, bl eds &0 s Basl AT od ol afd n
osci | | at i onzlddricpusitisresbsureidg hievickeofahe redadtrié encdeor, bbkh impizrosstie ity of
t he power factor, as are inrﬁthzaose with the sane variations

present ed bwqwth‘ﬁﬁl‘?%ggXW&Pf‘Hﬁlé! Addi tional ly, the
present jpnventi on hagpe FYYRIYEAIRUISENMEPH BSpd QalRf 4Pingdil & mdRitor
anticipatory control system since the instantaneous speed Vis a
sanpl e of t e pydrage soaed obthe kleckicemptdrcihoviereas the position-observing
device is arranged to monitor and store an instantaneocus speed V; in each
position of the electric motor 10.
Accordingly, it is possible to estimate, by way of each position,

15 aninstantaneous speed of control V; of the electric motor 10.

Next, the electronic control unit 20 is arranged to calculate an
average voltage V, based on the average speed monitored, whereas the
electronic power unit 30 is arranged to electrically drive the electric motor 10
by way of a control voltage value Veoatrol.

20 Said confrol voltage value Veona is calculated by multiplying the
average voltage V, by the result of the division between the instantaneous
speed of control V¢ and the average speed RPMaverage.

Based on the above, the present control system modifies the
voltage to be applied to the motor based on the equation below:

V.

25 Vi =V, X
RPMmédia

The correction carried out in the voltage applied to the mofor, as
described, manages to adjust the waveform of the current so that it is similar
to the waveform of the induced voltage. Figure 11 (a) presents the
waveforms of the induced voltage EA and of the voltage applied to the motor

30 FA. The amplitude of the corrected current A, shown in Figure 11 (b), is
thereatfter directly proportional to the induced voltage EA.

In other words, the control voltage value Veonno IS calculated so



15 such that the systemanticipates the behavior of the cyclical

‘| oads. Wthin the teachings of the present invention, it
is therefore possible to use a very sinple speed observer, based
nerely on the instants of connutation.1bn this type of speed
observer, the speed in each position is defined based on the tine it
remains in each position. The output of this kind 20 of observer is a
signal sanpled with the value of the average speed in each position,
as shown in Figure 14. Accordingly, the position-observing device
operates in %eugqa RIOVide ascurent omaveiere of thpeelgciissBojerr 10 substantially
The speed o k I - Ll to
nonitor a r?s @éggo %?@é’n@[&ﬁ@e%@glgfr?&éﬁégghg@&nfg%hegﬁc{'ﬁg%\?gIOUe of the
aver age speed cal cul deade] dutihg theemetaint iofvieakimam i speglaf diigldighadd trhe

end of each npositi whi i ies in a del of osjtion in
Feadi ng t he Sgve? teedeh 18 4bl the Fotese apaiad o, Belmatonis Merines,
bet ween tshe grgatingRaeHcrREeif theSARBRUAB 3B tHeClirfht WRY DRfing %S AQtaht of
comut ati on. Therefore, the invention nanages to overcone the

301 i mi t at i orf8iNimMP®s epedd; highlighded aip Figurasaddr (GiganthelB ddhdthe reverse
For this, t g|# in the waveform of the current are based on
t he inforna{h%(?n 0 %:D e %ﬁrisc‘)r rounds, bearing in mnd that the

Pri T/ BR2010/ 000230 13hetrasuboitheadiistmenodf thbeutentslef, prejsee dA alldand
vol tage indyced in the notqr shpuld vary Little from Qne nechani cal
round to th &n'éxﬁfeﬁ‘ﬁ"t?ﬂé“ yFcat- f\#ﬁa“%’bérfﬁﬂ@HE.ea"rﬁgd'pﬁhé;fb%é'at'O“S

control qipechpyl BRedeRRSh R therdlidif 1ortthe Smpdtvbhieat of IRy %ﬁ»fzﬁ%ﬁ?r%@f

the load so it can anticipate the voltage adjustnents a to
the notor. they are in phagaiwithdbatseole vasiations prashotegriypibe entiuiced voitggs

anticipated the | oad o t.or ul redict _the | ct of
this variation on théﬁé@bggu’Tﬂgecgﬁngﬁie%vggﬁ“{hiﬁsan@PgﬁﬁgggoTﬂ%
adj ust ment s geeesteddi to t beov ohitsigearapanticishtdry tdumtiabt systbasedines e
foreseen behavior. 10In o&ﬂen to inplenent the adjustnent in the
wavef or m of [PHENEIFPEHEPERY I8 FRrtIe o DPoRivHNIRdha fipchtconelr iife
i nst ant gBeous,cRRAGhE BySiBRamRiidtLheehalRr BPIHY oychital RiRRENt ed by
the bl ock diagramin Figure 16. ‘

Within the teachings of the present invention, it is therefore
possible to use a very simple speed observer, based merely on the instants
of commutation. In this type of speed observer, the speed in each position is
defined based on the time it remains in each position. The output of this kind

20  of observer is a signal sampled with the value of the average speed in each
position, as shown in Figure 14. Accordingly, the position-observing device
operates in such a way as to configure a speed observer.

The speed observer therefore operates like a timer arranged to
monitor a response from the position sensor.

25 Thus, the value of the average speed calculated in the present
invention is obtained at the end of each position, which implies in a delay of a
position in reading the speed in each position. Figure 15 shows the
difference between the real speed and the speed measured by way of
instants of commutation. Therefore, the invention manages to overcome the

30 limitations imposed by this delay in measuring the speed.

For this, the adjustments in the waveform of the current are

based on the information of the prior rounds, bearing in mind that the



It is inportant to point out that the present control systemis
rarranged so as to apply a constant voltage to the.electric nmotor 10
during 15 each of the comutation positions. The iyd ?@g@ 2pH ijef 0f 230
each position of the electric notor 10155 gi ven based on the
rotations nmeasured in each position. Preferably, the
system now proposed uses a filter arranged to optim ze the speed
reading of the electric notor 10. As already nentioned, 20 the
present invention is preferably idealized for an electric notor 10 of
t he Brushl estardard yayefarm ehihe lvstksespeedeanthpoltage ndused a1 hahavaterg
simlar charggcteristi.cs. . It 1 [0 .3t 1.Ccy Of
the present UGB e meshancAt old i M Radigthe R ElGg o
met hod for elpegitione. MbicopropOseabpbated téchrdpeyiakes abvardagks of thig dydliethod
conprises the foll ow ng steps: . .. ), calcul ate an average
speed of th&ﬁéla&&?fﬁ“& floag@o it can anticipatejifg veliage, pejpeimends ﬁag'ieﬁ’e

aver age gpegdypf mbhs prior step, an average vol tage Vm
Hi ) nonitor an iInstantaneous speed Vi in each position of the

30el ectric notor 10, Said control is ag )the troeroseddedimigus enticigatad tthe dunds

ot imate, by i SR i Pridlf B {ieeBLfo. Shayien op th matkt. The

i nst ant aneousnfpkAcapf thearinticihatécthel adjtmehechdddednintine vbRagaapplied
vi) electrically drive the electric nptor (10), by way of a control
vol tage val dethicmeterdased ppdhe infesesn beaviRie val ue bei ng Vcontr ol

cal culaygd by 5 ml ¢ ipkyididol REIBYERADR YRlUREEnt i e WAGefoRRUL 1R

t he division between the I nstantaneous spee control Vc and t
aver age speadrrent, the control Sstem meohitis iandi deigbithedngantaseows spgceirent

1S SLoPS DL Rl R U B S i 8%,
It is important to point out that the present control system is
arranged so as to apply a constant voltage to the electric motor 10 during
15  each of the commutation positions. The voltage applied in each position of
the electric motor 10 is given based on the rotations measured in each
position. |
Preferably, the system now proposed uses a filter arranged fo
optimize the speed reading of the electric motor 10. As already mentioned,
20  the present invention is preferably idealized for an electric motor 10 of the
Brushless DC type. It can, however, be applied to motors having similar
characteristics.
An additional characteristic of the present invention takes into
account an anticipatory control method for electric motor 10 applied to
25 cyclical loads. Said method comprises the following steps:
i) calculate an average speed of the electric motor 10;
ii) ca!culate; using the average speed of the prior step, an
average voltage Vp,
iil) monitor an instantaneous speed V, in each position of the
30 electric motor 10,
iv) store one or more instantaneous speed Vi values calculated in

the prior step,



10 achieves its objectives insofar as a systemand control method for
‘el ectric notor 10 are proposed, and capable of inproving the drive of
said nmotor focusing on the greater power factot: ofr theanachnne ST
viewing greater efficiency in terms of glectric ‘ener gy’ consunptlon ¢
during the drive of the cyclical |oads. 15Having descri bed an exanpl e

of a preferred enbodinent, it should be understood that the scope of

the present invention enconpasses ot her possible variations, and is

only limted by the content of the claims appended hereto, potentl al
equi val ents bei ng i n¥) BfiseetenBy afay. of exchmasimef theclecltc Tten 16,10

1. ANt Cl patlufGBbOLy NRURIBHIGl v ebaRb ok BlorapPbhgd Lo cyclical

| oads, the control syst'em conprising: ectric nbtor (10); 5- at
| east an el ectronic viprdeadiicallgidriveé2be; electtic Inecist (HY), by ey oﬁao:ophmer
unit (30); -, the glectri bel el ectricall
driven by t Y392 P L{?nVemtﬁb\Xﬁ'P ‘EﬁﬂtE"? ‘@8799 el bRy W culgfed by By
el ectrongc raﬁm;ﬁlymglﬂwe(a%@)adeew&gel\ﬁgbsﬂtﬁelré%nc@ﬁmrumﬁombe%w@ytr@

the electronic control unit (20), t he system bei ng
char act er i zdeptaytaneapy sReasplaenEobY aged ieca@ragmenesid er and an

el ectric position- Ob?ﬁ{dhﬂngﬁ]oﬁe '|8§al95dtslaease* eﬁr{{!éfrﬁ?%; OétteRQ%gWNay of

i npl enmented by way o rontc contro verage
speed contrdhéeontbtalaygtemdmtgnbédtabomm tor an average speed of the

15 electric nmotor (1 the sition-observin e being arr

to nmonitor and stor eP"LH rPtn%‘tt %W@uét cHobs ?%‘iqﬁ ﬁ‘?aerﬁsﬁgglnf’ia% f
the el eqpri GgeARVES ifs1ohje@VesaRsdERES a Q%/stéﬁfb/aﬁﬂ c8AEH r’ﬁ@ﬁh‘o’&i' fon eléﬁﬁlc

i nst ant aneous speed of ‘control (Vs)

he el ectric notor aa%/
el ectroni c doeiefF dO aig propeegd, b@dwgaﬁablar@elmm@vmltmldave @rs emeigre
vol tage (meo&%?r?gd oCHqtﬁQ r@%’lf‘é'raggw&p?g&or of the machine, viewing greater
efficiency in terms of electric energy consumption during the drive of the
cyclical loads.
15 Having described an example of a preferred embodiment, it
should be understood that the scope of the present invention encompasses
other possibie variations, and is only limited by the content of the claims

appended hereto, potential equivalents being included therein.



20moni tored, the electronic power unit (30) being arranged to

‘electrically drive the electric nmotor (10) by way Qf C -
vol tage value contron (Vthis control - vol tagei}“@v‘gﬂ‘ugBbgﬂmqﬁﬂ /0 D 0 2 J 0
(Vs3"s04) calculated by multiplying thesaverage voltage (Vm by the

result of the division between the instantaneous speed of control

(Vc) and the average speed. 252. System according to claim1,
characterized in that the electric notor (10) is of the Brushless DC
type. 3. System accordi ng % #ai m 1, characterized in

that the electronic power unit (30) ¢ B‘Hﬁ ses a set of electronic

power switches (SW i ' f
the electric notor %(%§%&9 doﬁtrﬁ%ﬁs%@hé@rséf’lg%’%hg%gogdﬁgai ggtaéé)g?‘gri%%pl,

char act er i zdohads theheantrcheystemtaopiprissiad age val ue (Vosstnl) is

cal culated so as to provjde. a_ way rmof the current ? 16 of the
el ectric notor (10) éﬁﬁ?legﬁﬁ@%{/aﬁi gned to a waveform of the

i nduced gol tage in thgtlehsici diectrai®Eortidunit (20); 5. System

according to claim 17 characterized in that the instantaneous speed
(V1) is a sanple of tREepstiasyelegniic BPwehknit(¥iri c motor 5(10) such

that the system anti ciaaliEs i nREGMI0Pbey dIB&HENS drfiRh ByaRdSiectronic
power unit (30),
- an electronic power unit (30) being electrically commanded by
10  way of the electronic control unit (20),

the system being characterized by comprising an average
speed controller and an electric position-observing device of the electric
motor, both implemented by way of the electronic control unit (20}, the
average speed controller being arranged to monitor an average speed of the

15  electric motor (10}, the position-observing device being arranged to monitor
and store an instantaneous speed (V) in each position of the electric motor
(10) and estimate, by way of each position, an instantaneous speed of
control (V¢) of the electric motor (10}, the electronic control unit (20) being
arranged to calculate an average voltage (V) based on the average speed

20  monitored, the electronic power unit (30} being arranged to electrically drive
the electric motor (10) by way of a control voltage value (Veuuo), this control
voltage value being (Veontro) Calculated by multiplying the average voltage
(Vm} by the result of the division between the instantaneous speed of control
(Vc) and the average speed.

25 2. System according to claim 1, characterized in that the electric
motor (10) is of the Brushless DC type. '

3. System according fo claim 1, characterized in that the
electronic power unit (30) comprises a set of electronic power switches
(SW2N) arranged io confrol a voltage in each phase of the electric motor

30 (10).
4. System according to claim 1, characterized in that the control

voltage value (Veontrol) is Calculated so as to provide a waveform of the current



6. System according to claim1, characterized in that the

posi ti on-observi ng device operates so as to arrange a speed observer
7. Systemaccording to claim6, characterized if it at ™t He?'speedr;
observer is a timer arranged to nonitolga response fromthe poslt1on“
sensor. 10 8. Systemaccording to claim®6, characterized by being
arranged to apply a constant voltage to the electric notor (10)

during each of the comrutati on positions. 9. Syst em
according to claim8, characterized in that the vol‘{égl?d_n Eﬁ'len g
each positi o 1B derdriemater(10) sursiantially)alioned;iq énvg &htienigduc
15rotations ‘m? r,eghéeq @cﬁEﬁn by on. 10. System
according to gg ar actogé}?(;e)(i by using a filter arranged to

optim ze the reading 50fSyS’aenspeetm“dmrg ttdneCIaihed r |Cbamt&1ﬂ26(ilml) that the

el Tl PR RO Bhe T DA B PSPl St e SarlFPistlnd b el BB HE hdeBr

fol I owi ng 2Qgbessch that the system hhtldi;?étéslhétieﬁa&i@r av tieagelich erdsof the
electric motor (10); i) calculate, using the average

speed of the prior sBeBystgm arrordip [ ORI deCliajApierized in that the position-
iii) nonitor, t%'&r&u?[i@?ﬂ&é‘%ﬁ@ﬂé?eéé@ggt%%é%dr&a Qﬁé&i BAsddon of the

25el ectri c notor mor e | nst ant aneous
speed (Vi) values ca[?cﬁya’teedacmordhg tprq!mm 8t ea‘paractenzed in that ¥f)e speed

st ant aneo Rboehetd SRR EsRERppof fuopioiin E<Epute firf areetpASF R ciovi )
electricag ly drive t Bes%téﬁ*t a¢sordiRg o clalf)s, ch¥iradierizetl by ISy BRhnged
vol tage val ue Ncontrol, "1, this control vol t age val ue being Ncontroi)
cal cul ated B¢ apply a constant voltage to the electric mofor (10) during €ach of the
commutation positions.
9. System according fo claim 8, characterized in that the voltage
applied in each position of the electric motor (10) is given based on the
15  rotations measured in each posifion.
10. System according to claim 1, characterized by using a filter
arranged to optimize the reading of the speed of the electric motor (10).
11. Anticipatory control method for electric motor (10) applied o
cyclical loads, the method being characterized by comprising the following
20 steps:
iy calculate an average speed of the electric motor (10);
iy calculate, using the average speed of the prior step, an
average voltage (Vim),
i) monitor an instantaneous speed (Vj} in each position of the
25  electric motor (10},
iv) store one or more instantaneous speed (Vi) values calculated
in the prior step,
v) estimate, by way of each position of the electric motor (10}, an
instantaneous speed of control (V) of the electric motor (10),
30 vi) electrically drive the electric motor (10), by way of a control
voltage value (Veontrol), this control voltage value being (Veontol) calculated by

multiplying the average voltage (V) by the result of the division between the
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- nultiplying the average voltage (Vm by the result of the division
‘between the nC, T/ BR2010/ 000230 17 instant aneous, § ~&Optral )
(' Jo) and the average speed. 12. Anti brﬁzﬂi%zééatﬁgﬂﬂ O 2 3 3
met hod for electric notor (10) accordigpg to claim 11, characterized

in that the steps are inplenented by way of the control system
defined in clains 1 to 10.

instantaneous speed of control (V) and the average speed.
12. Anticipatory control method for electric motor (10} according
to claim 11, characterized in that the steps are implemented by way of the

control system defined in claims 1 to 10.



