1 Title: "ANTICl PATORY CONTROL SYSTEM FOR ELECTRI C MOTOR AND
ANTI Cl PATORY CONTROL METHOD FOR ELECTRI C MOTOR APPLI ED TO CYCLIC
LOADS". The present invention refers to a system especi al |l y desi gned
to 5 control permanent nagnet notors of the Brushless DC trapezoi dal
type, with the aimof optimzing the efficiency of electric energy
consunption in driving cyclical |oads, such as conpressors in cooling

systens. Adgid:i"ANTICIPATOR P CORTROMNSYSTEM FOR ELIEESTRIC MOTOR AND

met hod for notors of this kind, this being inplenented in the
syst em nowANBEIGIEATORY fONTROL METHQF OR HIECGTRIGMATOR APPLIED

Per manent I - the Brushless DC type are becon ng

ever nore pm%?rcﬂ% Q{Bgﬁ ations requiring | ow cost and high
performance. Motors ok §a8eh WoBhESS r&erd YPR §forhi BpcfallyoddXgm®y & S
nount ed upsi de down, where the permanent magnets are nounted oh the
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stator coile§elical loads, such 48 c@ﬁkfﬁfbé’sdl:@% BYONHPEWHIEmaNd hi ghest

efficiency in the consunption of energy, it 1S necessary to
synchroni ze the cur Acditiomally, theepr@8enhihvestion preddes iancariiel phethod fof

the notor. This can.be done by. using sensars,coupled to the tor
Shatt or byOBE s eI Rpfioe BEpE SO ERRe i 47 sThEa A Bl ot or
phasesqg Thp&Rpfftich 6PHIY Sthtebfithe ARt or shaft have the drawback of
addi ng extra elenents to the design of the notor, considerably

i ncreasi ng the finaPecosneot mhgnsblmoioss. olvitheowsushlessi Dat itgyps efe
25 space and the environnent itsel

.f to whi.ch the nmotor is subject,
oy Fender BERRMRE PRI oRls T raRRIRSNSES GRFWEBY Doy BoRf Ak gty
the use of peplobRERCO! MBTITE N PlRSBFIEHISSS PITS il kRS SiRaPeS DS hfbtess
i n nost cases. North Anerican patent US 6922027 discl oses

a t echni quenaunied wpsideadovnt aderedberpsasmanent magnets arecnowntedfar tel
ot put 1£5° ST APUETE G IpBRES dos YairBA bt RRES! IneTobiitahy i
i nstants ofwitdR dAf e Bfdshes, M tHEOBSEE bh Breshitsd DT infotBis; tRRRARHE &,
it requires the use of many external conmponents. 2
reversed by power inverters which drive the stator coils.
To obtain maximum torque and highest efficiency in the
consumption of energy, it is necessary to synchronize the current with the
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 best 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.



ANDRI CH et at uses a techni que where the three phases of the notor
are shown, treated mathematically, and then conpared with each ot her
to determ ne the commutation instants the notor. The advant ages of
this technique are the elimnation of the analogical circuits in
determning the 5 position of the notor, the flexibility in the

adj ustnments of the observer according to the nechanical structure of

the motor, |ower sepNDBRICH Y%t P he PBHARUE Whedd td 1988 phbstdof the
conponents and the possibility of calibrating the circuit. The

Brushl ess DDivbtaresshewn bireatasd mathamatically, t srd 1ber gmparedr withpgadhed

to coolin steng. This.type of application_satisfies_the cyclical

| oad condi CREASOABtPTRIRS Y PRurayEhen bistentP of Bk iy ion herdVatapgs of
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the system s cooling capacity, which can be controlled by varying the
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aver age rotatdaBtrikP@ffhtions of the compBHRNIPEKE e PbssiBAiLS 8MBAIRFERHg &RD
be divided into two operating stages: the suction stadge and the

conpr essi ofirstihge. Suction occurs at the beginning of each cycle and

is characterized by the piston_r egt. within the 20 cylinder. During
this processing, the EylﬁrHabt%Sro’_s%H:l ﬂé(ato\;ﬁ t ﬁa‘_f' hé’eco't')"‘lel%g'nf I%_fvdﬂg Thbe
conpr e$gi oRofFbSsors apphed  tobesiiifg W@ﬂ%heTﬁi'sst?P&df%ﬁﬂﬁﬁﬁoh lsatisfies
di spl acenent direction. During thi's stage, the uid i's conpressed

i nsi de t he thg cyeligel loadoranditinsisndefined inltbe scgpeef thisdnventiooh dreeaimeof
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the torque duri nﬂ he "wor ki ngz of the notor. The "t or que
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adj ust t he cbAfbPo¥tRB eVdfagPRRsticH spded.not or wi thin a mechani cal
round, so as to offset the speed during the conpression cycle. The

control | ers devel opdervwrking of thg aamepresapt ears be slivided info ttwatopsinating s
i nportant f
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speed. beginning bPwaye tyclehehd isTphsraciizea byothet fistorvietae withee theof
the nmotor may present distortions in the waveformof the current due
t o t he2Qar cyiinass. oPuring 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 to

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



5 the rotation during the suction and conpression egycles. This
deformation in the waveformof the current is not desirable because
It decreases the efficiency of the electric energy consunption due to
the reduction of the engine power factor. Bearing in mnd the
conpression cycle, for exanple, it is noted 10 that the induced
voltage in the notor sustains a reduction of anplitude due to the

reduction isistepe @ titaysnioltyf thecarrags coeliny BowCamientd Basitally defined
controllers do not act to nodify the average voftage applied to the

nmot or and tiyitbe jayerage totelian speeth increase in the difference in

potential applied t r.coils ' | s | ned_as, bei,ng the
di fference between %&%&w&%&&%%%&%y%&e a%%ia‘g%v%p(?eeq, ogﬁbeqm{gor
i nduced volm@agpredent BRstomibas in HrewhDEfRRSST the dufentidlibas aRé ¥atiftion of
potential applied to the notor coils then causes an increase in the

cur r ent 5 duithe gotatien suwipodbeisetien @nd. camprassiosiagielegay T hisrdefaematien iron

hauced volttgBaiOTeorte: isheln. BBt {GEabler BebBugi sltfostis
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suction cycle. This behavior is exactly the opposite in the behavior

of the i ndepgihepPwenf@ctarhi ch decreases during the conpression cycle
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becones different to the waveform of the induced voltage. Brief
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wavef orm of the current should be carried out due to the variations

in the i ndWdéeh {Fodefinpd as hewlag e differenca between: b valiciogt applied by the

speed ’f‘ét hiirﬂxe?‘ter%nd the induced voltage of the motor. The increase in the difference
in potential applied to the motor coils then causes an increase in the current
during the compression cycle. In the same way, in the suction cycle the
current decreases due to the reduction in amplitude of the induced voltage in
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



mechani cal round. Adj ustnents to the waveferm of the
current are based on the information fromprior rounds, bearing in

m nd that the standard wavef or m of the‘%orque, speed and i nduced
voltage in the notor should vary little fromone 5 nechanical round
to the next in the operation of cyclical |oads. The proposed control
techni que | everages this cyclical characteristic of the load to

anti ci pat e thésharidIsbamnts in the voltage applied to the notor. It is
as if the control technique could anticipate the |oad of the notor
and predict the i nmpAciusiments io\theu\aavafﬂrmroftih@ awirent. aso baked on the

controller 0 ant|C| Q_the.a eefde
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el ectronic power unit, the electronic power unit being electrically
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unit, q1be sReedjemened heeddgiinghavoagedailiedon tHY mtorBas&ddnseRed
of the electric motor, the position-observing device being arranged

to nonitor feisgeen Hebawari nst ant aneous speed in each position of the

et ant anoous cantr SbbBAdly, e d¥aRles i BeRBEAA yaMhn ate achieves
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the average speed nonitored, the electronic power unit being arranged
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speed in eac
speed controller and a position-observing device of the electric motor, both

20 implemented by way of the electronic control unit, the speed controller 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 muitiplying the average voltage 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



el ectric notor, iv) store one or nore instant:aneous speed

val ues calculated in the prior step, v) estimate,
by way of each position of the electri @ ot or, an 10i nst ant aneous
speed of control of the electric notor, vi) electrically

drive the electric notor, by way of a control voltage value, this
control voltage val ue being calculated by multiplying the average

vol t age by méipotigfivirg Ble bhewiigwtepon bet ween the instantaneous speed
of control and the averaqe speed. 15l n order to inplenment the

adj ust ment i n the walesleylaiconn areragersnesd ofdhe elestie meitorret hod

nmoni tors and stores.the,i ant aneo eds in each. position of the
notor. As descri bed "gb%?\%"ﬂgﬁeheﬁﬁgﬁttﬁgl %ng{aﬁgdsPﬁ%ﬁ % 1§ | ILT RSP an
vol t age to ferappldlege, 0 the notor, multiplying the average vol tage
previously defined by the speed control by the division between the
20 i nst@nt aneous spdBdmaiifor han dusieatrRnentise gpedqtheini #Bhnpesiton oo the

i nst ant ane e sed in this calculation cones fromthe prior
round of t%gécf@?ﬁ'fo,qoguch that the controller is able to anticipate

the behavior of theiyoétere ohBeICRLIE FidtaMapesiio siRed ivalldie cxieliladete in
applied to the nmotor, in the manner described, manages to adjust the

wavef or m ofthe PEOESiEPent so that it is 25 simlar to the waveform of
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t he i ngg antmigetapeval 6peed decon@olast the eldidridictsr, W t hout al tering
t he average voltage cal cul ated by the speed control network. 30
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represent s valtggody thageaut of theddivieRrs yetviraiing inGtaRRMRDUS EHRL of
notor of the Brushless DC type, three-phase with 4 poles, with

t r apezoi dalcopBpt agiheaveragewereds 120 el ectrical degrees. The
di agrag conpri ses af %%larf 'Bc;rim?erﬁgﬁf‘mé | dinlehf i tﬁgf@é@%@?@gﬁﬁme

inverter, 5 characterize e Sé power swi t'ch
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wavefornms characteristic of the drive of the electric notor;

each position of the motor. As described above, the control method then
modifies the voltage to be applied to the motor, multiplying the average
voltage previously defined by the speed control by the division between the

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 voliage 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:



Figure 2: presents the block diagramfor driving the el ectri:c notor
usi ng an average speed controller. The control of this solution is by
10 nonitoring the average speed of t he %ot or; Fi gure 3:

(a) waveforns of the induced voltage EA and the average vol tage
applied FA in one of the phases of the notor, to a constant | oad
applied to the notor shaft. In this sane case, (b) presents the

current wavef or m of Fifgei @) replEeaty 8 Hock Blagha® 63 diRbalystéth dihe
di fference between the voltage applied to the notor FA and the

i nduced volpeaganent inmaghetf goger of ke aBtushlasst BiCh typearettivaerpbabe paith ol
Addi tional | (b)..,and (d). show.the respectiv srents resul ting 4n

the motor: PRlesuitBIraprogRl Wiiqt of of BYlHE 48" Wetied el the
resul ting fdigyrard dohforiseBt BOtediBEN 08 @ipdditReafiRéRds tARREEhANP!ihesHdr0
a constant | oad. The currents of the three phases present an

i denti cal whaedfatenized Diitheseterhrowenbwitches;a permanent magnglinoter, a

characteristic curve of a clical | qad appljed to not Qr _driven b

an aver age OliAgd OSANES st & canidl il n Bl thet wedsforms dharabter she.of
of the i ndusedrivebf aacelobtrndoff; t he voltage applied to the nmotor FA
(b) presents the waveformof the current resulting in the notor. The

vari ation of the inffig#e 2rpresgrds B block diagraot for shivinguibecdecific nefor
variation of.the speed of the nmtor withipn a nmechanical. roynd; .
30Fi gure 8US{D) Aoelprads REdqPPRtpliiee the waoiol i Tis (sedlin,ie i e
t o t he1oot dioditdrmacttht Reerayllispsbd f thedfiofefy during the instant of

maxi mum speed. (b) current resulting during the instant of maxi num

speed. (c) detail ofiguret Be (A Wavedortes nét iheemdused vudltagse Bpmindethe o
e oo E0ut, PO AR ERDTA% SRR kRO o g™
LTy FUARSRREEd b g shat e 8 e e g e
cyclical | seyeform 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 resulting 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 6: characteristic curve of a cyclical load applied to a motor
driven by an average speed 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



Figure 10: block diagramof the control nethod for inproving the
notor power factor; Figure 11: (a) presents the waveforns of the

I nduced voltage EA 10 and of the voltaég applied to the notor FA
corrected by the proposed system and control nethod. (b) presents the
waveform of the current resulting in the notor; Figure 12:
(a) detail of the voltage applied to the notor FA corrected by the

control nethediffirenes eehassh tHevoltetie agphdl taBrR MmOtSHFA Rthdlbe hbced

i nstant of maxi mum speed. (b) current resulting during the instant of
nmaxi mum sp&eliage EA duting theinstaet eioninigem ppeedddh 6urrRst resuding=during
corrected ont 1. t proposed and the induced vol tage EA
during the%%&&g%@og%'ﬁl%m%%&ed. (d) current resulting during the
instant of i ni num sRARE;9:4MekeksethE3curpERSiAthe thRte pHASENGS itie figtor

t hree phases of the notor corrected by the control nethod that is the

obj ect of teeuline§em thengamital siethod of the averagefipeediappligd de dhe syelisal
aver age spi&ﬂj_i n each position acquired by a speed observer, jointly
with the real’speed of the notor, pursuant to the teachings of the

present invention; Fdurguite blésk @ibgmtdiQh@ébﬁtrbn@ledﬁcﬁﬁbriimpWthe
measur enent, characterized by the difference between the real speed

and the sp@@ﬂOHEQW@Fgﬁmwy the instants of comutation, pursuant to
Shows the stor age of GG 1 P LAESRbsC e BRtrome ot tie yyselPihSe A
the notor, aa8 ¢fitieesREgée Apblied &PtHg BlotdH P& lsoffeata e probdsed system
i nvention. 8 Detailed Description of the Draw ngs

and control method. (b} presents the waveform of the current resulting in the

motor;

Figure 12: (a) detail of the voltage applied to the motor FA

corrected by the control method proposed and the induced voltage EA during

15 the instant of maximum speed. (b} current resulting during the instant of
maximum speed. (c) detail of the voitage applied to the motor FA corrected
by the control method proposed and the induced wvoltage EA during the
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.



Figure 1 (a) shows the basic arrangenent of a control diagram and-=(b)
the ideal waveforns existing in the driyve of an electric notor 10, in
this case a permanent magnet notor of the Brushl ess DC type

t hree-phase 5 with four poles, trapezoidal wave. By way of exanple,
hereinafter, this notor shall be used for analyzing the remaining
graphi cs. However, the invention is also valid for any permanent

magnet not @etafled DedBrifideeftHEDraRgdiowever, the invention is also
valid for any pernmanent magnet notor of the Brushless DC type. Under

nor mal wor ki ng, t he Figerblahaews dae tiasia apangemenbof Recargral aliggram
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di agram of a typical control operated based on the average speed of

an el ect ri claygvar. ihehinyeglionigalsentalidienany Hermsnent aragnehanotay ef the |
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defined by the system ure 3, in turn, presents the

ter o Fig "
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of control mebnahafthebseplers adfaindoBes padthgeeMairncureaist &nis gossibig &
mechani cal cycle. This constant behavior of the speed is reflected in
t he i nducedsaiuradbe ipgetopimhenmoter. nit die Prapgsed amangemsnt B voltage
i nduceg-vol J N AL LN S I l r
duri ng%a 385%]5@3%%@?5@%8?&“%&@8;&2o@ggg%sé%gg@' %m‘)%vgﬁgr%r%qgg s&-l;éoe

resul ting hiessuring davideetdin be apbiedrtd the ialventicrs sresentarl. uni f orm

behavi or, and does not alter during the nechanical round, as
presented in Fi gureFigye)2 shgws a block diagfagndsa 4yRigg! eprirelcorerated |
the differ twpeen . i t . e I |
Lo the mot SRse R Ao EC N U AR Bl Ao T MY T e AP

mechani cal thiewudor &ng tiie hvérteh)aswdll Gd)a staseriviath icha manigsrahesspekd.
the phase current resulting in the notor are also 5identical within a
mechanf@al cPBligiing e coptrefier Fairasrensikle tar prcegsingethen drfopaatig Pn

the i nduced xohtRafinG Ao thd BENYS brEG ith BRPHIERNCE, bPSefRiM 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

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
voltage maintains a uniform shape, that is, it does not alter during a

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



Consequently, as can be seen in Figure 5, the waveforns of the
currents resulting in the three phases of the notor are identical,

not denonstrating any kind of di storti h during the nechanical cycle.
10However, it is inportant to point out the difference in the inpacts
for a constant | oad when conpared to those comng froma cyclica

| oad on the shaft of the notor. Figure 6 presents an exanpl e of

cyclical |oad, whiclFidigesodnid)sasl Q) afetas ahb! afffePbhd@r Gebdedn iRYBERDE
TM operating point. Aload with a B/qpl cally cyclical characteristic
i s the | oadolfjeger Bfe@ndy the ‘wltagend&A \applisdc éorpihes swator, Thbishpaotains

the notor speed,. operatin y canventignal. contrqller of average

Specd. s SRBEGmBrely onSth iR e MedReASOLEE rBlfes ' B)°8Rd
The speed @pgil hat HENWEIRRHsDHIYAE iphake tunnf i UIfingl i Bk hbfori did el
voltage EA, which is shown in Figure 7. As the voltage applied to 20

t he notdr Wendicat wihispe eteahenioad rewnd, idsiedertbe anaintknangg ol tihe diftereces
d, the higher the ind t he | t t
Feaul 1 ng. AEOREER e Belyped SBfiad ERSRu s Wfhae PRapblige I 1a RN of
maxi mum speed, hi ghigdszegdenhtly, FsdtHrEb8 seah iaFglie) 5, thBevAnSEaRS of the

vol tage EA cones very close to the voltage 25 applied to the notor
FA. As a cougegternesyltiingeire the treecphkasss iof thee ragteri angd ddesticahe nph

o5 e MBI A AL B PBRE BB ", 0
variatign in speed ppvderlitid RGNt 16 PRIMTURRNS Siffyan@ds I7@@ ivpacts

Figure 9, clearly shovmar;g the distortion of the currents of 30 phases
| A, 1B and fercawionstamt doarkwineni eanparedn@. thore costing dken ¢f cydieaklopdeon

I T AT e e ey
vol t age, diig e6fnpYised @f an oscillation around an average TM operating point. A load
with a typically cyclical characteristic is the load generated by an alternative
16 compressor. The impact on the motor speed, operating by conventional
controller of average speed, is an oscillation around the average speed
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
20 the motor FA by the speed controller is constant during a mechanical round,
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 to the voltage
25 applied to the motor FA. As a consequence, there is a decrease in the
amplitude of the IA current. During the instant of minimum speed, highlighted
in Figures 8 (c) and (d), the reverse phenomencn 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
30 phases |A, IB and IC within a mechanical round. The decrease of the current
resuliing in the motor during the increase of the induced voltage, or the

increase of the current during the decrease of the induced voltage, directly



I npacts the reduction of the engi ne power factor. I n order
to inprove the notor power factor, the current should have the sane
format as the induced voltage. Theref of®, a control system for
exanpl e, such as that proposed in the present invention, should act
to 5 reduce the induced voltage in the notor when a reduction in the
operating current occurs, at the sanme tinme in which it raises the

i nduced volihagetsi tRe rBGuSRINOSf tWB RgiEpGNEF Bfori N the motor is
i ncreased. But t he phenonenon that occurs using the

conventional speed ¢omrdet taeimpraveetne moidr pewer dadter| thet duurarp mhwoiulce.
This current vapiation which 0 is disprpportiQnal. to the jnduced
Vol tage durty e EHa 2t 75 g aHCe R SoRB: ThRLr ol b Sonkel Mt
power fact gbr aRESmMBRY)SREHERS katdsiobeaedsn ithe prEédimi iAvEMIAH, dHoRiId ket &m
Al ong these |ines, the objective of the system and nethod now

proposed i seducd the ovicedevaliager inpeemotaicwben @pdustiondntthe apergéngf

the 15 cyclical |oads erehby ,adj usting the wayeformof the .
current. - BuERt oc8R ar NeCESRY (i T it f fisd 56 iRt voitBomdn he
Mot or iS i lhtek whepdhb RubRst b OeknBicae MEradsed. gur e 10. o
Said control acts to adjust the waveformof the current, nonitoring
t he instant aneous speddhanhenemencsy iigé ansuesi usingt the eanventional speed
contrast, the, contral ik.l uslt.rat ed iln ﬁi ure .?.0 ﬁﬁs t he techn't.cal .

dr awback’ ofSRaleEPTERtONT 1 BRECIpes e g PRAYTE of DRoTUITa! Y2HaNSH dyhich,
hi gh- capacid yispresasishabtd BdWiRed voltage durindat fiedhbARal fARHY BE !
the present invention, a systemand a control nethod are proposed so
as to wor k m@toh psejuidinesetheampter ppwer Speted angsconsamentlytdanseages the

possi ble tg,pbredic he havi or of the notor during its working,
differentl fﬂfc e?%a‘%f%iscyg%ﬁcurs in the solution presented in Figure

10. Accongbig thesd e tRE Abjedtvat 6fotheSsEtem adinétHod now
anticipatory control systemfor electric notor applied to cycli cal

| oads, compropesedais t@umpravet thecmeseropower fagtor epptiediio ghecddrivenpt the
it ErE B R R R A SR A
11 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
20 contrast, the control illustrated in Figure 10 has the technical drawback of
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
25 values, it being possible to predict the behavior of the motor during its
working, differently to that which occurs in the solution presented in Figure
10.
Accordingly, the present control system, called anticipatory
control system for electric motor applied to cyclical loads, comprises an
30 electric motor 10, at least an electronic control unit 20 and at least an
electronic power unit 30. Figure 1 illustrates an implementation possibility of

the object now claimed.



Furthernore, it is worth nentioning that the electric notor 10 is
electrically driven by way of the power unit 30. The el ectronic power
unit 30 conprises a set of electronic dwer switches SWN arranged to
control a voltage of each phase of the electric notor 10. 5The sane
figure 1 shows that the electronic power unit 30 is electrically
commanded by way of the electronic control unit 20. An

i nnovative charact e gfhegmefe, il RoRBEAbNtGNAGIthaNtHELERLEId Mdthe16 3§t
that the control system conprises an average Speed controller and an

el ectric pedeatiicallyotriwnby gvayesfi tbe pewarhmieB@.c tlhecelaotranic poatds unit 30

i mpl enent ed_by 10way of the el ectroni | P 20,
The. aver ag@OlUBESCY et o e ST e SRR R Pipas, SRR rtings toororgre! 2
average spe@flagé of BACK pRELE of tHDERErEInoWianeas the

posi tion-observing device is arranged to nonitor and store an _
i nst antaneous speed W& bamealigurposistiosrs diattthe elestroniccpowenunit030 is

15Accor di ng| At 1s possible to estimte, by way of e posi tion,
an | net ant ST SR RERBY By ey St Bess ERNRLudB e, PTo.

Next, the el ectroni qre@RblalivelBhiraderistic f 1R 8RSk ivRlntiBhabrerafo the
aver age vol tage Vm based on the average speed nonitored, whereas the

el ect roni c fagivibiat the o800l sysiemaagagrises ancavaragaldpgedr¢ardrallee and an
af a contr contr

|l ectri .10 20b | vgltage val u Qi .
Sar  cont 1 A0 PEGUSLRA T REFBE oohelet S atisy Bot e Dehisct e
aver agep volgRoss tMEdctidiic E8steblturff 20.he di vi si on between the
I nst ant aneous speed of control V and the average speed RPM -aver age.

Based on the above, Theeaygregerapasdneerniroleyds esproidily iarsanded @Emonitor
\éghzage to al%ea\%)rglgiaesgpete% E)]h %engfe%{ricb?nso gr 98 ‘Evtﬂ%reea%uﬁ% Bgsigce)rlw%\gse%ing
device is arranged to monitor and store an instantaneous speed V, in each
position of the electric motor 10.
15 Accordingly, it is possible to estimate, by way of each position,
an instantaneous speed of control V. of the electric motor 10.

Next, the electronic control unit 20 is arranged to calculate an
average voltage Vi, based on the average speed monitored, whereas the
electronic power unit 30 is arranged to electrically drive the electric motor 10

20 by way of a control voltage value Veontrol.

Said control voltage value Vo 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 RPMayerage.

Based on the above, the present control system modifies the

25 voltage to be applied to the motor based on the equation below:
|14

171‘"5 = V;li' x —
RPM

médio
The correction carried out in the voltage applied to the motor, 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

30 waveforms of the induced voltage EA and of the voltage applied to the motor
FA. The amplitude of the corrected current IA, shown in Figure 11 (b), is

thereafter directly proportional to the induced voltage EA.



mA s nmedi a The correction carried out in the voltage
applied to the notor, as described, nmanages to adjust the waveform of
the current so that it is simlar to tﬂg wavef orm of the induced
voltage. Figure 11 (a) presents the 30 waveforms of the induced

vol tage EA and of the voltage applied to the notor FA. The anplitude
of the corrected current 1A shown in Figure 11 (b), is thereafter

directly proportiongh otifert Rerds)ahe @dniel Va8RyeEPalue Moo is calculatddNso
ot her words, the control voltage value Vimtrd is calculated so as to

provi de a @&Sr ferirovideefoewient wewetaracof i thenslestricl matabstlasubatangially

i dt f Lnduced | it | ect.ri t
To. Tence, AarFHE A iebngr v NEECe Y Shh Bt elatEr e SRkt Ton 5
Figure 12 (a) and 1¥drek, duthgyehd dasafPRifi @éxmiurhO sp8&d Maigilighted in
i ncreased, providing an increase in the anplitude of the current IA

Duri ng ®he Fiigigeat? (@f and dizn{inh Sirereliags ghplieshFédia thermpieris ingreased,

205 ust nent PEYIRE BT TR AR BARE MR BSTA0T ine At R3f: indhing (FRdostante
in Figure MniMlihhepesd, highgharpear Figdebs tize (@sahbl abi @S theWeverse

presented by the current favor the inprovenent of the power factor,
as they ar ®NEAORIEASS GLCUIB.t he sane variations presented by the

advant ageousi o compdngdepyt s Mt pRane: of A8, AIEEFE by biSES 148 A
syst emQsi nCestgtesedtedi instignierNBOUAISRRET itVmb§ sppeafridel, dhe t0eillBfibies

round of the electric notor 10, such that the system anticipates the
behavi or ofnowhpresgotecthy the gugent favor the imprgvenigntiaidhe aewrearfgetoss as

speed observel e dissubitt oo, AR BRUDES Bletsfrd e Pobied vih e <
type of speed obser wediticnaflyspees ipresash prshtibon has, 28dwsftageslisly

based on the tine it remains in each position. The output of this
ki nd of obsempared sta d$righarisanpnednticingtene catid systehe asieeagéhe

speed 115' e%ﬁaﬁ%ﬁ%gg @Pegé Vsig a%BleFéﬂHéﬁ)rPo?‘ TOL'JA??CF af @%H%ﬁt}‘ipgﬂﬁgr (,10,

posi ti on- observing deviceé opérates In such a way as
speed obsewuveh that the system anticipafBizahs peeeviob s theetydibgriebgse operat es

like a tinmer arranged to 25 nonitor a response fromthe position
Sensor. 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
20 defined based on the time it remains in each position. The output of this kind
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
25 monitor a response from the position sensor.
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
30 instants of commutation. Therefore, the invention manages to overcome the
limitations imposed by this delay in measuring the speed.

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



Thus, the value of the average speed calculated in the present

I nvention is obtained at the end of each position, which inplies in a
delay of a position in reading the speéa I n each position. Figure 15
shows the difference between the real speed and the speed neasured by
way of 30 instants of conmutation. Therefore, the invention nmanages
to overcone the limtations inposed by this delay in nmeasuring the

speed. For ggaks, ofh NheatHfo@h AR Df | thel PRoMRYEHES, Tb&4Arind18n CriinE Rhafhife
13 based on the information of the prior rounds, bearing in mnd that

t he st andastandardfwavafofmtafethecogius, snessdaaddoltepe dgdudaddire ik inmotohe

notor should v little from one chani cal, round to.the next in the
Cyeitcal 1 GagURb Vet Srom BB REsREaHA s oP M o e avbteal Toad
advant age QjpefdtichsCYFrhé pRdpRretdcHiict téSHriqudtakedtadRtadOof this @fclical

anticipate the voltage adjustnents applied to the notor.

Sai d cobt r sharactersticf oftthe Ipadsoskcan avticipgiecthentdlicgpadidstments appliert

t he notor ?ng?]coultd predict the inpact of this variation on the

not or. The ‘RN MA®'er can then antici pate the adjustments needed in

the vol tage appliedghHY tonfrbcis/BY Brhd préisos fé%ﬂnfq@'é%?ﬁffbéi@@%é ¥ad

In order to inplenent the adjustnent in the waveform of the current,
t he cont r olof §lys reotorend owd predlicittbe depankof this satiaticroos tee eeefor.nThe

each positian, of the tor,..as presented by .the block, diagramin .
Fqur b 16. oppirpler i, Mk pnt el R Blictmated PRednd T uik YRAR GPpted
systemps td it assbcothd Préfiinbénsanst ant vol tage to the
electric notor 10 duri ng each of the commutation positions. The

2

vol tage applied in dachdpodo impleroent e edgstmiet inttbe wavefori okthe
Dase o M5 bk R STHERT el B RSl PO RRABRI B
readi ng of ¢alR st ofahERidtbr, (P@embaqaﬂmerm@ék aRefam iR Fidire et
invention is preferably idealized for an electric notor 10 of the
Brushl ess DC type. It iscHnport@iietee poirheopihiat diiet presenibcential sygfem is
siml aliSCh%rrr%%tg%{jigot ia(t:‘,stb apply a constant voltage to the electric motor 10 during
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 to
20 optimize the speed reading of the electric motor 10. As already mentioned,
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
25 account an anticipatory control method for electric motor 10 applied to
cyclical loads. Said method comprises the following steps:
i} calculate an average speed of the electric motor 10;
i) calculate, using the average speed of the prior step, an
average voltage V,
30 iii) monitor an instantaneous speed V; in each position of the
electric motor 10,

iv) store one or more instantaneous speed Vi values calculated in



An additional characteristic of the present invention takes into
25account an anticipatory control nethod for electric notor 10
applied to cyclical |oads. Said nethod éonprises the foll ow ng steps:
i) calculate an average speed of the electric notor 10;

ii) calculate, using the average speed of the prior step, an average
voltage Vm 30H ) nonitor an instantaneous speed V1 in each position
of the el eghg bRofBlepr 10, iv) store one or nore instantaneous speed
Vi values calculated in 14 the prior step, v) estimate,
by way of each posi v) estinate,Hyy wag i rdachnpesition of thenelestitcamotorebisan
speed of control Vc of th | ect i or  10. an Vi)

ol ect 1 cal TPaRROESERaPEPEel PRIt e 6jectts My 19 ahonc rol | 5

vol tage val ue Vcommiyj) dBEBicERNHFiOL tME|dIe&eic bR (Pe), N8y Wa9néf & control
calculated by nultiplying the average voltage Vmby the résult of the
di vi si o bap Ve iVasiranttis eondos yetage ivatumbeig Veanad cataslatedr ke

oo R a8 Sobiah Ebi AR BT I RETBENSS e
instantaneous speed of control V. and the average speed.
Said methed is idealized so as to implement its steps by way of
the control system described above.

10 In light of the above, it can be said that the present invention
achieves its objectives insofar as a system and control method for electric
motor 10 are proposed, and capable of improving the drive of said motor
focusing on the greater power factor of the machine, viewing greater
efficiency in terms of electric energy consumption during the drive of the

15 cyclical loads.

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

appended hereto, potential equivalents being included therein.



10In Iight of the above, it can be said that the present invention
achieves its objectives insofar as a sygtemand control method for
electric notor 10 are proposed, and capable of inproving the drive of
said notor focusing on the greater power factor of the machine,
viewi ng greater efficiency in ternms of electric energy consunption
during the drive of the 15cyclical |oads. Havi ng descri bed
an exanple of a preferred enbodi nentCLAIMShoul d be under st ood t hat

th f th t th i bl ,
Vb o oes " an £ Sh AR B CRETEB R Rt P iR o gk
her et o, poq@égé Fhe @gHﬂrﬁgpgggfgrﬁ claﬁg?%gwcl uded therein. 15 CLAI M

1. Anticipatory contro ystem ectric notor applied to cycli cal
| oads, the control smeiettcionmﬁ)s(‘r@ - an eI ectric motor (10); 5- at

| east ap electronic control unit t an el ectroni c power
uni t (35) the el ec@??%sﬁﬁpcﬁ%?@%} BQ“WQ)J LE]' 3’I cally driven by the
el ectroni c power unity (%@{ an e?ébt?drf?& 5@g|,9nﬁ . unit (30) being
electrically cormande 10way of t ect Ic control unit (20),
t he system bei ng chartlaeeéﬂotrzcemoﬂm dOmbeirg elgctmaﬁydriagle bybelectronic

controller and an ehﬁgtric posi tion-observing device of the electric
not or, bot RO d by way of the electronic control unit (20),

the average Speed COly Qie'cﬁ‘rbn?é%%raﬁﬁlﬁgg@)gbélﬂ L@éllya\?orﬁ\‘r?rﬁ%% by

speed of the 15 electric notor Sl t serving device
bei ng &@ram@dofttberatenttamc aontraltuonitg 28, | nst ant aneous speed (Vi) in

SRR L ST I TME DN R SOV A G
i, 1) b v, Sl I S o
motor, both implemented by way of the electronic control unit (20), the
average speed controller being arranged to monitor an average speed of the
16  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 (Vi) 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 (Veonral), 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
(Vec) and the average speed.
25 2. System according to claim 1, characterized wherein the
electric motor (10} is of the Brushless DC type.

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

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

voltage value (Veonrrol) is calculated so as to provide a waveform of the current



20 nonitored, the electronic power unit (30) being arranged to
electrically drive the electric notor 9 0) by way of a control

vol tage val ue (Vcontrol), this control 'Vol tage val ue bei ng (Vcontro)
calculated by nultiplying the average voltage (Vm by the result of
t he division between the instantaneous speed of control (Vc) and the
average speed. 252. System according to claim1, characterized

wher ei n t hefehe@lddtbc mutor (10)Bubistaritially RiigRed 38| £08vEeriny®Rthe induced
3. Systemaccording to claim1, characterized wherein the electronic

pover uni t voBage ibfier elesticanator (). el ect roni ¢ power switches (SV2N)

30(10) - 16 of the & cervie? aseRrARdol EE o PR EREL PR, the

wavef or m ofindthetanadus epeal (/pde a sarmpr 6f ®et prict rebharof (A8)electric motor
5. System accor di ng to claim1, characterized wherein the

i nst ant anedl@) at e syster asdisiiasena hehavier obthe eyaigabpadse

the cycl i cal | 02820)6 "5teh Hecpiting YL HARL o o PREER el g He

char act eri peditivhesigieivih@lepivdl d paratedhsiray tagraRye asprearcdsesvei0 as to
arrange a speed observer. 7. System accordi ng to claim®,
@

charact eri zed wher ei’n SyRtens geeerdinsster ¢laim i6s characeizesyw @@ﬂithﬁ)speed
o cl ai m 6 0SRAPLE & Rr iy REEl bRl RERE Reeets forp VB BT RpLar

vol tageoto the el ecr @smmﬁ @bcérl-ﬁﬁg tclaltg 65 eparadtedir] b BelHgRArdged
positions. . System according to claim8§,

characteri i%@améraepﬁn%tﬁ@t \yeltaagéOatb@ plegtrion msdemn (Hs Auring asicht ek the

gggﬁtrl c m%ﬂ{m&t%%n p%sﬂfo\ﬁ%n based on 15the rotati ons neasured in
posi tion. 0. System according to claim1,

characterized by usBngSystém tecoffimgn@edlditn @t tharzetdrizedr at@igig ele
the speed of the electric notor Anti ci patory

control metAtAYe GPPESE M epeh rﬂ@tssk%n(qfoljﬂea?igchnédnﬂt@rdﬁe) iscgiven heged arhe
net hod pei o fhatidsd fld=28EPH &Hﬁpﬁdsﬁﬁ&ﬂ the foll owm ng 20st eps:

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 to
cyclical loads, the method being characterized by comprising the following
20 steps:
i) calculate an average speed of the electric motor (10);
ii} calculate, using the average speed of the prior step, an
average voltage (Vy,),
iii) monitor an instantaneous speed (Vi) 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 (Veontral), this control voltage value being (Veontrol) calculated by

multiplying the average voltage (V) by the resuit of the division between the



i) calculate an average speed of the electric notor (10);

ii) calculate, using the average speed gf the prior step, an average
vol tage (Vm, Hi ) m)nlt r an instantaneous speed (V)
in each position of the 25electric notor (10), iv) store
one or nore instantaneous speed (Vi) values calculated in the prior
st ep, v) estimate, by way of each position of the electric
nmot or ( 10) instantamgbastspoed s copreld\Qf asd the averayB)spebdt he eI ect ri c
notor (10), 30vi) electrlcally drive the electric notor way
of a control vol t agd2vArtisiraterycamtiobmethed febalectic m@f‘cﬂraﬁj \?&PQ@'”Q
bei ng (Vco i I

by the res{% C(Pé@ ?ﬂﬁﬁr@{:@ﬁggabe \X/%@Eﬂh%éh%gp%%??n %ﬂ?‘%ﬁéguwg%%ym
control (V@bnaotsydtemadefinagdaneed. 1 to 10. 12. Anticipatory
control nethod for electric nmotor (10) according to claim 11,
characterized wherein the steps are inplenented by way of the control
systemdefined in clains 1 to 10.



