1 Title: "CONTROL SYSTEM FOR ELECTRIC MOTOR APPLIED TO CYCLIC LOADS AND CONTROL
METHOD FOR ELECTRIC MOTOR APPLIED TO CYCLIC LOADS". The present invention refers to a
system and method for 5 controlling electric motors, and especially permanent magnet motors, of the
Brushless DC trapezoidal type, with the aim of optimizing the efficiency of electric energy consumption in
driving the cyclical loads. More particularly, the present invention is recommended for applications
that involve the use of cyclical loads, such as those found in 10 compressors, which have a much higher
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Description of the State of the Art
Permanent magnet motors of the Brushless DC type are
becoming evermore popular in applications requiring low cost and high

15 performance. Motors of the Brushless DC type are similar to DC motors
mounted upside down, where the permanent magnets are mounted on the
rotor. While 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 torque 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 to 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 6922027 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
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2 which determines the commutation instants of the motor drive. Although the solution is microprocessed,
it requires the use of many external components. ANDRICH et al. uses a technique where the
three phases of the motor are shown, treated mathematically, and then compared with each 5 other to
determine the commutation instants of the motor. The advantages of this technique are the elimination of
the analogical circuits in determining the position of the motor, the flexibility in the adjustments of the
observer according to the mechanical structure of the motor, lower sensitivity to the parametric variations
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15 cooling capacity, which can be controlled by varying the cooling flow. The
cooling flow quantity, in turn, is directly proportional to the average speed of
the motor. Accordingly, the main specification of the controller should be the
control of the average rotation speed.
The working of the compressor can be divided into two operating
20 stages: the suction stage and the compression stage. Suction occurs at the
beginning of each cycle and is characterized by the piston retreat within the
cylinder. During 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
25 cylinder. Compressing the fluid 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 torque 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



may present distortions in the waveform of the current due to the variation of the rotation during the
suction and compression cycles. This deformation in the waveform of the current is not desirable because
it decreases the efficiency of the electric energy consymption due to the reduction of the 10motor power
factor. Bearing in mind the compression cycle, for example, it is noted that the induced voltage in
the motor sustains a reduction of amplitude due to the reduction in speed caused by increased torque.
Conventional controllers do not act to modify the average voltage applied to the motor and this is why 15
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of cyclical loads, by way of adjusting the waveform of the current a Iie% to the motor. This adjustment 4
i the waveform P HEELLRt (RO A GO SORE HEURG VAR orr AL Watage of the
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motor, at least an electronic control unit an east an electroric power unit, thé electric motor being
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the electronic control unit, the average speed controller beln%] arrantg‘gd to monitor an instantaneous
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power unit being aftanaed {0, Cle el Fye MR EEUGUNGE Pthe voltage applied by the
inverter and 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
20 current decreases due to the reduction in amplitude of the induced voltage in
the motor.

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

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



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 thg objectives of the present invention is by the
provision of a control method for electric motor, said 20method 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, 25iii) monitor

an instantaneous ppgrARiJERBESHTRMRIRENt should\DelesHicabyddive iereleeligiaryan by way of an
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10 of the electronic control unit, the average speed controller being arranged to
monitor an instantaneous speed of the electric motor and to provide an
average speed value of the motor, the electronic control unit being arranged
to calculate an average voltage based on the average speed obtained, the
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 electric 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 to be



Figure 1: (a) represents a block diagram of a drive system of a permanent magnet motor of the Brushless
DC type, three-phase with 4 15 poles, with trapezoidal voltages at a level of 120g electrical degrees. The
diagram comprises a rectifier, a capacitive filter, a threg-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; 20Figure 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
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10 Summary Description of the Drawings

The invention will be described with reference to the
accompanying drawings, provided for explanatory purposes and wherein:

Figure 1: (a) represents a block diagram of a drive system of a
permanent magnet motor of the Brushless DC type, three-phase with 4

15 poles, with trapezoidal voltages at a level of 120° electrical degrees. The
diagram comprises a rectifier, 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 a 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 resulting from

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



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 the difference between the voltage applied to the motor
FA and the induced voltage EA during the instant of mynimum speed. (d) current resulting during 15 the
instant of minimum speed; Figure 9: presents the current in the three phases of the motor
resulting from the control method 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 adpustisigstherwieefairaeof shasedrrerddemioaioiiestichnevaarsing; within a-igure 11: (a)
presents the waveforms of the induced voltage EA and of the voltage applied to the motor FA corrected
by the proposed COhIrmahe4N ) presents the waveform of the current resulting in the motor; 25

Figure 12: (a) detail of the voFageapptipdrieitresticatoneAdicargdiea matheppiintt obd raetiooat proposed and
the induced voltage. ring.the instan I 1 speed. (b) current resulting during the instant of
e B A AR o T

maximum speed. he voltage ap e motor FA corrected by the control method
proposed ancbthe induced voltigtjeeER Riripigshetsoieswateipriaiaiuhe dpdeceddatiagertAesulting during

the instant of minighi SHREghIR ASBRERCIS HRHBRP ¢ bHiem RraROsRY R icoiyRntion: Detaled
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Description of the Drawings igure 1 (a) shows the basic arrangement of a control diagram and

(b) the ideal wavefSfFFEsaSHIE I THERMRYF ahe@rigtipnel 16, RrHGR (QARY8 périidhent magnet

motor of the Brushigss: Reriydguériee-phase Wihdouh ralepetrapaxdidal wavieotor withBy svay of
example, hereinafter, E}his.mPFor shall be used for analyzing the remaining graphics. However, the

invention is also valftr 8}“&&1 |8

8ﬂﬂénent magnet motor of the Brushless DC type. Under normal 10
working, thelfdntrol analyzeshiyeiia@ut(af tretailodiaipe aiftéomoer terttvebsahervaltab drapgsistvitches SW1 to

SW6 In fhe Seauees R EA e ik an@)cé’a”\?ﬁ?aget%%mﬂq’{é ﬁ?&%ﬁ?gf maximdnfditonally, it is
y using sensors coupled to the motor shatt, observers of induced voltages, or currents, it is
possible to speed. (b) current resulting during the instant of maximum speed. (c) detail of
the difference between the voltage applied to the motor FA and the induced
voltage EA during the instant of minimum speed. (d) current resulting during

15 the instant of minimum speed;

Figure 9: presents the current in the three phases of the motor
resulting from the control method 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



15 measure the speed of the motor. In the proposed arrangement, a voltage observer as illustrated in
Figure 1 (a) was used, although any other speed measuring device can be applied to the invention
presented. 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 setpoint, defined by the system. Figure 3, in turn, presents the

response of the elggitiie sy the esvesl Ryethearprepisaaisceny misrbaverage speed for the case of
imposing 25 a constant load on the.sha&.é he condition of the constant load is favorable to this kind of
e

control, since the Rep gtBﬁsgﬁ'@é@P %Eﬁ”@igﬂ?during a mechanical cycle. This constant
behavior of the speed is refleEigdran th@)rshoves! heltbgsiovavafgemienthef matontrdls giegraigure 3 (a), the

nduced voltage SR HC AR AR HBhE: ARCERA' o'h WLAATSI PG CYcle- Asa
consequence, the waveform resulting from the current in the motor also assumes a uniform behavior, and
does not altersdurihi thasg meehanitent aeaneidpesaitteiB rghiess P6).type thregighrse 4 (a) and (c)
detail the differencgRebyrpaIdRduasE XRiade74 and the voltage FA applied to the electric motor 10,
which remains approximately constant within the mechanical round. Figures 4 (b) 5 andéd) show that the

waveform of the phase currefre¥aming FraBRiSotBEEINaHe 1B T aMiea shiPs Meehafical round, due

to the maintenancgnafyfiadlifiiereacribriyepaiesinduerdwsiitage mdeandrihe urltageliGAcpplied to the
motor. Conseeguentl as can be seen in Figgure 5, th

, wa #I)rms of tge%o curren}s resulting in
the three phases SPthEFhoE éaﬂle rf&ae(?ﬂ%am%)trd%fm ﬁsﬁ&f egﬁy\fg P aistoRish &SFW& the mechanical
cyclg. 1mowmmm wfmqmﬂeobar_jailyings ct;lelinamoafdh;esz_mtags Hmall do s em trhlseompressor_s
applied to cooling mt&gva;%@ﬁ;agwl%eé LARRLY s%éﬁ%‘&reeiﬁaﬁ’é&%%mﬁ B&E?@TP&? of cyclical

load, which is comprised of an oscillation around an averag operating point.”A load with a typically
cyclical characteriBHesikpHdadhel prsiéeateetesteth alternative compressor. The impact on the motor speed,

operating by conventional com\tagl{%r%ﬁ@yqrng(mﬁdbﬂﬁquo§§jﬂgti%§gp§%y&¢eav§{qgg speed 20
RPMM. motor shaft, observers of induced voltages, or currents, it is possible to
15 measure the speed of the motor. In the proposed arrangement, a voltage
observer as illustrated in Figure 1 (a) was used, although any other speed
measuring device can be applied to the invention presented.
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 setpoint, 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 voltage
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



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,
the higher the induced voltage EA the lower the IA cugent resulting from the 25 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 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 30in Figures 8 (c) and (d), the reverse

phenomenon occihigchanical FhentMBagressnevanatignésgged on the currents of the motor is
summarized in Figure 9, clearléghowing the diﬁtor ion of wﬁﬁ%ulcrﬁﬁnts of 9 phases IA, IB apd IC within a
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conventional speegt OOl IR-RIGHPRY ANRRRRARILE SR CHEERS YREiAaRWiicRdsHigproportional to

the 10 induced voltage during a mechanical round of the motor prejudices the mo_torfower factor and
consequently decfiieEeRPEMGBALINGIC s taligoe EA anddAg vedaesinésarmdgstdedh invention

provides a systemm@iigra method especially designed to optimize the motor power factor applied to the

drive of the cyclical loads, wh reté)é cheIéUﬁtin the waveform of the cugeﬁ]t of 15fthe eleécg]ic motor 10. The
control system proposed is re POSEASETY A8 F GF 6K a{apé?n i Ei&'&?’eefémfho Gck responsible
for adjustinglibe waweforsn i@fstiiengurirenthis hirghkgipteabes the dreewvimgior are idEhgoabntnol system for

electric motor applj ical | [ r tor 10, at least an
electronic control ﬂgﬁ]@éﬁ }Zl%fgﬁél @g@ﬁ&ﬁ?ﬁ%@t}éﬁ%ﬁ po QQ}? Sﬁ?t%‘%%ﬁ &/%e electric motor 10 is
electrically driven by the electi@Wevsows tift Sesen@fatidrings ayeialtdaatsiigeenaad i) driven by a set

of electronic POW%?@!&E_@R%@M%N@E@FQSP&%HQWB@JO%@E?&%@&%B BBRsGG  dBeseiRptric motor 10.
25Further, said electrlc))/nlc power unit 30 is electrically commanded
apply.

15 Figure 6 presents an example of cyclical load, which is
comprised of an oscillation around an average TM operating point. A load
with a typically cyclical characteristic is the load generated by an alternative
compressor. The impact on the motor speed, operating by conventional
controller of average speed, is an oscillation around the average speed

20 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,
the higher the induced voltage EA the lower the IA current resulting from the

25 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
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

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. Innovatively, compared to prior arts, the present system
comprises an average speed controller, implemented by the electronic control unit 20, such that the
average speed controller is arranged to monitor 30 angnstantaneous 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 to calculate an 10 average voltage Va, based on the average speed obtained. In contrast, the
electronic power unit 30 is arranged to electrically drive the electric motor 10 by an instantaneous voltage

valuethis inStaﬂta@ﬂ@ﬁ@sVﬂltaBQaﬁaﬂt? \b@iﬂﬁi &ﬁh@él@éﬂ%&l%wﬂipfvmgdé@éé@f ageheddiagemi/a by the result
of the 5 division between the instantaneo %%V and the vera ready
[

Ir
mentioned, the pré%%ﬂmgvght 1BR |rsn?)tr%f % If?@ﬁeﬁﬁeB?u qﬂge@ﬁ’é)lmg?orgrh ever, other
similar motors canrtaeeaseobfameouﬂmgrmdhﬂr@abe|dgsreaﬂeequmﬂmmmnaw,ﬂdmdﬁefscope of the

present invention, Jﬁﬁfﬁ&m\ﬂg?g C}D& egfjtgu énr%t?e} COUS a& 3 ge value is calculated so as to provide a
0 antia

current waveform ee ectrlc motor 0 subs y aligned to a waveform of its induced voltage.
Additionally, the present inventigrefsigvitie dTiproNRe fb@ermfeffln@\warrr@@gédtf@|mﬁF©lvb&h@U§beed reading of

the electric motor 1Q,c1 3fs SHRIIANRAPIRV PESHatRe P RIGREINVERLIRRAISAREAViIdiRR.aisoptrol method for

an electric motor 10, espemallg designed for a motor that usées cyclical loads. Said method,

implemented by \/\ﬁﬁ?'@eﬁf‘e'gﬁ W&é%@r%ﬁ%‘é%”%%%%’?ﬂ%lw E‘f:ﬁHﬁ?lé‘é% $HESBH BRI Sreps:

versa. But the phenomenon that occurs using the conventional speed controller
is precisely the opposite. This current variation which is disproportional to the

10 induced voltage during a mechanical round of the motor prejudices the motor
power factor and consequently decreases the efficiency of the system.

Along these lines, the present invention provides a system and a
method especially designed to optimize the motor power factor applied to 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 block diagrams in Figure 10. The block responsible for adjusting the
waveform of the current is highlighted in the drawing.

The control system for electric motor applied to 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 la, 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, implemented 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 to calculate an



20i) calculate an average speed RPMaverage of the electric motor 10 based on the reading of an
instantaneous speedof the motor, i) calculate, using the average speed of the prior step, an
average voltage Va, iii) monitor an instantggeous speed V, of the electric motor 10, 25 and
iv) electrically drive the electric motor 10, by way of an instantaneous voltage valuethis instantaneous
voltage valuebeing calculated by multiplying the average voltage Va by the result of the division between
the instantaneous speedand the average speed. 30Therefore, the control method, according to the

teachings of the pa%eaﬁé%%vgﬂmi@@ thetveltageadgebsrapalistdméae eleebitraretand 0, multiplying
the average volta gg é)rewously defined b}/ the eed controlb"\gil by the ivision between the
instantaneous sp ﬁoD%eé\Vé\‘Bag 5pREAR 8\%?&8 A rﬁﬁ%lj@e € ecme@%BFr%%tlon carried out

!n the_voltage appbymmlmmmatmol,as\dmﬂngumHmagestmﬁdyﬂahdmmﬁgewmmma/.wrrent so that it
is similar 5 to the Wﬁ@/%ﬁl&%fa%&;ﬂ?d f;ﬁﬁ’ tor ,é%fﬁg]el‘;&{% egen ?ttheevyg l? %g%'n%gf the induced

voltage EA and of t de 6f the corrected current IA, shown
in Figure 11 (b), |sitWél@ah§Mﬁﬂ§bthﬁpF§tﬂﬂwm§bah@mNu@éd sitaver @&, speAde, during the instant of

maximum speed, highlighted {3 aiready mentioned, the present invention is preferably
idealized for Brushless DC type motors, however, other similar motors can be

used, according to the teachings of the present invention.
Within the scope of the present invention, it is provided that the

10 instantaneous voltage value Vi, is calculated so as to provide a current
waveform of the electric motor 10 substantially aligned to a waveform of its
induced voltage.

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 i) calculate an average speed RPMayerage Of the electric motor 10
based on the reading of an instantaneous speed Vi,s of the motor,

i) calculate, using the average speed of the prior step, an
average voltage Va,,
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 Viqs, this instantaneous voltage value Vs being
calculated by multiplying the average voltage V, by the result of the division
between the instantaneous speed Vi,s and the average speed.

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

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



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 (c) and 12 (d),
the reverse phenomenon occurs. The result of the adjystment 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 contig/ fRe eiRiHH POINES ARREAIGHDIR SYEigRldaadsasiomécariydediyeng the
consumption of electric energy of the equipment, when taking into account an increase in the adjusted

power factor purs&f freee system and method now proposed. Lastly, it must be pointed out that
the invention in question is also especially advantagee ir applications in which cooling compressors
are 25 used, since they work in operating cycles signiffdBMiyaaligned with the control proposal of the

object now cleimed. - one of 1S LOAESHER S AREXAMRIE' AU IeHSEMAGHImRlof should be

understood that the scope of the present invention encompasses oth e variations, and is only
limited by the confé@RCHP@fk BlaNAISORPEHEEhMarRYSIPBEN AP cYiealeTRSNFEIRdSISENIBE therein. 12

CLAIMS 5 LComirolavsiem i elrstrifdneier oprigs. to eslical 1aads) thresepisokmystem
comprising: an electric motor (10); 5- at least an electronic control unit (20); at least an electronic power
unit (30): waveforms of thé 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.
Hence, during the instant of maximum speed, highlighted in
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 (c) 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 electric motor (10) being electrically driven by the electronic power unit (30); an electronic power unit
(30) being electrically commanded by 10the electronic control unit (20), the system being
characterized by comprising an average speed contrglier implemented by the electronic control unit (20),
the average speed controller being arranged to monitor an instantaneous speed (V,) of the electric motor
(10) and provide an average speed value RPMaverage of the 15 motor (10), the electronic control unit
(20) being arranged to calculate an average voltage (Vm) based on the average speed obtained, the
electronic power unit (30) being arranged to electricallyggve the electric motor (10) by an instantaneous

voltage value (V,rm), this instantaneous voltage value _\/ms% being calculated. by multiplying the average
voltage (Vm) by the result of %e%t&ﬁl\f/@@ﬁeﬂggﬂ)'e@ﬁct &i tﬁﬁ@beﬁistgp%'@ C(%/”)Eﬁdé)t average speed
RPMaverage con2olSystem ecequdsingyio claim 1, characterized wherein the electric motor (10) is of
the Brushless DC type. . . INg to claim 1, characterized wherein the 25 electronic
power unit (30) comprises a s_e%%oéeé{éc?[%%’gggggv@f switches (SW2N) arranged to control a voltage in
each phase obthe electric motét (@@t an electipngyeneirphdatb(@Py to claim 1, characterized wherein the
instantaneous voltage value (MIpR)s; GAIGWRIRHRLBIER RFRYSE) 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, ch&r&laeticed B9 UdiPhPe figererisAbh AP RptIRiSEtHEMpeed reading of
the electric motor §&Qjer unit (36); Control method for electric motor (10) applied to cyclical loads, the

method being characterized by ConpIsing 16 QYW SIBS electically commanded by

10 the electronic control unit (20),
the system being characterized by comprising an average
speed controller implemented by the electronic control unit (20), the average
speed controller being arranged to monitor an instantaneous speed (V;) of
the electric motor (10) and provide an average speed value RPMayerage Of the
15 motor (10), the electronic control unit (20) being arranged to calculate an
average voltage (V) 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 (Viqs), this instantaneous voltage value (Vins)
being calculated by multiplying the average voltage (Vi) by the result of the
20 division between the instantaneous speed (Vi) and the average speed
RPMaverage
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
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
(20).
4. System according to claim 1, characterized 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



i) calculate an average speed RP Maverage Of the electric motor 5(10) based on a reading of an
instantaneous speed (V,) of the motor i) calculate, based on the average speed RPM average
-average of the prior step, an average voltage (Vm), 13 iil) 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 (Vms), this instantaneous voltage value (Vms) being calculated by
multiplying the average voltage (Vm) by the result of the division between the instantaneous speed (V,)

and the average spegshBIPFMAyRIFAER the speed réa@imiobmeshasktat efeedr¢imptor (10) according to claim
6. 15 characterized whereln the SO A R For Slecric Tnotor (0] Sppiatrto Sralicar leadeaims 1 to 5.
the method being characterized by comprising the following steps:
i) calculate an average speed RPMayerage Of the electric motor
5 (10) based on a reading of an instantaneous speed (V;) of the motor
ii) calculate, based on the average speed RPMayerage Of the prior
step, an average voltage (Vim),
iii) 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 (Vins), 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
RPMaverage
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.



