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Abstract—A simple and low-cost control strategy for active ever, it is well known that the compensation characteristics of
power filters implemented with pulsewidth modulation voltage- passive filters is influenced by the power system equivalent
source inverters (PWM-VSI's) connected in cascade is presented impedance and, also, they can generate parallel or series reso-

and analyzed in this paper. The principal component of the L . .
control circuit is an INTEL 8031 AH microcontroller, which ~ Nance within the utility power supply. In the last decade, active

generates the current reference waveforms and respective switch- power filters have been developed to suppress harmonics
ing patterns for each inverter. T_he switching pattern is _obtained generated by static power converters and large-capacity power
by using a vector control technique. The proposed active power apnaratus [4]. Different active power filter configurations using

filter consists of two PWM-VSI’s, connected in cascade, each one . .
operating at a different switching frequency. This paper presents series and shunt connections have been proposed and are

the proposed control strategy in terms of principles of operation, recogniged as viable solutions to the. problgms Create.d by
circuit design, and implementation. Finally, predicted results are  harmonic components [5]. Although series active power filters

verified experimentally on a 10-kVA breadboard model. present advantages in terms of reduced rated power capacity
and filtering characteristics, their main disadvantage is that
|. INTRODUCTION they are difficult to protect against power system faults,

HE proliferation of nonlinear loads is resulting in degrand achieving power-factor compensation is not easy [6].
T dation in the power quality of power distribution netMOreover, in order to operate properly, it is necessary to
works. The users achieve energy efficiency at the exper?él{‘ne‘:t a pas§|vEC filter between the load and the series
of generating current harmonics [1]. The presence of curréifiive power filter. On the other hand, shunt active power
and voltage harmonics in power distribution systems increadd€rs are not affected by power distribution faults, so that a
losses in the lines, decreases the power factor, and can cdli§éection scheme can be easily implemented and, with shunt
resonance with capacitors connected in parallel with the sytive power filters, the compensation of the power factor, as
tem. Also, precision instruments, communication equipmenYell as current harmonics can be easily implemented [5].
and control systems may be affected by the EMI associated® Simple and low-cost control strategy for a three-phase
with high-frequency current harmonics [2]. Therefore, utilictive power filter implemented with two pulsewidth mod-
power quality has become an important issue for both utilitié#ation voltage-source inverters (PWM-VSI's) connected in
and their customers. cascade, is presented and analyzed. Two active power fil-

To alleviate harmonic-related problems, power distributioiérs are connected in parallel to compensate for the reactive
utilities are starting to impose more severe standards on the@wer and current harmonics of a nonlinear load. The use
customers. These standards limit the amplitude of the curr@ittwo PWM-VSI's in cascade significantly improves the
harmonic components that can be generated by the custon@pensation characteristics of active power filters. Each
and also limit the maximum total harmonic distortion of th€ WM-VSI uses a vector control technique to generate the
voltage waveform allowed to be supplied by the utility. Theequired switching pattern.
application of these standards has increased the need fofhe topology of the three-phase active power filter pre-
more efficient and reliable approaches for harmonic filterirgented in this paper is shown in Fig. 1. The voltage-source
techniques [3]. inverter connected closer to the nonlinear load compensates

Traditionally, passive filters have been used to absorb ctior the displacement power factor and the low-frequency
rent harmonics generated by high-power nonlinear loads. Hoeurrent components generated by the nonlinear load, while
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mance, since the second converter compensates for the current

AC Source harmonics introduced by the low-frequency PWM techniques
used in the first converter. Also, since the control systems of

both converters are completely independent, the overall active
power filter compensation characteristic is improved.

Tnductor The treatment presented in this paper includes the principles
% JG . of operation, control system design, and implementation. Fi-

P T _—]— nally, the validity of the proposed control scheme is confirmed

L/gzgg;g;md X! 'Gmmed G experimentally on a 10-kVA breadboard unit.

Link PWM-VSI # 2

x" v
J

C Current Currents
Reference Gating Signals Il. PRINCIPLES OF OPERATION
Cmrgnt Control Since shunt active power filters compensate for current
st . . . .
Q yerem harmonic components by injecting equal-but-opposite current

Reference Currents

‘ég‘;fgf[ — harmonic at a specific point of a power system, the compen-
DC Voltage Reference sation characteristic depends mainly on the control strategy.
> Link PWMLVS! # 1 The control scheme of each PWM inverter must calculate the
by }pﬁgor j_ cur.rent. reference waveform for each phase of the mverter,
A q maintain the dc voltage constant, and generate the inverter
m”mdilv J gating signals. The block diagram of the proposed control
anem Generated G scheme of each converter is shown in Fig. 2.
CQ—L Current Currengatin Signals
giféfa”t‘;f | Generator | A. Current Reference Generator
{} C”"Se;’sftg:]”m' The current reference signals required by each converter are
Vorage | Reerence Corens obtained by. using the instantaneous reactive power concept
Control —— [7]. Depending on the reference signals used, active power
NONLINEAR DC Voltage Reference filters can compensate for only the system displacement power
LOAD factor, only current harmonics, or both at the same time. This
compensation characteristic is defined by the components of
Fig. 1. The proposed active power filter configuration. p(t) andg(t) used to calculate the inverter reference currents.

2)

3)

The instantaneous active and reactive powé and ¢(t)
__In the a—3 reference frame are obtained with the following
connected closer to the load operates at a lower SW'tchpressions:
ing frequency (400 Hz) and compensates for the reactive
power and the low-frequency current components re- p(t) =va(t)ia(t) +vs(t)is(t) (1)
quired by the load. The second inverter operates at q(t) =va(t)ig(t) — va(t)ia(t) (2)
a higher switching frequency and compensates for the

current harmonic components that cannot be generat¥gere p(#) and ¢(¢) contain dc and ac components. The
by the first converter. dc components are related to the active and reactive power

Since the converter connected closer to the load wioduced by the fundamental components of voltages and cur-

generate a higher rms current and will operate at a low&ts: While the ac components () andq(#) are associated

switching frequency, it can be implemented with gaté’yith the reactive power generated by currents and voltages

turn-off switches (GTO’s), which can provide larger rm%;a(\rmonics. The reference currengs, 7;,., andi., are defined

currents. The second inverter can be implemented wi

bipolar transistors or insulated gate bipolar transistors 1 0 7

(IGBT's), since it will operate at a higher switching tar 5 -1 V3 1

frequency, but will generate a lower rms current. e | =4/=- | 2 2 |- -

By connecting the two inverters in cascade, a significant ep 3 1 3 vat U5
improvement in the active power filter compensation 5 5 |

characteristics is achieved, since the second inverter will —u, vs] [P(@)

generate all the current harmonics that the first converter : [ v _U’J ) } 3)

is not able to provide.

Moreover, compared with active power filters using qua@fhere p'(¢) is the ac component of the instantaneous real
series PWM inverters [8], [9], the proposed topology requird®Wer:
fewer converters, a conventional transformer, and a simpler _
control circuit. Compared with active power filters impleB- DC Voltage Control Unit
mented with parallel converters [10], the active power filter Fig. 1 shows that each PWM-VSI is connected to a dc
proposed in this paper provides better compensation perfoapacitor. Voltage control across the dc capacitor is performed
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H Generator 6 ;
a-8 ;
Reference Frame ; lar | ibr | ior _ ;
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Fig. 2. The block diagram of each PWM-VSI control scheme.
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Fig. 4. The single-phase equivalent circuit of one active power filter con-
() (b) nected to the power system.

Fig. 3. The hexagons defined in tkhe-3 reference frame by the current
control scheme. (a) T_he hexagon‘defined by the inverter output current vec&g.rrent control technique divides thﬁ—ﬁ reference frame
(b) The hexagon defined by the inverter output voltage vector. . . . .
of currents and voltages in six regions, phase shifted by 30
(Fig. 3), identifies the region where the current vector eXar
by adjusting the small amount of real power absorbed by eaghocated, and selects the inverter output voltage vevtgr
converter. This real power depends on the amplitude of ttteat will force Ai to change in the opposite direction, keeping
inverter fundamental current component which is in phaske inverter output current close to the reference signal.
with the respective phase-to-neutral voltage. The inverterFig. 4 shows the single-phase equivalent circuit of each
reference currents contain a small component in phase wiittive power filter connected to a nonlinear load and to the
the respective phase-to-neutral voltage and with an amplitus@wer supply.
proportional to theF,,. signal obtained from the dc voltage The equation that relates the active power filter currents
control unit (Fig. 2). By adjusting the amplitude 8%,., each and voltages is obtained by applying Kirchhoff's law to the
converter will absorb the real power required to cover thequivalent circuit shown in Fig. 4:

switching losses and to maintain the dc capacitor voltage digen
constant. Viay = L == + Eo. 4)
) ) The current error vectoAi is defined by the following
C. Gating Signals Generator expression:
The gating signals generator and the current control unit Ai=i—i (5)
— lre gen

play an important role in active power filters, since they . _

define the converter switching frequency, the converter tinéere i represents the inverter reference current vector

response, and the accuracy to follow the current referencégfined by (3). By replacing (5) in (4),

Also, for high-power applications, it is important to operate d . )

with a constant switching frequency and high voltage gain. Viaw =L - (iref — Ai) +E, =
1) Current Control SchemeCurrent control is achieved by dAi diret

using the vector control technique proposed in [11]. This L dt =L dt

+ Eo - Vinv- (6)
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TABLE |
INVERTER SWITCHING MODES
6 E Region Ai Region
1 2 3 4 5 6
I Vi | V2 | V2 | VeVr | VeVs| Vi
5 it Vo | Vo | Vs | Vs | VeV | VeV

111 Vo-Vq \£ Vi Vi Vs Vo-Vy
8% Vo-V7 | Vo-Vs Va Vi Vs Vs
v Vs Ve-Vy | Vo-Vy Vs Vs Vs

(b)

Fig. 5. Selection of the inverter switching pattern according to the region
where Ai and E are located. (a) The regions whefe/Ai/dt are located. VI Vi Vi | VorVr | Ve-Va | Vs Vs
(b) The region whereAi is located.

If E = L(di,t/dt) + E,, then (6) becomes RELATIONSHIP BETWEEN SWITCHIN;—)T:lBJhETIICI)N AND INVERTER OUTPUT VOLTAGE
dAl k §Switch on] Switch on | Switch on{ Inverter Output
L a E - Vi (7) Phasea | Phaseb | Phasec Voltage VE
Equation (7) represents the active power filter state equation ! ¢ 2 °
and shows that the current error vector variatibf\i/d¢ is ! ! 6 2 23 Vae
defined by the difference between the fictitious voltage vector 2 1 3 2 213 Vg e 1™
E and the inverter output voltage vectdf;,,. In order to 3 2 3 2 23 Vo 6 5
keep dAi/dt close to zero,Vi,, must be selected ned. i
Thus, by selecting the inverter output voltage that provides 4 4 3 5 23 Ve & "
the largest opposite direction component to the current error, 3 pl 5 5 203 V. 4%
a faster response of the current control loop is achieved. :
2) Selection of the Inverter Switching Mod&he selection 6 ! 6 5 23 Ve &7
of the inverters’ gating signals is defined by the region in 7 1 3 5 0

which Ai is located and by its amplitude. In order to improve
the current control accuracy and associated time response,

depending on the amplitude @i, the following actions are CN00Se the switching mode in which thiAi/dt has the
defined. largest opposite direction tAi. In this case, the best inverter
?utput voltageV;,, corresponds to the value located in the

« If Ai < 6, the gating signals of the inverter are NOL- e region ofAi.
changed.

. . : . . , 3) Switching Frequency ControlThe switching frequency
It A S Ai < 6, the inverter gating signals are OIGfIneqﬂay be fixed by controlling the time between commutations
following Mode a

. . . . . nd by not applying a new switching pattern if the time
I Al. > h, the inverter gating signals are OIGfIne(Eetween two successive commutations is lower than a selected
following Mode h
) i value ¢ = 1/2f.).

In the abovep andh are reference values which define the Fig. 6 shows the block diagram of the inverter current

accuracy and hysteresis window of the current control scherggnirol scheme which was implemented by software in a
‘Mode a—Small changes iAi (h < Ai < 6): The se- microcontroller. In Fig. 67 E represents the region where the

lection of the inverter switchinghode acan be explained with \,actor E is located * Ai the region ofAi, k; keeps the same
the following example. Assuming that the voltage vedIS  \31ye of k (no commutation in the inverter), selects the
located in Region | [Fig. 5(a)] and the current error vear o\ inverter output voltage from Table |, akg selectsVin,
is in Region 6 [Fig. 5(b)], the inverter voltage vecto¥any iy the same region ofAi.
located closest t& are 'V, and V. The vectorsE~V, and  1e steady-state and transient performance of the proposed
E-V, define two vectorsLdAi/dt, located in Regions Il ¢ rrent control scheme was proved by computer simulation.
and V, respectively, as shown in Fig. 5(a). In order to redugge transient behavior of the active power filter was simulated
the current vector erroldi, LdAi/dt must be located in fo the compensation of a step change in the gating signals of a

Region IlI, thus, the inverter output voltage has to be equal §_,ise controlled rectifier. Simulated waveforms are shown
V1. In this way, Ai will be forced to change in the opposite;, Fig. 7.

direction, reducing its amplitude faster. By doing the same

analysis for all possible combinations, the inverter switching [ll. AcCTIVE POWER FILTER DESIGN

modes for each location aAi and E can be defined (Table

). Vi represents the inverter switching functions defined

Table 1. The proposed active power filter is implemented with two
Mode b—Large changes iAi (Ai > h): If Ai be- PWM-VSI's connected in parallel to the power system. Each

comes larger tharh in transient state, it is necessary taonverter has its own control scheme and senses its own

- Power Circuit Design
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Determines .
\S/'gilt;cgi —>E=L(diref /dt)+Eo > the Region Previous k2
Eo > of VY . £
] Determines
iref —l—s()-Liy of theRegion | "Ai 1§ < Ai<h K2
+ of Ai Vinv selecte -~
) from Table I 1S, k1
1 [
c - ~
| Amplitude | V'Al >h kB[
1 Vinv same
comparator Region than Ai
SR .
frof J;@., i 8l + . Defines Switching Mode
By + Selects k1, k2 or k3
SwW o

Fig. 6. The current control block diagram.
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©

Fig. 7. Simulated results for transient operating conditions. (a) Load current and phase-to-neutral voltage. (b) Line current between thetén® amhve
phase-to-neutral voltage. (c) Compensating line current and respective phase-to-neutral voltage.

. ; able to keep the dc voltage constant under transient operating
di/dt ; . . . .

/ conditions resulting from fast changes in the load. Transient
changes in the dc-bus voltage are also compensated for by the
voltage control scheme.

1) Link Reactor: The maximum slope of the inverter out-
put current may be obtained from (4). The evolution of the
inverter output current is shown in Fig. 8. From this figure,
the slope of the inverter generated current is equal to

. At

Vi — - Al 26

o e o e e Y Yo 8 s e NS 1 (8)

— §7 —
e 27,
Fig. 8. The evolution of the inverter output current as a function of time. By replacing (8) in (4), the value of is obtained:
) . Vinv - EO

current and voltage signals. The values of the link reactor L= 467 9
and dc capacitor define the transient time response of each 6.fe

converter. The link reactor must allow thé/dt at the inverter whereV,y, is the inverter output voltagey, the instantaneous
output current required to follow the reference waveformoltage of the ac sourcé,is the amplitude of the error current,
imposed by the control system. The dc capacitor must bead f. is the maximum switching frequency.
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....Arithmetic Block......  ...DataMemoryBlock ... . Program Memory Block
S{LATCH!-] i il RAMA1 || RAM2 | :|eEPROM-1| [EEPROM-2| |
: EEPROM |} ri| (8Kkx8) || (8Kx8) |- (BKx8) || (BKx®) |
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: : Block
v.. v. ..... v l ...... ' . ...... I l x._ 1 v“
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Fig. 9. The proposed control circuit topology for each converter.
/
P1 PO -
I ,8 I < /8
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o Decod Output § A8
gy oecoder Latch 2 .
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8 — N - - 27010
RD I Control . j
WR y Circuit AlS
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(@)

Fig. 10. (a) Block diagram of the hardware required for the multiplication of two 8-b numbers.

2) DC Capacitor: One of the selection criteria used tocompensates for only high-frequency current harmonics). For
calculate the value of is related to the maximum voltagethese switching frequencies, and considering a total harmonic
fluctuation allowed in the dc bus when transient changes diistortion (THD) in the ac source current lower than 5%,
the load occur. In this case, the value @fis obtained from the rated power of each converter with respect to the load

the following equation: rated power are 26% and 8.7%, respectively. Since the first
t2 converter also compensates for displacement power factor, its
C = 1 / io(t) dt (10) rated power converter may increase if the load power factor

AV Ju is smaller.

wherei.(t) is the instantaneous current flowing through the o )
dc capacitor and\V is the voltage fluctuation of the dc bus.B- €ontrol Circuit Design

3) Inverters Rated PowerHigh switching frequency inthe  The proposed control circuit of each inverter is implemented
converter increases commutation losses and imposes sewdth an INTEL 8031 AH microcontroller with 32 kbytes of
stresses in the semiconductor, specially when they commutatemory composed by two blocks of 8 kbytes of electrically
large rms current. For these reasons, the rated power of epobgrammable read-only memory (EPROM) and two blocks
converter is related to the switching frequency. In this casaef, 8 kbytes of RAM (Fig. 9). The program stored in the
the first inverter operates at 400 Hz (i.e., it can compens&®ROM'’s controls the PWM-VSI dc voltage, calculates the
for displacement power factor and the fifth and seventh curreeference currents, and generates the gating signals of each
harmonic components), and the second operates at 1.5 kHanfiterter. The RAM is used to store the data required by
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Initials Values: Vdc_ref, 3, h,
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[ N
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Fig. 10. (Continued)(b) Flowchart of the principal control program.

the main program (i.e.A/D conversion data, currents, andouter serial port with the internal 8-b universal asynchronous
voltages ina—3 reference frame, and reference currents). Thieceiver transmitter (UART) of the microcontroller.
microcontroller has an 8-b CPU that operates at 12 MHz. TenThe mathematical expression of the FIR digital filter is the
ADC0820 converters are used to transform analog curref@owing [12]:

and voltages to digital signals. The time required by each

. . .. M
A/D conversion is 1us. _It is mportant tp note that the A/D y(n) = Z Bux(n — k)
conversion of the ten signals is done simultaneously (Fig. 9). P
The dc component of the active power is obtained through =h(n) - z(n); k> order (11)

a low-pass finite impulse response (FIR) digital filter tuned

at 90 Hz. For this type of application, this filter introduces §here y(n) is the filter output signal and:(n) is the filter
negligible phase shift between input and output signals. Tligut signal. The filter constants(n) were obtained using

set points of each PWM-VSI, i.e., switching frequency, rippIMATLAB software [13]. The constant values for each con-
current factor, and dc voltage value can be changed bwaerter control scheme are shown in Table Ill, where VSI #1
host computer, through the communication between the corepresents the constant values used for the converter operating
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Source Voltage
100 V/div.

Source Voltage
100 V/div.

Rl Source Current
B 5 A/div.

Load Current
15 A/div.

(@) (b)

Fig. 11. Steady-state experimental results. (a) The phase-to-neutral source voltage (10 ms/div), 100 V/div, and the respective load curien(b)l5 A/d
The phase-to-neutral source voltage (20 ms/div), 100 V/div, and the respective source current, 5 A/div.

Source Vollage
100 V/div.

Source Voltage
100 V/div.

Load Current
15 A/div.

Linc Current between
the two Converters
15 A/div.

@ (b)

Source Current
15 A/div.

Fig. 12. Transient-state experimental results for a 20% step change in the load current (10 ms/div). (a) Source phase-to-neutral voltagead@0o¥liv,
current, 15 A/div. (b) Source phase-to-neutral voltage, 100 V/div, and the line current between the two inverters, 15 A/div. (c) Source phese-to-neu
voltage, 100 V/div, and the respective source current, 15 A/div.

at lower frequency (400 Hz) and VSI #2 for the invertemultiplication time is reduced to that necessary to address the
operating at 1.5 kHz. It is important to note that the FIRnemory location and to read from this memory location the
constantsh(n) for each converter are different, since theesult of the multiplication. It is important to note that the
sample frequency of the analog signals for the two contradsult is scaled to an 8-b representation. By using this method,
schemes are 400 Hz and 1.5 kHz, respectively. The executtbe multiplication time between two 8-b variables ig2 The
time of the filter algorithm is 24Q:s. block diagram of the hardware implementation is shown in
In order to reduce the multiplication time between two 8-Big. 10(a).
numbers, a distributed arithmetic algorithm was implemented.The total execution time of the active power filter control
With this algorithm, all the possible results between two bytggogram is 650us. The flowchart of the main program is
are stored in an external 128-kbyte EPROM, so that tisBown in Fig. 10(b). At the beginning of the operation, the
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Constant Value /(1) VSI#1 VSi#2 [6] F.Z.Peng, H. Akagi, and A. Nabae, “A new approach to harmonic com-
) 0.0080 0.0088 pensation in power systems,” i@onf. Rec. IEEE-IAS Annu. Meeting,
1988, pp. 874-880.
h(2) 0.0320 0.0479 [7] H. Akagi, Y. Kanazawa, and A. Nabae, “Instantaneous reactive power
compensators comprising switching devices without energy storage
h(3) 0.1585 0.1640 components,”IEEE Trans. Ind. Applicat.vol. 1A-20, pp. 625-630,
May/June 1984.
b 0.3086 0.2793 [8] H. Akagi, A. Nabae, and S. Atoh, “Control strategy of active power
h(5) 0.3096 0.2793 filters using multiple voltage-source PWM convertet&EE Trans. Ind.
Applicat., vol. 1A-22, pp. 460-465, May/June 1986.
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Proc. IEEE PESC'93June 1993, pp. 3-9.
digital FIR filter requires eight samples of the respective signatll A. Nabae, S. Ogasawara, and H. Akagi, “A novel control scheme for

. . current-controlled PWM inverters,JEEE Trans. Ind. Applicat.vol.
and, for this reason, the main program does not start the IA-22, pp. 697—701, July/Aug. 1986.

operation until these samples are completed. [12] T.W. Parks and C. S. BurruBjgital Filter Design. New York: Wiley,
1987.
[13] MATLAB Reference Guidélhe MathWorks Inc., Natick, MA, Sept.
IV. EXPERIMENTAL RESULTS 1994,

A 10-kVA laboratory prototype using IGBT switches was
implemented and successfully tested in compensating a six-

pulses controlled rectifier. Inverter #1 is operating a 400-Hz

switching frequency, connected to the ac line through a lB{Q’-iS A. Mor an (S'79-M'81-SM'94), for a photograph and biography, see

. . . is issue, p. 620.
mH link inductor, and a dc capacitor of 3.3 mF. Inverter #2
operates at 1.5-kHz switching frequency and is connected to
the ac lines through a 90-mH link inductor and a dc capacitor
of 2.2 mF. Relevant experimental results obtained with this

) . : Luciano Fernandez received the Degree in elec-
breadboard unit are shown in Figs. 11 and 12.

tronic engineering from the University of Con-
cepcon, Concepah, Chile, in 1995.

He is currently a Design Engineer with Aser-
radero Arauco, Concepmi, Chile. His research
interests include power quality, control systems, and
digital signal processing.

V. CONCLUSIONS

In this paper, an active power filter implemented witl
two PWM-VSI's connected in cascade has been presen
and analyzed. The control scheme of each PWM-VSI
implemented with an INTEL 8031 AH 8-b microcontroller.
Each PWM-VSI operates at a different switching frequency,
allowing the compensation of high-power nonlinear loads. The
close agreement between the analytical and the experimental
results proves the validity of the analysis and the feasibility,.., w pixon (M'90-SM'95), for a photograph and biography,
of the proposed control scheme. issue, p. 619.

see this

ACKNOWLEDGMENT

The authors wish to thank S. Muller for the technical

. . . . Rogel Wallace (A'86) received the Degree in
assistance given during the development of this paper. 9 (&6) 9

electrical engineering from the Universidadchica
Santa Mala, Valparéso, Chile, in 1966 and the
Ph.D. degree in electrical engineering from the
Moscow Power Institute, Moscow, U.S.S.R., in
1976.

He was a Post-Doctoral Fellow in electrical
machine design at the Moscow Power Institute.
Since 1980, he has been with the Department of

REFERENCES

[1] G.T. Heydt, S. P. Hoffman, and A. Risal, “The impact of energy savin
technologies on electric distribution system power quality Canf. Rec.
Int. Symp. Industrial Electronicdylay 1994, pp. 176-181.

[2] V.E.Wagner, “Effects of harmonics on equipmen£EE Trans. Power
Delivery, vol. 8, pp. 672—680, Apr. 1993. Electrical Engineering, University of Concepai,

[3] S. Bhattacharya and D. Divan, “Design and Implementation of a seri Concepadh, Chile, where he is currently a
active filter system,” inConf. Rec. PESC’95]June 1995, pp. 189-195. Professor. His teaching and research interests include electrical machine

[4] H. Kawahira, T. Nakamura, S. Nakazawa, and M. Nomura, “Activelesign, power electronics, variable-frequency drives, and control system
power filters,” inProc. JIEE-IPEC,Mar. 1983, pp. 981-992. theory applied to electrical drives.



