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Abstract - This paper presents an OTA — based control system
of active power filter for harmonic and reactive power
compensation in power system. An SCR-full wave rectifier is
used as an uncontrolled nonlinear load. A single phase control of
shunt —CSI-APF [1] is discussed for simplicity. This proposed
OTA-based control circuit [2]-[4] has the advantage of self-
tuning, low cost, simple and small size circuitry compared to the
use of high precision multiplier or digital processor. Theoretical
analysis, design and simulation results of the OTA-circuit are
provided. A prototype is being developed to demonstrate the
performance of the control system [5].

I. INTRODUCTION

The uses of nonlinear load power electronic component
connected to power systems cause the harmonic currents to change
from a sinusoidal current to a non-sinusoidal current. Harmonic
voltage results from the harmonic currents interacting with the
impedance of the power system according to Ohm’s law. Effect of
harmonics voltage and current on equipment results in power
quality problem [6]-[7] not only the end user or the utility serving
the end user but also on the other end users.

Reactive power caused by inductive load represents
wasted electrical energy. Nonlinear loads not only generate
harmonics but also shift the phase angle between the load current
and supply voltage, require reactive power to serve them, and
cause lower power factor [8]-[24].

Active Power Filter (APF) has been developed for reactive
power reduction and harmonic filtering by using electronic means,
bridge inverter and rectifier , to inject the current for reactive
power and harmonic compensation. The analysis and comparison
of passive and active harmonic filtering was presented in [13].

Several methods of using APF have been researched and
developed, shunt active filter using voltage source inverter (VSI)
[8], [10]-[12], [16]-[17] and current source inverter (CSI) [9],
[18] are widely used.

The series active filter and hybrid active filter (passive and
series active) [14] are also have been researched but mainly
employed to eliminate voltage flicker and unbalance problem.

The control systems using DSP — based [15]-[17] and
ADALINE - based [18] have been used to improve the
performance of the APF. However, simple control circuits using
analog signal processing component [9], [11] are still be
developed to reduce the cost and circuit complexity.
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Fig.1 Schematic Diagram of APF and the Proposed Control Strategy



In recent years, OTA (Operational Transconductance
Amplifier) have been implemented for working at high frequency,
electronically tunable and simpler structure. OTA — based analog
circuits also have advantages such as low power consumption,
noise, parasitic effects and cost compared to the conventional op-
amp. OTA can also have an application of analog band pass filter,
phase comparator and phase shifter that are the keys control of
APF.

This paper presents shunt-CSI-APF control method using
simple OTA — based analog circuits for the control blocks of
reference current calculation, comparison, current control and
Pulse Width Modulation to generate the gate control signal APF.
The use of OTA — based circuits provided a low cost compared to
the use of high precision multiplier and high performance
compared to the use of op-amp circuitry.

II. PROPOSED APF POWER CIRCUIT AND
CONTROL SCHEMATIC DIAGRAM

Fig.1 shows the control circuit of the shunt current source
inverter (CSI) active power filter connected to the ac voltage
source, Vg, supplying the inductive/non linear load current i;.

The expected performance of APF is to maintain the main
current, ig, as a sine wave and in-phase with the main voltage.

APF is controlled by OTA circuit in order to generate the
required compensation current, ic.

The control schematic block diagram is described by
equations belows :-

Voltage source is represented as
vg (t)=Vg sin wt (1)

Non linear load current can be represented as

0
iL(t)=Zlh sin (hot +0), ) )
h=1
=iy +ip+ip
Where, iy represented harmonic current,
ip represented fundamental active current,
ip represented fundamental reactive current.

The compensation current can be represented as
ic (=i (1)-is(t) 3)

Assuming voltage source supply only pure sinusoidal current
and in phase with the voltage

is(l‘)=15 sinmt=ip (4)
Therefore, the compensation current from (3) is given by

iC:iL(t)_]S sin wt (5)
=ig(t)—ip =ig +ig (6)

i (1) Iy
from PWM theory; L _Lir e (7)
vic(t) Vi

gating signal v;c(t)will  be  selected accordingl y

OTA circuit are introduced for the determination of reference
voltage Vv« using band pass filter, phase comparator and
phase shifter circuit concepts as belows :-

1 To eliminate harmonic current, v;; can be determined by
using BPF circuit, v;; represents input voltage of the BPF,
v; represented output voltage of the BPF which the
harmonic currents in the form of harmonic voltage are
eliminated. So that v;; can be determined by

ViH =ViL - Vi'L (8

2) To eliminate reactive current, vig can be determined by
using phase shifter circuit.

Vi, =Vip +Vig )

v;xs 18 calculated as the reference voltage that in
phase with the vg so that the reactive voltage is
eliminated from the v;; , so that

Vic =ViL - Virs =Vip T Vin (10)

III. ANALYSIS OF EACH BLOCK

A. OTA-C-Based 50 Hz — Band Pass Filter (BPF)
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Fig.2 OTA-C Tow-Thomas Band Pass Circuit

Fig.2 shows the 2™ order OTA-C Tow Thomas Band Pass
Filter [2] using 3 OTAs to give orthogonally tune characteristic.

Pass band filter at 50 Hz center frequency is selected to
define the fundamental current i’;  in the form of voltage V; .

Load current, i; , is detected as voltage signal (by using
CT or voltage divider) and fed to the input part of the filter, V;,
then the output signal V;; can be determined by transfer function
of the BPF as shown belows :-
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B.  OTA-Based Phase Comparator

Fig. 3 OTA-Based Phase Comparator

OTA — multiplier and low pass filter circuit that shown in
Fig. 3 is selected to defind the phase difference of the voltage
source and output signal from band pass filter circuit

OTA-Based Phase shifter
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Fig.4 OTA-Based Phase shifter

Fig. 4 shows the OTA-Based Phase shifter using 2 OTAs to
give the output signal that in phase with the vg

The transfer function of OTA circuit is shown below: -

Vies  _ _ SC-8mi (13)
Vir SC+ 81 &maR
If gmoR = 1 (14)

The value g,,; will be automatic adjusted according to the bias
current /p; that corresponding to the phase difference output
from phase comparator circuit.

D. OTA —Based Comparator
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Fig. 5 OTA-Based Comparator

Comparator voltage signal can be determined by the OTA-
Comparator circuit as shown in Fig.5.
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Fig.6 OTA-Based Oscillator

Clock to be used for modulation is designed by using
OTA-Based oscillator as shown in Fig.6.

OTA — Based Pulse Width Modulator (PWM)
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Fig.7 OTA-Based PWM

Fig. 7 shows the PWM using 2 OTAs to give the
output signal to control the gate driver of the APF.

Modulation output signal will be automatic adjusted
according to the bias current [, that corresponding to the
output signal from OTA- Based comparator circuit.

IV. SIMULATION RESULTS

Simulation by ORCAD 9.1 using OTA LM13700 results
shown in fig.8-12 . The harmonics of non-linear load is
eliminated by compensation current from APF is shown
clearly in Fig. 12.

Fig.8 High THD non-linear load current characteristic



Fig.9 50 Hz Band Pass Filter output signal characteristic

Fig.10 Compensation current characteristic

Fig.11 Frequency response of load current of an
uncontrolled nonlinear load (THD 128%)

Fig.12 Frequency response of load current after
compensation.

V. SUMMARY

In this paper, OTA circuits are developed for the control block
diagram of the active power filter for harmonic and reactive power
compensation.

The advantage of using OTA is to make the self-tuning for the
control functions of phase shifter, phase comparator and
PWM. OTA circuit can also be fabricated into one chip by
CMOS technology which make low cost, simple and small
size circuitry for the control system.

ACKNOWLEDGMENTS

This work is party funded by the Department of Computer
Engineering , King Mongkut’s University of Technology
Thonburi and Thai Government.

The support provided by ALSTOM Power (Thailand) Ltd. is also
acknowledged.

REFERENCES

[1]  Cyril W. Lander, “Power Electronics”, 3™ ed., McGraw-Hill
International Editions, 1993.

[2] T. Deliyannis, Yichuang Sun, and J.K. Fidler. “Continuous
— Time Active Filter Design”, CRC Press, Boca Raton, FL,
1999.

[3] Edwin W. Greeneich. “Analog Integrated Circuits”,
Chapman & Hall, 1997.

[4] “LM13700 Dual Operational Transconductance Amplifiers
with Linearizing Diodes and Buffers”, National
Semiconductor, WWW.national.com, 2000.

[5] Richard C. Dorf, and Robert H. Bishop. “Modern Control
System”, 9" Ed., Prentice — Hall, N.J., 2001.

[6] Barry W. Kennedy. “Power Quality Primer”, McGraw-
Hill, New York, 2000.

[71 IEEE Std 519-1992, IEEE Recommended Practices and
Requirements for Harmonics Control in Electrical Power
Systems.

[8] J.W. Dixon, J. J. Garcia, and L. Moran. “Control System for
Three-Phase Active Power Filter Which Simultaneously
Compensates Power Factor and Unbalanced Loads”, IEEE
Transaction on Industrial Electronics vol.42, no.6,
December 1995, pp. 636-641.

[9] F.P. Sonza, and 1. Barbi. “Power Factor Correction of
Linear and Non-Linear Loads Employing a Single Phase
Active Power Filter Based on a Full-Bridge Current Source
Inverter Controlled Through the Sensor of the AC Mains
Current”. Power Electronics Specialists Conference, 1999.
PESC99. 30" Annual IEEE, vol. 1, Aug. 1999, pp.387-392.

[10] J.C. Wu, and H.L. Jou. “Simplified control method for the
single-phase active power filter”, IEE Proc.-Electr. Power
Appl. vol.143. No.3, May 1996, pp.219-224.

[11] KM. Smedley, L.Zhou, and C.Qiao. “Unified Constant
Frequency Integration Control of Active Power Filters
Steady-State and Dynamics”, IEEE Transactions on Power
Electronics, vol.16, no.3, May 2001, pp.428-436.

[12] 1. Kasikei, M. Darwish, and P. Mehta. “A New Method for
Harmonic / Reactive Power Reduction”, IEEE 1999
International Conference on Power Electronics and Drive
Systems, PEDS’ 99, July 1999, Hong Kong, pp.900-904.

[13] S. Chen, and G. Joos. “Analysis and Comparison of Passive
& Active Harmonic Suppression Filters in Distribution
Systems”, Electrical and Computer Engineering 2000,
Canadian Conference on, vol. 2, 2000. pp. 615-619.

[14] B.R. Lin, and B.R. Yang. “Current Harmonics Elimination
with a Series Hybrid Active Filter”, IEEE-ISIE 2001, Pusan,
Korea, pp.566-570.

[15] A. Unsal, A.R. Van Jouanne, and V.L. Stonick . “A DSP
Active Filter for Power Conditioning”, Acoustics, Speech
and Signal Processing 1999. ICASSP’99. Proceedings,
1999 IEEE International Conference on vol. 4, 15-19 March
1999, pp. 2263-2266.

[16] W. Shireen, L. Tao, and M.S. Arefeen. “Implementation of a
DSP Based Active Power Filter for Electric Power
Distribution Systems Supplying Nonlinear Loads”, Applied
Power Electronics Conference and Exposition, 2000 APEC
2000. Fifteenth Annual IEEE,vol. 1, 2000, pp. 438-442.




[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

A. Chandra, B. Singh, B.N. Singh, and K. Al-Haddad. “An
Improved Control Algorithm of Shunt Active Filter for
Voltage Regulation, Harmonic Elimination, Power-Factor
Correction, and Balancing of Nonlinear Loads”, IEEE
Transactions on Power Electronics, vol.15, no.3, May 2000,
pp.495-507.

R. El Shatshat, M. Kazerani, and M.M.A. Salama. “Multi
Converter Approach to Active Power Filtering Using
Current Source Convertors”, IEEE Transaction on Power
Delivery, vol.16, no.1, January 2001, pp. 38-45.

B.-R.Lm, T.- Hungand and B.-R.Yang, “Analysis and
operation of hybrid active filter for harmonic elimination,”
Proc. PCC — Osaka 2002, vol.2, pp.800-805.

P. Jintakosonwit, H. Fujita, and H. Alsagi, “Control and
performance of a fully-digital-controlled shunt active filter
for installation on a power distribution system,” IEEE
Trans. Power Electronics, vol.17, no.1, Jan. 2002, pp. 132-
140.

M.D. Manjrekar, P.K. Steiner, and T.A. Lipo, “Hybrid
multilevel power conversion system : a competitive solution
for high-power application, “ IEEE Trans. Industry Appl.,
vol.36, no.1 , pp. 1565-1572, May/June 2000.

G.R. Karnath, and N. Mohan, “Series-connected all hybrid
converters for utility interactive applications,” Proc.
IECON’97, p.p. 726-731, 1997.

H. Akagi, “New trends in active filters for improving power
quality ,” Proc. Drive and Energy Systems Conf., vol.1, pp.
417-425, 1995.

A .Kusko, and N.K. Medora, “Switching of power harmonic
filters,” Proc. Conf. of Industry Applications Annual
Meeting, pp. 941-945, 1994.



	Conference Program
	Author Index
	Main Menu

