
J. Indian Inst. Sci., Jan.-Feb. 1998,78,565-xxx, 
6 Indian Institute of Science 

Active power line conditioners for power quality 
improvement -A prospective 

B m  SINGH 
Department of Electrical Engineering, Indian Institute of Technology, Hauz Khas, New Delhi, 110 016 India. 

Abstract 

Active Power Line Conditioning (APLC) d electric power has now become a mature technology for eliminating 
harmonics and reactive power compensation in two-wire (single-phase), threewire (three-phase without neutral) and four- 
wire (three-phase with neutral) ac power networks. This paper presents a comprehensive status of APLC configurations, 
control strategies, selection of components, and related economic and technical considerations. It is aimed to provide a 
broad prospective on the status of A P E  technology to researchers and application engineers dealing with power quality 
issues. 
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1. Introduction 

Solid state control of ac power using thyristors and other semiconductor switches is widely 
employed to feed controlled electric power to electrical loads such as adjustable speed drives 
(ASDs), furnaces, computer power supplies, etc. Such Controllers are also used in HVDC systems 
and renewable electric power generation. As nonlinear loads increase, these solid state converters 
draw harmonics and reactive power components of current from ac mains, In three-phase system, 
they also cause unbalance and draw excessive neutral currents. The injected harmonics, reactive 
power burden, unbalance and excessive neutral currents, cause low system efficiency and poor 
power factor. They also cause disturbance to other consumers and interference in nearby 
communication networks, Extensive surveys'-15 have been carried out to quanttfy the problems 
associated with electric power networks having non-linear loads. Conventionally passive L C  
filters were used to reduce harmonics and capacitors were employed to improve the power factor 
of ac loads. However passive filters have demerits of fixed compensation, large size and 
resonance. The increased severity of harmonic pollution in power networks has attracted the 
attention of power electronics and power system engineers to develop dynamic and adjustable 

16-20 solutions to power quality problems. Such equipments generally known as Active hlters (AF) , 
are also called as Active Power Line Conditioner (APLC), Instantaneous Reactive Power 
Compensator (IRPC), Active Power Filters (APF) and Active Power Quality Conditioner 
(APQC). In recent years, many texts have also appeared21-25 on the harmonics, reactive power, 
load balancing and neutral current compensation associated with linear and non-linear loads. This 
paper aims to present a comprehensive state of art on the subject of APLC, More than one hundred 
publications'-166 are reviewed and classified in four categories. The first category is on general 
development and survey of hmonic  problems while second to fourth categories are on two-wire 
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(single-phase), three-wire (three-phase without neutral) Ad four-wire (three-phase with neutral) 
APLCs. The paper is presented in six parts. Starting with an introduction, the subsequent section8 
cover the state of art of the APLC technology, different configurations used, control methodolo- 
gies, economic and technical considerations and the concluding remarks. 

2. State of art 

The APLC technoIogy is now matured for providing compensation for harmonics, reactive power 
and/or neutral current in ac networks. It has evolved in the past quarter century of development 
with various configurations, control strategies and solid state devices. ~ c t i v e  Power Line 
Conditioners are also used to eliminate voltage harmonics, to regulate terminal voltage, to 
suppress the voltage flicker and to improve voltage balance in three-phase systems. These wide 
range of objectives are achieved individually or in combination depending upon the requirements 
and accordingly contra1 strategy and configurations are selected. This section describes the history 
af development and present status of @LC technology. 

Following the wide spread use of solid state control of ac power, the power quality issues 
become significant, There are a large number of publications covering the power quality survey, 
measurements, analysis, cause and effects of harmonics and reactive power in electrical networks 
1-25 Active Power Line Conditioners are basically categorized in three types namely two-wire 
(single-phase), three-wire and four-wire three-phase configurations to meet the requirements of 
three types of non-linear loads on supply systems. Single-phase loads such as domestic lights and 
ovens, TVs, computer power supplies, air conditioners, laser printers and Xerox machines behave 
as a non-linear loads and cause power quality problems. Single-phase (two-wire) APLCs are 

26-55 investigated in varying configurations and control strategies to meet the needs of single-phase 
non-linear loads. Starting from 1971, many configurations such as active series active 
shunt f i ~ t e * ~  and combination of shunt and series filter3' have been developed and 
commercialized also for UPS applications5"52'3. Both concepts which are based on current s o w  
inverter with inductive energy storage and voltage source inverter with capacitive energy storage 
are used to develop single-phase APLCs. 

Since major amounts of ac power is consumed by three-phase loads such as ASD (Adjustable 
Speed Drives) with solid state control, a substantial number of work have been reported on three- 

56-155 phase b e - w i r e  APLCs , starting h r n  1976. Active shunt, active series and combinations of 
138,152 both named as active power quality conditioners as well as passive filters combined with . 

active shunt and active series APLCs are some typical configurations used. Many control 
strategies such as instantaneous reactive power theory initially developed by Akagi et at:', 
synchronous frame d-q theory1", synchronous detection method1" and notch filter method are 
used-in the development of three-phase APES.  

The problem of excessive neutral current3' is obsewed in three-phase four-wire systems 
mainly due to nan-linear unbalanced loads such as computer power supplies, fluorescent lighting 
etc. Resolving the problems of neutral current and unbalanced load currents, have been attempted 
in's61" for four-wire system. These attempts are of varying nahlre like elirnination/reduction of 
neutral current, harmonic compensation, load balancing, reactive power compensation and 
combination of these. 
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One of the major factors in advancing the APLC technology is the advent of fast, self 
cownutating solid state deices. Jh the initial stages, thyristors, BJTs and Power MOSEETs were 
used for APLC fabrication; later SIT and GTO were employed to develop APLCs. With the 
introduction of IGBT, the A P E  technology got a real boost and at present it is considered as ideal 
solid state devices for APLCs. The improved sensor technology has also contributed to the 
enhanced performance of APLCs. Availability of hall effect sensors and isolation amplifiers at 
reasonable cost and with adequate ratings have improved APLC performance. 

The next breakthrough in APLC development is due to the microdectronics revolution. 
Starting fiom the use of discrete andog and digital components162, the progress has been UI 

50,148 microprocessors, microcontrollersw and DSPS . Now it is possible to implement complex 
algorithms on-line for the control of APLC at reasonable cost. This development has made it 
possible to use different control algorithms such as P-J!~"~"~ variable structure control 51,127,141 

fuzzy logic and neural nets46 for improving the dynamic and steady state performance bf thd . 
APLCs. 

Active Power Line Conditioners can be classified on converter type, topology and the number of 
phases. The converter type can be with current source or voltage source inverter bridge structures. 
The topology can be shunt, series or combination of both. The third classification is based on the 
number of phases such as two-wire (single-phase) and three or four-wire three-phase systems. 

A, Converter Based Class@cation 

There are two types of converters used in the development of APLCs. fig, 1 shows the current fed 
PWM inverter bridge structure. It behaves as non-sinusoidal current source to meet harmodc 
current requirement of the nan-linear load. A diode is used in series with the self c~mmutating 
device (1GBT)for reverse voltage blocking, However, GTO based conEigurations do not need 
series diode, but they have restricted frequency of switching. These type of configuration are 
considered sufficiently but have higher losses and require higher values of pardel ac 
power capacitors. Moreover they can not be used in multilevel or multistep modes to improve 
performance in the higher ratings. 

The other converter used as an APLC is voltage fed PWM inverter structure shown in Fig. 2. It 
has self supporting dc voltage bus with a large dc capacitor, It has become more domhant since it 
is lighter, cheaper and expandable to mulbilevel and multistep versions for enhancing the 
performance with lower switching frequencies, It is more popular in UPS based applications 
because in presence of mains, the same inverter bridge can be used as APLC to eliminate 
ham~onics af criticd nun-linear loads. 

B. T o p  b g y  Based Class$cation 

APLC C a n  be classified on the basis of topology used as series or shunt filters 
48,106,115,121,146 and 
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FIO. 1.  Current fed type APLC. FIG. 2. Voltage fed type APLC. 

example of active shunt power conditioner and most widely used to eliminate current hannonics, 
reactive power compensation (also known as STATCON) and balancing unbalanced currents. It is 
mainly used at load end because current harmonics are injected by non-linear loads. It injects equal 
compensating currents, opposite in phase to cancel harmonics and/or reactive components of the 
non-linear load current at the point of connection. It can also be used as static VAR generator 
(STATCON) in the power system network for stabilizing and improving the voltage profile. 

Fig. 3 shows the basic block of stand alone active series power line conditioner. It is connected 
before the load in series with mains, using matching transformer, to eliminate voltage harmonics", 
and to balance and regulate the temrind voltage of the load or line. It has also been used to reduce 

115,121 negative sequence voltage and regulate the voltage on three-phase systems . It can be installed 
by electrical utilities to compensate voltage harmonics and to damp out harmonic propagation 
caused by resonance with line impedances and passive shunt compensators. 

Fig. 4 shows a unified power quality conditioner (also known as universal active Titer) which 
is a combination of active shunt and active series fitters 19,3!1,133,13i138,1~2 . The dc link storage 

element (either i n d ~ c t o ~ ~ ' ~  or dc bus is shared between two current source or 
voltage source bridge operating as active series and active shunt compensators. It is used in single 

44 
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FIG, 3. Series type APLC. 
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FIG. 5. Hybrid filter as a combination of active series 
and passive shunt filter. 

PLC + 
FIG. 6 ,  Two-wire series APLC with current source 
converter. 

as well as three-phase confguratims'gi'33'13S1152. It is considered as ideal APLC which 
eliminates voltage and current harmonics and capable of giving clean power to critical and 
harmonic prone loads such as computers, medical equipments, etc. It can balance and regulate 
terminal voltage and eliminate negative sequence currents. Its main drawbacks are its large cost 
and control complexity because of the large number of solid state devices involved. 

Fig. 5 shows the hybrid APLC which is a combination of active series fdter and passive 
shunt filte8°i94~1M~'20~1341'37J42~145~15221544 It is quite popular because the solid state devices used in 
active series part can be of reduced size and cost (about 5% of load size) and major part is the 
passive shunt L C  frlter is used to eliminate lower order harmonics, It has the capability of 
reducing voltage and current harmonics at reasonable cost. There are many more hybrid 

but for brevity they are not discussed here, but the details can be found in 
respective references. 

C. Supply System Based Class@cation 

This classification of the APLCs is based on supply and/or load system having single-phase (two- 
wire) and three-phase (three-wire or four-wire) systems. There are many non linear loads such as 
domestic appliance connected to single-phase supply system, Some three-phase non-linear loads 
are without neutral, such as ASD (Adjustable Speed Drives) fed from three-wire supply system. 

AC 
mq ins 

7. Two-wire shunt APLC with current source 
converter. 

FIG, 8. Two-wire unified power quality conditioner 
with cwent source converter, 
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Two-wire APLCs 

Figs, 5-8 show three configurations of active series, active shunt and a combination of both 
-having current source bridge with inductive storage element. Similar configurations based on 
voltage source inverter bddge, may be ob$incd by considering only two-wires (phase and neutral) 
at each stage of Figs 2-4. case of series APLC fed converter, sometimes the 
transformer is removed and load is shunted with passive LC Series APLC is 
normally used to e w a t e  volfag~ harmonics, spikes, sags, notches, etc. conaibuted by source 
while shunt MLC is used t0 eh-nhak Cunenl harmonics con~bibuted by load. 
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APLC 10 9 1  - - 
FIG, 9. Capacitor midpoint, four-wire shunt APLC. FIG. 10. Four-pole, four-wire shunt APLC. 

configuration known as four pole switch type, in which the fourth pole is used to stabilize the 
neutral of APLC. Three single-phase bridge configurations shown in Fig, I1 is quite 
common 157,159,162 and this version allows the proper voltage matching for solid state devices and 
enhances the reliability of the APLC system. A detailed comparison of the features of these three 
configwatjons (Figs. 9-1 1) is given in referenceI5*. 

4. Control strategies 

Control strategy is the heart of APLC and is implemented in three stages. In the frrst stage, the 
essential voltages md current signals are sensed using PTs, CTs, hall effect sensors and isolation 
ampHen to gather accurate system in5ormation. In the second stage, compensating commands in 
term of current and voltage levels are derived based on control methods and APE configurations. 
In the third stage of control, the gating signals to solid state devices of the APLC itre generated 
using PWM, hysteresis, sliding mode, or fuzzy logic based control techniques. The control of the 
AF'LCs is realized using discrete analog and digital devices or advanced micraelectronic devices 
such as single chip microcomputers, DSPs, etc. 

A. Signal conditioning 

Far the purpose of implementation of control algorithm, several instantaneous voItage and current 
signals are required. These signals are also useful to monitor, measure and record various 
parameter indices such as THD, power-factor, active and reactive power, crest factor etc. The 
typical voltage signals are ac terminal voltages, dc bus voltage of the APLC and voltage across 
series elements. The current signals to be sensed are load currents, supply cments, compensating 
currents and dc link current of the APLC. Voltage signals are sensed using either PTs or h d  effect 
voltage sensor or isolation amplifiers. Current signals are sensed using CTs tmd/or hall effect 
current sensors. The voltage and current signals are sometimes used after filtering to avoid noise 
problems. The filter are either hardware based (andog) or soflware based (digital) with low pas 
or high pass or band pass characteristics. 

B. Derivation of compensatirag signals 

Development of compensating signals either in terms of voltages or currents is the importvlt p& 
of APLC control and affects their rating, and transient as well as steady state perfommce. The 
control strategies to generate compensation commands, are based on frequency domain or time 
domain correction techniques. 
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Fro. 11. -bridge, four-wire shunt APLC. 

Compensation in Frequency Domain 

Control, strategy in frequency domain is based on the Fourier analysis of the distorted 
voltage or current signals to extract compensating comn@nds 50~56,60,~,74.81.~8,92,97s using 

the Fourier transformation, the compensating harmonic components rue separated from 
the harmonic polluted signal and combined to generate compensating commands, The 
APLCs device switching frequency is kept generally more than a decade above the highest 
frequency to be compensated for effective compensation. The on line application of Fourier 
transform (solution of a set of non-Smear equations) is a cumbersome compensation arid results in 
a large response time. 

Compensation in Time Domain 

Control methods of the APES in time domain are based on instantaneous derivation of 
compensating commands in form of either voltage or current signals from distorted and harmonic - 
polluted voltage or current signals. There are large number of control methods in time domain and 

bwn as instantaneous M ~ - ~ H  ~eorJ9~~3.65.66.75.85.8~,89,91 , synchronous d-q reference 
flux based controller1*, ,notch filter method'39t158~160*'64, P-I c o n t r ~ l l e ? ~ ~ ~ ~ ~ ~ ~ ,  

sliding mode controlle? 1,112,127,141 etc. 

The instantaneous active and reactive power (p-q) theog9 has been widely used and is based 
on "a$" transformation of voltage and current signals to derive compensating signals. The 
instantaneous active and reactive power can be computed in terms of transformed voltage and 
current signals. From instantaneous active and reactive power, harmonic active and reactive 
powers are extracted using low pass and high pass filters. From harmonic active and reactive 
powers, using reverse "a$" transformation, compensating commands in terms of either cuments 
or voltages a .  derived. In synchronous d q  reference frame and flux based controller, voltage and 
current signals are transformed to synchronously rotated frame, in which fundamental quantities 
become dc quantities, and then the harmonic compensating commands are extracted. The dc bus 
voltage feedback is generally used to make it self supporting dc bus in voltage fed APLCs. In 
notch filter based methods, the compensating commands are extracted using notch filter on 
distorted voltage and current signals. In P-I and sliding mode controller, either dc bus voltage (in 
VSI) or dc bus c m t  (in CSQ is maintained to desired value and reference peak currents of the 
supply are obtained. Subtracting load c m n t  from reference supply currents, compensating 
commands are derived. 
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C. Generation of Gating Signals to APLCs Devices 

The third stage of control of the APLCs, is to generate gating signals to the solid stale devices of 
the APLC based on the derived compensating commands, in terms of voltages or currents. A 
variety of approaches such as hysteresis based current control, PWM current or voltage control, 
dead beat contral, sliding mode of current control, etc., are implemented either through hardware 
or software (in DSP based .designs) to obtain the control signals for switching devices of the 
APLCs, 

5. Selection of components and additional features of APLCs 

The selection of components of AFLCs is an important factor to achieve improved performance. 
The main component of the APLC is the solid state devices. h~ the earlier days, BJTs followed by 
MOSFETs were used in small ratings. Nowadays, IGBT is rn ideal choice up to medium ratings 
and GTOs are used in higher ratings, A series inductor (LJ at the input of VSI bridge working as 
APLC, i s  normally used as the buffer between supply tenninal voltage and PWM voltage 
generated by A P E S .  The value of this inductor is very crucial in tbe performance of APLCs. If a 
small value o f  LC is selected then large switching ripples are injected into supply c a n t s  and a 
large vdue of LC does not allow proper tracking of compensating cwents close to desired values. 
An optimum selection of LC is essential to obtain satisfactory performance of APLC. Generally, a 
passive ripple filter is used at the terminal of supply system, which compensates for switching 
harmonics and improves the TW) of supply voltage and current. The design of passive ripple filter 
is also important because source impedance can cause an interaction with its components. DC bus 
capacitor value Cdc of the APLCs is another important parameter. With small value of Cdc l ~ g e  
ripples in steady state and wide fluctuations in dc bus voltage under transient conditions are 
observed. A higher value of Cdc reduces ripples and fluctuations in dc bus voltage but increases the 
cost and size of the system, 

111 general, APLCs are used to compensate current and voltage harmonics, but in most cases 
tfiey also have additional functions such as compensation for reactive power, current and voltage 
unbalance, neutral current, voltage flicker, voltage spikes and for voltage regulations. Most of the 
voltage related compensations (voltage unbalance, regulation, flicker, etc.) are carried out using 
series APLCs while current related compensations (reactive power, current unbalance, etc.) are 
made using shunt APLCs. Sometimes, the structure similar to APLCs is used exclusively for 
additional feature such as reactive power compensation, bad balancing, voltage regulation and 
voltage unbalance compensation, etc. 

6. Technical and economic considerations 

Technical literature on the A P E S  has been reported since 1971" and in the last two decade their 
number has boomed. Around 1990, many commercial development projects got 
and put to practice. A number of configurations as discussed earlier have been investigated but 
could not developed commercially because of cost and complexity cansiderations. Initially 
reported configurations were quite general and rating of solid state device involved was substantid 
which resulted in heavy cost of development. Due to these reasons, the technology could not be 
translated to field applications. Later on, rating of active filtering got reduced by the introduction 
of  supplementary passive filtedng20'M196 without deteriorating the o v e d  filter performance, this 



approach has given a boost ta field applications and in countries such as Japan and U.S., APLCs 
acceptability for field applications has increased up to 1000 WA range. Another major attempt 
has been to separate out various compensation aspects of the APLCs to reduce the size and cost, 
However, additional features get included on specific demand. Economic considerations were the 
hindrance at the initial stage of A P E  development but now it is becoming affordable due to 
reduction in the cost of devices used. With the harmonic pollution in present day power system, 
the demand for APLC is increasing. Recommended standards such as IEEE-5 19'' will result in the 
increased use of APLCs in the coming years. 

7. Conclusion 

An extensive review of the APLCs has been presented to provide a clear perspective on various 
aspects of the APLC to the researchers and engineers working in the field. The substantid increase 
in the use of solid state power control, results in harmortic pollution above the tolerable limits. 
Utilities are finding it difficult to maintain the power quality at customer end, and consumers are 
paying penalties indirectly in the form of increased plant down times, etc. At present, APLC 
technology has developed well and many man~facturers '~~~ are fabricating AF'LCs with large 
capacities. The utilities in the long run will induce the consumers with non-linear loads to use the 
APLCs for maintaining power quality to acceptable level. A large number of APLC configurations 
are available to compensate harmonic current, reactive power, neutral current, unbalanced current 
and harmonics. The consumer can select the APLC with the required features. It is hoped that this 
exhaustive survey on the A P E S  will be useful reference to the users and ma&facturers. 

8. References 

1. 

2. S-, T. C., VOLLKOMMER JR., H. T. 
AND ~ W A T R I K : ,  J, L. 

3. m, A. C., 

4. G~vzs,T. M., 

5.  SUBJAK JR., 5. S.,ANDMCQUIUUN, J. S., 

6. AMOW, M. E., AND FLORENCE, T., 

8. EMANUEL, A. E., Om, J. A., CYGANSKI, D. 
AND GULCHENSKI, E. M,, 

IEEE Working Group on Power System Harmonics, Power System 
Harmonics: AIZ Overview, IEEE Trans. on PAS, Vol. 102, 8, 1983, 
pp. 2455-2460. 

Survey of harmonic levels on the American Electric Power 
Distribution System, IEEE Trans. on Power Delivery, Val. 4 ,  4, 
1989, pp. 2204-2213. 

Excessive neutral currents in three-phase fluorescent lighting circuits, 
IEEE Trans. on Industry Applications, VoI. 25, 4, 1989, pp. 776- 
782, 

A survey of neutral currents in three-phase computer power systems, 
IEEE Trans. on industry applications, Vol. 26, 4, 1990, pp. 319- 
725. 

Harmonics-causes, effects, measurements, analysis an update, IEEE 
Trans. on Industry Applications, Vol. 26,6, 1990, pp. 1034-1042. . 
Voltage, c m n t  harmonic control of a utility system - A summary of 
1120 test measurements, I8EE Trans. ov Power Delivery, Vol. 5, 3, 
1930, pp. 1552-1557. 

Power system harmonics estimation monitoring, Electric Machines 
and Power System, Vol. 20,1992, pp. 93-102. 

A survey of hamnic wltages, current., at the customer's bus, IEEE 
Trans. on Power Delivery, Vd, 8; 1,1993, pp. 41 1-421. 



ACTIVE POWER LINE CONDI'I1:ONERS 575 

9. LING, P. J. A. AND ELDERIDGE, C. J., Designing modern electrical systems with transformem that 
inhe~ently reduce harmonic distortion in a M1-Rich environment, 
Proc. of Power Quality Conference, 1994, pp. 166-178. 

10. PA~KEBUSH, P. AND  EN^, P,, A survey of neuhal current harmonics in campus buildings, suggested 
remedies, Proc. of Power Quality Conference, 1994, pp. 194-205. 

11. ~~~ANSOOR,A.,GRADY, W.M., Predicting the net harmonic currents produced by large numbers d 
STAATS, P. T,, THAUAM, R. S., distributed singlephase computer loads, IEEE Trans. on Power 
DOYLE, M. T. AND SAMOTYJ, M. J. Delivery, Vol,IO,4, 1994, pp, 2001-2006, 

, 

IEEE Working group on Nan-sinusoidal situation, A Survey of North 
American Electrical Utility Concerns Regarding Non-sinusoidal 
Waveforms, IEEE Trans, on Power Delivery, Vol. 11, 1, 1996, pp, 
73-78. 

13. DOMUAN JR., SATANDER, E. E., GLAM, A., Watthour Meter Accuracy Under Controlled Unbalanced Harmonic 
LAMER, G., STILES, C. AND Voltage, Current conditions, IEEE Trans. on Power Deiivery, Vol. 
WILLIAMS JR,, CN., 11,1,1996, pp. 64-72. 

IEEE Workhg group on Non-sinusoidal situations, Practical 
Definitions for Powers in Systems with Nonsinusoidal Waveforms, 
Unbalanced Loads: A Discussion, IEEE Tram, on Power Delively, 
VOI. 11,1,1996, pp. 79-101. 

15. DUFFEY, C. K. AND Stratford, R. P., Update of harmonic stmdard neEE-519: IEEE recommended 
practices, requirements for harmonic control in electric power 
systems, IEEE Trans, on Ind. Applications, Vol. 25, 6, 1989, pp. 
1025-1034. 

18. Kikuchi, A. H., 

19, MORAN, S. A. ANDBRENNEN, M. B., 

20. BFIATTACHARYA, S., AND DIVAN, D. M., 

23. 'ARR~uAG~A, J., BRADLEY, I). A. AND 
B O ~ E R ,  P. S., 

24. Heydt, G. T., 

26. SASAICI, H, AND ~ ~ C H I D A ,  T., 

Mirubishi Electric Corporation, Active Fiters: Technical Document, 
2100tllM) Series,1989, pp. 1-36. 

ABB power systems, harmonic cumnts, static VAR systems, 
informationNR500-015E, 1988, pp. 1-13. 

Active Power Filters, Toshiba G'ITR module (IGBT) Application 
NW, 1992, pp. 44-45. 

Active power line conditioner with fundamental negative sequence 
compensation, U.S. Patent, 5,384,6 96, Jan. 1995. 

Hybrid series activelparalle~ passive power line conditioner with 
. conbolled harmonic injection, U.S. Patent, 5,465,203,1995, 

Reactive power control in electric systems, John Wiley and Sons, 
Toronto, Canada, 1982, pp, 32-48, 

AC power conditioners - Design, applications, Academic Press hc. 
San Diego, CA, USA, 1990. 

Power system harmonics, John Wiley & Sons, Chichester, UK, 1985. 
i 

Electric power quality, Stars in a Circle Pubkalions, West lafay& 
Dl, USA., 1991. 

Power electrodes converter harmonics multipulse methods for clea 
power, IEEE Press, New York, 1996. 

A new method $ eliminate AC hannanic currents by magnetic flw 
compensation considerations on, basic design, IEEE Trans. on PAS 
Vol. 90,5,1971, pp. 2009-2019. 



27. OYUMI, L. AND STRYCULA, E., 

28. HARISHIMA, F., INABA, H. AM) TSUBOI, K., 

29. E P ~ ,  YAIR, E. A. AND 
ALEXANDROVTTZ, A., 

30. U ~ A ,  I,, ALDANA, F. AND MARTINEZ, P., 

31, RPLIGOPALAN, V., JACOB, A+, SEVIGNY, A,, 
NGUY, T. N. AND ANDY, L,, 

32. D R O ~ ,  P. L. A., SEWGNY, A., JACOB, A, 
AND RUGOPALAN, v., 

33. ~ A N D R O ~  A,, Y m ,  A. AND 
E ~ s m ,  E., 

34. CHOE, G. H. AND PARK, M, H., 

35. H m  C, P. AND MOWAN, N., 

38. WI~WAMS, S.M. A N D H o ~ , R . G . ,  

39. MORAN, S., 

40. CWEN, C. AND DIVAN, D. M., 

41. h Z R A N 1 ,  M,, &EAs, P. D. AND JoOS, G., 

43.  AS, C., 

44. DUKE, R. M. AMW Row, S. D., 

Active AC Power Filters, EEE-IAS Annual Meeting Record 1976, 
pp.529-535. 

A closed-loop control system for the reduction of reactive power 
required by electric converters, IEEE Trans. on IECI, Vd. 23, 2, 
1976, pp.162-166. 

Analysis of a reactive current source used to improve current drawn 
by static inverters, IEEE Trans. an 1ECL Vol. 26, 3, 1979, pp.172- 
177. 

Active filters for static power converter, IEE Pruc., Vol. 130, N.B, 5, 
1983, pp, 347-354. 

Bannonis currents compensation-scheme for electric distribution 
systems, Proc. of IFAC Control it1 Power Electronics, Electric 
Drives, Lausanne, Switzerland, 1983, pp. 683-690. 

Studies on line current; harmonics compensation scheme suitable for 
an electrical distribution system, Canadian Elect. Eng. Journal, 
V d .  8,4,1983, pp. 123-129, 

Analysis of static VAR compensator with aptirnd energy storage 
element, IEEE Trans. on Industrial Electronics, Vol. 31,1, 1984, pp, 
28-33, 

Analysis, control of active power filter with optimized injection, 
TEEE-PESC Recad 1986, pp. 401-409. 

A digitally controlled AC to DC power conditioner that draws 
sinusoidal input cment, IEEE-PESC Record 1986, pp. 531-540. 

Unity power factor single-phase power conditioning, IEEEJ-PESC 
Record 1987, pp. 516-524, 

Compensation of reactive power by means of a current-cantrolled 
transistor inverter, IInd European Power Electronics Conference, 
1987, pp. 1293-1299. 

Discrete controlled harmonic reactive pwer compensator, IEEE-IAS 
Annual Meeting Record, 1989, pp.EX1-887. 

A line voltage regulator/conditioner for harmonic-sensitive load 
isolation, IEEE-LQS Annual Meeting Record, 1988, pp ,945-95 1. 

Simple topologies for Single-Phase AC line conditioning, D~EE-VIS 
Annual Meeting Record, 1991, pp. 911-917. 

A novel active current wave-shaping technique for solid-state input 
power factor conditioners, I8EE Trans, on Industrial Elecironics, 
Val. 38,1, 1991, pp.72-78. 

Analysis, design of an active power filter to cancel harmonic currents 
in low voltage in electric power distribution systems, IEEE-IECON 
R w d ,  1992, pp, 368-373. 

Compensation of capacitive loads by a voltage-source active filter, 
European Trans. an Elec. Power Engg., Vol. 2,3, 1992, pp. 15-19. 

The steady state performance of a controlled current active filter, 
113% Trans. on Power Electronics, Vol. 8,3,1993, pp.140-146. 



ACTWE POWER LlNE CONDITIONERS 577 

45. ROUND, S. D. AND DUKE, R. M., 

46. ROUND, S .  D. AND MOHAN, N., 

48. NASTARAN, J., CAJHEN, R., SELIGER, M. 
AND JEREB, P., 

50. CUOI, J. H., PARK, G. W. AMJ DEVAN, S. B., 

51. TORREY, D. A. AND AL-ZAMEL, A, M. A. M., 

54. HSU, C. Y, AND WU, H. Y., 

55. Hsu, C. Y. AND WU, H, Y., 

57, STEEPER, D. E. AND STRATFORD, R. P., 

58. MOHAN, N., PETERSON, H. A., LONG, W. F., 
DREIFUERST, G. R. AND V I T H A Y A ~ ,  J. J., 

59. TAKAHASHI, 1. AND NABAE, A., 

60. K A W A S ~ ,  H., NAKAMURA, T., 
NAKAZAWA, S. AND NOMURA, M., 

61. MWAIRI, S,, IDA, S., TAKIMOTO, M. AND 

~ ~ S U K A W A ,  S., 

62. Takahashi, I., 

63, MGI, H., KANAZAWA, Y. AND NAB% A., 

Rear time optimization of active filter energy savings, 53%-IECON 
Record 1993, pp. 1088-1092. 

Comparison of frequency, time domain neural network controllers 
for m active power filter, IEEE-WON Record 1993, pp. 1099- 
1104. 

Nigh frequency isolation in standby power supplies which 
compensate load harmonic currents, IEEE-ECON Record, 1993, 
pp.1264-1268. 

Active power filter for non-linear AC loads, IEEE Trans, on Powm 
Elect., Vol, 9,1, 1994, pp.92-96. 

Performance improvement of a voltage source active filter, IEEE- 
APEC Record 1995, pp. 613-619. 

Standby power supply with active power filter ability using digital 
controller, IEEE-APEC Record, 1995, pp. 783-789, 

Single-phase active power filter for multiple non-linear loads, IEEE 
Trans, on Power Electronics, Vol. 10,3,1995, pp. 263-272. 

A DSP based active pwer filter for line interactive UPS, EEE- 
IECON R ~ o r d  1995, pp. 884-888. 

A new UP$ scheme provides h m n i c  suppmsio~, input power 
filter correction, IEEE Trans. on Ittdcstrinl Electronics, Vol. 42, 6, 
1995, pp. 629435.  

A new single-phase active filter with reduced energy storage 
capacitor, EEE-PESC Record 1995, pp. 202-208. 

A new single-phase active power fiIter with reduced energy storage 
capacitor, IEE Proc. Elect. Power Appl.,. Vol. 143,1,1996, pp. 25- 
30, 

Harmonic reduction in thyristor converters by harmonic cment 
injection, IEEE Trans. on PAS, Vol. 95,2, 1976, pp. 441-449. 

Reactive compensation, harmonic suppression for industrial power 
systems using thyristor converters, IEEE Trans. on Ind, Appl., Vol. 
12,3,1976, pp. 232-254. 

Active Filters for AC Harmonic Suppression, IEEE PES Winter 
Meeting 1977, pp. 168-174. 

Universal power distortion compensator of line cornmutated thyristor 
converter* lEEEFhS Annual Meeting Record, 1980, pp.858-864. 

Active Power Filter, IPEC-Tokyo, 1983, pp, 981-992. 

A new methad of reducing harmonics in idput AC Line currents of 
thyristor rectifier circuit, PEE-Tokyo, 1983, pp. 993- 1004. ,& ' d  

A flywheel energy storage system having distorted power 3 5- 

compensation, IPEC-Tokyo, 1983, pp. 1072-1083. 

htantaneous reactive power compensators compdsiig switching 
devices without energy storage components, IEEE Trans. on Indurtry 
Applicntions, Vol. IA-20,3, 1'384, pp. 625-630. 



64. HAYAFUNE, K., UESHIBA, T., NIASADA, E. 
OGIWARA, Y., 

Microcomputer controlled active power filter, IEEE-IECON, Record 
1984, pp. 1221-1226. 

Control strategy of active power filter using multiple voltagesource 
PWM converters, IEEE Trans. on Industry Applications, Val, 22,3, 
1986, pp. 46W65. 

65. AXAGI, H., NADAE, A. AND ATOH, S., 

Compensation characteristics of active power filter using multiseries 
voltage -source PWM Converters, Electrical Engineering in Japan, 
Vol. 106,5, 1986, pp. 283-290. 

66. AKAGI, H., ATOH, S. ANR NMAE, A,, 

Harmonic current compensator composed of static power converter, 
EGE-PESC Record 1986, pp. 283-289. 

Active power for reactive power, hmonic  compensation, EEE- 
PESC Record, 1986, pp. 321-330. 

68. MALESANI, L., ROSSEITO, L, AND TENTI, P., 

69. NMIMA, T., MASADA, E. AND 

OOIIJARA, Y., 
Compen~ation of the cyclaconverter input current harmonics using 
active power filters, Ilnd EPE Record, 1987, pp. 1227-123 1. 

70. KQUATA, M., SHIOTA, T. AND ATOH, S., Compensators for harmonics, rcactive power using static induction 
thyristors, k d  B E  Record, 1987, pp. 1265-1270. 

Three-phase power line conditioner for harmonic compensation, 
power factar correction, IEEE-IAS Amud Meeting Record, 1987, 
pp. 803-807. 

72. TAKEDA, M., FKW,A, K. AND 
TOMINAGA, Y,, 

Harmonic current compensation, with active fitter, BEEckS Annual 
Meeting Record 1987, pp. 808-81 5 ,  

73. HAMMOND, P. W., A hmonic  filter installation to reduce. voltage distortion from static 
power converter, IEEE Trons. on Industry Applications, Vol, 24, 1, 
1988, pp, 53-58. 

74. CHOE, J. W. AND PARK, M. K., A new injection method f o ~  AC hmonic elimination by active 
power filter, IEEE Trans. on lndustrial Elecrronics, Vol. 35, 1, 1988, 
pp. 141-147. 

75. PENG, F, Z., AKAGI, N. AM) NAB&, A., A novel harmonic power filter, EEE-PESC Record, 1988, pp. 1151- 
1159, 

76. NAKAJIMA, T., TAMURA, M. AND 
MASADA, E. 

Compensation of non-stationary ham~nics using active power filter 
with prony's spectral estimation, IEEE-PESC Record 1988, pp. 
1160-1167. 

77. N m ,  A., OKU, K, NISHIDAT, J., 
SWH, T,, D G w ,  Y., Mmn, 9. 
AND KUMAZAWA, M., 

78. TAKEDA, M., XKEDA, K., 'I~MMOTO, A. 
AND Amsw, T,, 

79. HAYASHI, Y., SATO, N. AND TA)(AWLSI-KI, K., 

Development of active filter with series resonant circuif BE-PESC 
Record, 1988, pp. 1 168-1 173. 

Harmonic current reactive power campensaiion with an active filter, 
lEEEPESC Record 1988, pp. 1174-1179, 

A novel cont&l of a current source active fdter for AC power system 
harmonic compensation, EE&IAS Annual Meeting Record, 1988, 
p p  837-842. 

SO. KOHATA, M., S M ~ A ,  T., WATANAEE, Y. ,  
ATOH, S., NABAE, A. AND -I, Y., 

A novel compensation using static induction thyristors for reactive 
power, harmonics, lEEE-IAS Annual Meeting Record 1988, pp. 
843-849. 



ACTNE POWER LINE CONDITIONERS 579 

81. CHOE, G. H., WALLACE, A. K. AND 
PARK, M. H., 

Control technique of active power filter for harmonic elimination, 
reactive power control, IEEE-IAS Annual Meeting Record 1988, pp. 
859-866. 

82. PENG, F. Z., AKAGI, H. AND NABAE, A., A new approach to harmonic power compensation in power systems, 
IEEE-IAS Annual Meeting Record 1988, pp. 874-880. 

83. WONG, C., MOHAN, N., WRIGHT, S. E. AND 

Mortenson, K. N., 
Feasibility study of AC, DC-Side active filters for HVDC converter 
terminals, IEEE Tmzs. OJZ Power Delivery, Vol. 4, 4, 1989, 
pp. 2067-2075. 

84. MOW, L. T., Z~OGAS, P. D. AND JOOS, G., Analysis, design of a novel 3-phase solid state power factor 
compensator, harmonic suppressor system, IEEE Trans. on Ind. 
Appl,, Vol, 25,4,1989, pp. 609-619. 

A study of active power filters using quad-series voltage-source 
PWM converters for harmonic compensation, IEEE Trmx on Power 
Elec., Vol. 5,1,1990, pp, 9-15. 

86. AKAGI, H., TSUKAMOTO, Y. AND NABAE, A., Analysis, design of an active power filter using quad-series voltage- 
source PWM converters, IEEE Trms. on Industry Applicati&s, Val. 
26,1, 1990, pp. 93-98. 

87 Fw-IASHI, T., OKUMA, S .  AND 

UCHIKAWA, Y., 

88. GRADY, W. M., SAMOTYJ, M. J. AND 

NOYOLA, A. H., 

89, Rossmo,  L. AND TENTI, P., 

A study on the theory of instantaneous reactive power, IEEE Tram 
on Indu.rtriab E/ectronics, Val. 37,1, 1990, pp. 86-90, 

Survey of active power line conditioning methdologies, lEEE 
Trans, on Power Delivery, Vol. 5,3, 1990, pp. 1536-1542. 

Using AC-Fed PWM converters as instantaneous reactive power 
compensators, LEEE-PESC Record, 1990, pp. 965-970. 

90. F U K ~ A ,  S. AND YAMMI, M., Design characteristics of active power filter using current source 
converter, IEEE-PESC Record 1990, pp, 855-861. 

91. PENG, F, Z., AKAGI, H. ANDNABAE, A,, A new approach to harmonic compensation in power systems - A 
combined system of shunt passive, series active filters, IEEE Trans. 
on lnduspy Applications, Vol. 26,6, 1990, pp. 983-990. 

92. GRADY, W. M., SAMOTYJ, M. J. AND 
NOYOLA, A. H., 

Minimizing network harmonic voltage distortion wifh an active 
power line conditioner, IEEE Trans, on Power DeEivety, Vol, 6 ,  
1991, pp.1690-1697. 

93. MALASANI, L., R O S S ~ O ,  L. AND TENTI, P., Active power filter with hybrid energy storage, IEEE Trms. on 
Power Electronics, Vol. 6,3,1991, pp. 392-397. 

Synchronous frame harmonic isolator using active series filter, W 
EPE Conference Record 1991. 

94. B HATTACWARYA, S., DIVAN, D.M. AND 

BANER~EE, B., 

Adaptive frequency domain control of PWM switched power line 
conditioner, IEEE Trans, on Power Electronics, Vol. 6,4, 191, pp. 
665670. 

96. FLJJITA, H. AND AKAGI, H., A practical approach to harmonic compensation in power systern- 
series connection of passive, active filters, lEEE Traneon Industry 
Applicatiun~, Vol. 27,6, 1991, pp. 1020-1 025. 

The application of network objective functions for actively 
minimizing the impact of voltage hmonics in power system, 18EE 
Pans, on PowerDeiivery, Val, 7,3,1992, pp. 1379-1386, 

97. GRADY, W. M., S A M ~ J ,  M. J. AND 

NOYOLA, A. H., 



98. ACWYA, B,, DIVAN, D. M. IWD 

GASCOIGNE, R. W., 
Active power filters using resonant pole inverters, ZEEE Trans, on 
Indwtry Appl, Vol. 28,6,1992, pp. 1269-1276. 

Design of an active seriedpassive parallel harmonic filter for ASD 
loads at a waste-water treatment plant, PQA Conference Record 
1992, pp. 1-7. 

99, BANERIEE, B. B., PILEGGI, D., Arwoon, D., 
DNAN, D., BWTTAMARYA, S.  AND 

ZAVADL, R., 

Trends in active power line conditioners, IEEE-IECON Record 1992, 
pp. lP-24. 

101. MOW, L., DM, M., HIGUERA, V., 
WALLACE, R, AND DIXON, J., 

A three-phase active power filter operating with fix& switching 
frequency for reactive power, current harmonic compensation, IEEE- 
E O N  Record 1992, pp. 362-367. 

A novel digital control for active power filter, IEEE-ECON Record 
1992, pp. 1168-1173, 

102. SONG, E. H. AND KWON, B. H., 

'Ihe design, implementation of active power filters based on variable 
structure system concepts, IEEE-US Annual Meeting Record 1992, 
pp, 850-857. 

103. Worcuuc, P. F. AND T o m ,  D. A,, 

On the harmonic compensation in nonsinusoidal system, IEEE 
Trans. on PowerDelivery, Vol. 8,1,1993, pp. 393-399. 

105. WG, F. Z., AKAGI, H. AND NABAE, A., Compensation characteristics of the combined system of shunt 
passive, series active filters, IEEE Trans.on Industry Applications, 
Vol. 29,1, 1993, pp, 144-152, 

106. BHAVARAIU, V, B. AND ENJETI, P. N., Analysis, design of an active power filter for balancing unbalanced 
loads, IEEE Tram on Power Electronics, Vol. 8, 4, 1993, pp. 64& 
a 7 .  

107. CHICHARO, f. F., DEJSAKUUUT, D., AND 
PERERA, B. S. P., 

108. MORAN, L., GOWY, P., WALLACE, R, AND 

DIXON, J. 

109, BMTTACHARYA, S., DIVAN, D. M. AND 

BANERTEE, B. B., 

A centroid based switching strategy for active power filters, IEEE 
Trans, on power ~lectranics, Val. 8,4,1993, pp. 648-653. 

A new current control strategy for active power filters using three 
PWM voltage source inverters, aEEE-PFSC Record 1993, pp. 3-9, 

Control, reduction of terminal voltage total harmonic distortion 
(THD) in a hybrid series active, parallel passive filter system, 
IEEErPWC Record 1993, pp. 779-786. 

1 LO.BALBO, N., S u ,  D., pENZo, R., 
Brsrhm, G., CAPPEUII~RI, D., hrlALeSm~, L. 
AND Z O ~ T O ,  A., 

Hybrid active filter for parallel harmonic compensation, W E  
conference record 1993, pp. 133-138. 

Control method, characteristics of acdw power filters, EPE 
Conference Record 1993, pp, 139-144. 

Sliding mode control of a voltage source active filter, EPE conference 
record 1993, pp. 156161. 

113. WANG, M. X., POUUQUEN, H. AND 
GRANDPIERRE, M., 

Performance of active power filter using PWM current saurce 
inverter, EPE Coderence Record 1993, pp.218-223. 

114. Xu, J. H,, Lcm, C., SAADATE, S, AND 

DAVAT, B., 
Compensation of AC-DC converter input current harmonics using a 
voltage-source active power filter, EPE Conference Record 1993, pp. 
233-238. 

$15. BHAVW, V. B. AM) W I ~ ,  P., A novel activc h e  conditio~ler for a three-phase system, IEEE-IAS 
Annual Meeting Record 1993, pp. 979-985. 



ACTIVE POWER LINE CONDITIONERS 581 

116. DMON,J.W.,GARCIA,J.C.AND 
MORAN, L. T., 

A control system for a three-phase active power filter which 
simultaneously compensates power factor, unbalanced loads, IEEE- 
ECON Record 1993, pp. 1083-1087. 

2 17. H U M E ~ T O ,  P. AND ALBENES, 2. C., A simple control strategy for shmt power line conditioner with 
inductive energy storage, IEEE4ECON Record 1993, pp. 1093- 
1098, 

11 8. HOFFMAN, K, AND LEDWICH, G., Fast compensation by a pulsed resonant current some active power 
filter, IEEEIECON Record 1993, pp. l297-l3OZ. 

119. LE, J. N., PEREIRA, M., RHNz, 9. AND 

V A ~ E L ,  G. 
Active damping of resonances in power systems, IEEE Trans. on 
Power Delivery, Vol. 9,3,1994, pp. 1001-1008. 

120, AKAGI, H., Trends in active power line conditioners, IEEE Trans. on Power 
Electronics, Vol. 9,3, 1994, pp. 263-268. 

121. CAMPOS, A., JOOS, G., ZIOGAS, P. D. AND 

LINDSAY, 3. F., 
Analysis design of a series voltage unbalance compensator based on a 
three-phase VSI operating with unbalanced switching functions, 
1EEE Trans, on Power Electronics, Vol. 9,3,1994, pp. 269-274, 

Compensation strategies for shunt active-filter control, IEEE Trans. 
on Power Elec., Vol, 9,6,1994, pp. 587-593. 

123. VINCENTI, D., JIN, H. AND ZIOGAS, P., Design, implementation of a 25 kVA three-phase PWM AC line 
conditioner, IEEE Trans. an Power Electronics, Vol, 9,4, 1994, pp. 
384-389. 

124, DEISAKULRIT, D,, PERERA, B. S. r), AND 
CWICHARO, J. F., 

A novel equal sampling switching strategy for active power filtes, 
Electric Machines and Power Sysfem, Vol, 22, 1994, pp. 405-421. 

Simulation, experimentation of a voltage source active filter 
compensating current harmonics, power factor, IEEE-WON 1994, 
pp. 411-415. 

126. m, J. 0. AND BOLE, J., Total compensation of line side switching harmonics in converter fed 
AC locomotives, BEE-US Annual Meeting Record 1994, pp, 913- 
920. 

Active filter control using a sliding mode approach, IEEE.PESC 
Record 1994, pp. 177-182. 

128. PAHMER, C,, CAPALINO, G. A. AND 

~ A O ,  H,, 
Computer-aided design for control of shunt active filter, IE;EE; 
E O N  Record 1994, pp. 669474. 

Mlueqce of the load on the design process of an active power filter, 
TEEE-EON Record, 1994, pp. 416-421. 

Design, performance of an active power filter, unbalanced curtent 
compensator, IEEE-EON Record 1994, pp. 422427. 

130. V E R D ~ O , P .  AND~~ARQVES, G.D., 

Multiple converter performance and active filtering, IEEB Trans, on 
Power Electronics, VoI. 10,3,1995, pp, 273-279, 

131. LEDWICH, G. AND DOUW, P., 

132. BHA~ACHARYA, S., DNAN,D. M.AND 
BANHRTEB, B. B., 

133. Zn,A.V,ENm,J.H.R,Sm,W.H. 
AND SPHE, R., 

134, BWATTACHARYA, S.ANDDNAN, D., 

Active mter solutions for utility interface, EJBISIE Canfereflce 
Record 1995, pp. 1-11. 

A new @£id approach to power quality management, lEEEPESC 
Record 1995, pp. 183-188. 

Design, implementation of a hybrid series active filter system, 
IEESPESC Record 1H5, pp. 189-195. 



135. KAMRAN, F* AND HAB~TLER, T. G., Combined deadbeat control of a series-parallel converter combination 
used as a universal power filter, IEEE-PESC Record 1995, pp.196- 
201. 

136. R m ,  N. R., VENKATA, S. S., 
KAGALWU R. A. AND Sastry, V, V,, 

An active power quality conditioner for reactive power, harmonics 
compensation, IEEE-PESC Record 1995, pp. 209-214. 

137. YAO, Z., LAM@, S. AND RAIAGOPAUN, V., Robust co pensator of hannodcs, reactive power, IEEErPESC 
Record 199 5 , pp. 215-221. 

A novel on-line UPS with universal filtering capabilities, EEE-PESC 
Record 1995, pp. 500-506. 

138. KAMRAN, F, AND H m m ,  T. G., 

139. RASTOGI, M., MOHAN, N. AND  ED^, A. A,, Filtering of harmonics currents, damping af resonances in power 
systems with a hybrid-active filter, EEE-APEC Record 1995, pp. 
607-612, 

A new power line conditioner for harmonic compensation in power 
systems, IEEE Trans. on Power Delivery, Vol.l0,3, 1995, pp. 1570- 
1575. 

141. SATIEO, S., DEVRAJ, R. AND TORREY, D. A., The design, implementation of three-phase active power filter based 
on sliding mode control, lEEE Trans, on Industry Applications, 
Val. 31,5,1995, pp. 993-1000. 

142. RASTOGI, M., Mom,  N. AND EDm, A. A., Hybrid-active filtering of harmo~uc currents in power systems, IEEE 
Trans. on Power Delivery, Vol. 10,4, 1995, pp. 1994-2000. 

143. Lm, C. E., Su, W. F,, Lu, S .  L., 
CNEN,C.L.ANDHUANG, C.L., 

Operation strategy of hybrid harmonic filter in demand-side system, 
IEEE-IAS Annual Meeting Record 1995, pp. 1862-1866. 

144. BHATTACHARYA, S., VELTMAN, A., 
DIVAN, D. M. AND LORENZ, R. D., 

Flux based active fdter controller, EEE-ZAS Annual Meeting Record 
1995, pp. 2483-2491. 

145, BHAT~ACHAAYA, S. m DIVAN, D., Synchronous frame based controller implementation for a hybrid 
series active filter system, TEEE-IAS Annual Meeting Record 1995, , 

pp. 2531-2540. 

146. D ~ N ,  J., VENGAS, G. AND M o m ,  L., A series active power filter based on a sinusoidal current controlled 
voltage source inverter, IEEE-ECON Record 1995, pp. 639-644. 

147. &om, S. G. AND Wm, M. H., DSP based active power filter with predictive current control, 
IEE-E-ECON Record 1995, pp. 645650, 

148. Lr, Z., JIN, H. AND Jws, G., Control opactive filters using digital signal prmessors, TeEE-IECON 
Record 1995, pp. 651455. 

149. Jou, H. L., Performance comparison of the three-phase active power filter 
algorithms, IEE Proc,, Gen., Trans,, ~ ~ t r i b u t i o n ,  VoI. 142,6, 1985, 
pp. 646-652. 

150. DIXON, L W., GARCIA, J. J. AND M o m ,  L., Control system for three-phase active power fdter which 
simultaneously compensates power factor, unbalanced loads, IEEE 
Trans. on Industrial Electronics, Vol. 42,6,1985, pp. 636441. 

151. T m , M . ,  Kwa ,  A., S o w ~ m , A .  3. 
m KHAN, M. R., 

An alternative active power filter, llEE-PEDES Conf. Record 1996, 
pp. 4101116. 

152. AKAGI, H., New trends in active filters for improving. power quality, IEEE- 
PEDES Conference Record 1996, pp. 41 7-425. 



ACTIVE FQWER LINE CONDITIONERS 583 

153. W , G . H . , K A N G , I . , ~ , W . H . A N D  
KIM, J. S. 

154. CHENG, P. T., BHATTACHARYA, S. ANQ 
DIVAN, D. M., 

155, MALESANI, L., M A T ~ A ~ L I ,  P. AND 

TAMASIN, P., 

156. VAN SCHOOR, G. AND WYK, J. D. V., 

157. LIN, C. E., CHEN, C. L. AND HUANG, C. H., 

158. QUINN, C. A. AND MOW, N., 

160. QUMN, C. A., MOHAN, N. AND MWTA, H., 

161, ENJETT, P., SHIREEN, W., P A C ~ U S H ,  P 
AND P m ,  I., 

A shunt hybrid active filter with two passive fiIters in tandem, 
IEEE-APEC Record 1996, pp.361-366. 

Hybrid solutions for improving passive filter performance in high 
power applications, IEEE:-APE Record 1996, pp. 91 1-917. 

High pegormance hysteresis modulation technique for active filters, 
D?EE-APEC Record 1996, pp, 939-946. 

A study of a system of current fed converters as an active three-phase 
filter, IEEEPESC Record 1987, pp. 482-490. 

Reactive harmonic c m n t  cornpeasation for unbalanced three-phase 
system, Int. Con$ on High Technology in the Power Industry, 1991, 
pp. 317-321. 

Active filtering of harmonic cwenr in three-phase, four-wire 
systems with three-phase, single-phase non-linear Toads, EWE-APEC 
Record 1992, pp. 829-836. 

Calculating approach, implementation for active filters i n  unbalanced 
three-phase system using synchronoun detection method, IEEe- 
IECON Record 1992, pp. 374-380. 

A four-wire, current controlled converter provides harmonic 
neutralization in three-phase, four-wire system, IEEE-APE Record 
1993, pp. 841-846. 

Analysis, design of a new active power filter tO cancel neutral current 
harmonics in three-phase, four-wire electronic distribution systems, 
IEE&IAS Annual Meeting Record 1993, pp. 939-946. 

162. C m ,  C. L., LIN, C. E, AND HUANG, C, L., An active fhter for unbalanced three-phase system using synchronous 
system using synchronow detection method, IEEE-PESC Record 
1994, pp, 1451-1455. 

163. MOW, L., WBRLINGER, P., DIXON, J .  A series active power filter which compemates current harmonics, 
AND WALLACE, R., vohge unbalan& simultaneously, m P E S C  Record 1995, pp. 

222-227. 

164. &MATH, G., MOHAN, N. AND Hardware implementation of a novel reduced rating active filter for 
ALBERTSON, D., 3-phase, 4-wire loads, IEEEAPEC Record 1995, pp. 984-989. 

165. AREDES, M. AND WATANABE, E. H., New canwl algorithms for series, shunt threephase four-wire active 
power iilter, IEEE Trans. on Power Delivery, Vol. 10, 3, 1995, pp. 
1649-1656. 

Generalized instantaneous reactive power theory for three-phase 
power system, I ~ E E  Trans. on Imtrumentation, Measuremenr, Vol. 
45,1,1996, p ~ .  293-297. 




