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Abstract-This paper presents 22 configurations of power filters 
for harmonic compensation of nonlinear loads. Some of these 
configurations are novel and result from the newly discovered 
characteristics of nonlinear loads and circuitry duality, while the 
others are well known and used in practice. Nonlinear loads are 
characterized into two types ol harmonic sources -current- 
source nonlinear loads and voltage-source nonlinear loads. 
These two types of harmonic sources have completely distinctive, 
dual properties and characteristics. Based on their properties 
and characteristics, the current-source nonlinear loads and 
voltage-source nonlinear loads have their own suitable filter 
configurations, respectively. This paper reveals 22 basic 
configurations: active and passive, series and parallel, and 
hybrid and combined power filters. Among them are some novel 
filter configurations, and their advantages are discussed and 
demonstrated by analysis, simulation, and experiment. In 
addition, a Comprehensive comparison of all configurations is 
made in terms of required ratings, costs, performance, and 
controls. 

I. INTRODUCTION 

Traditionally, nonlinear loads have been represented as a 
current source because their current waveforms are distorted 
from pure sine-waves at fundamental frequency [I-81. A 
typical harmonic source is a phase-controlled thyristor 
rectifier having a sufficient dc inductance to produce a non- 
pulsating dc current. Accordingly, parallel (or shunt) passive 
and parallel active filters are commonly applied to nonlinear 
loads to mitigate harmonics. The principle of the parallel 
passive filter is to provide a low-impedance shunt branch to 
the load's harmonic current, thus reducing harmonic current 
flowing into the source. The principle of the parallel active 
filter is to inject harmonic current with the same amplitude 
and opposite phase of the load's harmonic current into the 
line, thus eliminating harmonic current flowing into the 
source. Indeed, the parallel passive and active filters are 
effective for compensating such current-source nonlinear 
loads [9-201. 

In recent years, more and more diode rectifiers with 
smoothing dc capacitors are used in electronic equipment, 
household appliances, and ac drives. Harmonics generated by 

these loads have become a major issue. However, a diode 
rectifier with smoothing dc capacitors behaves like a 
harmonic voltage source rather than a harmonic current 
source [Y]. Accordingly, this type of nonlinear load has to be 
characterized as a voltage source. It has been shown that the 
parallel passive and active filters are not effective for 
compensating such voltage-source type of nonlinear loads 19, 
IO]. Instead, a series passive filter or a series active filter 
should be used to compensate for voltage-source nonlinear 
loads. In [Y, 251, it has been shown that current-source 
nonlinear loads and voltage-source nonlinear loads have dual 
relations to each other in  circuits and properties and that the 
parallel filters and series filters are suited for current-source 
and voltage-source loads, respectively. 

Based on the preceding observation and on circuitry 
duality, this paper summarizes and presents 22 basic filter 
configurations that are suitable for compensating current- 
source and voltage-source nonlinear loads. Some novel filter 
configurations and their advantages are discussed and 
demonstrated by analysis, simulation, and experiment. In 
addition, a comprehensive comparison of all configurations is 
made in terms of required ratings, costs, performance, and 
controls. 

11. " 0  TYPES OF HARMONIC SOURCES 

A .  Current-Source Nonlinear Loads (CSNLs) 

Thyristor converters are a common and typical source of 
harmonic currents. Fig. l(a) shows a thyristor rectifier where 
a sufficient dc inductance produces a dc current. Fig. 2 shows 
the source voltage and rectifier current waveforms. The 
current waveform distortion (i.e., the generation of 
harmonics) results from the switching operation. Because the 
harmonic current contents and characteristics are less 
dependent on the ac side, this nonlinear load behaves like a 
current source. Therefore, it is called a current-source 
nonlinear load and represented as a current source shown in 
Fig. I@). Similarly, a diode rectifier with a sufficient dc 
inductance, a highly inductive load with SCR ac power 
control, etc., are current-source nonlinear loads. 
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(b) Per-phase equivalent cimuir of ihyisror rectifier 

Fig. 1. Typical current-source nonlinear load. 

Fig. 2. Typical voltage and current waveforms of thyristor rectifier, 
source voltage Vr,, and line current I u ~  

B. Voltage-Source Nonlinear Loads (VSNLs) 

Another common type of harmonic source is a diode 
rectifier with smoothing dc capacitors, as shown in Fig. 3(a). 
Fig. 4 shows typical current and voltage waveforms. 
Although the current is highly distorted, its harmonic 
amplitude is greatly affected by the ac side impedance and 
source voltage unbalance, whereas the rectifier voltage (i.e., 
the voltage at the rectifier input terminal, as shown in Fig. 4) 
is characteristic and less dependent on the ac impedance. 
Therefore, the diode rectifiers behave like a voltage source 
rather than a current source. Fig. 3(b) shows the equivalent 
circuit of the diode rectifier system where the diode rectifier 
is represented as a harmonic voltage source (or voltage- 
source nonlinear load). It has been shown in [9, 251 that a 
parallel active filter (PAF) or a parallel passive filter (PPF) is 
not effective for compensating for such voltage-source 
nonlinear loads. 

Harmonic Source 
Parallel-passive filter 

Parallel-passive filter 5th 7th I Ith-high-pass 

Fig. 5. Basic parallel-passive filter for current-Source nonlinear loads. 
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AC Source Harmonic Source 

(h) Per-phase equivalent Circuit of diode rectifier. 

Fig. 3. Typical voltage-source nonlinear load. 
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I[[. 1'0\\ER FILTER CONFI(;IJRATIONS 

Based on rhs prceding ch~r~~clerI/.ation of nonlinear 
Iuads, 22 filter sonfigxition.; s;m he Jcrivcd. 3, sho\rn in  

Flgj. 5 through 26. Althmgh Fig,. 5 .  7. 9, 11 ,  13, 19? 21, 23. 
and 25 are well-kin,wn ccmfigurationa ;ind I:iy>. 6, X. and I5 
arc less known. Fig$. 10, 12. 11. 16. 17, I X .  20,  22. 21, ;ind 
26 3re novel an.1 ncnly prcsciited III itits paper. I t  I S  noted 
!hlrrlZgi.S.7,9. 1 1 ,  13. 15. 17. 1Y.21.23.n1id?5~redu: i l t~~ 
Fig,. 6, X. IO. 12. 1 1 ,  IO. 18, 20. 22. 21, 2nd 26. rehpcsttvcl) 
TIiis dud1 rclaionshtp orip1n;ilcb iron1 tltc dunlit) oi the t\ iu 
typcr oi harmonic w u t c c a  2nd the c i rcu i t s .  I t  i \  evident ~hor 
other conibinatinns and inodiiicauonr based on these 22 haste 
witfigurations arc pdsiiblc. I.or exaitlple, Figs. I3  .~nd 14 c3n 
be modified using thc ~1ot111nant hsrnioni: active filter 
technique 1271. 

Voltage-Source Type 
Hxmonic Source 

Series-passive filter 

Series-passive filter 5th 7th I Ith-high-block 

Fig. 6. Basic series-passive filter for voltage-source nonlinear loads. 
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Fig. 7. Basic parallel-active filter for current-source nonlinear loads. 

4a 
Fig. 9. Parallel combination of parallel-active and parallel-passive filters 

for cumnt-source nonlinear loads. 

AC Source 

Current-Source Type 
Harmonic Source 

Rg. 11. Hybrid of series-active and parallel-passive filters For cunent- 
source nonlinear loads. 

AC Source 

Current-Source Type 
Harmonic Source 

Parallel-passive filter 

Fig. 13. Series combination of parallel-passive and parallel-active filters 
for cumnt-source nonlinear loads. 

Current-Source Type 
Hwrnonic Source 

Fig. 15. Combined system of series-active and parallel-active filters for 
current-source nonlinear loads. 

~. rl ~ Harmonic Source 

L 
Fig. 8 .  Basic series-active filter For voltage-source nonlinear loads. 

Series-passive filter __ AC Source 

Series-active filter Z,> v ~ ~ ~ ~ ~ ~ . s ~ ~ ~ ~ ~  T~~~ .. 
Harmonic Source 

Fig. IO. Series combination of series-active and series-passive filters Far 
voltage-source nonlinear loads. 

Series-Dasnive filter AC Source 
zs v, I e I 

z~ Voltage-Source Type 
Harmonic Source 

vs 

Parallel-active fil ter 

Fig. 12. Hybid of parallel-active and series-passive filters for voltage- 
source nonlinear loads. 

Series-passive filter 
Voltage-Source Type 

Harmonic Source 
AC Source 

v, 
'C Series-active fiiter 

Fig. 14. Parallel combination of series-passive and series-active filters for 
voltage-source nonlinear loads. 

~ 

Voltage-Source Type .. 
Harmonic Source 

AC Source 

Fig. 16. Combined system of parnllel-active and series-active filters for 
voltage-source nonlinear loads. 
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Fig. 17. Combined system of senes-passive and parallel-passive filters for 
current-source nonlinear loads. 

Current-Source Type 
Harmonic Source 

AC Source 
s 4+ v, 

Cn Voltage Divider to Reduce 

Current-Source Type 

Fig. 19. Circuit I to reduce fundamental voltage of parallel-active filter. 
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Parallel-Resonancell, Voltage Divider 
to Reduce Fundmental Voltage 
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I I Fundamental Voltaae Across the 

I 9 Filtkr 
Parallel-Active Filter 

Fig. 23. Circuit I11 to reduce fundamental voltage of parallel-active filter. 

I L  
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4 !T + @-- 
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C to Reduce 

Harmonic Source 

Parallel-Active Filter 

Fig. 25. Circuit N to reduce fundamental voltage of parallel-active filter. 

Parallel-passive filter 

Fig. 18. Combined system of parallel-passive and series-passive filters for 
voltage-source nonlinear loads. 

Sefies-Active Filter 
Voltage-Source Type 

AC Source 
2s v, 
4 * vs 1s 

LIC Current Divider to Reduce 
Fundamental Current through the 
Series-Active Filter 

Fig. 20. Circuit I t 0  reduce fundamental current of series-active filter. 

Voltage-Source Type 
Series-Active Filter 

Series-resonancelc Current Divider to 
Reduce Fundamental Current through 
the Series-Active Filter 

~ i g .  22. Circuit 11 to reduce fundamental c u n m  of senes-active filter. 

Series-Active Filter Voltage-Source Type 

Harmonic Source 

Series-resonant Circuit to Reduce 
Fundamental Current through the 
Series-Active Filter 

Fig. 24. Circuit 111 to reduce fundamental current Of senes-active filter. 

Series~Aclive Filter 
Voltage-Source Type 

Harmonic Source 
AC Source 

L to Reduce Fundamental Current 
through the Series-Active Filter 

Fig. 26. Circuit IV to reduce fundamental current of senes-active filter. 
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Iv. OPERATING PR!NCIPLE, CONTROL SCHEMES, 
COMPARISON, AND EXPERIMENTAL RESULTS 

A. Basic Operating Principle of Parallel and Series Filters 

Fig. 5 shows the basic configuration of a PPF. The PPF 
provides low impedance branches consisting of series- 
resonant LC circuits, each tuned at a harmonic frequency, 
andlor high-pass LCR circuits to the load or harmonic current 
source, thus acting as a harmonic current sink. The ultimate 
circuit of the PPF is only a capacitor. Fig. 6 shows the basic 
configuration of a series-passive filter (SPF). Contrary to the 
PPF, the SPF provides high-impedance blocks to the load or 
harmonic voltage source, thus acting as a harmonic current 
dam. In Fig. 6, an SPF consisting of a 5'h-parallel-resonant 
circuit, a 7'h-parallel-resonant circuit, and an 1 1lh-high-block 
circuit connected in series is shown as an example [25]. The 
S"-and 7th-tuned parallel resonance provides high impedance, 
respectively, to block the 5" and 7Ih harmonic current flow. 
The 11"-high-block circuit is tuned at the Il lh order to 
provide high impedance to the I l lh  harmonic current and 
harmonic current above the 1 lth. The ultimate circuit of the 
SPF is an inductor. 

Fig. 7 shows the basic configuration of a PAF. The PAF 
injects harmonic current to the line with the same amplitude 
of and opposite phase to the load's harmonic current, thus 
acting as a harmonic current source to cancel the load 
harmonic current. Fig. 8 shows the basic configuration of a 
series-active filter (SAF) [23, 241. Contrary to the PAF, the 
SAF provides harmonic voltage with the same amplitude of 
and opposite phase to the load harmonic voltage, thus acting 
as a voltage source to block harmonic current flow. A 
voltage-source inverter or a current-source inverter can be 
used for the PAF or SAF. As examples, a voltage-source 
inverter is shown in both Fig. 7 and Fig. 8. 

Fig. 9 shows the parallel combination of a PAF and a PPF 
for current-source nonlinear loads. The PAF is more suited 
for the compensation of low-order harmonics (e.g., 5Ih and 
7") than high-order harmonics (above 1 llh) because of limited 
switching frequency and rating, whereas the PPF is more 
suited and compact for the compensation of high order 
harmonics. Therefore, it would be good role sharing in this 
combined system for the PAF to compensate low-order 
harmonic current and for the PPF to compensate high-order 
harmonic current. In addition, the PAF can be used to 
eliminate the resonance between the source and the PPF. 
Fig. 10 shows the series combination of an SAF and an SPF 
for voltage-source nonlinear loads. Similarly, the SAF and 
SPF can share compensation roles and be used to block low- 
order harmonics and high-order harmonics, respectively. 

Fig. 11 shows a hybrid system of a small SAF and a PPF 
for current-source nonlinear loads [21, 221. The small SAF is 
used to eliminate the PPF's problems (such as resonance and 
influence of the source impedance) and enhance 
compensation performance. The PPF sinks the load harmonic 
current. Fig. 12 is Fig. 11's dual circuit, a hybrid system of a 

PAF and a SPF for voltage-source nonlinear loads. Contrary 
to Fig. 11, the SPF in Fig. 12 blocks harmonic current and the 
PAF can be used to enhance the SPF's performance and 
eliminate the SPF's resonance. 

Fig. 13 shows the series combination of a PPF and a PAF, 
where the PAF injects harmonic current to cancel the load 
harmonics and provides fundamental current so that the line 
voltage is applied to the PPF and no fundamental voltage 
appears on the PAF. As a result, the required VA rating of 
the PAF is reduced and the combined system still provides as 
excellent performance as does a PAF. Fig. 14 is Fig. 13's 
dual circuit, the parallel combination of an SAF and an SPF. 
Similarly, the SAF's VA rating is reduced by letting 
fundamental current flow through the SPF. 

Fig. 15 shows an ideal filter configuration for current- 
source nonlinear loads. The PAF injects harmonic current to 
cancel the load harmonic current, whereas the SAF blocks 
harmonic current from flowing through the line. This filter 
system not only can eliminate harmonic current but also can 
provide pure sinusoidal and constant voltage VT to the load, 
even when the source voltage is distorted and fluctuating. 
Fig. 16 is the dual system of Fig. 15, ideal for a harmonic 
voltage-source load. The system blocks harmonic current and 
provides pure sinusoidal voltage VT to all loads connected at 
vr. 

Figs. 17 and 18 show the respective combination of 
passive filters for harmonic current-source loads and 
harmonic voltage-source loads. 

Active filters are expensive and have difficulties with high 
power applications, although their performance is superior. It 
is desirable to reduce active filters' required rating. Figs. 19 
through 26 show examples of how to reduce fundamental 
voltage across the PAF and fundamental current through the 
SAF. For example, Fig. 19's C and L form a voltage divider 
to reduce fundamental voltage across the PAF. The 
fundamental voltage across the PAF is determined by the 
impedance ratio of C and L. Fig. 20 shows the dual circuit of 
Fig. 19, where C and L form a current divider to reduce 
fundamental current of the SAF. In Fig. 21, an LC parallel 
circuit resonating at the fundamental frequency is used to 
increase the impedance ratio and reduce the fundamental 
voltage further. On the contrary, Fig. 22 uses an LC series 
circuit resonating at the line frequency, thus further reducing 
the SAF's fundamental current. In Figs. 23 and 25, 
fundamental voltage across the PAF can be reduced to zero 
by controlling the PAF's injected fundamental current. 
Similarly, in  Figs. 24 and 26, fundamental current through the 
SAF can be reduced to zero by controlling the SAF's 
produced fundamental voltage. 

B. Control and Comparison of Parallel and Series Filters 

Control schemes, circuit designs, application considera- 
tions, and the main features of all configurations are 
summarized in Table 1. 
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Table 1 Summary and Comparison of the Filters* 

I I  

Operating Principle /Suited 
Nonlinear Loads 

Harmonic sink ICSNL 

Fig. $------ Harmonic dam IVSNL 

S A F  harmonic isolation 
PPF  harmonic compensation 

Current source/ CSNL 

Current source+harmonic sink 
ICSNL 

13 

14 

15 

16 

17 

I NSNL 

PAF: enhancing PPF and 
resonance damping 

PPF: harmonic compensation 
ICSNL 

SAF: enhancing SPF 
SPF: harmonic blocking IVSNL 

SAF: harmonic isolation 
PAF harmonic compensation 

ICSNL 

S A F  harmonic compensation 
PAF harmonic shunting IVSNL 

SPF: harmonic isolation 
PPF  harmonic compensation 

ICSNL 

ICSNL 
PAF h m o n i e  isolation 

SPF  harmonic blacking NSNL t- 

PPF harmonic shunting NSNL 

Use LC circuits to reduce 
fundamental voltage applied on 

23 PAFICSNL 

25 I 
Use LC circuits to reduce 

fundamental current flowing 
through SAFIVSNL 

Circuit Design and Control 
Scheme 

Low-impedance circuit or series- 
resonant circuit 

High-impedance circuit or 
parallel resonant circuit 

PAF low-order harmonic 
compensation &resonance 
damping: PPF high-order 
harmonic compensation 

S A F  low-order harmonic 
compensation and damping; 

SPF  high-order harmonic 
compensation 

S A F  blacking harmonic current 
PPF  low-impedance circuit 

PAF eliminates upstream & 
adjacent harmonics so that no 

harmonics appear at the terminal 
voitaee Vr 

harmonic current is absorbed 
completely by the PPF 

PPF low-impedance circuit 
SAF: helping to block harmonic 

current. vr= .V,h 

harmonic compensation, and 
wllage regulation; PAF: load 

adjacent harrn&s 
SPF  for harmonic isolation and 
source harmonic compensation: 

PPF: for load harmonic 
compensation 

S P F  load harmonic compensa- 
tion: PPF: provides shunt to 

can be reduced to Xd(Xc + XL) in 
Fig. 19, to XJ(Xp + XL) in Fig.21, 

and to zero in Figs. 23 and 25. 
On the other hand, harmonic 

current injected by the PAFwill 
cause harmonic drop over XC, or 

XP. 
Fundamental current of the SAF 

can be reduced to Xd(Xc + XL) in 
Fig. 20, to Xd(Xs + XL) in Fig. 
22, and to zero in Pigs. 24 and 

26. On the other hand, harmonic 
voltage produced by the SAF will 
cause harmonic current over Xc, 

or XP. 

Features, Performance, and 
Considerations 

Resonance with and influenced 
by the source impedance 

No resonance with and no bad 

3ood performance, compensation 
role sharing, dynamic vac 

compensation possible 

h o d  performance, compensation 
role sharing, dynamic voltage 

regulation possible 

Ideal performance, dynamic 
voltage regulation possible 

Ideal performance. dynamic var 
compensation possible by PAF 

Ideal performance to CSNL, 
source harmonic voltage will 

appear at the terminal VT 

Ideal performance to VSNL, no 
harmonic resonance 

Ideal performance to CSNL. 
dynamic voltage regulation and 

var compensation possible 

Ideal performance to VSNL, 
dynamic YBT compensation 

possible 
Better performance than PPF 

810"e. 

!T becomes sinusoidal even when 
Vsi, exists 

Make the terminal voltage VT 
nore sinusoidal when source and 

of PAF and total system cost. 
Dynamic varcompensation not 

possible 

An optimum design is desirable 
IO minimize the 10tsl VA rating 
of SAF and total system cost. 

Dynamic voltage regulation not 
possible 

VA Ratings /System Cost 

Var+harmonic current, i.e., 
V * (Iv,,, +/U,) /cheapest 

Fundamental+harmonic voltage, 
i t . ,  I * (V,), +Vu,) /cheapest 

V * /U, /expensive 
I * VU, /expensive 
PAF V * 1uz,5.7i 

PPF V *  (I,.,,, + b r i , . u  ,... IJ 
/fairly expensive 

S A F  I * VU,,J.JJ 
SPF I * (V,~+Vu,ir,.,~. . iJ 

/fairly expensive 

S A F  I lu,Zr, minimized VA 
rating, PPF  V * llv,,r +bJ 

/minimized system cost 
PAR V * l,~,,,R.,i,~~,"~..~,~~~..illr 

/minimized system cost 
S P F  I * (V,+Vu,J 

PAF (I,,,+lu,J*lu,Zp, minimized 
VA, 

PPF: V * (I,,,, +lu,J 
/minimized system cost 

SAF: Vu,*Vu,/Zo, minimized VA 
SPF  l*/v,+vr,,l , , 

/minimized system cost 
S A F  I * Vc,,. ~~~~ ~ 

PAF V * (Iu,,? +lu,J 
/most expensive 

S A €  I * Vu,, 
PAR V* I,,, ,,,, r,,~,ir,n,,,~/ura,ii,icnii~ 

/most expensive 
S P F  I * vs,,, 

PAF V * (I,,, +hJ 
/cheap 

SPF: I * Vu,, 

/cheap 
Fig. 1 9  (VX~(XC+XLJ+IU,XCJ* 

lu, 
Fig. 21: (VX~(XP+XLJ +lu,XpJ* 

Iu, 
Fig. 23: lu,Xp*(lu,+V/xp) 
Fig. 25: lu,Xc*(lu,+V&J 

PPF v * l,,i,,n3,,et,",, ,,,, i,or'rd,iiin,,l 

Fig. 20: (I X,/(XC+XLJ+VUJXLJ* 
VU, 

Fig. 22: /VX,/~XS+XLJ+VU~~[SJ* 
Fig. 24: Vu,fXs*(Vu,+l ILL Xd 

Fig. 26: VUUJXL'(VU,+IXLJ 

* The symbols used in this table are explained as follows: I", is the load harmonic current, Vu, is the load harmonic voltage, Vis the load terminal voltage 
rating, I is the load current rating. Vfand /,are fundamental voltage and current, I,,, is the PPF's reactive current, V, is the fundamental voltage drop on ZD, 
&is the PPF's impedance, Z,, is the SPF's impedance, etc. 
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C. Experimental Results of Series Filters 

Figs. 27 and 28 show experimental results of an SPF for a 
diode rectifier. The SPF consists of a 5'h-parallel resonant 
circuit, a 7th-parallel-resonant circuit, and an 1 l'-high-block 
circuit. The 0.6% source impedance is inherent in the line. 
The SPF not only made the current sinusoidal but also 
reduced the ripple on the dc link of the rectifier. 

- 
P1-ieb-99 

1881" 

5 "S 

1 . 1  Y w 
¶7 

Fig. 21. Experimental woveforms of a diode rectifier without a series-passive 
filter ( Z ~ 0 . 6 % ) ,  

Fig. 2 t .  

t I 
5 "5 

1 . 1  " M Sms/div 
M 

.,xperimental waveforms of the diode rectilier with a senes-passive 

provides equivalently infinite impedance to harmonics, thus 
resulting in a purer sine-wave current compared with the case 
of the series passive filter only. Fig. 32 shows that the source 
current 1, flows through the SPF and that only minimized 
harmonic current is provided by the SAF to enhance 
compensation effects. In addition, the SAF's VA rating is 
only 4% of the load VA rating, which is much lower than the 
case of the SAF alone. 

Fig. 29. Experimental waveforms of diode rectifier without B series-active 
filter (Zs=3%, V,,, V~:635V/div ,  Is: 2OOAJdiv. Vc,,:ZS4V/div, 

timc5msldiv). 

Fig. 30. Experimental waveforms of diode rectifier with a series-active filter 
(Z~0 .690 .  Vs,,, Vlrih: 63SVldiv. /s: 200AJdiv. Vcn:254VIdiv. time:5ms/div). 

............. " ....................... " .................. " ............... " ............ . "  ....... 

400V/div 
. .  ..... .. 

............... .... - :  ~ 

j : I ;  ~ ~ ~ ~ ~ ~ 0 ;  I "  ~ _ _ _ _ _ ~ ~  ~ ' ~ j 40Mdiv 
. . .  ................................................................................ 

Fig. 31. Experimental wnveforms for a diode rectifier with only a series- 
passive filter. 
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i. .... I_ .......................... " . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
:e-\, . : 

/ 
/:\ . .  .. /.. . . .  \-.. j . .  .. ~i 40A/div 

0 1  
t_.;-iLL .- -.; .... I .i-. LA: 

0 4OOV/div 

.................. . .  . . .  . . :  
4oov/div 

. . .  . .  , . .  ........ ~ . _ I  

!.. ~ ........... i...:.. ~ .............. ~ ." ....... : ........ :.. ... 

fig. 32. Experimental waveforms far the diode reclifier with the combined 
System (Fig. 14) of a series-passive filter and a series-active filter. 

V. CONCLUSIONS 

This paper presented 22 configurations of power filters for 
harmonic compensation of nonlinear loads. Some of these 
configurations are novel and result from the newly discovered 
characteristics of nonlinear loads and circuitry duality, while 
the others are well known and used in practice. Nonlinear 
loads can be characterized into two types of harmonic sources 
- current-source nonlinear loads and voltage-source nonlinear 
loads. These two types of harmonic sources have completely 
distinctive and dual properties and characteristics. Based on 
their properties and characteristics, the current-source 
nonlinear loads and voltage-source nonlinear loads have their 
own suitable filter configurations, respectively. This paper 
revealed and summarized 22 basic configurations: active and 
passive, series and parallel, and hybrid and combined power 
filters. Their operating principles are discussed in detail. A 
comprehensive comparison of all configurations has been 
made in terms of required ratings, costs, performance, and 
controls. Experimental results demonstrated the principle of 
SAFs/SPFs and their combined systems suited for voltage- 
source nonlinear loads. 
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