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Abstract

‘This paper characterizes typical nonlinear loads into two types of harmonic sources, i.e., harmonic voltage
source and harmonic current source. A series resonant filter is very effective in harmonic reduction for
harmonic voltage source type of nonlinear loads such as personal computer loads with smoothing de capacitors.
A parallel resonant filter is suited for current source type of nonlinear loads such as ac drives with smoothing
dc reactors.

General compensation characteristics and comparison of series and parallel resonant filters are given
analytically and experimentally. Compliance with IEC Std 1000-3-2 has been evaluated for Lmiting harmonic
distortion.
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Table 1. Harmonic spectrums of voltage and
current waveforms for a harmonic
voltage source

TEAAT A% R
(h) 271(V) | 1) [ F71(A) | A73C)
1 204.04 0 2.901 38
3 1.87 9.34 2.625 160.29
5 2.02 -148.7 2.172 -35.98
7 117 2764 1.578 126.72
9 0.89 143.51 0.979 -73.5
11 0.77 -72.5 0.456 787
13 0.74 146.9 0.164 | -163.93
15 0.39 15644 | 0.225 -80.58
17 0.2 -55.04 | 0.226 66.74
19 0.35 104.15 0.226 -142.2
21 0.14 -120.25 | 0.132 -156
23 0.14 60.8 0.083 110.78
25 0.06 944 0.106 -1364
21 0.13 -66.5 0.119 8.01
29 0.31 4847 0.11 150.7
31 0.23 -1482 | 0.073 -70.2
33 0.18 -84.6 0.057 31.41
35 0.29 30.25 0.073 151.47
37 0.19 135.9 0.072 -64.48
39 0.04 -104.6 0.05 81.87
THD(%) 1.67 135.95
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Table 2. Comparison between resonant filters results

and |IEC 1000-3-2 Class D limits

azs | ECI0032 1 winou | with | with
Aty | ot filler | SCRF | PCRF
3 3400 4503 | 1184 | 4630

5 1.900 3726 | 0897 | 3513

7 1.000 2707 | 0661 | 2560

9 0500 1679 | 0300 | 1523
11 0350 0782_| 0463 | 0661
13 0.2% 0277 | 03957 | 0316
15 0.257 0386_| 0212 | 0510
17 0226 0388 | 0322 | 0541
19 0.203 0388 | 0234 | 0414
21 0.183 0226 | 0260 | 0235
23 0.167 0151 | 0176 | o0a7l
% 0.154 0182_| 0243 | 0225
27 0.143 0204 | 0220 | 0250
29 0.133 0189 | 0251 | 0208
31 0.124 0125 | 0303 | 0.2
33 0.117 0098 | 0153 | 0.26
% 0.110 0125 | 0188 | 0.53
37 0.104 0.123_| 0038 | 0131
39 0,099 0086_| 019 | 0068
ITHD(%) - 13505 | 3923 | 10694
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3 14375 2.80 263 0.98
nES TR A a7 5 7.125 20.77 21.59 1.30
(h) A7NWV) | 93 |az1ma)| 94 7 4813 16.76 16.60 3.14
1 11829 0 19.0 ~0.37 9 2,500 0.84 0.86 0.39
3 0.12 -83.9 0.532 -94.4 11 2.063 9.86 10.14 149
5 0.79 83.92 3946 | 154.31 13 1.313 8.22 8.0 1.32
7 0.45 ~7967 | 3.184 | -16153 15 0.938 0.37 0.74 0.09
9 028 | -11967 | 0.160 94.43 17 0.827 0.29 6.66 1.0
11 0.21 -36.35 1.873 -6.42 19 0.740 5.41 5.24 0.95
13 0.29 17317 1.562 552 21 0.670 0.35 0.7 0.04
15 0.21 105.3 007 | -16854 23 0.611 480 5.14 0.73
17 0.29 -16572 | 0055 | 173.78 2% 0.563 4,14 393 0.66
19 0.18 -82.71 1028 | 17725 27 0.521 0.48 059 0.04
21 0.1 10.71 0.067 2861 29 0.485 0.83 418 057
23 0.08 92.1 0.912 -9.15 31 0.454 3.13 302 0.47
% 0.19 12185 | 0.787 -7.35 33 0.426 0.23 0.75 0.04
27 007 | -12258 | 0091 | -164.47 35 0.402 3.32 342 0.48
29 0.01 -159.7 | 0728 | 168.28 37 0.380 266 256 0.39
31 0.15 -15617 | 0595 | 17142 39 0.361 0.37 0.6 0.01
33 0.08 11243 | 0044 22.21 ITHD(%) - 32.23 32.83 452
35 0.01 17148 | 0631 -16.44
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39 007 | -5193 | 007 | -15956 ac TEAAY nxd AF FH-ES 320%IM
THDGG) L0 223 B 52YE 44 Fole 402 U Bisg

g - [NEEYY=EN N17 Me2, 20033 119

(i1



HMYROIY DOMHE MYS YO NE A ¥ SSTHY T A

1, A" 52 4K Tt 2%z A9 13}
7} 9ee & Utk ac FEARE 22 AF
A A LYo Bl g3, [EC Std 1000
-3-2 Class ATZ5} el 7|34 vlmslel ¥ ¥
ZYE Y 2z ARAY A0S HHIOR AF
T & Ak

25 vtEA] 2] A AFE 9} g2 uM
3 B3t Bo] FUkskn Qi vAE Fihs ax
Bg BN, 8 7] 129 FHE 9o
o2 nxs A7 dig s)do] aH)

223 AFE AGAE FEoR 7% 552
E7F 718 de] 2o)x Qv EAHew xRy A
F& AA717) S8l e nxa dAde 54
ot o) gck nza $APe 123 He
A} nzv AFdez 2EE 4 Aok

A ATE g EHe 120 AL HAFE
sloll MY FxYE]E HEdd AF J¥ &
135[%]o1 A 39[%]= A ZAF]5, =4 x5} #a
71%<1 IEC Std 1000-3-291% 2 §ehe #91% &=
AR NEAA 23 AFYLY ac TEFAE
2 FEAE7] R BY FRIEE g3
A7 JP &S RA%NAN 4%]2 A7l a, IEC
Std 1000-3-271&f ek Pt 512
& A%E 4k

g o] 7pA] uAdy Fate] nxn 54
ofsta mzd B4

FXEY dAl] #3l A7E Agolnt

N

¢

o

2

wo -z

¥

2 d7e HHNY JisvigAez TYEIUE.

References

(13 H. V. Aintablian and H. W. Hill, “Harmmonic Currents
Cererated by Personal Computer and their Effects on
the Distribution System Neutral Current”, IFEE
Transactions on Industry Applications, 1993

(2) W. M Grady and et al, “Estimating the Net Harmonic
Currents Produced by Selected Distributed Single-Phase
Loads: Computer, Televisions, and Incandescent Light
Dimmers”, IEHE Power Engineering Society, Winter
Megting, 2000.

(3 L. M Tolbert, and et a, “Evaluation of Harmonic
Suppression Devices”, IEEE Industry Applications Confer-
ence, 1996.

(4) E Maset, and et al, “Harmonics Reduction in Low-cost
Power Supplies”, IEEE Power Electronics Congress, 1996.

(5 J. S Llai and T. key, “Effectiveness of Harmonic
Mitigation Equipment for Commercial Office Buildings”,
IHEE Transactions on Industry Applications, 1996.

(6) F. Z. Peng and et al, “A Series LC Filter for Harmonic
Compensation of AC Drives”, IHE Power Electronic
Specialists Conference, 1999.

(7) A DT X 2 ARI(Single-phase Hanmonics Eliminating
Device), ()Tl ~CIHI3, 2001,

(8 IEC 1000-3-2, Hectromagnetic Cormpatibility Limits for
harmonic current emissions, March 1995.

(9) HOKI model 3166 Clamp on Power Hitester, HOK E. E.
Corporation, 1997,

(10) Lab~Volt Power Electronics Equipment, 2002.

o XXt o

TBE (2 pH)

19543 1€ 209 4. 197743 F st A7 &8t} £,
1977~1982 =pub 28t 34 A7, 1982~ 1984 NMSU
A7) 3-89 A A} 1984~ 1988 UTA 7] 383} ukap,
1988~199] BZ A/ A T A HMGAT Y. 1991~ &
Uit ARA/AFE FHE TS5

TED (=mm)
197749 29 2694, 20029 FAdm A FAH &
. 20029 ~@A gt wigty MA A,

o™ (BER)
19759 749 1394, 2002¢ FYdsa AT Es &
. 20039 ~EA Fdoistn oishd AjAbatA.

S5 ()

19724 59 2194, 20008 EFjojstm A7) g% &
Q. 20029 Foism et 4. 2002~ A £
AA(F) 24 gAANATL A7

Journal of KIIEE, Vol. 17, No.6, November 2003



