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Development of a Novel Passive Harmonic Filter

R - EEAET-E E 5

(Byoungiju Park - Hansang Lee - Gilsoo Jang)

Abstract ~ The interest for harmonic problems has been increasing due to the increment of nonlinear loads. The loads
such as DC power system, personal computers, UPS system, inverters and converters operate as harmonic current
sources. In this paper, a new type of the passive filter, Hybrid Harmonic Filter (HHF) is suggested to mitigate harmonic
problems in power systems. The HHF is developed for reducing harmonic current, especially on the system that includes
6-pulse bridge rectifiers. Also, it is expected to prevent the overheating of transformers and feeders due to overcurrent

and to correct the power factor.
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Table 1 Harmonic spectrum of rectifier input current
Harmonic List (Without Filter)
Order (%) Order (%) Order (%)

1st 100.00 18th 0.13 35th 2.24
2nd 0.86 15th 13.06 36th 0.07
3rd 0.62 20th 0.32 37th 3.50
4th 0.84 21st 5.26 38th 0.09
5th 80.43 22nd 0.36 39th 1.02
6th 0.44 23rd 8.99 40th 0.13
Tth 69.45 24th 0.18 41st 0.61
8th - 043 25th 10.38 42nd 0.05
9th 6.24 26th 0.22 43rd 1.12
10th 0.25 27th 2.16 44th 0.05
11st 31.77 28th 0.27 45th 1.00
12rd 0.30 29th 1.37 46th 0.04
13th 17.05 30th 0.10 47th 0.85
14th 0.63 3lst 1.62 48th 0.03
15th 254 32nd 0.12 49th 1.69
16th 0.56 33rd 157 50th 0.05
17th 3.52 34th 0.12 THD | 75.37(%)
¥ 25 9HE vRE3 FE 682 ARV AHEH

g HAYHEAEAE Yvehith F248 360kW], F4dE

563[kVA], ¥aA8 432[kvVar], 9 064, AF 88[A]

THD-1 76[{%], THD-V 268[%] HadF 20.9[A],

K-factor 3622 AHAFZDo] AF3] & FEUE ¢ F %

o, #Fuz K-factor 31%0 AS ¥HL7Y A EAFE

0.47[pul& A|stA}

B 2. 682 HEJIY oMy 8 HMHEE EME

47 448 e FU) 2
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Fig. 15 Circuit diagram with HHF
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Table 2 Power quality characteristic table of 6-pulse rectifier §_,g:§ -------
»-20 F
Power Voltage Current 0 Tene (ms)
P1 | L218kW]] V1 37936[Vl] 11 | 8642[A]
Pz | 1236kw]| V2 37830V]] 12 | 88%4[Al (@) 6958771 22733
P3 | LISOWI" V3 37697V)] 13 | 8234[A]

Psum | 360(kWI| THD-V1|  268[%]| THD-I1| 75.37(%] 13 SO0 o1 02/03142510.023 Ext (Stopl]
S1 | 1885[kVA]| THD-V2|  265[%]| THD-I2| 7666[%] : ;
S2 | 1949kVA]l THD-V3|  254[%]| THD-13| 76.08[%]| ;
S3 | 1949(kVA]| V_pk+1 | 05317kV]| Ipk+1 | 20.75(A] /\ /\ o /\ . A i

Ssum | 1.794(kVAl} V_pk+2 | 05305[kV]| I_pk+2 | 21.05[A] ;
Q1 | 563Varl] V_pk+3 | 05280[kV]| Lpk+3 | 21.11[A] \/\/\/\/
Q2 | 1.439kVarl| V_pk-1 |-0.5324(kV]| Lpk-1|-2091[A] z
Q3 | 1.378[kVar)| V_pk-2 | -0.5306[kV]| Lpk-2 | -2092(A)  |b---- NN f ‘

Qsum | 432(kVarl| V_pk-3 | -05283[kV]| Lpk-3 | -2065[A] N fd ; A
PF1 064590 V_ave | 37824[V]] KF1 35.44 r\ /o Y / . \\/ A
PF2 06343] V_unb 0.38%)| KF2 35.00 > z
PR3 | 06408 KF3 | 3645 T

PFsum 0.6402 Lave | 8591[A] /\ /\ /\ /\

I_unb 4.26[%]) :

32 HHFE AlAd st A9 6-pulse 2IHHE M EZEXN
HHF9 A 2 9E 93] ATP DRAWS} EMTP7} AL&
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(b) 6 2AF79] A5
a3 16. HHFE Mx|st H=®
Fig. 16 Current waveform with HHF
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Table 3 Harmonic spectrum of rectifier input current Table 5 Power quality comparison with and without HHF

Harmonic List (With Filter) SNt njg4 HHF (24 8)
Order (%) Order (%) Order (%) oAb % 0
Ist 10000 | 18th 001 | 3th 0.10 %349 (kVAl 563 3.39 (40%)
2nd 0.08 19th 032 || 36th 0.01 F&AY [kVar) 432 0.42 (90%)
3rd 178 | 20th 001 | 37th 0.08 .
4th 002 | 2tst 009 | 38th 0.01 SEDY [kW] 360 3.36 (79)
5th 311 | 22nd 001 | 39¢th 0.05 9= o
6th 002 | 23rd 024 | 0th 0.00 A% (A] 889 5.17 (42%)
7th 069 | 24th 001 | d4ist 0.08 H2AF (A 21.11 750 (64%)
8th 001 | 25th 015 | 42nd 0.01 e
9th 004 [ 26th 001 | 43rd 0.05 qE 0.64 0.99
10th 002 | 27th 006 | 44th 0.01 1o 0
11st 131 | 28th 001 | 45th 0.04 THD-T [%] 7666 450 (34%)
12rd 001 | 29th 0.16 | 46th 0.01 THD-V [%] 268 1.25 (53%)
13th 067 | 30th 001 | 47th 0.06
14th 000 | 3ist 012 | 48th 0.01 K factor 3645 1.09 (98%)
15th 014 | 32nd 001 | 49th 0.05
16th 001 | 33rd 006 | 50th 0.01 =
17th 039 | 34th 001 | THD | 399 (%) 4.2 B

¥ 45 HHFE A% 259 682 FR7IE I¥E ¢
FAF AEERD 5L Jehlied, HHFE vAdxE 3
29l Axsl wusd ZA el HUASE & F Uk K
F49 336[kW), I4A8 339[kVA] FE48 0.42[kVar],
AE 099, 4% 5.2[Al, THD-I 3.99{%], THD-V 1.28[%], =
ZAF 76[A), K-factor 1.1& BHTH

HHF = F#9 1282 AF71E AWErt $utste 334
W3] AMgo] @ E 7 4 FARA AR FTH AF
o] F7tHE GRE MAst FF ol diAHFel B
AL ROZ AL

E  4.6EA HRIY A Uy NMHEH SME
{With HHF)
Table 4 Power guality characteristic table of 6-pulse rectifier
Power Voltage Current

Pl 1.100[kW] V1 37943Vl 11 5.087[A]
P2 1127[kW]) V2 378.05[V]l 12 5.174{A]
P3 L.134[kW] V3 377.000V]l 13 5.252[A]
Psum { 3.36[kW] | THD-V1 1.25[%}) THD-11| 4.95[%]
S1 1.110(kVA] | THD-V2 1.28[%]| THD-12| 3.99{%]
S2 1.133(kVA] | THD-V3 1.28[%] THD-I3| 4.50[%¢}
S3 1.144[kVA] || V_pk+1 | 0.5353(kV}i Lpk+1 | 7.50[A]
Ssum | 3.39(kVA] | V_pk+2 | 05354[kV]| I pk+2 | 7.36[A]
Q1 |-0.150[kVar]| V_pk+3 | 05344[kV]l 1 pk+3 | 7.62[A]
Q2 |-0.119kVar]| V_pk-1 | -05350[kV]| I_pk-1 { -7.45{A]
Q3 |-0.149[kVarll V_pk-2 | -05358kV]i I pk-2 | -7.31[A]
Qsum | -0.42[kVar] | V_pk-3 | ~0.5240[kV]| I_pk-3 | -7.56{A]
PF1 -0.9908 V_ave 378.16[V]l KF1 1.10
PF2 -0.9944 V_unb 0.38[%]} KF2 1.08
PF3 ~0.9915 KF3 1.09
PFsum{ -0.9923 Iave | 5.171[A]
Lunb | 1.72[%]
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