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Active Part Minimum Capacity Analysis of Three-phase Four-wire Hybrid Active Power Filters

CUI Xiaoxi, LAM Chiseng, CHOI Waihei, WONG Manchung
(Faculty of Science and Technology, University of Macau, Macau, China)

Abstract: This paper establishes a mathematical model of three-phase four-wire center-split single-turned hybrid active power
filters (HAPF) in d-¢-0 coordinate. Based on this mathematical model, the filtering characteristics of the passive part of the
single-tuned HAPF with and without neutral inductor are analyzed and discussed. According to the HAPF active part capacity
analysis and the filtering characteristics of its passive part, the structure of the three-phase four-wire single-turned HAPF can
be optimized and its minimum DC-link voltage expression can be deduced based on the general harmonic current contents of the
loading. Therefore, the cost of the HAPF can be lowered by reducing its active part capacity. Finally, the correctness of the
minimum DC-link voltage theory and the effectiveness of this optimized structure are verified by simulation.

This work is supported by Science and Technology Development Fund of Macau SAR (No. FDCT098/2005/A,
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Key words: hybrid active power filters (HAPF) ; d-g-0 coordinate; neutral inductor; capacity of active part; minimum DC-link

voltage

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e



Misk A HAPF m/NERMBEHES

MARG Ve A AE LIRS I, FA HAPF A7 Y58 25 4 tH RS HL s Vapes 1T R0«
VAPFf = Vs + ZPFf XI compf (A 1)

e FARPRINEED N s Zope I TCURR 0 HEP S R 2 ke, DRIk, HAPF 7R THI,
TCUSER 3 (R FL Y C IR A5 R B Tz R TV 20 iR PR L AR AR BT, PRI, HAPF JEils 7 S 2%
PERHPT, LA

Zpry :|ZPFf |ej” (ff =-90") (A2)

2 HAPF TARAEBRARLIRZS NI, FERAMEE IR Lompr 1A B I |oomprg 110 AN 2 HRLIAL 708
Icomp‘p’ .LH:

VAPFf :Vs h XLf h XCf|||oompfq| (A3)
[FIPE,  FAT HAPE A 35 70 A LS. Vapen TT R 7R A -
VAPFn = |XLn - XCn Icompn‘ (A4)

b M RosiEpor i, it

¥
é |VAPFn|2 = (|X|_2 - XC2||Ioorrp2|)2 +(|XL3' XC3||ICDmp3|)2 +x00ck (|XLn - XCn|
n=2

| o) (A5)

MR T HAPF AU 53 (% tH FLUS Vape I8, FRUAH HAPF RGP 55/ ELN HLS. Vg paee 7T R 7R 0«
VVppr =MV pape  (MEL) (A6)

A mO IR S R (AS) I LU Y, HAPF B EL 00 i [RDRY: 1T LUK 2 A HAPF 3 Y5543 ) 2 Bt
CEMIFRIRRME I, ELRIN AR5 HAPF A Y A0 B iR A R E EG, R, HAPF AT 5 0 7
WM N EIE AT R (A7) B

Vee_napr = V2V apr (A7)



fisx B

EEHAE 50Hz  BIRPEURE 2.09%

EESTEE 50Hz BB PRI 27. 76%% =

& o0

= o

- S AVAVAVAVAY

HE oo ® Ee

' -1s0 e 8.7 o5z ooz OF3 O Ts
T T IS

o & -

£z =z

B =z

E = =

2= =2

- I ey " . 2% s

i © + % = e

1%&/}(& »S&?Ké&

(&) V=25V M iﬁzs‘& (b) 2Vy=25V HHM i&%‘ﬁ

EEMRSE 50Hz BB E 20.26% EPESAZE 50Hz RIPPEARE 1.08%

& i g
g% g%
= o e
g & 1%
& 35; 0.2 022 o 24 o 26 028 o3
' eE e e ew e e o
— o 100
L % =
= % R
w w0
mw ® & =
= o B e
= 2 = %
0
2% L, ., s & o . - i ]
Wik T R BT
— | 2L, 2y — g (214 25
() 2Vdc=50V [FAMERR (d) 2Vde=50V [rHMEss R
mgiﬂiﬁﬁz 50Hz B E 2.83% EFEMIEE 50Hz BAEFRE 2.32%

(AMES)

NANANN EVN

i

H38
3

N RS T e
gﬁ + = o % - g : . . .
B TR B 1&&/}(1&
(6) 2Vde=75V [{IFMER R (H2vde=75V H’JfﬁM”z:’?&S'ﬁ
E Bl ®HIFRERAMEREREIEL,.=0) E B2 mIFERMERIRREE L (L,=286 mH)
Fig.B1 Sourcecurrent waveform and spectrum Fig.B2 Source current waveform and spectrum
after compensation (L,=0) after compensation (L,=286 mH)
%*Bl FE%ZR
TableB1 Simulation results
Eﬁz?d/?\;ﬂ}% 3 KT HEIRI% 5 WK I L IRI% RV LT R %
C!
IR - 23.50 20.3 31.24
25 27.10 1.27 27.76
FLY5 L I (L.1=0) 50 18.53 0.55 20.26
75 1.63 0.25 2.83
25 0.47 0.71 2.09
HL Y5 FEL UL (L o20) 50 0.09 0.34 1.08

75 0.1 0.24 2.32
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TableC1 Priceof XY Spower eectronic devices

PR PRV IRETETN
B 1] =
HES S N IA (6 MFITE)
MOSFET | X FN200N10P 100 200 127.920
IX FN180N15P 150 150 127.920
IXGNI20N60OA3D1 600 200 163.500
IGBT X DN75N120 1200 150 249300

I XGN100N160A 1600 200 241.572




