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A Novel Control Method of Combined System consists of
Series Active Power Filter and Parallel Passive Power Filter
to Compensate Current Harmonics and Unbalanced Source Voltages
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Abstract - In this paper, we study a series active power filter to compensate current harmonics and unbalanced source
voltages. Conventional control methods for compensating unbalanced source voltages use source voltages to calculate
compensation voltages, and in addition use load voltages to regulate load voltages. But the proposed control method uses
load voltages to compensate unbalanced source voltages and regulate load voltages. And we propose a control method to
reduce current harmonics which can calculate compensation voltages directly from source currents and load voltages. By

well-matched operation of two control methods,

the series active power filter can compensate current harmonics,

unbalanced source voltages, and regulate load voltages. We compose a combined system of the series active power filter
and parallel passive filters to confirm a validity of proposed control methods. The results from experiments are presented

to demonstrate effectiveness of the proposed method.
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Series active power filter, Passive power filter, Current harmonics, Voltage unbalance, Voltage regulation
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Fig. 1 A combined system of a series active
power filter and shunt passive filters
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Fig. 2 A control block diagram of the series
active power filter for current harmonics and
unbalanced source voltage compensation

3. A A M

E 1 A2 52 HF

Table 1. A system parameter

A Aded 100(Vrms], 60[Hz]
AhE AdgdE2(Ls) 0.1[mH]
ARy A4 1:1
55t 09 2 (Licaa) 15[mH]

‘tlﬂ"s}' Z‘} sc}'(Rload) 30[91
AWE DCHA FWA 2350[pF]
LCHE Adg®2(Ly) 4[mH]
LCHY AdAEL(Ch 0.5[pF]
JdgE 2[mH]
53 +FRAYY
ARA R 2 140[uF]
dYE = 2[mH]
73 #EHEdH
F o Al 2 70[uF}

AR Alzge 29 1eA B AAY AEY sedYY
BHel #EAdgE e WeA2gez FASUYG JEY 7
48 gdee F 32e 34 HAY PWMUHEHY, BF
AU vy 2a Atolol 3709 @ R WAVIE T
Agel Ad FE3AT. =¥, AEH 29 Fd& 294F

& ARA77) 9% LCEE I 7480 T EHE 5

Aok 73 nERE ARSI A% FIW FA4E A=E T

618

3t 5 HAYE G F3 Alold WHZ H&3Hch v
Yy RE2Ze HHS A998 AEgs 7 3% A
2l ol = HF{VNE ALEERoH, of RIE nxd A
doz FHEA

TR EHEE Y 2318 U] Ai LB o
W7 #+x9 &ejoldAE AAsgen, AL o &5
Ay Ao A7 E =AY F U Sfgold e 1A
A, 2258 34344 ujAHA Y AA ST 38y
SEREAYE ] Aol B At AME HH DSP
(TMS320C31)E Al&3ter, MEY A 143 usecE
3aoh AlolE Q7 A%+ Co-processordl ADMC201€ Ab
23l FHIFYD. F lolE B Ao AgE A2 7
A Z2AFTES YEhz sUoh

£ 0L

A

|z

du o p
N

fo & ri

Harmonic Distortion)Z, Y HY £33 249 A%
IEC(Internatioal Electrotechnical Commission) ©lA 28kt
2le B33y ASUF ; unbalance factor)®t Z7] A4(MF ;
magnitude factor)E& Ztztel Hrt 7o x, 1 AHode

2t2} obeje] 4 (13), (14), (15)% 2k,

THD = —}1—(\/ 3, L2 x 100 %] (13)
Vs

UF = 3% x 1000 %] (14)
1
V)

MF = 7~ X 100[ % 1 (15)
ref

A (13)ellA I & HAF 712 HAXE [, & ARY
nat nzxs HdEAAE JERdE, 4 (1904 vV, F V, =
Zhzh Aqte] AAEH dAEE 28D 4 15NNV,
T AF A¢E ey

41 x5 Mi 29 F2

AA nzs HE 24 dueEy H4 A9 B2y A
#Fg 29k AY AYL #HY 34 HYelxm, FIE A
By Ralolm 349 AFE 77 e YA4E BUG @
2h, BAb An Fo] AF HFPYL a4t AF F4FELE dEE
Bol=E &l

ag 38 azy HFE B Ay ade HYEF HF
9} 2 #3494 BEA(FFT ; Fast Fourier Transform) 3% &
vehfaz gl 8y Hate o MFIE B ZEAE
2 9SS ¢ £ U 4 FdF THD v 3227%=



Mg Ee £AE Y o

i ! [}
';v-{ ,r‘ﬂ it H\:-‘o ""*"’"FJ" - »15-1: {}-o Juy] .J
i .

s s i s e el

(@) Source current waveform
(10A/div, 4ms/div)

DEN} AN HRA HE
7
6
f
5
[ ll\l
Rl 3
IR
2T A
NNV AVN
© 100 200 300 400 SO0 60C 700 BOO 900 1000 1100 1200
Fap

(b) FFT analysis of source current
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Fig. 3 A source current and its FFT analysis
before harmonic compensation
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(b) FFT analysis of the source current
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Fig. 4 A source current and its FFT analysis
after harmonic compensation by shunt
passive filters
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[do

a3 5 WRAAHOZ Dxn HA ¥ X
HFet Fus B4
Fig. 5 A source current and its FFT analysis
after harmonic compensation by combined
system

Ui Dzoel 29 MY HYs 2Uste XNEY sSTUHYPE YBY SSHUHUE /A 292 22 HOY 619



BRBEAHE S0BE 128 2001%F 128

el 49

o
()
kI
P
H
]
el
¥
Mr
L}
o
™
e
[
ik

s}
e
rio

B4y

g
e
0

By A9 A% 24e 54
Z3g welzch WY deel 2uY
A5 Eetolds WY7IE 2R3
LW AY AHS 24 A Bae B4E A
st gAsh AR 34 WY R 38 tele
7718 AHgstech

aY 68 94 ALY Fae A
T P v
704%, 37) A%E 9333% < AHoln w4 ¥ Raze
ehe 28y A 117%, 7] ASE 10037%2 Yeht
2 oAk Ades ¥ndEed o ¥as dgel WEF

N
fo & N
&
g
s A ]
ol [y
o oo ¥
oo
£ o du

i o N2
%E_H,mlo
rr:l

ol

$ A9 HYH ngRy 2

sl ¥BYE FRGn FYT VY 4UE ©YE T 4
Atk AR, ALY FEAAYHI} BYY

4% 4R ohde mas

e A 2
ARE 247 9% AY
paae Aol AR

(a) Unbalanced source voltages
(50V/div, 4ms/div)

(b} 3-phase load voltages after
voltage compensation
(50V/div, 4ms/div)

m
(2
e

23 6 34 2% Hetnt 2HY
st 3?‘-9I £3lE 38 MY
Fig. 6 3-phase unbalanced source
voltages and load voltages after
unbalance voltage compensation

ol
0

620

39 72 19 69 A4 Ak AddAM 1z AR
Y 1Y Y BAS AANRE A9 HdSe 3%
€ uvehdiz givh. THDE 3.05%2 1% ﬁ}“} YRS
BoE 05%3 5 ot AR 443 % 120 24
4E& HYge & F Utk

'" od X _E
g o du mo
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(b} FFT analysis of the phase a
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(b) 3-phase load voltages after
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{a) 3-phase source currents
(10A/div, 4ms/div)
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Fig. 9 Three phase source currents and FFT
analysis after current and voltage
compensation in the source voltage
condition of fig 8
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