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Three-Phase Three-Wire Active Power Filter with a Detection Method of
Instantaneous Positive Sequence Voltage

Jae-Yun Cho, Young-Gook Jung, and Young-Cheol Lim
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ABSTRACT

This paper describes the implementation of three-phase three-wire active power filter system with a
instantaneous PSD for distorted and unbalanced power conditions. The positive sequence voltage of the
distorted and the unbalanced power system is calculated by the instantaneous PSD, and phase transformation
matrix of the instantaneous power theory is achieved with detected positive sequence voltage. Finally, the
proposed method is experimented and tested under unbalanced nonlinear load as well as unbalanced /distorted
condition in power system.

Key Words : Three-Phase Three-Wire Active Power Filter, Distorted and Unbalanced Power Conditions,
Detection method of Instantaneous Positive Sequence Voltage(PSD)
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Fig. 2 Block diagram of the detection method of
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Table 1 Specifications of experimental system 110v Gan
Nonlinear - 3phase voltage source inverter
load | “MITSUBISH(FR-E520-3.7k) Load
- 3 phase induction motor
- source voltage : 110V/60Hz
. - sinusoidal pulse width modulation —
A . A Y . APF
?52? - d.c capacitor : 6600uF “ﬁﬁ
pf(i)lter - d.c voltage: 250V
< Lf : ImH 02l 5 2HAES 95k M7 ol A-Y A
- source transformer ‘A -Y connection Fig. 5 Transformer A-Y connection for unbalance source
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Fig. 4 Block diagram of the experimental system
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(b)source current under unbalanced nonlinear load
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Fig. 8 source current under unbalanced nonlinear load
current (5A/div, 4ms/div.)

Ch2z 1.00v . M4.00ms A Chi S 0.00v]
I E>+0.00000s H

(a) source current without PSD

Tou

chi 1.0V EBE 1.00v iM4.00ms A Chi JF-260mv_

E++0.00000 s

(b) @ -B trajectory

T8 9 PV gl A9, B Fo| MAMR o -p HH
(2.5A/div, 4ms/div.)

Fig. 9 After compensated, Source current and
o B trajectory without PSD (2.5A/div,4ms/div.)

- 484

v Ch2 1.00V _ Ma.00ms A Ctl & 0.00V]

! §2++ 0.00000 §

(a) source current with PSD

T

FH tuny | MA00ms A C S 0.00V

I w07 0.00000s

(b) @ -B trajectory

28 10 PSDIF U= BR, EAFe MAMFZtg -p HH
Fig. 10 After compensated, Source current and a -
trajectory with PSD (2.5A/div, 4ms/div.)

42 BEAE O] HASH
Y 112 AT CAo Ao} 110velx, d3e B
Abo] Hato] 135velA] 100vE HEH= 32 o A

A
of e =AAYEY HE 548 dehd Folth
B FEolME AJZe] Aol glo] FAE EAAY



2002 44

i

2

P
S,

) PRGN G Lk TR

e
FEL

184

PR |

u: ;.
g o oF T SR B K T
— Bt o " OB
B ﬁoﬂr%ﬂ@
J_’ _O‘I_II__O
Lcmﬂm%%ﬁxﬂ%
= & ok M or My A
ST T oy g ™
— T _/E_EPA;_@O
mEw AR x
JanevPPiﬂ R
s R Eargwl
.mﬁ‘_HolAﬂEHoq
R - % o o oF
o ur o ﬁﬂo
<+ %o & T
TE OB 5
oy ~5 ot <N /.\H;E BN
oﬂm,* n.lé.]ylMM
Mg e 7
PRExIim@t
o o N3
B o e @
Moo T o E L
wm aﬂ o mﬂ W )
| 0 CaRe) G
Wﬁﬂ;&;ﬁoﬂﬁoﬂﬁ
R B
o B e o TEOMH T

(b) after compensated, source current without PSD

I 'M10.0ms A Chl s—40.0mv

I &»* 0.00000s

Ch2 1.00Vv

{(c) after compensated, source current with PSD

DHEAEfoll A B4

=

<

B -
SN
Y=t S
SR : rHV
S/ R
8T T

o2

(2.5A/div.,10ms/div.)
12 before and after compensated, source current in

(a) source voltage

Fig.

B ow oIl

T OB 0
H ww o
.AO
— %o Eo o
) Jo b ©
=z o 21 o8
o T )
% T XK
- ﬂArO &I O
o oo™ =
= B s o) -
S M om T E
w0 gy M o T
S ol
s i Mo w A
e w8 "REs
S 70 M- =0
%3 = e\@ mmE
3 WAT T
1% - A BT
[l X = A
Z = iy o o
- - e _mm —
o]
CRE
o) & o me
C
mz\..,.:}vlw m
pE=
<L
- |
e I

p VUep
|~
i

N

(b) positive component voltage

vap Vb

-3
<
eli

-

ol
K
ol
K

oy

T

MMt g

T ROl A

I 1

source and positive component voltage in
transient states (80V/div, 10ms/div.)

Fig. 11

TR e pa—
K
I A pal
BT ¥ oH M@
ﬂﬂi,w_t.* MENJIM
G o o
BT T Mo
Woﬁo‘mw@ W_HM
W T B XO an o
Hrc_o OC.* ._.Anl__A
f ,Iy! p—
M IS
—p T N K o
o] p o
e L S e
A B | x Y
Loop BT W
;oL ﬂAl\_ ﬁo . AT I}I .ﬂ..l
m o . [ 8
ﬂc.*ﬂ,_ﬁmﬂ Wl o
o
<y =2 ol i A_
SLETArE
%%Lﬂ«mﬂ_%w B oK
SR T
‘DI file) % o i+
B o Jo o T°
m
—] ]
1
t
|
m
|
i
et .y
|
i
i
m
3 i
£ "
4 |
)

(a) before compensated, source current



AT ARG FE71HE o83 3 34 5EHHEEE Al2g 185
2 2 7 @
X X & 7

[1] Y. G. Jung, Y.C. Lim and S. H. Yang, "Single-Phase
Active  Power Filter based on Three-Dimensional
Current Coordinates”, IEE Proc. Electro. Power Appl,

Vol. 147, No. 6, pp. 572~578, 2000, ZNA(FHE)

[2] oA, o5, “ALY TEWe £58 HLLE S 197414 38 3024, 20004 =204 H7|
ol&¥ AY BWY ¥ 1xy ARRA, Adux o SeEh F9. 20024 Bt o= o
%013 =237, pp. 565~568, 2001, 7. 7|3E EL(MAD. X wERE(F)

[3] C.C. Chen and Y.Y. Hsu, "A Novel Approach to the AT
Design of a Shunt Active Power Filter for an
Unbalanced Three-Phase Four-Wire System under
Non-sinusoidal Condition”, IEEE Trans. on Power
Delivery, Vol. 15, No. 4, pp. 1258~1264, 2000. Ao 2

[4 M. Aredes, J. Hafner and K Heumann, "A 19631 119 10UM. 1086 Mutch A
Three-Phase Four-Wire Shunt Active Power Filter J|z2stol =9 1988 = CHEk A7
using Six IGBT's”, IEEE PESC’9, pp. 874~879, 1995. Z=stnp EH(MAD 19064 = sk A

Bl ols 8, AN, £, Hitsh 3¢ EHE ddA 2" J|@stnl ZQi(urA. 2000d YR @3}
o 2L AR HE71HE o] ALY ofOjCyst o puta X e M7=
a4 R Ao, AHAAS =8A, A4, A3E, pp. atT} K QIZHA} oF XA AU

(6] ¥rdqt, $34, 9233, "e¥Y dd

275~284, 1999.

& o] &3k £A] AAJ} BAV]”
B3, pp. 395~400, 1998.7.

’

[7] H. Akagi and A. Nabae,"Instantaneous Reactive Power

Compensator Comprising Switching Devices without
Energy Strage Components”, IEEE Trans. on Industry
Appl.,, Vol. TA-20, No. 3, 1984.

Y. Komatsu and T. Kawabata, "Characteristics of
Three Phase Active Power Filter Using Extension p-q
Theory”, IEEE ISIE'97, pp. 302~307, 1997.

SJ. Lee, JK. Kang and SK. Sul, "A New Phase
Detecting Method for Power Conversion Systems
Considering Distorted Conditions in Power System”,
IEEE [AS'99, pp. 2167~2172, 1999.

1953 48 2224 19754 AT &
9774 ool sty
. 19904 et
1997

U}

LI '

[0k

&t

U

12 g

=

>

mupo i N

% B

s o
ERE-PN

2
H
T
>
2
ob ok

fop w= kg ats
]

Al2g o1

rx

N
gl

>

oo

My
,0

My o7 o o5 shEolAL



