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Neutral line current elimination method for Active power filter
of three phase four-wire power system

Joonki Min, Hyosung Kim+*, Jaeho Choi
Chungbuk Nati' Univ. Electrical Eng., *Kongju Natl’ Univ. Cont. & Measur. Eng.

Abstract -~ This paper proposes a design method
using PQR instantaneous power theory on the active
power filter, unbalanced nonlinear load condition and
unbalanced source voltage condition in three—phase
four—wire systems. For reduction of current
harmonics and neutral current, the control structure
including repetitive controller is proposed and
controller gain is designed. For fully—digital
implementation, ramp comparison PWM method was
adopted. Simulation results verify good performance
of the proposed current control strategy on the shunt
APFs.

.M B

A AR 7z wgo) wel 8MY R ALge]
Z7sta] wlAGA ALFA B IFE I I
. 7h& RE TF, AojaAE ARAA, dEHF T
AR ALY 53 2o 34 vAY Hasge AF 1
20 539 2o 2AE SAAAD. AFE SMPS,
B35 A AFr] F 2 9 AFPHr|7E
< 34 444 wilHDe] dXE o Z}*JS’J 237l 3y

olREF wix|sitEls FAM A FE wL
z3 AR} 224 =He A7 %‘3?}‘:}{2]‘3] :LE1“
=4 3)2}- 4/\-])_\,] u“ z—lulo]]x—] )«lkl z—] EJ_AOLQ» & 9\1
' %9 AYE 5% %EM s.?!at:}“].

HA AHE TELEHY Fa3 240 AFEARIE
A ALY AWEF F2 AEHI gon HANRY
Aodeze A v s Hx PWM 4,
H=HlE PWM 4], 223 3)2HE AL PWM HH4
£ 5 & Ut slzEHiAL PWM B4 AFY &
gl 713 Fou 243 Foert dFA 47 A
Fol vmsEs By dadn A 2 AH%E de
shedl QoA Ak e A Ee YAE IR
Tt oz o] Atk YXEHo g FHEIAE
ﬁz}ﬁ} Hl3 PWM 243 dl=HE PWM #2]o] fg
3le & FolAM Azt Hl"“V—‘}°] AFSEEel o &
Sais dﬁi g4 AGH

E £E2 PQR &4 39 o|2Pe mgste 34 44
A Aol B AHke] EHY 2L HIo] FAsH
FaH= 198 55 gHE éﬁlﬁ}ﬁiﬁ}. Ao71g o
ANgdgeg 7L gol3tA 7] Hse BAAARFY A
oAl e 4tzbal ¥lmw PWM W& &3, 184
—%—%EM A &AL 717 st AW

Z YE 9] 5“4 4ug @*‘*‘Eﬂ'ﬂl/‘i F714% 33
“‘ 9]%**]7%@] £% A5¢ 1A RCYE X@sie
1110171 TE H]°P6}J_ Ao o}5-& dAET. PSIM
*l%iﬂﬂﬂe ARgsle AotE AYE 7% "E)ZF ¥
Agte] ER Yol sl ARlEA T2 vy Kt
o By 9 HYG e EHP ot HAEe F
4 ARE 5’."‘@}9- A3 Yt

f o

2. =AM Fo| ¥ HYNF AN

2.1 2AH 9| Hol

34 A4 AsE olPet go] a—I-0HEAR
HHEY, ot GAAFoR, Z244 AF ol sl
V3o BAZ Ak olAe A, HAFo] A
p-q-r ¥EsE 3, 443 2o}

1/\/_2 W2 1V2

e ll
e.|=V2r3 ~1/2 —1/2 ‘. W
e, 0 V3/2 —V3/2

V2 1V2 1V2
[Z‘)I W[ 1 —1/2 —12][ ] @

i 0 V3/2 —V3/2

2y
e e € o
e: -1 0 "‘M ﬂ'ﬁl eolz 81 (3

€ pap € o8 € e 0

€, o _i€e _ ey €

i € ap € o8
. € €z
i, Lo
= 1L | g J_ﬁﬁ €0as€ o @
l." € ap € o8 €, Z.”
r e e e 8

e, ——Le __ﬂ

eaﬂ eaﬂ

@ egp=Veitel teh, e =V ettel

€4 FEA oot £ 28539 ¢,% ¢,& A
z FELRA B, i,
) wEges 399

i00 23 0}31154 ?%01 "‘%}2}%}
o, 28 104 B3 AR go] ME NAEYAL =
o}
b e,
a,|=1-¢,i, &)
q, e,

e T )

N e harnd
=l e i xl 7 4l

qr

P

cq= Gare—S |

dg

39 1 PQR #HHEA X ¢ E2iF on)

- 1489 -



r-axis 0-axis

— p-axis

22 BATERe HA

a9 2o 244 AF A LAEL Bt 4N W%
7 AASY) JAME A5 A7 a—FED Slo) S13s)
ot @}, Wb LARY ¢,8 AWS) WA i,
2 AT ol HES AFY ASe F4H WRE
AAY 4 otk 3Pl iR i, RAd g AF

e 78 o—AER 99 ARYE 7, 22 AlY
s A 2k
P ,=—itanf,=—i,—L @

e,,ﬁ

71402 REAY ¢,& BASA it 00 HES
aw, ARdE 7 & 7 9% 2A Ho At 3T
HE7} g—pEWe] S0z EdEE A Yo FoiR)
A 9o et AFHEY 27e FA44 AR AA
g Aol Ha3 Do

ggoz HRFY 9T nAsh: A$E A »
AL PQR HEA N Falo) F5o] o At e, A
§ i, i= e 2o

e D=Eut 3 VIE,sin(not—¢,)  ®
i D=Lt 3 V2,sin(not—¢,) ®

i (D=1 4+ ”jmﬁl mSin(not—¢ ) (10)

A% e AY AYH AR BY g
GEHT et Fdael 2 4ES AU AYH A
%9 AR QB Uehio,

o AYzAINE A BF7 BY FYs)
g7l AAAE pEI & AFE T2 A
24 AW Aoislolor Ak pgFel ¥EA
AFgkol ARVFIT o] WPE PQR AF
o

15=1 an
=1 12
3. ™FA07| A

aY 30 B =Rl AHF 34 44 AFe WS 5F
gE Aol FAS BT 55 YHE 647 QMER 7
HEo] 7} 9] BFE Aoz RabAclaE Raze A
Ao} W ARIIE AHSEHAT. BRI deE AN
£ s0[pF], AgHE mH|z da AvFsee
190.15[HoA7H Hek.

. d L.3. L,
A phase B phase C phase
g g g g i T "
-

f i e dce ey ice g‘> PWM Control
€ & e Vo

19 334 444 HY S 55 g dEe

Gy(z)}« 7
|l |
.t + 1|+ R
Tcom—» T 200G Z7 BONGr) Tlcou
H. (7)1

3@ 4 AE AA Aoy BYx

"

20— Z [ Fg) ] G
+

:’?_

3% 49 AGE FHE $EUElY BAHF A0S B

Ak RC Aoj7lg AL V=0 ¢ =, Ao E=y
AL A s gk

>0+ G(2)

1% 5 RCAlO)Y] 72

_ __Go(2)Gp(2)
Co(a) =TT oD o) (13)
IF (o<1 (149
1= Co(2) Gl o < 1 (15)

ool A AA(/2)E T e 328 4 A
AslME 13, 14, 1540] Hgolojop Fh o7lelN L =2
(mH], R =05[£] f,~10kHZ 33k

4. NZao|M
a9 39 HAS 55 Wel Az ojs) Eie) 220 o)
sla} A HOlNE SR T8 4904 G,(2)& AL
2 ARG, (2) = kG, (2)"' 2 Adss, k=0.20]ck
1 Aol A 3 ¥a 22

Case | Case [
a’d 1st[V] 220 220
st
. b4} 1stlV] 220 220
c’d 1st[V] 220 176
25y R.=10[Q], R,=6[9], R.=3(€],
Bz L =2[mH], C=500[pF])

- 1490 -



a2z, A9 B9 e 54E VIAEE F(z)7h g A
sty F(z) = 0.2524 0.5 +0.252 !

o7l tAge Fdstn BAAFY Moo g
I PWM Wae sigsign AMel 10kHzle]l HXE=
(Zero-Order HoldenE& AM83t9ch vlm Atzglel] z}2}
120°9] 94 AAolg ol QIujEie] X9)d] 2F FAHA
AR 293 uzxE 2ol 3% Hla 4zvl PWMEH
& Aesigch
a8 67 Told Case 1IN AHE 55 e}
MmslM FHske el #AYz RCalO7I7E FA5Ho
g o #33e RoFa ot on F4de] 3uxst
HAE7F 27] FAAE vE) 14% ZolEck 19 8% 9
olA Case I =X A4 5 LE7} 0lmslIM &
Age o P35 RC Ao71e) FFoz A F44 33}
3z AF7} 13% o€ Ag BAgFT vk ojn Ay
Azl wElM AFe Avi7k diiEez #y] die] g,
P 15 RElAY)Y 2005 Sich

54 £
£ =% PQRoIES H&3loq HHE FF HEY
AAFE AA3L RC AANE AHE 2 AR
AFnzael AN AFE 2AEAt Agd A
g4 % H AoWHe AdAste] £HY A 3
FAME BNy RIAZREY TAHE AJARE 7
A BAAEE AlEH oS Fat AT = AU
gozel drdAe Add Aotyg AMA
(fully-digitally) o2 783l Azsta HAe 4
YR g HFde Yol

Ll

va  lsa*2
40000
20000

29 6 Case 1914 40[ms)el Ay APF7F B30 & o
zt Ao QAR 2 FALA A7 99

-400.00

20000
100.00 :

L T T i a P Vo S P N
10000 B

492000 434000 4960.00 438000 5000 00
Time (ms?

29 7 Case 18]+ RC AI77b A3l 54 o

7 o) AYAF % AN A7 2Y

Vo lsa'2

Ve sb2

20.00 4000 6000 BO.00
Time fms)

713y 8 Case oA 40[msiiA APF7F $2330& o
2} Aol AAAF 9 FAMA M7 4y

492000 434000 4960.00 4900.00 5000.00
Time (ms)

79 9 Case IolA RC AS717h A4 528 o
7 4ol AYAF L FHH AF 9y

o] £EE B HAAT 57712 AT(RI5-2004-000-1
0228-0) Ao FAHAUS

& 32 & 8

[1] 1. Akagi, "New trends in active filters for power
conditioning,” IEEE Trans. Industry Applications, Vol.32,
No.6, pp.1312-1322, Nov.-Dec. 1996.

[2) TM. Gruzs, "A survey of neutral currents in
three-phase computer power systerms,” IEEE
Trans.Industry Applications, Vol.26, Nod, pp.719-725
July-Aug. 1990.

[3] R.Arthur, and R A Shanahan, "Neutral Current in Three
Phase Wye Systems”, ICHQP'9%-Lasvegas, pp.40-47,
1996.

[4] B.Singh, KAl-Haddad, and A.Chandra, "A review of
active filters for power quality improvement,” IEEE
Trans. Industrial Electronics, Vol.46, No.5, pp.960-971,
Oct. 1999.

[5] JWDixon, S.Tepper, and L.Moran, “Analysis and
evaluation of different modulation techniques for active
power filters,” APEC'H, vol.2 pp.894-900, 1994.

[6] . Kim, F. Blaabjerg, B. Bak-Jensen, and Jaeho Choi,
"Instantaneous power compensation in three-phase
systems by using p-g-r theory,” IEEE Trans. Power
Electronics, Vol.17, No.5, pp.701-710, Sept. 2002.

[7] R. Costa-Castello, R. Grino, and E. Fossas,
“"Odd-harmonic  digital  repetitive control of a
single-phase current active filter,” IEEE Trans. Power
Electronics, Vol.19, No. 4, pp.1060-1068, July 2004.

- 1491 -



