20039 chetdo|ety SpAEtEcie =23F 2003.7.21-23

SS8-T10 2NDIES OIS 34 4044 FI01E2I=S NeisSHieihE

=Sl
QIGHCHS*

P \i=l i

2
OIMCKE"

Hybrid Series Active Power Filter Based on Performance Function Theory for
3-phase 4-wire System

Jin-Sun Kim*
Inha Univ.*,

Abstract - In this paper, the control algorithm
and control methode for a combined system of
shunt passive filter and series active filter in
3-phase 4-wire system are discussed.
Moreover, the 3-phase 4-wire system is widely
employed in distributing electric energy to
several office building and manufacturing
plants. In such systems, the third harmonic

and odd multiples of 3™( 9% 15% etc.) are
termed as triple and zero sequence components
that do not cancel each other in the system
neutral. As a result, the triple harmonics add
together creating a primary source of excessive
neutral current. Regarding this concern, this
paper presents a new control scheme for a
series hybrid active system. This series active
power filter acts not only as a harmonic
compensator but also as a harmonic isolator.
Hence the required rating of the series active
filter is much smaller than that of a
conventional shunt active filter. However, the
performance of the combined system is greatly
influenced by the filtering algorithm employed
in the active power filter. This paper proposes
a series active power filter scheme based on
performance function. Some experiments was
executed and experimental results from a
prototype active power filter confirm the
suitability of the proposed approach.
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Fig 2-1. The control algorithm of 3-phase
4-wire series active power filter.
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circuit
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compensation

¥ 3-29) £E¥REE 53 9 7AE HAY F9
w8 & YA, B {7 BlolA Be] B 53
2 73 nzx% JEE AAStd AR HFL B AA
8.7 %) HAUXT IEEE std. 51994 A¢tde 2z
o AgzA (5% oldh) ol ol % uEdW, £5HUY
o] AdrE ] ojef GEo] W4 0.652 2 YHAE &
4 St ol § G gL Reide JEE ®A I
o Ao of 9F& vAG, =R FHA AF o 24
= A9 o]RAA &3 Uk, 2F 3-34] FFUHG
q%—]%ﬂi B3 Al 55EH AF AlY Bx #3S u
kil
3

X W ofp

IS A HFL A Hez AdEY ARxe
o] g"«ﬂﬁ‘}i. HAY 98¢ dgtz 93 A% ¥

e AL & 7t dd. 29 342 F#5¥E B

-1097 -



% "g=z 5'—’35}‘4 g AeHdAMy Y AFES
3oZ3 o). AAF9 THDE BAA <9 10.4%9
A BAE 3. O/E AR, 9& 9A 244 0.95
dA RAF o 12 Frsdd. 34 444 A A
e AN AFe B3A o 2.26(A)NAN BA -T-
‘3’0069[311 3:’}‘-(2/5)'3}"4 A4 ARE 9AE

m’/ﬂh

l‘\"f’w\

VoV oV oy Vo b

e

(@ A93% A% 2 AF
%4 ( PF : 0652 lead )

(b) AF £=2H9EF
(THD : 87% )

©F34 AHF #¥ (226 [A])
a9 3-2 $#%¥Y 24 ¥ 49 %3
Fig 3-2. Experimental waveforms after
compensation with passive filter

Vibde

(a) A H9Z AY 2 ) AN 735 A, F4A4
AF By A 2 B4 A 39
2933 % € 55¥Y Y A Bk 49 By
Fig 3-3. Experimental waveforms during
compensation with passive filter and active power
filter

2450

WA

m-'i,'. ;“*“l‘\
N XA NN
VAVRYAVRVRY
Vi VIRV T
VY \/j\[ v -
@ A% 393 AY 2 (b) A% 2WEY
AF %8 (PF:0992) (THD : 3.0 % )
TN AN AN /\ o
VYV VY b
\ {‘(;’\f \f f SR
\‘! \'\' ‘\/

(c) %3 A ¥ i’e}ﬂ%} Ay (@) FAH4A A 54%

1%34-:—%— ¥549H H'.’z}#’é‘@ %y
Fig3-4 Experimental wavefoxms after compensation
with the passive and active power filter

TN\ .~

™
ITARER A I \
(\_) i |\

(a) B4 (b) £59Y B () $5EH ¢
SEEEHRY
a9 35 2zx29 AFYY 23 A Y F 3y
A7 24 He UE 9y
Fig 3-5. Vector transformation waveforms of
3-phase currents before and after compensation
a3 3-59 WL 3FAFE 24 dHAR & T
29 syojct 34 PN ALl 922 et
A% nzwe) 9¥oz BYo| I U % I
ol oz nxug BAE = ARt 982 A4
e o] £ o|Ro] Xa glon, ol AL £F
9 F5UHZ Y&F AY Axddd AL & £ S
< 9ujgiez g =844 Adde s5UHE 2z
3 AFY & Zngdx £FUE} A=A A
Halado H LA AAHALE 5 & & Yok

3.4 B

2 =7d4€ 33 4449 R-C 3t 7—*1%5]\‘5 8
olm=% AHAFFTEHY AodndF Zﬂf‘]?ﬂ-ﬁi
. RAZIEAYLTY F3 ALE o] gHA 'ﬁ-o-ﬂ
Aeada, ol 45UFE Hise i’é}ﬂ 7"“\’3—
Z2gozd Hede nzxoE H2H3F & dSE
Bl AR THD7 5%01% $4+8 23das
qdE 5 ﬁlﬁdr_ FERYRALE ’éﬁs‘r@l A 482
aA 7H*“§ F AN, 59, A A{FE 94 5}"
24 FRAF7E A" “]7‘]‘: ‘3“{}2 FaNd T
At ol AYAAE FaA ALd dzdF &
'Y 2 +48E 45N

¢S )]

{11 F. Z. peng, et al. "A New Approach to Harmonic
Compensation in Power Systems-A Combined System of
Shunt Passive and Series Active Filters” IEEE Transactions
On Industry Applications, Vol. 26, No. 6, pp 983-990, 1990.

[2]1 Mauricio Aredes, et al. "Three-Phase Four-Wire
Shunt Active Filter Control Strategies” IEEE Transactions
On Power Electronics, Vol. 12, No. 2, pp311-318, 1997,
March

{31 H Akagi, et al. "Instantaneous Reactive Power
Compensators Comprising Switching Devices without Energy
Storage Components.” IEEE Transactions On Industry
Applications, Vol. 1A-20, No. 3, pp625-630, May/June
1984.

{4] S. Bhattacharya, et al. "Parallel Active Filter System
Implementation and Design Issues for Utility Interface of
Adjustible Speed Drive Systems”, IAS ‘96, ppl032-1039,
1996.

[5] F. Z. Peng, et al. "Harmonic and Reactive Power
Compensation Based on the Generalized Instantaneous
Reactive Power Theory for 3-Phase 4-Wire Systems” PESC
'97  Record, 28th Annual IEEE, Vol 2, pp
1089-1095, 1997.

[6] Enjeti, P. et al "Analysis and design of a new active
power filter to cancel neutral current harmonics in three
phase four wire electric distribution systems” Industry
Applications Society Annual Meeting, 1993, Conference
Record of the 1993 IEEE , vol.2, pp. 939 -946, 2-8 Oct 1993.

-1098 -



