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Fig.1 Main connection diagram of one
industrial power supply system
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Fig.2 Tested current waveform of transformer 1
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Fig.3 Schematic diagram of power
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scheme with APFs in parallel operation
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Tab.1 Harmonic current distribution without filters
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Tab.2 Harmonic current distribution of harmonic
suppression scheme with PFs
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distributed PFs
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Tab.4 Harmonic current distribution of harmonic
suppression scheme with APFs
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T H SN 7 R 11 Ik
RUULEERT 99.3 90.8 86.5
Wl IR 99.5 90.7 86.5
I 25 26 96.3 96.7 98.6
| IR 0.1 0.9 1.1
THE MR 0.1 1.0 1.1
1 45 2k 0.8 0.3 0.1

Fbde e 2 Fie 4 3% 3 fnde s v g BCE AT A R
HIF3 3217 APF UE W% 7 & |5 U I W i % 3k |
96 % VA I, HoAth 2% Uil it H I B IR B 0 A X
PF J5 S ¥ 47 KR B 4 w3 5 v A R TR AY B R 4% IR
WA RN 1.1 %, T RE K B2 P AR AR R
AR BURE RO 10 FE B A I FE | IR 45 2R H Y P 1Y
UGS LI A RN T 0.8 %5 AR 5 A 5K
ToURUE P T A e APF J18 3817 07 B9 i i 6 2R
ST Y| HRE O A B R B A B
42 HEIRIB I KBRS R

T PR 25 08 AN AT s A L ) 3 R AR L AR S
1 # s S B BGR 0.3 s AT (R R sh 2 an)
IF H3 A U8 U A8 A B L A 3k 1 s
0.3 s FH7ERE 10 s I T | 10 #0020 0 A S8

A [R] B AL R B (2% R B A S JC TR IB R ) . 13K
e Bl 5 8 P T o A R A R 6~8 Al T
TEAINIE PR E o3 A5 TR IRIE P T7 5 APF I 512
A 3 T 75 58 A4 38 B FL UL 0 A 5 O
R 6 AR E IR EIR
S (hEMHE)

Tab.6 Harmonic current distribution
without filters after load disturbance
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suppression scheme with PFs
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harmonic suppression scheme with
APFs after load disturbance
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Tab.9 Harmonic current absorption ratios of
two harmonic suppression schemes
after load disturbance
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Tab.10 Harmonic current distribution of passive
filtering branches of PF), at I side
before and after load disturbance
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S shEr it R
5% 45.6 49.8 42
7T 22.8 27.6 4.8
11K 12.0 19.2 7.2

43 PF ZBIZEIMERERSFHEZIE

HE 10 5 1 gk 11 W JEIRIESE 5 R I ATE
0.3 s HF iR H ORBIFUAS SCER 1 80 B0 b 0 118 308 38 =2 %
WX —T 0, 0.3s AW BRIk 2 iy
7N, JCIRIEDE AR PF,, B9 5 SR 5 T AR TR
T L T IR A LR A D LA L T AR 11908
P 4% PRy, Hofb S B | 100638 12 BRI #Y PF),
U8 U S R T IO B 2R 21 Y UE DR AR PE,, AU
e WL B AR S 11 12 Fis

MFE 11 AR 2 i EcE ol A DR Dk S BGR s

F 11 PR, B S RIBKE BB HER
&I KBRS
Tab.11 Harmonic current distribution after

switch-off of 5th filtering branch of PF,
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Tab.12 Harmonic current distribution of passive
filtering branches before and after switch-off

of 5th filtering branch of PF,

o FIFL /A
WA W T e AR
5K 52.7 0 -52.70
PF, 7R 26.2 38.8 12.60
11K 7.8 9.1 1.30
SR 45.6 54.0 8.40
PF,, 7 K 22.8 29.4 6.60
11K 12.0 12.12 0.12
5% 45.6 54.6 9.00
PF,, 7K 22.8 28.8 6.00
11 & 12.0 12.6 0.60

A7 e v ) i Y05 R 2ok B 4% 2R 0 5 RS I8 L AL A
A R EESG N7 YR A & A B R AR AR B
A BH BT AR A B 1S D FR I 2 T A S D BH Bt (A
T AT BC, DT HE BT R U FR A R R LR R B AT
Mg, X5 (3)4)Irasiie—2,
M 12 BB O] 0 U8 I S AR B AT N 2
X S 8 1 i 1 LAt D8 9B S % P T 7 A R et 2 X AR
M HAl £ 38 49 PF S I DA R T 67 28 %) PRS2 6 AL I
R REMR A 3k B 5 ) fr 5 R R) R E iR D BT
(A8 Ak 53 TR O R 1 B A0 T, 5 AR e e — 3,
4.4 RIEHEF
TEAT B AT B 36l b A SCr i APF 4132
PSR B e B 1.1 T PrR B RE A R R 4
o RTAS 1 R TR A A I B 2 R A R
WIEmE 11 B, EE 11 58 2, R A,
APF JHHE 1T 7 B 0% A4 7= R G s i 16 R AR
FRLH 8 I B o A S A5 ) B B AR R
10N 0.3 %, & VOSBRI AR /N, (Rl
R G A SR & 8 2000 T 28 BRI 0 1 Ik F AN
i SA, MRS HSER -,
2

3
N 0
) . !
11:51:59.80 11:51:59.90 11:52:00.00
11:51:59.85 11:51:59.95

t
B 11 XA APF HIETIEREEARE
| SEEER R i i R
Fig.11 Tested current waveform of transformer
1 with APFs in parallel operation

o

5 &Y

T A R I T B B A 2 AR RE LR 43 T R £k
TR AL | VR A7 B A T e R AR AR
SR AL, FLAE AR IR IR B R AR SOk
W EAT I A R TR BRI R NI
Tt AE B I DT 3% 4 R 0 S () 2 AT 04 R R L B APF
FEF 32 1740 S e 25 AT 0 R B AT T R4 A AT, O
FE M SERE_E #4304 12X TR B8 9% 0 46 A A B
P I I AR AT TR 0 P R B R 0 PR R SR AT R
S Ty i AR RE T 2% A ) 8 4 AP -4
BATHIUE I T %6, X APF 8 I AR I R 55 B A M5 5 10
VEBUT A AT T et | IR A A 20 5B B ] APF
EL A R AR R TR s A vERE
it PSCAD/EMTDC i E43 8, FEA e T 2 3l
I 2 by 2 Bt el I 28 38 Il H 3 Y AR AR s L
TG R 8 5 v 30 S I 1 3R o 3 R ) 445 Fl 9 40
A5 LA KA B A S g, s R I E
25 LA PIS M A B I | R SR T APF Jf
G AT UEIE 7 R RTAT I A3 RO A S M

il



® BEEER Y

£30%

SEH .

(1] BRI MRE T TR ARG, DA T I06 B L A7 5 8 OB 45 1) 07 043
FriJ]. BMEAR 2001,25(8):28-32.
DAI Chaobo,LIN Haixue,LEI Linxu. Simulation and analysis of
single phase shunt active power filter[J]. Power System Tech-
nology,2001,25(8) :28-32.
(2] Wi/haR 25F5R. R R M 5 H (M ], st i
B L, 2006 :47-62,446-462.
[3] E&IC, sk E. AU DB A 4 H SR g xR (7). Ll
2007,37(6) :6-11.
WANG Jianyuan,ZHANG Guofu. Overviews of control strategy
of active power filter[]J]. Electric Drive,2007,37(6):6-11.
(4] BB JEM A S5, SRR U5 D s I 0 Y B ] 4 1 5K i £ ik
[J]. BM$AR 2006,30(22):81-86.
XU Ming,ZHOU Lin,WANG Wei,et al. A survey on one-cycle
control strategy for single-phase active power filters[J]. Power
System Technology,2006,30(22) :81-86.
EWEN BHSFE b B, B RIS TS IE N T APF #YZRIR 5 R
H)]. BMEAR 2008,32(8):35-41.
WANG Xiaogang,XIE Yunxiang,SHUAI Dingxin. Overview and
prospect on application of intelligent control methods to active
power filters[J]. Power System Technology,2008,32(8):35-41.
BB AR R AR KA B R T 24T [T, TSRO KA
#2,2008,16(2) :73-74.

ZENG Yong. Technical analysis of harmonic control plan of

—
W
—

—
(=)}
[t}

crystal silicon growth furnace[]J]. Journal of Xinjiang Vocational
University,2008,16(2) : 73-74.
(7] R BRHET BRI S BT AR IGGR G A IR L ) BB I A
FRMBIZE[T]. T E L TR 4 ,2005,25(3) :38-43.
WU Weimin, TONG Liqing, QIAN Zhaoming,et al. A research
on new control strategy for series type active power filter[]J].
Proceedings of the CSEE,2005,25(3):38-43.
ARG AERR L. AT PR R R A S SRR ().
M2 ,2004,28(11) :40-43.
LI Zhanying, REN Zhen,YANG Zeming. Survey on active power

—
oo
—

filter devices and their application study[J]. Power System
Technology ,2004,28(11) :40-43.

(9] Bz, B RIS HG BRI M ROR R e g (M), b st E
Ji At 2006 :7-12.

(107 B B e J7 0T, 45 = AR D106 B0 A U0 Al g DI04 M35 R R
PEREM AT S [ ], R HL T AR 244 ,2007,27(28) : 113-119.
WEI Xueliang,DAI Ke,FANG Xin,et al. Performance analysis
and improvement of output for three-phase shunt active power
filter[J ]. Proceedings of the CSEE,2007,27(28):113-119.

[11] 255 B 00, MR, A7 I Jy v . 451 - JRU R - 45 1)
[M]. dbst, Bha i pRE 2005 :85-103.

[12] e pRkE . A He Y58 2606 A 2 = 480 D8 Pl Il s BT 7 TR (T,
Hh I L BL T AR 2441, 2002,22/(2) :99-102.

DAI Chaobo,LIN Haixue. A novel triangular carrier current
control for voltage source inverters[J]. Proceedings of the CSEE,
2002,22(2):99-102.

[13] WANG Xuanyuan, KAZERANI M. A modular photovoltaic grid
-connected inverter based on phase-shifted-carrier technique[C]
//Pr()(:eedings of 2002 IEEE Industry Applications Society An-
nual Meeting (IAS 2002). Pittsburgh, Pennsylvania, USA : IEEE
2002:2250-2525.

[14] WANG Xuanyuan, KAZERANI M. A multicarrier modular photo-
voltaic grid-connected inverter with a new phase-shift rule[]].
Electric Power System Research,2007,77(7):754-760.

[15] LIANG Yigiao,NWANKPA C O. A new type of STATCOM
based on cascading voltage source inverters with phase-shifted
unipolar SPWM [J]. IEEE Transactions on Industry Applica-
tions , 1999,35(5) :1447-1452.

(16] BRES s be R 0. op ] 2 A D5 e g 208 e e O i 2 M

PREEFE[]]. B THOR#H,2008,23(7) :86-91.

CHEN Bing,XIE Yunxiang,SONG Jingxian. Optimal selection

of some important parameters in one-cycle controlled active

power filter[J]. Transactions of China Elcetricotechnical Society,
2008,23(7):86-91.

AP R A LU, S AT IR A U O R ] R S

[J]. Adurs Jy K225 40,1997 ,24(3) : 1-7.

LI Gengyin,CHEN Zhiye, YANG Yihan,et al. A study of DC

voltage control system for an active power filter[J]. Journal of

North China Electric Power University,1997,24(3):1-7.

(18] ZEBEH  WRG M, T E5AR 4. dgO Aedm 28T ) SCIR I I 2 oy %

SECRHAMET]. T E AL TR 44,1996, 16(3) 1 176-179.

LI Gengyin,CHEN Zhiye,DING Qiaolin,et al. Definition of

generalized instantaneous reactive power in dq0 coordinates

and its compensation[]J]. Proceedings of the CSEE,1996,16(3):

176-179.

ZAEPHL. W) FRGEIE IS BT RN T T T R B K 5 M I

FE[D]. PRAE AR R TR AR | 1995.

LI Gengyin. Study on power system harmonic analysis and re-

[17

[

—
—
=)

[}

active power theory and its combined compensation[D]. Baoding:

North China Electric Power University, 1995.

WS 4 WY AR IR B B PR R AE A AT PWM R R

TR R[] ]. AL S, 2008,38(10) :29-32.

XIE Bangli,JIANG Jinming,LI Zhili. PLL application research

in three-phase reversible PWM rectifier[J ]. Electric Drive,2008,

38(10):29-32 .

HH AR SRR TR, A B A R A BR = A R B PWM

REVTAR R[], MR TR 2008,42(5) :72-73.

CAO Shihua,ZHANG Weina,SHEN Hong,et al. Three-phase

voltage PWM rectifier control of novel soft phase-locked loop

[J]. Power Electronics,2008,42(5):72-73.

[22] BEST E R. BUMFF B3 5 558 H [M]. 22K, ik, H
AR B Ut AR HREL 2007 :66-83.

(23] &5 i A WRHET . SET kit JC 2y ) 56 30 1 00 i 2 P 3 A 00 7y 9k
TEATFE[J]. A EEAR 5 R, 2008,27(7) :83-86.

LI Zhanyou,PAN Lei. Harmonic detection of the grid current

—
[y}
(=}

[t}

[21

[

based on instantaneous reactive power[J]. Techniques of Au-
tomation & Applications,2008,27(7) :83-86.
[24] EER X, S0l BT 0 PR AE ) RGeS I o i
NH[]. HFHARNT,2008,34(4) :51-52.
WANG  Yufeng,FAN Bishuang, WANG Yingjian. The use of
digital phase locked logic for harmonic measurement in power
system[J ]. Application of Electronic Technique,2008,34(4):
51-52.
(RE. MEKX)

EEE T,
F R (1983-), %, BB A HERTE T EHR
T A A A G 5 424 (E-mail : jjiping@126.com) ;
WA (1972-), 8 i TRA HAIREF HE MK
F FACTS H R B & A b FH E 69 5 M AF T LA,
KFE(1964-), 5 , WAEMNA HIEAZRA IR W
T AFL A FAEIT LN FACISHARA L AEFHEE
a4 5 R AR TAE



Parallel operation scheme of active power filter
JI Ping,DAI Chaobo,WU Shouyuan
(China Electric Power Research Institute,Beijing 100192, China)

Abstract: To ensure the power supply reliability,,sometimes two buses may be connected by a closed circuit
breaker to feed nonlinear loads. When the passive filter is applied in harmonic suppression,the harmonic
current may flow through the circuit breaker and filter branches. A harmonic suppression scheme with APFs
(Active Power Filters) in parallel operation is developed. The causes of harmonic walking-through and the
principle of its restraint by APFs are analyzed. The filtering effect is compared between the distributed
passive filters and parallel APFs based on PSCAD/EMTDC for two operating conditions:the load disturbance
and the on-off of passive filters. Simulative results show that,the harmonic suppression scheme with APFs in
parallel operation has no the problems existing in the harmonic suppression scheme with distributed passive
filters,such as low harmonic current absorption ratio,harmonic current walking-through,filtering branch
overload, poor power quality and so on.

Key words: active power filter; parallel operation; harmonic walking through; passive filter; power quality



