ELECTRIC DRIVE 2017 Vol.47 No.7 W AT 2017 F4THK FHTH

HFERIAT YR FL IR I A 1 52 R A vk

B S RER BWE ' GER, RPN’
(IBEF A REEFRIEFNLBAELEZEE(KREZIRS), LB KR 030024;
QRBHHEKRF b FE5LE6I2FKE, LT KR 030024;
3L 0GR IR A A 5 A PR FTAEAE] L3 IR 048000)

FEEE BTG B A 0T v 19 i BRSSP 52, B9 — RO IR B A IR B gt F N o AR I NG
Fa , ST FHAE AT AR BR 2R T R R B HERE AL AR R T BRI =AY e SR 00 %36 bR OB, BT 1R T PSRN
HL RS . AL T LY I e A VR R DG 5 T P FR A FE R R SR , 4 of PLs ) 5 B A 45 I
PRI E ARG , LIGE REE MRS TERE . (@I 5050 X FIrd i sl sl AT i os , 45 R R E S 4E iy
P EAT AR B SR MR BE | REAS A b Pl AR L b 0025 [ A0 e LR , oo o I L R

SRR R PRI A VR IR AR s LIS 5 F A AR B AR

FESHEE.TM72  XEFRIRES:A  DOI:10.19457/.1001-2095.20170713

Compound Current Control Method for Shunt Active Power Filters
TIAN Feiyan', GAO Yunguang'?,SONG Jiancheng',ZHENG Lijun', YANG Jiankang’, KANG Qingen’
(1. Shanxi Key Laboratory of Coal Mine Electrical Equipment and Intelligent Control, Taiyuan University
of Technology, Taiyuan 030024, Shanxi,Chinas; 2. School of Electronics and Information Engineering,
Taryuan University of Science and Technology, Taiyuan 030024, Shanxi, China;
3. Shanxi Jincheng Anthracite Coal Mining Group Co.; Lid., Jincheng 048000, Shanxi, China)

Abstract: Aiming at the influence of nonlinear load on the quality of power grid, a shunt active power filter
(SAPPF) topology was researched. According to this topology, the mathematical model of the SAPF was established in
the three-phase static coordinate system and the two-phase d—¢ synchronous rotating coordinate system. The transfer
function of the model was deduced, and the current controller based on PI control was designed. By analyzing the
limitation of PI controllers in current tracking control for active power filters, a compound control strategy combining
repetitive control with PI control was proposed to improve steady state performance of the system. Experimental results
demonstrate that the current control method combining PI control method with repetitive control method has a high
steady-state compensation accuracy. It is able to effectively suppress harmonic currents caused by nonlinear loads and
greatly improve grid current waveform.
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Fig.1 The system schematic of three-phase SAPF
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Fig.2  Control structure diagram of SAPF
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Fig.3  Simplified current control block diagram

of APF in d—q frame
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Fig.4 Internal model of repetitive signal generator
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Fig.5 The structure of the repetitive controller
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Fig.6  Parallel compound control block diagram of

the PI control and repetitive control
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Fig.9 Spectrum waveform of grid current with PI controller
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Tab.1  The harmonic distribution of grid current
with compound controller

Amp A B c
THD,,¢ 33 3.2 3.4
H3,,; 0.7 0.8 0.8
HS5,,; 1.5 1.3 1.7
H7,, 1.1 1.0 1.0
H9y,; 0.9 0.8 0.8
Hlly, 1.1 1.2 1.2
H13,; 1.1 1.0 1.1
HI15,,; 1.0 0.9 1.0
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4.2 KIWHERHH

M9 T A R, R PLEE A T M2, HL XY
L3t THD M 28.6%F#AIRE] T 14.0% , #MERCRA
AR R H TR GuRUE RTHE T PLEEHIA#D
e S R, B PLE i # DO A AC AR 5 S5 0T
ZWT . 10 HRME S I I F R T A
AR Ik B, FLJR PR A AN B I A B AR B, —
AHFL IR A A AR, 7 BEAR (3t 7, FL ARG 45
RIS, EANIAE A, SRR B A
ik e %H%ﬁﬂﬂfn% B 1 1) e
Fil oAb, B b A —HAAEIR , APF Joik st
i b T TR IR AR X e AR i 3 S
PRAGHIEIE LB T XSk, AL 11 Al
K12 AT LA Y, SR FH PI+ 0 42 2 o B3k b A 7 A
Jei o R EE 3 T BH I A0, HEL VAL THID (B FRAEG
T 33%. ME 12T LIFE H, in A E i 45
S FEL O L AL BT 1) T 5% B R R el st | 7 [T o 7
R AR B T AT RO 3= R R A A
i SEBR _b A DL R A AR R 25 (T i
AT BN RR S i 8 sk Xof 30 T 1 2 1004 7 S 44
(AAME , RIT 3R 2R = RS AR FE

5 %

AR S X AR e 87 A X6 L I BT 6 14 S0, X6F
FRLRAE A BRI IR BT IR R I A 4 P2
oy B BRI SR AR I AT T RS
WHFE, WFFEESTE AT « DR AR PR H S R
| A P 1) A2 S, A g o T B
SR PLEZE I AN BEA i (0 1)L, P 1 R 58

FA(I0AMRE)  #A(I0 M!?H

Fa AR5 B8, S P T SRR o o R B M R R 9 B
1952) BT 173 T 52 G40 B BAT IR 708
W g, A3 A TR AR LM TS R A I B
o KH APF FEATAMESS , o IR L IR IR B 1E 7% )3
KRR, LT IE 5%, FL I THD Jl/hN31] 5% LA
L IEE TR P [ SRR

SE ik

(1] EIRZ o, XL, S i A JC T o A4 (M.
AU AU AR L i, 2006.

(2] B BB, 0T, 45, DRI AT R P ) g I
HL PR RE 20 A S ket ()], of AL BL TR A0, 2007, 27
(28):113-119.

[3] Chen B,Zha X, Gong J, et al. Realization and Improvement of
Repetitive Control in Rotating Frame for Active Power Filter
System [ J]. Applied Power Electronics and Exposion, 2010
887-894.

(4] #pdite, dha. 2T i PR AZ 54l A U5 0 DR p e o

FELT]. RA%5),2014,44(2) :55-58.

[5] Rshmani S, Hamadi A, Al-Haddad K. A Lyapunov-func-
tion-based Control for a Three-phase Shunt Hybrid Active Fil-
ter [J]. IEEE Transactions on Industrial Electronics, 2012,
59 (3) :1418-1429.

(6] Wbhie, SO, IR 5. 3R RS TF IR AT O
Ly ug s L] P E AL T AR, 2009,29(27) :29-35.

(7] B2 R A = ZRIRHT APF HL A B A b A58 (D ).
B AR, 2007.

(8] Tdhane, SEME, FNSE. A7 I 3 Uk a ry et o 5 47 i B
Pt (1], i THARSER , 2012,27(2) : 235-242.

[9] Asiminoaei L, Aeloiza E, Enjeti P N, et al. Shunt Active-pow-
er-filter Topology Based on Parallel Interleaved Inverters[J].
IEEE Transactions on Industrial Electronics , 2008, 55(3) :
1175-1189.

[10] Xie C,Wang Y, Zhong X,et al. A Novel Active Damping Method
for LCL-filter-based Shunt Active Power Filter[ C 1/ IEEE In-
ternational Symposium on Industrial Elcetronics, 2012 :64-69.

(1] e ak, A e, BRAaEe. —Fhplos o5 42 ] SR 72 APF o
BRI () ] e TR, 2011,26(10) : 110-117.

[12] VRIS AR, ki, 25, A7 U5 H T i el o A2 F5 e VR 14
BITJ]. RIEEEAR , 2012(2) :16-20.

[13] X%, E ik, 20t , 55, — A& & N E 2 il 7e 1 1 Y
AU I IE B BT I LT ], B HOR A4, 2012,
27(12):138-145.

[14] ZouZ, Wang Z, Cheng M, et al. Active Power Filter for Harmo-
nie Compensation Using a Digital Dual-mode-structure Repeti-
tive Control Approach [ CJ/IEEE International Symposium on
Power Electronics for Distributed Generation Systems, 2012
161-166.

Wik H 1: 2016-06-15
&R H 1: 2016-08-20
71



