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Abstract: To improve the harmonic current compensation performance of the active power filter (APF) and reduce
its cost, we develop a hybrid active power filter (HAPF) consisting a passive filter and an active power filter in series,
which permits a lower DC bus voltage and greatly reduces the rating of active power filter. For the mathematical model
of this combination, we construct a Lyapunov function and select an appropriate control law to make its leading function
negative definite, so that the steady tracking for harmonic current is realized. According to the requirements on robustness
and tracking performance, we derive and determine the turning range and the optimal value of the control gain. An auto-
disturbance-rejection proportional integral (ADR-PI) control is adopted in the outer DC bus voltage control loop which
efficiently enhances the ability in resisting load disturbances. Finally, the simulation and experiment validate the feasibility
and the superiority of the control strategy.

Key words: active power filter; modeling; Lyapunov function; robustness; auto-disturbance-rejection regulation

1 5|3 (Introduction)

TR A YR ) JED: 4% (hybrid active power filter,
HAPF) H T L BE R VR PR TCThAME T, 3 U5
JEI #% (active power filter, APF)FIJCYR U I 2% P & 1Y
PR, PN A 2 8 i e i s A U T Br
— U= SRR (SR T A AV E NS THAPE,
TS AL, XM b A58 1A IR o T 2L
AT /N ZE B, SCHER (6132 T F i/ NI #APF S
YAV TG YR 8 0 i AR S N HL I IRTHAPF. 10
VS VB AMA ] LUAG R A2 AR G 1k A 280 AR R T IR
W, AT AAMETC ), ToUR S I AR A2 T 4
B B0 s, AT RORBRAIR T L3 P 2 F R 1)

Wk F43: 2013 —07—24; HH: 2014—04—29.
T35 /E% . E-mail: dr_-whan@163.com.

S BRI SCHR A, T RME A SR SR
SR, I T A S IR A RS B,
X FADh X PR ER PR BB B — 1 RE . Ak, Bk Bk
Z 1 9E 26 1 5 1 07 15 N T APFES il & 48 1) i
7121 Lyapunov pR £ 5 e T ARk MR I I A
J7 1k, Ca g N H T2 B APFR AME2 HL 38 1) R R 48
U316 SCHR (1718 58 T — B 3k F-Lyapunov e £ 1)
HAPFIE B U R 42 ol e, 10 AN R 2R 2 A 2&
PR A A T A M, A T B RS S )
APRERPERE. FLrh, 55 25 (10028 HOR 8 o e e
RGN AL B AT IV, SEFr B RS HFE IR,
R, 107 %Y.

AT EFARRREEA I H (51467017); 52T RIS A2 I H (2013MS0922); 155 R R R4 % Wi H

(NMD1307).



59 1)

AR B5T Lyapunov BTG TG R H8 2 2 Tl SR ek

1175

ASCWFFE T — TP SO e JC U5 0E B £ 15 APFHR B
J5 FEIRHEEN L W [HAPFAf b 3X 40 b A VP UL
NI ELRAN I, BRI T BUKOK FRAR T SCa A A B
REZG A RS A . ASSCIE ST, 1 AR JC ISR o
7E W I = A0 JF 1D T HAPF ) B 2 A 0, /E — AHEZ W
Ji - FIRCTH 2R AT, 33 PARK AR #1571
WG B B TRy, AE st SR AL B s T R G
Lyapunov B 28, T8 E #E S, e OE 4 42 il 3L &
BRI UE, TS R GE REME RS e HUER R I S5 AL
AT N FR G S AT R R R RE 1) AR B R
gt T e S e B ] A A0 A e B R
UL AN O SZ NV R N AR i b O W A 8
4F £k % H $T L PI (auto-disturbance-rejection propor-
tional integral, ADR—PI) i} 15 8%, A X038 s i) 41 2,
AR BN L s 3 B P R RE )
2 =HHHAPF# b 45 # 5 E BE(Topology and

modeling of the three phase HAPF)

2.1 bt K H 3B (Topology and analysis)
ASCHFFUIN = HHAPF 3 A S5 W B LR, &

HLEG E— AN/ NI A2 () APFS — AN TG UE D 28 2 £
SR . X Tl 255 4] 1R D8 D e e LA B PR LA, o
BR T =38 R I L gk B i R R A

1) S H I FEL BT AN TG Y D88 2 1R) A A= B G 1%
P, PRI LEAT PR s il SR mes s gl N T JG IR A RIR
BERER.

2) APEFBM TS s IR, T
I3 VEVE S U I A M DB B A%, 0 B8 B K IR )k
oy HETAME.

3) U H R R TG IR A AR, My AT CARE
AT (P Ty 2 5528

AL B AN H A R 120V, UK 3 G0
s BB S E WS ARG B BE, IS
RN, TR DR P S R S R L
1.27 Q F10.05 Q, #7 Jo U5 3 B HL B b0.15 Q, A K
MEA 2 T 7/8 I AH H Hs, £ FL 380 VIR, HL BRI AT 5
P93 7R 52 IR AH LT K20 28 V. R AR TR 4 1 BR i e
fit, ELULM A s R OZAE I35 LA L, g5 50 155K
AR SCIEI A 120 V.

11

GG

e, WeEs #F Lyapunov d,d,d, Pt
EBPRAEE > BB B |
SHU M B

BT RS AT e B A SR
Fig. 1 The sketch of the shunt APF system
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IDRALIEI, FE AR e T o i e X
J(on, ) = 1 i Mad, + Aoxd,,  (18)
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4 HHEEHEHIRK P PLIATY (Auto-dis-
turbance-rejection PI regulation of the DC
bus voltage)
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Fig. 2 The voltage auto-disturbance-rejection PI regulator

5 4 543 Hr A1 5L % (Simulation analysis and
experiment)

hy B IE A ST i 428 1] S 1K) R AT 1k R R,
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5.1 FRANFIRMEBUER (Compensation performance
in steady state)
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Fig. 3 Compensation performance in steady state
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Fig. 4 a-phase grid current spectrums after compensation
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5.2 SR A AR AL I #2580 R (Compensation
performance when the load changes)
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Fig. 5 Comparison of harmonic compensation dynamic

characteristics
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Fig. 6 Comparison of harmonic compensation dynamic

characteristics
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Fig. 7 The DC voltage curve without ADR-PI control

5.3 SEEEAE (Experimental verification)
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Fig. 8 The related waveforms before and after compensation
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Fig. 9 Grid current waveforms before and after compensation

6 %5 iE(Conclusions)
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