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Fig.1 Simplified main circuit structure of NPC-type
three-level three-phase four-wire SAPF
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Fig.2 Nonlinear passivity-based control block diagram of NPC-type three-level SAPF
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Fig.3 Simulative results under balanced
three-phase voltage condition
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Fig.5 Simulative results under unbalanced phase of
three-phase voltage condition
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Fig.6 Experimental results under balanced
three-phase voltage condition
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Fig.7 Experimental results under unbalanced amplitude of
three-phase voltage condition
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three-phase voltage condition

w11 6 —8 WI UL, A ST # J7 ik 4% i T 89 SAPF
REA SCAME R DRI JC S LU, o U B e v 3k
B2, RINHRIE E M ZE R AV~0, HHAT R4f
MBI ASRETE . IR, BECEAE DL AY S50 25 R AL
UE 1A SCOT B A E SR 20

5 it

AICHE NPC B = H1 - SAPF HUBCARERI AT T
M, B T ARG SAPF Al £ J0 V5 1 S W 1) B
RV Ty %, 3 2k 3y B R 4 S 560 A5 2 DL R
4535

a. AR SR IR, #E57 T SAPF (1) EL
B HR T BEMH SAPF 1 P PR A2 H 3 58 4 i R
B TCIRF HIRLEE . AH EL A S0 PLES I, A SC
FITHE G 5 4 O 1k TG T 6T 3B O G OE U A i gk AT
SLELIN

b. JCURTE il 45 45 ke BT B AT S 80 R« T
851 1A I B e P T A ot - o E N5 W E N 14 2 ot )
oS- s/ AN SRR T DR A R X RS O AN TG Dy itk
TTAME, 52 B ) HL 9 OF 5% 1k, i — 25 BRI



g2 W1, % NPC = rl S A PR ) SAPF JE G JEI s e g 21
%\%O [ 9 ] REZKALLAH M,SHARMA S K,CHANDRA A et al. Lyapunov func-

c. MR L Ay A L EE, 5RO
SVPWM HriE £ /N o< 1 A R FH B (), B8 0% A 20 b 4k
R BN 7 H R A

SR FH TR AT 5 MR i () B R K R 5
BS80S PR R G0 h S A7 —SE AN TR S i
IR FR G K 800 AR Ak, DT B2 ) 42 i 2R
PRI, I 2 — 2 F 9 T8 B AS 1 5 DR 28 %6 G V45 il 52
W 19 73

P s L AR M 25 3% (http : // www.epae.cn) .
SE k.

[ 1] ACUNA P,MORAN L,RIVERA M,et al. Improved active power filter
performance for renewable power generation systems [ J ]. IEEE

Transactions on Power Electronics,2014,29(2) :687-694.

EEOE R, TR, 4. MM APF AMEHE TS % (HiT

SFOELT]. MR, 2014,38(10) :2919-2925.

GAO Fanqgiang,ZHU Haibin, LI Zixin et al. Extraction method of com-

—
NS}
[

pensation current reference for three-phase delta-connected active
power filter[ J]. Power System Technology,2014,38 (10) : 2919-
2925.

[ 3] kot igfid thadny A JFIRA YR B I 4% 1 — ey ] S
FE R ()], I RS A BhE,2015,39(5) :128-133.

YANG Xinghua, XIE Xingfeng, MA Jianli, et al. A high-reliability
control strategy for shunt active filter[ J]. Automation of Electric
Power Systems,2015,39(5) :128-133.

[ 4] 8T, NIBEVFAHE, 5. JE T o U5 H 0 R0 67 80 rh A0

HIBR IR 5 = A0 Uk il APF FEHISRME (1], 0 A shfkik
#,2015,35(1) :94-100.
LIANG Yingyu, LIU Jianzheng,XU Xingtao,et al. Three-phase four-
wire APF control strategy based on feed-current and feedback of
power supply current and load current detection[ J]. Electric Power
Automation Equipment,2015,35(1) :94-100.

[ 5] FENG L, WANG Y. Modeling and resonance control of modular
three level shunt active power filter [ J]. IEEE Transactions on
Industrial Electronics,2017,45(12) :1-10.

[ 6] JKE IR, EAM, K. TNPC BI6 R I 50028 # (9 PCHD £

eI (], P R LT RS0, 2014, 34 (34T 1) :204-210.

ZHANG Baile, WANG Jiuhe, ZHAO Fengjiao. The PCHD model

and control of TNPC PV grid-connected inverter[ J]. Proceedings of

the CSEE,2014,34( Supplement 1) :204-210.

BAME DROCTE  RAC A A5, JE T R TR TE A B = L P AT

FTuE AR R R B[] W R R 2014, 38 (11) : 3160-

3165.

HU Jian,CHEN Wenxian, CHEN Dongdong, et al. A neutral current

[7

[—

injection based neutral point potential control strategy for neutral
point clamping based tri-level shunt active power filter[ J]. Power
System Technology,2014,38(11) :3160-3165.

[ 8] igge, LAV, Bhm, 2. = A5 5 AL 7 6 B 2230 (X
e S ALY ] B A Sk, 2017,37(11) :99-103.
HUANG Haihong, JJANG Niantao, HUANG Nannan, et al. Dead zone
effect analysis and compensation of three-level active power filter

[J]. Electric Automation Equipment,2017,37(11) :99-103.

[10]

[11]

[12]

[13]

[14

[

[15]

[16]

[18]

[19]

[20]

tion and sliding mode control approach for solar-PV grid interface
system[ J]. IEEE Transactions on Industrial Electronics, 2017, 64
(1):785-795.

LI T,FEI J. Feedback linearization control of a shunt active power
filter using a fuzzy controller[ J]. International Journal of Advanced
Robotic Systems,2013,10(9) :332-338.

o, AR UK. JCE R g O B TR A A TR 1B AR I T
WEFERILI]. B RG A SN, 2013,37(7) :108-112.

MENG Chao, LI Po,HONG Yonggiang. A novel passive control stra-
tegy for transformerless shunt hybrid active power filter[ J]. Auto-
mation of Electric Power Systems,2013,37(7) :108-112.

VR, SURIIR XS . LT i A L R S AT AL HAPF S
HIriE[J]. 1 A8l #,2016,36(5) :55-60.

XU Sheng, FEI Shumin, ZHAO Jianfeng. Novel HAPF resonance
suppression method based on capacitive current feedback[ J]. Elec-
tric Power Automation Equipment,2016,36(5) :55-60.

EARM, W51, AL AN T 7 A v 8 PWM. 4 3 e 42 1l S s
[T]. HE AL TR ,2011,31(18) : 14-20.

WANG Jiuhe, YANG Xiuyuan. Control strategy of voltage source PWM
rectifiers under unbalanced voltage conditions[ J]. Proceedings of
the CSEE,2011,31( 18) :14-20.

MEHRASA M,LESAN S,EMENI S N H, et al. Passivity-based con-
trol with dual Lagrangian model of four-wire three-level three-phase
NPC. voltage-source rectifier[ C] // Compatibility and Power Elec-
tronics. Badajoz,Spain;IEEE,2009:411-418.

ThG K ox gy SRARFR A5, DT ) S AR B T 1 e ot —
MR ELAEA PR T UM AR P A B[ T ). AL R, 2015, 39
(5):1419-1424.

MA Xing, LIU Huijin,ZHANG Zhenhuan, et al. Application of pas-
sive control strategy in single-phase active power filter for harmonic
and inter-harmonics unity compensation[ J]. Power System Tech-
nology ,2015,39(5) :1419-1424.

FEAH. HLBEE s S H G IR [ M. J T B2 A
2013:59-76.

BEAE, B C BT ICIRME Y I 6 B A PSR A 19 58 0 v A
M1, 1 A sl ki ,2011,31(9) :60-64.

XUE Hua,WANG Yufei. Passivity-based adaptive sliding mode control
of shunt active filters[ J]. Electric Power Automation Equipment,
2011,31(9) :60-64.

MISSANDA A,AL-HADDAD K,MENDALEK N. Nonlinear control
of three-phase three-level four-wire NPC converter[ C] /2016 IEEE
International Conference on Industrial Technology (ICIT). Taipei,
China;IEEE,2016:1254-1259.

IME ke FLAZE, 4. = HOT APF T H 25 i e s ol F 5
[7]. 7R 2011,45(5) :49-51.

SUN Hua, ZHANG Xiao, KONG Lingjun, et al. Research on the
control algorithm of DV capacitor voltage for active power filter with
a three-level inverter[ J]. Power Electronics,2011,45(5) ;:49-51.
HERE, T TR, 4. JE T 548 L W R AIE ) OF IR A
LA, 3 B A5 A8 i EUE BT AT o A Bk
£,2013,33(10) ;90-94.

TIAN Mingxing, YANG Xuesong, YAN Hong, et al. Calculation for-
mula of AC inductance rating of shunt active power filter based on
harmonic characteristics of load current[ J]. Electric Power Auto-

mation Equipment,2013,33(10) :90-94.



122) & 0 8 % w it % %39 3%

EE® T BFZ(1990—) , %, LA REHRAE X FT @A
A28 (1965—), F i HmA W) AL BB H AR IR A AR
BIRT @A RGO FH AR KOF(1992—), & R REEA AR E R
F2 4 | kit dsH) Z 8 A (E-mail ; chengqiming@ B R B AL
. sina.com); W2 (1992—) &, RHGERA R LR A R
MBS (1993—) , 4, A FA, M GALHR% B FRRA BIEH,
Y B N R I RO PR A & OAC1993—), B i NA R R A R
B SHAL H7 LR L B €1k ) R B AL SR

Nonlinear passivity-based control strategy of NPC-type
three-level three-phase four-wire SAPF

CHENG Qiming' ,SUN Weisha' ,CHENG Yinman®,ZHANG Yu',TAN Fengren', GAO Jie'

(1. Shanghai Key Laboratory Power Station Automation Technology Laboratory,
College of Automation Engineering,Shanghai University of Electric Power, Shanghai 200090, China;
2. College of Electronics and Information Engineering, Tongji University , Shanghai 201804, China)

Abstract : A nonlinear passivity-based control strategy of SAPF( Shunt Active Power Filter) is proposed to overcome
the shortcoming of linear controllers dependent on local linearization method. Firstly, according to the EL ( Euler-
Lagrange ) mathematical model of the controlled object in the dg0 coordinate system,the passivity of the NPC( Neu-
tral-Point Clamped ) -type three-level three-phase four-wire SAPF is analyzed. Secondly,the energy storage function
is constructed ,and the passivity-based control law that ensures the controlled quantity converge to the expected value
is obtained from the energy point of view. Thirdly,the damping injection method is employed to simplify the design of
the system and further improve the dynamic performance of the system,which contributes to the decoupling of inner-
loop current. Finally,the simulation and hardware experiment of the nonlinear passivity-based control of the proposed
NPC three-level SAPF are carried out. Simulative and experimental results show that the proposed NPC-type three-
level SAPF based on nonlinear passive control strategy can effectively achieve low-order harmonic current, DC-side
voltage stability and neutral-point voltage balance in cases of both balanced and unbalanced power grids.
Meanwhile , compared to the traditional PI control, the proposed control method exhibits a superior compensation
effects.
Key words : three-phase four-wire system ; SAPF; passivity-based control ; Euler-Lagrange model ; neutral-point voltage
balance control junbalanced power grid
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A load clustering algorithm based on discrete wavelet transform and fuzzy K-modes
ZHANG Jianglin? ,ZHANG Yachao® ,HONG Juhua',GAO Hongjun',LIU Junyong'
(1. College of Electrical Engineering and Information Technology, Sichuan University , Chengdu 610065, China;
2. School of Control Engineering, Chengdu University of Information Technology , Chengdu 610225, China;
3. State Grid Chongqing Qinan Power Supply Company, Chongqing 401420, China)
Abstract;In order to study the power consumption modes of users under the background of smart grid,a fuzzy
K-modes clustering algorithm based on discrete wavelet transform is proposed considering the deficiencies of existing
clustering algorithms. The load curves in the time domain are converted to the frequency domain by the discrete
wavelet transform,so that the different features of load curve can be isolated at different frequency domain levels.
The effective component curves of the primitive curve are selected by the idea of lower order approximation. The
selected component curves are coded and the continuous load data are translated into discrete attribute data. The ini-
tial clustering condition is determined based on average density and the shapes of curves are clustered by the fuzzy
K-modes clustering algorithm, based on which,the load curve forms are obtained. The effectiveness of the proposed
algorithm is verified by comparing it with the traditional K-means algorithm and the hierarchical clustering algorithm.
Key words :smart grid;load clustering; discrete wavelet transform; fuzzy K-modes clustering algorithm ; power con-

sumption mode
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Table 1 Simulation parameters of NPC-type three-level three-phase four-wire SAPF
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