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Double closed-loop control of PWM rectifier based on /., and L, disturbance suppression

REN Pengfei', GENG Shiyong®
(1. College of Electrical Information and Engineering, Henan Institute of Engineering, Zhengzhou 451191, China;
2. School of Electric and Information Engineering, Zhongyuan University of Technology, Zhengzhou 450007, China)

Abstract: To reduce the influence on the stability control of the PWM rectifier caused by model uncertainty and external
interference, a new double closed-loop control method based on H,, and nonlinear L, disturbance suppression is proposed.
In the voltage outer control loop, Bruno-standard linear equation is established based on voltage derivation and power
derivation, and the linear optimal control solution is obtained based on objective holographic feedbacks. In the current
inner control loop, the nonlinear L,-gain control method is used, which effectively restrains the influence on the
wide-range operation stability due to aforementioned reasons. Simulation and experiment results show that the new
control method can quicken the stability speed of rectifier output voltage and current tracking ability of unity power factor
significantly compared with traditional proportional integral control method, which is important to improve the dynamic
stable and control ability of PWM rectifier.
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Fig. 1 Topology structure of PWM rectifier
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Fig. 2 Two closed-loop control of PWM rectifier
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Fig. 3 State variation curves by PI control
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RS K, 2

KT HL A Ly T A PWM 37 5% X0 b FR 4 )

- 47 -

Y bl L LI LA LRI ENE]

MAAAAMAAAAAAAAAAAAAAAA. |

2] n [ 190m: : LOOMT/F / ]
L 3 | LN 140my

[ #H FHH L TR [ S EE |
L EESE

6 TAERERTEIR B E R ZIRAN BRI
Fig. 6 Waveform of commutating voltage and AC input

current when load suddenly changes

P 5 A%, PWM 38 i A\ FAS i HL S
LR FEDIR A 1 FPRES,  BAT 54 DR R4
PRE AL, AT RAT R R R . B 6 nl4, 44
BGRIE NI, BN FEI A A FL I M i O 1
Tt T By 8 37 v s 428 3o 2 o ) B TR0 B e E T B0 ML
DRR LI BE— 2P I0AIF T BT 7V i IE A

4 i

ARG PWM BRI B AA A AR 2k L At
RIAEE VE RSN T PORAE, SR T —F3L T H,
FHRZNE Ly 39 2 428 OO AP 07 2% 856 H bR
G TSRO, Vvt 175 v sl 22 A0 g 3 it 2 XU
T2 TR AR, i T R MEaATERe: RMAE
LMk Ly 3 25 FEUR N R, A0 TR AN
PEXT PWM B P25 R 5200 o 117 H RN SEB6 45 SRR 1]
FITRE R X AR T ik Re W 3 v PWM 4% i
Y L s 1 R 3 S8 R L7 )y o4 DA S L R T L
HAT DL] S FAIC PWML #3028 i A AT Ut FLURE )3
B AP E R S PWM B2 A e 5 B
Jitke 7RI UEMI SRR S R — DA T iR
WIRFNEER S G
SE 3k
(1] SRR, SCHfe, BR5, & S XRS5 A DU

AN RG] R0 BB,

2013, 33(10): 8-15.

WU Chenxi, WEN Fuquan, CHEN Yong, et al. Probabilistic

load flow of power system with WFs, PVs and PEVs[J].

Electric Power Automation Equipment, 2013, 33(10): 8-15.
(2] ZWhoH, ZOM, FRIILE, 45 ZHLARSTHSTATCOM 5

e BB I AR S E 7 B 2 B vh (0], HREOR,

2016, 40(8): 2350-2356.

LI Xiaocong, YUAN Hui, CHEN Mingyuan, et al.

Nonlinear decentralized coordinated control of STATCOM

[3]

(4]

(6]

[7]

(8]

[9]

[10]

(11]

and generator excitation for multi-machine power systems[J].
Power System Technology, 2016, 40(8): 2350-2356.
GUO Wenming, MU Longhua. Control principles of
micro-source inverters used in microgrid[J]. Protection
and Control of Modern Power Systems, 2016, 1(1): 56-62.
DOI: 10.1186/s41601-016-0019-8.

BIE, TR, VT, & BT OGHEPR RIS BT RE
IR & Vet (7], i RGP S, 2015,
43(16): 118-125.

ZHAO Shuang, LIU Fei, SUN lJianjun, et al. Parameter
design of testing platform for new energy grid connected
devices based on improved PR controller[J]. Power
System Protection and Control, 2015, 43(16): 118-125.
sKaEIE, B g gt HL I VSC-HVDC R ST
PR H SRS TU ). I R R 58], 2016,
44(6): 104-110.

ZHANG Wugi, LU Yang. Emulation inertia control
strategy for VSC-HVDC supplying weak network[J]. Power
System Protection and Control, 2016, 44(6): 104-110.
EA. R R PWMARR A3 1 AR e rE kM. b st
HUBR o HificAL, 2015: 31-32.

N, WK, B, A& BT H PR B B
STATCOM 5 K HMLIaHL K 22 H bR AR LA B 26 ].
HL RS H 4, 2013, 41(17): 109-115

LI Xiaocong, XIE Zuibing, XIAO Ming, et al. Multi-
objective coordinated control for STATCOM and generator
excitation based on objective holographic feedbacks[J].
Power System Protection and Control, 2013, 41(17):
109-115.

FIZH, AR, ARG R R PWMAR S A%
P G REFERIIT T[] W% S), 2015, 45(11): 41-45.
DU Yunchao, SHAO Tianzhang, GU Zhifeng. Research
on optimal H,, robust control of the three-phase PWM
rectifier[J]. Electric Drive, 2015, 45(11): 41-45.

Bl WHEEE, ARAESR, S BT 2R g R PR
“APWMAESR A AR LRI, TR 4R, 2016,
31(4): 79-87.

LU Xiang, XIE Yunxiang, DU Cunbing, et al. Nonlinear
control of three-phase PWM rectifier based on multi-sliding
mode variable structure control[J]. Transactions of China
Electrotechnical Society, 2016, 31(4): 79-87.

DIAO Liang, WANG Dan, PENG Zhouhua, et al. Neural
dynamic surface control for three-phase PWM voltage
source rectifier[J]. Lecture Notes in Computer Science,
2015, 937(1): 28-35.

AR, eIk, LA I R LS 7Y P WM AT 2 TR
G IGIRFERII]. L HORZEHR, 2015, 30(8): 159-166.
WANG lJiuhe, MU Xiaobin. Hybrid passivity based control



_48 -

@A &R B R

[12]

[13]

[14]

[15]

of voltage source PWM rectifiers under unbalanced
voltage condition[J]. Transactions of China Electrotechnical
Society, 2015, 30(8): 159-166.

LR, a0, AR, 5. B A Ge S R
BIF B PWM B G2 B SRS (1], W T ROR
i, 2015, 30(8): 151-158.

JIANG Weidong, LI Wangmin, SHE Yangyang, et al.
Control strategy for PWM rectifier based on feedback of
the energy stored in capacitor and load power feed-
forward[J]. Transactions of China Electrotechnical Society,
2015, 30(8): 151-158.

RV, RYEE, K. LT 305 735 FE 1) 5 A
PWM #8588 ELEC DR PEHI[]. ) RGERY S,
2017, 45(5): 38-44.

SONG Pinggang, ZHU Weichang, GE Wang. Differential
flatness based direct power control for single-phase PWM
rectifier[J]. Power System Protection and Control, 2017,
45(5): 38-44.

Mo, L, I, . WU AYPWMARGR A 0 2
AT B e T R [T, B L RAR R, 2015, 30(4):
121-128.

YE Hongzhi, JIANG Yan, HUANG Shoudao, et al.
Deadbeat predictive direct power control for three-phase
voltage source PWM rectifiers[J]. Transactions of China
Electrotechnical Society, 2015, 30(4): 121-128.

SRURTE, JHEE, skibete, A& AN BBk vE R R LA
I EPHAERIT. B RS ABNML, 2011, 35(16): 86-93.

GUO Yuangbo, ZHOU Xin, ZHANG Xiaohua, et al.
Auto-disturbance rejection control for three-phase
voltage-type PWM rectifier[J]. Automation of Electric
Power Systems, 2011, 35(16): 86-93.

[16] A%, KK, R, & 2RSS HRIZEHRIR

B b SN R I]. EhIERE SN, 2013, 30(7):
856-862.
GU Zhifeng, ZHU Changqing, SHAO Tianzhang, et al.
Robust adaptive control for the excitation system based
on total-state-parameter optimum control[J]. Control
Theory & Applications, 2013, 30(7): 856-862.

(17] 58, KK, #0RE, & SKEREONMM s

B R L2 PR (). LR 5 N, 2016,
33(2): 257-264.
GU Zhifeng, ZHU Changging, SHAO Tianzhang, et al.
Adaptive L2 excitation control with K-class functions
and additional control variable[J]. Control Theory &
Applications, 2016, 33(2): 257-264.

s EH#A: 2017-04-21; f&= HHj: 2017-06-13
fEE B
1EM% (1982—), B, Hid, #HIF, MR F@ AL b
FAE £ 4445 %); E-mail: rpf_hngexy@163.com
K#F (1982—), F, ML, TRF, HRIEAAHLH
RGAL I H| AT
(44 2R m)



	DOI: 10.7667/PSPC170586 
	基于H∞和L2干扰抑制的PWM整流器双闭环控制 
	Double closed-loop control of PWM rectifier based on H∞ and L2 disturbance suppression 
	2.1 基于目标全息的线性最优电压外环设计 
	基于PWM整流器控制的目标：整流输出电压稳定、输入输出功率平衡，依据目标全息控制方法[5]，结合式(6)，可构造以下布鲁诺夫斯基标准型为 
	        (9) 
	式中： ； 。 
	取电压外环控制的输出y为 
	          (10) 
	式中， 。 
	2.2 基于L2干扰抑制的电流内环设计 

	GU Zhifeng, ZHU Changqing, SHAO Tianzhang, et al. Adaptive L2 excitation control with K-class functions and additional control variable[J]. Control Theory & Applications, 2016, 33(2): 257-264. 



