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Research on Design and Control Strategy for UPQC Based on
Supercapacitor Energy Storage for Pulse Load

WANG Meng, HUANG Xixia, SUN Cheng
(Institute of Logistics Science and Engineering, Shanghai Maritime University, Shanghai 201306, China)

Abstract: Aimed at the voltage distortion and current distortion of power grid with pulse load, a three-level unified
power quality conditioner(UPQC) with supercapacitor energy storage is designed. A method based on artificial neural net-
work is proposed to control the series and shunt compensation units, and a method based on double closed-loop PI con-
trol is used to control the supercapacitor energy storage unit. The series compensation unit compensates voltage to main-
tain the stability of load voltage and ensure the power demand of load, while the shunt compensation unit compensates
current to maintain the stability of supply current and avoid the continuous and large impact on power grid. The super-
capacitor energy storage unit charges and discharges on the DC side to maintain a constant voltage on the DC side and
ensure the normal operation on the series and shunt sides. The proposed method eliminates the complicated coordinate
transformation process and avoids the phase lag caused by multiple filters. Simulation experiment results show that the
proposed topology and control strategy are helpful for improving the power quality of power grid with pulse load.

Keywords: Pulse load; unified power quality conditioner (UPQC); supercapacitor energy storage; artificial neural

network
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its control strategy
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Fig. 2 Pulse load experimental model
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Tab. 1 Relationship between IGBT working state and

output voltage
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Fig. 4 Topology of supercapacitor energy storage unit
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Fig. 11 Amplitude of supply voltage and load voltage at four time intervals
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Tab. 2 Compensation effect of shunt unit when

N

changing the duty cycle

Hias THD/%
(J&11 60 ms) Uik 4R AL V5 L
0.2 23.53 3.23
0.4 32.93 5.26
0.6 35.30 6.72
0.8 34.11 9.13
1.0 25.70 9.37




240 25 b

27 Eire 5502 %

®3 BEAMRFERKATHIMENR
Tab. 3 Compensation effect of shunt unit when
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J 8 /ms THD/%

(H25 1 0.4) e L Hh U5 3
20 24.81 4.82
40 31.52 5.06
60 32.93 5.26
80 29.19 5.39
100 34.80 5.18
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