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Development of Leakage Current Reduction Method
in 3-Level Photovoltaic PCS

Seongeun Han!, Jongmin Jo',

Hyunsung An', and Hanju Cha'

Abstract

In this study, a reduction method of leakage current in a three-level photovoltaic power—conditioning system
(PCS) is proposed and verified by simulation and experiment. Leakage current generation is analyzed through
an equivalent model of the common mode voltage considering a significant parasitic capacitance existing
between the photovoltaic array and ground. A leakage current reduction method using pulse-width modulation
(PWM) method is also proposed, and a 10-kW three-level photovoltaic PCS simulation and experiment is
performed with a 1 pF parasitic capacitor based on 100 nF/kW. The proposed method using the PWM method
is verified to reduce the leakage current by 73% compared with the conventional PWM method.
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Fig. 1. Configuration of the 3-phase 3-level NPC-type inverter
system.
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Fig. 2. Common mode voltage equivalent circuit.
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Fig. 3. Space vector diagram of 3-level inverter.
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TABLE I
COMMON MODE VOLTAGE ACCORDING TO VOLTAGE
VECTOR
Large Medium Small Small
Vector Vax Vector Vou Vector Vou Vector Vou
PNN | -Vpe/6| PON 0 POO | +Vpo/6| ONN | -Vpo/3
PPN |+Vpo/6| OPN 0 OON | -Vpo/6| PPO [+Vno/3
NPN | -Vpe/6| NPO 0 OPO |+Vpo/6| NON |-Vpo/3
NPP | +Vpe/6| NOP 0 NOO |-Vpo/6| OPP | +Vpo/3
NNP | -Vpo/6| ONP 0 OOP |+Vpo/6| NNO |-Vpo/3
PNP | +Vpe/6| PNO 0 ONO |-Vpe/6| POP |+Vn/3
000 0 NN\N |-Vpo/2| PPP | +Vpo/2
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Fig. 4. Comparison of PWM method.
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Fig. 5. PSIM simulation.

TABLE I
SYSTEM PARAMETER
Parameter Symbol Value
DC Link A% 500V
Switching frequency f 10kHz
L filter L 1.43mH
Parasitic capacitance C 1pF
Grid Voltage Ve 220Vrvs
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b Mt
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Fig. 6. Simulation result for comparison of conventional
PWM with proposed PWM.

7] w2913 Fug g AR gl Skt
= BA7} SN ok whA A 2~Elo A A|eket
PWMS o] &atd TeR=Mt 3 FARFY 278

Az % 9k
4. MgaolM 2}
3% 3d™ NPC-EFY IHE PSIM A&

% 5
del A& ekl gom FAAR A7 A
g5 Agatrlel oA PSIMS w3l AlEdolds 13



60 The Transactions of the Korean Institute of Power Electronics, Vol. 24, No. 1, February 2019

[ I
Inverter

Fig. 7. Configuration of experiment.
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Fig. 8. Experiment result for comparison of conventional
PWM with proposed PWM.
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