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current, the proportional-resonant (PR) controller is adopted to 
control the grid current. The output of the current controller is used 
to generate the voltage references of the upper and lower capacitors, 
which is shown in (5) and (6), respectively. In addition, the dual-
loop controllers are used to control the boost inverter, where each 
double-loop controller has an inner current control loop and an 
outer voltage control loop. The PI controller is applied to control 
the inductor currents, while the PR controller is adopted to regulate 
the capacitor voltages.  

 
3. Simulation Results  

To verify the effectiveness of the proposed circuit, the PSIM tool 
has been used to carry out the simulation test for 600 W PV power 
converter system. The system parameters are listed in Table I. It 
should be noted that only 50 µF capacitor is used in the DC-link. 

Fig. 3 shows the control performance of the PV power converter 
system at steady condition, in which the system is operated at rated 
power with a solar irradiance of 10 kW/m2. It can be seen from Fig. 
3(a) that the output power accurately tracks the maximum power 
produced in PV system. The DC-link voltage is shown in Fig. 3(b), 
where the ripple is about 3% compared with the MPP voltage value 
of 168 V. Also, the grid current is controlled to be sinusoidal at 
unity power factor, as shown in Fig. 3(c). The capacitor output 
voltages are shown in Fig. 3(d), in which the actual voltages are 
regulated toward the references. Fig. 3(e) shows the inductor 
currents, which are kept closely to their references. As shown in 
Fig. 3(f), the leakage current is very low, where its rms value is 
about 21 mA. It is far below the limit of 300 mA. 

The dynamic response of the system is shown in Fig. 4, when the 
irradiation is suddenly changed from 1 kW/m2 to 0.5 kW/m2. It 
can be seen that the whole system is kept stable. The leakage 
current of the PV system is shown in Fig. 4(d), where it is always 
in a very low level.

5. Conclusions 
In this paper, a single-phase transformerless PV power converter 

system has been presented, in which the leakage current can be 
eliminated without any additional devices. In addition, the inherent 
pulsating power in single-phase PV inverter has been also solved 
by modifying the capacitor voltage waveforms so that this 
pulsation component is absorbed by two output capacitors. 
Therefore, a small film capacitor can replace the bulky electrolytic 
capacitor. The effectiveness of the proposed topology has been 
verified by simulations results. 
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Fig. 2. Control block diagram of PV power converter systems 

TABLE I. PARAMETERS OF PV POWER CONVERTER SYSTEMS 

Parameters Symbol Value 
Power rating Pn 600W 
Grid voltage Vs 220 V (RMS), 60 Hz
PV voltage VMPP 168 V 

Grid inductance Lg 500µH 
Output capacitance C1, C2 70 µF 

DC-link capacitance Cin 50 µF 
Input inductance L1, L2 500 µH 

Switching frequency fsw 20 kHz 
Parasitic capacitance CPVg 110nF 

Ground resistance RGND 10  
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Fig. 3. Control performance of PV system at rated power condition. (a) 
PV maximum power and PV output power. (b) DC-link voltage. (c) Grid 
current and grid voltage. (d) Capacitor voltage. (e) Inductor current. (f) 
Leakage current. 
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Fig. 4. Responses at a stepwise decrease of solar irradiance. (a) PV 
maximum power and PV output power. (b) DC-link voltage. (c) Grid 
current and grid voltage. (d) Leakage current. 


