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ABSTRACT

“his paper preents a single-phase transformerless photov sltaic
(PV) power conv :rter systems based on the A */DC boost inverter,
which is capable of solving the leakage curre1t and second-order
ripple power iss es. By eliminating the inherent ripple power in
single-phase inv:rter, the bulky electrolytic capacitor can be
replaced by a s all film capacitor. The validity of the pro josed
sc leme has been serified by the simulation results.

1. Introduction

Jowadays, gril-connected PV system, par:icularly low-power
traasformerless s ngle-phase PV systems become more imp jrtant
in field applicati ns. In this system, the leaka ;e current may flow
due to lack of gal sanic isolation, which should »e carefully haadled
to comply with the standard. So, many to)ologies have been
pr posed to eliminate the leakage current in transformerless single-
phase PV syste 1s [1]. However, in these systems, addi:ional
de 7ices are requi ‘ed, which increases the system complexity, cost,
an 1 power losses.

Jeside the leakage current issue, there is a critical problem of
second-order ripyle power in single-phase inverter. Nor aally,
bulky electrolyti: capacitors are usually uied to absorb this
pulsating power so that the DC voltage is <ept at a rela:ively
coistant. This, however, results in a large converter size,
coisequently, lo 7 power density. In recent ti 1e, a large of active
method is suggested to reduce the DC-link cap citance requir ‘ment,
heice the film capacitors can be used instead of electrolytic
capacitors [2]. Infortunately, the auxiliary circuit with ictive
co nponents is re [uired, which increases the power losses, co t and
the complexity o " the system. In [3], the boost DC-AC inverter is
presented for fuel-cell systems, in which the second-order current
ripple in DC side can be reduced.

In this paper, a single-phase transformerless PV power con serter
baied on boost )C-AC inverter is proposed, which can suppress
the leakage curre 1t remarkably without any ad .itional components.
Also, by properl * controlling the capacitor vo tages, the pul .ating
power componen : can be absorbed by the two output capacitors of
the inverter, ther by minimizing the DC-link capacitor. Ther :fore,
the film capacitors can be adopted instead of using electrolytic
capacitor. The validity of the proposed sch:me is verified by
simulation results.

2. Circui: Configuration and Control Scheme
2.1 Single-phase transformerless PV power converter systems

‘he configuration of single-phase transformerless PV ower
cowerter system . is shown in Fig. 1. The inv :rter consists of two
bidirectional boost converter, where their oitput terminals are
comected in series. The output voltage of tie boost inverter is
given by

v, = v, =V sin(wt) (1)

where V, is the rms values of the input voltage and @ is the

Fig. 1. A single-phase transformerless grid-connected PV system.

line angular frequency.
Voltages across the output capacitors C; and C, are required to
follow their references v, ,,and v, ,, giv:n by (2) and (3),

res rectively, in or er to achieve t 1e required outout voltage

V. .
Vor_rer = Vot ?sm(a)l) )

V. .
Vor s =Va _Tjsm(aﬂ) 3

;

whre V, >V, + T‘ is the offset in the output capacitor voltages.

It is assumed that the input current is sinusoidal as
i, =1 sin(et) . Then, the instantaneous input power is

p, =V, sin(w')x I sin(wt) = % - %cos(Zwt). )

It can be seen that there is an inherent pulsati1g power in single-
phase system, whi:h is reflected nthe cos(2w¢) term. In order to
decouple the dou)le-line-frequency component in (4), the upper
and lower capacitor voltages need to be modified, respectively, as

®)

Vor_rg =Vat %sin(wt) + Bsin(wt + 51

(©6)

V. . .
Vor rer =Va —?‘sm(a)t) + Bsin(awt + 9

wh re the amplitu le, B, and the phase angle, 3, of the compensated
co ponents is derived as
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2.2 Proposed control method for PV power converter system

Fg. 2 shows the control block diagram of the PV power
converter systems. The MPPT control method 1sing P&O (perturb
and observe) algorithm is adopt :d to extract the maximum power
proluced in PV system. Next, the phase-lo k-loop is used to
proside a unity power factor operation which involves
syn:hronization of the inverter o itput current w th the grid voltage.
To achie ¢ the sinusoidal input
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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 P, 600W
Grid voltage Vs 220 V (RMS), 60 Hz
PV voltage Vipp 168V
Grid inductance L, 500puH
Output capacitance C, C 70 uF
DC-link capacitance Ci 50 puF
Input inductance L, L, 500 pH
Switching frequency fow 20 kHz
Parasitic capacitance Crrg 110nF
Ground resistance Renp 10Q
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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. (¢) Grid
current and grid voltage. (d) Capacitor voltage. (e) Inductor current. (f)
Leakage current.

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.
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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.

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 1. It
should be noted that only 50 pF 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/m?2. 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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