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Abstract - In this paper, a single-stage grid-connected fly back micro inverter is proposed. The proposed fly back micro

inverter has some advantages such as high voltage gain, high efficiency, low cost, small size, simple control and high power

factor. The proposed system is used to connect the PV panel to the grid with achieving maximum Power Point Tracking

(MPPT) control. The converter operates in DCM to inject a sinusoidal current into the grid with unity power factor. A

complete system has been simulated using PSIM program. The simulation results are obtained to validate the system.
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1. INTRODUCTION

Fossil fuels have been widely used from the beginning of the
industrial revolution. Combustion is needed, so as the energy
stored in fossil fuels liberation. During this process, a release
of emissions is unavoidable into the atmosphere. Moreover,
extraction and transportation of fossil fuels cause
environmental pollution along with serious consequences such
as air pollution, global warming, soil degradation and water
deterioration. Due to problems of environmental pollution,
protection the environment and the energy production become
the major problems for human. Thus the development and
application of clean renewable energy, like wind power, solar
power, biomass, geothermal power, wave and tidal power, and
nuclear power are getting more interest. Solar power will be
predominant among them due to its reliability and availability
[1]. A photovoltaic panel is a device that converts luminous
energy into electric energy through the photoelectric effect.
The electric energy is available at the terminals of the PV
panel in the same instant that the sunlight reaches it, most of
the electric equipment of standard use cannot connected
directly, this because the generated current from the PV panel
is continuous (dc) and at low voltage (generally between 12
and 68 volts, depending on the technology used in the panel
construction) and the majority of the equipment operates at
alternating current (ac), at higher voltages [2]. This brings the
need for power interface between the PV panel and the grid
through power electronic converters or inverters or as called
power conditioning inverter [3]. Flyback inverter, shown in
Figure (1) is used to convert dc power from the PV panel into
ac power and injecting ac current into the grid.
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Figure (1): Flyback Microinverter

Inverters may be classified as single stage and two stage
configurations as shown in Figure (2). Single stage inverters
boost the input voltage and convert it into ac voltage in the
same stage. Two stages inverters consist of two cascaded
stages. The first stage is a boost dc-dc converter and the
second one is an inverter. Single stage inverters have some
advantages over two stage inverters; such as low cost and
small size [4].
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Figure (2): single stage and two stage configurations.
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Typically, the grid connected PV systems may be required to
either buck or boost the voltage depending on the available PV
panel voltage. Usually, grid connected PV systems involve
multiple power stages, with a dedicated dc—dc converter stage
for MPPT and voltage level transformation. The multistage
systems suffer of many disadvantages such as lower
efficiency, larger size and higher cost. Therefore the modern
day trend is derived towards single stage grid connected
configurations because of their small size, low cost, high
efficiency and high reliability. Clearly, the single-stage
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philosophy cannot afford a dedicated dc—dc converter stage for
MPPT. Therefore, in single-stage grid connected PV systems,
the sole power stage must achieve MPPT, boosting or bucking
(if required) and inversion together [5]. The proposed inverter
in this paper consists of flyback inverter with PWM
modulation. The converter operates in the DCM to inject a
naturally sinusoidal current into the grid with unity power
factor.

The paper is organized in the following way. Section 2
presents analysis and operation of the proposed system and its
principle of operation. Section 3 presents maximum power
point tracking technique. Section 4 summarizes simulation
results of the proposed system. Section 5 presents the
conclusions.

Il. THE PROPOSED INVERTER SYSTEM

The flyback microinverter is shown in Figure (1). Its
transformer primary side consists of switch S1 being the main
power switch and power decoupling capacitor. The secondary
side of transformer consists of switches S2 and S3 which
turned on and off in an appropriate manner to ensure an ac
output waveform synchronized with the grid. S2 is on and S3
is off if it is needed for energy to be transferred to the ac
output with a positive polarity and S2 is off and S3 is on if it is
needed for energy to be delivered to the output with a negative
polarity. The output capacitor can filter the output produced by
the rest of the converter so that the appropriate final output is
produced and fed to the grid. Figure (3) shows the operation
of this converter during a line half cycle is as follows: When
the primary switch, S1, is on, the full PV panel input dc
voltage is impressed across the transformer, thus; putting
energy into its magnetizing inductance and making its
magnetizing current rise. When S1 is off, the stored energy in
the transformer’s magnetizing inductance will transferred to
the output, which is the grid. Since the output is ac, which
means it is either transferred through D1 and S2 when the
voltage output is positive or through D2 and S3 when the
voltage output is negative. S1 duty cycle should be made to
vary throughout the ac voltage line cycle so that it is at its
minimum when the ac voltage is at its minimum and it is at its
maximum when the ac voltage is at its peak. As a result, the
converter must be implemented with some control schemes
that can track the ac grid voltage and synchronizes its
operation to this voltage.

The basic principle that must be followed to ensure that the
microinverter produces an appropriate ac output waveform is
that the flyback transformer must be fully demagnetized
before the start of the next switching cycle. If the converter’s
duty cycle is made to vary throughout the ac line cycle (small
duty cycle for the zero crossing regions of the ac waveform,
larger duty cycle for the peak regions) then a discontinuous ac
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current waveform can be produced at the secondary as shown
in Figure (4) [6]. To ensure that the inverter operates in DCM

toff p<Ts—ton_p (1)

Where toff _p is the off time of S1 in the switching cycle
when the primary current reaches its peak value of Ipri _p and
ton _p is the on time of S1 during the same switching cycle
and can be expressed as

ton_p=dpTs=dp fs(2)

Where f's is the switching frequency and dp is the duty cycle.
The current in Lm can drop to zero when S1 is turned off and
the energy that is stored in it is transferred to the output. When
S1 is turned off, the voltage across the transformer is the
output voltage that appears across the secondary winding and
is reflected to the primary. This voltage can be expressed as

vgrid t =Vgrid _p sin wg t (3)

Where Vgrid _p is the peak value of output voltage and wg is
the grid frequency in rad/sec. Considering this voltage
reflected to the primary, the fall of current in Lm can be
expressed as

N vgrid t = Lm dipri (t) dt (4)
Where N is the turns ratio. So that tof f can be expressed as

toff p=Lmlipri_p (t) NVgrid p (5)

To determine the turn off time toff _p the peak primary
current flowing through the flyback inverter Ipri _p needs to
be determined. This can be done by considering the fact that
the input dc voltage Vin is impressed on the transformer
primary when S1 is on. The rise in current when S1 is on can
be expressed as

Vin = Lm dipri (t) dt (6)

Substituting (2) into this equation gives the following
expression for Ipri _p

Ipri_p=Vindp fs Lm (7)
Substituting this equation into equation (5) gives,

toff _p=VindpVgrid _p fs N (8)

It can be seen from equation (8) that toff _p dependent on
various parameters. Assuming a fixed switching frequency f's,
these parameters are fixed except for peak duty cycle dp and
turns ratio N. Values for dp and N need to be chosen so that
the converter remains in DCM. This can be done by
considering the expression for DCM operation given in
equation (1) and substituting equation (8) into this equation to
get

VindpVgrid pfsN<Ts—ton_p(9)
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Equation (9) can be rearranged to give the following
expression for peak duty cycle

dp<1Vin N Vgrid p+1(10)

The next step is to determine an appropriate value of
magnetizing inductance Lm that can store sufficient energy to
be fed to the grid, for a rated output power Po. Once this has
been determined, the final step is to confirm that the converter
can operate with DCM with this value of Lm. The value of
magnetizing inductance Lm can be calculated using the
following equation (6) Lm = 12 A2 dp2Vgrid _rms 2 fsPo
(11)

Where A =Vin Vgrid p
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Figure (3): Equivalent circuit of the current source flyback inverter
during a line half cycle. (a) Each line half cycle. (b) During S1 on time. (c)
During S1 off time.
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IV. SIMULATION RESULTS

The proposed system as shown in Figure (8) is simulated using
PSIM software. Table (1) shows the simulated system
specifications. Figure (9) shows simulation result of the
current fed to grid which is in-phase with the grid voltage with
0.9811 power factor and it has a low total harmonic distortion,
which is 3.916% for 530 W/m2, sunlight radiation. Figure (10-
a) shows pulses of S1 switch and Figure (10-b) and (10-c)
shows pulses of flyback inverter switches S2 and S3. Figure
(11) shows the primary current, as shown the current has a
shape like a rectified sine this is due to sinusoidal modulation,
the peak value of the S1 current is Ipri.=19.43A. Figure (12)
shows the modulation signal S(t)* which is generated by
multiplying the output of the proportional-integral (P-I)
controller by a rectified sine wave with unity amplitude. The
P-1 controller is used to regulate the output dc voltage of the
MPPT controller. Figure (13) shows the PV output power. As
shown in Figure (14) the output voltage of the PV panel is
Vin=32.5 V, Which is not pure dc voltage it has ripple value of
Vripple=1V, however, any voltage ripple on the dc link will
create distortion on the output current waveform, and increase
the total harmonic distortion (THD).

In addition, the increased voltage ripple on the dc link
introduces utilization losses on PV power. Therefore, a pure or
low-ripple dc-link voltage is necessary. The main factor that
causes the voltage ripple in single-phase grid-connected
inverters is the instantaneous power fluctuation with a
magnitude twice that of the average power and a frequency
twice that of the grid frequency. Employing a power
decoupling device is essential to filter this power fluctuation.
Using a large electrolytic capacitor (Cdc=10000uF) at the
input is a simple method for power decoupling in flyback type
microinverters [14, 15]. Figure (15) shows the PV output
current, which it’s value 1in=3.09 A, and it has a little value of
current ripple of Iripple=0.048A. Figure (16) show switches
voltage stresses S1, S2 and S3. As shown in these figures, all
switches have lower stresses. On the other hand, it is clear that
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Figure (8): Proposed system simulation using PSIM program.
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Figure (9): Current fed to grid multiplied by 100 and grid voltage.
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Figure (10): Switches pulses (a) Switch S1 pulses. (b) Switch S2 pulses. (c) Switch S3 pulses.
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V. CONCLUTION
In this paper a single-stage grid-connected flyback
microinverter operating in discontinuous conduction mode
(DCM) is analyzed and simulated.

Based on simulation results, the following aspects can be
concluded:

1. Sinusoidal output current injected into grid with
approximately unity power factor is obtained.

2. The output power of the microinverter depends on the solar
energy absorbed by photovoltaic panel, which is converted to
electric energy. The maximum power point tracking algorithm
(Perturb and Observe method) is used to extract the maximum
power from the PV panel.

3. Low total harmonic distortion (THD) of output current is
obtained due to the efficient control method and low-pass
output filter (L-C filter).

4. The suggested flyback microinverter has high efficiency,
high reliability and low cost due to single stage of dc-ac
conversion.

An interleaved flyback microinverter operates in DCM can be
used in order to increase the output power fed to the grid up to
200 W.
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