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Abstract. This paper presents a new implementation of flyback-type inverter to op-
timize power flow from solar PV (photovoltaic) system. The flyback-type inverter used
is Shimizu topology. The main features of this inverter type include: extended lifetime
of the inverter, providing small volume, lightweight, lower harmonic content and stable
AC current injection into the load or utility line. Three controllers used comprise non-
MPPT, conventional Incremental Conductance (IC) and IC+PID method. To verify the
effectiveness of the inverter design, such methods are examined with different irradiance
conditions. The results show that the Shimizu flyback-type inverter exhibits considerable
optimum performance and can harvest a good maximum power under various irradiance
condition. The results also indicate that the IC+PID method gives less harmonic distor-
tion.
Keywords: Flyback-type inverter, Incremental conductance, Maximum power point
tracker, Photovoltaic, PID, Total harmonic distortion

1. Introduction. Renewable energy is becoming increasingly popular in today’s world
since fossil energy reserve is limited. The solar photovoltaic is probably the most popular
renewable sources in Indonesia. Indonesia is located in the equatorial line, which is char-
acterized by having heavy rain, constant high temperature and relatively high humidity.
On the average, the solar irradiance for Indonesia is around 4.8 kWh/m2/day [1]. How-
ever, it is hard to get a clear sky without sun-shading even in period of the dry season
(July-October). The solar photovoltaic panel could be then completely or partially cov-
ered by cloud, thus decreasing its power output. Furthermore, this can reduce the solar
panel’s efficiency. Hence, if the solar irradiance is low, we should find the new point at
which the PV panel operates at its maximum power point so that we can harvest as much
energy as possible.

Various inverter topologies have been proposed by many researchers. In a conventional
PV array system, PV modules are connected in series to get suitable DC voltage and
then convert it to AC voltage through an inverter. However, when shading occurs in
PV modules, the total power generated decreases significantly. Strategy of AC module
is used to overcome this problem. A small interactive inverter is installed on each single
PV module. The output of each inverter is then connected in parallel. This configuration
may improve the flexibility of PV power flow control. It requires an inverter that is
light-weight, small in size, low cost and high in efficiency. To meet these requirements,
a flyback inverter may offer some advantages as follows [2-5]: it does not require DC-
DC converter for MPPT operation, it employs less number of power switches, the use
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of high frequency transformer may reduce inverter size and may also provide isolation,
and it operates at unity power factor when it is connected to a grid. Based on the
literature review, it is reported that flyback-type inverter research focuses on three main
issues: efficiency enhancement [3,5-9], capacitor size reduction [2,10-12] and optimal power
harvesting through MPPT method development. A sensorless current MPPT used with
a flyback-type inverter can be found in [13,14]. The proposed method is realized with
PV current estimations from the capacitor voltage which is connected in parallel with the
PV array. However, the algorithm used to estimate the PV current is complex because it
requires an interrupt routine program that should be reset to zero and is repeated after
a determined repetition rate. The use of Perturb and Observe (P&O) MPPT method
can be found in [15,16]. However, the major disadvantage of P&O method is that rapid
change in atmospheric condition may decrease the MPPT performance. Furthermore, the
P&O method may cause high spikes and then can damage the equipment [17].

This paper proposes a new implementation of Shimizu inverter for optimal power flow
of solar PV system by using incremental conductance algorithm. To the best of our
knowledge, there are quite a few papers discussing the similar topic, previously. The
inverter is capable of handling power differences between the input and output using a
small thin film capacitor and the controller uses a simple algorithm.

The organization of this paper is as follows. Section 2 describes the theoretical frame-
work of Shimizu inverter. Section 3 discusses an incremental conductance algorithm that
is used as the optimal power flow control method. Results and discussion are given in
Section 4 and finally, Section 5 presents the conclusion.

2. A Circuit Configuration of Shimizu Inverter.

2.1. Circuit topology and operation of Shimizu inverter. The circuit of Shimizu
inverter is shown by Figure 1. As we can see, the main components of this inverter

Figure 1. (a) The circuit topology of Shimizu inverter and (b) the oper-
ation principle of Shimizu inverter
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comprise two main switches (Q3 and Q4), a center-taped flyback transformer (T1), AC
switches (Q1 and Q2), C-L filter, input capacitor (C3), and capacitor in power smoothing
circuit (C2). The series-connected diodes (D1, D2, and D3) are used to block reverse
current. D4 represents the body diode of MOSFET Q4. The size of transformer T1 is
relatively small since the switching frequency is set at 20 kHz.

Q1 and Q2 are ON during positive and negative cycles, respectively. Meanwhile, Q3

and Q4 are operated in ZCS (zero current switching) or ZVS (zero voltage switching)
and the magnetizing current of T1 is worked under a discontinuous mode. The operation
principle of this inverter is described by Figure 1, and is explained as follows [2].
Mode I:
When Q3 is ON and Q1, Q2, Q4 are OFF, the current i3 will increase linearly and the
maximum current is given by:

i3p = (i3(nTs + T1)) =
EdcT1

Lp

=
EdcD1Ts

Lp

(1)

where Edc: input voltage, Lp: inductance of primary winding, n: the coefficient factor
and T1: ON time duration of switch Q3, D1 is the duty cycle at Mode I and Ts represents
the switching interval. In this mode, i3 = iL.
Mode II:
As Q3 is OFF and the switches Q4 and Q1 (or Q2) are ON, the direction of magnetizing
current, iL, is reversed. If the amplitude of oil is equal to iL-p (as shown in Figure 1) the
switch Q4 is OFF. So, the duty cycle D2 during this mode can be computed as:

D2 =
Lp

v2Ts

(iL-p + i3p) (2)

with v2: capacitor voltage, iL-p: peak current of iL. Because of ZCS behavior, the diode
D1 will be OFF as i1 decreases to zero.
Mode III:
In this mode, a current, i1, flows from one of secondary windings Ls through switch Q1

or Q2. It is assumed that the grid voltage during switching interval (Ts) is constant and
then the absolute value of i1 is computed by (3).

|i1(t)| =

∣∣∣∣ iL-p

N
− vac

Ls

[t − (nTs + T2)]

∣∣∣∣ (3)

where N =
√

Ls/Lp and t = nTs +T3. Hence, the duty ratio during Mode III is expressed
by the following equation:

D3 =
IL-pLpN

vacTs

(4)

Mode IV:
In this mode, there is no current flowing from/to the transformer. A low pass filter (LPF)
C1-L1 is used to eliminate high frequency components in the current i1 so that the average
value of i1 is expressed by (5).∣∣ī1∣∣ =

1

Ts

∫ nTs+T3

nTs+T2

i1(t)dt =
Lp(iL-p)

2

2Tsvac

(5)

vac and iL-p are defined as follows:

vac = Vac| sin ωt| iL-p = I2| sin ωt| (6)

Substituting Equation (6) to (5), we can get:∣∣ī1∣∣ =
Lp(I2)

2

2TsVac

| sin ωt| (7)
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As we can see in Figure 1, Vtrig determines the operation of the switches Q1 and Q2

and hence influences the polarity of current i1(t). From this, we can write the AC current
injected to the grid as follows:

iac(t) =
Lp(I2)

2

2TsVac

sin ωt (8)

2.2. Determining optimum circuit parameters. To get the sufficient magnetizing
current iL, the value of voltage v2 must be positive so that the amplitude of V2 should be
lower than V2(dc) as expressed as:

V2min = V2(dc) − Vx = −2V2(dc) +

√
V 2

2(dc) +
VacIacTac

4πC2

(9)

where

V2 = −V2(dc) +

√
V 2

2(dc) +
VacIacTac

4πC2

(10)

As suggested by Shimizu et al. in [2], the optimum value of Lp can be calculated using
(11).

Lp <
Ts

VacIac

×

(
EdcVacV2

EdcV2 +
(
1 +

√
2 sin ωt

)
EdcVac + NEdcV ac

)2

(11)

In general, the minimum value of V2 occurs at ωt = θ = 3π/4. Hence, Equation (11) can
be rearranged as follows:

Lp <
Ts

VacIac

(
EdcVacV2min

EdcV2 min + 2EdcVac + NEdcV ac

)2

(12)

3. Incremental Conductance Method for Shimizu Inverter.

3.1. Incremental Conductance (IC) method. The main components used in the
incremental conductance method are voltage and current sensors. It is used to measure
voltage and current of the PV array. By using this method, the output voltage of the PV
array is conditioned such that the maximum power point is obtained.

Figure 2(a) shows the working operation of IC technique and the flowchart the IC
method is shown by Figure 2(b). At Maximum Power Point (MPP) the value of dP/dV
is equal to zero. The basic formula for IC technique is given as follows [18]:

dI

dV
= − I

V
, at MPP

dI

dV
> − I

V
, at the left side of MPP

dI

dV
< − I

V
, at the right side of MPP

(13)

V and I are the output voltage and current of solar panel, respectively. From Equation
(13), incremental conductance is represented by the left side of that equation, whereas,
the right side represents instantaneous conductance. The MPPT unit controls the PWM
signal (Vref ) of the converter such that the following condition is met:

dI

dV
+

I

V
= 0 (14)
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(a) (b)

Figure 2. (a) Working principle of IC method on a P-V curve and (b) the
algorithm of the IC method

Figure 3. The investigated inverter circuit topology

3.2. A design of IC algorithm for Shimizu inverter. Figure 3 depicts the circuit
topology of the inverter. The circuit parameters used are listed in Table 1. The controller
circuit for the inverter is shown by Figure 4(a). i3p is the maximum output current of
the solar panel and is obtained from an MPPT block as given in Figure 4(b). Meanwhile,
i3 is the current flowing to the primary coil of the transformer. These two currents are
then used to execute the turn-on or off action of MOSFET Q3. The on/off state of
those two MOSFET is determined by Vtrig which has 20 kHz of switching frequency. iL-p

determines the maximum recharge value of primary coil inductor obtained from Equation
(15) whereas iL is the instantaneous value while inductor is recharged. Both currents
are used to drive MOSFET Q4. Switching signal for Q1 and Q2 depends on vac and the
output signal of Q3.

iL-p = i3p

√
2 sin ωt (15)
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Table 1. The circuit parameters

PV voltage Edc 16.09-19.72 V
Switching frequency fs 20 kHz
DC input capacitor C3 80 µF

Decoupling capacitor C2 40 µF
AC filter inductor Lf -1 − Lf -3 27 mH
AC filter capacitor Cf -1 − Cf -3 12.4 mF

Primary inductance of T1 Lp 23.87 µH
Secondary inductance of T1 Ls 1.492 µH

The gain of PID Kp 2.46
The integral constant of PID Ti 0.000982

The derivative constant of PID Td 35

Figure 4. (a) The Shimizu inverter controller and (b) the model of IC
MPPT technique

The MPPT algorithm used in this paper is IC method and the model is given by Figure
4(b). To ensure an optimal power flow from solar PV, a PID controller is used. The output
of this MPPT block is i3p and then is used as reference value for the inverter controller.

4. Results and Discussion. To verify the effectiveness of the proposed system, several
simulation experiments are performed under various irradiance conditions, i.e., 250 W/m2,
500 W/m2 and 750 W/m2.

Figure 5(a) shows the output voltage waveform of the inverter measured before the AC
filter. As we can see that it contains high frequency switching component with 20 kHz
as indicated in Figure 5(b). From Figure 5(b), i3 will be kept constant according to the
maximum P-V capability. This operation is handled by the IC MPPT block. When Q3 is
active, the primary winding of the transformer will be charged to maximum limit of i3p.
Then, Q3 is off and i2 flows in the opposite direction through C2, Q4 and Lp. When Q1

or Q2 is on, energy in the flyback transformer will be released to the grid.
The AC output voltage profile after the AC filter is given by Figure 6(a). Since Vac and

Iac are in phase, the inverter gives unity power factor. Figure 6(b) depicts the voltage and
current profiles at the DC side of the inverter. These two values are maintained constant.
This figure depicts that the voltage across the decoupling capacitor C2 has a frequency
that is twice as high as grid frequency.

The output PV power response under various irradiance conditions is shown by Figure
7. The non-MPPT controller system exhibits worse performance as it delivers less power
compared with that of conventional IC and IC+PID MPPT method. An improved power
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Figure 5. (a) The output waveform before the filter and (b) the waveforms
at some switching periods

Figure 6. (a) The AC output voltage and current after the filter and (b)
voltage and current profiles at DC side of the inverter at 250 W/m2

profile is obtained when the IC+PID MPPT method is used. This method may signifi-
cantly increase the PV power to be delivered at around 5 times higher than non-MPPT
technique.

The Total Harmonic Distortion (THD) for different control methods is listed in Table
2. It can be clearly seen that the IC+PID provides lower current THD. The lower the
irradiance is, the higher the THD is. Meanwhile, the non-MPPT cannot give an optimum
power harvesting as it is indicated by Figure 7. The harmonic current profiles for different
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Figure 7. The PV power under various irradiance and control methods

Figure 8. The current harmonic spectrum

Table 2. The THD of current profiles

Irradiance (W/m2) Non-MPPT IC Method IC+PID Method

250 2.62% 4.58% 4.09%

500 8.13% 3.47% 2.99%

750 22.06% 3.13% 3.04%

Average value 10.94% 3.73% 3.37%

irradiance and controller methods are given in Figure 8. This figure confirms that the
harmonic profile for the IC+PID is lower than the other two methods. It reveals that
the use of IC+PID method for MPPT of the PV panel may offer stable current injection.
Moreover, the results indicate that IC+PID method provides less ripple current.

5. Conclusion. The design of Shimizu inverter for optimal power flow from solar PV
has been discussed. To verify the effectiveness of the design, the inverter is examined
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under various irradiance conditions, i.e., 250 W/m2, 500 W/m2 and 750 W/m2. The
controllers used to execute the design include non-MPPT, IC and IC+PID methods. The
results show that the designed-inverter exhibits considerable optimum performance and
can harvest a good maximum power under various irradiance conditions. The results also
indicate that the IC+PID method has less harmonic distortion compared with the other
two controller methods.

On the theoretical side, the results of the presented approach in this paper are based
on a simulation case study. Much remains to be done in this regard and hence additional
work will be required to know the real system performance, especially when the system
is fully hardware-implemented.
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