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Maximum Power Point Technique Integrated
|mpedance Source DC to AC/DC Converter
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Abstract: The Impedance Source based DC to AC or DC
(Z-source DAD) converter convertsthe given DC voltage to AC or
DC. In a solar photovoltaic (SPV) system, the solar panel output
voltage is DC voltage, and this voltage will be converted to AC or
DC by Z-source DAD converter. To get maximum output power
from the panel, a modified perturb and observe (P& O) maximum
power point technique (MPPT) is implemented with a Z-source
DAD converter. This single-stage MPPT integrated Z-source
DAD converter eliminates the conventional multi-stage SPV
system, and also, the output voltage of this SPV system is either
AC or DC voltage. The simulations are performed with
MATLAB-Simulink software, and the hardware circuit is
constructed with a microcontroller-based SPV system. The
MATLAB-Simulink simulation and hardware output shows the
ability of the modified P&O algorithm based MPPT integrated
Z-source DAD converter.

Keywords : P& O algorithm, maximum power point technique,
Impedance Source DC to AC/DC converter, solar PV system,
Shoot-Through.

. INTRODUCTION

The solar photovoltaic (SPV) system is becoming
increasingly important nowadays because of the reduction in
solar panel cost and the large depletion in conventional
energy resources. The SPV system is a non-pollutant and
renewable energy source; therefore, it is considered more
important than other non-renewable sources. Among
renewable energy, the solar irradiation is available around the
globe for an average of eight hours per day [1]. This makes
the solar PV system the favorite among all other
non-conventional energy sources. Solar panel output depends
on many parameters—temperature, irradiation, age of solar
cell, etc. Therefore, the MPPT isused with SPV module[2]. It
isintegrated in SPV moduleto get more energy fromthe panel
at any given time. M PP tracking technique increases the SPV
system’s operating performance but adds complexity to the
operation of the SPV system [3-9]. Normally a DC to DC
chopper circuit is utilized for MPPT.
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Most of the residential application needs AC voltage to
operate; therefore, it is necessary to add an inverter between
the chopper circuit and load. This increases the volume as
well as the cost. This conventional two-stage SPV system
requires separate controllers to track the MPP and match the
load voltage. Therefore, it increasesthe operation difficulty of
the overall SPV system. Also, the voltage source inverter
(VSl) load voltage will be alwayslessthan the given DC input
voltage, and the current source inverter (CSl) load voltage
will be higher than the input DC voltage. The Z-source
inverter (ZSI) output AC voltage will be either more than or
less than the given DC input [10]. Also, the ZSI output will
always be AC voltage, whereas the Z-source DAD converter
load voltage will be either AC voltage or DC voltage with
increase or decrease in the load voltage [11]. This provides
the flexibility to integrate the MPPT directly with this
converter. The existing conventional photovoltaic system
consists of two stages, as shown in Figures 1 and 2. Here, the
first converter will track the solar panel MPP, and the other
one will match the load voltage requirement. This increases
the system volume, complexity and cost.
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Fig. 1.Solar Photovoltaic System for DC load
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Fig. 2.Solar Photovoltaic System for AC load
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The single stage MPPT-integrated Z-source DAD
converter for SPV is shown in Figure 3. It combines MPP
tracking with converter or inverter control. Therefore, it
reduces the overall system volume, complexity and cost.
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Fig. 3.Z-source DAD converter integrated SPV system for
AC or DC load

I1. Z-SOURCE DAD CONVERTER

It employs an impedance network inserted in middle of the
input and the switching circuit. This network consists of L,
and L, splitinductors, and C, and C, split capacitors arranged
in X-shape [12], as shown in Figure 4. This converter
eliminatesthe drawbacks of the normal voltage source and the
current source inverters, where the VS| is buck inverter and
the CSl is a boost inverter. However, this converter is a
buck-boost DC-AC inverter as well as a buck-boost DC-DC
converter.

Input Z- Source Converter Output
L1

AC

m s1) 53 )

C1 or

H DC

S4 S2 T Load
L2

Fig. 4.Impedance source DC to AC or DC converter

This converter operates in three modes, (1) zero state (2)
active/normal state (3) shoot-through (ST) state, as shown in
Figure 5. In the active state, the input will be connected with
the output and load current flows from the input side to output
side. In zero state, all the switches are opened; therefore, the
load will be disconnected from the input supply and no
current will be flowing from input to output. In the ST state,
switches present in the same leg will be turned ON, this
initiates the short circuit of the Z-source, and now energy
transfer occurs between capacitors and inductors [12]. In the
normal active state, this voltage will be released across the
load; therefore, the load voltage will be boosted to the
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required level. The ST state will not be used for the buck
mode of operation.

Z-Source

Converter / Inverter

By
|

DC
SUPPLY|

2 3

Fig. 5.Different modes of operation

For the chopper operation, the S1 and S2 will be turned ON
and the switches S3 and $4 will be kept in the OFF position.
Therefore, the load will receive a positive voltage. The output
of the buck mode DC-DC converter will be purely based on
the ON time of the control circuit of the converter, and in
boost mode, DC-DC converter output will depend on the duty
cycle and the boost factor. This boost factor will be adjusted
by varying the ST duration of the converter circuit.

Vo = D 'Vdc (1)
Vdc
Vo=B.-—
> @
B = Boodtfactor =
T1—To (3)

where Vo—output DC voltage, D—duty cycle, Vdc—DC
link voltage, T1l—active state period, TO—ST state period
and T—Tota duration.

For the DC-AC inverter operation, the S1 and S2 will be
turned ON for a positive half cycle, and the S3 and $4 will be
turned ON for a negative half cycle. The output of the buck
mode DC-AC inverter will be dependent on the modulation
index (MI), and the boost mode DC-AC inverter output will
depend on the MI as well as the ST timing of the inverter
[13,14].

Vac=M '\&
2 (4)
V=M - B. Y
2 )

where Vac—output AC voltage and M—Modulation
Index. This ST state can be achieved in two methods in the
Z-source DAD converter.
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Inthefirst method the two switches of the sameleg is gated
ON to achieve the ST state, and in the second method all four
switches are closed to get the ST state, as shown in Figure 6.
This ST state duration decides the boost mode output voltage.

The inductor and capacitor design will be same, like the
normal Z-source inverter circuit element design [12].

Cle=ca=c =D
2AVC (6)
Var=Ve2=VFec= I”.‘nw
(1-2Ds) 7
Ds =E
T (8)
I1=I2—]— VeDsT
AL ©)

where |, is the current in inductor, V¢ voltage across the
capacitor, Al is the change in the inductor current and
AV c—change in voltage across the capacitor.
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Fig. 6.Shoot Through Zero states

. MAXIMUM POWER POINT TRACKING

MPPT isadopted to get the maximum power from the solar
panel for the given environmental condition. The solar panel
output will completely depend on solar irradiance, cell
temperature and age of the PV module. There are many
studies available that incorporate various MPPT techniques
[15-20]. The perturb and observe (P& O) method is taken for
its minimum parameter requirement and ease of
implementation [16,17]. In thismethod, voltage will be varied
by adjusting the ON time (D) of the converter, and it will be
compared with the output power. If the new power is greater
than the previous one, the perturbation will be in the same
direction. If the new power is weaker than the previous one,
the perturbation will be in the opposite direction. At peak
power the perturbation will oscillate between the positive and
negative direction.

A simple P&O MPPT technique is used in the Z-source
DAD converter. Here, we need to specify the type of voltage
(AC/DC) and then the algorithm will decide the duty cycle. In
the P& O method, the change in voltage (dV) and the change
in power (dP) is calculated for every cycle. Then, thedV and
dP will be compared with the previous state and the algorithm
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will decide the duty cycle. As shown in Figure 7, in the P& O
method there are four cases. Case-1, change in power and
change in voltage are positive, then the duty cycle will be
decreased. Case-2, change in power is positive but change in
voltage is negative, then the duty cycle will be increased.
Case-3, change in power and change in voltage are negative,
then the duty cycle will decrease. Case-4, change in power is
negative but change in voltage is positive, then the duty cycle
will be increased. The above four cases are implemented in
the P& O algorithm, as shown in Figure 8.

This duty cycle (D) is used to decide the ST time and the
active state time for the Z-source DAD converter.

TO = D (10)

T1=1-D (11

Photovoltaic Module Characteristics Curve
MPP

—1-¥ Gurve {22

Current

)
Voltage

Fig. 7.Maxmimum Power Point Technique graph

D= Djale] - A '® ot & 60

Fig. 8.M odified P& O algorithm for Z-source
Fig. 9.DAD converter
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IV. MATLAB-SIMULINK SIMULATION AND
HARDWARE IMPLEMENTATION

A 40W, 12V solar panel isused inthe smulation and inthe
hardware implementation. This panel maximum voltage and
current at MPP is 18 V and 2.23 A, respectively. The open
circuit voltage and short circuit currentis22V and 2.42 A. A
resistance of 50 Q 1is connected in the load circuit,
respectively. For the given SPV system, the values of the
impedance source elementsare L1 =12 = 120 yH and C1 =
C2 = 100 pF. The switching frequency is maintained at 50
KHz. The detailed output analysis of the MATLAB-Simulink
simulation is showing the ability of the proposed MPPT
integrated converter. The simulation result has been verified
with hardware circuitry. In the hardware implementation,
Arduino microcontroller is used to generate the duty cycle
and 4N35M optocouplersis used to give electrical insulation
between the microcontroller and the IRFZ44 mosfet.

The MATLAB-Simulink simulation was conducted for
both the inverter mode AC output as well asfor the converter
mode DC output (Figures 9 and 10). The input and output
power were compared for various irradiance changes to show
the converter ability to track the MPP of the given solar panel.

Fig. 10. Z-source DAD converter simulation model

Fig. 11. Simulink internal block of Z-source DAD
converter

The change in irradiance during simulation is shown in
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Figure 11. The input and output power variation of the
photovoltaic module with respect to the change in irradiance
is shown in Figure 12. In simulation, the difference between
the input and load power is afew milliwatts, which showsthe
efficiency of the proposed system. The input power and
output power oscillations are negligible, as shown in Figure
13. The Root Mean Square (RMS) values of output power,
voltage and current is shown in Figure 14. The AC output
voltage of the Z-Source DAD converter in the inverter mode
isshownin Figure 15.
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Fig. 12. Simulink simulation of changein irradiance
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Fig. 13. Simulated output of input and output power for
inverter mode
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Fig. 14. Power oscillation for inverter mode
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The performance of the MPPT integrated Z-Source DAD
converter isevaluated with the hel p of hardware circuitry. The
AC as well as DC output power was tracked and plotted in
MATLAB, as shown in Figures 21 and 22. The hardware
output closely matches the simulated output. This shows the
proposed converter ability to track the MPP in both DC-DC
converter mode and DC-AC inverter mode.
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In the DC-DC converter mode the power output will be
around 36.5 watts for 1000 W/m2 irradiance, which gives
approximately 92% efficiency, and in DC-AC inverter mode
the power output will be around 39.2 watts for 1000 W/m2
irradiance, which gives approximately 98% efficiency.

V. CONCLUSION

The performance of the proposed MPPT integrated
Z-source DAD  converter was evaluated by
MATLAB-Simulink simulation as well as by hardware
implementation. Both the simulation and the hardware results
show that the MPPT integrated Z-source DAD converter can
be used for AC load aswell asfor the DC load, depending on
the need. Also, the MPPT is integrated with the converter
circuit; therefore, it reduces the number of power conversion
stages compared with the conventional SPV system. As the
number of power conversion stages are reduced, the overall
dimension and the cost decrease. This type of MPPT
integrated power converter is highly suitable for SPV
systems. Because it can deliver AC aswell as DC, thisMPPT

Retrieval Number: C8462019320/2020©BEIESP
DOI: 10.35940/ijitee.C8462.019320
Journal Website: www.ijitee.org

12

599

integrated converter can be used to store solar power in the
DC battery or we can directly connect with residential
appliances which work in AC. Further, this MPPT integrated
Z-source DAD converter provides challenges and
opportunities for researchers to explore the proper design of
Z-source and converter controlling techniques.
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