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Introduction:-

Solar Energy Systems (SES) are quite popular due to the reasons which include, pollution free environment,
availability in abundant, noise less and low maintenance cost. The SES system consist of Photo Voltaic Systems
(PV) that generate electricity from solar energy. The power generation capacity determines the size of the system,
which makes it to be more robust and compact. Everyday there exists an advancement in the conversion
technologies of solar power. Researchers concentrate widely on improving the quality of power converted and
delivered from the source to the utilities. In SES, the problem that occurs mainly is the way to increase the output
voltage. To increase it several units of solar panels are being connected in series. The main drawback is that it
reduces the reliability and thereby affecting the efficiency of the system.

The PV cell converts the solar energy into DC voltage and it depends on various factors. The prime factor being the
irradiance of the sunlight. The output of the PV cell is converted into AC through inverter and then fed to the
consumer or to the grid. Multi-Level Inverters (MLI) are widely used to convert the DC to AC in the SES. Initially,
the output of the PV module is strengthened using DC-DC converters.

In these MLI based SES modules, the output of the PV cell is modulated through DC-DC converters and then fed to
the MLIs. Z-Source inverter is another type of inverter topology that doesn’t require DC-DC converter. The recent
investigations are focusing on the development of new strategies for DC-AC conversion, in order to improve the
conversion efficiency. The conventional method is to step-up the AC output voltage through a step-up transformer.
3-Phase MLIs are also employed in the SES [1]. The problems associated with these conventional methods are
electromagnetic interference, size, acoustic noise and high cost [2]. To overcome, these drawbacks, the Z-Source
inverters have been suggested [3-5]. These inverters employ less number of switches compared to the conventional
inverters.
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The model of the Z-source inverter has been developed and analyzed for its transient characteristics [6 & 7]. The
proper switching of the switches in the z-source inverter yields better performance and efficiency [8 - 10]. Fuzzy
logic is a technique, that doesn’t need mathematical model of the system [11-12]. It utilizes human expertise and
lit’s a knowledge based system. In this paper, the Fuzzy Logic based Z-Source inverter has been proposed for
improving the performance of the SES. The proposed scheme has been simulated using MATLAB/Simulink. A
comparative analysis has been made between the conventional Pulse Width Modulated (PWM) Inverter and the
proposed FL switched Z-Source Inverter scheme, to corroborate the performance of the proposed scheme.

SES Configuration:-
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Fig.1:- Conventional VSI based SES
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Fig. 2:- Z-Source Inverter based SES

Figures 1 and 2 depicts the system configuration of conventional and proposed Z-Source inverter based SES. The
advantage of Z-Source topology is that it can either buck or boost the voltage/ current levels with a single circuit.
This cannot be achieved through the PWM based Voltage Source Inverters (VSI). In this proposed system, the Z-
source inverter acts as a boost converter and supplies sinusoidal voltage to the load.

It is generally known that the output voltage of PV array varies widely under different irradiance and environment
temperature, the typical ratio of the maximum output voltage and the minimum is 2:1, and even bigger. Thus in
order to get steady ac voltage, grid-connected PV system should have the ability to buck/boost voltage. What’s
more, to enhance the efficiency of PV array, grid-connected PV system also should have the ability to make PV
array output maximum power. A model-based control algorithm can be used to control a switching matrix that
connects a solar adaptive bank to a fixed part of the PV array. Similarly, dynamic electrical array reconfiguration
can be used to improve the PV energy production during partial shadowing conditions. A controllable switching
matrix can also be used between the PV generator and the central inverter to allow electrical reconnection of the
available PV modules so that the maximum energy efficiency can be achieved.
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Z-Source Inverter:-
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Fig. 3:- Equivalent circuit model of Z-Source Inverter

The main objective of static power converters is to produce an AC output waveform from a dc power supply.
Impedance source inverter is an inverter which employs a unique impedance network coupled with the inverter main
circuit to the power source. This inverter has unique features in terms of voltage (both buck & boost) compared with
the traditional inverters. A two port network that consists of a split-inductor and capacitors that are connected in X
shape is employed to provide an impedance source (Z-source) coupling the inverter to the dc source, or another
converter. The DC source/load can be either a voltage or a current source/load. Therefore, the DC source can be a
battery, diode rectifier, thyristor converter, fuel cell, PV cell, an inductor, a capacitor, or a combination of those.

Impedance Network:-

The Z-source concept can be applied to all DC-to-AC, AC-to- DC, AC-to-AC and DC-to-DC power conversion. The
output DC voltage fed to the Impedance source network which consists of two equal inductors (L1, L2) and two
equal capacitors (C1, C2).The network inductors are connected in series arms and capacitors are connected in
diagonal arms .The impedance network, used to buck or boost the input voltage depends upon the boosting factor.
This network also acts as a second order filter. This network should require less inductance and be smaller in size.
Similarly capacitors required should be of low capacitance and smaller in size. This impedance network feeds
constant impedance output voltage to the three phase inverter main circuit. Depending upon the gating signal, the
inverter operates and this output is fed to the 3-phase ACload.

The Z-source inverter is analysed using voltage source inverter. The unique feature of the Z-source inverter is that

the output ac voltage can be of any value between zero and infinity regardless of the input DC voltage. That is, the
Z-source inverter is a buck—boost inverter that has a wide range of obtainable voltage. The traditional voltage source
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and current source inverters cannot provide such features. The main feature of the Z-source inverter is implemented
by providing gate pulses including the shoot-through pulses. Here to insert this shoot through state becomes the key
point of the control methods. It is obvious that during the shoot-through state, the output terminals of the inverter are
shorted and the output voltage to the load is zero. The output voltage of the shoot through state is zero, which is the
same as the traditional zero states, therefore the duty ratio of the active states has to be maintained to output a
sinusoidal voltage, which means shoot-through only replaces some or all of the traditional zero states.

Mathematical Model of Z-Source Inverter:-
Fig. 3 depicts the equivalent circuit model of Z-Source inverter under non-shoot through and shoot through state
conditions. Assumptions made in the design are as follows:
L1 = L2 and C1 = C2. This results in a symmetrical Z-Source network, where the voltage across inductors and
capacitors are as given in Equations 1 & 2.

Vcl=Vce2=Vc Q

VI1=VL2=VL (2

During the shoot - through zero state for an interval (TO) during a switching cycle (TZ), VL=VC, Vd = 2VC, V0=0
@)
Now consider that the inverter bridge is in one of the eight non-shoot-through states for an interval of T1, during the
switching cycle,
TZVL=V0-VC, V0=VC -VL =2VC -Vpv (4)

Where Vpv is the output DC voltage of PV panel and TZ = T0+T1. The average voltage of the inductors over one
switching period T should be zero in steady state.
From Equations 3 & 4, the voltages across inductors and capacitors are obtained as

VL=[TOVC+T1(Vpv-VC)]/TZ=0 (5)

VC/Vpv=T1/ (T1- TO) (6)

The average DC link voltage is
VO = [T1/ (T1- TO)] Vpv (7)

The peak DC-link voltage across the inverter bridge is expressed in Equation 4 can be rewritten as:
V0 =B.Vpv (8)
Where, B =TZ/ (T1- T0) = 1/ (1-2T0 /TZ) >1
The DC-link voltage is the boost factor resulting from the shoot-through zero state. The output voltage from the
inverter is represented by
Vac= M Vo/2 9
Here, M is the modulation index.
From Equations 8 & 9, the output of the inverter is expressed as
Vac= M* B* Vpv /2 (10)
Equation 10, states that the output can be efficiently controlled by controlling the buck-boost factor M*B. Many
efficient algorithms have been proposed to control the buck boost factor, which in turn determines the switching
sequences of the switches in the Z-Source network.

FL based Switching Scheme:-

Fuzzy Logic Controller (FLC) is a rule based decision making system used for process control. They are knowledge
based systems. Based on the type of response required, the rules are framed. The fuzzy system consists of
fuzzification, defuzzification, knowledge base (If-Then Rules) and inference system. Fuzzification is converting
crisp values into fuzzy and defuzzification is the vice-versa of it. Mamtani and sugeno are the two methods of
designing fuzzy systems. The difference between Mamtani and sugeno model is that sugeno model doesn’t requires
defuzzification module. But it is quite complicated.

Membership Functions:-

In this FL switching system the error and change in error are taken as parameters to frame the fuzzy rules. The
mamtani method is used for framing fuzzy rules is used and the outputs are matched with it. The table 1 shows the
rule base for framing the linguistic variables used in the system and table 2 shows the IF Then rules framed.
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Fig. 4:- Membership functions.

Table 1:- linguistic variables for flc.

Int. J. Adv. Res. 5(5), 2116-2123

Error e(t) Change in error Ae(t) Controller output u(t)
NB NB NB
NM NM NM
NS NS NS
Z0 Z0 Z0
PS PS PS
PM PM PM
PB PB PB
Table 2:- If Then Rules For Flc.
Output u(t) Error e(t)
NB NM NS Z0 PS PM PB
Change in NB NB NB NB NB NM NS Z0
error NM NB NB NB NM NM Z0 PS
Ae(t) NS NB NB NM NS NS PS PM
Z0 NB NM NS Z0 Z0 PM PB
PS NM NS Z0 PS PS PB PB
PM NS Z0 PS PM PM PB PB
PB Z0 PS PM PB PB PB PB
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Simulation Results and Discussions:-

Fig. 5:- Simulation Model of proposed Z-Source Inverter.

Fig. 5 portrays the MATLAB/Simulink model of the proposed FL switched Z-Source Inverter scheme. The output of
the inverter voltage and the load current are shown in Figs. 6(a) and 6(b) respectively. the output depicts that the
current and voltage are found to be sinusoidal. The corresponding FFT analysis has been depicted in Fig. 7.
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Fig. 6:- Simulated output of FL Switched Z-Source Inverter.
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Fundamental (50Hz) = 1.91, THD = 5.92%
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Fig 7:- FFT analysis of Z-Source Inverter.
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Fig 8:- FFT Analysis of PWM VSI.

Figures 7 & 8 shows the FFT analysis of the simulated outputs. The conventional scheme resulted in 6.71% of THD.
The THD of FL switched scheme has been found to be 5.92% which is reduced compared to the conventional PWM
scheme.

Conclusion:-

The Z-Source inverter topology with FL based switching scheme has been modeled analyzed and simulated for the
solar energy systems. The results and the corresponding FFT analysis show that the proposed FL switched Z-Source
Inverter based scheme has resulted in reduced THD. The output of the system has been observed to be more
sinusoidal. The THD of the proposed scheme is 5.92%, whereas the conventional PWM scheme resulted in 6.17%.
In this way, it is evident that the proposed inverter topology has an edge over the conventional scheme. Hence, it can
be effectively used even when the SES is subjected to partially shadowing conditions.
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