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ABSTRACT: In recent years, the effect of partial shading on the energy yield of photovoltaic array has been widely analysed. 

Partial shading conditions caused due to moving clouds and shadows of nearby objects on a photovoltaic array can have a 

significant effect on its energy yield. The power output of the photovoltaic array under partial shading depends on the PV 

array configuration, shading pattern and the physical location of shaded modules in the array. The amount of power 

generated by the photovoltaic array also changes continuously with the changes in weather conditions. Therefore it is very 

important to understand the characteristics of photovoltaic array under non uniform irradiation condition in order to achieve 

higher efficiency under all conditions.  The main objective of this paper is to analyse the performance of different 

configurations of photovoltaic array with H5 inverter under partial shading conditions. The simulation was done using 

MATLAB/SIMULINK environment.  
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1 INTRODUCTION 

To guarantee sustainability of future demand, there is a need to develop and implement the renewable energy 

technologies.  The Photovoltaic (PV)  energy is one of the most valuable and widely used renewable energy sources due to its 

abundance, accessibility and reliability. The PV system can be operated either in island or grid connected mode. The grid 

connected mode of PV system injects the power into the electrical grid. In order to achieve this objective, the PV system is 

usually set by using three stages: the PV array, the power inverter and the filter with galvanic isolation [1]. In this case, 

transformer is integrated into the grid-connected operation of PV system for the galvanic isolation,  leakage current 

suppression  and dc injection which improves the system safety and reducing failure risks. However, it will increase the cost 

and reduces the system efficiency. On the other hand, the transformerless inverter for PV applications reduces the cost, size, 

weight of the conversion stage and increases the system overall efficiency [2]. The photovoltaic inverters have relatively low 

impact in the initial investment cost, responding for approximately 10% of the total in comparison with 70% for the PV 

modules and 20% for the installation and planning. The low power PV applications have limited range of input voltage. In 

order to achieve high dc input voltage, a large number of PV modules are connected in series. However, this configuration 

subject to partial shading which affects the power output level of the PV modules.  

In this paper, the performance of different topologies of photovoltaic array with H5 inverter under partial shading 

conditions is analysed using MATLAB/SIMULINK. The power output for partial shaded PV array and efficiency of H5 inverter 

are compared for different configuration of PV array.   
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2 MODEL OF PV ARRAY 

A photovoltaic cell is basically a P-N semiconductor junction diode which converts solar energy into electrical energy. A 

practical  solar cell is modeled as a current source in parallel with a diode, a series resistor (RS) and a shunt resistor (RP) as 

shown in Fig. 1 [3],[4].  The value of series resistor is small when compared with shunt resistor. 

 

Fig. 1. Equivalent circuit of a solar cell 

By Kirchhoff's Current Law (KCL), we get 
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Where, IS is the isolation current, IPV is the solar cell current, ID is the current in the bypass diode and VPV is the voltage 

across solar cell. 

The characteristics equation of bypass diode across the PV module is given by the equation, 
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Where, IO is the reverse saturation current and VT is the thermal voltage. 

Since, the photovoltaic array is made up of several solar cells connected in series, the current  in each of the series solar 

array is given by the equation, 
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Where, NS is the number of solar cells in series. The parameters of solar cell are given in Table 1.  

Table 1. Solar Cell Parameters 

Parameters Values 

Short Circuit Current, ISC 8.28 

Open Circuit Voltage, VOC 37.8 

Current at rated power, IMAX 8.05 

Voltage at maximum power,VMAX 31.1 

 

The voltage-current (VI) and power-voltage (PV) characteristics of the typical single diode solar cell for different isolation 

is shown in Fig.2. Due to the variation in the solar irradiation, the photovoltaic array exhibits non-linear characteristics i.e., 

Power-Voltage (PV) and Voltage-Current (VI) characteristics. 
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(a) 

 

(b) 

Fig. 2. Solar cell (a) VI characteristics (b) PV characteristics 
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3 PARTIAL SHADING OF PV ARRAY  

Partial shading is the main cause for reducing energy yield of grid-connected photovoltaic systems, especially it has great 

impact on larger arrays. The photovoltaic array consists of a number of photovoltaic modules connected in series, parallel or 

combination of both. The different configurations of photovoltaic array are series, parallel, Series-Parallel (SP), Total Cross 

Tied (TCT) and Bridge Link (BL) configurations. The different configurations of photovoltaic array are shown in Fig. 3. 

 

  

(a)           (b)           (c) 

  

(d)      (e) 

Fig. 3. Different configurations of photovoltaic array (a) Series (b) Parallel (c) Series-Parallel (SP) (d) Total Cross Tied (TCT) 

and (e) Bridge link (BL) 
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The proposed PV array includes 36 PV modules which are divided into nine groups each consisting of 4 PV modules. In 

series connection, all 36 PV modules are arranged in series as shown in Fig. (a). All 36 PV modules are arranged in parallel for 

parallel configuration as shown in Fig. (b). The entire 36 PV modules are arrange in a 12x3 array configuration for series-

parallel, total cross tied and bridge link as shown in Fig. (c), (d) and (e) respectively. The irradiance level of various groups of 

PV modules for different patterns used in this paper are given in Table 2. 

Table 2. Irradiance Level 

 Irradiance (W/m
2
) 

Group Pattern - 1 Pattern - 2 Pattern - 3 

I 1000 1000 1000 

II 1000 1000 800 

III 1000 1000 600 

IV 1000 1000 1000 

V 1000 800 800 

VI 1000 1000 600 

VII 1000 1000 1000 

VIII 1000 600 800 

IX 1000 600 600 

 

The voltage-current (VI) and power-voltage (PV) characteristics of series-parallel configuration  of the photovoltaic array 

for different shading pattern is shown in Fig. 4. 

 

(a) 
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(b) 

Fig. 4. Photovoltaic array (a) VI characteristics (b) PV characteristics 

4 MODEL OF H5 INVERTER 

Inverters are the most important power electronics equipment in the operation of grid tied PV systems. The major role of 

the inverter is to convert DC power into AC power. The H5 topology is shown in Fig. 5.[6] It is a classical H bridge inverter with 

a unipolar type of switching  which employs an additional switch  on the dc side of inverter. It has simple structure, less 

weight and provides higher efficiency. It allows disconnection of the PV array from the grid when output voltage of the 

inverter is at zero voltage level and provides a disconnection from the DC side. Thus  the leakage current path is cut off which 

ensure zero leakage ground current.  

 

Fig. 5. H5 topology 

The upper pair of switches S1 and S3 are operates at low frequency, usually at grid frequency, while the lower pair of 

switches S2and S4 operates at  high frequency, usually at switching frequency. During the positive half cycle, S1 is ON, while  S4 

and S5 are switched simultaneously at the switching frequency and the current will flow through S5 - S1 returning through S4. 

During the positive zero voltage, S4 and S5 are turned OFF and the freewheeling current flows through S1 and diode of S3. In  
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negative half cycle, S3 is ON and S2 & S5 are switched simultaneously at the switching frequency. The current will flow through 

S5 - S3 returning through S2. During the negative zero voltage, again switches S4 and S5 are turned OFF and hence the 

freewheeling current flows through S3 and diode of S1. 

The different operating modes of H5 topology is shown in Fig. 6.  

 

(a)       (b) 

 

(c)       (d) 

Fig. 6. Different modes of operation (a) Active mode during the positive half cycle. (b) Freewheeling mode during the positive 

half cycle. (c) Active mode during the negative half cycle. (d) Freewheeling mode during the negative half cycle. 

5 SIMULATION RESULTS 

This section discuss the various observations obtained from the simulation results of photovoltaic array with H5 inverter. 

Using the mathematical equations of the solar cell, the single diode model of solar cell is developed in the MATLAB software. 

The simulation results obtained for the PV array with H5 inverter for different shading patterns are discussed below: The 

switching waveforms for H5 inverter is shown in Fig. 7. 
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Fig. 7. Switching waveforms of H5 Inverter 

The output voltage and output current waveforms obtained for different configuration of the PV array for shading pattern 

-1 is shown in Fig. 8. 
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(c) 

 

(d) 
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(e) 

Fig. 8. Output Voltage and Output Current Waveforms (a) Series (b) Parallel (c) Series-Parallel (SP) (d) Total Cross Tied (TCT) 

and (e) Bridge link (BL) 

The above results shows that the series-parallel, total cross tied and bridge configurations of the PV array shows better 

performance when compared with that of series configuration and parallel configuration of PV array. The power output of 

the different configurations of the PV array for different shading patterns are shown in Fig. 9. 

 
(a) 
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(b) 

 

(c) 
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(d) 

 
(e) 

Fig. 9. Power output of PV array (a) Series (b) Parallel (c) Series-Parallel (SP) (d) Total Cross Tied (TCT) and (e) Bridge link (BL) 
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The efficiency of the H5 inverter for different configurations of PV array under different shading pattern is shown in Fig. 

10. of the boost converter is shown in Fig. 7. 

 

Fig. 10. Efficiency of H5 Inverter 

6 CONCLUSION  

The performance of different configurations of PV array under partial shading conditions is analysed. Simulation results 

have been given to compare the performance of the different configurations of PV array. The results shows that partial 

shading have greater impact on series configuration and parallel configuration of the PV array. The equal performance is 

achieved  for series-parallel, TCT and BL configurations under partial shaded conditions of PV array. The efficiency H5 inverter 

for series configuration of PV array is high for all shading patterns. However, the lesser output power is obtained  with that of 

series-parallel, TCT and BL configurations. The parallel configuration of PV array shows poor performance for all shading 

patterns and hence it is not suitable for PV applications.  
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