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Abstract— The main aim of the study is to present a 

systematic way to evaluate reliability of large grid connected 

inverters and to analyse Fault due to variation of input power 

and ambient condition. A series of reliability indices are 

defined to study the PV systems reliability performance. By 

testing of this system a GTI can be designed at a low cost.  

To perform sensitivity analyses to investigate different 

factors of performance. To overcome the growing need for 

power this project gives a way to overcome it at a low cost. 

Here a GTI integrated to a solar system is implemented. The 

Grid tie inverter uses an ICE method to achieve Maximum 

Power Point. The system is tested with different samples of 

solar cell and with different boost converters. The result 

shows the analysis of the system in different point of views. 

It has been shown that for a GTI has to be given an 

intelligent charge controller in order to achieve maximum 

power point. The results show a more effective and efficient 

parameters to be considered in the design of Grid Tie 

Inverter. 
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NOMENCLATURE 

 PV   Photovoltaic 

 MPPT  Maximum Power Point Tracking 

 MPP  Maximum Power Point 

 GTI   Grid Tie Inverter   

 ICE  Incremental Conductance 

I. INTRODUCTION 

Solar energy is taking an advantageous phase over the rest 

of the renewable energy. This project helps in understanding 

the advantages, shortcomings and remedial measures needed 

to enhance the usage of solar energy, aids the usage of grid 

tie inverter in our country at a reduced cost with increased 

efficiency. Power crisis has been prevailing in India since 

the past decades.  The conventional sources are not able to 

meet the power demand; the effort which is persistently 

taken by the Government of India is extremely appreciable 

on installing solar projects, but effective utilization of the 

derived energy is still under progress. To surmount this 

status, this project focuses on connecting the solar energy 

conversion system to the utility grid at a more efficient rate 

and reduced cost. Solar energy is one of the simplest and 

easiest solutions to meet the power demand, and 

electrification of rural areas. It is seriously concerned about 

the power crisis of India and wishes to support rural 

development by developing new solar operated products like 

Solar light, Solar fan, Solar stove, solar UPS, Solar Air-

Conditioning System (SACS) etc.,. In other side the 

educational institutes, residential and industrial loads, the 

inverter design plays a major role. Since the government of 

Tamil Nadu has encouraged the solar power packs for 

commercial applications, it is high time to think about the 

grid-tie inverters and therefore this project is proposed to 

design grid-tie inverter and solar simulator. In order to select 

the solar cells for efficient operation, the cell characteristic 

study has to be made, therefore it is proposed to design solar 

simulator to test the solar cell efficiency. This simulator will 

help the manufacturer to select the appropriate solar PV 

cells and Inverters. Since the PV panel output is variable and 

mismatching of frequency it is not advisable to integrate the 

grid without proper power electronic converters. The main 

idea of the project is to design a grid tie inverter at low cost. 

This project focuses on testing the reliability of a 

grid tie solar energy conversion system. The system 

incorporates a MPPT charge controller, which helps to 

converge to the required output at a very fast pace. At a 

lesser time and with higher efficiency the system outputs the 

voltage. This project paves way for net monitoring breaking 

of its difficulty due to the cost of a grid tie inverter. The 

basic block diagram is given in Fig 1. The voltage from the 

PV cell or panel or array of the panels is given to a boost 

converter that is a DC-DC regulator.    

 
Fig 1: Basic block diagram of the project 

The converter boosts the voltage greater than the 

PV’s output voltage. That voltage is given to the GTI and it 

converters the DC voltage into an AC voltage before feeding 

it into the grid. The GTI synchronizes the frequency of the 

voltage to that of the grid. 

 
Fig. 2: Block diagram for reliability testing 

The Fig 2 shows the block diagram for reliability 

testing. The light intensity is controlled from the 

pyranometer. There are sheets of plain glass placed between 

the Halogen lamp and the solar cell, it give different light 

irradiance that in turn produce different voltage, power and 

current that is measured. This is used for testing the system.  

A. Modelling of boost converter 

Grid-connected photovoltaic systems are designed to 

operate in parallel with the electric utility grid as shown. 

There are two general types of electrical designs for PV 

power systems. A schematic diagram in fig 3.7 can explain 

the operation of the system. The GTI comes in two or three 

stages as per the need 
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Fig. 3: Schematic of a grid tie inverter 

The input voltage is first raised by the boost 

converter formed with inductor L1, MOSFET Q1, diode D1 

and capacitor C2. If a PV array is rated for more than 50V, 

generally one of the input direct current busses has to be 

grounded. Although in theory either of two busses can be 

connected to earth, usually it is a negative one. It is 

important to remember that if DC input has a conduction 

pass to ground, the output AC conductors in utility-

interactive configurations should be isolated from DC. A 

galvanic isolation is provided by a high frequency 

transformer in the second conversion stage. This stage is a 

basically a pulse-width modulated DC-DC converter. The 

schematic above shows a full bridge isolating converter 

comprised of Q2-Q5, T1, D2-D5, L2, and C3. For power 

levels under 1000 watt it could also be a half-bridge or a 

forward converter. Some commercial models use low-

frequency (LF) transformer in the output stage instead of a 

high frequency one in the DC-DC section. With such a 

method, input is converted to 60 Hz AC, and then a LF 

transformer changes it to a required level and provides 

isolation at the same time. The equipment with an LF 

transformer has a significantly larger weight and size, but it 

will not inject a DC component into the load. T1 can be a 

so-called step-up type to amplify the input voltage. With a 

step-up T1, The regulated converter provides a DC-link to 

the output AC inverter.The third conversion stage turns DC 

into AC by using another full bridge converter. It consists of 

IGBT Q6-Q9 and LC-filter L3, C4.The IGBTs Q6-Q9 work 

as electronic switches that operate in PWM mode. This 

topology requires anti-parallel freewheeling diodes to 

provide an alternate path for the current when the switches 

are off. These diodes are either included within IGBTs or 

added externally. By controlling different switches in the H-

bridge, a positive, negative, or zero potential can be applied 

across inductor L3. The output LC filter then reduces high 

frequency harmonics to produce a sine wave.Any grid tie 

power source has to synchronize its frequency, phase and 

amplitude with the utility and feed a sine wave current into 

the load. Note that if inverter output (Vout) is higher than 

utility voltage, the GTI will be overloaded. If it is lower, the 

GTI may sink current rather than source it. In order to allow 

a limited current flow into the loads as well as back into the 

line, "Vout" has to be just slightly higher than the utility 

voltage. Usually there is an additional coupling inductor 

(Lgrid) between GTE and the mains that "absorbs" the extra 

AC voltage. It also reduces the current harmonics generated 

by the PWM. A drawback of "Lgrid" is it introduces extra 

poles in the control loop, which potentially may lead to the 

system instability. Because the grid acts as a source with a 

very low impedance, normally, a GTE is designed to work 

as a current controlled source, rather than a voltage source. 

In solar applications, to maximize the system efficiency, a 

GTI also has to meet certain requirements defined by the 

photovoltaic panels. Solar panels provide different power in 

different points of their volt-ampere (V-I) characteristic. The 

point in the V-I curve where output power is maximum is 

called maximum power point (MPP). The solar inverter 

must assure that the PV modules are operated near their 

MPP. This is accomplished with a special control circuit in 

the first conversion stage called MPP tracker (MPPT).A GTI 

also has to provide so-called anti-islanding protection. When 

mains fails or when its voltage level or frequency goes 

outside of acceptable limits, the automatic switch should 

SW quickly disconnect the system output from the line. The 

clearing time depends on the mains conditions and is 

specified by UL 1741. In the worse cases, when utility 

voltage drops below 0.5 of nominal, or its frequency 

deviates by +0.5 or -0.7 Hz from the rated value, GTI should 

cease to export power back to the grid in less than 100 

milliseconds. An anti-islanding can be accomplished for 

example via AC under voltage or output over current 

detection functions. Our example depicts a system with 

power backup option: when contactor SW opens, the GTI 

will supply critical loads connected to the sub-panel. 

II. SIMULATION MODEL 

A. Modelling of Grid Tie Inverter 

Each block of the system is linked to the next through 

proper channel the block diagram explained in Fig 1 and 2 

has been implemented and shown in Fig 5. The PV panel 

has been derived from a mathematical model. 

Explanation of each block of simulation is given 

below: 

1) PV Model 

The model is simulated to have various irradiances with the 

help of a signal generator. In the signal generator signals can 

be given as constant, step input or variable input and can be 

switched as per the requirement. A mathematical model is 

derived for the same. The model is such that the parameters 

can be changed for further testing. Hence the system is 

flexible. 

2) Boost Converter 

The boostconverter employed has high efficiency and good 

conversion ratio. The converter enhances the voltage of the 

PV panel. The boost converter is given an MPPT technique. 

The switching control for the MOSFET is provided by the 

MPPT. It works on the method of incremental conductance 

technique. When the power increases and when it starts 

decreasing the MPPT shifts it to maximum voltage and 

current point. 

3) Grid Tie Inverter 

GTI is the most essential part of the system. It is a three 

phase inverter supplied with a VSC control given to it in 

MATLAB. The VSC control controls the way in which the 

frequency of the system is connected to the frequency of the 

grid. Frequency matching is most important in this case. 

4) Grid  

The simulation of the grid system is shown in Fig 5. It is 

shown in Fig 4 as a subsystem. The system supplies a RLC 
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load. Grid has a 5Km feeder and a 14Km feeder. The system 

is supplied with a transformer. 

 

 
Fig. 5: Simulation of GTI using MPPT connected to a solar system 

 
Fig. 6: Simulation of utility grid 

The boost converter boosts the system to a good 

extent. Reliability of the grid tie inverter is increased with 

the help of MPPT technique. 

III. EVALUATION 

The system is simulated and the simulation results are got. 

Fig 7 shows the power output of the system in KW. Here it 

is seen that the system is capable of producing an output 

power of 85 KW at steady state within 0.6 seconds. After, 

the system produces constant output a seen below. 

 
Fig. 7: Power output of the system 

Fig. 8 shows the grid voltage of the system. A 

constant output voltage is produced by the grid. Below in 

the Fig 9 is the grid current of the GTI a constant current is 

produced in the grid. At this condition the grid is set for safe 

operation. 

 
Fig. 8: Grid voltage of the system 

From the plot of the graphs shown the power 

output, grid voltage and grid current characteristics can be 

seen. The below Fig 10, shows the inverter voltage of the 

system. 

 
Fig. 9: Grid current of the system 
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Fig. 10: Inverter voltage of the system 

In simulation the inverter voltage is exactly the 

inverse of the grid voltage. That is shown in the below Fig 

10. 

The system was tested in a different angle with 

different sample of the solar panel to see the maximum 

efficiency of the three samples. The same samples have 

been used for all the systems that follow in the project. The 

specification of sample in tabulation is given below in table 

1.  

The samples are tested into all the three systems. 

The results are tabulated in the following tables. From the 

testing it is clear that the system without a boost converter is 

not able to achieve a good power output. The system with a 

different boost converter has the same problem. The system 

with a grid tie inverter is able to achieve a high output 

voltage of 85KW. This is due to the tracking by incremental 

conductance technique. The voltage is increased till the 

point where the power starts decreasing and from that 

instant the voltage is traced to the maximum power point. 

This is carried out in parallel to maintain maximum power 

output. 

IV. CONCLUSION 

From table 1 three different samples of solar panels were 

tested and the best sample was found to be sample 3 

producing maximum output power of 85KW. The table 1 

shows the values of the various voltages and power in the 

system. The power output is compared in bar chart. The 

chart shows the comparison of the output power of the 

different samples at different irradiances 

Below, table 2 shows the values tabulated out of 

the three samples. Here the grid tie inverter is tested with a 

boost converter. The system is not able to achieve a good 

power output. The value is very minimal Sample 2 has very 

low panel voltage due to the temperature effects. As the 

temperature increases there is less voltage developed in the 

panel. The inverter voltage corresponds to the boost voltage. 

The power output of sample 1 is greater than the rest. 

Grid Tie Inverter with MPPT 

IRRADIANCE 

(W/m^2) 
Panel Voltage (Vpan) Boost Voltage (Vdc) Inverter Voltage (Vinv) Power (KW) 

Sample S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 

0 0 0 0 0 0 0 0 0 0 0 0 0 

200 177.46 137.35 204.8 392.97 402.5 465.81 213.88 252.62 250.31 13.78 0.17 2.73 

400 214.39 144.12 218.03 412.06 413.92 566.71 283.72 252.84 235.65 36.36 2.82 25.61 

600 217.75 148.12 220.77 434.15 420.61 445.78 434.15 252.98 218.93 52.28 4.21 44.82 

800 220.37 150.85 230.71 443.76 475.98 448.45 441.56 253 214.49 66.83 6.22 60.48 

1000 225.37 153.01 242.41 449.51 476.19 452.26 453.04 253 214.76 85.68 9.27 74.94 

Table 1: Sample specification for three different samples 

Parameter Sample1 Sample2 Sample3 

No. of Cells 96 50 96 

Pmp 305.2 190.258 219.72 

Vmp 54.7 24.3003 48.3159 

Imp 5.58 7.82945 4.54758 

Voc 64.2 30.6021 59.2618 

Isc 5.96 8.51029 5.09261 

Temp C Pmp -1.154 -9.306 -1.031 

Temp C Vmp -1.86 -1.14 -2.355 

Temp C Imp -2.12 -1.566 -8.231 

Temp C Voc -1.77 -1.11 -2.17 

Temp C Isc 3.516 5.532 2.022 

Rs 0.037998 0.17514 0.24807 

Rp 993.51 755.51 235.76 

Isat 1.1753 1.0647 5.3103 

Iph 5.9602 8.5158 5.098 

Qd 1.3 1.5 1.5 

Table 2: Output values of simulation of Grid Tie Inverter 

with MPPT 

Grid tie inverter system is a very essential part at 

every place but the point is it has to be of maximum 

efficiency to combat the high price. From the tests carried 

out in different angles on the system it is inferred that when 

the GTI is installed to a solar integrated system or any 

renewable energy system the system must be installed with a 

charge controller to have maximum output power. 

Temperature and saturation currents are two major factors of 

concern. Thus from this we are able to infer that the system 

with MPPT technique is able to produce maximum power. 

These solar integrated projects are increasing day by day 

and there is a lot of requirement for satisfactory performance 

at a lower cost. These tests provide a better edge for 

developing better Grid tie inverter. There is future for the 

GTI for being installed in projects at every house to 

overcome the growing need for electricity. It is concluded 

that the MPPT should be considered. The third system is 

considered better than the rest due to this regard.   
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