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Abstract 
In recent years, the interest in solar energy has risen due to surging oil prices and environmental concern[9]. In many remote or 
underdeveloped areas, direct access to an electric grid is impossible and a photovoltaic inverter system would make life much 
simpler and more convenient[1]. With this in mind, this paper aims to design, build, and test a solar panel inverter. This inverter 
system could be used as backup power during outages, battery charging, or for typical household applications. The key features of 
the system are a true 50Hz, 230Vrms sinusoidal voltage output, a wide input range, and maximum power-point tracking (MPPT), 
and a power output of up to 300W. The overall goal is to design this system while minimizing component costs. Although systems 
with similar features already exist, many are prohibitively expensive for those people who stand to benefit the most[19]. In 
addition, inverters in the lower price range typically lack the features mentioned above. 
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1. INTRODUCTION 
The initial selection of this paper was motivated by the increased interest in renewable energy systems, which has been 
fuelled by rising oil prices and environmental concern[3]. It is our belief that the marketplace needs a wider variety of 
products that will utilize such systems for household applications. We also believe that the process of designing a solar 
panel interface will be greatly beneficial to a power engineer in the rapidly expanding field of renewable energy 
applications. The main objective of this paper is to design, build, and test a solar panel inverter. This inverter should be 
low cost, as compared to other commercially available inverter system, flexible – utilizing a wide input voltage range for 
various photovoltaic panels as well as providing a charge control option, and make optimal use out of any solar panels – 
this is achieved by using a maximum power-point tracking (MPPT). 

. 

 
Figure 1.3 Block diagram of the overall topology of the inverter system. 

 
2. DESIGN PROCEDURE 
2.1 Design Procedure 
The initial idea for the project consisted of an MPPT input stage followed by a single boost converter, which would bring 
a nominally 12 V solar panel up to the necessary 230 V DC. Using two boost converters in tandem was briefly 
considered but eventually discarded as excessively difficult to control and inelegant. 12 V nominal input voltage was not 
feasible since, at 300 W, this corresponds to a current of almost 42 A. Not only would this converter have heavy losses 
but it would be very difficult to test with available laboratory equipment. Thus, it was decided that the input voltage 
would be 12V, 24V, 48V, 36V nominally. 
 
2.1.1 MPPT Stage Design 
The concept of maximum power point tracking is best illustrated. MPPT is designed with AT89S52 MCU. Solar panel 
output is interfaced to Microcontroller through ADC. The controller continuously checks the voltage level of the panel 
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and operates the stepper motor to attain maximum voltage. An LDR is used to sense the day / night condition, to disable 
the tracking in night condition. The stepper motor is driven by a ULN driver. Figure 2.1.1 shows the block diagram for 
the process of MPPT design. 

 
Figure 2.1.1: Block diagram of MPPT Explanation of each block 

 

3. DESIGN VERIFICATION: TESTING AND ANALYSIS 
The following section will summarize the results and data gathered during testing of each power stage individually. For 
power converters, the figures of merit are the input/output characteristics 
 
3.1 Boost Converter Testing: Results and Analysis 
Testing of the boost converter was a straight-forward process. Various input voltages and loads were applied and 
measurements were taken for input voltage, current, and power as well as output voltage, current, power. 
The solar panel was modeled by using a Magna Power supply capable of a DC input voltage of 0-400V and providing a 
current up to 27A. The load was a CFL load capable of handling 3- 1 5V/0-6A with a peak maximum power of 150W. 
The input voltage was varied for typical solar panel output voltages of 12V, 24V, 36V, and 48V. The output voltage was 
taken at 2 points: the minimal output voltage of 1 9V and maximum voltage of 23V, due to limitation of the electronic 
load. Another limitation of the testing was the output power, which was limited to 150W by a single electronic load. The 
results displayed in graphical form in Figures 4.1 & Figure 4.2 
Figure 4.1 show the input/output voltage relationships as well as the associated duty ratio for each of the operating 
conditions; the duty ratio represents the control signal via a feedback loop that was provided by the control board. 
Figures 4.2 display power output characteristics. For the operating range, the boost converter exhibited and efficiency 
between 95-85% 
 
3.2 Buck Converter Testing: Results and Analysis 
Buck converter testing was carried out in a similar manner to the testing of the boost converter. The same power supply 
was utilized as well as the CFL load; the same output power limitation of 75W was present. 
The input voltage was varied between 1 9V and 23V, while varying the load as well. The output voltage was held at 12V 
and associated input/output voltage levels and power measurements were taken. 
Figure 4.3 displays the output characteristics as well as the input in graphical manner. This plot shows the variation of 
the output voltage on the input voltage as well as the associated duty ratio necessary to achieve proper operation. 
Figure 4.4 displays the power characteristics of the buck converter. The plot shows the variation of efficiency with respect 
to Vin and Pin; the achieved efficiency results fall in the range between 99-81%. 
 
3.3 Half-Bridge Testing: Results and Analysis 
In order to test the half-bridge circuit, a constant 12Vdc input needed to be supplied over the range of minimum and 
maximum load. The output waveform was monitored with an oscilloscope to ensure the proper 12Vp-p square wave 
signal was present. 
While using discrete power resistors is certainly feasible, in order to apply a 300W load, a power resistor of 0.33 8. is 
necessary with that particular power rating.Figure 4.5 displays a graph of the resulting output and power characteristics 
of the half-bridge inverter. However, once a power of approximately 130W was reached, the efficiency was significantly 
affected. At this power and voltage level, the current going into the load would be approximately 1 0A. Due to safety 
reasons, the half-bridge inverter could only be tested up to this operation point. The oscilloscope plots that show the 
relevant half-bridge signals; this is shown in Figure 4.6 under a variety of operating conditions. The oscilloscope signals 
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are: Ch. 1 is the output waveform, Ch.2 is the switching signal, Ch.3 is the Vds on the high side switch, and Ch.4 is the 
output current. 
 
3.4 Bridge-Rectifier and H-Bridge Testing: Results and Analysis 
Since the bridge-rectifier is a single package discrete component, its data sheet provides thorough performance 
characteristics under a variety of conditions..The testing of the H-bridge proved to be a difficult task. Although all 
components were chosen carefully, frequent failures occurred. The maximum DC bus voltage that was obtained was 
230V. Even at lower voltage levels, the h-bridge could only push a meager 12W of power into the load. After this point, 
power switches and gate drives started malfunctioning and failing; with only a limited supply of parts, only qualitative 
results are available in the form of oscilloscope plots, shown in Figures 4.7 & 4.8. 
 
4. RESULTS 
4A. Simulation results of each circuit: 
 
 

 
Figure 4.1 :Boost output characteristics Vin=12V,Vout=19.6V & Vout=23V) 

 

 
Figure 4.2:Boost Power Characteristics (Vin=12V,Vout=19.6V & Vout=23V) 

 

 
Figure 4.3:Buck output characteristics  

 

 
Figure 4.4:Buck Power Characteristic 

 

 
Figure 4.5:Half Bridg Performance 
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Figure 4.6: Half bridge (Pout=300W) 

 

 
Figure 4.7: H_bridge (Filtering) 

 

 
Figure 4.8: H_bridge (Vdc=230V) 4B. Hardware results 

S.no Circuits Input 
Voltage 

Output 
Voltage 

1. Boost 
Converter 

12V(D.c) 22.4V(D.c) 

2. Buck Converter 22.4V(D.c) 12V(D.c) 
3. Half Bridge 12V(D.c) 12V(A.c) 

4. Transformer 12V(A.c) 230V(A.c) 

The output power obtain from the hardware system is around 300W. 
 
4D Cost  Analysis;  

One of the main points of this project was to minimize the parts cost, when compared to commercially available system. 
For example, a simple web-search for solar inverter products reveals that a 300W inverter costs about Rs 18,400/-; 
however, it does not have MPPT[19] and outputs a modified sine wave. The goal was to bring the price of the parts to 
about Rs 12500/- including of MPPT. Figure 4d. shows the cost comparison bar plot. From that plot it is clear that we can 
gain Rs 5,900/-. 
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Figure 4d. Cost comparison 
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5. CONCLUSIONS 
Although the project was never fully integrated, the disparate elements showed promise. The boost converter met the 
specifications up to 150W, while the buck converter did so up to about 75W. The half-bridge was unable to be tested 
using conventional methods and available equipment above 25W, but showed excellent performance up to that point. The 
h-bridge, although unable to provide high power levels, displayed the proper PWM output at bus voltages up to 230V. 
Among the stages, there was consistently an issue with inductive voltage spikes. This accounted for many of the 
performance limitations seen. Another issue involved the printed circuit boards. The PCBs used were not rated for the 
operating currents required and haphazard external routing schemes had to be devised. Even if the devices were capable 
of handling the aforementioned inductive spikes, it is unlikely that the PCBs could handle power levels as high as 300W. 
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