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 In recent years, the demand for energy generated by photovoltaics has 
increased because of the cheapness of this energy, especially in the Middle 
East. This study focuses on the design and implementation of a three-phase 
photovoltaic inverter system for distribution of generator applications. The 
three-phase inverter used in this study was designed using GWM 100-01X1 
as a three-phase full bridge MOSFET package. The MOSFET full bridge of 
the three-phase inverter is driven using IR2104 gate driver IC, and the Hall 
sensors of the voltage and current are used to measure the AC and DC 
voltage and current. The SPWM signal is generated using a 
PIC24FJ256GB110 as a microcontroller and interfaced to the full bridge 
package. Simulation and experimental results are presented to validate the 
three-phase inverter design. 
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1. INTRODUCTION 

The first solution to photovoltaic power generation is how to convert solar radiation energy to 
electrical energy. The principle of solar photovoltaic cell power generation is based on the photovoltaic 
effect, which is a conversion device that converts solar radiation energy into electrical energy. A plurality of 
such devices are assembled into a photovoltaic cell assembly, and a plurality of components are combined 
into a photovoltaic array as needed and matched with the devices for energy storage, measurement, control, 
and inverter, thereby forming a photovoltaic power generation system [1-7]. 

To meet the static and dynamic requirements of the load on the distributed generation system, the 
three-phase photovoltaic inverter is generally designed as a closed-loop feedback control system, and the 
starting point for the analysis and control of the closed-loop control system involves correctly reflecting the 
basic relationship between input and output [8-12].  

As shown in Figure 1, the basic principle is that the three-phase photovoltaic array inverter is 
connected to grid, and the generated solar energy is transferred to a DC power source, and then passed 
through the DC filter to become an alternating current through the inverter. The fundamental wave is a sine 
wave, which is inductively filtered and merged into the grid, which incorporates the current. The frequency 
and phase are in phase with the grid voltage. Photovoltaic grid-connected inverters use voltage source input 
and current source output control. The output current is controlled using voltage control [13-16]. 

The main hardware of the full system in this study is a part of the control system that uses 
PIC24FJ256GB110 as a microcontrol core [17, 18], three-phase full bridge MOSFET module (GWM 100-
01X1) [19], and IR2104 gate driver IC as an isolation gate drive circuit [20, 21]. The Hall sensors of the 
voltage and current are used to measure the AC and DC voltage and current [22-26]. 
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This paper is organised as follows: in Section 2, a mathematical model of the three-phase 
photovoltaic inverter is provided. Section 3 discusses the hardware circuit structure. Section 4 presents the 
simulation and practical results of the full system, and finally, Section 5 discusses the conclusions. 

 
 

 
 

Figure 1. Three-phase photovoltaic inverter system 
 
 
2. MATHEMATICAL MODEL OF THREE PHASE PHOTOVOLTAIC INVERTER  

For the distributed generation of the three-phase grid, the main topology of the three-phase 
photovoltaic grid-connected power circuit inverter is shown in Figure 1. In the figure, Vdc is the DC voltage 
across the DC link capacitor, C is the DC bus capacitance, and LC is a filter in the AC side before being 
connected to the grid. Additionally, Vpha, Vphb, and Vphc are the phase voltages of the three-phase grid. 
According to Figure 1, the three-phase grid is assumed to be symmetrical. According to Kirchhoff’s law, the 
mathematical model of the inverter in the three-phase stationary coordinate system can be expressed in (1). 
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Where, 
𝑉௔௡, 𝑉௕௡ 𝑎𝑛𝑑 𝑉௖௡ are the output voltage of the output Leg’s A, B, and C of the three-phase photovoltaic 
inverter relative to the neutral point of the grid. 𝑖௔, 𝑖௕ 𝑎𝑛𝑑 𝑖௖ are the three-phase output current of the inverter. 
ሺ𝐿௔ ൌ 𝐿௕ ൌ 𝐿௖ ൌ 𝐿ሻ 𝑎𝑛𝑑 ሺ𝑅௔ ൌ 𝑅௕ ൌ 𝑅௖ ൌ 𝑅ሻ 

In the two-phase stationary coordinate system, the grid voltage αβ component is changed. When 
predictive control is performed, if the change is not considered, the system performance will be affected, 
especially when the switching frequency is small. If the variation of the grid voltage αβ component is 
considered, the complexity of the control algorithm will increase. In the synchronous rotating coordinate 
system, the d-axis and q-axis components of the three-phase symmetric grid are approximately constant, so 
the control strategy of this study is synchronous. Implemented in a rotating coordinate system. After the dq 
coordinate transformation, the mathematical model of the inverter in the two-phase synchronous rotating 
coordinate system can be presented in (2). 
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Where, 
𝑖ௗ 𝑎𝑛𝑑 𝑖௤ are grid-connected currents, 𝑉஽ 𝑎𝑛𝑑 𝑉ொ are inverter bridge output voltages, and 𝑒ௗ 𝑎𝑛𝑑 𝑒௤ are  
grid voltages. 

The angle between the synchronous rotating coordinate system and stationary coordinate system 
𝜃 ൌ 𝜃ଵ ൅ 2𝜋𝑓ଵ𝑡, 𝑓ଵ is the grid frequency, 𝜃 is the starting angle, and 𝜃ଵ can be any value. Only the grid 
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frequency needs to be detected, which reduces the control difficulty. For ease of analysis, coupling is 
performed by (3). 
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If we ignore the influence of line resistance R, the final mathematical model can be obtained in (4). 
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According to the instantaneous power theory, instantaneous active power P and reactive power Q 

output from the three-phase grid-connected inverter are present in the synchronous rotating coordinate 
system, as shown in (5). 
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3. HARDWARE CIRCUIT STRUCTURE 

The main hardware part of the control system uses PIC24FJ256GB110 as a microcontrol core, 
three-phase inverter back package, isolation gate drive circuit, and current and voltage sensors (AC and DC). 
The PIC24FJ256GB110 control unit mainly completes the A/D conversion function and the processing of the 
pulse width modulation control signals. 

 
3.1.  The PIC24FJ256GB110 control unit 

The PIC24FJ256GB110 microcontroller is the main part used to control and implement the three-
phase inverter. The PIC24FJ256GB110 is programmed using a MPLAB X IDEV3.5 software compiler for 
programming, and using C language [6][9][10] and Explorer 16 kit for the microchip. The SPWM control 
signals that are generated by the PIC24FJ128GA010 microcontroller are used as inputs to the three-phase full 
bridge driver circuit. The PIC24FJ256GB110 is selected because it is highly preferred, offers low power 
consumption, and is used in industries with high-voltage automotive applications. The properties of the 
microcontroller are shown in Table 1, and the Explorer 16 kit is presented in Figure 2. 

 

 
 

 
Figure 2. The Explorer 16 kit with 

PIC24FJ256GB110 [18] 
 

Table 1. The properties of PIC24FJ256GB110 
Specification Detail  

Device PIC24FJ256GB110 
No. of Pins 100 

Program Flash Memory (Kbyte) 256 
RAM (Kbyte) 16 
Timer 16-bit 5 
Capture Input 9 

Compare Std. PWM 9 
ADC DC, 3 

UART 4 
SPI 3 

12CTM 2 
Enhanced CANTM 2 
I/O Pins (Max)(2) 44 

Package PF, PT 

  
 

 
3.2.  Three-phase MOSFET inverter package 

Figure 3 presents the three-phase full bridge MOSFET module (GWM 100-01X1) obtained from the 
IXYS company for this study. The unit can withstand a maximum current of 90A and a maximum voltage of 
100V. The SPWM signals generated using the PIC24FJ256GB110 are driven by the drive circuit to drive the 
MOSFET. The MOSFET is driven by the integrated circuit and IR2104 module, which is isolated by  
an optocoupler. 
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Figure 3. Three-phase full bridge MOSFET module (GWM 100-01X1) [ ] 
 
 

3.3.  Voltage and current sensor circuit 
The three-phase voltage sensor circuit shown in Figure 4a is used to measure a phase AC voltage 

that is less than 250 VAC. The current acquisition is performed using a Hall sensor. The three-phase Hall 
sensors of the inverter in Figure 4b are widely used in variable frequency speed control devices, inverter 
devices, UPS power supply devices, and power grid monitoring systems because of their high precision, good 
linearity, wide frequency bandwidth, fast response time, small size, and strong anti-interference ability. 

 
 

 
  

(a) (b) 
  

Figure 4. The sensors: (a) Voltage sensors and (b) Current sensors 
 
 

3.4.  Gate driver circuit design 
The MOSFET full bridge of the three-phase inverter is driven by the hybrid integrated module 

IR2104 gate driver IC. This driver is used as a MOSFET driver with independent to another power supply 
because it is a high-voltage, high-speed output channel. The IR2104 drive has many applications – DC-DC, 
AC/DC, DC/AC – for high-power density and efficiency and motor drive applications such as home 
appliances and LED drivers. A half-bridge gate driver circuit based on IR2104 is shown in Figure 5 with two 
MOSFET transistors. 

 
 

 
 

Figure 5. IR2104 gate driver circuit 
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4. SIMULATION AND PRACTICAL RESULTS 
This section is divided into two parts: the first part discusses the MATLAB/Simulink results for the 

three-phase photovoltaic inverter, and the second part discusses the practical system’s hardware and results. 
 

4.1.  Three-phase simulation results 
Figure 6 presents the full system of the three-phase PV inverter with feedback and full control. This 

system was built using MATLAB/Simulink. The simulation parameters are V_dc=500V, L=0.3mH, 400 
VAC with 50Hz and the three-phase power grid with a carrier frequency of 5 kHz. Figure 5 shows the 
simulated waveforms of the grid-connected current and voltage. The grid-connected current sinusoidality of 
the improved predictive control method is high and stable, and the inductance value fluctuation is small and 
stable, and the expected control target is achieved. Because the grid is symmetrical, the voltage and current 
waveforms of phase A are selected to present the current and voltage. 

The simulation results of the three-phase photovoltaic inverter for DG distribution in Figure 6 are 
presented in Figure 7. Figure 7a shows the DC link voltage. The output voltage of the three-phase inverter is 
shown in Figure 7b, and Figure 7c presents the output current of the three-phase inverter. Finally, the voltage 
and current of phase A are shown in Figure 7d. Figure 7d presents the voltage and current of phase A in the 
same sequence. 

 
 

 
 

Figure 6. Three-phase photovoltaic inverter with full control circuit 
 
 

 

(a) 
 

(b) 
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(c) 
 

(d) 
  

Figure 7. MATLAB/Simulation results: (a) DC link voltage across DC link bus capacitor,  
(b) Three-phase voltage (phase to ground), (c) Three-phase inverter current (phase current),  

and (d) Voltage and current results for Phase A 
 
 

Figure 8 presents the THD of the three-phase currents THD (phase A) = 3.34%, THD (phase B) = 
3.40% and THD (phase C) = 2.753%. The average value of THD for the full system is equal to 3.16%, which 
is acceptable because the IEEE standard accepts a THD ≤ 5%. 

 
 

 

(a) 
 

(b) 
  
  

 

(c) 
 

Figure 8. THD of three-phase current: (a) THD (phase A), (b) THD (phase B), and (c) THD (phase C) 
 
 

4.2.  Three-phase practical results 
Figure 9 present the demo hardware of the full system of the three-phase inverter built in the lab. It 

shows the isolated driver circuit, measuring voltage and current circuit, three-phase bridge inverter, and 
Explorer 16 kit with PIC24FJ256GB110 microcontroller. 
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Figure 9. Full hardware circuit of the three-phase photovoltaic inverter system 
 
 
The output current and voltage of the practical system of the three-phase inverter is shown in 

Figures 10(a) and (b) respectively. Figure 10(c) presents the positive results of phase A’s current and voltage 
in the same phase. 

 
 

 
 

(a) 
(b) 

  

(c) 
  

Figure 10. The practical results: (a) Three-phase output voltage, (b) Three-phase output current, and  
(c) Voltage and current in the same phase in Phase A 

 
 
5. CONCLUSION 

This study involved the design and implementation of a three-phase photovoltaic grid-tied inverter 
controlled by PIC24FJ256GB110 based on the distributed generation system. The microcontrol 
(PIC24FJ256GB110 chip) core used an advanced and powerful microchip with high reliability and high 
efficiency. The Hall sensor of the voltage and current was used to measure the AC and DC voltage and 
current. This practical design was made in the lab mainly by using the basic structure of the three-phase 
photovoltaic inverter system, selecting the appropriate main control chip, designing the three-phase inverter 
power supply realised using the PWM modulation method, and using the current and voltage feedback loops 
mode in the instantaneous value method to ensure that the output of the inverter was stable and that the L 
filter was used to maintain the quality of the output power. The simulation and experimental results verified 
the rationality of the mathematical model and control strategy and provided a theoretical basis for engineers 
and technicians. This modelling and control method can also be extended to other types of PWM changes. 



                ISSN: 2088-8694 

Int J Pow Elec & Dri Syst, Vol. 10, No. 3, Sep 2019 :  1215 – 1222 

1222

REFERENCES 
[1] D. V. Bozlakov, T. L. Vandoorn, B. Meersman, G. K. Papagiannis, A. I. Chrysochos, and L. Vandevelde, 

“Damping-Based Droop Control Strategy Allowing An Increased Penetration Of Renewable Energy Resources In 
Low-Voltage Grids,” IEEE Trans. Power Deliv., Vol. 31, No. 4, pp. 1447–1455, 2016. 

[2] D. Bozlakov, T. L. Vandoorn, B. Meersman, C. Demoulias, and L. Vandevelde, “Voltage Dip Mitigation 
Capabilities Of Three-Phase Damping Control Strategy,” Electr. Power Syst. Res., Vol. 121, pp. 192–199, 2015. 

[3] M. Castilla, J. Miret, A. Camacho, J. Matas, and L. G. De Vicuna, “Reduction of current harmonic distortion in 
three-phase grid-connected photovoltaic inverters via resonant current control,” IEEE Trans. Ind. Electron., vol. 
60, no. 4, pp. 1464–1472, 2013. 

[4] Mohannad Jabbar Mnati, Dimitar V. Bozalakov, and Alex Van den Bossche, “New Pulse Width Modulation 
Technique to Reduce Losses for Three-Phase Photovoltaic Inverters,” Active and Passive Electronic Components, 
vol. 2018, 2018. [Online]. Available: https://doi.org/10.1155/2018/4157614. 

[5] Mohd Ruddin Ab Ghani, Ihsan Jaabar Hasan, Chin Kim Gan, and Z. Jano “Losses Reduction and Voltage 
Improvement with Optimum DG Allocation using GA”, Magnt Research Report (Magnt), Vol. 3, pp. 16-23, 
2015. 

[6] Ihsan Jabbar Hasan, Chin Kim Gan, Meysam Shamshiri, Rosli Bin Omar, and Mohd Ruddin Ab Ghani," 
Optimum Feeder Routing and Distribution Substation Placement and sizing Using PSO and MST", Indian 
Journal of Science and Technology (INDJST), Vol. 7(10), pp. 1682-1689, October 2014. 

[7] S. B. Kumar, S. Kefale, and M. Azath, “Comparison of Z-Source EZ-Source and TZ-Source Inverter Systems for 
Wind Energy Conversion,” International Journal of Power Electronics and Drive System (IJPEDS), vol. 9, no. 4,  
pp. 1693–1701, 2018. 

[8] Z. Rasin, M. F. Rahman, M. Azri, and H. N. Talib, “Design and Development of Grid-connected Quasi-Z-Source 
PV Inverter,” International Journal of Power Electronics and Drive System, vol. 9, no. 4, pp. 1989–2005, 2018. 

[9] S. K. Dash, B. Nayak, and J. B. Sahu, “Selective Harmonic Elimination of an Eleven Level Inverter Using Whale 
Optimization Technique,” vol. 9, no. 4, pp. 1944–1951, 2018. 

[10] M. Khanfara, R. El Bachtiri, M. Boussetta, and K. El Hammoumi, “A Multicarrier PWM Technique for Five 
Level Inverter Connected to the Grid,” International Journal of Power Electronics and Drive System (IJPEDS), 
vol. 9, no. 4, pp. 1774–1783, 2018. 

[11] Ihsan Jabbar Hasan, Meysam Shamshiri, Chin Kim Gan, Mohd Ruddin AbGhani, and Ismadi Bin Bugis, "Optimal 
Capacitor Allocation in Distribution System using Particle Swarm Optimization," Trans Tech Publications Inc. on 
Applied Mechanics and Materials, Vol. 699, pp.770-775, 2015. 

[12] O. Salama, A. Tabyaoui, and M. Benchagra, “Control Methods on Three-phase Power Converters in Photovoltaic 
Systems,” International Journal of Power Electronics and Drive System, vol. 9, no. 4, pp. 1851–1865, 2018. 

[13] T. Selmi and M. Rezgui, “A Novel DC-AC Inverter Topology to Eliminate Leakage Current,” International 
Journal of Power Electronics and Drive System (IJPEDS), vol. 9, no. 4, pp. 1733–1744, 2018. 

[14] Ihsan Jabbar Hasan, Chin Kim Gan, Meysam Shamshiri, Ismadi Bin Bugis, Mohd Ruddin Ab Ghani, "Losses 
Reduction and Voltage Improvement Using Optimum Capacitor Allocation by PSO in Power Distribution 
Networks", International Review on Modelling and Simulations, Vol. 6, No. 4 ,pp. 1219-1226, August 2013. 

[15] Mohannad Jabbar Mnati, Dimitar V. Bozalakov, and Alex Van den Bossche, “A New Synchronization Technique 
of a Three-Phase Grid Tied Inverter for Photovoltaic Applications,” Mathematical Problems in Engineering,  
vol. 2018, 2018. [Online]. Available: https://doi.org/10.1155/2018/7852642. 

[16] M. H. Zare, M. Mohamadian, and R. Beiranvand, “A Single-Phase Grid-Connected Photovoltaic Inverter Based 
on a Three-Switch Three-Port Flyback with Series Power Decoupling Circuit,” IEEE Trans. Ind. Electron., vol. 
64, no. 3, pp. 2062–2071, 2017. 

[17] U. S. B. O. Otg, PIC24FJ256GB210 Family Data Sheet 16-Bit Flash Microcontrollers, 2010. 
[18] Microchip, “16-bit Embedded Control Solutions,” Cat, no. March, 2009. 
[19] M. Ratings and C. Values, “Three phase full Bridge with Trench MOSFETs in DCB isolated high current package 

GWM 100-01X1,” pp. 1–7, 2011. 
[20] Mnati,MJ, Hasan,A, Bossche,AV.An improved sic-mosfet gate driver circuit controlled by dspic33fj256gp710a. 

6th Eur. Conf. Ren. Energy Sys. 25-27 June 2018, Istanbul, Turkey. 
[21] M. J. Mnati, A. Van den Bossche and J. M. V. Bikorimana, “Design of a half-bridge bootstrap circuit for grid 

inverter application controled by PIC24FJ128GA010,” 2016 IEEE International Conference on Renewable 
Energy Research and Applications, Birmingham, 2016, pp. 85-89. doi: 10.1109/ICRERA.2016.7884409 

[22] International Rectifier, “IR2184(4)(S) & (PbF) Half-Bridge Driver,” Data Sheet, vol. 2104, pp. 1–24, April 2006. 
[23] [Online]. Available: http://www.interplus-industry.fr/index.php?option=com_content&view=article&id=52& 

Itemid=173&lang=en,” p. 173. 
[24] B. Players, H. Theaters, G. Sensors, P. Magnet, S. Motor, W. Scales, W. S. Ranges, and L. S. Drain, “LMx58, 

LMx58x , LM2904 , LM2904V Dual Operational Amplifiers PACKAGE IN + IN −,” 2015. 
[25] F. Integrated, H. E. Linear, and C. Sensor, “ACS712,” pp. 1–15. 
[26] M. J. Mnati, A. Van den Bossche, and R. Chisab, “A Smart Voltage and Current Monitoring System for Three 

Phase Inverters Using an Android Smartphone Application,” Sensors, vol. 17, no. 4, p. 872, 2017. [Online]. 
Available: http://www.mdpi.com/1424-8220/17/4/872. 


