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Abstract: This paper analyses the performance of a three phase grid tie inverter through simulation. The converter 

current controller is based on synchronous reference frame and d-q transformation which provides the reference voltage 
signal for the desired converter output voltage. The Sinusoidal Pulse Width Modulation generates firing pulses for six 

MOSFETs of the three phase full wave bridge converter and inturn regulates the active and reactive power flow of the 

converter. The dynamic variation in the voltage of DC source is neglected and hence DC voltage is held constant. The 

DC bus current is controlled by varying active current reference Iqref. Accordingly the DC source can absorb or supply 

active power by varying Iqref of the controller. The performance evaluation of three phase grid tie inverter for active 

power interaction while providing reactive power support is carried out in the present work.  
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I. INTRODUCTION 

 

Now a days power demand is increasing day by day. In the 
present context, large number of renewable energy sources 

are being connected to the grid in view of managing the 

micro grid.To maintain constant voltage in the distribution 

system, VSC based converter is used when the renewable 

energy sources are connected at the DC bus. This paper 

discusses the effectiveness of control system of a three 

phase grid tie inverter through simulation results. 

 

II. STUDY SYSTEM 

 

The block diagram of study system is as shown in Fig.1. 
Synchronous reference frame phase locked loop is used to 

track the phase and frequency of the grid voltage. Grid 

voltage(Vg) and inverter current(Is) is converted into d-q 

components by synchronous reference frame which is 

easily controlled by PI controller.Type1 controller is used 

to generate reference control signal.  
 

Sinusoidal pulse width modulation is employed to 
compare reference control signal with high frequency 

carrier signal of about 40 KHz to produce gating sequence 

for inverter switches. The dynamic variation in the voltage 

of DC source is neglected and hence DC voltage is held 

constant. 

 

III. DESIGN OF CONTROLLER 

 

To absorb active power from grid, inverter current must be 

in phase with grid voltage and to supply active power to 

the grid, inverter current must be out of phase with grid 
voltage. 

 

 

 
Fig.1.Block diagram of study system. 

 
In a three phase grid tie inverter, grid voltage and inverter 

current are transformed to synchronous rotating reference 

frame (dq reference frame)using Kron’s transformation[1]. 

Block diagram of generation of a control signal using 

rotating reference frame and Type 1 controller is as shown 

in Fig.2. 

 

For three phase grid tie inverter voltage balance equation 

can be written as, 

qdgdsd LIVVV 
 

 

dqgqsq LIVVV   
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Fig.2. Block diagram of generation of a control signal 
using rotating reference frame and Type 1 controller. 

 

The grid voltages and  inverter currents of the AC circuit 

are  transformed to a synchronousrotating reference frame 

by Kron's transformation is  defined by 

dqoKabc fCf   

Where 
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IV. GENERATION OF SPWM 

 

The basic idea to produce PWM Bipolar voltage switching 
signal is shown in the Fig. 3.It comprises the comparator 

i.e used to compare between the reference voltage 

waveform sxV (where x is a, b or c) and triangular carrier 

signal cV  and produces bipolar switching sequence[2]. 

This scheme is applied to three phase inverter circuit. In 

inverter upper switches are turned ON when the sxV is 

greater than cV  and complimentary switches (lower 

switches of same leg) are turned OFF. Frequency of 

reference signal is a fundamentalfrequency(50Hz) and 

carrier signal is switched for high frequency(40KHz). 

The MATLAB/SIMULINK model of SPWM is as shown 

in Fig.4. 

 

 
Fig.3.Block diagram of generation of a SPWM. 

 
Fig.4. MATLAB/SIMULINK model of a SPWM 

 

V. ANALYSIS OF EFFECTIVENESS OF CURRENT 

CONTROLLER IN GRID TIE INVERTER 

 
It is a well-known fact that, converter output voltage lags 

the bus voltage to absorb active power and magnitude of 

converter output voltage is less than bus voltage to absorb 

the reactive power from the bus. To supply active power to 

grid it is desired to control the converter output voltage to 

lead the bus voltage and it can also supply reactive power 

when the converter output voltage magnitude is greater 

than bus voltage. 

 

Case1: Absorption of active power and reactive power 

When the active current(Isq) is positive and reactive 

current(Isd)is negative. Inverter current lags the grid 
voltage. Magnitude of inverter output voltage(Vs

i) is less 

than the magnitude of the grid voltage(Vg) and also 

inverter voltage lags the grid voltage by an angle  . 

Hence inverter absorbs both active and reactive power 

from the grid. Phasor representation of grid voltage and 
inverter output voltage is as shown in Fig.5. 

 

 
Fig.5. Absorption of active power and reactive power 

 

Case 2: Absorption of active power and supply of reactive 

power 
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When both the active current(Isq) and reactive current(Isd) 

arepositive,inverter current leads the grid voltage. 

Magnitude of inverter output voltage is greater than the 

magnitude of the grid voltage. Inverter output voltage (Vs
i) 

lags the grid voltage (Vg) by an angle . Hence inverter 

absorbs the active power from thegrid and supplies the 

reactive power to the grid.Phasor representation of grid 

voltage and inverter output voltage is as shown in Fig.6. 

 

 
Fig.6. Absorption of active power and supply of reactive 

power. 

 

Case 3: Supply of both active and reactive power 

When the active current(Isq) is negative and reactive 

current(Isd)is positive,inverter current leads the grid 

voltage. Magnitude of inverter output voltage is greater 

than themagnitude of the grid voltage and also inverter 
output voltage(Vs

i) leads the grid voltage(Vg) by an angle 

 .Hence inverter supplies both active andreactive power 

to the grid. Phasor representation of grid voltage and 

inverter output voltage is as shown in Fig.7. 
 

 
Fig.7. Supply of both active and reactive power 

 
Case 4: Absorption of reactive power and supply of active 

power 

When both the active current(Isq)and reactive current(Isd)is 

negative. Inverter current lags the grid voltage. Magnitude 

of inverter output voltage(Vs
i) is less than the magnitude 

of the grid voltage(Vg) and also inverter voltage leads the 

grid voltage by an angle  . Hence invertersupplies the 

active power to the grid and absorbs the reactive power 

from the grid. Phasor representation of grid voltage and 

inverter output voltage is as shown in Fig.8. 

 

 
Fig.8. Absorption of reactive power and supply of active 

power. 

 

VI. SIMULATION RESULTS 

 

Case 1: Absorption of active power and reactive power 

When Isq=(+)ve and Isd=(-)ve,grid voltage and Inverter 

current v/s time  is as shown in Fig.9. Active power and  

reactive power v/s time is as shown in Fig.10. 

 

 
Fig.9. Grid voltage and Inverter current v/s time 

 

 
Fig.10. Active power and Reactive power v/s time 

 

Case 2: Absorption of active power and supply of reactive 

power 
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When Isqis (+)veand Isd(+)ve,grid voltage and Inverter 

current v/s time  is as shown in Fig.11. Active power and  

reactive power v/s time is as shown in Fig.12. 

 

 
Fig.11. Grid voltage and Inverter current v/s time  

 

 
Fig.12. Active power and Reactive power v/s time  

 

Case 3: Supply of both active and reactive power When 

Isqis (-)veand Isd(+)ve,grid voltage and Inverter current v/s 

time  is as shown in Fig.13. Active power and reactive 

power v/s time is as shown in Fig.14. 
 

 
Fig.13. Grid voltage and Inverter current v/s time  

 
Fig.14. Active power and Reactive power v/s time  

 

Case 4: Absorption of reactive power and supply of active 
power When Isq(-)veand Isd is (-)ve,grid voltage and 

Inverter current v/s time  is as shown in Fig.15. Active 

power and reactive power v/s time is as shown in Fig.16. 

 
Fig.15. Grid voltage and Inverter current v/s time  

 

 
Fig.16. Active power and Reactive power v/s time  

 

VII. CONCLUSION 

 

The paper explains design of synchronous reference frame 

current controller of a three phase grid tie inverter. The 

designed controller effectively controls the active and 

reactive powerinteraction between the grid and inverter. 

The simulation results demonstrate the effectiveness of 
controller ensuring the desired active and reactive power 

interaction between the grid and inverter. 
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