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I. INTRODUCTION 

 

Within the last decade, there have been rapid changes in 

technology. Power electronics have played a vital role in the 

technological developments. Inverters are extensively used in 

power electronic applications for converting DC (Direct 

Current) to AC (Alternating current). The applications of 

inverters range from uninterrupted power supplies used in 

home appliances control to HVDC power transmission. 

Inverter circuits are quite complex and modelling of inverters 

have been studied extensively by researchers.  

In [1], the authors present a generalized state space 

averaging model of inverter, by taking dead time into 

consideration. The proposed model guarantees accuracy in 

fundamental components of voltage and current. The model 

proves to work well in controller design of parallel connection 

of inverters. An average inverter model working in two 

complementary modes like the current controlled mode and 

the voltage controlled modes is discussed in [2].The proposed 

model takes into consideration the the nonlinear behavior of 

the switches, delays in the control loops, and the practical 

constraints. The authors were able to simulate active and 

reactive power controls of the inverter in two different ways 

and also to estimate the low order harmonics of the output 

current, using the proposed model. 

Most of the existing inverter models are valid for a 

specific topology under study and models adopt a balance 

assumption among input variables, which limit their 

application ranges. A new-formed model which is a general 

one and more suitable for computer simulation is presented in 

[3]. The proposed model makes no extra assumptions and the 

equation are formed using KVL (kirchhoff voltage law) and 

KCL (kirchhoff current law).The model is a general one and 

can be applied to type of source/load voltages. 

A functional simulation model for the voltage-source 

inverter (VSI) using the switching function concept is 

proposed and implemented in [4]. With the functional model, 

the simplification of the static power circuits can be achieved 

and also need for forming the state equations describing the 

power circuits in MATLAB is not required.  

This paper presents the implantation of an average model 

of the three phase inverter using transient simulation methods. 

Section II gives the average model of the three phase inverter. 

Section III gives the transient simulation implementation of 

the inverter average model. Section IV gives the simulation 

and results. 

 

 

II. AVERAGE MODEL OF INVERTER 

 

A three phase 3- wire inverter is shown in Fig 1. A series 

inductance L and the equivalent series resistor (ESR) rL are 

placed in each of the three phases. A capacitor, C is placed 
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across the two branches. The load is assumed to be 

symmetrical R load in delta connection. 

 
Figure 1: Three phase 3-wire inverter 

The modelling of inverter is done using Generalised state 

space averaging method [1]. The voltages at the points a, b, c 

are given by equations (1) through (3). 

 

 

  

The virtual currents line currents   are given by 

equations (4) through (6). 

                     

                      

                      

The virtual currents line currents   are related to 

to      by the equations (7) through (9). 

 

 

 
The voltages are related to input dc voltage and switching 

functions by the following equations (10) through (12). 

         

         

          

The conventional state equations for the three phase inverter 

are given by equations (13) through (18). 

           

            

             

             

             

       

The switching function is given by equation (19). 

          

where k = a, b, c and m is the modulation ratio taken as 

0.5.   where  is the 

initial phase angle. 

 

 

III. IMPLEMENTATION USING TRANSIENT 

SIMULATION TECHNIQUE 

 

For the study of dynamic performance of the inverter, 

various transient simulation methods are studied. For transient 

analysis, the differential equations are converted into 

difference equation using a suitable mathematical method. The 

three mathematical methods include Forward Euler, Backward 

Euler and Trapezoidal Methods. The three methods are 

analysed on the basis of accuracy, stability and computational 

effort by taking a simple example given by equation (20). 

                                
While considering equation (20) with an initial condition 

of  (0) = 1 we get the exact solution as [5]. 

While applying the three methods to the example given 

by equation 20 we get the results as given by equation(21)  

through (23) 

                        

                     

              

where h is the step size used in the simulation. 

Analysing these three methods on the basis of accuracy, it 

is found that in FE and BE methods error α h2 and in TRZ 

method error α h3. In terms of stability, BE and TRZ methods 

give comparable results and FE method gives unstable results 

when h is greater than the time constant of the circuit. In case 

of BE and TRZ methods to find the values at n+1 we need to 

know  values also but in case of FE method, the values at 

n+1 can be found out with the help of nth values.  

The transient analysis of inverter is done using FE method 

while carefully choosing the step size, h without affecting the 

stability of the circuit. The differential voltage and current 

equations can be converted to difference equation using FE 

method. The corresponding ac voltage and ac current thus 

obtained are given by equations (24) through (29). 
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IV. SIMULATION AND RESULTS 

 

The simulation of the three phase inverter using Forward 

Euler technique is done in C environment. The simulation is 

done for 1s and the step size was taken as 100 µs. A dc input 

voltage of 100 V is given to the inverter and the output voltage 

and current waveforms are obtained. The parameters used for 

simulation is given in Table 1. 

SYMBOL PARAMETERS VALUE UNIT 

Vdc Input Voltage 100 V 

m Modulation Ratio 0.6 - 

f Fundamental frequency 50 Hz 

φ0 Initial phase angle 0 rad/s 

L Filtering Inductor 1.0 mH 

rL ESR of filtering inductor 1.245 Ω 

C Filter Capacitor 1.0 mF 

R Load Resistance 10 Ω 

Table 1: Simulation Parameters 

The input to the three phase inverter is a dc input voltage 

of 100 V as given in Fig 2. 

 
Figure 2: Dc input voltage of 100V 

(Scale: x-axis 1div= 0.1s y-axis 1div=50V) 

The output phase voltages obtained for the three phase 

inverter is shown in Fig 3. 

 
Figure 3: Three phase output voltages of inverter 

(Scale: x-axis 1div= 0.1s y-axis 1div=20V) 

The output phase currents obtained for the three phase 

inverter is given in Fig 4. 

 
Figure 4: Three phase output currents of inverter 

(Scale: x-axis 1div= 0.1s y-axis 1div=20A) 

 

 

V. CONCLUSION 

 

In this paper, the generalized state space average model of 

the inverter is implanted using transient simulation techniques. 

For transient simulation analysis, various mathematical 

techniques are studied. The comparison of the three 

mathematical methods like Forward Euler, Backward Euler 

and trapezoidal methods is done on the basis of Accuracy 

Stability and computational Effort required. The waveforms of 

output voltage and output currents are obtained. 
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