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Abstract— In this paper the speed control of three-phase induction  motor is achieved and also the analysis of the motor parameters have been done with the help of 

the modeling and simulation of the induction motor in MATLAB 2011b. The photovoltaic (PV) array is used as a source which is taking the solar irradiation in the 

input, through which the induction motor is being operated. The PV array is modeled by connecting various solar cells in series and parallel combinations. The 

simulation of the PV array is done in the MATLAB 2011b software.  The maximum power point tracking (MPPT) method is used to track the maximum possible 

power, and is modeled using the perturb and observe (P & O) algorithm. The modeling of the dc-dc buck converter is done to step-up the voltage to the desired level 

.To transform the dc voltage into the ac voltage an inverter is employed , which is getting the gate pulses from the pulse width modulation (PWM) generator. The PWM 

generator is generating the signals from the control strategy being used to convert the voltage from the two-axis reference frame to the three- phase and vice-versa. The 

modeling and simulation of each part is performed individually. 

Index Terms— dc-dc converter, MATLAB,  MPPT, PVarray, P & O, PWM, two-axis reference frame. 

——————————      —————————— 

1 INTRODUCTION 

The international agendas of Global warming and Green house 

gases had drawn affective concerns on the energy policies of 

the all countries in the world. Developed countries are trying 

to sort out the problems of excessive emissions of the green 

house gases. Other major concerns in the power sector 

developing due to today’s scenario is the unavailability to 

achieve power  demand using conventional sources of energy. 

In fact the continuous use of fossil fuels to meet the required 

demand has subsequently caused in the reduction of fossil fuel 

deposit and had also affected the environment drastically 

depleting the biosphere and cumulatively adding to global 

warming. In this context, the need for other forms of energy 

sources to tackle these above mentioned problems are required 

in a more challenging manner.  
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One of the best alternatives in this regard is the use of 

renewable sources of energy which has grown rapidly in 

recent years. The increasing interest which is building up for 

the efficient use of renewable energies is due to the fact that 

the energy policies in the world are trying to fight against the 

emissions of CO2. One of the most promising and largely 

available renewable energy sources is the solar energy. 

The basic aim behind the paper is to carry out the modeling 

and simulation of the photovoltaic array, which is utilizing one 

of the form of  the renewable source of energy, i.e. the solar 

energy. The PV array is constructed by connecting several 

solar cells in series and parallel combination. The three-phase 

induction motor which is connected as a load is then driven by 

the PV array. The main aim to operate the induction motor is 

due to the wide range of industrial applications associated with 

this motor and the continous operation of the motor from the 

past few decades.       

2  Modeling of Photovoltaic Panel 

Photovoltaic (PV) or solar cells as they are also called 

semiconductor devices because they convert sunlight into 

direct current (DC) or electricity. Groups of PV cells are 

electrically configured into modules and arrays, which can be 
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used to charge batteries, operate motors, and to power any 

number of electrical loads. By using the appropriate power 

conversion equipment, PV systems can produce alternating 

current (AC) compatible with any conventional appliances, 

and can operate in parallel with, and interconnected to, the 

utility grid. 

 

                         

Fig. 1: PV Cell                    Fig. 2: PV Module                                            

 

Fig. 3: PV Array 

The equivalent circuit of the PV cell is shown in Figure 1. PV 

cells are grouped in larger  units called PV panels which are 

further interconnected in a parallel-series configuration to 

form PV arrays.To simulate the array, cell model parameters 

are  properly multiplied by number of cells.                                                                              

The model equations are given from 

          
    

           ……………………(1)                                            

        ( 
(     ) 

      )…………………(2)                  

 

Fig. 4: Simulink model of a PV celL 

 Short Circuit Condition 

According to the short circuit situation in equivalent circuit 

shown in Fig 4.5, the current relationship can be expressed as 

    (     )      
   

   
[            ]……(3)                              

 

Fig. 5: Characteristic I–V curve of a practical PV device and 

the three remarkable 

points: short circuit (0, Isc ), MPP (Vmp, Imp), and open 

circuit (Voc , 0). 

 Open Circuit Condition 

The open-circuit voltage can be computed as 

                      ……………(4)                                             

 At the peak power point 

The peak power point (Vmpp , Impp) under different testing 

environment can be known according to the photovoltaic 

panel’s specification. At the peak power point, 

         [
 
(
        

  
)
  

 
(
   
  

)
  

]    ……………..(5)                                      

The basic equation (5) of the elementary PV cell does not 

represent the I–V characteristic of a practical PV array. 

 

3 Modeling of Induction Motor 

The control and speed sensorless estimation of IM drives is a 

vast subject. Traditionally, the IM has been used with constant 

frequency sources and normally the squirrel-cage machine is 

utilized in many industrial applications, A typical construction 

of a squirrel cage IM is illustrated in Figure 6. Its main 

advantages are the mechanical and electrical simplicity and 

ruggedness, the lack of rotating contacts (brushes) and its 

capability to produce torque over the entire speed range. 

IJSER



International Journal of Scientific & Engineering Research, Volume 5, Issue 10, October-2014                                                                                                    1447 

ISSN 2229-5518   

IJSER © 2014 

http://www.ijser.org 

 

Fig. 6: A cut-away view of a Squirrel Cage Induction 

Motor 

 

Before going to analyze any motor or generator it is very 

much important to obtain the machine in terms of its 

equivalent mathematical equations. Traditional per phase 

equivalent circuit has been widely used in steady state analysis 

and design of induction motor, but it is not appreciated to 

predict the dynamic performance of the motor. The dynamics 

consider the instantaneous effects of varying voltage/currents, 

stator frequency, and torque disturbance. The dynamic model 

of the induction motor is derived by using a two-phase motor 

in direct and  quadrature  axes. This approach is desirable 

because of the conceptual simplicity obtained with two sets of 

windings, one on the stator and the other in the rotor. The 

equivalence between the three phase and two phase machine 

models is derived from simple observation, and this approach 

is suitable for extending it to model an n-phase machine by 

means of a two phase machine. 

 

3.1 Reference Frames 

 The required transformation in voltages, currents, or flux 

linkages is derived in a generalized way. The reference frames 

are chosen to be arbitrary and particular cases, such as 

stationary, rotor and synchronous reference frames are simple 

instances of the general case. R.H. Park, in the 1920s, 

proposed a new theory of electrical machine analysis to 

represent the machine in d – q model. He transformed the 

stator variables to a synchronously rotating reference frame 

fixed in the rotor, which is called Park’s transformation. He 

showed that all the time varying inductances that occur due to 

an electric circuit in relative motion and electric circuits with 

varying magnetic reluctances could be eliminated. 

The voltages vds and vqs can be resolved into as bs-cs 

components and can be represented in matrix from as 

[

   

   

   

]  [
         

                       

                       
] [

   

   

   

]                        

………….……………………………….(6) 

Here v0s is zero-sequence component, convenient to set Ɵ = 0 

so that qs axis is aligned with as-axis. Therefore ignoring zero-

sequence component, it can be simplified as 

    
 

 
    

 

 
    

 

 
                        …….(7)                                                

 

     
 

√ 
    

 

√ 
                …………(8)  

 

 

Fig. 7: stationary frame ds-qs to dynchronously 

rotating frame de-qe transformation 

Equations (7) and (8) consistively called as Clark 

Transformation. Figure (7) shows the synchronously rotating 

de-qe axes, which rotate at synchronous speed we with respect 

to the ds-qs axes and the angle  y = 𝜔e   . The two-phase ds-qs 

windings are transformed into the hypothetical windings 

mounted on the de-qe  axes. The voltages on the ds-qs axes can 

be transformed (or resolved) into the de-qe  frame as per the 

equations. 

 

3.2 Dynamic equations of Induction Machine 

Generally, an IM can be described uniquely in arbitrary 

rotating frame, stationary reference frame or synchronously 
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rotating frame. For transient studies of adjustable speed drives, 

it is usually more convenient to simulate an IM and its 

converter on a stationary reference frame. Moreover, 

calculations with stationary reference frame are less complex 

due to zero frame speed. For small signal stability analysis 

about some operating condition, a synchronously rotating 

frame which yields steady values of steady-state voltages and 

currents under balanced conditions is used. 

From the above figure the terminal voltages are as follows, 

           (      )   (      )   (     )  

 (     )        …………………(8)               

 

     (      )                           

 (     )         …………………(9)            

 

    (      )                          

 (     )         …………………………(10)             

 

    (      )   (      )   (     )        (     )      

…………………………..(11)                     

 

 

Fig. 8: Two-phase equivalent diagram of induction 

motor 

Where, 

p = differential operator  
 

  
 

vqs,v ds     = terminal voltages of the stator q and d axis 

vα , vβ     = voltages of rotor α and β windings 

iqs, ids       = stator q and d axis currents 

iα, iβ           = rotor α and β winding current 

Lqq, Ldd   = the stator q and d axis winding self inductances 

Lαα,Lββ  = rotor α and β winding self-inductances 

 

The following are the assumptions made in order to simplify 

the equation  

i. Uniform air-gap  

ii. Balanced rotor and stator windings with sinusoidally 

distributed mmfs  

iii. Inductance in rotor position is sinusoidal and  

iv. Saturation and parameter changes are neglected  

 
The rotor equations in above equation (7) and (8) are refereed 

to stator side as in the case of transformer equivalent circuit. 

From this, the physical isolation between stator and rotor d-q 

axis is eliminated. 

dynamic equations of the induction motor in any reference 

frame can be represented by using flux linkages as variables. 

This involves the reduction of a number of variables in the 

dynamic equations. 

 

Fig. 9: d-axis equivalent circuit                                   

 

Fig. 10: q-axis equivalent circuit 

 

Even when the voltages and currents are discontinuous the 

flux linkages are continuous. The stator and rotor flux linkages 

in the stator reference frame are defined as 

                         ………….(12)                              

 

                  ……………..(13)   

 

                                    …………….(14)                        

 

                  ………………(15)  

IJSER



International Journal of Scientific & Engineering Research, Volume 5, Issue 10, October-2014                                                                                                    1449 

ISSN 2229-5518   

IJSER © 2014 

http://www.ijser.org 

                            

      (       )    ………………(16)                             

 

               ………………..(17) 

 

From (12) to (17) we get 

              ………………..(18)      

 

                                 ………. …….(19)                       

 

          𝜔          ……..(20)                   

          𝜔         ………..(21)                      

Since the rotor windings are short circuited, the rotor voltages 

are zero. Therefore 

               𝜔                       …….(22)                   

 

               𝜔                       ……. (23) 

 

From equation (22) and (23) we get 

                
            

  
     ……………..(24)                                             

 

                
          

  
        ……………..(25)                                            

By solving the equations (18), (19),(20) and (21) we get the 

following equations 

             ∫                   ……………(26)                               

 

              ∫(         )        ……………(27)                               
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      ……………..(29)                                    
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]    …………….(31)                                   

The electromagnetic torque of the induction motor in stator 

reference frame is given by 

 

        
 

 

 

 
  (             )    ……………(32)                         

or 

       
 

 

 

 

  

  
(             )    ……………(33)                         

For positive values of slip, the torque-speed curve has a peak. 

This is the maximum torque produced by the motor and is 

called the breakdown torque or the stalling torque. Its value 

can be calculated by differentiating the torque expression with 

respect to slip and then setting it to zero to get ŝ, the slip at the 

maximum torque. 

Slip at maximum torque 

              
  

 

√  
   (       
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          ………….(34)                                       

 

Maximum torque,  
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   (       
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     ………(35)                       

From equation (35) we observe that the torque is proportional 

to the square of applied voltage.  

To avoid saturation in the motor, the air-gap flux must be kept 

constant. The developed torque is given as 

            ⁄  
    

(
  

 

 
)

 

 (    
 )

 
 
  

 

  
      …………….(36)                         

Slip at maximum torque, 

                  
  

 

   
        ………………..(37)                                       

 

Maximum torque, 

              ⁄  
  

      
        ………………..(38)                                      

Equation (38) shows that the maximum torque is independent 

of frequency and hence remains the same for each E/f and the 

maximum torque occurs at a speed [26] lower than the 

synchronous speed for each combination of E and f . 

However, we get a slightly different set of curves for constant 

V/f, so for fixed V, E changes with operating slip and the 

maximum torque is reduced. 

 

4 SIMULATION AND RESULTS 
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4.1 Simulation Model of the System 

The Simulink model of the PV system used for the 

implementation in driving the three-phase induction motor, 

alongwith the boost converter and inverter is shown fig 11. 

 

Fig. 11: Simulation model of the overall proposed work 

In this Simulation model, a PV array is chosen and given the 

variable irradiance in terms of constant, step and ramp inputs. 

The maximum power of this PV array is taken using the 

MPPT which is developed using the P & O algorithm.   

The various other elements which are used to construct this 

model include the boost converter, which is used to step up the 

voltage to the required value. The IGBT based inverter is used 

to convert the dc voltage into the ac voltage and the input to 

this inverter is provided using the PWM generator, in which 

the signals are generating from the control circuit. The inverter 

is then connected to the L-C filter to eliminate the harmonics 

of the ac voltage. A three-phase step-down transformer is used 

to decrease the voltage up to the required limits for driving a 

three-phase parallel RLC load attached to the system, and 

basically to provide the sufficient voltage to drive the three-

phase induction motor load.  

 

4.2   PV Module Simulation 

The PV cell is constructed using the single diode model. The 

Iph which is given in the input of the cell model is basically the 

photo-generated current. This consists of a Rs resistor in series 

and Rp resistor in parallel. This was modeled using the Sim 

Power system block in the MATLAB library.The simulation 

model is shown below. 

 

Fig. 12: Simulation model of a PV Array 

A controlled current source is been used to drive the solar cell. 

The PV array is then constructed using various number of 

solar cells connected in series and in parallel. The input to this 

array is provided for different solar irradiations.  

C. Solar Cell with MPPT 

The current and voltage of the PV array is given out to the 

MPPT block, which determines the maximum power output of 

the model. The point at which the maximum power is obtained 

is tracked by using the P & O method. An algorithm based 

analysis is done for this purpose which utilizes the power and 

voltage values being measured at different time intervals and a 

comparison based study is carried out to locate the MPP. 

 

Fig. 13: Simulation model of the MPPT 

The unit in which the gating signal is provided uses the MPPT 

algorithm of the P & O method where the change in power, 

change in voltage, instantaneous power and instantaneous 

current values are taken into account to do the necessary duty 

cycle variations. The repeating sequence being utilized in the 

model has an operating frequency of f KHz. This is also the 

frequency of the gating signal.  

v_conv

v_1

st_curr

speed_rpm

Continuous

powergui

m
A

B

C

Tm

induction Motor

el_torque

In1Out1

dq0_to_abc

transformation

In1Out1

abc_to_dq0 

transformation

v
+
-

v
+
-

g

A

B

C

+

-

Universal Bridge

A

B

C

a

b

c

Transformer

Timer

T2

In1Out1

Pi controller

Signal(s)Pulses

PWM Generator

Ir

m

+

-

PV Array

VabcA

B

C

a

b

c

Measure

I_PV

V_PV

Pulses

MPPT

A B C

Load

Conn1

Conn2

Conn3

Conn4

Conn5

Conn6

LC filter

L1

Irradiance

(W/m^2)

Ir

Irradiance

(W/m2) g C
E

IGBT1

Vabc

Goto

-K-
Gain2

Vabc

From1

Diode1

<I_PV><V_PV>

<Rotor speed (wm)>

<Stator current is_a (A)>

<Electromagnetic torque Te (N*m)>

IJSER



International Journal of Scientific & Engineering Research, Volume 5, Issue 10, October-2014                                                                                                    1451 

ISSN 2229-5518   

IJSER © 2014 

http://www.ijser.org 

 

Fig 14: Modeling of P&O Algorithm 

 

4.3  DC-DC Converter Circuit 

The dc-dc boost converter is utilized to step up the voltage to 

the specified level and it consists of a L mH inductor with a Rs 

ohm resistor and a C µF capacitor. The gating signal to the 

boost converter is generated by comparing the signal 

generated by the MPPT algorithm to a repeating sequence 

operating at a high frequency.  

 

Fig 15: Simulation Model of Boost Converter 

4.4  Inverter Circuit 

 

Fig. 16: Simulation model of Inverter circuit 

The dc voltage which is coming from the dc-dc converter is 

converted to the ac voltage using the IGBT based inverter, 

which is modeled using the blocks provided in the library icon 

of MATLAB. The gating signal to this inverter is provided 

from the control circuitry which is explained later. 

 

4.5  Control Circuit 

The three-phase ac voltage which is obtained after the overall 

simulation and measured by the three-phase measurement 

block of the simulink library is given in the input of the three-

phase PLL block, which tracks the frequency and phase of a 

sinusoidal three-phase signal by using an internal frequency 

oscillator, which helps to keep the phase difference to zero.  

 

Fig. 16: Simulation model of the Control Circuit 

The three-phase sinusoidal voltage obtained from the PLL 

block is then applied to the abc to dq0 transformation block, 

which computes the direct axis, quadratic axis, and zero 

sequence quantities in a two-axis rotating reference frame for 

a three-phase sinusoidal signal. The two-axis transformed 

voltage is compared with the reference values of the direct 

axis and quadrature axis and through the selector are given to 

the PI controller block, which uses the gains to tune the 

response time, overshoot, and steady-state error performances. 

The voltage from this block is further applied to the inverse 

Park transformation block, which change the two-axis rotating 

reference frame voltages back to the three-phase voltages. 

These voltages are then given to the PWM pulse generator 

having a carrier frequency of f KHz, and the signals provided 

from this generator are applied to the inverter.   

4.6  Induction Motor 

A 3 HP squirrel cage induction motor is used to carry out the 

performance analysis of various quantities such as the stator 

current, electromagnetic torque according to the applied 

system voltage and their parameters are so arranged in relation 

to this voltage. The speed control of the three-phase induction 

motor is carried out, while setting the timer for different time 

amplitudes. 
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Fig. 17: Induction motor model 

4.7  Results 

The PV module consists of following parameters: 

Number of cells per module = 96 

Number of series-connected modules per string = 5 

Number of parallel strings = 66. 

Irradiance = 1000 W/m2 

The dc voltage which is generated by the PV array is of very 

low magnitude of 300 V and after boosting it through the dc-

dc converter it reaches to a much greater amplitude, i.e. up to 

600 V. 

 

Fig. 18: DC voltage 

 

Fig.19: Inverter voltage 

 

Fig. 20: Load Voltage 

The dc voltage after attaining the higher magnitude level while 

passing it through the boost converter is converted to the ac 

voltage and the harmonics of this voltage are eliminated with 

the help of L-C filter, and this voltage is then step-down to 

380 V using the transformer, as shown in figure (20). 

 

1) Motor Results 

The induction motor chosen for the simulation studies has the 

following parameters: 

 

Parameter Value 

Supply Voltage 380 V 

Frequency 50 Hz 

Rotor Type Squirrel Cage 

Motor Rating 2.2 kW (3 HP) 

Number of Poles 4 

Nominal Speed 1750 rpm 

 

Table 1 Parameters chosen for the simulation 

 

 

Fig. 21: Stator Current 

 

Fig. 22: Load Torque 
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Fig. 23:Speed of the motor 

Figure (21) shows the stator current. The stator current is 

found to be quite noisy and is initially ramping in nature, 

however these are settled after attaining the peak value at 50 

Hz. The same ripples are also introduced in the 

electromagnetic torque, which is shown in figure (22). The 

speed of the motor initially operating at 50 Hz has risen from 

zero and has increased above the nominal speed. The motor 

speed also experiences some disturbances in the starting but 

afterwards settled to a steady level just in few milliseconds, 

which is basically due to the inertia of the motor which is 

preventing this disturbance to occur in the motor speed 

waveform, shown in figure (23).    

2) FFT Analysis 

 

Fig. 24: FFT Analysis 

The FFT analysis of the line voltage is shown in figure (24) 

and total harmonic distortion (THD) gets reduce to 4%, and 

hence the lower order harmonics are eliminated. 

5 CONCLUSION 

In this paper, we have studied the speed control of a three-

phase Induction Motor and carried out the performance 

analysis of the motor parameters. The parameters of the motor 

were obtained according to the specifications and the input 

been provided to it. The modeling and simulation of the PV 

array ensures and help us for the use of renewable source of 

energy for driving the motor, which is the prime requirement 

of today’s and future power sector to implement these sources 

for the operation of such motors since the induction motors are 

commonly used in several industrial applications. The 

advantage of driving the motor with the help of solar energy, 

which is done in the thesis is that with the variable solar 

irradiations and the use of MPPT, we have carried out the 

operation and working of several horse-power rated motor 

with ease and consequently achieve this by obtaining several 

advantages such as energy saving, low motor starting current, 

easy to install and high power factor. 
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