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Abstract: The use of mechanical energy in daily life including industries and transport applications are increasing rapidly. 

Induction motor has special advantages because of less cost, reliable, robust and less maintenance when compared to other 

motors. It also has special features which satisfies all the requirements. On the whole 3-phase IM (Induction motor) plays 

major role in several applications (i.e. industrial, mechanical). The meticulous behavior of induction motor modeling and speed 

control can aid for controlling of machine application where flawless results can be obtained. The major faults in the IM effect 

the air gap flux, where the mathematical modeling can helpful to estimating the errors obtain while designing the motor. The 

paper represents the bit by bit implementation of 3-phase induction motor modeling and speed control using MATLAB 

simulation. 
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1. Introduction 

Before the creation of rotating magnetic field, motors are employed by continually passing a conductor 

through a constant magnetic field “as in homo polar motors” (Tripti Rai 2016). Tesla had proposed that the 

commutators from a electrical machine could be eliminated and the device could operate on a rotating magnetic 

field of force This classic AC (Alternating current) electro-magnetic motor was an IM (Ezhilarasi, 2020)  

In the IM (induction motor), the armature and field were ideally of equal the field strengths and has field equal 

sizes. The combined energy provided to operate the device equals to addition of the energy stored in the field and 

armature coils (Rajalakshmi 2010). The power advance in device to operate is equals to the product of the energy 

stored in the field coils and armature. The main advantage is that IM (induction mot or asynchronous motor do not 

require an electrical connection between rotating and stationary parts of the motor (Arunkarthikeyan, 2021, 

Garikipati, 2021). Therefore, they don’t need any mechanical commutators (brushes), going to the fact that 

induction motors are maintenance free motors. IM also have les sweight and inertia, huge overload capability and 

greater efficiency (Krause, 2002; Shahin, 2007; ChinnamahammadBhasha, 2020). 

 

The operation principle of 3-phase IM (induction motor) is modelled to operate the steady state equivalent 

circuit and parameter calculation. Dynamic simulation is the one of key steps in endorsement of the motor-drive 

system and design process, which helps to eliminates the mistakes and errors resulting when prototype building 

and testing (Deepthi, 2019). The dynamic modeling of IM (induction motor) in quadrature, direct, and zero-

sequence axes can be evolved from fundamental expressions of transformation. When compared to other 

simulation tools MATLAB holds certain place in modelling of IM using 𝑑𝑞0  axis (Liang, 2002). The 

transformation uses different steps based on the simple trigonometric relationship obtained as projections on a set 

of axes (Arunkarthikeyan, 2020). The dynamic model is used to acquire small signal equations, transient 

responses and transfer function of induction motor. it also helps in modeling of all differential currents, voltages 

and flux linkages between moving rotor and stationary stator (Jayanthiladevi, 2018). And equations for torque, 

inertia and speed versus time. The modeling and speed control has been done by using MATLAB/Simulink which 

represents three phase d-q axis transformation and speed control using V/F(Sampathkumar, 2020; Balamurugan, 

2018) . The advantage of using MATLAB is that we can compute electromagnetic dynamic model in a easy way 

and using function blocks it can be simulated faster. 
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Figure 1. Three phase induction motor equivalent circuit. 

1.1 Nomenclature 

 

 

2. Modeling of Three Phase Im (Induction Motor) Mathematically 

The mathematical modelling has been developed according to the expressions by using 

MATLAB/SIMULINK. In reference to construct the conventional model of an IM we used to consider the three 

phase equations which are given below. 
 

 (1) 
 

 

(2) 

 

 

(3) 

The synchronous rotating reference frame can be formed only by two phases (d&q axis transformation), above 

voltage equations can be transferred to the d-q axis which is given below. 
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 (4) 

For two phase machines, we have to represent direct and quadrature axis for stator and rotor circuits such that 

stator circuit expressions can be developed below. 

 

(5) 

 

 

(6) 

where the quadrature & direct axis stator flux linkages, separately.  Equations (5) and (6)are further converted 

into synchronously rotating frame 𝑑𝑒-𝑞𝑒 frame given by. 

 

(7) 

 

(8) 

Note that from the above equations, each and every variable are in rotating form. The end terms in above 

expressions represents the speed emfs because of the rotation of the axes, i.e., when ωe=0, the expressions return 

back to standstill form. The field equations in 𝑑𝑒 and 𝑞𝑒 axis includes emf’s in 𝑞𝑒 and 𝑑𝑒 with an angle leading 90. 

When the rotor is standstill i.e.,𝜔𝑟=0, the rotor expressionslikely to stator expressions are described below. 

 

(9) 

 

 

(10) 

Such that every parameters and variables are referred to the stator. Since the rotor rotates with zero speed after 

some time the direct & quadrature axes on the rotor side rotates at a speed of 𝜔𝑒– 𝜔𝑟 correlative to the rotating 

frame synchronously. The rotor expressions canrewrite in the form of 𝑑𝑒-𝑞𝑒 axis can be shown below. 

 
𝑉𝑞𝑟 = 𝑅𝑟𝐼𝑞𝑟 +

𝑑𝜑𝑞𝑟

𝑑𝑡
+ (𝜔𝑒 − 𝜔𝑟)𝜑𝑑𝑟  

(11

) 

 
𝑉𝑑𝑟 = 𝑅𝑠𝐼𝑑𝑟 +

𝑑𝜑𝑑𝑟

𝑑𝑡
− (𝜔𝑒 − 𝜔𝑟)𝜑𝑞𝑟 

(12

) 

The dynamic modelling of IM (induction motor) in state space form is going is developed. Therefore, it is 

necessary to define flux linkage variables and are given as follows. Such that the voltage equations can be 

modified into. 

 
𝑉𝑞𝑠 = 𝑅𝑠𝐼𝑞𝑟 +

1

𝜔𝑏

𝑑𝐹𝑞𝑠

𝑑𝑡
+

𝜔𝑒

𝜔𝑏

𝐹𝑑𝑠 
(13) 

 
𝑉𝑑𝑠 = 𝑅𝑠𝐼𝑑𝑆 +

1

𝜔𝑏

𝑑𝐹𝑑𝑠

𝑑𝑡
+

𝜔𝑒

𝜔𝑏

𝐹𝑞𝑠 
(14) 

 
0 = 𝑅𝑟𝐼𝑞𝑟 +

1

𝜔𝑏

𝑑𝐹𝑞𝑟

𝑑𝑡
+

(𝜔𝑒 − 𝜔𝑟)

𝜔𝑏

𝐹𝑑𝑟 
(15) 
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0 = 𝑅𝑟𝐼𝑑𝑟 +

1

𝜔𝑏

𝑑𝐹𝑑𝑟

𝑑𝑡
+

(𝜔𝑒 − 𝜔𝑟)

𝜔𝑏

𝐹𝑞𝑟 
(16) 

The Stator and rotor flux in d&q (direct and quadrature) axis can be derived in terms of currents. 

 𝜑𝑞𝑠 = 𝐿𝑙𝑠𝐼𝑞𝑠 + 𝐿𝑚(𝐼𝑞𝑠 + 𝐼𝑞𝑟) (17) 

 𝜑𝑞𝑟 = 𝐿𝑙𝑟𝐼𝑞𝑟 + 𝐿𝑚(𝐼𝑞𝑠 + 𝐼𝑞𝑟) (18) 

 𝜑𝑞𝑚 = 𝐿𝑚(𝐼𝑞𝑠 + 𝐼𝑞𝑟) (19) 

 𝜑𝑑𝑠 = 𝐿𝑙𝑠𝐼𝑑𝑠 + 𝐿𝑚(𝐼𝑑𝑠 + 𝐼𝑑𝑟) (20) 

 𝜑𝑑𝑟 = 𝐿𝑙𝑟𝐼𝑑𝑟 + 𝐿𝑚(𝐼𝑑𝑠 + 𝐼𝑑𝑟) (21) 

 𝜑𝑑𝑚 = 𝐿𝑚(𝐼𝑞𝑠 + 𝐼𝑞𝑟) (22) 

Multiplying the above equations by 𝜔𝑏 on both sides we can get the flux linkage expressions. 

 𝐹𝑞𝑠 = 𝑋𝑙𝑠𝐼𝑞𝑠 + 𝐹𝑞𝑚 (23) 

 𝐹𝑞𝑟 = 𝑋𝑙𝑟𝐼𝑞𝑟 + 𝐹𝑞𝑚 (24) 

 𝐹𝑑𝑠 = 𝑋𝑙𝑠𝐼𝑑𝑠 + 𝐹𝑑𝑚 (25) 

 𝐹𝑑𝑟 = 𝑋𝑙𝑟𝐼𝑑𝑟 + 𝐹𝑑𝑚 (26) 

Similarly, the flux equations with reference to current can be written in the following terms. 

 
𝑖𝑞𝑠 =

1

𝑋𝑙𝑆

(𝜑𝑞𝑠−𝜑𝑚𝑞) 
(27) 

 
𝑖𝑑𝑠 =

1

𝑋𝑙𝑆

(𝜑𝑑𝑠−𝜑𝑚𝑑) 
(28) 

 
𝑖𝑞𝑟 =

1

𝑋𝑙𝑟

(𝜑𝑞𝑟−𝜑𝑚𝑞) 
(29) 

 
𝑖𝑑𝑟 =

1

𝑋𝑙𝑟

(𝜑𝑑𝑟−𝜑𝑚𝑑) 
(30) 

 By substituting the above equations in the voltage as shown in above, we get the final expressions for 

stator and rotor voltage. 

𝑑𝜑𝑞𝑠

𝑑𝑡
= 𝜔𝑏[𝑉𝑞𝑠 −

𝜔𝑒

𝜔𝑏

𝜑𝑑𝑠 +
𝑅𝑠

𝑋𝑙𝑠

(𝜑𝑚𝑞 − 𝜑𝑞𝑠)] 
(31) 

𝑑𝜑𝑑𝑠

𝑑𝑡
= 𝜔𝑏[𝑉𝑑𝑠 +

𝜔𝑒

𝜔𝑏

𝜑𝑞𝑠 +
𝑅𝑠

𝑋𝑙𝑠

(𝜑𝑚𝑑 − 𝜑𝑑𝑠)] 
(32) 

𝑑𝜑𝑞𝑟

𝑑𝑡
= 𝜔𝑏[𝑉𝑞𝑠 −

(𝜔𝑒 − 𝜔𝑟)

𝜔𝑏
𝜑𝑑𝑟 +

𝑅𝑟

𝑋𝑙𝑟
(𝜑𝑚𝑞 − 𝜑𝑞𝑟)] 

(33) 

𝑑𝜑𝑑𝑟

𝑑𝑡
= 𝜔𝑏 [𝑉𝑑𝑓 𝑟 −

(𝜔𝑒 − 𝜔𝑟)

𝜔𝑏
𝜑𝑞𝑟 +

𝑅𝑟

𝑋𝑙𝑟

(𝜑𝑚𝑑 − 𝜑𝑑𝑟)] 
     (34) 
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The equation for the torque can be evolved by, initially speed 𝜔𝑟is considered to be constant and by deriving 

the voltage and current equations. Note: speed  𝜔𝑟should not be treated as constant when it is interconnected to 

torque. 

 
𝑇𝑒 = 𝑇𝑙 + 𝐽.

𝑑𝑊𝑚

𝑑𝑡
= 𝑇𝑙 + (

2

𝑝
) ∗ 𝐽 ∗

𝑑𝑊𝑟

𝑑𝑡
 

(35) 

𝑇𝑙= torque. 

𝐽= rotor inertia. 

𝑊𝑚= speed in mechanical. 

In the modeling of IM developed torque plays a major role, it can be expressed in d-q components in more 

general form basically it can be expressed in the vector form which is. 

 

 
𝑇𝑒 = (

3

2
) (

𝑃

2
) 𝜑𝑚 ∗ 𝐼𝑟 

(36) 

Rewriting the torque equation in the form of 𝑑𝑒–𝑞𝑒 components. 

 𝑇𝑒 = (
3

2
) (

𝑃

2
) (𝜑𝑑𝑚. 𝐼𝑞𝑟 − 𝜑𝑞𝑚𝐼𝑑𝑟) 

(37) 

Similarly, the torque equations of stator & rotor in the direct and quadrature axis can be designed into. 

𝑇𝑒 =
3

2
∗ (

𝑃

2
) ∗ (𝜑𝑑𝑚. 𝐼𝑞𝑠 − 𝜑𝑞𝑚𝐼𝑑𝑠) 

(38) 

𝑇𝑒 =
3

2
∗ (

𝑃

2
) ∗ (𝜑𝑑𝑠. 𝐼𝑞𝑠 − 𝜑𝑞𝑠𝐼𝑑𝑠) 

(39) 

𝑇𝑒 =
3

2
∗ (

𝑃

2
) ∗ 𝐿𝑚 ∗ (𝐼𝑞𝑠. 𝐼𝑑𝑟 − 𝐼𝑑𝑠𝐼𝑞𝑟) 

(40) 

𝑇𝑒 =
3

2
∗ (

𝑃

2
) ∗ (𝜑𝑑𝑟 . 𝐼𝑞𝑟 − 𝜑𝑞𝑟𝐼𝑑𝑟) 

(41) 

2.1 Simulink Model 

 

Figure 2. Simulink model for 3-phase induction motor speed control. 
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Figure 3. Internal structure of Simulink model. 

 

Figure 4. D-Axis block modelling. 

 

Figure 5. Q-axis block modelling. 

3. Results And Discussion 

3.1 Stator and rotor currents of A-Phase, B-Phase and C-Phase 
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Figure 6. Stator currents for a-phase (Isa). 

  

Figure 7. Stator currents for b-phase (Isb). 

 

Figure 8. Stator currents for c-phase (Isc). 

Fig6, Fig7, Fig8 describes the fluctuations of three phase stator axis currents with respect to the time when 

the sudden loading implants on the 3-phase IM(induction motor). The fluctuation is due to the sudden start of the 

motor which can observe up to the time 0.4sec from 0.4sec we can observe the normal current flowing through 

the stator. 

 

Figure 9. Rotor axis a-phase current (Ira) 

 

Figure 10. Rotor axis b-phase current (Irb) 

Fig9, Fig10, Fig11 represents the fluctuations of 3-Phase rotor currents with respect to the time when the 

sudden loading occurs on the three-phase induction motor. The fluctuation is due to the sudden start of the motor 
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which can observe up to the time 0.4sec, due to small variation in speed it continuous to 1 and then we can 

observe the current without any fluctuation. 

 

Figure 11. Rotor axis c-phase current (Irc) 

3.2 Stator and rotor currents of d-axis 

 

Figure 12. Direct axis current for stator Ids 

 

Figure 13. Direct axis currentfor rotor Idr 

Fig12 and Fig13 represents the fluctuations of direct axis currents of stator and rotor side whenever sudden 

loading occurs on the Induction motor where X-axis shows time in seconds and Y-axis shows current in amperes. 

3.3 Stator and rotor currents of q-axis 

 

Figure 14. Stator quadrature axis current Iqs 
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Fig14, Fig15 shows the fluctuations of quadrature axis currents of stator and rotor side whenever sudden 

loading occurs on the Induction motor where X-axis belongs to time in seconds and Y-axis belongs to current in 

amperes. 

 

Figure 15. Rotorquadrature axis current Iqr 

3.4 Stator voltages of direct and quadrature axis 

 

Figure 16. Stator side direct axis voltage Vds 

 

Figure 17. Stator side quadrature axis voltage Vqs. 

The waveforms which are in Fig16 and Fig18 describes the stator voltages for direct and quadrature axis  

 
 

Figure 18. Speed of induction motor Nr. 

 

 

Figure 19. Torque waveform of induction motor Te. 



P. Rajesh, M. Sharanya 

___________________________________________________________________________________________ 

 

834                                    

Fig18, Fig19 shows the speed and torque waveforms, in order to get the constant output speed, the speed 

control is necessary such that initially the speed and torque varies up to 2.7sec upon it the speed is maintained 

constant such that the torque also maintained constant. 

4. Conclusion 

In this paper, we are implemented the dynamic model and speed control for the 3-phase IM using the 

MATLAB/Simulink in the sequential manner. The updated model given adequate response in terms of speed and 

torque characteristics. Which can be useful in detecting the inaccuracy of the machine before it is constructed 

where it is used in the major sectors including traction and industrial applications. This concludes 

MATLAB/Simulink is an authentic and enlightened way to predict and analyze the working of three phase IM 

(induction motor). 
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