Lecture: Induction motor modeling 
1. Mathematical model of induction motor
We will consider the dynamic model of wound type 3-phase induction motor, which has the possibility of supplying voltage both from stator (vs)  and rotor (vr) sides.
The following simplifications will be made:
· Symmetrical 3-hase voltage supply: vs1, vs2, vs3  and vr1, vr2, vr3
· Disregarding hysteresis, saturation, eddy current losses
· Operating point in linear region of magnetization curve
· Symmetry of stator and rotor winding in all 3 phases
In such case the electrical equations describing stator and rotor circuits are in the form
Stator

							(1)
Rotor

							(2)
For squirrel cage induction motor uri=0.
Mechanical equations  are based on newton equation of rotational motion

					(3)
where Me is the electromagnetic torque developed by machine, Mm – the loading torque, Ωm – the mechanical speed and J – the  inertia moment. We should recognize mechanical speed from the speed of electrical signals. Supplying motor with sinusoidal waveform of ωs = 2πf = Ωs, (f=50Hz) we get the mechanical speed Ωm  dependent on the number p of poles of the motor. The synchronous speeds are related to each other by the equation

							(4)	
The voltages, currents and fluxes of 3 phases can be characterized by vector forms created for both stator and rotor in the form

					(5)	

where . Therefore, equations (1) and (2) can be presented in vector form

							(6)
Let us take relation between the angle of the rotor θ and speed of machine

							(7)
Ω speed of electromagnetic phenomena in rotor and Ωm – mechanical speed of it. 
	Let us associate the coordinate system with the synchronous speed of electromagnetic field. In such case we get

 : , 

, 

, 

, 

, 

. 
Taking into account 


,  
we get description of motor in the form

					(8)
Rotating vectors have real part (denoted here by  α) and imaginary part (denoted by index β). In such case we get

		(9)
We need now to take into account the relation between the flux and current in coupled system. 


The current are described now by 

			(10)
 Ls – self-inductance of one phase of stator
Lr – self-inductance of one phase of rotor 
 Lm – mutual inductance between stator and rotor windings




In such case we get , , ,  and Ω as the state variables
The electromagnetic torque developed by machine is described now by 

					(11)
Finally we get the following set of nonlinear differential equations for the machine

				(12)
where 

, 

, 

, 

, 

.


Observe that in the case of associating the coordinate system with the rotating synchronous speed we can assume and .

In laboratory simulations we assume supply only from stator side, therefore, . 

2. Creation of Simulink model 
Our nonlinear model is described in general form 


									
Its Simulink implementation is given in Fig. 1
[image: Fig7_1]
Fig. 1 The implementation of nonlinear model in Simulink

 Fig. 1 present the Simulink model of equations (12) describing the Simulink model of machine.
[image: fig7_22]
Fig. 1 Simulink model of induction motor
3. Experimental data
Motor P=1.7kW
P=3
Supply voltage 3x220
resistance of stator Rs=3.57Ω,
 resistance of rotor Rr=3.68Ω, 
inductance of stator  Ls=0.284H, 
inductance of rotor Lr=0.298H,
 coupling mutual  inductance Lm=0.262H,
 inertia moment J=0.31kg·m2.

 The additional parameters: σ=0.1889, Ks=0.9225, Kr=0.8792, α=66.5454, β=65.3732, , 
f=50Hz synchronous electrical speed is 3000rev/min -> Ωms = 3000/3=1000 rev/min or Ωms =104.7 rad/s , nominal torque Mn=Pn/Ωms=16.24Nm.








The dynamic model of the induction motor is given for the coordinate system rotating with the synchronous speed. The mathematical model is described by 5 differential equations , in which where   represents the electrical speed (product of mechanical speed and number of pole pairs p) ,  the flux linkage of the rotor or stator, p the number of pole pairs  and , , , , . The torque Mm and power P of the motor are related as following  (speed in radians per second).  The electromagnetic torque is described now by 

.
The mechanical speed Ωm is now 
Ωm=1/3Ω. At f=50Hz the synchronous mechanical speed is  Ωms = 104.7 rad/s, 
nominal torque  Mn=P/Ωms=16.24Nm.
[image: ]
Fig. 2 Simulink model used in lab. Multiplier Rr represents inclusion of additional resistance to rotor. Its value equal one means no additional resistance, value=2 means inclusion of additional resistance equal nominal value of Rr.

Fig. 3 presents Me(t) Ω(t) in starting mode of machine at: Mm=0, Mm=5Nm, and  Mm=10Nm 
[image: fig7_23]
Fig. 3 The transient of torque and speed in starting mode of machine

Fig. 4 presents the changes of torque and speed at different values of loading torque Mm.
[image: fig7_24]
Fig. 4 Changes of torque and speed at different values of loading torque Mm.
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