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ABSTRACT 
 

This paper studies the effects of increased temperature on the performance of the three phase induction motor. An electrical,  

mechanical, and thermal model of an induction motor is used to study the change of the motor parameters. The proposed model is 

developed using Matlab-Simulink. The experimental work is implemented in order to investigate the effect of temperature rise on the 

induction machine. Simulation and experimental results were obtained to monitor the effects of increased temperature on the stator 

resistance, stator current, rotor speed, stator flux and motor torque at different loads.  
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1. Introduction 

  This paper is concerned with increasing the temperature on 

the performance of the induction motors. Squirrel cage is a 

common type of induction motors. It uses because of its good 

reliability and cost. The increased temperature inside operating 

machine, which is very near to being accurate. The variation of 

temperature rise with time during heating and cooling has been 

modeled and investigated in [1-3]. 

The reasons behind studying the effect of increasing 

temperature on the performance of the three phase induction 

motors are:  

- Increasing the mechanical loads on the motor.  

- Motor braking.  

- Increasing the temperature due to short circuit current.  

 

2. Modelling of Induction Motor 

  A complete model is developed helps to analyze the induction 

motor as shown in Fig. 1. In electrical model, the input includes 

the voltage and the slip which are affected by torque.  
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The thermal model can be determined by increasing heat. 

The increasing of temperature is caused by flowing the current 

in the conductor that can be determined by thermal capacity in 

watts, thermal resistance, and the rotor slip. The thermal model 

is used to determine the rotor temperature θₑ, which occurred 

from the initial condition based on the initial temperature, θ˳ 

[4-6]. The proposed model is done and developed using 

Matlab-Simulink. 

 

 
Fig.1: Block diagram of the induction motor model. 
 

 

3. The Electrical Model  

  Consider the rotor windings terminals at the short-circuit, as 

in the usual case, the equations of the three phases of the stator 

and the rotor is expressed by two vectorial equations each of 

dimensions (3 by 1) [7, 8]: 
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Where (III) denotes (a,b,c) refers to three phase (a, b, c) vector 

variables. Vs is the stator phase voltage vector, Is is the stator 

phase current vector, Ir is the rotor phase current vector, Rs is 

the stator phase resistance, Rr is the rotor phase resistance and 

Ψs, Ψr are the stator an d rotor flux linkage vectors respectively. 

  In equation (1), the stator and the rotor quantities are 

expressed in a fixed frame and a frame rotating at the rotor 

electrical speed respectively. Usually the motor is operated in 

balanced three phase conditions therefore the three phase 

equations for stator and rotor can be only reduced to only two 

equations, by applying the so called two phase transformation. 

The three phases (a,b,c) are first transformed to the equivalent 

(α, β, 0) phases and under the assumption of balanced three-

phase operation the (0) phase equation become trivial and is 

thus eliminated. The two- phase power invariant transformation 

is given by (2) Where T2φ is the transformation matrix. 

(III) = T2φ (II)                                    (2) 
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Where dropping the (0) phase, the electrical equations reduce 

to (2 by 1) vector equations:   
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Where the stator quantities are still expressed in a fixed 

frame and the rotor quantities are in a frame rotating at the 

electrical speed of the rotor denoted by ωe.  

  The rotor electrical speed is related to the number of pole 

pairs of the motor (p) and the mechanical speed (ω) of the 

rotor by the relation: 

 pe 

                                          

 (4) 

Dealing with these quantities in the two different frames are 

quite difficult so that both of them are transformed to an 

arbitrary frame, rotating at speed ωa by applying another 

transformation Tdqs and Tdqr which are (2x2) 

Transformation matrices for stator and rotor respectively as 

follows:  
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Applying this transformation to the motor equations, the two 

phase electrical equations of the induction motor in an arbitrary 

frame rotating at speed ωa are given by: 
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The mechanical equation can be written as:     

T LTb
dt

d
J  


                                      (7)                                                                                                                                    

J: the inertia of the motor, TL: the load torque.  
 

4. The Thermal Model 

  The main goal of this modeling is selecting the appropriate 

rating of a motor in order to operate with the safe limit without 

any exceeding the temperature. The developed model will be 

applied to protect increasing temperature [9].The input of 

thermal model includes the stator current and the output 

temperature. For a given load, the input parameters are: 50 Hz, 

380 V (line voltage), and load torque (0, 0.5, 1, N.m.). Matlab-

Simulink program has been developed to solve the thermal 

problems. Fig. 2 gives a block diagram of the thermal model 

[9-11]. 

 
Fig. 2: A block diagram of the thermal model. 

 

It can be noticed that, the differential equation for the increased 

temperature in a conductor by neglecting heat loss can be 

expressed by equation (8) [4]:- 

dt

d
CRI T


2

                              (8) 

Where 

   RI 2
: the input watt (conductor loss) 

  
TC    : the thermal capacity of the conductor in  

watt-sec. /°C   

d
dt

  : the rate of change of temperature in °C/second. 

 

The equation can be integrated to find the increased 

temperature: 
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Fig. 3 shows the thermal model of the induction motor using 

Matlab-Simulink. 

      
Fig. 3: Matlab-Simulink thermal model. 

 

  The induction motor thermal model used in temperature 

measurement is developed by Matlab using the appropriate 

equations at various loads. Stator thermal model will be 

implemented by using equation from 8 to 10. Fig. 4 shows the 

stator thermal model; 

ostss
dt

d
RCRI 


2                        (10) 

 
Fig. 4: Stator thermal model. 

5. Simulation Result 

  Simulation of the thermal model is performed by considering 

various conditions such as normal state, number of starts state 

and number of trips state. The induction motor used in this 

simulation model has the following parameters: three phase 

induction motor, F=50 Hz, P= 370 W, V=380, W= 1365 rpm, 

Rs=30 Ω, Rr=20 Ω.  

 

 

  Fig.5 shows the variation of the thermal temperature with time 

at different applied torque (0, 0.5 and 1 N.m) respectively. It  

 

can be noted that the temperature is increased by increasing the 

applied torque. This occurs due to motor draw more current 

with an increase in load. As can be seen from this figure, the 

motor has reached thermal equilibrium. Also, this figure 

indicates that the temperature of motor increases at higher rate 

with increasing the load. the speed variation with temperature 

at different loads, where the speed decreases with temperature 

rise, because the load torque increase with  increase the 

temperature at different loads, and the torque inversely 

proportional with the speed. Therefore the speed decreases with 

temperature rise, as shown in Fig.6. Fig.7 shows the motor 

torque variation with temperature, where the torque increases 

with temperature rise. The curve is nearly linear between no 

load and full load. In this range, the rotor resistance is much 

greater than the reactance, so the torque increase with the slip. 

Hence, the torque increases with temperature rise.     Fig. 8 

shows the increase of the slip with temperature rise at different 

loads. The rotor resistance is much greater than the reactance, 

so the torque increase with slip, and the slip directly 

proportional with torque, so the slip increase with temperature 

rise.  Fig. 9 shows the variation of the output power with 

temperature at different loads, where the output power 

variation with temperature at different loads, where the output 

power increase with temperature rise, as the torque directly 

proportionally with power so the output power increase with 

temperature rise.  Fig. 10 shows the stator resistance variation 

with temperature, whereas the stator resistance increases with 

temperature rise. Specific resistance of a material may change 

with temperature; they also change resistance according to 

temperature by certain amount. For pure metals, this coefficient 

is a positive number, meaning that the resistance increase with 

increase temperature. The stator current decrease with 

temperature rise. Thereby, the resistance inversely 

proportionally with the current, hence the stator current 

decrease with temperature rises is shown in Fig. 11. Fig 12, the 

variation of the rotor copper losses, where the rotor copper 

losses increasing with temperature rise. The temperature rise is 

due to heat generated by motor rotor copper losses during 

operation, this losses increase with temperature rise. 

   Fig. 13 shows the variation of the rotor current with 

temperature, whereas the rotor current increases with 

temperature rise. The rotor resistance is the same value at 

different loads as shown in Fig.14. 

 

 
Fig. 5: Variation of the thermal temperature with time at 

different loads. 
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Fig. 6: Variation of the speed with temperature at different 

loads. 
 

 
Fig. 7: Variation of the motor torque with temperature at 

different loads. 

 

 
Fig. 8: Variation of the slip with temperature at different loads. 

. 

 
Fig. 9: Variation of the output power with temperature       at 

different loads. 
 

 
Fig. 10: Variation of the stator resistance with temperature at 

different loads. 

 

 
Fig. 11: Variation of the stator current with temperature at 

different loads. 
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Fig. 12: Variation of the rotor cu. loss with temperature at 

different loads. 

 

 
Fig. 13: Variation of the rotor current with temperature at 

different loads. 
 

 
Fig. 14: Variation of the rotor resistance with temperature at 

different loads. 

 

 

6. Experimental setup and Test Method 

 

  The experimental setup of induction motor is shown in Fig. 

15. A 370 W, 4 poles, small induction motor with insulation 

class C is used. Insulation class C has the allowable 

temperature threshold at 393K. The input parameters are: 50 

HZ, 380 V (line voltage), and different values of load torque 0, 

0.25, 0.5, 0.75, 1 N.m. The value of load torque can be varied 

mechanically or feeding separately excited DC generator with 

resistive load. In the laboratory, resistive load is used because 

the mechanical load is not available.  More current will be 

drawn by the motor with the increasing of the load torque. This 

leads to an increasing in the motor temperature.  

Fig.15: Experimental setup diagram. 
 

7. The experimental results 

 

  The experimental and simulation results of the increased 

temperature on the performance of the induction motor at 

different values of load torque. Fig. 16 shows the experimental 

and simulation results of variation the temperature with time 

variation at different loads. It can be noticed that the 

temperature increases with the increase in the load torque. The 

simulation and experimental results of speed variation with 

temperature at different loads are shown in Fig. 17. Also, the 

speed decreases with the increase in load torque at fixed 

temperature in the theoretical and experimental results. Fig. 18 

shows the variation of slip with temperature variation at 

different loads, but in the experimental temperature removed 

the initial temperature (30˚C) until begin from zero.  It can be 

noticed that the slip increases with the increasing in load torque 

at fixed temperature in the experimental results, but in the 

simulation results, it increases by a small rate. The variation of 

the motor torque with temperature at different loads is shown in 

Fig. 19. It shows the increase of the motor torque with the 

increasing load torque at fixed temperature in the simulation 

and experimental results. 
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Fig. 16: Variation of the temperature with time at different 

loads. 

 

Fig. 17: The speed variation with the temperature at different 

loads. 

 

 

Fig. 18: The variation of slip with temperature at different 

loads. 

 

 
Fig. 19: Variation of the motor torque with temperature at 

different loads. 

 

 

8. Arduino 
 

    Arduino is an open-source microcontroller development 

board. The Arduino is used to read sensors and control things 

like motors and lights. The motor temperature is monitoring 

and display instantaneously using Arduino to know motor state, 

study the effect of increased temperature on the induction 

motor parameter and display in computer. Fig.20 shows the 

variation of the temperature with time at different loads by 

using Arduino. It is illustrated that, the temperature is 

increasing with increasing the working hours of operation.                                                           

 

 

Fig. 20: Variation of the temperature with time at different 

loads by using Arduino. 

 

9. Conclusion 

  The proposed method implemented experimentally and 

simulated by using MATLAB-Simulink program. The studied 
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motor at different loads can be obtained as the following; the 

motor temperature is increased with increasing the working 

hours of operation. According to increase the motor 

temperature, the motor speed is decreased because the load 

torque become has a high value. The insulation resistance is 

decreased with any increases of the winding temperature. The 

stator current is decreased with any increases of the winding 

temperature. The slip is increased with any increases of the 

winding temperature. It is concluded also from this study, the 

efficiency of the motor became poor with any increases of 

winding temperature due to increases of the motor losses. The 

motor temperature is monitoring and display instantaneously 

using Arduino to know motor state, study the effect of 

increased temperature on the induction motor parameter and 

display in computer.   
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