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Abstract In this article, we present and address the model of the squirrel cage asynchronous motor during no-

load starting. The no-load run is a period that allows us to validate the electromechanical parameters of the 

asynchronous motor when no mechanical load is applied on its rotor; this allowed us to take measurements of 

the stator current and the rotor speed to validate them with the model. The purpose of this article is to validate 

the model of the asynchronous cage machine, and to analyze the behavior when the machine is fed directly from 

the electrical network. 
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1. Introduction  

In industrialized countries, about 70% of the electrical energy produced is used by electric motors. In addition, 

more than 60% of all electrical energy converted into mechanical energy is consumed by pumps and fans that 

are driven by induction motors [1]. However, the realization of accurate drive torque command is the major 

drawback of these induction machines. From an automation point of view, the asynchronous motor (AMS) is a 

dynamic system that poses a number of control problems because of its characteristics: a nonlinear, 

multivariable, and highly coupled system whose resistive and inductive parameters vary as well as the load. 

Moreover, some variables are not measurable, in particular the fluxes [2]. In industry, more than half of the 

electrical energy produced is consumed by electric motors. Among several types of electric motors, the three-

phase asynchronous machines are the most used. 

Predicting the behavior of an electrical machine, and in particular the asynchronous machine with cage, often 

requires a mathematical modeling of it in dynamic and steady state, then simulation of the operating mode 

relative to the healthy state and under the constraint of intrinsic or extrinsic defects. At the beginning of the 

nineties, an appropriate model was published based on a multi-winding structure of the rotor cage and taking 

into account the discrete character of the winding distribution on the periphery of the stator [3-10]. 

After the identification of the parameters of the asynchronous machine from the test bench, a simulation phase 

was necessary in order to verify the validity of the model and possibly adjust its parameters if necessary. For 

this purpose, we introduced the identified parameters into a Matlab/Simulink simulation model. It is then 

necessary to compare the results of the simulation with the experimental measurements carried out under the 

same conditions. The asynchronous machine, whose parameters were identified in the previous section, is 

supplied directly by the balanced three-phase network at a voltage of 400V with a frequency of 50 Hz for a no-

load test. The simulation results give the behavior of the evolution of the fundamental quantities 

(electromechanical parameters) of the asynchronous machine; in particular phase currents, electromagnetic 

torque, motor speed and magnetic flux. 
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2. Theory 

2.1 Characteristics of the chosen asynchronous motor 

i. Nominal power: 5,5 kW  

ii. Nominal voltage: 380V  

iii. Nominal current: 10A ; 

iv. Speed of rotation: 1450 tr/min 

v. Power factor: 0,85 

 

2.2 Autotransformer characteristics 

i. DE LORENZO brand, DL 2025 

ii. Nominal power: 20Kva 

iii. Input voltage: 380V 

iv. Output voltage (variable): 0 à 440V +  

v. Neutral 

vi. Output voltage (fixed) : 380V + neutral 

vii. Rated current: 45A 

 

2.3 Model of the equations 

Motor parameter equations 

The stator losses in a three-phase machine are obtained by the expression: 

𝑃𝑗𝑠𝑡 = 3𝑅. 𝐼𝑝ℎ
2    (1) 

𝑅𝑠 =
𝑈

𝐼𝑝ℎ
    (2) 

Variation of the resistance of the stator windings 

We have the stator joule losses in a three-phase machine, for an unstable regime, this loss will be obtained by 

the following expression: 

𝑅𝑠 =
𝑈

𝐼𝑝ℎ
    (3) 

Torque versus voltage equations 

Cm = k. U2   (4) 

 Equations of the torque as a function of the absorbed current 

The torque versus current is obtained by the following expression 

Cm = k. 𝐶𝑠𝑡   (5) 

Determination of mechanical parameters: J, f  

The identification of the mechanical parameters J and f (respectively moment of inertia and viscous friction 

coefficient) is based on the measurement of the mechanical losses when the machine rotates at a given speed 

and is done by measuring the speed as a function of time during deceleration. The moment of inertia J can be 

calculated by: 

𝐽 =
𝑃𝑚é𝑐

Ω𝑛(
𝑑Ω

𝑑𝑡
)

Ω=Ω𝑠

   (6) 

This relationship shows that the measurement of the moment of inertia J depends on the precision with which 

the mechanical power is determined. The measurement of the deceleration curve and its approximation by an 

analytical function allows to calculate the derivative of the velocity: 
𝑑Ω

𝑑𝑡
= 2𝜋

∆𝑁

∆𝑡

1

60
   (7) 

Ω𝑛 = 2𝜋
𝑁𝑛

60
   (8) 
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3. Analysis of motor no-load tests 

3.1 Current measurement 

 
Figure 1: No-load current of phase 1  Figure 2: No-load current of phase 2 

 

 
Figure 3: No-load current of phase 3  Figure 4: No-load current of phases 

 

The bars of the simulations show the different current points. The red bar describes the behavior of the current 

of the third phase, which grows under the interval of 0.6 A until 2.9 A (figure1). The blue bar describes the 

behavior of the current of the second phase, which grows under the interval of 0.4 A until 2.5 A (figure 2 (figure 

3). The green bar describes the behavior of the current of the first phase, which increases under the interval of 

0.5 A up to 2.8 A. All these currents are function of the variation of the voltage of the autotransformer, within 

the framework of the test without load as shown in Figure 4. 
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3.2 Stator losses 

  
Figure 5: Determination of joule losses of phase 1 Figure 6: Determination of joule losses of phase 2 

 

  
Figure 7: Determination of Joule losses of phase 3 Figure 8: Determination of Joule losses of three phases 

 

The bars of the simulations give the different points of the joule losses. The red bar describes the joule loss 

behavior of the third phase, which increases under the interval of 39.6W to 925.1W (figure 5). The blue bar 

describes the Joule loss behavior of the second phase, which increases under the interval of 17.6 W up to 

687.5W as illustrated in figure 6. The green bar describes the Joule loss behavior of the first phase, which 

increases under the interval of 39,6 W up to 925,1 W (figure 7). All these currents are function of the variation 

of the autotransformer voltage, within the framework of the no load test as illustrated in figure 8. 
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3.3 Stator resistors 

 
Figure 9: Determination of the resistance on phase 1 Figure 10: Determination of the resistance on phase 2 

 
Figure 11: Determination of the resistance on phase 3     Figure 12: Determination of the resistance on phases 

 

The bars in the simulations give the different points of the stator resistances. The red bar describes the resistance 

behavior on the third phase, which grows under the interval of 33.33 Ω up to 41.37 Ω as illustrated in figure 9. 

The blue bar describes the resistance behavior on the second phase, which grows under the interval of 50 Ω up 

to 48 Ω (figure 10). The green bar describes the resistance behavior on the first phase, which grows under the 

interval of 40 Ω up to 42.85 Ω as illustrated in figure 11. all these currents are function of the variation of the 

autotransformer voltage, under the no-load test as illustrated in figure 12. 

 

4. No-load operation 

Matlab/Simulink model of the asynchronous cage machine 

The purpose of this simulation is to validate the model of the asynchronous machine, and to analyze the 

behavior when the machine is fed directly from the standard grid. Figure 13 represents the Matlab/Simulink 

model of the asynchronous motor described by the previous equations. It consists of the three-phase power 

source block, the abc/dq transformation block and the state model block of the induction machine (IM) 
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Figure 13: Matlab/Simulink model of the asynchronous motor   Figure 14: Content of the block (IM) 

 

Simulation of electromechanical parameters 

  
Figure 15: Behavior of the stator current   Figure 16: Behavior of the electromagnetic torque 

 

  
Figure 19: Velocity behavior    Figure 20: Flux behavior 

 

The results of the nominal values of the simulated machine are equal to the real values of the machine on the test 

bench and the simulation during the no-load start-up, show that in transient regime (lower than 0.1s), the 
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quantities of the machine (current, torque,...) present oscillations and overshootings in this interval and after this 

time, the machine functions in the permanent regime (figure 13 and 16).  

Validation of the parameters with a start-up test 

By performing a no-load direct start test of the asynchronous machine, the stator phase current response and the 

mechanical speed were recorded during the transient and steady state regimes in order to make a comparison. 

The experimental measurements and the curves simulated by the identified parameters were superimposed on 

the same graph, which validates the identified parameters. 

 
   Figure 21: Current "isa" measured and simulated during a     Figure 22 : Rotor speed "Nr" measured and 

no-load start       simulated during a no-load start 

 

5. Conclusion 

In this article, we have carried out the no-load and cage synchronous motor tests in the ISTA-Kinshasa electrical 

machines testing laboratory. These tests made it possible to describe the behavior of the values of the various 

electrical parameters (Rs, Ls, Rf) and mechanical (J, f), of the asynchronous motors which drive the machines of 

Carrigres, starting from the test benches, based on the one hand on the voltammetric method and that of two 

wattmeters and on the other hand on the measurement of the mechanical losses when the machine turns at a 

given speed according to the time at the time of the slowdown. A simulation phase using Matlab-simulink 

software was necessary in order to verify the validity of the experimental measurements taken on the test bench 

during the no-load and load operation of the engine and to analyze its behavior when it is fed directly by the 

network. 
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