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SUMMARY

As with all motors, the performance of an induction motor while at standstill, whether in the
course of a normal starting sequence or as a result of stall, is of crucial importance to a
designer. Since the motor is under full voltage, a fast temperature rise may occur in different
parts of the motor before the power source is isolated, or substantial acceleration occurs. This
may damage some parts of the motor, or cause a premature aging of the electric insulation in
various parts of the motor, in particular the stator winding. In addition, in applications where
the motor is surrounded by a potentially explosive atmosphere, an unexpected temperature
rise at any point in a motor may be enough to ignite the existing mixture of gases. To avoid
such phenomena, the temperature distribution in the motor should be predicted as accurately
as possible to ensure reliable protection of the motor against overheating in critical points.
This work 1s an attempt to improve the accuracy of prediction of transient temperature
distribution in an induction motor, with particular attention to the modelling of deep-bar cage

motors.

The accuracy of thermal models is strongly dependant on that of the initial data. This data
includes both geometry-related parameters and the relevant material properties. Furthermore,
an accurate picture of the distribution of the thermal loads in the motor is crucial to the final

results.

The distribution of the loads in the thermal model is extracted from a two-dimensional
magnetic analysis employing a harmonic finite element method. This procedure enables
inclusion of the deep-bar effect in the rotor bars and consequently an accurate estimation of
the distribution of losses in these areas. The effect of the non-linearity of the iron core is
included in the magnetic analysis using the “effective reluctivity” and “simultaneous static

and harmonic analysis” methods.

Although a three dimensional thermal model of the complete motor is ideally required, a
reduced system including only half of one slot pitch is proposed as the main model. This is
supplemented by a two-dimensional model to study the peripheral variation of temperature in

the motor.
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The proposed method is applied to two induction motors, 15kW and 250kW, used as models
one and two respectively. The analysis results were verified by direct locked rotor tests on the
motors. Two individual locked rotor tests with different voltages were performed on each
model and the variation of temperature with time at 17 points on model one and 20 points on
model two was recorded for this purpose. Finally, a transient analysis on the motor during
start up was carried out where, a dynamic equivalent circuit is proposed for induction motors
and a method to determine the parameters of this circuit is suggested. The validity of this

analysis is checked against the test results on the 15kW motor only.
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