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Current analysis of electric machines in the field of fault detection
with features such as reliability, simplicity of structure, capability
to implement online, non-invasiveness, usable in continuous
operation of the motor with any torque and application for motors
with different powers is important. In this research, extracting the
current periodic root mean square (CPRMS), which is based on the
effectiveness of instantaneous sampling of the current at certain
intervals, was proposed. In squirrel cage induction motors, it is
necessary to detect the broken rotor bar (BRB), and consider that
in this fault, the frequency component (1+2s)f; affects the main
signal of the motor current. The amount of slip of high-power
motors during operation is very small, which makes the fault
detection process difficult. Compared to transient, offline, and
invasive methods that require stopping, starting, or installing
internal equipment, the CPRMS ' - Current Periodic Root Mean
Square method performs fracture fault detection in the
continuous operating mode of the motor without using internal
equipment. In the present research, the proposed method was
simulated on four power spectra of three-phase squirrel cage
induction motors with low, medium, high and very high power,
taking into account the parameters of the equivalent circuit, using
MATLAB programming.
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EXTENDED ABSTRACT

Introduction

Induction motors are widely used in industry because they are more durable and
robust, and also have a smaller dimension and the ability to work in dusty and explosive
environments. With the increasing use of these motors in industry, it is becoming
especially important to investigate faults and unhealthy conditions. Therefore, it is
necessary to detect the method of diagnosis by focusing on some specific faults that are
serious and lead to the end of motor life. An example of such a fault that can cause the
motor to be destroyed if left undetected is the broken rotor bar in cage induction
motors, which usually occurs in high-power motors. As shown in Figure 1, the BRB fault
that occurred in the squirrel cage rotor of a 5 MW motor of the thermal power plant
includes cracks in the rotor bars from the connection to the end ring and in the surface
of the end ring.

Figure 1. The squirrel cage rotor of a 5 MW motor of the thermal power plant, Cracks in the
rotor bars from the connection to the end ring.

Methodology

Suppose, according to Figure 2, the current signal of a motor is sampled with time
intervals At. If n cycles in a row are sampled separately with an integer multiple of m
and the root mean square value of the samples of each cycle is calculated, the curve of
the periodic effective value of the current can be obtained. m is the ratio of the period T
to the time interval of measuring the instantaneous current At, which is calculated
based on the following equation:

T o= {1 for 50 Hz frequently (1)

m= At xa 3 for 60 Hz frequently

For signals with a frequency of 50 and 60 Hz, the appropriate value of At is equal to
0.001 or 0.0001, which can be lower depending on the sampling speed.
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Figure 2. Sampling of the current signal with time intervals At.

In the healthy condition of the motor, the frequency of the curve of the periodic
effective value of the current is zero, and its value is equal to the effective value of the
current. However, in the unhealthy condition, the signal corresponding to the broken
rotor bar fault appears with a frequency of (1+2s)fs.

Results and discussion

The simulation results of 3 hp, 50 hp, 500 hp and 2250 hp motors of the pulse curve
of the periodic effective value of the current for different states of power and different
states of imbalance of the rotor corresponding to breakage were obtained. The reason
for choosing these four motors was to check the fault condition and detect it for motors
with low, medium, high and very high power. Therefore, the 3 hp motor represents low
power motors, the 50 hp motor represents medium power motors, the 500 hp motor
represents high power motors, and the 2250 hp motor represents very high power
motors.

In this simulation, the rotor was modeled as a winding rotor, and the broken rotor
bar conditions were modeled by increasing the resistance of the corresponding phase
in the rotor. Therefore, to check the severity of the fault, the degree of broken rotor bar
was included as a spectrum of unbalanced conditions of the rotor. Unbalance was
considered for 5%, 10%, 20%, 30% and 40%.

Figure 3 shows the curve of the 50 hp motor current periodic effective value in four
different unbalanced conditions for a torque of 25%.
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Figure 3. The curve of the 50 hp motor current periodic effective value in different unbalance
status of the rotor with a nominal torque of 25%:

a. Unbalance 5% b. Unbalance 10% c. Unbalance 20% d. Unbalance 40%
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Conclusion

The monitoring of three-phase induction motors is particularly important to
prevent their failure. One of the unwanted factors that leads to the breakdown and
failure of cage rotor induction motors is the broken rotor bar fault, which is usually very
important to detect in high-power motors. In this research, it was shown that using the
periodic effective value of the current to extract the frequency and intensity of the fault
signal related to BRB fault diagnosis of three-phase induction motors with any power
range and with any load range is efficient.

Among the achievements and innovations of this research, the following can be
mentioned:

1- Providing a simple, reliable and online method to perform the error detection
process.

2- Presenting a precise method for fault detection for the entire power range of
three-phase cage rotor induction motors under variable loading conditions.

3- Extracting the strength of the broken rotor bar based on the analysis of the
effective components of the current for the first time.

4- The effect of fault severity in low, medium, high and very high-power motors at a
certain torque.

5- The effect of the fault during the process of increasing the load torque in low,
medium, high and very high-power motors.
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