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Fault occurrence in insulation coating of stator core lamina causes
creating hot spot, growing the fault and expanding its area.
Consequently, winding insolation breakdowns occur due to
excessive temperature rise, which causes electrical machine to
burnout. This paper aims to present a non-invasive method with
online performing capability to detect the stator core interlaminar
insulation fault in three-phase induction motors. Finite elements
method is used to simulate the induction motor in healthy and
faulty conditions. Then, frequency spectra of induced torque and
stator current are compared in healthy and faulty conditions. The
comparison shows creating or intensifying some harmonics due
to the fault. Examining effects of the fault severity, motor load
level and supply voltage unbalance on amplitudes of the
harmonics, a specific harmonic next to 15 harmonic of the stator
current is selected as the fault index. Occurring a rather weak
fault, normalized amplitude of this harmonic rises from -88.11db
to -55.57 db, and then, to -49.90 db by a small increase in the fault
severity. From no-load to full-load, depending on the fault
severity, amplitude of this harmonic may change up to 3.9 db.
Stator voltages unbalance intensifies this harmonic in the healthy
state, too, but not as much as its intensification due to the fault
occurrence. Under fault condition, unbalance voltages effect on
the amplitude of the selected harmonicis up to 2.5 db. Similar fault
is created in a real induction motor and required tests are
performed on it. The experimental test results approve the
simulation results.
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EXTENDED ABSTRACT

Introduction

Three-phase induction motors (IMs) are the backbone of many industrial processes
due to their simple structure, robustness, and low maintenance costs. These
characteristics make them vital in various sectors, including manufacturing, energy, and
transportation. Despite their reliability, these machines are not immune to internal faults,
p articularly in the stator core. Over time, various stresses such as thermal cycles,
mechanical vibrations, and electrical transients can degrade insulation materials, leading
to insulation-related failures. One of the most critical and less detectable faults is
Interlaminar Insulation Defect (IID), which occurs when the insulation coating between
laminated sheets of the stator core deteriorates. This defect leads to localized eddy
currents, hot spots, insulation degradation, and ultimately machine failure. Traditional
offline detection methods (such as the Electromagnetic Core Imperfection Detector -
ELCID) require rotor removal and specialized sensors, making them impractical for
continuous condition monitoring. Additionally, these techniques demand significant
downtime and expert intervention, making them unsuitable for real-time fault detection.
In this paper, a noninvasive, online detection method is proposed, based on analyzing the
frequency spectra of stator currents and induced torque. This approach requires only
terminal voltage and current measurements, making it both practical and cost-effective
for real-world deployment. The ability to detect faults at an early stage without
interrupting normal operation is a key advantage of this method, allowing for timely
maintenance and reducing the risk of catastrophic failures.

Methodology

A 1.1 kKW three-phase squirrel cage induction motor is modeled using the Finite
Element Method (FEM) in ANSYS Electronics. The healthy motor and motors with
simulated IID faults of varying severities (defect diameters) are analyzed. The numerical
model considers the actual material properties, winding configurations, and operational
conditions to ensure accurate representation of the fault characteristics. Figure 1 shows
the 2D finite element mesh of the motor under different conditions.
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Figure 1. Two-dimensional meshing of the motor structure for simulation in: a) Healthy motor, b) Faulty
motor with an IID cylinder of 6.5 mm diameter, ¢) Faulty motor with an IID cylinder of 10 mm diameter

The effect of IID is investigated by comparing induced torque spectra and stator current
spectra. The IID fault disturbs the magnetic flux distribution, introducing new harmonics
and modifying the amplitude of existing harmonics. These disturbances alter the motor's
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electromechanical behavior which makes them detectable through spectral analysis. The
methodology covers:

= Identifying harmonics linked directly to IID.

»  Studying how harmonic amplitudes vary with fault severity, load level, and supply
voltage imbalance.

=  Selecting the most stable harmonic as the primary diagnostic index for IID
detection.

Figure 2 illustrates the magnetic flux distribution in healthy and faulty motors and shows
how the presence of IID disrupts the flux path, increasing leakage flux and creating
abnormal local heating.
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Figure 2 - Distribution of current density and magnetic field lines in the motor: a) Healthy, b) Faulty motor
with an IID cylinder of 6.5 mm diameter, c) Faulty motor with an IID cylinder of 10 mm diameter.

Results and discussion

Simulation results clearly indicate that IID creates distinct spectral harmonics in both
induced torque and stator currents. The spectral analysis allows for precise identification
of fault-related harmonics, providing a robust foundation for condition monitoring. Key
observations include:

e  Specific harmonics, such as the third harmonic in stator current and the sixteenth
harmonic in induced torque, show strong correlation with fault presence and
severity.

e The spectral changes become more pronounced as the fault grows, providing a
progressive index for fault.

o Effects of load variation show that certain harmonics are relatively load-
independent, making them robust diagnostic features.

e  The effect of unbalanced supply voltages is also studied, ensuring that the selected
harmonics are not overly sensitive to supply disturbances.

Experimental validation was conducted on a real motor with an artificially induced
IID. Figure 3 and Figure 4 depict the spectral analysis of the induced torque and stator
currents, respectively. The experimental results confirm the reliability of the proposed
diagnostic method, showing strong agreement with simulation results. This validation
enhances the credibility of the method and proves its robustness under real-world
industrial conditions.
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Figure 3. Normalized frequency spectrum of the induced torque under a load torque of 4.5 N.min: a, b, c)
Healthy motor; d, e, f) motor with IID fault at a diameter of 6.5 mm- Experimental results.
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Figure 4. Normalized stator current spectrum under a load torque of 4.5 Nm in: a, b) Healthy motor; c, d)
Motor with IID fault at a diameter of 6.5 mm- Experimental results.

Conclusion

This paper presents a comprehensive non-invasive online fault detection method for
identifying IIDs in three-phase induction motors. By leveraging the natural
electromechanical response of the motor to internal faults (reflected in its current and
torque spectra), this approach eliminates the need for invasive sensors or rotor
disassembly. The key contributions of this work are:

e Identification of reliable harmonic indicators for IID.

e Demonstration of direct correlation between harmonic amplitudes and fault

severity.

e Validation under varying load and voltage imbalance conditions, ensuring real-
world applicability.

e Successful experimental validation, bridging the gap between simulation and
practice.

The proposed method provides a cost-effective, sensor-free solution for continuous
condition monitoring in critical industrial machinery. Its simplicity and effectiveness
make it an ideal candidate for smart predictive maintenance systems in modern industrial
environments.
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