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The study investigates real-time problem diagnosis of induction motors
(IMs) with digital signal processing (DSP) to improve monitoring. IMs are
essential to industrial applications but can fail owing to mechanical,
electrical, and thermal stressors. These defects must be detected quickly to
prevent motor failure and production downtime. DSP is used to create a
sophisticated real-time online condition monitoring system to diagnose
three-phase IM issues. The suggested system was validated using MATLAB
calculations and experimental investigations on a 415 V, 1 HP, 50 Hz, 1440
rpm, 4-pole IM. Disruptions in the stator windings, such as inter-turn short
circuits or inter-phase faults, as well as problems with the rotor, such as
broken bars or end rings, are identified in this investigation. Keeping an eye
on negative sequence currents and analyzing fault frequencies with a fast
Fourier transform (FFT). According to the results of the testing, current
approaches are not very good at detecting stator inter-turn difficulties under
light-load and no-load conditions. Under varying loads, the proposed DSP-
based system identified stator inter-turn, inter-phase, and broken rotor bar
problems. Results showed that the DSP-based online condition monitoring
system was more accurate and better at detecting faults than earlier methods,
making it a good fit for usage in industrial applications.
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1. INTRODUCTION

Impellers that is induction motors (IMs) are fundamental components of commercial machinery and
play a crucial role in power plants and manufacturing facilities. Given their reliance on these systems,
reliability and performance are of utmost importance [1]. The timely identification of motor failures
facilitates scheduled maintenance and prevents expensive production interruptions. Safety, reliability,
efficiency, and performance are essential for the operation of IM systems [2]. Condition monitoring and
problem diagnostics in industrial machinery are increasingly critical as the demand for system reliability
escalates [3]. Fault diagnosis and condition monitoring systems can be categorized as offline and online types
[4]-[6]. While offline methods require disconnecting the motor from the power source for assessment, they
present considerable constraints. Examples include production disruptions, income loss, maintenance costs,
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and delays in service restoration [7]. Considerable interest and investigation have been directed toward online
fault detection technologies capable of identifying faults without the need for motor shutdown [8], [9]. These
devices enhance the efficiency of motor health monitoring compared to traditional offline methods.
Investigations into fault detection and monitoring have concentrated on the squirrel-cage IM, which is a
prevalent device in industrial applications [10], [11]. Many methods for monitoring the condition of three-
phase IMs necessitate the use of expensive sensors [11]-[13]. Numerous sensor systems have experienced a
decline in accuracy, even with the implementation of advanced technologies [14]. Electromechanical
monitoring techniques are preferred because of their affordability, accessibility, and ability to identify slight
variations in motor activity [15], [16].

Conventional condition monitoring systems face challenges in identifying failure frequencies
because of the similarity of fault symptoms [17]-[19]. The digital signal processing (DSP) approach is one of
the most precise techniques for monitoring conditions and identifying faults [20]. Online monitoring systems
leverage the capabilities of DSP techniques for immediate analysis and precise identification of
faults [21], [22]. A thorough examination of the existing literature revealed numerous techniques for defect
detection and diagnostics in three-phase IMs, encompassing artificial intelligence (Al)-driven approaches,
such as artificial neural networks, fuzzy logic systems, and genetic algorithms [23]-[26]. Currently, signature
analysis, wavelet transformations, and methods based on vibration are among the alternatives [27]. Although
advancements have been made in these technologies, each approach presents unique challenges, particularly
in intricate fault environments [28]-[30].

This study presents a sophisticated online condition monitoring system utilizing signal processing
techniques for three-phase IMs. The primary focus is on stator winding flaws, which are prevalent and
challenging to identify. Fast Fourier transform (FFT) serves as a tool for the analysis of stator current
waveforms, enabling the identification of specific problem frequencies. This methodology mitigates the
limitations of existing fault detection systems and enhances the performance of Ims by facilitating ongoing,
real-time monitoring of motor health under varying load conditions. This investigation contributes to
minimizing motor failures, enhancing operational efficiency, and decreasing industrial downtime.

The remainder of this paper is organized as follows: section 2 presents a comprehensive analysis of
IMs. Section 3 describes the hardware implementation of the experimental setup in detail. Section 4 focuses
on the identification of stator turn faults. Section 5 presents the findings and discussions, detailing the
investigation of stator windings with two turns shorted, stator winding with four turns shorted, inter-turn and
inter-phase faults in the stator, analysis of end ring faults, and assessment of broken bar rotor conditions. In
summary, section 6 concludes the paper outlined in this article.

2. ANALYSIS OF INDUCTION MOTORS
Figure 1 shows the equivalent circuit of a polyphase IM. Figures 1(a) and (b) depict the equivalent
circuits of a polyphase IM during the no-load and blocked rotor tests, respectively.
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Figure 1. Equivalent circuit of polyphase IM; (a) no load test and (b) at block rotor test

E

The stator no-load impedance is given by in (1):

Vi
Zp1 = % 1)

The stator no-load resistance is calculated as (2):

RTlI = Pn_1 (2)

2
In1
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The stator no-load reactance is given in (3):

Xn1 = qu + R1211 3)

where, V0 is per phase voltage applied, 1,° is per phase input current, P, is per phase power input, s, is slip
at no load=0, X,,; = x; + X,,, = X;, and Xy is stator self-reactance.

In the blocked rotor test, the rotor shaft is externally blocked. Balanced polyphase voltages at the
rated frequency are applied to the stator terminals through a polyphase Variac, and the applied voltage is
adjusted to the rated current. The blocked rotor parameters are calculated using (4)-(12). The DC resistance
per phase of the stator winding is measured shortly after this test and is calculated as given in (4)-(7):

T'1 = (1.1 - 1.3)T1dc (4)
The blocked rotor impedance is calculated by (5):

Zbr = 2 (5)

Ipr

The blocked rotor resistance is:

Rpr = Zbr (6)

Ipr

The blocked rotor reactance is:

Xpr = Z;T - Rgr ()

where Vy, V=P are the applied voltage, I, is per phase-rated current input, and Py, is per phase power
input, respectively, per phase. From the analysis of the equivalent circuit during the blocked rotor test, the
rotor reactance can be expressed as in (8)-(12):

X
Xbr = Xl + —§(2 (8)
1+m
Since, X, < x,,,, we neglect the small term ;:—2 resulting in X, = x; + x,.
m
Assume x; = x,, We can write:
X1 = X2 = % C)]
Also blocked rotor resistance is:
— X5
Rpr =1 + "2 742 (10)
But X, « x,, this simplifies to:
Xh
Ry =1 + rz(X_z) (11)
The per-phase rotor resistance is:
X2\2
T2 = (Rpr — 7”1)(}(_) (12)
m

The parameters obtained from the no-load and blocked rotor tests shown in Figure 1 were used in the
Simulink model of study system.

3. HARDWARE IMPLEMENTATION

The experimental setup and its results for stator and rotor defects under different conditions are
detailed as shown in Figure 2. The following is a breakdown of the parameters for the three-stage IM: with a
total of 160 turns per phase, this 415 V, 1 HP, 50 Hz, 1440 rpm, 4-pole, 2.1 A motor features 80 turns per
coil, and two coils per phase. Experiments on winding failures were conducted using this motor, which had
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stator winding turns that were suitably constructed. Stator winding anomalies, including two and four inter-
turn short-circuit faults, a broken one-bar rotor fault, a broken two-bar rotor fault, and broken end-ring faults,
were the primary focus of the investigation. The experiments were performed under no-load, half-load, and
full-load conditions. Fault frequencies were analyzed to assess the condition of the IMs.

Motor under Test
with Loading

DAQ: 32 Al
(16-Bit, 2 MS/s)

(1) ACMotor [

(’3‘} Clamp-on
\=/ Current Sensors | 5 Connecting Board

Figure 2. Experimental setup of study system

Figure 2 shows the three-phase IM stator and rotor winding fault detection experimental setup. The
415 V motor being assessed produces 1 HP at 50 Hz and 1440 rpm with four poles. Motor specifications: 80
turns per coil and two coils per phase for 160 turns per phase at 2.1 A. Specific stator winding turns were
chosen for fault detection studies to test winding faults. VVoltage transformers, power quality analyzers, and
DAQ devices are essential. Single-phase 600 V, 50 Hz voltage transformers with a transformation ratio of
415/5 V and a burden of 0.5 VA were used. They were classified as Class-1.0/0.5. Motor electrical
parameters were monitored and assessed using a Hioki 3198 power quality tester. The measurement setup
included Hioki 9694 clamp-on current sensors with a 5 A current, 300 V voltage, and 10 mV per ampere
output. The sensors helped observe the motor current signals.

An NI USB 6363 data acquisition system was used, which included 32 analog inputs (16-bit,
2 MS/s), four analog outputs, and 48 digital inputs/outputs. Electrical motor data were quantified and
analyzed using an NI-DAQ device. The system employs NI STC3 technology, which combines digital and
analog timing engines for synchronization and timing to enhance measurement precision. Motor speed data
were retrieved from a digital tachometer and processed using LabVIEW. The use of these tools enabled a
thorough evaluation of the motor performance under varying loads, which in turn exposed problems with the
stator and rotor windings.

4. DETECTION OF STATOR TURNS FAULT

In this study, a DSP was used to detect stator winding defects in a three-phase IM. Winding
problems can be detected by examining the stator current fault frequency component. The proposed
technology allows for real-time stator health monitoring in motors under diverse load conditions, thereby
enabling early problem detection. IEEE and EPRI have reported that stator winding insulation concerns cause
28%-36% of motor failures. An abnormality in the stator increases circulating currents, thereby elevating the
winding temperature. The square of the current flow generates heat energy, which can cause motor failure.
Thermal overloading, cycling, and transient voltage stress all degrade the insulation; however, thermal
overloading is the primary cause. Stator insulation failure can be attributed to aging, overloading, and
switching oscillations.

Even the best insulation can fail if the motor exceeds its temperature limits. A 10 °C temperature increase
reduces insulation durability by 50%. Therefore, the stator winding temperature must be monitored to keep the
motor within its thermal limits. Contamination can reduce the insulating performance; therefore, keeping the motor
clean is essential. Stator winding defects include turn-to-turn, coil-to-coil, line-to-ground, line-to-line, and open
circuits. Turn-to-turn problems are the most difficult to identify. This study uses DSP and the FFT approach to
evaluate current data for fault frequency components and discover stator short-winding defects.
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Figure 3 shows the DSP technique utilized in the experimental setup for detecting faults in both the
stator and rotor components. The diagram depicts the methodology for acquiring current and voltage signals
using clamp-on current sensors and potential transformers. The FFT extracts the magnitude and phase of the
input signals, whereas the sequence filter calculates the magnitude and phase of the sequence components.
This methodology offers a reliable framework for the instantaneous detection of stator winding anomalies.
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Figure 3. DSP technique

The detection of stator inter-turn faults in an IM using MCSA is based on detecting the frequency
components from (13):

foo = £ (13)

where fg is stator inter-turn fault frequency in Hz, fs is supply frequency in Hz, s is slip in p. u., and p is
poles. First, the healthy motor was tested, and then the faulty motor was tested by introducing different types
of faults. The results are presented below. The equation for fault frequency components owing to the stator
short circuit is given by (14):

fse = filk+5(1=9)] (14)

where fs; the frequency component owing to the inter-turn fault in the stator current, p a pair of poles (p=2),
kis1,3=1,35...,nis1,2=123...
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5. RESULTS AND DISCUSSION

To replicate stator inter-turn, short-circuit faults, phase B winding was accessed at various turns, and
an external short circuit was applied across two turns of phase B. The frequency spectra of the stator current
were subsequently observed using a DSP in no-load, half-load, and full-load scenarios, followed by a
verification process.

5.1. Stator winding with shorted two turns

Figure 4 shows the two inter turn short at no load and half load condition. Figure 4(a) presents inter-
turn shorts occurring in a no-load scenario. The motor speed was 1496 rpm under no-load conditions, with
the lower-sideband and upper-sideband frequencies recorded at 25.084 Hz and 74.99 Hz, respectively.
However, the spectra did not clearly show the fault frequencies. Detecting stator inter-turn short-circuit
defects under no-load circumstances is challenging because of the limited current flow. Figure 4(b) shows
two examples of half-load inter-turn short circuits.
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Figure 4. Two inter turn short at; (a) no load and (b) half load condition

The motor displayed an operational speed of 1426 rpm and a slip value of 0.0493 under half-load
conditions. The fault frequencies at lower sideband (LSB) 26.25 Hz and upper sideband (USB) 73.82 Hz
could not be detected, according to the research. The expected failure frequencies under different load
scenarios, together with the associated characteristics, are listed in Table 1. It is difficult to identify stator
inter-turn short-circuit faults under various load situations because the fault frequencies were undetectable
under the experimental configurations.

Table 1. Expected fault frequencies with two inter-turn short circuit fault

N . k=1
Load conditions  Speed (rpm) Slip LSB (Hz) Observation USB (Hz) Observation
No load 1496 0.0026 25.084 Not visible 74.99 Visible
Half load 1426 0.0493 26.25 Not visible 73.82 Not visible

5.2. Stator winding with shorted four turns

Figure 5 represents four inter turns short at considering no load, half load and full load condition.
Figure 5(a) illustrates four instances of inter-turn shorts that arise in the absence of a load. The unloaded
speed was measured at 1496 rpm, whereas the frequencies for the LSB and USB were documented at
25.084 Hz and 74.99 Hz, respectively. The fault frequencies were undetectable in the frequency spectra of
the stator current. Identifying stator inter-turn short-circuit faults under no-load conditions presents
significant challenges. Figure 5(b) illustrates four instances of inter-turn short circuits occurring under half-
load conditions. The velocity under half-load conditions was recorded at 1426 rpm, with the lower-sideband
and upper-sideband frequencies determined to be 26.025 Hz and 73.82 Hz, respectively. The fault
frequencies were absent in the frequency spectra of the stator current. ldentifying stator inter-turn short-
circuit faults under no-load conditions presents significant challenges. Figure 5(c) illustrates four occurrences
of inter-turn shorts under full-load conditions.

The expected fault frequencies with four inter-turn short circuit fault is shows in Table 2. The
operational speed under full-load conditions was measured at 1380 rpm, accompanied by a slip value of
0.083. The frequencies for the LSB and USB were 27.09 Hz and 77.13 Hz, respectively. The analysis of the
stator current frequency spectra revealed the detectability of the LSB fault frequencies, whereas the USB
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fault frequencies remained undetectable. Detecting stator inter-turn short-circuit faults under full-load
conditions presents significant challenges.
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Figure 5. Four inter turns short at; (a) no load, (b) half load, and (c) full load condition

Table 2. Expected fault frequencies with four inter-turn short circuit fault

.. . k=1
Load conditions  Speed (rpm) Slip LSB (Hz) Observation USB (Hz) Observation
No load 1496 0.0026 25.084 Not visible 74.99 Not visible
Half load 1426 0.0493 26.25 Not visible 73.82 Not visible
Full load 1380 0.083 27.09 Visible 77.13 Not visible

5.3. Stator inter-turn inter-phase fault

Simultaneously, a short circuit was applied to two interturn windings of phases B and C. The
resulting frequency spectra of the stator current under no-load, half-load, and full-load conditions are shown in
Figures 6(a) to (c), respectively. Table 3 lists the exact frequency spectra of the stator current that were studied
using the FFT. This method is effective for identifying stator inter-turn and inter-phase problems.

The anticipated fault frequency for a stator inter-turn inter-phase fault under various load scenarios
is displayed in Table 3. Both LSB and USB fault frequencies are shown under no load, half load, and full
load. Both the LSB and USB frequencies are visible at no load and half load, however only the USB is
visible at full load.

5.4. Stator inter turn fault detection by negative sequence current method

A method for identifying short-circuit problems between turns in the stator is inter-turn fault
detection. The negative-sequence current was computed using the FFT of the frequency spectra obtained
from the stator current. The magnitudes of the currents in the negative series are listed in Table 4.

The negative-sequence current remained unchanged after shorting the two-phase turns. The FFT
analysis conducted on four inter-turn short circuits within the stator current revealed a negligible fluctuation in
the negative-sequence current. Various approaches have been suggested, such as negative sequence impedance,
vibration analysis, noise assessment, and monitoring, to improve the identification of stator inter-turn faults.
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Figure 6. Two inter turns short at phase B & C on; (a) no load, (b) half load, and (c) full load condition

Table 3. Expected fault frequency for stator inter-turn inter-phase fault

. . k=1
Load conditions  Speed (rpm) Slip LSB (Hz) Observation USB (Hz)  Observation
No load 1496 0.0026 25.084 Visible 74.99 Visible
Half load 1426 0.0493 26.25 Visible 73.82 Visible
Full load 1380 0.083 27.09 Not visible 77.13 Visible

Table 4. Negative sequence current at various load conditions
Load conditions Two turns short circuited  Four turns short circuited

No load condition 0.0665 0.0794

Half load condition 0.0677 0.0847

Full load condition - 0.0708

5.5. Broken bar rotor analysis

Along with stator fault identification, rotor fault identification is explained. Although broken rotor
bars rarely cause motor failure, if ignored, they can cause significant mechanical damage, including
insulation and winding damage. Repair costs and operating interruptions can be reduced via early rotor bar
defect detection. Inadequacies in the rotor manufacturing process require a uniform air gap for accurate bar
positioning; any imperfections may cause damage; DOL starting or frequent switching increases rotor
current, which raises rotor temperatures and damages bars and end rings; and pulsating mechanical loads.
Stator and bearing faults have been extensively studied; however, rotor faults have not.

Several methods for diagnosing rotor defects have emerged in the previous decade. DSP and
computerized data collection can be used to detect rotor defects. FFT, STFT, and WT are used to detect rotor bar
problems. Spectrum analysis is used to identify fault-related harmonics. Rotor bars with defects emit sideband
frequencies near the fundamental frequency. A decibel (dB) versus frequency spectrum identifies current signature
patterns that may indicate defects. In a three-phase 1M, the stator generates a rotating magnetic field that causes slip
frequency rotor currents. In rotor asymmetry cases, a backward-rotating field at the slip frequency generates
voltage in the stator at the related frequency, which alters the stator current frequency. A balanced three-phase
supply generates a synchronized forward-rotating magnetic field from the motor, as given in (15) and (16):

N, = 12%” (15)
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Slip:

Ns—Nyp

s = et (16)
where, slip speed=Ns — Nr, rotor speed and Nr = Ns(1 — s). The backward-rotating magnetic field speed
produced by the rotor owing to broken bars and with respect to the rotor is Nr — sNsand, as given by (17):

Nsb = Ns(1 — 2s) (7)

Above equation in terms of frequency, fbrb = fs(1 — 2s).
Therefore, twice slip frequency sidebands occur at £2sf; both sides of the supply frequency, as given by (18):

fbrb = fs(1 + 2s) (18)

The LSB and USB frequencies produce oscillations in speed and torque, resulting in increased mechanical
stress on the bearings. The sequence of the sideband frequency can be observed in (19):

fbrb = fs(1 + 2ks) (19)
where, k=1,2,3.

5.5.1. One broken bar fault

Figure 7 shows the current frequency spectra from the current signal for a single broken bar at no load,
half load, and full load. As shown in Figure 7(a), the sideband frequency is close to the fundamental frequency and
has low sideband amplitudes in the absence of load. Owing to the low current in the rotor bars, detecting the slip
frequency sideband under no load is difficult. Figure 7(b) indicates that the sideband fault frequencies are
sufficiently low to be difficult to detect, even under half load. Thus, detecting broken rotor bar problems under
half-load circumstances is difficult. The motor speed under load significantly affects the sideband frequency. At
half load, the sideband frequencies become visible because the experimental motor has a low rating, thereby
reducing the speed under load. As shown in Figure 7(c), the fault frequencies of a single broken bar are only visible
when the motor is at 80% or full load. Table 5 lists the frequencies of broken-bar rotor defects.
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Figure 7. Frequency spectra for stator current for one bar broken at; (a) no load, (b) half load, and (c) full
load condition
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Table 5. Expected fault frequencies with one broken bar under various conditions

Load Fault frequencies

.. Slip k=1 k=2
conditions LSB (Hz) Observation USB (Hz) Observation LSB (Hz) Observation USB (Hz) Observation
No load 0.0026 49.77 Not visible 50.298 Not visible 49.51 Not visible 50.55 Not visible
Halfload  0.0493 45.104 Visible 54.97 Visible 40.17 Visible 59.9 Visible
Full load 0.083 41.731 Not visible 58.344 Visible 33.42 Visible 66.65 Visible

Figure 7 shows the no-load frequency spectrum of the current of a healthy motor. A cracked rotor bar
under no-load is shown in Figure 7(a). Under no load, the speed was 1496 rpm, and the LSB and USB frequencies
were 49.77 Hz and 50.298 Hz, respectively. The absence of these fault frequencies in the stator current frequency
spectra makes it difficult to detect a broken rotor bar fault under no-load conditions. Figure 7(b) shows a half-
loaded cracked rotor bar. At half load, the rotational speed was 1426 rpm, and the LSB and USB frequencies were
45.104 and 54.97 Hz, respectively. The stator current frequency spectra revealed the fault frequencies, facilitating
the identification of a fractured rotor bar defect. Figure 7(c) shows a cracked rotor bar under the maximum load.
The full-load speed was 1380 rpm, and the LSB and USB frequencies were 41.731 and 58.344 Hz, respectively.
The LSB was not present in the stator current frequency spectra, whereas the USB was present, suggesting that
diagnosing a broken rotor bar fault under full-load conditions is difficult.

5.5.2. Two broken bar faults

Table 6 analyses the current frequency spectra for two damaged rotor bars under no-load, half-load,
and full-load conditions. Figure 8 shows the frequency spectra of the current signals of the two damaged bars
under load. As shown in Figure 8(a), fault frequencies near the fundamental frequency have insignificant
amplitudes and are undetectable without a load. Detecting a fault is difficult in the rotor bars because of the
low current when the motor is running at no or mild load. Figure 8(b) shows the half-load current spectrum of
the motor with two broken bars. The low magnitudes of the fault frequencies make it difficult to detect a
broken-bar fault during the half-load. Figure 8(c) shows the full-load power spectrum of the motor with two
broken bars. The frequencies of 58.344 Hz and 33.42 Hz confirm a fractured rotor bar issue.

Table 6. The expected fault frequencies with two broken bars at various load conditions
Fault frequencies

Load . k=1 k=2
- Slip
conditions }I‘?Z.é Observation USB (Hz) Observation LSB (Hz) Observation USB (Hz) Observation
No load 0.0026 49.77 Not visible 50.298 Not visible 49.51 Not visible 50.55 Not visible
Half load 0.0493  45.104 Not visible 54.97 Not visible 40.17 Not visible 59.9 Not visible
Full load 0.083 41.731  Not visible 58.344 Visible 33.42 Visible 66.65 Not visible

5.6. End ring fault analysis

The same materials are used to fabricate the end rings that join the rotor bars. Because all rotor bar
currents flow into the end ring, the rotor current is considerably higher than the stator current. Therefore, the
end ring current is considerably higher than that of the rotor bars. The end rings are larger than the rotor bars
to support high current flow. Figure 9(a) shows a fractured end-ring fault under no-load conditions, with LSB
and USB values of 49.77 Hz and 50.298 Hz, respectively. The absence of LSB and USB components in the
stator current frequency spectra hampers fault diagnosis under no-load conditions. Similarly, Figure 9(b)
shows a fractured end-ring fault under half-load conditions, with LSB and USB values of 45.104 Hz and
54.97 Hz, respectively. Again, neither the LSB nor USB was observed in the stator current frequency spectra,
demonstrating that locating the fault under half-load conditions is difficult.

Figure 9 shows the frequency spectrum of a damaged end-ring fault at full load, with an LSB at
41.731 Hz and a USB at 58.344 Hz. The stator current frequency spectrum has a recognizable bottom
sideband but no higher sideband, making defect diagnosis difficult. Figure 9 shows the fractured end-ring
fault frequency spectra under no-load, half-load, and full-load conditions. The sideband frequencies aligned
closely with the fundamental frequency in the absence of a load, but their amplitudes were significantly
reduced (Figure 9(a)). The minimal current of the end ring makes slip-frequency sideband identification
difficult under no-load conditions. As shown in Figure 9(b), 40.17 Hz was recorded at half load, although
other frequencies related to the same issue may be undetected. Thus, detecting a fractured end-ring fault
during half-load remains challenging. The sideband frequency and motor speed under load are related, with
fault frequency sidebands for the end ring only visible at 80% or full load, as shown in Figure 9(c). The fault
frequencies under full load were 41.731 Hz and 66.65 Hz, confirming a broken end-ring problem. The
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difficulty of detecting broken end-ring faults, specifically differentiating them from broken rotor bar faults, is
seen in Table 7.
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Table 7. The expected fault frequencies with broken end ring various load conditions

Fault frequencies

Load Slip k=1 k=2
conditions . USB . LSB . USB .
LSB (Hz) Observation (Hz) Observation (Hz) Observation (Hz) Observation
No load 0.0026 49.77 Not visible 50.298  Not visible 49.51 Not visible 55.24 Not visible
Half load 0.0493 45.104 Not visible 54.97  Not visible 40.17  Visible 59.9 Not visible
Full load 0.083 41.731 Visible 58.344  Not visible 33.42  Not visible 66.65 visible

For both LSB and USB frequencies at various slip values (k=1, k=2), the table displays fault
frequencies for broken end-ring faults under a variety of load conditions, including no load, half load, and
full load. All fault frequencies are invisible when there is no load. The LSB frequency for k=2 is visible at
half load, but the USB frequencies for k=1 and k=2 are not. Other frequencies are not visible at full load,
however the LSB for k=1 and USB for k=2.

6. CONCLUSION

This study explores the use of negative-sequence current analysis for three-phase IM fault detection.
The findings demonstrate that negative-sequence currents can be utilized to identify stator short circuits and
create torque oscillations that stress motor bearings. Significant negative-sequence current values of 1.887 A
and 2.566 A under various fault circumstances were found in the simulation findings. Nevertheless, the
findings of the experiment showed that it was difficult to identify stator inter-turn short-circuit flaws under
no-load and half-load situations, but it was easier to do so under full load.

Under specific operating conditions, the investigation also revealed challenges in detecting minor
defects like two-turn short circuits and rotor problems like broken rotor bars. Future research on wavelet-
based fault diagnostic systems is suggested by the paper, with an emphasis on light-load fault diagnosis and
the use of hybrid DSP machine learning techniques. The reliability of detection could be further increased by
integration with cloud-based or remote monitoring systems. In sectors like mining and oil refining, where
early motor defect identification is essential for reducing downtime and preserving operating efficiency, these
developments are especially helpful for remote surveillance.
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