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This research investigates short-circuit problems in induction motor stators
by constructing a motor with a changing winding and leaking flux data. The
data is used to evaluate X, Y, and Z axes and map motor waves under
normal and abnormal conditions. This study is expected to compare the
effectiveness of the observation method from three different axes at the same
motor condition to be further helpful in repairing induction motor damage
caused by the circuit. From the results of the study, it shows that the
harmonic value of the stator current will be more effective than the Y axis
with a harmonic amplitude value of -38.8 dB, higher than the harmonic
value of the current on the X axis with a difference of 33.89 dB and a
difference of 0.32 dB from the Z axis. Suppose the disturbance is measured
from the stray harmonic value. In that case, the flux will be more effective

Short circuit
Stray flux

than the X axis with a harmonic amplitude value - 25.27 dB, higher than the
harmonic value of the flux on the Y axis with a difference of 6.425 and a
difference of 4.85 dB from the Z axis.
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1. INTRODUCTION

An AC motor that operates by generating induction voltage through the magnetic field created by
the stator is referred to as an induction motor [1]. The induction motor is a well-known piece of machinery
employed in various industrial domains. Hence, it is essential to monitor and identify any disruptions in this
rotating motor to ensure the safety, effectiveness, and optimal operation of induction motors [2]. There are
four types of disturbances that may manifest in the motor: electrical disruptions, mechanical issues, bearing
problems, and interference caused by motor lubrication [3], [4]. A prevalent issue observed in induction
motors is electrical disturbance, frequently arising from short-circuits that impact the windings of the stator
coil [5]. Since this condition is not visible to the naked eye, it is challenging to identify [6].

The onset of this disruption arises from an insulation breakdown between the windings, resulting in
a short circuit [7]. Alternatively, the occurrence of an arc flash on the windings can also give rise to this short
circuit in some instances [8]. Impairment to the stator winding can lead to irregularities in the rotation of the
induction motor, resulting in an asymmetrical current in the stator. This asymmetry causes an imbalance in
the generated flux. Such a flux alteration can serve as an indicator for detecting short-circuit disturbances in
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the stator winding of the induction motor [9]. In stator windings, usually, the stator windings consist of
sufficient insulation thickness and multiple sparks are also generated means that insulation will survive, so
winding short circuit will happen between winding in worst conditions only [10].

In earlier research on identifying stator short circuits, numerous studies employed the technique of
analyzing stator current, which is also referred to as motor current spectrum analysis (MCSA) [11]. This
approach is utilized to examine the frequency spectrum attributes of the stator current. It is a preferred
method due to its simplicity of application and cost-effectiveness, as it does not demand significant expenses [12].

However, certain research endeavors have devised alternative techniques for identifying disruptions
within the induction motor. The utilization of external sensor flux for magnetic field analysis has gained
popularity, primarily due to its simplicity in implementation and its capability for non-invasive
diagnosis [13]. In their research, some scientists have employed stray flux analysis techniques, including the
identification of motor rotor malfunction in motors and the detection of short circuits in the stator
winding [14]. Analysis of bearing damage [15], Analysis of motor air gap eccentricity [16], and numerous
additional methods. In an earlier investigation focused on identifying short-circuit faults in the stator winding,
they pinpointed induction motors displaying signs of stator issues [11]. However, the majority employ a single-
directional sensor coil, concentrating solely on the flux quantity from either the X-axis or the Y-axis (2D). In
this research, we will examine the detection of short-circuit faults in the stator winding of an induction motor by
employing a flux spectrum approach with a lower sampling frequency and coil sensors capable of capturing
signals from three dimensions (3D), namely the X-axis, Y-axis, and Z-axis. Subsequently, the obtained
outcomes will be analyzed and compared with the motor current spectrum analysis (MCSA) technique to
determine if utilizing stray flux signals yields greater sensitivity compared to stator currents [17].

2. BASIC THEORY
2.1. Three-phase induction motor

The operational principle of an induction motor relies on the induction of a magnetic field. When
current flows through the stator, it induces a rotating magnetic field, which in turn generates flux and sets the
rotor into motion [18]. Achieving equilibrium in the current passing through the stator will produce a
balanced flux [19]. Nevertheless, if there is a disruption in the stator winding, like a short circuit, it will result
in an uneven current distribution, leading to an asymmetrical flux, which in turn gives rise to stray flux
emanating around the motor [20].

The rotor's speed consistently converges toward the rotating field since the flux created on the rotor
lags behind the flux on the stator [21]. The speed of the rotating field is referred to as synchronous speed,
which is determined by the number of poles (p) in the induction motor, as (1).

120.f
n = Ts 1)

Regarding the rotor field, it exhibits a lagging or slower speed compared to the stator.

120.fs
p

n= Tl1 (2)
The variance between synchronous speed and rotor speed is termed motor slip. Consequently, motor
slip can be expressed as (3).

S="%100% (3)
ny

Where S = motor slip, N1 = synchronous speed (stator field speed), and n = speed of the rotor field.

Synchronous speed is contingent upon both the quantity of motor poles and the frequency of the
supplied voltage [22]. The rotor field velocity, on the other hand, hinges on both synchronous speed and the
motor's workload. Increased motor load results in greater slip and a decrease in rotor speed. The rotor
constitutes the rotating component of the motor, whereas the stator remains stationary, housing numerous
windings capable of inducing a magnetic field. Measuring rotor speed is essential for slip calculations in
determining the frequency components that influence stator short-circuit disturbances [23]. Induction motors
consist of two primary elements, depicted in Figure 1 the rotor and the stator. The rotor is the component that
rotates, while the stator remains fixed in place. Within the stator, multiple windings are capable of generating
a magnetic field [24].
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Figure 1. The three-phase induction motor and its components

2.2. Short circuit

Short circuit interference can be caused by an insulation failure in the stator winding of the
induction motor [25]. Short circuit interference generally begins with partial discharge caused by physical
factors of a defective motor and external factors. A short circuit can occur between two coils of the same
phase, between phases, and between phases and ground [11].

Generally, the occurrence of short circuits in induction motors begins with a decrease in the
insulation strength of the motor stator windings [26]. A temporary short course and a small current occur
quickly because the insulation impedance is still high. Temporary short circuits occur non-periodically
because the insulation of the motor stator windings is still quite strong. Short circuits will still occur if there
is no improvement to the insulation of the motor stator winding. Still, it only lasts temporarily, after which
the motor will continue to operate as usual [10].

2.3. Flux on 3 phase induction motor

In induction motor 3 phase, when there are three coils that shift 120 degrees electricity in the room
and given a voltage that shifts 120° With respect to time (three phases), the resultant flux will be embossed
and as if there were magnetic poles that mechanically rotated [27]. Stray flux refers to a magnetic flux
emitted from within the engine enclosure, and it is directly associated with the magnetic motor [28]. Stray
flux is generated due to variations in the spectral components of stator and rotor currents. An initial
conjecture suggests that stray flux emerges from the component labeled as “0” of the primary flux of the
induction motor, which relates to the static reference section while the reference section itself rotates [29].

2.4. Motor current signature analysis

Motor current signature analysis (MCSA) is a method that is often used to detect short-circuit
disturbances in induction motors [3]. This method is widely used because it can be used without affecting the
motor's performance in operation. This method is also simple and economical in detecting disturbances in the
motor. In detecting interference, an electrical signal is used that is contained in the stator current while it is
operating [30]. The obtained stator current spectrum will be converted into a frequency domain to find the
point of fault using Fourier transform [9]. In its application, interference caused by damage to the insulation
failure of the stator winding can be observed through abnormal harmonic frequencies. The equation can
know abnormal harmonic frequencies:

f stator = fs[n(1—s5s) * k] 4)

2.5. Harmonics arising from stator internal-turn short circuit fault

The presence of a short circuit in the stator winding can be detected by monitoring unusual
harmonic frequencies [31], [11]. The equations such as the one below can help identify unusual harmonic
frequencies derived from the current spectrum:

fitator = f5 [5- (1 = $) 240 (5)

Where fsaor = forecasting the frequency associated with stator winding damage, n = integer (1,2,3, ...), k =
integer constant (1,3,5 ...), p = pairs of poles, and fs = the frequency of the power supply.

2.6. Fast Fourier transform (FFT)

Fast Fourier transform (FFT) is an algorithm to calculate discrete Fourier transform (DFT) more
quickly and efficiently. FFT is often used to present signals in discrete time domains and frequencies. The
advantage of using FFT is that it reduces the complexity of transformations that DFT performs faster. FFT is
often applied to process digital signals or solve partial differential equations into algorithms for integer
doubling [32]. The fundamental difference in DFT computational load is quite heavy because it requires
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several N2 complex multiplications, while FFT has a lighter computational load [33]. The FFT will divide
the sampling results into several parts, which will then be solved using the same algorithm and collected back
into one part. The Fourier transform presents a continuous spectrum of nonperiodic signals. The Fourier X(f)
transformation of the constant time x(t) is (6).

X(F) = [T x()e™* ()
The transformation inverse is (7).
X(@) = [T x(fe* W

Where: X(f) = signal in the frequency domain, X(t) = signal in the time domain, x(t)e~*“t = constant value
of a time domain signal, x(f)e "¢ = constant value of a frequency domain signal, f = frequency, and t =
time. The Fourier transform can process signals such as current, stator voltage, stray flux, noise, speed,
temperature, and shaft vibration.

3. THE ROLE OF THE SYSTEM

This chapter will explain how to start a motor fault detection research experiment on the stator.
System configuration is the initial stage in this study after that goes into the section on how the researcher
method of data collection. After all the required data has been completed, enter the following stage, namely
the data acquisition process using MATLAB and VIEW lab.

3.1. Configuration system

The research aimed to detect disturbances in 3-phase induction motors resulting from insulation
failures in the motor stator windings, employing the analysis methods of stray flux spectrum and stator
current spectrum. During the experiments, an AC voltage power source with a capacity of 1500 Watts was
utilized to drive the 3-phase induction motor. Mechanical loading was applied through the coupling of the
induction motor shaft with a 3-phase synchronous generator, while electrical loading was achieved by
connecting the motor to an incandescent lamp circuit, powered by a 3-phase synchronous generator. Various
configurations and gear setups were explored throughout the experimental process.

Experimental data retrieval involves the use of several tools, such as laptops equipped with
LabVIEW, Diadem, Excel, and MATLAB software. Additionally, NI DAQ 9246 is utilized for acquiring
stator current measurement data, and NI DAQ 9775 is employed to collect flux stray measurement data.
Establishing a connection between NI DAQ 9246 and NI DAQ 9775 with LabVIEW software is crucial prior
to commencing the experiment. Following data acquisition, the information gathered during the investigation
will be processed using Diadem, Excel, and MATLAB software, leveraging the fast Fourier transform (FFT)
method for in-depth analysis.

The motor used in this experiment is a 3-phase induction motor of a squirrel cage with a capacity of
2 HP with several 4 poles. The motor has a voltage rating of 220/380 Volts and a current rating of 3.68/6.36
A with a Wye (Y) winding configuration. The motor's synchronous speed is 1500 rpm at no-load and 1400
rpm at full-load conditions. This experiment used a 3-phase synchronous generator as a system load. The
generator will supply power to the incandescent lamp circuit as an electrical load that can be configured
according to the required data. The induction motor will be coupled with a synchronous generator to generate
power that will supply the incandescent lamp circuit. The experiment was conducted with normal and short-
circuit motor conditions. The investigation will be carried out starting from the time of the motor without
load, the motor with a load of 25%, the motor with a load of 50%, and a load of 100%. The purpose of the
load is to determine the impact of the experimental results more visibly specific. The loading system in this
experiment used an incandescent lamp circuit with a total load close to 1500 W at the time of maximum load
(100%), and the nominal current of the induction motor reached 3.68 A, as in Figure 2.

3.2. Data retrieval

To ensure precise data collection, a thorough system configuration process precedes the initiation of
the data retrieval procedure. This comprehensive setup encompasses several critical steps” Measurement: The
system includes the measurement of the motor's rotational speed (rpm) using a tachometer. While the motor
is in operation, the tachometer is equipped with a sensor placed near the motor shaft's end to detect its
rotation and calculate the rpm accurately. Stray flux capture: Gauss meter sensors are strategically positioned
near the motor to effectively capture stray flux signals. This Gauss meter operates on the induction principle,
featuring an induced coil and a measuring instrument. Fluctuations in flux density within the coil lead to
changes in electrical energy, resulting in the generation of inductance and a magnetic field. The Gauss meter
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detects the force produced by the rotating coil, collecting data from three different axes during each
experiment. Gauss meter adjustment: Before the commencement of the investigation, precise adjustments are
made to the Gauss meter. This aligns the coil with the intended data collection direction: parallel to the motor
shaft for X-axis data, perpendicular to the motor shaft for Y-axis data, and transversely against the motor
shaft for Z-axis data, ensuring accurate measurements from various orientations.

Additionally, the power quality and Fluke motor analyzer are utilized to detect stator current
anomalies, such as short circuit faults in the motor. This versatile instrument is capable of measuring various
electrical parameters, including voltage, frequency, current, complex power, active power, reactive power,
and power factor. The experimental circuit is configured using LabVIEW software in conjunction with the NI
9246 tool, which captures current signals during steady-state motor conditions. Meanwhile, flux sensors
equipped with the IDR-210 Gauss meter capture the flux signal, enhancing the comprehensive data
acquisition process.

3.3. Data acquisition process

The data retrieval process is meticulously organized, beginning with a well-planned series of
experiments. Initially, experiments are conducted under normal motor conditions, without any load, to
measure both current and stray flux. This phase of investigation is carried out twice, gathering data from the Y
and Z axes, while data for the X-axis is drawn from existing records. Following this, the motor is connected to
a 3-phase generator for experiments under normal motor conditions, but with varying load levels set at 25%,
50%, 75%, and 100%. Each load variation yields data for both current and stray flux across three distinct axes.
Upon collecting all the data under normal motor conditions, modifications are made to the R phase winding of
the motor to introduce a short circuit fault. This involves creating tapping slots within one of the winding slots
to facilitate short-circuit reconstruction. The subsequent experiment covers three variations of short circuit
disturbances: inter-turn short circuit with 2 windings (SC1), inter-turn short circuit with 4 windings (SC2), and
inter-turn short circuit with 8 windings (SC3), all applied to the R phase winding, as in Figure 3.

. 5turn

Figure 2. Incandescent lamp circuit as a load Figure 3. Configuration short inter turn short circuit 4
windings

This study will acquire the data using NI DAQ 9246 with the current sensor and NI DAQ 9775 with
a Gauss meter sensor directly connected to LabVIEW software on laptops. The LabVIEW software will
display stator current data read by NI DAQ 9246 and voltage signals from Gauss meters read by NI DAQ
9775 and then be acquired. The test result data in a technical data management streaming (tdms) file will be
converted into a file xIs using Diadem. The xIs file can be read in detail using Microsoft Excel software. The
files.xls will then be processed and analyzed using MATLAB software to obtain harmonic amplitude
frequency values from each axis's stator current and flux stray. The harmonic value obtained will be
compared using a diagram.

3.4. Data processing

In the experimental data collection process, a high sampling rate of 5000 Hz/s is employed, resulting
in the acquisition of 50,000 sampling data points every second. This elevated sampling rate enhances data
accuracy and simplifies subsequent data analysis, providing a more detailed representation of frequency
components around the fundamentals when transformed into the time domain. To measure current and
voltage signals, LabVIEW software is utilized, featuring both front panels and block diagrams. The front
panel serves as the primary interface for creating virtual instruments, while the block diagram is employed
for controlling the output of objects from the front panel.

Subsequently, the stator current and sensor output voltage signals are processed using diadem
software. The data in the time domain is converted into the frequency domain using the fast Fourier
transform (FFT) algorithm. This approach aids in diagnosing the presence of short circuit faults by analyzing
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the spectra of stator current and stray flux. The results obtained from FFT are converted into xIs format for
further processing using MATLAB software, allowing the data to be represented in decibel units (dB). These
decibel-based data sets are then compared across different axes through graphical diagrams, revealing
variations in harmonic values across the three axes.

4. DATA ANALYSIS
4.1. Interference frequency analysis

After obtaining the necessary data, a frequency analysis will be carried out on the current signal and
flux stray to map the points of interference frequency, which can then be compared between the three axes.
The analysis focused on two motor conditions: when the motor is in average condition and when the motor is
in short circuit condition eight windings. Eleven interference frequency points are plotted for each data as in
Table 1. The frequency points plotted to include 25 Hz, 50 Hz, 75 Hz, 100 Hz, 150 Hz, 200 Hz, 250 Hz,
300 Hz, 350 Hz, 400 Hz, and 450 Hz with a margin of £3Hz.

4.2. Comparison of harmonic frequency amplitude values

The amplitude values obtained from 11 frequency points in each experimental data are averaged to
make it easier to read the data and can henceforth be compared using diagrams. Comparison of harmonic
frequency amplitude values, as in Table 1. After processing the data with MATLAB and obtaining the
amplitude values for specified frequency points, the data will be visualized using a bar chart. This chart helps
visualize the differences in amplitude values across all three axes for the 11 frequency points. By averaging
the harmonic amplitude values for these points, a comparative analysis is performed. This analysis reveals
that the amplitude values measured by the sensor exhibit variations across different axes, indicating
differences in the sensor's sensitivity in capturing both stray flux signals and stator current on each axis. For
instance, the average harmonic amplitude of current during normal motor operation without a load is
-73.99 dB on the X-axis, -37.7 dB on the Y-axis, and -37.18 dB on the Z-axis. This significant difference
suggests that the measurement of harmonic amplitude for current on the X-axis is notably lower than that on
the Y and Z axes, implying that the measurement of current harmonic amplitude is more precise from the Y and
Z axes compared to the X-axis.

Table 1. Average flux harmonic amplitude values (dB)

N 0% N 50% N 100% SC2 0% SC2 50% SC2 100%
Sh X -73.99 -74.09 -74.06 -73.68 -73.08 -73.33
SbY -37.7 -38.54 -39.88 -37.94 -39.32 -39.16
Shz -37.18 -39.35 -41.63 -39.63 -37.17 -39.59
SC4 0% SC4 50% SC4 100% SC8 0% SC8 50% SC8 100%
Sh X -73.41 -70.94 -73.57 -69.97 -70.31 -71.87
Sby -37.71 -37.75 -40.19 -38.82 -39.86 -38.75
Shz -38.81 -38.76 -40.78 -38.73 -38.45 -39.33
N 0% N 50% N 100% SC2 0% SC2 50% SC2 100%
Sh X -25.69 -26.49 -26.61 -29.99 -25.47 -25.97
SbY -33.7 -30.78 -31.02 -30.47 -30.35 -28.77
Shz -31 -32.01 -32.52 -30.24 -30.81 -31.91
SC4 0% SC4 50% SC4 100% SC8 0% SC8 50% SC8 100%
Sh X -24.84 -16.16 -26.4 -24.95 -24.99 -25.66
SbY -31.27 -26.43 -28.92 -30.74 -29.59 -48.28
Shz -29.62 -28.38 -28.9 -29.39 -28.32 -28.37

The average harmonic amplitude values for flux exhibit significant variations when compared to the
average values of harmonic amplitude for current. For instance, under normal motor conditions without any
load, the average harmonic amplitude of flux is -25.69 dB on the X-axis, -33.7 dB on the Y-axis, and -31 dB
on the Z-axis. These differences in harmonic amplitude values for flux are more pronounced than the
differences in harmonic amplitude values for current. Among the harmonic amplitude values for flux at the
specified 11 frequency points, the amplitude on the X-axis consistently surpasses that on the Y and Z axes
across all experimental conditions. Moreover, the differences in harmonic amplitude values for flux between
the Y and Z axes are smaller compared to the differences between the X-axis and either the Y or Z axis. This
implies that in the context of flux harmonic analysis, the data collection results indicate that measurements on
the X-axis are more sensitive than those on the Y and Z axes.

Suppose the average value of the harmonic amplitude of current from all motor conditions and
loading is averaged again, as in Figures 4 and 5. In that case, the harmonic amplitude of the current is
-72.69 dB on the X-axis, -38.8 dB on the Y-axis, and -39.12 dB on the Z-axis. The current harmonic
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amplitude value is highest on the Y axis, with a difference of 33.89 dB from the X axis and a difference of
0.32 dB from the Z axis. If the average value of the flux harmonic amplitude of all motor and loading
conditions is averaged again, obtained the current harmonic amplitude value of -25.27 dB on the X axis, -
31.69 dB on the Y axis, and -30.12 dB on the Z axis. From the measurement results, it is obtained to detect
this motor disturbance using current harmonics will be more effective. Because the value obtained on the Y
axis is more sensitive than the x and z axis.
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Figure 4. Diagram of the average value of the current harmonic amplitude of all motor and loading conditions
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Figure 5. Diagram of the average value of the flux harmonic amplitude of all motor and loading conditions

5. CONCLUSION

Based on the results of the analysis of experimental data that has been carried out in this final
project, it can be concluded: i) The experimental data showed that the observation system successfully
detected interference using FFT on the stator current signal and leaking flux, ii) Suppose the interference is
measured from the stray harmonic value. Based on the average harmonic amplitude value obtained, detecting
short circuit disturbances in a 3-phase induction motor by measuring from the harmonic value of the stator
current will be more effective than the Y axis with a harmonic amplitude value of -38.8 dB, higher than the
current harmonic value on the X axis with a difference of 33.89 dB and a difference of 0.32 dB from the Z
axis. In that case, the flux will be more effective than the X axis with the harmonic amplitude value - 25.27
dB, higher than the harmonic value of the change on the Y axis with a difference of 6.425 and a difference of
4.85 dB from the Z axis.
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