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Abstract: Three phase induction motor are very used widely, especially in industries because they bring advantages,
namely simple and sturdy motor construction, relatively cheap prices, easier maintenance compared to other types of
motors. At CFPP Tanjung Enim 3x10 MW, for example, a three phase induction motor used to support operational
activities of the generator is a coal feeder with a motor power of 7.5 kW and a volt of 380 V. Damage to the induction
motor at CFPP Tanjung Enim 3x10 MW has an impact on the a decrease in the performance of the Power Plant and can
cause a loss of electricity production. Induction motor damage simulation is carried out by providing temporary
disturbances, namely inter-phase disturbances and phase-to-ground faults which assume a sudden disturbance when the
motor is operating normally. The parameters observed in this simulation are voltage (V), current (A) and motor rotation
(Rpm). simulation results that have been carried out, it is found that disturbances in a three phase induction motor
greatly affect the performance of the motor, such as when getting a phase to phase and phase to ground short circuits,
the voltage will drop, the current will rise rapidly and rotation the motor will stop. By using Matlab software the author
hopes to provide the right modeling to analyze the damage to the induction motor.

Index Terms: Matlab/Simulink, 3-phase Induction motor, Modeling, Analysis, short circuit

1. Introduction

Induction motor is an electromechanical device used in colorful artificial operations to mechanical energy from
electrical energy. Induction motors are used in colorful fields, including power generation, paper assiduity, petroleum,
and manufacturing. Its use is substantially to drive pumps, conveyor belts, presses, elevators, etc. Of all being electric
machines, induction motors are the most extensively used because they're strong, sturdy, affordable, dependable, easy to
maintain and effective[1].

Damage to induction motors can be caused by colorful other factors related to the natural aging process and
behavioral patterns of induction motors[2]. Electrical and mechanical connections are exemplifications of functional
breakdowns. mechanical connection caused by load and unforeseen cargo changes, which can beget bearing damage
and rotor rod fracture[3,4]. Electrical connection generally with a voltage source problem. For illustration, an inductive
motor powered by an AC drive is susceptible to mains voltage due to the high frequence of the stator current factors and
transients due to the length between the motor and AC drive due to the wiring of the flash voltage[6]. This electrical
stress can beget a winding short circuit which means a complete breakdown of the induction motor[5].

In general, a induction motor has two main parts, namely the stator and the rotor. These sections are separated by a
narrow air gap or what is commonly referred to as an air gap[8]. The distance between the stator and the rotor is
separated by an air gap of about 0.4 millimeters to 4 millimeters[7]. There are two types of Induction motor when
viewed from the windings on the rotor, namely the wound rotor and the squirrel-cage rotor. A three-phase winding A
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type of induction motor is the rotor (wound rotor). in which the rotor and stator windings are made of the same
material[9]. Meanwhile, the 3-phase squirrel-cage rotor motor is a type of induction motor whose rotor construction is
composed of several metal bars that are inserted through the slots in the motor rotor, then each part is joined by a ring.
As a result of the union, there is a short circuit between the metal bars with other metal bars[10]. The working principle
of this 3-phase electric motor is actually very simple[11]. When a 3-phase voltage source is applied to the stator coil, a
rotating field will arise with a certain speed. The magnitude of this velocity can be measured using a formula Ns = 120
f/P. Where Ns is the rotational speed, f is the source frequency, and P is the motor pole[12].

CFPP Tanjung Enim 3x10 MW uses a induction motor to support the operating conditioning of the generating unit.
Damage to the three phase induction motor at CFPP Tanjung Enim 3x10 MW can have a significant impact on the
performance of the creator, causing power outages and costlosses.However, it can beget veritably serious damage with
colorful types of damage similar as coil damage, reduced motor resistance, If damage to one of the motors in the creator
isn't detected beforehand.

The author will focus more on the problem and limit it to the existing topic. Therefore, the authors emphasize the
discussion of modeling and analysis of 3-phase induction motor faults at the CFPP Tanjung Enim 3x10 MW using
Matlab Simulink.

2. Methodology

2.1. Data Collection and Research

Data collection was carried out to gain information in order to achieve exploration objects. The system of data
collection was carried out in two ways, videlicet interviews and compliances. The interview system was carried out in
collaboration with administrators and technicians of the CFPP Tanjung Enim 3x10 MW. This is related to the use of
Simulink Matlab software as a way to model and dissect failures in three- phase asynchronous motors[13].

Compliances and analyzes carried out using Matlab software are simulations and analyzes related to damage that
frequently occurs in induction motors at CFPP Tanjung Enim 3x10 MW. loss of electricity product and loss of cost at
CFPP Tanjung Enim 3x10 MW.
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The exploration methodology is quantitative exploration by recycling parameter data attained through the design
of the original design simulation model and the system conditions are made as close as possible to the factual
conditions[14].

In conducting the analysis, using Simulink in the Matlab program. is a program for numerical analysis and
calculation which is an advanced fine programming language with the explanation of using the parcels and forms of
matrices. Fig. 1a show the flowchart data collection and then Fig. 1b show block diagram depicts the relationship
between the research's input, process, and output

2.2. The Induction Motor Parameters

Poles =4

Power =7,5 kw
Nominal Voltage =380V
Nominal Current =153A
Frequency =50 Hz
Speed = 1440 rpm

2.3. The Techniques on Fault Detection

This research uses the simulation method, where this simulation uses the Simulink program in Matlab. The
supporting data for the simulation, namely the parameters of the three-phase induction motor, were obtained by
collecting data at the Tanjung Enim CFPP 3x10 MW. Voltage, Current and Rotation readings are carried out to
determine the magnitude of the voltage and current measured at the input of the induction motor using Matlab
Simulink[15]. Analysis with Matlab Simulink is carried out to determine the condition of the induction motor when it is
running, whether it has failed due to damage to the induction motor or to obtain values and results from the simulations
that have been carried out. Damage classification is the output of the analysis and simulation that has been done with
Matlab Simulink, so that we can find out the failure of the induction motor, in this study the classification of damage to
the induction motor is caused by the motor experiencing phase-phase and phase-ground faults.

2.4. Fast Fourier Transform (FFT)

Fast Fourier Transform (FFT) is a mathematical operation calculation technique used to transform analog signals
into frequency-based digital signals. Fast Fourier Transform (FFT) divides a signal into different frequencies in a
complex exponential function. Fast Fourier Transform (FFT) is an algorithm for calculating discrete fourier transforms
quickly and efficiently. Because the signals in the communication system are continuous, the results can be used for
Fourier transforms[16].

From the integral equation above, it can be seen that the Fast Fourier Transform (FFT) can be used to calculate the
frequency, amplitude and phase values of a signal wave. Meanwhile, to calculate the frequency spectrum of a signal on
a digital computer requires a Discrete Fourier Transform (DFT) algorithm. Discrete Fourier Transform (DFT) converts
a time domain signal into a frequency domain signal[17].

Another faster algorithm is the Fast Fourier Transform (FFT). The working principle of FFT is to divide the
sampled signal into several parts, then each part is solved by the same algorithm and the results are collected
again[17,18]. There are three classes of FFT that are commonly used in DSP software, namely Decimation in Time
(DIT), Decimation in Frequency (DIF) and Split Radix. The idea of the three types of FFT is that the data sequence
iteration process is carried out differently and utilizes kernel functions that are symmetrical at a certain value in one
period of a signal. Another type of FFT that has been used is parallel FFT where the data sequence is done using
parallel computing so that the transformation process will be faster. Until now, the use of FFT in several software such
as MATLAB 6.51 and Sound Forge 6.02 still has a limited resolution of 1 Hz[19]. Resolution can be interpreted as the
separation power or sensitivity of a measuring instrument in obtaining the best measurement results so that it can
distinguish the smallest changes from physical quantities. DFT and FFT have a resolution of fs/N where fs is the
sampling rate (fs of data is taken in 1 second) and N is the number of sampled data. Generally this resolution limitation
is overcome by using the windows function. However, the signal from this treatment is not in accordance with the
reality or the actual frequency carried and depends on the selection of the type of windows function. Therefore, it is
very important to compile DFT and FFT equations with higher resolution and then implement these equations into a
program[16,20].

The Fourier transform is defined as:

—j2rft

x(f)= Tx(t)e dt

= Tx(t) cos(2x ft)dt — ij(t)sin(Zzz ft)dt @)
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j x(t) cos(27 ft)dt — > x(nAt) cos(27 fnAt)At

=" x(nAt) cos(2znmALAFf ) At
=" x(nAt)cos(2r %At )

In the time domain, the period of a signal is expressed as T = NAt, while in the frequency domain f = fs/N where
represents the interval between frequencies and Fs = 1/At = NAf. Thus, in equation (2) tAf = 1/N which is the link
between the time domain and the frequency domain. If the amount of data is less than fs, the resulting frequency is not
precise. On the other hand fs must be 2f maximum to avoid aliasing the frequency near the sought frequency[19,21].
Aliasing is the phenomenon of the emergence of the same frequency from the transformation results where we cannot
distinguish between the original frequency and the shadow frequency. In general, the Fourier transform uses a tool
called a real-time spectrum analyzer which has been integrated into the chip to calculate discrete time domain signals
coming from the microphone. To be able to analyze the frequency spectrum, in the DSP processor a Discrete Fourier
Transform (DFT) program is arranged[22].

2.5. Development Of Simulink Model

The block model of an inductive motor system with a regulator was developed from the introductory features
available in the Matlab/ Simulink Simulink library, using power systems, power electronics, control systems, and signal
processing toolboxes[23]. The entire system modeled in Simulink is a unrestricted- circle control conforming of a
factory, regulator, sample, comparator, feedback system, gain block, multiplier, timepieces, subsystems, integrators, and
statespace model. The system, Subsystem, affair Gomorrah (compass), input source,etc [24]. Fig. 2a is a picture of the
current regulator and Fig. 2b is the VDC Regulator used in the matlab simulink program
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Fig.2. Current Regulator (a) and VDC Regulator (b)
3. Result and Discussion

3.1. Simulation in Matlab Software

In the simulation using Matlab Simulink, for the induction motor voltage source using an AC voltage of 6300
Volts. Then a measuring instrument is given to measure the input voltage before entering the Main Circuit Breaker
(MCB)[25]. Furthermore, the voltage is entered into a step down transformer which reduces the voltage from 6300 Volt
to 380 Volt according to the voltage requirements of the motor induction. At the incoming voltage to motor,
measurements of voltage, current and frequency are carried out. Furthermore, measurements are made when the
induction motor is running, while the parameters measured on the induction motor are motor speed. Fig. 3 show is a
series of simulations to perform analysis on matlab simulink.
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Fig.3. Simulation in Matlab Software

3.2. Measurement Analysis Results
a. Condition of induction motor parameters when no problems occur or Normal Condition

Fig. 4 show is a voltage (a), current (b) and speed (c) when the induction motor parameters are in normal condition
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Fig.4. Voltage of Healthy Motor (a), Current of Healthy Motor (b) and Speed of Healthy Motor (c)

b. Induction motor parameter condition when there is a short circuit problem between phase to phase (failure
condition of phase to phase).

Fig. 5 show is a voltage (a), current (b) and speed (c) when the induction motor parameters are in short circuit
problem between phase to phase
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Fig.5. Voltage of Fault (a), Current of Fault (b) and Speed of Fault (c)

¢. Induction motor parameter condition when there is a short circuit problem between phase to ground (failure
condition of phase to ground).

Fig. 6 show is a voltage (a), current (b) and speed (c) when the induction motor parameters are in short circuit
problem between phase to ground.
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Fig.6. Voltage of Fault (a), Current of Fault (b) and Speed of Fault (c)

4. Conclusion

From the simulation results using Simulink Matlab for analysis of damage to the induction motor that has been
carried out at CFPP Tanjung Enim 3x10 MW, it can be concluded as follows:

1. By modeling or simulating the failure of an induction motor, we can find out and have a basis for the type of
damage to an induction motor from the electrical side.
Induction motor damage simulation is carried out by providing temporary disturbances, namely inter-phase
interference and phase-to-ground faults which assume a sudden disturbance when the motor is operating

2.
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normally. The parameters observed in this simulation are voltage (V), current (A) and motor rotation (Rpm).
3. The results of the simulation, when the motor rotation voltage drop also decreases along with the loss of
frequency, but the current will increase up.

The results of the simulation data for normal conditions and fault conditions on the induction motor that have been

carried out can be seen in the table below.

Table 1. Simulation data using Simulink Matlab

Value
No. Failure Type vr Vs Vit Ir Is It Rotation
M) M) % (A GV GV (Rpm)
1 Normal 380 380 380 21 21 21 1.440
2 Phase - Phase 6,5 303 310 3.565 3.748 80 0
3 Phase - Ground 162 355 254 4.207 55 55 275
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