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ABSTRACT

This paper proposes a low-cost analyzer based on vibration and motor current signature analysis
(MCSA) using the Arduino microcontroller. Misalignment identification on induction motors with disc
coupling is considered a case study. Several methods for misalignment identification have already been
conducted in previous research. However, there are still issues with making the identification more
reliable and well-known for further investigation. This paper describes the design and development of an
analyzer for misalignment identification that is easy to use and fast utilizing a low-cost Arduino
microcontroller. Furthermore, this experimental rig also consists of several additional components such
as; an induction motor, shaft, and bearing dan disk coupling. In this paper, misalignment distance
variables were set in 0 mm, 0.5 mm, 1 mm, and 1.5 mm, and the motor speed was varied from 500 rpm to
1500 rpm with an increment of 100 rpm. The misalignment characteristic was experimentally achieved
using an analyzer with two sensors: an accelerometer for vibration analysis and a current sensor for
MCSA. As a result, a low-cost analyzer for misalignment has been successfully developed. The results
show that misalignment was explicitly defined by dominant peak frequencies at 3X rpm for vibration
analysis and side bands around the main frequency for MCSA. Moreover, side-band frequency increases
by increasing the misalignment distance.
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1. Introduction

Misalignment commonly occurs on the rotating machinery due to improper machine
assembly, thermal distortion on the machine, the asymmetry of the applied load, and uneven
base (Jang & Khonsari, 2015). Misalignment affects the destruction of part of a rolling, sealing,
and connection (Verma et al, 2014). Misalignment can also generate an eccentricity in the air
gap in the electric motor, making it possible to damage the rotor and stator (Devarajan et al,
2021; Suryadi et al, 2018; Suryadi et al, 2019; Suryadi et al, 2021).

The damage appearing on the rotor causes the age of spare parts to become shorter due to
the uneven distribution of forces on mechanical components (Harris & Barnsy, 2001). Research
showed that the damage previously mentioned can be avoided by handling and early detection
of damage to the machine, known as the predictive maintenance process (Suryadi & Vetrano,
2019; Scheffer & Girdhar, 2004; Prayoga & Suryadi 2018). In the normal predictive
maintenance analysis process, damage can be diagnosed by looking at the signal characteristics
of vibration experienced by machines (Sinha, 2008; Chen, 2011; Suryadi & Pratama, 2020).

Various techniques are available to diagnose misalignment on rotating machinery; some
are vibration-based signal processing and Motor Current Signature Analysis (MCSA). The
technique of vibration-based signal processing is the most common diagnostic method; each
condition produces a distinctive vibration pattern and provides information about the machine’s
condition (Chen, 2011). A vibration-based signal technique is one of the most important
techniques for diagnosing problems in rotating machinery (Rai & Upadhyay, 2016) (Kumar et
al, 2018). Hence, the motor current signal monitoring and analysis can be performed by the
MCSA method to directly determine the mechanical and electrical failures in induction motors
(Thomson & Fenger, 2001). MCSA method is done by analyzing the current signals to
determine the condition of the motor stator (Miljkovic, 2015; Calis, 2014).
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Another study related to the detection of mechanical faults on three-phase motors also
defined the achievement of the method, the MCSA used in mechanical fault identification
artificially. Also, it analyzed the vibration signal using MATLAB (Verucchi et al, 2016). A
study was also done using the diagnostic media MCSA and vibration signals and concluded that
this MCSA alone could predict the effects of misalignment without using the vibration signal by
using a representation of the orbit plot. Results from the study showed that the misalignment
could be detected with an orbit plot (Verma et al, 2014). The study demonstrated a mechanism
in which the power transmission between the motor and the load carried by various types of
couplings is most often used in the industry. The results of this study indicate that the fault
indicator is highly dependent on the features of the coupling itself (Bossio et al, 2009) (WU et
al, 2019). A study in (Saavedra & Ramirez, 2022) conducted model simulations for analysis and
direct experiments to diagnose misalignment angles in induction motors. Results from the study
indicate that the misalignment angle can be detected from a variable electric motor but with a
difficult diagnosis. This study is equipped with vibration analysis and thermography.

This study will develop a low-cost analyzer for misalignment on an induction motor that
can identify misalignment on a rotor system based on both signal analysis and MCSA. Cheap
hardware is selected to develop an analyzer equipped with a microcontroller. Hardware data
acquisition (DAQ), an Arduino microcontroller, and an ADS1256 analog-to-digital converter
(ADC) with a 24bits resolution as a system data acquisition instrument are used to identify
misalignment in induction motors with vibration analysis and current in the induction motor.
ADXL335 accelerometer is a vibration sensor and SCT-013 is a current sensor that is an open-
source sensing unit and can be supported by a microcontroller. This research will be conducted
to get information on the characteristics of the vibration signal and the current signal to the
misalignment condition.

2. Methodology

This research uses a model of a dynamic rotor system that helps adjust misalignment
conditions. The model consists of a 3-phase induction motor, steel shaft, bearings, and steel disc
coupling. The 3-phase induction motor is connected to a steel shaft supported by two UCF and
UCT bearing types. These bearings are placed at the center and the end of the rotor, as
illustrated in Figure 1.

INDUCTION
MOTOR 3 PHASE

SUPPLY

Fig. 1. Test rig
In this study, signal characteristics are captured simultaneously by both the ADXL335
accelerometer sensor and the SCT-013 current sensor. The ADXL335 accelerometer sensor is
attached over the radial direction of the axis of a UCF bearing to measure vibration. At the same
time, the SCT-013 current sensor is attached to one of the 3-phase cables connected to the
variable frequency drive (VFD), which adjusts the motor’s rotation. The Accelerometer dan
current sensors are calibrated to standard ones before being used for analyzer.
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The concept of system modeling is that the device works by adjusting the parallel bearing
alignment, where distance is measured using a dial indicator. Distances between bearings are
varied: 0 mm (alignment condition), 0.5 mm, 1 mm, and 1.5 mm. The distance variation value is
measured by a dial indicator with various distances X, as in Figure 2.

Fig. 2. Misalignment Model

The sensors (vibration and current) were connected to a data acquisition system that
processed the data and conveyed it to a PC. Data entered by the PC in analog data is converted
to digital signals to be analyzed. The data acquisition system was created using a combination of
Arduino UNO and an ADS1256 ADC. The wiring diagram is shown in Figure 3. The 24-bit
ADS1256 ADC is chosen because it is more efficient compared to the ADC inside Arduino
UNO. Analog values output of the ADC is read by a PC using SPlI communication (Serial
Peripheral Interface) in binary numbers.
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SERIAL COMMUNICATION OUTPUT

Fig. 3. Wiring Diagram of Data Acquisition
Data is collected at a rate of 2,800 samples per second. For data retrieval, a serial monitor
on a PC is used, and the number of samples for the vibration sampling is 4096 points or about
1.5 seconds of measurements. Furthermore, the current sampling used 32768 points with a time
of about 11.7 seconds. The collected data from both the accelerometer and the current sensor are
transformed using the Fast Fourier Transform (FFT) with a hanging window to see the dominant
characteristic's peak.

3. Results and Discussion

The developed DAQ system has been calibrated. First, calibration is conducted for the
accelerometer and current sensor to compare measurements of developed devices and standard
tools. Here, acceleration and current values are obtained by varying motor speed from 500 to
1500 rpm with increments of 100 rpm. The error values of the vibration and the current

measurements are presented in Tables 1 and 2, respectively.
Table 1 - Error Value of RMS Vibration Measurement Standard and Data Acquisition Device
Data Acquisition

Motor Speed RMS Measurement Standard Device RMS Value Error (%)
(RPM) (mm/s)
(mm/s)
500 1.03 1.06 3.59
600 1.47 1.48 1.29
700 1.67 151 9.35
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800 2.23 231 3.72
900 2.43 242 0.08
1000 2.8 2.84 1.71
1200 2.87 2.93 2.33
1300 3.6 3.58 0.5
1400 3.63 3.62 0.24
1500 3.86 4.00 3.73
1600 4.63 4.70 1.59

Average 2.56

Table 2 - Error Value of RMS Value Current Measurement Standards and Data Acquisition
Motor Speed RMS Measurement Standard DaFa Acquisition
(RPM) Device Device RMS Value Error (%)
(A) (A)

500 1.55 1.58 1.90
600 1.57 1.59 1.44
700 161 1.60 0.33
800 1.60 1.62 1.28
900 1.61 1.62 0.70
1000 1.60 1.64 2.57
1200 1.59 1.66 4.46
1300 1.67 1.68 0.87
1400 1.76 1.74 1.28
1500 1.78 1.78 0.59
1600 1.83 1.79 1.91

Average 2.56

Table 1 shows that the average error for vibration measurement is 2.56%. On the other
hand, Table 2 shows the average error for the current measurement is 1.58%. Hence, from these
results, it can be concluded that the proposed misalignment analyzer device can be used in
vibration and current analyses and extended experiments. According to the International
Electrotechnical Commission (IEC) 13B-23, the maximum error that can be accepted as
a sensor for panels is £5%.

Furthermore, the data acquisition system can measure the current and vibration in the
form of an analog signal, process it into digital signals, and then process it on a PC for analysis.
The results of the designed data acquisition system can be seen in Figure 3.1.
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Fig. 3.1. The Data Acquisition System

3.1. Vibration Analysis

In this research, two case studies are considered; Case A: alignment, i.e., normal
condition, and Case B: 0.5 mm, 1.0 mm, and 1.5 mm parallel misalignment conditions. In each
case, the motor speed varies from 500 rpm to 1500 rpm with an increment of 100 rpm. Then the
time domain data is taken for about 1.5 seconds with 4096 nodal obtained in the 100 Hz
frequency range. The data was obtained in the time domain and then converted into frequency
domain form to see the characteristics of each test conducted.

Variations were made on the distance of misalighment and then were adjusted by
variations in the normal distribution. This data then derived the occurrence of misalignment
conditions with a distance of 0.5 mm, 1 mm, and 1.5 mm by varying the rotation and length of
the misalignment. This process was done to diagnose the actual damage. Furthermore, the
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process continued to analyze the effect in the form of spectrum analysis on current and
vibrations. Figure 5 shows the results of spectral map vibration analyses for Case A and Case B.
Figure 3.2(a) shows the spectrum corresponding to a normal condition in which no
misalignment is present in the system. Two patterns can be observed. First, the dominant
harmonics' magnitudes are almost zeros with increasing frequency. Second, the dominant
frequency appears around 50 Hz. One can conclude that the dominant frequency is not affected
by the engine rotation speed. Note that the carrier power frequency is about 50 Hz in Indonesia.
A scale of 1.5 mm/s is hardly noticeable unless the frequency's dominant appears at 50 Hz.
Figures 3.2(b), 3.2(c), and 5(d) show that the spectrums are dominated by three major
components: fundamental components (f,), second harmonics (2 f,) and third harmonics

(3f,)- The fundamental frequency £, is also equivalent to the rotation speed. For example, if

the rotation is 1500 RPM, the frequency is 25 Hz. Furthermore, in terms of the magnitudes of
the dominant frequencies. The figures also show that increasing the severity of misalignment
corresponds to increasing magnitudes of those dominant components. The frequency component
increases with the misalignment (Suryadi et al, 2021) and rational speed (Li et al, 2001), even
over the synchronous component 1X, which can be used to identify the misalignment fault. The
previous results show that the spectrum's shape is affected by the severity of the misalignment
and the rotational speed of the shaft. Consequently, vibration measurements can be used to
detect misalignment on a rotating machine and evaluate the estimation of the corresponding
severity.
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Fig. 1.2. Spectral Map Vibration Analysis for Case A (a) and Case B (b, ¢ and d)

3.2. Motor Current Signature Analysis

In this study, there are eleven variations of effect misalignment. The speeds varied from
500 rpm to 1500 rpm in increments of 100 rpm. Analysis of the current response to each speed
was recorded for about 11.7 seconds with 32768 nodes. This process is conducted to obtain a
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response to the data in the time domain. Furthermore, these data were analyzed using a Fast
Fourier Transform (FFT) to receive the response data in the frequency domain as shown in
Figure 3.3.

The frequency of the motor supply current, rotor speed, and motor slip frequency
component can be extracted from the frequency domain analysis of the motor current. Motor
current is modulated by the speed of the rotor, and supply harmonics the big one. Therefore, the
result shows that the speed of the motor appears as sidebands around the primary frequency. It
also appears in the frequency of rotation on the motor denoted by fr. Although, in theory, this
sideband should not exist in this practice, the sideband supply current is induced in the motor
because the motor is not completely symmetrical (in terms of electric or magnetic). These
components can be seen in the stator current signal as in Figure 3.3. The magnitude of the
elements of this eccentricity (f £ fr) increases when the level of misalignment gets worse
(Ganeriwala, 2024).

In the motor current signal, Figure 3.4 shows the sideband around the frequency components of
motor rotation.
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Fig. 3.3. Frequency Current Spectrum Analysis
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Fig. 3.4. f = fr Component

Figure 3.5 shows the comparison of the peak value of f + fr at any rpm. Spectral
components with the current misalignment variation are at position alignment, 0.5 mm, 1 mm,
and 1.5 mm. The speed is 500 to 1500 rpm in increments of 100 rpm. Any increase in the engine
turns the peak of the primary frequency or frequency shift rotation following the rise of rpm.

The peak value of the components in the frequency shift f-fr with each increment into 11
variations were rotated from 500 rpm to 1500 rpm. Component f+fr frequency shift also occurs
every increment of 11 variations in rotation from 500 rpm to 1500 rpm. These also occurred due
to the severity’s influence on misalignment.

Stator measurement shows that the current spectrum components at frequency f+fr and f-
fr levels rise due to misalignment. The rotor speed modulates motor current, and there are a lot
of harmonics that arise. Therefore, the rotor speed frequency appears as sidebands around the
primary frequency. Although the theory that this sideband should not exist, in practice this
sideband is induced in the supply current (stator) for the motor is not completely symmetrical
electrically or magnetically. It has been verified experimentally that these components can be
seen on the stator current signal as the magnitude of the components of this eccentricity (f£fr)
increases when the degree of misalignment increases. Sideband appears when there are
misalignment and almost no sideband at standard conditions in the stator current component at
frequency f * fr as the diagnosis of the fault of the electric motor (Carlos et al, 2016).
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4. Conclusion

Based on the performance analysis above, predictive maintenance monitoring tools have
been successfully developed using both vibration and motor current motor analysis. In the case
of misalignment conditions on rotor dynamics, misalignment is characterized by dominant
frequencies of 3 rpm peak based on vibration analysis. The vibration level increases by
increasing the misalignment level. Moreover, MCSA’s characteristics are contained in the
sideband of the left and right primary frequency on the stator current induction motor. Sideband
will be increased according to the severity of interference due to misalignment conditions.
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