IAES International Journal of Artificial Intelligence (13-Al)
Vol. 9, No. 3, September 2020, pp. 545~552
ISSN: 2252-8938, DOI: 10.11591/ijai.v9.i3.pp545-552 a 545

Design and implementation of wireless system for vibration
fault detection using fuzzy logic

Moneer Ali Lilo!, Maath Jasem Mahammad?
!Department of Chemical Engineering, Al Muthanna University, Iraq
2Department of Electrical Engineering, University of Anbar, Iraq

Article Info

ABSTRACT

Article history:

Received Apr 20, 2020
Revised Jun 7, 2020
Accepted Jun 13, 2020

This paper presents the wireless system for fault detection and monitoring
based on fuzzy logic technique. Wireless applications are utilized to identify,
classify, and monitor faults in the real time to protect machines from damage.
Two schemes were tested; first scheme fault collected X-Y-Z-axes mode
while the second scheme collected Y-axis mode, which is utilized to protect

the induction motor (IM) from vibrations fault. The vibration signals were

processed in the central computer to reduce noise by signal processing stage,
Keywords: and then the fault was classified and monitored based on Fuzzy Logic (FL).
The wireless vibration sensor was designed depending on the wireless
techniques and C++ code. A fault collection, noise reduction, vibration fault
classification and monitoring were implemented by MATLAB code.
In the second scheme the processed real time was reduced to 60%, which is
included collection, filtering, and monitoring fault level. Results showed that
the system has the ability to early detect the fault occurrence on the machine
with processing time of 1.721s. This work will reduce the maintenance cost
and provide the ability to utilize the system with harsh industrial applications
to diagnose the fault in real time processing.
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1. INTRODUCTION

Induction motor (IM) is important in industrial applications. It can be utilized as a prime mover for
the electricity generation. However, the vibration fault spreads throughout the machine and subsequently
damages the system if it is high enough. Researches proposed the reduction, prevention, and monitoring of
the fault level based on specific conditions [1-2]. The vibration fault is a neutral phenomenon linked to static
and dynamic systems. It is also proportional to the load applied on the machine and speed [3-4].
Most researches intended to protect the machine from damages by monitoring the fault and shutting down
the system, especially if the fault lies in the dangerous zone. These processes lead to the reduction of
maintenance costs as it saves the machine from damages [5].

The wireless technique uses electromagnetic waves for the transceiver of the data.
With electromagnetic waves, intended distances can be far, such as kilometers for space radio
communications or as short, as Bluetooth. The electromagnetic includes different kinds of fixed,
mobile and portable applications. Recently, the Wireless technique was used in many applications
such as data sands for the camera, robotic control, fault, and wirelessly power transmission [6-7].
There are many standards utilized for transceiver data with wireless sensor network where selecting standards
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will be based on the power consumption, the distance of the transceiver, frequency band, and wireless
network applications [8-9]. Industrial wireless sensor networks (IWSNSs), such as ZigBee, IEEE 802.15.4,
and ISA100 were utilized in many applications to augment the flexibility of data collection and reduce the
cost of system implementation [10-12]. Researchers relied on IEEE standards such as ZigBee, and ISA 100
to gather data from industrial and greenhouse applications [13-14].

Recently, IWSN hybridized with artificial intelligence (Al) techniques such as Neural Network
(NN), Fuzzy Logic (FL), and Support Vector Machine (SVM) to implement smart wireless systems [15-16].
Al was used owing to its capability for signal identification and classification in a time or a
frequency domain [17-18].

Fuzzy Logic was used to describe the machine behaviors by classifying the systems’ situation
during the real time processing [19-20]. Fuzzy logic is a widely used wideband for control and protection
enhance system behavior [21-22]. Some proposals were focused on hybrid fuzzy logic with other techniques
for precision improvement of the system control, and decision making for with the protection system [23-25].
Many researches were interested in classifying and identifying the fault by a central computer after the data is
collected via wireless sensors for monitoring, analyzing, and controlling [26-27]. The Vibration Fault
Diagnosis of a machine may use different methodologies to save the machine from damage such as fuzzy,
neural and support vector machine [28-30]. While this methodologies hybrid with wireless technology to
improve the system applications for industrial and be utilized with a harsh environment [31].

In [32], author proposed a new scheme using a wireless sensor to improve the protection of the wind
turbine from vibration faults based on the prediction and classification of vibration faults. This work did not
focus on artificial intelligent technique for the fault detection. In [33] implemented a wireless sensor that has
the ability to detect low-frequency values and low-amplitude of acceleration. The design depended on the
conversion of the outputs of the physical sensor from voltage to frequency. The conventional method
depends on transferring data from analog-to-digital, while new method (transfer voltage to frequency)
increases the accuracy and sensitivity of the fault detection. However, [33] limited by errors,
wireless protocol, and operating range which is designed for a short distance for applications of
civil engineering. In [34] developed a system to measure the vibrations fault utilizing android devices
connected via Bluetooth. Data were evaluated in the main database and fed to the portable box for controlling
another system. The Bluetooth needs high power and does not use for far distance applications which are
represented weak of design.

In [35] proposed a wireless system to control the vibration fault on the beam. The vibration fault
signal was analyzed on a central computer to generate signal for reducing the beam vibration. The real time
response and reliability were improved based on the wireless technique. The system was utilized for
controlling the static vibration and not used fuzzy or neural of fault analysis. In [36], author presented a
system based on the neural technique to diagnose the vibration fault level, where the data was gathered from
a machine within the nodes. By augmenting the sampling rate for the gathering data, the real time processing
was prolonged. The system was interested in the consumption power and found a new topology for the WSN
considering that the fault detection accuracy was not improved.

A system to identify and classify the vibration fault to influence the protection of the machine
was presented by [15]. The system was implemented using wireless sensors, signal processing, neural, fuzzy,
and decision card. 512 bytes are related to vibration fault in three axes and speed value, which are collected
from the WSN. Also, the system relies on the two stages of the Al (neural, fuzzy) to identify the faults arising
in the machine. The time process of data collecting, filtering, and analyzing is 5.892s, for fault detection.

This work intends to design a wireless system to detect the real time vibration fault based on a fuzzy
technique. It can be used to protect the induction motor from the vibration fault that may destroy the machine
if it is being in high level. The system monitors the vibration fault after detecting by applying vibration data
to fuzzy. Moreover, the real time process is improved based on the wireless and fuzzy technique to be 4.501s
for collecting data in 3-axis mod. The rest of this paper is organized in the following order: the first section
describes the introduction and related works, the second section presents the methodological design, and the
third section shows complete system design. While, in the fourth section the results, the last section
concludes the work.

2. METHODOLOGY

In this work, the system is implemented via two codes; the first is linked to C++, which is used to
design and implement the Wireless Vibration Sensor (WVS) and wireless speed sensor (WSS). The WSS
sends the speed data to WVS, and the data will be collected from the induction motor via WVS as a one
packet after modifying the data of speed and vibration in one packet. The second code involves MATLAB to
design the signal processing and fuzzy logic stages. These stages are used to reduce the noise, transfer the
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signal to frequency domain, and identify and classify the fault in the main computer. Finally, the integrated
system has the ability to detect level of the vibration fault and alarm user if the fault is in danger
or alarm zone. Figure 1 shows the flow chart the system.
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!
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Figure 1. Flow chart of methodology and material

Complete System Design
The scheme has been designed to represent wireless system for fault detections shown in Figure 1.
This section provides details pertaining to each part of the system.

2.1. Wireless sensor network implementation

Two wireless sensors were used to collect the data from the machine and one coordinator, which
feeds the data to the main computer. The first sensor is WVS, which was used to collect vibration data in
three and one axes. The second sensor was WSS and it was used to collect the speed data of the machine.
These sensors (WVS, WSS) were constructed based on the microcontroller type ATmega328, the ZigBee
based on the IEEE802.15.4 PHY and MAC layers, Lithium battery, and physic sensor. The difference
between the WVS and WSS is related to the physical sensor. , WVS exhibited an acceleration sensor, while,
WSS used a magnetic field sensor in the WSS to collect speed data. Actually, the data of the vibration fault
and the speed of the machine will be prepared as a one packet within the vibration sensor before sending.
Finally, the main computer collects data from WSN via a coordinator that is connected with computers as a
one packet containing the acceleration and speed values.

2.2. Signal processing stage

The raw data of vibration fault contain noise(s) as shown in Figure 2 owing to the electromagnetic
devices, which causes errors in the fault amplitude. The data need to be filtered in order to reduce noise based
on the band pass filter (BPF). Thereafter, vibration fault signal shows on the resonant frequency for the
selected speed. Thus, the low pass filter (LPF) is utilized to display the fault signal in these frequencies.
Then, the vibration fault signals post-filtration are transferred to the frequency domain using the fast Fourier
transform (FFT) algorithm [37].
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Figure 2. Raw vibration fault for the Y-axis collected from wireless sensor

2.3. Fuzzy logic and monitoring stage

The data resulted from the signal processing stage will be fed to the fuzzy logic for identifying and
classifying vibration fault level on IM. In this work, the Sugeno Fuzzy Inference System (SFIS) was selected
to monitor the fault case, if the vibration fault occurs in the severity or alarm zone. Actually, the fuzzy system
was used to apply the condition monitoring to protect the IM from vibration faults. The fuzzy system is
designed with two inputs that are related to the vibration fault and the speed of the machine. The fuzzy output
is represented by one output to classify and identify the fault level, as shown in Figure 3. The main objective
of using fuzzy logic to dragons and classify vibration fault level. Thus, the “expert experience” of a human
worker in industrial filed and the 1SO 10816-2 for vibration conditions is incorporated in a process whose
input-output relationship is described by a collection of fuzzy rules, as shown in Table 1. Where RSV is the
(reduce value) of speed, and SHD is mean shut down system. The speed value of the machine was used due
to the vibration fault being affected by the speed of the machine [37].

Table 1. Rule of the fuzzy logic
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Figure 3. (a) Fuzzy system construction (b) fuzzy membership functions
3. RESULT AND DISCUSSION

The acceleration data collected from the plate form will be collected in a time domain with a large
amount of noise, as shown in Figure 2 considering that the acceleration is expressed in mm/s2.
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3.1. Time processing of the system

The acceleration and speed data were collected from the wireless sensors network.
The main challenges for using the wireless sensor technique are the packet loss and real time
needed to gather the data. Notably, the packet loss in the industrial environment is preoperational to the
distance of the nodes, while the real time depends on the length of the data [15, 38]. It seems that the scheme
is used to manage data collection from WSN to improve the reliability of the system. This scheme collects
the data from the router as a one packet made up of the acceleration and speed data. In the main computer,
the data will be separated to the acceleration data that are used in signal processing stage, while the speed
values will be fed to the fuzzy stage to confirm the decision. The packet length in this work is 385 integer
value of acceleration and one value of speed for RPM, X, Y, Z-axis scheme. The real time processing will be
improved owing to the collected one value of speed every 129 values of acceleration for RPM,
Y-axis scheme. The real time needed to collect the packets that are contained in these data are related to
128*3 samples, and the one value of speed is 4.45 s. Moreover, the real time processing of gathering data
with length 129 for acceleration and one value of speed is 1.67 s. These values are depicted in Table 2.
The real-time processing in this work was reduced by 30% comparison with [15]. That time processing is
related to data processing of the three axes scheme.

Table 2. Time processing of the two schemes

Scheme Packet  Time collection Fuzzy Computer Samples/time Sensor Time processing
collection length  via MATLAB (s)  processing (s) Bud Rate (Sampling rate)  convenient Overall (s)
RPM, XY, Z 385 4.45 0.051 19200 88.8 0 ~40 Hz 4501
RPM, Y 129 1.67 0.051 19200 88.8 0~40Hz 1.721

3.2. Signal processing stage

The data from the WSN stage will be fed to the signal processing stage to reduce the noise collected
with the raw data via using the Low Pass Filter (LPF) and Band Pass Filter (BPF). The final data from the
filtration will transfer the frequency demine using the FFT technique. Three modes of vibration signal which
are velocity, acceleration and displacement. The velocity mode is represented the vibration fault in this work.
The velocity (velocity vibration fault mode) data is expressed in mm/s. The results shown in Figure 4 are the
vibration fault values after being filtered and converted by LPF, BPF, and FFT, where the resonant frequency
of the IM is (175 rpm). Figure 4(a) shows the result of the signal processing stage for the first scheme
which is collected the RPM, X, Y, Z- axis, while, Figure 4(b) shows the result after processing the
raw data of second scheme that is collected the RPM, Y - axis. The vibration fault amplitudes were calculated
based on (1), while the speed of IM is measured as frequency based on (2).

a=—Asin ot 1)
f =speed(rpm)/60 )

where a denotes the acceleration mode of vibration fault, w = 2nf, and f is the frequency of the
machine (Hz) [15].
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Figure 4. Result of signal processing stage (a) X,Y,Z-axes (b) for the Y-axis scheme
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3.3. Fuzzy logic stage throughput

In this work, the sugeno FIS technique was constructed to classify and identify the fault levels based
on different conditions. The fuzzy technique was implemented using two input membership functions (MFs);
the first MF was designed based on conditions of 1SO 10816-3 to identify and classify the vibration faults,
while the second described the IM speed. The output MF was constructed to classify the vibration fault level,
as shown in Figure 3. The main purpose of using the Fuzzy technique is to classify the fault situations.
Also, fuzzy result will generate linear signals as shown in Figure 5 to represent non-linear behavior system as
shown in Figure 2. Thus, the output result from fuzzy provides the stability of the machine control.
The signal of fuzzy can be fed to the control system for protecting the machine from fault if it is in the
danger zone.

The results of this research show that real time processing decreased to 1.721s if the vibration fault
was collected with one axis only, as shown in Table 2. This process will improve the real time protection and
condition monitoring for machine fault diagnosis. On the other hand, the collected three axes of the vibration
fault will increase the accuracy of the fault detection which is used for fault analysis and protects the
expensive machine.

Finally, the fuzzy output with different speed values show that the vibration fault is successfully
identified by fuzzy logic. Comparing the values in Figures 2 and 5 allows us to elucidate the improvement
of the system behavior to produce smooth signal (fuzzy output) to represent complex signals
(raw vibration fault) and successfully identify and classify the vibration fault during real time processing.
Thus, these system throughputs can be used with the protection systems without interfering with the control
system stability.

System output

—& - output with speed 125 rpm
51|+ output with speed 175 rpm - &
—¥— output with speed >185 rpm e

w i
I T

Fuzzy output

L]
I

4
Vibration in mm/s

Figure 5. System output with different speeds value

4. CONCLUSIONS

This work involves the vibration and speed data collection from wireless vibration sensor and
wireless speed sensor. Data collected are processed in main computer to diagnose and classify the vibration
fault based on signal processing and fuzzy logic in real time processing. These process products the induction
motor from vibration fault if it is in the danger level. Reducing noise and transferring the signal to the
frequency domain which is done via signal processing. Thus, the vibration fault was identified and
classified by the Fuzzy logic. Two schemes were utilized to collect data based on vibration data mode in
1-axis and 3-axis. The results of the two schemes show collecting data in 1-axis is better than 3-axis based on
real time processing. Moreover, the fault was detection and prediction accuracy of vibration fault in
3-axis better than in 1-axis scheme. In addition, the real time processing of this work was improved 30%
with same accuracy of fault diagnose. Thus, fault can be detected even reduce packet length for improve
the real time processing. Moreover, fault diagnoses successfully based on utilized signal processing and
fuzzy logic technique. The usage of the wireless technique enhances the system’s reliability, flexibility,
and cost decrease.
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