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Abstract- Bearings are widely used in various types of
machines ranging from simple fan motors to complex turbines.
Bearing faults are a common cause of failure in any rotating
machinery. These faults are caused due to manufacturing
defects, improper mounting, insufficient lubrication, foreign
particles, bearing misalignment and so on. All mechanical
systems generate vibrations and these vibrations generate a
characteristic signal. Any variation from this characteristic
signal is an indication of a defect. Therefore, an early
detection of bearing defects helps in preventing machinery
malfunction and efficiency. So, this paper explores a way of
generating patterns of the phenomena associated with
vibration of faults using Continuous Wavelet Transform
(CWT) and Artificial Neural Network (ANN). These patterns
may be used as an indication of bearing faults.
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1. INTRODUCTION

Bearings are widely used in various types of rotating
machines daily to carry out various processes. So, usually
when a machine breakdown it may be because of faulty or
worn out bearings. Hence an early detection of these faulty
bearings has steadily garnered importance over the
years.There are several methods available to inspect raw
vibration signals coming out of a working machinery which
with the help of classical signal processing techniques and
intelligent systems can be used to provide an effective bearing
fault diagnostic technique which is critically needed for a wide
array of industries for early detection of bearing defects so as
to prevent machinery performance degradation and
malfunction.

With advent of new computing tools and Artificial
Intelligent techniques the signal processing techniques have
become more intelligent and responsive to the minor changes
the operating conditions thus giving their ample opportunity to
investigate and meet the precise requirement of the industry
easily.
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In this work, a test rig is setup and run with healthy
and faulty bearings for generating vibration signals for
different bearing faults. Then, Continuous Wavelet Transform
(CWT) and Artificial Neural Network is used based these
vibration signals [1] to generate patterns for different types of
bearing faults and classify them accordingly.

1.1 Condition Monitoring of Bearings.

All operating mechanical machines and systems
create a general characteristic signal while operating. Any
changes in the operating conditions (even the smallest one)
indicates a small difference in the signal from the normal or
healthy signal can be seen as a fault development. Condition
Monitoring (CM) is the procedure of monitoring a parameter
of condition in machinery, such that any small changes in a
machine’s condition is indicating a developing defect. These
systems help in taking the proper corrective measure to evade
catastrophic failure caused by the faulty elements. However, a
deviation from a normal value will happen to indicate the
hidden faults with the system effortlessly [2]. These indicated
small changes in a machine’s operating condition is so small
that they are usually hidden by the background noise in the
system. Therefore, condition monitoring involves the process
of combining powerful transducers and signal processing
techniques to differentiate between the background noise and
the operations to detect the presence of a fault at the earliest
stage and also predict the future time of the failure event [3].

Rolling element bearings are widely used in all
rotating machines like pumps, motors, fansetc. Therefore,
these are a very critical component of any machine. But like
all mechanical parts bearing tend to wear out because of
manufacturing defects, improper mounting, insufficient
lubrication, foreign particles, bearing misalignment gradually
so adoption of condition monitoring techniques like Vibration
Analysis might help in identifying it beforehand itself [4].

1.2 Vibration Analysis of Bearings

As mentioned above the working machines give out
vibration and it found that in case of rolling element bearing

www.ijsart.com



IJSART - Volume 4 Issue 5 - MAY 2018

one of the main reason for failure is the localiseddefects [5].
The vibration signal of these bearings got from the transducer
will be complex will and contaminated by background noise
hence processing of the signal is necessary to extract useful
information related to any bearing fault [6] They are many
signal processing techniques available and all fall into one of
three categories: time-domain, frequency-domain and time-
frequency domain.

It is seen that the time frequency domain’s wavelet
technique is the most effective extraction of feature [5] and
continuous wavelet transform available in the MATLAB
software is ideal to be applied to healthy bearing along with
bearings with inner race, outer races, cage and ball faults to
obtain the characteristics plots of the bearing faults.

1.3 Artificial Neural Network

An artificial neural network (ANN) is a
computational technique that has the ability to model
relationships between the process variables, given sufficient
number of values for the input and the corresponding output
values. [6] An ANN with enough number of values set for
inputs and outputs variables can be used to predict the
unknown output values of some other input set. This feature of
ANN can beneficial in identifying the faulty bearings.

1. EXPERIMENTAL SETUP AND PROCEDURE
2.1 Experimental setup

The experimental setup used in this experiment
consists of 1HP induction motor which is fixed at 1410RPM
and an extended shaft is mounted on the main shaft of the
motor so that the seeded fault bearings can be mounted on the
shaft for taking vibration data for different loads of the loading
arm. In this experimental setup a DYTRAN 3041A2
accelerometer is used to capture the vibration data from
bearing housing, the faulty bearings are mounted on the shaft
and they are covered by the bearing housing and the
accelerometer is mounted on the housing. In order to collect
data from the accelerometer it connected with an
accelerometer amplifier and a data acquisition unit which is
compatible with MATLAB R2017 [7] where the data can be
captured and processed as shown by figure 2.
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2.1.1 Rolling element bearings

The Bearings used for this project is an Unsealed
Cylindrical Roller Bearing (N304 type) manufactured by
INDIAN METAL BEARING LTD is shown in Fig 2.1. The
inner and outer diameter of the bearing is 20mm and 52mm
with a thickness of 15mm.

= Tocer Bace |
Fiz 11 Colindrics! Rotler Baaring (N304)

Fourteen of these N304 type bearing was procured
are various types of faults are seeded by a laser marking
machine. Indentations was made on the inner race, outer race
and the roller of the bearing as shown in figure 2.2(i), (ii) and
(iii) for simulating the bearing faults.

| .__;-'I =
Fig 2.1} Outer defart

(i) Inner racedefect  (5if) Rooller Defect

2.1.2 Loading of the test rig.
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Fig 13 Schematic Dizeram of Estrig load

The schematic diagram of the test rig as shown in
figure 2.3 who’s load arm consists of a circular plate at the end
to hold weights for loading of the bearings. By the following
formula, the weights to be placed on the load arm is calculated
below —

F—FA
=h 3

e If load to be applied is 26.2% of rated loading which
is 4.9KN for the bearing in this project, then

F=0.262 X 4.9 =1.2838KN = 1283.8N

A }z 1s0
F=F_ /B =1283.8 675 = 342.34N

) 342.34 f
Weight (W) = 9.871 = 34.89kg = 35kg
So, the weight used on the loading arm is 35kg.
2.1.3 Accelerometer and Data Acquisition unit

An accelerometer is a device that measures proper
acceleration ("g-force"). Proper acceleration is not the same as
coordinate acceleration (rate of change of velocity).
Accelerometers have multiple applications in industry and
science. Highly sensitive accelerometers are components of
inertial navigation systems for aircraft and missiles. Figure 2.4
(i) shows a DYTRAN 3041A2 accelerometer is used in the
experiment and Figure 2.4 (ii) shows the accelerometer being
attached to the bearing housing which on vibration recodes the
time and frequency domain values into an excel sheet of a
laptop through the Data Accusation Unit and the
Accelerometer amplifier as shown in figures 2.4 (iii) and 2.4

(iv).

These time and frequency domain values recorded by
the accelerometer is imported into MATLAB R2017a software
to perform Continuous Wavelet Transform (CWT) for
detection of the bearing faults and an Artificial Neural
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Network (ANN) to classify them with the healthy bearing as
reference.

J—

T i A

Fig 2.4 (m) Accelerometer Amplifier Fig 2.4 v} Data Acquisition Unit

So, the weight used on the loading arm is 35kg.
2.1.4 Data handling in MATLAB

After the data was acquired in the time domain, they
were imported to MATLAB R2017a using the excel sheet
import function.

Using our signal algorithm and the in built CWT and
ANN function the results was processed and is discussed
below.

111. RESULTS AND DISSCUSSION
3.1 CWT Results

The signature generated in the CWT graphs of
different conditions can easily be used to differentiate between
the location of the line defects and the magnitude of the
defect. The normalized frequency range of interest lies
between 0.0078125 and 0.015625 cycles/sample. The bands
above and below are noise signals due to vibrations of the test
rig and motor and other environmental factors that could not
be controlled.

The signature generated in the Frequency graphs of
bearings at different conditions show the variations in
frequency peaks with respect to different location of faults.
The frequency range of interest lies between 15 to 25 Hz. The
peaks in frequencies higher and lower are mostly due to the
noisy data.
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The CWT plots for the healthy bearing and faulty
bearings are shown below in figures.

Figure 3(i) Healthy bearing CWT plat

P

(ii) Outer Race Defect plot __(fif) Inner Race Defect plot (iv) Roller Defect Plot

3.2 ANN Results

Neural Network was trained using an inbuilt
MATLAB program called Neural Network Training which
was called using the call ‘nntraintool” and a screenshot of the
window is shown in Figure 4.

However, due to a non-uniform and non-repetitive
patterns in the time domain signals coupled with excessive
noise due to external factors such as motor and test rig
vibrations, the Neural Network (NN) gives very poor accuracy
with a maximum performance of 0.4843 or 48.43%.

4\ Neural Network Training (nntraintool) — [m] x

Neural Network

Hidden

)

Algorithms
Data Division: Random (dividerand
Training: Gradient Descent
Performance: Cross-Entropy (crossentropy)

Calculations:  MEX

Progress

Epoch: ol 38 iterations 1000
Time: 0:00:01
Performance: 0947 [ 0.138 0.00
Gradient: 322 | 0616 1.00e-05
Validation Checks: 0 & 6

Plots

Performance

Training State

Error Histogram
Cenfusion (plotcenfusion)

Receiver Operating Characteristic | (plotroc)

Plot Interval: 1 1 epochs

o Validation stop.

@ stop Training @ Cancel

Fig 4 A Neural Network Training Program.
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IV. CONCLUSION

CWT analysis is an effective tool for analyzing
bearing fault data because in this one gets all the three details
i.e. time detail; frequency detail; and amplitude detail. CWT
signatures are the unique feature which is shown in this paper
and these can be used to classify the bearing faults visibly. We
can conclude this that cwt signatures can be used as fault
classification tool in ball bearing fault diagnosis.

However, due to a non-uniform and non-repetitive
patterns in the time domain signals coupled with excessive
noise due to external factors such as motor and test rig
vibrations, the Neural Network (NN) gives very poor accuracy
with a maximum performance of 0.4843 or 48.43%.
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