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Abstract

A rub-impact fault is a complex, nonstationary, and Nonlinear fault that occurs in turbines. Extraction features

for Diagnosing rubbing faults at their early stages requires complex And computation expensive signal
processing approaches that Are not always suitable for industrial applications. In this article, A hybrid
approach that uses a combination of deep learning And control theory algorithms is introduced for diagnosing
Rubbing faults of various intensities. Specifically, the system Is first models based on the autoregressive with
eXonenous Input Laguerre (ARX-laguerre) technique. In addition, the ARX-Laguerre proportional-integral
observer (P1O) is used to Increase the estimation accuracy for the vibration signals containing rubbing faults.
Finally, a scalable deep neural network Is applied to the output signal of the PIO to perform fault Diagnosis
and overcome potential problems that may appear When applying a linear observation technique to nonlinear
Signals. The experimental results demonstrate that the proposed Hybrid approach improves the fault
differentiation capabilities of A relatively simple linear observation technique when it is applied To a complex
nonlinear rubbing fault signal and attains high Fault classification accuracy. This result means that the
proposed Framework is highly suitable for applications in actual industrial Environments.

I.Introduction: maintenance costs. Thus, the detection and diagnosis

TURBINES are among the most important rotating of rubping faults in the ear_ly stages are essential to
Machines utilized in power plants. Their operating ~ Maintain the health of rotating machines.

conditions are closely associated with high Rubbing faults are recognized as complex, non

temperatures and high Rotating speeds. The crucial  giationary,and nonlinear mechanical faults. Due to
point in the design of turbines Is a small clearance  tnese properties, most conventional signal analysis
between the stator and rotatory parts (i.e., the turbine  555r0aches that have been created for stationary and
blades), which is made to increase the torque And  |inear signals, such as time domain-based or fast
reduce air reluctance. The rubbing phenomenon  poyrier transform (FFT)-based techniques, are not
appears in Turbines when the rotor blades start  \sefy] in extracting the discriminative features of
mtergctmg with the stator. The main causes of. the this type of fault. Time— frequency signal analysis

rubbing phenomenon are the presence Of various  (TEsA)techniques are preferable over conventional
types of mechanical faults in the rotating machine,  ones gue to their ability to simultaneously analyze
such as misalignment, blade extension due to the  characteristics of the collected signals in both
high operating temperatures, and self-excited  gomains (i.e., time and frequency).Some examples

vibrations . Rubbing faults can cause excessive of widely utilized TFSA approaches for rubbing
damage to industrial equipment, as well as increase
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fault signal processing and feature extraction are the
wavelet transform and its variation. The main
advantage of these techniques is a good time—
frequency localization, which allows the detection of
transients appearing in signals. However, the crucial
drawback of wavelet-based methods is that their
performance is sensitive to the selection of a mother
wavelet function. The selection of a mother wavelet
function itself requires a series of experiments and
subsequent analysis of the obtained results

I1.Existing system

In the existing system, in any industries that
utilise turbines for the power generation that perform
several rotations to provide the power required.
When the turbine moves continuously this heads to
the rubbing of the turbines and it will lead to
insufficient and faulty output. Thus they are
attaining the detection of the fault so that they can
determine the rubbing deepness and solve it to make
the turbine works properly without any disturbance
to the output. But the existing system disappoints to
perform better as it handles only one type of fault. In
this case, they missed identifying the more faults and
the severity of the faults as it is not sufficient in
finding out the exact solution to the arising problem.
Thus the existing needs more transparency to find all
faults were identifying the problem in one area is not
sufficient.

I11.Proposed system

In the proposed system, the quality of the steel
material that is utilised for obtaining the big jet
turbines is investigated. Thus for a healthy quality of
the product, we must examine the quality before
beginning the mass production in order to bypass the
enormous mistake in producing the mass production
of the product. A sole product that before delivered
into the market has to pass through several quality
checks. Like advancing through the different kinds
and different levels of the quality checks. By
practising a voting classifier in ensemble learning
can optimize the product’s quality and can make

further adjustments in the product. This voting
classifier helps in determining the fault of the
product after going through many quality checks. So
when the design team when finding the fault they can
decide whether to make minor changes and start the
process or else the product is sent to the material
management in order to mould the material and
apply it for future production. Thus an efficient way
of production is accomplished by the manufacturing
team.

IVV.Methodology

The proposed rub-impact fault identification
framework It consists of three important steps: Data
collection, system modeling and signal estimation,
and decision making. First, the rub impact fault
signals of different intensity levels are collected
from the experimental testbed. Next, these vibration
signals are used to build a linear ARXLPIO to
estimate the rubbing signals in normal and abnormal
conditions. To perform decision making about the
condition of the system and improve the
performance of the ARXLPIO, the S-

DNN is utilized for decision making during the final
step of the algorithm. To use the SDNN effectively,
the signals estimated by observation techniques are
first resampled concerning the revolutions of the
rotor, and their frequency power spectra are obtained
using an FFT. Finally, the patterns that appeared in
the power spectra of there sampled estimated signals
are used as inputs for the S-DNNto identify rub-
impact faults of various intensity levels.
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V.Module Description
Module:

1) Production

2) Design

3) Quality

4) Material Management
5) Admin

1.Production

This module gives out the registration
process for the production manager to log in to their
respective work page. After this admin has to give
access for the production manager to log in. Then
manager login with the email id and password. Here
there are furthermore submodules under the
production module where the first is to request
sufficient material for the production also this gives
the form to upload the material requirement in kgs.
The next submodule gives the required material with
supplied and pending information. And this material
management will be supplying the required material.
In the initiate submodule, the production manager

fixes the composition of the material for production.
Then in production submodule displays the
composition details where the production process is
carried out and also manager can start the different
types of the production process. The technicality
submodule gives the physical properties for the
producing material. After this production manager
can log out from their page by using logout. In that
login, the information of the production manager
will be deleted from the session.

2.Design

In this design module, the registration
process is initiated for the login purpose of the
design member. Once the registration process is
done then the admin has to give access for the design
member to log in. After the login process of the
designer, the page will be redirected to the home
page of the design module. It also has the
submodules where the first submodule has the form,
in that produced material is partitioned to produce
different types of design such as foil, sheet, coil, and
bar. Also can give the dimension for the material to
be produced. In dimension, the submodule table
shows the dimension given for the different types of
design such as kilogram, thickness, width, and
diameter. The defect list submodule gives the table
of information of the tested result with fault. In that
designer can find and move the fault material either
for redesign or for reuse from the production. In the
redesign, the submodule designer can view the
material allocated for redesigning. Finally, the
designer can log out from their page by making use
of logout, which removes the login details from the
Production

3.Quality

This module gives the registration page where
the quality tester can register for the testing of
material quality. After the registration process, the
admin has to give access to the quality tester for the
login process. Once the login process is done the
page will be redirected to the home page quality
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testing. It has a submodule test queue that shows the
dimension details of the material along with the
testing option. Once the tester has chosen the type
and used the test option, the page will be redirected
to where the tested output from different types of
testing with the type of testing and value as output is
displayed as a table. Also in that analyze option is
given for analyzing the tested output for the material
has whether fault or not, and also if there is any fault,
the specific fault is categorized. After analyzing the
output will be displayed on the new page and the
tester must report the output to the designer by using
the report link. Here also the quality tester logs out
by using the logout module which removes the login
details from the session.

4.Material Management:

In this module initially, the management
team is login, then it will be redirected to the home
page of material management. In the requested
material submodule it shows the form where the
management team can choose to view the requested
material from the name and the request-id. Then the
page will display the requirement of the material in
kgs. Then management team can supply the material.
Defects submodule shows the table contains the
details of the tested value along with the test name
and with the type of fault. In reusing submodule
shows the table also gives the tested value with test
name along with the type of fault but it is for the
reusing process. The reusing process will start from
the initial production process. After this, the
management team can log out using the logout
module which removes the login information from
the session.

5.Admin

In this admin module initially, the admin
will log in to redirect to their home pane. This has
six sub-modules where three submodules are for
accessing the production manner, designer, and
quality tester, If the registration request from these

modules is displayed, then the admin can access the
respective person for authority to login. In tested sub
module all the data from the quality testing will be
displayed including material that has

REQUEST MATERIAL

MATERIAL MANAGEMENT

no fault with the type. And reuse submodule displays
the table which has the quality tested details that are
to be reused. Next, the redesign gives the tested
result with the type where these materials going to
be redesigned for further process. Finally, the logout
process for the admin will be initiated by using the
logout link where the session details of the admin
will be removed
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VI.Data flow diagram

PRODUCTION DESIGN

MATERIAL
MANAGEMENT

VIL.LEXPERIMENTAL RESULTS

A. Training, Validation, and
Testing

Subsets Configuration to evaluate the fault
diagnosis capabilities of the proposed Hybrid
approach, the resampled data set corresponding
to the Estimated rubbing fault signals of different
intensity levels

(which contained 7470 data samples) was
randomly split into Training, validation, and
testing subsets. The complete process Of subset
creation is as follows. First, the whole data set
was Separated into training and testing subsets at
a ratio of 8:2.Then, the obtained training subset
was again divided into Training and validation
subsets using the same proportion as In the
previous step. Thus, the overall training,
validation, and Testing subset configurations can
be summarized as follows. The training subset
consisted of 4780 samples, the validation Subset
comprised 1196 instances, and the remaining
1494Unseen data instances were used for testing
the proposed Solution.

B. Case Study of Building the S-
DNN

In this section, the details on building the S-DNN are
Presented. Before starting the process of creating
SDNN, let Us summarize the initial conditions that
are utilized to select The architecture best suitable
for solving the classification Problem in this work.
The number of the nodes in the input Layer is equal
to 787 to match the dimensionality of the Input data
vectors that contain the frequency power spectra Of
resampled signals without a mirrored part.

VI11.Use case diagram

B REGISTRATION
LOGIN

» REQUEST MATERIAL

PRODUCTION . SUPPLY MATERIAL
» PRODUCTION PROCESS
DESIGNING PROCESS *

> QUALITY TESTING

.. REPORT TESTED
DETAILS

» VIEW TESTED DETIALS «

MAKE MATERIALTO
REUSE AND REDESIGN

MANAGEMENT . VIEW MATERIAL TO BE
REUSED

VIEW MATERIAL TO BE
REDESIGNED

LoGouT

IX.CONCLUSION

In this article, a novel, hybrid DL based observation
technique is presented for diagnosing rub-impact
faults of various Intensity levels. In the proposed
model, system modeling and Observation is first
accomplished by the linear ARXLPIO. Next, the
blade rubbing signal estimated by the ARXLPIOIs
resampled with a 15% overlap based on the rotating
speed and the time needed to perform one shaft
revolution. Finally, The frequency power spectra of
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these resampled estimated signals are computed and
used as inputs for the S-DNN designed according to
the proposed algorithm. The advantage of the
Introduced scalable network is the presence of
scalable layersThat can be adjusted based on the
input signal dimensionality and simplify the process
of developing the DNN architecture for a specific
task. In this work, the S-DNN is used to Increase the
performance of the linear ARXLPIO (when it Is used
for estimating nonlinear signals) and to perform a
Rubbing fault identification procedure. The
proposed hybrid Approach outperformed most of the
counterpart techniques Used for the comparison in
terms of the macro averaged recall, Precision, and f1
score performance metrics as well as of FCA.
Specifically, the proposed hybrid solution reached
an FCA 0f99.8% during the experiment. Moreover,
the simplicity and Flexibility of designing
ARXLPIO along with the autonomous Design of
S-DNN allow the proposed framework to be applied
In industrial environments. In our future work, we
will focus On improving the proposed algorithm for
designing S-DNN And adapt it to the designing non-
triangular shapes of neural Networks.

Furthermore, the proposed hybrid fault diagnosis
Approach should be verified by applying it to other
prognostics and health management problems, such
as bearing Fault diagnosis, gearbox fault
identification, and pipeline fault Detection.
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