Journal of Theoretical and Applied Information Technology
20™ March 2013. Vol. 49 No.2

© 2005 - 2013 JATIT & LLS. All rights reserved-

N

" a
ALl

E-ISSN: 1817-3195

ISSN: 1992-8645 Www.jatit.org

RESEARCH ON ENGINEERING MACHINERY FAULT
DIAGNOSIS BASED ON NEURAL NETWORK

PEIJIANG CHEN

!School of Automobile, Linyi University, Linyi, 276000, China
E-mail: chenpeijiang@163.com

ABSTRACT

Because of the product variety and structure complexity of the engineering machinery, it was difficult to
meet the requirements of fault detection and maintenance for the traditional diagnosis technologies. In order
to improve the diagnostic level, the intelligent control technology of neural network and its application in
engineering machinery fault diagnosis were studied. The basic concepts of engineering machinery fault
diagnosis were introduced and several commonly used fault diagnosis methods were discussed. On the
basis of analyzing the model and algorithm of BP neural network, a fault diagnosis system of roller’s
electrical system was designed and implemented based on neural network. The experimental result showed
that the sample output corresponded to the expected output, it was reliable and the requirement of fault
diagnosis was achieved. The system had certain practical value in realizing intelligent fault diagnosis for

engineering machinery.
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1. INTRODUCTION

Engineering machinery plays an important role in
the infrastructure, often working in the open air
condition and the environment is very harsh which
increases the failure chance and brings great loss.
Moreover, with the technology development and
the  construction  requirements,  engineering
machinery products develop towards automation
and large scale, the structure is more complex and
the importance of fault diagnosis is increasing. But
the traditional manual or semi-automatic fault
diagnosis methods have lagged behind which
affects the project progress [1]. It is absolutely
necessary to study the advanced methods for fault
diagnosis.

Intelligent diagnosis is the application of the
artificial intelligence technology in the field of
equipment fault diagnosis [2]. Artificial intelligence
means that the machine achieving its goal
independently by computer simulating human
intelligence. Neural network is one of the most
important directions, and it has very strong self-
learning and adaptive abilities, which provide new
solution for equipment fault diagnosis [3]. On the
basis of analyzing the fault diagnosis methods for
engineering machinery, this paper realizes the
intellectualization of engineering machinery fault
diagnosis.

The remaining parts of this paper are as follows:
The second section introduces the process of
equipment fault diagnosis. Section three divides the
fault diagnosis methods of engineering machinery
into three types and analyzes their characteristics
respectively. The forth part discusses the neutral
network model, especially BP network and its
algorithm. Part five makes roller’s electrical system
as an example to implement the fault diagnosis
system based on BP neutral network and analyzes
the test result. Section six concludes the paper to
show the fault diagnosis method is reliable and has
practical value in engineering machinery intelligent
fault diagnosis.

2. FAULT DIAGNOSIS

Fault diagnosis is to judge the operational status
and unusual circumstances of equipments and
provide the basis for repair and restoration of
system failures. It makes reliability theory,
information theory, control theory and systems
theory as the theoretical basis and makes modern
measuring instruments and computer as tools,
combining the rule of diagnostic object to format
new technology, and its emergence and
development open a new way to improve the
reliability and maintainability of equipments [4].

Fault diagnosis includes condition monitoring,
state identification, state prediction, fault diagnosis
and treatment [5].
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(1) Information collection

According to diagnostic target, the information
expressing equipment operating status is changed
into electrical signal that is state characteristic
information.

(2) Signal processing

It analyzes and processes status signal, removes
noise and extracts characteristic parameters that can
reflect device status as basis for recognition.

(3) State recognition

It compares the diagnostic parameter values to
the standard values, and makes the judgment that it
is normal or not according to certain criterion.

(4) Diagnosis decision

According to the recognition result, it makes
further analysis of the abnormal state, determines
the cause, location, extent and category of the
failures, speculates the development trend, and
proposes appropriate measures based on the
diagnostic results [6].

3. FAULT DIAGNOSIS METHODS OF
ENGINEERING MACHINERY

Because of the diversity of engineering
machinery, there are various diagnosis methods.
What’ more, with the advance of technology,
especially the rapid development of artificial
intelligence, fault diagnosis technology constantly
updates. To sum up, the fault diagnosis methods of
engineering machinery can be divided into three

types.

3.1. Fault Diagnosis Methods Based on
Mathematical Model

This method makes modern control theory as

guide based on the mathematical model, uses the

state observer to generate residuals, makes analysis

and evaluation and achieves fault diagnosis.

3.1.1. Fault diagnosis based on consistency test

Failures can be detected by inspecting the
consistency of the actual model and normal model
of the engineering machinery. Supposing that the
state equation of system is known, we can compute
the orthogonal complement of the observable
subspace and its subspace, and get the residua by
projecting the output signal to it. Lastly, we analyze
and process the residua and complete the fault
diagnosis [7].

3.1.2. Fault diagnosis based on state estimate
The state of controlled process reflects the
system running state directly. It makes fault

diagnosis by estimating the system state and
combining  appropriate  models.  Firstly, it
reconstructs the state of controlled process,
compares with the measurable variables, generates
a residual sequence, constructs a suitable model and
algorithm, extracts fault features, and then makes
further separation, estimation and decision, lastly
realizes the function of fault diagnosis [8].

3.2. Fault Diagnosis Methods Based on Signal
Processing
Fault diagnosis can be implemented through
information processing and feature extracting for
engineering machinery without accurate model and
this method and has strong adaptability.

3.2.1. Fault
transform
The wavelet transform is developed on the basis
of Fourier analysis [9]. It is a new method to
express function space, can extract signal’s singular
points through multi-scale analysis [10], detects the
signal edge under the strong noise background
effectively, and provides a powerful way for time
frequency analysis. The methods of fault diagnosis
based on wavelet transform can take advantage of
the singularity of observed signal, the frequency
structure changes of the observed signals and the
wavelet transform of impulse response function
[11].

3.2.2. Fault diagnosis based on information
fusion
Information fusion is new technology of multi-
source information processing, whose nature is
comprehensive coordination and optimization of the
system, organically combining the information of
the same goal with different modes, different
medium, different time, different representations
and different levels to seek a more reasonable
criteria and get consistency interpretation and
comprehensive description. This method can
effectively solve the problems, such as low signal-
to-noise ratio and low diagnostic reliability in the
fault diagnosis of complex systems. The current
mathematical models of information fusion mainly
include embedded constraint model, evidence
combination model and artificial neural network
model [12].

3.2.3. Fault diagnosis based on characteristic
parameter

The characteristic parameters can represent

system fault states, which can be performance

parameters, environmental stress parameters, or

integrated parameters. It is from time domain or

frequency domain [13]. Different fault models

diagnosis based on wavelet
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correspond to different characteristic parameters.
According to the system function and structure
characteristics, this method monitors certain signal,
gets data information of the characteristic
parameters, make fault diagnosis and prediction
using reasoning algorithm. The fault criterion is
divided into two categories, one has fault threshold
with determined distribution, and the other can
determine the spatial distribution of the
characteristic parameters [14].

3.3. Fault Diagnosis Methods Based on Artificial
Intelligence
It is very difficult to get accurate mathematical
model of engineering machinery, but applying
artificial intelligence techniques into fault diagnosis
shows good application prospect and unique
advantage [15].

3.3.1. Fault diagnosis based on fault tree

The fault tree analysis method takes the least
expected fault as the target, finds all the factors
which directly lead to the fault, gets all the direct
factors of the next level events, so far traces to the
last factors [16]. This method can intuitively reflect
the relationship between faults and reasons. The
diagnosis process is fast, but the diagnostic result is
affected by the correctness and completeness of the
fault tree.

3.3.2. Fault diagnosis based on expert system

The expert system is a computer program based
on knowledge and intelligence which uses expert
knowledge to solve complex problems in certain
field [17]. The structure of fault diagnosis expert
system generally includes six parts, knowledge
base, inference engine, comprehensive database,
interface, explanation program, and knowledge
acquisition. This method is mainly used in complex
systems without accurate mathematical model. Its
main disadvantage is that knowledge acquisition is
difficult and fault diagnosis is slow [18].

3.3.3. Fault diagnosis based on neural network

The neural network is an information processing
system imitating human brain. In the fault diagnosis
based on neural networks, it extract fault features of
engineering machinery, determines fault judgment
rule by learning training samples and makes fault
diagnosis [19]. For the complex and multi-process
engineering machinery, it is effective with the help
of neural network system because the relationship
between fault and reason is complex. But, the
system performance is affected by the number and
distribution of the selected training samples and it is
difficult to get good diagnostic capability if the
samples are selected improperly.

3.34. Fault diagnosis based on
mathematics

In the fault diagnosis of construction machinery,
binary logic is obviously unreasonable if it is
difficult to establish exact correspondent
relationship between the faults and reasons, but we
can use fuzzy mathematics theory to analyze them
[20]. This method computes the membership of
various faults through the membership of some
failures and fuzzy relationship matrix to
characterize the faults tendency and infer the
maximum possibility of the equipment fault. It can
reduce the difficulties brought by many
uncertainties. But, it is difficult to establish right
fuzzy rules and membership functions and the
process is slow.

fuzzy

3.3.5. Fault diagnosis based on support vector
machine

Support vector machine is a new machine
learning method based on statistical theory, and its
goal is to get the optimal solution under the
available information [21]. It has a concise
mathematical form and has the ability of intuitive
geometric interpretation and avoiding excessive
learning. The method needs less artificial
parameters, and it is easy to use. It has strong
practical value in the fault diagnosis of engineering
machinery, but it has not gotten much achievement
because the relevant research time is short [22].

4. NEURAL NETWORK MODEL

The neural network is widely interconnected by a
large number of processing units, stimulates the
characteristics of animal neural network behavior
and implements the distributed and parallel
processing algorithm. The model has strong
robustness and fault tolerance and is good at
associating, generalizing and reasoning. The local
injury does not affect the overall result. The model
also has strong self-learning ability and the system
can continually improve itself in the learning
process [23].

Neural network has unique structure and
information processing method which is important
branch range of artificial intelligence. It has broad
application prospect in the field of fault diagnosis.

4.1. Neuron Model

Neuron is the basic unit of the neural network
which can be regarded as a non-linear multi-input
and single-output device. The internal state of the
model is given by the input weighted signal [24]. It
simulates the structural characteristics of biological
neurons, whose main function is information
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processing. The structure of neuron is shown in
Figure 1.

Yj
f( —>

Figure 1. Model of Neuron

In Figure 1, X, X,,...,X input of neuron;

n -

Wi, Wip,eey Wi coefficient of connection

jn

weight; Hj : threshold; s; : value of sum; Y, :

output; f () : activity function.

Neural network is comprised of neural elements
arranged in layers. The layer accepting the external
input signal is be called input layer which neurons
only transmit data not than process them. The
output layer generates results. The layers between
input layer and output layer are known as
intermediate layers or hidden layers.

4.2. Training and Learning of Neural Network

If a neural network wants to realize certain
function, we must train it at first, making it know
the responding task and store the knowledge in the
network weights.

The so-called training and learning means that
group sets of samples are input to the network
which is used to train, by modifying the connection
weights to let network output meet the requirements
of the process [25]. Obviously, the performance of
the neural network is influenced by the sample sets
greatly. If the number of samples is too small, the
network can only remember these examples, it is
impossible to form the ability to think over.

The most common training method is to learn
with supervisor. This method not only requires
input data for training, and also requires the
corresponding output expected values. The data are
input to the network when training, the neutral
network modifies the correction weights between
neurons based on the relevant algorithms according
to the errors between the actual value and the
expected value of the network output. The process
comes to an end until the errors meet the system
requirement.

4.3. Characteristics of Neural Network
4.3.1. Parallel processing

Neural network has a parallel structure and the
neurons within the same layer can parallel process
data at the same time. Then it has high speed
processing ability and can meet the requirements of
real-time and online.

4.3.2. Fault tolerance

Neural network acquires knowledge through
learning and stores them in a large number of
neurons and their connections of the network [26].
Then, it does not affect the memory processing
capability and the output of the network even if
some neurons are damaged to stop working or have
errors. That is, the system can learn and deal with
the incomplete or local wrong data.

4.3.3. Adaptability

The connection strength or the weights of the
network can be changed, then, the network has
strong plasticity. Through training and learning, the
neutral network can achieve the demand function,
adapt to the external environment and has high
adaptive capacity.

4.4. BP Neural Network

Many types of neural networks can be used for
fault diagnosis, and the most widely used one is the
BP network.

4.4.1. Structure of BP neural network

BP network is a multilayer feed forward neural
network which network model is shown in Figure 2.
The node number of input layer is equal to the
dimension number of the equipment state diagnostic
vector, and the node number of the output layer is
the number of fault category. The number of hidden
layers is generally not more than two; the node
number of each layer can be determined by reliable
experience. Or, we train the network of different
node number of hidden layer with the same set of
training samples; the reasonable number of nodes
can make the system output error minimize. The
activity function of neurons selects Sigmoid
function.

4.4.2. BP algorithm

BP algorithm, also known as error back
propagation training algorithm, is training and
learning method with teachers [27]. The process of
training and learning is composed of two parts:
forward calculation and reverse calculation. The
former is used to compute the actual output of the
network by inputting training data. It computes
error in the reverse direction if the network does not
get the desired output values. Reverse calculation
propagates the errors along the same route
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reversely, calculates the correction values of the
connection weights between nodes and repeats the
above calculation process with the corrected values
until the error meets the requirement.

Figure 2. Model of BP network

Batch learning method can be used in the actual
process of training and learning. We can take a
number of samples at a time, and obtain the weight
correction value corresponding to each sample
respectively and then take their average value to
modify the weight of each node. This method
avoids the negative impact brought about by the
noise of single sample training or the contradiction
between samples, and then the training process is
fast correspondingly.

5. REALIZATION OF ENGINEERING
MACHINERY FAULT DIAGNOSIS
BASED ON NEURAL NETWORK

The fault diagnosis system based on neural
network can identify the type of equipment failure.
As long as the network has been trained by different
types of training sample set, it can be able to give
the judgment of fault type according to the new
monitoring fault information input to the system.
This paper makes electrical system fault diagnosis
of the roller as an example to design and realize a
fault diagnosis system based on neural network.

5.1. Fault Analysis of Roller’s Electrical System

The roller is the key equipment in the road
construction which working performance directly
determines the quality of the road surface. The
electrical system is an important part of the roller
which has prominent function in guarantying the
operating speed, compacting quality and monitoring
alarm. Generally, the roller electrical system is
composed of the basic electric system, traveling
drive control circuit, vibration control circuit,
auxiliary device control circuit, and so on. The
basic electrical system including engine starting and
charging systems, monitoring system, working
lights, braking, etc. [28]. Table 1 lists the common
faults and their causes of the charging system of
roller.

Table 1. Common Faults And Reasons Of Roller’s
Charging System

NO. [Sample Fault Reason Sign
Drive belt is loose
Charging circuit Y1
1 %y Not connection is poor Y2
rechargeable | Generator has Y3
internal fault Y4
Electronic regulator fails
Drive belt is loose
Charging Charging gircgit Y1
2 % current is connection is poor y2
Generator has Y3
small ;
internal fault Y4
Electronic regulator fails
Charging Electronic regulator fails
3 X3 current is Capacity of battery is Ya
large lost Ys
Drive belt is loose
Charging Charging circuit Y1
4 X4 current is not connection is poor Y2
stable Generator brush is wear | J*
Electronic regulator fails Yo

We make the four common failures of charging
system as the inputs of the BP neural network and
make the six possible reasons as the network
outputs. Then, the mapping relationship between
faults and reasons is established.

5.2. Sample Selection of Neural Network

According to the above analyzed faults and their
causes, we adopt the 3-layer BP neural network.
There are four nodes in the input layer, six nodes in
the output layer, five nodes in the hidden layer
based on experience. The training samples and their
outputs are shown in Table 2.

Table 2. Training Samples And Outputs

Sample Output
NO.

Xi | X2 | X3 | Xa | Y1 | Y2 | Y3 | Ya | Y5 | Ve

1 1 0 0 0 1 1 1
2 0 1 0 0 1 1 1
3 0 0 1 0 0 0 0
4 0 0 0 1 1 1 0

[ S e
o »r o o
= O O O

5.3. Training Result and Analysis
Supposing the training error is 0.001, the training
samples are inputted to the system program, the test
results are shown in Table 3.
Table 3. Output Results Of Fault Diagnosis

NO.| VY Y, Ys Y4 Ys Y
1 |1.0045 | 0.9952 | 1.0001 | 1.0049 | 0.0057 | -0.0010
2 109943 | 1.0041 | 1.0039 | 1.0198 |-0.0032 | -0.0006
3 |-0.0016 | -0.0008 | 0.0040 | 1.0017 | 0.9983 | 0.0041
4 10991 | 09918 | -0.0158 | 1.0047 | 0.0029 | 1.0044
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It can be seen from Table 3 that the actual output
values and the desired output values have relatively
good matching degree which proves that this
diagnosis method has high accuracy and reliability.
In addition, when the error requirement is changed,
it also can be found that if the smaller training error
is establish, the required training time is longer and
the need number of training steps is larger.

6. CONCLUSION

On the basis of analyzing the commonly used
methods of engineering machinery fault diagnosis,
an intelligent fault diagnosis system of roller’s
electrical system is designed and implemented
based on BP neural network. The test simulation
results show that the method is feasible, diagnostic
results correspond to the expected values. The
system has preferable fault tolerance, stability and
the ability of automated reasoning, and it has
certain practical value. Itis important to note that
this method has contradiction between error and
training time, the number of steps which should be
carefully weighed in the actual application.
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