Research on Fault Diagnosis of Hydraulic
System of Fast Erecting Device Based on
Fuzzy Neural Network

3,%

Yangbing Zheng!?, Xiao Xue®* and Jisong Zhang?

YCollege of Mechanical and Electronic Engineering, Nanyang Normal University,
Nanyang 473061, Henan, China

2Qinghai Wandong Ecological Environment Development Co.LTD, Geermu
816000, Qinghai, China

3School of Information Engineering, Nanyang Institute of Technology, Nanyang
473004, Henan, China

E-mail: x909@ [63.com

*Corresponding Author

Received 12 October 2021; Accepted 25 October 2021;
Publication 07 January 2022

Abstract

In order to improve the fault diagnosis effectiveness of hydraulic system in
erecting devices, the fuzzy neural neural network is applied to carry out fault
diagnosis of hydraulic system. Firstly, the main faults of hydraulic system
of erecting mechanism are summarized. The main faults of hydraulic system
of erecting devices concludes abnormal noise, high temperature of hydraulic
oil of hydraulic system, leakage of hydraulic system, low operating speed
of hydraulic system, and the characteristics of different faults are analyzed.
Secondly, basic theory of fuzzy neural network is studied, and the framework
of fuzzy neural network is designed. The inputting layer, fuzzy layer, fuzzy
relation layer, relationship layer after fuzzy operation and outputting layer
of fuzzy neural network are designed, and the corresponding mathematical
models are confirmed. The analysis procedure of fuzzy neural network is
established. Thirdly, simulation analysis is carried out for a hydraulic system
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in erecting device, the BP neural network reaches convergence after 600
times iterations, and the fuzzy neural network reaches convergence after 400
times iterations, fuzzy neural network can obtain higher accuracy than BP
neural network, and running time of fuzzy neural network is less than that of
BP neural network, therefore, simulation results show that the fuzzy neural
network can effectively improve the fault diagnosis efficiency and precision.
Therefore, the fuzzy neural network is reliable for fault diagnosis of hydraulic
system in erecting devices, which has higher fault diagnosis effect, which can
provide the theory basis for healthy detection of hydraulic system in erecting
devices.

Keywords: Fault diagnosis, hydraulic system, erecting device, fuzzy neural
network.

1 Introduction

With rapid development of Chinese social economy, hydraulic system of fast
erecting devices has a rapid development. The fast erecting devices have been
applied in various lifting operations and safety projects, and can effectively
improve economic interests of China, and reduce capital investment cost.
However, there are many safety faults in the application process due to
relatively use of erecting devices and influence of various factors. In addition,
the professional quality of hydraulic system repair staff is poor, therefore
many problems exist in the repair process of hydraulic system of fast erecting
device. It is easy to break down in running process, which has a very adverse
impact on improving the working efficiency of fast erecting device. When
the erecting device works, it can obtain the power with help of the hydraulic
system, the hydraulic system has the function of stepless speed regulation,
which can achieve a variety of separate actions. When is is not fully loaded,
each executive element in series can be controlled to complete the action
respectively. In the operation process, it is usually completed by controlling
hydraulic pump, oil pipe, oil tank and other components [1].

The faults of the hydraulic system of erecting device mainly comes from
many aspects, and the reasons can be divided into five kinds, firstly quality
of component in the erecting device circuit is poor, or multiple circuits
interfere with each other. At same time, it is also possible to have the
failure due to abnormal conditions when a erecting device circuit element
operates alone. When erecting device circuit component fails, the possibility
of fault of hydraulic cylinder is greatest. Secondly, during actual operation
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of erecting devices, there will be certain safety faults in the hydraulic system
because the working medium is not scientifically and reasonably selected,
or the erecting device is not well managed. According to a large number of
investigations, about 70%—-85% of faults of hydraulic system are caused by
contaminated objects in the hydraulic oil. Thirdly in security commissioning
of hydraulic system of erecting device, there are operation errors or unrea-
sonable operation. In this case, the safety faults of the hydraulic system will
occur. Fourthly, there are errors in the operation mode of erecting device in
the process of practical application, such as not turning off the emergency
switch in time, which directly lead to the failure of the hydraulic system of
erecting device. Finally, during the actual operation of erecting device, there
is security faults of hydraulic system because of high wind force under the
working environment or the impact of foreign objects [2].

The characteristics signal of hydraulic system fault is often disturbed by
random noise, which makes the signal-to-noise ratio of signal is very low.
Especially when the system has early fault, its weak fault information is
completely submerged in the noise, which brings the great difficulties to the
feature extraction and fault classification of fault signal. How to suppress the
interference of noise, improve the signal-to-noise ratio is a key problem in the
fault diagnosis of hydraulic system of erecting devices. In the real measured
fault characteristic signal, there is only Gaussian whitening noise, but also
Gaussian colored noise with unknown spectral structure. The traditional
method can not effectively deal with these signals. The high order statistics
method proposed in recent years can effectively cope with these noises.The
structural knowledge expression ability of fuzzy neural network is very good,
which can better describe the qualitative knowledge of the system, but also
solve the uncertain knowledge, it has very good nonlinear mapping ability
good adaptive and self-learning ability, and strong fault tolerance ability.
It can be effectively applied to the fault diagnosis of complex systems.
This research applies the fuzzy neural network to carry out fault diagnosis
of hydraulic system of erecting devices [3]. The main contribution of this
research is put forward a novel fault diagnosis of hydraulic system of fast
erecting device based on fuzzy neural network.

2 Normal Faults of Hydraulic System of Erecting
Mechanism

The common faults of hydraulic system of erecting devices concludes the
following aspects.
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2.1 Abnormal Noise

The hydraulic pump of erecting device is main noise source, there noises
are harsh, will affect the normal use of hydraulic system, and reduce the
life of hydraulic system leading to paralysis of the whole erecting devices.
The reasons of causing abnormal noise are as follows: the oil tank respirator
and oil inlet pipeline are blocked, the oil pump is empty, the hydraulic oil is
unqualified, and the mechanical faults [4].

2.2 High Temperature of Hydraulic Oil of Hydraulic System in
Erecting Devices

The hydraulic oil is the working medium of hydraulic system in erecting
devices, the pressure potential energy generated by hydraulic oil can transmit
the power. All energy loss of hydraulic system is converted into heat energy
that is transmitted to hydraulic oil and hydraulic components, and then the
temperature of hydraulic oil will increase. When the working temperature
ranges from 40°C to 70°C, the hydraulic system of erecting devices can
obtain the good working performance [5].

If the hydraulic oil temperature is too high, the performance of hydraulic
system of erecting devices will be reduced. And many adverse phenomena
will occur. For example, the hydraulic system produces large leakage, the
performance of hydraulic system is reduced, and the viscosity of hydraulic oil
is reduced. The wear between components of erecting devices increases, and
the hydraulic oil film is damaged, and then the temperature of hydraulic oil
increases. The hydraulic oil is oxidized, the service life is shortened, and the
formed colloid is deposited on the surface of hydraulic components, the small
holes of hydraulic system of erecting devices is blocked. The sealing structure
of hydraulic system in erecting devices fails, the pressure loss increases, the
controlling valve fails and the mechanical loss increase [6].

2.3 Leakage of Hydraulic System in Erecting Devices

The leakage of hydraulic system in erecting devices mainly concludes inter-
nal and external leakage. The internal leakage mainly refers to the internal
leakage from hydraulic components to low pressure chamber, the external
leakage refers to the outward leakage of oil from hydraulic components. The
leakage of hydraulic system will affect the performance of whole system, and
lead to deceasing of pressure, the working process of erecting devices is not
stable, and the oil pump of hydraulic system is easy to be damaged. The main
reason of this fault is damage of the seal components of erecting devices [7].
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2.4 Low Operating Speed of Hydraulic System in Erecting
Devices

The main reason of low operating speed of hydraulic system has many
aspects: failure of the controlling valve, fault of oil supplying system, and
the fault of hydraulic cylinder.

3 Basic Theory of Fuzzy Neural Network

The kth order moment and kth order cumulative of random variable z is
defined by [8]

M, = /+OO a:kf(a;)dx €))
Cr = (—5)"¥*(0) 2)

where f(x) denotes the probability density function of random variable
x, ¥(w) denotes the second characteristic function, if = serves Gaussian
distribution N (0, o2), and the following conditions can be obtained:

C1=0,Co=0% Cy=0(k>3) (3)

x(n) is the stable random process, the second moment and the third moment
are defined by [9]

maz(11) = Elz(n)z(n + )] 4)
msg (11, 72) = Elz(n)z(n+ 7 )x(n + 72)] (5)

Suppose random variables {x;} and {z;} are independent of each other,
let [10] . L

And then the following equation can be obtained:
V(w) = Ve (w) + Wy(w) )

where VU, (w) and ¥, (w) are second characteristic functions of random
variables {x;} and {x;}, ¥(w) are the second characteristics function of sum
between random variables {x;} and {x;}. When the signal contains additive
Gaussian colored noise, in theory, the high order cumulant can completely
suppress the effect of noise, so as to improve the signal to noise ratio.
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Neural network basically belongs to the underlying computing structure
and algorithm, extract information from the trained system, and the fuzzy
logic usually processes oral and language information obtained from experts
at a high level than neural network, but fuzzy logic does not have the learning
function. At same time, because the internal layers of neural network are
fuzzy to users. The mapping rules of network are invisible. So there is a
theory of integrating fuzzy logic and neural network into a system, which
makes it have both advantages. For example, fuzzy logic can have the learning
function, optimization function and linked function of neural network, so
that the low level learning and calculation functions of the neural network
can be introduced into fuzzy system, and the high level fuzzy reasoning
function of fuzzy system can also be introduced into neural network. For
the neural network, the neural network can make the neural network more
and more transparent, by possibly explaining the weights after learning stage
or prior structuring the neural network. Therefore, if the neural network
and fuzzy system is combined to establish fuzzy neural network, which is
used to classify the faults of hydraulic system, and the advantages of fuzzy
system and neural network can be gave full play to improve the accuracy and
efficiency of fault diagnosis results [11].

There are many uncertain factors affecting the fault of hydraulic system
in erecting devices, which can not be quantified, including human logical
thinking. Therefore, a definite numerical method is needed to analyze and
judge the fuzzy factors. When using classical mathematics to analyze fuzzy
factors, it is difficult to obtain high-precision estimation results. Fuzzy math-
ematics can better realize the quantification of model problems when dealing
with fuzzy problems. At the same time, computer technology has made
great progress, which provides a better intelligent method for dealing with
fuzzy problems. In 1965, the American scholar Chad first put forward the
concept of fuzzy set, and determined the middle difference by introducing
the concept of membership, thus forming the theory of fuzzy mathematics.
Fuzzy mathematics is a new theory based on fuzzy problems. The main
connotation of the fuzziness of the influencing factors of hydraulic system
faults has no clear boundary. It is a gray problem of the differences between
various factors. Fuzzy mathematics can effectively deal with the problem of
uncertainty [12].

The basic theory of fuzzy mathematical is to build a mathematical model
for representing fuzzy problems based on fuzzy sets, fuzzy mathematical
further improves the concept of sets. By specifying the corresponding oper-
ation rules and transformation methods, and by expanding the basis of fuzzy
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mathematics, the fuzzy system model can be built based on quantitative
method. In traditional mathematical theory, only 0 and 1 represents the logic
relationship, the fuzzy mathematics can improve the traditional mathemat-
ics, quantifies the fuzzy relationship, and expresses the membership degree
through number between 0 and 1, so as to deal with the fuzzy problem more
effectively [13].

In the process of hydraulic system faults diagnosis, there are many
fuzzy factors,and the logic correlation should be applied to establish a fuzzy
mathematical model. The numerical simulation of fuzzy mathematical model
can be realized by computer program, The quantification of fuzzy factors is
to describe them mathematically by using fuzzy mathematical methods. For
example, if the membership degree of a factor is set to 1, the similar factors
or completely different factors can be expressed by using membership degree
between 0 and 1 [14].

Fuzzy mathematics can effectively deal with problems related to uncer-
tain problems, fuzzy sets can be used to express fuzzy problems with
uncertain boundaries. Fuzzy theory can obtain the fuzzy object in the
fault diagnosis of hydraulic system of erecting devices, and construct the
corresponding fuzzy mathematical model.

The set A is known, a variable z exists in the space,there are two cases,
x € Aorx ¢ A, this problem can be described by

- {0224

where, A(x) represents the eigenvalue of A, extends the eigenfunction to the
fuzzy set, and extends the set to set taking 0 and 1 to fuzzy set, and the interval
of fuzzy set is [0, 1].

Definition 1: the global domain U is known, when function takes the fuzzy
number 0 and 1 in the global domain, that is A.

Definition 2: when the fuzzy number A is any fuzzy number in the whole
domain U, there is a variable A € [0, 1], and there is the following set [15]:

UN={z|z € U A(z) > \} 9)

Then, U is the A cut set on the whole domain U, A is the confidence
level.

U ) is only an ordinary set, because the fuzzy set lacks clear boundaries,
the corresponding membership degree can be determined by selecting differ-
ent sets, so as to obtain the fuzzy mathematical model. Cut sets can be used to
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realize the transformation from fuzzy sets to ordinary sets. Fuzzy set is a set
with movable boundaries, which is inversely proportional to the confidence
level.

Definition 3: if there are two fuzzy sets A and B in global domain, the sum
set, the intersection set and coset of the two fuzzy sets also belongs to fuzzy
sets. The operation of fuzzy sets can be applied in any number of fuzzy
operations .

Definition 4: a matrix is known, which is between O and 1, it is named as
fuzzy matrix. The fuzzy identity matrix is defined by I. The fuzzy zero matrix
locates 0, and the matrix with all elements of 1 is defined as J.

Definition 5: given two fuzzy matrices A and B. the product of the two fuzzy
matrices are also fuzzy matrices. In fuzzy mathematical theory, there are two
important concepts which are membership degree and closeness degree [16].

Membership degree: there is a element z in global domain U, and there is
also a corresponding function A(z), then A is named as fuzzy set. A(z)
is the membership degree of element = to fuzzy set A. The membership
degree can be used to describe the degree of element = belonging to fuzzy
set. The membership degree function ranges from O to 1. There are many
methods of selecting membership degree, such as example method, fuzzy
statistics method and ranking method. The membership degree can be used
to reach fuzzy control, the fuzzy control can be effectively achieved through
correctly selecting membership function, and the effectiveness of applying
fuzzy mathematics to cope with uncertain problem. Therefore the fuzzy
membership function plays an important role in fuzzy mathematics. In fuzzy
set, the eigen value is the any number between O and 1. In generally, the
expert score method, statistical method and experience method can be used
to confirm the membership degree function. Therefore, the intelligent method
is an effective method to amend the subjective method. In recent years,
there is no effective method of confirming the membership function, when
the different membership functions are used to describe the united fuzzy
factors, and different results may be obtained in calculation process. The
membership function is not unchanged, and the membership degree function
can be amended according to the real situation of hydraulic system of erecting
devices, and the fault diagnosis precision can be improved.

Closeness degree: this index can describe the close degree between two fuzzy
sets, two fuzzy sets are given, the internal product between the two sets are
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calculated by [17]
A-B= XA (A(x) vV B(x)) (10)

eU

The external product of the two fuzzy sets is calculated by

A® B = X\éU (A(z) N B(z)) (11)

When the fuzzy set B constantly closes t fuzzy set A, the internal
product increases, and the external product decreases. When the closeness
degree between fuzzy set is not described only by internal product and
external product, the closeness between fuzzy sets should be denoted through
comprehensively utilizing internal product and external product [18].

The fuzzy system and neural network are combined to establish the fuzzy
neural network, the fuzzy neural network has good knowledge expression
level and fault tolerance ability and can express and store knowledge well.
The fuzzy neural network is applied in fault diagnosis of hydraulic system
in erecting devices, the fuzzy membership degree can be used to describe
the changing trend of affecting factors of fault diagnosis of hydraulic system
in erecting devices, the neural element and connection weight are used to
describe the fault types of hydraulic system in erecting devices, and then
the correct knowledge can be obtained, the relating knowledge can be stored
easily, and the fault diagnosis accuracy of hydraulic system in erecting
devices can be improved [19].

The fuzzy neural network concludes five layers concluding inputting
layer, fuzzy layer, fuzzy relation layer, relationship layer after fuzzy oper-
ation, outputting layer, the structure of fuzzy neural network is shown in
Figure 1.

Inputting layer: this layer can transfer the inputting variables to the element
of next layer, the inputting vector is expressed by [20]

=[xy, 20,. .., 20" (12)

The corresponding membership degree function is expressed by

2
_llz—eyj il

n
aj<x>=@j(w>=e T, =120 N (13)
=1

O'ij

where c;; and o;; are used to denote center and width of membership degree
function, N; denotes the dimensional degree of ¢th inputting variable.
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Fuzzy layer

~—  Relationship layer after fuzzy operation
Inputting layer Fuzzy relation layer ~ Outputting layer

Figure 1 Structural diagram of fuzzy neural network.

Fuzzy layer: every node in this layer corresponds to a language variable,
which can be applied to solve the input of membership degree degree, and
the membership degree function is expressed by

n
mj=e ", j=12..> N (14)
i=1

Fuzzy relation layer, this layer can carry out fuzzy sum of inputting
variables of fuzzy layer and can obtain the fuzzy relationship vector, and the
corresponding expression is listed as follows:

B = min{my,ma,...,my}, j=12,...,Na, k=1,2,...,N,
(15)

where N =[], N;.

Relationship layer after fuzzy operation: this layer can carry ou normal-
ized calculation of relationship vectors, and the calculation expression is
listed as follows:

- B 4
Bji=——> J=12,...,Nx (16)
SN Bi
Na

> Bi=1 (17)
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Outputting layer: this layer can obtain the weighted linear sum of relationship
strength, and the corresponding expression is listed as follows:

Ny
Yy = Zwidi =wlA (18)
i=1

where, w; represents the connection weight between nodes, w represents
connection vector between nodes,

w:[QJhWQ,--.,UJNA]T, A:[aih@v"'aaNA}T

The fault diagnosis procedure of hydraulic system in erecting devices is
listed as follows:

Step 1: Sample data standardization

The input hydraulic system fault characteristic data of erecting devices are
normalized and grouped. One group of data is used as training data and the
other group of data is used as test data.

Step 2: network initialization.
The classification data and weight matrix are initialized.
Step 3: Fuzzy neural network training.

The standardized training data set is imported into fuzzy neural network for
training, and the classification results are output.

Step 4: training is end.

In the process of training, constantly detect whether the training meets the end
conditions. If satisfied, the training ends and the network model is output.

Step 5: data test.

The test data set is imported into the trained network model to test the fault
diagnosis ability of the network.

4 Fault Diagnosis Analysis of Hydraulic System in
Erecting Devices

In the fault diagnosis of hydraulic system in erecting devices, the original data
collected, that is, the input of fuzzy neural network, mainly include the fol-
lowing indexes: system operation noise, hydraulic oil temperature, working
speed of hydraulic cylinder and leakage of hydraulic system. The above four
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performance indexes can reflect the operation status of the hydraulic system
of erecting devices. Therefore, the above four performance indexes are used
as the input of the fuzzy neural network, that is, the fuzzy neural network
includes four input nodes.

Through signal filtering, weighted calculation and statistical analysis, the
results obtained from these operations can obtain the fault symptom signals
of automobile hoist hydraulic system, such as temperature deviation, working
speed deviation, noise deviation, etc. The common faults of the hydraulic
system of the automobile hoist are: the oil tank respirator and the oil inlet
pipeline are blocked, the oil pump is empty, the control valve is out of order,
the oil supply system is out of order, and the hydraulic cylinder is out of order.
In addition, there are 6 output nodes of the fuzzy neural network.

Firstly, high-order statistics method is used to extract fault features to
suppress the influence of background noise on diagnosis results. Secondly,
through signal filtering, weighted calculation and statistical analysis, the
results obtained from these operations can acquire the fault symptom signals
of hydraulic system in erecting devices, such as temperature deviation, work-
ing speed deviation, noise deviation, etc. The common faults of the hydraulic
system of the automobile hoist are: the oil tank respirator and the oil inlet
pipeline are blocked, the oil pump is empty, the control valve is out of order,
the oil supply system is out of order, and the hydraulic cylinder is out of order.
In addition, there are six output nodes of the fuzzy neural network.

Relationship between fault symptoms and causes of hydraulic system in
erecting devices is listed in Table 1.

In order to verify the effectiveness of the proposed method, the BP neural
network is also used to carry out fault diagnosis analysis of hydraulic system
in erecting devices. And the error iteration curve is shown in Figure 2. As
seen from Figure 2, the BP neural network reaches convergence after 600
times iterations, and the fuzzy neural network reaches convergence after 400
times iterations, therefore the fuzzy neural network has quicker convergence
speed.

The part fault diagnosis results of hydraulic system of erecting devices
based on fuzzy neural network are listed in Table 2, as seen from Table 2, the
fault point approaches to 1, and the non fault point approaches to 2, the fault
diagnosis results are consistent with the real situation of hydraulic system in
erecting devices.

The fuzzy neural network is applied to carried out fault diagnosis of
hydraulic system in erecting devices, and the results are listed in Table 3.
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Table 1 Relationship between fault symptoms and causes of hydraulic system in erecting
devices

Training Samples 1 2 3 4 5 6
Input nodes Operating noise of hydraulic system in 0 1 02 06 02 1
erecting devices
Temperature of hydraulic oil 0 1 03 1 03 0
07 03 07 05

=)
—

Working rotating speed of hydraulic
cylinder

Leakage of hydraulic system 0 1 03 06 1 0
Output nodes  Blocking of oil inlet pipeline 0o 0 O 1 0 0
Oil pump suction 0O 0 O 0 1 0
Failure of controlling valve 0o 0 O 0 0 1
Fault of oil supply system 0O 0 O 1 0 0
Fault of hydraulic cylinder 1 0 O 0 0 0
No fault 0 1 0 0 0 0
45%
R
[ —3%— BP neural network
©—— Fuzzy neural network
4+
35 |
° *1
g o ; 1
25
Q. \
2 () e 1
e =
15 L Il L Il 1 1 1 L
0 100 200 300 400 500 600 700 800

Iteration times

Figure 2 Error iteration curves of the two methods.

As seen from Table 3, the fuzzy neural network can obtain the higher fault
diagnosis accuracy than BP neural network for hydraulic system in erecting
devices. Therefore the fuzzy neural network has higher fault diagnosis pre-
cision of hydraulic system. The analysis results show that the fuzzy neural
network is reliable for fault diagnosis of hydraulic system in erecting devices,
which has higher fault diagnosis effect, which can provide the theory basis
for healthy detection of hydraulic system in erecting devices.
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Table 2 Part fault diagnosis results of hydraulic system of erecting device

No Output Results Fault Type
1 0.022 0.004 0.017 0982 0.043 0.007 Blocking of oil inlet pipeline
2 0.033 0.026 0.11 0.052 0.993 0.039 Oil pump suction
3 0.004 0.001 0.045 0.006 0.032 0.988 Failure of controlling valve
4 0.0026  0.007 0.003 0.993 0.046 0.028  Fault of oil supply system
5 0.995 0.005 0.007 0.016 0.038 0.052 Fault of hydraulic cylinder
6 0.026 099 0.027 0.006 0.051 0.063 No fault
7 0.044 0.062 0.044 0979 0.005 0.025 Blocking of oil inlet pipeline
8 0.036 0.022 0.018 0985 0.006 0.026 Fault of oil supply system
9 0.032  0.055 0.032 0.016 0985 0.037 Oil pump suction
10 0.017 0969 0.021 0.006 0.023 0.018 No fault
11 0.007 0.042 0.062 0.006 0.992 0.005 Oil pump suction
12 0.005 0.017 0.026 0.022 0.016 0.984 Failure of controlling valve
13 0.028 0.036 0.025 0991 0.009 0.003 Blocking of oil inlet pipeline
14 0.055 0.032 0.008 0.026 0.026 0.977 Failure of controlling valve
15 0.016 0.033 0.043 0.015 0.005 0.996 Failure of controlling valve
16 0985 0.025 0.017 0.032 0.005 0.036 Fault of hydraulic cylinder
17 0.036 0.026 0.019 0.015 0984 0.005 Oil pump suction
18 0.007  0.043 0.027 0967 0.042 0.036 Blocking of oil inlet pipeline
19 0.005 0.026 0.024 0.036 0.005 0.943 Failure of controlling valve
20 0.006 0.005 0.035 0.021 0.029 0.975 Failure of controlling valve
Table 3  Fault diagnosis results of hydraulic system in erecting devices
Number Fault Diagnosis Accuracy Rate
Fault Type of Samples  BP Neural Network  Fuzzy Neural Network
Blocking of oil inlet pipeline 20 97.2% 99.5%
Oil pump suction 31 97.7% 100%
Failure of controlling valve 27 96.3% 98.9%
Fault of oil supply system 32 98.3% 100%
Fault of hydraulic cylinder 26 97.5% 98.7%
No fault 30 98.5% 100%

The running time of BP neural network and fuzzy neural network are

obtained, which is listed in Table 4.

As seen from Table 4, the running time of fuzzy neural network is less
than that of BP neural network, therefore the fuzzy neural network has higher
fault diagnosis efficiency of hydraulic system of erecting devices.
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Table 4 Running time of different methods
Running Time/s
No. BP Neural Network  Fuzzy Neural Network

1 354 28.1
2 33.1 274
3 34.5 26.7
4 29.3 25.8
5 30.5 28.4
6 32.8 289
7 294 254
8 30.7 25.1
9 32.6 28.3
10 31.6 27.6
11 32.6 29.0
12 314 27.7
13 34.7 29.7
14 33.6 29.6
15 322 28.5
16 31.6 28.4
17 332 28.3
18 35.6 31.0
19 34.1 30.6
20 32.8 28.5

5 Conclusions

The fuzzy neural network is constructed for fault diagnosis of hydraulic
system in erecting devices, and high order cumulant method is applied to
improve the signal to noise ratio of fault characteristic signal, which can
eliminate the effect of noise on diagnosis results. Simulation results show
that the fuzzy neural network has obvious advantages on fault diagnosis of
hydraulic system. The fault efficiency and precision of fuzzy neural network
can be improved effectively.
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