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In order to extend the actual service life of mechanical equipment components and
realize the reasonable protection of applied structural components, the reliability
optimization design of mechanical structure based on computational intelligence is
studied. With the help of wavelet neural network, the established reliability and
reliability index are obtained, and then the basic theory of reliability and computational
intelligence technology are studied through the reliability optimization of mechanical
zero structure. On this basis, the application concepts of reliability design method are
defined, and the final calculation result of reliability optimization value is obtained by
combining fuzzy set and level cut set, so as to realize the reliability optimization design
of mechanical structure based on computational intelligence. The experimental results
show that, compared with the traditional design method, the optimization design
method supported by computational intelligence technology can better improve the
disadvantages of mechanical structure object, and has strong practical application value
in extending the reliability application time.
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INTRODUCTION
omputational intelligence is just an
empirical computer thinking program,
which is a branch of artificial intelligence

system. It is a system with independent thinking
ability to assist human beings to deal with all kinds
of problems. The intelligence of the system is
constantly enhanced, and the complexity of the
tasks automatically and entrusted by the computer
is increasing. Intelligent computing has been fully
put into our industrial production and life.
Computational intelligence is inspired by the laws
of the biological world of nature, according to its
principles to imitate and design algorithms to solve
problems [1-2]. This technology uses advanced it and
CT technologies (chip, architecture, AI, etc.) to
realize the intelligent upgrade of IT infrastructure
(intelligent management, online upgrade and
evolution), intelligently allocate the optimal
computing resources for different business loads,
improve the utilization efficiency of IT
infrastructure, and optimize the computing TCO
of current business; secondly, facing the new

business form of AI in the future, it provides
abundant and economic computing resources In

addition, it can develop, deploy, use and collaborate
anytime and anywhere, reduce the threshold of AI
use, and make AI a universal and inclusive
computing resource; finally, it is an open
architecture and ecology, so that more participants
have the opportunity to participate.

Mechanical design is an important part of
mechanical engineering, is the first step of
mechanical production, is the most important
factor to determine the mechanical performance.
The goal of mechanical design is to design the best
machine under various limited conditions (such as
materials, processing capacity, theoretical
knowledge and calculation means), that is, to make
the optimal design. Optimization design needs to
consider many requirements, such as the best
working performance, the lowest manufacturing
cost, the smallest size and weight, the most reliable
in use, the lowest consumption and the least
environmental pollution. These requirements are
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often contradictory, and their relative importance
varies with different types of machinery and
applications [3-4]. The designer's task is to balance
the weight according to the specific situation, make
overall plans, and make the designed machinery

have the best comprehensive technical and
economic effect. In the past, the optimization of
design mainly depended on the knowledge,
experience and foresight of designers. With the
development of basic theory of mechanical
engineering, value engineering, system analysis and
other new disciplines, the accumulation of
technical and economic data for manufacturing and
use, and the popularization and application of
computer, optimization gradually abandons
subjective judgment and relies on scientific
calculation.

BASIC THEORY OF RELIABILITY AND
COMPUTATIONAL INTELLIGENCE
TECHNOLOGY
Wavelet Neural Network

The basic idea of wavelet transform is similar to
Fourier transform, that is, the signal is represented
by the projection of the signal on the space formed
by a cluster of basis functions. Usually, Fourier
transform expands the signal according to
triangular sine and cosine basis, and represents any
function as a linear superposition of harmonic
functions with different frequencies, which can
better describe the frequency characteristics of the
signal. Due to its own characteristics, Fourier
transform has no resolution in time or space
domain, so it can’t be analyzed locally, which brings
many applications Insufficient. Wavelet transform
has good localization performance in both time
domain and frequency domain. It has a flexible
time and frequency window. Some people call it a
mathematical "microscope", so it is of great
significance in theory and practical application [5-6].

Wavelet transform has time-frequency local
characteristics and zoom characteristics, while
neural network has self-learning, adaptive,
robustness, fault tolerance and generalization ability.
How to combine the advantages of the two has
always been a concern. In the case of wavelet
analysis, the signal is divided into two kinds of
feature space extraction, which are wavelet
pre-processing and neural network feature
extraction; The other form is to replace the neurons
in the neural network with wavelet function, which
organically combines the wavelet transform and
neural network, thus inheriting the advantages of
the two, forming a wavelet neural network or
wavelet network [7].Assuming  is the constant
coefficient of wavelet transform, e is an
undefined parameter of mechanical structure
coefficient, combining the above physical quantities,

the existence condition of wavelet neural network
can be defined as:
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In the formula, w represents the mean value
condition of reliability optimization of mechanical
structure equipment by computational intelligence
theory.

Reliability and Reliability Index
In engineering practice, it is difficult to have

enough data to determine the probability density
function or joint probability density function of the
basic random variable vector needed to calculate
the reliability. Even if the probability distribution
can be approximately specified, it is difficult to
obtain the reliability by integral calculation in most
cases, and the numerical integration is often not
practical, so other approximate methods are
generally used. Because the central point method
has some shortcomings, that is, if the probability
distribution of basic variables is non normal
distribution or non logarithmic distribution, the
calculation results of structural reliability are quite
different from the actual situation [8]. In addition,
the limit state function is expanded into Taylor
series near the mean value point and linearized. The
higher order terms of the nonlinear function are
omitted, resulting in the error increasing with the
increase of the distance from the linearization point
to the failure boundary. Aiming at the above
problems of the first-order second moment center
point, people begin to seek the linear optimization
point on the failure boundary. The selected point is
usually the design checking point corresponding to
the maximum possible failure probability of the
structure, so as to overcome the problems of the
mean first-order second moment method. This
method is no doubt better than the mean first
order second moment method, but it is accurate
only under the condition of statistical
independence of random variables, normal
distribution and linear limit state equation,
otherwise only approximate results can be obtained.

In the actual process of mechanical structure
design, many design parameters of mechanical
structure are uncertain due to the uncertainty of
lots of information. In addition, due to the
variability of engineering material properties and
errors in manufacturing and installation, the
mechanical structure parameters are also uncertain
[9-10]. It can be seen that the uncertainty of design
information and parameters of mechanical
structure is inherent in practical engineering
problems, and has a significant impact on the
characteristics of mechanical structure system.
Especially when the design data and structural
parameters are quite different, it is more necessary
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to consider the influence of uncertain factors in the
modeling, analysis and design stages.

Reliability Optimization of Mechanical Parts
Structure

Sometimes, mechanical reliability design is not
equal to optimization design. Although reliability
design can determine or predict the completion
probability of the designed structural product and
ensure the realization of the reliability index of the
product under the specified service conditions and
within the specified service time, it can’t guarantee
that the product has the best working performance
and parameter matching, the smallest structural size
and quality, and the most reliable design On the
other hand, mechanical optimization design does
not include reliability design [11]. Therefore, in order
to make products have both reliability requirements
and optimal design results, it is necessary to
combine reliability design theory with optimization
technology, that is, to adopt reliability optimization
design method. According to this method, not only
the reliability of the product in use can be given
quantitatively, but also the optimal solution of
parameters in function, parameter matching,
structure size and quality, cost and so on can be
obtained. For the reliability optimization design of
mechanical parts, there are narrow sense and broad
sense [12-13]. To maximize the reliability of
components, the constraint condition is the cost of
components, and the objective function is the
reliability of components, the mathematical model
can be expressed as follows:
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In the above formula, U represents the
variation of mechanical structure design application
per unit time,  represents the reliability
optimization design coefficient, and p̂ represents
the value of mechanical structure reliability disposal
authority based on computational intelligence.

RELIABILITY OPTIMIZATION DESIGN OF
MECHANICAL STRUCTURE BASED ON
COMPUTATIONAL INTELLIGENCE
Concept of Reliability Design Method

If a mechanical structure system is robust to
uncertainty, it has strong anti-interference ability
and high reliability. On the contrary, if the
reliability of mechanical structure system is high,
then its anti-interference ability is strong and
robustness is good. It can be seen that in the
process of product design, reliability design and
robust design play an important role in improving
product quality and maintaining the stability of
product performance, and they are consistent in
essence [14-15]. But in practical application, the
design methods and requirements of the two are

quite different. Reliability design uses reliability
theory to deal with uncertainty. Through
reasonable design, it can meet certain reliability
requirements. Robust design is to make the
designed product insensitive to the changes of
design variables, that is, it can resist a certain degree
of unexpected uncertainty interference. Therefore,
it is very meaningful to combine reliability design
theory with robust design method to develop a new
engineering design method. Any kind of
mechanical structure, its reliability will be affected
by some factors, either eliminate these factors as far
as possible, or reduce the influence of these factors
as far as possible. In practical engineering, it is
often difficult to eliminate these factors, even if it
can be eliminated, it will cost a lot of money, so
this method is not the first choice. However, it is
relatively easy and low-cost to reduce the influence
of these factors, that is, the reliability of mechanical
structure is not very sensitive to the changes of
these factors [16]. In fact, if a design parameter has a
great influence on the reliability of mechanical
structure, the quantitative value of its reliability
sensitivity will be larger, that is, the more sensitive;
on the contrary, if the influence of a design
parameter on the reliability of mechanical structure
is not significant, the quantitative value of its
reliability sensitivity will be smaller, that is, the
more robust.

Fuzzy Sets and Level Cut Sets
The basic idea of reliability robust optimization

design is: Based on the reliability optimization
design model, the reliability sensitivity is added to
the objective function, and the reliability robust
design is reduced to a multi-objective optimization
problem satisfying the reliability requirements by
using the multi-objective optimization strategy.
Because the reliability robust design of mechanical
structure components requires that the reliability is
not sensitive to the changes of design parameters,
the problem of reliability robust design is
transformed into multi-objective optimization
design for processing [17-18].

Since there is no unique global optimal solution
to the multi-objective optimization problem,
solving the multi-objective optimization problem is
actually to find an optimal solution set. The
traditional multi-objective optimization method
transforms the multi-objective problem into a
single objective problem by weighted sum. This
method requires a strong prior understanding of
the problem itself, and is difficult to deal with
many objective optimization problems.

Evolutionary computing is a computing
technology based on population operation, and
multiple solutions can be searched in parallel, and
it can use the similarity between different solutions
to improve its concurrent solving ability. Therefore,
evolutionary computation is more suitable for
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solving multi-objective optimization problems
[19-20].

Assuming that E represents the robust index
parameter related to the reliability of mechanical
structure components. The simultaneous formula
(2) defines the expressions of fuzzy set and level cut
set as follows:

2
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Among the formula, n represents the constant
calculation term, nd represents the reliability
design factor when the constant term is equal to
n ,  represents the given optimization
processing authority, and l represents the
idealized processing factor condition.

Numerical Calculation of Reliability Optimization
In order to improve the calculation accuracy of

reliability, based on the first-order second moment
method, people try the higher-order higher-order
moment method of reliability, and put forward the
second-order second moment method and the
fourth-order moment method respectively. Its
principle is the same as that of the first-order
second moment method. When calculating the
reliability index, it is based on obtaining the partial
derivative of the limit state equation and its Taylor
series. The calculation accuracy is high, but it is
difficult to deal with some complex and difficult
derivative function [21-22].

In a finite field of the failure surface, the failure
point is selected according to a certain principle,
and the distance from the origin to the failure point
is regarded as the function of the coordinate vector
of the failure point in the original coordinate
system. The function is shown graphically to find
the minimum value. According to the principle, the
minimum value of geometric reliability is the
minimum value. The larger the finite field, the
smaller the probability of losing the design
checking point. According to the properties and
utility of design variables in function, they can be
divided into resistance variables, action effect
variables and dynamic variables. The resistance
variable makes the structure tend to be safe and
reliable, the action utility variable makes the
structure tend to be dangerous and invalid, and the
increase of the dynamic variable may make the
function increase or decrease, that is, the function is
not a monotonic function of the dynamic variable,
so the utility of the dynamic variable is not easy to
determine [23-24]. For structural reliability problems,
the values of design variables at design checking
points are generally positive, and the resistance
variable is less than its mean value, the action utility
variable is greater than its mean value, while the
dynamic variable is not easy to determine. The
drawing space can be initially determined according
to the attributes of each design variable. In order to

increase the probability of obtaining the design
checking point, the initial space should be larger.
The denser the drawing points are, the greater the
probability of obtaining the design checking points
is.

From the mathematical point of view, the
uncertain factors in mechanical structure can be
roughly divided into three categories: (1)
Randomness; (2) Fuzziness; (3) Certainty. Due to
the insufficient conditions of the event, there is no
inevitable causal relationship between the condition
and the result, which leads to the uncertainty of the
event. This uncertainty is called randomness. The
mathematical methods often used to solve the
problem of randomness are probability theory,
mathematical statistics and random process theory;
Fuzziness is a kind of objective attribute that the
concept of things themselves is not clear, there is no
exact definition in essence, and there is no definite
limit in quantity. The main mathematical method
to study and deal with fuzziness is fuzzy
mathematics; unascertained refers to the
uncertainty caused by the incompleteness and
incompleteness of information and data. At present,
the relatively mature research is engineering
randomness [25].

COMPARATIVE EXPERIMENTAL ANALYSIS
In order to verify the practical application value

of the reliability optimization design scheme of
intelligent mechanical structure based on
calculation, the following comparative experiments
are designed. The mechanical structure equipment
components as shown in Figure 1 are selected as the
experimental objects. The established experimental
software is used to record the relevant experimental
index values, and these data information are input
into the control host of the experimental group and
the control group respectively. The host of the
experimental group is equipped with the reliability
optimization design scheme based on
Computational Intelligence mechanical structure,
while the host of the control group is equipped
with the traditional design method, in the same
experimental environment To analyze the real-time
changes of each index value.

Figure1
Experimental mechanical structure equipment

components
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It is known that WEI index and SEI index can
reflect the actual protection ability of the method
used for mechanical structure equipment. Generally,
the larger the WEI index and SEI index, the
stronger the actual protection ability of the method
used for mechanical structure equipment, and vice
versa. The Table 1 records the specific numerical
changes of the experimental group and the control
group.

Table 1
Comparison of Wei indicators

The experimental time
/ (min)

WEI index value
The experimental group The control group

5 0.84 0.37
10 0.87 0.37
15 0.89 0.37
20 0.90 0.37
25 0.91 0.35
30 0.92 0.34
35 0.93 0.33
40 0.94 0.32
45 0.95 0.31
50 0.96 0.30

According to the Table 1, it can be seen that
with the extension of the experimental time, the
WEI index value of the experimental group
kept rising, and the global maximum value reached
0.96. The WEI index of the control group began to
decline after a period of stable state, and the global
maximum value was only 0.37, which decreased by

0.59 compared with the maximum value of the
experimental group. In conclusion, the application
of the reliability optimization design scheme of
intelligent mechanical structure based on
calculation can promote the rising trend of Wei
index, and can better extend the actual service life
of mechanical equipment components.

Table 2
Comparison of SEI indexes

The experimental time
/ (min)

SEI index value
The experimental group The control group

5 0.53 0.14
10 0.53 0.17
15 0.56 0.20
20 0.56 0.22
25 0.59 0.24
30 0.59 0.26
35 0.62 0.28
40 0.62 0.29
45 0.65 0.29
50 0.65 0.29

According to the analysis of Table 2, with the
extension of experimental time, the index of SEI in
the experimental group always kept a ladder like
rising trend, and the maximum value in the whole
experimental process reached 0.65. The SEI index
of the control group began to stabilize after a slight
increase, and the maximum value in the whole

experiment process only reached 0.29, which
decreased by 0.36 compared with the maximum
value of the experimental group. To sum up, after
the application of the reliability optimization
design scheme of intelligent mechanical structure
based on calculation, the SEI index value also
shows a significant upward trend, which can better
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guarantee the actual service life of mechanical
equipment components.

CONCLUSION
Compared with the traditional design method,

the reliability optimization design scheme of
computational intelligent mechanical structure
realizes the reliability optimization processing of
mechanical parts structure under the effect of
wavelet neural network, and can obtain accurate
numerical calculation results of reliability
optimization. From the practical point of view, the
WEI index and SEI index show an obvious upward
trend. It can extend the actual service life of
mechanical equipment components and realize the
reasonable protection of applied structural
components.
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