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Abstract. Fatigue failure is one of the main reasons for the engineering structure’s failure, and it is
of great significance to predict fatigue life of structure. This paper briefly introduced the principle
of stochastic fatigue failure calculation analysis, and analyzed random vibration of a T-shaped
structure by using ANSYS software. Under a given load combined with linear cumulative damage
theory and three interval method proposed by Steinberg, the fatigue life of the structure is predicted.

1 Introduction

It is important to prevent the fatigue failure of the material and ensure the safety and stability of
engineering structure during the design life. Since the first half of nineteenth Century, people have
studied the fatigue of materials and structures for more than 160 years[1,2],but in our life, there are
still some catastrophic accidents caused by fatigue failure of structural members. The study shows
that fatigue failure is one of the main causes of huge economic losses[3].Therefore, it is of great
significance to study the fatigue of the material and structural members and predict the fatigue life
of the structure.

ANSYS is one ofthe most widely used finite element analysis softwares at home and abroad, and
its powerful function and good user interface are widely welcomed by the masses. ANSYS software
is very good to achieve pre-processing and post-processing and is widely used in aerospace,
machinery manufacturing, civil engineering and other fields. In this paper, ANSYS is used to
analyze the random vibration of an engineering structure. Based on the results of the
post-processing, the fatigue failure of the structure is calculated, and the fatigue life prediction of
the structure is realized.

2 Random Fatigue Failure Analysis Principle

The cumulative damage failure is one of structure’s failure modes in the random working state,
which is the cumulative damage to the micro damage, the component fatigue failure occurs until the
cumulative damage to a value. For deterministic vibration and constant stress amplitude, the fatigue
failure is calculated according to the S-N curve of material to determine. For random vibration, each
cycle will cause cumulative damage, which is the same with the deterministic vibration fatigue
analysis theory. In the random vibration environment, fatigue calculation is relatively complex
because that the response of the structure is a random quantity. In the engineering, the three interval
method proposed by Steinberg is widely used, that is, the structure of the Von Mises stress response
obeys Gauss distribution to simplify the calculation, expressed as:

The stress value between -loand lo takes up 68.3% of the total time;

The stress value between-2c and 20 takes up 68.3% of the total time;

The stress value between - 3cand 3o takes up 68.3% of the total time;

The stress value more than 3o occurs within 0.27% of the time, so we assume that it does not
cause any damage.

Three interval method based on fixed amplitude, it is assumed that it experiences n cycles so
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n/N part of structural fatigue life is consumed. According to the linear cumulative damage theory,
the damage caused by n, cycles under the condition of the load o is expressed as

n n.
D=) * )
i=1 Ni
Where N. is the number of fatigue cycles corresponding to the current load level o .
Research has shown that the critical damage value of testspecimens is about 1 for random
load? so it can be considered that when fatigue failure of structure happens,
D=1 @)

In random vibration environment, the Von Mises stress responses are divided into three stress
level, l0.20.3c .According to the available fatigue curve, structural material stress
level 10,2030 respectively correspond to number of permits circulation N, . N, . N,_.In the

random vibration structure fatigue time T, the actual number of cycles is expressed as

n,, =0.683v'T (3a)
n,, =0.271°'T (3b)
n,, =0.0433v'T (3c)

Where n,_. n, . n, representthe number of cycles under the stress level 102030

+

respectively; v* is statistical average frequency of Von Mises stress, which is defined as[4]

V+: max min (4)
Using (3) into (1), the formula for calculating the overall damage of the structure is expressed by
~0.683v'T N 0.27'T N 0.0433v'T

D 5
Nlcr NZO' N3(T ( )
Using (5) into (2), the fatigue life of the structure can be obtained as follows:
T 0.683v N 0.271v N 0.0433v ©)
Nla NZO' NSo‘

The above calculation is for the structure of a single material composition. When the structure is
composed of a variety of materials, the shortest material fatigue failure time is the life of the
structure.

3 Analysis& Calculation of ANSYS
3.1 ANSYS Modeling and Finite Ele ment Analysis

A T-shaped fixture is made up of aluminum alloy plate, and the geometric model diagram is shown
in Fig.1. The bottom of the fixture is fixed, which is subjected to random excitation in the horizontal
direction. The random vibration load is the acceleration spectrum, the load curve is shown in Fig.2.
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According to the reference [5], the mechanical properties of the aluminum alloy are shown in
Table 1.1nthe finite element software ANSYS, the modal analysis of the structure is carried out, and
the natural frequency within 2000 Hz of the structure is obtained, which is shown in Table
2.According to the results of modal analysis and the random vibration analysis, the
1o displacement solution of the structure is obtained. The 1o stress distribution is shown in Fig.3.

Table 1 Mechanical properties of aluminum alloy

Material Elastic modulus (GPa)  Poissonratio  Density (kg-m~)
Aluminum alloy 69 0.33 2700

Table 2 Natural frequency of the model

Order number 1 2 3 4 5 6
Natural frequency 79.259 40491 494.04 11535 1288.7 1381.8
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Fig. 3 1o stress distribution
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3.2 Failure Calculation

According to the results of ANSYS random vibration analysis, it is known that the maximum stress
in the structure occurs at boundary of the junction of the horizontal plate and the vertical plate, and

the stress value is 0.118e8Pa.According to the reference [4], the S-N relationship of aluminum plate
between 10°® and 10 is expressed as

log N =57.7876 —6.6489log o ()

v"=990Hz ,which is obtained by formula (4) and the applied acceleration spectrum, combined
with formula (6)and formula (7), fatigue life of the structure is shown in table 3.

Table 3 Fatigue life of the T-shaped fixture

structure N, N, N, Life T(s)
T-shaped fixture 5.8528e10 5.8324e8 3.9358e7 6.4073e5

Therefore, fatigue life of the T-shaped fixture in a given random vibration environment is
estimated to be 6.4073e5s .

4 Conclusions

This paper has analyzed random vibration of the T-shaped fixture by using the finite element
software ANSYS, obtained the random response of the structure and the position of maximum
stress according to the stress nephogram. Based on the results of random vibration analysis, the
fatigue life of the structure is predicted by using the linear cumulative damage theory and three
section method proposed by Steinberg, which provides a reference for structure application in
engineering practice.
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