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The Prediction of Dynamic Fatigue Life of Multi-axial Loaded Structure
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The purpose of this paper is to compare with estimation of equivalent fatigue load in time domain
and frequency domain and estimate the fatigue life of structure with multi-axial vibration loading.
The fatigue analysis with two methods is implemented with various signals like random,
sinusoidal signals. Also an equivalent fatigue life estimated by rainflow cycle counting in time
domain is compared with results estimated with probability density function of each signal in
frequency domain. In case of frequency domain, equivalent fatigue life can estimate through
Dirlik’'s method with probability density function. And the work proposed in this paper compared
the fatigue damage accumulated under uni-axial loading to that induced by multi-axial loading.
The comparison is preformed for a simple cantilever beam, which is exposed to vibrations of
several directions. For verification of estimation performance of fatigue life, results are compared

to those of FEM analysis (ANSYS).
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Table 1 Material properties of cantilever

Young’s Modulus 200 Gpa
Poisson’s Ratio 0.3
Density 7850 kg/m’
Yield Strength 250 Mpa
Ultimate Strength 460 Mpa

Fig. 5 Analysis model of cantilever
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Fig. 6 Data in case of under uni-axial load

Table 2 Fatigue life of uni-axial loading

Method Life (cycle)
Time Domain 11,214
Dirlik 13,915
ANSYS Fatigue 12,765

g o difEs =R s Ez-
direction) &2 &}5 0| ¥ 3} F3}4U = 3F=(PSD),

Axzs 7", FEUEFSFPDHE Fig 6
Yehlget.
Table 2 = 3 7}A Wk o2 o] 83lo] F3+ u=

T8 oS AR AZEF oA e Azt ]3|
Dirlik H¥ ANSYS Fatigue 314 Azgto] & ¢

T T= 2 T M
3.2 O=s51s0| i et =243
AAl FEEY AS 2 F EE O o) uF
s A e A7 dnbH ot} o)k
o] tEdte s Wi deE FEEY HEFY 9=
S e 25 98 Foyel RS
oATolAE gde Az i 72
= 345285 (Frequency response function,
FRF)E o]&ste] ofe] 7]e] Y=ilzol gt &%

0 50 10 150 200 250 0
“requereyikz)

(b) y-direction (H ;)

Fig. 7 Frequency response function

ANSYS Fatigune = 27t &4 S
Fol ohe vma4 o) a%@%ﬁwhu}a%%
A~

_i
3o
d

Dlrllk moﬂf\ﬂ 7 2 EE L o] &3k v RSy
3} ANSYS Fatlgue A ATE n
Geriglt. F gk ulung ds uEsEe

£l
[0
o
2.
._]
&
o
98}



ok

F=ZUSS3 X M 30# 23 pp.231-235

February 2013 / 235
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Fig. 8 Data in case of multi-axis loading

Table 3 Fatigue life of multi-axial loading

z-axis y-axis multi-axis
Dirlik 29,654 15,273 12,284
ANSYS 37,677 13,494 11,879
Error (%) 8.2 7.2 4
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