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Abstract : Most structures(e.g., vehicles, ships, buildings, and airplanes) are subject to random vibration loads. Various
methods are used in order to evaluate the fatigue of structures under such random loads. In this paper, Dirlik’s method, a
frequency domain random fatigue evaluation method, was compared with a random fatigue test for verification. A hot-rolled
steel plate SPFH590 beam model was used for verification, and the random input was referred to ISO 16750-3. Dirlik’s
method was used to predict fatigue life from response stress PSD, and calculated by using the frequency response function
and Abaqus SW. In addition, two specimens, such as the target model, were used to measure each fatigue life using the
vibration testing system and compared with the predicted life by using Dirlik’s method. The fatigue life via Dirlik’s method
was similar to the random fatigue tests, and these results can be used as evidence to verify the reliability of Dirlik’s method.
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Photo. 1 Fatigue failure of a large ship(left) and aircraft
engine turbine(right) under random vibration
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Property : SPFH590

Elastic modulus (E)=200GPa
Density(p)=7.8E-%ton/mm?

-Weight (m) =50g

-System Damping=0.05 fo=
-Natural frequency(f,)=37Hz
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Fig. 1 Beam specimen for random fatigue test
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Fig. 2 Road vehicles testing standard(ISO 16750-3)

Table 2 Input random PSD
I1SO 16750-3 PSDx 5
Frequency(Hz) (/s)H2) (@//Hz)
10 20 100
55 6.5 325
180 0.25 1.25
300 0.25 1.25
360 0.14 0.7
1,000 0.14 0.7
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Fig. 3 Response stress PSD of notch in beam specimen
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Fig. 4 Beam specimen analysis model in abaqus
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y D in Using Beam Structure under Random Vibration

S-N curve(SPFH590)

:

s 5 E
/
/]
//

Stress_am

o Tl
200 \

0 T T T T T T 1
1E+0 1E+1 1E+2 1E+3 1E+4 1E+5 1E+6 1E+7

Life(Cycle)

Fig. 7 S-N curve of SPFH590 (7% 1} -] 1))

S HPSDON A 5.334e-4, Abaqus-5-2 PSDOIl 4] 3.158e-42
At Ak v 2 e 7F EAE ] 959 1,874.5%,
3,166 % H71e o Qloh,

s & 7280 UY Tz 4% 2% 1Y
41 A" A 2 AIE 2
Dirlik’s Method @] ¥ 2 <=1 o|Z A 5& 753817 9
&l 3. 18004 T3 3 9 = {7} o) Rl a5 gk 27
o] A A& A #Fsl 3T Fig. 84@ | A
Z 7H8S El ol 50 g Al 5 3te
i Ay I 2 A gn] 21 _I"T':oﬂ 174
= AT #E I =2 Al GH]= SHINKENALS]

Fig. 8 Random fatigue test specimen
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Fig. 9 Random fatigue test input acceleration PSD(ISO
16750-3 x5)
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Test Resultl
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Test Result2
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Table 3 Random fatigue test and Dirlik’s method result

Numerical solution Fati Fati
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Formula Abaqus test result 1| test result 2
Dirlik | -Dirlik
D
AMASE | 533404 | 3.158e4 | 5.319e-4 | 7.2460-4
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11¢
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Fig. 11 Error range of numerical solution in S-N curve
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