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Abstract: An accelerated ultrasonic fatigue test (UFT) was used for analyzing very high cycle fatigue (VHCF, N¢> 107)
behaviors of a specimen with a test resonance of 20 kHz. Using the finite element method (FEM), the dynamic
behaviors of the specimen was studied by calculating the stresses along its gauge portion, with displacement. The shape
of gauge portion profile was assumed to be a hyperbolic according to the stress equation of the UFT. However, as the
specimen used in the test had a circular arc profile, the FEM was used for studying the local stresses for two cases of
the gauge profile. The results were compared with those obtain from the stress equation of the UFT. The dynamic
behavior of the gauge portion could be understood for further comparison with the actual results.
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Table 1 Overview of testing facilities, frequency and

time'"
Testing facilities | Frequency | Time for N = 10’
Rotating ‘t?endmg S0Hz 231 days
machine
Resonant fr.equency 150Hz 77 days
machine
Servohydraulic 400 Hz
. . 2 12
testing machine (1000 Hz) 9 days (12 days)
. 0.6-6 days
Ultrasonic test 20,000 Hz depending on
system
pauses
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A = wave length at test frequency
A= axial displacement amplitude
€ = strain amplitude

Fig. 1 Variation of the dlsplacernent and strain amplitudes
along acoustic wave train®
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Fig. 2 Specimen with circular proﬁle gauge flanked by
two cylindrical shoulders'
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Table 2 Test result of the A16061 specimen in UFT-20X

Stress ratio | Displacement | Frequency Stress
(R) (4m) (kHz) (MPa)
-1 42.72 19.6 121
M 54315
£+9): mm f————p

Fig. 3 Al6061 specimen for UFT at 20 kHz

Fig. 4 Ultrasonic fatigue tester(UFT-20X, MediSource-
Plus corp.)
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Fig. 5 Finite element simulated model
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(a) 6th mode shape (20,193 Hz)

(b) 3th mode shape(16,070 Hz)
Fig. 6 Mode shapes of the specimen
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Table 3 Resonance mode of UFT model in 15 ~ 25 kHz

Mode | Frequency ( Hz) Mode shape
1 15,569 torsion
2 16,068 Y axis
3 16,070 7 axis
4 16,379 torsion
5 18,145 asymmetric
6 20,193 X axis
7 21,463 Y axis
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Table 4 Result of finite element forced vibration analysis

Stress ratio | Displacement Frequency Stress
(R) () (kHz) (MPa)
-1 42.72 20.046 137

Stress (MPa) 0%

150 — 1
i) -_—— ~ 1
" !
—— 1z 4

ﬁq /'! |I\\ ]

1 i N 7

: | | - !

— Displacement - - Total strain Emax

Fig. 11 Nominal stress distribution along the x-axis
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