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Dynamic Analysis of Ultrasonic Fatigue System
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Abstract: Ultrasonic fatigue test can quickly obtain the fatigue performance of materials in the ultrahigh cycle life
interval. Calculation of the test stress is a key element of the ultrahigh cycle fatigue test, which determines the accu-
racy of the test data. However, researchers have not considered the coupling effect of the ultrasonic horn and specimen
when calculating the test stress. To address this issue, a comprehensive dynamic analysis of the ultrasonic horn and
specimen under coupling conditions is carried out using numerical methods, and the end amplitude is measured. The
results show that when considering the coupling effect, the maximum error between the calculated and actual ampli-
tudes is reduced to only 5.4%, compared to a significant 25.5% error found in traditional analytical methods. Further
comparisons reveal that material damping significantly affects the resonance frequency, while the influence of ap-
plied static load on the dynamic behavior of the ultrasonic fatigue system can be ignored. The study uses the S-N curve
of EH690 steel as an example for stress correction, demonstrating that the fatigue stress corrected using the proposed
monolithic method is higher than the stress level determined by analytical methods.
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