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Crack Fatigue propagation analysis of acoustic black hole
beam under random excitation

XIANG Zijian"?,DU Weiqi'** , QIU Xiaobiao® , DAI Qilei*
(1. School of Mechanical and Electrical Engineering, China University of Mining and Technology,Xuzhou 221000, China;
2. School of Mechanical Engineering and Mechanics, Ningbo University, Ningbo 315211, China; 3. Great Group
Company, Ningbo 315211, China; 4. Hwaway Technology Corporation Limited.Zhuji, 311800, China)

Abstract : [Objective] In the thin local area of the acoustic black hole (ABH), structural strength issues exist, and cracks may
develop. Herein, we attempt to theoretically analyze the random vibration crack fatigue growth of ABH beams and predicts their
fatigue life. [Methods] The Paris formula is used to simulate the crack fatigue growth rate and to establish the relationship between
the crack growth rate and the root mean square (RMS) of stress range. Then, the vibration equation is also established based on the
assumed mode method, and the stress power spectral density is derived through the stress frequency response function. All these
results lead to the computation of the RMS of stress range. Finally, the equivalent bending stiffness correction model under crack
conditions is substituted into the RMS of stress range, and a random vibration fatigue life prediction process for ABH beams is
proposed. [ Results] The correctness of the method is validated by comparing the natural frequencies. The RMS of stress range values
of ABH beams and uniform beams are compared,and it is found that the RMS of stress range values of ABH beams significantly
exceeds than that of uniform beams,indicating a more obvious local stress concentration effect. Meanwhile, the relative depth of the

crack in ABH beams is basically negatively correlated with the fatigue life. Furthermore, the influence of crack location and ABH
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structural parameters (including black hole radius, black hole order,and truncation thickness) on the crack fatigue life shows obvious

nonlinear characteristics. In addition, increasing damping can effectively extend the crack fatigue life. [Conclusion] When cracks are

detected in the ABH beam, the fatigue life of the ABH beam needs to be predicted based on parameters such as the location and the

relative depth of cracks, the radius of the black hole,as well as the cutoff thickness.
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