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Noise reduction analysis of a maze-type acoustic metamaterial

WANG Shuaijie', XU Chuanyan'*, HUANG Xianli', LI Yongsheng®,
XING Qisen', LIU Yongli', LIU Runda'

1. School of Automotive Engineering, Shandong Jiaotong University, Jinan 250357, China;

2. Shandong High Speed Maintenance Group Co., Ltd., Jinan 250032, China

Abstract; To solve the problems of low efficiency, complex design, and unstable noise control in traditional
noise reduction systems, a maze-type metamaterial structure is designed based on acoustic metamaterials. The

COMSOL software is used to simulate and analyze the influence of the maze-type acoustic metamaterials on the
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propagation direction of sound waves and sound waves of different frequencies. The influence of the number of
metamaterials on the noise sound pressure is verified through experiments. The simulation results show that the
maze-type acoustic metamaterials change the propagation direction of sound waves, forming abnormal reflection
to reduce the noise sound pressure; the thickness of the metamaterials is related to the frequency of sound
waves, and the metamaterial structure can be designed for different frequency noises, which can achieve precise
noise control. The experimental results show that when the sound wave frequency is 2 kHz, using maze-type
acoustic metamaterials can reduce the root mean square of sound pressure level from 83.47 dB to 74. 85 dB,
and the noise is significantly reduced; as the number of metamaterials increases, root mean square of the sound
pressure level continues to decrease, and the noise reduction effect is better, but too many metamaterials lead to
an increase in the overall mass of the, it is recommended to choose a group (2 pieces) or two groups (4
pieces) when used in practice, and the noise reduction effect of metamaterials is better at time.

Keywords: acoustic metamaterial ; noise control ; abnormal reflection; root mean square of sound pressure level
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The influence of steel strip spacing on the clamping load of
a proton exchange membrane fuel cell stack

LIU Haitao"?, BAI Shuzhan'*, WU Minghua®, YANG Rongchang”, XI Fuqiang’

1. School of Nuclear Science, Energy and Power Engineering, Shandong University, Jinan 250061, China;

2. Shandong Guochuang Fuel Cell Technology Innovation Center Co., Ltd., Weifang 261000, China

Abstract; To improve the efficiency, stability, and service life of proton exchange membrane fuel cell stacks, a
typical large-scale proton exchange membrane fuel cell stack is taken as the research object. An equivalent
stiffness model is used to analyze the magnitude of the clamping load of the stack and its uniform distribution in
the stack components. At the same time, the porosity and contact resistance values corresponding to different
stack clamping load are calculated. The optimal clamping load values and selection criteria for fuel cell stacks
under different steel strip spacing conditions are proposed. The results show that as the spacing between steel
strips increases, the corresponding optimal clamping load shows an increasing trend. Taking the spacing
between steel strips of 40 mm as an example, the corresponding clamping load of 32. 8 kN is optimal, and the
clamping load is judged to be within a reasonable range based on the stress standard deviation and strain
standard deviation. At this point, the corresponding contact resistance is 5. 35 w{), and the porosity is 0. 747.

Keywords: fuel cell; equivalent stiffness model ; clamping load ; porosity; contact resistance; steel strip spacing
(L XV A )



