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Fig. 1 Vibration of a composite laminated plate in

hygrothermal environment
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Vibration and acoustic radiation characteristics analysis of composite
laminated plate in hygrothermal environments

ZHAOQO Tian, YANG Zhichun * , TIAN Wei, CHEN Zhaolin
School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China

Abstract. The vibration and acoustic radiation characteristics of an orthotropic composite laminated plate excited by a har-
monic concentrated force in hygrothermal environments are studied. Taking the e\f@(xt's of hygrothermal stress and additional
' 4

mass effect into account, we derive the natural frequency formulations of foq—e‘gé simply-supported laminated panel based
on the first-order shear deformation theory and mode superposition app%s@}ha'l'he sound radiation formulations for the panel
are obtained by using Rayleigh integral. Furthermore, the equivalent ggé}fi'(’:?ents of thermal expansion of the panel in the hy-
grothermal environment are obtained according to the equivalq&éé"ﬁygrothermal expansion and thermal expansion. Numeri-
cal simulations are carried out with the finite element methb\a;t;{erify the analytical solutions. It is observed that the natural
frequencies decrease with the increase of moisturg contentfand temperature due to the effect of hygrothermal stress. The or-
thotropic lamina is more sensitive to hygrothermél ::t than the laminated plate. Meanwhile. the peaks of dynamic re-
sponse, Sound Pressure Level (SPL), oun(d\?\ééx\w}'and acoustic radiation efficiency curves of the panel generally shift to-
wards lower frequencies;and the ac sNadiﬁtion efficiency decreases with the elevation of temperature and moisture con-
tent,and this phenomenon is more e:&int n the low frequency region. ‘\\ \‘>¢

R ath \ 7
Keywords: composite qui\n&tgd Blrate; hygrothermal environment; orthotropic; vi%?f)m acoustic radiation
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