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Interface damage behavior of fiber metal laminates under laser-induced

shock wave action

ZHANG Gui, GAO Dong, XUE Jinghui, ZHOU Wangfan*

(School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, Jiangsu, China)

Abstract: The laser shock adhesion test serves as a reliable method for assessing the interface properties of multi-interface
materials, with a profound understanding of the interface damage mechanism under laser shock. In this paper, the damage
mechanism at the adhesive interface between metal and fiber composites within titanium-based carbon-fiber/epoxy laminates( Ti-CF
FMLs) is investigated. The influence of laser shock parameters on interface damage of laminates is studied by analyzing the cross-
section morphologies and measuring interface tensile strength. Additionally, a finite element simulation model is established to
pinpoint the laser spot location causing maximal damage to the adhesive interface, and the impact of specimen constraint mode on
interface damage is explored. The results show that as laser power density increases from 1.2 GW/em’ to 7.2 GW/em’, the interfacial
tensile strength of 2/1 Ti-CF FMLs decreases from 2.92 MPa to 0.11 MPa, while for 3/2 Ti-CF FMLs, it decreases from 0.14 MPa to
0.015 MPa. For 2/1 Ti-CF FMLs, the peak interface damage consistently appears on the unimpacted side, whereas for 3/2 Ti-CF
FMLs, it progressively shifts upwards to the third layer. When the laser spot’s center is positioned 1.5 mm from the lamellar plate
boundary, interface damage peaks at 0.75. Applying constraints to the specimen’s back surface markedly reduces damage compared
to unconstrained specimens. Analysis of the Ti-CF FMLs’interface damage process reveals that the site of maximal damage

correlates with the intersection of the reflected and incident unloading waves propagating from the front towards the free surface.
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Fs AR AES  (a)2/1 Ti-CF FMLs; (b)3/2 Ti-CF FMLs
Fig. 5 Overall morphologies of side-faces of original specimens (a)2/1 Ti-CF FMLs; (b)3/2 Ti-CF FMLs

e o e
Bl 6 AR EThZ% B ot b BES 2/1 Ti-CF FMLs M IE 54
(2)1.2 GW/em®; (b)4.2 GW/em®; (¢)7.2 GW/em®

Fig. 6 Side-face morphologies of laser shocked 2/1 Ti-CF FMLs specimens using different laser power densities
(a)1.2 GW/em’; (b)4.2 GW/em’s (¢)7.2 GW/em®
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Fig. 7 Side-face morphologies of laser shocked 3/2 Ti-CF FMLs specimens using different laser power densities
(a)1.2 GW/em’; (b)4.2 GW/em’; (¢)7.2 GW/em’
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Fig. 8 Cross-sectional morphologies of tensile specimens (a)2/1 Ti-CF FMLs; (b)3/2 Ti-CF FMLs;
(1)1.2 GW/em’; (2)4.2 GW/em’s (3)7.2 GW/em”
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Fig. 10 SDEG of adhesive layers after single-point laser shock under different laser power densities
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