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Thermal tensile deformation behavior of PET-based copper-clad laminates and its application to frequency
selective surfaces
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Abstract : The thermal tensile deformation behavior and mechanisms of copper-clad laminates with a polyethylene terephthal-
ate (PET) substrate were investigated using tension-unloading test and tension-strain holding test. Based on these mechanisms, the
flat-to-curved forming process for frequency selective surface (FSS) flexible films was validated. The results indicate that during
tensile deformation, the laminate undergoes both elastic and plastic deformation. The proportion of plastic strains or plastic deforma-
tion capacity increases significantly with rising temperature, but deformation mismatch between the two constituent materials
induces interfacial shear stress, leading to specimen curling deformation. This shear stress conforms to the shear-lag model. The
deformation of the laminate exhibits time-dependency. The stress relaxation time during the tension-strain holding process signifi-
cantly decreases with increasing temperature, but exhibites strain dependence under the same temperature conditions. When the
strain is Inot more than 3%, the stress relaxation time increases with increasing train. However, when the strain exceeds 3%, the
effect on relaxation time becomes insignificant. The flat-to-curved forming of the FSS flexible film primarily relies on the deforma-
tion of the PET substrate. While the characteristic dimensions of the unit resonators change noticeably along PET substrate, the
dimensions of the metal island dipole elements remain essentially unchanged. When the unit resonators undergo approximately 2%

geometric distortion, the average reflection coefficient for transverse electric and transverse magnetic polarizations in the X-band
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increases by 2.23% and decreases by 3.75%, respectively, demonstrating stable electromagnetic response characteristics and signifi-

cant value for engineering applications.

Keywords : polyethylene terephthalate ; copper-clad laminate ; thermal tensile deformation ; frequency selective surface ;

flat-to-curved forming ; reflection coefficient
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Tab.2 Geometrical parameters of FSS structure in undeformed

and deformed states

mm
States L D H w
Undeformed 15.000 13.000 6.500 0.500
Deformed 14.889 13.251 6.508 0.500
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Fig. 9 Reflection coefficient of FSS structure before and after deformation
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