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Evaluation of Interlaminar Interfacial Stiffnesses and Ply Complex Moduli
of Carbon/Epoxy Composite Laminates by Ultrasonic Transmission
Characteristics
Yosuke ISHII, Shiro BIWA and Tadaharu ADACHI

The interlaminar interfacial stiffnesses and the ply complex elastic constants of carbon/epoxy composite
laminates were evaluated nondestructively from the ultrasonic wave transmission characteristics. Using the
through-transmission immersion technique, the energy transmission coefficient of longitudinal wave was measured for
unidirectional, quasi-isotropic, and cross-ply composite laminates made of the same UD prepregs for various
frequencies and incident directions. The results were then fitted to the theoretical ones calculated by the
stiffness-matrix approach with the thin interlaminar resin-rich regions modeled as interfaces with normal and tangential
springs in order to identify the interlaminar interfacial stiffnesses as well as the anisotropic viscoelastic constants of the
ply constituting the laminates. The validity of the evaluation method was verified on the basis of the experimental
results. The evaluated ply complex moduli were found to have comparable values irrespective of the stacking sequence
of the laminate. On the other hand, the interlaminar interfacial stiffnesses were found to be smaller when the
neighboring plies had the different fiber orientation angles.
Keywords: Ultrasonic nondestructive evaluation, Composite
Stiffness-matrix method, Spring-type interface model
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Table 1 CFRP laminate specimens
. Number of . Density pL
Stacking sequence plies N Thickness H (mm) (ke/m’)
10]u 11 2.09 1.5% 10°
|-45/90/+45/0]2s 16 2.16 1.5%x10°
[0/90]as 16 2.16 1.5% 10°
Oscilloscope PC (MATLAB)
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direction
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Fig. 1 Schematic of experimental setup
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Fig. 2 (a) Reference waveform and (b) its energy spectrum
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Table 2 Evaluated interlaminar interfacial stiffnesses and ply complex moduli for two sets of initial values
Interfacial stiffness (GPa/pum) Ply complex moduli (GPa)
Kx Kt Cu Ci2 C» Cas Ces
Initial value wo 30 0.8 82-29i 5.0-033i 152-0.29i 32-0.14i 6.9-024i
1011 34 1.0 139 -2.5¢ 7.6-028i 14.1-027i 35-0.12¢ 6.0-027i
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[0]u 32 1.0 139 -2.1; 7.6-027i 14.1-027i 35-0.12¢ 59-027i
[45/90/+45/012s 23 0.8 124-3.4i 53-035i 13.9 -0.40; 32-0.19 52-034i
10/90]ss 22 07 128 -2.7i 6.2 -0.20/ 13.7 - 0.46i 32-0.17i 51-031i
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