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Predicting the Fatigue Life of Thermoplastic Resin
Composites Considering the Non-Elastic Deformation of
the Resin Component
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To develop printed circuit boards for fifth-generation mobile communication systems,
composite materials using thermoplastic resins, such as polytetrafluoroethylene, are being
investigated because of their low dielectric loss. To apply these composites as structural
components, high fatigue strength is essential to guarantee long-term reliability. However,
the thermoplastic resins used as the matrix in these composites exhibit significant plastic
deformation, complicating the prediction of their fatigue life. Therefore, in this study, we
investigated the applicability of interfacial plastic strain energy (IPSE) for predicting the
fatigue life of unidirectional carbon fiber reinforced thermoplastic (CFRTP) specimens
employing polyamide 6 (PA6) as its matrix. We applied the Drucker-Prager yield criterion
for the estimation under high hydrostatic pressure. We proposed a method for precisely
estimating the macro stress of the CFRTP specimens using a two-scale analysis and the
IPSE from localized mechanical fields at the microscale. We used the internal friction angle
obtained from uniaxial tension and compression tests to calculate the IPSE of the PAG6 in the
CFRTP. Furthermore, we converted the stress-number of cycles to failure curve obtained
from fatigue tests into the plastic strain energy-number of cycles to failure curves and
compared the fatigue diagrams of pure PA6 and the PA6 in the CFRTP. The results showed
excellent agreement between the fatigue diagrams, confirming that the IPSE evaluation
method based on the fatigue test of pure PAG6 is sufficiently accurate for estimating the
fatigue life of the CFRTP.
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(a) From z direction (90° CFRTP)

(b) From z direction (inclined CFRTP)

o

Aluminum tab

CFRTP
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Fig. 1 The shape and dimensions of the off-axis loaded CFRTP specimen.
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Fig. 2 The relationship between the maximum nominal
stress and the number of cycles to failure obtained
from fatigue tests on pure PA6 and CFRTP.
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Fig. 3 The fracture morphology observed after fatigue
testing of inclined CFRTP.
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Fig. 4 A schematic diagram of the methodology for
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Fig. 5 The micro-scale analysis model of CFRTP and the
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Fig. 6 The macro-scale analysis model of CFRTP.
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