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Abstract

Evaluation of the elevated temperature flow stress for thermoplastic fiber metal laminates(TFMLs) sheet, comprised of
two aluminum sheets in the exterior layers and a self-reinforced polypropylene(SRPP) in the interior layer, was conducted.
The flow stress as a function of temperature should be evaluated prior to the actual forming of these materials. The flow
stress can be obtained experimentally by uniaxial tensile tests or analytically by deriving a flow stress model. However, the
flow stress curve of TFMLs cannot be predicted properly by existing flow stress models because the deformation with
temperature of these types of materials is different from that of a generic pure metallic material. Therefore, the flow stress
model, which includes the effect of the temperature, should be carefully identified. In the current study, the flow stress of
TFMLs were first predicted by using existing flow stress models such as Hollomon, Ludwik, and Johnson-Cook models. It
is noted that these existing models could not effectively predict the flow stress. Flow stress models such as the modified
Hollomon and modified Ludwik model were proposed with respect to temperatures of 23°C, 60°C, 90°C, 120°C. Then the
stress-strain curves, which were predicted using the proposed flow stress models, were compared to the stress-strain curves
obtained from experiments. It is confirmed that the proposed flow stress models can predict properly the temperature

dependent flow stress of TFMLs.
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Fig. 1 Stacking sequence of TFMLs
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Fig. 2 Comparison of stress-strain curves from the
tensile test at elevated temperature
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Table 1 Strength coefficients(K) and work hardening expo-
nents(n) under elevated temperatures

Temperature K
Angle . n
[C] [MPa]
23 334.6048 0.2625
60 275.7487 0.2183
OO
90 213.0848 0.1572
120 149.7414 0.0964
23 224.8739 0.1549
60 200.7539 0.1405
45°
90 164.0793 0.1052
120 148.7638 0.1041
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Fig. 3 Relationships between effective stress and strain
at the elevated temperatures
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Table 2 Yield strength(A) and material constants(K, n) at
the elevated temperatures

Angle Tempoerature A K 0
[C] [MPa] [MPa]
23 104.5549 | 648.5895 | 0.8556
. 60 104.6800 | 481.9787 | 0.8162
° 90 99.0457 | 212.4061 | 0.6191
120 87.9530 | 122.0462 | 0.5285
23 109.8039 | 277.8552 | 0.7180
. 60 104.1852 | 200.3048 | 0.6558
45 90 92.5462 | 107.1093 | 0.4505
120 85.0126 | 91.9431 | 0.4434
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Fig. 5 Relationships between plastic stress and strain
under elevated temperatures
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