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Analysis of Stress-Strain Behavior of Polyurethane
Elastomer by the Rubber Elastic Equation

Eisuke YAMADA,Shinji INAGAKI, Hiroshi OKAMOTO
and Junji FURUKAWA

The new rubber elastic equation derived from an uniform stress hypothesis was applied in
order to analyze the stress-strain curves of polyurethane elastomers. Good applicability of the
presented equation for many experimental data was obtained for both the extension and the
retraction curve of hysteresis cycles as well as the ordinary bulk rubber vulcanizates. The
parameters, such as vkT, b, C; and C, are obtained from this plot and Mooney-Rivlin plot. The
proportional relationship was obtained between vkT and C,, b and C;, respectively.

In the case of one-shot type polyurethane, these parameters increased with increasing
the concentration of urethane linkage. On the other hand, for millable type polyurethane, vkT

and C, increased, and b and C, decreased with increasing of the crosslinking density. Under
elevated temperaure, the values of b and C, become small. The apparent activation energy
obtained from the Arrhenius plot was within the value of 3~5kcal/mol.

From these results, it can be considered that b and C, are the parameters concerned with
internal viscous flow.

The stress-strain curve of polyurethane elastomers modifided by the addition of vinyl mono-
mer was analyzed with our proposed elastic equation and Mooney-Rivlin equation. As the
results, vkT and C, concerned with primaly linkage has become high values by the addition of
vinyl monomers. While, b and C, arising from the weak secondary linkage decreased with
increasing the amount of the vinyl monomers. Furthermore, the temperature dependency of b
and C, with respect to the polymer blended one.

These results suggested that the vinyl monomers were blocked with the polyether segment
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at the stage of polyurethane formation.
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21 116 1.5 4.10 4.75 0463
5.5 9.8 1.8 4.30 3.10 0.581
HEMA
5.6 108 2.4 4.15 4.40 0.485
71 17.2 5.9 6.50 8.80 0.425
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BIE T b G G G/CitC

0 1.03 5.2 0.40 3.00 0.118
2.1 1.68 6.6 0.80 3.05 0.176
3.5 3.21 4.9 2.91 3.50 0.454
5.6 2.90 5.2 1.92 3.35 0.364
7.1 2.53 3.0 1.40 2.80 0.333
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