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Universality of the velocity jump in the crack propagation on polymer sheets
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The velocity jump observed in the crack propagation on a sheet of rubber has
been used as a powerful tool for developing tough rubber materials such as
automobile tires. In 2017, we proposed an exactly solvable model that
reproduces basic features of the velocity jump. According to the theory, the
jump could be observed widely for viscoelastic materials. However, the
report on a clear velocity jump for non-rubber viscoelastic materials has
been very limited and, even in such a case, reproducibility was low. In the
present study, a mundane food-wrapping film was used as a sample and the
crack propagation velocity was investigated with pulling the sample at a
constant speed in the direction perpendicular to the crack. As a result, the
jump was successfully observed at a critical strain with high reproducibility.
Unexpectedly, we found that the plot of the crack-propagation velocity vs the
strain was collapsed onto a master curve by an appropriate rescaling. The
collapse shows that the master curve is universal for change in the pulling
speed and in the sample height. This universality reveals a key parameter
for the jump is the strain, suggesting the existence of a small length
characterizing the deformation along the crack. Our results open an avenue
for the velocity jump to become a tool for developing a wide variety of tough
polymer, setting limitations on future theories.
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