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Water Transfer Printing Grating for Measuring Large Deformation and
Dynamic Properties of Polyurethane
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Abstract A phase-shifting moiré method based on the techniques of water transfer printing grating and digital
image processing was proposed for measuring the large deformation of superelastic materials such as polyurethane.
Gratings were bonded onto the surfaces of a specimen and a reference object using the water transfer printing
technique, and digital phase-shifting moiré fringe patterns were obtained by subtracting the specimen image from the
reference grating images. The phase related to in-plane deformation was extracted from the phase-shifting moiré
fringe patterns using the Carré algorithm. By using only one specimen grating image and one reference grating image
to automatically yield deformation information with high accuracy, the proposed method could be used for dynamic
deformation measurements with low cost, high efficiency, and high accuracy. Experiments were performed to
quantitatively determine the deformation of polyurethane hoops under compression and study the mechanical
response of a polyurethane bar under impact loading. Results demonstrate the validity of the proposed method.
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Fig. 1 Schematic diagram of water transfer printing
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Fig. 2 Tllustration of in-plane deformation measurement
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Fig. 3 Grating images. (a) Polyurethane hoop specimen; (b) reference plate with gratings
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Fig. 4 Displacement moiré fringe patterns. (a) u field; (b) v field
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Fig. 5 Wrapped phase gray maps. (a) u field; (b) v field
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Fig. 6 Displacement nephograms of simulated ring model. (a) u field; (b) v field
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Fig. 8 Temporal moiré fringe patterns of compression deformation of polyurethane bar under impact loading in 1 ms

(sampling time interval is 31.25 ps)
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