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Abstract: An optical measurement experimental system was proposed to research the continuous
deformation and crushing behavior of thin-walled spheres compressed by a rigid plate. In experiments,
ping pong balls were selected as thin-walled spheres because of its ideal material properties and very
thin but uniform wall thickness and the quartz glass plate was regarded as a rigid body to compress
ping pong balls. Then, the speckle pattern was captured by cameras clearly. Furthermore, the three
dimensional digital image correlation (3D-DIC) method with advantages of non-contact, full-field
measurement, and high-accuracy was employed to measure the continuous compression deformation of
the contact surface of the ping pong balls directly. The two dimensional digital image correlation
method combined with a pressure sensor was used to obtain force-displacement curves simultaneously.
Experimental results demonstrate that the 3D-DIC method is able to implement the visualization of

mechanical behaviors of thin-walled spheres compressed by the rigid plate, including the local
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flattening, axisymmetric inward dimpling and the unsymmetric polygon formation. Experimental

result indicates that the measurement precision of ping pong balls is up to 0. 5%, and the numerical

results obtained by using Abaqus is in agreement well with experimental results. The experimental

and numerical results both demonstrate the validity of the proposed method.
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Fig.1 Principle schematic of plate compression
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Fig. 2 Flow chart of displacement measurement using 3D-DIC
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Fig. 3 Optical measurement system for continuous

deformation of compressed thin-walled
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Fig. 6 Experimental platform for continuous deformation

measurement of compressed thin-walled sphere
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Fig. 9 3D surfaces of thin-walled sphere under different pressures
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Fig. 10 (a) (b) (o) (d) Deformation patterns from 3D-DIC method; (e) (f) (g) (h) Deformation patterns from numerical method
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