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Abstract

In this paper, we presen t a DIP-MLS testing method that combines digital image processing with a rigid body-based MLS differencing
approach to measure mechanical variables and analyze the impact of target location and image resolution. This method assesses the
displacement of the target attached to the sample through digital image processing and allocates this displacement to the node displacement of
the MLS differencing method, which solely employs nodes to calculate mechanical variables such as stress and strain of the studied object. We
propose an effective method to measure the displacement of the target's center of gravity using digital image processing. The calculation of
mechanical variables through the MLS differencing method, incorporating image-based target displacement, facilitates easy computation of
mechanical variables at arbitrary positions without constraints from meshes or grids. This is achieved by acquiring the accurate displacement
history of the test specimen and utilizing the displacement of tracking points with low rigidity. The developed testing method was validated by
comparing the measurement results of the sensor with those of the DIP-MLS testing method in a three-point bending test of a rubber beam.
Additionally, numerical analysis results simulated only by the MLS differencing method were compared , confirming that the developed
method accurately reproduces the actual test and shows good agreement with numerical analysis results before significant deformation.
Furthermore, we analyzed the effects of boundary points by applying 46 tracking points, including corner points, to the DIP-MLS testing
method. This was compared with using only the internal points of the target, determining the optimal image resolution for this testing method.
Through this, we demonstrated that the developed method efficiently addresses the limitations of direct experiments or existing mesh-based
simulations. It also suggests that digitalization of the experimental-simulation process is achievable to a considerable extent.

Keywords : calculation of mechanical variables, digital image processing, MLS differential method, three-point bending test
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Fig. 1 Environment of DIP-MLS experimental
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Fig. 2 ROI generation for image trimming
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Fig.5 Surface plot results of von Mises stress (Park et a/, 2020)
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Table 1 Image properties used for resolution effect analysis

Ratio Resolution Pixel Size File Size

(%) (pixel) (mm) (byte)

100 6720 x 4480 0.06390 10,184,391 (100%)
90 6048 x 4032 0.07100 8,735,782 (86%)
80 5376 x3584 0.07988 7,159,305 (70%)
70 5704 x 3136 0.09129 5,665,845 (56%)
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