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Figure S1| Comparison of fretting damage on the gradient model with varying mesh densities.
Plastically deformed area (a) and plastically deformed volume (b) were computed using different total
numbers of elements: 16,320, 65,280, and 204,000, respectively, while maintaining a constant friction
coefficient of 0.5 across all three cases.
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Figure S2| Equivalent plastic strain (PEEQ) distribution after 6 sliding reversals in the gradient
structure with a friction coefficient of 0.5 with varying mesh densities. The total element numbers used
are (a) 16320, (b) 65280, and (c¢) 204000, respectively.
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Figure S3| The equivalent plastic strain (PEEQ) distribution in the gradient structure with different
gradient layer thicknesses with the friction coefficient = 0.5 after 6 sliding reversals. The gradient
layer thickness ranges from the lowest to the highest in (a-d). Note that the color bar range is set differently
than that used in Fig. 12, highlighting the regions with high PEEQ values.
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Figure S4| The equivalent plastic strain distribution in the homogeneous structure with different
friction coefficients after 6 sliding reversals. The friction coefficient for the homogeneous cases in (a-f)
ranges from 0.1 to 0.6, respectively. Note that the fine-mesh region is larger than that used in Fig. 15.
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Figure S5| The equivalent plastic strain (PEEQ) distribution in the homogenous structure with
different strain hardening exponents after 6 sliding reversals. Here contours in (a-d) represent the
equivalent plastic distributions in the homogeneous structures with hardening exponent ranging from 0.25
to 0.85, respectively. Note that the color bar range is set differently than that used in Fig. 17, highlighting
the regions with high PEEQ values.



