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Appendix A
The approximation to equation (18), leading to equation (19), was used to analyze the force curves obtained for a spherical probe. 
Sneddon had proposed an exact solution for the spherical probe in the form [21]:
							(A1)
where  is Young's modulus,  is the sphere radius,  is Poisson's ratio, and , the indentation depth, given by:
[bookmark: _Hlk168502572]									(A2)
Assuming that the sphere of radius  conforms to the elastic solid along a circle of radius .
To evaluate the discrepancy between the force  obtained from equation (19) and , we calculated the deviation below and presented the results in Fig. A1.
							(A3)
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Figure A1: Percentage variation between the force  calculated by equation (19) and the force  according to Sneddon's formulation, shown as a function of the indentation , normalized by the radius  of the spherical probe.
Appendix B
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Figure B1: Sketch of a tilted cone
According to the sine law, we have:
								(B1)
Rearranging equation (B1), we find:
							(B2)
Similarly, for the second segment, we derive:
							(B3)
Adding the two segments, we get:
			(B4)
Recognizing the trigonometric identity , Equation (B4) simplifies to:
						(B5)
The latter expression calculates the resulting length  as a function of , , and , capturing the relationships within the geometry influenced by these angles.
Appendix C
To calculate the semi-minor axis  of an ellipse formed by a cone intersecting an inclined plane, define , the radius of the cone's contact with a horizontal surface (see Fig. C1).
The eccentricity of the ellipse  is:
									(C1)
This calculates  from the semi-major axis  (see Fig. C1):
								(C2)
The plot data in Fig. C2 suggests that  is approximately , which simplifies the expression to
								(C3)
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Figure C1: Side view illustrates the intersection of a cone of semi-opening angle  with a horizontal plane on one side and an inclined plane at angle  on the other. The top view shows the circle of radius  resulting from the intersection of the cone with the horizontal plane and the ellipse characterized by the semi-minor axis  resulting from the intersection of the cone with the inclined plane.
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Figure C2: Ratio of the semi-minor axis  of the ellipse formed by the intersection of a cone with an oblique plane to the radius  of the circle formed by the intersection of the cone with a horizontal plane.

Page 8 / 24

image4.png
biby

1.204

—— a=20°
1.154 - a=30°
1.104
1.05+
1.00-4
0.95 T T T T
0 10 20 30 40

f angle (°)





image1.png
1
o
-

1 1 I
© © <

(%) uoneineq

1
o~

1.0

0.8

0.6

0.4

0.2

0.0

8/R





image2.png




image3.png
Horizontal plane®

Side view Top view




