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Design of Structure Corners restraining Tribological Failures:
Part II — Analysis of Design Parameters and Examples
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Abstract —As a continuation of Part I, which developed a design formula of the minimum corner radius (R,.)
for restraining tribological failures, Part II investigates design parameters such as material properties and contact
force. As design examples, Al 7075-T651, SST 304 and HT-9 are chosen for the materials and 1, 10 and 100
kN are used for the forces. The results show that the difference in R, decreases as either the elastic modulus
increases or the contact force decreases. Given the same material and force, the permissible R,., decreases as the
flat region increases and vice versa. Because the R,;, values obtained from the examples are very small, the
dimensions of the corner radius normally designed in engineering structures are regarded acceptable. The von
Mises stress evaluated for a typical example, which is far below the yield strength, confirms this interpretation.
Nevertheless, the present work can provide a design criterion as well as a guideline for quality control in the man-
ufacturing of, in particular, contact corners, which has not been attempted before to the best of the author’s
knowledge. In addition, this paper considers the problem of a step that may be formed in the contact contour by
using a similar approach. The result shows that no size of the step is permissible.

Keywords —structure corner(73 & 2] 2] ), corner radius(2.A] 2] ¥FA] &), contact mechanics(F < 8,
contact length(Z 2 ©l), step(=}), machining tolerance(7+3 &3}

Nomenclature ¢ : A half length of the sum of flat and step regions
[ : Length of the flat region of a punch
A : Measure of the compliance of two contacting k : Ratio of the allowable minimum corner radius to
bodies the length of the flat region

E : Elastic Modulus s @ Step height

G : Shear modulus o : Von Mises Stress

P : Contact normal force o, . Yield strength

R : Radius of contact corner v : Poisson’s ratio

b : A half length of the contact region
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Fig. 1. Typical behaviour of Eq. (1).
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Table 1. Mechanical properties of the materials for design
examples

Material E (MPa) v o, (MPa)
Al 7075-T651 71700 0.33 503
SST 304 193000 0.29 215
HT-9 220000 0.33 522
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Table 2. Minimum corner radii designed for each
material (contact between the same material is assumed)

Material Rudl (k) Ry, (mm) b (mm)
Al 7075-T651  6.64198<10°  0.67 10.6680
SST 304 1.00634x102  0.11 10.1068
HT9 7.34502<10°  0.08 10.0777
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Fig. 2. Comparison of normal contact traction profiles.
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Table 3. R,../l values for a contact between different
materials

Table 4. R,.;/l values at P =10 and 1 kN (contact between
the same material is assumed)

Material combination Rull (= k) Material P (kN) R/l (= k)

Al 7075-T651-SST 304 0.0324439 10 6.9473x10™
Al 7075-T651 -
SST 304-HT-9 0.00865179 6.95063x<10™
10 1.01336x10™

SST 304

1 1.01342x10™
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Fig. 3. Von Mises stresses (in MPa) of SST 304 at P=1
kN, /=10 mm, R = 0.1 mm.
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Fig. 4. Geometrical description of the step problem.
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