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Table 1 Mechanical properties of 23 materials

Materials E (GPa) oy (MPa) Hy (GPa) E/Hy
PC 2.9 7057 0.15 19.3
PMMA 3.35% 90P® 0.21 15.7
POM 2.6°% 40 0.16 16.3
Mo 320! 348164 3.25 98.5
H59 9g!%*! 30014 1.56 62.8
H62 105! 2401 1.43 73.4
AZ31 43817 941681 0.73 60.0
AZ41 421 18451 0.72 58.3
AZ61 41.5) 200" 0.86 483
Q235 2081 23511 2.07 100.5
WI18Cr4V 210" 420" 2.86 73.4
65Mn 21171 490" 3.05 69.2
60Si2Mn 206 1180 3.42 60.2
QT500  151-160"* 35007 2.01 77.1
40Cr 21171 1080 2.88 73.3
204 2237 280" 1.67 1335
Al-Si 10078 475" 2.62 382
T8 203" 290! 2.35 86.4
T10 200" 319850 2.43 82.3
T12 20071 26571 2.69 743
GCrl5 22381 35370 237 94.1
HT150 116" 1204 224 51.8
Fe 21741 14214 2.11 102.8
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Figure 1 (Color online) Optical images of morphologies of residual
scratch. (a) PC, (b) AZ41, (c) H59, (d) HT150.
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Figure 2 (Color online) Variation of friction coefficient x with normal load F), for (a) 3 typical metals (inset shows u of grey cast iron HT150 when

F,<5N), and (b) 3 polymers.
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Figure 3 (Color online) Variation of lateral force £, of 3 typical materials with (a) normal load F, and (b) penetration depth d,,.
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Figure 4 (Color online) Variation of penetration depth d,, with normal
load F, for 3 typical materials (inset compares @, when F,, <3 N).
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Figure S (Color online) Variation of elastic recovery rate with scratch strain ¢ during scratching of (a) 3 typical metals and (b) 3 polymers.
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Table 2 Scratch hardness and elastic recovery rate of materials

Materials H, (GPa) H, (GPa) H, (GPa) o (%)
PC 0.16 - 0.44 -
PMMA 0.47 - 0.25 -
POM 0.32 - 0.09 -
Mo 2.85 - 1.10 -
H59 1.11 0.54 0.87 89.3
H62 0.98 0.60 1.06 88.1
AZ3] 0.63 0.36 0.38 72.1
AZ41 0.69 0.39 0.60 75.0
AZ61 0.72 0.48 0.92 68.4
Q235 1.46 0.65 1.53 84.4
W18Cr4V 1.73 0.67 2.15 88.3
65Mn 2.86 0.63 1.59 92.4
60Si2Mn 2.88 0.64 - 92.1
QT500 1.87 0.58 - 86.6
40Cr 2.76 0.61 0.88 91.6
20# 2.03 0.59 0.80 84.8
Al-Si 0.47 0.54 3.19 75.9
T8 1.51 0.57 1.39 88.3
T10 1.83 0.60 1.15 90.6
T12 2.02 0.61 1.33 90.9
GCrl5 1.29 0.62 1.34 88.6
HT150 1.07 0.50 0.97 82.2
Fe 1.05 0.60 1.43 83.2
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Figure 6 (Color online) Schematic diagram of geometric contact between indenter and material. (a) Front view; (b) side view; (c) 8St/(nwc2) VvS. dy.
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Figure 7 (Color online) Variation of square of residual scratch width
w, with normal load F, for 2 typical materials (inset shows w, when
F,<10N).
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Scratch responses of ductile materials by instrumented scratch
with a spherical indenter under progressive load

LIU Ming & XU ZhiTong

Fujian Provincial Key Laboratory of Terahertz Functional Devices and Intelligent Sensing, School of Mechanical Engineering and
Automation, Fuzhou University, Fuzhou 350108, China

Under progressive normal load, a spherical indenter (radius of 500 pm) made of zirconia ceramic was used to explore the
elastic-plastic deformation of ductile materials including three polymers and twenty metals during instrumented scratch
tests. The results of instrumented scratch tests show that as the normal load increases, the elastic recovery ratio, residual
scratch hardness, geometric scratch hardness, and lateral scratch hardness of metals can approach constant levels.
However, the elastic recovery ratio and geometric scratch hardness of polymers decrease monotonically, possibly due to
the occurrence of damage or failure. The fracture toughness values of polymers estimated at the largest normal load based
on linear elastic fracture mechanics are consistent with the results in the literature. Under large loads, both residual
scratch hardness and lateral scratch hardness of polymers can be approximated as being constant. Residual scratch
hardness is found to be larger than geometric scratch hardness. The geometry of a spherical indenter helps explain the
nonlinear increase in friction coefficient with increasing applied normal force (the constant levels of friction coefficients
for gray and nodular cast irons are mainly caused by the influence of graphite). Most materials’ scratch responses are
closely related to their mechanical properties: the critical scratch strain (the initial strain of the steady state of elastic
recovery ratio) is proportional to yield strain; there is a linear relationship between yield strength and the steady-state
residual scratch hardness, which is proportional to Knoop hardness.

instrumented scratch, spherical indenter, progressive load, elastic-plastic deformation, mechanical properties
PACS: 46.35.+z, 46.55.+d, 46.80.+], 61.41.+e, 62.20.Fe
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