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Application of Laser Scanning Confocal Microscopy in
Roughness Characterization of Worn Surface
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Abstract Wear is the most frequently surface failure of the materials, and roughness is the most commonly used
parameter to describe the characteristics of the worn surface numerically. Laser scanning confocal microscopy
(LSCM) was used to get the image of wron surface topography by adjusting the objective lens and measuring field of
view and filter parameters, the accurate numerical description of the three-dimensional (3D) worn surface was
obtained at the same time. For commonly roughness value between 0.5 and 2.0 pm, the 20 X lens is the best
choice, while for the larger or smaller roughness value, 10 X and 50 X lens should be used, respectively. For
regular worn surface, the accurate roughness value can be obtained within 1 to 3 combined optical field, while for
the irregular one, the combined number of optical field should be 3 to 5 or more. Based on this method, the worn
surface topography of a Cr5 cold roll was well analyzed in different wear patterns.
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Table 1 Roughness of the standard specimens and turning specimens

Sample Surfcom sample 1¥  Surfcom sample 27

Mahr sample 37

Turning sample 4  Turning sample 57

R, /pm 0.39 3.17

2.60 0. 83 1. 40
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Fig. 1 Schematic picture of LSCM system
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Fig. 2 (a) Maximum brightness image and (b) 3D topography image of the Mahr standard specimen
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Fig. 3 (a) Primary profile, (b) roughness profile and

(c¢) waviness profile of the Mahr standard specimen
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Table 2 Main parameters of the objective lens

Objective lens Magnification

Numerical aperture

Area per optical field /pm’

10X
EC “Epiplan-Neofluar” 20X
50 X

0.25 ~800 X800
0.50 ~400 X400
0. 80 ~160X160

3R BT AT A R (E

Table 3 Roughness value measured by different objectives

Specimen Standard sample/measured value by 10X 20X 50X
Mahr perthometer objective lens objective lens objective lens

17 0. 39 2.045 0.539 0. 325

4+ 0.83 2.548 0.724 0. 383

57 R, /pm 1. 40 2.957 1. 273 0.625

37 2. 60 2.549 1. 896 1. 465

2% 3.17 3.173 2.696 1. 814
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Fig. 4 Roughness value measured by different objectives

and the deviation value
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Table 4 R, value measured by different measure fields — standard specimens pm
Specimen 10X-1 10X-2 10X-3 20X-1 20X-2 20X-3 50X-1 50X-2 50X-3
17 0.539 0.623 0.602 0. 325 0.311 0.303
47 0.724 0. 818 0. 837
57 1.273 1. 384 1.371
37 2.549 2.454 2.483
2% 3.173 3. 188 3.19
5 a5 B D0 A B R R R () 2 4 R
Table 5 Roughness value measured by different measure fields severely worn samples
Measured value by Combined optical fields of LSCM /20X objective lens
Mahr perthometer 1X1 2X2 3X3 4 X4 5X5
R, /pm 1.12 0. 805 0. 884 0.951 1.081 1.135
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Fig. 5 Roughness value measured by different measure

fields and the deviation value
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Fig. 6 Topography and three-dimensional LSCM images of the worn surface at (a) slightly wear,

(b) stably wear, and (c) severely wear period
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Fig. 7 Roughness profiles of the worn surface at (a)
slightly wear, (b) stably wear, and (c) severely
wear period
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