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Reduction of Static Friction Coefficient of Carbon Steel (S45C) by Irradiation of Nanosecond Pulsed-laser
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In order to experimentally investigate the reduction of static friction coefficient of carbon steel (S45C), we have ir-
radiated carbon steel samples using a nanosecond pulsed solid state laser. We varied the laser conditions (power den-
sity and beam scanning speed) and the initial surface roughness of the samples used (0.5-6 pmin R,). The reduction
of Ra, Rpk, Ryk, is, ux were mainly confirmed within the ranges of a spot diameter of below 88 um and a beam scanning
speed of below 2.0 m/s, leading to smooth surface after laser irradiation. From spatial frequency analysis, we specu-
lated that spatial frequency compositions for 60-200 mm™! decreased due to surface melting, resulting in the reduction
of static friction coefficient after laser irradiation. Laser processing involved these findings is expected to be applied
into the polishing process of the sliding surface of machine tools and the substitute of hand finishing process of molds
by skilled workers.
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Fig. 2 Changes of R, in the (a) parallel and (b) vertical direc-
tions as functions of scanning speed and spot diameter.
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Fig. 4 Relation between Rk and Ry before laser irradiation as
a function of spot diameter.

3 Parallel X 132 pm [T
A 110um ¢ 88pum :
& O 66um O 44um *
2 Vertical M 132 pm
A 110pum ¢ 88um
@Q 66um ® 44pm
- P ®
3 ®‘ @
S, ®0
g o TORY. _ g
: X
51 <
2
2 3 4 5 6 7 891 2 3 4 5 6

R, before irradiation [um]

Fig. 5 Relation between Rgy and Ry before laser irradiation as
a function of spot diameter.
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Fig. 7 Relation between friction coefficients (,us, ,uk) and R, ,uk) and the indexes of surface roughness (R., Rpx, Ru).

for (a) before and (b) after irradiation. Symbols A
and B indicate the R, regions above ~1 pum and below
~1 um, respectively.

Symbols A and B indicate the R, regions above ~1 pm
and below ~1 pm, respectively. A/B and A'/B’ show
the results before and after irradiation, respectively.
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Fig. 9 (a) Depth profiles for samples before and after laser

irradiation. (b) Results using spatial frequency
analysis. The surface roughness of the unirradiated
sample R,y was about 1 um in the vertical direction.
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Fig. 10 (a) Depth profiles for samples before and after laser
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sample R, was about 6 pm in the vertical direction.
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Fig. 12 Various industrial uses for the required surface rough-
ness of product.
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