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A Study on Friction and Wear of TiN Film
for the Wear-life Prediction
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Abstract—Indentation, scratch and sliding tests were carried out in this paper to predict the crit-
ical loads and the failure modes of TiN-coated specimen. The test specimens were S20C steels with
threc different substrate hardness, roughness and coating thickness. The scratch test shows that the
coating thickness has more dominant effect on the critical load of coated disk than the hardness
and the roughness. Using the percent contact load, the ratio of sliding load to the critical scratch
load, the cycles to failure are measured to predict the wear-life of TiN film. On the wear-life di-
agram the percent loads and the cycle to failure show the good linear relation on semi-log coor-
dinate. With decreasing loads, the diagram shows the wear-limit at which the coated disk survives

more than 4000 cycles.

Key words—TiN film, wear-life diagram, critical scratch load, wear limit.
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Table 1. Specification of TiN coated specimens

Substrate 0.1 0.4 0.9
Roughness  (um) (um)  (um)

Substrate Hardness  Coating TiN TiN  TiN

1 um O

HyC 10 2.5 pm @® @ @®
4 um

H;C 35 2.5 pm ®

H,.C 60 2.5 um ®

4+ @k

Fig. 1. Principle of scratch test.
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Fig. 2. Schematic diagram of sliding test.
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Fig. 3. Propagation and notation of crack initiation
mode in indentation.
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Fig. 4. The results of indentation test. (a) the variation of crack with substrate hardness on indentation (b) the vari-
ation of crack with substrate roughness on indentation (c) the variation of crack with coating thickness on in-

dentation.
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(a) Before failure
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(c) After failure
Fig. 5. The fractograph of scratched TiN film (Hg:6,
R;:0.4, coating thickness: 1 um, 30x magnification).
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Fig. 6. The results of scratch test. (a) scratch critical load on substrate hardness (b) scratch critical load on sub-
strate roughness (c) scratch critical load on coating thickness.
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Fig. 8. Adhesion of AL O, on TiN film.
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