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Fig.4 SEM morphologies of fretting wear tracks of the TC21 alloys at 50 um displacement amplitude and load of 60 N (a~c),

40 N (d~f) and 20 N (g~i)
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Table 1 EDS analysis results of different zones for fretting wear tracks of the TC21 alloys at 50 pm displacement
amplitude in Fig.4 (at%)
Zone Ti Al Mo Sn Zr Nb Cr Fe O

T1 84.6 9.9 11 0.9 1.2 0.9 14
T2 51.3 5.0 1.2 0.7 0.8 0.9 0.8 1.8 37.5
T3 84.5 9.8 1.2 0.9 1.2 0.9 15
T4 48.7 4.6 0.7 0.5 1.0 0.8 0.9 2.0 40.8
T5 84.3 9.9 1.2 1.0 1.2 0.9 15
T6 43.9 4.5 1.2 0.3 1.0 0.9 1.0 2.8 44.4
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Fig.5 SEM morphologies of fretting wear tracks of PEO coatings at 50 pm displacement amplitude and load of 60 N (a, d),

40 N (b, e) and 20 N (c, f)
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Table 2 EDS analysis results of different zones for

fretting wear tracks of the PEO coatings at 50

pm displacement amplitude in Fig.5 (at%)

Zone Ti Al Fe O
P1 15.3 34.9 2.2 47.6
p2 14.3 32.7 6.2 46.8
P3 14.7 34.4 3.1 47.8
P4 12.0 30.9 7.3 49.8
P5 11.9 28.7 14.4 45.0
P6 11.7 28.4 11.5 48.4
P7 5.9 9.8 48.4 35.9
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Fig.6 SEM morphologies of fretting wear tracks of the TC21 alloys at 150 um displacement amplitude and load of 60 N (a~c),

40 N (d~f) and 20 N (g~i)
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Table 3 EDS analysis results of different zones for fretting wear tracks of the TC21 alloys at 150 pm displacement

amplitude in Fig.6 (at%)

Zone Ti Al Mo Sn Zr Nb Cr Fe (0]
T1 15.7 1.5 0.2 0.2 0.4 0.2 0.7 29.2 51.9
T2 84.9 9.7 1.2 0.9 1.2 0.9 1.2 - -
T3 5.7 0.6 - - 0.1 0.2 1.1 51.4 40.9
T4 14.8 1.7 0.2 0.2 0.1 0.2 0.4 28.7 53.7
T5 4.9 1.3 0.4 0.1 - 0.1 1.1 52.8 39.3
T6 8.1 1.6 0.4 0.3 - 0.5 1.0 38.6 49.5
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Fig.7 SEM morphologies of fretting wear tracks of the PEO coatings at 150 pm displacement amplitude and load of 60 N (a~c),

40 N (d~f) and 20 N (g~i)
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Table 4 EDS analysis results of different zones for

fretting wear tracks of the PEO coatings at 150

pm displacement amplitude in Fig.7 (at%)

Zone Ti Al Fe (e}
P1 11.0 28.4 11.1 49.5
P2 12.9 33.1 9.2 44.8
P3 14.1 32.0 5.4 48.5
P4 3.2 7.0 51.1 38.7
P5 4.0 13.0 39.5 43.5
P6 8.0 17.3 29.3 45.4
P7 - - 62.7 37.3
P8 3.1 - 56.6 40.3
P9 20.3 22.9 4.5 52.3
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Fig.8 Three dimensional topography and two dimensional profile of fretting wear tracks of the TC21 alloys (a~c) and PEO

Kl 8 TC21 4k& 4l PEO & Z7E 50 um 4RIE &1 T B = 4T 30 F0 — 4R 40 5

coatings (d~f) at 50 pm displacement amplitude and load of 60 N (a, d), 40 N (b, e), and 20 N (c, f)
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Fig. 9 Three dimensional topography and two dimensional profile of fretting wear tracks of the TC21 alloys (a~c) and PEO
coatings (d~f) at 150 um displacement amplitude and load of 60 N (a, d), 40 N (b, ¢), and 20 N (c, f)
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Effects of Normal Load on Fretting Wear Properties of TC21 Titanium Alloy
with Plasma Electrolytic Oxidation Coatings

Zhou Kai, Xie Fagin, Wu Xiangging, Wang Shaoqing
(Northwest Polytechnical University, Xi’an 710072, China)

Abstract: The effects of normal load (60, 40 and 20 N) on the tangential fretting wear properties of the TC21 titanium alloy and
plasma electrolytic oxidation (PEO) coatings were investigated under displacement amplitudes of 50 and 150 pm with
a ball-on-plate contact configuration. The results show that with the increase of the displacement amplitude and decrease of the
normal load, the fretting wear regime changes from partial slip regime to slip regime. In partial slip regime, the widths of the wear
tracks along the fretting direction decrease with the decreasing normal load. Although there is no significant material loss, the
extent of micro-cracks initiation and propagation in the micro-slip zone of the TC21 titanium alloy deepens with the decreasing
normal load. However, the fretting only plays a smooth effect on the PEO coatings. In slip regime, the widths of the wear tracks
along the fretting direction increase with the decreasing normal load. There exists local wear in both materials, and the wear
degree increases with the increasing amplitude and decreasing normal load. The maximum wear depth of the PEO coatings is
shallower than that of the TC21 titanium alloy, which proves that they could improve the fretting wear resistance.

Key words: TC21 titanium alloy; plasma electrolytic oxidation; fretting wear; damage mechanism
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