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Torsional fretting friction and wear behaviors of
titanium and its alloy

HE Li-ping, LIN Xiu-zhou, CAI Zhen-bing, ZHANG Qiang, ZHU Min-hao

(Tribology Research Institute, Traction Power State Key Laboratory, Southwest Jiaotong University,
Chengdu 610031, China)

Abstract: The torsional fretting tests of alloys TA2 and TC4 flats against ZrO, ceramic balls were carried out on a new
torsional fretting tester under various angular displacement amplitudes ranging from 0.3° to 10° and imposed normal
loads of 50, 80 and 110 N. Based on the analysis of the frictional kinetics of the torsional fretting wear and combined
with the micro-examinations, the damage characteristics of alloys TC4 and TA2 were also discussed. The results indicate
that the behaviors of torsional fretting can be characterized by the curves of friction torque—angular displacement (7—0)
and friction torque curves. Running condition fretting maps of torsional fretting wear for alloys TA2 and TC4 can be set
up. The mixed fretting regime of alloy TA2 is wider than that of alloy TC4. The friction torques increase with the increase
of the normal loads and angular displacement amplitudes, and alloy TA2 always presents higher friction torques than that
of alloy TC4. In the partial slip regime, the damage of torsional fretting wear is slight. In the mixed fretting regime and
slip regime, the damage adds, the wear mechanisms of torsional fretting of alloys TC4 and TA2 are mainly abrasive wear,
oxidative wear and delamination.
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Table 1 Composition and mechanical properties of alloys TC4 and TA2

Alloy Mass fraction/% Hardness, o/ oy
Fe C N H 0 Al % Ti HV MPa  MPa
TC4 <050 <0.10 <0.05 =0.015 <020 6.1 4 Bal. 320 869 896
TA2 <030 <0.10 <0.05 <0.05 =0.15 =0.15 - - Bal. 180 300 1 800
R2 ZrOy IR AN 24P RE
Table 2 Composition and mechanical properties of ZrO,
Mass fraction/% Hardness, Elastic
710, CaO MgO Y,0; Si0, AlLO; Fe,0; TiO, HV modulus/GPa
=90 3.8-5.5 - - 0.3-1 0.3—1 0.2-0.3 0.1-0.3 1250 255
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B2 F=110N fl 0=5°If TC4 Fl TA2 & & AE AN FEFR AL i B R E5
Fig. 2 Morphologies of wear scar of alloys TC4 and TA2 at F,=110 N, §=5° and different cycles: (a) N=100, TC4; (b) N=1 000,
TC4; (c) N=5 000, TC4; (d) N=100, TA2; (e) N=1 000, TA2; (f) N=5 000, TA2
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