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Fretting wear behavior of alloy 690 heat transfer tubes against
anti-vibration strip at different temperatures
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Abstract: Tangential fretting wear characteristics of alloy 690 tubes against 405 stainless steel plates were studied on a
fretting wear tester (PLINT TE77) under the dry condition at different temperatures by linear contact. At the test
parameters, such as normal load of 40 N, displacement amplitude of 100 pm, frequency of 5 Hz and cycle number of 1 X
10, the fretting wear test were carried out at 25, 90, 200 and 285 ‘C. The results show that, the fretting condition are all
running in gross slip regime. The friction coefficient at 90 ‘C reaches the highest steady state value, and it occurs a more
obvious decrease stage after a period of decline while the temperature increases to 200 and 285 “C, which is related with
the high-temperature oxidation at the interface. The wear mechanisms are complex with abrasive wear, oxidation wear
and delamination. The oxidation of the worn surface at low temperatures (25 and 90 ‘C) is more serious than that at high
temperatures (200 and 285 °C). The wear volume at 90 ‘C is higher than that at the other temperatures, this may be
related with the water vapor at the interface and the oxide film at the surface.
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Table 1 Main chemical compositions of alloy 690 and 405 stainless steel

) Mass fraction/%
Material
Ni Cr Fe Al C Si Mn S P
Alloy 690 =58.0 28.5-31.0 9.0-11.0 <040 0.015-0.025 <0.50 <0.50 <0.003 <0.015
405 steel <0.60 11.5-14.5 Bal. 0.10-0.30 <0.08 <1.00 <1.00 <0.030 <0.040
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Fig. 1 F—D curves of 690 alloy tubes/anti-vibration strip at different temperatures: (a) 25 'C; (b) 90 C; (c) 200 C; (d)285°C

1.0

90 C

0.8}
5
5 25°C
£ 0.6
5]
5
§04 .
A 285°C 200 C
=

0.2

B T T TR T
Cycle number

2 AL T (0 R DR M h 2%

Fig. 2 Friction coefficient curves at different temperatures
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Fig. 3 OM micrographs of wear scars for up-tube and down-block at different temperatures: (a) 25 C; (b) 90 C; (c) 200 C;

(d)285 C
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Fig. 4 SEM images of wear scars of alloy 690 at different temperatures: (a) 25 C; (b) 90 °C; (c) 200 C;(d) 285 C
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Fig. 5 EDX spectra of wear scars of alloy 690 at different

temperatures
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Fig. 8 SEM images of cross-section of alloy 690 at different

temperatures
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