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Friction and Wear of Inconel 690 for Steam Generator Tube in Fretting
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Abstract

Inconel 690 for nuclear steam generator tube has more Chromium than the conventionally used Inconel
600 in order to increase the corrosion resistance. To evaluate the tribological characteristics of Inconel 690
under fretting condition the fretting tests were carried out in air and elevated temperature water. Fretting tests
of the cross-cylinder type were done under various vibrating amplitudes and applied normal loads in order to
measure the friction forces and wear volumes. From the results of fretting wear tests, the wear of Inconel 690
can be predictable using the work rate model. The amounts of friction forces were proportional to relative
movement between two fretting surfaces. The friction coefficients were decreased as increasing the normal
loads and deceasing the vibrating amplitudes. Depending on fretting environment, distinctively different wear

mechanisms and often drastically different wear rates can occur. It was found that the fretting wearfactors in

air and water at 20C, 50C, and 80C were 7.38 <10 Pa’, 2.12< 10" Pa?,

Pa’, respectively.
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Table 1 Chemical composition and mechanical properties of Inconel 690 and STS 304
Chemical composition C Si Mn Cr Ni Co Ti Cu Fe
Inconel 690 0.02 0.24 03 295 59 0.01 0.25 0.01 10.6
STS 304 0.03 0.55 1.81 18.3 8.2 0.02 - - Bal.
. . Hardness Yield Strength Ultimate Tensile Strength Elongation
Mechanical properties =
(HRB) (MPa) (MPa) (%)
Inconel 690 82 326 727 45
STS 304 123 270 600 50
Oscillating direction Upper specimen (Fixed)
— '/\\
Balance \A
. Load cejl ] g \J/<
/@x Lower specimen (Moving)
Control Panel |
Fig. 1 Schematic diagram of fretting wear tester
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Fig. 2 Friction forces with a constant amplitude of 200 um during fretting tests in air and water

Table 2 Maximum fretting frictions of Inconel 690 at room temperature in air and water

Load Amplitude Friction Force Coefticient of Friction
(N) (fam) In air In water In air In water
20 200 28.80 17.98 1.44 0.90
50 56.37 37.09 1.13 0.74
80 62.94 46.47 . 0.79 0.58
50 100 32.89 23.00 0.66 0.46
200 55.57 36.12 1.11 0.72
300 76.71 46.89 1.53 0.93
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Fig. 3 Friction forces with a constant load of SON during fretting tests in air and water
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Fig. 7 Microstructure and EDS analysis of Inconel 690 in water at room temperature
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