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Abstract — In nuclear power steam generators, high flow rates can induce vibration of the tubes resulting in fret-
ting wear damage due to contacts between the tubes and their supports. In this paper the fretting wear tests and
the sliding wear tests were performed using the steam generator tube materials of Inconel 600 and 690 against
STS 304. Sliding tests with the pin-on-disk type tribometer were done under various applied loads and sliding
speeds at air environment. Fretting tests were done under various vibrating amplitudes and applied normal loads.
From the results of sliding and fretting wear tests, the wear of Inconel 600 and 690 can be predictable using the
work rate model. Depending on normal loads and vibrating amplitudes, distinctively different wear mechanisms
and often drastically different wear rates can occur. It was found the results that the wear coefficients for Inconel
600 and 690 were 262.3X 107" Pa™ and 209.2 X 107°Pa™, respectively. This study shows that Inconel 690 can
provide much better wear resistance than Inconel 600 in air.
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Table 1. Chemical compositions and mechanical properties of Inconel 600, 690 and STS 304

Chemical

.. C Si Mn Cr Ni Co Ti Cu Fe
Composition
Inconel 690 0.02 0.24 03 29.5 59 0.01 0.25 0.01 10.6
Inconel 600 0.02 0.5 0.5 15 72 0.02 - 0.5 8
STS 304 0.03 0.55 1.81 18.3 8.2 0.02 - - Bal
Mechanical Micro Hardness Yield Strength Ultimate Tensile Strength Elongation
properties (HRB) (MPa) (MPa) (%)
Inconel 690 82 326 727 45
Inconel 600 68 245~350 561 30
STS 304 123 270 600 50
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Table 2. Coefficient of friction values of Inconel 600 and 690 pin against STS 304 disk at various test

conditions
Linear 1 2 3 Average
. Test Number
Velocity Inconel  Inconel Inconel Inconel Inconel Inconel Inconel  Inconel
Normal Load (N)
(m/sec) 600 690 600 690 600 690 600 690
2.5 0.59 0.56 0.67 0.57 0.67 0.57 0.64 0.57
5.0 0.57 0.56 0.60 0.58 0.60 0.59 0.60 0.58
0.34 7.5 0.58 0.61 0.62 0.59 0.61 054 0.60 0.58
10.0 0.60 0.54 0.69 0.56 0.60 051 0.63 0.54
12.5 0.67 0.54 0.67 0.55 0.65 0.50 0.66 0.53
0.18 0.57 0.55 0.66 0.59 0.66 0.54 0.63 0.54
0.42 7.5 0.60 0.54 0.63 0.55 0.62 0.52 0.62 0.56
0.65 0.61 0.55 0.65 0.55 0.61 0.56 0.62 0.55
0.003 Tr & 150,m
- —~200m
o E 0.8 - —&-250m
L0 |
E 0002 1 k = 4437 x10" Pl /™ g 06
g 3
g S 04+
g 0.001 g
= 202
) | | | . m
0 2 4 6 0 20 40 60 80
Work rate, Nm/s Load, N
(a) Inconel 600 (a) Inconel 600
0.003 - 1 -
—&~ 150um
@ "€ 0.8 | ~~ 200
@ -8 250
E 0.002 | . “E"os .
g K =366.8 x10™"* P.a" * 5 )
£ o4l
S 0.001 - &
o o
- o =02}
®
o i i I o
0 2 0 20 40 60 80
4 6 Load, N

Work rate, Nm/s
(b) Inconel 690

Fig. 3. Sliding wear curve on Inconel 600 and 690 pin
with STS 304 disk specimen.
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(b) Inconel 690

Fig. 4. Change of wear volume with variations of
amplitude and normal load.
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Fig. 5. Wear volume with normal load variation at a
amplitude of 100 um.
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Fig. 7. Fretting transition map.
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