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Effect of Displacement Amplitude on Tangential Fretting Wear of
Alloy 690 Tube in High Temperature and High Pressure Water
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Abstract: Due to the limitation of the test equipment, the research on the high-frequency fretting wear tests of the alloy 690 tube / 405
stainless steel anti-vibration bar (AVB) for the third generation nuclear power plants in the high temperature and high pressure water
environment that simulates the service environment is insufficient, which affects the effectiveness of the structural integrity
assessment of the steam generator in the nuclear power plant. Hence, high-frequency tangential fretting wear tests of alloy 690 tubes
are carried out in high temperature high pressure water which simulates the secondary side environment of PWR. The effects of
displacement amplitudes (D=20, 30, 40, 80 and 120 um) on fretting wear characteristics of alloy 690 tubes is investigated. After tests,
the worn surfaces are examined through SEM, EDS and 3D profiler to acquire the wear morphology, wear products composition and
wear volume. The results show that the contact area, the wear depth and the wear volume increase with the enlargement of the
displacement amplitudes. When the displacement amplitudes are small (D=20, 30 and 40 pum), the wear mechanism mainly is

adhesive wear, so that the wear products tend to stuck to the center of the contact surfaces. When the displacement amplitudes
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increase to 80 um and 120 pum, the wear mechanism changes into delamination in which the wear products distribute uniformly on the

surfaces. With the change of the wear mechanism, the wear rate shows a trend of first increasing and then decreasing, and reaches the

maximum at D=80 um. Through tests in the high temperature and high pressure water environment, which is more in accordance with

the actual engineering environment, the fretting wear properties of the heat transfer tubes under different displacement amplitudes are

compared. The trend of the wear rates changing with the displacement amplitudes is given, and the wear mechanisms are preliminarily

clarified, which is beneficial to the improvements of the tribological property of nuclear power equipment and the directive function

for the structural integrity assessments of the 690 heat transfer tubes in nuclear power plants.

Keywords: displacement amplitude; alloy 690 tube; fretting wear; high temperature and high pressure water
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Fig. 1 Test Equipment and scheme of friction pair
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(b) 405 AVB (D=20 pm)
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(e) 690 tube (D=40 ym)

(2) 690 tube (D=80 pm)

(i) 690 tube (D=120 pim)
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(i) 405 AVB (D=120 pm)
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Fig. 2 Morphology of worn area between 690 tubes and 405 AVBs with different displacement amplitudes
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Fig. 3 Characters of the worn area on the tube (D=20 pum)
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Fig. 5 Characters of the worn area on the tube (D=40 pm)
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Fig. 4 Characters of the worn area on the tube (D=30 pm)
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Fig. 6 Characters of the worn area on the tube (D=80 pm)
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Table 1 EDS results of the the center of the worn area

Elements 1# 2# 3 44 5#
(0] 58.85 52.27 58.58 55.52 53.35
Cr 4.92 11.43 10.22 8.68 10.32
Fe 33.74 26.19 29.02 32.83 32.71
Ni 2.49 10.11 2.17 2.97 3.62

*2 BRILGESEDS &R
Table 2 EDS results of the the edge of the worn area

Elements 1# 2# 3 a#
o 21.61 12.78 23.81 26.78
Cr 14.32 24.41 10.23 12.71
Fe 40.86 18.96 60.37 55.23
Ni 23.20 43.85 5.59 5.28
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Fig. 7 Characters of the worn area on the tube (D=120 um)

WP 8 L 1, 2 B, (BRI, FUTE
SRREIOAE A A L YRR, |
4 P 7 o R % O UL R, O A 3, -
A3 OHERUT L “HPR” A R, B
(R T DT T — UL, BRI A
PR HE T 400 BT, 240 2 B 395 4
B th R BT REAI SUP R, KM AL, T BLA
ToE A RN B D . BN, FUTE SRR
RO 4 VRGO, A B BB R T S
TS . X B R0 B R T A
RO, BB A A, U]
S o ) P A AT (RSP S 1, 0
b L A (R BT K, B —
s M A AT

2285 pm ‘:‘D

(d) D=80 pm

1145 pm Il > 1.0

(e) D=120 um
9 ARIVE IR DCRAE AN R SL RS MR T 1) = 4ETE 3
Fig. 9 3D morphology of worn area on the 690 tubes
Fig. 8 EDS of the worn area on the tube (D=120 pm) with different displacement amplitudes
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