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Abstract

In this study, the fatigue properties on the cavitation damage of the flame quenched 8.8Al-bronze (8.8Al-
4.5Ni-4.5Fe-Cu) as well as the current nuclear pump impeller materials (8.8Al-bronze, STS316 and SR50A)
has been investigated using an ultrasonic vibratory cavitation test. For this the impact loads of cavitation
bubbles generated by ultrasonic vibratory device quantitatively evaluated and simultaneously the cavitation
erosion experiments have been carried out. The fatigue analysis on the cavitation damage of the materials
has been made from the determined impact load distribution (e.g. impact load, bubble count) and erosion
parameters (e.g. incubation period, MDPR). According to Miner's law, the determined exponents b of the
F—N relation (F”- N = Constant) at the incubation stage (N: the number of fracture cycle) were 5.62, 4.16,
6.25 and 8.1 for the 8.8Al-bronze, flame quenched one, STS316 and SRS50A alloys. respectively. At the
steady state period, the exponents b of the F-N' curve (N": the number of cycle required for 1 um increment
of MDP) were determined as 6.32, 5, 7.14 and 7.76 for the 8.8Al-bronze, flame quenched one, STS316,
and SR50A alloys, respectively.
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Table 1. Chemical compositions and mechanical properties of the test materials

Materials Cu Al Ni Fe Mn Si Cr Mo N Y.S T.S Hy
wt% | wt% | wt% | wt% | wt% | wt% | wt% | wt.% | wt.% | (MPa) | (MPa)

8.8 Al-bronze* 80.8 8.8 4.5 44 1 0.04 - - - 296 668 169

FQ900** " " " " " " - - - - - 165

STS316 - - 10.1 66.8 0.88 0.83 188 | 2.55 - 303 524 239

SR50A 0.19 - 20.3 49.2 0.69 0.51 226 | 645 | 026 | 304 598 228

*the as-cast 8.8Al-bronze alloy consisted of the o matrix and K precipitates [ref. 11].
##the surface layers of the flame-quenched 8.8Al-bronze (FQ900) had 56% o and 40% ' martensite with a very small amount of k phase

[ref. 11].
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Table 2. Summary on the number of impact loads, incubation period t and MDPR for 8.8Al-bronze, FQ900, STS316

and SR50A
Double 10.36N, n, 20.42N, n, 30.76N, n; ; MDPR
amplitude (5.6~15.12N) | (15.7~25.14N) | (25.72~35.8N) (hb (um/hn)
(um) cycle/hr “cycle/hr cycle/hr H
8.8Al-bronze 35 9.89 % 10° - } 6.73 0.8676
45 1.46 x 10° 2.3x 10 - 2.07 3.648
50 1.52 x10° 6.55x 10* 4.6x 10° 1.37 42
Double 9.01N, n, 19.44N, n; 32N, n; . MDPR
amplitude (4.11~13.92N) | (14.53~24.3N) | (24.96~35.4N) (hb (um/hn)
(um) cycle/hr cycle/hr cycle/hr H
FQ900 35 9x 10° - - 8.13 0.6726
45 1.308 x 10° 3.11x10° - 2467 2442
50 1.33 % 10° 6.19x10* 3.57 % 10° 1.7 291
Double 11.14N, n, 18.66N, #n, 23.5N, n; ; MDPR
amplitude (7.7~14.56N) (15.24~22N) | (22.76~32.3N) (h; (um/h)
(wm) cycle/hr cycle/hr cycle/hr H
STS316 35 5.56 % 10° - - 6.533 1.028
45 7.3 % 10° 3.47x 10" - 26 4.185
50 1.4x10° 549x 10* 1.94 % 10° 1.933 4718
Double 18.7N, n; 27N, n, 37.5N, n; ; MDPR
amplitude (14.9~22.4N) (23.9~31.4N) (33~42N) i
(hr) (um/hr)
(um) cycle/hr cycle/hr cycle/hr
SR50A 35 3.96 x 10* - - 6.233 0.8
45 1.98 x 10° 1.21x10° - 2716 2.72
50 3.10x 10° 296 % 10* 1.85x 10° 2.133 3.24
15 =
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Fig. 4. Determination of the incubation time () and MDPR: (a) 8.8Al-bronze, (b) FQ900, (c) STS316, (d) SR50A.
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