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Abstract: The extremely small blade tip clearance in aero—engines leads to occasional rub—impact faults between the blades
and the casing. To quantify the randomness of cyclic peak values and the probability of high loads during contin-
uous high-speed rub-impact, high—speed rotor rub—impact tests were carried out on four ytterbium disilicate
(YbDS) environmental barrier coatings with different structural characteristics. The normal force signals were
segmented by rotor cycle, and the peaks over the whole cycle were extracted with the baseline corrected. The
peak values were then fitted with a Weibull model, and the 95% upper—quantile rub—impact force Fygs and the
exceedance probability were calculated. The results show that the p values of the Kolmogorov—Smirnov (K-S) test
are 0.837, 0.764, 0.782 and 0.635, all greater than 0.05. The Fyos values are 2 706.19, 2 190.52, 2 046.44 and
2 085.93 N, all more than 16% higher than the mean peak values. The Hertz theoretical rub-impact forces of
coatings 2, 3 and 4 are 39.69%, 48.50% and 45.69% higher than their Fygs values. The study indicates that the
Weibull model can accurately reflect the dispersion of cyclic peak values and the exceedance probability under a
given engineering load limit. It can therefore provide a basis for coating design that balances rub—impact load risk
and coating performance.
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Tab.3 High—speed rub—impact test conditions
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Tab.4 Performance and structural characteristics of the four coatings

RIEGS fLBER o/% MRS /um HiEAEE E/GPa
1 5.87 2.23 168
2 8.55 2.57 162
3 11.64 2.84 160
4 13.91 3.10 160
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Tab.5 Hertz theoretical rub—impact forces of the four coatings

BEHY  R/mm  8mm  a/mm  A/mm®  E/GPa  F,.J/N
1 400 0.000 6  0.49 50 102.02 3123
2 400  0.0006 0.49 50 99.97 3060
3 400 0.000 6  0.49 50 99.27 3039
4 400 0.000 6  0.49 50 99.27 3039
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Fig4 Cycle segmentation and rub-impact force peak extraction
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Tab.7 Bootstrap confidence intervals of the Weibull parameters and

95% upper—quantile rub—impact forces

Hf7N
WEmS q 1 14 95% A5 XA Foos B 95% B{E X ]
1 243336  2299.64~2 542.61 2 535.41~2 830.90
2 192650 1 803.13~2 034.97 2 024.33~2 316.85
3 1801.74 1 685.21~1 899.90 1 894.07~2 158.02
4 188544 1 788.55~1 967.66 1 959.84~2 176.89
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Fig.6 Comparison of rub—impact force peaks, Weibull scale
parameters, 95% upper—quantile rub—impact forces and Hertz
theoretical values for the four coatings (error bars indicate the
95% parametric Bootstrap confidence intervals)
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