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Abstract: In order to analysis the uncertain problems of dynamical characteristics of shrouded turbine
blades accurately, an interval method for complex structures combined by interval theory and finite element meth-
od has been presented. The solution procedure for the interval dynamical characteristics is given based on the
commercial finite element software. Taking the dispersion of operation temperature , contact status of the shrouds
and angular stiffness of firtree root into account, the modal characteristics and vibration response of a shrouded
turbine blade are studied, and as a consequence the effects of typical uncertain parameters of structures and
loads on the vibration characteristics of blade are obtained. The results show that the computational efficiency can
be improved more than 10 times, and the relative error of the calculated results is less than 50% compared with
Monte Carlo method, in particular the results obtained by the interval method are more reliable. Moreover it is not
necessary to get the information about the probability distribution characteristics for the uncertain parameters by
this developed method, which indicates a better engineering application prospect compared to most probabilistic
methods.
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Fig. 3 Uncertain boundary constraint define for the

shrouded turbine blade

Table 1 Effects of temperature on vibration characteristics

Order 1 2 3 4 5
DIV of Freq. 0.058 0.098 0.097 0.074 0.088
SEN of Freq. 0.288 0.488 0.485 0.369 0438

DIV of VS 0.066 0.146  0.030 0.152 0.113
SEN of VS 0.332  0.732 0.151 0.762  0.509

Freq.—Frequency, VS—Vibratory Stress.
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Table 2 Effects of shroud stiffness on vibration

characteristics

Order 1 2 3 4 5
DIV of Freq. 0.207  0.127  0.057  0.058  0.015
SEN of Freq. 0.358 0.220 0.098 0.100 0.025

DIV of VS 0.146 0760 1302 0.829 2.437
SEN of VS 0.185 0964 1.651 1051  3.090
(3) Kk 2y AR

R Sk 2 fal 52, SR R ) 2R T ORI TEAR
[Fi) A o HoF X IO7 19 ) DI R 40 1) B A S D T
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Table 3 Effects of firtree root angular stiffness on vibration

characteristics

Order 1 2 3 4 5
DIV of Freq. 0.075 0.007 0.045 0.001 0.024
SEN of Freq. 0.100 0.010 0.060 0.001 0.032

DIV of VS 0.191 0.025 0.072 0.072 0.297
SEN of VS 0.254 0.034 0.096 0.096 0.396
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Table 4 Effects of temperature uncertainty on natural

frequency (Hz)

Order Nominal Monte Carlo Sub—i.nter.val
frequency method combination
1 VA A

1 727.2 732.0 722.3 733.3 719.1

2 1098 1114 1081 1114 1068

3 1529 1564 1493 1574 1471

4 2227 2267 2186 2275 2126

5 2691 2773 2608 2782 2549

Note: Nominal frequency is obtained while the temperature

is the value for the cruise status.
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Fig. 4 Effects of temperature uncertainty on natural

frequencies
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Table 5 CPU times comparison between Monte Carlo

method and sub-interval combination method (h)

Method Te.mperature Multil—parameters
influence influence
Monte Carlo 14 70
Sub—interval 0.15 062
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Table 6 Effects of temperature uncertainty on vibration

stress (MPa)
Nominal Monte Carlo Sub—interval
Order VS method combination

ol " a;’ 7 a;
1 102.6 105.8 96.16 106.8 89.14
2 19.71 20.54 18.89 21.05 18.64
3 46.48 48.65 44.29 49.47 43.18
4 7.47 7.65 6.23 7.69 5.59
5 11.20 11.39 11.18 11.50 11.18
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Fig. 6 Effects of temperature uncertainty on vibratory

stress
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Table 7 CPU times comparison between Monte Carlo

method and sub-interval combination method (h)

Method Te.mperature Mult.l—parameters
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Fig. 7 Effects of uncertain parameters on vibratory stress
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