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Rapid sensitivity calculation method for rotor critical speeds
considering hybrid uncertainties
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Abstract : [Objective] To rapidly determine the impact of various variables on the critical speed of rotor systems with uncertainty.,
herein we propose a rapid global sensitivity calculation method in which hybrid uncertainties are considered. [ Methods] In this
method, probability boxes are used to represent the mixed uncertainty of input parameters. Then combine the Chebyshev interval
method with the polynomial chaos expansion (PCE) to handle cognitive and random uncertainties, respectively. Finally, global
sensitivity analysis is achieved by solving the upper and lower bounds of the Sobol sensitivity index through uncertainty transfer. A
finite element model of a simulated power turbine rotor is established to verify the proposed method through sensitivity analyses of
system parameters on its critical speeds. [ Results] Our simulation results are compared with those obtained by the traditional double-
loop Monte Carlo sampling (MCS) method. They indicate that, with comparable computational accuracy, the proposed method
reduces computation time by 98. 63% compared to the double-loop MCS, thus significantly enhancing the efficiency of sensitivity

analyses. [ Conclusions] The proposed method can quickly obtain the importance ranking of parameters related to the critical speed of
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Tab. 2 Sensitivity indicators comparison of variables in numerical example solved by different methods
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Fig. 3 Finite element model of power turbine rotor
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Tab. 3 Variables distribution and its parameter information of power turbine rotor

, O30 ZELIA AN 2 1
2 J

WA R E/Pa IEA R 2.09X 10" [1.09X10%,9. 83X 10%]
I o/ (kg e m™) IEARA R 7 870 [1.55X10%,1. 39X 10°]
THFALE v IERA R 0. 295 [2.18X107*,1.96X10*]
153 EHRNIE £ /(Nem™) ES 5107 [6.25X10,5. 63X10%]
2 5SS AN By /(N e m ) EA A 6.3X10° [9. 92X 10%,8. 93X 10°]
5 53RN &5 /(N e m™) B4 5X107 [6.25X10,5. 63X 10%]
6 5 RN ks /(N em ) IEA R 4.6X10° [5. 29X 10%,4. 76X 10°]
FMY BT m/ (kg) IEA A 9. 354 [0.22,1.97]
WS T,/ (kg « m®) IEARA R 0. 055 48 [7.70X107°,6,93X10°]
BERRBE J./ (kg « m”) B 0.030 9 [2.39X107,2.15X107°]

WIEE 2 FraE 58, PCE #Wr B0 8 . it & 55
Ry 200, FE T AL T B S T RE AR AR 2
HII Hermite 2230 2 4 2 #8145 ; Chebyshev i {H A5

Bl 8, ZIBr N 5. HUEST RAERE R I XUZ
SRER ISR T AR AR Dy X IR SR 4 IR R
FZEITE 6 03 BESE N AR HE P 45 2R IR IZ O ik
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ARG B HERRTE. Chebyshev-PCE W I AR EL P F4845 T A Sk, 10> 728 5 4 B o 2 P 7 32 DL K 3]
16 400 K s (MCS-MCS) i H IEAE BRI R 1. 2 X INEIIR . E > p >0, > Ju >m > ks > k) =k, =
10° YIRS 98, 63 % I FERCRI BT K Ay —v. FIEFRAUEIEARHET 20 3 an & 4 FE 5 frw.

K4 HIIREEEE TR Sobol 4R ARTTA 4R

Tab. 4 Sobol indices calculation results of power turbine rotor

Gl I St wE/% sv St ST w®E/%
E/Pa MCS-MCS 0.094 3 0.852 7 0. 096 6 0. 882 8
Chebyshev-PCE 0.099 9 5.9 0.906 0 0.100 3 0.906 6 2.7
o/(kgem~3) MCS-MCS 0.064 2 0.797 6 0.638 0 0.872 1
Chebyshev-PCE 0.061 0 5.0 0.839 6 0.063 7 0.843 0 3.3
v MCS-MCS 0 0 3.792 7X107°  9.168 9X107°
Chebyshev-PCE 0 0 0 3.7832X107° 8,942 2X107° 2.5
ki/(Nem') MCSMCS 0 0 2.8146 X 107" 8. 6886 X 107"
Chebyshev-PCE 0 0 0 2.802 0X107* 8.297 3X107* 4.5
ky/(Nem™) MCS-MCS 0 6. 080 4x107* 5.450 3X107* 5.634 5X107*
Chebyshev-PCE 0 0 6.079 8X107* 5.435 7X107* 5.482 2X107* 2.7
ks/(Nem') MCSMCS 0 0 0.001 3 0.002 6
Chebyshev-PCE 0 0 0 0.001 3 0.002 5 3.8
ks/(Nem') MCS-MCS 2.608 3X107° 0.001 9 5.907 3X107* 0.001 2
Chebyshev-PCE 2.505 1X107° 4.0 0.001 9 5.890 8 X107* 0.001 2 0
m/kg MCS-MCS 0.002 8 0.205 5 0.005 3 0.2127
Chebyshev-PCE 0.002 7 3.6 0.198 4 0.005 1 0.204 0 4.1
Jo/(kg e+ m’) MCS-MCS 0. 005 3 0.3019 0. 007 2 0.3118
Chebyshev-PCE 0. 005 2 1.9 0.300 1 0. 006 9 0.299 6 3.9
Ja/(kg+ m®)  MCS-MCS 0. 004 1 0.278 0 0. 005 1 0.275 2
Chebyshev-PCE 0.003 9 4.9 0.2650 0.004 9 0.2650 3.7
0.15 T T T T 1.0 T T T r
=g41%§§1;/1[1%§-1>c13 =?:Al§%-y]:}lgvs-PCE
0.10F
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Fig. 4 S* Fig.5 S™
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