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Dynamic characteristic analysis of rotor-blade-casing system

with rub-impact fault
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Abstract: Taking a rotor-blade-casing coupling system as the research object, finite ele-
ment model of the rotor-blade-casing coupling system was established by ANSYS software,
and then the validity of the model was verified by the natural frequencies obtained from ex-
perimental measurement. A point-point contact element was used to simulate the fixed-posi-
tion rubbing fault between the blade and the casing, and further the validity and feasibility of
the method adopted were also verified by the testing response data. Finally, the influences of
different penetrations at a certain rotate speed, the constant penetration at different rotate
speeds and the constant clearance at different rotate speeds on system vibration responses
were analyzed. The results show that rubbing on the tip of blade mainly excites high multi-
ple frequency components, and the amplitude of the multiple frequencies near the pitching
rigid model increases. Under the constant penetration at different rotating speeds, the fre-
quency components of the system is reduced at high speed rubbing conditions, and the nor-
mal rubbing force also changes with the increase of rotating speed. Under the constant clear-
ance at different rotating speeds, the amplitudes of some multiple-frequency components are
greater than those of rotating frequency when the rubbing appears at high speed, and repeat-

edly collision rebound can be observed during continuous rubbing.
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Fig. 1 Finite element model of rotor-blade-casing system
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Table 1 Model parameters of the rotor-blade-casing system
(i Houa HooH S MRS %
MIBE ky=ky=ky=k,=1.5X10" N/m,
AR Combi214
FHJE cu=co=cy=cy=2000N *s/m
K [=82mm, % w=44mm,
i Beam188 16
JEm R R by =5mm, M FEE h, =3mm
W n=25mm,#ME rn=140mm, SRR 3
Ak Shell181 256 1 . B p=7800kg/m
J& h=58 mm, MR E E=200GPa
HLE Mass21 1 i m=1. 68kg A H v=0.3
R BE k=4.5X10° N/m,
HIL I W B BH e Combinl4 1 -
BHJE ¢=1000N + s/m
— W k,=3.5X10" N/m,
filf € B 5T Contal78 1 x )
JEE 5 M %K p=0. 246
F2 RBHMEWHBEEHMR~T
Table 2  Structure size of each section on the shaft
i B i 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
BB K /mm 4.8 1.7 9.5 9.5 9.5 9.5 24 24 24 24 15 15 3 5.5 13.5
B B4 /mm 45 41.5 45 45 45 45 45 45 45 45 45 45 43 48 72

Hh B g 16 17 18 19 20 21 22 23 24 25 26 27 28 29
A B B/ mm 1 28 27 2 10 28 28 2 7.5 9.5 9.5 9.5 1.7 14.3

B A% /mm 44 50 50 48 55 51

51 43 45 45 45 45  41.5 45
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Table 3 Natural frequencies of experiment and simulation

gy REEDREE Ly
Wik Ho  BR/Ha

1 116.8

2 132.2 132. 49 0.22
3 132.2 132.51 0.23
4 266.9 262.22 —1.75
5 266.9 264. 94 —0.73
6 348.4 360. 85 3.57
7 356. 6 363. 08 1.82
8 573.8 576.33 0. 44
9 589.7 582. 40 —1.24
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Fig. 3 Vibration responses of experiment and

simulation at 900 r/min
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Fig. 4 Pitching rigid modal of rotor-blade-casing system
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Table 4 Penetrations corresponding to different initial

3.1

clearance conditions
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Fig. 6 Vibration responses of rotor-blade-casing system

with rub-impact at 900 r/min
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Table 5 Initial clearance conditions corresponding to

0. 03 mm penetration at different speeds
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Fig. 7 Vibration responses of rotor-blade-casing system with rub-impact at different speeds (6=0. 03 mm)
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Fig. 8 Vibration responses of rotor-blade-casing system with rub-impact at different speeds
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