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Fig. 1 Statistic of engine failure at home and abroad
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Fig.3  Rotor / stator interaction for viscous wake influence
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Fig.5 Finite element model of rotor blade
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Table 1  The determination experimental data of blade

bending vibration natural frequency and fatigue limit

First Second Third Fourth Fatigue
Blade natural natural natural natural limit
number Frequency Frequency Frequency Frequency (MPa)
(Hz) (Hz) (Hz) (Hz)
664 2031 2656 3925 523
2 643 1800 3019 4693

8 15234 By
Fig.8 2,3,4 —order modal of No. 1 blade
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Fig.9 2,3,4 —order modal of No. 2 blade
WL RIS 1 5 2 S R A A R AL
0 St 7 WAL, B TR [R], SO R R Y. 1 2 5



16 /IS B S|

EC I

2010 4F55 8 &

MR FHIRARS 0 S R REHEL, BT AR
Bri% 2.3 4 BriR UM EE R (1 9) 5 0 50 Fy iy
WAHEER (K 6:b ¢ (d) AW 5.
3.3 BT A X RS AR A IR B 0 R L5

SEH H R B PRI R LR IEIRAS T, X
P IR ) R Sl 15 R 5 8 S e R g B
JITAEALE: , LKA G I A8 P R A (B, P )

IGTT i R e T R R AE L R B R
Frf LIRS e RE P TR

(1) iR, 7 5B 5% i 7 Smm, 38775 i 0
DR (45 A% 75 e 0 P T (R IX B 150dB, ff
R0 iyt Dy AN A 55 A s R
(AR AL THINAR R (ER B 55, AT Sy - e [
AR, R AT IR, FEREE D0 R, X 1 50t
Fr DA AR S b B ) 3K B B ORAEL,
64MPa( UL 10). X 2 5 i 7 0 72 I - 5 o o AR
15mm 40N 73R 2 R AR, 4 69. 2MPa( ILFE 11).

B 10 15 g B R s s B
Fig. 10 Maximum stress point of No. 1 blade

BLL 2 S0 RO s
Fig. 11 Maximum stress point of No. 2 blade

()X 1 5 i R, e st ad A v, el s VR
M B BE RS, 7S RN T ¥ s AN AR k. DA R
AR Smm Kb S Wil o5, SRR R 3 AR AR . D32
R 2.

(3) X 15 Fr A B oy 15 mm, 875
PRI R e KR g s 57 AR 1 3 0 S KA, R

JE A I IR AR AR B, S R AN 3.
R2 FREBESFEER]| SHANRAXRR
Table 2 The relationship table between sound resource

distance and sound pressure and dynamic stress of No. 1 blade

Distance between sound  Frequency Sound pressure  stress

resource and blade (mm) (Hz) (dB) (MPa)
5 615.6 150 64
10 615.6 145.8 40.8
15 615.6 141.2 30
20 615.6 141 24
25 615.6 140 23.6
30 615.6 140 21.8
35 615.6 140 19
40 615.6 138 17
45 615.6 137.2 15.2
50 615.6 137 12.8
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Table 3 The relationship table between different sound pressure

and stress of maximum stress point of No. 1 blade

Distance( mm) Frequency( Hz) Sound pressure(dB) stress( MPa)

15 666.2 150 413
15 666.2 140 20.8
15 666.2 130 8.54
15 666.2 120 3.53
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Table 4  The fatigue experimental data of mechanical and

acoustic excitation of No. 1 blade

loading frequency excitation vibration
installation (Hz) stress ( MPa) state

shaking table 674.1 523 resonance

loudhailer 674 103 resonance

shaking table + loudhailer Max:572.5;Min:502. 5 clap-vibration
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Abstract
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The vibration faults of aero-engine high-pressure compressor rotor blade were analyzed. The high-in-

tensity sound waves contained in the high-strength noise generated by the compressor in a non-normal working

condition one of the reasons for rotor blade excitation resonance or flutter. By theoretical analysis and experimen-

tal verification, the following conclusions were obtained; If the high stress caused by mechanical excitation and

aerodynamic excitation and the superposition of the resonance stress caused by sound waves together affect the ro-

tor blade, it can produce cracks and damages.
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