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A Study of Nonlinear Vibration and Fatigue Experiment on Square Blade

LI Silu', CHENG Li" = , LIU Jingyuan', LU Kaiju', XU Yu'
(1. Aeronautics and Astronautics Engineering College, Air Force Engineering University, Xi’an
710038, China; 2. Co-Innovation Center for Advanced Aero-Engine, Beijing 100191, China)

Abstract: Aiming at the problem that fracture of blade exists in the aero-engine compressor, this paper proposes a
testing methodology by using composite bending-torsional resonance of the square plate testing specimen, and
researches on nonlinearity vibration characteristic and vibration fatigue testing method of the specimen.
The results show that simulated testing specimens have quite complicated nonlinearity characteristics of
softening and hardening to seriously impact on vibration fatigue testing of the specimen. And the phenome-
non of amplitude jumping is obvious because of nonlinearity, driving frequency must be slightly less than
peak frequency to maintain vibration stability. In order to accurately determine testing specimen crack ap-
pearing node, crack criterion is developed. Fatigue strength can be accurately determined by the developed
crack criterion, and the test and the verification show that the crack criterion is valid and feasible.

Key words: simulated blade testing specimen; composited bending-torsion resonance testing; nonlinear

vibration; crack criterion; fatigue strength
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Fig. 1 Blade fracture failure
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Fig. 2 The vibration mode of blade
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Tab.1 2024-T4 aluminum alloy material parameters
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Fig. 4 The vibration mode of specimen
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Fig. 5 Vibration testing system
2 R AE LR E YR Sl

MR U IR SR 2 20 AR B S &
SRS AP AR LR S R 1 e 1k 5 IR B
F3PERE S ARG IR SR 55 10 R M BOK L O
AR IR SR ERT ST

P 6 Ca) g S TR PR B AR L PR 15 00 » LI 2 i
PR AR AE Ak . P 6 Ch) T A i 17 iy 28 v 1)
LR BAEAFAE B2 PR 2 B AR it 2k mT LA
B MIRE SRR R IR AL AR 1 D0 . e Ak
PR3l W R O 3 B TRl A LA SR A 52
AR PRI B 282 (Y RT3 L Bz
SRR L IR S i A 1A B B AR Lt
REACBRSR 5 55 A0 S A R L M Rt 57 4% 384 KT
BB/ IR 2 D S S e, FA IR il 2230
JEB AR AL LR

W=

(D) 5 38 £ 5 A0 1 o

(a)¥ B 30 3% ) o A W 52 0 e 1

6 WIREARL AR
Fig. 6 Stiffness nonlinearity
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Fig. 7 Nonlinear hardening vibration characteristics
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Fig. 8 Softening and hardening vibration characteristics
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Fig. 9 Amplitude-frequency response curves of

different excitation acceleration
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Fig. 10 Integration diagrams of Amplitude-frequency

response curves
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Fig. 11  Step-test method
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Tab.2 The testing data of the first specimen
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Fig. 12 Frequency decline curve of the third specimen
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Tab. 3 The testing data of the sixth specimen
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