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Vibration localization suppression mechanism of mistuned
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Abstract: An aperiodic piezoelectric damping technology was introduced into the mistuned
bladed-disk structure to form an electromechanical coupling system. The dynamic equations of the
electromechanical coupling system were derived, and the vibration localization suppression effect
of the aperiodic piezoelectric system on the mistuned bladed-disk was theoretically analyzed. Two
models of aperiodic piezoelectric system were constructed: the aperiodic piezoelectric shunting
model and the aperiodic piezoelectric network model. The results show that, the aperiodic piezo-
electric system, which is connected according to the dimensions of energy concentration, has a
better effect on the vibration localization suppression effect compared with the dual-periodic piezo-

electric network system. In the construction of the aperiodic piezoelectric network system,

I 5 B #9 :2021-04-02
EE&TH 748 A RBAEE(2020-BS-174) 5 ¥k BT ES LK KA 101 1 3 342 (120421004) 5 30 T4 208 T T H (7Y T2020033)
TEE A sk R (1978— ), Lo, (Uil , 1, 32 B N ST 28 K sh LR sl o) e B2 7 4 007 5

IR kR, Fea e, Ak, A 3R 8 IR AL B e X % i 8k 25 M Ik 2 JR mR AL M R LB LT ). 2 B ) A, 2021, 36 (9)
1811-1825. ZHANG Fengling, NIE Jinlong, LI Lin, et al. Vibration localization suppression mechanism of mistuned bladed-
disk by aperiodic piezoelectric damping[ J]. Journal of Aerospace Power,2021,36(9):1811-1825.



1812 it = 1 H % W

55 36 &

the resistance is no longer the key factor, and the energy distribution in the whole bladed-disk

structure is changed mainly through the circuit form, in which the inductor is very important as

an energy storage element. Through the reasonable design of circuit form of the aperiodic piezo-

electric network, the vibration localization suppression effect better than the aperiodic piezoelec-

tric shunting system and the dual-periodic piezoelectric network system can be obtained.

Key words: aperiodic piezoelectric damping; mistuned bladed-disk;

electromechanical coupling system; vibration localization; energy concentration
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Fig.1 Integral blade-disk structure with piezoelectric patches
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Fig.3 Model of aperiodic piezoelectric shunting circuit
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Fig.4 Model of aperiodic piezoelectric network circuit
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Table 2 Piezoelectric patch connection mode of three kinds of piezoelectric models
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Fig.17 Change curves of energy homogenization factor

with resistance of four models
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Table 3 Parameters of beams

ZH Hofl

K /mm 200
JL % /mm 50
JEFE /mm 2
FAPER L/ GPa 70

A L 0.33

%% /(kg/m*) 2700

=4 EBRSH

Table 4 Parameters of piezoelectric patches

24 Bl
KB /mm 43
$ B /mm 35
JEEE /mm 0.5
SRPERL R/ GPa 66
# i/ (kg/m’) 7 650
JIH /107" (N/V) 1.27
ARAEHES /nF 20
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Fig.19 Structural diagram of double beam system with

aperiodic piezoelectric network
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Fig.23 Steady displacement response of two beams in

open circuit state
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Fig.24 Steady displacement response of two beams with

piezoelectric network
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