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Vibration Control and Energy Harvesting of Lattice Sandwich Beam

under Aerodynamic Forces
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(College of Aerospace Engineering, Shenyang Aerospace University, Shenyang 110136, China)

Abstract This paper proposed a multifunctional lattice sandwich beam (M-LSB) structure. Firstly, a
Nitinol-Steel wire rope nonlinear energy sink (N-NES) is installed inside the lattice sandwich beam to a-
chieve vibration suppression. Secondly, a giant magnetostrictive lamina (GML) that is laid on the beam
to achieve energy harvesting through the Villari effect of GML. Based on the the Hamilton’s principle
and Newton's second law, the equations of motion of the coupled system under aerodynamic environment
are established. The time-domain response of the multifunctional lattice sandwich beam with and with-
out N-NES is obtained by using the Runge-Kutta method to calculate the dynamic equations, and the vi-
bration control effect of N-NES and the energy harvesting efficiency of GML are verified. The results
show that the N-NES can achieve efficient vibration suppression and the GML can efficiently harvest the

vibration energy of the lattice sandwich beam under aerodynamic environment.

Key words lattice sandwich structure, Nitinol-Steel wire rope nonlinear energy sink, giant magne-

tostrictive lamina, energy harvesting
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Fig. 6 Effect of varying nonlinear stiffness on vibration control
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Table 3 Parameter values of different Nitinol-Steel

wire ropes configurations

Snj by (N/m) £y (N/m®) ¢ (Ns/m) r, (Ns/m®) r,(Ns"/m®)

Sla ——  4.16x10% 118.2  1.699x10° 5.249X10"
S2a 5966 —— 52.1 1.259%10° 9876
S2b 4523 —— 16.5 1.077X10° 2608
S3a 6016 3.23Xx10" 50.0 3.396X10°  2.26X10"

A LAE H STa B4R 3l i OCR % 25 . S2a I
S2b {9 4R Sy ECRAR L T S3a 1 4R B 11 il Ak R
B bf. A, S3a M RLBE T )n 2o

MIEL 8 AT LA H 22 A9 9% 06 A2 T 7 4 B0 5 T8
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Fig. 7 Comparison of the amplitude attenuation for different

configurations of Nitinol-Steel wire ropes
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Fig. 8 Comparison of the vibration suppression effect for
different positions attached to the beam
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Table 4 Structural properties of GML fabricated from
different materials

Parameters Value
Mo 47X10 "H/m
“, 230y, H/m
N 1000
R, 36. 4
R, 50
E" of Terfenol-D 110GPa
E" of Gafenol 70GPa
oM of Metglas 110GPa
d 5 of Terfenol-D 11m/A
d 45 of Gafenol 34m/A
d 45 of Metglas 80m/A

= B 4 AR SRR 4 TR R,
S PE HY N BH. W 11 B A () e g 50 M 46 A
By GML 16 3l 3R 52 vb i i v TR 8K, 7 = Fb
FERE B 45 BB, Metglas #FBE B9 B 8 H B
15 5 1M Terfenol-D A4 B} it A FE B A, BIr AR H
Metglas #BHE S GML RE R4S

P 12 AN [) SO0 R T R B e i A A8 Ak, mT
DLAE W, 2 GML JE @ i, R R 5 2 A
JEE R AR A B AR 2 o R B B i U B ) 8 o i
WIS o PR SR BT BEL 3G 5 B0k A R i /). T "E‘u'
i GML i J5 52 A LICR A 2 i PR sh e B (B
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Fig. 11 GML output voltage for different materials
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Fig. 12 GML energy harvester simulation: output voltage

at different flow rates
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Fig. 13 GML energy harvester simulation: output voltage

at different air densities
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Table 5 Load resistance R, for various numbers N
of coil turns

Parameters N =1000 N =1500 N =2000

R./Q 18.2 36.4 54.6 72.8
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different materials
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