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Study on Mechanical Properties and Parameter Optimization of

Constrained Damping Structures
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Abstract: During the flight, turbulence and mechanical vibration make the typical thin—walled structure of aircraft
bear broadband vibration, which results in vibration fatigue and affects the life and safety of aircraft structures. The
treatment of constrained damping structure is an economical and effective means to suppress vibration. Viscoelastic
damping materials and unidirectional glass fiber composite materials are used to make two kinds of constrained
damping structures. The damping and mechanical properties of these two structures are studied. By finite element
simulation study, the parameters of the constrained damping structure used on typical aircraft cantilever beam are
designed and analyzed. The effects of the thickness of damping layer, the thickness of constrained layer and the size
of the structure on the vibration response of the structure are studied. The law of constrained damping parameters is
obtained. The results show that the cantilever structure with constrained damping can effectively reduce the strain
amplitude of the first order mode frequency at resonance at the critical point of the structure. The vibration suppres-
sion effect of the three-layer damping structure is better than that of the double-layer constrained damping, which
can significantly reduce the stress value at the critical point when the structure experiences vibration loading, and
improve the vibration fatigue life of the structure.
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Fig.1 Stress—strain curves of elastic material and viscoelas-

tic material under alternating load

AR SCHEFE 3M 2 m A 9 1SD 112 BUBH JE #1 8
YD BELJE T2 #1842 44 R 4 A it 8 AE 10~38 °C
YL, JF RE AR R B i B LR BUFE IR 77, AL AR 2 1k
T MESF o T ELAZ B JE #1ORE  BUZ 0. 125 mm Y
P T Y49 5L A R A4 XU R, BE 8 1 AN i T A I
BN S ECRAN WA e N R R T LR
B, 7 68 2 J2 A0 T, DT B e J= I8 8 kA7 4R Ak
M, % T TR .

3SM-ISD112 & — Bl R NI BRI R & 4, th N
W TR AT T R/ B A 3 P B A SR A,
B AN 2 B

r——~—CH, — CH ——r

OCCH2CH:CH2CHs

O

2 1SD112 ZYH Je #1432 2 oy
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Table 2 Properties of glass fiber monolayer board
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damping structure
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Fig. 5 Constrained damping structural sample
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Fig. 6 Schematic diagram of constrained damping structure
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Fig. 7 Loss factor and energy storage modulus measured in
three—point bending mode
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Table 3 Material parameters of the constrained

damping structures
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Table 4 Modal frequency comparison of cantilever beam

structure before and after additional damping structure

e —WrEAE CHEE “HrEA
AR WA/, WA/ R/
TG B T L Je i 51.07 318. 45 665.12
o Jan BEL i Ak 4 60. 36 365. 24 652. 00

& 4T 9 Mises W ) 2 B & 10 fir 7, \ DA
F i T A BH R I AE B g A X Al A —
W o3 I 450 B N ) A sk AR e R b, S5 Ja
EENPAREN A TR AR EN IR RN N APA K (RN X 39
TIRZ . XU W JE i BE 08 7E R 47 45 4 )L A
RS % 5 P AU T4 T, A AR AR 25 4 e 1 X
B0 A% Bl B R AR O R 2 A Y v T X e 7
72 HA DX 3 B R T3 K

Mises)¥. /J/Pa

CFH4:75%)
+9.756e+07
+8.943e+07
+8.130e+07
+7.317e+07
+6.504e+07
+5.691e+07
+4.878e+07
+4.065e+07
+3.252e+07
+2.439e+07
+1.626e+07
+8.130e+06
+4.331e-01

(a) J5thf B R R

Mises/v. 7]/Pa
(F35:75%)
+3.377e+07
+3.095e+07
+2.814e+07
+2.533e+07

+2.251e+07
+1.970e+07
+1.688e+07
+1.407e+07
+1.126e+07
+8.442¢+06
+5.628e+06
+2.814e+06
+1.496e-03

(b) 2SR BLJE Fy Ak 3 B A T
K10 KGR RIS Z5 A — B A R Mises W) 4]

Fig. 10 First order natural frequency Mises stress
nephogram of structures with and without
constrained damping structure
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The structural loss factor changes with the
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Fig. 11
thickness of damping layer
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Fig. 12 Stress—frequency curve of cantilever beam struc-
ture at 1~100 Hz with different damping layer thickness
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Fig. 13 Variation trend of structural response peak with
change of the thickness of damping layer
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response peak with the change of the
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Fig. 15 The response peak of the cantilever with different thickness varies with the thickness of the

upper and lower constraint layer
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Table 7 3# experimental parameters of cantilever beam
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Fig. 19 1# strain-frequency curve of cantilever

beam experiment
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Table 8 Calculation results of stress peak of cantilever

beam experiment
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