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Vibration and Damping Characteristic of Composite Laminates Embedding
Directional Damping Materials

Sung Joon Kim™"

ABSTRACT

Embedding viscoelastic-damping materials into composites can greatly increase the damping properties of
composite structures. Usually viscoelastic-damping materials behave isotropically so that their damping properties
are the same in all directions. In these days, there is a desire to develop viscoelastic-damping materials that
behave orthotropically so that damping properties vary with material orientation. These orthotropic damping
materials can be made by embedding rows of thin wires within the viscoelastic materials. These wires add
significant directional stiffness to the damping materials, where the stiffness variation with wire orientation
follows classical lamination theory. In this paper, the loss factor of composite laminate was evaluated based on
Ni and Adams' theory. To investigate the effect of directional damping material, the low-velociy impact
response analysis was also performed. The present analysis results show that directional damping material has a
great influence on vibration and damping characteristic of composite laminate.
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Schematic Diagram of Composite Laminate Embedding
Directional Damping Material.
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Table 1 AS4 Graphite fiber & Matrix properties

H E Ez G P
TE | cry | @GPy | Y @GP | T | (kg/m)
AS4
Graphite | 235.0 14.0 0.2 28.0 -
fiber™
Aooligy | 93 93 | 033 35 20 | 1200
Epoxy, 143 16 034 16 0.02 | 950
Table 2 Material properties of lamina
T8 Ei Ex» v G iyl N2 771’ p N
| (GPa) | (GPa) (GPa) | (10 | (107 | (107) |(kg/m’)
AS4
Graphite/| 1222 | 179 | 027 | 62 | 1.84 | 858 | 948 | 1509
Epoxyls]
AS4
Graphite/| 156.0 | 248 | 03 | 81 | 27.7 | 1860.0|1310.0| 1597
Acrylic*
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Fig. 2 Finite element modeling of lumped mass model.
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Fig. 3 1st mode shape for lumped mass model.

Fig. 4 Deformation shape for lumped mass model.
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Table 3 Stacking sequence of laminates
Case 1 Case 2 Case 3
Angle | Matl | Angle | Matl | Angle | Matl
0.0 1 0.0 Iy 0.0 2]
0.0 m 0.0 [1] 0.0 2]
0.0 1] 0.0 2] 0.0 2]
0.0 [n 0.0 [2] 0.0 2]
0.0 11 0.0 21 0.0 [21
0.0 [13 0.0 2] 0.0 [2]
0.0 1 0.0 m 0.0 2]
0.0 1] 0.0 m 0.0 2]
[1] : AS4 Graphite/Epoxy
[2] : AS4 Graphite/Acrylic
B4

(Case 1~3)9] £AAIFE Atsla] Table 49
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Table 4 Damping loss factor for each laminate

- Case 1 Case 2 | Case 3

fu

102.0 250.0

Loss Factor (1 0'3) 4.1
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Fig. 5 Impact system.
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Fig. 6 Impact force histories for case 1. Fig. 9 Time response for case 1.
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Fig. 7 Impact force histories for case 2. Fig. 10 Time response for case 2.
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Fig. 8 Impact force histories for case 3. Fig. 11 Time response for case 3.
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