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Analysis of Low Velocity Impact on Biomimetic Composites Mimicking Nacre

Seung-Un Jo', Hyeon Gyu Beom "

ABSTRACT

The dynamicresponse of biomimetic composites mimicking nacre under low velocity impact is investigated.
The composites have hierarchical structures with a staggered pattern consisting of a protein and a mineral. To
analyze the impact response of the composites, the finite element method is used. The effects of the
hierarchical structures of the compositeson the dynamic response are examined. It is shown that the maximum
stress, displacement and contact force in the composite subjected to low velocity impact decrease as the level
of structural hierarchy increases.
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Fig. 1 Hierarchical structure.
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Table 1 Material Properties
Properties ) Materi.als
Mineral Protein Impactor
Young’s modulus (GPa) 100 15 20
Poisson’s ratio 0.33 0.33 0.3
Density (kg/ms) 2700 1500 2100
Shear modulus (GPa) 5
Yield strength (MPa) 300
Tangent modulus (GPa) 700
Failure strain 0.8

yl 1st

(a ) Mineral (d) //I

( b) Protein ( e)

(© o 7 - Y%
1

Fig. 2 Models used in impact analysis.
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Fig. 3 Stress-time histories for all models.
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Fig. 4 Displacement-time histories for all models.

Table 2 Stress and displacement for all models

Model Initial stress | Maximum stress | Maximum displacement

(kPa) (kPa) (mm)

a 6.829 6.829 0.0137

b 8.204 8.204 0.0523

c 4.609 5.447 0.1465

d 2.252 5.875 0.0358

e 2.302 5.485 0.0552

f 2.332 4.895 0.0710
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Fig. 5 The contact force histories for all models.
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Fig. 6 Contact force and deflection for all models.
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Fig. 7 Contact force and deflection for model (d),(e),(f).
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