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< SUMMARY >

Purpose &
Contents

The ultimate goal of this study is to implement a multifunctional laminated
composite material for structures in extreme environment using a 3D printer. To
do this, we aim to develop patterns and interfaces applied between layers of the
composite material using bio—inspired techniques. By applying the patterns and
interfaces, and selecting proper materials, we aim to increase ductility as well as
minimize the reduction of mechanical strength of the composite material.
Ultimately, absorption of mechanical energy caused by extreme loads will be
increased.

Bivalve shells, fish scales, and exoskeleton of arthropods are stacked structures in
which several layers formed of different materials are combined together by
optimized patterns and interfaces. In this study, we aim to develop
multi-functional laminated composites structures capable of maximizing absorption
of mechanical energy by increasing ductility, as well as minimizing reduction of
mechanical strength. Specifically, the patterns, and the materials applied between
layers of the composite structure, as well as the interface connecting the layers
are to be optimized. Through integrated behavior of the material composing the
structure, patterns and interfaces constituting and connecting the layers,
high—quality mechanical properties are to be manifested.

Results

Development of patterns and interfaces constituting layers of the laminated
composite structure with increased absorption of mechanical energy by minimizing
reduction of mechanical strength while increasing ductility

Expected
Contribution

Development of a bio—inspired laminated composite material implemented by
using a 3D printer on site for construction of extreme environments such as
Antarctica, North Pole, Deep Sea or Space, as well as all construction structures
to which existing laminated composite materials are applied.

Keywords

Bio-inspired Laminated .
composite Finite element

. 3D printer Pattern
technology material analysis P
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Material property (PLA plastic)

Density, g (kg/m?) 1,240
Young's modulus, E (MPa) 2,347
Poisson’sratio, v 0.36
Yield stress, gy (MPa) 495
Tangent modulus, E¢ (MPa) —205
Failure strain, &5 0.052

Material property (TPU plastic)

Density, g (kg/m?) 1,220
Young's modulus, E (MPa) 26
Poisson’sratio, v 0.49
Yield stress, oy (MPa) 8.6
Tangent modulus, Ep (MPa) 5.79
Failure strain, &¢ 5.8
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Composites Part B 165 (2019) 594603

Contents lists available at ScienceDirect composiias
Composites Part B
journal homepage: www.elsevier.com/locate/compositesb
Bio-inspired bimaterial composites patterned using three-dimensional [ |
printing e
Kwonhwan Ko?, Suyeong Jin®, Sang Eon Lee®, Ikjin Lee™", Jung-Wuk Hong®*
* Department of Civil and Environmental Engineering, Korea Advanced Institute of Science and Technology, 291 Daehak-ro, Yuseong-gu, Daejeon, 34141, Republic of
Korea
* Deparmment of Mechanical Engineering, Korea Advanced Institute of Science and Technology, 291 Dashak-ro, Yuseong-gu, Dajeon, 34141, Republic of Korea
ARTICLEINFO ABSTRACT
Keywords: Multi-material composite structures exhibit highly enhanced mechanical properties by mimicking natural
Layered structures hierarchical materials such as nacre, crocodiles, armadillos, and turtles. Such composites have been reported to
Mechanical properties overcome the limitations of a single material. Numerous studies have developed blo-Inspired composites with

Mechanical testing

. ) improved mechanical properties by using the patterns of natural materials. However, optimization of the pat-
Finite element analysis (FEA)

terns and configurations has not been studied comprehensively thus far. In this study, nacre-like laminated
composites are designed, fabricated, and tested both experimentally and numerically to explore their energy
absorption capacity. Nacre-like patterns are made by employing the Voronol diagram, and produced into three-
dimensional (3D) specimens of the structures by use of a dual extrusion 3D printer with two different plastic
materlals. Three-point bending tests are conducted to evaluate the energy absorption capacity of the specimen,
which is found to be 11% larger than that of a single plastic specimen. The nacre-like structures are modeled
reflecting the experimentally determined material properties, and the three-point bending tests are simulated by
the finite element method. The experiment and numerical results of the tests are in good agreement. Multi-
material composites with the natural hierarchical patterns are very promising to provide enhancement in me-
chanical properties. However, the adhesion between different materials in 3D printing still needs to be improved
to fully harness the potential for further development.
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