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ABSTRACT 

The natural material featuring hierarchical structure are always of remarkable mechanism 
properties. Generally, most researches are focused on the quasi-static mechanical properties while 
limited researches analyze the dynamic mechanical behavior of hierarchical materials. In this paper, 
hierarchical mechanical metamaterials were fabricated, and dynamic mechanical properties were 
studied experimentally and simulationally. Applying 3D laser lithography, we produced hierarchical 
metamaterials of different orders. After plating with electrodeposited Ni coatings and removing the 
polymer cores inside, we finally obtained finished samples including three material systems. 
Compression experiments under different strain rates were performed for dynamic mechanical 
characterization. The results revealed that the number of orders and material systems of hierarchical 
metamaterials significantly effected their dynamic mechanical behavior and energy absorption. To 
further explain the underlying deformation mechanisms, simulation models were established and 
validated by comparing with experiments. This study will shed light on designing hierarchical 
materials of different length scales for crushing protection. 
 
1 INTRODUCTION 

The natural material featuring hierarchical structure such as cancellous bone, radiolarians and fruit 
peels are always of remarkable mechanism properties such as high strength to weight ratios, tunable 
mass density, near-infinite bulk to shear modulus ratios [1-2], and negative Poisson’s ratios [3-5]. 
Thus, understanding about how hierarchical construction enhances material properties is vital for 
designing artificial biomimeticing materials. Generally, most researches are focused on the quasi-static 
mechanical properties [6-8] while limited researches analyze the dynamic mechanical behavior of 
hierarchical materials. In this paper, hierarchical mechanical metamaterials were fabricated, and 
dynamic mechanical properties were studied experimentally and simulationally. 

 
2 EXPERIMENTAL 

2.1 Fabrication 

Hierarchical architected materials were designed following a recursive method, where FCC (face 
center cubic) unit cells were arranged along the axes of the higher-order FCC lattice element, as 
illustrated in Fig.1. Applying 3D laser lithography, we produced hierarchical metamaterials of 
different orders. After plating with electrodeposited Ni coatings and removing the polymer cores 
inside, we finally obtained finished samples including three material systems, (i) solid polymer, (ii) 
composites with a polymer core and a nickel coating, and (iii) hollow nickel. 
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Fig.1 Hierarchical mechanical metamaterials of different orders. (a) Image of the first-order FCC 

sample. (b) Image of the second-order FCC sample. FCC unit cells were arranged to create the second-
order FCC lattice element. 

 
Fig.2 Samples by different fabrication processes: (a) The polymer architected materials by 3d 

printing; (b) hollow nickel architected materials or composites by electro and coating. 

 
2.2 Testing 

Compression experiments under different strain rates were performed by HPB tests for dynamic 
mechanical characterization. The test was first performed without a lattice sample at the impact plane 
of the HPB to establish the baseline of the load generated by the impactor. Then high rate impact 
experiments were conducted on samples with different material systems and hierarchical orders. At 
least two repeated tests for each type of structure were performed to ensure the repeatability. The 
results revealed that the number of orders, the material systems of hierarchical metamaterials and 
different strain rates significantly effected their dynamic mechanical behavior and energy absorption. 

2.3 Simulation 

To further explain the underlying deformation mechanisms, simulation models were established 
and validated by comparing with experiments. The finite element method can be effective and credible 
for the prediction of the mechanical behavior and failure modes of lattices. 
 
3 CONCLUSIONS 

Hierarchical mechanical metamaterials were fabricated, and dynamic mechanical properties were 
studied experimentally and simulationally. The results demonstrated that the number of orders, 
material systems of hierarchical metamaterials and strain rates significantly effected their dynamic 
mechanical behavior and energy absorption. This study will shed light on designing hierarchical 
materials of different length scales for crushing protection. 
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