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Abstract: Additive manufacturing removes many of the design constraints which exist when designing for subtractive 

manufacturing. Design For Additive Manufacture (DFAM) is a topic currently receiving significant research interest. 

One potential advantage of additive manufacturing is the potential to directly integrate advantageous energy absorbing 

behaviour into structural components, within the existing production process. This paper studies the effect of pore 

arrays created using Additive Manufacturing (AM) on the stress-strain behaviour of materials.  

Different pore shapes and porosities are tested to characterise their energy absorption behaviour. Static tests are 

conducted using a compressive testing machine. The energy absorbing characteristics of the porous materials are 

compared to those of Aluminium foam, an existing energy absorbing material. 

The results detailed in this work show that pore shapes in a horizontal array format between 55–75% porosity show 

the best energy absorbing properties. These pores had defined elastic, plateau and densification regions, mirroring 

what is observed within the metallic foam. This paper shows that it is possible to design an energy absorbing material 

using additive manufacturing which shows greater consistency in behaviour than existing materials. 
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INTRODUCTION  
In comparison to material strength less data can be found in the literature on energy absorption 

characteristics of materials.               

Up to now, polymer foams or honeycomb structures are used in energy absorbing structures. The possibility 

of controlling the stress-strain behaviour by an appropriate selection of matrix material, cellular geometry 

and relative density makes foams an ideal material for such applications. Compared to foamed organic 

materials, metallic foams are more advantageous if, due to a small available design space, a higher 

deformation stress with the same or uprated energy absorption is required. 

Despite their unique properties only a limited number of large scale applications have emerged due to their 

uncertainty, high cost and difficult manufacturing techniques.  

A major issue in current manufacturing techniques for metal foams is the huge variation in results within a 

single piece of material. Depending on the manufacture method used pore diameters can range from 

anywhere between 0.8 – 8 mm and relative density of the final material can range between 7 – 50 %(1). 

This random porosity and lack of control leads to materials having properties that are hard to predict. It has 

been shown that the arrangement of cells can significantly affect the mechanical properties of metallic 

foams. However, the use of metallic foams depends greatly on their ability to absorb energy. This property 

is determined by the pore size and porosity of the metallic foam. By being able to control these properties 

mailto:ageragh@tcd.ie
mailto:lupoir@tcd.ie
mailto:aldwellb@tcd.ie


Proceedings of IMC35, Dublin Institute of Technology, June 2018 

 

it could be possible to manufacture a more efficient and reliable metallic foam. Unfortunately, it is difficult 

to fabricate a metallic foam with a set structure using traditional manufacturing techniques(2). 

Additive manufacturing is a rapidly expanding technology which impacts a number of industrial sectors, 

many of which are related to the use of metallic foam.  

An important observation from an article written by H. Bikas, P. Stavropoulos and G. Chryssolouris is that 

given all the literature reviewed regarding AM, it can be stated that most studies either present a theoretical 

approach with little or no verification compared to that of real life results, or semi-empirical approaches 

that may correlate well with specific experiments but their results are not directly transferrable and 

expandable thus requiring further experimentation. Having verified models would help to realise the 

potential and capabilities of additive manufacturing techniques in multiple areas not just energy 

absorption(3).  

Although there is some advancement in the creation of a metallic foam with fixed arrangements through 

the use of casting, this process is very time consuming, difficult and costly. It also only allows closed cell, 

basic structures to be formed and does not allow for mass production. AM and DFAM allows for 

exploration of complex geometries that are difficult to create though current manufacturing methods. The 

use of designed porosity allows for porous parts that can be tailored to their specific uses and requirements. 

Tancogne-Dejean et al. (4) investigated the mechanical behaviour of stainless steel 316L octet truss lattice 

materials made through selective laser melting and compared this to traditional honeycomb structures. A 

finding of note from this was that the shape of the constituting straight truss members plays an important 

role as far as the overall stress-strain response is concerned. This shows that by having the ability to change 

and adapt designs to their uses, greater properties can be gained.  

Literature written by J. Brennan-Craddock et al. (5) highlights one major hindrance in the success of 

DFAM. The great advancement and capabilities of AM have not always been matched in conventional 

computer aided design (CAD) software and this can become a limiting factor to size and complexity. 

Conventional CAD utilises a method of boundary representation (b-rep) to represent three -dimensional 

geometry. ‘Solid’ models are actually represented as a ‘watertight’ shell of zero thickness surfaces. While 

this is an elegant way to represent conventional products or components, this model structure is not suited 

to representing lattice structures. Even a moderately sized lattice structure becomes so computationally 

demanding that it makes the use of b-rep unfeasible.   

Although there is other geometry representation methods such as Voxels and Function representation (6), 

the limited capabilities of CAD software make it difficult to encourage the investigation of designing for 

the capabilities of AM. Literature by C.Chu et al (7) has begun to investigate the need of CAD software 

that facilitates design for additive manufacture (DFAM). The paper presents a new DFAM method that 

supports part and specification modelling, design synthesis, process planning and manufacturing 

simulations.  

For the purpose of this paper Fused Deposition Modelling was used in the form of an Ultimaker 2. The 

simplicity of the FDM process allows for relatively cheap equipment and materials. However, this does 

cause some drawbacks in that the accuracy and surface quality and low tolerances are quite poor when 

compared to other AM processes. Solidworks was used to prepare all part samples and Matlab was used to 

analyse results. 
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This study aims to demonstrate the potential of AM methods to create structures which are highly tailored 

to specific energy absorbing tasks.  

ENERGY ABSORPTION 

Energy absorption is the feature of being able to absorb energy without the maximum stress or the highest 

occurring acceleration exceeding the upper limit at which damages or injuries occur or at least to limit such 

damages or injuries. 

The energy absorption property of a material is affected by a number of factors. These factors can be broadly 

classified into four main sectors; composite materials and properties, fabrication conditions, geometry and 

dimensions of the structural components and test conditions (8). For the purpose of this research the material 

used, fabrication conditions and test conditions will all be fixed. However, the fabrication conditions that 

will be adopted are to the advantage of the geometry of the structural components. This is through the use 

of additive manufacturing.  

In order to quantify the results from this research a simple approach of analysing the data will be used. This 

makes use of the knowledge that the  energy  per volume  absorbed  by  the  material  corresponds  directly 

with  the  area  under  the  respective  stress-strain  curve (9). Therefore by measuring the area under a 

load/displacement curve, the energy absorbed can be obtained. This method is used in a paper by Zhang et 

al. (10) where the energy absorption of Aluminium foam is compared to that of Aluminium foam filled 

tubing.   

During this research different pore shapes and porosities were tested to characterise their energy absorption 

behaviour. Static tests are conducted using a compressive testing machine. The energy absorbing 

characteristics of the porous materials are compared to those of Aluminium foam, an existing energy 

absorbing material. 

METHODOLOGY 
1.1. Part Creation 

Based on research of current energy absorbing materials, foams and other additive manufacturing 

structures, it was decided to analyse four different pore designs; round, square, hexagonal and TPMS.  

Each of these designs were printed with similar porosities and tested. Due to time constraints within the 

research it was decided to continue testing with the part which resulted in the most promising results from 

the test prints. 

1.2. Testing 

Testing consisted of a compression static test that was conducted in both a confined and unconfined manner 

using an instron.  

Testing was conducted in an iterative manner with conclusions being drawn from each phase. This allowed 

for testing parameters to be reduced and therefore giving more accurate results in the time period available.  

FINDINGS 

Phase 1 involved the testing of the 4 pore shapes along with a sample of a currently used Al foam within 

confined and unconfined static testing parameters. All parts showed an initial elastic deformation followed 
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by varying plastic deformations. Having created and tested the 4 different pore sizes it was clear from the 

results that initially the square pore shape seems to provide the most promising results, unfortunately these 

results varied greatly with different porosities. The hexagonal pores provided measurable failure modes yet 

it was the round pore shape that provided the most consistent results and those of closest comparison to the 

metallic foam results.  

Table 1 Porosity of Parts tested in Phase 2 

 

 

Figure 1 Results from Phase 2 testing Vs. Metallic foam results 

Phase 2 was conducted as a way of validating the test results from Phase 1 and ensuring that round pores 

were actually the best pore shape to continue with. In order to do this 8 different porosities were created, 

which can be seen in table 1 above, with only a single sample of each being printed and tested. The creation 

of the different porosities gives a broader insight into both the energy absorption properties of the specimens 

and the effect that different pore sizes and arrays can have on their failure modes. The resulting graphs from 

phase 2 mirrored those of the metallic foam, as seen in figure 1 above, thus leading to the conclusion that 

the round pores were the most sufficient to continue with. During Phase 2 testing 1 part failed but it was 

concluded that this was due to a design that the Ultimaker was incapable of printing sufficiently thus leading 

to very little material in the Y direction. Three of the part shapes were edited to allow for higher porosities 

only to be tested as well as to eliminate the failed part. 

CONCLUSIONS 
To conclude, the aim of this paper was to design samples considering the capabilities of AM and use this 

to an advantage in creating energy absorbing parts. The main findings of this paper are that round pores 

between the ranges of 55 – 75% porosity have the most effective results.  

The findings show that through the use of AM it is possible to create an energy absorbing material that is 

superior to those made through traditional manufacturing techniques. The adoption of AM allows for parts 

to have a uniform shape and size, meaning that the properties are consistent throughout the material. This 

in turn give the part more predictable and controllable properties. 
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