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Abstract

The article aims to investigate compression behaviour of Diamond cellular structure at different cross-head speeds. The samples
were made of Inconel 718 alloy by DMLS (Direct Metal Laser Sintering) technology and heat treated according to AMS 5664
procedure. The compression tests were performed according to ASTM E9 international standard at ambient temperature
employing a servohydraulic testing machine Instron 8802 with a maximum capacity of 250 kN at three different cross-head
speeds v = 1; 10 and 100 mm/min. The results showed that testing speed does not affect significantly the maximum force results,
and that the Diamond structure of 20 % volume fraction exceeded the upper load limit of the testing machine, i.e. 250 kN, for all
three testing speeds.
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1. Introduction

Lightweight structure plays a crucial role in the development of green products. For instance, in the design of
new-generation transportation systems, lightweight structures help reducing fuel costs and allow vehicles to achieve
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improved performance. (Gibson et al., 2010; Petrova & Schmauder, 2020) Moreover, lightweight designs are
important in biomedical applications, including implant and scaffold designs. The development of engineering
materials to achieve lightweight and multifunctional structures is of increasing interest, aided by the development of
advanced fabrication processes, including additive manufacturing. (Infante, et al., 2019; Sahraoui et al., 2020)

The properties of cellular lightweight bodies are the result of a combination of the properties of the cellular
structure and the properties of the material used for its production. These two factors together with the volume
fraction of the cell bodies that is given by equation (1): (Monkova et al., 2023)

Vr = (material volume)/(total sample volume) )
are the determining parameters for their physical and mechanical properties.

2. Materials and methods

In this study, the behavior of the Diamond structures with a basic cell of 10 x 10 x 10 mm, total sizes of the
samples 40 x 40 x 50 mm and three various volume fractions (Vy = 10; 15 and 20 %) were studied during
compression tests.

Diamond belongs to the so-called Triply Periodic Minimal Surfaces (TPMS). A minimal surface can be defined
as a surface on which, at each point, the two principal curvatures are equal in value but have opposite signs (i.e.,
there is a mean curvature of zero value at all points) (Cosma et al., 2020; Yong et al., 2020). TPMS structures can be

mathematically modelled using level-set equations. For the Diamond structure, the equation is as follows (Psihoyos
etal., 2021):

sin(x)sin(y)sin(z) + sin(x)cos(y)cos(z) + cos(x)sin(y)cos(z) + cos(x)cos(y)sin(z) = 0 2)

A basic cell of the Diamond structure used for the research is presented in Fig. 1a, while virtual 3D model of the
compression samples prepared in software PTC Creo 8 is shown in Fig. 1b.
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Fig. 1. Diamond structure a) basic cell; b) virtual 3D model of the sample with 10 % volume fraction.

3D-printed Inconel 718 cellular specimens were manufactured by Direct Laser Metal Sintering (DLMS)
technology employing EOS EOSINT M290 and they were heat treated by procedure AMS 5664 according to EOS
Inconel 718 datasheet (Mikula et al., 2021).

Inconel 718 is a well-known, nickel chromium workhorse material for the additive manufacturing industry. The
material is composed mainly of 50-55 %wt. Ni, 17-21 %wt. Cr, 4.75-5.5 % Nb, 2.8-3.3 % wt. Mo, 0.65-1.15 %wt.
Ti, 0.20-0.80 %wt. Al and Fe as a balance (EOS Nickel Alloy IN 718, 2014). It is characterised by stability in
extreme environments and ability to remain resistant to corrosion, creep, and thermal shock. This nickel superalloy
has an intrinsic ability to create a strong and stable oxide layer when exposed to heat (Moreira et al., 2020; Mlikota
et al., 2021). The natural passivation feature protects the material against damage. Because of its unique properties,
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Inconel 718 has become useful in a wide range of applications ranging from manufacturing operations to military
equipment and the aerospace industry (Ferro et al., 2023; Kastratovi¢ et al., 2021; Khosravani et al., 2021).
The compression tests (Fig. 2) were performed according to ASTM E9 international standard (ASTM E9

Standard, 2019) at ambient temperature employing a servohydraulic testing machine Instron 8802 with a maximum
capacity of 250 kN at three different cross-head speeds (v =1; 10 and 100 mm/min).

a)

b)
Fig. 2. a) Compressive testing set-up; b) a sample V; = 15 % after compression at a cross-head speed of 10 mm/min.

3. Results and discussion

Measured force load dependences on displacement for all three cross-head speeds of 1; 10 and 100 mm/min are
displayed in Fig. 3, and the results obtained for all investigated samples are plotted in histogram in Fig. 4.
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Fig. 3. Indicative compressive force-displacement curves at a cross-head speed: a) | mm/min; b) 10 mm/min, ¢) 100 mm/min.
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Fig. 4. Maximum forces measured at different testing speed and volume fractions (limited by testing machine capacity 250 kN).

Already measured dependences of force on elongation indicated differences in the behaviour of individual
structures under pressure loading, not only in the maximum force, but also in displacement and so in energy-
absorption capabilities. For the Diamond structure, it was not possible to determine the exact value of the maximum
force, as the capacity of the testing machine was not sufficient, but it can be clearly stated that this structure appears
to be the most resistant to compressive loading at all three crossbar speeds. In all three tests (at all three traverse
speeds), the oscillations in the measured dependences were probably related to the damages. After the first peak, the
force decreased until the structure could not interact with the next layer of intact cells, leading to an increase in
force. The number of these load alterations corresponded to the number of interactions within individual cell layers
(Alexopoulou et al., 2022; Niutta et al., 2022).

4. Conclusions

Lightening components and devices is currently a trend that brings many benefits. When applying cellular
structures, knowledge of their behaviour in different conditions is a prerequisite for their correct and appropriate
implementation. This study was aimed at determining the properties of the Diamond-type structure, which was
prepared by DMLS technology in three different volume fractions and tested under compressive loading at three
different crosshead speeds.

The results showed that the increase of the volume ratio induces an augmentation of the maximum compressive
load at the first peak but testing speed does not affect significantly the maximum force results, especially for 15 %
volume ratio (variations <5%). The Diamond structure of 20 % volume ratio exceeded the upper load limit of the
testing machine, i.e. 250 kN, for all three testing speeds.
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