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Abstract 

This scientific survey is about the mechanical properties of lattice structures which are made by 

Selective Laser Melting. It’s a process based on Additive Manufacturing technologies. This 

technology allows the manufacturing of complex lattice structures, and further the integration of 

lattice structures into different applications. Focusing on the integration of these structures, it is 

necessary to know what kind of effect they have on applications and what positive properties they 

might support. More and more the industry searches for new supporting technologies and the trend 

is towards lightweight and material saving possibilities [1, 2].          

A survey on this topic is indispensable. The main aim is to analyze different parameters that effect 

the mechanical properties. First of all the definition of the experimental set-up and the parameters 

which need to be tested are necessary. Furthermore the aim is to find several different parameters 

that have a positive effect on the mechanical properties. Above all the focus is on experimental set-

ups that use mechanical tests, beginning with the test on tensile strength in accordance with DIN 

50125. Depending on the results an application area could be chosen and assigned.  

Introduction  

There are several technologies and processes which are based on Additive Manufacturing. One of 

those is the Selective Laser Melting technology. This method of manufacturing uses a laser to 

locally melt powder particles that finally shape three-dimensional parts. The parts are defined by 

CAD data. Layer after layer new powder is applied and selectively melted. Almost every shape or 

geometry can be produced [3]. Highly complex designs with integrated cavities are the focus of this 

manufacturing method. The highly diversified potential follows the trend towards lightweight 

constructions and integrated functionality. The potential of material saving and time saving are not 

to despise. Considering the lattice structures they open up new and enriching possibilities [4].  

Knowing the properties of these structures would show the range of application areas and 

furthermore expands the fields. 
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Experimental set-up 

For this study the Selective Laser Melting (SLM) machine M1 Cusing equipped with a fiber laser 

with a maximum power of 400 W is used. With this machine, working with stainless steel, a square 

probe, one hundred millimetre long rod (8x8x100), is designed for the scientific survey. It is 

customized for the experimental machine “Zwick” and isn´t based on a DIN standard. Depending 

on the main aim, which is to find out the main parameters that affect the mechanical properties of 

lattice structures, the workflow is planned. 

 

 

 

 

 

 

 

 

 

 

 

To get a first overview of the most important parameters, a small series of tests is the initial 

fundament for the survey. As a comparison to the designed lattice structures a massive probe will be 

a reference to all received results. The second probe is a lattice structure.  

Irrespective of the chosen geometry, this probe should show the potential of a lattice structure and 

give a guideline for more decisions. A third probe, which has the same lattice structure, but has a 

surrounding coat with the size of 0,3 mm shows one parameter that might influence the mechanical 

properties. For each test series there is a settled number of four probes. One probe acts as a 

reference and is a test-object.  

Below the characteristics of the first printed probes are shown. There are just a few physical marks 

that are discussed.  

Beginning with the massive probes there is one that has a notch along the load direction. The notch 

is about 7 mm long but seems to be very slightly. It is located in the 20 mm long area, which is 

intended for the clamping device. It is shown in fig.1. Further the lattice structures show 

penetrations in the transition section form the massive to the lattice part (fig.2). These might appear 

because of the missing or disadvantageous thermal conductivity. The coated probes have striations 

(fig.3) on the coat that appear on each cell-layer, but seem to be discolorations. 

There are several reasons for the cause of those appearances. Above all the SLM process, the 

chosen geometry of the to be printed object, the grain size and as a result of process failures cause 

those issues.  

Figure 2-Lattice structure probe Figure 3-Coated probe Figure 1-Massive probe 
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It is necessary to observe the described marks during the tensile test and to decide if any received 

results are effected by them. An affect such as a predetermined breaking point at the striations for 

example.  

Results and discussion 

Table 1 shows the first results of the tensile test, with the mentioned parameters. In order to be able 

to evaluate the quality these parameters are very important. Rp=0.2 signified which tension is 

necessary to get a permanent strain of 0,2 %. ReH  means yield strength and indicates the stress at 

which a material begins to deform plastically. The tensile strength Rm defined the maximum stress 

that a material can withstand while being stretched or pulled before failing or breaking. Fm is the 

tensile force and means the highest reached force. 

The results are listed in the order of four massive, four lattice and four coated lattice probes.  

Table 1- First measurement series of the tensile test 

 

The shown results are a mixture of material science and component tests. The tensile strength is 

calculated by the highest reached force and the strained cross sectional area (S0) [5]. 

In this case all results were calculated with the cross sectional area of the probe and not with the 

real cross sectional area of the massive material. Although it isn’t a distortion of the results, it is 

required to take a closer look at the outputs and interpret them correctly.  

Figure 4 shows the corresponding curve graphic of the first measurement series. It is a curve 

graphic that represents the results both material test and a component test. A first overview is 

without any conspicuous issues. The massive probes 1-4 are listed in colour in the legend besides 

the graphic. The lattice probes 5-8 have the same values whereby the curves overlap. The coated 

lattice structure probes 9-12 have indeed higher tension values in comparison to the lattice probes, 

but among themselves they all have a tension of 134 MPa. 

All curves are linear and show a continuous transition to the elastic and plastic deformation whereas 

the elastic extension area indicates Hook´s law [5]. Considering the extensions and visual 

impressions, the probes show ductile properties. Although the lattice structure and the coated probe 

have a small range of extension it is necessary to mention, that the discrepancy of the volumes is up 

to 47%. Focusing on the dense probes, which have the highest reached values it is noticeable that 

compared to values of regular standardised probes, both are comparable. They range between 500 

MPa and 700 MPa [6]. Interesting about this fact is that actually the properties of SLM printed parts 

are, based on the process and material science, anisotropic [7]. But still the results show comparable 

values. In this case the probes were build up and tested in the tension direction.  
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Scaling up the component test, which are presented by the curves with the small reached values, to 

material tests would lead to curves that are close to the ones of the dense probes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The following table 2 shows the average results from the test including the calculated tensile 

strengths with the theoretical cross sectional area of the massive parts. For this calculation a layer of 

the probe, with the smallest cross sectional area, is chosen. These layers represent the major 

weakness and are finally the areas where the break appeared.  

Table 2- Average results including calculated tensile strengths 

 Massive probe Lattice probe  Coated probe 

Aprobe (mm²) 64 64 64 

RM (MPa) 621 67,5 134 

Fm (kN) 39,75 4,3 8,57 

Acalc (mm²) 64 3,69 9,96 

Rcalc (MPa) 621 1172 860 

Discrepancy (%)  47,01 27,79 

 

There is a big difference between the calculated tensile strengths. It shows that minimizing the cross 

sectional area increases the tensile strength, but as mentioned these results are calculated with the 

optimum values. It is further necessary to measure the real reached cross sectional area, because a 

minor deviation could change the results enormous. The discrepancy then would not be so high.  

Regarding the above mentioned marks that appeared on the surface or the lattice structures of the 

probes, there is no noticeable effect on the mechanical properties.   

Legend  

 probe no. 1 

 probe no. 2 

 probe no. 2 

 probe no. 3 

  

   

 

Figure 4 - Curve graphic (first measurement series of the tensile test) 

196 Modern Technologies in Manufacturing



Based on the acquired knowledge further steps can be defined. The first series of tests showed that 

it is important to reduce the experimental set-up on less to test parameters and to begin with a 

detailed and closer look on the material science. Microstructures that result from the material 

properties and the SLM process might provide information about fraction properties. Followed by a 

closer look on the basics of material science it is important to reduce the firstly defined 3D-

geometry of the lattice structure (fig.5 left) to a simplified 2D structure. This choice is necessary, 

because it is not sure if the complex lattice structure yet has an effect on the mechanical properties. 

To eliminate any disruptive factors and to follow the achieved results, the cross sectional area (with 

the major weakness) of the lattice structure is kept and a new probe is defined out of that shape 

(fig.5 right). The same applies to the probe with the coating. These reductions should answer the 

main issue about the achieved discrepancies and allow an easier micrograph. Whereas the main 

focus was on the geometry and coating of the lattice structure it has changed to the strained cross 

sectional area and material science. 

 

Conclusions  

In reference to the first series of tests, results and interpretations following questions need to be 

answered to define the work schedule. The most important and eye-catching findings of the first 

series of tests are the discrepancies of the calculated tensile strengths. Whereas ahead of schedule a 

connection between the cross sectional area and tensile strength was predicted it is still necessary to 

differentiate those results, because the fact is that the experimental set up is a mixture of component 

science and material science. When the results are reduced to calculated material data it is 

recognizable that the lattice structures, compared to the massive probes, have a higher tensile test. 

As described the procedure was to replace the cross sectional are of the probe with the theoretical 

cross sectional area of the dense part. Taking the massive probes as reference it was to be expected 

that the values of the lattice structure (coated lattice structure) are similar to those. However this 

method of calculation has a potential for mistakes. Above all the real reached cross sectional area is 

not known. Already slight deviations might cause significant corrections of the values. Finally it is 

necessary to measure the real cross sectional area and to recalculate the tensile strength. For this 

purpose a grinding patter of the smallest cross sectional area, which represents the major weakness 

as well as real break, and the microscopic evaluation is required. This test is complicated by the fact 

that there is no constant cross sectional area towards the tension- axis.  

To avoid this obstacle a further probe, with a constant area and most important the same cross 

sectional geometry of the major weakness, is printed. A further criterion is that the tensile strength 

Figure 5 - (left) Defined 3D-geometry of the lattice structure; (right) Probe with reduced geometry 
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of the new probe shows the same values as the first tested lattice structure. Is this criterion fulfilled 

an approximately comparison would be possible. In case of a negative testing, it could be expected 

that the tensile strength does not just depend on the smallest cross sectional area, but further a 

relation to the geometry is to take into consideration. If there is a positive result it is possible to 

calculate the discrepancy of the imputed calculation of the tensile strength. However it is also 

necessary to do a case differentiation. Several variations are possible. It is potential that the 

measured cross sectional area is smaller, comparable or greater than in theory. Should it be proven 

that the cross sectional area is smaller than the area in theory, it would mean that the tensile strength 

is even greater. As a result the conclusion has to be made by consulting material science. When the 

result is similar the probe could be used for micrographics. In case of a greater value different 

interpretations need to be taken into consideration. 
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