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Additive manufacturing is a relatively new manufacturing technology that is revolutionizing the way 

that parts for certain applications are manufactured. Additive manufacturing of metals solves many 

problems that traditional manufacturing methods have had by being able to build internal channels for 

example that would in other ways be impossible to produce. 

The aim of this thesis is to research how well a metal powder designed to be used in a specific system 

performs in a system it was not designed to be used in. The aim is also to find out how well the 

process parameters from one system works in the other system and what changes need to be done to 

achieve the same results if any. 

The study was conducted using three different materials, aluminium AlSi10Mg, stainless steel AISI 

316L and cobalt chrome MP1. The materials were provided by Electro Optical Systems in addition to 

the other AlSi10Mg material used that was provided by SLM Solutions. The system that this study 

focused on was an SLM Solutions 280HL owned by the Turku University of Applied Sciences. 

The tested parts of AlSi10Mg and MP1 were manufactured using the process parameters developed by 

SLM Solutions and the 316L samples were manufactured using the process parameters developed 

during this study based on the parameter tests conducted with the help of the material experts at EOS. 

From the results it can be concluded that the transferring of the material feedstock was successful as 

the resulting part properties matched or even in some cases exceeded the properties that the results 

were compared. 

 

Key words: Additive manufacturing, AlSi10Mg, 316L, MP1, PBF-LB/M, Laser-based powder bed 

fusion, Metal,  
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Nomenclature 

Abbreviation    Explanation 

AlSi10Mg    Aluminium alloy 

AM     Additive manufacturing 

PBF-EB/M    Powder bed fusion of metal with an electron beam 

HBR     Brinell hardness 

HV10     Vickers hardness, 10 kg paino 

IN718     Nickel based alloy 

LOF     Lack of fusion 

MP1     Cobalt chrome alloy 

PBF-LB/M    Powder bed fusion of metal with a laser beam 

AISI 316L    Stainless steel grade 

 

Symbol    Explanation 

dh     Hatch distance (mm) 

HI     Volumetric heat input (J/mm3) 

P     Laser power (W) 

Ra     Arithmetical mean height of a profile (mm) 

Sa     Arithmetical mean height of a surface (mm) 

t     Layer thickness (mm) 

v     Laser beam scanning speed (mm/s) 



7 
 

1 Introduction 

1.1 Research problem 

Additive manufacturing is a fast-growing technology field that offers possibilities that are 

impossible on more conventional manufacturing methods. Additive manufacturing is especially 

useful in cases where complex designs are used where traditional manufacturing methods would 

be extremely hard to implement. (Bassoli et al., 2021) Even though the field of AM is growing 

at a huge speed, there are some challenges that are yet to be resolved. 

The materials used in additive manufacturing can in some cases be developed with specific 

machines in mind. This causes lack of knowledge on how well the material performs in a system 

that it was not designed to be used in. The same problem occurs with the process parameters as 

the differences in the materials or the systems themselves can be minimal, the effect on the 

processability of the materials are not known and can thus cause major differences in the 

performance (Cortis et al., 2023). Part properties are not directly derived from the alloy 

composition in AM, but are inherently linked to the parametrization of the build process and 

other physical properties of the powder, making the optimization of the parameters for a specific 

system and powder combination important. 

1.2 Objective of the thesis and research questions 

The objective of this thesis is to study how well the materials made by a company for specific 

systems work when used in a system made by third party company when compared to the 

performance of their own materials. Objective is also to have a comparison between the two 

systems discussed in this thesis from the perspective of an operator. 

Motivation for this thesis comes from the lack of knowledge of how well a material performs 

in a third-party system if it has been developed for systems of one company. This would provide 

knowledge for material manufacturers about the performance and if the materials could be used 

in different systems. This also enables customers who use several systems to have the 

confidence to run multiple brands of AM systems with the same powders, thus reducing the 

complexity of warehousing separate materials for different systems. 

Focus on this thesis is on the bulk material of the parts (infill), i.e. the amount of porosity that 

the built parts have. The focus is on the infill because it is a  
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Research questions on this thesis are: 

- How well can material feedstock be used in different systems. 

- What changes in the infill parameters need to be done to get good results. 

- What it takes to create a new process for a system 

- What are the key differences between systems and their operation 

1.3 Scope and structure of the thesis 

This thesis consists of a literature part and an experimental part. The literature part gives a base 

of knowledge about the general field of AM and in-depth knowledge about the specific subject 

of this thesis. 

The experimental part focuses on three materials. Aluminium alloy AlSi10Mg, Cobalt-Chrome 

alloy MP1 (comparable to CoCr28Mo6) and Stainless-Steel alloy 316L. Aluminium is made 

on the system B using powder from two different manufacturers, whereas stainless steel and 

cobalt-chrome is made using only one powder. The results of the parts are compared to 

reference results of parts made on system A that the powders are developed to be used on. 
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2 Processability of materials in PBF-LB/M  

PBF-LB/M (powder bed fusion of metal with a laser beam) introduces possibilities in 

manufacturing complex parts that have not been possible with traditional manufacturing 

methods. The leading industries implementing additive manufacturing in their processes are 

automotive, aerospace, medical and dental industries, while oil and gas, electronics, 

construction and railway industries are raising their interests. (Vafadar et al., 2021) To fit the 

needs of each interested industry, multiple materials have been developed to fit the needs from 

the industrial side of mechanical and corrosion resistance properties for example. 

2.1 Aluminium 

High strength aluminium alloys are used in AM for their excellent strength to weight ratios as 

well as being inexpensive compared to some other alternatives (Aboulkhair et al., 2019). 

Aluminium alloys are also widely used in AM because of the high production rates of the 

processes for Aluminium. There are however drawbacks in the high production rate processes 

because of defects in the final products, although this has improved in the last years because of 

big investments in from especially the aerospace industry (Altıparmak et al., 2021). Now it is 

possible to produce near full relative density parts when the processing conditions are optimised 

(Kotadia et al., 2021). Other advantage in additively manufacturing aluminium alloys are the 

improvements to the microstructure compared to the cast aluminium alloys. Cast alloys require 

chemical additives to reach certain level of microstructure, but in AM, the high cooling rates 

improve the microstructure without having to alter the chemistry of the alloy (Aboulkhair et al., 

2019). 

Advantage in the use of Al-Si-Mg alloys is the improved corrosion resistance compared to the 

cast material counterparts (Michi et al., 2022). AlSi10Mg is widely used because of its excellent 

properties compared to the weight of the material. Using additively manufactured AlSi10Mg 

follows a similar path as other early adopted additive manufacturing materials, being originally 

an established casting alloy. (Electro Optical Systems GmbH, 2024a) 

 

2.2 Stainless steel 

In additive manufacturing, one of the most used stainless steel materials is 316L. It is a high 

performance austenitic stainless steel that has excellent properties to be used for example in the 
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automotive industry. 316L is also widely used in the chemical industry where corrosion 

resistance in high temperatures is needed. (D’Andrea, 2023; Electro Optical Systems GmbH, 

2024d) 

316L has remarkable corrosion resistance and the welding capabilities are excellent. Additively 

manufactured 316L consists of a network of 3-dimensional cells, borders of which are enriched 

in Cr, Ni, Mo, Si and Mn. The borders are also depleted in Fe. It can be observed that these 

borders are highly resistant to corrosion (Revilla et al., 2020). Stainless steel has a habit of 

producing residual stresses during the additive manufacturing process that can cause cracks into 

the microstructure. These residual stresses and cracks can however be minimised by optimizing 

the process parameters. (Wu et al., 2014)  

 

2.3 Cobalt chrome 

Cobalt chrome alloys are widely used in the medical industry because of the characteristics of 

the material needed in the medical field. These characteristics are biocompatibility to chemical 

compositions in the human body and high corrosion resistance inside the environment of the 

body (Mordas et al., 2020). 

The key advantage of additively manufacturing cobalt chrome compared to conventional cast 

parts is the improvement in mechanical properties. Largest contributor to the enhanced 

mechanical properties is the significantly smaller grain size of additively manufactured material 

(Hong & Yeoh, 2020). 

MP1 is Cobalt chrome material for additive manufacturing. MP1 is used because of the 

excellent corrosion resistance and great mechanical properties that are present even in elevated 

temperatures. MP1 is also nickel free, which makes it ideal for applications in the medical 

industry. (Electro Optical Systems GmbH, 2024b) 
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3 Existing studies on system comparison 

Powder manufacturers that also produce additive manufacturing systems usually develop the 

materials using only their own systems. This causes there to be lack of studies on how well the 

powders developed by using a specific system behave when used in a system of a different 

manufacturer. Multiple research papers have however been made where different machines are 

compared against each other. 

Medrano et al. studied the tensile test results of AlSi7Mg parts manufactured using EOS M290 

and SLM 280HL. AlSi7Mg (F357) is similar to the AlSi10Mg powder used in this thesis, with 

the main difference being the smaller fraction of silicon in AlSi7Mg. The study used AlSi7Mg 

from different suppliers in the machines. F357 from IMR metal technologies was used in the 

SLM 280HL and F357 from Valimet used in the M290. The study also experimented with 

different heat treatment methods and treatment times. The study also has density measurements, 

microstructure characterization and hardness measurements done on the parts. Conclusions 

from this study were that the machine differences do not affect the produced parts significantly, 

and any small differences are erased with the heat treating. Another conclusion was that the 

aging temperature has more effect on the parts than aging time. (Medrano et al., 2023) 

Obeidi et al. compares porosities and mechanical performance of 316L in different AM 

systems. The systems used in this study were Aconity MINI, Phenix 3D Systems ProX 200, 

EOS M280 and Concept laser M1 Cusing. All of these systems were using the same powder 

manufactured by Carpenter Additive, to rule out the error caused by the variance between 

materials. In all cases 30 µm and 60 µm layer thicknesses were tested. The densities of the parts 

were tested using the Archimedean method. Densities of the parts were measured to be highest 

in the parts made with the EOS M280 and Aconity MINI systems. Densities of parts made with 

the Concept Laser system were generally the lowest, but this was thought to be because of 

nitrogen was used as the shielding gas instead of argon as with the other systems. With 

additively manufactured stainless steel, it is studied that the porosity is higher when more 

nitrogen is present in the shielding gas (Yang et al., 2021). Best tensile test results were achieved 

with the EOS M290, followed by the systems of Aconity, Phenix 3D systems and lastly Concept 

Laser. The results in parts manufactured with a layer thickness of 30 µm were relatively close 

to each other but in the 60 µm parts, the difference in results was more significant, depending 

on the parameter values used. In the worst case the difference of tensile strengths was around 

700 MPa on the M280 to around 200 MPa on the parts made with Concept Laser machine. 
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During the analysis of the pores in the manufactured parts, it was noticed that the parts produced 

with the EOS M280 showed a fully solid grain structure, with pores only noticeable on the grain 

boundaries, whereas the parts manufactured with the other systems, porosity was noticed 

throughout the cross-sectional area. It is also said in the study that because the process is a 

thermal process, the mechanical properties are affected by the heating and cooling rates of the 

material. These rates are affected by the volume of the build chamber and temperature of the 

build platform, but also by the circulation of the shielding gas. (Ahmed Obeidi et al., 2021) 

Uriati (2022) and Nicoletto (2022) have studied the differences of additively manufactured 

Inconel 718 with different PBF-LB/M systems (Uriati & Nicoletto, 2022). The used systems in 

the study were SLM 280HL, EOS M290 and Renishaw AM250. They found out that the fatigue 

strength of the test parts had large differences depending on the build orientation of the parts, 

highlighting the importance of optimizing the process conditions for the whole production 

process. The largest differences in the fatigue strength on the same orientation was found to be 

260 MPa compared to 450 MPa (Uriati & Nicoletto, 2022). 

Moshiri et.al. have conducted a benchmarking study on different laser powder bed fusion 

machines. The study was done by having five state-of-the-art machines being run by their 

respective manufacturers and two state of the art machines run by the end users. One of the 

machines operated by the end user was significantly older than the rest of the machines and this 

older one was identified to be the EOS M270. All the machines were used to build the same 

part geometries that were then tested for their properties. It was observed that the newer 

machines were not able to outperform the older M270, emphasizing that experience and 

expertise are important factors in the final results. It also highlights that the trend of newer 

systems is to focus on the ability to build even larger parts with faster systems, with the main 

contributor to the build speed being the addition of multiple lasers working together. The results 

between the machines were more or less the same throughout the experiment with a few outliers 

for example in the surface roughness of the parts. (Moshiri et al., 2019) 
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4 Process parameters and part properties affecting transferability 

In order for the transferability of the materials to be successful, the system that the material was 

transferred to has to be able to reproduce the key properties of the material on a similar level 

that the system the material was developed for is capable of. The material properties that are 

characterized are: tensile properties, hardness, porosity, corrosion resistance, surface roughness 

etc. Some of the properties can be altered by changing the manufacturing or post-processing 

steps to meet the requirements of some specific application. 

Transferability of material feedstock is dependent on the parameters and the whole setup that 

the material is transferred to. In this chapter it is defined what are the key functions and 

parameters that need to be optimised in the process and in the final products so that it can be 

said that the transfer is possible. 

4.1 Process parameters 

4.1.1 Laser power 

With suboptimal laser power, multiple problems could occur. In the process, Lack-of-Fusion in 

the process could occur, which means that the laser power is not high enough to melt all the 

powder, which leads to unmelted particles in the bulk material. This causes in turn defects in 

the material as the particles have not fused together. Gas pores could occur when the laser power 

is too high, causing the low melting phases to vaporize. The gases can get trapped into the 

otherwise melted material and leave characteristic spherical shaped gas pores to the bulk 

material (Muñoz, 2017). Laser power in companion with the hatch distance are the two 

parameters that have the most impact on the final quality of the product. Laser power being the 

most important, as the laser is not able to melt the powder even if the hatch distance is low if 

the laser power is not high enough (Choudhury et al., 2023). 

4.1.2 Hatch distance 

Hatch distance is the parameter describing the distance between individual laser vectors in  

PBF-LB/M process. Hatch distance greatly affects the final quality of the part and also the time 

it takes for the process to finish. The hatch distance needs to be small enough that the tracks 

melted and solidified by the laser vectors overlap enough for the resulting part to be solid 

without defects, but it need to be big enough so that the process is not unnecessarily slow. If 

the hatch distance is too big, the melt pools will leave gaps between them, resulting in porous 
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material or unmelted particles within the final product, compromising the mechanical properties 

of the product. When the hatch distance has only a small deviation from the optimal distance, 

it has very little effect on the build quality of the parts, the larger effect is on the processing 

time. (Muñoz, 2017)  

Figure 1 shows the hatch distance between adjacent laser vectors. 

 

 

Figure 1 (Volpato et al., 2022) illustrates the hatch distance, showing that it means the distance 

between two adjacent laser beam movement vectors. 

Hatch distance is a key contributor to the mechanical properties of the part. Especially tensile 

strength and elongation of the material are affected by the changes in the hatch distance because 

of the defects that can be formed in the structure of the part (Zhang et al., 2023). 

4.1.3 Heat input 

Heat input is the amount of energy brought to the powder from the laser. It is calculated by 

using the laser power, hatch distance, laser scanning speed and the layer thickness. The equation 

for calculating the heat input (HI) is shown in Equation 1. 

Figure 1. Hatch distance between adjacent laser vectors. Reproduced from 
(Volpato et al., 2022) which is under an open access Creative Common CC BY 
license. 
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𝐻𝐼 =
𝑃

𝑣×𝑑ℎ×𝑡
     (1) 

Where P is the laser power, v is the scanning speed of the laser, dh is the hatch distance and t is 

the layer thickness. The unit of volumetric heat input (HI) is J/mm3. (Yonehara et al., 2020) 

The heat input needed is depended on not just the chemical composition of the material, but 

also the particle size distribution of the powder. The larger particle sizes the powder has; the 

more energy is needed to melt the powder. 

Heat input also plays a role in the amount of defects, because the scanning speed of the laser 

beam in this thesis is dependent on the heat input, because in this thesis the heat input was 

varied with the power and hatch distance resulting in different scanning speeds, whereas in 

some cases the scanning speed might be decided resulting in different heat inputs. If the laser 

power and hatch distance are optimized, but the heat input is low, causing the scanning speed 

to be high, the laser beam does not bring enough energy to the powder for it to melt properly.  

Heat input as well as the other parameters are usually chosen in a way that the actual quality of 

the parts is good enough, but also in a way that the process does not take too long to complete. 

(Hitzler et al., 2017) 

4.1.4 Shielding gas 

Shielding gas plays a crucial role in the additive manufacturing process to keep oxygen away 

from the process, and to also carry the spatter away from the powder bed. The type of shielding 

gas varies, and the choice of shielding gas is important to consider. For example with stainless 

steel such as 316L, argon gas (Ar) is the preferred shield gas to use as the use of nitrogen as the 

shielding gas can result to porosity caused by the nitrogen getting trapped to the bulk material 

(Yang et al., 2021). However the inert shield gas has little to no effect on some materials such 

as aluminium alloys but while using shielding gas such as CO2 that is not inert, defects cannot 

be ruled out (Kleemeyer, n.d.). 

The shielding gas flow rate however affects the final products drastically. If the flow rate of the 

gas is too low, the flow does not carry the spatters from the process causing the laser beam to 

hit the fumes and oversized particles from the process. This results in lack of fusion porosity 

due to the lost laser beam energy caused by the process fumes, and the oversized particles that 

do not melt properly. (Reijonen et al., 2020) 
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4.2 Part properties 

4.2.1 Scrap rate 

Scrap rate in additive manufacturing is the volume of powder that goes to waste in the building 

process. The scrap rate is calculated using the Equation 2. 

 1 − 
∆𝐵𝑝

∆𝑃
∗ 100% = 𝑠𝑐𝑟𝑎𝑝 𝑟𝑎𝑡𝑒    (2) 

Where ∆𝐵𝑝 is the difference in the weight of building platform before and after the building 

process and ∆𝑃 is the difference in the weight of the powder before the process and after the 

process and sieving. Scrap rate is usually mentioned as percentage of the starting weight of the   

powder. 

Scrap rate is important in the build process as it directly contributes to the cost of the operation 

of the system. The more powder goes to waste, the more the user needs to purchase the powder 

for the same number of parts. Scrap rate is also important from the environmental aspect as the 

more times the powder can be reused, the less there is need to produce and buy more powder. 

Nowadays, when the sustainability of products is brought up more and more, scrap rate becomes 

even more relevant as companies aim for sustainability and cost savings (Hegab et al., 2023; 

Peng et al., 2018).  

4.2.2 Porosity 

There are three main types of microstructural porosity that exist in AM parts: lack of fusion 

(LOF) porosity, gas porosity and high-energy porosity. (Vastola et al., 2018) 

Lack-of-fusion porosity occurs when the energy supplied by the laser beam is not enough to 

melt all the metal powder, which leads to unmelted particles among the otherwise uniform solid 

material and layers that are not fused together. Lack-of-fusion pores can be identified by their 

elongated shape that is oriented horizontally along layer boundaries. Lack-of-fusion defects 

have the most effect on the mechanical properties of the component. (Sola & Nouri, 2019) 

Gas porosity occurs when the gas trapped in the powder feedstock is encapsulated in the final 

solid form of the part. This usually happens with powders that are gas-atomized but not in 

powders that are for example plasma-atomized. Thes pores are also called spherical pores, 

because they are usually completely round. (Sola & Nouri, 2019) 
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The final type of porosity, high-energy porosity happens when the energy provided by the laser 

is too high and the particles end up vaporizing and leaving behind keyhole porosity (Sola & 

Nouri, 2019). Porosity affects the mechanical behaviour of the final products. Especially fatigue 

life of a product is greatly affected (Sola & Nouri, 2019). There can be multiple types of 

porosities in a single sample, for example lack of fusion porosities and gas porosities can exist 

in the same object (Kim et al., 2017). 

One contributor to the amount of porosity in the finalised product is the flow speed of shielding 

gas during the process. When the flow speed is too low, the vapours from the process drastically 

decreases the effective laser energy that reaches the powder bed and causes lack of fusion 

porosities (Reijonen et al., 2020).  

4.2.3 Density 

Density of additively manufactured material is always compared to the theoretical density of 

the material, that is calculated from the chemistry of the material. The density of the product is 

comparable to the number of defects that it has as the higher porosity of the solid is, the less 

dense it is. Density is related to discontinuities in the microstructure, such as porosity and other 

defects, and is therefore in direct relation to the mechanical properties of the part. In recent 

years, machine learning has been utilised to further improve the density of parts by optimizing 

the process parameters through analysing earlier results. (Gor et al., 2022) 

4.2.4 Surface roughness 

Surface roughness means the multitude and size of the deviations from the mean level of a 

surface. In AM the surface roughness of a part has always been an issue because of the 

irregularities in the melt pool during the production of the parts. 

Surface roughness can be indicated in many ways, but the best overviews of the actual 

roughness are shown with Ra (Roughness average) and Sa (Arithmetical mean height) values. 

Ra value is determined by a single profile from the surface, where the measuring device 

determines the mean of the profile and calculates the average deviation from the mean on that 

profile. Sa on the other hand is determined from the whole studied surface by determining the 

mean and the deviations on every point of the surface. Because of these analysis types, the Ra 

value can deviate a lot depending on the exact location from where the profile is located. Sa 

analysis does not have the same problem because it considers the whole surface of the part. 
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One of the most significant influences on the surface roughness of a part comes from the layer 

thickness of the process. This is because when the layers are thicker, the melt pool during the 

process is more inconsistent resulting in a rougher surface than on a lower layer thickness (Cao 

et al., 2021). Surface roughness also changes according to the laser power being used, as well 

as the speed of the laser beam being moved. When these parameters are changed, resulting in 

an optimal heat input, the surface roughness lowers (Whip et al., 2019). 

Surface roughness of a part can be improved by remelting the surface of the part after the initial 

exposure. This has drastic changes on the Ra values measured from the surfaces. In the 

remelting, high heat inputs are to be avoided so that the formation of gas defects can be avoided. 

(Boschetto et al., 2021) 



19 
 

5 Aim and purpose of experimental part 

Aim of the experimental part is to achieve a comprehensive view on how well selected materials 

and parameters work when transferred from one machine to another. In this case the aim is to 

achieve this view in bringing EOS powder and parameters to an SLM machine, not the other 

way around although this would be a subject worth studying in itself. 

Purpose of the experimental part is also to figure out how to create a new process to a system. 

The purpose is to study what need to be done in order to create a new process for a material and 

experiment if the process developed is successful. Also, in the case of 316L, the purpose is to 

create a new process for this material because there was no active license for the parameters to 

be used in the study. 
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6 Experimental set up 

6.1 Hardware 

6.1.1 EOS M290 

EOS M290 is a well-established mid-to-small format machine in the current system landscape 

of PBF/LB-M, where build envelopes range from Ø 100 x 95 mm (EOS M100) to 800 x 800 x 

1200 mm (AMCM M 8K) (Inovar Communications Ltd, 2023). 

The building chamber of the M290 250 x 250 x 345 mm. The M290 has one 400W laser. 

(Electro Optical Systems GmbH, 2024c) The M290 has three compartments in the build 

chamber. Right most is a dispensing unit, middle one is the build envelope and the one on the 

left is for the excess powder that the recoater has taken from the dispenser and cannot fit on the 

building platform. 

The EOS M290 offers the widest range of validated materials on the market, to fulfil a wide 

range of customer needs. (Electro Optical Systems GmbH, 2024c) 

Figure 2 shows the EOS M290 PBF-LB/M device used in this thesis. 
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EOS M290 is shown in Figure 2. In the figure, the main part of the system is in the middle, 

the controlling panel is on the right and the filtering unit of the circulating atmosphere is on 

the left. 

6.1.2 SLM 280HL 

The 280HL is the mid-size machine of SLM Solutions. It is machine in the catalogue of SLM 

that is directly comparable to the EOS M290 because of the similarity in the technology and 

the size of the build envelope 

The build envelope in this machine is 280 x 280 x 365 mm so it is 30 mm per side bigger and 

20 mm higher than the build envelope on the EOS M290.(Electro Optical Systems GmbH, 

2024c; SLM Solutions, 2024) Laser options for the 280HL are one or two 400W lasers, one or 

Figure 2. PBF-LB/M device EOS M290 used in this thesis 
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two 700W lasers, or a combination of one 700W laser and a 1000W laser.(SLM Solutions, 

2024) Both 280HL systems used in this thesis had two 400W lasers. 

One of the selling points in the SLM 280HL is the possibility to handle the powder in oxygen 

free atmosphere. The 280HL also offers the possibility to remove the overflow of powder from 

the machine, sieve the powder and bring it back to the machine while the process is still 

ongoing. (SLM Solutions, 2024) 

Figure 3 shows one of the two SLM 280HL systems used in this thesis. 

 

 

From Figure 3 it can be seen that the composition of the system is similar to the EOS M290. 

The main compartment is on the middle, the control panel on the right and the filtering system 

on the left. 

6.1.3 Analysis of systems 

One of the main differences of the systems is the bi-directional recoating in SLM 280HL. In 

M290, the recoating happens always from the right to left whereas in the 280HL, the recoater 

Figure 3. SLM 280HL system used in this thesis 
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moves from back to the front direction in relation to the build chamber. Flow direction is also 

different in the systems. In the M290 the gas flow is from the back of the chamber to the front 

towards the detachable extraction nozzle at the chamber door. On the 280HL the flow direction 

is from right to left. 

Operation on the systems is also quite different. The design of the M290 is more open than the 

280HL as the powder is in open chambers on the same level as the build platform. Because of 

the more open design, meaning the access to the powder reservoir is easier in the machine. On 

the 280HL it was noticeable how challenging the powder handling sometimes was when the 

powder had to be lifted on top of the machine and turned upside down while fastening the 

container to a pipe that leads the powder to the dispensing system. whereas on the M290 the 

powder is poured directly through the opening of the build chamber. 

Figure 4 shows the side-by-side pictures of the M290 and 280HL building chambers. 

 

Figure 4 Side-by-side pictures of M290 building chamber on the left and 280HL on the right 

 

As it can be seen from Figure 4, the orientation of the recoaters are different and the gas flow 

on the M290 is from the back to the front whereas on the 280HL, the gas flows from the right 

to the left. 

The emptying and clean-up of the machine in the exact configuration used in this thesis was 

more difficult on the 280HL because the powder had to be brushed off the building platform 

into the collector chambers. The powder can be brushed from the build envelope using the glove 
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box incorporated on the build chambers door, but the holes to the gloves are relatively small so 

in my own experience it is easier to just do it with the door open. This however makes the 

handling of the powder in oxygen free environment impossible and requires the user to wear 

protective equipment for this task. Taking the powder from the collector chambers was not easy 

either as the operators must be on their knees while inserting the container below the collecting 

chamber and hitting the chamber with a plastic hammer to get the powder flowing out of the 

chamber. There is also no fool-proof way of knowing if all the powder has come out of the 

chamber as there are no sensors in the chamber and visual inspection of the collecting chamber 

is not possible without any additional equipment. This causes there to sometimes be powder 

left over in the chamber even though the operator thinks that process has been done thoroughly. 

 

 

6.2 Software 

Pre-processing of CAD data includes using a slicer software to give layer by layer information 

on the area to be exposed by laser at each layer. On EOS machines, EOSPRINT is used, which 

is a software developed by EOS. On the SLM machines, in this case, Siemens NX is used with 

a Materialise Magics add-on. Both software can be used to position the parts on to the building 

platform and to set the parameters and building order for each part. 

6.2.1 Comparison of the slicing software 

Both slicing software have similar workflows. First a correct type of build envelope is opened, 

after which the parts are added onto the platform area. EOSPRINT differs from NX slightly by 

giving option to choose the material straight from the main window of the software whereas in 

NX material is chosen from the same pop-up window where you choose the building strategies 

from. Choosing the building strategy is done similarly in both software and different strategy 

can be chosen for each individual part or just as easily use the same strategy for every part. 

Using the software, some problems came up when trying to upload some parts into NX. The 

software was precise about the models not having any errors in the surfaces, because then it 

will not recognise them as a bulk body of material, but only as a surface, which cannot be 

uploaded to the build file. When uploading the same file to EOSPRINT, there were no issues. 

With NX, another problem was noticed when attempting to upload the job into NX as individual 
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parts. The software did not recognize the placement of the parts that were predefined in 

Materialise Magics and just placed all the parts to the middle of the platform. This same problem 

did not come up when tested on EOSPRINT. The problem was overcome by simply merging 

all the parts as one STL file and then uploading it into NX but after the parts are merged, it 

blocks the moving and modifying of individual parts in Magics. Giving separate sections of 

merged parts individual exposure parameters was still possible when the STL file was uploaded 

to NX.  

 

6.3 Materials 

6.3.1 AlSi10Mg 

Two different AlSi10Mg aluminium powders were used in this thesis. One was supplied by 

EOS and the other by SLM. The two powders are almost identical comparing their chemical 

composition shown in Table 1 and Table 2.  The main difference of the powders comes from 

their particle size distribution. The general particle size distribution on the EOS powders is 25-

70 µm and on the SLM powder the general particle size distribution is 20-63 µm. However, the 

EOS powder has a larger proportion of fine particles compared to SLM powder which 

influences the powder behaviour inside the machine during the process. 

 

Table 1 EOS AlSi10Mg chemical composition from the MDS (wt.-%) 

Element Min. Max. 

Al Balance 

Si 9.00 11.00 

Fe - 0.55 

Cu - 0.05 

Mn - 0.45 

Mg 0.25 0.45 

Ni - 0.05 

Zn - 0.10 

Pb - 0.05 

Sn - 0.05 

Ti - 0.15 
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Table 2 SLM AlSi10Mg chemical composition from the MDS (wt.-%) 

Element Min. Max 

Al Balance 

Si 9.00 11.00 

Mg 0.20 0.45 

Fe - 0.55 

Mn - 0.45 

Ti - 0.15 

Zn - 0.10 

Cu - 0.05 

Ni - 0.05 

Pb - 0.05 

Sn - 0.05 

Others - 0.15 

 

As the powders are quite similar in the ways presented in Table 1 and Table 2, the hypothesis 

is that the EOS powder will work without any bigger problems in the SLM 280HL. Some 

optimizations of the parameter values would most likely be in order but the standard process of 

SLM should work just fine. 

6.3.2 Cobalt-Chrome 

The experiments on Cobalt-Chrome were done using only the Cobalt-Chrome (MP1) from 

EOS. SLM does not have a product called MP1, but their CoCr28Mo6 product follows the same 

standards and is thus comparable to EOS MP1. The chemical composition of EOS MP1 can be 

seen from Table 3. The general particle size distribution of MP1 is 15 – 45 µm. General particle 

size distribution for the SLM’s Cobalt material is 10 – 45 µm, so the difference between the 

powders is small. 

Table 3 EOS MP1 chemical composition from the MDS (wt.-%) 

Element Min. Max. 

Co 60.00 65.00 

Cr 27.00 30.00 

Mo 5.00 7.00 

W - 0.20 

Ni - 0.10 

Fe - 0.75 
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Mn - 1.00 

Si - 1.00 

C - 0.14 

 

Table 4 SLM CoCr28Mo6 chemical composition from the MDS (wt.-%) 

Element Min. Max 

Co Balance 

Cr 27.00 30.00 

Mo 5.00 7.00 

Mn - 1.00 

Si - 1.00 

Fe - 0.75 

Ni - 0.50 

C - 0.35 

Al - 0.10 

B - 0.01 

Ni - 0.25 

P - 0.02 

Si - 0.01 

W - 0.20 

Ti - 0.10 

 

Table 3 and Table 4 show that that the chemical composition of the powders are really close to 

each other, small difference being in the marginal materials that might be present in the SLM 

powder. Because the differences between the powders themselves are small, the expected 

outcome is that the EOS MP1 will work well in the SLM 280HL. 

6.3.3 Stainless Steel 

The experiments on Stainless steel were also done by only using material from EOS (316L). 

The chemical composition of 316L can be seen from Table 5. The general particle size 

distribution of EOS 316L is 20 – 65 µm. 

Table 5 EOS 316L chemical composition from the MDS (wt.-%) 

Element Min. Max. 

Fe Balance 

Cr 17.00 19.00 
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Ni 13.00 15.00 

Mo 2.25 3.00 

Cr - 0.03 

Ni - 0.10 

 

6.4 Test geometries 

The geometries shown in Figure 5 and Figure 6 were built in the layouts to get the best possible 

view on the performance of the powder and parameters. 

 

 

 

As it can be seen from Figure 5 and Figure 6, the geometries are identical apart from the support 

structure below the horizontal part in Figure 5. 

Some of the tensile test parts were built horizontally and some were built vertically. This is 

done such that the effect of differently oriented layers in the finished part can be studied and 

Figure 5. Horizontally built tensile test part 
(A) 

Figure 6. Vertically built tensile test part 
(B) 
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taken into account when manufacturing parts at the user’s end. Tensile test parts are built as 

this kind of geometry in order to have the ability to machine the part to a certain geometry to 

correspond the geometry set in a specific material standard that the result is compared to. 

Figure 7 the geometry used in density testing of the materials 

Density cubes were built to find out the density of the finished material using the Archimedean 

method. A simple cube was chosen for this so that the test would be easy to go through because 

in a more complex geometry, air bubbles could get stuck and thus affect the result of the 

Archimedean experiment. 

Figure 8 shows the geometry used to test the hardness of each material. 

 

A simple design was chosen for the hardness test parts. The test does not require a complex 

geometry so a part that has simple straight sides was chosen. This part is ideal for hardness 

testing, because of the long sides that can be grinded smooth for the hardness testing to be 

conducted. 

 

Figure 7. Density cube (C) 

Figure 8. Hardness test part (D) 
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Figure 9 shows the geometry chosen to be used in the porosity testing. 

The part in Figure 9 is cut in half through the middle in order to study the internal defects in the 

bulk material. The part can also be modified to make the base higher or lower depending on 

how large of an area is desired to be observed. 

 

Figure 10 shows the geometry used in the internal structures analysis and optical microscopy. 

 

 

The part in Figure 10 was chosen to see how well the system and material combination is able 

to build thin walls and internal channels. The part, when cut in half can be used to observe how 

consistent and thin the thinwalls in the structure are, as well as how well the ceilings of the 

internal channels at different angles have been built. 

 

Figure 11 shows the part assembly used to measure the surface roughness of the parts. 

Figure 9. Porosity test part (E) 

Figure 10. Thinwall and internal structures part 
(F) 
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The part on Figure 11 is used to analyse the surface roughness of the parts in different building 

angles. This particular part has four different angles that are built, vertical, or 90-degrees, 75-

degrees, 60-degrees and 45-degrees, in relation to the building platform. This geometry of the 

part allows the roughness to be analysed from both the upper and lower sides of the part to get 

the result from both upskin and downskin of the part. Upskin meaning the upper side of the part 

and downskin the down facing side o the part that is partly built on just the powder bed due to 

the orientation. 

 

 

 

 

 

 

 

 

Figure 11. Surface roughness test part (G) 
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Figure 12 show the geometry used in the optical microscopy and etching tests of aluminium 

samples. 

 

The geometry that is shown in Figure 12 is used to study the downskin of the part with the use 

of the different angles in the sides of the part. The part is cut in half in order to give a chance to 

observe surface roughness from the middle, where for example the contours from the sides of 

the part have no effect on the results. 

 

6.5 Sample analysis tools 

6.5.1 Porosity analysis 

The porosity analysis parts were cut in half with an abrasive disc cutter. The samples were 

polished using the Struers Tegramin-30 sample polishing device shown in Figure 13. The actual 

analysis was done by using an Olympus GX51 optical microscope and an analysis software. 

 

Figure 12. Downskin test part (H) 
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The Struers Tegramin-30 sample polishing device (Figure 13) is operated by the integrated 

controlling software in the machine. There are controlled recipes for each material that have 

been optimized in the laboratory to get the optimal polished surface with as few steps as 

possible. The polishing device is used by inserting a polishing disc or a grinding paper on the 

large spinning platform in the machine and putting the samples on the sample holder above the 

platform. Then the controlled recipe is started, and both the platform and the sample holder start 

spinning and the system drops either water or different diamond suspension liquids on the 

platform to help with the polishing. 

 

Figure 13. Struers Tegramin-30 sample 
polishing device 
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After the samples are polished, the Olympus GX51 optical microscope shown in Figure 14 is 

used to produce the photos of the sample surface for the analysis. The sample is lowered to the 

top of the microscope and first a overall view of the sample area is taken with lower 

magnification lens, in order to get the right points of the samples to set the correct focus to the 

surface. Then with the higher magnification lens is used to take the images from the sample 

surface that are stitched together to achieve a high-resolution image of the whole surface, that 

can be analysed for the defects by calculating the area occupied by defects from the observed 

area of the sample. 

6.5.2 Surface roughness analysis 

The surface roughness analysis was done by using Alicona InfiniteFocus G5 shown in Figure 

15. 

Figure 14. Olympus GX51 optical microscope 
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The equipment used in the surface roughness analysis is shown in Figure 15. The base of the 

machine is moveable from side-to-side, which gives the ability to image larger areas of a 

sample. The lenses on the system move up and down to focus the image on the correct height 

 

6.5.3 Hardness analysis 

Hardness analysis was conducted using the EMCO-Test DuraVision system, shown in Figure 

16. 

Figure 15. Alicona InfiniteFocus G5 
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The system has a stand for the sample that move up and down. On top of the stand there is an 

instrument holder that holds the different points that are used to indent the surface of the sample, 

and two different lenses that are used to set the sample to the correct position as well as analyse 

the indentation left by the tests. The stand is operated by the wheel in the base of the stand that 

can be turned to lower of raise the platform. The system is operated by an integrated computer 

and controlling software through the screen on the right side of the machine. The system has 

standardised test parameters saved in order for easy use of the machine by simply just choosing 

the correct test. 

Figure 16. EMCO-Test DuraVision used in the hardness analysis 
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7 Experimental procedure 

 

7.1 Job preparation 

The jobs were designed with the idea in mind that those would give the best possible picture 

about how well the powder works in the machine (see Figure 17).  

 

  

 

 

First AlSi10Mg jobs were done using a quality control layout (Figure 17), which has density 

cubes, horizontal and vertical bars for tensile testing, two sub-contour porosity parts for porosity 

testing and two parts that are meant for hardness testing. This layout is low in load for the 

machine, and it gives a direct comparison to similar job layout used to create quality control 

data in EOS M290. 

Figure 17. QC layout used in the AlSi10Mg jobs. A is horizontal tensile bar, B is 
vertical tensile bar, C is a density cube, D is the hardness test part and E is the 
porosity analysis part 
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Second job that was prepared for aluminium, was a DOE layout (Error! Reference source not 

found.) that was made to test different parameters on the infill of the parts. 16 different 

combinations were made with four different laser powers, four different levels of heat input and 

four hatch distance settings along with three arbitrarily chosen parameter sets included for extra 

data. Eight density cubes were added to the layout with two cubes on each side of the building 

platform to characterize far ends of the slightly larger build area of SLM 280HL. Each pair was 

made using one parameter set on the other cube and second parameter set on the other. Two 

geometries were added to the center of the platform to test the downskin quality of the parts. 

Tensile bars were also added, half of which were heat treated after the job. Lastly some slats on 

different angles were added to study the surface roughness of the parts in different building 

angles. 

Figure 18. AlSi10Mg DOE job layout. A part is a horizontal tensile test bar, C is a 
density cube, F is the internal structures part, G is the surface roughness part and 
H is the optical microscopy and etching part 
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On the third layout that was made with aluminium (Figure 19), a buildability part was put in 

with different geometries such as a dome, slats in different angles to study the downskin and 

some holes and small diameter poles. The layout also has lattice part from which it’s possible 

to study what the surfaces of such thin components looks like. Some corrosion testing parts 

were also put into the layout along with three bars and some medals for added load on the 

machine but the parts were not in the scope of the thesis to be tested. 

 

 

 

 

 

 

Figure 19. Buildability and corrosion test job 
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The layout in Figure 20 was used to test different parameters in the process as well as to create 

the process parameters for 316L. The layout also has parts placed on the outside edges of the 

platform as well as one on the middle of the platform to study the effects of the placement of a 

part. This DOE layout consists only from the porosity test parts. 

 

Figure 20. DOE job layout for MP1 and 316L consisting of only porosity 
test parts 
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The validation layout (CV) in Error! Reference source not found. was used to test the 

performance of the material in the given process. The platform has been filled with multiple 

different test parts, some of which were not tested because they were not in the scope of the 

thesis. 

7.2 Sample manufacturing 

7.2.1 Preparing the system 

The samples were manufactured using the SLM 280HL. In the case of the SLM system, the 

process starts with sieving the powder so that there are no particles that are too big. Sieving is 

done after every built job so that the particle sizes remain constant and there are no particles 

Figure 21. CV layout used with 316L and MP1. A is a horizontal tensile test bar, 
B is a vertical tensile test bar, C is a density cube, D is a hardness test part, E is 
a porosity test part, F is an internal structure part and G is a surface roughness 
part 
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that are too big that would not melt properly during the next job. This is done because during 

the process, particles affected by the laser can form big particles that could disturb the process 

by not melting properly. At the start of the sieving process, the powder is transferred from 

plastic containers that the powder is stored in, to metallic containers that are about the same 

size. One metallic container is then transferred on to the sieving machine that has another 

similar container below the sieve to collect the sieved powder. When the containers are secured, 

before the start of the sieving, oxygen is removed from the sieving machine by flooding with 

argon gas to below 0,5 % oxygen level. This is in order to protect the powder from 

environmental effects like moisture pickup and oxidation. Then the sieving is started, and the 

sieve starts vibrating. The hatch that keeps the powder in the container can be opened letting 

the powder flow on to the sieve, and to the container below the sieve. After all the powder has 

gone through the sieve, the process can be stopped, and the containers can be taken out of the 

machine. After the sieving of a container is finished, the powder can be added to the machine 

by lifting the container above the machine and turned upside down and fixed into a feeding pipe 

with a metal clamp. Then the hatches are opened and the powder flows into the dispensing 

chamber of the machine. If the powder doesn’t flow by itself, the container can be lightly hit 

with a plastic mallet to get the powder moving. When the container is empty, it can be taken 

off the machine and used in the next sieving round. The machine holds about 2-3 containers 

worth of powder, and one extra can be left on top of the machine if needed. 

Preparing the machine starts by cleaning the building platform carrier and the platform itself. 

This is done by wiping them with a clean cloth and isopropanol alcohol to get all the dirt and 

grease off them. Then the platform is inserted on the carrier and secured with four screws, one 

in each corner of the platform. The platform is also leveled onto the correct height so that the 

recoater doesn’t crash on the platform and to ensure the correct height of the first layer of 

powder. After the platform is secured, the lenses of the lasers are cleaned by also wiping them 

with isopropanol alcohol and wiping cloths, after which the lenses are checked by reflecting 

light off them to make sure no particles are left on them so that the laser beam does not hit them 

and cause particles to burn into the lenses or possibly reflecting the laser beam back to the optic 

system. Then from the controlling computer of the system, the saved job file is downloaded 

onto the machines controlling software from which you can control the job and see how long 

it’s going to take to build the job. After that the platform heating and atmospheric build-up in 

the process chamber is started. The oxygen is removed from the process chamber by flushing 

it with argon gas until the oxygen level is below 0,10 %. When the oxygen level is below 0,10 
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% and the platform temperature has reached the pre-set temperature 150 °C in the cases of 

aluminium and cobalt-chrome and 80 °C in the case of stainless steel, the first layer of powder 

is spread on top of the building platform so that the layer of powder is see-through. 

After all the preparations are finished, the process can be started from the machine’s computer. 

The machine starts melting the powder layer by layer in the layout determined by the slicing 

software. 

7.2.2 Post processing 

After the job has finished in the SLM 280HL the post-processing can be started. First the 

building platform is allowed to cool down in peace so that the operator does not burn their 

hands. After the platform had cooled down, the platform is slightly lowered and the excess 

powder on the edges of the build chamber is vacuumed out so that it does not mix with the 

powder on the platform. Then the platform is raised step by step and the powder is swiped off 

the platform into the collector bin using a brush until the whole platform and the parts are 

cleared form most of the powder. Then the rest that cannot be brushed off is vacuumed out to 

get the platform free of any powder. After the platform is free of powder the platform is taken 

out of the machine. 

Post processing is continued by marking the platform with the correct details and takin 

photographs of the build job so it can be studied later if needed. Then the parts were cut from 

the platform, cutting residue grinded off the parts and then put into a box. 

7.2.3 Heat treatment of AlSi10Mg 

Some of the AlSi10Mg tensile test parts were heat treated in order to alter the mechanical 

properties of the parts. Heat treatment lowers the tensile and yield strengths of the material 

while increasing the elongation, but the effects could be the other way around with different 

treating durations and temperatures.   (Ghio & Cerri, 2022) 

The first part of the heat treatment is a solution annealing to alter the microstructure and get rid 

of the layer-wise continuous structure in the cross-section caused by the process. Solution 

annealing also removes the internal stresses of the material caused by the manufacturing 

process. (Ghio & Cerri, 2022) The heat treatment was conducted by first heating the oven to 

540 °C. When the oven was at the set temperature, the parts were inserted to the oven and kept 

there for half an hour starting from the moment that the temperature of the parts reached 530 
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°C. After 30 minutes soak time in high temperature, the parts were taken out of the oven and 

immediately submerged in water to quickly cool them down. 

Second part of the heat treatment was a T6-aging. This means that the oven was heated to 170 

degrees and when the temperature was reached, the parts were put in and kept there for 6 hours 

after the parts had reached 165 degrees. The temperature graphs in relation to time are shown 

as appendices. 

The effect of the heat treatment could be altered by changing the temperature for the aging and 

also the time that the aging process lasts. Heat treatment could cause the yield and tensile 

strengths decrease and elongation to increase even more, or the effect can be completely the 

opposite where yield and tensile strengths increase and elongation decreases. (Rosenthal et al., 

2018) 

 

 

7.3 Sample analysis 

7.3.1 Porosity analysis 

The analysing of the porosity test parts started with cutting them in half and washing them 

thoroughly using an ultrasound cleaner to get any residue powder off the surface of the parts. 

Then the samples were made into round buttons using epoxy resin and left to set over night.  

The dried-up buttons were then sanded and polished using a material specific recipe to get the 

sample surface levelled and completely smooth. The different steps in the polishing are shown 

in Table 6. First the aluminium samples were sanded using an 80-grit sandpaper for one minute 

and then on 320-grit sandpaper for 3 minutes to get the sample surface all flat. After the 

sandpaper the samples were polished using an MD-Largo polishing sheet for 7 minutes with 

diamond suspension liquid meant for this specific polishing sheet. After MD-Largo, MD-Mol 

was used for 8 minutes with a different diamond suspension automatically dropped onto the 

polishing sheet. Lastly on the rotating polisher an MD-Chem was used for 1:30 minutes with a 

third diamond suspension added manually this time. After all these steps, the samples were put 

into a vibration polisher for 1.5 hours to get a perfectly smooth surface to get the most accurate 

results from the porosity analysis. 
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Grinding and polishing of the 316L samples started with the 80-grit, 320-grit and 600-grit 

sandpapers. After that the polishing started with the MD-Largo for 8 minutes, then MD-DAC 

for 5 minutes, MD-Mol for 3 minutes, and MD-Nap for 3 minutes, after which the samples 

were ready to be analysed. 

Table 6 Porosity analysis sample polishing recipes 

  AlSi10Mg 316L MP1 

80-grit sandpaper 1 min 2 min 3 min 

320-grit sandpaper 3 min 2 min 3 min 

600-grit sandpaper X 2 min X 

MD-Allegro X X 7 min 

MD-Largo 7 min 8 min X 

MD-DAC X 5 min X 

MD-MOL 8 min 3 min 20 min 

MD-NAP X X 4 min 

MD-Chem 1.5 min X X 

Vibration polishing 1.5 h X 1.5 h 

 

The porosity analysis was done with an optical microscope using a 5x magnification lens. The 

software-controlled microscope is used to create a stitched image by automated stage 

movements to focus the microscope to each location on the sample surface, after which the 

picture could be modified to look good by cropping and tilting the image. On the sample 

surface, a rectangle was drawn to the bulk solid of the sample from which the analysis was done 

so that the contours were omitted from region of interest in the porosity analysis. Then an 

analysis tool is used from the control software of the microscope that recognises all the pores 

on the sample surface and highlights them. The analysis might also highlight some grooves on 

the surface or some dirt left even after the polishing, so the results are checked, and the wrongly 

highlighted areas are deleted from the analysis. 
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Cross-sections like the one on Figure 22 were analysed to receive the defect information of the 

parts. The sample shown in Figure 22 is made of AlSi10Mg. 

7.3.2 Hardness analysis 

Hardness testing was done using the EMCO-Test DuraVision machine. The hardness test parts 

were prepared by grinding the long edges so that the test surface would be flat and smooth. 

When the samples were prepped, they were put to the machine one by one. The aluminium parts 

were tested using the Brinell scale. Then 2.5 mm diameter tungsten sphere impedes the sample 

surface with a constant load of 62.5 kg, after which the systems software analyses the crater 

that was left on the surface and determines the hardness from the diameter of the crater. This 

procedure was repeated three times on different positions on the sample surface. To get a 

reliable result, enough material is left between each indentation so that deformation and 

working of the surface does not interfere with the next measurement. 

316L and MP1 samples were tested using the Vickers hardness. HV10 test was used to measure 

the Vickers hardness. HV10 uses a load of 10 kg instead of the 62.5 kg in the Brinell hardness 

Figure 22. Porosity analysis sample image of AlSi10Mg 
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tests and the point used in the test is the shape of a pyramid instead of a ball like in the Brinell 

tests. 

 

 

Figure 23 shows the image that the system uses to measure the hardness. The lines are 

automatically set to the edges of the indentation and can also be manually moved. The 

software calculates the hardness based off of the size of the indentation. 

7.3.3 Surface roughness analysis 

Surface roughness analysis was done using the Alicona InfiniteFocus G5 focus variation 

measuring instrument (Figure 15). The parts were put on a surface under the objective and an 

overview picture from each sample was taken. When the samples are set on to the surface, 

controlling software of the Alicona scanner is used to set the correct positions on x-, y- and z-

axis, between of which the scan of the sample surface is taken. Setting the range on the z-axis 

was important to get all of the individual peaks to be visible on the analysis. After the range 

was set, the machine took images from the whole test area at various focus distances and made 

a 3D-model from the surface. From the model, the whole area was analysed to get the Sa values 

of the surfaces. Also, the Ra values were determined using the Alicona by taking an image from 

a smaller area of the sample and then drawing a line in a zigzag formation on the sample in the 

length of 40 mm from which the program determined the profile of the line and calculated the 

Figure 23. Hardness analysis method 
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wanted values. Examples of the area for the Sa and profile for the Ra measurements are shown 

in Figure 24. 

 

7.3.4 Density analysis 

Densities of the materials were determined using the Archimedean method. The cube was 

grinded smooth on all sides so there would be no air bubbles trapped on the samples surfaces 

to disturb the measurements.  

The measurement setup was put on top of a scale. A cup of water and a holder for the samples 

with one surface in air and one surface submerged in the water cup. The scale was the zeroed 

and an analysis program started on the scale. The temperature of the water was measured and 

inserted into the program to calculate the density of the water. Then the cube was put on the 

measurement surface that was above the water surface and the weight of the cube was saved in 

the program. Then the cube was measured on the surface submerged in water and the program 

calculated the density of the material from the results. 

Figure 24 Sa and Ra measurement area and profile 
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7.3.5 Tensile tests 

Tensile tests were performed to measure the tensile strength and the elongation of the parts. 

Horizontal and vertical bars were tested. A part of the horizontal bars was heat treated prior to 

tensile testing. Tensile tests were outsourced to DEKRA and Element and were executed using 

the test specifications supplied by EOS, that are according to the ISO 6892 specification. In the 

cases of AlSi10Mg and MP1, the gauge length (length of the neck area) was 5D (5 times the 

diameter of the neck area) according to annex D of ISO 6892. When testing the 316L samples, 

gauge length 4D was used to enable comparison to long term data created by EOS. 

 

7.3.6 Optical microscopy 

Parts were also studied using an optical microscope. Figure 26 shows the pictures taken from 

the DOE job of AlSi10Mg 

Figure 25. Density analysis setup 
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Each of the pictures in Figure 26 were analysed individually to get the results of the porosities 

for ach parameter set. 

Some AlSi10Mg parts were etched using a Kellers etch HF reagent at Dekra Turku, to get a 

better phase contrast and more detailed view to the microstructural features, such as melt pool 

boundaries. The etching however was not successful as the final surface seemed to have etched 

too much, which makes the analysing of the surface quite difficult. The resulted images from 

the etched parts are shown in Figure 27.  

Figure 26. Example of optical microscopy on AlSi10Mg DOE design 
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Figure 27. Etched AlSi10Mg parts. EOS material on the left and SLM material on the right 

 

7.3.7 Taguchi analysis 

Porosity results from the DOE job were analysed using the Taguchi analysis method. 

The main contribution of the Taguchi design is the ability to reduce combinations tested to find 

the most suitable parameter combination with most effect to optimized function with least 

variation. Taguchi methodology enables for example reducing variability and increasing 

robustness of a process by providing ranking and significance of different parameters to the 

measured signal as well as determining the optimum control parameters with least noise caused 

by uncontrollable error parameters. 

The expected outcome from the Taguchi analysis is a product that does not get affected by 

changing conditions, such as in the case of this thesis, the placement on the platform. (Karna, 

n.d.) 

The results of the Taguchi analysis are: 

- Significance of the parameters to the received results 

- Determining the optimal level of factors by conducting a main effects analysis 

- Execution of an analysis of factor contribution rate 

- Confirmation of the experiment 
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8 Results and discussion 

8.1 AlSi10Mg 

AlSi10Mg jobs started by doing the QC layout jobs, followed by the DOE jobs. SLM powder 

was used first, followed by EOS powder before moving on to the next job layout. 

Table 7 AlSi10mg porosity analysis report from the DOE job 

  Defect-% > 100 µm (pcs.) 

Parameter set 
SLM 
powder 

EOS 
powder 

SLM 
powder 

EOS 
powder 

1 1.052 1.070 137 139 

2 0.501 0.459 14 18 

3 3.259 2.485 271 170 

4 6.485 5.074 759 582 

5 0.263 0.183 6 5 

6 0.313 0.214 9 6 

7 4.913 3.749 518 348 

8 4.753 4.144 479 492 

9 0.217 0.140 1 3 

10 3.013 2.322 185 136 

11 0.423 0.321 24 18 

12 2.765 2.180 223 164 

13 0.646 0.392 17 16 

14 1.321 1.174 62 45 

15 1.092 0.973 44 43 

16 0.612 0.609 35 20 

17 0.258 0.225 2 6 

18 0.233 0.253 6 5 

19 0.123 0.135 2 1 

 

The porosity results of AlSi10Mg DOE job are presented in Table 7. The deviation in the results 

showcases that the parameter window was wide enough to have comparison of powders made 

also on less optimal process parameter areas. If one powder would be more robust against the 

process changes, it would be shown in the comparison of the results. When the results are 

analysed, the EOS powder yields better results compared to the SLM powder when the 

parameters are clearly faulty. Even on the better suited parameters the EOS powder yields better 

or at least roughly similar results when compared to the SLM powder, which suggests that the 
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powder behaviour of EOS powder is equal or even better than the behaviour of the SLM 

powder. 

 

 

Taguchi analysis was conducted from the porosity results of the DOE job. The results of the 

Taguchi analysis are shown in Figure 28. In the diagrams the closer to zero the result is, the 

better. So therefore, the best outcomes come with a power of 370, hatch distance of 0.12 and a 

heat input of 26. These results seem plausible when discussed with the experts at EOS Oy. In 

the Taguchi methodology, the best combination is not necessarily included in the test matrix. 

In this case the combination was not in the matrix, so the results should be confirmed by testing 

the parameters by manufacturing more parts with these parameters. 

 

Figure 28. Taguchi analysis of AlSi10Mg parameter variables. Power is the laser 
power, hd means hatch distance and HI means heat input. SN ratio means the 
effect on the results. 
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Figure 30. Yield and tensile strengths of horizontally built AlSi10Mg parts 
compared to the MDS values and the material standards indicated with the red 
lines 

Figure 29. Yield and tensile strengths of vertically built AlSi10Mg parts 
compared to the MDS values and the material standards indicated with the red 
lines 
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Figure 29 and Figure 30 shows that both materials have similar performance when it comes to 

the proof and tensile strengths. This can be said as the data points labelled EOS and SLM are 

on the same level with each other. In the vertical parts, both materials exceed the MDS values 

of both manufacturers. The horizontal parts meet the MDS values of EOS, but the SLM MDS 

values are higher than the actual results that was achieved with either material. These results 

could possibly be further improved by optimizing the process parameters for the EOS powder, 

but considering the fact the EOS powder performed similarly than the SLM powder, or even 

better, proves that the EOS powder works well in the SLM 280HL as is. 

All of the yield and tensile test results regarding the as-manufactured AlSi10Mg parts are well 

above the minimum requirements of over 220 MPa of yield strength and 413 MPa of tensile 

strength, that are in the standard specifications of the material ASTM F3318-18. (F42 

Committee, n.d.) 

The scrap rate of the material was also calculated from these builds. The achieved scrap rate 

for the AlSi10Mg jobs were 37.52 % for the EOS powder and 32.46 % for the SLM powder. 

These results are high compared to normal scrap rates achieved with either materials and are 

most likely caused by lack of experience of using the SLM 280HL system. 
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The measured elongation of both vertical and horizontal tensile test parts are shown in Figure 

31. Results show that on the vertical parts, both materials perform as well as the MDS values 

or better as the results are on on the same level as the MDS values, whereas in the horizontal 

parts the results are a bit under the MDS values of EOS, but the materials perform similarly 

when compared to each other. The elongation results are also on par or above the requirement 

of the material standard that is 4% of elongation. 

Figure 31. Elongation of AlSi10Mg parts compared to the MDS values and the 
material standard indicated with the red line 
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Figure 32 and Figure 33 show that the yield and tensile strengths and elongations are similar 

with both materials and when compared to the MDS value of EOS, as the deviation in the results 

overlap each other and the MDS value. These properties can be fine-tuned by optimizing the 

 

Figure 32. Yield and tensile strengths of heat treated horizontal AlSi10Mg parts 
compared to the MDS value of EOS and the material standards indicated with 
the red lines 

Figure 33. Elongation of heat treated horizontal AlSi10Mg parts compared to the 
MDS value of EOS and the material standard indicated with the red line 
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heat treatment process as the effect is slightly different because of the different process 

parameters in the process itself compared to EOS parameters. The fine tuning of heat treatment 

process is proposed to be tested in future research. The results were not compared to MDS 

values of SLM as the material data sheet has no values for heat treated AlSi10Mg. These results 

could be made more precise with a larger number of samples as the test batch was small in this 

test. 

 

Surface roughness measurements were tested using the Alicona InfiniteFocus G5 and these 

results can be seen in Figure 34. The results show that the EOS powder behaves better in the 

lowest building angle. Figure 34 shows that in the 45-degree building angle, the part made with 

EOS powder has a lower surface roughness than the one made with SLM powder. This might 

be due to the smaller particle sizes in the powder that provide a denser powder bed, that supports 

the structures being built in lower angles better. In 60-, 75- and 90-degree building angles, the 

results are closer to each other as the data almost on the same level with each other. These are 

made on the SLM parameters, and the results might be different if the surface parameters were 

modified slightly to suit the EOS powder better. 

 

 

 

Figure 34. AlSi10Mg surface roughness in different building angles compared to 
the EOS MDS values 
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The parts for the density testing were made with multiple combinations of parameters and 

materials. There were parts made with EOS powder utilizing EOS parameters as well as SLM 

parameters. There also were parts made with SLM powder with EOS and SLM parameters. The 

results from this experiment are shown in Figure 35. The results show that all the densities are 

on the same level with each other as well as with the MDS values of both companies. The 

results show that the process parameters have little to no effect on the density of the material if 

the parameters are suitable for the material processing. This further proves that the performance 

of both powders is similar in the SLM 280HL printer. 

 

Figure 35. AlSi10Mg densities compared to the MDS values 
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Hardness values received from the experiments are shown in Figure 36. In Figure 36, the EOS 

1 and EOS 2 are two similar parts that have been differentiated in the results to show the two 

samples and the SLM parts are dine the same way. All the samples have been manufactured 

using the SLM parameters. The figure shows two parts made with EOS powder and SLM 

powder, all of which were tested three times each. The results show that the hardness of both 

sets of parts are similar and on the same level as the MDS value presented in the data sheet of 

SLM. 

 

8.2 MP1 

In the case of MP1, there was no SLM supplied powder available, so the experiments were done 

only using EOS supplied powder. The experiments on MP1 started by doing a DOE job with 

placement dependent parts also in the job with both EOS and SLM parameters. The DOE job 

was made using a 60 µm layer thickness. After this a CV job was done using the SLM 60 µm 

process. 

Table 8 MP1 DOE parameters 

Laser 
power (W) 

Hatch 
distance (mm) 

Heat 
input 

(J/mm3) 
280 0.1 40 

Figure 36. AlSi10Mg hardness compared to the SLM MDS value 
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310 0.11 50 
340 0.12 60 
370 0.13 70 

 

Table 8 shows the process parameter variables that were used in the DOE job of MP1. 

 

Table 9 MP1 porosity analysis results from the DOE job 

Parameter set Defect-% 
>100 µm 
(pcs.) 

1 0.235 12 

2 0.040 1 

3 0.036 2 

4 0.072 1 

5 0.041 0 

6 0.028 0 

7 0.036 0 

8 0.037 1 

9 0.039 2 

10 0.022 0 

11 0.033 0 

12 0.023 0 

13 0.050 3 

14 0.024 0 

15 0.066 0 

16 0.061 0 

17 0.059 0 

18 0.030 0 

 

From the porosity analysis results on Table 9, it can be observed that there is some variation in 

the results between different parameter sets. Parameter set 10 has the lowest amount of porosity 

with 0.022 defect-% and the highest amount of porosity is in the part made with parameter set 

1. The variation is not as big as seen with AlSi10Mg for example as the parameter variation in 

the DOE was narrower. 
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The Taguchi analysis results in Figure 37 show that the optimal parameter configuration from 

these variables are laser power of 340 W, HI of 50 J/mm3 and a hatch distance of 0.11 µm. 

When the results were viewed with the material experts at EOS, The results seemed plausible 

considering the existing parameters. 

  

Table 10 MP1 position dependent porosity analysis results 

Sample ID Defect-% 
>100 µm 
(pcs.) 

1P 0.044 1 

1EP 0.232 16 

2P 0.032 0 

2EP 0.063 0 

3P 0.024 0 

3EP 0.050 2 

4P 0.037 0 

4EP 0.106 6 

5P 0.045 0 

5EP 0.060 4 

6P 0.023 0 

6EP 0.033 0 

Figure 37. Taguchi analysis of MP1 parameter variables 
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7P 0.043 2 

7EP 0.201 16 

8P 0.026 0 

8EP 0.040 0 

9P 0.042 0 

9EP 0.026 0 

 

 

 

 

The position dependent results of the MP1 DOE job are seen in Table 10 and the positioning of 

each part is seen in Figure 38. The samples marked with xP were made using the SLM 

CoCr28Mo6 60 µm process and the ones named xEP are made using the 60 µm MP1 process 

of EOS, that is still in development. From the results we can see that the deviation in the defect-

% is small in the parts made with the SLM parameters, whereas the parts with the EOS 

parameters are more affected by the position of the part. This effect is caused by the lower 

intensity of the laser because of the higher angle of the laser beam when going to the further 

edge of the platform (Tolvanen, 2024) and the oversized particles from the parts being built 

upstream of them are left onto the further parts, causing the energy to not be enough to properly 

Figure 38. MP1 position dependend job part placements 
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melt the oversized particles. This effect could be mitigated by optimizing the parameters for 

EOS powder, but this was not in the scope of the thesis. 

Table 11 Porosity results from the MP1 CV job 

Sample 
ID 

Defect-
% 

>100 µm 
(pcs.) 

1 0.045 1 

2 0.049 1 

3 0.040 1 

4 0.036 1 

5 0.041 0 

01 0.053 1 

03 0.027 0 

05 0.045 0 

07 0.045 0 

09 0.020 0 

 

The porosity results from the CV job can be seen in Table 11. The defect-% in all of the parts 

is low and the number of large pores is minimal. MP1 has a habit of creating small cracks in 

the microstructure of the bulk material and this causes there to show some large pores as this is 

calculated by measuring the distance between the absolute furthest points from one another on 

the defect. 

The scrap rate for the MP1 was calculated to be 28.5 %. This is calculated based on only the 

one CV job, so the scrap rate could differ from the result achieved by making multiple builds. 

The scrap rate could also be improved if the parameters would be optimised for the EOS 

powder, as the parameters now used are developed for the cobalt-chrome material of SLM. 



65 
 

 

  

From Figure 39 and Figure 40, it can be seen that the yield and tensile strength results received 

from the MP1 CV job are looking great when compared to the MDS values of SLM. The results 

are also well above the minimum requirements set by the material standard ASTM F213-17 

Figure 39. Yield and tensile strength of vertical MP1 parts compared to the SLM 
MDS values and the material standards indicated with the red lines 

Figure 40. Yield and tensile strength of horizontal MP1 parts compared to the 
SLM MDS values and the material standards indicated with the red lines 
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(ASTM International, n.d.). So by looking at these results it can be said that there is no problem 

with using the EOS MP1 in SLM 280HL, considering the tensile properties. 

 

 

 

When the results in Figure 41 are analysed, it can be seen that the elongations that we were able 

to produce are not as high as the elongations mentioned in the SLM MDS. The elongations with 

EOS powder are however well above the standard minimum that is 8%. The lower elongations 

might be because of the process parameters that are not optimized for the EOS powder, and 

therefore the conditions for the process might not be ideal and could well be improved. 

 

Figure 41. Elongation of MP1 parts compared to the SLM MDS values and the 
material standard indicated with the red line 



67 
 

 

 

The surface roughness results of EOS MP1 are shown in Figure 42. From the results we can see 

that the surface roughness of the parts does not meet the same level as with the EOS MDS 

values for the 40 µm process. This is most likely due to the combination of the facts that the 

process is meant for SLM powder that is slightly different from the EOS powder and that this 

is a 60 µm process, where the surface is usually rougher than on the lower layer thicknesses. 

The results are compared to the 40 µm values from the EOS MDS as there are no values for the 

60 µm process in the MDS. 

 

 

Figure 42. Surface roughness of MP1 parts in different building angles 
compared to the EOS MDS value for the 40 µm process 
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Hardness values are shown in Figure 43. The figure shows that the hardness of the test samples 

is higher than the reference value from the MDS of SLM. This shows that the EOS powder 

performs well in the SLM 280HL in regard to the hardness of the final product. 

 

Figure 44 shows the density results of MP1 samples. The results show that the samples are on 

the similar level as the EOS material data sheet shows. The MDS value of SLM however is 

Figure 43. Vickers hardness of MP1 samples compared to SLM MDS value 

Figure 44. Density of MP1 samples compared to the MDS values 
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higher than the received result with the EOS powder. This is most likely due to the fact that 

the material in the MDS of SLM has a slightly different chemical composition as the MP1 of 

EOS. 

 

8.3 316L 

With the 316L powder, a DOE job was conducted because there were no process parameters 

available from SLM. The different parameters used in the DOE job were planned with the help 

of EOS experts. These parameters are shown in Table 12. 

Table 12 316L DOE parameters 

Power 
(W) 

Hatch distance 
(mm) 

Heat input 
(J/mm3) 

290 0.1 30 

320 0.12 36 

350 0.14 43 

370 0.16 50 

 

These parameters were used to create different parameter sets that each of which was used to 

build a porosity analysis part to examine how well the parameters work. Also, two 80 µm layer 

thickness parameter sets from EOS were used as well as one parameter set with 40 µm layer 

thickness. The porosity results from the DOE job are shown in Table 13. 

Table 13 316L porosity analysis report from the DOE job 

Parameter set 
Defect-
% 

>100 µm 
(pcs.) 

1 2.749 311 

2 0.243 15 

3 0.201 6 

4 1.008 6 

5 0.068 1 

6 0.324 23 

7 0.261 2 

8 0.296 9 

9 0.086 6 

10 0.074 0 

11 0.828 121 
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12 0.295 36 

13 0.072 3 

14 0.116 6 

15 0.439 42 

16 1.837 355 

17 0.124 1 

18 0.117 3 

19 0.033 0 

 

A Taguchi analysis was conducted from the results of the DOE job and the resulting diagrams 

from this analysis are shown in Figure 45. 

 

 

In the diagrams the closer the point is to zero on the y-axis, the better the parameter is. From 

the diagrams we can thus see that the most optimal parameters are power of 320 watts, hatch 

distance of 0.12 µm and heat input of 50 J/mm3. These parameters were then put into use to 

build the CV job. 

 

 

 

Figure 45. Taguchi analysis of 316L parameter variables 
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Table 14 316L position dependent porosity analysis results 

Sample 
ID 

Defect-
% 

>100 
µm 
(pcs.) 

1P 0.250 18 

2P 0.196 15 

3P 0.083 0 

4P 0.289 11 

5P 0.205 15 

6P 0.094 2 

7P 0.288 21 

8P 0.174 8 

9P 0.083 0 

 

 

In Table 14 are the results from the position dependent study and from Figure 46, the placement 

of each part can be seen relative to the recoating and gas flow directions. The results indicate 

that the positioning of the parts on the platform of SLM 280 HL has drastic effects on the build 

Figure 46. Position dependent job part placement 
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quality of the parts. On the side of the platform that the gas flow is coming from, the porosity 

results are much better than the results on the middle and on the far side of the platform. This 

most likely happens because the further the position is from the flow source, the more irregular 

the flow is. Also, the further away the position is, the more the spatters from the parts being 

built upstream of the flow will land on them. Oversized particles do not behave in the process 

as the correct sized powder would. 

The parameters that were acquired from the DOE job were used to build the CV job with 316L. 

The contour parameters of EOS were brought to the job to get the best possible surfaces on the 

parts. 

Table 15 Porosity test results from the 316L CV job 

Sample 
ID 

Defect-
% 

>100 µm 
(pcs.) 

1 0.131 2 

2 0.125 0 

3 0.095 0 

4 0.099 1 

5 0.119 1 

01 0.090 0 

03 0.074 0 

05 0.090 0 

07 0.121 0 

09 0.090 0 

 

Table 15 shows the porosity results from the 316L CV job. From the table it can be seen that 

the porosities are looking good when compared to the MDS of EOS that promises defect-% of 

below 0.2 %. Further looking into the porosity results, the placement of the parts does not seem 

to be having much effect on the defect-% with these parameters. However, there were no 

porosity test parts in the outermost edges of the build platform so it cannot be said if it would 

have more drastic effects on the outside edges. 

Scrap rate achieved with the 80 µm process developed for the 316L was calculated to be 27.9%. 

This result is calculated based on only the CV job, so the scrap rate could differ from the results 

achieved here, if more jobs are made with the parameters. The parts were manufactured with 

the parameters developed in this thesis, meaning that the scrap rate could possibly be improved 

by further optimising the parameters. 
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Figure 47. Yield and tensile strengths of vertically built 316L parts compared to 
the MDS values and the material standards indicated with the red lines 

Figure 48. Yield and tensile strength of horizontally built 316L parts compared to 
the MDS values and the material standards indicated with the red lines 
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From Figure 47 and Figure 48 we can see the yield and tensile strength results of vertically and 

horizontally built parts. We can see that the results are excellent when compared to the MDS 

values of EOS and MDS values of SLM 50 µm process. The results are also well above the 

minimum requirements set by the material standard DIN EN 10088-3. These result prove that 

in regards to the yield and tensile strengths of the EOS 316L, the powder is ready to be used in 

the SLM 280HL. Properties of the material could however be modified still if the parameters 

are further developed and optimized as this was the result of only one test parameter, even 

though the parameters were discussed with the material experts at EOS. 

 

 

Figure 49. Elongation of 316L parts compared to the EOS MDS values and the 
material standards indicated with the red lines 
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The surface roughness results are shown in Figure 50. The results show that the surface 

roughness’s are looking good when compared to the MDS values. This comes as no surprise as 

the parts were built using the surface parameters from EOS process. The surface roughness 

could however possibly be made even better by optimizing the surface parameters for this 

specific process to the SLM machine. 

 

Figure 50. Surface roughness of 316L parts in different building angles 
compared to the EOS MDS values 

Figure 51 Hardness values of 316L sample compared to SLM MDS values 
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The Vickers hardness results in Figure 51, show that the hardness of the parts are on the same 

level as the hardness of 316L shown in the MDS of SLM. The hardness values are also well 

above the minimum value of 205, that has a 95% confidence level according to the MDS. 

Meaning that at least 95% of samples from a batch are above this level of hardness. 

 

 

The density results of 316L can be seen in Figure 52. The results show that the density is 

comparable to the MDS value of EOS and higher than the density of 316L stated in the MDS 

of SLM. The density results reflect the results received from the porosity analysis, which show 

the minimal defect-% of the parts. 

 

Figure 52. Density results of 316L samples compared to the MDS values 
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9 Conclusions 

The basic principle of EOS M290 and the SLM 280HL are basically the same. However, they 

do have some differences between them that make a difference in the operating efficiency and 

comfort. The M290 is easier to work with than the 280HL in this configuration. 

In regard to the first research question, how well can material feedstock be used in different 

systems, it can be said based on the results presented in this thesis, that material can be 

transferred to a third party system without major problems. As was seen in the results, some 

properties could be improved by further parameter optimisation, but in these cases, it is not 

required. 

Considering the second research question: what changes in the infill parameters need to be done 

to get good results, the results showed that there is no real need to change the parameters as the 

results are such high quality on all three materials used in this thesis. 

The third research question was: what it takes to create a new process for a system, it was found 

out that in this case the process creation was done using the Taguchi design with variable 

parameters. The process creation in this thesis was successful and no problems occurred as the 

parameters were discussed and designed with the help of experts from EOS. 

Regarding the fourth and final research question: what are the key differences between systems 

and their operation, the main differences observed between the two systems are the differences 

in the powder handling. In these setups of the systems, the powder was inserted and taken out 

through the door of the process chamber in the M290, whereas on the 280HL, the powder was 

inserted through the roof of the system and taken out from the bottom. 

In the case of the AlSi10Mg powder, it can be said that the experiments were a success, and the 

EOS powder can be used in the SLM280HL. Considering the results received from the 

experiments, EOS powder worked as good or even better in some cases than the SLM powder. 

With MP1, the mechanical properties were good and thus the material can be used in the SLM 

machine. The surface roughness however could be improved by optimizing the surface 

parameters for MP1, as the received result on the roughness are not as good as they could be. 

Using 316L in the 280HL was also made possible and successful with the experimented process 

parameters.  
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10 Further studies 

Further studies could include the optimization of the heat treatment process for the EOS based 

AlSi10Mg manufactured in SLM machines. This could improve the properties of the finished 

components even more as the current heat treatment recipe is not optimized for the SLM 

parameters. The ageing time could be lowered from 6 hours to 4 hours as longer ageing times 

lower the elongation-%. (Pääkkönen, 2019) 

The study could be continued by testing on a wider variety of materials to have the certainty 

that the materials can be used in multiple different systems. New systems should also be studied 

so that the materials could be used in as many systems as possible. 

Some new studies with similar setup as in this thesis could also be conducted to get an even 

more conclusive answer on how well the materials work as well as testing more properties of 

the materials from the same setup. It is also suggested that the optimisation of certain parameters 

should be studies to achieve the optimal properties such as surface roughness. 
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