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ABSTRACT 

 

M. Sc. Thesis 

 

COMPARISON OF METALLURGICAL PROPERTIES FOR INCONNEL 

718 PRODUCED ON AN EOS M270 LASER MELTING MACHINE 

 

Abdullah SEYIR 

 

Karabuk University 

Graduate School of Natural and Applied Sciences 

The Department of Industrial Design Engineering 

 

Thesis Advisor: 

Prof. Dr. Mustafa YAŞAR 

September 2019, 77 pages 

 

In this study, Inconel 718 alloy has been produced in the EOSINT M270 Laser Melting 

Machine. This work thus aimed to develop scan speed and step over parameters. These 

parameters are very important for the quality and properties of the resulting product. 

To achieve a quality result reference from the accepted parameters was taken; various 

scan speed and step over distance parameters 12 mm x 12 mm x 5 mm cross sectional 

INCONEL 718 samples were produced. Samples were used, examined and compared 

with respect to surface quality, balling, spatter and porosity.  

 

Key Words : Direct Metal Laser Sintering, EOSINT M270, Inconel 718, laser 

powder, scan speed, step over distance, EOS Parameters, porosity. 

Science Code :  916.3.029 
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ÖZET 

 

Yüksek Lisans Tezi 

 

EOSINT M270 (SLM) MAKİNESİNDE ÜRETİLEN INCONEL 718 

ALAŞIMININ MEKANİK ÖZELLİKLERİNİN KARŞILAŞTIRILMASI 

 

Abdullah SEYIR 

 

Karabük Üniversitesi 

Fen Bilimleri Enstitüsü 

Endüstriyel Tasarım Mühendisliği Anabilim Dalı 

 

Tez Danışmanı: 

Prof. Dr. Mustafa YAŞAR 

Eylül 2019, 77 sayfa 

 

Bu çalışma için EOSINT M270 Lazer Sinterleme Makinesinde Inconel 718 

alaşımından numuneler üretildi. Çalışmada tarama hızı ve adim mesafe 

parametrelerinin geliştirilmesi hedeflendi. Bu parametreler üretilen malzemenin 

kalitesi ve mekanik özellikleri açısından çok önemlidir. Yeterli bir sonuca ulaşabilmek 

adına kabul edilmiş Inconel 718 alasımı için belirlenen standart EOS parametreleri ve 

alternatif parametreler ile 2 mm x 12 mm x 5 mm dikdörtgen kesitli numuneler üretildi. 

Üretilen numuneler yüzey kalitesi ve yüzey gözenek boşluğu seviyesi açısından 

karşılaştırıldı. 

 

Anahtar Kelimeler  : EOS, EOSINT M270, Lazer Sinterleme, Inconel 718, Yüzey 

kalitesi, EOS parametreleri, lazer tarama hızı. 

Bilim Kodu :  916.3.029 
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SYMBOLS AND ABBREVITIONS INDEX 
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μm : Micrometre 

F : Fahrenheit 

W      : Watt 

 

ABBREVITIONS 

 

DMLS : Direct Metal Laser Sintering 

RP : Rapid Prototyping 

AM : Additive manufacturing 

STL : Surface Tessellation Language or Standard Tessellation Language 

SLM          : Selective Laser Melting 
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PART 1 

 

INTRODUCTION 

 

When looking at Rapid Prototyping (RP) technologies, the Direct Metal Laser 

Sintering (DMLS) has a high potential for direct manufacturing of functional 

prototypes and tools [1]. The primary advantage of this advancement is that the three-

dimensional (3D) components can be immediately manufactured using laser energy 

bonding powdered materials [2,3]. The quality of materials are very significant for the 

preferred results, thus researchers have studied in the respect Direct Metal Laser 

Sintering (DMLS) systems, for example. To create bronze components, Klocke et al 

[4] researched laser sintering a combination of copper and tin powder.  Prabhu and 

Bourell [5] researched the super solid liquid phase laser sintering of bronze pre-alloyed 

powder for rapid prototyping, and 

Greulich et al.[6] created a mix containing a combination of steel and bronze powder

s for direct laser sintering. Niu and Chang entirely researched DMLS of high-speed 

steel powders [7–9]. Das et al [10] identified laser sintering as a combination of super 

alloy nickel and cermet powders to produce turbine blade tips. Alaoui et al 

[11] studied on WC-Co soft metal powder laser sintering. The Selective Laser 

Sintering for stainless 314S has been researched by Hauser et al [12]. Das et al [13] 

have studied on SLS for Laser sintering for the production quality of the parts, DLS 

was used by Das et al [13] in the production of high-performance parts. The metal base 

powder mix for tooling was developed by Petzoldt et al [15]. Furthermore, there has 

been mention of the viability of the method for the production of engineering 

components using Powder Ti, ceramics and WC – Co on this study [16]. The 

fundamental principles of operation of laser sintering machines and the bond 

mechanism of various powder particles have been reported by Bourell et al [17]. Most 

of the study works published focus on the development of practical components and 

the investigation of essential elements of the LSM such as microstructural 

development, sintering machinery, and process parameter influence 
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[18-20]. The densification mechanism and the linked microstructural features of the 

laser processed material depend on both powder characteristics and laser processing 

parameters have been realized [21]. 

 

1.1. AIMS AND OBJECTIVES 

 

The key objective of this study is to develop parameters of scan speed and step over 

distance in the laser melting of Inconel 178 on the EOS M270 Laser Melting Machine. 

 

• Ascertain optimal scan speed and step over distance parameters in the laser 

melting for Inconel 718. 

• Document effect of step over and scan speed parameters on the quality of 

Inconel 718 samples. 

• Evaluate porosity level of the produced samples. 

• Compare samples made by developed parameters to samples made using 

standard EOS parameters. 

 

Investigate the relation between the porosity levels and energy densities applied to the 

produced samples. 
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PART 2 

 

LITERATURE REVIEW 

 

2.1. RAPID PROTOTYPING (RP)  

 

Rapid prototyping technologies have great benefits over other processing methods due 

to the versatility directly from CAD in the production of free and complex shapes.  

[22]. Figure 2.1 below presents the Data flow in RP. As shown in the figure, firstly, 

the desired part is designed and modelled considering the machine capacity (i.e. 

building platform volume) in 3D CAD environment. Then, the prepared CAD file is 

converted to the “stl” file format that is compatible with the system.  During this 

process, the machine must be setted considering key process parameters such as scan 

speed, step over distance, laser power also the material powder should be placed into 

powder section. After finishing the operation, as a last step the produced part  

should separated from the base plate by wire electrical discharge machine 

. 

 

 

Figure 2.1. Data flow in rapid prototyping [95].
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The purpose to use RP (Rapid Prototyping) are shown below: 

 

• Reducing production time, 

• Reducing overpriced faults, 

• Reducing permanent errors in engineering;  

• Extend product life by adding the required functions and removing redundant 

characteristics early in the design process. 

 

2.2. ADDITIVE MANUFACTURING (AM)  

 

The complex parts can be produced economically with Additive Manufacturing 

methods compared to traditional manufacturing methods. As well as AM has been 

developed and started to use for wide range systems in recent ten years [26,27]. Many 

additive manufacturing methods have been effectively created for metals, varying 

from aluminium, nickel, metal titanium [29-34].  

 

The same method is applied for each part produced by AM. The solid part created  on  

computer-generated  environment (CAD) and it defines the manufacturing of the 

object through layer [35]. 

 

The phases of the method were defined by the addition of materials: modelling  for  

obtaining  the  3D  model  on  CAD system [36];  

 

• 3D Model on CAD system. 

• Converting to "STL" format for using on CAD system. 

• Creating the fixtures;  

• Vertical and horizontal manufacturing; 

• Preparing the parameters and slicing for production. 

• Building the part in machine. 

• Removing the fixtures and supports and cleaning of surface.  

 

Following Figure 2.2 describes the different Additive Manufacturing Methods. In this 

study focused on the powder-based topic.  
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Figure 2.2. Conspectuses of the types additive manufacturing methods [96]. 
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Figure 2.3 below presents the Additive Manufacturing Process with a sample part.The 

parts are built with layer-by-layer slices. After the creation, the supporting structures 

must be separated from the main part if they are used in the process. 

 

 
 

Figure 2.3. Additive manufacturing processes [97]. 

 

AM (Additive Manufacturing) allows high speed, adaptable and price-effective 

manufacturing of components directly from 3D CAD. Therefore, this technology 

supports development [37]. 
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2.3. SELECTIVE LASER MELTING (SLM) 

 

SLM (Selective Laser Melting) is titled under the Additive Manufacturing system and 

the 3D parts are manufacturing layer by layer by laser scanning of a powder bed on 

this method [38]. Manufacturing complex geometries capability is the most important 

benefit of Selective Laser Melting systems [39]. In addition to Selective Laser Melting 

system can be used for adapting multi-scale microstructures [40–42]. Selective Laser 

Melting products have defect-free microstructure due to be out of under the mechanical 

pressure. The Selective Laser Melting Process bound up with solidification - melting 

processes and temperature elevation. Those kinds of factors can stimulate irrepressible 

molten fluids movement and create fault in products which have been built by 

Selective Laser Melting process. Those faults are reducing to mechanical and fatigue 

strength [43-45]. Understanding of how faults are created is the key point to reduce 

such faults. 

 

Figure 2.4 below, shows schematic diagram that represents the general selective laser 

melting systems. The building cylinder moves towards to -Y direction as one unit per 

a layer. The powder cylinder provides the required powder for a slice in the opposite 

direction (+Y) by building cylinder. The recoating device pushes each layer of powder 

into the section where the part will be created.  
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Figure 2.4. Diagram of selective laser melting system [98]. 

 

Laser energy applies to selectively melt metal powders layer by layer throughout SLM 

process and create 3D parts [46,47].  Over complex structured product can be 

manufacture with this technology [48,49], and due to elimination of material wasting 

selective laser melting systems are applicable preferable for too many applications. 

The new material improvement and the effects of processing parameters on 

microstructure is usually suggested study for Selective Laser Melting systems [50,55].  

At the same time selective laser melting is a complicated procedure due to mass 

transfer and chemical effects [56].  

 

2.4 PROCESSING PARAMETERS OF SLM SYSTEMS  

 

Selective Laser Melting technology is laser base additive manufacturing systems for 

the produce of metal components [57,60]. Vilaro et al [61] investigated the 

improvement of pores due to affection of rapid solidification and melting procedure in 

the Selective Laser Melting procedure.  Qiu et al. exanimated pores on the surface of 

the parts that manufactured by SLM systems and exhibited the reason of the pore could 

be due to incomplete melting layers. Those studies helped the improvement of 
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porosity. In this study, the splashing material throughout the process of a melting 

investigated when selective laser melting of aluminium alloy [62-63]. The melt flow 

dynamic model has been created by Panwisawas et al [64] for the selective laser 

melting systems in order to clarify the improvement pores under the various 

circumstances. However, the creation rate of the selective laser melting processes 

usually low thus the general processes around a 20–30 μm thick powder layer [62-65-

66]. In accordance with Ma et al [67] study, the powder layer thickness size variations 

do not affect the relative density significantly. Figure 2.5 below represents the scanning 

strategies of selective laser melting systems. (a) standard, (b) diagonal (c) perimeter. 

 

 

a)                                       b)                                          c)  

Figure 2.5. Selective laser systems /selective laser melting scanning strategies [68]. 

 

There are various studies to increase the part density. The focus subjects are 

development of the parameters such as scanning speed, hatch spacing, laser power and 

layer thickness during the selective laser melting process [68- 71]. At the same time, 

there are not any study yet considering the changing the strategy for Al alloys. But 

Thijs et al [72] investigated the impact of scanning processes on the crystallographic 

texture of the part. Figure 2.6 below shows schematic diagram that represents the 

general selective laser melting systems. This figure also shows the process parameters.  
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Figure 2.6. SLS/SLM laser and geometry parameters [99]. 

 

2.4.1 Laser Power, Scan Speed, Step Over Distance and Layer Thickness 

 

The phenomena related to the laser–powder interaction have been studied by Gusarov 

and Smurov [73-75]. In this study they calculated the temperature diffusion in to the 

laser powder effect region and exanimated effect of powder layer thickness and laser 

scanning speed on the melting form. Dewidar et al [76] explained that local melting 

could be appearing due to low laser power and scan speed parameters on selective laser 

systems. According to Khan and Dickens study, [77] to achieve a good consolidation 

region, laser power range must be between 100 and 240W and the parameter of scan 

speed must be between 80 mm/s and 200 mm/s. 

As well as, parameters of scan speed and laser power are the critical key for the 

porosity development in the selective laser melting process on ALSi10Mg alloy parts 

which has been presented by Read et al [78]. 

 

The below formula explains the impact of scan speed to the overall energy density in 

the system reported by Abele et al [79]. 

 

Ed = PL / (Vs.H)                    (2.1) 

 

PL = Laser beam power (W), Vs = Scanning speed (mm/s), Ed = Energy Density 

(J/mm2), H = Hatching (step over) , Distance (mm).  
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Thus, modifications or adjustment of the scan speed is obviously effective for the 

consolidation of the samples, with incidences of roughness, distortion, and 

irregularities observed due to balling and spatter [80]. 

 

Xie et al [81] studied that increased hatch spacing reportedly produced a higher density 

of laser melted tool steels. Conversely, Khan and Dickens [82] study on the SLM 

process for gold (Au) concluded that there was not suitable impact on porosity of 

finished gold samples when the distance of hatch was varied between 80 - 60 and 

40µm. In studies by Morgan et al. [83] concluded that unlike scan speed, step over 

distance has a relatively lower effect on porosity and density of materials.  

The layer thickness in laser melting process is a description of how low the piston gets 

between successive layers. It is thus a parameter that describes powder layer thickness 

on the powder bed in one cycle for the laser melting process, reported by Gibson et al 

[84] The literature searching was carried out in accordance with the "aims and 

objectives" the need of studies related to this subject and has shown its importance. It 

mentioned all varieties of rapid prototyping technology and especially referred to all 

stages of Selective Laser Melting system. According to a literature search rapid 

prototyping systems consists stages of CAD Software, process planning and the 

manufacturing. In accordance with the literature search the parameters (Layer 

thickness, Scan Speed and Step Over Distance) which used in the processing of the 

laser melting systems impact the quality and characteristic properties of the result 

products. The focus of this study was parameters of Scan Speed and Step over 

Distance. Under the title of Methodology was presented how to achieve the study aims 

and all steps of experimental procedure.
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PART 3 

 

METHODOLOGY 

 

3.1 EQUIPMENT AND MATERIALS 

 

3.1.1 Inconel 718 

 

In this work, Inconel 718 alloy was produced in the EOSINT M270 Laser Melting 

Machine. Inconel 718 is a Ni–Cr alloy which has a high-stress rupture, high-strength, 

and corrosion-resistant. It has the tensile strength of up to 340 MPa with 8% elongation 

at 870 °C and 1430 MPa with 21% elongation at room temperature [85]. 

Inconel 718 alloys have excellent processing characteristics, such as hot-workability, 

good weldability and castability [86]. Due to the properties of good tensile, fatigue, 

creep, rupture strength and economic manufacturing, Inconel 718 used in a wide range 

of systems [87]. For these reasonsSuper alloy Inconel 718 is usually used in 

aerospace/aircraft, petrochemical, and especially nuclear industries [88,89]. Table 3.1 

below presents the Composition of Inconel 718.  
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Table 3.1. Composition of Inconel 718 (Wt.%) [100]. 

 

Element Weight % 

Ni 50.00 – 55.00 

Cr 17.00 – 21.00 

Nb 4.75   –   5.50 

Mo 2.80   –   3.30 

Ti 0.65   –   1.15 

Al 0.20   –   0.80 

Co 1.00 

C 0.08 

Mn 0.35 

Si 0.35 

P 0.015 

S 0.015 

B 0.006 

Cu 0.30 

Fe Balance 

Relative 

density 

approx. 100 % 

 

Density 

min.8.15 g/cm³ 

min.0.294 b/in³ 

 

Removal of the casting faults of Inconel 718 is an expensive and long procedure [90].  

The powder metallurgy (P/M) way is preferential because of overcoming these 

limitations on the processing of Inconel 718 [91]. In this study, Inconel 718 ® alloy 

powder has been used as the main material. The default particle size of the 

INCONEL® alloy 718 powder was 20 to 63 μm. It is a nickel based fine powdered 

heat resistant alloy with a standard density of 8,2 g/cm3.The chemical combination of 

the INCONEL® alloy 718 powder is represented  in Table 3.1. The techanical 

properties and technical data of the INCONEL® alloy 718 powder is represented in 

Table 3.2  and Table 3.3 below. 
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Table 3.2. Technical data of Inconel 718 (Wt.%) [101]. 

 

 
 

As shown the Table 3.2 above, according to past experiences dimensional precision 

for the geometries 40 μm when parameters able to be optimized for a specific rate of 

parts and 60 μm when building a new geometry. The geometry of the parts such as 

wall height affects the mechanical determination.  Nonetheless,  poly fast material has 

been used to hold the samples, as well as ethanol, and water has been used to clean the 

surface of samples. All materials have been supplied by the University of 

Wolverhampton, UK. Table 3.3 below presents the mechanical properties and heat 

treatment procedure of INCONEL® alloy 718 parts at at 20 °C (68 °F) [101]. 
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Table 3.3. Mechanical properties of IN 718 parts [102]. 
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3.1.2 EOSINT M 270 

 

The EOSINT M 270 which is shown in Figure 3.1 builds desired metal parts from 3D 

CAD data directly with direct metal laser sintering (DMLS) method. Direct metal laser 

sintering combines the metal powder into a solid part by melting the material powder 

focused on laser beam.   

 

 
 

Figure 3.1. EOS M270 laser sintering machine 

 

It’s technical properties such a building volume, building speed and layer thicknesses 

are shown in Table 3.4 below. This system can build the highly complex geometric 

parts based on 3D CAD model without using any tooling in a few hours. 
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Table 3.4. Technical data of EOSINT M270 [103]. 
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3.2 EXPERIMENTAL PROCEDURE 

 

In this study the M270 sintering system was used for building samples. The overall 

methodological summary of this study is described in Figure 3.2 below. 

  

 
Figure 3.2. Process steps of this study. 

 

The Inconel 718 powders were used to build 9 (multiple line samples) and 18 

specimens with sizes of 12 mm × 12 mm × 5 mm which were used as test specimens. 

In this case, the machine is set in one of the preparatory stages of the appropriate 

Preparation of the Machine

-Preparation of Material

- Setting Parameters

-Scaning and Build Strategy

Preparation of the Samples

- Separation of the samples from the plate with 
using EDM machine

- Making the holder for samples with use of
mounting press

- Grinding and Polishnig 

Investigation of Samples 

- Observing Spatter and Balling Levels using 
microscope

- Observing Porosity Level using with Laser 
Scanning Microscope

- Calculation of Porosity Level with use of 
Stream Essential Software

Results

-Evaluation and Comparison of Results
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parameters. There are spesific parameters for each material types. All experimental 

conditions were carried out  based on various parameters of step over distances and 

scan speed. The aim of using this method was optimizing the process parameter of the 

laser melting of Inconel 718 as well as providing the best scan speed and step over 

distance parameters under constant and suitable laser power. At the same time, the 

parameters of scan speed and step over distance were the two controlled parameters, 

the porosity level and microstructures/contours on the test sample were the measured 

response of the samples surfaces. Table 3.5 below represents the settings in which the 

experiments were carried out. Various scan speed parameters were generated based on 

accepted Inconel 718 scan speed parameters.  

 

Table 3.5.  Experimental scan speed parameters of Inconel 718 on EOS M270. 

 

Effect of Scan Speed 

Parts Scan Speed 

(mm/s) 

Step over 

distance (mm) 

Power 

(W) 

Part 1 900  

 

 

 

2 

 

 

 

 

195 

Part 2 1000 

Part 3 1100 

Part 4 1200 

Part 5 1300 

Part 6 1400 

Part 7 1500 

Part 8 1600 

Part 9 1700 
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Table 3.6.   Experimental step over distance parameters of IN 718 on EOS M270. 

 

Effect of Step Over Distance 

Parts Scan Speed 

(mm/s) 

Step over 

distance 

(mm) 

Power 

(W) 

Part 1  

 

 

 

1400 

0.05  

 

 

 

195 

Part 2 0.06 

Part 3 0.07 

Part 4 0.08 

Part 5 0.09 

Part 6 0.10 

Part 7 0.11 

Part 8 0.12 

Part 9 0.13 

 

 

The built samples based on Table 3.5 above were investigated with the use of 

microscope. Effect of balling and spatter on multiple lines samples (Sample 1, 2, 3, 4, 

5 and 7) of Inconel 718 was observed which is presented Figure 4.1a,b,c,d  and  Figure 

4.2a,b bellow. Furthermore, In Sample 6, 8 and 9 suitable surface without balling and 

spatter was observed as a result Sample 6 (Scan speed 1400 mm/s) was selected as a 

suitable scan speed value.  In following Table 3.6 nine various step over distance 

values were created based on accepted Inconel 718 parameters. In the final step of 

setting parameters  the original accepted EOS parameters (Part 1, Part 2, Part 3) were 

used and  derived from experimental procedure parameters(Part 4, Part 5, Part 6) as 

well as new experimental parameters (Part 7, Part 8, Part 9) in the Table 3.7 below.  
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Table 3.7. Experimental parameters of Inconel 718 on EOS M270. 

 

Effect of Scan speed and Step Over Distance 

Parts Scan Speed 

(mm/s) 

Step over 

distance 

(mm) 

Power 

(W) 

Part 1  

1200 

 

 

0.09 

 

 

 

 

 

 

195 

Part 2 

Part 3 

Part 4  

1400 

 

 

0.08 

 

Part 5 

Part 6 

Part 7 1300 0.08 

Part 8 1400 0.07 

Part 9 1500 0.08 

 

 Equally for all the experiments, the power used was 195W and layer thickness was 20 

micron. 
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3.2.1 Preperation of Samples 

 

All samples were prepared separately for metagraphic investigation. As a first step, the 

electrical discharge machining (EDM) system was used for  dividing samples from the 

plate thereafter, poly fast substance and mounting press machine were used which is 

shown below in Figure 3.3.  

 

 

Figure 3.3. Automatic mounting press. 

 

In this stage, eighteen samples were prepared for grinding and polishing steps.  
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3.2.2 Grinding and Polishing  

 

The grinding of the samples was performed using the PEDEMAX-2 grinding machine 

which is shown below Figure 3.4. 

 

 
 

Figure 3.4. PEDEMAX-2 grinding machine 

 

Different grinding papers with abrasive grit numbers P220, P500, P1200 were used 

respectively.  
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Figure 3.5. Universal polisher machine. 

 

After grinding process, the eighteen samples were polished using a Universal polisher 

machine which is shown Figure 3.5 above. The Universal Polisher Machine has two 

partitions as 6 micron and 1 micron. In the first instance, the 6 micron partition on the 

universal polisher was used to polish whole samples afterwards the samples were 

placed on the 1 micron partition on the universal polisher machine for a precision 

polish. After this process the samples were washed with water and a ethanol. This 

process was continued until whole surface reached the required quality. 
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3.3 APPRAISAL  

 

After the polishing step, all the polished test samples were checked for their porosity 

and microstructures with use of a laser scanning microscope shown in Figure 3.6 

below. 

 

 
 

Figure 3.6. OLYMPUS - OLS300 Laser scanning microscope. 
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Two focusing strategies which are shown below Figure 3.7.a and Figure 3.7.b were 

used for examining the sufficient surface range with the stings of TV view and focal 

(CF) turn on, photographs were taken. When examining the samples in Table 3.6 

above; sample 3, 4 and 5 were found to be close to the desired results. Therefore, three 

samples (Sample 3,4 and 5 were investigated with larger mega pixel as well as 

compared with each other according to surface quality. Then images were saved as 

JPEG file format.  

 

(a)                                                                      (b) 

 

Figure 3.7. (a) Focusing of table 3.6 and (b) Focusing of table 3.7. 

 

Finally, the stream essentials software was used to obtain porosity data from images. 

The Olympus Microscope on 5x is 2560 by 1920 μm and the size of saved images 

1024 x 768 μm for this reason the formulation below was applied for to calibrate all 

images. For x axis: 2560 / 1024 = 2,5 μm and For y axis: 1920 / 768   = 2,5 μm (μm 

/pixels). In this manner, The percentage of porosity level of all images were calculated 

and documented separately with Stream Essential software. 
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PART 4 

 

RESULTS AND DISCUSSION 

 

4.1 EXPERIMENTAL RESULTS 

 

4.1.1 Effect of Scan Speed Parameters on Multiple Lines Samples 

 

Tests were made ın order to generate elements of the samples wıth the use of dıfferent 

scan speed parameters while keeping the laser power same at 195W and step over 

distance at 2mm. Result of the test is shown in Table 4.1 and Figure Figure 4.1a,b,c,d, 

Figure 4.2a,b and Figure 4.2a,b below. 

 

  

a) Part 1 (scan speed-900) b) Part 2 (scan speed-1000) 

  

c) Part 3 (scan speed-1100) d) Part 4 (scan speed-1200)                 

  

Figure 4.1. (a,b,c,d) Effects of balling and spatter on multiple lines samples. 
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Effects of Balling and Spatter on Multiple Lines Samples of Inconel 718 were 

observed as well as the regions of balling and spatter was marked in Figure 4.1a,b,c,d  

and Figure 4.2a,b. 

 

 

a) Part 5 (scan speed-1300) 

 

b) Part 7 (scan speed-1500) 

  

4.2. (a,b) Effects of spatter on multiple lines samples of Inconel 718. 

 

In Sample 1 (Scan speed 900 mm/s),Sample 2 (Scan speed 1000 mm/s),Sample 3 

(Scan speed 1100 mm/s),Sample 4 (Scan speed 1200 mm/s) rough regions balling and 
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spatter occurred. However, In Sample 5 (Figure 4.1a) and Sample 7 (Scan speed 1500 

mm/s) regions of spatter were observed. 

 

 

a) Part 6 (scan speed-1400) 

 

b) Part 8 (scan speed-1600) 

 

c) Part 9 (scan speed-1700) 

 

Figure 4.1. (a,b,c) Suitable surface having samples of Inconel 718. 
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On the other hand, In Sample 6, sample 8 and sample 9 shown in  Figure 4.3.a,b,c 

suitable surface without balling or spatter impacts was observed. Based on the acquired 

images, Sample 6 see Figure 4.3.a was found to have the best ideal surface quality at 

the same time sample 1 see Figure 4.1.a was found have the worst surface quality.   

 

 Table 4.1. Results for effect of scan speed on multiple lines samples of IN 718. 

 

Effect of Scan Speed on Multiple Lines Samples 

Parts Scan 

Speed 

(mm/s) 

Step over 

distance 

(mm) 

Effects on the 

Surface 

Part 1 900  

 

 

 

2 

Balling and Spatter 

Part 2 1000 Balling and Spatter 

Part 3 1100 Balling and Spatter 

Part 4 1200 Balling and Spatter 

Part 5 1300 Spatter 

Part 6 1400 Suitable surface 

Part 7 1500 Spatter 

Part 8 1600 Suitable surface 

Part 9 1700 Suitable surface 

 

In this manner, 1400 mm/s was considered as the best scan speed setting for material 

of Inconel 718 on EOS M270 Laser Melting Machine. 

 

4.1.2 Effect of Step over Distance Parameters on Generated Samples 

 

After a suitable scan speed is determined (1400 mm/s),  various step over distance 

parameters from (0.05 to 0.13 mm) were generated based on accepted Inconel 718 step 

over distance parameters. According to those step over distance parameters Table 3.6 

above, nine Inconel 718 samples were built on EOS M270 Laser Melting Machine 

which are shown Figure 4.4 below. After the samples were removed from the plate, all 

samples were prepared for investigating on the Laser scanning microscope. However, 

microscopic photographs of each sample were taken separately according to focusing 
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strategy at Figure 3.7a. Nine samples produced with different step over parameters and 

all of the images have been taken from microscope of laser scanning. Furthermore, In 

the Figure 4.5 to Figure 4.13 below, all images were investigated for porosity level on 

steam essential software. 

 

 
 

Figure 4.2. Inconel 718 samples made with different step over parameters. 
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Figure 4.3. Inconel 718 sample 1. 

 

Sample 1 has been created using step over distance 0.05. The porosity level is shown 

in Figure 4.3 above. 
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Figure 4.4. Inconel 718 sample 2. 

 

Sample 2 has been created using Step Over Distance 0,06. The porosity level is shown 

in Figure 4.4. above. 
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Figure 4.5. Inconel 718 sample 3. 

 

Sample 3 has been created using step over distance 0,07. The porosity level is shown 

in Figure 4.5. above. 
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Figure 4.6. Inconel 718 sample 4. 

 

Sample 4 has been created using step over distance 0,08. The porosity level is shown 

in Figure 4.6. above. 
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Figure 4.7. Inconel 718 sample 5. 

 

Sample 5 has been created using step over distance 0,09. The porosity level is shown 

in Figure 4.7. above. 
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Figure 4.8. Inconel 718 sample 6. 

 

Sample 6 has been created using step over distance 0,10. The porosity level is shown 

in Figure 4.8. above. 
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Figure 4.9. Inconel 718 sample 7. 

 

Sample 7 has been created using step over distance 0,11. The porosity level is shown 

in Figure 4.9. above. 
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Figure 4.10. Inconel 718 sample 8. 

 

Sample 8 has been created using step over distance 0,12. The porosity level is shown 

in Figure 4.10. above. 
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Figure 4.11. Inconel 718 sample 9. 

 

Sample 9 has been created using step over distance 0,13. The porosity level is shown 

in Figure 4.11. above. 
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Table 4.2. Porosity values of Inconel 718 samples for various step over parameters. 

 

 

Step Over 

Distance (mm) 

 

Average Porosity Level [%] 

 

Average Pore Density Level 

[1/mm2] 

Porosity Standard 

Deviation 

Pore Density Standard 

Deviation 

0.05 6.99 3.06 353.54 157.71 

0.06 0.28 0.001 6.21 0.78 

0.07 0.18 0.03 6.78 0.92 

0.08 0.10 0.41 2.68 0.26 

0.09 1.23 0.31 80.52 22.12 

0.10 0.3 0.03 16.63 1.68 

0.11 1.42 0.18 49.76 8.85 

0.12 0.54 0.09 25.82 5.68 

0.13 0.54 0.05 28.32 2.10 

 

Table 4.2. above represents the porostiy level and pore density deviations for each step 

over distance.  
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Figure 4.12. Effect of step over distance parameters on porosity. 

 

Figure 4.12. above represents effect of step over distance parameters on porosity for 

each step over distance. 

 

 
 

Figure 4.13. Effect of step over distance parameters on pore density 
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Pore density levels and percentage of porosity levels of each sample along with the 

standard deviation are given in the Table4.2 above. According to information of Table 

4.2, the percentage of porosity range is 0,10% to 6,99% (minimum to max) also 

standard deviation value is 0,41 to 3,06 respectively. In addition to, effect of step over 

distance parameters on pore density levels are shown in Figure 4.15 above.  

 

The most porosity level was seen at step over distance of 0,05 mm however the least 

porosity level was seen at step over distance of 0,8 mm which is presents Figure 4,14 

above. In this manner, the step over distance of 0,08 mm and scan speed of 1400 mm/s 

are optimal parameters for Inconel 718 on the EOS M270 laser melting machine. 

 

4.1.3 Effect of the Parameters on Generated Samples  

 

In this stage, parameters of Table 4.3 were built then microscopic photographs of each 

sample were taken separately according to focusing strategy at Figure 3.7.b. 

 

Table 4.1. Official accepted EOS, chosen optimal and experimental parameters. 

 

Parts Scan 

Speed 

(mm/s) 

Step over 

distance 

(mm) 

Power 

(W) 

Part 1     1200                 0.09 

(Official Accepted EOS 

Parameters) 

 

 

 

 

 

195 

Part 2 

Part 3 

Part 4       1400               0.08 

(Chosen  Optimal 

Parameters) 

Part 5 

Part 6 

Part 7 1.300 0.08 

Part 8 1400 0.07 

Part 9 1500 0.08 

 

 Nine samples were produced with different scan speed and step over parameters then 

all of the images have been taken with use of laser scanning microscope. Furthermore, 
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In the Images 4.6.1 to Figure  4.6.9 below, all images was investigated for porosity 

level on steam essential software.  

 

 

 

 

 

Figure 4.14. Inconel 718 sample 1. 

 

Sample 1 has been created using scan speed - 1200 and step over distance – 0,09. The 

porosity level is shown for each area in Figure 4.14 above.  
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Figure 4.15. Inconel 718 sample 2.  

 

Sample 2 has been created using scan speed - 1200 and step over distance – 0,09. The 

porosity level is shown for each area in Figure 4.15. above.  
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Figure 4.16. Inconel 718 sample 3. 

 

Sample 3 has been created using scan speed - 1200 and Step over distance – 0,09. The 

porosity level is shown for each area in Figure 4.16 above.  
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Figure 4.17. Inconel 718 sample 4. 

 

Sample 4 has been created using scan speed - 1400 and step over distance – 0,08. The 

porosity level is shown for each area in Figure 4.17. above.  
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Figure 4.18. Inconel 718 sample 5. 

 

Sample 5 has been created using scan speed - 1400 and step over distance – 0,08. The 

porosity level is shown for each area in Figure 4.20. above.  
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Figure 4.19. Inconel 718 sample 6. 

 

Sample 6 has been created using scan speed - 1400 and step over distance – 0,08. The 

porosity level is shown for each area in Figure 4.19. above.  
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Figure 4.20. Inconel 718 sample 7. 

 

Sample 7 has been created using scan speed - 1300 and step over distance – 0,08. The 

porosity level is shown for each area in Figure 4.20. above.  
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Figure 4.21. Inconel 718 sample 8. 

 

Sample 8 has been created using scan speed - 1400 and step over distance – 0,07. The 

porosity level is shown for each area in Figure 4.21. above.  
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Figure 4.22. Inconel 718 sample 9. 

 

Sample 9 has been created using scan speed - 1500 and step over distance – 0,08. The 

porosity level is shown for each area in Figure 4.22. above.  
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                                   a)                                                             b) 

 

 

c) 

 

Figure 4.23. Inconel 718 samples a) 1 b) 2 c) 3 total porosity level. 

 

Figure 4.23. above represents the total porosity level using officially accepted EOS  

scan speed and step over parameters on Inconel 718 samples a) 1 b) 2 c) 3. 
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a)                                                             b) 

 

 

c)  

 

Figure 4.24. Inconel 718 samples a) 4 b) 5 c) 6 total porosity level. 

 

Figure 4.24. above represents the total porosity level using chosen optimal scan speed 

and step over parameters on Inconel 718 samples a) 4 b) 5 c) 6. 
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a)                                                          b) 

 

 

 
c) 

 

Figure 4.25. Inconel 718 samples a) 4 b) 5 c) 6 total porosity level. 

 

Figure 4.25. above represents the total porosity level using experimental genreated 

scan speed and step over parameters on Inconel 718 samples a) 7 b) 8 c) 9. 
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Table 4.2. Official EOS, optimal and experimental parameters of porosity level. 

 

 

 

Pore density levels and percentage of porosity levels of each sample (official EOS, 

chosen optimal and experimental parameters) along with the standard deviation are 

shown in the Table 4.3 above. 

 

According to the data shown on Table 4.3, pore density values were compared among 

themselves in the Figure 4.28 below. At the same time, according to the data provided 

in the same table, percentage porosity values were compared among themselves in the 

Figure 4.29 and Figure 4.30 below.  When the data was analysed (Figure 4.28, Figure 

4.29 and Figure 4.30), percentage of porosity levels and pore density levels were 

adequate. According to those results, the percentage of porosity range is 0,65% to 

1,46% (minimum to max) also standard deviation value is 0,03 to 0,11 respectively. 

The smallest porosity level was seen at sample 4 however the biggest porosity level 

was seen at sample 5 which is presents Figure 4.30 below. As shown in Table 4.3, 

Simple 4 (least porosity) and sample 5 (most porosity) were built based on chosen 

optimal parameters among themselves. Different porosity levels were observed on 

samples despite of the using the same parameters. However, sample 1 is shown 0,66% 

 

 

 

    

Sample 

 

Average Porosity 

Level [%] 

 

Average Pore 

Density Level 

[1/mm2] 

Porosity Standard 

Deviation 

Pore 

Density 

Standard 

Deviation 

1 0.66 0.04 30.91 2.22 

2 1.24 0.08 73.32 6.69 

3 1.14 0.08 65.74 5.68 

4 0.65 0.03 29.45 1.97 

5 1.46 0.11 88.79 7.09 

6 0.86 0.09 47.23 5.30 

7 1.12 0.05 52.75 2.80 

8 0.93 0.04 46.8 2.80 

9 0.91 0.08 51.89 4.67 
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porosity level. This result is highly close to the least porosity level (sample 4, porosity 

0.65%). Additionally, the same parameters (official accepted EOS parameters) were 

applied for sample 1, sample 2 and sample 3 even so different porosity levels were 

observed on each three samples. Therefore, paired samples t test was applied for two 

different groups of parameters with the use of the IBM SPSS Statistics software. 

(official accepted EOS parameters: sample 1, 2, 3 and chosen optimal parameters: 

sample 4, 5, 6) 

 

 
 

Figure 4.26. Comparison of pore density level. 
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Figure 4.27. Comparison of porosity level. 

 

 
 

Figure 4.28. Comparison of porosity level. 
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Figure 4.29. Paired t test results for porosity levels. 

 

According to results of t test; sigma (p-value) is less than 0,05 (alpha) therefore there 

are difference values that comparison can be made between two groups. However, 

mean porosity value of sample 4, 5 and  6 is less than mean porosity value of sample 

1, 2 and 3 (0,9900 < 1,0133) which is shown in the Figure 4.31 above. Based on these 

results, chosen optimal parameters (scan speed 1400 and step over distance 0.08) have 

shown less porosity level than official accepted parameters (scan speed 1200 and step 

over 0,09) with a difference of 0,02%.When analysed comparisons in the Figure 4.32 

below, least porosity level is 0.91% (scan speed 1500 and step over distance 0.08). 

Additionally, the biggest porosity level is 1,12% (scan speed 1300 and step over 

distance 0,08).  
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In this case, sample 8 and Sample 9 that produced on the basis of experimental 

parameters were showed good surface quality in terms of percentage porosity level. 

 

 
 

Figure 4.30. General comparison of porosity level. 

 

 

Table 4.5. Effect of scan speed and time on porosity level. 
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Figure 4.31. Effect of scan speed and time on porosity level [%]. 

 

According to data of Figure 4.33 and Figure 4.34 when scan speed is decreased (time 

increases), porosity level increases under the constant step over and laser power 

parameters. This information indicates that the time is directly proportional to porosity. 

However, this information was observed from only three different porosity values. 

 

According to data of Figure 4.35 and Figure 4.36 below; when porosity level at lowest 

(0,1%),   energy density is 1,7411(J/mm2) and when porosity level at highest (6,99%), 

energy density is 2,7857 (J/mm2). Thus, energy density and porosity values were 

observed to be in the direct proportion. 

 

 

 

 

 

 

 

 

 

Table 4.6. Energy density and porosity. 
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Figure 4.32. Energy density and porosity. 

 

The results of tests and investigations are that decrease of the laser scan speed has 

remarkable effect on samples. Especially, roughness and irregularities were observed 
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due to balling and spatter. Besides, increase of porosity level was observed with the 

deceasing levels of laser speed. 

 

Similarly to the this study, most resarch stuties focused to improve laser sintering 

process such as parameters development [18- 20]. 

 

Eespecially, the material porwder characteristic such as particle size and particle shape 

also, the processig parameters such as laser power, scan speed and spot size factors 

were the key focus areas for those studies. However, very limited materials only for 

DMLS have been commercially available in spite of the various investigation of the  

metal powder systems [21]. On the other hand, insufficient powder melting can also 

result of high scan speeds parameters which invariably will result to lower relative 

densities continuously [92]. Most of studies have reported that the resolution of parts 

and surface roughness are mostly determined by the laser processing parameters [93]. 

Similiray to result of  this study, Morgan et al. reported that higher scan speed and step 

over distance resulted to less amount of porosity and thus more intensive stainless steel 

samples after laser melting [83]. 

 

As well as effect of step over distance on the porosity level was observed on this study. 

However, effect of step over distance parameters on the porosity level is quite variable. 

Therefore, the drawing a linear graph to effect of step over distance parameters on the 

porosity level is difficult based on those results. 

In addition to, it is noted that compared to the scan speed, the parameter of step over 

distance has a relatively lower effect on porosity and density of materials [83-94]. 

Additionally, Abele et al [79] explained that the effect of scan speed can be dependent 

to the overall energy density in the system. 

 

At the same time, effect of scan speed was related to the energy density in this 

investigation which is shown Figure 4.35 and Figure 4.36 above. Energy density and 

porosity values were observed to be in the direct proportion 
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PART 5 

 

SUMMARY 

 

 5.1. CONCLUSION AND RECOMMENDATION 

 

The aim of this study was to ascertain optimal scan speed and step over distance 

parameters in the laser melting for Inconel 718 at the same time to document effect of 

step over and scan speed parameters on the quality of the samples. In accordance with 

the objectives, to achieve a quality result reference from the accepted parameters was 

taken; various scan speed and step over distance parameters 12 mm x 12 mm x 5 mm 

cross sectional INCONEL 718 samples were produced. The samples were used, 

examined and compared with respect to surface quality, balling, spatter and porosity. 

Tests were made in order to generate elements of the samples with different scan speed 

and step over parameters while keeping the laser power same at 195 W. Additionally, 

the produced samples were compared with new experimental parameters and official 

accepted EOS parameters.  As a result of investigations, chosen optimal parameters 

(scan speed 1400 and step over distance 0,08) has shown smaller porosity level than 

the official accepted EOS parameters (scan speed 1200 and step over 0,09) with a 

difference of 0,02%. According to overall results, speed setting of 1400 mm/s, step 

over distance of 0.08 mm are recommended as optimum parameters for Inconel 718 

on the EOS M270 laser melting machine. In addition to, (scan speed 1500 and step 

over distance 0.08) that was produced on the basis of experimental parameters showed 

good surface quality in terms of percentage porosity level. This result showed that the 

used experimental parameters (higher or equal than scan speed values of 1400mm) can 

be appropriate to achieve good results for next investigations.  

 

Krishnan et al [104]  studied the change in parameters of AlSi10Mg alloy using direct 

metal laser sintering similar to this study. Likewise, there was a significant 
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change to the mechanical properties ogf the samples built. The parameters that were 

affected were the step over distance and the scan speed. In their study, the scanning 

speed was reduced from 900 to 700mm/s. Then the porosity  was increased by reducing 

the laser power from 195W to 180W. These results indicated that decrease of the laser 

power should be avoided if the scan speed is desired to increase. Therefore, the 

outcome of this study fills the gap in the literature regarding the effect of laser power 

and laser scan speed paramets together on surface quality.  

 

There are some limitations in this study as in each research. Foremost among these is 

the time and equipment. For instance, insufficient polishing process can affect to 

evaluation of porosity level. More samples should be produced and more tests made 

in order to achieve more effective results. This research is also limited according to 

the experimental approach of varying scan speed and step over distance parameters. In 

this study, only the effects of scan speed and step over parameters on porosity level 

were investigated. 

 

5.2. FUTURE  STUDY 

 

In this study, the lower porosity level thus better surface quality was achieved by 

keeping laser power constant at 195W, using higher scan speed at 1400mm/sec as 

opposed to standard 1200mm/s, and using lower step over distance value at 0.08mm 

as opposed to standard 0,09mm. However, the effects of parameters on mechanical 

properties other than the surface quality was not investigated. Future studies could 

focus investigating these, such effects of alternative parameter settings on tensile, 

yield, breaking and impact strength. In this respect, alternative control parameters 

could be identified as per specific conditions and needs for EOS M270. Furthermore, 

improvements in adaption and the use range of EOS M270 built Inconel 718 alloys 

could be achieved.  
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