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INTRODUCTION 

 

Selective laser sintering has been applied in industrial cases since mid-1980. Laser 

sintering processes have been used as rapid prototyping process. Nowadays this 

technology has been researched and applied also for additive manufacturing 

processes; laser sintering processes are novel process when thinking of additive 

manufacturing.   

 

Laser sintering is a complex process, which includes number of different kinds of 

factors. All of these factors are influenced by the energy input. Final properties of the 

sintered product, such as geometry (accuracy etc.) and mechanical properties 

(density, strength etc.) depend on energy input. Optimally parameters are determined 

by the task and properties of the final part. 

 

Laser parameters typically include factors, such as laser power, spot size and 

scanning speed. Also pulsed wave can be used in laser sintering, so it bring out few 

more laser parameters, such as pulse length and number of pulses. Typically, hatch 

spacing, layer thickness and number of scans and scan pattern are included to 

geometrical parameters. Material properties play also an important role in laser 

sintering process.  

 

In the experimental part is used few factors in laser sintering process. It has been 

shown, how different laser parameters (scanning speed, continuous wave, pulsed 

wave) are affecting the laser sintering process.  
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1  AIM AND PURPOSE OF THIS STUDY 

 

This literature review is part of FuncMama–project (Integrated Functionality Through 

Novel Manufacturing and Materials), which is a joint research project of Tekes, Oulu 

University, Lappeenranta University of Technology, VTT Technical Research Centre 

of Finland and Finnish industrial partners. This literature review is made by 

bachelor’s thesis. 

 

In laser sintering a laser beam of directed energy melts powder material in order to 

form a solid layer cross section. If the previous layer is not remelted, thus creating an 

oxide film, that acts as a clean stop to prevent unwanted downward growth. This 

problem has to be avoided in laser sintering by right material and parameter choice.  

 

Purpose of this literature review is to introduce process parameters in laser sintering 

process. Different laser parameters are tested preliminary in the experimental part of 

this thesis.  
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LITERATURE REVIEW 

 

2  PRINCIPLE OF LASER SINTERING 

 

In laser sintering process, a layer of powders or granules form a solid structure with 

assist of laser beam. Beam melts the contours of part together layer by layer. Such a 

process is called sintering process, because deliberate melting reminds classical 

diffusion controlled sintering process. The term sintering means powder metallurgy 

process, in which powder material under high temperature and pressure over a long 

period of time reaches a solid shape. (Gebhardt 2003, s. 61.)   

 

2.1  Basics of CAD-processing  

 

Laser sintering process begins from the creation of a 3D CAD-model of the object 

(figure 1), this model is then sliced into layers, which includes the geometry data of 

making the object from the original 3D CAD-model. Often slicing model is in the STL-

format, which is standard for SLS (Selective Laser Sintering) systems. STL-model 

determines optimal building orientations of the physical object. STL-model is based 

to small triangles, which defines contours of the entire object. (Dahotre & Harimkar 

2008, p. 379) 
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Figure 1.  Basics of model generation by rapid prototyping. (Gebhardt 2003, s. 31) 

 

2.2  Basics of laser sintering 

 

In laser sintering process, objects are built layer by layer from a powder material 

(figure 2). Thin powder layer is melted locally by laser beam sintering or melting the 

powder to form a firm layer. By lowering the location of sintered layer and recoating 

the first layer with powder, second layer is solidified and then connected together 

with the previous layer. Powder can be preheated close to melting temperature and 

beam is only used to add small differential energy to melt powder layers together. 

Preheating reduces required laser energy and at the same time smoothens 

temperature difference between layers. By low temperature difference, internal stress 

and deformation can be reduced. Oxidation of the material has to be avoided and it is 

often achieved by using inert atmosphere. This is done by using nitrogen atmosphere 

inside the machine. (Gebhardt 2003, p. 116.) 

 

Object is built on a piston (cylinder), which can include a preheating system. Powder 

is spread on top of the piston by a roller or sweeper. Spread powder is heated locally 

by laser beam. Subsequently build piston is lowered and the processes of powder 

spreading and laser scanning are repeated, until the complete part is built. After 



5 

process is complete, the part is surrounded by unsintered loose powder. Unsintered 

powder is removed from the complete part by using brushes or glass pellets blasting 

etc. The excess powder can then be recycled. (TEKES 1997, p. 28-29.) 

 

 

 

Figure 2.  Principles of the laser sintering process (Gebhardt 2003, p. 116). 
 

Process is mostly used for thermoplastic polymers also known as thermosoftening 

plastic material, such as nylon, PVC and polystyerene. Process can also be used for 

metallic and ceramic powders. Green parts, which are required some kind of post 

processing, can be produced only by using ceramic materials. These green parts 

require normal post processing for ceramics, for example burnout or pyrolysis. 

(Dahotre et al. 2008, p. 357.) (Burgon & Jensen, p. 6.) 

 

2.3  Advantages and disadvantages of laser sintering 

 

There are many reasons, why laser sintering can be used. By using laser sintering 

there are almost unlimited choices of materials. Result of models is also 

mechanically and thermally resistant and can be achieved finished models by using 

laser sintering as rapid prototyping process. The sintered pieces are immediately 
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ready to use after unsintered powder is removed. Laser sintering is typically a one-

step process: there is no need to use standing supports. (Gebhardt 2003, p. 64.) 

(Tekes 1997, p. 31-32.) 

 

There are also some disadvantages with laser sintering process. Accuracy of the 

final part is basically limited by size of the powder particles. Also shrinkage of 

material defines the final accuracy of the part. Shrinkage causes tension and strain to 

the sintered part. Because of this wide variety of process parameters, a professional 

operator is needed to execute the sintering. (Gebhardt 2003, p. 65.) (Tekes 1997, p. 

32.) 
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3  EQUIPMENT FOR LASER SINTERING 

 

Typical SLS-machine layout can be seen in Figure 3. Components of the typical 

machine are: 

- Laser system with optical system. 

- A cylinder, where part is built. 

- One or more feed pistons to contain fresh powder. 

- A roller or sweeper for spreading the powder on the powder bed. 

- (Stucker 2001, p. 555.) (Dahotre et al. 2008, p. 380.) 

 

Also SLS machine can include heaters (not shown in Fig. 3), which are located 

above the feed pistons. All of these components are controlled by computer through 

separate programmable logic controllers, sensors and electronics. (Stucker 2001, p. 

555.) 

 
Figure 3.  Main parts of the sintering machine, DTM Sinterstation 2000TM 

(Gebhardt 2003, p 122). 
 

3.1  Lasers 

 

Different kinds of lasers can be applied to laser sintering systems. Almost all 

commercial SLS systems are equipped with CO2- and Nd:YAG-lasers using 



8 

maximum power values between 50 and 200 W. Nd:YAG-lasers are used especially 

with materials that have high reflectivity in wavelength range of CO2 laser beam (10.6 

µm), like metals have. At the moment commercial machines are limited to these 

lasers for economical reasons. In future other type of lasers, like diode and fibre 

lasers, might be applied for different sintering purposes. (Kruth, Wang, Laoui & 

Froyen 2003, p 363-364.) (Gray 2001, p.557.) 

 

Table I  Lasers for selective laser sintering (Gray 2001, p. 558) 
. 

Laser 
Wavelength 

(µm) Advantages Disadvantages 

CO2 10.6 Low price/watt; fairly 

efficient; couples well 

with most materials; 

commonly available 

Long wavelength requires 

semi-fragile optics and 

makes large focus spot; 

harder to power control 

Nd:YAG 1.064 Couples well with 

metals; commonly 

available 

High price/watt; does not 

couple well to most plastics; 

generally poor beam quality 

NIR 

(Near-

Infrared) 

diode 

0.7-1.6 Easy power control; 

very efficient 

Very poor beam quality 

Fiber 1.55 Easy power control; 

easy to scale; excellent 

beam quality 

 

MIR (Mid-

Infrared) 

SS/OPO 

3-5 Combines advantages 

of CO2 and Nd:YAG 

lasers 

Output power low; under 

development 

 

Optimally the laser beam is totally absorbed to the powder material. Laser absorption 

changes with the material and wavelength of the laser light. CO2 laser, wavelength 

10.6 µm, has good absorption for sintering polymer powders. Lasers with wavelength 

close to 1 µm are better suited for carbide ceramics and metals. (Kruth et al. 2003, p. 

364.)  
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4 PROCESS PARAMETERS OF LASER SINTERING 

 

Laser sintering is a complex process and is affected by a number of parameters, like 

processing parameters, material properties and geometrical properties of the object. 

All these factors are depending on the amount of energy delivered into the surface of 

the powder. Final geometry properties (such as accuracy, extent of torsion, distortion 

edge quality) and mechanical properties (such as density, strength) of the built part 

depend on energy input. Figure 4 shows how different geometry, laser and material 

parameters affect the energy input that is brought to surface of the powder bed. 

Optimally parameters of laser power and scanning speed determine the final 

properties of the part and they have a strong effect on properties, like porosity and 

hardness of final sintered layer. (Dahotre et al. 2008, p 389-390.) (Yadroitsev, 

Bertrand & Smurov 2008, p. 8064.) 

 

 
Figure 4.  Various laser, geometry and material factors that have effect on energy 

input on surface of powder in the laser sintering process. (Dahotre et al. 
2008, p. 391) 

 

The shrinkage in laser sintering process is determined by material properties, 

process parameters and the geometry of the final part. The fabricated part accuracy 

depends on the shrinkage of the part. The caused inaccuracies can be overcome by 

calibrating and compensating them. (Senthilkumaran et al. 2009, p. 2946.) 
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The laser energy can be calculated as equation 1 shows. 

 

  
VD

PmmJLaserED 2 ,  (1) 

 

where  LaserED laser density, 

 P laser power,  

 D  diameter of the laser beam,  

 V  laser scanning speed.  

 

Laser power, scanning speed and diameter of laser beam are adjustable values in 

the laser sintering process. Equation 1 shows that energy density increases with 

increase in laser power and decrease in laser scanning speed and diameter. (Tian, 

Günster, Melcher, Li & Heinrich 2008, p. 1905-1906.)  

 

4.1  Laser parameters 

 

Laser parameters can be divided to laser power, scan speed and beam size. Laser 

parameters can also include pulse parameters, example pulse length, number of 

pulses per time unit etc. Figure 5 illustrates laser power, spot size and scan speed. 

 

 
Figure 5. Laser and geometry parameters, such as hatch spacing, layer thickness. 

(Senthikumaran et al. 2009, p. 2948) 
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Pulsed laser beam can also be used in laser sintering, so it can bring out few more 

laser parameters. Total energy, which is brought to the powder bed, has also an 

effect to laser sintering process. (Dahotre et al. 2008, p. 2947.) 

 

4.1.1  Laser power 

 

Laser power is determined as power level that is brought by laser beam to the 

powder bed. This factor should be set to ensure that the powder will be heated close 

to melting temperature during scanning. Total laser energy brought by beam has 

important effect to sintering result. Overall energy, which is delivered to the powder 

bed, has an effect to laser power value used. (Gibson & Dongping 1997, p. 131-132.) 

 

4.1.2  Spot size 

 

Usually diameter of the sintered area is larger than diameter of the laser beam. Spot 

size means diameter of laser beam. Spot size has an effect to the final accuracy of 

the part. Final accuracy is limited by spot size. Diameter of the laser beam is 

determining task for the energy input, as equation 1 shows. (Senthilkumara 2009, p. 

2948.) 

 

4.1.3  Scanning speed 

 

Scanning speed means the speed of beam that is brought to powder bed. Equation 1 

shows that laser energy density is depending of scanning speed. Increase of 

scanning speed is decreasing energy density. (Tian et al. 2008, p. 1905-1906.) 

 

4.2  Geometrical parameters 

 

Typically hatch spacing (HS), scan pattern, layer thickness and number of layers are 

included to geometry parameters. Following are presented few of these factors: 

hatch spacing, scan pattern and layer thickness. 
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4.2.1  Hatch spacing 

 

Typical scan pattern is showed in figure 6. Two parallel scan are always overlapping 

each others in some degree. Scan pattern includes normal partial overlapping 

between single scans. Overlapping means area, which encloses between hatching 

regions. Successive overlap can be calculated as equation 2 shows. 

 

  
D

HS
1O ,   (2) 

 

where  O overlapping, 

 HS hatch spacing, 

 D  spot size 

 

Hatch spacing is the distance between two neighbouring scan vectors, hatch lines. 

Hatch spacing is usually less than the laser beam diameter. Some areas in the 

powder bed are exposed to multiple scanning. Cross-section may not be sintered, if 

the hatch spacing is too far. (Dahotre et al. 2008, p. 389.) 

 

 
Figure 6.  Contouring, hatching and typical overlapping in laser sintering process. 

(Senthikumaran et al. 2009, p. 2948). 
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4.2.2  Scan pattern 

 

Figure 7 shows an example of typical scan pattern in laser sintering process. Scan 

pattern is affecting to the surface quality. End of each scanning line has always 

rougher quality than beginning of it. This can be avoided by contouring first the 

frames of each pattern. Hatching line by line, it can create the roughness to the end 

of the each vector. Contouring takes much more time. (Tekes 1997, p.32.) 

 

 
Figure 7.  Example of scan pattern. (Simchi & Pohl 2003, p. 121). 

 

4.2.3   Layer thickness 

 

Layer thickness (figure 5) is an important element in laser sintering process. Layer 

thickness is defined as the depth that piston lowers between each layer. Layer 

thickness defines powder layer thickness to be sintered with one process cycle. 

Usually the layer thickness as default setting is 0.1 mm. It is connected to building 

time and surface roughness. It takes longer time to build a part if smaller layer 

thickness is used, but on the other hand smaller layer thickness can decrease 

surface roughness. (Gibson et al. 1997, p. 131-132.) 

 

4.3  Material properties 

 

In the laser sintering process there are wide ranges of materials used, for example 

polymers, metals, ceramics and cermets can be used. According to diversity of 
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materials laser sintering processes can be divided to specific applications. (Ready 

2001, p. 556.) 

 

4.3.1  Absorption and reflection 

 

Absorption and reflection are in an extremely important role in laser material 

processing, such as laser sintering. Laser sintering is based on absorption of laser 

energy. When laser beam incidences powder, it is partly reflected from surface and 

partly absorbed. Each time laser beam hits particle, part of laser energy absorbs and 

part reflects (figure 8). With thin enough layer of metallic materials part of the beam 

can pass through the layer and in case of non-metallic materials part of laser energy 

can be transmitted through material. (Kruth et al. 2003, p. 367.) (Steen 2003, p. 69-

71.) 

 

 
Figure 8.  Example of relfection from powder particles. (Kruth et al. 2003, p. 367). 
 

There are few properties, which have an effect on absorption and reflection: 

- wavelength (figure 9 shows example of effect of wavelength), 

- temperature, 

- surface films, 
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- angle of incidence and 

- material and surface roughness. 

(Steen 2003, p.71-74.) 

 

 
Figure 9.  Example of absorption of materials (copper and PC) versus wavelength. 

(Kruth et al. 2003, p. 364.) 
 

4.3.2  Some material properties 

 

Material properties have an effect on working conditions, energy input, part 

throughput and post processing. Some material properties and their influence to laser 

sintering processes are presented in table II. 
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Table II  Some material properties and their significance to laser sintering process 
(Atre & German 2001, p. 556.) 

 

Property Significance to laser sintering  process 

Particle size distribution 

(mean and width) 

Sinterability, packing efficiency, surface roughness 

Particle shape Packing efficiency 

Apparent and tap densities Packing efficiency 

Flowability Uniform spreading of powder layer 

Melting point Indicator of energy requirements 

Strength of green part Facilitates component handling prior to thermal 

processing (debinding, sintering, infiltration) 

Burnout Decomposition temperature and ash content of 

binders 

Spesific heat, thermal 

conductivity 

Heat transfer in powder bed 

Void fraction Residual porosity in prototypes 
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EXPERIMENTAL PART 

 

5   EXPERIMENTAL REVIEW 

 

Tests have been made in the autumn 2009 and they were done as part of 

FuncMama project. Purpose of this experimental procedure has been to test 

preliminary different laser and scanning parameters, and find parameters for 

extension survey. 

 

5.1  Experimental procedure 

 

 
Figure 10.  Testing equipment: fibre laser, mechanical powder spreading unit, 
scanner and process computer. 
 

The material tested was DP 951 powder material from Du Pont. Particle size of DP 

951 was approximately 1 µm. DP 951 powder is glass ceramic material, which 

chemical composition can be found on table III. Shrinkage of DP 951 powder material 

is in XY-direction 12.7 ± 0.3 % and in Z-direction 15.0 ± 0.5 % 
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Table III  Chemical composition of DP 951 powder. 
 

 DuPont 951 

Al2O3 48 

SiO2 31 

TiO2 0.03 

B2O3 1.99 

BaO 0.03 

CaO 4.48 

K2O 0.86 

PbO 11.3 

  

Testing equipment consist 20 W fibre laser with related optics, scanner, process 

computer and mechanical powder spreading unit (figure 10). Powder spreading unit 

(figure 11) is under development and it has been modified during the tests. Unit has 

been modified to suitable for different kinds of materials.  
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Figure 11.  Experimental powder spreading unit. 
 

Laser and scanning parameters used in this test are shown in table IV. Power has 

been ranged between 10 and 20 W, power step of 2.5 W have been used. The 

scanning speed was varied between 100 and 2500 mm/s.  Also few test pieces was 

made by using pulsed wave, frequency was varied between 100 and 500 kHz. Focus 

position, which changes diameter of the laser beam, was set between -10 and +8 

mm. Number of scans was also varied between 1 and 5. Tests were made under 

normal atmosphere.  

 

Table IV  Used laser and scanner parameters 
. 

Focus position 

[mm] Expander 

Frequency 

[kHz] Power [W] 

Speed 

[mm/s] Waveform 

-10 .. +8 1 .. 4 100 .. 500 +CW 10  .. 20 100 .. 2500 0 .. 5 
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Experimental sintering procedure was proceeded step by step. Totally first process 

parameters were chosen and set to the processing computer. Subsequently, powder 

was spread and compressed with metallic ring and roller into building cylinder. 

Completed test pieces were checked first visually and after that with microscope.  

 

5.2  Results 

 

It was noticed that spreading the ceramic powder is quite important factor in the laser 

sintering process. Particle size of powder has an effect on the spreadability of it. 

Spreadability is much more difficult when using small particle size and it has an effect 

on the final quality of sintering process. Powder DP951 was difficult to spread, 

because of the small particle size. Spreading with the metallic roller was much more 

efficient than by using metallic ring. 

 

Table V  Continuous wave vs. pulsed wave. 
 

Continuous 

wave, 

sintering 

speed 400 

mm/s, power 

20 W 
  

Pulsed wave 

500 kHz, 

sintering 

speed 400 

mm/s, power 

20 W 
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It was concluded that the part final porosity by using pulsed wave is more uniformly 

distributed than by using continuous wave (table V). More uniformly molten surface 

was formed by using pulsed wave.  

 

Better surface quality can be achieved by increasing scanning speed, as it is shown 

in table VI. Porosity of the final part is decreased by using higher scanning speed. By 

increasing scanning speed can be achieved less porosity and better surface quality. 

 
Table VI  Better surface quality can be achieved by increasing sintering speed. A 

continuous wave of laser beam was used. 
 

400 
mm/s 

  

450 
mm/s 

  

500 
mm/s 

  
   



22 

6 CONCLUSION AND SUMMARY 

 

Aim and purpose of this study was to introduce process parameters in laser sintering 

process. Purpose of the experimental part was to test preliminary different laser 

parameters. This study was done as part of FuncMama project that is a joint 

research project of Tekes, Oulu University, Lappeenranta University of Technology, 

VTT Technical Research Centre of Finland and Finnish industrial partners. 

 

In literature review it was concluded that laser sintering includes number of process 

parameters. The main factor in laser sintering is energy input and it has a strong 

effect on final properties of the built part, such as geometry and mechanical 

properties. Optimally parameters are determining task for final properties of the part. 

 

The process parameters in laser sintering process can be divided to three parts: 

laser and geometry properties and material parameters. Laser parameters include 

factors such as laser power, spot size, scanning speed and also laser power pulse 

parameters. Geometry parameters include parameters, such as hatch spacing, layer 

thickness, number of scans and scan pattern. Material parameters, such as particle 

size, melting temperature and thermal conductivity are in important factors in laser 

sintering process.  

 

In experimental part of this thesis it was concluded that laser parameters, such as 

scanning speed, has an effect on quality of the built part. Better surface quality and 

less porosity can be achieved by using pulsed wave. Also particle size is affecting to 

the spreadability of the powder. Poor spreadability can be caused loss of a part 

surface quality. 
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