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Abstract— This paper describes a variety of fundamental 

research of Selective Laser Sintering Process on CL50WS 

(Hot Work Steel) Material which the authors have recently 

performed. Rapid Prototyping (RP) can be defined as a 

group of techniques which is used to quickly fabricate a 

scale model of a part or assembly using three-dimensional 

computer aided design (CAD) data. The Selective Laser 

Sintering (SLS) is a one of the rapid prototyping (RP) 

technology by which physical objects are created directly 

from CAD model using layer by layer deposition of 

extruded from material. The quality of SLS produced parts 

is significantly affected by various parameters used in the 

process. SLS produces higher strength and surface finish 

metal parts. In this present work two important process 

parameters of the SLS process such as layer thickness, 

Orientation. Influence of each parameter on responses such 

as  change in Tensile Strength, Yield Strength and Surface 

roughness of the build part are essentially studied. The 

effect of process parameters on responses are studied by 

Taguchi Method. Then optimization of process parameters 

is made by ANOVA analysis. 
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I. INTRODUCTION 

The “selective laser sintering” process was originally 

developed at the University of Texas at Austin and then 

commercialized by DTM corporation (U.S.) The laser 

selectively fuses powdered material by scanning cross-

sections generated from a 3-D digital description of the part 

on the surface of a powder bed. After each cross-section is 

scanned, the powder bed is lowered b y one layer thickness, 

a new layer of material is applied on top, and the process is 

repeated until the part is completed. Compared  to  other  

methods  of  additive  manufacturing,  SLS  can  produce  

parts  from  a relatively wide range of commercially 

available powder materials. 

II. LITERATURE REVIEW 

P.S.Panchal, N.R.Patel, H.J.Patel (2014)
[1]

 has been 

emphasize on basic and advanced materials used for 

realization of parts by SLS. In this paper use CL20ES 

material and measure output parameter (Tensile Strength, 

Yield Strength, Elongation, SR) for influence of input 

parameter layer thickness and orientation. Generally SLS 

materials are available in powder form. SLS machines can 

fabricate objects in a wide range of materials, such as 

plastics, glass, ceramics and metals.  

SLS basic materials are Carbon-Fibre, Glass Filled 

Polyamide, Nylon 11 derivative, Fine Polyamide, Nylon 12, 

Alumina-ammonium phosphate. Metal objects can be 

fabricated by Direct Metal Laser Sintering and materials are 

Aluminium, Cobalt Chrome Alloy, Nickel Alloy, Maraging 

Steel, Stainless Steel, and Titanium Alloy for variety of 

structural, electro ceramics and bio-ceramics applications. 

Rishi Ganeriwala, Tarek I. Zohdi (2014)
[2] 

has been 

discussed material for the modeling and simulation of 

selective laser sintering. Such processes involve harnessing 

optical energy to heat and fuse powdered materials together 

in an additive process. Selective laser sintering allows for 

the rapid manufacturing or prototyping of parts with 

complex geometries. In order to simulate such a process in a 

rapid manner, the approach pursued by the authors is to 

develop a computational tool by assembling relatively 

simple, physically meaningful, models at the small scale, for 

many interacting particles. This allows for much more 

refined estimates of the resulting overall system temperature 

and, ultimately, its change of phase from a solid, to a liquid, 

and possibly even to a gas. a basic framework has been set 

up to model the deposition and heat transfer involved in the 

process of selective laser sintering. it is easy to see the effect 

of particle size on its temperature. Smaller particles heat up 

much quicker and will subsequently melt first. After the 

laser has passed over a section of particles, conduction will 

cause the temperature of the particle bed to become more 

uniform. The laser power and scan rate greatly affects the 

rate at which the particles heat up. 

Fangxia Xiea, Xinbo He, Shunli Cao, Xuanhui Qu 

(2013)
[3] 

has been analysed processing parameters on pore 

characteristics and mechanical properties. The results 

indicate that the porosity of green body is mainly depends 

upon laser energy density, while the pore features and 

mechanical properties of sintered specimens are largely 

dominated by sintering the temperature. After sintering at 

1100–1300 °C, the average pore size and porosity are 160–

35 μm and 58–28% respectively. The pore structural 

parameters and mechanical properties of the assintered 

porous 316L SS can be controlled readily to match with 

those of cancellous bone by modification of SLS processing 

parameters and subsequent sintering temperature. Based on 

the investigation of the influences of processing parameters 

on the pore features and mechanical properties, it is found 

that the pores of the as sintered porous 316L SS are 

characterized by an average pore size of 35–160 μm and a 

porosity of 28–58%. In addition, the elastic modulus and 

compressive yield strength are found to be 1.58–6.64 GPa 

and 15.5–52.8 MPa, respectively.  

Anish Sachdeva & Sharanjit Singh & Vishal S. 

Sharma (2013)
[4]

 has been investigates surface roughness 

(SR) of parts produced by SLS process. The empirical 

models have been purposed to predict the feasibility of 
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different process parameters viz., laser power, scan spacing, 

bed temperature, hatch length, and scan count on SR. 

Further, these parameters have been optimized using 

facecentered central composite design with response surface 

methodology. The optimized parameters have been verified 

by conducting confirmation experiments. 

Laser power is the most significant parameter, 

which reduces the SR when it increases from middle level 

(28 W) to higher (32 W). Increase in scan spacing from low 

level toward up to central level (0.2 mm), the SR decreases, 

but with the further increase in scan spacing up to (0.3 mm) 

results in increase in SR value. Middle level, i.e., the center 

level (175°C) in case of bed temperature, is the best optimal 

level for minimum SR value with optimal sintering 

conditions. SR decrease with increase in hatch length. 

Strong interaction has been observed between laser power, 

scan spacing, and bed temperature and each single layer, as 

well as the strength of the connections between them. 

III. RESEARCH GAP 

From literature reviews, as discussed above, I found that 

very few research work was carried out by researchers till 

the date on SLS process with metal material, especially CL 

50WS. It is new material for SLS process for high strength 

and corrosion resistance. Also parametric effect of Selective 

Laser Sintering (SLS) process on CL50WS was not found 

for Rapid Manufacturing(RM). 

IV. OBJECTIVE 

 Experimental determination of effect of various 

process parameters like Layer thickness and 

Orientation on CL50WS Material part.  

 To measure Tensile Strength, Yield Strength and 

Surface roughness.  

 To find out optimal combination of process 

parameter which optimize the responses using 

Analysis of Variance (ANOVA) on MINITAB 16.  

V. EXPERIMENTAL SETUP 

 
Fig. 1: SLS M1 Cusing Machne

[32] 

A. Machine Specification  

 Technology: Laser Cusing 

 Part Built size X,Y,Z: 250mm X 250mm X 250mm 

 Layer thickness: 20-80 microns 

 Orientation: 0-90 degree      

VI. DESIGN OF EXPERIMENT 

 
Table: 1 Design of experiments on minitab-16 software 

Above shown CAD model will be fabricated by SLS process 

by varying Input parameters like: 

 Layer thickness, 

 Orientation 

Then output will be measure in terms of; 

 Tensile Strength 

 Yield Strength 

 Surface roughness 

VII. EXPERIMENTAL WORK 

 Surface roughness measurement 

Surface roughness for all trial runs is measured with 

profilometer named as SJ-210 shown in figure. 

 
Fig. 2: Test procedures 

A. Tensile Testing 

Tensile resting is carried out on universal testing machine 

(UTM). By tensile testing the results tensile strength, yield 

point strength are measured for analysis process parameters. 

 
Table 2: Results of experiment 
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VIII. ANALYSIS OF RESULT & DISCUSSION 

Sources 

of 

variation 

D

O

F 

S V F P 

Layer 

Thickness 
2 

5212.55

5 

2606.27

78 

10.34

53 

65.825

6 

Orientatio

n 
2 

1698.46

53 

849.232

6 

3.370

9 

21.44

87 

Error E 4 
1007.70

51 

251.926

2 
1 

12.72

55 

Total l 8 
7918.72

54 
  100 

Table 3: Analysis of Variance for Tensile Strength 

Above table 3 analyses shows the percentage 

contribution of individual parameters on Tensile Strength. 

The percentage contribution of Layer Thickness is 65.82% 

and Orientation is 21.44%. 

 
Fig. 3 Graph of Tensile Strength versus Layer Thickness, 

Orientation 

Figure 3 shows that as we increase layer thickness 

and orientation of part for fabrication by SLS, tensile 

strength is decrease of fabricated part. So lesser the layer 

thickness and orientation higher the tensile strength of 

fabricated part may be obtained. 

Thus layer thickness is main parameter for SLS 

process for better mechanical properties of fabricated part. 
 

Graph shows that layer thickness of 30 microns and 

orientation with 0° gives best tensile strength of fabricated 

part. 

Sources of 

variation 

D

O

F 

S V F P 

Layer 

Thickness 
2 

132.32

9 
66.1645 

2.389

8 
21.043 

Orientation 2 
385.75

3 

192.876

5 

6.966

7 

61.34

51 

Error E 4 110.74

1 
27.6854 1 17.61

09 
Total l 8 628.82   100 

Table 4 Analysis of Variance for Yield Strength 

Above table 4 analysis shows the percentage 

contribution of individual parameters on Yield Strength. The 

percentage contribution of Layer Thickness is 21.043% and 

Orientation is 61.34%. 

 

Fig. 4 Graph of Yield Strength versus Layer Thickness, 

Orientation 

Figure 6.5 shows that as we increase layer 

thickness and orientation of part for fabrication by SLS, 

Yield strength is decrease of fabricated part. So lesser the 

layer thickness and orientation, higher the Yield strength of 

fabricated part may be obtained. 

Here Orientation is main parameter for SLS 

process for better Yield Strength of fabricated part. 
 

Graph shows that layer thickness of 30 microns and 

orientation with 0° gives best Yield strength of fabricated 

part. 

Sources of 

variation 

D

O

F 

S V F P 

Layer 

Thickness 
2 22.0311 11.0155 6.3376 42.514 

Orientation 2 22.8368 11.4184 6.5694 44.069 

Error E 4 6.9524 1.7381 1 1.4164 

Total 8 51.8203   100 

Table 5 Analysis of Variance for SR 

Above table 5 analysis shows the percentage 

contribution of individual parameters on Surface Roughness. 

The percentage contribution of Layer Thickness is 42.514% 

and Orientation is 44.069% 

 
Fig. 5: Graph of SR versus Layer Thickness, Orientation 

Figure 5 shows that as increase Surface Roughness 

with increasing Layer Thickness. If Orientation is increase 

at some level so Surface Roughness is increase but after 

some level it is decreases with orientation increasing. So 

lesser Layer Thickness and higher Orientation give better 

Surface Finish.  

Here Orientation is main parameter for SLS 

process for better Surface Finish of fabricated part but layer 

thickness is also important parameter for Surface 

Roughness.  

Graph shows that layer thickness of 30 microns and 

orientation with 30° gives best Surface Finish of fabricated 

part. 

IX. VALIDATION TEST 

 
Table: 6 Ccomparison between Mathematical Model Result 

and Experimental Result 
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 From above observations, analytical and experimental 

results near about same. we saw that minor error in 

experimental result compare to analytical result. so that 

our mathematical model for Tensile Stength, Yield 

Strength and SR is right. 

X. CONCLUSION 

 From this research I have concluded that Layer 

Thickness and Orientation plays an important role in 

tensile strength, Yield Strength and Surface Roughness 

of Part fabricated by Selective Laser Sintering Process.  

 Tensile Strength was identified from experimental 

results. The maximum value of it is 1049.62 N/mm
2 

was 

obtained of fabricated part made by SLS process at 

level of 30 micron Layer Thickness and 0 degree 

Orientation.  

 Tensile Strength decreases with increasing Layer 

Thickness and Orientation. 

 Yield Strength value 936.31 N/mm
2 

was obtained of 

fabricated part made by SLS process at level of 30 

micron Layer Thickness and 0 degree Orientation.  

 Yield Strength decreases with increasing Layer 

Thickness and Orientation. 

 The minimum value of surface roughness 5.475 µm
 
was 

obtained of fabricated part made by SLS process at 

level of 30 micron Layer Thickness and 30 degree 

Orientation (In L9-Array).  

 Surface Roughness increases with increasing layer 

thickness. 

 Surface Roughness increases with increasing 

Orientation at some level (15 degree) but after some 

level it is decreases.  

XI. FUTURE SCOPE 

 In this research work I had taken two input parameter 

like Layer thickness and Orientation for fabrication part 

by SLS process. 

 There is scope for taking other input parameter like 

Laser power, Focus diameter, hatching distance, Laser 

speed, Speed of roller etc. 

 Also other output parameter can be measured by SLS 

process like Thermal conductivity, Hardness, 

Dimensional accuracy etc. 

 Thus future work can be done by taking or considering 

any of following points or variables; Different input 

parameter, Different output parameter, Different 

method / Process of Rapid prototyping, using different 

material etc. 
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