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Abstract 

 

This study investigates the influence of selective laser sintering (SLS) process 

parameters, laser power, scan spacing, and build orientation on the mechanical behavior 

of polymer parts manufactured from polyamide (PA12), glass-filled polyamide (PA12-

GF), and polypropylene (PP). The purpose of this paper is to evaluate how these 

parameters affect tensile properties, including strength and elongation, as well as flexural 

stress under bending conditions. To address this objective, tensile specimens were 

designed according to ASTM D638 standards, while modified geometries were used for 

three-point bending tests. Samples were fabricated using controlled variations in laser 

power and scan spacing at two build orientations (0° and 90°). Mechanical 

characterization was performed through tensile and three-point bending tests to obtain 

stress–strain and flexural stress–strain behavior for each material and processing 

condition. The results show that laser power and scan spacing jointly control energy 

density, significantly affecting part densification, porosity, tensile strength, elongation, 

and flexural stress. Higher laser power combined with appropriate scan spacing improved 

particle fusion, resulting in increased strength and flexural performance, while excessive 

energy input led to thermal defects and reduced performance. Build orientation also had a 

significant impact, with 0° specimens exhibiting higher tensile strength, elongation, and 

flexural stress compared to 90° specimens due to stronger in-plane bonding relative to 

interlayer adhesion. Based on these findings, it is concluded that the mechanical 

performance of SLS-produced parts is governed by the combined effects of process 

parameters and anisotropic behavior, requiring careful optimization to achieve reliable 

and high-quality components. It is recommended that future work expand the range of 

process parameters, improve control of powder reuse, include additional mechanical and 

microstructural characterization, and investigate a broader range of materials and 

processing methods for comparison. 
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Introduction 

Additive manufacturing (AM) “processes use computer-aided design (CAD) files 

to create ultra-thin digital slices of the desired shape, built-up by bonding layers of 

material together based on the slices to form an object” [1].  

 Additive manufacturing (AM) offers significant advantages over conventional 

subtractive and formative manufacturing techniques, particularly for the fabrication of 

complex geometries [1]. By building components layer by layer directly from digital 

models, AM enables the production of intricate internal features and customized designs 

that are difficult or impossible to achieve using traditional methods. AM also reduces 

material waste by using only the material required to form the part, making it a more 

resource-efficient manufacturing approach. Additionally, AM allows rapid prototyping 

and shortened development cycles, enabling faster design iteration and reduced time to 

market. In powder bed fusion processes such as selective laser sintering, parts can be 

fabricated without dedicated tooling and without the need for support structures, further 

increasing design freedom and manufacturing efficiency.  

Additive Manufacturing (AM) encompasses several distinct process categories 

that differ in material form, energy source, and bonding mechanism [1]. These processes 

include: 

1. Powder Bed Fusion 

2. Material Extrusion 

3. Vat photopolymerization 

4. Material jetting 

5. Binder jetting 
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6. Direct energy deposition 

7. Sheet lamination 

Among these seven AM process categories, powder bed fusion is widely used for 

polymer and metal components due to its ability to produce complex geometries with 

good dimensional accuracy and mechanical performance [1]. Figure 1 shows the main 

steps associated with additive manufacturing (AM) processes. 

Figure 1: General System of Additive Processes [2]. 

Accordingly, the present study focuses on the powder bed fusion process. 

Specifically, this investigation focuses on the study of SLS powder-based 3D printing 

technique parameters. There are two types of selective laser processes: Selective Laser 

Sintering (SLS) and Selective Laser Melting (SLM) [2]. Although both methods operate 

on similar principles, they differ in the temperatures used.  

Selective Laser Sintering (SLS) is a polymer-based powder process in which a 

laser systematically sinters particles, building parts layer by layer, whereas Selective 

Laser Melting (SLM) uses metal powder that is either pure or alloyed rather than polymer 

powder [3]. 

The purpose of this this Milwaukee School of Engineering (MSOE) Master of 

Science in Engineering (MSE) Specialty Paper is to report the results of an investigation 
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into the influence of selective laser sintering (SLS) process parameters on the mechanical 

properties and porosity of polymer parts, particularly those manufactured using 

polyamide 12 (PA12), glass-filled nylon 12, and polypropylene. 

Research Problem and Research Question 

The mechanical performance of parts produced by Selective Laser Sintering 

(SLS) is strongly influenced by process parameters such as laser power, scan speed, hatch 

spacing and layer thickness [3]. Improper selection of these parameters can result in 

defects including porosity, reduced mechanical strength, and dimensional inaccuracies. 

Therefore, developing a clear understanding of the relationship between process 

parameters and part quality is critical for optimizing SLS-produced components. 

In this study, particular attention is given to the effects of laser power and scan 

spacing, as these parameters directly control the energy input and bonding behavior 

between powder particles. Despite their importance, the combined influence of these 

parameters on different polymer materials is not yet fully understood. 

Accordingly, this paper addresses the following research question: How does laser 

power and scan spacing in SLS affect the mechanical properties, specifically stiffness, 

strength, and failure behavior of parts produced from PA12, PA12-GF, and polypropylene 

(PP)? 

This paper is organized as follows. The Background section provides an overview 

of additive manufacturing, selective laser sintering, relevant materials, process 

parameters, and porosity. The Methods section describes the experimental approach and 

testing procedures. The Results and Analysis section presents and analyzes the findings. 
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Finally, the Conclusion summarizes the key results and provides recommendations for 

future work. 

Background 

AM Process Categories 

As previously introduced, additive manufacturing (AM) consists of seven 

fundamental process categories. These include Binder Jetting (BJ), Directed Energy 

Deposition (DED), Material Extrusion (MEX), Material Jetting (MJ), Powder Bed Fusion 

(PBF), Sheet Lamination (SHL), and Vat Photopolymerization (VP). This subsection 

briefly defines and explains each category to provide context for the processes discussed 

in this study. 

Binder Jetting (BJ) 

Binder Jetting (BJ) is an additive manufacturing process in which a liquid binding 

agent is selectively deposited onto layers of powder to join particles and form a solid part. 

Unlike thermal-based processes, BJ does not melt the material, allowing for faster 

production and reduced thermal distortion [4]. 

Directed Energy Deposition (DED) 

Directed Energy Deposition (DED) is a process that uses focused thermal energy, 

such as a laser or electron beam, melt material as it is deposited. The material is typically 

supplied in the form of powder or wire, enabling the fabrication or repair of Components 

[4]. 

Sheet Lamination (SHL) 

Sheet Lamination (SHL) builds parts by bonding layers of sheet material and 

cutting them into the desired shape [4]. 
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Material Extrusion (MEX) 

Material Extrusion (MEX) is a process in which material is heated and extruded 

through a nozzle to build parts layer by layer. In solid-based additive manufacturing, the 

raw material is initially in solid filament form, which is melted during deposition and 

then solidified to create the final part. A common example is Fused Filament Fabrication 

(FFF), which is widely used due to its simplicity and cost-effectiveness [4, 5]. 

Material Jetting (MJ) 

Material Jetting (MJ) produces parts by selectively depositing droplets of build 

material that solidifies placement, enabling high-resolution features and smooth surface 

finishes [5]. 

Vat Photopolymerization (VP) 

Vat Photopolymerization (VP) is a process that uses light to cure liquid 

photopolymer resin into solid layers. In this method, a liquid photopolymer is selectively 

exposed to light, causing it to solidify and form the desired geometry. A common 

example is Stereolithography (SLA) [5, 6]. 

Powder Bed Fusion (PBF) 

Powder Bed Fusion (PBF) is a process that uses a laser or electron beam to 

selectively fuse regions of a powder bed layer by layer. This category includes processes 

such as Direct Metal Laser Sintering (DMLS), Electron Beam Melting (EBM), Selective 

Laser Melting (SLM), Selective Heat Sintering (SHS), and Selective Laser Sintering 

(SLS). In SLS, powder material is fused into a solid structure as the machine moves 

along the X, Y, and Z directions [6]. 
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The SLS Process 

Selective laser sintering is a process where a laser beam acts on a preheated 

powder bed to liquefy (either partially or fully) and fuse the powdered material. The 

sintering is performed in a selected region on the powder bed that corresponds to a slice 

through the three-dimensional geometry of the part being produced. Each time a slice is 

finished, the build chamber is lowered, and new powder is spread from a feed chamber 

over the previous layer. This way, parts are built up layer by layer. The sintered areas, and 

eventually the parts themselves, are supported by surrounding powder and there is no 

need for additional support structures such as those used in SLA and FDM [6]. 

Principle of Selective Laser Sintering (SLS) 

Selective laser sintering (SLS) is an additive manufacturing process that creates 

parts by fusing powdered material layer by layer using a high-energy laser. In this 

process, a thin layer of powder is first evenly distributed across the build platform. A 

laser beam then selectively scans the surface according to the cross-sectional geometry 

defined by a digital 3D model, causing the powder particles in those regions to fuse 

together and form a solid layer [7]. 

Once a layer is completed, the build platform lowers by a small, predefined 

thickness, and a new layer of powder is spread over the previous layer. The laser again 

scans and fuses the material based on the next cross-section of the part. This sequence 

continues until the entire three-dimensional components are fully constructed. Figure 2 

illustrates the basic setup of the Selective Laser Sintering (SLS) system. SLS is widely 

used with polymer powders, especially nylon (such as PA12), but it can also process 

other materials [7]. Figure 3 presents the sequence of steps in the SLS process, including 
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powder spreading, laser irradiation, thermal diffusion, particle coalescence, and 

solidification. The applied laser energy generates localized heating, enabling the powder 

particles to fuse together. Through repeated layer-by-layer processing, the material 

gradually transforms from loose powder into a fully solidified part. 

One of the main advantages of SLS is that it does not require additional support 

structures because the surrounding unfused powder naturally supports the part during 

fabrication. This allows the production of complex geometries that would be difficult or 

impossible to achieve using traditional manufacturing methods. SLS is commonly used 

for rapid prototyping, functional testing, and production of end-use parts due to its ability 

to produce strong, durable, and dimensionally accurate components [7]. 

However, the surface finish of SLS parts is typically rougher compared to some 

other additive manufacturing processes [7]. This is mainly caused by the powder particle 

size, partial melting of particles, and process parameters such as laser power, scan speed 

and layer thickness. These process variables also influence important part characteristics, 

including density, mechanical strength, and surface quality. 
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Figure 2: Schematic Laser Sintering Process [8]. 

 

Figure 3: Illustration of SLS Procedure [9]. 
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Applications of SLS 

 Aerospace 

Selective laser sintering is widely used in the aerospace industry to manufacture 

lightweight components with complex geometries [9]. Parts such as brackets, ducts, and 

structural elements can be produced with reduced weight, which contributes to improved 

fuel efficiency and overall aircraft performance. The technology is also valuable for rapid 

prototyping, allowing engineers to quickly evaluate and refine designs before full-scale 

production. In addition, SLS is used to fabricate specialized tooling, fixtures, 

manufacturing aids, helping reduce production time and cost. 

Automotive 

In the automotive sector, SLS supports the production of customized and 

performance-oriented components without requiring traditional tooling such as molds [9]. 

This makes it ideal for prototyping functional parts used in design validation and testing. 

The process is also suitable for manufacturing durable end-use components, including 

housings, mounting brackets, and interior features, especially in low-volume or 

specialized vehicle applications. 

Healthcare 

SLS plays an important role in medical manufacturing by enabling the creation of 

patient-specific devices [9, 10]. These include prosthetics, orthotics, and other assistive 

devices designed to match individual anatomical requirements. The process is also used 

to produce surgical tools with complex shapes and ergonomic features. Additionally, 

researchers are exploring its use in biomedical applications such as producing porous 

structures for tissue engineering and regenerative medicine. 
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Consumer Products 

The flexibility of SLS allows manufacturers to create customized consumer items, 

including eyewear, jewelry, and other personalized products [9, 10]. It also supports the 

development of prototypes during the design process, enabling faster product 

improvement and innovation. This capability is especially useful for companies 

producing limited edition or customized goods. 

Architecture and Construction 

SLS is used in architecture to produce detailed scale models that help visualize 

and present building designs [10]. The process enables the creation of intricate structural 

features that may be difficult to fabricate using conventional techniques. It also supports 

experimentation with new design concepts and structural components. 

Education and Research 

Educational institutions use SLS to create demonstration models and instructional 

tools in engineering, science, and design programs [10]. It allows students to better 

understand complex concepts through physical models. Research organizations also rely 

on SLS to quickly fabricate experimental parts and prototypes, supporting innovation and 

development across multiple scientific and engineering fields. 

Materials Used in Selective Laser Sintering (SLS) 

Selective laser sintering commonly uses thermoplastic polymer powders, with 

polyamide materials being the most widely applied due to their favorable processing 

characteristics and widespread industrial use [10]. Nylon 12 (PA12) and Nylon 11 (PA11) 

are the primary materials used in SLS because of their good mechanical properties, 

durability, and process reliability [10]. In addition to nylons, thermoplastics such as 
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polypropylene (PP) are also used when flexibility and chemical resistance are required 

for specific applications [11]. These polymers can also be combined with reinforcing 

additives such as glass fiber to improve stiffness, strength, and overall mechanical 

performance [12]. Furthermore, Nylon 11 powder is specifically documented as a widely 

used SLS material with good impact resistance and flexibility, supporting its application 

in functional prototypes and end-use parts [13]. High-performance polymers such as 

polyether ether ketone (PEEK) are suitable for SLS in demanding engineering 

applications that require excellent thermal stability and mechanical strength [14]. 

Nylon 12 (PA12) 

PA12 is the most frequently used material in SLS due to its balanced mechanical 

properties, including strength, toughness, and moderate flexibility [15]. It also has low 

moisture absorption, which helps maintain dimensional stability and consistent 

performance. These characteristics make PA12 suitable for functional prototypes as well 

as end-use components. 

Nylon 11 (PA11) 

PA11 has similar properties to PA12 but offers greater flexibility and toughness 

[15]. It is derived from renewable resources, making it a more sustainable material 

option. PA11 also performs well under varying temperature conditions and maintains 

good mechanical stability. 

Polypropylene (PP) 

Polypropylene is valued for its lightweight nature, chemical resistance and 

flexibility [15]. It is commonly used in applications where durability and chemical 

stability is important. However, it can be more difficult to process compared to nylon due 
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to challenges such as shrinkage and reduced surface quality. 

Polyether Ether Ketone (PEEK) 

PEEK is a high-performance engineering thermoplastic known for its excellent 

strength, stiffness, and resistance to high temperatures and chemicals [15]. It is often used 

in demanding industries such as aerospace and medical applications, where high 

mechanical and thermal performance is required. 

Thermoplastic Polyurethane (TPU) 

TPU is an elastic and flexible material that combines durability with rubber-like 

properties [15, 16]. It is commonly used for applications requiring flexibility, such as 

seals, protective covers, and wearable components. 

Challenges in Selective Laser Sintering of Polymers 

Although SLS offers many advantages, several challenges must be considered 

during the manufacturing process. 

Powder Degradation and Handling 

Polymer powder can degrade after repeated exposure to heat during multiple 

printing cycles. This degradation may reduce part strength and affect surface quality [17]. 

Contamination from reused or mixed powders can also impact consistency and reliability. 

Thermal Effects and Warping 

The high temperatures involved in SLS can cause parts to shrink, warp or develop 

internal stress during cooling [17]. Proper temperature control throughout the printing 

process is essential to minimize distortion and maintain part quality. 

Surface Quality 



  28 

 

   
 

Parts produced with SLS often have a rough surface texture due to the powder-

based process [17]. Additional finishing operations, such as sanding, polishing, or 

coating, may be required to achieve smoother surfaces. 

Dimensional Control 

Achieving precise dimensions can be challenging because factors such as laser 

parameters, layer thickness, and powder characteristics influence the final part size and 

accuracy [17]. 

Part Orientation and Design Considerations 

Although SLS does not require support structures, the orientation of the part 

during printing can affect its mechanical properties and surface finish [17]. Complex 

geometries may also require careful planning to ensure complete powder removal after 

printing. 

Material and Production Costs 

Some SLS materials, especially high-performance polymers, can be expensive. 

Maintaining consistent material quality and optimizing process efficiency are important 

for controlling production costs. 

Post-Processing Requirements 

After printing, excess powder must be removed carefully from the part and 

surrounding areas. Additional treatments, such as heat treatment or surface finishing, may 

be necessary to improve mechanical properties and appearance. Overall, successful SLS 

manufacturing depends on proper material selection, optimized process parameters, and 

effective post-processing to ensure high-quality parts with reliable performance [17]. 
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SLS Process Parameters 

The quality and performance of parts produced by selective laser sintering 

depends on several key process parameters that control energy input, powder fusion, and 

thermal behavior [17]. 

Laser Power determines the amount of energy delivered to the powder. Adequate 

laser power ensures proper particle fusion, improving density, strength, and surface 

quality. However, excessive power may cause overheating and defects. 

Scan Speed refers to the velocity of the laser across the powder bed. Higher scan 

speeds increase productivity but may reduce bonding between particles, while slower 

speeds improve fusion but can cause overheating. 

Layer Thickness affects part resolution and mechanical properties. Thinner 

layers produce better surface finish and higher strength, whereas thicker layers reduce 

print time but may lower part quality. 

Hatch Spacing is the distance between adjacent laser scan lines. Proper spacing 

ensures uniform melting and strong bonding. Excessive spacing can reduce density, while 

very small spacing may cause overheating. 

Bed Temperature and Preheating help maintain uniform thermal conditions and 

reduce thermal stress. Keeping the powder bed near the material’s melting temperature 

improves layer bonding and minimizes warping. 

Powder Characteristics, including particle size, shape, and distribution, also 

influence powder flowability, packing density, and final part properties. Uniform and 

spherical particles generally produce more consistent and higher-quality components. 

Overall, optimizing these parameters is essential to achieve good mechanical properties, 
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dimensional accuracy, and surface finish in SLS-produced parts. 

Porosity in SLS Parts 

Porosity is a common defect in parts produced by selective laser sintering and can 

negatively affect mechanical strength, density, and overall performance [17]. It occurs 

when voids or trapped air remain between powder particles due to incomplete fusion 

during the sintering process. The level of porosity is strongly influenced by processing 

conditions such as laser power, scan speed, layer thickness, and hatch spacing. Improper 

parameter selection—either too high or too low with respect to energy input—can 

prevent full melting and bonding between particles, resulting in internal voids. 

Powder characteristics also play an important role [17]. Particle size, shape, and 

powder reuse can affect packing density and fusion behavior, increasing the likelihood of 

pore formation. In addition, porosity may develop between layers if bonding is 

insufficient, which is referred to as interlayer porosity. Controlling process parameters 

and maintaining consistent powder quality are essential for minimizing porosity and 

improving the mechanical properties and reliability of SLS components [17]. 

Literature Review 

The purpose of this MSE Specialty Paper is to report the results of an 

investigation focused on an analysis of how SLS laser power, scan speed, scan spacing, 

and build parameters affect the mechanical properties (specifically stiffness, strength, and 

failure behavior) of polymer parts produced with materials such as PA12 and other 

engineering thermoplastics. The mechanical properties are evaluated by tensile testing. 

Before commencing the analysis, a review of relevant literature was conducted. Table 1 

shows the literature search strategies that were employed in Google Scholar to identify 
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relevant literature. 

Table 1: Google Scholar Search Results Containing Keywords Related to Laser Power and Build 

Orientation. 

 

Google Scholar Search Number of 

Documents 

("polyamide 12" OR "PA12-GF" OR polypropylene OR "thermoplastic  

polyurethane") AND "additive manufacturing" AND (bending OR 

 torsional OR mechanical) 

34,600 

("polyamide 12" OR "PA12-GF" OR polypropylene OR "thermoplastic  

polyurethane") AND "additive manufacturing" AND ("selective laser 

sintering" OR SLS) AND (bending OR torsional OR mechanical) 

12,000 

"polyamide 12" AND "additive manufacturing" AND ("selective laser  

sintering" OR SLS) AND (bending OR torsional OR mechanical) 

4,050 

"PA12-GF" AND "additive manufacturing" AND ("selective laser 

sintering" OR SLS) AND (bending OR torsional OR mechanical) 

38 

polypropylene AND "additive manufacturing" AND ("selective laser 

sintering" OR SLS) AND (bending OR torsional OR mechanical) 

20,800 

"polyamide 12" AND "additive manufacturing" AND ("selective laser  

sintering" OR SLS) AND (bending OR torsional OR mechanical) AND  

("laser power" OR "scan spacing") 

1,560 

"PA12-GF" AND "additive manufacturing" AND ("selective laser 

sintering" OR SLS) AND (bending OR torsional OR mechanical) AND  

("laser power" OR "scan spacing") 

8 

"polyamide 12" AND "additive manufacturing" AND ("selective laser  

sintering" OR SLS) AND (bending OR torsional OR mechanical) AND  

("laser power" OR "scan spacing") AND anisotropy 

691 

polypropylene AND "additive manufacturing" AND ("selective laser 

sintering" OR SLS) AND (bending OR torsional OR mechanical) AND  

("laser power" OR "scan spacing") 

9,550 

"PA12-GF" AND "additive manufacturing" AND ("selective laser 

sintering" OR SLS) AND (bending OR torsional OR mechanical) AND  

("laser power" OR "scan spacing") AND anisotropy 

5 

polypropylene AND "additive manufacturing" AND ("selective laser 

sintering" OR SLS) AND (bending OR torsional OR mechanical) AND  

("laser power" OR "scan spacing") AND anisotropy 

3,840 

polymers AND "additive manufacturing" AND ("selective laser 

sintering" OR SLS) AND (bending OR torsional OR mechanical) AND  

("laser power" OR "scan spacing") AND anisotropy 

3,620 
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Selective Laser Sintering (SLS) is a widely adopted additive manufacturing 

technique for producing polymer components with complex geometries and tailored 

mechanical properties. The process involves layer-by-layer fusion of powder particles 

using a laser, where final part quality is strongly influenced by process parameters such 

as laser power, scan speed, scan spacing, layer thickness, and build orientation [1]. The 

ability to control these parameters provides significant flexibility in tuning mechanical 

performance. Recent developments in additive manufacturing highlight the importance of 

optimizing these parameters to improve process stability and part quality [2]. In addition, 

machine learning and predictive modeling approaches are increasingly used to optimize 

SLS process behavior and reduce experimental cost [3]. SLS has also been widely 

applied in biomedical and clinical applications, demonstrating its versatility in producing 

functional components from different materials [4]. 

Energy density is one of the most critical factors influencing SLS part quality. It is 

defined as a function of laser power, scan speed, and scan spacing, and directly affects 

particle fusion and densification. Caulfield et al. demonstrated that higher energy density 

improves mechanical properties such as Young’s modulus, yield strength, and ultimate 

tensile strength in polyamide components [6]. 

Powder characteristics also play a significant role in SLS performance. Studies 

show that particle size, shape, and powder reuse influence packing density, melting 

behavior, and final part quality [8]. Review studies—such as the one by Lupone et al. [9]. 

emphasize that SLS polymers experience complex thermal histories that affect 

crystallinity, particle coalescence, and residual porosity, which directly influence 

mechanical behavior. 
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At low energy density levels, SLS parts tend to exhibit higher porosity, reduced 

strength, and brittle fracture behavior, while higher energy density improves densification 

and mechanical properties [17]. However, excessive energy input can lead to defects such 

as thermal degradation and warping, indicating that an optimal processing window must 

be identified. 

Insufficient energy input leads to incomplete melting and weak interparticle 

bonding, resulting in increased porosity and reduced mechanical performance. In 

contrast, adequate energy input promotes better fusion and more uniform microstructure. 

According to Zarringhalam et al. [17], insufficient processing energy results in weak 

bonding and higher void content, whereas higher energy input improves structural 

integrity and reduces defects. 

Material composition and powder reuse strategies also significantly influence part 

quality. According to Zarringhalam et al. [17], the presence of both virgin and recycled 

powder particles can affect melting behavior and crystallinity, which in turn impacts 

mechanical performance. Therefore, controlling powder reuse ratios is essential for 

maintaining consistent part quality. 

Build orientation is another important factor affecting mechanical properties. Due 

to the layer-by-layer nature of SLS, parts exhibit anisotropic behavior. Studies show that 

components built parallel to the powder bed (0° orientation) generally exhibit higher 

tensile strength and stiffness compared to those built perpendicular (90° orientation) [18]. 

Comparative studies have also examined differences between SLS and other powder 

based additive manufacturing methods. For example, Rosso et al. [18] compared 

polyamide 12 (PA12) parts produced by SLS and Multi Jet Fusion (MJF), highlighting 
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differences in density, surface finish, and mechanical performance due to different 

processing mechanisms. 

Overall, the literature demonstrates that SLS part performance is governed by a 

complex interaction between process parameters, material properties, and build 

orientation. Careful optimization of these variables enables improved mechanical 

performance and part reliability. Continued advancements in process modeling and data 

driven optimization are expected to further enhance the effectiveness of SLS 

manufacturing [2, 3]. 

Methods 

In order to evaluate how SLS laser power and scan spacing affect the mechanical 

properties of stiffness, strength, and failure of polymer parts produced with PA12, PA12 

GF, and PP, the following methods were employed. The basic research strategy entailed 

the SLS production of test specimens in which process parameters were varied. The 

mechanical properties of the test specimens were then evaluated by tensile and flexural 

testing. 

All test specimens were designed in accordance with ASTM D638 [19]. For 

flexural testing, the curved sections of the ASTM D638 specimen geometry were 

removed using Materialise Magics 26 to obtain a straight geometry suitable for bending 

tests [20]. Build preparation was performed using Build Setup software version 3.42.  

Parts were oriented in two directions relative to the XY plane: 0° and 90°. For 

each batch, powder was prepared using the same container to ensure material consistency. 

The powder consisted of recycled overflow (OF) material combined with part cake (PC) 

and virgin material according to the ratios shown in Table 2 for each material type. After 
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part placement in the build setup, the maximum build height was determined to calculate 

the total powder mass required based on the specified material ratios. The powder was 

then weighed in kilograms, thoroughly mixed, and sifted prior to use. 

Table 2: Ratio Mixing of Each Material. 

Material  Virgin PC OF Glass 

PA12 33% 33% 33% 0% 

PA12 Glass-

Field (GF) 

21% 33% 33% 13% 

Polypropylene 40% 30% 30% 0% 

 

This study investigated the influence of selective laser sintering (SLS) process 

parameters and build orientation on the mechanical behavior of polymer components. 

Three materials were evaluated: polyamide 12 (PA12), glass-filled polyamide (PA12-

GF), and polypropylene (PP). Each material was processed in a separate build, resulting 

in three primary batches to maintain material-specific consistency. 

Mechanical characterization included both tensile and three-point bending tests. 

Tensile specimens were designed according to ASTM D638, while flexural specimens 

were manufactured as simplified rectangular bars to ensure uniform loading during 

bending. The experimental design considered three variables: build orientation, laser 

power, and scan spacing. Specimens were fabricated at two orientations, 0° and 90° 

relative to the XY plane, to evaluate anisotropic behavior. Figure 4 illustrates the build 

orientation of the specimens with respect to the XY plane: specimens at 0° are oriented 

parallel to the XY plane, while those at 90° are oriented perpendicular to it. Laser power 

was varied at 20, 25, 30, 35, and 38 W, and scan spacing was varied between 0.004 and 

0.008 in. These ranges were selected based on nominal processing parameters provided 

by laboratory staff and extended to include both lower and higher values in order to 
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capture variations in energy density. This allowed the study of under-sintering, optimal 

bonding, and potential overheating effects on mechanical performance. 

 
Figure 4: Slicing Software Setup of Tensile Specimen.  

 

Each material batch included multiple parameter combinations generated within 

the same build using a DTM Sinterstation 2500 Plus SLS system [21], ensuring identical 

thermal conditions for all specimens in that batch. A total of 60 specimens were 

fabricated per material, with five specimens per parameter set and orientation, resulting in 

180 tensile specimens overall. The use of multiple specimens per condition improved 

statistical reliability. Some specimens were excluded from analysis due to initial testing 

inconsistencies during early use of the testing equipment. 

To ensure repeatability, all specimens within a batch were fabricated on the same 

build platform. Powder preparation followed fixed ratios of virgin powder, part cake 

(PC), and overflow (OF), using consistent mixing procedures. The SLS system was 

thoroughly cleaned between material changes to prevent contamination. Build times 

ranged from 14 to 16 hours depending on the material, followed by controlled cooling 
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inside the chamber for an equivalent duration. A heat shield was used during fabrication 

to reduce thermal gradients and maintain uniform temperature distribution. 

After fabrication and cooling, the samples were removed from the part cake and 

manually cleaned. Loose powder was first removed using brushes, followed by 

sandblasting and pressurized air to eliminate any remaining residues. This cleaning 

process ensured that surface artifacts did not affect dimensional measurements or 

mechanical testing results. 

Specimen dimensions were measured using digital calipers prior to testing. Cross-

sectional areas were determined over a 2-inch gauge length, as illustrated in Figure 5. 

Strain measurements were obtained using an extensometer to ensure accurate 

deformation tracking during tensile loading. All experimental data were recorded using 

spreadsheet software for subsequent stress–strain analysis and graphical representation. 

Figure 5 illustrates the ASTM D638 tensile specimen geometry, commonly 

referred to as a dog-bone specimen. The labeled dimensions include width (w), thickness 

(t), and gauge length (l), which define the region where strain is measured. The gauge 

section ensures uniform stress distribution during testing and is the area used to calculate 

stress–strain behavior. 

 

Figure 5: Dog-Bone Tensile Test Specimen [22]. Width: w, Thickness: t, Gauge Length: l. 
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Mechanical testing was performed using a Shimadzu EZ-LX universal testing 

machine equipped with a 5,000 N load cell. Tensile testing was conducted according to 

ASTM D638 guidelines, with testing speeds selected to ensure failure within the 

recommended time range [22]. The testing setup, including the extensometer used for 

strain measurement, is shown in Figure 6. This figure shows the Shimadzu EZ-LX 

universal testing machine used for tensile testing [23]. The specimen is mounted 

vertically between two grips, and an extensometer is attached to the gauge section to 

accurately measure strain during loading. The setup ensures precise control of 

displacement and accurate capture of mechanical response. 

Flexural properties were evaluated using a three-point bending test on the same 

machine. Each specimen was placed on two supports with a span length of 40 mm, and 

load was applied at the midpoint until deformation occurred. The experimental setup for 

flexural testing is shown in Figure 7. Load–displacement data were recorded for all tests 

and later processed. This figure presents the three-point bending test configuration used 

for flexural testing. The specimen is supported at two supports with a fixed span length, 

while a load is applied at the center. This setup induces bending stress, allowing 

evaluation of flexural strength and stiffness based on the recorded load–displacement 

data. 

All collected data were exported and analyzed using MATLAB to generate stress–

strain and flexural stress–strain curves, enabling direct comparison across materials, 

process parameters, and build orientations. Table 3 provides a summary of the stress and 

strain tests performed. 
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Table 3: Summary of Stress-Strain Tensile Testing. 

  

  

  

PA 12 

GF 

Orientation Watts (W) Inches (In.) Number of Specimens 

90º 35 0.006 5 

90º 38 0.005 5 

0º 30 0.007 4 

0º 35 0.006 5 

90º 30 0.007 5 

0º 38 0.005 5 

  

  

  

PA 12 

90º 30 0.006 5 

0º 25 0.008 5 

90º 25 0.008 5 

90º 35 0.004 5 

0º 30 0.006 5 

90º 35 0.004 5 

PP 

90º 30 0.006 5 

90º 25 0.007 5 

0º 25 0.007 5 

0º 30 0.006 5 

90º 20 0.008 5 

0º 20 0.008 5 
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Table 4 provides a summary of the flexural stress and flexural strain tests  

 

performed. 

Table 4: Summary of Flexural Stress-Strain Tensile Testing. 

 

  

  

PA 12 

GF 

Orientation Watts (W) Inches (In.) Number of Specimens 

90º 35 0.006 5 

0º 38 0.005 5 

0º 30 0.007 4 

0º 35 0.006 5 

90º 30 0.007 5 

0º 38 0.005 5 

  

  

  

PA 12 

90º 30 0.006 5 

90º 25 0.008 5 

0º 25 0.008 5 

90º 35 0.004 5 

0º 30 0.006 5 

90º 35 0.004 5 

PP 

90º 30 0.006 5 

90º 25 0.007 5 

0º 25 0.007 4 

0º 30 0.006 4 

90º 20 0.008 3 

0º 20 0.008 5 
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Figure 6: MSOE’s Shimadzu EZ-LX Tensile Testing Machine with Extensometer. 

 

 

Figure 7: MSOE’S Shimadzu EZ-LX, Using Three-Point Bending Test. 
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Results and Analysis 

Tensile testing was performed on all specimens to obtain a qualitative analysis on 

the effect of laser power and build orientation. Data were output to both Microsoft Excel 

and a PDF summary report. Excel data were plotted in MATLAB for each subgroup of 

tensile bars. 

Stress–Strain Behavior-GF 

90Á Orientation, 35-Watt, 0.006 Inches 

Figure 8 presents the stress–strain curves for the first group of GF specimens 

fabricated in the vertical orientation (90°) using 35-Watt laser power and 0.006 in. scan 

spacing. All specimens show similar mechanical behavior, indicating good process 

repeatability. 

The curves exhibit an initial linear elastic region followed by nonlinear plastic 

deformation until fracture. The ultimate tensile strength ranges from approximately 40 to 

43 MPa, while failure strain varies between about 0.18 and 0.24 mm/mm. Minor 

variations among specimens may be attributed to differences in interlayer bonding or 

local porosity. Overall, the results demonstrate consistent tensile performance for 

vertically built specimens under the selected processing parameters. 
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Figure 8: Stress-Strain Curves for GF Tensile Specimens with 90° Orientation, 35-Watt, 0.006 in. 

90Á Orientation, 38-Watt, 0.005 Inches 

Figure 9 shows the stress–strain curves for GF specimens fabricated in the vertical 

orientation (90°) using 38-Watt laser power and 0.005 Inch scan spacing. The curves are 

closely grouped, indicating good repeatability and consistent processing conditions. 

All specimens exhibit an initial linear elastic region followed by gradual nonlinear 

plastic deformation until fracture. The ultimate tensile strength (UTS) ranges 

approximately 46 and 48 MPa, which is higher than the 35-Watt conditions. The failure 

strain varies between about 0.31 and 0.36 mm/mm, showing significantly greater 

ductility. The higher laser power and reduced scan spacing likely improved interlayer 

bonding and densification, resulting in increased strength and elongation. Overall, the 38 

W and 0.005 in. parameters produced stronger and more ductile vertically oriented 



  44 

 

   
 

specimens compared to the previous group. 

Figure 9: Stress-Strain Curves for GF Tensile Specimens with 90° Orientation, 38-Watt, 0.005 in. 

0Á Orientation, 30-Watt, 0.007 Inches 

Figure10 shows stress–strain curves for the glass fiber (GF) reinforced specimens 

fabricated via SLS at 30-Watt laser power and 0.007 in. scan spacing, with horizontal (0°) 

orientation, showing consistent mechanical behavior across all samples. The material 

exhibits an initial linear elastic region followed by a gradual nonlinear increase, 

indicating progressive plastic deformation. The specimens reach an ultimate tensile 

strength of approximately 29 to 34 MPa, with failure occurring at strains around 0.20 to 

0.22 mm/mm. The relatively close grouping of the curves suggests good repeatability 

under these processing conditions. Slight variations in peak stress and elongation can be 

attributed to inherent porosity, fiber distribution, and layer bonding characteristics typical 

SLS-fabricated GF composites. The horizontal orientation contributes to improved load-
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bearing capacity along the tensile direction, as interlayer bonding is less critical 

compared to vertically oriented specimens.  

 

Figure 10: Stress-Strain Curves for GF Tensile Specimens with 0° Orientation, 30-Watt, 0.007 in. 

0Á Orientation, 35-Watt, 0.006 Inches 

Figure 11 shows the stress–strain curves for the GF-reinforced specimens 

fabricated via SLS at 35-Watt laser power and 0.006 in. scan spacing, with horizontal (0°) 

orientation, demonstrate improved mechanical performance compared to lower energy 

input conditions. All specimens exhibit a clear elastic region followed by strain 

hardening, reaching ultimate tensile strengths of approximately 40 to 43 MPa and failure 

strains around 0.30 to 0.34 mm. The tight clustering of the curves indicates high process 

consistency and repeatability. The increased laser power and reduced scan spacing likely 

enhance interlayer bonding and reduce porosity, resulting in higher strength and ductility. 

The horizontal orientation further supports efficient load transfer along the tensile 

direction, contributing to the overall improved mechanical response. 



  46 

 

   
 

Figure 11: Stress-Strain Curves for GF Tensile Specimens with 0° Orientation,35-Watt, 0.006 in. 

90Á Orientation, 30-Watt, 0.007 Inches ï Nominal Condition 

Figure 12 presents the stress–strain curves for GF specimens fabricated in the 

vertical orientation (90°) using 30-Watt laser power and 0.007 in. scan spacing (nominal 

condition). The curves show similar trends; however, greater variation in failure strain is 

observed compared to higher energy conditions. 

All specimens exhibit an initial linear elastic region, followed by limited plastic 

deformation before fracture. The ultimate tensile strength ranges approximately from 23 

to 27 MPa, which is significantly lower than the 35 W and 38 W conditions. The failure 

strain varies between about 0.10 and 0.14 mm/mm, indicating reduced ductility. 

The lower laser power and larger scan spacing likely resulted in weaker interlayer 

bonding and increased porosity, leading to reduced strength and elongation. Overall, the 

nominal condition (30-Watt, 0.007 in.) produced the lowest mechanical performance 
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among the tested parameter sets.

Figure 12: Stress-Strain Curves for GF Tensile Specimens with 90° Orientation, 30-Watt, 0.007 in. 

Why does the 30 W – 0.007 in. condition show the lowest mechanical properties? 

Although the 30 W and 0.007 in. condition resulted in the lowest tensile strength and 

elongation, it may offer improved dimensional stability and reduced warping due to lower 

thermal gradients during processing. The reduced energy input likely minimizes residual 

stresses and distortion, making the nominal condition potentially advantageous for 

applications where geometric accuracy and process stability are more critical than 

maximum mechanical performance. 

0Á Orientation, 38-Watt, 0.005 Inches 

Figure 13 shows the stress–strain curves for the GF-reinforced specimens 

produced via SLS at 38-Watt laser power and 0.005 in. scan spacing, with horizontal (0°) 

orientation, show further enhancement in mechanical performance. The specimens 

exhibit a well-defined elastic region followed by significant strain hardening, reaching 

ultimate tensile strengths of approximately 44 to 46 MPa and notably higher failure 
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strains around 1.1 to 1.3 mm/mm. The curves are closely grouped, indicating excellent 

repeatability and uniform material consolidation. The higher laser power combined with 

tighter scan spacing likely promotes improved particle fusion, reduced porosity, and 

stronger interlayer bonding. This results in increased ductility without compromising 

strength. The horizontal orientation continues to facilitate efficient load transfer along the 

tensile direction, contributing to the superior overall mechanical response observed under 

these processing conditions.

Figure 13: Stress-Strain Curves for GF Tensile Specimens with 0° Orientation, 38-Watt, 0.005 in. 

Average Stress-Strain Curves of GF Specimens 

Figure 14 shows the average stress–strain curves for specimens built at different 

laser powers (38, 35, and 30 Watt) and orientations (0°/horizontal and 90°/vertical) are 

shown in Figure 14. The elastic modulus and maximum stress of each condition were 

calculated from the initial linear region and peak stress, respectively. It was observed that, 
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unlike some literature reports, the 0°oriented specimens did not consistently exhibit 

higher strength or modulus compared to the 90° specimens. However, the elongation at 

break was similar for both orientations across all laser powers.

 

Figure 14: Average Stress-Strain Curves of GF Specimens.  

Youngôs Modulus Results 

Young’s modulus represents the stiffness of a material, defined as the slope of the 

linear elastic region of the stress–strain curve [24]. In this study, the modulus was 

calculated for each group by taking the average stress–strain curve and applying a linear 

regression to the initial linear portion. The slope of this fitted line was taken as Young’s 

modulus. 

The results obtained are: 

GF-38W-0.005-V: 112.01 MPa  
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GF-30W-0.007-V: 98.72 MPa  

GF-35W-0.006-V: 124.20 MPa  

GF-35W-0.006-H: 102.60 MPa  

GF-30W-0.007-H: 99.30 MPa  

GF-38W-0.005-H: 113.51 MPa  

Overall, the GF-35W-0.006-V group exhibited the highest Young’s modulus, 

indicating the greatest stiffness among all conditions. This can be attributed to improved 

particle fusion and optimal energy input during processing, which enhances interlayer 

bonding and reduces porosity. 

In general, higher glass fiber content (GF) increases stiffness because glass fibers 

have a much higher modulus than the polymer matrix and act as reinforcement within the 

material. However, the results show that stiffness does not depend only on fiber content 

or laser power alone, but rather on their combined effect, known as the effective energy 

density. 

The influence of building orientation is also evident but not dominant. Vertical 

(V) specimens generally showed slightly higher or comparable modulus values compared 

to horizontal (H) specimens. This behavior is related to the anisotropic nature of SLS 

parts, where interlayer bonding in the build direction differs from in-plane bonding. 

However, the differences between orientations are relatively small, indicating that 

processing conditions have a stronger influence on stiffness than orientation alone. 

Fracture of the 0 and 90Oriented Specimens 

The experimental results confirm the predicted fracture behavior for both vertical 

and horizontal orientation. For the vertically specimens, fracture occurred along a path 
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consistent with the direction of the applied tensile stress. The crack propagated in a 

relatively straight and uniform manner, indicating that the material failed primarily due to 

normal stress acting perpendicular to the cross-section. This matches the theoretical 

prediction that vertical orientation dominant tensile fracture along the weakest cross-

sectional area. 

For the horizontal orientation, the fracture pattern differed, showing either angled 

or more irregular crack propagation. This indicates the presence of shear stresses in 

addition to normal stresses. The observed fracture path aligns with predictions that 

horizontal loading introduces shear-dominated failure, causing cracks to propagate along 

planes of maximum shear stress rather than purely perpendicular to the load. 

Overall, the agreement between the predicted fracture orientations and the actual 

fracture surfaces observed in the experiment demonstrate that the mechanical behavior of 

the specimens follows established stress analysis principles. The experiment therefore 

validates the theoretical expectations for both orientations [25, 26]. Figure 15 shows the 

fracture patterns of specimens for vertical and horizontal orientation. 
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Figure 15: Fracture Patterns of Specimens for Vertical and Horizontal Orientation. 

Stress-Strain Behavior of PA 

90Á orientation, 30-Watt, 0.006 Inches 

Figure 16 illustrates the stress–strain behavior of SLS PA specimens fabricated at 

30-Watt laser power and 0.006 in. scan spacing in the vertical orientation. All specimens 

show a consistent elastic–plastic response, reaching high ultimate strengths of 

approximately 35 to 38 MPa and large strain values (0.5 to 0.65), indicating significant 

ductility. The close overlap of the curves demonstrates good repeatability and uniform 

material behavior, while the higher strength and elongation confirm improved interlayer 

bonding and reduced porosity due to increased energy input and finer scan spacing. 
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Figure 16: Stress-Strain Curves for PA Tensile Specimens with 90° Orientation, 30-Watt, 0.006 in. 

0Á orientation, 25-Watt, 0.008 Inches 

Figure 17 shows the stress–strain behavior of SLS PA specimens fabricated at 25-

Watt laser power and 0.008 in. scan spacing in the horizontal orientation. The specimens 

exhibit a consistent elastic–plastic response, reaching ultimate strengths of approximately 

23 to 27 MPa with relatively high strain values, indicating good ductility. Compared to 

vertical builds, the horizontal orientation demonstrates improved strength due to stronger 

in-layer bonding. However, the slightly lower strength compared to higher energy 

settings suggests that reduced laser power and larger scan spacing result in less 

densification and weaker interparticle bonding. 
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Figure 17: Stress-Strain Curves for PA Tensile Specimens with 0° Orientation, 25-Watt, 0.008 in. 

90Á orientation, 35-Watt, 0.004 Inches 

Figure 18 presents the stress–strain behavior of SLS PA specimens fabricated at 

35 W laser power and 0.004 in. scan spacing in the horizontal orientation. The specimens 

achieve high ultimate strengths of approximately 44 to 47 MPa and very large strain 

values (1.5 to 1.75), indicating excellent ductility and toughness. The closely grouped 

curves demonstrate strong repeatability and uniform material behavior. The combination 

of higher laser power and finer scan spacing results in superior densification and 

interlayer bonding, leading to significantly enhanced mechanical performance compared 

to lower energy conditions. 
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Figure 18: Stress-Strain Curves for PA Tensile Specimens with 0° Orientation, 35-Watt, 0.004 in. 

0Á orientation, 30-Watt, 0.006 Inches 

Figure 19 illustrates the stress–strain behavior of SLS PA specimens fabricated at 

30-Watt laser power, 0.006 in. scan spacing, and horizontal orientation. All specimens 

exhibit a similar trend, an initial linear elastic region at low strain, followed by a gradual 

nonlinear region indicating plastic deformation. The stress increases steadily until 

reaching an ultimate strength of 41 to 43 MPa. After this point, each specimen undergoes 

sudden failure, as indicated by the sharp drop in stress. The curves are closely grouped, 

demonstrating good repeatability and consistency in the SLS process. Small variations in 

ultimate strength and failure strain suggest minor differences in internal structure or 

porosity between specimens. Overall, the material shows ductile behavior with relatively 

high elongation before fracture. 
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Figure 19: Stress-Strain Curves for PA Tensile Specimens with 0° orientation, 30-Watt, 0.006 in. 

90Á Orientation, 35-Watt, 0.004 Inches 

Figure 20 shows the stress–strain behavior of SLS PA specimens fabricated at 

higher laser power (35 W), smaller scan spacing (0.004 in.), and vertical orientation. Like 

the previous case, all specimens exhibit an initial linear elastic region followed by a 

smooth transition into plastic deformation. The specimens reach an ultimate strength of 

about 41 to 43 MPa, with slightly higher and more uniform stress levels compared to the 

previous condition. The curves are closely aligned, indicating improved consistency and 

better interlayer bonding due to higher energy input and tighter scan spacing. Failure 

occurs at larger strain values (1.1 to 1.2), suggesting increased ductility. Overall, this 

condition demonstrates more uniform mechanical behavior and slightly enhanced 

elongation before fracture. 
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Figure 20: Stress-Strain Curves for PA Tensile Specimens with 90° Orientation, 35-Watt, 0.004 in. 

90Á Orientation, 25-Watt, 0.008 Inches 

 Figure 21 shows the stress–strain behavior of SLS PA specimens fabricated at 25 

W laser power, 0.008 in scan spacing, and vertical orientation. All specimens exhibit a 

similar response, starting with a linear elastic region followed by gradual plastic 

deformation. 

The maximum stress reached is relatively low (approximately 13 to 15 MPa), 

indicating weaker mechanical performance compared to higher energy conditions. Failure 

occurs at strain values around 0.20 to 0.26, with slight variation between specimens. The 

close grouping of the curves suggests reasonable repeatability, although the spread in 

failure strain indicates some variability in interlayer bonding. Overall, the results reflect 

limited stiffness and strength for vertically built specimens at lower laser power and 

larger scan spacing, likely due to insufficient fusion between layers. 



  58 

 

   
 

 

Figure 21: Stress-Strain Curves for PA Tensile Specimens with 90° Orientation, 25-Watt, 0.008 in. 

Average Stress-Strain Curves of PA Specimens 

Figure 22 presents the averaged stress–strain curves for all SLS PA specimen 

groups, where the average response for each condition was calculated in MATLAB from 

multiple samples and then plotted. Overall, all groups show the typical behavior of SLS 

polymers, an initial linear elastic region followed by plastic deformation and eventual 

failure. Clear differences can be observed between processing conditions and build 

orientations: 

PA-25W-0.008-V shows the lowest stiffness and strength, with early failure, 

indicating weaker interlayer bonding in the vertical orientation at lower energy input. 

PA-25W-0.008-H performs slightly better than its vertical counterpart but still 

exhibits relatively low strength and ductility. 
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PA-30W-0.006-V demonstrates improved stiffness and higher stress compared to 

25W conditions, due to increased laser energy and reduced scan spacing. 

PA-30W-0.006-H further confirms that horizontal orientation results in higher 

stiffness and strength, as the load is applied along stronger, more continuous layers. 

PA-35W-0.004-V shows the highest overall performance among vertical builds, 

with increased stiffness, strength, and elongation, indicating enhanced layer fusion. 

PA-35W-0.004-H exhibits the best mechanical behavior overall, with the highest 

stiffness and stress levels, confirming that higher laser power, smaller scan spacing, and 

horizontal orientation leads to superior mechanical properties. 

In summary, the results confirm that horizontal specimens are generally stiffer and 

stronger than vertical ones, and increasing energy density (higher power and smaller scan 

spacing) improves mechanical performance and consistency. 

 

Figure 22: Average Stress-Strain Curves of PA Specimens. 

Youngôs Modulus Results 

The Young’s modulus of the PA specimens was obtained from the slope of the 
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linear elastic region of the stress–strain curves. A linear regression method in MATLAB 

was used, and values were averaged for each processing condition. 

Results: 

PA-25W-0.008-V: 75.03 MPa  

PA-30W-0.006-V: 95.17 MPa  

PA-25W-0.008-H: 69.04 MPa  

PA-35W-0.004-H: 85.91 MPa  

PA-30W-0.006-H: 89.11 MPa  

PA-35W-0.004-V: 85.87 MPa  

The PA-30W-0.006-V Samples showed the highest stiffness. Stiffness is 

controlled by energy input and bonding quality. Moderate laser power (30 W) provides 

sufficient melting without degradation, while too high power (35 W) can cause 

overheating and reduce performance. Scan spacing also matters: 0.006 in. gives good 

overlap and bonding, while larger spacing reduces fusion, and smaller spacing may cause 

overheating. 

Orientation affects stiffness due to anisotropy. Vertical samples (V) are stiffer 

when the load aligns with continuous scan tracks, while horizontal samples (H) depend 

more on weaker interlayer bonding. This is why vertical specimens generally show higher 

modulus. 
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Stress-Strain of Polypropylene 

90Á orientation, 30-Watt, 0.006 Inches 

Figure 23 shows the stress–strain behavior of vertically built polypropylene (PP) 

specimens fabricated using the SLS process at 30-Watt laser power and 0.006 in. scan 

spacing. 

All five specimens exhibit consistent mechanical behavior, indicating good 

repeatability of the process. The curves show a typical ductile polymer response: an 

initial nonlinear elastic region followed by strain hardening, reaching an ultimate stress of 

approximately 25 to 26 MPa. After the peak, the stress gradually stabilizes before sudden 

fracture. The relatively large strain at failure (around 1.9 to 2.2 mm/mm) confirms the 

high ductility of the polypropylene material under these processing conditions. Minor 

variation in failure strain among specimens suggests slight inconsistencies in internal 

bonding or porosity, which are common in SLS-fabricated parts, especially in the vertical 

build orientation where interlayer bonding is more critical.  

Overall, the selected parameters (30-Watt laser power and tight scan spacing) 

produced parts with uniform strength and good elongation, indicating effective layer 

fusion and mechanical performance. 
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Figure 23: Stress-Strain Curves for PP Tensile Specimens with 90° Orientation, 30-Watt, 0.006 in. 

0Á orientation, 20-Watt, 0.008 Inches 

Figure 24 shows the stress–strain behavior of polypropylene (PP) specimens 

fabricated using the SLS process at 20-Watt laser power, 0.008 in. scan spacing, and 

horizontal (H) orientation. Compared to the previous condition, these specimens exhibit 

lower overall mechanical performance. The curves still show a typical ductile response 

initial nonlinear elastic region followed by gradual strain hardening but the ultimate stress 

is reduced to about 20 to 22 MPa, which is noticeably lower than the 25 to 26 MPa 

observed previously. Additionally, the strain at failure is significantly lower (0.8 to 0.95 

mm/mm) indicating reduced ductility. The earlier fracture suggests weaker interparticle 

bonding, which can be attributed to the lower laser power and larger scan spacing, 

resulting in less effective fusion between powder particles. 
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Horizontal orientation generally improves in-plane strength, but in this case, the 

processing parameters dominate, leading to reduced strength and elongation. Slight 

variation between specimens is again present, reflecting typical SLS variability, but 

overall consistency is still reasonable. In summary, this condition produces weaker and 

less ductile parts, highlighting the importance of sufficient energy density (higher laser 

power and smaller scan spacing) for achieving better mechanical properties in SLS 

printed polypropylene. 

 

Figure 24: Stress-Strain Curves for PP Tensile Specimens with 0° Orientation, 20-Watt, 0.008 in. 

90Á orientation, 25-Watt, 0.007 Inches 

Figure 25 shows the stress–strain behavior of SLS-printed polypropylene (PP) 

specimens fabricated with 25-Watt laser power, 0.007 in. scan spacing, and vertical 

orientation. All specimens exhibit a typical ductile polymer response. The curves begin 
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with a nonlinear elastic region, followed by gradual strain hardening, reaching an 

ultimate stress of about 27 to 28 MPa. After the peak, there is no gradual necking; 

instead, the samples show a sudden drop in stress, indicating fracture after significant 

plastic deformation. 

The close overlap of the curves in the elastic and hardening regions indicates 

good repeatability and consistent stiffness, suggesting uniform energy input and bonding 

during the SLS process. However, the variation in failure strain (1.3 to 1.8 mm/mm) 

reflects some anisotropy and layer-dependent bonding effects due to the vertical build 

orientation. Overall, the specimens demonstrate high ductility and consistent mechanical 

performance, with failure governed more by interlayer adhesion variability than bulk 

material stiffness. 

 

Figure 25: Stress-Strain Curves for PP Tensile Specimens with 90° Orientation, 25-Watt, 0.007 in. 
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0Á orientation, 25-Watt, 0.007 Inches 

Figure 26 shows the stress–strain behavior of SLS-printed polypropylene (PP) 

specimens fabricated with 25-Watt laser power, 0.007 in. scan spacing, and horizontal 

orientation. Similar to the vertical samples, all curves exhibit a ductile response, with an 

initial nonlinear elastic region followed by strain hardening. The specimens reach an 

ultimate stress of approximately 24 to 26 MPa, slightly lower than the vertically oriented 

samples. After the peak, failure occurs abruptly, indicating fracture after significant 

plastic deformation. 

The curves are closely grouped, demonstrating good repeatability, though slightly 

more scatter is observed compared to the vertical case. The failure strain ranges from 1.2 

to 1.85 mm/mm, showing variability in elongation at break. 

Overall, the horizontally built specimens show slightly lower stiffness and 

strength, but comparable ductility. The differences are attributed to build orientation 

effects, where layer alignment relative to the loading direction influences interlayer 

bonding and load transfer, resulting in marginally reduced mechanical performance 

compared to vertical specimens. 
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Figure 26: Stress-Strain Curves for PP Tensile Specimens with 0° Orientation, 25-Watt, 0.007 in. 

0Á orientation, 30-Watt, 0.006 Inches 

Figure 27 presents the stress–strain behavior of SLS-printed polypropylene (PP) 

specimens produced with 30-Watt laser power, 0.006 in. scan spacing, and horizontal 

orientation. The curves show a typical ductile polymer response, beginning with a 

nonlinear elastic region followed by strain hardening up to an ultimate stress of 

approximately 27 to 28 MPa. After reaching the peak, the material exhibits a gradual 

softening region, where stress slightly decreases with increasing strain, indicating stable 

plastic deformation and necking prior to failure. 

All specimens display very close overlap throughout the loading region, 

indicating high repeatability and uniform mechanical behavior. The samples reach a 

relatively large failure strain (3.4 to 3.6 mm/mm), demonstrating significant ductility and 



  67 

 

   
 

toughness. Overall, the results indicate consistent stiffness, strong interlayer bonding, and 

enhanced plastic deformation capability, with failure occurring after extended elongation 

rather than abrupt fracture. 

 

Figure 27: Stress-Strain Curves for PP Tensile Specimens with 0° Orientation, 30-Watt, 0.006 in. 

90Á orientation, 20-Watt, 0.008 Inches 

Figure 28 shows the stress–strain behavior of SLS-fabricated polypropylene (PP) 

specimens produced at 20-Watt laser power, 0.008-inch scan spacing, and vertical build 

orientation. All five specimens exhibit consistent mechanical behavior, indicating good 

repeatability of the SLS process under these parameters. The curves show a smooth, 

nonlinear increase in stress with strain, characteristic of ductile polymers like PP. There is 

no sharp yield point; instead, the material gradually transitions into plastic deformation. 
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The specimens reach a maximum stress of about 19 to 21 MPa at strains around 

0.48 to 0.52 mm/mm, followed by an abrupt drop in stress, which corresponds to fracture. 

 The relatively high strain at failure indicates good ductility, while the small 

variation between curves suggests uniform layer bonding and stable processing 

conditions. 

Overall, the results demonstrate that vertically built SLS PP parts at these settings 

provide reliable strength and ductile performance, with minor specimen-to-specimen 

variation. 

 

Figure 28: Stress-Strain Curves for PP Tensile Specimens with 90° Orientation, 20-Watt, 0.008 in. 

Average Stress-Strain Curves of Polypropylene Specimens 

Figure 29 presents the averaged stress–strain curves for SLS-fabricated 

polypropylene (PP) specimens under different processing conditions (laser power, scan 

spacing, and build orientation). 
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Overall, all curves show typical ductile polymer behavior, with a nonlinear elastic 

region followed by gradual plastic deformation. However, clear differences appear 

between parameter sets. 

The 30 W, 0.006 in., vertical (PP-30W-0.006-V) condition exhibits the highest 

strength and ductility, reaching stresses around 26 to 27 MPa and sustaining deformation 

up to 0.8 strain. This indicates improved interlayer bonding and densification at higher  

energy input. 

The 25 W conditions (both 0.007 in., V and H) show slightly lower peak stresses 

(24 to 26 MPa) and moderate ductility, suggesting adequate but not optimal fusion.  

The 20 W, 0.008 in. conditions show the lowest strength and earlier failure, 

especially in the horizontal orientation (PP-20W-0.008-H), which fails at lower strain and 

stress (20 MPa). This reflects weaker bonding due to lower energy density and 

orientation effects. 

Additionally, vertical specimens generally outperform horizontal ones in both 

strength and elongation, indicating better load transfer along the build direction. 

In summary, increasing laser power and reducing scan spacing (i.e., increasing 

energy density), along with vertical orientation, significantly enhances the mechanical 

performance and ductility of SLS PP parts. 
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Figure 29: Average Stress-Strain Curves of PP Specimens. 

Youngôs Modulus Results 

The Young’s modulus values for the PP specimens were obtained from the slope 

of the linear elastic region of the stress–strain curves, as previously defined. The modulus 

was calculated using a linear regression approach in MATLAB and averaged for each 

processing condition. 

The results are: 

PP-30W-0.006-V: 86.68 MPa  

PP-20W-0.008-H: 75.45 MPa  

PP-25W-0.007-V: 90.55 MPa  

PP-25W-0.007-H: 89.13 MPa  

PP-30W-0.006-H: 87.70 MPa  
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PP-20W-0.008-V: 83.05 MPa  

Overall, the PP-25W-0.007-V group exhibited the highest Young’s modulus, 

indicating the greatest stiffness among the tested conditions, while PP-20W-0.008-H 

showed the lowest stiffness. 

The results suggest that mechanical stiffness is primarily influenced by processing 

conditions, particularly the balance between laser power and scan spacing. Intermediate 

energy input appears to promote more effective particle fusion and improved interlayer 

bonding, leading to higher stiffness. In contrast, lower energy conditions may result in 

incomplete melting and increased porosity, reducing stiffness. 

Build orientation also affects the mechanical response, but its influence is less 

consistent compared to processing parameters. In general, vertical specimens tend to 

show slightly higher or comparable stiffness to horizontal specimens due to differences in 

layer bonding and load direction. However, the variation between orientations is 

relatively small, indicating that energy input plays a more dominant role than build 

direction in determining Young’s modulus for PP specimens. 

Figure 30 shows a bar chart that compares average ultimate tensile strength for all 

PA, GF, and PP specimens. Glass-filled nylon generally exhibited the highest strength due 

to the reinforcing glass fibers, while polypropylene demonstrated lower strength but 

higher ductility. PA12 samples showed intermediate mechanical performance. The results 

also indicate that laser power, scan spacing, and build orientation influence the tensile 

properties of the SLS printed specimens. 

During the testing of glass-filled nylon (GF) specimens, the vertically oriented 

samples appeared to show higher strength compared to horizontally oriented ones. This 
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behavior could be influenced by the method used to measure the specimen length. In 

some tests, the strain was mistakenly calculated using the entire specimen length rather 

than the gauge length. Since strain should be measured over the gauge section, using the 

full length leads to an underestimation of strain and, consequently, an overestimation of 

stiffness. Therefore, the observed discrepancy is likely due to this measurement error 

rather than the actual material behavior. 

 

Figure 30: Comparison of Tensile Strength for SLS Polymer of PA-GF-PP.  

 

 

 

 

 

 



  73 

 

   
 

Table 5 summarizes the stress–strain results from tensile testing. 

Table 5: Summary of Stress–Strain Results from Tensile Testing. 

   
   
   

PA 12  
GF  

Orientation  Watts (W)  Inches (In.)  Strength (MPa) Strain(mm/mm) 

90º  35  0.006  43  0.24 

90º  38  0.005  48 0.36 

0º  30  0.007  34  0.22 

0º  35  0.006  43  0.34 

90º  30  0.007  27 0.14 

0º  38  0.005  46 1.3 

   
   
   

PA 12  

90º  30  0.006  38 0.65 

0º  25  0.008  27 0.68 

90º  25  0.008  15 0.26 

90º  35  0.004  43 1.2 

0º  30  0.006  43 1.1 

90º  35  0.004  47 1.75 

   
   

PP  
   
   
   
   
   

90º  30  0.006  26  2.2 

90º  25  0.007  28 1.8 

0º  25  0.007  26 1.85 

0º  30 0.006 28 3.6 

90º  20 0.008 21 0.52 

0º  20 0.008 22 0.95 
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Elongation 

Elongation in tensile testing is the increase in a specimen’s length as it is stretched 

by a tensile (pulling) force, expressed either as an absolute change in length or as a 

percentage of the original gauge length. Elongation captures how much a material can 

stretch before it breaks. It reflects the material’s ductility, its ability to deform plastically 

without fracturing [27]. 

Two common forms are used: 

¶ Elongation at yield: The amount of stretch when the material first begins to 

deform permanently. 

¶ Elongation at break (or fracture): The total stretches the specimen undergoes 

before it finally breaks. 

High elongation materials (like many metals and polymers) can absorb energy and 

deform without sudden failure. Low elongation materials (like ceramics or brittle alloys) 

fail with little warning [27] and limited plastic deformation. Because of the presence of 

glass fibers and the vertical build orientation, the tensile bars fractured shortly after the 

elastic region with small elongation at break. No visible necking was observed. The 

apparent reduction in length after fracture is attributed to elastic recovery rather than 

permanent deformation. This behavior is consistent with the known mechanical response 

of glass-filled SLS polymers. The tensile specimens were tested using a Shimadzu EZ-

LX testing machine. 

The SLS glass-filled specimens showed brittle tensile behavior with very limited 

plastic deformation. Because of the presence of glass fibers and the vertical build 

orientation, the tensile bars fractured shortly after the elastic region with small elongation 
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at break. No visible necking was observed. The apparent reduction in length after fracture 

is attributed to elastic recovery rather than permanent deformation. This behavior is 

consistent with the known mechanical response of glass-filled SLS polymers. 

The tensile specimens were tested using a Shimadzu EZ-LX testing machine. 

Before testing, an initial gauge length of 50 mm was marked on each tensile bar. After the 

tensile test, the fractured specimens were carefully aligned and the final gauge length was 

measured using a digital caliper. The percent elongation was calculated using the 

following equation: 

       Elongation (%) = ρππ 

where: 

ὒ= initial gauge length (50 mm), 

ὒ= final gauge length after fracture. 

This value represents the ductility of the material, indicating how much the 

specimen elongated before failure. 

Figure 31 shows a bar chart comparing the average elongation at break for 

different materials, laser powers, scan spacings, and build orientations. It shows that 

polypropylene (PP) printed at 30 W laser power, 0.006 in. scan spacing, and horizontal 

orientation exhibited the highest elongation at break among all tested conditions. This 

result indicates that the specimens produced under this parameter set demonstrated the 

greatest ductility. 

In comparison, glass-filled nylon and PA12 samples showed lower elongation 

values; see Figure 32 and 33. This behavior is expected due to the intrinsic material 

properties. Polypropylene is a more flexible and ductile polymer, while glass-filled nylon 
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contains reinforcing glass fibers that increase stiffness but reduce ductility. Similarly, 

PA12 typically exhibits higher stiffness and lower elongation compared to polypropylene. 

As a result, polypropylene specimens were able to undergo greater deformation before 

fracture. 

 

Figure 31: Average Elongation for GF. 
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Figure 32: Average Elongation for PA. 

 

Figure 33: Average Elongation for PP. 
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Three-Point Bending Test Polypropylene 

90Á Orientation, 20-Watt, 0.008 Inches 

Figure 34 shows the three-point bending (flexural) behavior of SLS-fabricated 

polypropylene (PP) specimens produced at 20 W laser power, 0.008 in. scan spacing, and 

vertical orientation, using rectangular tensile bars due to a testing constraint with machine 

fixture compatibility. In a Shimadzu universal testing machine, three-point bending must 

be performed on rectangular tensile bars because the available bending fixture (span size, 

support geometry, or loading nose) is limited. Standard flexural specimens often require 

specific dimensions and span-to-depth ratios that the Shimadzu fixture cannot 

accommodate. As a result, rectangular tensile bars are used since they better fit the 

available fixture and machine travel limits, allowing the test to be completed even if the 

geometry is non-standard [28]. 

All three specimens display a smooth increase in flexural stress with strain, 

indicating typical ductile polymer behavior under bending. The curves rise nonlinearly 

and reach maximum flexural stresses of approximately 42 to 47 MPa at strains around 6 

to 6.5%. 

After the peak: 

¶ One specimen shows a sudden drop in stress, indicating brittle-like fracture or  

abrupt failure. 

¶ The other two exhibit a more gradual decrease, suggesting partial cracking or  

progressive failure while still carrying some loads. 

Despite the use of tensile bars instead of standard flexural specimens, the results 

still show good consistency between samples, with relatively small variation in peak 
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stress. The material demonstrates moderate flexural strength and ductility, though the 

geometry difference may slightly affect absolute values. 

Overall, vertically built SLS PP at these parameters exhibits reliable flexural 

performance, but the non-standard specimen geometry should be noted when comparing 

to standard bending test results. 

 

Figure 34: Flexural Stress-Flexural Strain Curves Using Three-Point Bending Test for PP-20W-

0.008-V. 

0Á Orientation, 30-Watt, 0.006 Inches 

Figure 35 presents the three-point bending (flexural) response of SLS-fabricated 

polypropylene (PP) specimens built at 30 W laser power, 0.006 in. scan spacing, and 

horizontal orientation. All specimens show a consistent trend, with flexural stress 

increasing rapidly at low strain and reaching a peak stress of 52 to 55 MPa at around 9 to 
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11% strain. Compared to the previous 20 W condition, this indicates a significant 

improvement in flexural strength, due to higher energy input and better interlayer fusion. 

After the peak, the curves exhibit a gradual decrease in stress rather than sudden 

fracture, showing progressive failure and high ductility. The specimens continue to load 

up to 25 to 27% strain, which reflects strong bonding and good resistance to crack 

propagation. The close overlap of the curves suggests good repeatability and uniform 

material properties across samples. Overall, these results demonstrate that increasing 

laser power and reducing scan spacing leads to enhanced flexural strength and toughness, 

even in horizontal orientation. 

 

Figure 35: Flexural Strain-Flexural Stress Curves Using Three-Point Bending Test for PP-30W-

0.006-H. 
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0Á Orientation, 25-Watt, 0.007 Inches 

Figure 36 shows the three-point bending (flexural) behavior of SLS 

polypropylene (PP) specimens fabricated at 25 W laser power, 0.007 in. scan spacing, and 

horizontal orientation. 

All specimens exhibit a similar response, with flexural stress increasing rapidly 

and reaching a peak stress of 44 to 50 MPa at approximately 8 to 10% strain. This 

indicates good stiffness and strength, though slightly lower than the 30 W condition. 

After the peak, the curves show a gradual reduction in stress, indicating ductile 

behavior with progressive damage rather than sudden fracture. The specimens continue to 

load up to 18 to 21% strain, demonstrating moderate toughness. 

There is some variation between specimens, particularly in peak stress and post 

peak behavior, suggesting slight inconsistencies in bonding or internal porosity at this 

intermediate energy level. Overall, this condition provides balanced flexural 

performance, with reasonable strength and ductility, but not as optimized as the higher 

energy (30 W, 0.006 in.) case. 
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Figure 36: Flexural Strain-Flexural Stress Curves Using Three-Point Bending Test for PP-25W-

0.007-H. 

90Á Orientation, 25-Watt, 0.007 Inches 

Figure 37 shows the three-point bending (flexural) response of SLS 

polypropylene (PP) specimens fabricated at 25 W laser power, 0.007 in. scan spacing, and 

vertical orientation. 

All specimens demonstrate a similar trend, with flexural stress increasing 

smoothly and reaching a peak stress of about 44 to 46 MPa at around 9 to 11% strain, 

indicating good stiffness and strength. Compared to the horizontal case at the same 

energy level, the strength is comparable, but the post-peak behavior differs. After the 

peak, the curves show mixed failure modes: 

¶ Some specimens exhibit a sharp drop in stress, indicating sudden fracture. 

¶ Others show a more gradual decline, maintaining load up to 20 to 22% strain,  

which suggests more ductile, progressive failure. 
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This variation indicates greater scatter in failure behavior for vertical specimens, 

likely due to layer-by-layer bonding effects and anisotropy in the build direction. Overall, 

vertically built specimens at this condition provide good flexural strength with moderate 

to high ductility, but with less consistent post-peak behavior compared to the horizontal 

orientation. 

 

Figure 37: Flexural Strain-Flexural Stress Curves Using Three-Point Bending Test for PP-25W-

0.007-V. 

0Á Orientation, 20-Watt, 0.008 Inches 

Figure 38 shows the flexural stress–strain behavior from a three-point bending 

test of SLS-printed polypropylene (PP) specimens fabricated at 20 W laser power and 

0.008 in. scan spacing (horizontal orientation). 

The curves exhibit a typical ductile flexural response, with an initial nonlinear 

elastic region followed by a steady increase in stress up to a peak flexural strength of 

approximately 42 to 48 MPa. After reaching the maximum stress, the specimens display 
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gradual softening behavior, indicating progressive damage and plastic deformation rather 

than immediate fracture. 

The specimens show some variability in peak stress and post-peak behavior, but 

overall trends are consistent. The flexural strain at failure ranges from 13% to 18%, 

reflecting good ductility under bending loads. Some samples exhibit a more abrupt drop 

after peak stress, suggesting localized crack initiation, while others maintain load 

carrying capacity over a longer deformation range. 

Overall, the results indicate moderate stiffness, good flexural strength, and 

significant deformation capability, with failure governed by progressive damage 

mechanisms such as layer delamination and crack propagation under bending stress. 

 

Figure 38: Flexural Strain-Flexural Stress Curves Using Three-Point Bending Test for PP-20W-

0.008-H. 
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90Á Orientation, 30-Watt, 0.006 Inches 

Figure 39 presents the flexural stress–strain behavior from a three-point bending 

test of SLS-printed polypropylene (PP) specimens fabricated with 30 W laser power, 

0.006 in. scan spacing, and vertical orientation. The curves show a ductile flexural 

response, starting with a nonlinear elastic region followed by a steady increase in stress 

up to a peak flexural strength of approximately 46 to 48 MPa. After the peak, the 

specimens exhibit a gradual stress reduction, indicating progressive plastic deformation 

and damage evolution rather than sudden fracture. 

All specimens follow a similar trend, demonstrating good repeatability, although 

slight variations are observed in the initial stiffness and post-peak behavior. The flexural 

strain extends beyond 25%, highlighting high deformation capacity and toughness under 

bending. 

Overall, the material shows stable load-bearing capability after peak stress, with 

failure governed by gradual mechanisms such as interlayer debonding and crack 

propagation, rather than abrupt breakage. 
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Figure 39: Flexural Strain-Flexural Stress Curves Using Three-Point Bending Test for PP-30W-

0.006-V. 

Average Flexural Strain-Stress for Polypropylene 

Figure 40 presents average flexural stress–strain curves from a three-point 

bending test of polypropylene (PP) specimens. For each condition, multiple experimental 

curves were processed in MATLAB, averaged to minimize variability, and then plotted to 

represent the overall mechanical response. 

Stiffness Comparison 

Stiffness is reflected in the initial slope of the stress–strain curve within the elastic 

region, where a steeper slope indicates a higher modulus and stronger resistance to 

deformation.  

The PP-30W-0.006-H condition (yellow curve) shows the highest stiffness among 

all tested samples. This is evident from its steep initial slope and the relatively high stress 
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levels achieved at low strain. The behavior suggests strong interlayer bonding, which can 

be attributed to the higher laser energy density used during processing. 

In contrast, the PP-30W-0.006-V condition (blue curve) demonstrates slightly 

lower stiffness than the horizontal build but compensates with improved ductility. It 

maintains load-bearing capacity over a wider strain range, indicating a more gradual 

deformation response before failure. 

The PP-25W-0.007-H (orange) and PP-25W-0.007-V (purple) samples exhibit 

intermediate stiffness. Their reduced slopes compared to the 30W conditions suggest that 

lowering the laser power and increasing the scan spacing decreases the energy input, 

leading to less effective fusion between layers and therefore weaker mechanical response. 

The PP-20W-0.008-H sample (green curve) performs the weakest overall. It 

shows the lowest stiffness, indicated by the shallow initial slope, and it fails at relatively 

low strain. This behavior is consistent with insufficient energy input during processing, 

resulting in poor interlayer bonding and early structural failure. 

Overall, the results clearly show a strong relationship between processing 

parameters and mechanical performance. Higher laser power combined with smaller scan 

spacing (30W, 0.006 in.) produces the most rigid and mechanically robust structure, 

while lower power and larger spacing reduce energy density and significantly weaken 

interlayer bonding. Among all conditions tested, the 30W, 0.006-H configuration 

provides the best overall mechanical performance, whereas the 20W, 0.008-H condition 

represents the lowest. 
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Figure 40: Average Flexural Strain-Stress for PP. 

Three-Point Bending Test for PA 

0Á Orientation, 30-Watt, 0.006 Inches 

Figure 41 shows the flexural stress–strain behavior from a three-point bending 

test of SLS-printed polyamide (PA) specimens fabricated with 30 W laser power, 0.006 

in. scan spacing, and horizontal orientation. 

The curves exhibit a stiff and ductile flexural response, with a relatively steep 

initial slope indicating high flexural stiffness, followed by a gradual increase to a peak 

flexural strength of approximately 80 to 83 MPa. After reaching the maximum stress, 

most specimens show a sharp drop, indicating sudden fracture after limited plastic 

deformation. While the majority of samples fail at a flexural strain of 10 to 11%, one 

specimen failed earlier (around 8% strain), suggesting some variability in local bonding 
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or defects. The close grouping of the remaining curves indicates good repeatability and 

consistent mechanical performance. Overall, the material demonstrates high strength and 

stiffness under bending, with moderate ductility, and failure dominated by brittle like 

fracture following peak load, likely influenced by interlayer adhesion and internal defects 

in the SLS structure. 

 

Figure 41: Flexural Stress-Flexural Strain Curves Using Three-Point Bending Test for PA-30W-

0.006-H. 

0Á Orientation, 25-Watt, 0.008 Inches 

Figure 42 presents the flexural stress–strain behavior from a three-point bending 

test of SLS-printed polyamide (PA) specimens fabricated with 25 W laser power, 0.008 

in. scan spacing, and horizontal orientation. 

The curves show a ductile flexural response, beginning with a gradual elastic 

region followed by continuous strain hardening up to a peak flexural strength of 
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approximately 44 to 50 MPa. The initial slope is lower compared to stiffer responses, 

indicating moderate flexural stiffness. 

After reaching the maximum stress, the specimens exhibit a sudden drop in stress, 

indicating fracture after limited plastic deformation. The failure strain ranges from 8% to 

10%, with some variability among specimens, suggesting differences in internal bonding 

or localized defects. Overall, the results indicate moderate strength and stiffness with 

limited ductility, and failure is primarily governed by crack initiation and rapid 

propagation under bending load. 

 

Figure 42: Flexural Stress-Flexural Strain Curves Using Three-Point Bending Test for PA-25W-

0.008-H. 

0Á Orientation, 35-Watt, 0.004 Inches 

Figure 43 shows the flexural stress–strain behavior from a three-point bending 

test of SLS-printed polyamide (PA) specimens fabricated with 35 W laser power, 0.004 

in. scan spacing, and horizontal orientation. The curves exhibit a stiff and highly ductile 
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flexural response, with a steep initial slope indicating high flexural stiffness, followed by 

strain hardening up to a peak flexural strength of approximately 100 to 105 MPa. 

After the peak, the specimens display a gradual softening region, where stress 

decreases slowly with increasing strain. This behavior indicates stable plastic deformation 

and progressive damage, rather than sudden fracture. The flexural strain extends up to 15 

to 20%, demonstrating significant deformation capacity and toughness. The curves are 

closely grouped, showing good repeatability, although some variation in post-peak 

behavior and failure strain is observed, likely due to localized defects or differences in 

interlayer bonding. Overall, the results indicate high strength, high stiffness, and 

enhanced ductility, with failure governed by progressive mechanisms such as plastic 

deformation and crack propagation under bending loads rather than abrupt breakage. 

 

Figure 43: Flexural Stress-Flexural Strain Curves Using Three-Point Bending Test for PA-35W-

0.004-H. 



  92 

 

   
 

90Á Orientation, 35-Watt, 0.004 Inches 

Figure 44 shows the three-point bending (flexural) behavior of SLS-fabricated 

polyamide (PA) specimens produced at 35 W laser power, 0.004 in. scan spacing, and 

vertical orientation. 

All specimens exhibit a consistent response, with flexural stress increasing rapidly 

and reaching a high peak stress of 95 to105 MPa at approximately 8 to 10% strain. This is 

significantly higher than the polypropylene (PP) results, reflecting the inherently greater 

strength and stiffness of PA, along with the higher energy density used. 

After the peak, most curves show a sharp drop in stress, indicating relatively 

sudden fracture compared to PP. However, a few specimens maintain load briefly after 

the peak, suggesting limited progressive failure. The curves are closely grouped, 

indicating good repeatability and uniform material consolidation, likely due to strong 

interlayer bonding at this high energy input. Overall, this condition results in high 

flexural strength and stiffness, but with more brittle-like failure behavior compared to PP, 

highlighting the trade-off between strength and ductility in SLS materials. 
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Figure 44: Flexural Stress-Flexural Strain Curves Using Three-Point Bending Test for PA-35W-

0.004-V. 

90Á Orientation, 25-Watt, 0.008 Inches 

Figure 45 shows the three-point bending (flexural) behavior of SLS-fabricated 

polyamide (PA) specimens produced at 25 W laser power, 0.008 in. scan spacing, and 

vertical orientation. 

All specimens exhibit a similar trend, with flexural stress increasing steadily and 

reaching a peak stress of 30 to 33 MPa at approximately 4 to 5% strain. Compared to the 

higher energy (35 W, 0.004 in.) condition, both the strength and stiffness are significantly 

reduced, indicating weaker interlayer bonding and lower densification. After the peak, the 

curves show a rapid drop in stress, suggesting relatively brittle failure with limited plastic 

deformation. Some specimens fail earlier than others, indicating noticeable variability in 

mechanical performance, likely due to inconsistent fusion at this lower energy density. 
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Overall, this condition results in moderate flexural strength but reduced ductility and 

consistency, highlighting the importance of higher laser power and smaller scan spacing 

for achieving optimal mechanical properties in SLS PA parts. 

 

Figure 45: Flexural Stress-Flexural Strain Curves Using Three-Point Bending Test for PA-25W-

0.008-V. 

90Á Orientation, 30-Watt, 0.006 Inches 

Figure 46 shows the flexural stress–strain response of polyamide (PA) specimens 

printed at 30 W laser power, 0.006 in. scan spacing, and vertical (V) orientation. All 

specimens exhibit a smooth and gradual increase in stress with strain, reaching peak 

flexural strengths of 70 to 75 MPa. Compared to glass-filled material, the curves are more 

extended, indicating higher ductility. Failure occurs over a wider strain range (7% to 

10%), with some specimens showing sudden drops while others sustain deformation 

longer. Overall, PA demonstrates good strength with improved ductility and more stable 

deformation behavior, although variability in failure strain suggests some inconsistency 

in layer bonding or internal structure. 
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Figure 46: Flexural Stress-Flexural Strain Curves Using Three-point Bending Test for PA-30W-

0.006-V. 

Average Flexural Strain-Stress for PA 

Figure 47 shows average flexural stress–strain curves from a 3-point bending test 

for polyamide (PA) specimens. For each processing condition, multiple experimental 

curves were averaged in MATLAB to reduce variability and obtain a representative 

mechanical response. The samples differ in laser power (W) and scan spacing (H/V). 

Stiffness Comparison 

Stiffness in these samples is evaluated from the initial slope of the stress–strain 

curves within the elastic region, where a steeper slope corresponds to a higher stiffness 

and improved resistance to deformation. 

The PA-35W-0.004-H condition (orange curve) demonstrates the highest stiffness 

and strength overall. It exhibits the steepest initial slope and reaches the highest peak 
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stress of approximately 85 MPa. This strong mechanical response indicates highly 

effective fusion, driven by the combination of high laser power and tightly spaced scan 

tracks, which together promote dense and well-bonded layers. 

The PA-30W-0.006-H sample (light blue curve) also shows high stiffness, 

although slightly lower than the 35W condition. Despite this reduction, it still maintains 

strong mechanical integrity and demonstrates relatively good ductility prior to failure, 

suggesting a balanced combination of strength and deformation capacity. When the build 

orientation is changed to vertical, a noticeable reduction in performance is observed. The 

PA-35W-0.004-V sample (yellow curve) shows moderate-to-high stiffness, but it is lower 

than its horizontal counterpart, highlighting the influence of build orientation on 

mechanical behavior. Similarly, the PA-30W-0.006V sample (green curve) exhibits 

moderate stiffness and fails earlier than the corresponding horizontal configuration, 

further confirming that vertical orientation tends to weaken structural performance due to 

less favorable load alignment and interlayer bonding. 

A more pronounced drop in mechanical properties is observed in lower-energy 

conditions. The PA-25W-0.008-H sample (dark blue curve) shows reduced stiffness and 

strength, which can be attributed to lower laser power and increased scan spacing that 

results in insufficient energy input and weaker layer fusion. This trend becomes even 

more evident in the PA-25W-0.008-V sample (purple curve), which demonstrates the 

lowest stiffness and strength overall. Its shallow slope and early failure indicate poor 

interlayer adhesion and limited load-bearing capacity. 

Overall, the results clearly show that processing parameters strongly influence 

mechanical behavior. Higher laser power combined with smaller scan spacing (35W, 
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0.004) produces the most rigid and strongest material response, while reduced energy 

input significantly degrades performance. In addition, horizontal build orientation 

consistently outperforms vertical orientation due to improved load distribution and 

stronger effective bonding between layers. Among all tested conditions, the PA-35W 

0.004-H sample shows the best overall mechanical performance, whereas the PA-25W 

0.008-V condition performs the weakest. 

 

Figure 47: Average Flexural Stress-Strain for PA. 

Three-Point Bending Test for GF 

90Á Orientation, 30-Watt, 0.007 Inches 

Figure 48 shows flexural stress–strain behavior of glass-filled (GF) specimens 

fabricated at 30 W laser power, 0.007 in. scan spacing, and 90° orientation under three-
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point bending. 

All specimens exhibit a similar trend: stress increases steadily with strain, 

indicating elastic-plastic behavior, followed by a peak flexural strength of 48 to 51 MPa. 

After reaching the maximum stress, the curves show a sudden drop, indicating brittle 

failure typical of glass-filled materials. 

There is some variation in strain at failure (6% to 10%), suggesting process 

induced variability (e.g., local density or bonding differences). Overall, the specimens 

demonstrate high stiffness and relatively consistent strength, with limited ductility before 

fracture.

 

Figure 48: Flexural Stress-Flexural Strain Curves Using Three-Point Bending Test for GF-30W-

0.007-V. 

0Á Orientation, 30-Watt, 0.007 Inches 

Figure 49 shows the flexural stress–strain response of glass-filled (GF) specimens 
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printed at 30 W laser power, 0.007 in. scan spacing, and horizontal (H) orientation. 

All specimens display a smooth increase in stress with strain, reaching a higher 

peak flexural strength of 55 to 65 MPa, compared to the previous case. The curves are 

more extended, with failure occurring at higher strains (10% to 12%), indicating 

improved ductility. Unlike the vertical samples, the stress drop after the peak is more 

gradual for most specimens, suggesting less brittle and more stable failure behavior. 

Overall, horizontal orientation results in better mechanical performance, with higher 

strength and greater strain to failure. 

 

Figure 49: Flexural Stress-Flexural Strain Curves Using Three-point Bending Test for GF-30W-

0.007-H. 

90Á Orientation, 35-Watt, 0.006 Inches 

Figure 50 presents the flexural stress–strain behavior of glass-filled (GF) 

specimens printed at 35 W laser power, 0.006 in. scan spacing, and vertical (V) 
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orientation. The specimens show a consistent increase in stress with strain, reaching a 

higher peak flexural strength of 70 to 75 MPa, indicating improved stiffness compared to 

the 30 W cases. After the peak, most curves exhibit a sharp drop in stress, suggesting 

brittle failure, although a few specimens show slightly extended deformation before 

fracture. Failure occurs around 9% to 12% strain, with some variability between 

specimens. Overall, the higher laser power and smaller scan spacing lead to stronger and 

stiffer parts, but the vertical orientation still results in relatively abrupt failure behavior. 

 

Figure 50: Flexural Stress-Flexural Strain Curves Using Three-Point Bending Test for GF-35W-

0.006-V. 

0Á Orientation, 38-Watt, 0.005 Inches 

Figure 51 shows a consistent mechanical response across all samples. The stress 

increases rapidly with strain in the initial region, indicating elastic behavior, followed by 

a gradual transition to a nonlinear region due to plastic deformation. All specimens reach 
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a similar peak flexural stress of approximately 80 to 85 MPa, demonstrating good 

repeatability and uniform material processing. After reaching the maximum stress, a 

noticeable drop occurs, indicating the onset of failure, likely due to microcrack formation 

and fiber-matrix debonding. The relatively high peak stress confirms that the combination 

of high laser power (38W) and small scan spacing (0.005 in.) produces dense parts with 

strong interlayer bonding. Additionally, the horizontal (H) build orientation contributes to 

improved load-bearing capacity by aligning layers with the applied bending stress. 

Overall, the results indicate that this processing condition yields high strength, good 

consistency, and predictable failure behavior for glass fiber reinforced nylon. 

 

Figure 51: Flexural Stress-Flexural Strain Curves Using Three-Point Bending Test for GF-38W-

0.005-H. 

0Á Orientation, 35-Watt, 0.006 Inches 

Figure 52 exhibits a similar overall trend, with stress increasing steadily with 

strain before reaching a peak value of approximately 70 to 72 MPa. Compared to the 

38W–0.005-in. condition, the peak stress is slightly lower, indicating reduced mechanical 
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strength. The initial linear region represents elastic behavior, followed by a nonlinear 

region associated with plastic deformation. Some variation between specimens is 

observed, particularly in the strain at failure, suggesting minor inconsistencies in bonding 

or internal porosity. The sudden drop in stress after the peak indicates brittle-like failure, 

likely due to fiber breakage and matrix cracking. The lower laser power (35W) and larger 

scan spacing (0.006 in.) result in reduced energy density, leading to weaker interlayer 

bonding and slightly higher porosity. Despite this, the curves still show relatively good 

repeatability, confirming stable but slightly inferior mechanical performance compared to 

higher energy input conditions.

 

Figure 52: Flexural Stress-Flexural Strain Curves Using Three-Point Bending Test for GF-35W-

0.006-H. 

90Á Orientation, 38-Watt, 0.005 Inches 

Figure 53 shows the flexural stress–strain behavior of samples fabricated with a 

laser power of 38 W, scan spacing of 0.005 in., and a 90° orientation on the build 

platform. All specimens exhibit a similar trend: an initial linear region representing 
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elastic deformation, followed by a gradual transition to plastic deformation, and finally a 

peak flexural strength around 70 to 73 MPa. After reaching the maximum stress, the 

curves show a drop, indicating material failure. The relatively close grouping of the 

curves suggests good repeatability and consistent mechanical performance under these 

processing parameters. The 90° build orientation likely contributes to slightly reduced 

ductility compared to in-plane orientations, as seen in the earlier failure of some 

specimens. Overall, this parameter set produces high strength with moderate strain-to-

failure, indicating a balance between stiffness and toughness. 

 

Figure 53: Flexural Stress-Flexural Strain Curves Using Three-Point Bending Test for GF-38W-

0.005-V. 

Average Flexural Strain-Stress for GF 

Figure 54 presents average flexural stress–strain curves from a 3-point bending 

test for glass fiber–reinforced (GF) polymer specimens. For each condition, multiple test 

curves were averaged in MATLAB to reduce experimental variability and provide a 



  104 

 

   
 

representative response. The samples vary in laser power (W), scan spacing, and build 

orientation (H/V). 

Stiffness Comparison 

Stiffness in these samples is determined from the initial slope of the stress–strain 

curves in the elastic region, where a steeper slope corresponds to greater resistance to 

deformation and improved load-bearing capability. 

The GF-38W-0.005-H condition (purple curve) exhibits the highest stiffness and 

strength among all tested samples. This is evident from its steep initial slope and high 

peak stress exceeding 80 MPa. The strong mechanical performance reflects effective 

fiber–matrix bonding, which is promoted by high laser energy input and tight scan 

spacing, resulting in a well-consolidated structure. 

The GF-35W-0.006-V sample (yellow curve) also demonstrates high stiffness, 

although slightly lower than the 38W horizontal condition. Despite the vertical 

orientation, it maintains strong mechanical performance, suggesting that sufficient energy 

input can partially compensate for orientation-related weaknesses. 

The GF-38W-0.005-V (green curve) and GF-35W-0.006-H (light blue curve) 

conditions show moderate-to-high stiffness, with similar peak stress values around 70 

MPa. In these cases, the influence of build orientation is still present but becomes less 

pronounced at higher energy densities, where improved bonding helps reduce anisotropic 

effects. 

A noticeable reduction in performance is observed in the GF-30W-0.007-H 

sample (orange curve), which exhibits moderate stiffness and a lower peak stress of 

approximately 60 MPa. This behavior indicates that decreasing laser power and 
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increasing scan spacing reduce the energy available for proper fusion, leading to weaker 

bonding between layers. 

The weakest performance is seen in the GF-30W-0.007-V condition (dark blue 

curve), which shows the lowest stiffness, the smallest initial slope, and early failure at a 

peak stress of about 45 MPa. This indicates poor consolidation and insufficient interlayer 

adhesion, particularly when combined with the less favorable vertical orientation. 

Overall, the results demonstrate that higher laser power and smaller scan spacing 

(38W, 0.005 in.) produce the highest stiffness and strength. The addition of glass fiber 

reinforcement significantly enhances stiffness compared to neat polymers, especially 

under higher energy densities where fiber–matrix bonding is more effective. While 

horizontal orientation generally provides better mechanical performance, the difference 

between horizontal and vertical builds becomes less significant at higher energy inputs. In 

contrast, lower power and larger scan spacing lead to reduced energy density, weaker 

bonding, and diminished mechanical properties. Among all conditions, the GF-38W-

0.005-H sample shows the best overall performance, whereas the GF-30W-0.007-V 

condition is the weakest. 
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Figure 54: Average Flexural Stress-Strain Curves for GF. 

Figure 55 shows that glass fiber reinforced nylon exhibits the highest flexural 

strength among all tested materials, followed by polyamide 12 (PA12), while 

polypropylene (PP) demonstrates the lowest strength. The superior performance of glass 

fiber nylon is attributed to the reinforcing effect of glass fibers, which significantly 

enhances stiffness and load-bearing capacity. 

Increasing laser power improves interlayer bonding and reduces porosity, 

resulting in higher flexural stress. Similarly, smaller scan spacing leads to improved 

overlap between adjacent scan tracks, producing denser and stronger parts. In contrast, 

lower laser power and larger scan spacing reduce bonding quality and increase void 

formation, leading to decreased mechanical performance. Additionally, horizontally built 
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specimens generally show higher flexural strength compared to vertically built ones due 

to improved load transfer along the layers and reduced risk of interlayer failure. 

Figure 55: Comparison of Maximum Flexural Strength of SLS-Fabricated PP, PA12, and Glass Fiber 

Reinforced Nylon. 

Conclusion 

This study systematically investigated the influence of key selective laser 

sintering (SLS) process parameters, laser power, scan spacing, and build orientation on 

the mechanical behavior of polymer materials, including polyamide (PA), polypropylene 

(PP), and glass-filled (GF) composites. The results confirm that these parameters are 

highly interdependent and play a critical role in controlling part density, porosity, and 

ultimately mechanical performance under both tensile and flexural loading. 

From a big-pictured perspective, the research objectives were successfully 

achieved. The findings demonstrate that increasing laser power, when balanced with 

appropriate scan spacing, enhances energy density and promotes improved particle 
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fusion. This leads to higher strength and stiffness due to reduced internal porosity and 

stronger interlayer bonding. However, the results also indicate that excessive energy input 

resulting from high laser power combined with small scan spacing can negatively affect 

part quality by introducing thermal defects such as distortion or localized overheating. 

Therefore, an optimal combination of laser power and scan spacing is essential to achieve 

uniform densification without compromising structural integrity. 

Build orientation was also found to significantly influence mechanical behavior 

due to the inherent anisotropy of the SLS process. Specimens fabricated in the 0° 

orientation consistently exhibited superior tensile and flexural strength compared to 90° 

specimens. This behavior is attributed to stronger bonding within layers (in-plane) 

compared to weaker interlayer adhesion in the build direction. These results highlight the 

importance of considering orientation during part design, especially for load-bearing 

applications. 

Overall, this study emphasizes that mechanical performance in SLS is governed 

by a combined effect of process parameters rather than any single variable. From a 

broader engineering perspective, the findings provide valuable insight into how process 

optimization can be used to tailor material properties, improve reliability, and expand the 

use of SLS for functional and end-use components. 

Despite these contributions, several limitations should be acknowledged. The 

study focused primarily on three parameters, laser power, scan spacing, and orientation, 

while other influential factors such as scan speed, layer thickness, and thermal history 

were not independently controlled or varied. In addition, the use of mixed powders 

(virgin, overflow, and part cake) may have introduced variability in material behavior and 
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affected consistency across samples. The experimental work was also limited to specific 

materials (PA, PP, and GF), which may limit the generalization of the results to other 

polymer systems. Furthermore, machine-specific conditions and environmental factors 

were not fully isolated, which could influence reproducibility. 

Future work should focus on expanding the parameter space, particularly by 

incorporating scan speed and energy density modeling, as well as improving control over 

powder quality and reuse. Advanced characterization techniques and predictive modeling 

approaches could further enhance understanding of the relationship between process 

parameters, microstructure, and mechanical performance. 

Recommendations 

 

Based on the findings of this investigation, several recommendations are proposed 

to improve the experimental approach, enhance result reliability, and support future 

research in selective laser sintering (SLS) of polymer materials. 

First, it is recommended that future experiments expand the range and resolution 

of process parameters. While this study focused on laser power, scan spacing, and build 

orientation, incorporating additional parameters such as scan speed, layer thickness, and 

bed temperature would provide a more comprehensive understanding of process–property 

relationships. In particular, evaluating energy density as a combined parameter could help 

identify optimal processing windows more effectively. 

Second, improved control of material conditions is strongly recommended. The 

use of mixed powders (virgin, overflow, and part cake) may introduce variability in 

mechanical performance due to differences in thermal history and particle degradation. 

Future studies should consider using fully virgin material or systematically controlling 
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and documenting powder reuse ratios to better isolate the effects of process parameters. 

Third, increasing the number of test specimens for each condition would improve 

statistical reliability and reduce uncertainty in the results. Repeating experiments under 

identical conditions would allow for better assessment of variability and reproducibility, 

leading to more robust conclusions. 

Fourth, additional mechanical characterization is recommended. While this study 

focused on tensile and flexural behavior, incorporating tests such as impact resistance, 

fatigue, and fracture toughness would provide a more complete evaluation of material 

performance for real-world applications. 

Fifth, further investigation into microstructural characteristics is suggested. 

Techniques such as microscopy or porosity analysis could be used to directly correlate 

internal defects, layer bonding quality, and particle fusion with observed mechanical 

behavior. This would strengthen the understanding of failure mechanisms and anisotropic 

properties. 

In terms of future research, it is recommended to explore a wider range of 

materials, including high-performance polymers and reinforced composites, to evaluate 

whether similar trends apply across different material systems. Additionally, comparing 

SLS with other additive manufacturing processes, such as Multi Jet Fusion (MJF), could 

provide valuable insights into process-dependent performance differences. Finally, the 

development of optimized process maps or predictive models is recommended. These 

tools could assist in selecting appropriate combinations of laser power, scan spacing, and 

orientation for specific applications, reducing trial-and-error in industrial settings. As a 

next step, fabrication of a functional prototype using optimized parameters and testing it 
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under real service conditions would further validate the practical applicability of the 

findings. 
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