
Materials Science and Engineering, Volume 44, No. 1. (2019), pp. 14–23. 

 

 

 

TENSILE ANALYSIS OF 3D PRINTER FILAMENTS 
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The objective of this research is to characterize the materials which has been produced by a 

3D printing technology, namely Fused Deposition Modelling (FDM). All of the chosen ma-

terials are reinforced by another material (e.g. glass fiber or metal powder), and the reinforced 

material is present in different weight fractions. Like the 3D printing technologies in general, 

FDM builds up the speciments layer by layer following a predefined orientation, and the main 

assumption is that the materials are behaving similarly to laminates formed by orthotropic 

layers. Great emphasis must be put on the selection of the appropriate quality filaments, 

therefore fist the material properties of the fibers were examined. The first testing method 

was tensile strength analysis, which has been followed by scanning electron microscopy 

(SEM), to observe francture surfaces. After SEM analysis, it became clear that the morphol-

ogy of the fibers are material dependent. This answer was given by the microstructure of the 

filaments. The difference as well as the diverse types of the fibers explains the variability in 

material properties among the examined test materials. 
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INTRODUCTION 

A 3D prototype manufacturing became quite widespread nowadays, a lots of manu-

facturer offers various printers with different solutions, at an available price. One 

can 3D print virtually anything and everything. [1] 

Prototype production can be categorized into three groups: 

• Formative manufacturing (e.g., casting, plastic forming); 

• Subtractive manufacturing (e.g., forging, turning, routing etc.); 

• Additive manufacturing (3D printing etc.). 
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In this paper we will discuss additive manufacturing in detail. Figure 1 shows the 

available 3D printing technologies. Fused Filament Fabrication (FFF) technology 

was selected for this set of experiments. As a comparison, SLA subjects made by 

SLA technology was also analyzed. Our goal was to select the process that produces 

the best tensile strength results.  

 

 
Figure 1 

Additive 3D technologies [2] 

 

Each 3D printing process uses different materials (shown in Figure 2). It is clear, 

that the chosen technology, the FFF process, is based on polymer based materials. 

During the analysis mechanical properties were tested of these two kinds of polymer 

based materials, the thermoplastics and the thermosets. [3] 

Our current study focuses on thermoplastic printing technology, using PLA as a 

base material, as for future plans, we are planning to compare the differences be-

tween the two groups. 

Several literature and scientific articles are starting to deal with metal-printing 3D 

printer machines, which are building up the structure from metal powder. This area of 

3D printing is extremely popular nowadays, however extremely expensive as well. 

The advantage of this process, that the product even usable instantly after printing. 

 

 
Figure 2 

Material classification of 3D printing [2] 
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Figures 3–4 illustrates two comparisons, one, characterising the 3D printed object by 

function and the other being the visual appearance/surface quality. It is essential to 

choose the printer technology according to what is more important. As stated above, 

each process has its own materials, and thus each has its own strengths and weak-

nesses. One always have to keep in mind what to achieve by printing something. 

As it can be seen in Figure 3, which breaks down the classification according to 

applicability and special properties, the two main factors are the dimensional accu-

racy and the strength. The dimensional accuracy is a very important factor in proto-

type and component production. A designed component is only economical, if the 

accuracy has a narrow tolerance field. In 3D printing, the accuracy and layer thick-

ness are in relation to each other. 

 
Figure 3 

Classification according to applicability and special properties [2] 

 

Our primary goal is compare the available strength data of the newer types of fila-

ments’ properties. As Figure 3 states, some of the 3D printed objects made of these 

filaments exhibit up to 30 MPa tensile stress.  
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When testing filaments enhanced by additive materials, the tensile stress proper-

ties of the specimens can exhibit as high as 50 MPa. As for visual appearance, the 

FDM filaments have strong potentials in the textured raw materials section. 

Figure 4 shows the groups of the surface types. Generally speaking, the main 

criterion for a manufactured component is the surface quality. However, there are 

different needs also, for example materials with textured surface (wood, metal) ef-

fect. Other printing method can be the usage of tinted raw material. 

 
Figure 4 

Variety of visual appearance [2] 

 

The PLA polymer threads basically have low tensile stress properties; however, they 

are available at a very attractive price. Figure 5 shows the comparison between the 

fiber materials for semi-crystalline and amorphous structures. The other categorization 

possibility is based on the strength properties.  There are general materials, engineering 

materials, with advanced strength properties, and high performance materials. 

Figure 5 shows how different can be a 3D printed material depending its field of 

use. While most of the printed goods are in the commodity field, which means that 

it is the most common and economical, engineering and high-end usage requires 
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more complex solutions. Complex solutions require higher printing temperature and 

of course more money to make, but this way the performance of the printed part 

greatly increases.  

PEEK and PEI are top notch materials and offer great performance over extreme 

temperatures and various conditions. 

 
Figure 5 

Categorization of 3D Materials by Field of Application [2] 

 

 

1. MATERIALS AND METHODS 

For analysis 6 different FDM filaments were tested. Our goal was to compare the 

tensile strength properties of the PLA poly(lactic acid) based materials some of them 

with different additive materials. Two different methods were used: first, the tensile 

stress test specimens were compared, then the stress properties of each filament ma-

terials were analyzed. During the tests each thread’s outer diameter was 1,75 mm. 

Printing was executed by a Cetus MKII extended 3D printer. As for the first wave 

of test specimens the printer’s basic settings were used during the printing process, 

with 100% filling.  The printed tensile strength test specimen were made according 

to the ISO 3167 1994 standard’s parameters, with a thickness of 4 mm. Tensile tests 

were performed with an Instron 5566 type tensile machine. The measurements were 

performed at 50 mm/min speed at room temperature. These details are shown in 

Figure 6. The threads contained the following additive materials: [4] 
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• White – chalk powder 

• Black – “technical” 

• Blue – 5% glass fiber 

• Red – basic PLA 

• Glass – 15% glass fiber 

• Metal 10% – 10% metal powder 

 

 
Figure 6 

ISO 3167 1994 specimen [7] 

 

 

2. RESULTS AND DISCUSSION 

a) 

 

b)

 
Figure 7 

Tensile test results of – a) white, b) black filament 
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c) 

  

d)

 
Figure 8 

Tensile test results of  – c) blue, d) red filament. 

e) 

 

f) 

 
Figure 9 

Tensile test results of – e) metal 10%, f) glass fiber filament 

 

Results of the experiments are summarized in Figures 7–8–9. One can clearly note, 

that the printing procedure weakens the material, i.e., the tensile strength of a printed 
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specimen is lower than that of the original filament thread when there is an additive 

in the material. 

Scanning electron micrographs (SEM images) of the various filament threads are 

shown in Figures 10–15.  

 

  

Figure 10 

Cross section of the PLA (White) filament by SEM nominal magnification 35×; 500× 
 

 

  

Figure 11 

Cross section of the PLA (Black) filament by SEM nominal magnification 35×; 150× 
 

 

  

Figure 12 

Cross section of the PLA (Blue) filament by SEM nominal magnification 40×; 500× 
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Figure 13 

Cross section of the PLA (Red) filament by SEM nominal magnification 35×; 250× 

 

  

Figure 14 

Cross section of the PLA+10% metal powder filament by SEM nominal magnification 

35×; 250× 

 

  

Figure 15 

Cross section of the PLA+glass fiber filament by SEM nominal magnification  

35×; 500× 

 

CONCLUSION 

Measurement data suggests that the printing process deteriorates some of the me-

chanical properties, i.e., namely the tensile strength value of the printed specimen is 

lower than that of the original filament thread of PLA with reinforcement additive. 

This finding seems to be additive independent. 
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