
 FDM is an Additive Manufacturing technology that fabricate parts layer by layer by

heating a filament to a semi-liquid phase and extruding it through a small nozzle,

that raster across the layers along computer controlled paths.
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 FDM has started as a rapid prototyping technology, due to the inferior mechanical

properties, high anisotropy and poor surface finish of FDM parts compared to

injection molding parts. However, due to the recent improvement during the last few

years, FDM can produce parts with comparable mechanical properties for a wider

range of materials.

 With the rapid improvement of FDM and the increasing range of materials

compatible with it, it is essential to look for new applications for this novel

technology and investigate its limitations.
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Fused Deposition Modelling (FDM) is one of the most common Additive

Manufacturing (AM) technologies with FDM printers’ classes ranging from

industrial to commercial to home desktops. That is because these printers are

significantly less expensive than the other AM printers such as

Stereolithography (SLA), and Selective Laser Sintering (SLS) and because their

raw material are much cheaper and more available. Thus, it is essential to know

the area of applications where FDM performs well and feasible to apply.

Although the performance of most of the raw materials used in FDM is known

under different environmental conditions, due to the nature of FDM and AM in

general this knowledge cannot be directly used for FDM produced parts. This

work investigates the influence of high temperature on the mechanical

properties of FDM printed parts using PLA filaments and then compares it with

the mechanical properties of the raw filament.
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 To evaluate the mechanical properties of FDM printed PLA parts under 

high service temperatures and compare it with the raw filament 

mechanical properties, tensile tests per ASTM D638 [2] were carried out 

with modified tensile specimens according to ASTM E8 figure 1[3] sub 

size specimens as shown below.

Tensile test specimen dimensions

 Material PLA Pro Series 3.00 mm

 All specimens were printed 0.3mm and 200 C extrusion temperature.

 For each sample, 3 specimens were printed and tested

 Tensile testing speed was

conducted at 50 mm/s as per ASTM D638.

Tensile Test setup with

heating chamber

BACKGROUND

ABSTRACT

Because FDM is relatively a new technology the performance of FDM printed parts

in different service environments is missing from the body of the literature. Thus, this

work investigates the influence of high service temperatures[1] on the mechanical

properties of FDM printed parts under mechanical loading using the tensile test. These

properties are important for high temperature applications such as creating 3D printed

molds for short run injection molding.

FDM Injection mold

OBJECTIVE

Due to the nature of FDM as an Additive Manufacturing (AM) technology, FDM has

many advantages over traditional manufacturing methods such as molding, extrusion

and machining.

 Complex geometries

 Printing assemblies as a single part

 Mass customization

WHY FUSED DEPOSITION MODELING?

INFLUENCE OF HIGH TEMPERATURE ON FUSED DEPOSITION MODELLING PARTS

EXPERIMENT PROCEDURE

TEST RESULT

Samples
Printing 

Orientation

Testing 

Temperature

1 Horizontal RT (20 C)

2 Vertical RT (20 C)

3 Filament RT (20 C)

4 Horizontal 40 C

5 Vertical 40 C

6 Filament 40 C

7 Horizontal 50 C

8 Vertical 50 C

9 Filament 50 C

10 Horizontal 60 C

11 Vertical 60 C

12 Filament 60 C
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 The mechanical properties of PLA FDM parts at room temperature are comparable

to the mechanical properties of the raw filament and typical mechanical properties of

injection molding PLA, especially, if printed in adequate orientation relative to the

applied load.

 The mechanical properties of FDM PLA degrade significantly at 50oC celosias, 10oC

degrees less than its glass transition point and approach zero at 60oC.

 Although it was expected that the anisotropic nature of FDM would decrease with

higher temperature, PLA FDM parts exhibited high anisotropy even at temperatures

close to glass transition.

 PLA is a very brittle material at room temperature, however, at 50oC degrees

Celsius the ductility improves significantly and at 60oC the specimens did not break.

 FDM PLA parts printed in the appropriate orientation relative to the load exhibit 

comparable mechanical properties to the raw filament, however, if the load is normal 

to the layers of the FDM parts then the part will show poor performance.

 For higher temperatures ABS, PC and PETG might be more suitable filaments than 

PLA due to its lower glass transmission point.

DISCUSSION AND CONCLUSION

 Feasible for small production volumes

 Creating parts with different materials

 Cheaper raw material compared to 

other AM technologies

StrataSys say that their digital ABS[4] is strong 

enough for short runs of injection molding, 

however, that is accomplished using Polyjet 

printers instead of FDM. Also, due to the ease of 

customization in AM in general, FDM can be very 

useful in research as special purpose tools can be 

designed and printed with no delay. 
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