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A Study On Effect Of Fused Deposition Modeling
Process Parameters On Mechanical Properties
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Abstract: Fused Deposition Modeling (FDM) is a process for developing Rapid Prototype (RP) objects by depositing fused layer of material according
the cross sectional geometry designed in the software. Various parameters used in the FDM process significantly affects the quality of parts produced.
This work aims to study the effect of process parameters such as layer thickness, printing speed, infill percentage and extrusion temperature on
mechanical properties of FDM printed parts. Mechanical properties such as tensile strength, impact strength, flexural strength and surface roughness of
these printed parts are been studied. One variable at a time approach has been adopted to carry out this work.
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1. INTRODUCTION
FUSED DEPOSITION MODELING is an additive manufacturing
process in which an object is created directly from a computer
aided design (CAD) using layer by layer deposition of plastic
material extruded through a nozzle. Due to its safe and
efficient operation, durability, low cost and its ability to
process high quality thermoplastics, it have become one of the
most widely used additive manufacturing processes in
industries for prototypes and low volume production, hence
saving a whole lot of cost and time required to make a
prototype from other traditional techniques. Apart from
prototyping application, various research and development
cells across the world are giving considerable attention in
some of the areas of FDM such as, process improvement,
part quality improvement, new material development,
application in biomedical engineering and tooling [1]. The
mechanical properties of the FDM components should meet
the loading conditions and operational requirements. The
properties obtained should be comparable to that of the
conventional manufacturing techniques such as injection
moulding. In order to print an object according to the desired
properties using FDM process, the designer need to have a
good knowledge of structural as well process parameters
rather than purely of material properties since the quality of the
final product depends on majority of these parameters. Hence
it is important to evaluate the effect of processing parameters
on the mechanical properties. The main production
parameters that affects the mechanical behavior of FDM
fabricated components are print speed, layer height, build
orientation, extrusion temperature, infill percentage, infill
pattern and raster angle. Many researchers have investigated
that adequate selection of FDM process parameters can reach
mechanical properties comparable to that of injection moulded
parts [2,3]

representation of three dimensional surface as an assembly of
planar triangles. More number of triangles ensures more
accuracy. After conversion into STL file, the slicing of the file
includes steps such as 3D description of parts, division of
parts into slices, structure for support material and path as well
as direction of the tool gets fixed. The STL file is sliced into
layers and different parameters are been set according to
which the hardware such as nozzle, heater etc. of the
machines will operate. FDM samples were created using
creality Ender 3 machine having bed size 220 x 220 x 250
mm. Designing of the part and converting it into STL file was
done in CATIA software and was further sliced into machine
readable g-code file using cura engine of repetier software.
The dimension of the tensile specimens were 63.5 x 9.53 x 3.2
mm which are according to ASTM D638 standards. Similarly,
the dimensions of impact and flexural specimens are 63 x 12.7
x 3.2 and 125 x 12.7 x 3.2 according to ASTM D256 and
ASTM D790 respectively.

Fig1 Dimensions of tensile specimen.

2 EXPERIMENTAL SETUP
To start with FDM printing process, a geometric solid model is
designed on CAD software and converted into a
stereolithography (STL) converted file. This file is a
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Fig 2 Dimensions of Impact Specimen
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Fig 3 Dimensions of Flexural Specimen
Fig 5 Impact Specimen After Test

The material used to create the specimen is polylactic
acid(PLA) which is commonly used for FDM processed parts.
Uniaxial tensile tests, Izod impact tests, bending tests and
surface roughness tester were carried out to determine the
tensile strength, impact strength, flexural strength and surface
roughness of the specimens were found out using a surface
roughness tester. As the tests is perform on the specimens of
given standard, the computerised system give the visualise
representation of data on the digital screen which is recorded
electronically by the machine The process parameters
considered are:
1) Layer Thickness – It is the thickness of a single layer that
will be deposited by the nozzle. It depends on the type of
nozzle used and in this case the nozzle diameter was 0.4 mm.
The values for the layer height chosen were 0.08mm, 0.16mm,
0.24mm, 0.32mm and 0.4mm.
2) Print Speed - It signifies the speed of the nozzle in which
the material will get deposited. Very high printing speed will
lead in improper distribution of materials and wear of physical
parts and very low printing speed will a lot of time to print a
single specimen. Hence, the values for print speed were set
for 20, 35, 50, 65 and 80 mm/sec.
3) Extrusion Temperature – There exist a heater inside the
extruder which is used to heat the material upto a semi-liquid
state. Hence, the temperature at which the material is
extruded from the nozzle is called Extrusion temperature.
More the temperature more viscous the material become.
Hence, the extruder temperature must be set within the limits
where the material can be in semi-liquid state. Extrusion
temperature depends on the material used and the capacity of
the heater. The set values for temperature were 190, 200,
210, 220, and 230°C.
4) Infill Percentage – The infill percentage states how much
material there is inside the fabricated part and hence
represents the density of the part. Infill percentage is set
according to the requirement of the part. The values for infill
percentage taken were 10, 33, 55, 78 and 100 %,

Fig 6 Flexural Specimen After Test

3 RESULTS AND DISCUSSIONS
One variable at a time approach was used to study the effect
of individual parameters i.e. Infill percentage, print speed,
layer height and extrusion temperature on the mechanical
properties of 3D printed parts. Five specimens each for
tensile, impact and flexural test were developed by changing
one parameter at a time and keeping other three parameters
constant. The above table shows the constant values taken for
other parameters when one of the parameter value was
getting varied. After developing all the specimens and carring
out the tests, the results obtained is explained in detail below.
.
3.1 Effect of infill percentage on mechanical properties
The graphs shows that the tensile, impact and flexural
strength increases with increase in infill percentage. It can be
understood that tensile strength increases with increase in infill
percentage. More infill percentage means more material is
been deposited into the fabricated part and hence the density
of the part increases. Thus more strength is required to pull
and break the specimen. This results in increase of tensile
TABLE 1
LIST OF PARAMETERS AND THEIR VALUES
Process
Parameters

Constant
values

Variable Values

Infill
(%)

Percentage

50

10,33,55,78,100

Speed

50

20,35,50,65,80

Layer Height (mm)

0.2

0.08,0.16,0.24,0.32,0.4

Extrusion
Temperature (°C)

210

190,200,210,220,230

Print
(mm/s)
Fig 4 Tensile Specimen After Test
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strength of the printed part. Due to less infill percentage, there
is less density in the fabricated part. Due to more hollow space
inside the part there are no proper supports from the inside
and hence the part is weaker. Due to this, the part is easily
broken on bending. Increase in infill percentage strengthen the
part and hence increases the strength required to break the
part while bending which indeed is the flexural strength. There
is an increase in impact strength with increase in infill
percentage but the surface roughness is almost constant.
Hence there is no effect of infill percentage on the surface
roughness of the 3D printed parts. The infill percentage
actually affects the amount of material deposited insde the
object and hence it has no effect on the materiaals that are
been deposited on the outer surface. Thus surface roughness
obtained is due to other parameters as the graph of surface
roughness is constant with change in infill percentage

Fig 7 Infill Percentage versus Tensile Strength
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Fig 10 Infill Percentage versus Surface Roughness

3.2 Effect of Print Speed on mechanical properties
The print speed was varied to 20, 35, 50, 64 and 80 mm/s
keeping other three parameters constant. The graphs show
that tensile strength and flexural strength are almost
unaffected by the print speed. When the object is printed
faster, the adhesion between the small filaments constituting
the infill is better because the material has had less time to
cool down between each passage. This could slightly improve
the max strength of the filament. But the increase is almost
negligible. At a high speed, the material deposit is less even
than it is at a low speed, leading to voids and inaccuracies
which can reduce the overall strength of the fabricated part.
thus, it cancels out the increase of the strength through
adhesion and results in almost constant tensile strength with
the change in printing speed. The impact strength and surface
roughness increases with increase in layer height. At higher
speeds material may not get deposited adequately and hence
making the surface quality low which indeed increases the
surface roughness of the part.

Fig 8 Infill Percentage versus Impact Strength

Fig 11 Print Speed versus Tensile Strength

Fig 9 Infill Percentage versus Flexural Strength

Fig 12 Print Speed versus Impact Strength
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Fig 16 Layer Height versus Impact Strength

Fig 13 Print Speed versus Flexural Strength

Fig 17 Layer Height versus Flexural Strength
Fig 14 Print Speed versus Surface Roughness

3.3 Effect of Layer Height on mechanical properties
The layer height was varied from 0.08 to 0.4 keeping other
parameters constant and it was found that tensile strength
decreases with increase in layer height while impact and
flexural strength along with surface roughness increases with
increase in layer height. The tensile strength of the fabricated
part decreases with increase in layer height. Less number of
layers means less adhesion and less accuracy of the printed
part resulting in decrease in tensile strength. There is a
considerable increase in impact and flexural strength since the
thickness of the layers will be more and hence these layers
will act as a whole rather than providing adhesion. Hence the
impaci strength and flexural strength will increase. The
material is extruded from the nozzle in a cylindrical manner
and hence higher layer height means that two cylindrical
shaped materials having higher radius are stacked up one
above the other and increases the step like effect, eventually
increasing the surface roughness.

Fig 15 Layer Height versus Tensile Strength

Fig 18 Layer Height versus Surface Roughness

3.4 Effect of Extrusion Temperature on mechanical
properties
The range of extrusion temperature for PLA is 190 to 230°C.
Extrusion Temperature is a temperature at which the material
is extruded from the nozzle. This temperature is set at a value
where the material is converted into semi-liquid state. With
increase in the extrusion temperature the material tends to
shift slightly onto liquid state and this results in decrease in
viscosity. With a lower viscosity, the extruded material loses its
sectional circular shape and it becomes oval. This tends to be
somehow useful, since it makes the contact area between
layers bigger. Also one can expect that with an increase of
temperature, at the end the material tends to become more
brittle. Hence, larger contact area tends to increase the
strength but the increase is very less. The results indicate
Impact strength reduces considerably with increase in
extrusion temperature, It is due to the fact that due to less
viscosity at higher temperatures the overall thickness of the
part reduces which in turn reduces the impact strength.
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Extrusion temperature plays no role in determining the surface
roughness.

Fig 19 Extrusion temperature versus Tensile Strength
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specimens. The influence of process parameters such as infill
percentage, print speed, extrusion temperature and layer
height on the mechanical properties of parts have been
analyzed. It has been found that infill percentage have
maximum effect on tensile strength and flexural strength while
greater layer height and print speed results in greater surface
roughness. Similarly, extrusion temperature have maximum
effect on impact strength. Maximum Tensile Strength can be
obtained at 100% infil, 0.16 mm layer height, 50 mm/s print
speed and 220 °C Extrusion temperature. Maximum Impact
Strength is obtained at 55% infil, 0.24 mm layer height, 35
mm/s print speed and 190 °C Extrusion temperature Similarly
Maximum Flexural Strength is obtained at 100% infil, 0.24 mm
layer height, 65 mm/s print speed and 230 °C Extrusion
temperature. Minimum surface roughness is achieved at 55%
infil, 0.08 mm layer height, 20 mm/s print speed and 210 °C
Extrusion temperature.
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Fig 20 Extrusion temperature versus Impact Strength

Fig 19 Extrusion temperature versus Flexural Strength

Fig 22 Extrusion temperature versus Surface Roughness
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CONCLUSION

The paper presents the measured value of tensile, impact,
flexural and surface roughness properties of 3D printed
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