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)e defects stored during the fusion of the laser with the metal powder bed determine the optimal performance of fatigue and
lifelong disintegration of the formed metal components. )e advantage of using recent technologies of prototyping is very much
powerful in understanding the physical process. )e current works provide the details of the same for a 3-blade propeller with its
thermomechanical approach to identified parameters. )e results provide the materials used and their behaviour with the
parameters which conclude in prescribing the material for the various applications. )e investigation aimed to optimize the
position of the object (3-blade Propeller) and material for printing through simulation before it was printed. )e material choices
of aluminium AlSi10Mg, stainless steel 17–4 and stainless steel 316L were considered. )e ten different object positions were
considered and ranked by the minimum support area required. )e top and bottom-ranked positions were further investigated
with three different materials, namely Aluminium AlSi10Mg, atainless steel 17–4, and stainless steel 316L, in which the Rank 1
position, the material of Aluminium AlSi10Mg exhibits the minimum of maximum displacement (2.348e-01mm), plastic strain
(0.05), and the Von Mises Stress (2.086e+02MPa).

1. Introduction

3D-printing technology has resolved many manufacturing
challenges and some of the novel and notable contributions
are presented here. Reference [1] adopted the powder bed
fusion method to prepare the implant and avoided implant
and natural bone modulus mismatch with Beta-titanium
alloys. Reference [2] experimented with the influence of
Zirconium reinforcement aluminium alloy (AA) 7075 in
producing crack-free components in the laser powder bed
fusion method.)e results reveal that the increased quantity
of reinforcement decreased the crack density. Reference [3]
highlighted that the most influencing process parameters are
hatch distance, laser power, and scan speed in laser powder
bed fusion technique, and investigated the influence of part

geometry on defect and developed a geometric-based defect
model and a semianalytical thermal model to locate the
region in which the solidification will take place well and the
same was validated by producing a specimen with AISI 316L
Stainless steel. Reference [4] addressed the inconsistency in
manufacturing products with laser powder bed fusion with
machine learning at preprocessing like designing, then used
the same for control then it integrated to postprocessing.)e
spheroidization system (TekSphero-15) was employed in
laser powder bed fusion to improve the ductility and lower
the tensile strength of AISI 304L stainless steel parts [5]. A
machine learning model introduced for linking of process-
structure-property in two different 3D printing techniques
like electron beam powder bed fusion and laser powder bed
fusion through machining behaviour and validated it with
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fabricating samples of heterogeneous material of Ti–6Al–4V
AM. It was ensured that corrosion resistance, fatigue be-
haviour, and machining behaviour could be achieved [6].
Machine learning technological support was added by
building a model for linking the process-structure property
to print the part with overhanging features in a laser powder
bed fusion technique. )e Ti–6Al–4V samples were pro-
duced and validated [7]. A lattice support structure (ther-
mally conductive) was introduced in which a transient
analysis model was combined with the equivalent static loads
method with lattice structure topology optimization. )is
proposed system reduced the overall computational cost
significantly [8]. )ree-blade propeller models used in
aerospace aremore in demand for studying the structure and
behaviour of the materials in applications [9]. Choosing the
right number of propeller blades depends on several pa-
rameters, including a given jet engine power, operating RPM
propeller, scope limits, and operating requirements [10–15].
If these features are regularly maintained, the efficiency of
the propeller will decrease as additional blades are added
[16]. However, as engine power grows, more blades are often
needed to make better use of increasing power and to
produce thrust [17]. )erefore, the most effective number of
propeller blades in a plane depends on the combination of
these features, which, of course, will vary depending on the
aircraft [18].

)e metal additive manufacturing process is a unique
approach in comparison with traditional manufacturing
[19–26]. According to ISO/ASTM terminology, the direct
metal laser sintering (DMLS) process is a kind of additive
manufacturing method. As it prints by the layers formed by
powders and heated for bonding subsequently, it is under
the class of powder bed fusion.)e schematic representation
of the DMLS process is depicted in Figure 1. )e DMLS was
especially developed for printing metal alloy products. In
view of its unique advantages, this investigation considered
the printing of 3-blade metallic propeller. )is study process
involved designing and simulating the process by consid-
ering three different materials and 10 different positions of
the propeller.

2. Process Flow in DMLS

CAD Design

STL Conversion

Slicing of the model

File Transfer to machine

Machine setup related to powder on platform

Scanning power with laser

Recoating the powder for next layer

Repeat process until the model is build

Removing and basic cleaning of model

Post-Process (if required) & Testing

Application or Direct usage of part

3. Designing

Figure 2 shows that the 3-blade propeller has been designed
by Autodesk inventor as it has the flexibilities in designing
complex structures [27–34]. )e modelling has taken 5 steps
in reaching the below-mentioned model:

4. Materials

)e materials chosen are based on the research and are also
available in the software that has been chosen. For the same
we have used the Altair Inspire for undergoing the simu-
lation process, the materials chosen are:

(i) Aluminium AlSi10Mg
(ii) Stainless Steel 17–4
(iii) Stainless Steel 316L

)e above materials listed above are compatible mate-
rials for the DMLS process. Hence the details of the material
properties which were already defined in the software are
presented here for better understanding. )e general
properties of selected materials are furnished in Table 1 , and
2 shows the thermal properties of materials for the 3-blade
propeller, and their mechanical properties are presented in
Table 3.

5. Positioning of the Part

As this is the initial process of starting the simulation, the
key aspect of this step is to understand and estimate the time
and material consumption for making the product [20–23].
)e following are the various positions that has been studied
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Figure 1: Schematic representation of DMLS Process.
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Figure 2: Design of 3-blade propeller.

Table 1: General Properties of materials for 3-blade Propeller.

S. No. General properties Aluminium AlSi10Mg Stainless steel 17–4 Stainless steel 316L
1 Density 2.67e-06 kg/mm3 7.65e-06 kg/mm3 7.9e-06 kg/mm3
2 Plastic modulus 2.3e+08 2.1e+08 5.14e+08
3 Plastic exponent 0.12 0.3 0.508
4 Emissivity 0.18 0.59 0.9
5 Convection coefficient 12.7 12.7 5

Table 2: )ermal Properties of materials for 3-blade Propeller.

S. No. )ermal properties Aluminium AlSi10Mg Stainless steel 17–4 Stainless steel 316L
1 Specific heat 915K 475K 600K
2 Conductivity 150W/mK 13W/mK 16.2W/mK
3 Reference temperature 293K 293K 293K
4 Temperature exponent 0.7 1.12 0.533
5 Ambient temperature 293K 293K 293K
6 Melting temperature 853.15 K 1690K 1723K

Table 3: Mechanical Properties of materials for 3-blade Propeller.

S. No. Mechanical properties Aluminium AlSi10Mg Stainless steel 17–4 Stainless steel 316L
1 Young’s modulus 7.76e + 10 1.7e + 11 1.515e + 11
2 Poisson ratio 0.336 0.306 0.3
3 Yield stress 2.04e + 08 5.4e + 08 5.14e + 08
4 Coefficient of thermal expansion 2.1e-05 1.4e-05 1.5e-05

Table 4: Variations of physical features are required based on the position to be printed.

Rank Supported area (cm2) Support volume (cm2) Outbox volume (cm2) Height (mm) Centre of gravity height (mm)
1 29.900 87.121 1365 141.1 70.7
2 29.212 100.520 1108 150 75
3 29.278 100.808 1122 150 75
4 29.433 101.530 1108 150 75
5 29.846 101.885 1122 150 75
6 30.466 103.793 1108 147.7 72.7
7 32.006 107.250 1108 147.7 75
8 166.747 300.539 1108 50 21.9
9 166.747 300.540 1122 50 21.9
10 166.747 434.134 1108 50 28.1
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Table 5: Top- and Bottom-ranked positions of 3-blade propeller.

S.No. Rank Image of the position

1. 1

2. 10

Figure 3: Showing the position of the part which is going to be developed over the metal powder bed and we can see the Direction of Print
and Recoat movement.
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in Autodesk Netfabb software with various design aspects:
)e position varied from vertical to horizontal in about 10
different positions. )e obtained results of the variation of
physical features required based on the position to be

printed are furnished in Table 4.)e ranking was done based
on the minimum amount of support required to print. )e
top-ranked (vertical) and bottom-ranked (horizontal) po-
sition of the 3-blade propeller were furnished in Table 5.

Table 7: Simulation results For the Rank 1 position.

S. No. Results domain
Aluminium AlSi10Mg Stainless steel 17–4 Stainless steel 316L
Max Min Max Min Max Min

1 Displacement (mm) 2.348e-01 0 2.908e-01 0 3.056e-01 0
2 Plastic strain 0.05 0 0.23 0 0.23 0
3 Von mises stress (MPa) 2.086e+02 9.510e-01 2.100e+02 3.413e-01 1.163e+02 1.048
4 Nodal temperature (K) 307.03 306.02 364.89 281.79 358.49 287.74
5 Temperature of metal (K) 3.065e+02 3.065e+02 3.615e+02 3.248e+02 3.584e+02 3.250e+02
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Figure 4: Von mises stress various callout positions and a graph representing the von mises vs simulation step for Rank 1.

Table 8: Simulation results For the Rank 10 position.

S. No. Results domain
Aluminium AlSi10Mg Stainless steel 17–4 Stainless steel 316L
Max Min Max Min Max Min

1 Displacement (mm) 2.411e-01 0 2.507e-01 0 2.657 e-01 0
2 Plastic strain 0.1 0 0.5 0 0.33 0
3 Von mises stress (MPa) 6.655e+01 2.558e-01 1.455 e+ 02 1.984 e-0.3 7.478 e+ 01 3.439e-01
4 Nodal temperature (K) 319.44 283.34 795.60 247 784.91 251.46
5 Temperature of metal (K) 3.121e + 02 3.081e + 02 7.956e + 02 3.752e + 02 7.849e + 02 3.715e + 02

Table 6: 3D -printing parameters.

S.. No. Parameters Values
1 Velocity (mm/s) 1200.00
2 Laser power (W) 600.00
3 Powder layer thickness (mm) 0.03
4 Powder absorption (%) 10.00
5 Cooling time (s) 150.00
6 Base temperature (K) 298.00
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)ese positioning has been considered for our current
study of the material behaviour and the positioning of the
model will be as Figure 3.

6. Simulation

)e simulation has been done in the Altair Inspire for
undergoing thermomechanical analysis which helps us in
studying the material behaviour along with the position of
the part that has been chosen. )e analysis went with the
parameters resented in Table 6 with keeping the element or
node size of length and height as 1mm.

7. Results and Discussion

)e simulation process has been completed without any
errors and provided the details in Table 7 for the Rank 1
position. Figure 4 demonstrates the Von mises stress of
various callout positions and the graph representing the von
mises vs simulation step for Rank 1.

)e simulation process has been completed without any
errors and provided the details in Table 8 for the Rank 10
position. Figure 5 demonstrates the Von mises stress of
various callout positions and the graph representing the von
mises vs simulation step for Rank 10.

8. Conclusions

Out of all the results that have been captured with constant
machine parameters. )e displacement has very slight
changes in the materials in comparison with the orientation
of the part. )e Plastic strain has very minimum effect
throughout all the materials irrespective of the orientation of
the part. )e Von Mises Stress and the temperature is high in
the SS 316L material in both the machines irrespective of the
parameters. )e minimum of maximum displacement 2.411e-
01mm was obtained in aluminium AlSi10Mg in Rank 10 but

in the case of the Rank 1, it was also as minimum as 2.348e-
01mm. In the same material, the minimum of maximum
plastic strain was recorded in rank 10 and rank 1 are 0.1 and
0.05, respectively. In the case of Vonmises stress, theminimum
of maximum obtained for the AluminiumAlSi10Mgmaterials
are 6.655e+01MPa and 2.086e+02MPa for Rank 1 and Rank
10 respectively. Hence the Rank 1 and material of aluminium
AlSi10Mg was recommended for 3-blade Propeller.
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