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Abstract. This study aims to analyze the structural performance of a fan blade and its injection molding mold
prior to the manufacturing stage using a Computer-Aided Design (CAD) and Computer-Aided Engineering
(CAE) simulation approach. The scope of the study includes three-dimensional modeling of the fan blade and
injection mold, a mesh study to obtain convergent simulation results, and mechanical response analysis under
torsional and compressive loading conditions. Finite Element Analysis (FEA) was performed using
SolidWorks Simulation with variations of fan blade materials, namely ABS, PA Type 6, and PEEK, as well as
mold materials consisting of cast alloy steel, cast carbon steel, and cast stainless steel. The simulation results
indicate that a mesh size of 6 mm provides stable von Mises stress values with an average error of 0.05%. An
increase in applied torque on the fan blade results in a linear increase in stress and displacement, where PEEK
exhibits the best structural stability with the smallest deformation. In the injection molding simulation,
increasing compressive force leads to a linear increase in von Mises stress in both the cavity and core, with the
maximum stress occurring in the core mold made of cast stainless steel. Furthermore, the simulation identifies
several critical regions experiencing maximum stress, particularly in the fan blade shaft area.
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1. Introduction

In the current era of technological advancement, work in the field of technical drawing requires the
support of computer-based software to ensure the design process is carried out effectively and
efficiently. The utilization of Computer-Aided Design (CAD), such as SolidWorks, enables the
creation of technical drawings that are faster and more accurate. The application of CAD has been
widely adopted across various industries because it can save design time and reduce production costs
[1]. Manufacturing technology is advancing rapidly, particularly in plastic production through the
plastic injection molding process. This development is supported by CAD technology, which allows
for high-precision 3D product design before the manufacturing process begins. The use of CAD is
essential to ensure that the shape, dimensions, and functionality of the product meet requirements
while minimizing errors during the production stage. [2], [3], [4].
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In the past, the design process was largely conducted manually, which was time-consuming and
prone to design errors, but with technological advancements, CAD software such as SolidWorks has
become a more efficient solution by enabling accurate 3D modeling and simplifying the design
process. SolidWorks is also equipped with simulation and technical analysis features that support
design evaluation before the production stage [5], serving as a user-friendly CAD tool for learning
technical drawing that can be used to design, draft, and test materials before manufacturing [6].
Computer Aided Engineering (CAE) further assists this by using numerical engineering approaches
to obtain analysis results that closely resemble real-world conditions, allowing potential design issues
to be identified early and minimizing production risks [7]. Research by [7] utilized CAE simulations
to predict product failure in front covers through injection molding process parameter analysis, yet
it focused on optimal parameters and defect prediction without extending the results to advanced
mechanical analysis. Consequently, the impact of molding process conditions on the mechanical
response of the product, such as stress distribution or the ability to withstand force and torque, has
not been quantitatively studied. Similarly, research by [8] utilized SolidWorks CAD and CFD
simulations to analyze cooling uniformity in injection molds but focused on cooling system
performance and temperature distribution without linking those results to the mechanical strength of
the final product. Based on these studies, a research gap exists in the lack of integration between
CAD-based 3D modeling and advanced mechanical analysis that considers mesh modeling, force or
torque loading, and numerical stress distribution evaluation. Therefore, this study offers novelty by
integrating 3D design using CAD, meshing stages tailored to loading conditions, and CAE
simulations to analyze stress responses due to force and torque, providing a more comprehensive
overview of structural performance before production. In product design, SolidWorks is often only
used for 3D modeling without comprehensive simulation, and mechanical analysis is usually limited
to a single mesh size, material type, and load. As a result, the influence of variations in mesh,
material, force, and torque on stress distribution has not been deeply analyzed, including in molds
for the injection molding process. This research analyzes the effects of these variations on stress
distribution in 3D product and mold designs using SolidWorks, with the results expected to serve as
a reference for the integrated use of SolidWorks in design, mechanical simulation, and mold analysis
prior to manufacturing.

2. Method

This research employs a numerical simulation method based on Computer-Aided Design (CAD) and
Computer-Aided Engineering (CAE) using SolidWorks software. The initial phase begins with the
creation of a three-dimensional design of the fan blade and the injection mold used in its production,
with the geometric models developed according to technical design principles to represent real-world
operating conditions. Before conducting the primary simulation, a mesh study is performed to ensure
that the Finite Element Analysis (FEA) results are convergent, stable, and not significantly influenced
by variations in mesh size, aiming to determine the optimal element size for scientifically reliable
simulation results. The fan blade materials analyzed include ABS, PEEK, and PA Type 6, referencing
studies [9, 10, 11] which identify these as suitable materials for fan blades, while the mold materials
consist of Cast Alloy Steel, Cast Carbon Steel, and Cast Stainless Steel. This selection allows for a
comparison of the mechanical response of each material under specified loading conditions.
Mechanical simulation of the fan blade is conducted by applying torque loads of 0.3 Nm, 3 Nm, and
5 Nm, based on research [12] which indicates these-torque values correspond to variations in the
number of blades (3, 4, and 5) as determined through SolidWorks Flow Simulation using
Computational Fluid Dynamics (CFD). Meanwhile, the mold simulation is carried out by applying
force loads of 10,000 N, 15,000 N, and 20,000 N to represent the pressure during the injection
molding process. All simulations are executed using SolidWorks Simulation with mesh settings
validated through the mesh study, and the resulting stress distribution, strain, and deformation are
analyzed comparatively to evaluate the influence of different materials on the structural performance
of both the fan blade and the mold.
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3. Results and Discussion

A mesh study was conducted as the initial stage of numerical analysis to ensure that the simulation
results were not influenced by the size of the mesh elements used and could accurately represent the
structural behavior of the fan blade, including the hub design which is a critical area for load
distribution and stress concentration.
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Figure 1. Mesh Study Results on SolidWorks Tube

An example of the mesh study simulation results on the hub design using SolidWorks is shown in
Figure 1, illustrating the mesh distribution as a fundamental basis for evaluating mesh quality before
proceeding with further mechanical analysis.

Table 1. Results of the Mesh Study in Solidworks

No Mesh Size Number of Elements Stress Value N/mm? Error

1 6 mm 1222 28,878 0,03%
2 5mm 1598 28,875 0,04%
3 4 mm 3170 28,873 0,05%
4 3mm 7967 28,872 0,05%
5 2mm 24670 28,866 0,07%

Average 0,05%

Based on the mesh study results, a mesh size of 6 mm was selected as the most optimal configuration
because it produced a stable von Mises stress value of 28.878 N/mm? with a low error rate of 0.03%.
Although the use of a finer mesh significantly increased the number of elements, the change did not
provide a significant impact on the resulting stress values. Therefore, the use of a 6 mm mesh is
considered to provide an optimal balance between simulation accuracy and computational efficiency.
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Table 2. Value Validation

Force Variation Stress Value Modeling Anilitic Value

No (N) (N/mm?) (N/mm) Error
1 5000 14,439 14,44314456 0,03%
2 10000 28,878 28,88628912 0,03%
3 15000 43,317 43,32943368 0,03%
4 20000 57,756 57,77257825 0,03%
5 25000 72,195 72,21572281 0,03%

Average 0,03%

Simulation results indicate that increasing the force variation from 5,000 N to 25,000 N leads to a
linear increase in stress values. The stress values obtained range from 14.439 N/mm2 to 72.195
N/mm?2, with a relatively small and stable error rate of 0.03%. The consistency of the error values
across each force variation demonstrates that the resulting structural response is stable, ensuring that
the applied loading representatively describes the material behavior within the analyzed force range.

Torque Testing on Fan Blade

Torque testing on the fan blade was conducted to analyze the mechanical response of the material

to the applied rotational load. The observed simulation parameters included equivalent stress (von

Mises stress), displacement, and equivalent strain as the basis for evaluating material performance.
The test results are presented in table format to facilitate a comparison between the various torque
amounts and materials.

Table 3. Torque Comparison with a Value of 0.3

Material Torque (Nm) Stress Value (N/m?) Displacement (mm) Strain

ABS 795.975 0,964 0,00
PA Type 6 0,3 811.371 0,777 0,00
PEEK 796.258 0,492 0,00

Based on the torque simulation results on the fan blade using SolidWorks with a torque load of 0.3
N-m, it was found that the ABS material experienced a maximum stress of 795,975.375 N/m2 with
the highest displacement of 0.964 mm, indicating the largest deformation. The PA Type 6 material
produced the highest maximum stress of 811,371.063 N/m2 with a displacement of 0.777 mm, which
signifies better stiffness compared to ABS. Meanwhile, the PEEK material showed a maximum stress
of 796,258.125 N/m? with the smallest displacement of 0.492 mm, thereby possessing the best
structural stability against torque loading. The strain values for all three materials at 0.00 indicate
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that the deformation occurred remains within the elastic limit; therefore, it can be concluded that
PEEK is the most optimal material for the fan blade based on the torque simulation results.
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Figure 2. Visual Stress Material ABS

Figure 2 presents an example of the stress simulation on ABS material, illustrating the magnitude of
internal forces acting on the material per unit area. The simulation results show that the highest stress
concentration is centered on the fan blade shaft. The color indicators in the green area signify that
this region experiences the highest internal load and could potentially become the starting point of
material failure if the occurring stress exceeds the material's strength limits.

Figure 3. Visual Displacement Material ABS

Figure 3 shows an example of the displacement simulation on ABS material, representing the change
in position of a point on the object that illustrates the global structural deformation under loading.
The red area is located at the tips of the fan blades, which are furthest from the support point. This
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indicates that these sections experience the largest displacement due to the torque effect, while the
blue areas are generally found around the restraint regions, experiencing minimum displacement.

TRY

Figure 4. Visual Strain Material ABS

Figure 4 presents an example of the strain simulation on ABS material, which functions to measure
relative deformation, defined as the ratio of the change in length to the original length. The simulation
results show that the red area indicates the portion of the structure experiencing the greatest strain,
occurring in regions with stress concentrations such as the fan blade shaft, cross-sectional transition
areas, or regions with significant geometric changes. Conversely, the blue area indicates parts of the
structure experiencing minimal strain, which are relatively non-critical regarding deformation
failure.

Table 4 presents the results of a torque simulation of 3 N-m on the propeller fan for ABS, PA Type
6, and PEEK materials.

Tabel 4. Comparison of Torque with the Value 3

Material 'I;oNr.lc]nu)e Value Stress (N/m?) Displac?rmerz]r;t Value f/t;ﬁjre]
ABS 6.540.605 8,403 0,002
PA Type 6 3 6.928.086 6,922 0,001
PEEK 7.261.288 4,627 0,001

Based on the torque simulation results of the fan blade using SolidWorks with a torque load of 3 Nm,
as shown in Table 4, the ABS material experienced the largest displacement of 8.403 mm with a
maximum stress of 6,540,605.00 N/m2. The PA Type 6 material showed a displacement of 6.922 mm
with a stress of 6,928,086.00 N/mz2, while the PEEK material had the smallest displacement of 4.627
mm despite generating the highest maximum stress of 7,261,288.50 N/m2. This indicates that PEEK
possesses the best structural stability against torque loading.
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Figure 5. Visual Stress Material PA Type 6
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Figure 6. Visual Displacement Material PA Type 6
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Figure 7. Visual Strain Material PA Type 6

Table 5 presents the torque simulation results at 5 Nm for the fan blade using ABS, PA Type 6, and
PEEK materials.

Table 5. Comparison of Torque with a Value of 5

Displacement Value

Material Torque (N.m) Stress Value (N/m?) (mm) Strain Value
ABS 9.766.298 12,714 0,002
PA Type 6 5 10.586.026 10,648 0,002
PEEK 11.181.139 7,297 0,001
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Figure 8. Visual Stress Material PEEK

Figure 9. Visual Displacement Material PEEK
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Based on the torque simulation results for the fan blade using SolidWorks with a torque load of 5
Nm, as shown in Table 5, the ABS material produced a maximum stress value of 9,766,298.00 N/m?
with a displacement of 12.714 mm. The PA Type 6 material showed an increase in stress to
10,586,026.00 N/m2 with a displacement of 10.648 mm. Meanwhile, the PEEK material generated
the highest maximum stress of 11,181,139.00 N/m2 but with the smallest displacement of 7.297 mm,
indicating the best structural stability against torque loading.

Figure 10. Visual Strain Material PEEK
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Force Testing on Molding Fan Blade

Force testing on the cavity section of the fan blade mold was conducted to analyze the mechanical
response of the material to the applied force. The only parameter observed was the equivalent stress
(von Mises stress) as a basis for evaluating material performance. The test results are presented in
table format to facilitate a comparison of the effects of force variation and material type on stress
distribution.

Table 6. Comparison of force cavity cast alloy steel

Force (N) Material Stress Value (N/m?)
10000 6.298.406,000
15000 Cast Alloy Steel 9.447.609,000
20000 12.596.812,000

B34 -
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Figure 11. Stress simulation of cavity cast alloy steel

Based on the force loading simulation results using SolidWorks, the table illustrates the relationship
between the magnitude of the applied force, the type of material, and the resulting stress. At a force
of 10,000 N with cast alloy material, the maximum stress was 6,298,406 N/m2. Increasing the force
to 15,000 N resulted in a stress of 9,447,609 N/mz2, while at a force of 20,000 N with steel material,
the maximum stress increased to 12,596,812 N/m2. These results indicate that the increase in force
is directly proportional to the increase in stress on the material, as demonstrated by the simulation
outcomes.

Tabel 7. Stress simulation of cavity cast alloy steel

Force (N) Material Stress value (N/m?)
10000 5.909.863,5
15000 Cast Carbon Steel 8.864.794
20000 11.819.727
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von Mises (N/m*2)
274.935.808,000
—p | 247.461.134,000
- 219.986560,000
- 192.511.936.000
. 165.037312,000
| 137.562688,000

| 110.088.064,000

Figure 12. Stress simulation of cavity cast carbon steel

Based on the force loading simulation results, the table illustrates the influence of force variations on
the stress values of the material. At a force of 10,000 N with cast carbon material, a stress of
5,909,863.50 N/m2 was obtained. Increasing the force to 15,000 N resulted in a stress of 8,864,794.00
N/m2, while at a force of 20,000 N with steel material, the stress value increased to 11,819,727.00
N/m2. These results indicate that the greater the applied force, the higher the stress value occurring
within the material.

Tabel 8. Comparison of force cavity cast stainless steel

Force (N) Material Stress Value (N/m?)
10000 10.338.960
15000 Cast Stainless Steel 15.508.437
20000 20.677.920

von Mises (N/mA2)
281.604.054,000
. 253.473.216,000
_ 225.342.3568,000
_ 197.211.520,000
. 165.080.656,000

L 140.949.808,000

£ 100

| 55557.244 000

28.426,350,000
295,535,156

Figure 13. Stress simulation of stainless-steel cast cavity

Based on the force loading simulation results, the table shows the relationship between the magnitude
of the force, the type of material, and the resulting stress value. At a force of 10,000 N with the mold
material, a stress value of 10,338,960.00 N/m?2 was obtained. Increasing the force to 15,000 N for the
stainless-steel material produced a stress of 15,508,437.00 N/m2, while at a force of 20,000 N with
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steel material, the stress value increased to 20,677,920.00 N/m2. These results indicate that an
increase in force leads to a significant increase in stress within the material.

Furthermore, force load testing on the core section of the fan blade mold was conducted to analyze
the mechanical response of the material to the applied force. The only parameter observed was the
equivalent stress (von Mises stress) as a basis for evaluating material performance. The test results
are presented in table format to facilitate a comparison of the effects of force variation and material
type on the stress distribution.

Tabel 9. Comparison of force core cast alloy steel

Force (N) Material Stress Value (N/m?)
10000 8.559.456
15000 Cast Alloy Steel 8.596.270
20000 8.789.744

von Mises (N/m*2)
266.359.856,000
}@i 239.723.888,000
_ 213.087.920,000
- 186.451.952,000
. 159.815.984,000
L 133.175.952,000

L 106.544.024,000

79.908.056,000
53.272.080,000
26.636.108,000
136,764

P Yield strength: 241.275.200,000

Figure 14. Stress simulation of core cast alloy steel

Based on the force loading simulation results, the table illustrates the relationship between the
magnitude of the force, the type of material, and the resulting stress value. At a force of 10,000 N
with the mold material in the cavity section, a stress value of 10,338,960.00 N/m2 was obtained.
Increasing the force to 15,000 N for the stainless-steel material produced a stress of 15,508,437.00
N/m2, while at a force of 20,000 N with steel material, the stress value increased to 20,677,920.00
N/m2. These results indicate that an increase in force leads to a significant increase in stress within
the material.

Tabel 10. Comparison of force core cast carbon steel

Force (N) Material Stress Value (N/m?)
10000 12.839.182
15000 Cast Carbon Steel 12.894.407
20000 13.184.608
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von Mises (N/m*2)

| 359.585.920,000

399.539.872,000

. 319.631.936,000
_ 279.677.952,000
—p | 239.724.016,000
| 199.770.048,000
| 159.816.080,000

| 119.862.112,000

79.908.144,000
39.954.172,0
205,146

Figure 15. Stress simulation of carbon steel core cast

Based on the force loading simulation results, the table illustrates the relationship between the
magnitude of the force, the material type, and the resulting stress values. At a force of 10,000 N with
core cast carbon steel material, a stress value of 12,839,182 N/m?2 was obtained. Increasing the force
to 15,000 N for the stainless-steel material produced a stress of 12,894,407 N/m2, while at a force of
20,000 N with steel material, the stress value increased to 13,184,608 N/m2. These results indicate
that an increase in force leads to a significant rise in stress within the material.

Tabel 11. Comparison of force core cast stainless steel

Force (N) Material Stress Value (N/m?)
10000 17.118.912
15000 Cast Stainless Steel 17.192.540
20000 17.579.488

von Mises (N/m#A2)
532.719.712,000
l 479.447,776,000
. 426.175.840,000
- 372.903.904,000
. 319.631.968,000
| 266.359.984,000
| 213.088.048,000
| 159.816.112,000

106.544.160,000

53.272.216,000

273528

Figure 16. Stress simulation of stainless-steel core cast

Based on the force loading simulation results, the table illustrates the relationship between the
magnitude of the force, the material type, and the resulting stress values. At a force of 10,000 N with
core cast stainless steel material, a stress value of 17,118,912 N/m2 was obtained. Increasing the force
to 15,000 N for the stainless-steel material produced a stress of 17,192,540 N/m2, while at a force of
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20,000 N with steel material, the stress value increased to 17,759,488 N/mz2. These results indicate
that an increase in force leads to a significant rise in stress within the material.

Overall, the simulation results shown in Figures 11 through 16 demonstrate that the color contour
distribution in the load-affected areas does not undergo significant pattern changes despite the
increase in compressive force. This consistency in color patterns indicates that the location and
mechanism of stress concentration on the structure remain the same, specifically at the shaft and fan
blade fin areas, such that the structural response to loading is geometrically stable. In other words,
the increased load does not trigger new stress areas but only increases the magnitude of stress in the
same regions. The linear relationship between the compressive force and the stress values indicates
that the material still behaves within its elastic limits and does not experience material or geometric
nonlinearity during the tested loading range. This condition reinforces the validity of the simulation
results due to the consistently increasing stress response.

Figure 18. Modelling injection molding fan blade

Conference Proceeding of 1/C-MaSTEd 159
Vol.1, No.1, (2026): Innovative and Inclusive Collaborative Approaches to Address Global Challenges
in Mathematics, Science, and Technology Education



Proceedings of IJC-MaSTEd, Vol.1, No.1 (2026)
The 1st International Joint Conference on Mathematics, Science, Technology, and
Education (Hybrid Conference, April 23, 2026, Pontianak, Indonesia)

The product design results in this research are visualized through 3D modeling in SolidWorks,
displaying the entire product design along with its constituent components. This modeling also
includes the mold structure for the injection molding process, providing a complete overview of the
shape, dimensions, component arrangement, and critical areas of the mold. The final visualization of
the design and mold is used as a guide for the subsequent testing and mechanical analysis stages.

4. Conclusion

This research aims to analyze the mechanical behavior of both the fan blade and the injection mold
to evaluate their structural performance prior to the manufacturing stage using a Computer-Aided
Design (CAD) and Computer-Aided Engineering (CAE) numerical analysis approach. Based on the
mesh study results, an optimal mesh size of 6 mm was obtained, producing stable von Mises stress
values with an average error rate of 0.05%. Consequently, it can be concluded that the simulation
results are not significantly influenced by variations in mesh element size and exhibit a good level of
convergence.

Simulation results for the fan blade indicate that increased torque loading leads to a consistent rise
in stress, displacement, and strain values across all analyzed materials. ABS material experienced
the largest displacement and strain compared to other materials at the same loading level. This
condition indicates that ABS has relatively low structural stiffness, making it more prone to
deformation when subjected to torque, whereas PEEK material demonstrated a high elastic modulus,
allowing it to maintain its geometric shape much better than the other two materials.

For the fan blade molding simulations, a linear relationship was found between the increase in
compressive force and the rise in von Mises stress for all analyzed mold materials: cast alloy steel,
cast carbon steel, and cast stainless steel. In the cavity mold, the highest stress value was observed
in cast stainless steel, while the lowest was in cast carbon steel, with clear sensitivity in stress changes
for each material. In the core section, the highest stress was also found in stainless steel, while the
lowest was in cast alloy steel, though the sensitivity to stress changes was not as significant as in the
cavity. These results state that the maximum von Mises stress occurs in the core mold, while the
cavity experiences lower maximum stress. The high stress in the core is caused by the concentration
of the compressive load and its geometric characteristics, making the core the most critical
component in the injection mold system.

The implications of this research show that the use of integrated CAD-CAE simulations can serve as
an effective decision-making tool in the development of fan blades and injection molds. For future
research, it is recommended to add thermal and fluid flow analysis (CFD) to the molding process, as
well as experimental validation to enhance the accuracy and utility of the results on an industrial
scale.
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