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Abstract  
Fan motors move liquids, such as air, in the gas phase from one place 
to another. The frequency of the fan blades, which are the main 
components of the fan motor, can vary. It is crucial to know the 
frequencies of each fan blade to avoid design failures caused by 
resonance. This research analyzes the effect of differences in the 
angle and number of blades on the natural frequency of the fan to 
avoid resonance with the motor rotation frequency. Modeling and 
simulation using the finite element method in the Solidworks 
application are used to determine the natural frequencies of the fan. 
Fans come in various configurations, with blades ranging from two to 
four, and blade pitch can be 25°, 30°, or 40°. Variations in the number 
of fan blades and changes in blade pitch show that the low mode 
shape does not affect the natural frequency, while the high mode has 
a negligible effect. The natural frequency of fan blades 2, 3, and 4 
exhibits variations when operated with motors running at 25, 35, or 50 
Hz. The findings imply that the fan blades' inherent frequency does 
not align closely with the motor rotational frequency, indicating that 
the design is safe.  
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INTRODUCTION 

The fan is a system with mass and 
elasticity that can experience vibrations when 
subjected to disturbances [1][2]. The disturbance 
can come from the system (free vibration) or be 
caused by external influences (forced vibration). 
Due to the large and elastic properties of the 
material, as well as the disturbance or 
excitability, the fan-like machine structure is a 
vibration system [3][4]. Vibration frequency is the 
number of vibrations the system makes in one 
second or the number of vibration periods at one 
time [5]. A resonance state occurs when the 
excitation force's frequency coincides with one of 
the system's natural frequencies. Increasing the 
system's natural frequency creates significant 
vibrations [6][7]. Determining the natural 
frequencies is of utmost importance in a system 
subject to vibration. From rotating machine 
modules, motion analysis software using the 

finite element approach can build and simulate 
unbalanced models. Up-down models and 
graphs can be created using the Solidworks 
application [8, 9, 10], for instance, a model of a 
spinning machine and a diagram showing its 
acceleration with time. Using the finite element 
method, a module of a rotating device can be 
simulated, resulting in several modes. At 1280 
rpm, the rotary engine module deviation is 
projected into the fifth mode. The rotary machine 
module's operating frequency must differ from 
the natural frequency anticipated using finite 
elements. The 1280 rpm figure is still above the 
natural frequency and will not cause mutually 
reinforcing vibrations to make the module 
construction safe [11, 12, 13]. 

The natural frequency, called the 
eigenfrequency, denotes the frequency at which a 
system oscillates without any external driving 
force. The natural frequency of the fan blade is 
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determined by the specific characteristics of its 
geometry and material composition [14, 15, 16]. 
The equation of motion for the Vehicle Manipulator 
was derived from the modeling process, as 
depicted in Figure 1. A significant fan vibration 
load increases when the blade's natural frequency 
coincides with the fan component's primary 
frequency. Hence, it is preferable to prevent the 
blade's natural frequency from coinciding with the 
dominant frequency of the fan component to 
decrease the risk of fan design failure. 

Resonance is a phenomenon that occurs 
when an oscillating system is affected by a series 
of periodic pulses that are the same or nearly the 
same as one of the natural frequencies of the 
system's oscillations. The system will oscillate with 
relatively large or maximum amplitude [17][18]. 
Resonance must sometimes be suppressed in 
everyday life. Otherwise, it can lead to danger or 
disaster. Similar to the abovementioned incident, 
another Tacoma Strait suspension bridge collapse 
occurred in the United States in 1940. The wind 
blowing through the bridge at a certain speed and 
frequency also creates resonance in the bridge. 
The bridge began to sway aggressively, 
eventually collapsing [19, 20, 21]. 

 
 

 
Figure 1. Number of blades 2 and 25° 

 

Using the finite element method, it is 
possible to translate fan vibrations using rigorous 
mathematical calculations. The finite element 
approach is a computer-based procedure for 
analyzing continuous structures and materials. 
This strategy is based on building complex objects 
with a small number of simple bricks or reducing 
complex things into small, manageable pieces [22, 
23, 24]. The finite element method uses a 
numerical method to solve the boundary value 
problem characterized by partial differential 
equations and boundary conditions. Vibration 
analysis is a method that has been effectively 
used to detect the initial damage that occurs to a 
machine, especially to detect the location of the 
damage [25][26]. 

In this study, the authors would like to add 
references related to resonance in structural 
vibration [27]. The mitigation strategies employed 
to minimize structural vibration can be categorized 
into three main approaches: vibration source 
damping, propagation damping, and structural 
vibration reduction [28][29]. Some researchers 
proposed a set of recommendations aimed at 
mitigating floor vibration issues caused by external 
disturbances, drawing from their analysis of 
various case studies encompassing office 
buildings and resonance. The motor's speed can 
be decreased using a frequency converter or a 
gearbox to reduce vibration in power equipment. 
This ensures that the operating frequency of the 
engine does not coincide with the structure's 
natural frequency, avoiding resonance [30]. In the 
context of a coal conveying tower project, it was 
observed that significant vibrations were present 
within the tower during motor operation. This 
phenomenon can be attributed to the proximity of 
the vertical vibration frequencies shown by both 
the motor and the floor, leading to a state of 
resonance. Following the adjustment of the motor 
frequency, it was observed that the vibration 
phenomenon exhibited a significant reduction. 
One approach to mitigating transmission path 
vibration involves implementing vibration isolation 
ditches or piles between the structure and the 
external vibration source. This impedes the 
propagation of waves the vibration source 
generates toward the building [31, 32, 33]. 
Measures aimed at reducing structural vibrations 
encompass various strategies. These strategies 
may involve enhancing the foundation's stiffness 
or implementing floating slabs to mitigate the 
transmission of vibrations to the structure's 
interior. Additionally, installing steel braces 
between columns or incorporating shear walls can 
be employed to reinforce the lateral stiffness of 
industrial factory buildings [34]. 
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In this study, variations in the angle and 
number of fan blades for natural frequencies will 
be studied using Solidworks's finite element 
method to identify the magnitude of the effect on 
the modifications made and to prevent resonance 
with the motor rotation. 
 
METHOD 

Designing fan blades starts with creating a 
3D model using Solidworks with several models of 
varying blade pitch and the number of fan blades. 
This process must be done carefully so that errors 
do not occur when the analysis does not occur. 
Simulating an image of a fan blade and analyzing 
its natural frequency with the finite element 
analysis (FEA) method on Solidworks until the 
data results are released. This FEA analysis was 
carried out numerically to get the desired results 
with variations in the angle of the blades and the 
number of edges. If the FEA simulation and 
analysis run, it can proceed to the following 
process. However, suppose there is a failure in the 
Solidworks simulation and FEA analysis process. 
In that case, it returns to changing the geometry of 
the 3D model until the frequency analysis is finally 
successfully carried out. Each design variation will 
be compared with its frequency value. Selection of 
the best design in terms of the difference in the 
value of the frequency of the fan blades with the 
motor. The analysis process goes through several 
stages that must be carried out, namely, setting 
the analysis parameters, creating a mesh, running 
the analysis, and determining the results of the 
research. The last step is to analyze the natural 
frequency result data obtained from Solidworks to 
get the desired results. 
 
FEM-Based Method for Modal Analysis 

The objective of modal analysis in structural 
mechanics is to ascertain an object or structure's 
inherent mode shapes and frequencies when 
undergoing unforced oscillation. The utilization of 
the finite element method (FEM) for conducting 
this study is prevalent due to its ability to handle 
objects with any shape and produce satisfactory 
calculation outcomes, similar to other FEM-based 
computations. The equations encountered in 
modal analysis are the same as those found in 
eigensystems. The eigenvalues and eigenvectors 
obtained from solving the system can be 
interpreted physically as representing the 
frequencies and related mode shapes. 
Sometimes, the sole preferred vibration modes 
are those characterized by the lowest frequencies. 
This preference arises from these modes 
exhibiting an object's most pronounced vibrational 
behavior, hence overshadowing any higher-
frequency modes [35]. 

Additionally, it is feasible to conduct a 
physical examination of an object to ascertain its 
inherent frequencies and mode shapes. The term 
used to describe this process is Experimental 
Modal Analysis. The outcomes of the physical 
examination can be employed to align a finite 
element model with ascertaining the accuracy of 
the underlying assumptions, such as utilizing 
appropriate material attributes and boundary 
conditions. The matrix equations for a 
fundamental problem concerning a linear elastic 
material that adheres to Hooke's Law can be 
represented as a dynamic system of spring 
masses in three dimensions [36][37]. The 
equation representing the generic form of motion 
is expressed as (1). 

        M U C U K U F   + + =   
 (1) 

In the given context, it represents the matrix and 

[ ]U  is the second time derivative of the 

displacement [ ]U , corresponding to acceleration. 

[ ]U  represents the velocity, the damping matrix, 

the stiffness matrix, and the force vector. The 

quadratic eigenvalue problem arises as a general 

problem when considering systems with nonzero 

damping. Nevertheless, the damping is typically 

disregarded in vibrational modal analysis, 

excluding all terms except for the first and third 

terms on the left-hand side, as depicted in (2). 

      0M U K U  + = 
 (2) 

The generic form of the eigensystem in 

structural engineering, as applied in the FEM, can 

be described as follows. To illustrate the solutions 

of the free vibrations of the structure, it is 

hypothesized that the motion adheres to a 

harmonic pattern. This assumption implies that it 

is considered equal to, where it represents an 

eigenvalue denoted in units of reciprocal time 

squared, such as s-2. By utilizing this approach, 

the equation can be simplified to (3). 

       0 + =M U K U  (3) 

On the other hand, the equation of static problems 
can be represented as (4). The expected outcome 
occurs when all terms containing a temporal 
derivative are equated to zero. 

    =K U F  (4) 

 
Modeling 

Figure 1 is the detailed design dimensions 
of the fan blades with two blades with a blade pitch 
of 25° drawn using Solidwork. Another design 
variation is increasing the number of blades to 3 
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and 4 while the blade pitch varies to 30° and 40°. 
Previous research analyzed fan performance 

using variations in blade pitch ranging from 10° to 

40° [38]. In this research, we only chose three 
variations of relatively high values to allow the fan 
to blow more air. In addition, our focus is analyzing 
the influence of blade pitch on personal frequency 
so that the choice of variation values with close 
intervals is not so influential. 
 
Simulation Process 

The analysis in this study uses Solidworks 
software, utilizing the Solidworks frequency 
simulation feature. Frequency analysis was done 
by varying the number of blades 2, 3, and 4 with 
blade pitch of 25°, 30°, and 40°. After the fan blade 
design model has been made. The simulation is 
carried out in the following stages: determining the 
type of material, deciding the fixed parts, making 
the mesh, running the analysis, and finally, getting 
the study results. The type of material used can be 
seen in Table 1. 

They were selected in advance according to 
the model material used. This study only used one 
type of material with variations in the number and 
angle of the same blade, namely PP-
Homopolymer. Next, determine the fan blade 
model section as shown in Figure 2, which is 
considered a stationary or fixed position. In all 
variations, the number and angle of blades on the 
back of the blade face are designated as a fixture. 
 
Meshing Phase 

Details of the meshing treatment can be 
seen in Table 2. The type of mesh used in this 
study is solid mesh. The mesh density size will 
affect the accuracy of the analysis results. This 
study uses a standard-type mesh density with a 
relatively high accuracy level. 
 

Table 1. Material Property [39][40] 
Name PP-Homopolymer 
Model type Linear elastic isotropic 
Tensile strength 3.64+7 N/m2  
Mass density 933 kg/m3 
Elastic modulus 1.8e+9 N/m2 

 
 

 
Figure 2. Fixed Part 

The following process is to create a mesh 
on the fan blade model to be analyzed, as shown 
in Figure 3. This method is used for engineering 
problems where the exact solution/analytical 
solution cannot be solved. 

The essence of the finite element method is 
to divide an object to be analyzed into several 
parts with a limited number. These parts are called 
elements; each element with one other element is 
connected with a node (node). The process of 
dividing objects into parts is called meshing. The 
type of mesh used in this study is solid mesh, as 
shown in Table 2. The mesh density size will affect 
the accuracy of the analysis results. This study 
uses a standard-type mesh density with a 
relatively high accuracy level. 

The following process is to conduct the 
running analysis process to get the desired results 
using the settings and mesh model created earlier. 
The running process can take different times, 
depending on the type of mesh density used. The 
greater the level of mesh density, the longer the 
running time of the analysis will be due to the 
higher level of accuracy [24]. 
 
 

 
Figure 3. Defining Mesh 

 
 

Table 2. Detail of Mesh 
Mesh Type Solid Mesh 

Mesh Used Standard Mesh 

Automatic Transition Off 

Include Mesh Auto Loops Off 

Jacobian points 4 Points 

Element Size 9.20114 mm 

Tolerance 0.460057 mm 

Mesh Quality High 
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RESULTS AND DISCUSSION 
After carrying out several design and 

calculation processes discussed in the previous 
session, starting from determining the type of 
material, choosing fixtures, and making mesh up 
to the running process. There were five 
frequencies for the number of natural frequencies 
selected in this study. Therefore, five modes of 
shapes came out. The mode shape is a vibration 
pattern at the natural frequency of the simulated 
model image.  

The last stage is to get the results of each 
simulation. For this study, nine simulation results 
were obtained according to the variation in the 
number and angle of the blades. 
 
Natural Frequency Simulation Results  

The model under consideration exhibits a 
variance in its design, specifically in the number of 
blades, which amounts to three. Additionally, the 
blade pitch of this model is set at an angle of 25°. 
The results of the simulation are depicted in Figure 
4. In addition to acquiring the natural frequency 
value, the simulation also accepts the consequent 
amplitude value, which characterizes the 
movement pattern. The resulting amplitude is the 
relative displacement value between consecutive 
points in the frequency analysis. The choice of 
units will be contingent upon the quantity of the 
force received, as the simulation does not involve 
any exertion of power on the fan blades. 

The simulation's findings depict the 
formation of the fan blades, consisting of three 
blades with a blade pitch of 25°, as illustrated in 
Figure 4. The description of the resultant 
amplitude is provided below. (1) The fan blades 
exhibit a non-reactive vibration at a frequency of 
0.0 in blue, indicating a stable and unaffected 
state. (2) The vibration observed at frequency 2.27 
causes a noticeable change in the shape of the 
fan blades, as indicated by the green color. (3) At 
a frequency of 4.53 Hz, the vibration experienced 
by the fan blades is incredibly significant, as 
represented by the red color. Consequently, it 
exhibits significant vibrations. 

Table 3 presents the natural frequency 
values corresponding to each mode shape, as 
derived from the simulation results depicted in 
Figure 5. The natural frequencies for the first, 
second, third, fourth, and fifth mode shapes are 
22.74, 22.91, 51.92, 52.04, and 76.21 Hz, 
respectively. However, an identical methodology 
is employed for the fan category with modifications 
in the blades' quantity and pitch. 

 
Blades Natural Frequency Analysis 

Figure 6 compares the simulation findings 
for the natural frequency of fan blades. The blades 

are divided into three groups based on the number 
of blades, namely two blades, with angles of 25°, 
30°, and 40°. The average natural frequency in the 
first mode shape is 22.68 Hz, whereas the middle 
natural frequency in the second mode shape is 
22.91 Hz. It can be observed that altering the 
number of blades from 2 while adjusting the blade 
pitch to 25°, 30°, and 40° in both the first and 
second modes does not influence the inherent 
frequency. The third mode has a frequency of 53.3 
Hz, the fourth mode has a frequency of 53.42 Hz, 
and the average natural frequency value in the fifth 
mode form is 74.11 Hz. Furthermore, it can be 
observed that altering the number of blades and 
blade pitch in the third, fourth, and fifth modes has 
minimal impact on the natural frequency. 

Figure 6 illustrates the numerical 
representation of three blades, each possessing 
angles of 25°, 30°, and 40°. The average natural 
frequency in the first mode shape is 22.70 Hz, 
while the intermediate natural frequency in the 
second mode is 22.82 Hz. The average natural 
frequency in the third mode shape is 22.96 Hz. 
This implies that alterations in the number of 
blades, in conjunction with adjustments in the 
blade pitch, do not influence the inherent 
frequency observed in the first, second, and third 
mode shapes. Additionally, it should be noted that 
the average natural frequency value in the fourth 
mode is 53.56 Hz, whereas in the fifth mode, it is 
54.52 Hz. The results indicate that modifying the 
number of blades and the pitch of the blades in the 
fifth mode has negligible influence on the inherent 
frequency. 

 

 
Figure 4. Simulation of 3 blades and pitch 25° 

 
Table 3. Simulation of 3 blades with pitch 25° 

Mode Shape 
Natural Frequency  

(Hz) 

1 22.77 
2 22.858 
3 22.941 
4 52.146 
5 52.759 
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Figure 5. Natural Frequency Comparison 3 Blades 

 

 
Figure 6. Natural Frequency Comparison 2 Blades 

 

 
Figure 5. Comparison of Natural Frequency of 2 Blades and Motor Frequency 

Mode Shape 1 Mode Shape 2 Mode Shape 3 Mode Shape 4 Mode Shape 5

Blade 3, Pitch 25° 22,77 22,86 22,94 52,15 52,76

Blade 3, Pitch 30° 22,74 22,84 22,96 53,43 54,17

Blade 3, Pitch 40° 22,60 22,77 22,97 55,11 56,62
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Figure 7 shows the number of blades 4 with 
blade pitch of 25°, 30°, and 40°. In the first mode 
shape, the average natural frequency value is 
22.81 Hz; in the second mode, the average natural 
frequency value is 22.86 Hz, then in the third 
mode, the average natural frequency value is 
22.888 Hz then in the fourth mode, the average 
natural frequency is 23.11 Hz. This means that 
changing the variation of the number of blades 
with the blade pitch does not affect the natural 
frequency. And finally, in the fifth mode, the 
average natural frequency value is 54.06 Hz. This 
also indicates that changing the number of blades 
and the blade pitch has little effect on the natural 
frequency in the fifth mode. 
 
Blades and Motor Frequency Analysis  

The motor's rotation speed is adjusted to 
three different frequencies: 25 Hz, 35 Hz, and 50 
Hz. The frequency of the fan blades is then 
compared and studied concerning the natural 
frequency of the blades. This analysis aims to 
determine whether resonance will occur between 
the fan blades and the motor's rotation frequency. 
Resonance may arise and pose a risk to the 
structural integrity of the fan blades if the ratio 
between the rotational frequency of the motor and 
the natural frequency of the blades is equivalent 
or nearly equivalent. Nevertheless, if the values of 
the two frequencies differ, resonance will not 
transpire, indicating that the fan blade design is 
secure. The graph presented in Figures 8, 9, and 
10 compares the natural frequency of fan blades. 
Specifically, the analysis focuses on fan blades 
with three blades, each having an angle of 25°, 
30°, and 40°. The natural frequency of these 
blades is examined concerning motor rotation 
frequency. 

The data presented in Figure 8 illustrates 
the motor rotation frequency of 25 Hz. The 
average natural frequency values for the first and 
second mode forms are also recorded as 22.68 Hz 
and 22.91 Hz, respectively. This implies that the 
mode shapes 1 and 2 exhibit distinct values from 
the motor rotation frequency of 25 Hz, hence 
preventing resonance from occurring on the fan 
blades. In addition, when the motor rotation 
frequency is set at 35 Hz, the average natural 
frequency values for the third and fourth mode 
shapes are determined to be 53.3 Hz and 53.42 
Hz, respectively. Additionally, it can be observed 
that the mode shapes 3 and 4 do not exhibit the 
same values as the motor rotation frequency of 35 
Hz, thereby indicating the absence of resonance 
in the fan blades. At a motor rotation frequency of 
50 Hz, the average natural frequency value in the 
fifth mode shape is determined to be 74.11 Hz. 
Consequently, the fifth mode shape does not align 
with the motor rotation frequency of 50 Hz, thereby 
precluding resonance on the fan blades. In the 
absence of information regarding the correlation 
between the fan blades' frequency and the motor's 
rotational frequency, we may confidently assert 
that the fan blades' design is deemed safe. 

Figure 9 compares the natural frequencies 
of fan blades with three blades and varying pitch 
angles of 25°, 30°, and 40°. The rotational 
frequency of the motor is 25 Hz, while the average 
natural frequencies in the first and second mode 
shapes are 22.70 Hz and 22.82 Hz, respectively. 
This implies that the mode shapes 1 and 2 exhibit 
distinct values from the motor rotation frequency 
of 25 Hz, leading to the absence of resonance on 
the fan blades. 

 

 
Figure 6. Comparison of Natural Frequency of 2 Blades and Motor Frequency 

Mode Shape 1 Mode Shape 2 Mode Shape 3 Mode Shape 4 Mode Shape 5

Blade 2, Pitch 25° 22,74 22,91 51,93 52,04 76,21

Blade 2, Pitch 30° 22,72 22,92 53,05 53,29 74,96

Blade 2, Pitch 40° 22,57 22,91 54,71 54,93 71,16
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Figure 7. Comparison of Natural Frequency of 3 Blades and Motor Frequency 

 

 
Figure 8. Comparison of Natural Frequency of 4 Blades and Motor Frequency 

 
Moreover, when the motor rotation 

frequency reaches 35 Hz, the average natural 
frequency in the third mode is measured to be 
22.96 Hz, while the fourth mode shape has a 
frequency of 53.56 Hz. Additionally, it can be 
observed that the values assigned to mode 
shapes 3 and 4 do not align with the motor rotation 
frequency of 35 Hz, leading to the absence of 
resonance in the fan blades. At a motor rotation 
frequency of 50 Hz, the average natural frequency 

value in the fifth mode shape is determined to be 
54.52 Hz. Consequently, the fifth mode shape's 
value does not align with the motor rotation 
frequency of 50 Hz, thereby preventing resonance 
from occurring on the fan blades. Without 
information regarding the alignment between the 
fan blades' frequency and the motor's rotational 
frequency, one can assert that the fan blades' 
design is safe. 
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Figure 10 presents the natural frequency of 
fan blades with varying blade configurations, 
specifically when the number of blades is four and 
the pitch angles are 25°, 30°, and 40°. The mean 
value of the natural frequency in the first mode 
shape is 22.81 Hz, whereas in the second mode, 
it is 22.86 Hz. This implies that modes 1 and 2 
exhibit dissimilarity with the motor rotation 
frequency of 25 Hz, leading to no resonance on 
the fan blades. Moreover, when the motor rotation 
frequency reaches 35 Hz, the average natural 
frequency values for the third and fourth modes 
are 22.89 Hz and 23.11 Hz, respectively. 
Furthermore, it can be observed that the values 
assigned to forms 3 and 4 do not align with the 
motor rotation frequency of 35 Hz, hence leading 
to the absence of resonance in the fan blades. At 
a motor rotation frequency of 50 Hz, the average 
natural frequency value in the fifth mode shape is 
determined to be 54.06 Hz. This implies that the 
cost of the fifth mode of form is not equivalent to 
the motor's rotational frequency of 50 Hz, 
preventing resonance from occurring on the fan 
blades. In the absence of information regarding 
the alignment between the fan blades' frequency 
and the motor's rotational frequency, it can be 
concluded that the fan blades' design is deemed 
safe. 

All experimental findings yielded similar 
results. The variations in the number of blades and 
pitch do not interfere with the motor rotation 
employed. Upon examining the entirety of the 
graphical representations illustrating the 
comparative outcomes, it becomes evident that 
alterations in the quantities of blades and pitch 
values do not exert any discernible influence on 
the natural frequency values of shape modes 1 to 
3. Furthermore, their impact on shape modes 4 
and 5 is minimal. However, based on the observed 
pattern, it can be inferred that there is a positive 
correlation between the changes and the 
frequency, indicating that as the frequency 
increases, the changes also tend to increase. 
Selecting the motor speed is of utmost 
significance to avoid any potential collision with 
the inherent frequency of the fan blades. The 
investigation shows minimal disparity between 
motor speed and natural frequency. In this 
scenario, it is imperative to refrain from selecting 
motor speeds between 22 to 23 Hz and 52 to 56 
Hz. 

The present study employs a finite element 
method methodology to ascertain the natural 
frequency of the fan blade design. The utilization 
of computational results holds significant 
importance in mitigating resonance phenomena. A 
similar approach was also employed by [6]. Their 
study aimed to design a vertical wind turbine to 

harness wind energy generated by vehicles in the 
parking lane. The significant generation of wind 
energy can be attributed to the differential 
pressure created by the movement of automobiles 
on the road. Modal analysis is an integral part of 
the design process, wherein the CATIA 
workbench is utilized to ascertain the natural 
frequency values. The primary objective of this 
analysis is to mitigate the occurrence of 
resonance. In addition, the researchers also 
conducted calculations to determine the design 
strength of the wind turbine, considering factors 
such as strain, deformation, and shear pressure. 
The identical concept is also employed by [7, 15, 
16]. The findings of this study indicate that Figures 
8 to 10 display the disparities in motor and blade 
frequency values. Similar findings were observed 
in prior studies. A higher discrepancy between the 
values of motor and blade frequencies is 
associated with improved performance, whereas 
conversely, a lower discrepancy is associated with 
poorer performance. Most systems possess a 
specific operating frequency, and it is crucial to 
evaluate whether the inherent frequencies of 
compliant mechanisms fall within this range to 
guarantee seamless operation. Including a 
mechanism with a natural frequency proximate to 
the operational frequency of the overall system 
might result in resonance, ultimately culminating in 
malfunction and damage. 
 
CONCLUSION 

This study demonstrates obtaining natural 
fan blade frequencies using SolidWorks software's 
frequency simulation capability, employing the 
finite element approach. This involves 
constructing a fan blade model, inputting relevant 
fan parameters, generating a mesh, executing the 
simulation process, and acquiring the 
corresponding natural frequency values. All 
experimental experiments yielded similar 
outcomes. The variations in the number of blades 
and pitch do not interfere with the motor rotation 
employed. This implies that the fan blade does not 
exhibit resonance with the frequency of motor 
rotation, hence ensuring the safety of this design, 
as the natural frequency of the fan blade does not 
align with the magnitude of the motor rotation 
frequency. Based on the graphical representation 
of the comparative outcomes, it can be observed 
that alterations in the number of blades and pitch 
values do not exert any discernible influence on 
the natural frequency values within first to third-
mode shapes. Furthermore, these modifications 
exhibit minimal impact on the natural frequency 
values within fourth and fifth mode shapes. 
However, based on the observed pattern, it can be 
inferred that there is a positive correlation between 
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the magnitude of changes and the frequency of 
occurrence. 
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