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Currently, the vibration noise of casting cleaning equipment exceeds 95 dB, which not only
shortens the equipment’s service life but also jeopardizes workers’ health. The primary cause
lies in the resonance tendency resulting from an uneven distribution of blades in the shot-
blasting device. In this paper, a prime-number/uniform angular distribution criterion and
a dynamic balance elimination relationship are established to minimize resonance coupling
while accounting for the internal characteristics of the shot-blasting device and blade assem-
bly. Subsequently, a shot-blasting device with seven prime-number angular front-curved blades
was designed and fabricated, and the dynamic imbalance caused by uneven blade distribu-
tion was compensated for by drilling. We employed the discrete element method to evaluate
projectile velocity and stability. The results indicate that the shot velocity reaches a maximum
of 75m/s, with fluctuations within 4m/s. After reaching 0.24 s, particles accelerated by the
shot-blasting device achieve relative stability. Finally, vibration data acquired at a sampling
frequency of 10Ksps demonstrates that noise levels are reduced from 97 dB (traditional struc-
ture) to 93.3 dB (new model). This new criterion for shot-blasting machine models mitigates
operational vibration while enhancing working conditions and improving overall stability and
system reliability.
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1. Introduction

As a surface treatment equipment, the shot-blasting machine finds extensive
application across various industries. However, operational vibration and noise
issues associated with this machinery significantly impact equipment perfor-
mance, personnel well-being, and environmental conditions [1]. The vibration
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frequency can be decomposed into the fundamental frequency and its second
harmonic using Fourier series analysis [2–5]. The fundamental frequency for uni-
formly distributed shot-blasting blades corresponds to the fundamental blade-
passing frequency (BPF). Resonance occurs when either the fundamental fre-
quency or the second harmonic (2×BPF) of the blade coincides with the natural
frequency of the shot-blasting device [6–9]. Due to the periodic nature of blade
rotation, uniformly distributed blades are more likely to induce resonance by
matching the system’s natural frequency, thereby increasing the associated risk.
Using the studies from other industries, some researchers have designed

blades as a means of reducing equipment noise. Luo et al. [10] reported that
a non-uniformly arranged seven-blade fan exhibits distinctive noise characteris-
tics during tests. In comparison with a uniformly arranged fan, the noise char-
acteristics of a non-uniformly arranged fan display a broader harmonic distri-
bution and a reduced disparity between discrete and broadband noise. It is
evident that incorporating non-uniform blade arrangements offer certain advan-
tages in vibration and noise reduction; however, prime-number angular designs
have been applied only in one instance within other industries and lacks a gen-
eral design principle. In this study, non-uniform blade design is incorporated
into shot-blasting machines and a prime-number/uniform angular distribution
criterion is proposed for a new type of shot blaster. Zhang et al. [11] analyzed
the blades of shot-blasting machines and found that rectangular blades can alle-
viate stress concentration, providing valuable guidance for improving reliability
and extending service life of these machines. Currently, although blade optimiza-
tion has been employed to reduce stress concentration, blade arrangement has
received little attention, and improvements in vibration-induced noise reduction
for shot-blasting machines remain insufficient.
The objective of this study is to provide theoretical support for optimizing

the design of a shot-blasting device through of vibration signal analysis and the
establishment of blade selection criteria. The optimization design is conducted
based on a prime-number/uniform angular distribution vibration reduction cri-
terion, leading to the proposal of a shot-blasting device model incorporating
seven prime-number angular front-curved blades. Subsequent analysis of object
velocity and stability during the ejection process is conducted using the dis-
crete element method [12]. By calculating parameters such as particle velocity
changes, we can evaluate the ejection stability of the device. To address the
imbalance caused by uneven blade distribution, perforations are introduced in
the impeller disk to adjust the rotating dynamic balance of the shot-blasting de-
vice. Finally, vibration signal acquisition equipment is used to compare vibration
signal characteristics between the newly designed shot blaster and traditional
models, thereby verifying the performance advantages of the proposed criterion-
based impeller structure.
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2. Establishment of the prime-number/uniform angular
distribution criterion for shot blasting

The design of a shot-blasting device not only requires blade shape improve-
ment, but also optimization of the impeller body design to reduce resonance ef-
fects [13–17]. Vibration signal analysis reveals resonance between the motor and
the impeller body, indicating the necessity for optimization of the shot-blasting
device design. A key measure is to optimize the blade distribution angles and
establish a prime-number/uniform angular distribution criterion for the blades.
The criterion is defined through the following steps:
– calculate the desired uniform angular spacing based on the number of
blades,
– select prime-number angular positions within the range of 1◦ to 361◦ to
address centroid offset caused by blade arrangement,
– determine a set of angles with minimal standard deviation using Eq. (2.1).
This criterion aids in selecting blade mass angles close to the ideal uniform

angle, thereby effectively enhancing the system’s resonance frequency, reducing
vibration and noise resulting from resonance, and improving the mechanical
equipment’s operational smoothness.
The prime-number/uniform angular distribution criterion relationship is de-

rived from the standard deviation formula:

(2.1) S =

√√√√√ n∑
i=1

(
wrap (θi + φ)− 360◦

n · i
)2

n
,

where S is the standard deviation, θi is the i-th prime-number angular position
(in degrees), n is the number of blades in the shot-blasting machine, φ is the
phase shift, with φ ∈ [0◦, 360◦/n). To account for the cyclic nature of [0◦, 360◦),
differences are evaluated as minimum signed circular (wrapped) errors using
wrap(x) = ((x+180◦)mod 360◦)−180◦. By minimizing S with respect to φ, the
uniformity of the blade distribution relative to an arbitrarily shifted uniform
distribution can be assessed.
In practice, the majority of existing shot-blasting devices employ either six or

eight blades, and the number of shot-blasting shafts is typically four. An imbal-
ance in blade number can adversely affect both the distribution and number of
smaller shafts. An excessive number of small shafts hampers ejection efficiency,
whereas an insufficient number compromises the structural strength of the shot-
blasting device. Accordingly, based on the proposed prime-number/uniform an-
gular distribution criterion of the blade, this research opts for a specific case:
a shot-blasting device with seven prime-number angular blades. Let n = 7, and
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substitute it into the prime-number/uniform angular distribution criterion, as
per established academic standards.
Consequently, an impeller body for a prime-number angular blade vibration-

damping shot-blasting device is established. The utilization of prime-number
angular positions reduces the likelihood of resonance with other components
due to their unique distribution characteristics, as they do not share common
factors with other excitation frequencies in the system.
Subsequently, the impeller model of the shot-blasting device is established.

Since prime numbers do not share common factors with other numbers, the an-
gular distribution using prime-number indexing can reduce the risk of resonance
with other components. According to Eq. (2.1), when φ ∈ [0◦, 360◦/7), the mini-
mum standard deviation is obtained by applying a search step size of ∆φ = 0.1◦,
which enhances the precision of the results, while a longer search interval en-
sures the robustness of the calculation. The results show that at φ = 14.7◦, the
optimal prime-number angular positions are 37◦, 89◦, 139◦, 191◦, 241◦, 293◦,
and 347◦, yielding a standard deviation S ≈ 0.99. This represents the smallest
standard deviation, indicating that the angular distribution of the blade posi-
tions is closest to an equidistant distribution, thus ensuring greater stability and
reliability of the system.
In terms of geometric uniformity, S reflects the degree of angular distribu-

tion uniformity, with smaller values of S indicating better uniformity. However,
completely equidistant distributions do not necessarily result in optimal dynamic
performance. A perfectly uniform distribution concentrates excitation energy at
the BPF and its harmonics, which could lead to resonance if these frequencies
coincide with the system’s natural frequencies. Therefore, the design criterion
is not solely to minimize S, but rather achieve minimal S while simultaneously
ensuring that dominant frequency orders are shifted to avoid resonance with
the system’s natural frequencies, thereby optimizing the system’s stability and
operational reliability.
To further mitigate resonance risk, a resonance risk index R(Θ) is introduced

to assess the relative relationship between blade frequencies and the system’s
natural frequencies. The resonance risk index is calculated as follows:

(2.2) R(Θ) = maxh∈H

∣∣∣∣∣ 1n
n∑

i=1

ejhθi

∣∣∣∣∣,
where H represents the set of critical frequency orders corresponding to the
system’s natural frequencies and h denotes the frequency order. In this study,
h1, 2, 3, 4, 8, 9, covering the fundamental frequency and its harmonics. Here,
θi represents the angular position of the i-th blade.
The parameter R(Θ) represents the resonance risk index, reflecting the re-

lationship between excitation frequency of the blades and the system’s natural
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frequency. The value of R(Θ) indicates the degree of difference between exci-
tation frequency and natural frequencies. A value of R(Θ) close to 0 suggests
no resonance risk, while R(Θ) approaching 1 indicates a significant risk of res-
onance. The value of R(Θ) ranges from 0 to 1, with 0 indicating no resonance
risk and 1 corresponding to a high resonance risk. If R(Θ) is less than 0.1, it
indicates low resonance risk, and the system’s frequency distribution is gener-
ally well aligned. Based on the above frequency analysis, the calculated value
of R(Θ) = 0.0736 suggests a low resonance risk and demonstrates the system’s
favorable frequency alignment, thus avoiding potential resonance problems.
The generated blade angles are all prime-number angular positions, and

since they share no common factors, their multiples do not coincide. Due to
the distinct nature of prime numbers, their distribution is ‘uniform,’ thereby
avoiding synchronous resonance among the blades. For the seven blade angles
θ1, θ2, θ3, ..., θ7, their relationship is defined by Eq. (2.3). If ∆θ is a fixed value
(e.g., uniformly distributed angles), the motion periods of the blades become
synchronized, leading to resonance. However, if the blade angles are selected as
prime-number angular positions (such as 37◦, 89◦, etc.), the multiples of these
angular values do not overlap within the same cycle, thereby preventing reso-
nance:

(2.3) θi = θ1 + i ·∆θ (i = 1, 2, ..., 7),

where θi is the angle of the i-th blade and ∆θ is the angular difference between
adjacent blades.
In rotating machinery, the angular distribution of blades is directly related

to their vibration modes and frequencies. Each blade angle can be considered
a vibration source associated with the rotational period. When the angular in-
tervals between blades follow a regular pattern, vibrations from all blades may
synchronize at specific rotational frequencies, leading to resonance. In contrast,
blade angles exhibit a prime-number distribution to avoid repeated angular in-
tervals and suppress resonance effectively prevents such synchronization. Due to
the inherent disparities between prime numbers – such as their lack of common
factors – their multiples do not coincide within the same rotational cycle. Con-
sequently, blades positioned at distinct prime-number angular positions exhibit
differentiated rotational frequencies, thereby suppressing resonance.
As shown in Table 1, the parameters of the shot-blasting machine during

operation are listed. All blades are made from high-chromium cast iron and
have uniform dimensions.
The unbalanced mass of the newly designed shot-blasting machine is subse-

quently determined by employing Eq. (2.4) to Eq. (2.6). The blade material is
high-chromium cast iron, a density is 7.8× 103 kg/m3, and a mass is 0.0836 kg.
The static equilibrium mass of each blade is calculated to be 11.1796 g. The gov-
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Table 1. Material parameters for different components.

Component Parameter Numerical value

Poisson’s ratio 0.3

Steel pellet (cast steel) Density [kg/m3] 7.8× 103

Shear modulus [Pa] 8× 1010

Impeller body, directional sleeve,
shot-dividing wheel, blades
(all components are made
of high-chromium cast iron)

Poisson’s ratio 0.3

Density [kg/m3] 7.8× 103

Impeller body Shear modulus [Pa] 7.6× 1010

Impeller body speed [rpm] 3000

erning equations for calculating the unbalanced mass and its orientation are as
follows, leading to a conclusive result:{

(mbrb)x = −mr · cos(θi),

(mbrb)y = −mr · sin(θi),
(2.4)

αb = arctan
(mbrb)y
(mbrb)x

,(2.5)

mbrb =

√[
(mbrb)

2
x + (mbrb)

2
y

]
,(2.6)

where mb is the equilibrium mass, rb is the distance from the blade center of
mass to the rotor center, m is the mass of a single blade, r is the distance from
the blade center of mass to the edge of the main (secondary) disk, θi is the i-th
blade angular position on the shot-blasting machine, n is the number of blades
on the shot-blasting machine, and αb is the phase angle.
We then applied a formula to calculate the dynamic balance of the shot-

blasting blade. The eccentric mass for static balance is determined, and we
measure the distanced from the centroid of the shot-blasting blade to the disk
edges as 68mm for the main disk, and 52.5mm for the secondary disk. By
applying Eq. (2.7) and Eq. (2.8), we determine that dynamic balance masses
were calculated as 4.890 g for the main disk, and 6.309 g for the secondary disk:

miri =
y1 + y2 − yi

y1 + y2
mbrb,(2.7)

mbi =
miri
rbi

,(2.8)
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where miri is the blade is assigned to a mass radius product on a disk i = 1
for the primary disk and i = 2 for the secondary disk, yi is the distance be-
tween the blade’s center of mass and the edge of the main (secondary) disk,
mbi is dynamic balance mass, rbi is the distance from the center of mass of the
dynamically balancing mass to the disk center.
After assembly, the impeller body is equipped with blades and subjected to

unbalance detection on a dynamic balancing machine (as depicted in Fig. 1),
with the machine parameters listed in Table 2. The rotational acceleration test
of the impeller body is conducted using an electrical measurement system to
quantify the unbalance. The obtained test results reveal that at 288◦, the main
disk exhibits an unbalance of 2.924 g, while the secondary disk shows an un-
balance of 4.460 g at 272◦; after rotation ceases, the main disk displays an
unbalance of 2.918 g while the secondary disk shows an unbalance of 4.520 g.

a) b)

Main disk Secondary disk 

Fig. 1. Imbalance detection of the impeller body using a dynamic balancing machine (a),
angle indicator on the dynamic balancing machine (b).

Table 2. Dynamic balancing machine parameters.

Parameter Value

Maximum rotor weight 0.03 kg to 300 kg

Maximum rotor diameter 100mm to 800mm

Maximum support distance 250mm to 2100mm

Rotor shaft diameter range 5mm to 120mm

Balancing speed range 400 rpm to 3000 rpm

Drive motor power 0.05HP to 3HP

Minimum measurable imbalance 0.01 g to 0.1 g

Imbalance reduction rate ≥95%
Minimum achievable specific imbalance 0.2 g ·mm/kg

Applicable rotor types Motor rotors, flywheels, impeller body, etc.
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Compared with the calculated results, there is a discrepancy of 1.966 g in bal-
ance mass of the main disk and 1.849 g for the secondary disk. When at rest,
the main disk exhibits a difference of 1.972 g while the secondary disk shows
a difference of 1.789 g.
Deviations were observed between the test results of the dynamic balanc-

ing machine (e.g., residual unbalance) and the theoretical values. Potential
sources of error include installation accuracy, sensor calibration, and bearing
clearance. During installation, minor deviations in the blades and disks may
compromise geometric symmetry and precise alignment, thereby affecting unbal-
ance measurement. Calibration errors in sensors and environmental factors may
also alter sensitivity, leading to inaccuracies in the test results. Excessive bearing
clearance might distort vibration signals, further impacting unbalance calcula-
tions. Despite these deviations, repeated tests demonstrated consistency with
only minor errors, indicating a limited impact on the overall conclusions. How-
ever, to ensure reliability, further optimizations are required: improving assem-
bly precision, enhancing sensor accuracy and stability, and strictly controlling
environmental conditions. Additional error analysis and refined methodologies
will further enhance result accuracy, thereby ensuring the scientific validity and
effectiveness of the shot-blasting machine design optimization.
According to the JB/T 3713.2 ‘Technical Conditions for Double Disc Shot

Blasters’, the unbalance should be less than 1.297 g; therefore, reductions were
made in both the main disk and secondary disk of the impeller body. While
drilling for weight reduction, caution was exercised to avoid excessive loss at
specific positions so as not to compromise the structural integrity and strength
of the impeller body. Fig. 2 illustrates the modified impeller body, with red
circles indicating locations where weight reduction was performed. Subsequent
re-testing revealed that after drilling (as depicted in Fig. 3), the main disk exhib-
ited an unbalance of 0.294 g at 288◦, while the secondary disk showed an unbal-
ance of 0.316 g at 272◦; upon rotation cessation, these values further decreased
to 0.272 g and 0.376 g, respectively, all well within the controlled limit of 1.297 g.

a) b)

Fig. 2. Evaluation of the primary disk of the impeller body following dynamic balancing (a),
examination of the auxiliary disk of the impeller body after dynamic balancing (b).
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a) b)

Fig. 3. Residual unbalance of the impeller body during rotation after achieving balance (a),
residual unbalance of the impeller body at rest after achieving balance (b).

The particle velocity of the shot-blasting device was subsequently analyzed
using the discrete element method [18–20]. The particle velocity of the shot-
blasting device with seven prime-number angular front curved blades reached
a maximum value of 75m/s, with velocity fluctuations within 4m/s. Further-
more, particles accelerated by the shot-blasting device achieved a relatively sta-
ble state after reaching 0.24 s. Through analysis of four other shot-blasting mod-
els, it was found that the ejection speed of the eight-uniform front-curved blade
is 74m/s, while for the eight-uniformly distributed straight-blade shot blaster
and seven-uniformly distributed straight-blade shot blaster, their ejection speeds
were measured at 64m/s and 69m/s, respectively. These two types exhibited
lower ejection speeds and poorer ejection stability. Similarly, although the seven-
uniformly distributed forward-curved blade shot blaster demonstrated a high ejec-
tion speed, its stability was also inadequate in comparison. In terms of overall
ejection stability among these devices, it can be concluded that the shot-blasting
device with seven prime-number angular front-curved blades outperforms the
other configurations. Therefore, it is speculated that this particular device will
exhibit superior cleaning efficiency during operation.

3. Vibration signal analysis and noise detection
of the shot-blasting machine

In order to evaluate the resonance improvement effect and noise optimization
of the new shot-blasting device, a comparison was made between the frequency-
domain and time-domain signals of the newly designed device and a traditional
shot-blasting device. The Hansford’s HS-150 acceleration sensor was selected for
measuring vibration, with data acquired using the VK701 H model. Vibration
data from both devices were collected at a sampling frequency of 10Ksps, as
shown in Fig. 4 and Fig. 5, depicting time-domain analyses before and after op-



10 Y. Li et al.

a) b)

Vi
br

at
io

n 
ac

ce
le

ra
tio

n 
[m

²/s
]

Time [s]
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00

-2

-1

1

0

2

Vi
br

at
io

n 
ac

ce
le

ra
tio

n 
[m

²/s
]

Time [s]
0.00 0.25 0.50 0.75 1.0 0 1.25 1.50 1.75 2.00

-1.00

-0.75

-0.50

-0.25

0.00

0.25

0.50

0.75

1.00

Fig. 4. Time-domain analysis: a) time-domain diagram of position 1 before optimization;
b) time-domain diagram of position 2 before optimization.
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Fig. 5. Time-domain analysis: a) time-domain diagram of position 1 after optimization,
b) time-domain diagram of optimized position 2.

timization. Specifically, Fig. 5 presents the vibration acceleration time-domain
diagrams of the new shot-blasting device [21–24]. Analysis of the 10Ksps vibra-
tion signal revealed significant improvement in resonance for the Q034ZZ shot
blaster: disappearance of the 2nd order component, reduction of amplitude of
the 9th order component decreased to approximately 50% of the fundamental
BPF, and overall low amplitude for other frequencies, effectively controlling res-
onance between the impeller body and motor. Both time-domain and frequency-
domain analyses demonstrate a remarkable improvement in the performance of
the entire machine [25, 26].
To mitigate the impact of random peaks, vibration intensity was quanti-

fied using the root-mean-square (RMS) acceleration within the same 2-seconds
window. As depicted in Fig. 4 and Fig. 5, the RMS at position 1 decreased
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from 0.800m/s2 to 0.467m/s2 (∆ = 0.333m/s2, a reduction of 41.6%), and
at position 2 from 0.283m/s2 to 0.217m/s2 (∆ = 0.067m/s2, a reduction of
23.5%). The reductions in RMS at both measurement points indicate effective
suppression of the shot-blasting device’s vibration. Thus, the structure designed
in accordance with the prime-number/uniform angular-distribution criterion at-
tains a remarkable optimization effect.
In this study, the collected vibration signals are organized into groups, with

each group containing 5000 data points. Considering a sampling rate of 10Ksps,
there are a total of 20 groups. Consequently, the fast Fourier transform (FFT)
is employed to convert the time-domain signals into frequency-domain signals,
as illustrated in Fig. 6 and Fig. 7. To preserve fidelity and comparability with the
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Fig. 6. Frequency domain analysis: a) frequency-domain diagram of the vibration signal at po-
sition 1 before optimization, b) frequency-domain diagram of the vibration signal at position 2

before optimization.
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raw measurements, the spectra shown are in their original form, i.e., without
additional high-pass filtering or detrending; consequently, the narrow compo-
nent near 0Hz in Fig. 6a arises from acquisition-chain offset/slow drift. More-
over, numerous research findings have demonstrated that FFT effectively mit-
igates data errors; hence, it can be utilized for noise reduction applications in
various data-related problems [27–30]. The FFT serves as the foundation for
computing the discrete Fourier transform (DFT).
The frequency-domain signals before and after vibration optimization are

compared and analyzed. The peaks of the frequency-domain signals before and
after optimization are marked with red and green circles, respectively, as de-
picted in Fig. 6 and Fig. 7. Figure 6a and Fig. 7a present the frequency-domain
diagrams at position 1 (radial position) before and after optimization. It can
be observed from the diagrams that, under the load state of the shot-blasting
machine, the intensity of each blade-passing harmonic order is reduced com-
pared to the second-order blade-passing component. Specifically, the highest
value decreases from accounting for 70% of the fundamental frequency to 50%,
effectively suppressing resonance. On the other hand, Fig. 6b and Fig. 7b de-
pict the frequency-domain diagrams at position 2 (axial position) before and
after optimization. It can be seen that each harmonic amplitude improves fol-
lowing optimization with a significant reduction observed in the second-order
component – decreasing from representing 50% of their respective fundamental
frequencies to approximately 20%. Furthermore, in Fig. 7b, it is noteworthy
that the other harmonics’ highest values account for only 30% of their corre-
sponding fundamental frequencies indicating a good vibration-reduction effect.
In addition, in Fig. 6a, the dominant line occurs at 375Hz to 380Hz. With z = 7
blades, this line corresponds to the BPF = zn/60. Back-calculating the speed
gives n ≈ 60fBPF/z ≈ 3.23 krpm. Given the frequency resolution used in this
study (∆f = 2Hz), the resolution-limited uncertainty is about ±17 rpm. Hence,
the peak being higher than the expected 350Hz at the nominal 3000 rpm is ex-
plained by a slightly higher actual speed rather than an analysis artifact. The
component near 50Hz in Fig. 6b originates from mains/electromagnetic cou-
pling and is unrelated to blade orders, whereas the line near 430Hz in Fig. 6a
is a non-integer-order response consistent with a structural or bearing-related
mode of the assembly at the measured speed. Both components decrease after
optimization, while the BPF-related orders exhibit the largest attenuation.
The optimized impeller structure of the shot blaster has significantly con-

tributed to reducing resonance and minimizing the acceleration value of the
vibration signal, as evidenced by the results presented in Fig. 5 and Fig. 7.
These findings not only validate the effectiveness of designing the impeller struc-
ture based on prime-number/uniform angular distribution criterion for shot
blaster blades, but also demonstrate its rationality. This remarkable improve-
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ment can be primarily attributed to the seven prime-number angular front-
curved blade design, which effectively mitigates resonance and friction between
blades, thereby reducing operational vibrations in the shot-blasting machine.
The noise levels of the two shot blasters at 3000 rpm were tested, and the

noise levels of the traditional Q034ZZ shot blaster and the newly designed shot
blaster based on the blade prime-number/uniform angular distribution criterion
were compared. A noise-level meter with a measurement range of 80 dB to 130 dB
was used to detect at a distance of one meter to eliminate external interference.
The results show that the noise level of the newly designed shot blaster is reduced
by 3.7 dB, from 97 dB to 93.3 dB, which proves the effectiveness of the new design
in noise reduction.

4. Conclusion

In this paper, a resonance-coupling-reduction-based optimization method
was proposed to address the issue of increased vibration in the Q034ZZ shot-
blasting machine caused by motor and blade resonance. The geometric limita-
tions of traditional impeller bodies have resulted in scarce optimization methods.
This study introduces an innovative prime-number/uniform angular distribu-
tion criterion and designs a shot-blasting device with seven prime-number an-
gular front-curved blades based on this principle. The discrete element method
was employed to analyze ejection velocity and stability, while drilling the im-
peller body helped reduce imbalance due to uneven blade distribution. Subse-
quently, projectile velocity, projectile stability, and vibration signals from the
shot-blasting device were explored. It was observed that both the second-order
and nine-frequency components exhibit lower amplitude values compared to
other frequency multiples, which account for less than 50% of the fundamen-
tal frequency. This represents significant improvement compared to traditional
shot-blasting devices, in which such amplitudes exceed 75%. These findings
demonstrate the feasibility of using a seven prime-number angular curved-blade
shot-blasting device for vibration and noise reduction purposes. In this experi-
ment, noise measurements were conducted on both the traditional shot-blasting
device and the shot-blasting device with seven prime-number angular front-
curved blades resulting in a noise reduction from 97 dB (traditional) to 93.3 dB
(seven prime-number angular), thus verifying the excellent noise-reduction per-
formance achieved through the design improvements.
Despite these promising results, this study has certain limitations. The opti-

mization method was primarily tested on a single type of shot-blasting machine,
and further validation under different configurations and operating conditions
is needed. Additionally, although the seven prime-number angular blade design
effectively reduces vibration and noise, its impact on other factors, such as en-
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ergy efficiency and service life requires further investigation. Future research will
address these aspects and extend the methodology to other types of machinery.
Nevertheless, the proposed design shows significant promise for applications in
industries such as wind power and aerospace. As noise- reduction standards be-
come stringent, the demand for this technology is expected to grow, presenting
substantial potential for industrial machinery and environmental protection.
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