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Abstract - Controlling intake noise has always been a challenge in the commercial vehicle industry.
In the field of heavy-duty commercial vehicles, due to the strong excitation energy and broad noise
frequency band of air compressors, accurately diagnosing noise characteristics and effectively
controlling these issues have become common challenges in the industry. This paper addresses the
noise issue of a specific model of heavy-duty commercial vehicle's air compressor. Based on the key
frequencies and distribution characteristics, a targeted control scheme was developed. After on-site
validation, the control scheme demonstrated ideal performance, effectively mitigating the air
compressor noise issue, providing a valuable reference for controlling air compressor noise in

heavy-duty commercial vehicles.
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1. Introduction

With the increasing youthfulness of drivers and
passengers and the improvement of social living
standards, market demands for both interior and
exterior noise levels in commercial vehicles have
significantly risen [1-4]. As a key component of
commercial vehicles, the air compressor plays a
crucial role in supplying high-pressure air for the
braking system, but it is also a major noise source. It
exhibits significant noise impacts under common
operating conditions, necessitating targeted control
measures. However, due to the strong excitation
energy and wide noise frequency range of air
compressors, efficiently and  cost-effectively
implementing noise control improvements has
become a challenging issue in the commercial
vehicle industry [5-8].

To effectively control the noise issue of air
compressors in heavy-duty commercial vehicles, this
paper started by identifying the key characteristics
of the system based on the manifestations of the
noise problem. It then proposed a control solution
and conducted simulation analysis. To verify the
effectiveness of the proposed solution, a real vehicle
test was conducted using the solution prototype. The
verification results indicated that the control
solution could perform well and effectively mitigate
the noise issue of air compressors in heavy-duty
commercial vehicles [9-12].

2. Problem Manifestation
2.1 Introduction to the Test Setup

Figure 1 shows the test setup diagram for the ear-
side noise testing of a particular model of
commercial vehicle, where Figure 1(a) depicts the
original state without a muffler and Figure 1(b)
shows the improved state with a muffler installed.

air

air
compressor

(b) With muffler
Figure 1: Test setup diagram

compressor

(a) Without muffler

The positions of the sensors in both test states
are identical, with sensor A located next to the
driver’s ear, facing forward to measure interior noise,
and sensor B positioned beside the air inlet, also
facing forward, to capture exterior noise.
Additionally, the compressor is located beneath the
cabin, while the air inlet is positioned behind the
cabin, connected to the compressor via a conduit.
The compressor is powered by the engine. For test
parameters, the sensors have a bandwidth of 10 kHz
and a resolution of 0.25 Hz. The muffler in the
improved setup is installed in the connecting duct
between the compressor and the air inlet, as shown
in Figure 1(b) [13-14].
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2.2 Interior Noise Analysis

An idle test was conducted on the test vehicle
under stationary conditions, with the engine running
at 500 rpm, and the primary vibration frequency was
25 Hz. One of the windows is closed when the
compressor is not working, meaning that the
compressor is in a condition of unloaded idle
running. When the compressor is working, the other
window is opened, meaning that the compressor is
in a condition of outputting load. The original state
testing of the noise at the ear (sensor A), the test
time is 10s, and the time-domain signal of the noise
at the ear is obtained.

Figure 2 and Figure 3 respectively show the noise
spectrum near the driver's ear when the air
compressor is off and on, with the horizontal axis
representing frequency and the vertical axis
representing sound pressure amplitude.
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Figure 2: The noise spectrum near the driver's ear

when the air compressor is off
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Figure 3: The noise spectrum near the driver's ear
when the air compressor is on

Comparative analysis of the noise spectra under
the two states shows that when the air compressor is
off, the energy of the interior noise near the driver's
ear is mainly distributed between 0-400 Hz, with the
primary energy at the engine's main vibration
frequency and its harmonic orders. Additionally,
there are two significant singular peaks at 142 Hz
and 158 Hz. When the air compressor is on, the
energy of the interior noise near the driver's ear is
still mainly distributed between 0-400 Hz, with the

primary energy at the engine's main vibration
frequency and its harmonic orders. However, there
are additional significant peaks at 142 Hz, 159 Hz,
196 Hz, 218 Hz, 262 Hz, and 284 Hz. Compared to
when the air compressor is off, the 262 Hz peak
energy is particularly prominent when the
compressor is on, and the 218 Hz and 284 Hz peaks
are also significant.

2.3 Exterior Noise Analysis

With the same conditions and test
synchronisation as the interior noise test, the
original state test of the exterior noise (sensor B)
was conducted for 10s to obtain the time-domain
signal of the exterior noise.

Figure 4 and Figure 5 respectively show the noise
spectrum at the exterior noise measurement point
when the air compressor is off and on, with the
horizontal axis representing frequency and the
vertical axis representing sound pressure amplitude.

Comparative analysis of the noise spectra under
the two states shows that when the air compressor is
off, the energy of the exterior noise is mainly
distributed between 0-2 kHz, with the energy
between 600 Hz and 900 Hz being particularly
prominent. The frequency range corresponds to the
0-400 Hz range for the interior noise, with the
primary energy at the engine's main vibration
frequency and its harmonic orders. The 142 Hz peak
is also present. When the air compressor is on, in the
0-400 Hz range, the interior noise near the driver's
ear is mainly driven by the engine's primary
vibration frequency and its harmonic orders.
Significant peaks are observed at 240 Hz, 262 Hz,
and 284 Hz. Compared to when the air compressor is
off, the 262 Hz peak energy is particularly prominent
and there is noticeable energy between 218 Hz and
305 Hz, with the 240 Hz to 284 Hz range being
especially prominent.
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Figure 4: The noise spectrum outside the vehicle when
the air compressor is off
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Figure 5: The noise spectrum outside the vehicle when
the air compressor is on

In summary, the noise corresponding to the air
compressor has a centre frequency of 262 Hz, with
noticeable energy in the 240 Hz to 284 Hz range.

3. Mechanism Analysis and Improvement
Simulation

To identify the overall vibration and noise
mechanism issues, it is necessary to combine the
subjective evaluation results. The subjective
evaluation results (5 points, fail) show that during
the operation of the air compressor, there is a
significant "thumping" noise inside and outside the
vehicle, and the vibration felt inside the vehicle
intensifies. This also indicates that the excitation
vibration energy level of the air compressor during
operation is high, and the noise impact is significant.

The air compressor noise problem is identified as
a resonant cavity noise issue, similar to the noise
performance of an engine piston cylinder. However,
the piston cylinder noise is effectively muffled on the
intake side using an air filter. The absence of a
muffler on the intake side of the air compressor is
the direct cause of the air compressor noise, and the
noise further radiates outward through the intake
duct, resulting in more widespread pulsating noise
issues.

The solutions to the air compressor intake noise
problem mainly include three approaches: expansion
chamber, Helmholtz resonator, and quarter-wave
tube. Based on the selectivity and stringency for
noise, the three approaches are ranked as follows:
expansion chamber < Helmholtz resonator <
quarter-wave tube. Although the expansion chamber
is less effective in maximum noise attenuation, it is
widely used due to its broad frequency selectivity
and low cost. However, its size requires
comprehensive consideration during practical
application. Considering  noise attenuation
performance and cost, the expansion chamber is
chosen as the improvement solution.

4. Control Scheme Simulation Analysis

The schematic diagram of the improvement
solutions is shown in Figure 6. In the diagram,
scheme a represents the expansion chamber solution
without an internal perforated pipe structure, while
scheme b represents the expansion chamber with an
internal perforated pipe.

(a) The expansion chamber solution without an
internal perforated pipe structure

(b) The expansion chamber with an internal
perforated pipe

Figure 6: Schematic diagram of improvement

solutions
Notes: R represents the diameter of the expansion
cavity, L represents the length of the expansion
cavity, and the red box area represents the

perforation area.

A finite element simulation model of the muffler
is established to simulate and analyse the muffling
performance of the improved scheme in the problem
frequency domain [15-17]. The simulation results of
the noise attenuation performance of the expansion
chamber are shown in Figure 7. The dashed line
represents the solution with an expansion chamber
length of 200 mm, while the solid line represents the
solution with an expansion chamber length of 324
mm. Each condition simulates five different internal
diameters of the expansion chamber: 90 mm, 100
mm, 110 mm, 120 mm, and 150 mm. Comparative
analysis shows that for the solution with an
expansion chamber length of 324 mm, as the internal
diameter increases, the noise attenuation
performance improves. When the internal diameter
reaches 120 mm, the solution achieves a 20 dB noise
attenuation capability in the 200-300 Hz range.
Solutions with an internal diameter smaller than 120
mm do not achieve this performance. For the
solution with an expansion chamber length of 200
mm, as the internal diameter increases, the noise
attenuation performance also improves. When the
internal diameter reaches 140 mm, the solution
achieves a 20 dB noise attenuation capability in the
205-300 Hz range.
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Solutions with an internal diameter smaller than
140 mm do not achieve this performance.
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Figure 7: Noise attenuation performance (Solid line:

L=200mm, Dashed line: L=324mm)

Based on the analysis above, the design
parameters for the expansion chamber verification
samples are as follows:

- The intake and exhaust ports have the same
length, internal diameter, and external diameter
parameters, which are 50 mm, 26 mm, and 30 mm,
respectively.

- Sample 1: Expansion chamber, internal
diameter R = 120 mm, internal length L = 324 mm.

- Sample 2: Expansion chamber, internal
diameter R = 140 mm, internal length L = 200 mm.

A finite element simulation model of the muffler
is established to simulate and analyse the muffling
performance of the improved scheme in the problem
frequency domain. The simulation results of the
noise attenuation performance of the expansion
chamber with an internal perforated pipe are shown
in Figure 8 and Figure 9. Figure 8 shows the analysis
results for the scheme with a 6 mm perforation
diameter, while Figure 9 shows the analysis results
for the scheme with a 5 mm perforation diameter.
Comparative analysis shows that for the scheme
with an expansion chamber + internal perforated
pipe (6 mm perforation diameter), the 15 dB noise
attenuation capability corresponds to frequency
bands of 193 Hz and 375 Hz, while the 20 dB
capability corresponds to frequency bands of 221 Hz
and 324 Hz. These frequency bands generally cover
the primary frequency range of the air compressor
noise issue, and the centre frequency aligns with the
air compressor noise problem's centre frequency.
For the scheme with an expansion chamber +
internal perforated pipe (5 mm perforation
diameter), the 15 dB noise attenuation capability
corresponds to frequency bands of 182 Hz and 343
Hz, while the 20 dB capability corresponds to
frequency bands of 209 Hz and 299 Hz. These bands
also cover the primary frequency range of the air
compressor noise issue. Although there is a
deviation from the centre frequency of 262 Hz, the
noise attenuation capability at 262 Hz still reaches
20 dB.
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Figure 8: Noise attenuation performance (6 mm
perforation diameter)

Figure 9: Noise attenuation performance (5 mm

perforation diameter)

- Sample 3: Expansion chamber + internal
perforated pipe, 6 mm perforation diameter, 16
perforations (4 in each row, with a 90-degree
circumferential spacing, 4 rows in total),
approximately 30 mm spacing.

- Sample 4: Expansion chamber + internal
perforated pipe, 5 mm perforation diameter, 20
perforations (5 in each row, with a 90-degree
circumferential spacing, 4 rows in total),
approximately 25 mm spacing.

5. Verification Analysis

Samples 1 (the first group) and 3 (the second group)
were used as verification measures and applied to
the test vehicle for real vehicle validation studies.
The primary test conditions were the overall noise at
idle and the spectral performance at idle, with the
verification state divided into subjective evaluation
and objective evaluation.

Objective Evaluation:

First, the overall noise analysis is shown in Figure
10. The noise test results for the original state, first
group solution, and second group solution under idle
conditions are presented in the figure. The results
show that compared to the original state, both the
first group solution and the second group solution
significantly improve noise levels. Under the air
charging state, the second group showed the most
significant improvement, reducing the interior noise
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to within 52 dB(A), achieving an ideal noise
attenuation effect. In the non-air charging state, the
second group solution also demonstrated the most
significant improvement compared to the original
state, reducing the interior noise to within 52 dB(A),
achieving comprehensive noise attenuation.

The original state The first group The second group
Figure 10: Overall noise verification results
Notes: B represents the air charging state, m
represents the non-air charging state.
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Figure 11: Noise spectrum verification results
Notes: Red represents the original state, dark blue
represents the first group, and light green represents
the second group.

In terms of objective evaluation, the spectral
performance analysis continues as shown in Figure
11. The noise test results for the original state, first
group solution, and second group solution under air
charging idle conditions are shown in the figure. The
results demonstrate that compared to the original
state, both the first and second group solutions
exhibit significant noise attenuation in both the
centre frequency and the side frequency bands. The
second group solution showed the most significant
improvement compared to the original state,
achieving sufficient noise attenuation.

Subjective Evaluation:

The subjective evaluation also identified the
overall vibration and noise performance. Compared
to the original state’s subjective evaluation result (5
points, fail), where there was significant "thumping"
noise both inside and outside the vehicle during the

air compressor operation and an increased sense of
vibration inside the vehicle, the improved state’s
subjective evaluation result was 7.5 points, with no
obvious "thumping" noise inside or outside the
vehicle, and the sense of vibration inside the vehicle
was significantly reduced. The subjective evaluation
results were consistent with the objective evaluation.

The above conclusions validate the relevance,
rationality, and effectiveness of the mechanism
analysis, improvement solution, and the simulation
results of the improvement solution.

6. Conclusions

The air compressor noise issue is identified as a
resonant cavity noise problem, similar to the noise
performance of an engine piston cylinder. The
absence of a muffler on the intake side is the direct
cause of the air compressor noise, which further
radiates outward through the intake duct, causing
more widespread pulsating noise issues.

The improvement solution proposed in the paper,
as demonstrated by simulations, achieves a 20 dB
noise attenuation capability in the 200-300 Hz range,
covering the main frequency range of the air
compressor noise issue, and the centre frequency
aligns with the air compressor noise problem's
centre frequency.

The validation of the improvement solution
shows that it has reduced the interior noise to within
52 dB(A), achieving an ideal noise attenuation effect.
The noise attenuation was significant for both the
centre frequency and the side frequency bands,
achieving sufficient noise attenuation, and the
subjective evaluation improved by 2.5 points. These
results validate the relevance, rationality, and
effectiveness of the mechanism  analysis,
improvement solution, and the simulation results.
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