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Abstract 
Based on the finite element method (FEM), the microelement mesh model of sound energy density and 
sound pressure level in the environment of fully mechanized mining face is established, and the ecological 
simulation of the noise field characteristics in the long space of the fully mechanized roadway is carried out 
by using COMSOL Multiphysics. The influence of the distance of the receiving point, the shape of the 
section and the area of the section on the sound field of the roadway is analyzed on the basis of soundscape 
ecology. The results show that: (1) In the whole tunnel space, when the receiving point is close to the sound 
source, the attenuation is very fast and close to linear attenuation. When the receiving point is located at a 
certain distance from the outlet of the roadway, the sound energy basically remains unchanged in the 
environment. When the receiving point is close to the exit position of the end face, the attenuation of small 
amplitude appears again; (2) If the cross-sectional geophysical area of the fully mechanized mining work is 
constant, when the cross-sectional shape is trapezoidal or rectangular. The attenuation trend of acoustic 
energy along the distance is basically the same. And the change rate of the cross-sectional shape to the sound 
pressure level is not much different, but when the cross-sectional shape is trapezoidal, the noise attenuation 
is faster; (3) The section area of fully mechanized coal mining has great ecological influence on the sound 
pressure level, and the larger the section area, the faster the decline. 
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PREFACE 
Noise occurs in all aspects of life, and long-term 

living in the noise will cause many harm to the human 
body. In the field of soundscape ecology, studies at 
home and abroad have shown that people living with 
more than 85 dB of long-term living conditions are 
more likely to experience deafness, insomnia, 
palpitation, and neurasthenia. In addition to its adverse 
effects on physiology, noise has a great influence on 
people’s mental and behavioral abilities. Coal mine 
miners have long been faced with noisy environment, 
especially in the fully mechanized coal mining face, 
which has caused great harm to the physical and mental 
health of workers. It is a typical occupational noise 
pollution area. When Coal mine miners Long-term 
exposure to strong noise in the underground 
environment tends to reduce the reliability of miner’s 

behavior and lead to ecological accidents. Data studies 
have shown that for workers at the fully mechanized 
face, if the noise is reduced by 14.5%, the output can be 
increased by 8.8% and the probability of misbehavior 
will be reduced by 24%. Therefore, the study of 
soundscape ecology, downhole noise propagation and 
attenuation laws will help improve the underground 
working environment, help protect the health of 
workers, reduce human errors, and increase production 
efficiency. 

At present, there are few studies on ecological noise 
propagation rules in the sound field of fully mechanized 
coal face. The previous studies mostly focused on the 
noise reduction of mining machinery, Study on noise 
characteristics of fully mechanized mining face from the 
angle of human-machine-environment, it is of great 
significance to improve the working environment in the 
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coal mine. Based on the theory of long-space acoustics 
and the finite element analysis method, this paper 
analyzes the noise attenuation law of the roadway of 
fully mechanized mining from the coalface sound 
absorption coefficient of fully mechanized mining 
roadway, and uses COMSOL simulation software to 
carry out numerical simulation. 

THE ESTABLISHMENT OF A FULLY 
MECHANIZED MINING FACE MODEL 
The process flow of the fully mechanized mining 

face includes: breaking coal, loading coal, transporting 
coal, supporting (moving and pushing), and processing 
of goafs. The entire roadway size structure is much 
larger in length than its width and height, but the sound 
absorption coefficient in its axial direction may not be 
exactly the same. The fully mechanized mining face is a 
typical acoustic long space. Fig. 1 shows the internal 
structure of the roadway in fully mechanized mining 
face. 

The working face of the fully mechanized mining 
face is relatively narrow, including many large-scale 
mechanical equipment, and each device sounds 
according to a certain work flow. The environmental 
noise sources of the comprehensive mining face mainly 
come from the shearer, scraper conveyor, hydraulic 
support, etc. In the process of coal breaking, the noise 
source is mainly from the shearer. The acoustic 
characteristics of the four sides of the fully mechanized 
mining face are quite different, which results in the 
complexity of sound field propagation and noise 
prediction of the fully mechanized mining face. 
Ergonomics is a discipline that studies human, 
mechanical, and environmental interactions, adapts the 
design of the machine to the environment to human 
needs to improve production and life efficiency. 

Acoustics is the study of the physics of sounds, 
which produce sound waves from disturbances caused 
by the air. Acoustic diffusion equations can be used to 
solve acoustic energy density distributions in rooms, 
and are suitable for high frequency acoustic studies of 
diffuse sound fields in environment. The diffusion of 
sound energy density depends on the mean free path of 
the sound wave and the geometry of the space and the 
sound absorption coefficient of the wall. The equation 
describing the sound propagation in a fluid is derived 
from the control equation of the fluid flow, that is, the 
conservation of mass equation described by the 
continuity equation. It is often cited as the momentum 
conservation equation and the energy conservation 
equation of the Navier-Stokes equations; there is also a 
model constitutive equation; and the equation of state 
describing the thermodynamic variables. It is assumed 
that the fluid is lossless and thermally insulated, 
ignoring the viscous effect, and using a linear isentropic 
state equation. Based on the above assumptions, the 
sound field is described by a variable sound pressure p 
(unit: Pa) and solved by the wave equation. 
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In the equation, t represents time (unit: s), ρ0 is fluid 
density (unit: kg/m3), c is (adiabatic) speed of sound 
(unit: m/s). The more common situation is that any 
signal can be converted by a Fourier transform into a 
series of harmonic components. The wave equation can 
solve one frequency at a time in the frequency domain. 
The general form of the harmonic solution is as follows: 

 p(𝑥𝑥, 𝑡𝑡) = 𝑝𝑝(𝑥𝑥)sin (𝑤𝑤𝑡𝑡)  

In a homogeneous medium, a simple solution to the 
Helmholtz equation is a plane wave: 

 p = 𝑝𝑝0𝑒𝑒𝑖𝑖(𝑤𝑤𝑡𝑡−𝑘𝑘∙𝑥𝑥)  

This paper is based on the Finite Element Method 
(FEM) to study the propagation and attenuation law of 
long spatial noise in roadways. Kang J of the University 
of Cambridge gave a long spatial acoustic calculation 
formula and related theories. The study found that 
indoor acoustics are mainly based on uniform diffusion, 
and the acoustic energy density varies little with 
distance. However, in the long-space propagation of 
sound, the sound pressure level continues to attenuate 
in the length direction, the noise is not easy to spread, 
and the reverberation time constantly changes. 
According to the actual situation of the fully 
mechanized mining roadway, part of the noise energy 
radiated from the working surface is specularly reflected 

 
Fig. 1. Roadway structure diagram of fully mechanized 
mining face 
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on the wall surface, and part of the noise occurs non-
specular reflection. According to the superposition 
principle of the sound energy density at the receiving 
point, the sound energy density and the sound pressure 
level have the following relationship: 

 𝜀𝜀𝑤𝑤ℎ𝑜𝑜𝑜𝑜𝑜𝑜 = p𝑜𝑜2/(𝜌𝜌0𝑐𝑐02)  
 𝑠𝑠𝑝𝑝𝑜𝑜 = 20 lg�𝑝𝑝𝑜𝑜/𝑝𝑝𝑟𝑟𝑜𝑜𝑟𝑟�  

Among them, 𝜌𝜌0 is the air density; 𝑐𝑐0 is the speed of 
sound;, 𝑝𝑝𝑟𝑟𝑜𝑜𝑟𝑟  = 2× 10-5Pa; 𝑠𝑠𝑝𝑝𝑜𝑜 is the sound pressure 
level, and the corresponding acoustical parameters in 
the long space of the roadway can be obtained. 

It can be seen from the structural map of the 
roadway of the fully-mechanized mining work that the 
roadway of the fully-mechanized mining works has the 
following features: (1) when the shape of the roadway 
in the axial direction remains basically unchanged, the 
general cross-section is trapezoidal and rectangular; (2) 
The roadway of the fully-mechanized mining face is 
closed on all sides (both ends It is the air inlet and return 
air lanes). The one-dimensional length is longer than 
the roadway space of many other two-dimensional 
lengths (as shown in Fig. 2). Therefore, the roadway of 
the fully mechanized coal mining face can be regarded 
as a narrow long acoustic spatial structure to simulated. 
In the figure, l is the length of the roadway, m is the 
width of the roadway, and n is the height of the roadway 
(where l>>m, l>>n). 

This paper explores the propagation law of sound 
field in fully mechanized mining face, mainly 
considering the following aspects: (1) Influence of 
roadway geometry on noise propagation and 
attenuation; (2) Influence of cross section shape of 
roadway on noise propagation and attenuation in fully 
mechanized mining face; (3) Influence of cross-section 
area of roadway in fully mechanized mining face on 
noise propagation and attenuation. 

There are many kinds of sound sources for the 
environmental noise of the fully mechanized mining 
face. This article only considers the impact of the single 

sound source noise of the shearer on it. Use the 
Acoustic Diffusion Equation of Acoustics Module in 
COMSOL Multiphysics to solve. The acoustic 
diffusion equation is suitable for solving the problem of 
diffusion of acoustic energy density, and obtaining the 
corresponding acoustic energy attenuation curve. The 
roadway material zone was set to air, density 
ρ=1.29kg/m3, and sound speed c=343m/s. Since the 
length is much larger than the width and height, this 
type of long spatial sound field does not diffuse, and the 
excitation power of the noise source Q=2E-5W is set to 
simulate the acoustic energy density distribution in the 
space, and the model is finally solved. 

NOISE PROPAGATION AND 
ATTENUATION LAW OF LONG SPACE IN 

ROADWAY OF FULLY MECHANIZED 
MINING FACE 

Influence of Distance of Roadway Receiving 
Point of Fully Mechanized Mining Face on 

Sound Pressure Level 
Selecting the comprehensive mining roadway of a 

mine belonging to Henan Jiaozuo Coal Group as a 
calculation research model: the length is l=150m, 
m=5m, and n=3m. The sound absorption coefficients 
of the gob, rock, coal wall, and machine steel plate are 
shown in Table 1. The sound absorption coefficient at 
both ends is set to 1 to simulate the state of the sound at 
both ends of the boundary without reflection, and the 
excitation power is 1W. The sound source is located at 
the leftmost end of the gob of the fully mechanized 
mining roadway, and the receiving point is located at the 
center of the roadway along the sound source. The axial 
position, as shown in Fig. 3, is the attenuation curve of 
the sound pressure level as the receiving point is far 
from the sound source. 

From the curve in Fig. 3, we can see that within the 
entire tunnel space, the receiving point is within 70m 
away from the sound source, and the attenuation is very 
fast, falling from 105.7dB at the beginning to 54.4dB, 
and the attenuation rate is 48.5%, and the attenuation is 
basically linear. The receiving point is located 10m away 
from the exit of the roadway, which approach the exit 
of the roadway, the acoustic energy remains basically 
unchanged in the roadway. When the receiving point 

 
Fig. 2. Schematic diagram of roadway in fully 
mechanized mining face 

Table 1. Acoustic absorption coefficient of fully-
mechanized mining roadway 

Region Sound absorption coefficient 
Goaf 0.8 
Rock 0.25 

Coal wall 0.4 
Machine steel plate 0.25 
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approaches the exit position of the end face, slight 
attenuation occurs again. 

The sound source location is located at the middle 
end of the gob of a fully mechanized mining roadway, 
and the receiving point is located at the axial position of 
the sound source along the center of the roadway, As 
shown in Fig. 4, the attenuation curve of the sound 
pressure level as the receiving point is far from the 
sound source. The sound pressure level of the excitation 
position is the largest, centered on the excitation point, 
falling from the initial 105.2dB to 51dB within a 
distance of 75m from the sound source, and the 
attenuation ratio is 51.5%. The sound pressure 
attenuation along the distance from the receiving point 
within the roadway is linearly symmetrical trend. 

The sound source is located at the far right end of 
the gob of the fully mechanized mining roadway, and 
the receiving point is located at the axial position of the 
sound source along the center of the roadway. Fig. 5 
shows the attenuation curve of the sound pressure level 
as the receiving point is far from the sound source. The 
sound pressure level of the excitation position is the 
largest, with the excitation point as the center. Within 

70 m from the sound source, it drops from the initial 
105.7 dB to 54.5 dB, and the attenuation ratio is 48.4%. 
The change is exactly the opposite of the change in 
sound pressure attenuation along the distance from the 
receiving point in the lane under the left excitation (Fig. 
3). 

Comparing the sound pressure attenuation change 
along the distance of the receiving point in the left-side 
excitation roadway, the sound pressure attenuation 
change along the distance of the receiving point in the 
roadway under the middle excitation, and the sound 
pressure attenuation change along the distance of the 
receiving point in the roadway under the right 
excitation can be found that the variation of the 
attenuation has nothing to do with the action point of 
the excitation position and the attenuation of the sound 
pressure under the fixed excitation is the same. The 
sound pressure distribution in the three cases is shown 
in Fig. 6. 

 
Fig. 3. The variation of sound pressure attenuation 
along the distance between the receiving points in the 
roadway under the excitation of the left end 

 
Fig. 4. Variation of sound pressure attenuation along 
distance of receiving point in roadway under 
intermediate excitation 

 
Fig. 5. The variation of sound pressure attenuation 
along the distance of the receiving point in roadway 
under the excitation of the right end 

 
Fig. 6. (a)Acoustic pressure Distribution Map of 
roadway under left-end excitation; (b) Acoustic 
pressure Distribution Map of roadway under 
Intermediate excitation; (c) Sound pressure 
Distribution Map of roadway under Right-end 
excitation 
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Effect of Section Shape of the Fully Mechanized 
Mining Face on Sound Pressure Level 

Schematic diagram of the fully mechanized mining 
face shown in Fig. 2, assuming that the cross section of 
the fully mechanized coal mining face is rectangular and 
the cross section area is 15m2. The sound absorption 
coefficient of the comprehensive mining roadway is 
shown in Table 1. Consider the different aspect ratio 
under the rectangular section (m /n) Propagation and 
attenuation of noise. Fig. 7 shows the sound pressure 
field distribution of roadways with different aspect 
ratios when the section of the fully mechanized mining 
face is rectangular. Combined with the data in Table 2 
and Fig. 8, it can be seen that the rectangular sections 
with different aspect ratios in the fully mechanized 
mining face have little influence on the sound pressure 
level and can be almost ignored. When the aspect ratio 
is 4:1, the sound pressure level change rate is 53.7%. 
When the aspect ratio is 3:1, the sound pressure level 
change rate is 54%. When the aspect ratio is 2:1, the rate 
of change of the sound pressure level was 54.1%, and 
when the aspect ratio was 1:1, the rate of change of the 
sound pressure level was 54.9%. As can be seen from 
Fig. 8, when the aspect ratio is 1:1, 2:1, and 3:1, the 
attenuation of the sound pressure level with distance at 
different aspect ratios basically coincides. When the 

aspect ratio is 4:1, the change in sound pressure level is 
slightly smaller than that of the other three aspect ratios 
because the change in aspect ratio is relatively large, but 
the difference is small. When the working section of the 
fully mechanized mining is a fixed rectangle, the rate of 
change of the sound pressure level is not large with the 
difference of the aspect ratio. As the longitudinal width 
increases, the rate of change of the sound pressure level 
gradually decreases. 

When the cross section of the fully mechanized 
mining face is trapezoidal and the cross section area is 
15m2, the sound absorption coefficient of the 
comprehensive mining roadway is shown in Table 1. It 
can be seen from Fig. 9(b) and Fig. 10 that the cross 
section of the fully mechanized mining face is 
rectangular or trapezoidal. The decaying trend of the 
sound pressure level along the distance is basically 
unchanged, but the trapezoid is falling faster. When the 
cross-sectional area is rectangular, the change rate of 
sound pressure level is 54.4%. When the cross-sectional 
area is trapezoidal, the change rate of sound pressure 
level is 54.9%. In summary, the cross-sectional shape of 
the fully mechanized mining work has less influence on 
the sound pressure level, but when the cross-sectional 
shape is trapezoidal, the noise decays quickly. 

 
Fig. 7. Distribution of sound pressure field in roadway 
with different aspect ratio when cross section of fully 
mechanized coal face is rectangular 

 

 
Fig. 8. The attenuation relation of sound pressure level 
with distance under different aspect ratio when the 
cross section of fully mechanized coal face is rectangular 

 
(a) 

 
(b) 

Fig. 9. (a) Geometric diagram of trapezoidal section of 
fully mechanized mining face (b) Attenuation of 
different cross-section shapes along distance 
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Influence of Section Area of Fully Mechanized 
Mining Face on Sound Pressure Level 

When the section shape of the fully mechanized 
mining face is rectangular, the aspect ratio m/n is 2, the 
cross-sectional area is 3m2, 10m2, 18m2 respectively. 
The sound absorption coefficient of the fully 
mechanized mining roadway is shown in Table 1. As 
can be seen from Fig. 11 and 12, when the cross-
sectional shape of the fully mechanized mining working 
face is gradually increased, the attenuation trend of the 
sound pressure level along the distance is basically the 
same, and all is linearly decreased first, and then remains 
unchanged., when, approaching the exit position of the 
end face, a slight amplitude attenuation occurs again, 
and the cross-sectional area is more Big, the faster drop, 
the more move to the left. In summary, the cross-
sectional area of the fully mechanized mining has a 
greater impact on the sound pressure level, and the 
larger the cross-sectional area, the faster the decline 

Comparison between Measured Data and 
Theoretical Data 

Fig. 13 is the comparison of actual measured value 
and theoretical numerical value of the sound pressure 
level and mechanical noise source distance in the sound 
field of a coal mining mine under the control of a coal 
mine of the JiaoZuo Coal Group in Henan Province. 

The measured data of the sound attenuation curve along 
the distance and the theoretical calculation data of the 
sound attenuation curve along the distance is basically 
the same: when the shearer is at the leftmost end, the 
sound pressure level continues to decrease as the 
distance of the receiving point increases from the sound 
source, and before The linear attenuation is basically 
75m, and the decay speed is faster. The receiving point 
is within 75m-140m from the sound source position. 
The acoustic energy remains basically unchanged in the 
tunnel and is always in a steady state of linear 
attenuation; when the receiving point is close to the exit 
position of the end face, there is a slight attenuation. 
The measured data basically conforms to the spatial 
propagation and attenuation laws of acoustical long-
distance tunnels, and the simulated data is basically 
consistent with the measured data. 

The theoretical calculation data and the measured 
data are different by 3dB-4dB, the main reasons are as 
follows: 1 The actual coal mining wall of the fully 
mechanized mining roadway is uneven, and the 
geometric shape is slightly different from the ideal 
model of this paper; 2 The actual fully mechanized 
mining roadway will have bending and slope, the 
theoretically calculated data is based on the cross-
section perpendicular to the noise source in the 
longitudinal direction of the roadway. 3 During the 
actual measurement of coal mines, there are 
interferences from other mechanical and environmental 
noises. 

SUMMARY 
The finite element method can be used to analyze 

the sound field distribution in the roadway of fully 
mechanized coal mining environment. The attenuation 
value of the sound pressure level along the distance can 
be obtained by three factors affecting the distance of the 

 
Fig. 10. Distribution of sound pressure field in roadway 
with different cross section shapes 

 
Fig. 11. Distribution of sound pressure field in roadway 
under different cross section area 

 

 
Fig. 12. The attenuation relation of sound pressure 
value with distance under different cross section area 

 
Fig. 13. Attenuation along distance between practical 
measurement and theoretical calculation of roadway 
under left end excitation 
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roadway receiving point of the fully mechanized mining 
face, the cross-sectional shape of the fully mechanized 
coal mining face and the cross-sectional area. It can be 
known that: (1) In the whole tunnel space, when the 
receiving ecological point is within the range close to 
the sound source, the attenuation is very fast, and the 
attenuation is close to linear. When the distance from 
the receiving point to the exit of the roadway is a certain 
distance, the sound energy remains ecologically 
unchanged in the roadway. When the point is close to 
the exit position of the end face, a slight amplitude 

attenuation occurs again. (2) When the cross-sectional 
area of the fully mechanized mining work is certain, the 
cross-sectional shape is trapezoidal or rectangular, and 
the attenuation of sound energy along the distance is 
basically the same The cross-sectional shape has little 
difference in the rate of change of the sound pressure 
level, but when the cross-sectional shape is trapezoidal, 
the noise decays faster; (3) The cross-sectional area of 
the fully mechanized mining work has a greater 
influence on the sound pressure level, and the larger the 
cross-sectional area, the lower The faster. 
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