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Abstract⎯ In order to study the response characteristics of infrasound in coal samples under the uniaxial
loading process, coal samples were collected from GengCun mine. Coal rock stress loading device, acoustic
emission tested system and infrasound tested system were used to test the infrasonic signal and acoustic emis-
sion signal under uniaxial loading process. The tested results were analyzed by the methods of wavelet filter,
threshold denoise, time–frequency analysis and so on. The results showed that in the loading process, the
change of the infrasonic wave displayed the characteristics of stage, and it could be divided into three stages:
initial stage with a certain amount infrasound events, middle stage with few infrasound events, and late stage
gradual decrease. It had a good consistency with changing characteristics of acoustic emission. At the same
time, the frequency of infrasound was very low. It can propagate over a very long distance with little attenua-
tion, and the characteristics of the infrasound before the destruction of the coal samples were obvious. A
method of using the infrasound characteristics to predict the destruction of coal samples was proposed. This
is of great significance to guide the prediction of geological hazards in coal mines.
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INTRODUCTION
The reason why acoustic characteristics that are

monitored in the loading process can be used for
researching the deformation and damage characteris-
tics of coal samples is that the strong heterogeneity and
difference of stress distribution of coal samples can
cause uneven local deformation, and this deformation
interacts with air to produce sound waves with differ-
ent characteristics. These differences of the sound
wave are the appearance representation of internal
deformation of coal samples, which provides a feasible
method for studying the internal damage of coal sam-
ples. So, it has attracted many scholars to study the
relationship between the responses of sound wave and
the deformation of coal samples. In papers [1–3] there
are tested the acoustic emission in the loading process
with coal samples, rock samples and so on, and stud-
ied the relationship between the failure of the samples
and acoustic emission characteristics. In papers [4–9]
there are studied the response characteristics of acous-
tic emission in the process of uniaxial loading, three
axes loading, cyclic loading, unloading confining
pressure loading and so on, and got the response char-

acteristics of acoustic emission at different deforma-
tion stages. In papers [10–14] there are tested the
characteristics of acoustic emission in different test
conditions, such as loading speed and confining pres-
sure, and analyzed the effects of test conditions. In
papers [15–19] there are tested the characteristics of
acoustic emission in different environmental condi-
tions, such as temperature, water saturation, adsorp-
tion capacity, and studied the influence of these fac-
tors. In papers [20, 21] there are tested the response
rule of infrasonic wave in the loading process with the
samples in different lithology, and analyzed the rela-
tionship between the acoustic wave and samples
destruction. In the past, scholars had made a lot of
research results. However, there are few reports on
response characteristics or precursor characteristics of
the infrasound in different loading stage, and the
response characteristics of the infrasound are the bases
for the accurate prediction of coal rock failure. There-
fore, based on the analysis of the response characteris-
tics of infrasound in the loading process, a method of
how to use the infrasound signal to predict the
destruction of coal samples is put forward. It is
expected to provide guidance for the prediction of geo-
logical hazards in coal mines.1 The article is published in the original.
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1. EXPERIMENT DESCRIPTIONS

1.1. Experimental Principle and Experimental Device

1.1.1. Experimental principle. In the loading pro-
cess, the strong heterogeneity and difference of stress
distribution of coal samples can cause uneven local
deformation, and it interacts with air to produce sound
wave with different characteristics. The characteristics
of these sound waves are the results of the coupling
action of the coal samples properties, loading mode,
loading stage and so on. The different characteristics
reflect the evolution and damage process of the coal
samples. Therefore, on the basis of a large number of
tests, the identification method and the recognition
feature of damage are established. Then, the damage
of coal samples is retrieved and predicted in the load-
ing process according to the characteristic of acoustic
wave.

1.1.2. Experimental device. The experimental sys-
tem includes a self-developed coal rock creep and
seepage device, CASI-ISM-2013 high precision
capacitive infrasound sensor developed by the Insti-
tute of acoustics of the Chinese Academy of Sciences,
and a multi-channel fully digital PCI-2 type acoustic
emission system developed by the American Physical
Acoustics Co. The device mainly includes the axial
compression loading system, the stress–strain acqui-
sition system, the infrasonic wave/acoustic emission

acquisition and analysis system. The schematic dia-
gram of the experimental principle is shown in Fig. 1.

(1) Stress loading system.
The stress loading device is controlled by a full dig-

ital computer program. It can automatically save and
display the data. At the same time, it has the advan-
tages of high resolution, high control accuracy, low
failure rate, and ensures the reliability of the experi-
mental data. The axial loading stress in the loading
system can be realized in the range 1–500 kN; the
stress sensor is mainly used to monitor the axial stress,
its monitoring range is 0–500 kN, and the test force res-
olution is less than 2.5 N. The displacement sensors are
used to monitor the axial displacement monitoring, their
displacement measurement range is 0−150 mm, and the
displacement resolution is less than 0.002 mm.

(2) Acoustic emission acquisition system.
The acoustic emission acquisition system transmits

the signal collected by an acoustic emission sensor to a
pre-amplifier. The pre-amplifier transmits the ampli-
fied signal to the signal acquisition and processing
card of sound emission. At last, the acoustic emission
signal is analyzed by the analysis software, and the
characteristic curve of acoustic emission signal is
obtained. The acquisition parameters of the system are
as follows. The frequency range is 1−3 MHz. The sig-
nal amplitude is 17–100 dB. The acquisition fre-
quency is 40 MHz, the input impedance is 50 Ohm,
the impact time is 0–104 ms, its resolution power is
1.6 μs, the impact locking time is 0–65 ms, its resolu-
tion power is 1 μs.

(3) Infrasonic wave acquisition system.
In the infrasonic wave acquisition system, non-

electrical signals are transformed to electrical signals
through the infrasound sensor. Then the signals are
amplified and transmitted to the digital network trans-
mission collection device. The working principle of
the sensor is shown in Fig. 2. A capacitor is formed
between the metal diaphragm and the metal plate. The
metal diaphragm is affected by sound waves, which
causes the change of the distance d between the plates.
Thus, the capacitance of the parallel plate capacitor is
changed. The conversion of non-electric signals to
electric signals is realized by the change of capaci-
tance. The change of capacitance reflects the informa-
tion about the infrasonic wave.

According to the principle of capacitance, the cal-
culation formula of capacitance is as follows:

(1)

where  is the constant of dielectric; S is the area of
parallel plate; k is the constant of electrostatic force;
d is the spacing of parallel plate. When the change of d
is Δd, the change of capacitance is as follows:
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Fig. 1. Schematic diagram of experimental apparatus: 1⎯
axial compression system, 2⎯stress transducer, 3⎯strain
transducer, 4⎯acquisition system of infrasonic wave, 5⎯
acquisition system of acoustic emission, 6⎯sample cylin-
der, 7⎯host computer.
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