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A multisignal nanosecond synchronous acquisition system to measure acoustic emission (AE) and electromagnetic radiation
(EMR) generated during the process of loading and failure of coal and rock samples is established. The correlation between the
energy of the AE and EMR signals and the loading stress of outburst coal-rock samples was studied, and the characteristics of
the AE and EMR signals during the process of loading and fracturing the outburst coal and rock samples were analyzed. The
results show that (1) before the failure of the outburst coal and rock samples, the fluctuation of the AE and EMR signals is the
largest, with the same rising and falling trend, and the intensity is not strictly positively correlated, with the phenomenon of
low EMR when the AE intensity is high; (2) the EMR and AE deviation degree and frequency exhibit a good response to coal
and rock fracturing. The correlation between EMR and stress drop is stronger than that of AE, and the AE signal is richer
than the EMR signal. The results show that it is feasible to develop combined AE and EMR early warning technology to
improve the early forecasting accuracy of coal and gas outbursts.

1. Introduction

Many studies at home and abroad show that the energy
accumulated in coal and rock masses is released in the form
of acoustic emission (AE), electromagnetic radiation (EMR),
and so on [1–4]. As real-time and continuous geophysical
monitoring methods, AE and EMR monitoring is widely
used in structural stability monitoring, coal and gas outburst
monitoring, rock burst monitoring, and other fields. With
the increasing depth and intensity of coal mining in recent
years, there is an increasing risk of coal and rock dynamic
disasters occurring, thereby threatening the safe production
of coal [5–8]. Using AE and EMR monitoring methods to
achieve accurate monitoring and early warning of coal and

rock dynamic disasters is very important for disaster preven-
tion and control and is worthy of further study.

AE is a kind of elastic wave phenomenon produced by
the energy released from the fracturing of solid materials.
Compared with EMR monitoring of coal and rock, there
have been more studies performed on AE monitoring and
it is also more widely used. Zhao [9], Cao et al. [10], and
Gao et al. [11] have studied the theoretical and measured
AE signal characteristics from coal and gas outbursts. Liu
et al. [12] focused on AE characteristics during coal seam
excavation and outburst in a structural belt and revealed that
the AE signal could better reflect the dynamic changes in the
coal and rock. Yu and Fu [13] used a wavelet packet trans-
form to extract the AE signal completely from the noise
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during a coal and gas outburst, thereby increasing the accu-
racy of the early warning system.

EMR is a type of electromagnetic energy released in the
process of deformation and fracture of coal and rock masses
and is closely related to the loading condition, deformation,
and fracture processes in the coal and rock mass. Frid
[14–16], a former Soviet scholar, studied the physical and
mechanical state of coal and the influence of gas on the
EMR intensity of the working face. Frid reported that the
increase in rock and gas outburst disasters leads to changes
in the geophysical parameters of rock near the mining face
and that rock and gas outbursts can be predicted by monitor-
ing the EMR signal generated by rock fracture. Liu et al., He,
andWang et al. [17–21] proved for the first time in China that
EMR is produced in the process of coal deformation and fail-
ure, the EMR signal generated in the process of fracture has
low-frequency characteristics, and the frequency ranges from
several hertz to several kilohertz. Thereafter, an EMR test sys-
tem of electrical parameters of loaded coal rock was estab-
lished, and a noncontact portable and real-time EMR
monitoring instrument for predicting coal and rock dynamic
disasters was developed. Moreover, a noncontact, continuous,
and dynamic monitoring and early warning system for coal
and rock dynamic disasters based on the combination of crit-
ical value and dynamic trends has been put forward. Pan et al.
[22–24] studied the characteristics of charge induction signals
in the process of coal and rock mass fracturing and applied
them in the prediction of coal and rockmass dynamic disaster.

Poturayev et al. [25] performed a comparative study on
AE and EMR of coal and rock under load and showed that
the combined characteristics of AE and EMR can be used
to monitor the stress state of the coal seams at risk of out-
burst near the working face. In view of the different fre-
quency characteristics, Lou et al. [26] studied the AE and
EMR variation of coal fractures under uniaxial compression
and analyzed its time domain and frequency domain charac-
teristics. Wang et al. [27] also found that AE and EMR syn-
chronous monitoring technology to predict coal and rock
dynamic disasters can solve the problem of EMR signals
being susceptible to interference from underground electro-
magnetic fields (such as those from electromechanical
sources and electrical equipment) and that the prediction
accuracy of coal and rock dynamic disasters is higher.

It is clear that there are many studies on the response char-
acteristics of AE and EMR under loading, but few studies have
been performed on their synchronous response characteris-
tics; also, these studies have not been performed at the nano-
second scale. Nanosecond synchronous acquisition is of
great significance in the study of the generation mechanism
of AE and EMR signals from coal and rock microfracturing.
It is also important to analyze the spectrum characteristics of
AE and EMR signals and obtain an AE and EMR monitoring
and early warning system to predict coal and rock fracturing.
Therefore, in this study, a nanosecond synchronous acquisi-
tion system of acoustic electrical signals from coal and rock
under loading force was established. Furthermore, the charac-
teristics of the synchronous AE and EMR response during the
process of loading and fracturing of coal and rock samples
were systematically studied.

2. Experimental System and Scheme

2.1. Synchronous Acquisition Experimental System. In this
study, the simultaneous acquisition of acoustic and electrical
signals of outburst coal rock under uniaxial compression
force was obtained in the research group of Safety Rheology
Mutation, University of Science and Technology Beijing.
The experimental system includes a loading control system,
a synchronous acoustic and electrical data acquisition sys-
tem, and an electromagnetic shielding system. The details
are as follows:

(1) Loading control system: this is mainly used for the uni-
axial compression test of the coal and rock. Loading
control is carried out on a YAW-600 microcomputer-
controlled electrohydraulic servo rock testing machine,
as shown in Figure 1. The entire process of uniaxial
compression stress–strain curve of coal and rock can
be measured in the compression process of coal and
rock samples, and there are three control modes of test
stress (stress, load), deformation (axial strain, radial
strain), and displacement (compression rate). The per-
formance indexes of the testing machine are listed in
Table 1

(2) Synchronous acquisition system: this system
includes a high-speed data acquisition instrument
(as shown in Figure 2) and a data storage and analy-
sis computer. The principle and connection diagram
of the AE and EMR signal acquisition are shown in
Figure 3. The high-speed data acquisition instrument
shown in the figure consists of 12 data acquisition
channels and the synchronous AE and EMR signal
trigger. The acquisition frequency of each channel
is 10MHz (interval 100 nanoseconds), the A/D con-
version accuracy is 16 bits, the input signal voltage
range is ±5V, and the synchronous acquisition error
of the AE, EMR, and load signals is ≤1ms. The
response frequency of the AE sensor used in this
experiment is in the range of 50–400 kHz; the pre-
amplifier magnification is 20, 40, and 60dB adjust-
able; the built-in filter frequency band is 20 kHz–
1.5MHz; the input impedance is >10; the output
impedance is 50. The EMR sensor adopts the loop
receiving field antenna SAS-560 whose frequency
range is 20Hz–2MHz, and the amplification rate of
the EMR preamplifier is 80 dB

(3) EMR signals exist widely in daily life, and all types of
instruments and electrical appliances used in the lab-
oratory can produce EMR signals. To eliminate the
influence of these interference signals on the experi-
ment and ensure the accuracy of the experimental
data, the servo press was placed in the GP1 electro-
magnetic shielding room. The shell of the shielding
room was made of 2mm thick high-quality cold-
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rolled steel plate. The shielding effectiveness indexes
of the shielding room are as follows: 14 kHz ≥ 75 dB,
100 kHz ≥ 95 dB, 200 kHz ≥ 100 dB, and 50 − 100
MHz ≥ 110 dB. In the experiment, the AE and EMR
sensors were placed in the shielding room and the
acquisition instrument was placed outside the shield-
ing room. A connecting line connected the sensor
and the acquisition instrument through a waveguide

2.2. Sample Preparation and Experimental Scheme

(1) Sample preparation: the coal and rock samples used
in this experiment were collected from the Jinjia coal

mine, a typical outburst mine in the Panjiang Mining
Area. The type of coal is fat coal, with 10.24% vola-
tile, 15.63% ash, and 2.58% moisture measured in
the laboratory. The strength of the coal samples
was low; thus, it was difficult to prepare raw coal
samples. Therefore, the coal samples in this experi-
ment were all in the form of briquettes. The specific
production process of briquette is as follows: (1) use
hammers, crushers, etc. to crush large pieces of coal
into smaller ones; (2) the pulverized coal with a par-
ticle size of 0~1mm and 1~3mm shall be sieved with
a sieve and mixed according to the proportion of
76% and 24%; (3) the mixed pulverized coal is evenly

(a) YAW-600 microcomputer-controlled loading system (b) EMR shielding room

Figure 1: Experimental equipment.

Table 1: Performance index of the testing machine.

Category Parameter value Category Parameter value

Maximum test force 600 kN Stiffness K ≥5000 kNmm-1

Piston stroke ≥60mm Relative error of test force ±1%
Measurement range 0–60mm Test force sensing element Pressure sensor

Experimental resolution 3N Test force resolution 1/200000%fs

Displacement resolution 0.3 μm Resolution 1/200000%fsmm

Relative error ±0.5% Clear width of test space 300mm

Data acquisition instrument

Data analysis computer

Data acquisition interface

Figure 2: Synchronous acquisition and analysis system of AE and EMR signal data.
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mixed with 20% sodium humate and placed in the
briquette mold, and the servo press is used to press
the briquette sample to ensure that the peak pressure
of 30 kN is applied for about 15min to make the
pressing range 50mm × 100mm standard coal sam-
ple; (4) after the coal sample is pressed, it is put into
the drying oven for drying and then sealed with
fresh-keeping film. The rock samples used in the
experiment were fine sandstones obtained from the
outburst coal seam roof. Detailed statistics are pre-
sented in Table 2

(2) Experimental steps: this experiment was used to
study the synchronous response characteristics of
the EMR and AE signals measured in the process
of loading deformation and fracture of the coal and
rock samples. The detailed experimental steps are
as follows:

(1) A vernier caliper is used to measure the size of
the coal forming rock sample; then, the develop-
ment of cracks and textures on the sample sur-
face is carefully observed and recorded

(2) All types of experimental instruments are con-
nected according to the requirements; the status
of instruments is checked, and preliminary
debugging is carried out

(3) The EMR receiving antenna is connected well,
and the AE sensor is bonded with the sample
surface with a specific coupling agent

(4) It is then ensured that the instrument, transmis-
sion line, and shielding system are well-
grounded; the press testing machine system is
then started, and the control mode and acquisition
parameters are set according to the experimental
requirements; environmental noise monitoring is

conducted for a period of time, and the threshold
value of each channel is debugged and set

(5) The continuous uniaxial loading mode is
adopted for m6–m9 briquette, and the axial
compression loading rate is 30N s-1. The uniaxial
cyclic loading mode is adopted for the test of the
M11 briquette, and two loading cycles are
adopted until the loading failure. The starting
point of the cycle is 1.5 kN, the initial force is
500N, and the axial compression loading rate is
5N s-1. The displacement-controlled loading
mode is adopted for the Y1–Y4 rock samples,
and the loading rate is 2μMs-1

(6) At the end of the experiment, data collection first
stops, and then, the testing machine is turned off;
then, the EMR and AE data are saved in turn

(3) Data processing method: the characteristics of the AE
and EMR are described in terms of the characteristic
parameters of AE and EMR, namely, data amplitude
E, energy Em, and ring count (pulse, etc.) N. The spe-
cific data processing process is as follows:

(1) By using the full waveform processing software
of the acquisition instrument, the threshold
value of the effective signal and interference sig-
nal is selected

(2) The data are read through the MATLAB soft-
ware. Based on the amplitude characteristics of
the entire process, the appropriate threshold
voltage is selected to filter out the interference
signals from the original AE and EMR signals,
and the useful signal is extracted

(3) According to the threshold voltage and wave-
form identification time of the AE signal, the
AE event is determined, and the parameters of
the AE and EM signals, such as amplitude, dura-
tion, ringing count, and energy, are obtained

EMR power amplifier

Data acquisition instrument

AE preamplifier

Electromagnetic shielding room

Figure 3: Schematic illustration of the synchronous acquisition experimental system.
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3. Synchronous AE and EMR Response from
Coal and Rock Fracturing

3.1. Results of Synchronous AE and EMR Testing of Coal and
Rock Fracturing. The stress–strain curves and acoustic signal
data of 10 outburst coal-rock samples were measured
through the simultaneous acquisition of acoustic and electri-
cal signals of the coal and rock samples under load from the
test system. Among the 10 samples, the acoustic and electri-
cal signals collected from briquette samples were generally
weak, and those from the rock samples under the process
of loading and fracture were better. In this study, four
groups of coal and rock samples (M6, M10, Y1, and Y3) with
good acoustic and electrical data acquisition effects were
selected for analysis.

Figure 4 exhibits that the force control rate of the sample
is 30N s-1, the instability time is 134 s, and the peak stress is
2.0MPa. The changes of AE, EMR, and stress of the coal
samples with time are as follows: at the initial stage of load-
ing, with the gradual increase in pressure, there is no obvious
EMR and AE signal. With the further increase in the pres-
sure, a small amount of AE and EMR signals appear. When
the load continues to increase, the deformation of the sam-
ple becomes serious, the stress curve suddenly drops to a
lower value, and the sample gets seriously broken. At this
time point of sudden pressure drop, the AE and EMR signals
increase sharply. In general, the AE signal increases earlier
than the EMR signal.

Figure 5 shows that the initial force of the sample is
500N, the loading rate is 5N s-1, the peak stress is 1.7MPa,
and the instability time is 1239 s. In the first cyclic loading
process, the AE and EMR signals of the sample are generally
weak and in a relatively stable state. At 524 s, the first cyclic
loading peak appears, while the AE exhibits a small peak;
however, the EMR remains stable. At this time, tiny cracks
appear in the coal body. At 1211 s, the maximum wave peaks
of the AE and EMR signals are 4V and 0.17V, respectively.

Figure 6 demonstrates that for the Y1 rock sample, the
peak stress of the loading rate is 100MPa, and the instability
time is 500 s. The figure illustrates that at the initial stage of
loading, the AE and EMR signals are at a relatively low level
and change smoothly. At 80 and 160 s, owing to the micro-
fracturing in the rock mass, the AE signal exhibits a small

peak, and the EMR signal shows no obvious change. With
the increase in the stress, a series of peaks appear in the
AE at around 300 s, while the EMR shows a small peak. After
reaching the peak stress at 430 s, the stress curve continu-
ously shows a stress drop. In the process of the stress drop,
along with the large increase in the AE and EMR values,
the AE appears to have a stepped upward trend, and the
maximum peak value is 3V at 475 s. The peak value of the
EMR signal is 0.18 v at 497 s. Clearly, the fluctuation of the
AE and EMR signals is the largest in the preinstability stage
of the rock, showing a trend of rising and falling at the same
time. It is consistent in time, but not strictly positive in
intensity. Thus, the phenomenon that the EMR is low when
the AE intensity is high and vice versa is observed.

Figure 7 shows that the peak stress of the Y3 rock sample
is 85MPa and the instability time is 670 s. The figure clearly
illustrates that at the initial stage of stress rise, the AE and
EMR have no obvious change. At about 468 s, the rock stress
reaches the peak value, and then, the stress drops continu-
ously. At the same time, the system monitors a large number
of AE and EMR signals, the peak value of the AE is 4V, and
the peak value of the EMR is 0.46V. During the loading pro-
cess, the AE and EMR show the same rising and falling
trend, which is consistent in time and not strictly positively
correlated in intensity. The phenomenon of low EMR occurs
when the AE intensity is high, and vice versa.

3.2. Synchronous Response Characteristics of Acoustic and
Electrical Signals. Through in-depth analysis of the synchro-
nous acquisition results of the AE and EMR signals in the
loading and fracture processes of the M6, M10, Y1, and Y3
samples, it can be concluded that the synchronous acoustic
electrical response of the outburst coal-rock samples shows
the following characteristics:

(1) In general, the AE signal and EMR signal are posi-
tively correlated with the loading stress of the coal
and rock samples. In other words, in the loading
process of the coal and rock samples, with the
increase in the loading stress, the AE and EMR
values increase. The synchronization of EMR and
AE is related to the stress state of coal and rock. In
the elastoplastic stage, the synchronization is poor,

Table 2: Actual size of experimental coal and rock sample.

Sample number Sample type Diameter (mm) Height (mm) Weight (g) Remarks

M6 Coal 50.8 96.9 269.59

Measurement of synchronous response
characteristics of acoustic and electrical signals

M7 Coal 52 95.3 276.04

M8 Coal 50.2 94 263.98

M9 Coal 52.3 99.4 287.04

M10 Coal 52.1 101 285.35

M11 Coal 52 101.2 285.48

Y1 Rock 51.4 100.6 511.41

Y2 Rock 52.7 96.3 510.82

Y3 Rock 50.6 100.5 492.21

Y4 Rock 51.9 102.4 501.23
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but in the crushing stage, the synchronization is bet-
ter. The reason for this phenomenon is that in the
elastoplastic stage, there are primary cracks in the
sample, the fracture energy is small, and the response
of EMR to these small energy releases is not obvious.
However, AE has a good response to these small
energy elastic wave releases. In the crushing stage,
the internal fracture energy of coal and rock samples
is large, and the response of EMR and AE to fracture
events is increased. Therefore, the AE and EMR
values are reliable indicators for monitoring their
stress state of coal and rock masses

(2) Irrespective of the type of coal sample or rock sam-
ple, the intensity of the AE signal and the EMR sig-
nal and the number of events increase sharply in
the coal rock fracture stage before and after the peak
stress. For example, during the period from 120 s to
the loading failure stage, the EMR value of the M6
coal sample reaches 0.34V at 137.5 s, while the
EMR signal is hardly detected before that. During
this period, the increase in the AE is more obvious;
the maximum value reaches 3.97V, which is far
greater than the base value of the AE signal at the
early stage of loading, and the frequency of the AE
signal after 120 s is 6, which is far greater than the

abnormal number in the first 120 s. Similarly, in
the entire process of loading and fracture of the Y1
rock sample, the base value of the EMR is almost
zero before the stress reaches the peak value at
450 s, and the internal fracture in the rock mass
intensifies at 450 s. Further, the EMR intensity and
abnormal frequency increase sharply after 450 s; the
maximum value is 0.16V, and the frequency is 5,
which is far greater than the previous value. The
AE frequency also abnormally increases at this stage.
The intensity and frequency of the EMR and AE sig-
nals of the Y3 rock sample increase significantly
beyond 480 s. Therefore, the deviation degree and
frequency of the EMR and AE signals show a good
response to coal and rock fracturing

(3) The AE and EMR signals have good consistency in
time and can be considered to be caused by the same
fractures in the sample, which is consistent with the
results of previous studies [28–32]. However, note-
worthily, the AE and EMR signal strengths are not
strictly positively correlated and show some differ-
ences. The specific performance is that there is
high-intensity AE accompanied by low-intensity
EMR, and vice versa, which is most obvious in the
Y1 and Y3 samples. The number of events of
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acoustic and electrical signals of the Y1 and Y3 sam-
ples was counted, and the results are shown in
Figure 8. Clearly, the number of AE events of the
Y1 and Y3 samples is much larger than that of the
EMR events. This indicates that the EMR signal is
accompanied by the AE signal and stress drop, while
the AE signal mostly appears alone

3.3. Correlation between Acoustic and Electrical Signals and
Stress Drop. During the loading process of the Y1 and Y3
samples, the relationship between the acoustic electrical sig-
nal and the stress drop is obvious. To analyze the correlation
between the acoustic electrical signal and the stress drop
during the loading and fracture process of the coal and rock,
the AE count, EMR count, and the stress drop over 1 s were
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investigated and summed up, respectively, and then, the
cumulative processing was carried out.

To quantitatively analyze the consistency of AE, EMR,
and stress drop during the process of load failure of an out-
burst coal-rock mass, the EMR count, the AE count, and the
stress drop of the Y1 and Y3 samples, as well as their cumu-
lative values, were analyzed. It is assumed that there are two
sequences xðx1, x2,⋯, xnÞ and yðy1, y2,⋯, ynÞ of length N ,
and the correlation coefficient rxy among them can be
expressed as follows:

rxy =
∑n

i=1 xi‐�xð Þ yi‐�yð Þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

∑n
i=1 xi‐�xð Þ2

q ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

∑n
i=1 yi‐�yð Þ2

q
: ð1Þ

Based on formula (1), the correlation coefficients of EMR
count, AE count, cumulative EMR count, cumulative AE
count, and stress drop were calculated. The results are pre-
sented in Table 3, which summarizes the following points:

(1) The correlation coefficient between the index cumu-
lative values of each test coal sample is greater than
that between the index values. From the index value
to the index cumulative value, the correlation coeffi-
cients between EMR count and load drop, AE count

and load drop, and AE count and EMR count exhibit
an increase of 5.39% (0.89 → 0.938), 49.71% (0.511
→ 0.765), and 59.35% (0.4895 → 0.78), respectively

(2) Compared to AE counting, the correlation coeffi-
cient between EMR counting and stress drop is
higher. The correlation coefficient between the
EMR and stress drop is 0.89, and the correlation
coefficient between the AE and the stress drop is
0.511. Therefore, there is a higher correlation coeffi-
cient between the EMR and the stress drop. The cor-
relation coefficients of AE count and stress drop and
AE count and EMR count are roughly the same,
which are 0.511 and 0.4895, respectively

3.4. Consistency and Difference Analysis of Acoustic and
Electrical Signals. The experimental results show that the
AE and EMR signals have good consistency in time during
the process of outburst coal and rock fracture; the signals
can be considered to be caused by the same fractures in
the sample. However, the intensity of the AE and EMR
signals is not strictly positively correlated and there are some
differences. Compared with AE, there is a better correlation
between EMR and load drop. The causes of these two phe-
nomena are discussed as follows.
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3.4.1. Consistency Analysis. In this study, the stress drop in
the Y1 and Y3 coal rock samples during the process of uni-
axial compression and expansion fracture was found to be
closely related to the generation of the EMR signal, which
is consistent with the results from previous studies [33,
34]. Noteworthily, the stress drop is the external manifesta-
tion of the influence of crack evolution on the mechanical
properties of the specimen. It is the process of stress redistri-
bution and energy release caused by the local concentrated
stress in the specimen exceeding the material bearing limit.
Therefore, the stress drop can be considered a local stress
transient phenomenon [35, 36]. In the process of crack
nucleation, propagation, aggregation, and penetration, the
strain and stress at the crack tip suddenly increase and
decrease in a short time, which leads to the electric dipole
transient at the crack tip and excitation of the EMR. Clearly,
the entire process of coal and rock failure is accompanied by
stress transients; however, the stress transients of different
crack sizes and development stages correspond to different
strengths.

Stress is the most basic and important factor affecting
EMR and AE generation in granular coal and rock masses
with well-developed pores and fissures [37–39]. As a driving
force, the external disturbance stress causes uneven stress
distribution in the coal and rock mass and makes the weak
structural plane vulnerable to crack evolution to redistribute
the stress, release energy, and produce stress transients. The
crack evolution further leads to the evolution of a new weak
structural plane driven by the external disturbance stress,
until the entire sample finally loses its bearing capacity. In
this process, EMR and AE are excited by stress transients.
Therefore, high external disturbance stress indicates a high
probability of EMR and AE [40–42], which is the fundamen-
tal reason for the good consistency of acoustic and electrical
signals in time.

3.4.2. Difference Analysis. The experimental results exhibit
the existence of some differences in the values of AE and
EMR in the process of coal and rock fracture. Specifically,
the correlation between EMR and stress drop is stronger
than that of AE, and the AE signal is richer than the EMR
signal. The reasons are as follows [43, 44]: AE has a high
signal-to-noise ratio and is very sensitive to the release of
elastic wave energy during the process of loading and frac-
ture of coal and rock samples, which leads to the AE signal
being richer than the EMR signal. Moreover, the generation
of EMR is related to the stress concentration, EMR signals
will be generated only when the stress concentration reaches
a certain threshold, while the threshold of AE signals is rel-

atively lower, which is the reason why the AE signal is richer
than the EMR signal. Moreover, although AE is sensitive to
the release of elastic wave energy, for the coal samples with
primary and secondary fractures, the AE signal strength
depends not only on the energy of the elastic wave released
by the fractures but also on the propagation path of the elas-
tic waves in the sample [45–47]. With increasing micro- and
macrocracks in the sample, the propagation of elastic waves
in the sample becomes more complex, and the attenuation
characteristics change significantly compared to those at
the initial stage of loading. Furthermore, the fixed position
of the AE sensor causes the signal strength and frequency
received by a single AE probe to change significantly com-
pared to the AE source [48, 49]. At the later stage of loading,
under the action of severe cracking, the AE sensor even falls
off, or the coal attached to the sensor peels off from the main
body of the sample. These results lead to the incomplete
response energy of AE to fracture, in particular, the large
postpeak fracture, which is directly proportional to the frac-
ture strength, further reducing the correlation between AE
and stress drop.

4. Conclusions

Using a synchronous acquisition system to measure acoustic
electrical signals from outburst coal and rock under loading,
the synchronous acquisition, storage, and analysis of EMR,
AE, and load signal were successfully achieved. The synchro-
nous response characteristics of AE and EMR signals during
the process of coal and rock sample fracturing were com-
pared and studied. The main conclusions are as follows:

(1) A synchronous AE and EMR acquisition system is
built with a sampling frequency set at 10MHz,
which achieves the nanosecond synchronous acqui-
sition of AE and EMR data during the process of
loading and fracturing outburst coal and rock sam-
ples. The experimental data show that the outburst
coal and rock samples produce AE and EMR signals
during the process of fracturing, and the AE and
EMR signals are positively correlated with the load-
ing stress of the coal and rock samples. The AE
intensity and EMR intensity are reliable indicators
for monitoring the stress state of a coal and rock
mass

(2) The AE and EMR signals synchronously collected in
the experiment are consistent in time. For the same
fracture event in the loading process of the coal
and rock mass, the AE and EMR exhibit a good

Table 3: Correlation coefficient among EMR, AE, and stress drop.

Sample number
EMR and
stress drop

EMR cumulative
and stress drop

AE and
stress drop

AE cumulative
and stress drop

EMR and
AE number

EMR and AE
cumulative number

Y1 0.865 0.892 0.568 0.705 0.493 0.768

Y3 0.915 0.984 0.454 0.825 0.486 0.792

Average 0.89 0.938 0.511 0.765 0.4895 0.78
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response. The AE and EMR signal intensity are not
strictly positively correlated and exhibit the phenom-
enon of low EMR when the intensity of AE is high

(3) Irrespective of the type of coal or rock sample, when
the sample enters into the yield stage in the loading
process, the AE and EMR signals show a cliff-like
growth. In this stage, the relative base values of the
EMR emission and the AE increase significantly,
and the number of events (frequency) increases sig-
nificantly. The correlation coefficient between EMR
and stress drop is stronger than that between AE
and stress drop. The AE signal is richer than the
EMR signal
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