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Pressure relief drilling is one of the most common techniques to reduce the impact of rock burst, but the useful dynamic
phenomena in the drilling process are ignored due to the lack of corresponding technical methods. Based on the fact, an in-
novative measurement method for vibration signals during the drilling construction by pneumatic drill rig is presented in this
study. *e acquisition and analysis of vibration signals show that the vibration information can reflect the drilling depth, the
amplitude of different depth can reflect the pressure, and the vibration events of different depths can reflect the pressure relief
effect. *e method proposed in the study is of great significance to the supervision of the relief work quantity, the disclosure of the
pressure situation, and the evaluation of the pressure relief effect.

1. Introduction

Coal is the main energy source in China at present, and it
will not change for quite a long time in the future. Most of
the coal mines are underground [1], which means more
mining risks are compared to open pit mining methods in
home and abroad. *ere are still many losses and casualties
although accidents have decreased in recent years in China
due to the effective technology and management [2]. Rock
burst is one of the dynamic disasters in coal mine, which has
a high degree of risk [3]. It releases so much pressure in a
short time that hundreds or even thousands of roadways are
damaged and hundreds of people are instantaneously killed.
Several major rock burst accidents have occurred in China
recently, such as Yuncheng “10.20,” Xinjulong “2.22,” and
Tangshan “8.2”, which caused huge adverse effects [4].
*erefore, the study of rock burst has become one of the hot
spots and difficulties in coal mine research [5, 6].

*e original research of rock burst mainly focuses on its
occurrence mechanisms [7], monitoring methods [8, 9],
early warning [6, 10], and control measures [11]. Dozens of
rock burst mechanisms have been developed to explain the

occurrence of rock burst to a certain extent, including dy-
namic and static load principle [12], start-up theory [13],
energy theory [14], strength theory [15], and butterfly rock
burst mechanism [16], and the effect of dynamic load- and
stress-induced instability is highly recognized [17, 18].
Normally, the monitoring and control of rock burst are
carried out separately [19], which are mainly based on the
principles of microseism. *e monitoring method include
microseismic monitoring [20, 21], acoustic emission mon-
itoring [22, 23], stress monitoring [24], electromagnetic
radiation [25], and new detecting method such as isotope
tracing to detect the roof strata [26], which warn the oc-
currence of rock burst early according to the abnormal
indicators [27]. *e control measures mainly include
pressure relief drilling [11], roof stratum blasting [11, 28],
hydraulic fracturing [29], hydraulic reaming [30], roadway
optimization [31], and surrounding rock stability control
technology [32], which are mainly based on the principles
proposed by the mechanism to reduce the risk of rock burst.
*e pressure relief drilling is the most common in these
measures, but it is only used for pressure relief, and the
dynamic phenomena such as stuck drilling [33], suction
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drilling [34], and coal vibration events [9, 35] which oc-
curred during the drilling process are completely ignored;
however, these phenomena may precisely reflect the risk
degree of disaster at the drilling position [36, 37].

In fact, the generation and transmission principle of
vibration signal during the construction process of pressure
relief drilling is mainly analyzed and demonstrated in our
last study [38]. *e vibration signals of the hydraulic drilling
rig system are also collected and verified, which shows that
the result is excellent. In this paper, the quantitative analysis
of the drilling signals collected by the hydraulic drilling rig is
carried out, and the index disclosure is verified. *e results
show that the vibration signal acquisition method is suitable
for the hydraulic drilling rig, while whether the method is
suitable for other drilling tools has not been more verified,
and if it is still valid under other construction conditions or
other drilling systems needs further research.

In this study, the monitoring results using hand-held
pneumatic drill rig in different construction environments
show that the drilling depth can still be reflected by the
amplitude group, the pressure curve of different depths can
also reflect the pressure of different depths, and the pressure
relief effect of drilling can also be reflected by the number of
coal vibration events of different depths. *is technology
makes full use of the vibration signal collected during the
construction process of pressure relief drilling, which ach-
ieves the purpose of multipurpose of one hole. Even more, it
may directly replace the drilling cuttings’ method [39, 40],
which will reduce a lot of engineering cost and save some
manpower.

2. Method

*e test is carried out on the side of 3306 track gateway in a
coal mine of Shandong Province, China, which monitors the
vibration signal during the construction of the pressure relief
drilling hole. *e gateway buried depth is about 900m, the
coal seam has weak rock burst tendency, and there are some
hard rocks in the roof rock stratum. *e drilling system
consists of a hand-held pneumatic drilling rig and several
drill pipes, and the former is controlled by one worker and
the latter is held by another for connection while drilling
(Figure 1). A new drill pipe is installed on the drilling rig and
connected to the drilled drill pipe with a nut so as to
continue drilling after the previous one is constructed. *e
power of the drilling rig is constant due to the fixed air
pressure value. *e length of each drill pipe is 2m, so the
depth of the drilling is increased by 2m. *e designed
drilling depth is 20m, which means that it requires ten drill
pipes, and the designed diameter is 150mm, which is
considered effective in the practice of many mines.

*e hardware part of the vibration monitoring system
used in the test includes a gathering device, three detectors,
and some transmission cable. *e detector receives the vi-
bration signals generated during the drilling process and
transmits them to the gathering device through the trans-
mission cable, where they are converted into voltage signals
and stored in the hard disk installed in the gathering device.
*e parameters of the detector and the gathering device are

shown in Tables 1 and 2, respectively. *e detector adopts
fast plug-in high-frequency acquisition moving coil speed
detector, with sensitivity of 100V/m/s, maximum trans-
mission distance of 50m, vibration acceleration of 50m/s2,
and peak acceleration of 500m/s2. *e gathering device can
be connected with 1∼3 detectors, the working voltage is
3.6mV, the battery can work for 96 hours continuously, and
the vibration waveform data is stored every 4 s. In this test,
the three detectors are set at 1m (named 1# detector), 3m
(named 2# detector), and 5m (named 3# detector) away
from the borehole and continuously collect signals during
drilling.

3. Results

*e data stored in the hard disk are output and combined to
form a curve of amplitude varying with drilling time, which
is the waveform of vibration signal generated during drilling
pressure relief hole. Take the data measured by 3# detector as
an example, and the vibration waveform is shown in Fig-
ure 2, from which it can be seen that the amplitude of vi-
bration signal is not always constant, but fluctuates with
time. In order to observe the change of waveform more
clearly, the waveform at the abrupt change of amplitude is
enlarged, such as the waveform at about 46,800ms and
125,600ms, and the larger images are shown in Figures 2(a)
and 2(b), respectively. *e amplitude in Figure 2(a) fluc-
tuates greatly in about 0.25 s, which increases by 9 times in a
short time and then quickly falls back to the normal am-
plitude level. *is kind of waveform is caused by the sudden
release of pressure in the coal seam, which is called vibration
event. *e fluctuation time of amplitude in Figure 2(b) lasts
about 1.5 s, which is longer than vibration event, and the
change of the waveform is gentle. *is kind of waveform is
caused by temporary drilling difficulties, which is called
sticking.

Use the maximum amplitude which were read every 4 s
from the waveform measured by 1# detector, 2# detector,
and 3# detector, respectively, as the ordinate and use the
drilling time as the abscissa to make the variation diagram
(Figures 3(a)–3(c)) of the maximum amplitude with time.
Because the amplitude of sound wave attenuates with the
increase of detection distance, the amplitude values mea-
sured by three detectors at the same time are different, as
shown in Figures 3(a)–3(c). Nevertheless, the trend of
amplitude change with time detected by the three detectors
is basically similar. For example, the vibration waves with the
largest amplitude appear at 16 : 30, and there were 13 sets of
amplitude group in all the three curves.

In order to show the drilling distance more accurately,
the ordinates of the three figures in Figure 3 are reduced to
form clearer pictures, which were shown in Figures 4(a)–4(c).
*e coal seam vibrates obviously during drilling and vibrates
slightly when the drilling is interrupted or the drill pipes are
connected, so there are obvious amplitude groups composed
of larger amplitude and intermission composed of smaller
amplitude in the curve of amplitude changing with time. It
can be seen that there are 13 sets of amplitude group and 12
intermissions in the three curves of Figures 4(a)–4(c).
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According to the site construction record, the intermissions of
0∼2m, 12∼14m, and 18∼20m are caused by drilling inter-
ruption, which should be merged. *erefore, there are 10 sets
of amplitude group and 9 intermissions, and each set of
amplitude group indicates that the drilling distance is 2m,
that is, the drilling depth is 20m, which is consistent with the
actual situation on-site.

As mentioned earlier, the waveform representing vi-
bration events is sharp, which means the amplitude is larger
and the change time is shorter. According to this charac-
teristic, 40 vibration events can be found from each wave-
form measured by the three detectors. *e histogram in
Figure 5 is used to show the number of vibration events at
different drilling depths, from which we can see that the

Table 1: Parameters of the detector.

Parameters Parameter values
Channel number 1∼3 optional
Sampling frequency Single tunnel 1∼7000Hz optional and three tunnels 1∼2000Hz optional
Timing standard Ground GPS satellite timing
Timing equipment High-precision clock chip
Data storage device Hard disk in device
Hard disk capacity 16G
Battery endurance More than 96 h
Boundary dimension 200mm∗ 280mm∗ 110mm
Isolation voltage 1500 VAC/60 s

Table 2: Parameters of the gathering device.

Parameter Parameter values
Type High-frequency acquisition moving coil speed detector
Model GZC 60
Measuring range 0∼800Hz
Sensitivity 100V/m/s
Normal acceleration 50m/s2

Peak acceleration 500m/s2

Damping coefficient 0.6
Maximum transmission distance 50m

Temperature requirements High: 60°C
Low: −40°C

Humidity requirements 95% when temperature is +25°C

Drilling
hole 

Rebar bolt

Rib of
roadway 

1#~3# detectors 
Gathering device

1m

Transmission cable

(a) (b)

Gathering device
Detector

Drilling rig

Drilling hole

(c)

Gathering deviceDetector

Transmission cable

(d)

Figure 1: Test equipment and arrangement. (a) Test arrangement. (b) Hand-held pneumatic drilling rig. (c) Construction site. (d) Site
arrangement.
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Figure 2: Waveforms measured by 3# detector. (a) Waveform of vibration event. (b) Waveform of sticking.
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Figure 3: Continued.
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number of vibration events occurred at drilling depths of
10∼12m, 12∼14m, 16∼18m, and 18∼20m is 5, 12, 2, and 21,
respectively, and no vibration events occur at other depths.
*e occurrence of vibration events has obvious regional
characteristics, that is, some drilling depths have no vi-
bration events, while some others with vibration events
happening usually have more. In fact, the more the number
of vibration events occurs, the more the energy is released, so
the number of vibration events during the construction
process can reflect the pressure relief degree at different
depths to some extent.

4. Discussion

*e results show that this method can get the drilling depth
and express the vibration events quantitatively. In fact, on
the basis of the above analysis, it can also reflect the pressure
at different depths. When the driving is difficult, the am-
plitude of vibration wave is large, so the amplitude can
reflect the difficulty of drilling to a certain extent. In this
experiment, the average amplitude produced by each drill
pipe during construction is used to characterize the con-
struction of coal seam at different depths. *e average
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Figure 3: Variation of the maximum amplitude with time. (a) Maximum amplitude tested by 1# detector. (b)Maximum amplitude tested by
2# detector. (c) Maximum amplitude tested by 3# detector.
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amplitude values of each amplitude group measured by the
three detectors in the experiment decrease gradually with the
increase of the test distance (as shown in Figure 6), which is
mainly caused by the propagation characteristics of the
vibration wave. *erefore, the measured amplitude values
cannot be directly compared to reflect the difficulty of
drilling, and they need to be corrected according to the

attenuation curve of the vibration wave transmission in the
coal seam [41].*e curves of the modified average amplitude
measured by the three detectors with drilling distance are
shown in Figure 7, which exhibit the same trend basically.
*e amplitude of 12∼14m is the lowest and that of 14∼16m
is the highest, which means that it is relatively easy to drill
12∼14m, while difficult to drill 14∼16m. *e result that the
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Figure 4: Amplification of maximum amplitude. (a) Amplification diagram of 1# detector. (b) Amplification diagram of 2# detector.
(c). Amplification diagram of detector 3#.
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average amplitude value at the depth of 14∼16m is the
highest is consistent with the field situation of popular the
drilling cuttings’ method, which indicates that this method
has the ability to reflect the pressure at different depths. *e
comparison between Figures 6 and 7 shows that the signal
attenuation has a great influence on the pressure value result,
and the attenuation correction must be carried out when it
comes to the application of the pressure value.

In order to show the difficulty of constructing each drill
pipe, the violin chart of amplitude fluctuation at different
depths in Figure 8 is formed. It can be seen that the am-
plitude fluctuation of 10∼12m, 12∼14m, 16∼18m, and
18∼20m is relatively large and uneven, while the amplitude
generated by other drilling depths are relatively uniform.
*e amplitude generated during 0∼2m construction is all
within the normal range, and there is no outlier as shown in
Figure 8, which indicates that the geology of the depth is
relatively uniform. *ere are some outliers in the amplitude
of 2∼4m, 4∼6m, 6∼8m, 8∼10m, and 14∼16m, but the gap

among amplitude is not obvious. By analyzing the waveform
of outliers, it can be found that these abnormal waveforms
are caused by the sticking phenomenon, which indicates that
the geological conditions of coal seams at these depths are
different, and there is a phenomenon of local stress con-
centration.*e average amplitude of 14∼16m in particular is
the highest, and most of the amplitude is concentrated near
the average value, so it is difficult for workers to construct
the drilling at this depth.

*e method proposed in this study can quantitatively
reflect the drilling depth, which is of great significance for
the mine’s automatic supervision and inspection of drilling
quantities and lays an important foundation for the reali-
zation of intelligent mine. In addition to the above effects,
this method can also express the number of vibration events
at different depths, which can indicate the pressure relief
effect to a certain extent.*e relationship between amplitude
and pressure at different depths is also discussed in this
study, the results of which show that amplitude can reflect
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Figure 5: Number of vibration events at different drilling depths.
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pressure. However, this method has some shortcomings. For
example, if the drilling is suspended during constructing one
drill pipe due to the workers’ operation or other situations
on-site, there will be errors in the depth statistics, which
leads to errors in the subsequent statistics of vibration events
and pressure conditions at different depths. However, from
the actual situation of the site, this situation is less and the
impact on the error is limited.

5. Conclusion

*e applicability of the signal acquisition method under the
condition of hand-held pneumatic drilling rig is verified by
collecting the vibration signal generated during the con-
struction of pressure relief hole in this study. *rough the
analysis of the test signal, the following information can be
obtained:
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(1) *e number of amplitude groups can indicate the
quantity of construction drill pipes, and the actual
depth of pressure relief drilling can be calculated,
which is conducive to the intelligent management of
mine construction

(2) *e average amplitude of different depths and dis-
tribution of outliers can reflect the drilling difficulty
of different depths and the geological conditions of
coal seam

(3) *e number of vibration events in different depths
can be obtained by statistic on their waveform, which
can be used to evaluate the effect of drilling pressure
relief holes
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