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With the wide application of science and technology in the ﬁeld of weapons, shock wave is an important breakthrough point in
weapon research, and the storage and testing system of shock wave is a breakthrough point that people pay most attention to at
present. Shock wave data storage has the characteristics of large scale, complex structure, low cost eﬃciency, and strong
timeliness. This paper mainly studies the design of shock wave storage test system with variable parameters based on numerical
piezoelectric circuit sensor. Based on ﬂuid dynamics simulation theory and numerical simulation method, the normal and
concave-convex three-dimensional models of two pressure measuring devices are constructed by using the ﬂow waveform of
calculator, and then, the network is divided. The results show that, under the same inlet pressure, the larger the bulge or
depression value, the greater the inﬂuence on the experimental results. The inﬂuence of disk is 10% higher than that of pen, and
the change rate of relative diﬀerence is increased by 1.5% with the increase of concave-convex value. Finally, experiments are
carried out in diﬀerent environments to verify the reliability, survivability, and ﬂexibility. The shock wave storage test system is
optimized when the parameters of the digital voltage circuit sensor are variable.

1. Introduction
The research on the overpressure and impulse of shock wave
can provide an important reference for the comparison of the
impact damage strength of weapon equipment. At present,
there are two kinds of shock wave sensors at home and
abroad: piezoresistive sensor and piezoelectric sensor. The
biggest disadvantage of piezoresistive sensor is that its silicon
element is very sensitive to the light produced by explosion.
Even if the light ﬁlm is attached to the back of the polished
silicon chip to reduce light transmission, the strong light generated by the explosion can cause system failure and reduce
the reliability of the system. The shortcomings of piezoelectric sensors are as follows: high output obstacles lead to
increase of rise time; low tuning frequency makes it impossible to achieve a good negative pressure curve; signal conversion and processing are more complex, requiring high
insulation of cables and joints; electromagnetic waves generated in explosion environment are connected; and debris and
vibration of mounting bracket can easily cause signal deviation and aﬀect test results. With the development of IC, a

new sensor has been developed. The traditional position
charge ampliﬁer is placed on it, the signal is not easy to be
interfered, and all high interference circuits are sealed, so that
the signal can be transmitted for a long distance without
aﬀecting the signal quality, which is convenient to use. It is
very suitable to use in the test of shock wave overpressure
storage test.
With the continuous development of science and technology, testing plays an increasingly important role in scientiﬁc experiments, technical research, and mechanical testing.
The more accurate the test is, the more feedback and guidance scientiﬁc research can be provided. At present, with
the rapid development of sensor technology, sensor design,
and dynamic calibration principle, the accuracy of sensor
measurement results is improving. In a word, an accurate
and reliable sensor is essential behind the formation of an
automatic detection and control system. Modern electronic
technology and computer provide perfect means for transforming and processing information. Great changes are taking place in the ﬁeld of modern detection and control
system. Various sensors are used to detect data and provide
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information. Therefore, the sensor plays an important role.
In the current shock wave overpressure test, pen sensor and
disk sensor structures have been widely used, but the shape
of the pressure sensor which should be placed in the explosion ﬁeld is not important. In the test, because the ﬂuidity
of the forward shock wave is aﬀected by the geometry of
the sensor, the measurement accuracy of the peak value of
the shock wave overpressure will inevitably be aﬀected.
Therefore, it is necessary to test the overpressure data of
the shock wave under the extreme pressure environment.
Under these circumstances, the urgent problems to be
solved in the shock wave overpressure test include the
selection of the sensor settings and the installation of the
sensor and error correction of test results. Therefore, it is
necessary to simulate and test the shape and structure of
various commonly used shock wave testing devices to
improve the accuracy of test results.
Robert et al. designed a set of integrated sensor storage
test system, regulation circuit, and data acquisition circuit
design. Based on the principle of storage test technology
and the new ICP piezoelectric sensor, the explosion wave
overpressure acquisition and storage test system are
designed. The piezoelectric module is integrated with the
built-in charge ampliﬁer to output the ampliﬁed signal.
Through the matching operation of OPAMP and max4638,
the function of adjustable gain is realized. The corresponding
analog voltage is ﬁltered by a LC Π ﬁlter, and the ampliﬁed
signal is ﬁltered by a Sallen key second-order ﬁlter. Using
FPGA to design digital logic control improves the stability
and reliability of the test system and reduces the system volume. Under the same test conditions, the duration of shock
wave overpressure is directly proportional to the test radius
and inversely proportional to the shock wave size and shock
wave. However, because they did not have a control group for
comparison, the results obtained were not very convincing
[1]. Couldrick et al. designed a system including a data storage medium and a shock wave generator. The data storage
medium includes cell and multilayer. Each unit is conﬁgured
to store information in it. In the same layer of a plurality of
layers of a data storage medium, at least two units are
arranged in a horizontal plane, and in diﬀerent layers of a
plurality of layers of a data storage medium, at least two units
are arranged in a vertical plane. The shock wave generator is
conﬁgured to generate a shock wave signal propagating
through one of the multilayer layers of the data storage
medium. When the shock wave signal passes through the target cell, the target cell in the layer stores information in
response to the light beam emitted from the transmitter targeting the target unit. After the shock wave signal exits
through the target unit, the target unit will retain the information. However, because the shock signal is not stable, the
cell information stored in the experiment is not very accurate
[2]. Tobin and Hargather propose a wireless passive pressure
sensor based on a miniature ﬂexible pressure-sensitive capacitor, which is specially designed to monitor the intracranial
pressure (ICP) of patients with craniocerebral trauma. A ﬂexible varistor capacitor is characterized by creatively utilizing
PDMS wrinkles generated spontaneously in the process of
PDMS etching to construct cavity structure to improve sensi-
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tivity. In addition, the ﬂexible reader coil for signal reading
has been optimized to better couple the sensor in a suﬃciently large detection range for ICP monitoring. In addition,
because of its ﬂexibility and thin thickness, ﬂexible varistor
can adapt to the bending morphology of the skull and dura.
Compared with the previous reports, the sensor has lower
resonance frequency, higher quality factor, and better sensitivity, but it is also more complex, and it is diﬃcult to control
when using [3].
The innovation of this paper lies in the three-dimensional
modeling and simulation of the external ﬂow ﬁeld of the pen
type and disc type shock wave overpressure testing device,
further carries out simulation and comparative analysis on
the inﬂuence of the concave-convex and angle installation
modes on the ﬂow ﬁeld, and summarizes the comparison
results [4, 5].

2. Shock Wave Storage Test Method Based on
Variable Parameters
2.1. Formation Method of Explosion Shock Wave. The initial
state of many substances contains huge energy. In some
cases, the state of materials changes suddenly, and the rapid
release process of internal energy is called explosion. Generally speaking, explosion refers to a kind of chemical reaction,
in which one substance is converted into high-temperature
and high-pressure gas, and the reaction time is very short,
accompanied by high temperature of about 4000°C and tens
of thousands of atmospheric pressure, shock wave. The
thickness of the wave front is very thin, and the amplitude
of the time ﬁeld is less than 2 ns. If the strong shock wave
lacks strong airﬂow, it will rapidly decompose into weak
shock wave. When the explosion product moves a certain
distance, the pressure will drop to atmospheric pressure
when the explosion does not occur, and the explosion product is still far away [6]. The pressure is less than that of the
atmosphere, resulting in negative pressure area. When the
energy of the explosion is exhausted, the negative pressure
time is over. The pressure rises slowly; the surrounding material shrinks and reaches equilibrium after several cycles. The
damage eﬀect of explosion shock wave depends on the pressure in front of the shock wave, that is, the maximum overpressure dynamic value of shock wave ΔU:
p
ﬃﬃﬃ
p
ﬃﬃﬃ!2
p
ﬃﬃﬃ!3
3
3
3
E
E
E
ΔU = 0:085
+ 0:28
+ 0:8
,
T
T
T
yit = α0 + D maxit + α2 X it + μi + ηt + αit ,
(
s − p1 − kx2 ,
U2 =
x − p 2 − k ð1 − x 2 Þ :

ð1Þ

In the formula, E is the charge weight and t is the detonation distance [7].
2.2. Method for Estimating Shock Wave Parameters
2.2.1. Calculation Method of Maximum Overpressure Value
of Shock Wave Produced by Air Explosion. At present, there
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is no direct method to measure the speciﬁc impulse when
evaluating the eﬀect of shock wave. Generally, the method
of numerical integration is used to measure the speciﬁc
impulse based on the pressure signal curve. The speciﬁc
impulse of explosion shock wave refers to the real statistical
data of pressure and time when explosion occurs in the
experimental pressure model [8, 9]. When air explosion
occurs, the main factors related to overpressure peak value
ΔU include explosion energy R0 , initial pressure P0 , initial
air density ρ0 , and combustion distance t [10]. Therefore,
the maximum value can be expressed as
ΔΑ = GðR0 , P0 , ρ0 , t Þ:

ð2Þ

Through theoretical analysis and numerical calculation,
the maximum value of shock wave overpressure can be
expressed as a function
ﬃﬃﬃ in the form of charge weight and ignip
3
~ /t [11, 12]:
tion distance of E
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The above function expansion is transformed into a
power function form:
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2.3. Calculation Method of Action Time in Barotropic Zone.
In the case of air explosion, the duration of positive pressure
of shock wave is determined by energy R0 , initial pressure p0 ,
initial air density ρ0 , and ignition distance t. Therefore, it can
be expressed as
δ = GðR0 , P0 , ρ0 , t Þ,


2k
1
1 hc2 − c1 i2 2ðc2 − c1 Þ
℘κ =
+
+
,
+
k+1
2 2k
3
3

ð7Þ

It is also available.

δ
t
p
ﬃﬃﬃ = G1 p
ﬃﬃﬃ ,
3
3
~
~
E
E
n

n

a

b

ð8Þ

wik = 〠 τ1 X ik + 〠 τ2 U ðY ik Þ + Bik :

c4 ðkÞ ≥ 0,
c5 ðkÞ ≥ 0,
~ is the
where t is the propagation distance of shock wave and E
charge quantity:
t
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0.37
3.84
2.25
2.64

For the air explosion of naked TNT and spherical explosive, the maximum pressure has the following expression:

c2 ðkÞ ≥ 0,

K
  
= 〠 P w j  z k P ð z k j d i Þ,

0.06
3.85
5.06
1.04

y = αWy + β1 X − Wβ2 X + ε:

CðkÞ = ½ζ1 c1 ðt Þ + ζ2 c2 ðkÞ + ζ3 c3 ðkÞ
c1 ðt Þ ≥ 0,

Table 1: Basic test parameters of the shock wave storage test system.
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The above formula is the proportional distance; S0 , S1 , S2 ,
etc. are determined by the test results [13, 14].

2.4. Fluent Processing Method. Fluent is a special software for
numerical simulation and analysis of ﬂuid movement in and
out of the complex geometry area and analysis of experimental simulation data. Fluent supports a wide range of network
types, enabling users to solve problems smoothly under the
premise of ensuring the accuracy of experimental data [15].
Fluent also provides a variety of physical models and the best
numerical solutions, so that users can obtain satisfactory
computing speed, stability, and accuracy. The process can
monitor the simulation process and calculation results in real
time through multiple operations [16]. It has a variety of display and storage modes, such as cloud, contour, vector, and
animation. It can store results in the format supported by
the processing software. It includes three basic functions:
preprocessing, solver, and postprocessing.
(1) Preprocessing includes gambit, tgrid, and ﬁlters,
which are used to model and process simulation
objects; grid can import uploaded geometric patterns
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Figure 1: Basic test parameters of the shock wave storage test system.

on gambit software; ﬁlters are subsystems of another
CAD or CAE and can read the network composed of
them [17, 18]
(2) The solver is the basic part of ﬂuent. After reading the
grid ﬁle correctly, the tasks of setting boundary conditions, material selection, numerical solution, mesh
optimization, and simple postprocessing can be easily
completed
(3) The postprocessor ﬂow software provides cloud, vector, contour, and animation to display the calculation
results. It can also enlarge, translate, and rotate the
data results and export the current results to other
postprocessing software (such as tecpart) for editing
[19, 20]
2.5. AD Conversion Method. AD inverter is an important part
of the whole test system, which is related to the acquisition
rate and accuracy of the signal. The principle of AD conversion is as follows: the ﬁrst step of converting analog signal
FðtÞ into digital signal FðnÞ is to sample FðtÞ at ﬁxed intervals [21, 22]. The sampling value f s (NTS) is obtained. The
TS parameter is the sampling period, and the reciprocal is
the sampling frequency f s . According to Nyquist sampling
theorem, if the original signal is to be completely recovered
from the sampled signal, f s ≥ 2f m must be satisﬁed [23].
The highest frequency of the signal is f m , and f s (NTS) is
quantized into F q ðnT s Þ signal. Finally, digital signal FðnÞ is
received through a coding process to convert analog signal
into digital signal [24, 25].

3. Shock Wave Storage Test System
Design Experiment
3.1. Sensor Adaptation Circuit Design. In addition to the constant voltage and current circuit, the analog system also has a
linear LDO power supply, which mainly generates 8 V constant voltage for multiple voltage stabilizing circuits and ﬁlter
circuits and 1.65 V bias voltage for system use. In order to
reduce power ripple, lp2985 is used as the main component

Table 2: Error test results of adaptation circuit.
Working parameters
Actual output
Sampling Output
Input
Frequency
Error
voltage frequency voltage Gain
Gain
(Sa·s−1)
(%)
−1
V pp (V)
V pp (V) (Sa·s )
0.125
0.25
0.5
1

3M
3M
2M
2M

6M
6M
4M
2M

3M
3M
2M
2M

0.635
1.037
1.274
0.926

0.127
0.263
0.561
1.027

0.14
0.53
1.22
0.35

of linear power supply. The chip has a large dynamic range
input and can achieve 8.5 V to 10 V power conversion, corresponding to peripheral resistance and capacitance.
3.1.1. Adjustable Ampliﬁer Circuit. The output of ICP sensor
is -8~+10 V AC signal, which is based on 10~15 V DC voltage. It is usually input to operational ampliﬁer circuit after
AC connection through a capacitor. The voltage sequence is
designed by opa2340 and manufactured by TI company. It
has the characteristics of single power supply, rail input and
output, high swing speed, high input, and low output, and
the former circuit is in high-strength state, and the last circuit
is on low-intensity conditions, so that the front and back
stage circuits can be isolated and stored.
3.1.2. Power Ampliﬁer Circuit. In this paper, 10.5 V lithium
battery is used as the power supply of the system. In order
to meet the driving requirements of ICP piezoelectric sensor,
a DC-DC boost power supply circuit and DC power supply
circuit are designed. Using the tps670 power level chip and
the corresponding resistance and capacitance design, the
power supply can be converted from 10.5 V to 36 V, and
the constant current can be realized by a constant current
diode.
3.2. Physical Model of Shock Wave Overpressure Tester and
Related External Flow Settings. The general steps to determine the calculation model are as follows:
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Figure 2: 4# partial multiple waveform.

(1) Create 3D geometry (cube, cone, cylinder, etc.), and
divide and cut geometry according to actual structure

Table 3: Flexibility and adjustable magniﬁcation of the designed
adaptive.

(2) Create mesh: divide the border of the geometric
structure and the lines of the external area of the
structure into isometric or nonisometric network,
and then, create the line network as the face network

Points 4#-0.125 times 4#-0.25 times 4#-0.5 times 4#-1 times

(3) Determine input and output constraints and solid
walls, and store network ﬁles
According to the above steps, the external ﬂow ﬁeld of the
disc and pen piezometers is formed as follows: the main body
of the impact pipe is constructed, and the simpliﬁed cylinder
model is determined according to the actual size of the lowpressure chamber (6500 mm). The length and radius are
60 mm; the structural model of the sensor is speciﬁed, and
the cylindrical and conical models are moved to the actual
installation position, and the impact pipe and sensor group
are moved to the actual installation position. External ﬂow
entity modeling and related settings of shock wave overpressure storage and testing device are used.
3.3. Setting External Flow Problems. The external ﬂow around
the disc and pen gauges has been specially activated. After
making the model with gambit software, the grid ﬁle is
inserted into ﬂuent solver for analysis. Since this is a threedimensional problem, the three-dimensional and onedimensional accuracy is selected to solve the problem. The
decomposition steps are as follows:
(1) Mesh relevancy: check the mesh to ensure that the
minimum mesh volume is not negative, otherwise
the mesh will be reused; set the unit size to millimeter; smooth and swap the mesh
(2) Selection model calculation: coupling solver is usually used in high-speed aerodynamics; S-A turbulence model is selected for liquid air problems with
wall conditions
(3) Material properties: when Mach number is greater
than 0.5, it can be considered as compressed ﬂuid.

4251
4252
4253
4254

1.14
3.97
5.76
1

0.06
3.85
5.06
1.04

0.37
3.84
2.25
2.64

1.93
3.34
5.38
1.18

Considering its compressibility and thermophysical
properties, the calculated viscosity can be adjusted
by Saran’s law and open energy equation
(4) Because it is related to the total pressure, static pressure, and other pressures, setting the working pressure to 0 is convenient for setting the limit and
posttreatment conditions, and the inﬂuence of gravity is not considered
(5) Determine the boundary conditions: in this paper,
the wall and shape structures of the impact pipe are
the wall conditions. The pressure value of shock tube,
the corresponding Mach number and pressure value,
and the setting of ﬂow element in the XY direction
must be adjusted according to the actual situation
(6) Control parameters: when the convergence rate is
slow and stable, increase the Coulomb number and
increase the relaxation factor to improve the convergence rate
(7) Initialize the ﬂow ﬁeld and specify the number of iterations to start the iteration operation
3.4. Big Data Evaluation Test and Database Parameter Data
Collection. With the introduction of big data theory and
design, cloud computing, and related MapReduce and HBase
kernel technology, Hadoop has been determined to be born
from big data. Then, the Hadoop platform is used to verify
the ability of processing and evaluating case test data based
on the big data technology proposed in this paper.
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Figure 3: DC and AC performance speciﬁcations.
Table 4: Converted digital signal is mounted on the data line.
Item
DC
AC
Sleep
mode
Standby
mode
Test node

Switch
signal

Bus
signal

1.22
1.72

1.73
2.06

1.59
2.49

0.79
2.12

1.38
1.66

3.82

4.37

2.14

3.96

4.51

4.48

5.61

5.58

2.63

1.03

1.24

2.08

2.09

2.04

1.41

SDRAM FPGA

Power
consumption

4. Design and Analysis of Shock Wave Storage
Test System
4.1. Performance Test and Analysis of Sensor Adapter Circuit.
In order to test the reliability and accuracy of the adaptive
circuit, the signal generator is used to debug the designed circuit system (in order to better test the system error, the original multiple is reduced to 0.125 times of the original setting).
The basic test data is shown in Table 1 and Figure 1.
LabVIEW human-computer interaction interface is used
to show the corresponding waveform change diagram of 4
× 10 (20 sets of devices) at 0.125 times, 0.25 times, 0.5 times,
and 1 time. The amplitude of output voltage under diﬀerent
multiples can be read out at the software interface Δxy.
Table 2 shows the test results of the 4 × 10 device, which
shows that the error of the adaptive circuit is less than 2%.
Compared with the traditional circuit, the system error is
greatly reduced and the test accuracy is improved.
As shown in Figure 2, this paper designs a special power
boost circuit, an adjustable ampliﬁcation circuit, a bias circuit, and a ﬁlter circuit. In the natural environment, using
the human-computer interface of the special software LabVIEW, the circuit parameters of the randomly selected 4 ×
10 device are analyzed, and the waveform diagram of the 4
× 10 device at 0.125 times, 0.25 times, 0.5 times, and 1 time
is given. As shown in Table 3, the results show that the error

is less than 2%, and the ﬂexibility and adjustable magniﬁcation of the designed adaptive circuit are veriﬁed.
4.2. Realization of Free-Field Shock Wave
4.2.1. AD Circuit. This research mainly uses an AD converter
to realize the key technology of free-ﬁeld shock wave, its task
is to realize the analog signal without distortion digitization,
and conversion accuracy is the core of the design of AD circuit. However, many factors will aﬀect its accuracy, such as
bits, quantization error, reference voltage, component deviation and temperature, and sampling frequency. In order to
ensure the test accuracy of the system, it is necessary to select
a suitable analog-to-digital converter.
As shown in Figure 3, Ad7482 uses advanced technology
to achieve extremely low integral nonlinear error and oﬀset
and gain error and has excellent DC and AC performance
speciﬁcations. In addition, it also provides two power saving
modes: sleep mode and standby mode. Even in the working
mode, the power consumption is only 90 mw, which is suitable for the design of miniaturized test node, and its typical
circuit design is adopted.
As shown in Table 4, when convst signal is in a low level,
start sampling and analog-to-digital conversion, and then,
the bus signal becomes high and keeps at a high level during
conversion. Once the conversion is ﬁnished, the bus signal is
reset to a low level, and the converted digital signal is
mounted on the data line, which is convenient for FPGA to
read or store in SDRAM.
4.2.2. Memory Circuit Test. As shown in Figure 4, the storage
circuit caches the converted digital signal to the memory,
which is convenient for data recovery. It is the key method
to obtain the explosion environment signal. The core of the
circuit is data memory, which transfers data from the AD
converter to memory and from memory to the output interface. The power supply voltage of the storage circuit is 3.3 V.
The memory chip adopts synchronous dynamic memory
mt48lc8m, and the working interface mainly includes data
bit, address bit, write/read control, and write/read clock.
Dynamic memory also needs strict timing to realize the
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Figure 4: Obtain the explosion environment signal.
Table 5: Dynamic memory also needs strict timing to realize the
functions.
Item

DC AC

Sleep
mode

Standby
mode

Test
node

Switch signal
Bus signal
SDRAM
FPGA
Power
consumption

2.05
5.97
4.46
2.82

3.26
5.87
2.15
1.76

1.22
5.83
1.62
2.2

2.8
2.43
3.69
1.22

1.32
3.38
1.15
2.42

2.08 1.1

3.42

2.75

2.98

functions of writing, reading, and refreshing. As shown in
Table 5, the system is implemented by FPGA, which is
responsible for connecting the data bus of memory.
4.3. Pressure Time Curve Analysis. In this paper, the pressure
time curve measured by the test device is directly read, and
then, the value of shock wave overpressure is obtained. Taking two sets of devices as examples, their pressure time curves
are shown in Figure 5.
As shown in Figure 5, it can be seen that before the arrival
of shock wave overpressure, a lot of jitters are superimposed
on the baseline of the test system. This is because the velocity
of some fragments exceeds the velocity of shock wave in the
pressure measuring area installed by the test device during
explosion, and these fragments pass through the air at supersonic speed to form a projectile track shock wave; in response
to the sensor, there are many small pressure disturbances
overlapping on the time-varying curve of shock wave
pressure.
4.4. Comparison and Analysis of External Flow Field
Simulation Results of Two Kinds of Sensors. The disc type
and pen type shape structures are simulated with multiple

pressure values under diﬀerent concave-convex heights and
diﬀerent deviation angles. The results are shown in
Figure 3. The abscissa in the ﬁgure is the Mach number corresponding to the inlet pressure (calculated by using ﬂuent
modeling), and the ordinate is the measured pressure value.
Diﬀerent lines are used to represent the diﬀerent heights
and angles of the two structures, which is very good. It
reﬂects the inﬂuence of diﬀerent installation methods of the
two structures on the test results. When the step pressure
wave generated by the shock tube reaches the sharp corner
of the windward surface of the disk, the shock wave below
the disk plane ﬂows through the disk plane according to the
original propagation direction and passes through the sensor
sensitive surface. The pressure change of the sensitive surface
is very small. The shock wave above the disk plane reﬂects
when it meets the rigid wall and forms an eddy current at
the intersection of the vertical plane and inclined plane, the
maximum pressure and density are 619394 pa, and a weak
bow wave is formed at the sharp corner of the disk under
the inﬂuence of the eddy current. With the propagation of
shock wave, the eddy current range extends outward, and
the shock wave propagates upward rapidly after passing
through the disk plane of leeward surface. Under the inﬂuence of the shape structure, the vortex is formed. The pressure value decreases rapidly, and the minimum value
reaches 25159 pa. In the simulation process, there is even
negative pressure at the vortex, and there is ﬂow separation
phenomenon. From the pressure curve of the monitoring
surface, it can be seen that the pressure change of the sensitive surface of the sensor is very small, close to the inlet pressure, indicating that the shock wave inﬂow is relatively stable.
It can be seen from the same ﬁgure that the velocity of the
incident ﬂow and the reﬂected wave decreases sharply at
the vertical plane of the conﬁguration structure, and the minimum velocity is 0.55 mach. The maximum pressure changes
in the ﬂow ﬁeld are at the windward side and leeward side of

8

Wireless Communications and Mobile Computing
Test curve of dll at 19 meters on the ground
6
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Figure 5: Test curve of d11 at 19 meters on the ground.
Shockwave data within the scope of the Ordnance Research Institute
7

Mach number (Ma)

6

5.73
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Figure 6: Histogram of comparison between the disc and pen bump.
Table 6: Two shape structures on the test results increase.
Num
1
2
3
4
5
6
7

Disc
bump

Pen
bump

1.93
3.34
5.38
1.18
1.41
5.73
4.87

1.43
1.13
5.41
4.09
1.81
5.8
5.31

PC
Hadoop Distributed
environment
0.74
2.05
5.97
4.46
2.82
2.08
1.1

1.4
3.26
5.87
2.15
1.76
1.1
3.44

1.27
1.22
5.83
1.62
2.2
3.42
1.69

the disk slope and the vertical pipe wall, respectively, and the
pressure change is very small at the plane disk.
It can be seen from Figure 6 that when the two structures
have the same protrusion height or depression depth, the
inﬂuence of the two shape structures on the test results
increases with the increase of the inlet pressure. For the same
inlet pressure, the larger the bulge or depression value, the
greater the impact on the results.
As shown in Table 6, the inﬂuence of the disk is greater
than that of the pen type, and the change rate of the relative

diﬀerence increases with the increase of the concave-convex
value. At the same angle deviation, the inﬂuence of the two
shape structures on the test results increases with the increase
of the inlet pressure. At the same inlet pressure, the larger the
deviation angle, the greater the impact on the results. The
inﬂuence of the disk is greater than that of the pen type,
and with the increase of the angle value, the change rate of
the relative diﬀerence also increases.
4.5. System Computing Performance Test. As shown in
Figure 7, the data evaluation model algorithm designed in
this paper has high accuracy, but it will generate more intermediate results and temporary matrix in the calculation and
execution, and the time complexity reaches Oðn2 log ðnÞÞ,
which is too much for an ordinary single machine environment processing platform, especially when the amount of
data is large. By referring to a large number of data, the big
data processing technology is introduced, as shown in
Table 7.
The massive shock wave test data and calculation processing tasks are distributed on the cluster computer to solve
the dilemma of a single machine mode, so as to improve the
calculation eﬃciency and accuracy. Based on the measured
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Temporary matrix in the calculation and execution
6

Mode index

5
4

3.38

2.8

3

3.69

2.43

2

1.32

1.15

2.42

2.98

1.22

2.75

1
0
Click mode

Ordnance

PC environment

Hadoop

Distributed

Mode item
Stability
Shock wave
Filter processing

Figure 7: Temporary matrix in the calculation and execution.
Table 7: Big data processing technology is introduced.
Item

Shock wave

Filter processing

Domain analysis

Complexity

Temporary matrix

1.32
3.38
1.15
2.42
2.98

3.15
3.23
3.24
4.6
2.15

1.35
2.11
2.08
3.59
5.17

1.53
3.67
3.15
1.53
2.13

3.33
4.72
1.1
1.8
4.36

Click mode
Ordnance
PC environment
Hadoop
Distributed

Time-consuming comparison of single-machine environment and Hadoop

Test index

6
3.84

4

2.64

2.25

1.22
2

4.48

3.82

1.24

1.72
0.37

0
0

200

Hadoop
4#-0.25 times
Stand-alone environment

400
Points

600

800

41-0.5 times
4#-0.125 times
4#-1 times

Figure 8: Time-consuming comparison of single-machine environment and Hadoop ﬁltering.
Table 8: Hadoop needs more initialization preparation and intermediate.
Item
Stability
Shock wave
Filter
Domain
Complexity

Click mode

Ordnance

PC environment

Hadoop

Distributed

0.91
2.31
4.59
3.5
4.34

1.22
1.72
3.82
4.48
1.24

1.73
2.06
4.37
5.61
2.08

1.59
2.49
2.14
5.58
2.09

0.79
2.12
3.96
2.63
2.04
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shock wave data in the range of Ordnance Research Institute,
this part compares the time required for frequency domain
decomposition and ﬁltering processing under the traditional
single PC environment and Hadoop distributed platform of
the system.
As shown in Figure 8, through the above analysis, when
the amount of data is small, Hadoop consumes more time
because the MapReduce framework cannot open multiple
nodes to process the calculation process, and the whole calculation is implemented on one node (equivalent to standalone mode).
As shown in Table 8, Hadoop needs more initialization
preparation and intermediate result transmission time, so it
consumes more time. When the amount of data reaches a
certain scale, Hadoop will start the cluster node distributed
processing the same computing process, and its advantages
will naturally be highlighted.

The conclusion is that the two shape structures meet the
safety requirements. Under the same conditions, the error
measured by the pen structure is less than that of the disk
structure, while the error caused by concave and convex
installation is far greater than that caused by claim of disc
structure. What is the reason for this? The simulation results
of the broken line method are more intuitive. The results
show that the inﬂuence of the two schematic structures on
the test results increases with the installation angle or the
concave-convex degree and increases with the increase of
the concave-convex degree. The inﬂuence of the angle on
the test results is that the pen structure has less inﬂuence
on the test results than the disk structure, so the pen structure
is used for dynamic calibration of the two structures under
diﬀerent installation conditions next. The experimental data
and simulation results are compared and analyzed to verify
the accuracy of the simulation results.

5. Conclusions

Data Availability

In the destruction process of weapon warhead, explosion
shock wave is one of the essential characteristic physical
quantities, which can be measured accurately, which can provide some reference data for the research of weapon destructive power. However, in the actual shock wave test, the
amount of test data increases rapidly, and the data structure
and types are more and more. The traditional test procedures
and data processing technology cannot meet the requirements of rapid testing and cannot meet the most valuable test
evaluation results in sea level data. In the current research
process, the accuracy and intelligence of the test need to be
improved. In this paper, the basic technology and realization
of free-ﬁeld shock wave are completed. It includes AD circuit,
storage and recording module, activation circuit, interface
circuit, power management module, computer management
system, and data processing system. We introduce the implementation of synchronization module and verify the errors of
single and multiple synchronization units. Special circuit
installation and protection structure are designed for the
developed system structure, so as to avoid direct damage to
test equipment due to bullet.
In this paper, a test method is studied. The rationality of
overpressure value is tested by measuring the velocity of
shock wave and directly measuring the overpressure time
curve of shock wave. In the process of research and development of the test system, the wireless device complements the
functions of ﬂash data storage, gain ampliﬁcation, frequency
increase, retrigger, activation, and internal power generation
adjustment, so as to eﬀectively improve the system reliability,
operation simplicity, and practicability. The dynamic characteristics of the test system are analyzed, and the performance
index and operation index of the test system are veriﬁed by
the actual explosion test.
In this paper, ﬂuent ﬂuid dynamics simulation software
and impact tube are used to study the inﬂuence of the convexity and deﬂection angle of the sensor sensitive surface
on the pen and disc test results. It focuses on the simulation
of diﬀerent convex angle, diﬀerent convex height, depression
depth, and installation error under diﬀerent insertion angles.

No data were used to support this study.
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