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Shock wave detection and evaluation techniques for individual protection
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Abstract: With the wide application of new types of ammunition and large-caliber heavy artillery, the non-contact killing
mode caused by explosive shock is rapidly replacing the original direct contact killing caused by bullets, fragments, etc., and its
killing power, precision, etc., on the combat personnel and equipment is more threatening. This paper will start from the
introduction of the typical test environment and methods of explosive shock wave, through an overview of the explosive
impact monitoring and sensing technology and explosive impact flow field reconstruction technology analysis to summarize
the development trend, and finally the application of portable explosive shock wave sensing system in the foreign military was
briefly introduced for the research and development of China's related products to provide reference experience. At present, the
most commonly used sensors in explosion impact tests are overpressure sensors and acceleration sensors. Among them,
overpressure sensors can be divided into piezoresistive sensor, piezoelectric sensor and fiber-optic sensor; acceleration sensors
cloud be divided into piezoresistive acceleration sensors, piezoelectric acceleration sensors, capacitive acceleration sensors,
resonance acceleration sensors, electron tunneling acceleration sensors, thermal convection acceleration sensors and optical

acceleration sensors (space light acceleration sensors, fiber-optic acceleration sensors). accelerometers, fiber optic
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accelerometers). The demanding testing environment requires all sensors to have high frequency response , good detection
linear characteristics, high signal-to-noise ratio, high sensitivity, good anti-interference performance, and excellent
characteristics such as small size and light weight. Shock wave over-pressure sensor toward miniaturization, standardization,
integration and intelligent research direction, while vigorously developing new sensing technology research. Based on CFD
data and experimental data, artificial intelligence technology is introduced into the explosion wave signal processing and flow
field reconstruction; portable explosion impact detection and evaluation system with independent intellectual property rights in
China is developed to provide rapid classification and rapid diagnosis and treatment basis for the protection and rescue of
special industry practitioners in extreme environments.

Keywords: shock waves; shock wave sensors; signal processing; personal protection; shock wave testing
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Fig. 1 Schematic diagram of different structures of sensors
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Fig. 2 Schematic structures of several typical EFPI-type fiber optic sensors!
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Table 2 Comparison of the performances of several typical explosive shock wave overpressure sensors

) /N T W13 ] /psi RAFE/(mV-psi") S PER /mpsi
105CF %] 100/1000/5 000 50/5/1 0.005/20/100
PCB 113B &% 50/100/200/500(1 000) 100/50/25/10 1/1/1/2
137B %% 50/250/500/1 000 100/20/10/1 10/0.7/1/8.5
Kistler 601CBA 22/50/100/200/500/1 000/3 626 230/99/49/25/9.9/4.9/1.4 /
PIMELE) KD2004L %5 145/72.5/29/7.25/1.45 0.345/0.69/1.725/6.9/34.5 /
)| e PRI /KHz E T ] /s R /% Jiht/g TREE T/ C
105CH4 =250 <2 <2 43~11.6 —73~+121
PCB 113B %41 = 500 <1 <1 4.5~6 —73~+135
137B &4 = 400 <65 <1 / —73~+135
Kistler 601CBA >215 <14 <1 3.6 —55~+120
EZRlE ez KD2004L %51 =200 <2 <1 14 —40~+120

7E: 1 psi=6.9 kPa
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Table 3 Comparative analysis of the performance of several major acceleration sensors
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Fig. 3 Time-domain plot of the measured shock signal of the 5 psi sensor and
its reconstructed signal (1 psi = 6.9 kPa) ['*
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