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Research on spherical free field sensor for blast wave measurement

Zhang Zeteng'® Wang Yu’ Wang Wenlian'”’
(1. School of Instrumentation and Electronics, North University of China, Taiyuan 030051, China; 2. Key Laboratory
of Instrument Science and Dynamic Testing, Ministry of Education, North University of China, Taiyuan 030051, China;

3. School of Information and Communication Engineering. North University of China, Taiyuan 030051, China)

Abstract: The shock wave free field pressure test is an important test method in the explosion test of weapons and
ammunition. Currently, the commonly used pen sensor needs to be aligned with the detonation core, but it is difficult to
achieve accurate alignment in dynamic explosion or complex explosion, which will cause large test errors. To solve the
above problems, a spherical sensor structure for air explosion field testing is designed, The design effectively realizes the
measurement of shock wave in multiple directions and overcomes the defect of the traditional sensor which is sensitive to
the location of the detonation core. The sensor adopts piezoelectric ceramic as the sensitive element and adopts conical
structure at one end of the connected sensor to improve its performance and stability in the complex explosion
environment. and its performance is calibrated on the shock tube platform to complete the explosion verification test.
The test results show that the sensor’s rise time is 1. 23 ms, the sensitivity is 100. 34 pC/kPa, The sensor tested free
field pressures in six directions, and the distribution deviation is within +7.1%.

Keywords: shock wave test; free field sphericity; multiple directions; performance calibration
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Fig. 1 Spherical piezoelectric ceramics
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Fig. 2 Sensor structure
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Fig. 3 System schematic diagram of shock tube calibration device
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Table 1 Shock wave parameters

o Aif i) 2% i%f(‘?ﬁﬂi? v, AN Ma
At/ms /(mes )
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c 0. 545 366.972 477 1 1.056 541 095
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Table 2 The test results were analyzed and compared

e W R J1 AP ML R R B e () Wi SO 1 i) 2 MR RBUE S, L REUE S
/MPa /mV /s /(mVe+kPa ') /(pC+kPa™ ")

a 0.037 702 878 1. 20 1.2 31. 83 106. 10

b 0. 035 560 400 1. 15 1.2 32.34 107. 80

c 0.026 384 889 0.72 1.3 27.29 90. 97

d 0.029 361 009 0. 86 1.4 29. 29 97.63

e 0.032 418 670 0.95 1.2 29. 30 97.67

f 0.042 536 869 1. 30 1.1 30. 56 101. 87
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Sensor connection mode
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Fig. 6 Sensor installation in a free field

K7 e

Fig. 7 Distribution of burst points

EANIEZ .l R R R AR T IR I He i
T BOR R IC R i AR 5 . B TEn P de L X Ah R
HEFT XS HE R AIE - U RE £ A S 1 B A5 A 8N ok 11 A 1)
7 1w (9 b AR S

Bl AR SCBE T B BROE AL TR R B R K AR AU S 0 B
PRSCYS A B WAL 8 TR . SE g AR G 2 A A R I
NGRS N N (S i SN LR S AL R R NP

B8 sl

Fig. 8 Experimental site diagram

EAA PR — 113 —



WRSHXR

G AM, BRGHEE TN T . ABRETHRLE
HRBME S LRI E S . R AL A
PR T A b, DA R LR e e R M B M. AR T
Km0 B S B0 R R 3T, R AR R R
E N 0.3 mV/pC, %8 100 kHz, X 46 it & F1 ik & 1
B E A 52 56 B 09 SR B 5 A BT B R 0 45 R g AT
SEME. R AT W& A E ST R 4B AT
6 AT 1] 45 B A o AR Al 2R B 9 () ~ (D) i
N o MECHE 2 B ] LU SR B, 45 A HE S AR 2
JE i 28 FE AR AT .

0.4

0.35
03 0.30
0.25
0.2 0.20
z Z0.15
g ol $0.10
0.05
0 0
-0.1 -0.05
0.10
R T Iy o VR T R 2 1 0 1 2 3 4
ils <107 ils <10
(a) HrEl (b) prE?2
(‘a) Position 1 (b) Position 2
030 8;(5)
g;g 025
) 0.20
Z 015 2015
$0.10 3 0.10
0.05 0.05
0 0
-0.05 8?3
432101 2 3 4 WTETT 0 1 2 3 4
ils 10 ils <10
(c) PiE3 (d) prEs
(¢ ) Position 3 (d) Position 4
030 030
’ 025
0.25 020
0.20 015
2015 2 0.10
< 0.10 < 0.05
003 0 02
0 0.
-0.10
-0.05 01s
2 -1 0 1 2 3 321012345
ils 10 ils <10
(e) f1ES (f) fi&6

(‘e ) Position 5 (f) Position 6

B9 ik
Fig. 9 Pressure curve
HT T A2 8 g D o 2R 8 0 A9 1 o v e I L i R
I 53k DA A2 J% g 00 3K 2% 49 11 Ay 58 A0 BV T 75 380 06 17 4
SR I A A R R R N AR L 45 R
BN 3 FaR . TR S AL E SRR B SR
FR AT, o W R SO () L T A 7 o] 114 U - X (A
0.008 45 MPa, H A fiil 2276 £ 7. 10 LN L X — 45 R 5
UE T BROE AL AR 1 2 1 Ve RF R . & 0d I 9230 B ik
FWIZ BRE AL A AR 48 A R0 I B 2 A4S J5 m i A
Y51

— 114 — HEHABRTFMEEAR

2024 | | B

H43E F || B e

R3 BUEBEIEEXL

Table 3 Comparison of peak overpressure at each position
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