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Adaptive Shock Wave Overpressure Sensing for
Dynamic Explosion Testing
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Abstract: In dynamic explosion tests, the random offset of the detonation center leads to variable incident
directions of shock waves and a wide span of pressure amplitudes. This results in significant variations in
the incident angle of the sensor and large fluctuations in the overpressure amplitude at measuring points.
Conventional testing devices can hardly meet the requirements of both omnidirectional response and high-

precision wide-range measurement simultaneously. To address the above engineering challenges, this
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paper develops a free-field shock wave overpressure testing device with dual adaptability in direction and
range. The device adopts a “lollipop” structure and uses a spherical piezoelectric ceramic with a diameter
of 15 mm as the sensing unit. By utilizing the uniform sensitivity characteristic of the spherical surface, an
approximately omnidirectional response to overpressure within an incident angle range of 4907 is
achieved. The signal conditioning module integrates a range adaptive control circuit, builds a four-channel
parallel acquisition structure, and realizes the adaptive selection of the optimal range channel based on
amplitude determination, which achieves a balance between the measurement accuracy in the low-pressure
section and the overload resistance capacity in the high-pressure section, and realizes high-precision mea-
surement and range adaptive matching of shock wave signals within a wide dynamic range. The perfor-
mance of the device is verified by a combination of shock tube dynamic calibration and explosion tests.
Experimental results show that the dynamic sensitivity of the sensor is 83.2 pV/Pa, and the sensitivity
attenuation is less than 3% within the incident angle range of £90°. Stable and reliable free-field overpres-
sure measurement can still be realized under the conditions of random detonation center offset and large
variations in shock wave intensity. This study provides a novel sensing technical solution for wide-range
and omnidirectional shock wave measurement in dynamic explosions, and validates the feasibility and engi-
neering practical value of the dual-adaptive sensing principle in explosion testing.

Key words: dynamic blast testing; spherical piezoelectric sensor; adaptive reading; shock wave overpres-

sure; wide-range measurement
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Fig. 2 Schematic diagram of piezoelectric ceramic operation

50 R bR e B A% SR 30 VT AR R T 1) A
b, AU TR Ry ST 1T 25 LA 5 o X 3 HL A
7 AR .l e i R ACR 5
BECRRTET 1Y) 52 77 07 ) AR O, 24 e B A O 1)
it 15 1 Rt 01 %) S5 B M 7y 1) Gl 5 Sk 8 LT
BEURR TR 7 T IS, SEBRAE F T BURR I 1A R T 4y
o AW, TG A A S R T R
DL I bR P A2 SRt 1 o 7 LA B S 1) ) ) 44K 3
Pk, 768 e nhs i 3 o DL S ERR R A 4 1) )

AR R SR e Rl T N VA W N DTN L T2 AN
S0 1) AR AL G IR B, ARSI T —Fh AR 1)
b HaL B 8 R 570 A A% O SO A T B R T A R
HTAERZERIE 2b) s, BZEERINERE 15
mm , BEJE 1 mm, GEAEERIE S5 4 KL 4 A8 L] X Bk

{6 I N s I DANE - R o P (SO L I 5 e S ]
B, BIStESE N AE AR R . fEEHE
BN IVET , BB Ao I A R far, PR AH
BT R ITH, BRE G 5T e 18 S8 B
in R e N m A
BRE e B B e me i - LAl B OC R W 3Rl

0, == Cy3€, T 201580 T e E,,

op=Ccue, T (cntcyn)eptenE,

Ogpo = Ows

D,=eye, + 2e560 T eE,,
A o, WIS 0385 e, 5 e 230 N AR 0] 55 D) [6]
NA s D, AR EALES s E, AR IR s ¢ b
PR R e AR I A LR R ey S T HL R H
JE AT BN FH il s BCE, = 0, HLER 5 45 44 Sl X
PR, W R o, =on=—p, FRABYEARW 712 (2)
Gl

€, = P53+ 2513,

(2

eoo:_P(Sls +511 +512),

D,=—pl e (st 2513)+ 2e5 (515 + 51 +52) 1,

(3

A p AR s, M E R R, D, =

—k,p, HEIE TR S, W i 22 5 37 =5 7 72

Q= [ D,dS st -FE3 T e

Q=—Fk,pS, 4

A SHEHLITIRY A AR 5 &, 2 i HL B )

RN FZE R @OATAL, BB R R L
J5 g 3 E T W RE ORIIE R AP P OC R o

1.2 SEEFTRESERHENEE

1.2.1 235K

BT Bl AR S 6 v v D R S S TR R 9
ML, Bt T =M 2RI TIHORME 5 RETT R
7 SR VU B AT OS5 HE , R LA [7] 46 2 4
BEC0. 5% 1A%, 245 K 4f5), L & opidi (55
AR i (21 o WAL A8 SE s AV L. &1 3 SR
TR AT L N T IS R T i 2 53 0T
RV N e SR A & N P R

BRI Hs v A2 S e i 4 1) JELAR 15 22 i ) B
Ja , WelR Aoy e A ORI IS, 52 B[R] — i
&S AEA RIS 45 26 0F B BIFATIOR 5 R K. AR
B ACE N A I RO s RANA 4 R



C

D

B3 R NCR AR L B

Fig.3 Schematic diagram of adaptive acquisition circuit
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Tab.1 Data comparison after multiple measurements
M= HUEIRE V,/V PRI v/ (mes ™) LTt 7,/ ps FBRE T p/kPa HUER G S,/(pVePa )
a 1.03 362.2 10 12.5 82.4
b 1.99 377.3 8 22.7 87.6
c 2.37 388.2 9 30.4 77.9
d 3.24 398.8 9 38.1 85.0
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Fig. 10 Measured shock wave curves at different distances
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