5 3 4 O 5 o & Vol. 35, No.3
H

EXPLOSION AND SHOCK WAVES May, 2015

DOI: 10. 11883/1001-1455(2015)03-0437-05

BEREAN NSRRI RN AREE SRS

B OKEER AR .2 B
ChE BRI R 1% R LGB A 230026)

TEE : (R e AT /INE dah s PR R S R A% AR T B Sk o ol 3 B L AR b i 9% Rankine-
Hugoniot 3& R 3 A5 M 450305 0L B3¢ 06 (B FE 7 o DA TG S8R 7 4% 2R I Bk o2 3R AT 10 28088 A X iR 22 /. [ it
W2 7 AR R 09 vk 280 9F R Modified-Friedlander 20 20 AT 80808 J5 Ak B, 25 J 3% I [ M R #0620
WSS, B E A G M B A B EAEE . 5 AT TR ZE 0T, R IR [ 4% R e B AR S A 3 Oy
TARAH e — iR 2, STUR 45 5L 2 WA 3 Al 0 2 AN S A B i LG e RS R L AT L JRD A AR E 1 IR RS AN A e

SR A SR S R AR TR AR IR SRR s o 5 A5 IR T )

RESES: 0384 EtrE R 13035 NHEARE: A

23 PR S R AR 2 5 A A SR o 3 H 8 ER 3 S AR DL KR ST 56 37 b 14 5 SR 4 A
o TERRE S AR N HEAT /N 2 5 SRR BE SR B A g b )s  BE B A MR A BE 4 T A S0 D K A 2
10 25 Th bR K 2800 70 52 30 3 b 25 25 A 32 BRI o2 — A R a0 vk o AR A 3 AR AL 1T LRSS 46 45
ET Sl — VO A TR oK o 7E S R E bt S B e 0 W v S 0 (T L LA IR ) IE AR i i
S S W i R RN 2 VERE I E RS R, TS R e s D 0 A% B X S I PR SR A O R el
T R A 2R 8 1A 01 238 1) 2 ¥ R R 0 X A% JEds T U 37 T 8 1 1 8 L B e U 255 443 TN A 6 1% B THT 2
SRR B g vl B S B I A R BRI . O T MERR KA b D 280 N HL Ethridge™ 42 i
T —FETF Modified-Friedlander J5 7 A9 21 % B g e L5 AL 3 77 20, M. M. Ismail 285 ] F 3 Fl 22 56
(18 2 XoF B P UL X 2 v R R S 06 BCH I AL B E AT T FSE, JRAE G F. Kinney 585 TAE MY 3L fil B 4T T
BT . (R . R T 3k ol Ak 31 7 7 B840 8 RO 32 U0 PE 5 ik AR M 75 3] 2 08 /) 285 SR . 7 S B oz FH o, 2k
LR I AL B4 R K vk D8 S ) A 14 S ) S 1 AR A S 9 L R DU AN Wl A T L) P T R L 9 LA N ) 2%
oy 5% PR IR AR PERE B 52w M 45 R R B, DRI, R — O B Al A R =L 0 IR . AL
M B — R TN 2 s v AR e e S R P A% SRS e 0 I e e D B AR B b % Rankine-
Hugoniot 5& & ZRAF I s 3 AL 8 WA R 7 19 75 1% % R ) AR IR A8 2R AT B A8 A5 28 10 18 T 3 158 22 19 Sk L
255 1A L P A ok U S U A T

1 fERBFHERE

08 T 5 X0 S 0 A2 SRS HEAT AR AE L SR OT A5 B i T — Rl T e 90 A0 SR S A bR E Ty vk (R %
VX SCHR B M A L S REAR G b A PR SE PR SE R 1R 25 . O T [ I S g 0 0 3 A AR S R AR U
i PP 91 32 52 AT el P o — 5 R T N ] SR R AT AR B R LA B A Ak R R

_i _l Si—1,i Sivitl

Ma,-—z(Mai 1/2 +Mdi+1,’2)*2€(1’171 + 3 \J (1)
A s Ma, g oo AR KR ol B ) BB s ¢ M IR B o = /YR T 5.5 D9 AH AR I 0 6] A9 B S 5 2, O b iy
{2 308 3 R 80 A I 1

» UWiRHEI: 2014-03-28; &E HEY: 2014-07-06
EETH: BERHAR#ILTH(51174183,51134012)
E—1EE. B kAQ989— ), B W BiREE: £ 2, hhma@ustc. edu. cn,



438 w5 i % 35 &
FI A w5 i% Rankine-Hugoniot & & 2.
b _ 27 v —1
po Y+ 1M I y+1 @

T LR S0 50 s T AT IO 25 AR I AR S T AR AR AR HE AT B A g . S p I
i AL XS TR ST 5 po IIRBEIR J1 5y A IR TR SRR T v =1, 4,

R T SRR 7 2 i AT AT M ARG B R R A
AL A Y 5 R B AR G2 i 7 % i 1 8 A 25 2 P
F1AH RS2 56 W . oK bR E A% R A R I AR R
6 mm , B K U2 2 A 2 B FE A1 52 Y A% IR A R T
54058 AR R KT LR IE b o 0 1450 A5 4R 40
B P LB N 55, = 9.60 mm, s,,; =
12. 60 mm, fGEERITHI4 B A 1 FiR .,

R AGRER S e ¥ A AE R R=1. 25 m 1Y
SR IE A AR T . AR IR URGE IE X R 2 b, R
i s AR SR A 2 A 2 A% TR A% BB 5 4 28 0 R B
R, =0.7 m, LB N 10 g Hifb BREEIZ
L TOA e R R TR 2 TR R . Sk
T B R A R RMEER N 2 X107 s, S
EREWME 2 iR,

i 3k 23 v A S B0 A5 B B L IR AR 1 R D
Mk, B A% R 1 9 Hh B A A 8 A 0 oot D8 30 3
[ T LAAS 2] e o U 0 2o 40 A% B AR T A I R] . AE
EL HME SR 1] BE B i, w7 LA A 20 (D 11545 2 o
i U 28 30 AH SR AL IR AS B S X kg, 1B 3 BT R
15 A 7 51 R 4 B0 o o e 55 I Bk i ]

S =0 T NG T i WS RS b Y 7 € L
Vo A 1 L LA 4 % g Il BE B AR /N TR e AT AR A
ool I S R A K X R 2R M, W T AR IR S
A% [R5 TR BE N AH 25 1) 19 00 D0 5 B PR (B . SE 0 4
RO, Teh b NG IR RGE, Ap,, N R IE
H.U FHE,

I ook 30t 3 R A5 3] A R R I (R X R 22
N1 A2%0 e AT AT B Y A% g SR A X R 22
Hh0.7% ., SEE SR, R AL AR T A I A
1 11 ot I R T U L R A5 AT AN M A A RS . 2R
R Z A B IR AT 51 AT D) b e 2 A
JERAS T e o O R T SRR

S

So3 1.2
e
Sensor 3 Sensor 1

Sensor 2

1 AR 18 e 91 s A

N

Fig. 1 Schematic of sensor series assembly
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Fig. 2 Schematic of air explosion system
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Fig. 3 Arrival time of shock wave at sensor series

R1ERB2HERELER

Table 1 Dynamic calibration results of sensor 2

3k g 5 L2/ ps tr.5/ps Ma, Apons /kPa U/mV k/(Pas mV 1)
1 21.0 27.7 1.335 89 93.95 101. 003 9 930. 16
2 21.0 27.5 1.343 88 95.28 101.7259 936.63
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Fig. 4 Nonlinear curve fit of overpressure history traces
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Table 1 Shock wave parameters by different data
40
WWWNA

Wik %k Apa/kPa (f/ps I/(Pacs) o« 20 WA,
JH 86.04  435.50 11,925 0 b M\

1 [FE Apn  93.95  470.02  12.478 2.0186

processing methods

Ap/kPa

Bl ¢ 90.19  435.50  12.290 1.6042 —20/ T00 200 300 400
¥ 84.64  430.72  12.309 s
2 [E Ap. 95.28  469.87  12.971 1.914 4 K5 Ok AL IR S IR 7 N7t 4
B E ¢ 92. 31 430.72 12.898  1.4643 Fig. 5 Overpressure history of standard sensor
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Dynamic calibration of pressure sensors by small-scale explosive experiments
in an explosion containment vessel

Xue Bing, Ma Hong-hao, Shen Zhao-wu, Yu Yong
(Department of Modern Mechanics, University of Science and Technology of China ,
Hefei 230026, Anhui, China)

Abstract: Air blast experiments of small-scale charges were conducted in an explosion containment
vessel. The shock wave velocity was measured by sensor series. And the approximately theoretic peak
pressure was determined from the shock wave velocity by using the Rankine-Hugoniot relationship.
The sensor was then calibrated, and the relative error of the sensitivity was small. The shock wave
parameters were measured and post processed by using the modified-Friedlander equation. The results
show that the nonlinear regression by fixing the overpressure is close to the physical fact, and the fit-
ting by fixing the duration has a high precision. Error analysis reveals that the sensor properties and
the post-processing methods can produce errors. Experimental results display that the shock wave pa-
rameter measuring and post-processing method suggested has a high precision. By this suggested
method, the sensor calibration and parameter measurement can be conducted simultaneously.

Key words: mechanics of explosion; dynamic calibration; air explosion; pressure sensor; blast vessel;
shock wave; sensor series

G kA=)



