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50 mm, B A 1. 60 g/cm’®, HET A V2O S I T4 A K UN BRS04 25 4 19 85 A%
AT 5 308 A R 4% 25 A MEAS 2 PETN/TNT (B % [E 50 ¢ 500, 254E K E N 50 mm, ELAE4 45 mm, %
H1.57 g/em® . UN B30 00 b o R 4 25 HE 5 A0 50 b iR R AR 25 FE PR RE R AR DL 35 1.
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Table 1 The performance indexes of the stardard booster charge and the sample

Material Length/(mm) Diameter/(mm)  Mass/(g) Area/(mm?*)  SG/(g/cm’) VOD/(km/s)
UN

0 50 160 1962 1. 60 7.41

a1l al

Sample 0 45 125 1590 1.57 7.35
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Fig. 1 Sketch of explosion facility Fig. 2 Sketch of testing system
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3 ARBRRSURFEATRSHITE

3.1 HAHBERSENITE

H oK ES IR PETN/TNT 254 RS SRR B v, =7, 351km/s, K p, =
22.24 GPa,
3.2 AESENEERERSFAELPFEMBEANITE

TR0 R 2GR R A 0 oo I A B AL b R T AL A o o BTN T 2 A o
RELAT » T LA AE B335 77 0 v B S I 2 A i D o AR A0 40 S 1o Ak s 0 e D0 AR S B 25 A I R S BUIR A
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= 1+2y[1—[p*j } 7.35[1.461.10(7)*)”} (2)
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Ko SR FEER T, km/s; py R EGFE R R, GPas vy 2 2 7 8 80, WL v =2. 815w, 42 U 5 BT o5 3 B,
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200 GPa) WAETER LML G FR L A6 BILIE I v i o 30 3o B 15 000 A 3 B 1 G R X ol
D=c, +Au,=2.74+1. 35u, (3
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1 [10-11] r — Eq.(2)
SR ) 36} e Eq. (4)
Dx = pomDux = pom (co + Auduy sol
=1.18(2. 74+ 1. 35u ) u, (4) = 24'
Kebp, WUEIEIE S, GPas D Ky bl g km/s; © | o
< 18 > (241 kmy/s, 17.1 GPa)

Pom RN TR IR JE g/ cm?’
AR D 5 TR R FEE 7 R (2) NS R A1 7 R () 12y
R FEE F1  24 b 5 LB B8 S8 A b b o 38 T g of

W TR E LT ) 05 T3 To 20 3426 33 36 40
H1 P 4 AT, 24 K 5 AT LB R S T Ak e A w(km/s)
Uy s 7 RV S o e T RE 43 3 ok B4 5 AL s R A S
p.=17.1 GPa,u, =2.41 km/s Fig. 4 Initial parameter of shock wave at the interface
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R T e A TN 24 A o e e AS [ JEE R B Al b B b i B S FUR AUTODYN 6. 1 FpABEH T
2 KT o D E A LB S B A ) s e AR L A LB B R AR AR T ST A S L3R 2. BT 5 R AR LA B
HE AN [ 7 B 0 i 5 T a3 A, LA B 1 b o B A S S RS S LR 3.

FR A A P13 45 31 B 24 4 5 4 WL B 38 B Al 1 Ak ) o i R 0 po A 1701 GPa, AR 3 AT, et A5
WA po N 15.95 GPa, i A —3,

x2 ANHEBREMNTERASH
Table 2 Hugoniot parameters for PMMA

Material — p,/(g/cm®)  ¢/(km/s) S r

PMMA 1.18 25.61 1.595 1.0




434 = JiS L i & Eind %24 %

R3 HEEUGINAFTEMNEERAOKRESH

Table 3 State parameters of shock wave and particle velocity derived from simulation

PMMA Shock wave peak Shock wave Particle velocity after Density after
thickness/ (mm) pressure/ (GPa) velocity/(km/s) shock wave/(km/s) shock wave/(g/cm?*)
0 15.95 5.86 2.30 1. 96
5 13. 86 5.63 1.96 1. 82
10 10. 77 5.11 1.72 1.75
15 9.26 4.75 1.56 1.71
20 8.21 4.59 1.43 1. 68
25 7.39 4. 39 1.34 1. 65
30 6.45 4.27 1.23 1.62
35 5.30 4.12 1.01 1.57
40 4.23 3. 87 0.92 1.52
45 3.36 3.73 0.75 1. 48
50 2.73 3.58 0.63 1. 44

AUTODYN-2D v6.1 from Century Dynamics AUTODYN-2D v6.1 from Century Dynamics

Pressure/(kPa) Pressure/(kPa)

1.612X 107 8.095 X 10°

I 1.451 X 107 I 7.246 X 10°

1.289 X 107 6.398 X 10°

H 1.128 X 107 H 5.549X10°

H 9.669 X 10° H 4.701 X 10°

H 8.056 X 10° H 3.852X10°

H 6.443X10° H 3.003 X 10°

) L H 4.830X 10° ) L H 2.155X10°

gclc 261 3.217X10° Zyc]c an 1.306 X 10°

Time 7.669E-003 ms I 1.603 X 10° Time 1.133E-002 ms I 4.577X 10°
Units mm, mg, ms __ Units mm, mg, ms _
Axial symmetry -9.557 X 10? Axial symmetry -3.908 X 10°

AUTODYN-2D v6.1 from Century Dynamics Pressure/(kPa) AUTODYN-2D v6.1 from Century Dynamics Pressure/(kPa)

4.141 X 10° 3.769 X 10°

3.686 X 10° 3.344 X 10°

3.231X10° 2.920 X 10°

2.777X 10° 2.495 X100

2.322X10° 2.070 X 10°

1.867X10° 1.646 X 10°

1.412X10° 1.221 X 10°

. L 9.578X 10° . t 7,964 X 10°

Cyele 501 5.031X 10° Cycle 586 3.718X 10°
Axial symmetry -4.062X 10° Axial symmetry —-4.775X 10°

Bl 5 A LIRS B AR A WAL & A s 4 A
Fig.5 Configuration of pressure in the PMMA gap
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FLER BT 3 R 4 vh i BOHE S B0 L T 35 1 6 Fig.6 Typical waveform gathered

by the oscillograph
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Table 4 State parameters of shock wave and the particle velocity after shock wave measured by experiments

PMMA Shock wave peak Shock wave Particle velocity after Density after
thickness/(mm) pressure/ (GPa) velocity/(km/s) shock wave/(km/s) shock wave/(g/cm?*)
0 15.62 5. 81 2.28 1. 83
5 11. 54 5.25 1. 86 1.73
10 9.40 4.92 1.62 1.67
15 8.15 4.72 1.46 1.63
20 6.98 4.51 1.31 1.58
25 6.35 4. 39 1.23 1. 56
30 5.17 4.16 1. 05 1.51
35 3.35 3.76 0.76 1.42
40 3. 04 3.68 0.70 1. 40
45 2.39 3.52 0.58 1. 36
50 1.76 3.34 0.45 1.32

SCHR[ 4 148t wpas 0 7 5 S8 00 P AL B B, R T W6 {1 T A 7 P 2 8 B0 DA, s DA AR Oy
p=poe “ 5
A p b AR RAR TR T« BT ET1, GPa; po 25 547 LI 55 B Al 53 5 18 Ak 1) 4]
b i I VB R T . GPasa iy s I 70 AT B3 5 B A v 1) s 0l 3R 8505 oy i AR A LB B v i AR R
2, mm,
XF (5) 2 HUN 4, 15
Inp=Ilnp, —ax (6)
B A, Inp Ha BEMEXR, R4 PHEIRGEN Inp 52 WIIGHMLWIE 7, B 7 iy
GHLTEN
Inp=2.73—0.04lr (0<<z <50 mm) %
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Study on the Shock Wave Attenuation of the Booster Charge
in the PMMA Gap

XU Sen'*,LIU Da-Bin"* ,PENG Jin-Hua', WANG Jian-Ling®,
GUO Wei’,JIN Peng-Gang®,JIA Xian-Zheng®
(1. School of Chemical Engineering of Nanjing University of Science
and Technology s Nanjing 210094 ,China;
2. National Quality Supervision Testing Center for
Industrial Explosive Materials , Nanjing 210094 ,China;
3. Xian Modern Chemistry Research Institute ,Xi'an 710065 ,China)

Abstract; The shock pressure at the interface between booster charge and PMMA gap was calculated

by graphing method. The AUTODYN was used to simulate the attenuation process of the shock wave

in the PMMA gap. The output shock pressures, which were produced by the substituted booster

charge of the UN gap test,were measured in the PMMA gap at different positions by manganin gau-

ges. The shock velocity, particle velocity and density after the shock front were calculated. The results

showed that the measured data,theoretical arithmetic and numerical simulation are consistent,and the

attenuation regularity of shock pressure in PMMA is extracted from the test results. AUTODYN 6. 1

software is capable of predicting the attenuation characteristic of shock wave in PMMA gap.

Key words: explosion mechanics;shock wave; PMMA gap;manganin gauge; AUTODYN



