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Fig. 1 The simulation model for the exploder cartridge configuration and the driven flyer power
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Table 1  JB-9014 detonation product JWL state equation parameters'’®

parameter value parameter value
po /(g/cm’) 1.894 p/GPa 26.9
D /(km/s) 7.64 A /GPa 666.48
B /GPa 5.338 C/GPa 1.252
R, 4.548 R, 0.797
w 0.35 E, /GPa 7

PREBE A LR T MR TCLL, 35 AR BHBCE TG 2412, 1 3R b kL5 B A5 LR
Johnson-Cook #5725 H Shy 2 1 iy A8 i Ak s AR T+ A S50 1) 98 1 s A AR Y | Sl 25
i RS Ry

o, =[A+B(&)" (1 +Clné&*)(1 -T"), (2)
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Wey=1.0s" T HEENMBE, T° =(T-T,)/(T, -T,),T, 5T, HHEHEREER;m,
n HERLE B

H(2) P, AETFEBEY & = LOFIT =0 W ShIN 15 &R0 A8 (14 B BOE
258 2 AR 3 TR T AR FRARN AL AR
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WERRAE & AN
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i,

&2  HM# Johnson-Cook 5 B #5510 2%k

Table 2 Johnson-Cook strength model parameters of materials

material G /GPa A /MPa B /MPa C m n T, /K T,/K
TCI1 41.9 1 050 106.6 0.001 21.62 0.29 393 2 100
2A12 27.6 337 343 0.01 1.0 0.41 393 877

e 24 4 JR AR RLER FHEE T i i 46 #4006 R ST 19 Mie-Griineisen JE X RS 7 .
P =Py +1Ip(e-ey), (5)
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Table 3 State equation parameters for materials

material p/(g/cm?) Cy /(m/s) S ¢, /(J/(kg-K)) r
TC11 4.5 5130 1.028 525 1.23
2A12 2.7 5328 1.338 863 2.0
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Table 4 Ignition & growth model parameters for PBXC10[%-!]

Il b a x G, c
50 2/9 0.01 4.0 414 2/9

d y G, e g z
2/3 2.0 125.0 0.222 0.666 2.0

® C, c, R, R,

reacted EOS

0.35 5.24 0.77 4.45 1.2

w ¢ G, R, R,

unreacted EOS

1.251 778.10 -0.05 8.2 4.1

KA FER R A Johnson-Cook FE AU shock ARZSTT LR,
1.3 kR EEBRHERINE R R EERGIE
S35 BL 709, 1 050 m/s Y3 2 s B AR KR 25 AT BUE AR, i i B KR 2 I 5
NERZE UL 3. LA 709 m/s (B EE pili AN BES IR KEZ, LA 1 050 m/s fY 2 B2 il | 7E 4
AL 3 ps Hﬂ“k’ﬁ%’ﬁ%ﬁ%l%,'ﬁiﬁﬂﬂiﬁ%éﬁ%*ﬁl.

2 062E-2

1.856E-2
1.650E-2
1.444E-2
1.237E-2
1.031E-2
8.249E-3
6.187E-3
4.125E-3
2 062E-3

a

1.762E-1 3.640E-1
1.586E-1 3.276E-1
1.410E-1 2.912E-1
1.234E-1 2.548E-1
1.057E-1 2.184E-1
8.811E-2 1.820E-1
7.049E-2 1.456E-1
5.287E-2 1.092E-1
3.524E-2 7.279E-2
1.762E-2 3.640E-2
0 3us 0

(a) RITHEEEH 709 m/s
(a) The flyer velocity is 709 m/s

a
9.494E-2

a
0
8.545E-2
7.596E-2
6.646E-2
5.697E-2
4.747E-2
3.798E-2
2.848E-2
1.899E-2
9.494E-3
0 Ops

0
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(b) ®HHER 1050 m/s
(b) The flyer velocity is 1 050 m/s
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Fig. 3 PBXCI10 explosive reaction rate contours with aluminum baffles impacted by flyers
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Fig. 4 Comparison of simulation and test pressure curves at different points in explosives
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Table 5 Charging structure parameters and their values

parameter level 1 level 2 level 3
@ /mm 75 71.5 80
H /mm 2 3 4
L /mm 0 3 6
K AUTODYN 23 M 84 Sr 1740l 5 iR i 9 A3 T 0 B EAR JUI AR 78
material case 1 material case 2 material ~ case 3
location location location
void void void

EXP EXP EXP
Al Al Al
Ti Ti Ti
F-1 F-1 F-1
F-2 F-2 F-2
B e T aes R o
void void void
air air air
EXP EXP EXP
Al Al Al
Ti Ti Ti
F-1 F-1 F-1
F-2 F-2 F-2
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material case 7 material case 8 material case 9
location ~ location location

void void void

air air air

EXP EXP EXP

Al Al Al

Ti Ti Ti

F-1 F-1 F-1

F-2 F-2 F-2

B 5 2GRS« BB A

Fig. 5 Numerical simulation models for charge explosion-driven flyers
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Table 6 The orthogonal experiment design of normal penetration calculation

parameter
case
@ /mm H/mm L /mm
1 75 2 0
2 75 3 3
3 75 4 6
4 71.5 2 3
5 71.5 3 6
6 71.5 4 0
7 80 2 6
8 80 3 0
9 80 4 3

22 FHBERI A BEEIER
X2 6 HPBA TR LR A TR S A, A ) 2 2 S5 R R MR 8l R B AN ] 7
RS R R ) (A R R Bl A SRESE) 2RI 6 Ak 7 .

material case 1: 5.9 us material case 2: 7.1 us material case 3: 8.5 us
location location location

void void void

air air air

EXP EXP EXP

Al Al Al

Ti Ti Ti

F-1 F-1 F-1

F-2 F-2 F-2
material case 4: 6.7 s material case 5:8.0us material case 6: 6.3 s

location

void
air
EXP
Al
Ti
F-1
F-2

location
void
air
EXP
Al
Ti
F-1
F-2

location
void
air
EXP
Al
Ti
F-1
F-2
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material case 7: 7.3 ps material case 8: 6.4 ps material case 9: 7.6 ps
location location ] location

void void void
air air air
EXP EXP EXP
Al Al Al
Ti Ti Ti
F-1 F-1 F-1
F-2 F-2 F-2
(a) PEEEZG)RIA 2 mm
(a) 2 mm away from the charging bottom
material case 1: 7.1 us material case 2: 8.5 us material case 3: 10.0 us
location location location
void void void
air air air
EXP EXP EXP
Al Al Al
Ti Ti Ti
F-1 F-1 F-1
F-2 F-2 F-2
material case 4: 7.8 us material case 5: 9.1 us material case 6: 8.1 us
location location location
void void void
air air air
EXP EXP EXP
Al Al Al
Ti Ti Ti
F-1 F-1 F-1
F-2 F-2 F-2
material case 7: 8.5 us material case 8: 7.7 us material case 9: 9.1
location ; location location
void void void
air air air
EXP EXP EXP
Al Al Al
Ti Ti Ti
F-1 F-1 F-1
F-2 F-2 F-2

(b) FEEEZHITM 5 mm

(b) 5 mm away from the charging bottom

M 6 FFal i, R e A AR IR R AR RO e 8 o, i R TS e
HAT B W AR IR ASTE RE Ty, Je R AL B0 T Ak 0 K 24 BB UK R s AR A A R 9T, o
M SR IR Bl HOE 25 B i 2 2 A
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material . material . material .
location case 1: 8.9 us location case 2: 10.6 ps location case 3: 12.4 us
void void void
air air air
EXP EXP EXP
Al Al Al
Ti Ti Ti
F-1 F-1 F-1
F-2 F-2 F-2
material material material
location case 4: 9.6 us location case 5: 11.3 us location case 6: 10.5 us

void void void
air air air
EXP EXP EXP
Al Al Al
Ti Ti Ti
F-1 F-1 F-1
F-2 F-2 F-2

Tmon T 04w EED csedlozw JRED ol

void void void

air air air

EXP EXP EXP

Al Al Al

Ti Ti Ti

F-1 F-1 F-1

F-2 F-2 F2

(¢) BRI 10 mm
(c) 10 mm away from the charging bottom
B 6 B2 B MBAL CRR
Fig. 6 The shapes of the flyers driven by the charges to the predetermined clearances
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2HS5HE T RNEIRS R R R RO, LU S R AR 0, (EJ2 M Je K LU 3 RE ) IUAE R R bR ey
JE AR R B JEE IR R 266 245 AR e /N R 2 4548 3B RO B e 2 I T TR B A 1S R (A 5 mm,
10 mm) , ® A Fe IGH L Y BUAE R B R i RS o B e /N R 25 454 1 (HHI TR R Y Le 3l
RETFAEfOR. ® A RE 2GR MR R 5 mm I, %y LS RE S KB SAE Ty B JEE RN iy
Pyl (3 mm) RS2G4 2, TG IR 24 AR D de /N KT TR BAR 2IIR TIA] BE 10 mm 1
R B RE AR KA B 24 B AR B R BEJRE D R TEIEL (3 mm ) | ROR HHS i B A/ e 24 45
1 8.

BT AR T A R AE IR Sy BRI 25 I T 2 mm Ab KA HE S RE MBS R R
FHIEAS S8 IS B GE T3 M R 25 45 M SO0 R B2 R 2528, W3R 8, b SR i 4G
WBECH B KCHEZ M BIE, R, NSRS T AN 22 , 28 B0, B2 S50



LYK G R 2 TERE R M 2 K

903

K.
P 7 44 8 T R 2 H A S50 BB ) 0 P 2% ML 2%
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F 7 RAIEIRD) Gy R S AR AU E RTINS R
Table 7 Numerical simulation results of the velocity and kinetic energy of charge driven flyers
1 mm 2 mm 5 mm 10 mm
case By / Epa / Eyna / Era /
Vi 7 (m/8)  Fmax Viax 7/ (m/8)  Ekmax Vi 7 (m/s) Pl V. /(m/s)  Erma
(kJ/em?) (kJ/em?) (kJ/em?) (kJ/em?)
1 2 004 2.068 2 004 2.075 2 766 3.205 3019 3.809
2 2 044 2.619 2 108 2.758 2 345 3.415 2 504 3.888
3 1829 2.795 1885 3.226 2012 3.362 2 130 3.757
4 2483 2.550 2571 2.720 2 790 3.181 2971 3.602
5 2 058 2.613 2152 2.850 2 283 3.200 2 437 3.630
6 1334 1.891 1529 2.188 1992 3.320 2 180 3.972
7 2524 2.661 2 542 2.661 2752 3.105 2917 3.482
8 1484 1.858 1933 2.510 2 296 3.320 2 549 4.086
9 1 741 2.504 1 837 2.766 2 034 3.382 2 189 3.915
. . 2400 .
3200 —average velocity 2700 —average velocity —average velocity
2400 case | case 2 18001 case 3
— ,U?l 800 -
£ 1600 = = 1200
< < <
S 200 3 900 2600
0 : 7 : . 0 - - . 0
0 2 4 6 8 10 0 2 4 6 8 10 12 0 2 4 6 8 10 12
t/us t/us t/us
3000 —average velocity 2500 —average velocity 2400 —average velocity
24 case 4 case 5 case 6
00 2000 1800
g 1800 \E 1500 = 1200
= S~
< 1200 > 1000 =)
2 ~
600 500 = 600
0 - - . . , 0 - 4 . . . , 0
0 2 4 6 8 10 0 2 4 6 8 10 12 3 6 9
t/us t/ps t/ps
3000 . 2800 - 2400 .
—average velocity —average velocity —average velocity
case 8 9
_ 2400 { case 7 ~2100 1800 case
< 1800 = Q
g E 1400 3
= < 1200
< 1200 3 g
IS
600 700 600
0 0 0
0 3 6 9 0 3 6 9 0 2 4 6 8 10 12
t/us t/us t/us

B 7 ARSI Sy R 2

Fig. 7 Velocity curves of flyers driven by explosive devices with different structures
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TE QR KRB R TR Y (2 mm) U/, RO S i R R KR Ll g R B AT IR, 4

ZYEARR T S RERS MR iR/, ROR BEJRE SN A T P 2 ]G ) 2 2 R A UK SRR i e
SIMTRIR, TR TR 24 R I (A B A/ N ) TR 2 TR R e R AN AR 2 A R, KR
PR B S 7 s RO Y SISl S TR R L8R KR B o B8 B R 3 25 254, RO 2 2
HERNE bl i LUK ™ Wy K St 1) AH B A I, PRI B T AR LR A ) S REf k.

F8 CTILBIREG IR (RS 2 mm)
Table 8 Statistical results of kinetic energy of flyers(the flight distance is 2 mm)
parameter & /mm H/mm L/mm
M, 2.686 2.485 2.258
My, 2.586 2.706 2.748
My; 2.646 2.727 2.926
R 0.10 0.242 0.668

[FIREEE T3R8 7 AR KA I SRS R | A2 2G5 M R X R L siBE B LAY
MG 4 R LA 8.
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Fig. 9 Numerical simulation models for detonation performances of explosive cartridges
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Analysis of Effects on Shock Initiation Performances
for Booster Charge Structure Parameters

LIANG Bin, SHI Xiaohai, YU Cunxiang, LI Huimin, LI Juncheng
(Institute of Systems Engineering, China Academy of Engineering Physics,
Mianyang, Sichuan 621900, P.R.China)

Abstract: The booster charge structure has direct effects on the detonation wave propagation,
the driven flyers and the shock initiation performance. To analyze the influence of the booster
charge structure on the performance parameters of the flyer power, a numerical simulation
scheme was designed based on the orthogonal test principle in view of the 3 structural parame-
ters, including the flyer thickness, the charge diameter and the flyer height. The AUTODYN-3D
finite difference program was used to establish the corresponding numerical model, and the
main charge structure parameters influencing the flyer velocity, momentum and kinetic energy
indexes were obtained through statistical analysis of the simulation results. The analyses and re-

sults provide a theoretical basis for the design of similar booster charges.
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