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Influence of Fragment Head Coefficient on the Critical Velocity
of Shock Initiation of TNT

DAI Guocheng” , JIA Xin®™, HUANG Zhengxiang” , XIA Ming® , TANG Derong” , CHEN Simin® , TAN Yaping”
(D School of Mechanical Engineering, Nanjing University of Science and Technology (Jiangsu Nanjing, 210094 )
) Institute of Engineering Protection, IDE, AMS, PLA (He’nan Luoyang, 471023)

[ABSTRACT] In order to study the effect of fragment head shape on the detonation of explosives, calculations using
LS-DYNA finite element software based on critical energy were conducted on five types of positive four-prism, positive six-
prism, cylindrical fragment, fragment simulating projectiles (FSP) and spherical head, respectively. Theoretical and simu-
lation speed thresholds of blasting TNT, and theoretical head shape coefficient of the simulated projectile fragment were fit-
ted. Results show that with the same mass and impact cross-sectional area, initiation threshold values of TNT are different
for different head shapes. Initiation time relates to the kinetic energy of the fragment. The larger the kinetic energy, the
shorter the initiation time. For multilateral positive prismatic fragments (such as positive four-prism fragments, positive
hexagonal fragments, positive octagonal fragments) , a simplified model was proposed to calculate TNT speed threshold by
the impact of polygon positive prismatic fragments. It was found that the more sides of the cross section of the multilateral
positive prismatic fragment, the better the result of numerical simulation.

[KEYWORDS] fragment; shock initiation; TNT; critical velocity; head shape

e X B R — R EE AR LR E AR R
[RITE AR LA B A [R) I 8 AR %o 3 245 158 - 38 1 55 4%
ALK A L Cook 251 2 45 L 25 348 T 1985 ~2010
TEIAT 1R 502 2 A S5 R T RN AN RO 245 () bt AF B R o b R VR 2 O ST R, B T

L
i

* W#E E#3:2019-08-08
E£MA : MK ARBAIEETEIH (11602110) ; LR BRI S 9 R EIH I H (KYCX18_0471)
E—EE MR (1993 - ), F Wit FENF SRSB4 . E-mail : njustdge@ 163. com
BIE1ES BI8(1987 - ), W0 BIHUZ , 2 NS m8% 5 5 0 W5 . E-mail : jiaxin@ mail_njust. edu. cn



2020 4 4 H

T Sk AR AR KO TNT i g e S0 RS2 MU 9 BRI, 45 - 35

PR ARIEZ Y 3 FIHILEE RIS 6 s Ay
FARIFFE R T 20, WESE T AN R AR FIAS [ ot 1Y)
B3R o R R 2 0 L Bh BB S e, B0 AR A
Walker-Wasley F|4& 930 I, 38 1 #S HE T AL 56
Uall % N LSS PRl U vy Y iR A
FE T LTI R R G, X T 2% R B A
F, AR SRR K (1 e AT A VP A, T B
G328 R HIAS TR B A AT PP 3k 2 g n 1 T
VEMEREFI TAE NS, Xhith, BRSE 55 [ 2t 1 B3
ALBE A (fragment-simulating projectiles , FSP) B,
FHUEARA [R) I R B8 R 3047 18 1 5% 3 BB 0 37
il 543 ST T BRI AR RS AR oS, (R
WAE FSP ity TNT 2 24 13X — S pF e i b

AR AR AR 3 Y FSP AR ED i B
A1 mm &9 ¢ WM @S AR Y FSP, &
S8, AT LS-DYNA - r FSP LA KT BRI |
TE PR AE AN IE S B AL R B8 I Je T E (B 07 EL 0T
98, 3R15 5 FB A vhih g TNT 24 25 %00 (8 5 B3
1 B A R 45 1 P 7E o B2 A o AR 4% TNT 26 24
ORI ], 7RG ERAL B R T BRSO vk 3R
PR PR R B A, 155 B (R 07 1 2 I {3
TFXTEE 405 Y FSP BR 20 2 rhoxt iz 9 Sk 38 FR 4L
IE3A5 FSP BLIe 24 U vhfi B AR b o 2 e Ak
AR I FHYE L

1 FER MR INT RZAHEHE
1.1 #HwHEEAR

AR S by ) b (O ARUE | B0 A YR
FE W BRI RSE O 1 BE 5T RSP A5 Al IR

e Fr Z [RIAEE R | S LA 7 oo A B A 5 v o 1)
IEDUBHERE B IE SRR A R FER Sk T
4 P VRN BIETE RS . B FSP R T oK R
BRI s T i 5 2 B AR AR d R
PSS IE DU B | IE 7St AR FIERSKIE 4 B
Ao AT PRUED; BT R Sk B ik R Y AR A
it e B R MR R B 11 mm
ROV R 9 g B 1 IR S Fiik s &,
B s AR RSN 9 ¢
1.2 itEER

R T ARA A W v A AR TNT e 24 1) ke 4% 1
i, #IH LS-DYNA A BRITHAFXF 5 Fpms i 47 2t
B I3 i BB IE i 7 PSP BIAE il A | IE DU
FERE R FE 7S BAE R 7 T 4R B4 13001 200
900,800 m/s 1 700 m/s, FEATHI 41154, R FH T
AR A A ol TNT 2625 (e B R, 4508 A
WILRI B TR TNT #E25 R 1 1 em Ab, 9K 24
KB 100 mm JFHE 500 g BRI H% TNT,

RT3 R AR R SR ) 1/4
PAFHA (I 2) R ALE ¥ B RS A A
Beo Fob R SR HAAK B H A BT AR R T
0.2 mm x0.2 mm x 0.2 mm;¥E25 25 SR H
MRHLPIAS , B PR TT RIS R SE M 0.3 mm x 0.3 mm x
0.3 mm, [RIEF, 7625 S a4 i St i Al =2 5 i 5
AL em-g-ps, HRHES TNT 4525 1F F kR &
JIXF LEHN BT I 24 02 15 R AR

W R BT AL R A 823 A9 (50SiMnVB) , B F 5
KEL AT B R RS T R AR RN 1 iR
BEH MRS 80 gk 2 B, ik 25 TNT SR
Lee-Tarver 5 KR AFRY 7N 3 s,

4.70
{ ]
V777 TIETS
§ O]
A g < o 7 [=3
) = 3 0 @ S
0 = | o S // S o
I % / 7
: | | D274,
\
211 ﬂ‘ll =—10.60—
B
& - | 5
z P!
(a) BRLTE (b) FSP (c) kL (d) IE/SBEAE (e) IEPUHERE

B 1A RE (B :mm)

Fig. 1 Size of each fragments (Unit;mm)



- 36 - T

) 55 49 B4 2 1

1 —FSP;2 - 285}5;3 - TNT,,
P2 FSP e /B TNT K250
Fig.2 TNT model initiated by impact of FSP

R AR

Tab.1 Material model
B ok RETT i i A AR
A 50SiMnVB Gruneisen Johnson Cook

Elastic Plastic
Hydro

Iginition and
Growth

ys&ai] TNT

K2 BRI S

Tab.2 Parameters of fragment material

o/ A/ B/
(g-em™) MPa MPa " ¢ "
7.86 280 135.8 1.798 02 0.100 297 0.328 03

A3 TNT Y25 8 K 553§ KR m ik FARA A4
Tab.3 Model parameters of ignition and growth

reaction rate of TNT explosives

I G, G, a b ¢

50 360 100 0 0.667  1.000

d e g x % z
0.667 1.000 0.111 4.000 1.200 1.000

TNT 15 KR AR A )z B R 2 A

di_ _ b A_ _ x
SRR O

G(L-F) F'p +G,(1-F) Fp, (1)
Ao A R A ORI S R v R
JE SRR R A @ I P RARBE ;b e e 5
N R e KAE AL A K 6, G, ARG
ZWid g SN AE Gy .2 SRABE R
N R JZ AR A 56 BB G — R 0.8 ~ 2.0,
1.3 R HEHER TNT £4id2

& 3 Sk FSP LIWIHR R 980 m/s #hils TNT %625
T B DL R B, % R b TNT 26 245 39547
iR

IEI3HE M e s A A o 0 24 R 1)
d R J101.23 GPa, [A] B 7E M 7 FLKE 25 22 [6) 7= A= 7

Fringe Levels
1.231e02 _
1.1080.02 _|
9.8430.03 _
8609003 _
7.376e.03 _
6.1420.03 _
4908003 _
3,6740.03 _
2441003 _
1.207e.03 _
2667605 |

K3 FSP LARIAA
980 m/s i ifi TNT 424 f (1]
Fig.3 The instantaneous impact of FSP on TNT

explosive at an initial speed of 980 m/s

AN I, TS ek SR I AR S [l 3 3 ) A R
YEL LG, W W% R RS2 TNT, A5 i
W T S 10 T DR 7 S B RR i . M e B i
IR TR 205 30 s, KEZG R T O R A —F,
i R AP S B B 5 MRS 24 P e i e
JIRAE WL B R, DA vh o U © & R O RS I
JEYEL) A e AR (AnE 4) KR A g i iy
WK S, RILAE Y FSP LA e 2 wh s TNT
YEZES 755 TNT KELGHEME 19 30 ws ZE4 0T, K7
EBTER , TNT 524055

Fringe Levels
220301 _
197501 _|
1727601 _
1479001 _
1.2Me01 _
9878007 _
7.3480.02 _
4863007 _
2.38%.02 _
9.040e.04 _I
-2.570e.02

4 FSP ahifis [ TNT XEZ5 0 R =
Fig.4 Pressure nephogram of TNT explosive
detonated by FSP impact

30

25+
20+

& 71/GPa
&

0 20 40 60 80
i E)/ps
5 FSP phili LM TNT %524 1 i g it i 2%
Fig.5 Pressure time curve of TNT charge

initiated by FSP impact

1.4 ARG PEER INT (TEERSH
N T HESE FSP 5 A 4 Rl vbidi 2 48 TNT



2020 4 4 H

T Sk AR AR KO TNT i g e S0 RS2 MU 9 BRI, 45 - 37 -

B 2 (A IR AR 38 R 5 LAY 7 3R ] 45 5
TN AR vl TNT 25 24 0 A a1 1 £ L K A
T (RN RS ] AT PSP i o R
PE, TR o RS T 5 R R A 3RS A
(Ink4),
£ 4 BB ok E TNT R 2545 Ak % BA
Tab.4  Simulation velocity threshold of each
fragment impact TNT charge

BRKIE FSP

il Fr 2 Al
M/
(m-s™")

FIME  IEABAE IEPURAE

1210 980 840 750 530

Pl 6 Sy 5 FBs A wiati TNT € 24 1) He g Bsf 722 ity
2, MIEL6 Tl LI 5 R DL Ft e 1 a5
i TNT BE25mF, WA R T 4R Hefil TNT K255 4671
IR, BB i LR ST 18] Fhy /N B R B WP AR Uh < BRSKE
W R PSP B AERE R | IE 7S W AR R | I DU AT
Fro PTLAFE Y SH 8 R AN AT R b fgg et
(] 2 25 SR AL B BEAT 5% 5 ShRERRK , R i (]

30

-l
25—
— R
20— IEZSBEAE
£ — IEDY#AE
9 5L
R
H ool
5L
% 20 40 60 80 100
A 1B /s
B 6 AR A LA S i B vy
TNT %% 25 1Y & 7 i R i 2k

Fig. 6 Pressure time history curve of TNT charge impacted

by different fragments at the critical initiation velocity
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Fig.7 Comparison of theoretical calculation and

numerical simulation of each fragment
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