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Fig.1 Sketch diagram of calculation method
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Fig.2 Schematic diagram of heater and cook-off test specimen

1—explosive, 2—shell, 3 ,5—thermocouple, 4—heater

F2 ACHAELER YSRGS RS

Table 2 Comparison of the numerical simulation results and experimental ones"’

R 2 al DL A SCTE B 9 A5 K i ) 5 3 5
{EAFAE—6. 8% (1 25 , 1155 1 24 A1 vt RS2 4R S BE Ui
B 5 I E 43 IR AE -3 55% F1-0. 86 % B 2% , 43 BT
JEPR AT REA LA R = A

(1) 3050, R o 5 5 T 5 B B e il I A A
W/ TR AMEE . ARWES N TR B RS
LA B b7 3 I 4 9 it n o — 2R AR, S B R
P i B R v T I BRI, TR AR I E) 46 6, o
oW | BUR RO YRR (19 R W A =

1

item ignition time deviation temperature at the point deviation temperature at the  deviation
/s /% M/K /% point N/K /%

experiment !’ 10560 - 458.35 - 467.95 -

this work 9842 -6.8 442.1 -3.55 463.91 -0.86

(2) 156 1 09 52 K 55 1 25 78 J) B A e /D ] BT
P T AR A% 338 LA U A AR B O T2 3 5 B A
OL £ TG 4 2 b A — 5 X, U 5 B 2 7 A

(3) B AE A B A % 18 RDX A @il & 2 &
—E PR AL Kl 2 P B 22 77 A

(HAESE PR BR e i e AR A 5 8 R M0 KT AR
2, /b B ] OGS SR TR BE S R 5/ O B B b A
2R R T i A DT BE e A AL, R 2 X e OR
RIS TSR RL R & B, B AAS B Sy ik
i AT T RDX K& PBX #2565 SR 00 BB A AU 5 o

3 HHRAERKRSH

3.1 RDX E PBX MEZ5 & MRiK I8 S B4R 0

EFXE2E 25 RSF R @40 mmx50 mm, 32 K JE B K
3 mmpg B, FE TR R N 1 K - minT & FF
HEAT AR R A5 0 L A R T R il 4 R
3 7R o TENNFAI I, #5412 P9 AL 3, 5T
PRI b THECR K 2 9 BRI AR AL BN TE ST AR K
24y PN A7 T B 0 TR R, R D PR SR A Y A R
MK T HEA TR, B I RS, R B R
LA AR ETE 9790 s I Z S M8 v s TR, =2 ) R
Thim, B % 9842 s IR B TC 55 K IR 2k,
FE 25 b TR BOR B & A T a5k,

Fe B R, s X I A A i A TR 4 BT R .
FEINIAAT I, 45 9 I B AR AR /1N, 400 KB BT 4%
SN TF G PR, % 457 K B 45 1% RDX & AE4) 94453

CHINESE JOURNAL OF ENERGETIC MATERIALS

R

BB s 55 TR T )72 4 B 5 i T 1, A

457 K if, HA 5N 0.9% 5 YCSIN T [ 4 ]

Yy B i1 AR, HORONE I E) 365 7E 450 K 2245 IF
M A TT R A W AR s 460 K55 =20 S BT 4 i
520

center point
4804 — ignition point
440 ] boundary point

4004

temperature / K

3604

320

280

0 1000 2000 3000 4000 5000 000 7000 8000 9000 10000
time/s

B3 AR A R N 1] ) 22 e i 2
Fig.3 Temperature as a function of time at three characteris-
tic points

1.014
1.001
0.997
0.981
0%6] —
0.95% .
0034 ___p
0.02
0.014
0.00+—
-0.014+——¢ : - r
300 400 420 440 460
temperature / K

B4 1 K- min™ WY 5 K4 4143 19 5 i A B

Fig.4 Mass fraction of each component in the ignition point

j

mass fraction

of explosive at a heating rate of 1 K - min™

2016 & #24 % #1048 (985-989)



988

W, TR, ORI, KR, i, e

P MAKRL =Y D RS 50Rh 0.006 B, 7855 =
A R N s BN B AVE T, 51 & ke L R &
TS ] DA R e A Ak R 2 —
3.2 FHIE i R X M 2 I K Nl K 4 1 A 2 i

R T RIS AE S AR Ak B R AR U BE R 43 R 6
T 2 R, B 25 M RS @40 mm x
50 mm, FERERE R 3 mm BEER HE T 0.5,1,5,
10 K - min™ 3k 4 F 7h i % % F RDX % PBX HE 2445
R TR, 2 T i A 2 T R
WA ESE R 2, 45 0 ik 5,8 6 PR,

20.0k
18.0k 4
16.0k -
14.0k
12.0k 4
10.0k 4
8.0k
6.0k
4.0k
2.0k

0.0 ———— T
01 2 3 4 5 6 ) 78 9 10 11
heating rate / K-min

ignition time

time/s

5 R I] i 3l 5 A ) A A Hh 2

Fig.5 Ignition time as a function of heating rate

4804

4604

440- ignition point
4204 boundary point

400/ center point

380+
360+
340+

0 1 2 3 4 5 6 7,8 9 10 11
heating rate / K:min

temperature / K

6 5 T Z B R AE 5 L BE B T L 5 R A AR A il £k
Fig.6 Temperature of characteristic points at ignition time as

a function of heating rate

5 Sy s It ] BT R AR AL i i 2. P S
AL BE A Tl AR e, K ) SR TR 6
KIS 22 BT AR A il B T ik S AR AR Y 2K
1P 6 n] UL, 3 T il 80 A AR e, O iR R T DL R
P R, L PR A T ) 4 L, o s A7 B A B
ZW A 5 R R AR AN HL A R R R
P B M S RO U L R S, 5 T il R TG S 5 1 B Al
JEE 3 O, PR T i T ) B g A A B A A
WIS o PRI . T I AGBIR A5 K R B B I
6, K 24 16 I 1 e 5

Chinese Journal of Energetic Materials, Vol.24, No.10, 2016 (985-989)

7 R 8 Sk 1 AR AT K 2] g X A% 3 2
& SRR R R . di &7 W] WL, BifE T
g/, RDX KEZY A FIE A b i) 7 4y B 5 A8 fL 4
/N HE D DR R R R G s o %) Tl A R
Pl 8 Wl UL, Bl A T AR s AR R L C %ﬂ%
PREG ) D W3 K HR IR R 3 =20 ol i B fb o
SN B B IO A EE A K o R R TR R A, R
PRE™ ) DAY 5 8 B e, K 24 B AR 2 HE 2
114 6 I 1 ol

1.0x10"
9,9x10"-
98x10
097)(10
°96x10
w95x10
& 9 5¢10°
= 20x10°4
15x10 k
10)(10
5.0x10°
0.0 —— V7711111
01234567_1891011
heating rate / K:min

—A
—B

A%
\}

B 7 I 2R R XA LB L35 B TR 3 R A A £
Fig.7 Mass fraction of components A and B in the initiation

area at ignition time as a function of heating rate

35010
3.0x10° —cC
25010 —D
2.0x10°
15x10°
1.0x10° 1

8.0x10°
6.0x10°
4.0x10° ]
2.0x10°

mass fraction

0 1 2 3 4 5 6 7,8 9 10 11
heating rate / K:min

B8 sk 2L X IR C,D 2H 43 ik Bl iR 8 1 8 A i 2%
Fig.8 Mass fraction of components C and D in the initiation

area at ignition time as a function of heating rate

4 % B
(1) RDX % PBX 124 78 #5 KA 1f 2 v, 400 K B 4]

GOy gk BN TE A6 I , 450 KB U 9% o3 i B g B K
A BRI S 5 R 5 = P s RO, SR B MR
PR, B R R

(2) e JCIRF ] Bt T 383 32 3R 8y 395 o i 2 e s i, o
o A i JRE A g L R R AS NS 0 B A R Y
Ko PRI i T A AR, 0 24 A5 B R 5 i BE AR
I A
A A

WWW. energetic-materials. org. cn



RDX 2 PBX 244 5 10K 1o 72 () B A 1) 989

(3) ﬂ{ﬁ@%@ﬁﬁ ’E}‘L‘.\J{Hﬁzu ,EJ;%[ZE?‘E/\J/{{ZI; CHEN Lang, WANG Pei, FENG Chang-gen. Numerical study of
Sl b e s e N s s losive cook-off with phase change[)]. Chinese Journal of En-
K 4 A A = ; | P P 8
- F':% Dy 5 ikl ’ % i ﬁi f}@fi@}ﬂﬁﬂﬁj ergetic Materials( Hanneng Cailiao) ,2009, 17(5) : 568-573.
FU 5 SRR AR R R Y BE B R, KRG [6] HkBer, W, ZRAR, . BRI S I LS-DYNA B f 45l
W 1k A 5 WroEl)]. s 5 S aE R, 2011, 31(5) : 110-112.
ZHANG Xiao-li, HONG Tao, QIN Cheng-cen, et al. LS-DYNA

[

ZIKH%I%%TXHL,*;&{?EF*R%M?%TE"Ji%i‘%}%iiﬁﬁ numerical simulation for thermal ignition of cook-off bomb[]].
ER X ,J‘Q:J:/E%%[\lﬂ@ S A0 P S PR R T R s FekR Journal of Projectiles, Rockets, Missiles and Guidance, 2011, 31
2, ARy == =AY (5):110-112.
Ty AF IR 3 3 3 — BRI (7] MR, #eral | gkt . 3T ABAQUS g PBX K25 KR ik
WEE )], KIEZ2EH, 2014, 37(2) : 31-36.
eS¢ CHEN Ke-quan, HUANG Heng-jian, LU Zhong-hua, et al. Nu-

[1] Jones D A, Parker R P. Heat flow calculations for the small-scale merical calculation of cook-off test for PBX explosive based on
cook-off bomb test, AD-A236829[R]. US: DTIC, 1991. ABAQUS [ ) ]. Chinese Journal of Explosives and Propellants,

[2] Howard W M, Nichols A L, Mcclelland M A. ALE3D Simula- 2014, 37(2): 31-36.
tions of Gap Closure and Surface Ignition for Cookoff Modeling [8] McClelland M A, Tran T D, Cunningham B J, et al. Cookoff re-
[M]. United States. Department of Energy, 2006. sponse of PBXN-109 : material characterization and ALE3D mod-

[3] Mcclelland M A, Maienschein J L, Howard W M, et al. ALE3D el[ C] // Proceedings of JANNAF 19th Propulsion Systems Haz-
simulation of heating and violence in a fast cookoff experiment ards Subcommittee Meeting. 2000: 191.
with LX-10 [ R]. Lawrence Livermore National Laboratory [9] 4%, miE, ML, %. RDX 3k PBX JEZ5 5 A5 5 BUE 1T
(LLNL), Livermore, CA, 2006. )], KHEZj2E4M, 2011, 34(1): 32-37.

(47 E3li, BEM, M. ANE TR E R T K25 5% 8R40 3 50 4 b NIU Yu-lei, NAN Hai, FENG Xiao-jun, et al. Cook-off test and
[J]. #he# KL, 2009, 17(1): 46-49. its numerical calculation of RDX-based PBX explosive[ J]. Chi-
WANG Pei, CHEN Lang, FENG Chang-gen. Numerical simula- nese Journal of Explosives and Propellants, 2011, 34 (1) 32—
tion of cook-off for explosive at different heating rates[ ) ]. Chi- 37.
nese Journal of Energetic Materials( Hanneng Cailiao) , 2009, 17 [10] MK, AEEEILIM]. dbat: BhaE i at , 1988 97-117.
(1): 46-49 FENG Chang-gen. Theory of Thermal Explosion[ M]. Beijing:

[5] BREI, Fifi, MR, ZEAAZNESEREER TR & Science Press, 1988: 97-117.

BEAFHE, 2009, 17(5) : 568-573.

Numerical Simulationof the Cook-off Process of RDX-Based PBX Cylinder

PU Han-tao'*, WANG Xing’*, ZHAO Han-yue’*, CHEN Ke-quan'’, JIANG Dao-jian'*, LU Zhong-hua'*
(1. Institute of Chemical Materials, CAEP, Mianyang 621999, China; 2. Robust Munitions Center, CAEP ,Mianyang 621999, China; 3. Software Center for
High Performance Numerical Simulation ,Beijing 100080, China; 4. Institute of Applied Physics and Computational Mathematics, Beijing 100080, China)

Abstract. To reasonably evaluate the thermal safety of explosive, the cook-off process for RDX-based polymer bonded explosive
(PBX) cylinder was numerically simulated using self-written finite element software—dynamic response simulation package for en-
ergetic materials. The kinetic process of multi-step thermal decomposition reaction for explosive was realized. Change rule of the
mass fraction of each components with temperature in the ignition area was explored. Results show that the primary thermal de-
composition reaction at 400 K begins to accelerate. At 450 K, the secondary decomposition reaction occurs obviously. At 460 K,
the third step reaction begins to accelerate, the final gas product gradually accumulates. When the mass fraction of final gas prod-
uct is 0.006% , the ignition occurs. In addition, with the increase of heating rate, the ignition time of explosive is rapidly decayed
and the temperature of the center is decreased.

Key words: polymer bonded explosives(PBX) ; cook-off test; numerical simulation; ignition time

CLC number: TJ55 Document code: A DOI: 10.11943/j.issn.1006-9941.2016.10.011

CHINESE JOURNAL OF ENERGETIC MATERIALS 4 fe A A 2016 F #24 % #1048 (985-989)



