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Experiment of fast cook-off safety characteristic for penetrator

DAI Xianghui, WANG Kehui, SHEN Zikai, DUAN Jian, LI Ming, GU Renhong,
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(Northwest Institute of Nuclear Technology, Xi’an 710024, Shaanxi, China)

Abstract: To evaluate the fast cook-off safety characteristic of the big-size penetrator, an experimental device was designed.
The penetrator with a mass of 290 kg was hoisted at a height of 0.4 m from the aviation fuel level for rapid heating. The surface
temperature of the penetrator was collected in real time and the whole experimental process was recorded. The reflected shock
wave overpressure at a distance of 7 m from the penetrator centroid was measured. The safety characteristic of the big-size
penetrator was analyzed in detail in terms of the heating time, the surface temperature of the penetrator, the damage on
experimental site, the peak value of the reflected shock wave overpressure, the reaction mechanism and the response type. The
results show that the big-size penetrator starts to react violently at a temperature of 537 °C for 16 min and 4 s. The bottom
explosive of the penetrator first responds to hot spots under continuous high temperature heating, gradually accumulating high-
temperature and high-pressure gas in the shell and tearing the shell to quickly release high-pressure. The peak value of the
reflected shock wave overpressure at 7 m is 33.622 kPa, which is much smaller than that caused by the penetrator totally
detonated in the air. The reaction characteristic of the penetrator is deflagration, and its fast cook-off safety characteristic meets
the standard requirement.

Keywords: penetrator; fast cook-off; safety characteristic; shock wave overpressure

IUAR A4 0 5 245 ) A2 e W SRR B Ry, BT PRIE AR I A7 a2 a0 0ol 3 7 v 4 o 42
G, ANBE AR KTy T S E S, A A i R S A R AR L Ak o B IR SR A 46 A
il i 28 R 22 ek ) B BT B, MR B A% H AN [R] 0 D DR 1S S R S0 o AR A SR A R B AR S e —

« WHSHER: 2020-01-07; f2EIHEA: 2020-02-19
F—EH: WHME(1986— ), B, LB A, TR, daixianghui@nint.ac.cn
BIEEE: B NWI(1964— ), B, 1L, #5051, gzhou@nint.ac.cn

092301-1


http://dx.doi.org/10.11883/bzycj/2020-0016
http://dx.doi.org/10.11883/bzycj/2020-0016
mailto:daixianghui@nint.ac.cn
mailto:gzhou@nint.ac.cn

5 40 4 15 743 5 i i %91

P i BERE N bR E AT 2 4%, 5 B L TR I SO A D 15 min AT SR 30 s Y, KA TR
JEIRF] 537 C), B3R 5 min WAL AR FRLE, 5~ 15 min )AL A SR HEN,

T2y PO H IR SRR A TS 2 AGE . Witherell 252 X 30 mm A2 (94 PR BE s e AT T
P R SR SL G s Tringe 5500 3 i K MR IZ B0 XF LA HT T LX-10 1 PBX-9 501 P 4 24 Ay i [ 25 5, 45 5%
B 45 700 22 57 5 B0 K B R TR], I e 280 25 ) o7 T SRR JE 1 25 575 Gross 2511 SR 8l ) 4 A U AR 41
T B HMX KE 24 76 P g AR T I BEAS AT o0, TN %) KE 24 0 K it (] 5 S B0 25 IR 5 . 5K I G D)
SR AR 2E 0] AR e K JA AR A 28, % 2 mm RN 58 29 9 = Bk = fiF JE 8 (TATB) B R R 45 4 24
(PBX)#EAT T /RSP sk I R 52 367 R U 460 SR P DR SAUJe JOR S 3 T 5 17 AN () 249 R 85 X B T 1 245 2,6 —
HHE-3,5 TR HENENE - 1-E 4k (ANPyO, 23 g) & 4P 20 R4 2E 07 R R B AT 30T A s R S0 00 2
W5 T VRSe RS A0 T 15 RHT-1 FIHE i GHL-1 XE 25 (P 5 Rt . AR R 45050 BEHL HMX 7
Al ¥EZ5 (HAE ) %5 245 W IFIT 0 42, 351 FH Sk 302 BRI R 3 [0 A 2 225 4 0 25 A A UL D S i A 24 198 17
NS E MRS R R 5 38 R B0 A 28 2 AR HAE K 24255 24 Pt 10k Ak 7] K mig 157 45 S5 (6 52 15 9
R 000 SR R 5E R AR 5 AR FEAR 2001 TNT 5 PBXN-109 B 4E 245 64T 7 Bt R 5256, BF 5%
TSRS EOR A KE 2P s SRR A5 o AR UG AN INRR ST 22 i S0 Ay B OY T B
WHETEEH | G2 X B R R A (RDX) A6 24 (i 29 20 ) PR B R AR i s e X s s ih e T
TRV 245 8 1) 2,4- A 25 F ik (DNAN) S0 85 0 24 00 DR R SRR, IR0 AT 1706 5 TR B HE 24 1 A g
fiE o X F A1) L T R 2 S AL R B 20 11 Ak 27 S R LR, ST T ARG 25 1) A AR RS I AL,
BT R 25 7E AR FETHIREE 0 1~ 10 K/min T~ A9 FREE 5 98 w17 A4 5 2% SCRUVEE T B 1 5 SR 54 (AP) /
U IR T U (HTPB) I HEZY W25 1k S S LB, N7 T IS HES B 0 — 4R R RS B MR AR Y, A T
£ 1.5, 10 K/min JNARGE ST (1) P B 4k mm o7 Pk

IR SR FEBEARGE T /N 24wk (] 5 B A DR A IR e 7 AR T R R SR LA T R 100 kg B
G, MFTIREEE R ILT 2K, B2 i mib L+ T 5, B TARZE RS RONE, 3X Rl RST8] 5 S A AN B L 55 2 g
KRR AT SR (18 R e ok i g AR o DRI, AT 2F — 20 I J R R SR A0 3L A 1) P e R S S0 i 5,
e I IR 2 A R PR VT AR P2 L S B0 B0 F B AR S HF o AR S BT A R e IR S I e, PR IE A TR
537 °C 1 = i PO B RIS D F 15 min, 058 T 884N S50 50 A8, R T PR A TR o R il £k, I XS S50
Je BRI SRR 0 | SR R S el R R A . S R ML R i 1o ST AT T AT, 4 R AR A b e
WR A FETE LSS

1 3£ %

1.1 KRt
s A A BRE Sk 3 L R 5 By 45, ph S i

Shell  Explosive Paint Tail cap Blanking cap

ezl T R A R, i 1 TR, SR 4 / / Ne .{
290 ke, FEURRRBEAR N 3sCrvmsia pis @ =
W, ERZ N HA-3 Deil BR IR K25, T
CLGM HIF5 (3. B3 MR 2012 A4 A AR
Fig. 1 Schematic diagram of experimental penetrator structure
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Table 1 Mechanical properties of heat treatment specimens
I JeE IR 58 & /MPa HrhisR E/MPa A% W I 4 232/ % rhiti K449/ (MPa-m'?)

1 1364 1762 135 53 66.8 77.0
2 1356 1764 14.0 53 68.8 81.2
3 1352 1769 14.0 54 62.7 75.5
4 1344 1767 14.0 53 69.7 -
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Fig. 3 Layout of fast cook-off experiment
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Fig. 6 Pose-test photographs of experimental site
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Fig. 7 Data of the reflected shock wave overpressure
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Fig. 8 Peak values of the reflected shock wave overpressure vs. distance in case of penetrator complete detonation
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