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Table 1 The statistics on typical ammunition accidents abroad" ™"

location date number of deaths number of injuries economy loss/ million dollar
Bien Hoa, Air base, Vietnam 1965.5.16 26 60 40 vehicles destroyed

USS Oriskany 1966.10.26 44 156 11

USS Forrestal 1967.7.29 134 161 182.1

USS Enterprise 1969.1.15 28 243 126.2

Roseville,CA 1973.4.28 0 48 24

Benso,AZ 1973.5.24 0 2 1

USS Nimitz 1981.5.26 14 48 78.4

Camp Doha, Kuwait 1991.7.11 3 52 40
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Table 2 Typical insensitive polymer bonded explosives '®*"!

explosives country composition and mass% density / g-cm™ detonation velocity / m«s™'
PBXW-115 Australia RDX/AI/AP/Binder 20/25/43/12 1.78 5640
Rowanex1001 England HMX/ Binder 88/12 1.68 8340
Rowanex3000 England HMX/ Binder 95/5 1.83 8860
ORA86 French HMX/ Binder 86/14 1.71 8300
B2214 French NTO/HMX/ Binder 72/12/16 1.65 7440
B2248 French NTO/HMX/ Binder 46/42/12 1.69 8050
PBXN-109 USA RDX/Al/ Binder 64/20/16 1.65 7600
AFX-757 USA RDX/AI/AP/Binder 25/33/30/12 1.84 6080
PBXC-1106 Japan HMX/ Energetic Binder 82/18 1.76 8400
PBXC-1107 Japan HMX/ Binder 87/13 1.70 8200
CD-03 China HMX/ Binder 88/12 1.68 8350
GH-925 China RDX/ Binder 91/9 1.65 8240
£3 LR FOX-7 HME2G Y & e

37-38]

Table 3 Safety of several explosives based on FOX-7"

reaction leve

| of fast cookoff reaction level of slow cookoff

explosives composition and mass% ) )
(reaction temperature) (reaction temperature)
FOF-2 FOX-7/EB/Ad 70/21/9 - burning(220 °C)
. burning(inert melting)
FOF-5 FOX-7/HMX/EB 63.5/16.5/20 deflagration )
deflagration(melting)
Comp. B RDX/TNT 60/40 detonation detonation(207 °C)

FOX-7/EVA 95/5
RDX/EVA 95/5

burning(225

deflagration(

°C)
220 °C),2 detonation

burning(240 °C)
deflagration(209 °C)
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Table 4 Comparison of reaction violence level of M795 munitions
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IMX-101 HI FAUE R AR SO b i) TNT 6 25, B 15
fi8 o5 1R 0 25 B R IV GO I, s IM AR TS,
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i RDX, A #2 i i X JE 10% 245 47, I 4f 45 H M
FEpEE

44]

loaded with IMX-101 and TNT in IM tests |

IM test fast heating slow heating  bullet impact fragment impact  sympathetic reaction shaped charge jet
155mm M795(TNT) I Cexplosion) I IV (deflagration) IV Fall Fall

155mm M795(IMX-101) V (burn) v v \ Pass Pass
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b. fast heating(response level: V)

% : b
e L
“\» sl L2

d. shaped charge jet(pass)

BT REHIMX-101 89 M795 525 IM 2 5 g5 45 10
Fig.1 Typical results of IM test for M795 munitions loaded
with IMX-101""

2 b JCR S AN HUR PBX I S A SR P e 25 Y
K5 2 1 AT 2 AP o B e B TORE 25 1A 5 L A
A TURE JEE  BF 24 i 4 v 8 A S0 A0 o K 24 A O SR
R BIE T I I FH T HRRG 45 A 2R A5 0 3R AT A URR &
KE25 00 Gk i A, 25 R B FE Y E 2407 17) o

2 FMEBRREURRSERZEMHREH

524 1) 2 VS ASCHR PR T T 2R UK 24 4 [ A 2 4
P, SR 25 450 R R 2B L A O . A

Chinese Journal of Energetic Materials, Vol.31, No.10, 2023 (1079-1087)

Fi 24 AT %2 A MR W SRl b B 52 405 00 TR 28 %k 22 4 1k Y
SR KL F 1 300 24 B 2 24 7 A R AP I S K iR AR
FZEAE , BEAR LA A0 25 K W B g Ak B0 B F T 4%
i) JF 2 7 T8k 1) B R RAE G, DA 24 R ke 2 2 R T
I R R 2 2 A R R S B R Al 2 4
FEESR o RIBT, Ay R 24 ey B8 A Bl T oK i T BT
MR R 5 2 A g P JE .
21 EALEHNEAREEERNTERNIIE

% 24 J2 324 B A0 S T TR R L A R 2 A A S BR
W GHMA AL R AR AT, 2T
P AL A2 AR 2 O R T B, iUt E
B 2R F AN )2 0 IR K 24 HGARD = A i, R 8 2
FBEKEA AMESNE R AR AN . EES EHIBE
1] B 500 % 2 4= 190 3 gt 1 1 B2237/B2250 XL JT
BE%Y LT IMILE, BB 250~280 m-s™ [y
JETF 28 1~2 m AR EE £ MR, Z A
PERE B 52 ) R 28 4% bR T 5 4B 2 I HE 2 T g
KA B SRR Z A ) R R AR SRR R, T
BREME

HARAMA I RE A BB, AR
4 R 3E H A N AME ] 5 A (LA )2 BB RN )2 B A
SRR E N Z S E M. —mE N E
BRI RT3 A HR T 25 i ) O o 3 L (A X 4
T 0 50 i A5 2 A M AR T A 5 T R T WG 2% 2 % 4 T
B APEROR W R THBOIFCR A . Philippe” iy
Mo, S — R 2tk W2 B TE R A 2 250K 3h i
IR BEHE T 15%, 22 kg 2 2 14 5 gt S o7 2 2l ¢y
2 LR B 25 W SR K 1T O )23 TR A A 5 e 2 R sh ok
(03 L RERE T 5% , HAS BB R It 8 S5 7 B

FE G BRI DA A I 0 L 245 2 24 1 L 491 R0 RS gk
P Mo 2 MERl . — D7 I, A1 2 A B0 R 24 X6 A 5
WA Y R ) LR AR S — TR G
e 247 11 R 5 B T 10 5 24 5 R P A 2 2 Y L A
BOME B A0 T ORI PBX 4 25 R i PBX
G T NAMNAAE I I G A 2 45 (18] 2a) , TR AR TS A2
B 2% 2 b i IR E G, (MR 50 9% B S 4% B 1) Bl Al
JEL ) Wit AS S0 PBX-2 o 24 J5E i 5 5 sk s 1Y) R BIOC R
(Pl 2b) BE il b, X5 19 b A2 45 25 245 235 0 ) B0 fig g kA 7
TS R BRI R ) e ) L PBXL-7 B — 3 24
PETE 8% Lh 1 (36 5) . AFFT 45 5 AT ok 3 T 3% 9 Ff KR 24
14 DC I B 1 R 2R 1 B G e 2 A M TR I S 4

52 G A B BT T B AR 0 2 ) 5 i Ak
LRV, JRAS A R B R R AR KM FREK
N Lk

www.energetic-materials.org.cn



AR KR D B S BOR & AR

1083

/ CPBX-2 \

CPBXL-7

structure 1 structure 2

a. schematic diagram of composite charge structure
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b. relationship between shock wave sensitivity and outer

layer thickness of composite charges

B2 MRS A 2 A R O e gk e
Fig. 2 Typical composite charge structures and its corre-

sponding shock sensitivity'*®’
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Table 5 Working capacity for typical composite explosive
charges*’
D E., E_,increasing  charge de-

charges 73 [ Y )

/g-cm™ /km-s /k]-g 1% creasing/%
structurel 1.75 8.21 1.045 8.3 2.2
structure2 1.77 8.26 1.067 10.6 1
CPBXL-7 1.79 6.53 0.965 0 0

Note: D—detonation velocity; E_—Specific kinetic energy of cylinder.
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a. Releasing nose plug for BLU-122

b. stress induced design for BLU-111C/B™"

| 'b O 0T
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reaction level: burning

¢. Simulated and test results of shell release devices
B3 SRS, R 55 65 B T Y S B
Fig.3 Examples for munition structural weak link design
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Development Ideas and Technical Approaches for Safety Ammunition

HUANG Hui'’, HUANG Heng-jian’’, WANG Jie’”’, CHEN Hong-xia*’, HAN Yong’’, CHAI Chuan-guo*’
(1. China Academy of Engnieering Physics, Mianyang 621999, China: 2. Institute of Chemical Materials of CAEP, Mianyang 621999, China; 3. Safety
Ammunition Center of CAEP, Mianyang 621999, China)

Abstract: The safety issues of weapons and ammunition are essential that they matter the survivability and effectiveness of weap-
onry. The complex and harsh enviroments faced by ammunition lead to the high requirment of ammunition safety that the devel-
opment of safe ammunition is the only way. Ammunition safety mainly depends on inherent safety and safety enhancement tech-
nology. Using insensitive explosives is the key way to improve the inherent safety of ammunition, while the enhancement and
protection of charge and structure are important means to improve ammunition safety . In order to meet the requirements of high
damage power and safety of ammunition, it is necessary to balance and coordinate the prominent contradiction between high en-
ergy and insensitivity of explosives from the multi-scale structures, such as molecules, crystals and mixed systems of explosives.
Safety enhancement technologies such as charge structures, weak link structurse of projectiles and protection enhancements can
effectively control the accidental ignition, reaction violence and evolution ammunition charges, and furthermore improve the
safety of ammunition under abnormal environment and accident conditions. Therefore, the design ideas and technicalapproches
for safety ammunition systems were proposed, including strengthening the foundation of multi-scale material design and perfor-
mance control of insensitive explosives, complementing the shortcomings of charge structures, protection enhancement, and ac-
cidental ignition and reaction control, and exploring and developing the integrated design of material , - structure- and function .
Key words: safety ammunition;insensitive explosive;inherent safety;structural enhancement;integrated design
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