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Fig.1 Distribution map of oxygen consumption test by static

explosive experiment for thermo-baric warhead and PBX warhead
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Table 1 Test data statistics of thermo-baric warhead
test point Coc/% Cio/% thoc /s d/m
1 -
2 21.04 20.15 71 6.18
3 20.65 19.11 954 4.50
4 —
5 20.40 19.65 654 9.61

Note: C,o¢ represents initial oxygen concentration; C,, represents lower
limits of oxygen concentration; tyoc represents duration of oxygen
consumption; d represents distance from test point to the explosion

center.
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Table 2  Test data statistics of PBX warhead

test point Coc/% Cio/% thoc /s d/m
1 20.40 19.26 300 7.21
2 20.32 2.95" ~200 4.50
3 —
4 20.90 3.22° ~240 9.61
5 .

Note: # represents concussion of explosive.

235+
—— thermo-baric 6.18 m
23.0 1 —— thermo-baric 9.61 m
2951 —— thermo-baric 4.50 m
" . — PBX7.21m
<, 2204
S
G 2154
£ 210 e narnyirt o
g 2051 ~s A -
151
© 2001 (f
19.5 1
19.0 T v J !
1000 2000 3000 4000

time /s
B2 JRES PBX A 40k B - ) il 48

Fig.2 O, concentration-time curve on thermo-baric and PBX
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Fig.3 O, concentration-time curve on 2* and 4* of PBX warhead
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Table 3 Theoretical oxygen consumption per weight for two

kinds of warhead

warhead OB/g/kg Qqoc/L + kg™
PBX -456.98 319.89
thermo-baric -623.35 436.34
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Table 4 Energy release efficiency evaluation of different warhead

warhead Qroc Qeoc ratio of | energy release ol
/L-kg™ /L kg Qeoc efficiency/%  ""°
192.25 60.1
PBX 319.89 1.61 64.0
216.89 67.8
311.10 73.6 -
thermo- 36,34 ' 1.48 725
baric 321.15 71.3
Note: 1) represents ratio of the energy release efficiency between thermo-bar-

ic warhead and PBX warhead ; Qg represents experimental oxygen

consumption.
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Table 5 Damage power data of different warhead in con-

struction
C\OC C‘LLO tDOC 1) . 2)
warhead /m 1% /% /s S ratio
4.50(3%) 20.65 19.11 954 403.62 1.31
thermo-baric 6.18(2%) 21.04  20.15 71 31.66 0.56%

9.61(5%) 20.40 19.65 654  286.16 1.09

4.50(2%) 20.32  2.95 ~200 308.06
PBX 7.21(1*) 20.40 19.26 300  56.174
9.61(4%) 20.90 3.22  ~240  261.89

Note: 1) S represents integral area of oxygen concentration-time curve; 2) re-
presents ratio of damage power between thermo-baric warhead and

PBX warhead; 3) represents exception data, outliers.
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Table 6 Test data of thermo-baric warhead

test point Coc Cio tooc  Qroc Energy release
P /% /% /s /L - kg™ efficiency/%

1 21.19 19.56 170

2 20.40 19.40 280

3 227.76 52.20%

4 20.29

5 & i

(1) BFTE AR e iR S) AR S A e PBX R3] 3 1Y
155 ff B 1.1 ~ 1.3 4, 15 F T b i il
FEAF S ROTAGSE RN 2 o B G AR 2 17 5% 24 B
25 B VAL AT AT Y

Chinese Journal of Energetic Materials, Vol.23, No.2, 2015 (163-167)

(2) Ke 24525 24 RE BB OUCR B9 BF 58 2 B i T o
i B8 — AR 53, A B AP AL R IR R 22 v

(3) HAEIA BRI b, i — 2 R TF R
AR 2 PF T AN RIBC 7 A (7] 24 40 s A 2425 24 e
SO BT ST ST A E A I G T U B R B Al
VAN

5% 30K :

[1] Jeffrey T. Bush, Captain, USAF. Visualization andanimation of a
Missile/Target encounter[ R],AD-A336994, USA, 1998.

[2] Volk F, Bathelt H, Schedlbaucer F et al. Detonation products of
Insensitive cast high explosives[ C] // 8th Symposium ( Interna-
tional) on Detonation, July 15-19,1985, Albuquerque, USA.

[3] Volk F. Detonation gases and residues of composite explosives
[J]. Journal of Energetic Materials, 1986, 4(1-4). 93-113.

[4] Volk F, Energy Output of Insensitive High Explosives by Measur-

ing the Detonation Products|[ J]. Propellants, Explosives, Pyro-
technics, 1993, 18(6) : 332-336.
K, ML, WK, AR KRR AR SR Al R S e R T Y
KE]. KIEZj2E4R, 2011, 34(2) : 44-46.
SONG Pu, XIAO Chuan, SHEN Fei, et al. Relationship of energy
release and utilization of non-ideal deonation of explosive [ ] ].
Chinese Journal of Explosives & Propellants, 2011, 34(2) . 44—46.
[6] fEHedH. AHEAD #ixf st % H A5 2 it RSBl 5 A [D]. M
A BRUHE TR A%, 2002,
JIAO Xiao-juan. Target damage study of AHEAD warhed by com-

[5

[

puter simulation[ D]. Nanjing: Nanjing university of science and
technology, 2002.

TR B S T X A A B B S S S PR (D] B AT
M RUHL TR, 2008

ZHANG Ling. Damages and Fuze-warhead coordination of mis-

[7

[

sile by focusing warhead [ D]. Nanjing: Nanjing university of
science and technology, 2008.

(/3 IR ST il TRy (O P W TR e AL A
()] ¥ 5 H S2440, 2002, 22(1) : 48-50.

CHEN Chao, WANG Zhi-jun. The application of Mnte Carlo

method to the calculation of weapon system kill probability [J].

—
[o<]

Journal of Projectiles, Rockets, Missiles and Guidance, 2002, 22
(1): 48-50.
[9] Fra-F. MEFP BT XT3 W H ARk BE AT 5 [D]. K &
LT 2EBE, 2003.
YIN Jian-ping. Target damage efficiency study on armored target
by MEFP[ D]. Taiyuan: North University of China, 2003.
BB B A T WA WO ) W S AR B s wF g, GF -
A0055529G[R]. #FH: v [ T 7% ¥ 2L 5% Be S 0 TR A 58 7,
1998.
QIAN Li-xin. Target damage study and lethality assessment on
airdefense missile warhead, GF-A0055529G [ R]. Mianyang:
China academy of engineering physics,1998.
ER L. BTN IRy ik 5 LB [ C 1/ S5 SRR T A 4
AW 230, Juat, 2013 11-26.
WANG Shu-shan. The principle,method and practice of damag-

—
—
o

[

[11

[—

eeffectiveness evaluation[ C] // The symposium on damage effec-
tiveness evaluation, Beijing, 2013 11-26.

[12] WK, XVL0 08, (T &ME, 45 550 90 3 <0 0 3 Dt 4 R
[J]. &hethl, 2010, 18(2):196-199.

St

www. energetic-materials. org. cn



B SR A I TR RS 24 1) S T A 167

HU Lan, LIU Hong-ni, REN Chun-yan, et al. Target determina- fE#L KL, 2008, 16(5): 527-529.

tion technology on detonation gaseous products of a thermo-baric HU Lan, ZHANG Gao, WANG Jing-na, et al. Determination

warhead[ ) ]. Chinese Journal of Energetic Materials ( Hanneng methods for the gas-fired of propellant[ J]. Chinese Journal of En-

Cailiao) , 2010, 18(2): 196-199. ergetic Materials( Hannneng Cailiao) , 2008, 16(5): 527-529.
(13 ] 8K, EREH0, e, A5 500 BR 0 PR 05 IRl AT S A 998 B2 AU IR [15] B, ok, VA, % K22 M 5 M3 B8k H R BF 5T

PRI [)] . KHEZG A, 2009, 32(2) : 80-83. [J]. SREMEL, 2012, 20(4): 450-453.

HU Lan, WANG Jing-na, GAO Lang-hua, et al. Study on the HU Lan, ZHANG Ting, YAN Rui, et al. Dynamiccalibration

gas-products of olympic kindling spark in simulation test of jolmo technology of multicomponent gas of propellants and explosives

lungmal)]. Chinese Journal of Explosives & Propellants, 2009, [J]. Chinese Journal of Energetic Materials( Hanneng Cailiao) ,

32(2): 80-83 2012, 20(4): 450-453.

(147 BAR a5, ERE0E, . KRB A WA Jr ka5 ()]

Damage Assessment of Thermo-baric Warhead and Charge with Oxygen Consumption Effect

HU Lan, YAN Rui, XIONG Xian-feng, LIU Zhi-wei, WANG Jing-na
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract. In order to evaluate damage power of thermo-baric warhead, the oxygen consumption of one thermo-baric warhead was
studied by static experiment. The real-time variety graph of oxygen concentration-time was obtained. The energy releasing efficien-
cy and damage power were evaluated by duration of oxygen consumption and quantity. Results show that the energy releasing effi-
ciency and damage power of thermo-baric warhead are 1.13 and 1.55 times higher than that of plastic bonded explosive warhead,
respectively. The assessment results are consistent with those evaluated using parameters of by shock wave and temperature.

Key words: thermo-baric warhead; oxygen consumption effect; damage assessment
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