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Fig.7 Comparison of the temperature field effect of energetic warhead and inert warhead

439124 0.07,0.08 MPa #10.07 MPa.

SIS VORI 0 i o O 2 e 1 e T
Az A Sy 5 B R R S R0NE , I e S s
PP e 2 (1 P AT 5 B RS 0 AR e R AT RALE , B
T RBER SR A B TR 25 29 0.16~0.5 MPa.

CHINESE JOURNAL OF ENERGETIC MATERIALS

3.4 B SHERITN A RE MY LR 4 A

B BB S1 5 T S 22 2 R 1 B K
R o ME 10 F7R. ME 9FIE 10 0] LIE H 6 TR
SHERRA BUE T B U R LA R BB (=L B
SR EAAYS . AE 1 G BIE R R 1 ~5 2R

N XK 2021 4% F 294 H 248 (141-148)



146

L, 4% 5

energetic warhead

0.4

031 ]

10.23 MPa

pressure / MPa

w % oy

02F o

0.2+ g
L ‘ J
0.1+ ]

03013 2014 2015 2016 2017 2018 2019 2020

time/s

0.25

| to24MPa
020 F |

015 h -

0.10 - |

-
W WMWWW WJ WWWW

2)‘(

pressure / MPa

0.05

0.00

—_—

-0.05 ) L 1 I I ! I
2013 2014 2015 2016 2017 2018 2019 2.020

time/s
0.7 . ; . ; ; .
06 0.57 MPa, ]
05 L ( ]
04 | ]
03f \ ]

el | ]
\f ‘-
0.0 o N 1

01} -

3‘1

pressure / MPa

03}
04

time/s

8 AL AR 5 1 S S R R X B

9013 2014 2015 2016 2017 2018 2019 2020

inert warhead

0.10 T T T T T T T T T T T T

0.08
0.06
0.04

0.02

pressure / MPa

0.00

0.02 -

004} |
2013 2014 2015 2016 2017
time/s

0.10 T T T T

0.08 |- 0.08 MPa 4
0.06
0.04

0.02

pressure / MPa

0.00

-0.02

-0.04

2013 2014 2015 2016 2017 2018 2019 2020
time/s
0-10 T T T T T T

0.08 |- .
3 0.07 MPa
0.06 - i

0.04 - L‘

s

-0.02 .

pressure / MPa

0.04 i

2013 2014 2015 2016 2017
time/s

2018 2019 2020

Fig.8 Comparison of overpressure between energetic warhead and inert warhead

FLE AR5 153,220,255,375,452 cm?, BEE (R ZE
B3 A= AL AR A B SR TR R R A
ORI o X T BE AR AR, = WAL Y
RAL AR B | 105 42 AL AR 2 i 52 AN R L 265 5
SRR A A T B A S N 11 GEiH A R B 1 ~4
JE A A AR LT A4 3 A 175,473,790,2570 cm?, {2
LT AR B TR 3o 2 e A X — T TR T e A

Chinese Journal of Energetic Materials, Vo0l.29, No.2, 2021 (141-148)

BB AE AR B R T O T R AR R AL B T L M 1
B D5 — 5 T2 T AR 5 1  RE AL R} b B fg A
SRR ke 1R AL R R I R S AR

S0 A LN 1 B A R 0 A B s e AR B 4 O
Z A WA B B 2 R LT R T 5 2 N
iR AR, 1 B A X B A A AL T AR 2R 3 25 m) LA
KF]300% KA |
4t

www.energetic-materials.org.cn



4 7 R AR A3 TR 22 2 A9 o A B s B ) FRAE R 147

a. 17
9 TR S) AR AR AL R

Fig.9 Energetic warhead penetration effect

10 HEHER R

Fig.10 Inert warhead penetration effect

3000
B |nert warhead
“g Ly ma Energetic warhead
= 2000
[
©
s 1500
g
@ 1000
g
500
0 Colbd J : r : i
No.1 No.2 No.3 No.4 No.5
Target number

B 11 S REMS A5 1 M Sk AR AL T B L

Fig.11 Comparison of penetration area of energetic warhead

b. front fuel tank-front c. front fuel tank-back

and inert warhead

3.5 & BE AR DX B 5] AR 53 AT

B BE SR B A S R BOCR I 12 fr o il
P12 T DU M A P R AR i A A e 2R e B A
SR Z KA AR D 3 B S R S P AR AR
5 i 487 A A B RSEAL G v R A B0 L T TE A5 AT
WeAL 1A JE AR B AL 6-7 A I AL 4 4. X
SR T S B 45 e R o 8 SR R ) R K 2 d. rearfueltaniciront e. rear fuel tank-back
WeHE I B RE 4 R W, XM AR T i T iR AL . B B2 ARSI AR
%S AR R R B ST AR AR R T 4 o Fig.12 Energetic warhead ignites the fuel tank
W b b BRI AL BRI 2. TEE RO R
WmAE p AR, B B A R N DO B RE 4 & iR
0 YRR IR B SR

-l

1O T D0, 5 31 8 7 £ ik R o T LT R HESE T A i 5 1) A B 7 A A U A
AEE A WA 3 7T, WA R B R B R G R B 4 R R AL iR
DT HRR B TR KBRS HEAT T R G4 A IR T X

CHINESE JOURNAL OF ENERGETIC MATERIALS N XK 2021 4% F 294 H 248 (141-148)



148 L, 4% 5

S B 1 2, EEAF AR . [4] s&zméj.gﬁmmr% SR AR SR RN BF5E (D] db stk
HHLT K% ,2015.

- =R E N = = AN TG b B
(1) %3 BRI R AL R ) 2 )22 4 TR 72 o e 5 YIN Yi-feng. Research on terminal penetration-induced initia-
TR 5 BB N, T B R R K ER 16 kg & RE tion and damage effect of reactive material enhanced penetra-
=) s T A o6 mx10 m, s tor[ D].Beijing: Beijing Institute of Technology,2015.
B S R WA MIOB AR 6 mxt10m 5oy g0 N et g e s s R D). 5
IF ] 24 120 ms, KM B 85 3 32 29 2100 °C A T 15 1 AL T K%, 2016,
B 3130 TR B R 25 241270 °C ZHANG Tian-yu-zi. Numerical simulation of damage effect of
e s . o - spaced multi-layered plate impacted by penetration-explosive
(2) 4= BE ML F0 R 1) 22 J2 W9 B RE 98 7E — A2 Vil PELE[ D ].Beijing: Beijing Institute of Technology,2016.
[l PN T 8 R & vy, AH BE T R 5B, 16 kg A HE bR lo] At X EGE, f B 45 PELE I B 2N A HLEE 2 Hr ()]

5 it ,2009,29(3):281-288.

N R 4 B 3L Hh1 Y ~
'L HBE 1.2m %Eﬁﬁgiaﬁléﬁj\j 0.16~0.5 MPa. ZHU Jian-sheng,ZHAO Guo-zhi,DU Zhong-hua,et al. Mecha-

3TN HEMZZMNFREG EEFENY nism of PELE projectiles perpendicularly impacting on thin tar-
o NN ab BB o] 2 | . Explosi d Shock W. , 2009, 29 (3) :
FUAORE AT EE TG BRCSH 5, 16 kg 2 BERR SF 7B 5 /2 et Plaves L1 xplosion and Shock Waves )
0 AL T ALY ST 2R 1A 2 300% LA E . [7) b BRI % 38 A o P BRR B SF F R B 5
(4) 447 8 KR 3 30 A0 240 3o 7% 7P AT DLIE 1 5 fi LCI/E 75 4 [ S 3 5 B H AR A AR S i 2 AT, 2019
- S _ 129-131.
A kAo ,Xﬂ"}i%{ﬂﬂ%&i@%%ﬂﬁ‘ﬁﬁ SRV YANG Hua, CHEN Yun-jun, ZHAO Yong-hua, et al. Research
PR 7 on active composite shell penetrating explosive warhead tech-
FIARR g

nology [C]// 6th National Warhead and Damage Technology
Academic Exchange Conference,Kunming,2019:129-131.

SE M- (8] VEVE. KB 455 25 . AINDTIVZix & 25 Ko b1 Rk il 45 55

(1] BRMEDT, 2, £, 58 MG oo i PELEAE IBLEROF5E0)]. BEBFSE [ C1//45 17 i A T 3130 5 B i R RS i 2 B
PET 5 W 2444, 2009,29(2) : 114-116. 2019:991-994.
TU Sheng-yuan, AN Zhen-tao, WANG Jun-bo, et al. Research WANG Tao, ZHANG Shan-nan, XU Jin-liang, et al. Research
on the operation mechanism of steel shell PELE [J]. journal of on preparation and properties of AINbTiVZrx energetic struc-
Projectiles, Rockets, Missiles and Guidance, 2009, 29 (2) : ture materials[ CJ// 6th National Warhead and Damage Tech-
114-116. nology Academic Exchange Conference, Kunming, 2019:

(2] Aok, skmily, B fe, A5 . B 1] 25007 094 5im 25 4R 000 5508 17 8 4L 991-994.
HEEAAN D) ] SR B TR, 2011,20(4) :39-41. [9] Jianwei Jiang, Shuyou Wang, Mou Zhang. Modeling and sim-
ZHU Yong-qing, ZHANG Ying-mei, WEI Xue-ting, et al. Nu- ulation of JWL equation of state for reactive AI/PTFE mixture
merical simulation on enhanced lateral effect mechanism of [J]. Journal of Beijing Institute of Technology, 2012, 21(2).
penetrator with enhanced lateral effects [J]. Computer Aided (107 14 He 3. 3% PR R 4= 100 51 2 48 M 000 B B LB AF 58 (D 1. b
Engineering,2011,20(4):39-41. AL LT R 2%, 201 6.

[3] Z=F . AN BT PELE S PERER [ D ] K5 Hh b K2%,2017. XIAO Yan-wen. Research on penetration-induced blast effect
LI Gan. Effect of materials on damage performance of PELE and damage mechanism of reactive material fragment[ D ]. Bei-
[D]. Taiyuan: North University of China,2017. jing: Beijing Institute of Technology, 2016.

Characterization Technology of Damage Power of All-Energetic Penetrating Warhead to Multilayer Steel
Medium

SHEN Bo., LI Yan
(Beijing Institute of Space Long March Vehicle , Beijing 100076)

Abstract: To achieve an effective evaluation of the damage power of all-energetic penetration warhead, a test system for damage
power assessment was established based on the 125mm artillery, accompany by a description in multiple physical fields from
various aspects such as penetration, reaming, high temperature, high pressure, and arson ignition by arson. Results show that a
16 kg warhead can penetrate a 5-layered steel target at a speed of 952 m-s™' to form strong fire which lasts for about 120 ms,
with a maximum diffusion range of over 6 mX10 m and a maximum temperature of about 2100 °C. Compared with the inert war-
head, the gains of temperature and overpressure at 1.2 m are about 1270 °C and 0.16-0.5MPa, respectively, and the cumula-
tive gain of the broken hole area of 5-layered steel target reaches beyond 300%. Moreover, the warhead has a good arson igni-
tion effect on the fuel tank.
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