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Study on Aftereffect of Penetrating Q235 Steel by Reactive Fragment
XU Guang-ze, ZHANG Liang, ZHANG Xing-gao, GAI Xi-qiang, YANG Lin, LUO Jun-xiao
Research of Chemical Defense Academy of Military Science, Beijing, 102205

Abstract: In order to study the damage characteristics of the active fragments to the target behind the Q235 steel target in
the process of penetration, with the fuel tank and cotton as the target, three different active fragments with W and Zr as main
components were selected for ballistic gun experiments. The experimental results show that the active fragments have a
hole-expanding effect as penetrating the target plate. Under the same conditions, the active fragments with higher content of Zr
have a better effect on igniting cotton yarn and fuel tanks. Based on the burn-through and damage process of the active fragments,
a method was proposed to characterize the energy release rate of the active fragments by the longitudinal cross-sectional area of
the bright area of the fireball, and the maximum horizontal and vertical diameters change rules of the fireball formed by the active
fragments were obtained.
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Fig.2 Layout of experimental site
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Tab.1 Performance parameters of reactive fragment
Ww Wz /(@em®)  /mm e MPa
A 51 12.1 P95 54 214
B 6 1 123 P95 5.5 - 2 Q235
C 1 10 6.8 PB.5x=8.5 3.0 -

F2 TEMM RS 0235 SNARAY SRR
1.2 SLIGEEEMX RS Tab.2 The test result of reactive fragment penetrating

Q235 steel
1 2 ,
mm
\ _ /g /mm fms™)
\ / l Q235 A 562 610 1103 1062
[ ] - A 554 1105 1365 1414
l A 557 9.5 1050 1245 1404
A 559 942 1249 1314
' y B 553 1235 1315 1365
_ U B 556 055 1134 1215
B 550 840 1108 1039
N Cc 310 1267 1361 1413
1 SHREE c 309 1374 1448 1422
Fig.1 Experimental schematic diagram ’ ’ ’
C 308 ®85x85 1413 1365 1305
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333.32 s 416.65 pis 1999.91 ps
a A¥eik/E 610ms’

3
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Tab.3 The aftereffect of penetrating Q235 steel by three |- —-—

reactive fragments 33332 41665 s 199991 ps
| b A¥eiE 1105ms’
/mm /(ms™) /em /em . o .
A 6 610 16 g 3 TEMR A A XFRAEFIIRLDRYS IR R
A 6 1105 B 20 Fig.3 The ignition effect of reactive fragment A on oil tank
A 6 1050 - 20 and cotton yarn
A 6 942 - 20
B 6 1235 16 -
B 6 955 - 20
B 6 840 - 20
333.32 pis 416.65 s 199991 ps
¢ 4 1267 le - a A¥eifE 1235ms’
¢ 6 1374 - 20
¢ 6 1413 20 -
¢ 6 1485 20 -
3 C 398.52 s 637.64 ps 1354.98 s
b A¥eit % 840ms’
A B A B 4 EMERRE B XHEAERUBLORI3 HARR
Fig.4 The ignition effect of reactive fragment B on oil tank
and cotton yarn
- _ E
33332 ps X 416465 us 1999.91 ps
a ¥R/ 1267ms"
3 5
3 A 47823 ps 87675 ps 204907 ps
b A¥eitZ 1413ms’
5 a b

318.82 pis 87675 pis 2391.14 s
¢ A¥ek/E 1374ms’
5 JEMRE C XMAEFIFRLDRYS KR

C Fig.5 The ignition effect of reactive fragment C on oil tank
A B and cotton yarn
F4 EER R C AR ZIABKEGEEESIT
Tab.4 Data statistics of fireball images of reactive fragments
C at different moments
s Jem? /em /em

33332 11523 19.90 2098

416,65 19835 26.15 27.65

499.98 568.87 3476 4121

5 C 58331 737.35 3551 4261
matlab 666.64 843.09 36.26 44.66
749.97 901.15 26.58 48.10

833.30 1079.63 53.05 52.62




22 Q235 2021 2
1200
"= 1000 P C
< 800
600 rd
400
2004 Zr
0300 400 500 600 700 800 900 2
thas
(a) HEF@ER C
55 ' 55 .
g _
245 = 45 o
35 P il 35
st A g 3
. 250
15300 400 500 600 700 800 900 300 400 500 600 700 800 900
tlas tIas
(b) ARk Az (c) WERAHIE 3
E6 AnkmalmERURENERXER
FiE Fof 18 25 44 h 2%
Fig.6 The time dependent curve of longitudinal section area
and maximum horizontal and vertical diameter of fireball
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