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Fig.1 The PELE Geometry
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Fig.2 Structure diagram of reinforced concrete target
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Table 1 Parameters of materials
material  p/g-cm™  E/GPa v G/GPa K/GPa
steel 7.85 210 0.29 77
Nelon 1.09 2.8 0.4 1 0.472

Note: p is mass density; Eis Young’s Modulus; » is Poisson’s ratio; G is shear

Modulus; K is bulk modulus.
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Fig.5 Curve of fragment maximum radial velocity vs target’s
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Fig.6 PELE kinetic energy vs time for different target thickness
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Table 2 The experimental results of the PELE penetration different thickness reinforced concrete target

area of RC broken( D/mm)

steel bars fracture state

b/ mm Vo/ mie st n A/m? - - - -
impact crater spalling pit the first the second
250 819 52 5 70x92 88x86 none none
350 823 75 7.5 90x94 90x88 cut cut
500 809 67 7 84x86 72x78 cut cut

Note: b is arget’s thickness, v, is impact velocity, nis number of hole on aftereffect target, A is the spread area on aftereffect target, D is the diameter of target.

Chinese Journal of Energetic Materials, Vol.22, No.5, 2014 (612-616)

St

www. energetic-materials. org. cn



B9 793 1k 5 )R BE G W PELE R RO i BB 2 A

615

DRI 52 360 2% P R A, e 488 1 BE A B 0 ko {RLAE
o SIS B AR A5 R A 1) B RE B I O T B R A
Kom 2 0 HiOA T BUBR o SR 2 AT LA PELE
TE Jo R AR ™ A PR RSP i B i AR I AR
A —E 25 HLIE O 35 cm I AR 1)
A T AR A 0 R R TS 25 ¢cm F150 cm
LR EDO PIVA T RIS

simulation result experimental result

a. 25 cm

simulation result

experimental result

simulation result experimehtal result
c. 50 cm
B 7 #UJ=25,35,50 cm B Bk R S S 45 R X L

Fig.7 Comparsion of the simulated and experimental results

with target thickness of 25 cm ;35 cm and 50 cm

PR K 7 SR g RS 5 AR, B K R
— B, VOB L BE 8 Al 3t S W ) PELE R AIA
[Fi J5% 2 8 Al 114 4y B e

5 & it

i3 %) PELE 45480 A [ J5 32 I A 114 500 A58 401 1 552
%o, f7n T HUARRE L PELE A [ AL 2 JB) A S 2R o A

CHINESE JOURNAL OF ENERGETIC MATERIALS

F Ak G5 A4 AR R SAA L L 800 m - 57 i AR
f T 1R B L AR AR, f5 K] 27 05 80 cm J& I #L AR, 1
LT BT P i AR JRE B AN ], PELE H8 oy #8457 24 19
T 16 5 A8 A A K o 24 PELE ] %2378 S AR N, 76 BB
WA R S A R ST A Bk BRI R O A s TR AR
i) JoE 38 T I ARG 5 o S ) 42 00 I L T2 0 0, 8 %
JO7 S 58, SR JE U5 5 MR 800 cm i, PELE A
REZF I35, BLA 1Y S BE AR A TR R

Xt PELE {24070 54 A7 18 B5€ & 40 1) A B3 59 47 B i
W I A R SR AR 5 RAF, RIIATT R
IS BRT LA 23 A 455 T 5 B8 A JSE R R i PELE {2
MBCREMA NS5

5% 30k

(1] RAR, ARARE, M/NEE, A5 R 10 2650 39 o 20 422 440 {4 %8 AN [7] b1
AR A PEREL) ). S REA AL, 2012, 20(6) : 705-709.
SONG Cheng-jun, SONG Li-li, YE Xiao-jun, et al. Interaction
performance of PELE penetrating target plate with different mate-
rials[J]. Chinese Journal of Energetic Materials( Hanneng Cail-
iao), 2012, 20(6) : 705-709.

[2] G Kesberg. PELE: The Future Ammunition Concept[ C] // The
21°" International Symposium on Ballistics. Adelaide: IBC,
2004 1134-1144.

[3] Paulus G,Schirm V. Impact behavior of PELE projectiles perfora-
ting thin target plates[)]. International Journal of Impact Engi-
neering, 2006,33(1-15): 566-579.

FRULRE, T, FARE. AR HUR B R PELE OILALRE B9 B3 B

[J]. ERSHRR2% 5T, 2013, 35(1): 104-106.

ZHANG Hong-cheng, YIN Jian-ping, WANG Zhi-jun. Numeri-

cal study on the damage efficiency of half-premade fragmented

[4

[

PELE[)]. Ordnance Material Science and Engineering, 2013 ,35
(1): 104-106.
(5] Aegltse, B, kLA, 4. /NI4R PELE R TSR i H 3R
s smFgr[ )], SE5 2%, 2007, 22(5) : 505-510.
ZHU Jian-sheng, ZHAO Guo-zhi, DU Zhong-hua, et al. Experi-
mental study of the influence factors on small cabiler PELE
impacting thin target[)]. Journal of Experimental Mechanics,
2007, 22(5): 505-510.
(6] HE, XIGHPH, EAFbR. 50U S X 55 T 28 300 55 0 IR 19 32
WA L)]. s S aE i, 2011, 31(2) 2 75-77.
CUI Jin, LIU Chao-yang,WANG Chun-li. Influence of body and
penetrator on damage effectiveness of PELE[J]. Journal of Pro-
jectiles, Rockets, Missiles and Guidance, 2011,31(2):75-77.
(7] WiEoe, %45, R, S5 ST PRI bR X PELE {2
WE R m )], HAEsAaEdiE, 2009, 30(3) : 213-216
TU Sheng-yuan, WANG Jun-bo, AN Zhen-tao, et al. Influence
of the material characteristic of shell and core on the penetration
after effect of PELE[)]. Journal of North Uuiversity of China,
2009, 29(2): 110-113.
/NG, FEBAR, IR, AF. PELE S(S 1) A 2 B A0 8 e k- S0 0
HYR\OIR]. KFEZGEH, 2012, 35(4): 90-94.
YE Xiao-jun, DU Zhong-hua, HU Chuan-hui, et al. Simulation

and experiment of PELE penetrated and broken reinforced con-

—
o]
s

crete targets [ ) ]. Chinese Journal of Explosives & Propellants,

bt A A 2014 % #2224 %58 (612-616)



616 MNEE MR, BEO7E

2012, 35(4) : 90-94. A )]. BEKES P, 2003, 23(3): 198-202.
[9] M/NZE. JRME X PELE Ml P18 /05 TR B8 1= B w3k S8 0% 5% i {5 B 0F 5% ZHANG Feng-guo, LI En-zheng. A computational model for
[)]. M BesF4Rk, 2012(3): 106-109. concrete subjected to large strains, high strain rates, and high
YE Xiao-jun. Numerical study for cap fluence PELE broken rein- pressures[ ) ]. Explosion and Shock Waves, 2003,23(3) : 198-202.
forced concrete target[)]. Journal of Artillery Academy, 2012, [13] F#k, FEHE, F&, &, 250 MK 5E 500 & R0 2
3:106-109. M5 [)] . AERtE TR 4Rk, 2002, 22(4) : 53-56.
[10] 5/, BRAWI, 58564, &, SRl xt PELE {2 8118 Bt + %% 6E WANG Lin, WANG Fu-chi, WANG Lu, et al. Strain measure-
W [)]. gt RRlE S5 TR, 2012, 34(5) . 47-50. ment in hollow projectiles impacting concrete targets[ J]. Journal
FAN Shao-bo, CHEN Zhi-gang, GUO Guang-quan, et al. Influ- of Beijing Institute of Technology, 2002,22(4): 53-56.
ence of filling material on penetration of PELE into concrete target (147 B, SCESNS. 5 3 VR B 1 STAR E L ity B o M 4800 T il o 1Y
[J]. Ordnance Material Science and Engineering, 2012 ,34(5) : BUEARIL)]. B EY B 244 ,2011,25(4) . 70-78.
47-50. MENG Yang, WEN He-min. Numerical simulation of the
[11] LSTC. LS DYNA Keyword User’s Manual, version 970[ M]. Cal- response of reinforced concrete slabs to projectile impact or
ifomia: LSTC, 2003. explosive loading[)]. Chinese Journal of High Pressure Physics,
[12] 5RRUE, BAE. RNAE 5 A8 A T mg HE 5 A% 1 1 8 BE - it 2011, 25(4): 70-78.

Numerical Simulation on Influence of Reinforced Concrete Thickness on PELE Penetration

YE Xiao-jun', DU Zhong-hua’, YAO Fang-tang’
(1. Nanchang Military Academy, Nanchang 310103, China; 2. Mechanical and Engineering College, NUST, Nanjing 210094, China;
3. Baicheng Ordnance Test Center, Baicheng 137001, China)

Abstract: In order to study the influence of the reinforced concrete target(RC) thickness on penetrator with enhanced lateral effect
( PELE) penetrating, the different thickness RC impacted with the velocity of 800 m - s™' was simulated by LS-DYNA 3D software.
Results show that PELE can penetrate the 80 cm thickness target at large. In this range, PELE body shell residual length is shorter
with the target getting thicker when PELE could penetrate the targets, and the residual axial velocity of PELE decreases at the same
time. With increase of target thickness, the undermining effect of penetration first increases, then decreases. The kinetic energy
consumes totally in the penetration process when the targets thickness is over 80 cm. The experiment was carried to verify the sim-
ulation results. The experimental and simulated results both show that the 35 cm thickness target is damaged most severely, impl-
ying that the simulation are correct and reliable.

Key words: penetration mechanics; numerical simulation; penetrator with enhanced lateral effect ( PELE) ; penetrate; reinforced
concrete target
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