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Abstract: High-entropy alloys (HEAs), as a novel class of high-performance metallic materials, have demonstrated considerable

potential in the fields of damage and penetration mechanics. This study investigates the application of CoCrFeNiCu, HEAs as
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liner materials for explosively formed projectiles (EFPs), with the objective of enhancing EFP formation quality and damage
efficacy through structural optimization of the liner. Quasi-static and dynamic tensile tests were conducted to characterize the
mechanical properties of the HEAs with different copper contents (x=0 and x=1). The experimental data were used to fit
parameters for the Johnson-Cook (J-C) constitutive model. The results indicate that both HEA compositions exhibit outstanding
plasticity, ductility, and positive strain rate sensitivity, with dynamic yield strength increasing significantly under high strain-rate
loading. Numerical simulations were performed using the nonlinear finite element software AUTODYN to compare the EFP
formation processes between conventional copper liners and the proposed HEA liners. The simulations revealed that the superior
strength of the HEAs impeded the complete closure of the projectile tail when using a conventional uniform wall thickness liner
geometry. To address this issue, a uniform variable wall thickness design was implemented for the HEA liners. This optimization
successfully improved the formed EFPs, resulting in length-to-diameter ratios of 2.0 for x=0 and 25 for x=1, with velocities
reaching 2260 m/s and 2357 m/s, respectively. The penetration performance of the optimized HEA<EFPs was validated against
two target types. The projectiles achieved penetration depths of 37.8 mm (x=0) and 41.5 mm (x=1) info 1.00-mm-thick 4340 steel
targets, and 287.6 mm and 303.7 mm into 1000-mm-thick C35 concrete targets. The crater’diameters exceeded 260% of the
charge caliber, confirming excellent penetration and damage capabilities. This work demoefistrates|that structural optimization of
CoCrFeNiCuy, HEA liners significantly enhances EFP formation quality and penetration performance, providing a theoretical
foundation and a novel strategy for the design of high-efficiency damage warheads.
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Fig.1. Schematic of HEAs synthesis

RIS A S MEHER RN AR 2 R B2 I 12 b vERE, R4 GB/T  228.1-2010 (&)@ K}
P RIS 55— 00 RIS 7 E) A GIB 8374-2015 (& @A Rlsh A hiiRkee k) , B #kqE
i (EDMD 35l TN APbR e T ALREE, Wil 2 Fros. FIH T RERIEHL UTMS105X XF a1l 2(a)
Frni) 2 mm/JS0 R AREE IR (300 KD 2640 M THER SR AREe, MAREERN 102 s g
J1 LB A NG U I S AR K AT R 48 (Split Hopkinson tensile bar , SHTB) , X} 41l 2(b)Frw
(AL A4 B bR B4 1 DU AN [R) I R R AR 32 2 A R B Zhas R, Wil 3 s, SO 2y
AR 300 K A1 575 K, MARERIX (A5 5E 4 2000 s'~3000 57!

(@) e 30 (b) 38
N _‘ i 15 15
— = ——._I S
© ] w 71\
R4 / -~ + :.‘.__
| \ L \;/
| [ —T \\‘ ) !
. 60 e \
Miox1




mOE 5 &
Explosion and Shock Waves

(a) quasi-static tensile test specimen (b) dynamic tensile test specimen
Bl 2. &G R 1 45 S8 (B AL mm)
Fig.2. Structural parameters of the HEA specimens (unit: mm)
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(a)Quasi-static tensile test comparison (b)Dynamic tensile test comparison (x=0) (c)Dynamic tensile test comparison (x=1)
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Table 2 Material parameters of HEAs
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Fig.6. SEM morphology and EDS elemental mapping of the fracture surface of HEA spécimens
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Table 3  Structural parameters of three types of material shaped charge liners
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B D/mm L/mm h/mm d/mm d/mm 7i/mm r/mm
il 60.0 60.3 11.0 58.0 2.0 39.6 37.6
CoCrFeNi 60.0 60.3 11.0 58.0 22 39.6 374
CoCrFeNiCu 60.0 60.3 11.0 58.0 2.1 39.6 37.5
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Fig.8. Model of a uniform-wall-thickness shaped charge liner
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Table 3 Griineisen parameters of HEAs
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Table 4 Material parameters of copper
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Sobent oot AES Yl il TR P
0.000e+0 2.380-1 \ l 1.9868-1 2 U32e—‘1
0.060e+0 22206 1901 203281 18.5mm
0.0006+0 2.0806-1 1.8408-1 2031e-1  |am
0.0006+0 1.93981 1.767e-1 2.031e-1 s
0.0002+0 179ge's 1.695e-1 203081
0.0002+0 1868841 1.622e-1 2.030e-1
0.060e+0 1518e-1 154881 2.029e-1 e :
0.000e+0 Aa77e 1.4760-1 2.029-1
0.000e+0 12371 140481 - 202801 22.1mm
0.000e+0 1.096e41 133181 2.028e-1
ABS VEL(cmlus) ABSYEL (cmius, ABSNVEL (Gmius ABSVEL (cmi.s)
0.000e+0 2 54(23-1 ) 2.19(7E-1 !
1.000e#0, 2.4B4e-1 21021 2 1UUE1 21.2mm
0,0006+0 23250-1 200et o 210081
0.BG0e+0 216761 1.9120-1 20081
4.0008¢0 2.008e-1 — 18171 2.09%-1 N
0.000e+0 1 850e-1 = t7z2ed 200881
0000+ 1.691e-1 o te27e 20981
0.000+0 1.53%-1 1.5328-1 209881 :
0.0008+0 137481 143761 200761 19.0mm
0000640 121601 o I 1.3420-1 2007e-1
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RN L . . , Aoeed
W *
10:0mm

K 9 PIanZG B B aEf T A EFP H4 45 R

Fig.9. Simulation results of efp formation from the initial liner structure
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2.3 HBEEERRAL

K 10 ZREE IR ) 518 R g Ee
Fig.10. Schematic diagram of force and movement of a micro-element in the shaped<chargeNiner
2GR B YOTAE " YRR BR8] 1) %2 ) @ s G LA B 10 FroR) i SRR E2RSE I o 25 T B A
RIEINKIE 179 P=P(t), X258 ERBOTHImEN T, IOt RBRE KIZEE Y v, WATEL
3 25):
I = JPASndt = VAm (5)
HrPAS R BT S R IR A 0 NIRRT Am=peAS  NRTTHI R, ¢
Y 245 T BB AT AE m U7 ) R . X BEAT R T A 2

n = icos@ + jsind,(09<E.<90° ) 6)
(O i A j 4R n W x Ay TR, A G)a A G) T 153
I = JPASndt = I(icos8 44sind) = VppAS (0°<6<90° ) (7

XFV FERELE x Ay J7 18] B e 45 2
Icos6

x = PPAS

_ Isind (0°< 0<90° ) (8)
Y peAS
KE®)FMH, ERFEME I RIS EASGRERREATL) , [FM5 258 B
AL R, FOEARAIE R L H T o A0 IS e, RIS 2 RSB R EAF & . A
B B SR, B R SR A EFP #E B 25 B B RELR (1 A A Bk g, 0TI
8 1 HEA SALIER A, mliE e 25284 S0y v, AIEZ5 8L S0 R A Bt — P4 . sl
X—HE, ERNEREERZAGEN 6 X — P — 5, 4E6H{ERIX HEA 2458 S b 45 i gk 47
B—I0E, DL x=0 B2 ST, A ICREJE[E B 2.2 mm, @i 245 Y B i 2R AR b B ek
NN T ER Ry, REMT /N0 BT A5, ey 7 =T E R, i 1 Bor, WEEREE
AN 36.0 mm. /83,0 mm A1 30.0 mm CRERZERZGRIE)

10



w5 b
Explosion and Shock Waves

Material Location

#=36.0 mm
8701 .
! @ r,=33.8 mm
CoCrFeNi
Air
y
r=30.0 mm
X r,=27.8 mm

K11 =4 il A2 A ;ﬂ
Fig.11. Model of three-set variable-curya d)'és optimized charge
BT A R E 12 R, ZRFEKLL FPRWN G, AR EREEK.
DALY () F1 (b) B J T B A 5 AL JBE 22 7 2318.0 AT, SRR E B AT 1 —E 40

m/s, HKEF 375 mm, HEN 14.0 mm K12 2.68, {Hi% EFP BB H AR 5eamE, Hithsr: =
WP 2 BR 2 7 BB 25 R NS T HEAs A8

¥ Ous ] 50us 200us
ABS.VEL (cmius) A8S VEL (cm/us)
L  837e- 2.373e-1 2.329e1
55Te- 2.2546-1 I 2.327e-1
I  477e- \ 21351 \-\ 23261 24.5mm
: 2016e-1 — 23248

1897e-1 2.323-1
(a) B B 1.778e-1 2.322e8-1
: 16591 232081
. / 154081 / 2.319%-1
- 1.422e-1

2317e1 14 5mm

1.2158-1 1.303e-1 ey
1.035¢-1 1.184e-1 2.314e-1
ABS.VEL (cmius ABS.VEL (cmius)
s 3.3458-1 ABSVEL [omius}
264761 2215¢-1 ST
2.448e-1 2.084e-1 291504
2.249e-1 1.954,1\\ _ oaiseq  26.3mm

\"\\

2.050e-1 1.823e-1 23180-1 -
(b 1.852e-1 1.693e-1 231501 | H
1.653e-1 1.562e-1 2.313e-1 ‘
165401 / 1.432e-1 /“"— 231201
1.255e-1 1.302e-1 i
1.066-1 1171e-1 e 13.8mm
8.575e-2 1.041e-1 2.307e-1
| ABS.VEL (cmius) ABS.VEL (cm/us) ABS.VEL (cmius) ABS.VEL (cm/us)
0.000e+0 2.84de-1 2217e-1 2.162e-1
0.000e+0 I 2.807e1 2.064e-1 2.181e-1
- 0.000e+0 2.370e-1 1.911e-1 2.159e-1 32.5mm
0.0008+0 2.133e-1 1.758¢-1 \'-\ N 2.158e-1
(c) i 0.000e+0 1.896e-1 . 1.605-1 : 2.158e-1
0.000e+0 1.660e-1 1.462e-1 2.155e-1 -
0.000e+0 14231 1.299-1 - 2.154e-1 '
i ggff“:g 1.186e-1 1.1458-1 / 2.152e-1
! 949182 9.923e-2 2.151e-1
B 0.000e+0 712382 83922 2.150e-1 13.0mm
0.0008+0 4.755¢-2 6.860e-2 2.148e-1
L L . ) L L ) L L L . . L ) L 1 L ! L . L
[ X
10.0mm

Bl 12 = h PR S R

Fig.12. Simulation results of three-set variable-curvature-radius optimization
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BT OB RER Lo, B3E—20x HEA 258U BR AT PRl 2 . P At 22 50 AR B SRRk 2 g i3t
AL, B B AR R R CE A R U T 2R P A R EE RS EEAL, AT AL A EFP )
PERE, BIAGNE 13 fos, ARSI & 28 2.2 mm, AWEEEER &, FHRHE HE =0 /.

D

|
_t :
i
!
8701 !
explosive ]
i
i
i
\ |
|
L i
I.ﬁ
e liner
g [ o ~
e ; i )
“ I l,’ kNS 5
k : ’

i 7
;
:
k
d o

—emai e

o,
o

13 AREE J5 24 1 B AR BE R 2 6
Fig.13. Variable-wall-thickness shaped chargetiner structure
AEL x=0 I () HEA SRS THSEREAY, 1T CORNZADRLIBERZE 1 24 L SR AR 2GR 50 1F N, AT LU A
/AR EFP, [ DUZ S50 O Rt AT 22 B R A0 GESLIU AL AU R, DU =SB S H03R 6 Jons,
TR Z AR, TSR BCE N 200 us,
6 VAT 55 S5

Table 6  Structural parameters of four-set optimized charge models

0 D/mm L/mm h/mm d/mm d/mm @ /mm 7i/mm 7/mm
0.2 60.0 60.3 27.8 58.0 22 0.44 30.0 30.0
0.3 60.0 60.3 27.8 58.0 2.2 0.66 30.0 30.0
0.4 60.0 60.3 278 58.0 2.2 0.88 30.0 30.0
0.5 60.0 60.3 27.8 58.0 22 1.10 30.0 30.0

THESE R 14 Frini28008 0.2 i, JegE M 25 80 S R B RR RS R2 0, (ETE R EFP () 72 Wy
R TV, g S ZEMAE G M. M o IRTEE 03 B, SRAEAREME, ARIEALE
255 R REE K E390.mm . EL42 19.5 mm ) EFP, KARELIAR] T 2.0, M N 2260.0 m/s, #HTH
WIFERA B AR AR SR FLAE )T,  [FIB RER R B LI RMIIR B, 12 R BB S5 M B R
RAE HEA (#2005 EFP RRER Pl T« 4kafs o BHATHTE, HEXEE T 0.5, 4B EMAEE
HEAT B T & I A EFP, (HRHIEE A =03 IR . I07E 6=0.4 B, #RKE K E 36.0
mm, BEAFKZE 18.0mm; 7 5=0.5 B, FALSLOE K EF— DS 35.0 mm CREFREHD
BN FFEARE 17.5 mm, ##HE FKE LR R ERTE 2.00
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Ous 25us S50us 200us
Vb ABSVEL (emius ABS VEL (emfus)
O.OOEe‘rG ) 3 38&9'1 [ ABSVEL fomius) ABSVEL (omis)
L 0.000e+0 3.088e-1 | W i 7o
0.000e+0 2.796e-1 242601 2 a0501
- 0.000e+0 2,505¢e-1 e 121ed
0.000e+0 2.213e-1 LY e .| a9
=02 0.000e+0 19211 . L8 e e
° 0.000e+0 1.830e-1 I :?F?“ 136581
L 0.000e+0 1.3388-1 LR i 1o
0.000e+0 1.046e-1 F
- 0.000e+0 7.545e-2 — L
0.000e+0 4.628e-2 10.0mm
| ABS.VEL (cmius) ABS.VEL (cmius) ABS.VEL gcmfus) ABS VEL g!us)
0.0002+0 3114e-1 2.282e-1 226681
0.000e+0 2903381 I 2.169-1 2.265e-1
o 0.000e+0 2a7tet 2:057e-1 2.2648-1 39.0mm
0.000e+0 25701 1.944e-1 2.26%e-1
= 0.000e+0 2.388e-1 183161 “eny 2.262¢-1 z-
503 0.000e+0 b 2zt ' [. B 17ee - 226161 - {-‘—LJ =
R 0.000e+0 2.025e-1 1.608e-1 wrt® 226081 | X
0.000e+0 o 18441 I 1.493e1 2.258e-1
I 0.000e+0 1662e-1 [ 1,3808-1 226881 19.5mm
0.000e+0 l 1480e-1  * l 1.268e-1 2.257g41
- 0.000e+0 1.200e-1 1.155e-1 225664]
|- ABS.VEL (cmius) ABS.VEL (cmius) ABS.VEL (cm/us) ABS.VEL g‘mlus}
0.000e+0 303e1 2245e-1 2.2298-1
L 0.000e+0 2.822e-1 2.122e-1 % 228e-1
0.000e+0 2812e-1 2,000e-1 2227841 36.0mm
L 0.000e+0 2.403e-1 1.878e-1 2227e-1
0.000e+0 2.193e-1 1.756e-1 2226e-1
o=04 | 0.000e+0 1.983e-1 . 1.63de-1 2/2250-1 =
0.000e+0 1773e-1 1.511e-1 2225e-1
| 0.000e+0 L 15631 1.38%e-1 222481
0.000e+0 1.354e-1 1.267e-1 222301 18.0mm
L 0.000e+0 l 1.144e-1 1.145e-1 2,222e-1
AL 93392 1.023e-1 22221
| ABSVEL (omius) ABS.VEL (emfus) ABS VEL (emius) ABS.VEL {cmius)
0.000e+0 2.960e-1 2.205e-1
0.000e+0 I 2.762e-1 2.088e-1 I 2173e-1
B 0.000e+0 256481 T 1.972e-1 2172e-1
0.000e+0 I 2.366e-1 1.85567, 24711
5=0.5 0.000e+0 2.167e-1 1.736eA 2.171e-1
: 0.000e+0 1.969¢-1 . 162861 | | 2.170e-1
r 0.000e+0 1.771e-1 1.5066-1 - 2.169e-1
0.000e+0 1.573e-1 1.30041 A 2.168e-1
B 0.000e+0 1.3756-1 1.273e-1 2.168e-1
L 0.000e+0 1.177e-1 ’ 14157e-1 I 2.167e-1
0.000e+0 9.7850-2 A.0408-1 2.166e-1
1 | 1 1 1 1 | 1 | 1 1 1 | 1 1 1 1 1 1 1 | 1 | 1 1 | v
—_
10.0mm

JE ) EFP Jii L 2 A W s 5 /INTE) 0=0.3 BF 2R ER . 6=0.5 B 258 BB i &l 52.841

14 HEA(x=0)748 BE JE -3k 24 T B 454 EFP T /vt 45
Fig.14. Simulation results of efp formation from hea(x=0) variable-wall-thickness hemispherical liner structure
HBEHE o (MG, Y5 AR RE 8 257 S YE T i EFP R R i i R S g B n,  anl 15 B,
0=0.3 B 2B BN 46.614 &, JE %I EFP [FRE8 41.095 g, A FIHZEN 88.2%; 6=0.4 B 1]
ZIRER TR 49.589 g, FITTZIGA] EFP FE N 40.605 g, AR IR FEAKE 81.9%, 452584 BT

K] EFP Jfi & A 41.410°g 05 XA AU 78.4%.

al: 52841
[ --EFP
50 F 2.5
s |
3 46.61
46 :
b
a f !
40 F 41;5\40_605’,"—:1410
38 i ; t t
03 0.4 05
é

Bl 15 =Fh 6 24584 5 R B EFP (15T A48 4L
Fig.15. Mass variation of three d-shaped charge liners and their formed EFPs
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ZEERTAR, XF HEA (x=0) MEHSIARREEZG MR, 6=0.3 B ALK EFP MREfE, N T BT
PR T S R, A BUERR T FT T =4, Wi 16 ok, HEA (x=1) 57 REE 24570
SR BRI R AT e, ARBEMEYE = =30 mm, ABETHEE o8 2.1
mm, AEEEE @5 0.84 mm, 5=0.4. BATERGEMIEEL A 2357.0 m/s, FEHAKER 40.5 mm,
FIEALEN16.0 mm, KEWN 2.5, S8 =4 LR E BFP RS R 17 s, HE R
RN FRTEE

P oan o

38.0mMm

{::n: R

19.5mm
Ous 25us 50usy 200us

[l 16 HEA (x=0) A8k 5 2570 5 45443, EFP o, it 72

Fig.16. Simulation of EFP formation process in HEA(x=0) variable-wall-thickness liner structure

ABS WEL {cmius) ABS.VEL {cm/us)
ST ABSEL o) ABS YEL s
0.000e+0 I 3.058e-1 I 237861 23801
0.000+0 2875eA | 2.259e-1 236221 40.5mm
0.000e+0 2%s2e-0, — 2140e1 2361e-1
0.000e+0 . 250081 . 2.02261 2.350e-1
0.000+0 232501 190361 2.358e-1
g-ggge*g B Sied \ M e 5 :géal
. e+ | | -
1.95984 1.885e-1
gggg::g . 1 77501 1 84761 ; 223:1 16.0mm
) 1.592e-1 | I 1.428¢-1 Aate-
0.000e+0 o1 130981 2.35%-1
08 25us S0us 200us

17 HEA (x=1)22 8¢ JZ 25 1 532544 EFP JE i
Fig.17. Simtlation of EFP formation process in HEA(x=1) variable-wall-thickness liner structure

R E 18,CoCrPeNiCu, HEA 2558 EFP (IS BARSHR 7 o, ZoR A% S n) i+
BN H T38 7 AAHEAS (x=0) FIZEZ S5, HICIEE R EFP, M2 & 7 AU (Jetting
projectile chafge, JPC) , FF7E 100 s B K| N5 FEBR FE T R A2, Wik 18 P, Xt — 2 iE i
HEA 5847Ephdi®lit. M7 HAFE R E R

® 7 kR SR
Table 7 Optimized Structural Parameters of the Shaped Charge Liner

BFf D/mm L/mm d/mm 7)/mm 7o/mm d/mm @' /mm )
CoCrFeNi 60.0 60.3 58.0 30 30 2.2 0.66 03
CoCrFeNiCu 60.0 60.3 58.0 30 30 2.1 0.84 0.4
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r ABS.VEL E)cm.’us) ABS.VEL g:mius)
0.000e+0 3.628e-1
- 0.000e+0 3.345e-1
0.000e+0 3.062e-1
- 0.000e+0 — 277%1 e
0.000e+0 2 496e-1
= 0.000e+0 221301 - ]
0.000e+0 1.930e-1 e
~ 0.000e+0 1647e-1
0.0008+0 1.364e-1
[ 0.000e+0 1.081e-1
L 0.000e+0 797502
Ous 50us
ABS.VEL gcmlus)
3.502e-1

B I 3.239%e-1
2.976e-1
= 2713e-1
= 2.450e-1
2.187¢-1 ! e ———
| | 1.924e-1 .__ o
1.661e-1

- 1.388e-1
I 1.135¢e-1
= 8.717e-2

10.0mm

Bl 18 SR 258 B TR ) JPC
Fig.18. JPC formed by copper shaped charge liner

2.4 EFP 1R )14 BE 3G UE

RN TVEA LA b 5 A0 202 245 25 46 T T 1, EFP AR AIPE B o AW O T BB TR AN T 4340 4N A
C35 JREL MR NEERTEL, PiFAT RIS I /2 AUTODYN AR it . 4340 49K Gruneisen  shock
EOS Ml J-C AWM HEATIHEL, BARSHUNEE 8 Frasp Jiixivly/C35 JRE LA Bl p-a BOS # Riedel-
Hiermaier-Thoma (RHT) 5 78 MIJAT DL SE A A (1) 3 R At A BLPE R JEph s . SRR A 55 v AR 2R
KABTEAGOL T (R Bhasm R4, BARZ NG 9 fras & ORI v 45 R HER A n] S, A5
BRI M Arbitrary Lagrange-Euler  (ALEZAHG FIEEATHA 7341, ALE J7iE454 1 Lagrange J7
VEFA Buler £ RIS, REMEAERR IR I 01 FANG B, FEE A T AR B R T al ,  RAE AR
WP R, 55 HEA 25 B IRAESE 2 250 mm &b, 3 HIFEE PSR A5 Lagrange $EAR
B, HA R ST 4 300100 mm, VREELFE RSN 1000x1000 mm, 401 19 fros, v E 5500
W E N 300 us A1 1000 ps.

K 8 4340 A RIS H 144
Table 8 Material parameters of steel 4340
plgem? /HIMPH, /*“B/MPa n c m ¥ S Cyempus’!
7.85 792 510 026 0.014 1.03 217 149 0.45
D, Dy D; Dy Ds Geometric Strain Erosion Strain
005 344 -2.12 0.002  0.61 Instantaneous 1.5

9 C35 kAR S 54

Table 9 Material parameters of concrete C35

G/GPa  fc/MPa  ft/ fc A N (0] B M D, D, f/mm Ai/MPa  A,/MPa  A;/MPa

16.7 35 0.1 1.6 061 1.03 0.0105 061 061 1 0.01 3527 3958 904

By B Ppor/gcm3 Cpolemus'  Poyg/MPa Pog/MPa n Ty/MPa  Geometric Strain ~ Erosion Strain

122 122 2314 0.292 23.3 600 3 3527 Incremental 2.0
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Material Location 100mm
250mm

8701

- |

Steel 4340
CONC35MPa

HEA x=0(x=1)

¥

L.

&l 19 EFP {24003 bR A5 7
Fig.19. Model of EFP penetration into two types of‘targets

Bl 20 APiF HEA  EFP X} 4340 40501 = 4EBLSH R 1305 45 /18] 20(a)ly x=0 I} EFP F{Z 145
B, HMEMER s ERY, 1E 240us B %) BFP SHNHEGIERE OF 1k, H EFP &k 4 T [HI3#,
ST BT, &2 100 mm & 4340 NELFHZMIVEE N 37.8 mm, HFLEAN 26.5 mm, 3%
ORI ELAE N 44.2%, FLABRCKEREN 29.6 mm,<&GEL 042K AN 49.3%; B 20(b) 1R x=1 Hf
EFP XHNFLR A B, FIFETE 240 s B BFP A5 I TMEMITE R, R AT 0, %) 4340 HNHLTE
RN FLR ST IR 41.5 mm, JFALEAZR 252 mm, 52 ORM M N 42.0%, LARKER
281 mm, 5 ORMIEEN 46.8%. FFt HEA EFP XTSRRI T BN FIR AR,
HWM ML 2EH 87 IRECES, UER] T A HEA EFP BB Ry LA, HEAR
SR PR A J Ao

(a) x=0 (b)x=1
20 EFP X} 4340 HREL R )45 R
Fig.20. Results of EFPs penetration into 4340 steel target

PiFh HEA  EFP X} C35 VRt -8 EMMZADE AR 00 = B AN S R & 21 P, Ferpaidds = I 4
PIREREVEI Ay 0~1, AFRIEEOARA R BB, ORI ERBER, AR A iR R
I, B EIORB MR IERIR, BOTRRRER 0, (M AMABIA T AR . 7 21(a)9 x=0 I EFP
MITHER AR, IWARASHER B, SRR Bt 4 (0 BB 0 7 T i AR AR R O 2R 5 RUNE, - E 95 IR 5 FLAT
BB IO A e, JFRE SRR B — D RRAT, BEAR R i, mk . AN AR = E AR
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