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Investigation on perforation mechanism of targets impacted obliquely by
projectiles with hemispherical nose in low velocity

XU Wei, CHEN Changhai, HOU Hailiang, ZHU Xi, LI Mao
( Department of Naval Architecture Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract; To explore the failure modes of the targets subjected to oblique impact of the projectiles with hemispherical nose, ballistic tests were
carried out and the attitude of the projectiles was captured with the high-speed camera. The damage modes of projectiles as well as targets were
analyzed and the apertures of the targets were measured. It was shown that the dynamic response of the target was not completely symmetric under
oblique impact and the target was divided into four partitions according to the mechanic characteristics, which were contact area, bending area,
tensile area and symmetric area. The penetration process was divided into four stages which was bulge, dishing, bending and perforating, according
to the deformation modes. The failure modes of the targets consist of four typical patterns with the variation of the initial velocity of the missiles. The
first one was bulge-dishing deformation when the initial velocity was low to the ballistic limit. The second one was bulge-dishing-tensile & bend
tearing when the velocity was higher. The third one was bulge-dishing-tensile & bend shearing with the increase of the velocity. The fourth one was
bulge- tensile & bend shearing when the velocity was largely higher than the ballistic velocity. The aperture of the targets in the front view was
elliptical when subjected to oblique impact of the projectiles with hemispherical nose and it was gradually transferred to the oval with the increase of
the velocity.

Key words: perforation mechanics; low-velocity impact; oblique perforation; failure modes
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Tab.1 Quasi-static mechanical property of
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Tab.2 Material parameters of projectiles and targets
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Tab.3 Experimental and simulation results and main parameters
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1 2 1 30 153.85 0 0 R
2 2 1 30 260. 48 139.24 149 il
3 2 1 30 261.28 140. 09 151 FiB
4 2 1 30 297.55 185.89 202 373
5 2 1 30 362.26 254.13 275 FiB
6 2 1 30 476.45 361 382 Tk
|
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Fig.1 Deformation and damage view of projectiles after tests
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Fig.2 Schematic of penetrator on target

& 3 Shy st g Bk B v s AROER PR T U
H 10 2 10 '
,ﬁqj:T=E;0'i,M=(%) ;a'i(L—S.S)

ORI S (o, RS 2R
JTZJ:H"JIEFJJ'J) ;To = O'OH,M() = 00H2/4,ﬁ3\7”1'l7ﬂ

VAR A JBE L AR PRI TS AR RS 5 A AR
MICRASHL ' 1" = r/Rp, Horf r W HEAR 145 5
I PO RYBEES Rp SRR, AR AR 07 5N
fi el i, V1) Ay AR P BEAR R O 1), MR
JEREE AL TS ) M E, 1905 BE B BT e J7 1) A 17
100 5 AR L) i 2 L

HT P 3 ] 28 0] i JE T R R S8 A X AR
J5 PRI T R AN 1) X33 52 R 05 1 2 3l Y 52
Wi, 325 i) 8 31y AR 1 A TE AR 180, DA I
O X R FRY , AT RO 3 7 R 2SR R 4 ol A %
Mo 7 s VD1 B BR T 52 i 142 30 194 A1,
[RIAE 2 SRR T 132 S A2 o LD iz sl J5 ) Pk
A f8 ol ) o R0 £ S ) 2 45 AN A T - I 1)
DX A HE Al P 25 R T BRSO AR B R
Fh , R RO M, O T 25RO T 7 1) 25 R 5 67 1) XY
PO T A IS Sl R I R AR, A
o, IE TSN T S R o

AR FEAR AT AL 14 AN [ T LA AR i 7
O3 R DA AN TR DX, AP 4 Bz fl U e R
AR, SEFLES T 4 i DX I AL Ay A (B0 (422 fi
DX) s U 1] 38 B2 Jr A 07 1) X 38R SE Ay U 1 38
Sy B B A7 i (5l X)), 5 Z A Y
D7) i) 9 B8 BT A S T 1) DX AR ) B — R R BE Y



52 SRR NI 2 5540 3%
10r —a7 GREBIN) —— T (W) 18 —a—T GEEBIF) ——T ()
o[ o GEEERIRD) ——M (RUF) ip 10 o1 G BEDII) — A0 (D) 14
14
42
B 0
= __2§
-4
1
4-8
' L -10
4 3 2 1 0 1 2 3 4
r!
r!
t=18
() me (b) 1=39 ps
_ =T GREYA) ——T (M) 4 a7 GEEEI) T il 12
YT e ar GREEBII)— M (W) G .

(c) t=54 ps

(d) £=168 ps

B3 SRR N SO oA IR (V=261 m/s)
Fig.3 Generalized stress distribution in thin-plate(V, =261 m/s)

P CREAR X)) 5 30 T U0 1] 3o J3E 7 00174 48 A X
EE 2L IB B, S IR AR B 2K

(HFRIX)
L

4 SR X I o

Fig.4 Partition of target
SRR R R 2 A A R LA B By, A S
JIe7R o SCREATE ok 1) ) B o B, % Mk DX ARORE L Y
Tk R 5 Pk —igis gl , B R E 8,
TEREAR mily X U A2 T (B SR B B ) , i
T A T, U0 1] S 4B e T 2 AT
v B A i 7 SR AL T I R 480 5 SRR Ak [X B AR
SR A JBE 22 I 77 A6 IV ) I 42 i X ey

TR B AL A ik DX AR AR . B B
PRIz gy, Hk b BE AN TR, [ X Ji e J3E
WBEZ A, 2 R X 4 i B2 /N T S8 0
WA AEAR A EE S BRVER 1 S JE | i A A i)
HIRE ) SR TE (BRIE AL TE B B ) 5 e B B i A
PR E A, D) ) A0 A ] 200, 5 1E 4R
WA, BHR R AR B BRIE AT I A 58 20K
DY i) B BT AE 7 [ BEAR AR TR R o Bt IR A2
T Je , SRR Xy T R SR A AN W A
W SRR E— APz gl H™ A RBORY T
1 o 0 1) 2 OS2I, fii ol s 2 i DX AR
FORHESASESH R 58 ML B AWk s, fi
ol s G 1] DI R AR PR R 1) AR sk —
A LT DR (25 # A2 TE Bir Bo) 5 it
B B AT 1) JEE TS B, #E AR B R A T S
RN Ko 1725 il AR 5 3 A
2075 [l A R AR AT H R F 3R BRI, 34 I
BT H B AR (A BT 2R B BO) , i T Bad it
SRR SZ 1 AN E A AT 5 2 B B A A —
FEESE SRR RS R Nz sh A Bk



o514

TRt , 55 - BRSk IE AR )T A 2 R AL B ©53-

GRS

LB

(a) PERAZTE
(a) Bulge

(b) BYUEEE
(b) Dishing

f
e

(d) PRIRBEEF

(d) Penetration

(¢) TEIE
(¢) Bending

I R R 27 o]

Fig.5 Process of perforation

Al o ANTRL A LT SRR 10 R R AR TR, 4
BT B ry S 11 I 8] AR T DX R e B AT AE I 3
725

4.3 EERIRNX

R L oA TN 25 g X P A R ORI
EREANNR ], AR DX BT, XFRIX 2L
T ELAF A — € W5, 25 FUAR X A i
PR X GATAETY I 5 LR A A J1 R/ R
JHIS i) PR]SER AR o 1) AN [ Tl A7 A — € 22 57, AR L
FEEEAN TR A 2 T AR K

G B /IR T S E AR BRI AR
IR, SRR AN 22 D R AT AR TE , 5 i X e
TR AT i A, i X el T A4
JHH AR B8 . AT DX 25l X < fir
D T FE N R X < XFRIX < Tl X, #EAR
AR TR AN B — B ALTE , AnfE] 6 (a) B

S G R W R T S AR BRI B 2
B, 7522 P e L BRI AL I, 5 A B 45N, it
L 12 A DXy A fo AR A WAl B
PRt —2ia gl H™ A REOH - N ITH L 1EY)
[ S S PR R IR 25 DXy T A = AR R Y
BRI TRl X 3 G ey TR AR T 2, 7
A XS54 o X S A ey BT A INREAR O AR
v, M DX AR A8 SR B ABL IR T G4
DXL A X 52 F Ak 2 o 426 Al DX 30 5 Do o7 fp 40
24,8 X AT, R X R AR, R
DX ARt Ay BT A T AEL ey L ARG 3 A T A
No BRI R O B — R AR T — S
IR, WP 6 (b) Frm o

W 400 0 o JRE 0 — AP 3 R 7 22 3 e AR
FEASTE 5, 1 10 380 BE AT TH A, 5408 4 fh I 744 1)
(CGXIFRIXASTRAL ) MR A A= BT VDR 5%, 1Mk IX 5



54 [ BB K

%540 &

25 gl X S F A St S B VTR A SR A, B X
R A G AL W 3= 20 P A 5 B U IR R Ak
SRR AHEAR B B — SR BRI S 3 A 0 7 28k
B, FUAR A R O O B e — BRI A —H 25 57
IR, N 6 (o) Fron e i TR RO, B
AN AL I [R) B, A, $EARE TN

) e S BRI R P ] i — 2 ik
/N HERATEY FRE EER T B P, #UAR AN 2
BRI BRI, HASIE BOMUR ER AL, 5 AR AHE
B b BT — R DRI 3 55 A0 3 ) S Ak e, A X
THEBRMRI T, RGN T
AR S, BUAR 1 S RO Xk B —hr 25 BT D) i
I, nE 6(d) s,

(a) BER—EEIZEL
(a) Bulge — dishing

(b) PEE—BIEALTE—
EVESE E N
(b) Bulge — dishing — tensile &

bend tearing

(¢) PBER—BIE L —
ENACE TR E7N
(¢) Bulge — dishing — tensile &

(d) pBER—ha
LLRZIE 22N
(d) Bulge - tensile &

bend shearing bend shearing

(S TR S
Fig. 6 Typical failure modes of the targets

4.4 FEOKN

36 o R Z A L T () AR AT, 2S00 46
R B/ INET B AR 1) 2R R SO B R — R AR
To—hr B AR, B T SR P ) A s A
AR [ (57 R A K, BRI T L TR AR B R e, e
TR FREEDE , anE 7 (a) Ui Y iiap iR
TR, B AR 1 2 AR X R B A — R A
W—hi A B UImR , B TS A A T R) A2 g, L
R R A0, DRI HLAE 4 B AR i, ARG 51T
RS ke, I 7 (b) TR o SRR BE i — 2P
SIS, $EAR ) S R ANy B — S By DR
P T SRR P s ) B, R [ (5 RS i — 20080 )N
(] E TR A B B SRR 32 1N 1 50, (A5 R

Az — S AL, X AR s — i 4 e TR, AT
AR 1A i ) B A, HOE AR e W IR JE e 22 |
MR , & 7 (c) PR

3P TR IR LT 8 R K «
SIRRTEE bo SHTT 1 ~ 6 ) 8 8 A Wy
G, w2 n] I, B AR R RN A KA
N Iv AN AR PSRN e NI AR 2 N b 6l 2Bl 2
BEHALJ I o

(a) V, =200 /s (b) V,=298 m/s (c) V, =476 m/s

BT SR A 1 5]

Fig.7 Typical apertures of the targets in the front view
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Tab.3 Long and short diameters of the apertures

Vo/( m/s)
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