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Fig.1 Interface defeat of a conical-nosed long rod with half apex angle § = 5° impacting onto ceramic target at impact velocity of

1022 m/sl9!
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Fig.2 Geometry of a conical-nosed long rod
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B DUF 456 FCAH N A BB AR 20 AT 45 BRI UE
2 (9)~ A (18) K IEHHE.
SCHR [12] BEA A AR A R.55 4,

PWHEMRKSEME 1 i, FHU v = 701m/s
1 820m/s 4> HI# 7 7.24 mm B,C/6.35 mm 6061-T6

HAWHL K 7.62mm B4C/6.35 mm 6061-T6 & &
. AAE LRSI (1), 5 (17) . R (11),
2 (16) AT 23 5 SRATHE L AR b T 3 5 4R b o B 4
FE v FRMACEE T I34L; @ 1 = L -1 B35k
Pl RASE; BET AT KRG A T SRR U 2R 1
BEE (Br)e = (M —m)vg/2 BA K BT B & 45 1R 3
BT R IR R B R Bl (Ex)EeD = MU(Q)/Q —mv2/2,
(5] B AT SR A5 B 2 AR TAD 4R B BE (Ek)o = Mug/2 1
LeAH.

x1 hFExXsy Y

Table 1 Parameters of a small arms projectile

[12]

Projectile material Projectile geometry vo/
op/(g-em™3) Y, /GPa R/cm 0/(°) Li/cm La/cm L /em Mg (m-s71)
7.8 2.1 0.37 27.5 0.71 2.1 2.81 8.13 701 820

BB TH S 4 R SCHR [12] BofE A g R I
WA 3~ B 5 s, HA 4 s B —(L-1)
K. B IR [12] KBEBEEE LR A “simu-
lation in Ref.[12]”, J& F A SCE IS 47 B9 S & F AH
MERIERFS BRI “theory” Fr{E, LUTF 4Tty
KHAMEIRES . ANE 3~ B 5 iTE H, Binss
REBERLS RAF AR, JUH W a0
BABMLILTES. ML Rumpr, it
MR WA R 8 T R, TABER T BOR
—MERCFE BB, Bl AR EILT AR, B
REBEEDNGRZAMER, FERA THRS
B rp S AR A U S W E B B R 5, T B AR AT AR R /N
TR AMEM (L/D =281lcm / 0.74cm =~ 3.8), £E
R S R oR BEWE R HEE W B R HAE, BUERE
U o KO AR 2R T ISR, T B8 4 A L EE AR

900 = T T T T
= | I | |

8005””TEQ-(14) 777777 T Co
— TOOE i s o
lm 600 § o , ,,,,,,, [
E s00F
-
2 400E ‘
2 £ simulation in A1 WAy
2 P90 TRef[iz]

200F - pose - f -
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time / us
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Fig.3 Velocity of small arms projectile in the penetration

under vo = 701 m/s vs. time
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Fig.4 Position of small arms projectile in the penetration

under vg = 701 m/s vs. time

velocity /(m-s—!)
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time /s
B 5 FHEL vo = 820m/s 1o BEAR () 5 44 Bl BE A1k i 2%
Fig.5 Velocity of small arms projectile in the penetration

under vg = 820m/s vs. time
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Bk [12] HAH SR B e A AT TP R R AR %, Rt
R SLIR B, A SCES R T (B 6~ & 9)
R H M 45 B2 i 22 R A T H 5 B a2 R
Z I (B 3~ B 5). JUH R IEHE LR T B,
SCHR [12] 437 H i A R R BERS AR F 2K (14) 14
Wréi R, SBELRMIEER (~8.5us) BARBE v,
ANFR (14) BTG (B 6). TG K54 5 2 bt
W BCA, P AT i AR R R MR R L AR
F X (14) BB AR SR K T 3CHR [12) 047 19
FANAE, &4 (11) s (16) 7T 2040 B i 34442 ph
TR T BT H AR AT S 5 (B 7 FE ),
W T EH B 2 12l 5 3R 3 R 4 2k th bl T AR B 4
{8, T B4R B R S BE SRR M B L A (18, LR AE
) 01 K AR T B (¢ < 8.5pus) (B 9). 5 3CHR [12] K9
SIATAILLAE, A OSCELRIE A AN R T Sk B AR
MItEG RO EmW. S RALERELET, Pk
AT BB SR T M R B KR 22, {HAB AR 4L
-, 6~ B9 B—REIET X (9)~
= (18) M IE#TE.

IR H AR, SR [12] AN TR EE /&
BE AR EER RN AR T AR EZEY
R, HEHEL R A, B S B AUR AT
20pus . B—JTE, SCHR [12] BE MR A H T #

1000 T T T

800
600
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velocity /(m-s1)

time / us

B 6 FHLl vo = 820 m/s fi FEAR ity B4 ¢ BEAR 14 i 2%
Fig.6 Velocity of small arms projectile in the penetration

under vo = 820m/s vs. time
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Fig.7 Length of small arms projectile in the penetration

under vg = 820m/s vs. time

mass /g
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Fig.8 Mass of small arms projectile in the penetration under

vo = 820m/s vs. time
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Fig.9 Kinetic energy of small arms projectile in the

penetration under vo = 820m/s vs. time
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P 9) AH N MR o+ S 1] X E] 30 ps. FSE E, FHE
it ZE R R RY), FE—ERFEREN, I
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AP LIF B S, X AT I, [T
WP LTRSS BN, SR E—RETE
PR G A% R = 2.5mm; PR IE G E A,
Bl M = 21.06g; B A vo = 1200m/s, MR
Lundberg #4947 % T4E O &0, 76 % R
JEE N, XTFAREHMEEERGEL, gy RE
REHBIER. AERHN LA 0 MEm, 55
B 6 = 5°,15°, 30° i1 60° % 4 FE L AF. P kAT

PRI HE AT FE A R S HF W 3L 2 Frow

B2 FIMRSHEURE 2 THHNSE
W FIAK, FSRAGFEAARNTHE B v/ve « FRAKIR
T RIS BTE m /MBI 1] B9 3246 20550 1B 10~
B 12 fJrons g B 10 R 12 ARG 54 X 3l g
Ei/(Ex)o KIZALINE 13 FTos.

M 10 ATA W, SRHE KA # 7 S o B R
W, BRI v BT RER HOF LA IR 1S, HRE
10 BN o KT RS, BARBAR o [HARLHR
B ZERAK. WO, X FAEMBE, EHATERR
Th wi, PR T LR EY, BRI AL
SEARRP o KT MR A BN, TR AR
SEARPRATBRIA], FAARHE BER SUR T BE, FEJE I T
BR v HEATME. XEY, £RTGRHIES,
55 3 WRTATHRMAEEH SRR E, KIT#
P9 4R T A R 7 E E OIS

TR B 11 AT 50, SR SKAT B R PR B bR T
FATRE, REEMA O BANA KRR MR, ERF
PR R MR R EZH BN, A SET R R M
PRAERKER, WA 12 PR, REESLFTHE A R

F2 ELRMRELITHOAXSH

Table 2 Parameters of a flat-nosed and different conical-nosed long rods

Long rod geometry Long rod material vo/
L L L R M Y m-s~!
nose shape 1/ 2/ / / o/ b/ ( )
mm mm mm mm g (g-cm®) GPa
flat-nosed — — 60.95
0 =5° 28.58 51.42 80
2.5 21.06 17.6 2.0 1200
conical-nosed ¢ = 15° 9.33 57.84 67.17
0 = 30° 4.33 59.51 63.84
0 = 60° 1.44 60.47 61.91
11 80
101 70: 6=5°,6=15°,
0.9 r §=30°, 6=60°,flat .,
0.8 z 60 L
s 07 £ s0f
< 061 £
g'i: flat, 6=60°,6=30° || 5 40
=L f=15°, =5° B 30f
0.3 r e % 30 L
0.21 5 90k
0.1 i
0 C v v vy il 10 :
0 10 20 30 40 50 60 70 &0 ol IR T R R L

time / us

B 10 IR [R) Sk TR AR AT 3 B A e 4 il B A o
Fig.10 Relative velocities of various long rods with different

nose shapes vs. time

B 11 R SLIR AT 3 R il BE AR Ak il 2%
Fig.11 Eroded lengths of various long rods with different nose

shapes vs. time
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1.1
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04f
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0.1f
0 P T Y Y I TR S N L L
0 10 20 30 40 50 60 70 80
time / us

.. flat, §=60°, §=30°
§=15°, §=5°

relative mass m /M

B 12 IR KT AR AT B A R 5T Ak 2%
Fig.12 Relative masses of various long rods with different

nose shapes vs. time
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1.0 [

0.9 .

0sf line- By /(Eg)o=1
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0.6 |

. flat, §=60°,6=15°,

relative Kinetic energy £y /(Fy. )o

05F f=5°
04f _ E&D
03:— i \ . L E
0.2f NG ,
0.1

ol v v . “

0 10 20 30 40 50 60 70 80

time /pus

B 13 IR ST AR AT 5 B A 0 3 RE 22 A0 h 26
Fig.13 Relative kinetic energies of various long rods with

different nose shapes vs. time
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7. ARYEICHR [12] BB EB AT, BARLE—E vo
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PARKD LG SO BE T 15%, /AN TP L AT 3 43% HIBhae
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PR BL, B BRAK ) Sh BE 4R Ok R BT R R LT,
SCHR [12] $FXF N FRE AT RA, X TANTFREER
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ST B BEHE AL B R/ o AR TR R R L

5 & iF

A SCHE Alekseevski-Tate %) (13-14] Jemh | %
JEBLTBAR, AT T A S AT AR A o B R
R TSR M R R AR . Bl S T 8 R AR R il
Bt B SRR, AT R ILN TR ME e W B
AR AT A, HBREHUE T B E TR
B4 /N T HH R B AR S 38 45 Q4 Sk APt
BB REH R BT L AT R, HRHEM 0 BN (Bpas
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THEORETICAL ANALYSIS ON THE INTERFACE DEFEAT OF A
CONICAL-NOSED PROJECTILE PENETRATION YV

Li Jicheng Chen Xiaowei?)
(Institute of Structural Mechanics, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract Based on Alekseevski-Tate model, the present paper theoretically analyses the interface defeat of a
conical-nosed projectile in its penetration process, and the corresponding formulae of velocity decay and mass
erosion of projectile are conducted out. The effects of half apex angle on the kinetic energy loss of conical-nosed
projectile are discussed. A ballistic impact case of a small armor piercing projectile (APP) against ceramic/metal
composite target validates the present theoretical scheme. In addition, the comparison of the kinetic energy
loss during the interface defeat with among of a conical-nosed long rod, a small rod and a flat-nosed long APP

is investigated.

Key words conical-nosed long rod, interface defeat, velocity decay, mass erosion, loss of kinetic energy,

theoretical analysis
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