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T €¢q _é
A+A, [l—exp( . )} €oq < €y i3

o'eqi A . (1)
ou [w[l +eq —&, Ej+ (1 —w) (Ef:j ”} oy = €4 — %

er= (D, +D,e"” Y1+ D,lnel)[1+D;s(1— %" )] (2)

A CHMPRAES % AL AR N2 % 0 N WIS ISR BE L E D PR Lo, B e 0 0] 2 55 80 17 T 25 5%
BBVERLAR Jo, e, Sy SR A BCSE R J) FIECSE AR Ay vty I EREZ G w AT 0~1 Z B BUE e
NWIRRAS Dy D, Dy RS =REAR KSR D, R RE B H. D; Dy il WA 0"
N J) =B el TR N AR A8, T Sy e A I BE

(D AR TR 48 BAb 53 B b PR J-C AFRIRY, (2) AR A J-C 2 250 I Jit iy 465 80 o ) I B2 J0048 1 hy
FRROE A MR RS EANE 1 PR, Hod o, BRI E R WAL T, F1 T, 735 & 2 2% il B Fg
m e SR R By SR IBTEI IRR R C R R U R ey RSFHNBR W B,

K1 2A12-T4 H B S H
Table 1 Material parameters of 2A12-T4"]

Density/ Poisson’s cp/
E/GPa T./K T./K m X
(kg e m*) ratio (Jekg' * K™
2770 0.33 71.7 921 293 863 1.426 0.9
A/MPa 0./ MPa €, A, /MPa 4 w C eo/s !
400 635 0.1255 288 0.0713 0 0.001 1.11 X103
Dl DZ Di Dl D; D(; WC,/MPH
0.116 0.211 —2.172 0.012 —0.01256 13.04 150

1.2 BEMHSH

SRR L S 20 e Sk B A PR R 5 R 38CrSi A 4 M9 3 TRBE B2 (Hoe ) 2958 53, 2R FRUZk 1 A Al 452 241
HEAT A A RE 2 BRI SCHR (8 TR A R 45— B0, ANk 2 B o co M E, 4350 02 B4R} 4 Jit 1 55 2
DIty T M o I 8 O TSI AR A R ol i A R B AR A

R 2 38CrSi # il 5 #)

Table 2 Material parameters of 38CrSit*

Density/(kg * m *) Poisson’s ratio E/GPa 0, /GPa E./GPa

7850 0.33 204 1.9 15

2 FEBYVE ST R ISIE
2.1 SEEJLSME

F FURIE Sk 3 Sy gk, HOBR AL R ~Fan & 1 iR Hrh s bR 5 HR M ILE R 3. N
PREFIRE S R AT R O AT e B 5 892 & — 4K 10 mm, H A& 6. 2 mm FLIRA .

2.2 HEABRTKRE
SCHRLO BBt 1 57 W 5% 43 o 28 2 B A BR TR L 14 07 3% . AT ABAQUS A BRITH M, i 57 e
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IRE] 5 M B B TT) L kG X AR B AR R Rl T B 2 Fig. 1 Shape and geometry of ogival-nosed
ko A ] 43 05 T T S A R EEAR KL JLP AN AR projectile (unit: mm)

W BCR ) RS RS 1 mm X1 mm X1 mm;
HERR R A A R A% ) 400 e o b KO CE AR S 15 mm) I, MAE R SF8 0.2 mm X 0. 2 mm X
0. 2 mm, £ H.0 BT , RS BT 5 .

SR 2 ] 0 9 B JEE 58 R BBORT LA AR A B T R SR TR A% R RE AR AE SZ R LA 138,12 m/s B B RE IE g
S ) 45 5 T A B S W BB AR R VUL 3 R, il LB AT Ay o R il o U Bl EE 4 R
5 1 T AR 3 AT EL AR B ORI 0 B TS R R SR 5 5 SR 11 ] 5 90 00 75 1 e A4 0 o i T
Vo BEHE R BN 0. 05 B B 5 50560 25 R A il .

116
115F
114F
113F
112F
111F
110}

109 1 1 1 1 J
0 0.02 0.04 0.06 0.08 0.10

Friction coefficient

Residual velocity/(m-s™)

2 TRELA FR TR 3 VR AR BRI OR T Ay o O R
Fig. 2 Finite element model of Fig. 3 Residual velocity of projectile vs.
projectile and target friction coefficient
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A — E Y DR 22 » HL 1R 22 Bl 35 400 0 12 58 A9 35 0 T 553

fo. FURecht Tpson ARIA MM AEE FIR 5 ] *Boeimenaldaa
I O 2R 75 5 032 e £ jgof O Smulaion sl

v, =a (vl — o)V’ (3) E’ 80F
S oo, Mo bR DI RE RAERE R 2 O
B o A p HEEE R, FHORBEGE  F /
PR 74 m/s, ESCIAER 72 m/s ik, & T e e e o
T i T 5 FORER MR DU 52 4 [ 52 T 52 3 9 Initial velocity/(m.s )

A o R ] A A o s R A R Bl DT X
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Fig. 4 Comparison of experimental data

and simulation results
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(a) O ps (b) 200 ps (c) 600 ps
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Fig. 5 Process of ogival-nosed projectile impacting target
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3.1 EHITRE
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Fig. 6 Illustration of projectile impacting target

(a) 60 ps (b) 180 ps (c) 360 ps (d) 588 pus

Bl 7 a=30°H Ay fE i o f

Fig. 7 Process of projectile impacting target at a=30°
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Fig. 8 Kinetic energy of projectile and target vs. time
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Fig. 9 Simulation images of projectile impacting target with different attack angles
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Numerical Research of Influence of Attack Angle on Thin Aluminum
Alloy Plate Impacted by Ogival-Nosed Projectile

DENG Yunfei, YUAN Jiajun
(College of Aeronautical Engineering ,Civil Aviation University of China , Tianjin 300300 ,China)

Abstract: Based on the Johnson-Cook material constitutive and failure criteria, we established the models of
2A12 thin aluminum alloy plates with a thickness of 2 mm impacted by ogival-nosed projectiles using the finite
element software ABAQUS, and studied the influence of the attack angles (0°=60°) on the projectiles’ impac-
ting processes,energy change and the deformation of targets on the basis of the verification of the models and
parameters, The results show that the kinetic energy of the targets slightly increase during the impact process,
and the plastic deformation is the main form of energy dissipation;the increase of the attack angle causes the
broken area of the target to increase at first and then remain unchanged,and the shape of the hole transits
from circular to “1.”-shaped;the residual kinetic energy of the projectiles decreases with the increase of the at-
tack angle and remains stable after the attack angle reaches 45°;the ballistic limits of the targets increase first
and then decrease slightly with the attack angle.reaching the maximum when the angle was 45°.

Keywords: ogival-nosed projectilesattack angle;ballistic limit;numerical simulation
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