#3248 Ham [N S SO/ B = S Vol. 32, No. 4
2018 4 8 H CHINESE JOURNAL OF HIGH PRESSURE PHYSICS Aug. » 2018

DOI: 10. 11858/gywlxb. 20180503

HERETRESEEENEERE
FIALE 4% B

(1. JUIT 2 BE R TRE Fk v @ ik % 6 . YL PG JLIT 3320055
2. My JREE Tolb KAl il o s 1 S0 00 =, BB VT IR /R 150080)

WE. B A ABAQUS TRFINBENER JCAMBA B ENL H Z 8 F =
ABRREBOEN,FRTFL . NBHO~60"4EHEE Q35 WERWHMEG A THE, 247
THELF PR EFAETERG P EEREAREX NP E, B o Bk FR8NE0NAE
T EHAATT oM. HRET —AHIENAEREFELEE, ERAA. FLARELNE
FAETRIWEVRER G T FRENGEROG P ERARERNERFGREABERXE T
MK EEERETFLHEUR -—AEPIREMBENETEE ARG RHER, TENY
BABFTABEAMZLAKFTESLRERY AR,

KEWR - ABEN ;A ER TP EEARER;AEREBEGE

FESES: 0347.3 X ERARINED . A

o L 5PN < R L B AT O R A TR SRR A B AR R L AR Y B8 A3 R SRR T A AR Sk Y
A BEOC AR TR IR B R R 2SR R A SR AR A B 4 RE 7 o R T RIR S AR Sk 268 AT S I A FR Y R
Wi, Borvik 45 HEAT T Sk 2 BRSk KRR Sk SRR 12 mom J5E R0 R A 4R 140 S5 58 S UL L 2 IR
Sk Bk R 8 S T Sk B A T 2 o o AR, LD TR R 4 TR AR R B U R [ . Gupta 555 R TP
S VBRI SRR BEAT T 0. 5~ 3. 0 mm FR AR Y $ ol S 4 SR 3 W BP0 o 0 B A 0 9 TE A PR e
NSk B 2 2 RSk A SR A R A . O T AR Sk B0 AR T A FR Y B L Zhou SE5 X RLAESC
BRHEAT TG R4 . A i T AR 5256 26 05 AR AR RE e JREBE L i RO 45 DR 3 B B2 0, 6 1 A ] 3k Y
LA 15 A9 0 R ) 45 Rl 52 96 A7 BLBIE T 45 RO F AN REGE — , B B ASIE IR

ST 2 W R F 5T 08 S5 L BRI 20 M il S BB AR AEL AR TH K 22 B vh A TR AR o I [ A
75 A5 A AR 8 o B A S AR X AE D . Goldsmith™*) X 4] 56 - 4k JAR 5i B0 e o (R 458 R o L oAy 4 o
BERBLR A BB T T AR Y TR R A . R BT b, R 2B ) R A SR R TR R AT
N BB AR . Zhou S TS S FBC(EL DT BLOE T 1Sk Lo RSk SR T R B e XU 2 1
Bij 4 e 1 BB AR R BB B2 . Tgbal S50 BF XS SRR R i AN W] #E AR Z5 M OT SR T — RN EUE f 1
WSS AeAt T R o R Sk B R S 45 1) 2 0 AR B 7 BB 0 MR OB S, Borvik AEH EAT T
SR LL 07~ 60 R 7 20 mm S AR MR AR A4 ZF IR S 06 MUREL 0 30, S BRAE R /D T2 30° I 30 2 1 i
R TR % S E L AN 52 A E B S IR o T A K A A A R TR AR A 2 2 B R T A R A
HRHEIE L LA 07 45 RHE ol FZ sl XUR 45 MIMREAT 1 9250 S BUE 05 HAE T . 38 1 AR A8 3R LA
[F] £ 52 R 43 o i 94 R S8R S, 23 BT T R I R | A R A D OO B R A SR BE R . S
S5 AL AT AU TR SRR ZE TP A IR R L R T — B B AE R R AR AR A T T
Sk /IR A AR AT A B4 AR RS A T S A TR A R 0 X, BB A IR 5 U 7 FL A R W) 5 BT

« Wi EH: 2018-01-09; {EE B 2018-01-28
E£TH: K AKFFRSE(11072072) ;L4 F 54 (20161BAB211001)
TEEB . BWFHAI79—), B WA, JFIm, =2 bk 3 J1 %058 . E-mail: guozitao@hotmail. com
BEMEE. ok FHQ964—) 5 242 18 14 T 00, 322 3 o 30 1 220852 E-mail : zhangdawei64 @ hotmail. com

045101-1



55 4 [/ = S/ B B - - %32 %

AR W7 24 2R 3005 2 P R AT OO e 35 2 2% 1 A BEAILAR 8 D 1% A 8 e A DT 2R o DU | e R BT
3/ S W 4 E ) BT IR T C-L W 240 W LA B2 2255 ) Johnson-Cook (J-C) Wi 24 W 45, Bao #il
Wierzbicki'"™ 7€ J-C BRI IL b - XHIR R ) =l B X (A1 64T 748 0F . 42 5 H 20 B R AR /R 1 B-W B 24 0
WL T A E5TZXE., ATEEDT ABAQUS FR 751 AZAL B-W 2R 20 R i 43 B =X b 24 0,
DAL T -3k (BRI 3 0°~60° RHiE o 502 1 Q235 B8 i BB U5 B, F2 ZEAF 58 s i Sk S R L o AR
XoF B A 118 77 471 i 7D 5 T, R A A 2 A8 o DA R s AR o o AR LS 1) AR B e e TR AT A B
1 ARTER
1.1 HEMHEEE

SR 53 R S Sk SR OROE 3L bR Dy e R AN, BT A 24,7 g AR 12, 66 mm, P Sk iR K
Bk 25, 4 mm , GPIE 3L 3 it #R 2 42 1 (Caliber-Radius-Head , CRH) i 2, MK B 24 33. 5 mm., AL
RN 1 TR, A o B Y R 50~200 m/s. #EARCN 1 mm SR Q235 4R . s A RHE o EE
i 2 MR AR S 00 Ff BE A s 0 WL 2 Bk LB IR B E 0°~60° 22 (1],

12.66 mm
}

12.66 mm
i
T

(a) Flat-nosed projectile (b) Ogive-nosed projectile
1SR IR R 2
Fig. 1 Sketches of projectile shapes
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Table 1 Material constants of projectile

Density/(kg * m %) E/GPa Possion’s ratio 0o/ MPa E./GPa
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Table 2 Material constants for Q235 steel

Density/ (kg * m™*) E/GPa Possion’s ratio T./K T./K A/MPa
7800 200 0.33 293 1795 293.8
B/MPa n C m m, c,/(Jokgt K™
230.2 0.578 0.0652 1.762 1. 278 469
X D, D. D. D, D.
0.9 0.472 18.73 —7.805 —0.0193 13.017
D Dy, Dy, Do, & /s
2.338 0.511 —6. 80 4,047 2.1X107°

1.3 #EHERIE

B UEA W ST R FT Y Q235 S AN B J A0 0 2 K0 IE W P S0 IR L X Q235 BfARTE 8 Taylor
fi 1 S8 T A5 B A SR LI BT R R AT 15, SCER ANy ECAE R X L An & 4 R AL TR Y
TEIER) Q235 A RFAS K K 73 B A A5 70 BE 0 e ot 0 S5 6 v 590 ) A 0 250 A O B 4 R A T

(a) Model of Taylor experiment (b) 390 m/s (c) 410 m/s (d) 447 m/s
4 Q235 SR AY Taylor 18 i ST 45 31 505 B 45 B X

Fig.4 Comparison of Q235 projectiles’ fracture patterns in Taylor experiments and simulations
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Fig. 5 Typical oblique penetration processes of 1 mm-thick targets by two kinds of projectiles in experiments
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Fig. 6 Typical oblique penetration processes of 1 mm-thick targets by two kinds of projectiles in simulations
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Fig. 7 Comparison of initial velocity-residual velocity between experiments and simulations for

1 mm-thick single target obliquely impacted by two nose shape projectiles
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Table 3 Ballistic limits and other model constants for single target obliquely impacted by
flat- and ogive-nosed projectiles
Flat-nosed projectile Ogive-nosed projectile

g a P vs/(m s ) a p vs/(m s )
0° 0.95 2.68 86. 10 1. 06 1. 69 75.76
15° 0.92 1. 93 67. 04 1.01 1.93 76.75
30° 0.99 1. 61 57. 44 0.97 2.16 84.90
45° 0.99 1. 68 63. 50 1. 14 1. 48 86. 90
60° 1.18 1.51 95.91
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Fig. 8 Comparison of ballistic limits vs. impact angle between experiments and simulations
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Comparison of ballistic limits obtained by simulations and experiments for two nose shape

projectiles at different obliquity angles
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Fig. 10 Comparison of failure patterns of single target impacted by two nose shape projectiles
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Fig. 11 Failure modes of single target impacted by flat-nosed projectiles at low and high velocities
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Fig. 12 Experimental and simulated angular deflection

vs. impact velocity for ogive-nosed projectiles

impacting taget at 45° oblique angle
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Fig. 13 Numerical variation of angular deflection with dimensionless velocity for flat- and ogive-nosed

projectiles obliquely perforating single target with the thickness of 1 mm
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Numerical Study of the Oblique Perforation of
Single Thin Metallic Plates

GUO Zitao,GUO Zhao,ZHANG Wei

(1. Department of Civil Engineering »Jiujiang University ,Jiujiang 332005,China;
2. Hypervelocity Im pact Research Center  Harbin Institute of Technology
Harbin 150080 ,China)

Abstract; In this study,we conducted numerical simulations of the oblique perforation of single 1 mm-
thick Q235 steel plates subjected to flat- and ogive-nosed projectiles at 0°~ 60° by invoking the
ABAQUS subroutine to introduce a modified J-C constitutive model and a modified three-section fail-
ure criterion of stress triaxiality,and examined the effects of the projectile nose shape and the obliquity
on the ballistic resistance and failure modes of the targets. We also investigated the angle-deflection of
the projectiles perforating targets and proposed a modified semi-theoretical model to describe the an-
gle-deflection laws. The results show that the target perforation by flat-nosed projectiles is easier than
that by ogive-nosed projectiles at each oblique angles;the ballistic resistance of targets is closely relat-
ed to the target damages induced by projectile impact;the target has different failure modes as impact-
ed by flat-nosed projectiles at low and high velocities in the same oblique angle respectively,while the
failure modes of single target due to impact of ogive-nosed projectiles at different angles do not show
much difference. The results of numerical simulation agree well with those of experiments.

Keywords: failure criterion;oblique impact;ballistic resistance;failure mode;angle deflection;numerical

simulation
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