124

M, BOKAE Y B I R

XEHS:1006-9941(2021)02-0124-08
s Sk AR 3T 2 ) & /= #5818 BY 72 i
FRT EARELE ELHE ONLE OE!

(1. ARERNCFFE, W WZE 710065; 2. FEEER2FER, LxE 100089)

wm =

Sh TR v R AT R AR ) 22 R R B e e AR T RRE L AR T S 2R TR O A A R R R B R AR 2 R it . kT

LS-DYNA I J& B AL 3, 97 2647 T M b s AR 151 10 J2 R B8 L 40 ikt . AT Z0 3R W] - A (R A0 B0 2 R B L 4 A i 7 v, BB )
By AT R LA 2 2 Al 10 JEE 8 R, 20 R SR R X 2R B LA 2 2 Al B AT X RN o X L AR D) 10 )R R R b AR 45 2R, 2 I i
ARG 2 B T 95 T A 25 il /0 L i 2 2 2, LA B ) A A0 9L R R A

KR RS2 #EL IR 220 T s i AR R I SHGE
FESES: V219; TJ014

ERARE: A

DOI:10.11943/CJEM2020291

1 8l 5§

I AR 100 L7 A T2 4 v L AR R o T
R AR B AR . R E 2 %
] 4 AF R B0 LT o i o TR BT O A
HpRmE, #ikZ2Z2 =M 2 2 REE i, s TARIER DY,
WP A — S Y 5 R A S 2 Y D B B R R B0
T e SECI R 2 X 56 g 2 L 2B 24 22 R A R )
L, PRI 22 )2 B R A 10 e R Y 98 AR A A i B AT 5
N TVHOPRAE R T A3 B Y AR SR By
IS 7 WA TR I BE - s 3 i 7 L X AR
90 4% 58 BB AT T B . Chen' xR BE L RHR )
[ 0 e O ik BB T T, i S T ARHR TR S5 L o A I i
T AR e 2 FLAR RS A e AR T
=458 3 - 9 P W 7 73 DX TR ) T T R 2 TRT R R R
B, ok ik 1 2 22 56 3 1) BHL ) pR BB IE 5 B0 M fh AR
S SR T EE X AR AT R R R Al e B R e R B . v Tl
ARIPT S 5 A T N R R A AN TR B 1 AR ) i B

Yo#E B8 2020-11-03; 1€ E HH: 2021-01-19

W 4 H R B : 2021-01-29

ES&WE: FEEKLTGEL

fEREB A 220« (1983-) B B+, GIRFSE 61 s EE MR AE
% R RTFSE . e-mail : pengfeili@163.com

BEBRRA: KW (1973-), 5 W4, 0158 5 s EZAFEEIE T %
AL 5 5 R F 98 . e-mail : songpu73@163.com

BERIRIEFE T — 5 46 F1 /N TSR 25400 W42 490 38 i 5% 1)
S MR o B S AR R AR MR Y o B SCik [ 7 )
b LA A B3 A% BR Z B0 K, 98/ 3 A — ] 2% 1 1Y
BHL 77 DT 5| A A 28 A5 i 7 o LAt/ 222 3 X i A A7
IR PG AR AL B AT TR IR AR ST,
B2, BT 2B i3 B2, Br DL oG T 38 XF
124Y) 22 )22 HI0 5538 5% i 4F 5% 19 4 06 SCHR R D

Ut ABIE 5T B X R ) B AR ) £ 2R e
I AR T S O A T R, 4 TSk S 0 R O AR 45 4
BT, BT LS-DYNA B FE B4 58, 430 B AS ) i
F 2T IR 1T S5 I A T 3 {2 100 B0 2 TR R
F AR fE R AR, [ SR T AR SRR 1 10 2 TR B+
43 50, 30 Ao F B R e B T Sk 35 9 bR X 85 T O A 1) R
M), LAY Ay 6T A ) SO BT TR IS5

2 BRERLEMIRIT

43 BT AR B TR R Sk 8 220 R TR 1 A 4= A6 SR 4 45
F o, an B A 2 B s o PR R A0 R Y A AR B R
125 mm, KEX K 742 mm, BEEH N 12.5 mm, R
R IR A Sk i 42 b A 2.5, HUR i 34.2 kg, 2525 R
N 8.5 kgo ZITE I SRS #8) 2 AE A B s AR 45 44
el b BE AT 40 mm ARSI B AR N 87 mm &, &
Jal EX 6 B R AT XA 2R RS 20 e £ Dy 300, HE
5K 5 RN IE AR — 0, WK T B 34.5 kg, WA E i

Sl AAST M %, BokRE, A AR Sk R 2 ) £ )2 S0 50 /Y B2 ()], A RE A RE, 2021,29(2):124-131.

Ll Peng-fei, LV Yong-zhu, ZHOU Tao,et al. Influence of Nose Shape of Projectile on the Penetration Trajectory of Multilayer Target[)]. Chinese Journal of

Energetic Materials(Hanneng Cailiao),2021,29(2):124-131.

Chinese Journal of Energetic Materials, Vol.29, No.2, 2021 (124—131)

Sttt

www.energetic-materials.org.cn



3RSk TR X 12 ) 22 2 T By 2

SR SR — 2. ZIREIE SR 45 1 09 1 T i ot
ok AR R S A 4R 3 B R /N AT T S A AR Sk S
PO A 14 O 5 A o BT PR 2R SR S5 4 65 By T
bR A e o o B K NGV (S A B Ny )
B AT R 3B B HE TR O R S A T R A £ BT
i J3E A i 4 A T B R

742

D 125

q

652 .60 o

1 RENFE SRS Y

Fig.1 Structure of ogive-nosed projectile
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Fig.2 Structure of grooved projectile
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Fig.3 Numerical calculation model of projectile
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Table 1 Parameters of shell and charge materials''"!
materials p/kg-m™ E/GPa o,/GPa v E/GPa
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Table 2 Concrete material parameters''®’
p/kg-m™ G/GPa A B C N F./GPa T/GPa EPSO/s™! EFMIN
2.44 14.86 1.432 1.6 0.007 0.61 0.048 0.004 1 0.01
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Fig.4 Stress nephogram of the interaction of projectile and target in numerical calculation
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Fig.5 Curves of the relation between the attitude angle, an-

gular velocity, angular acceleration and time of ogive-nosed
projectile penetrating single-layer target
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grooved projectile
simulated value -0.6 -0.6 -0.7 -0.9 -1.2 -1.5 -1.9 -2.4 -3 -3.7
error/% 0.0 0.0 16.7 12.5 20.0 15.4 18.8 20.0 20.0 19.4
B 13 0] 0L, PR SRR 25 10 E R, iR B 7S 18 +ggive-noseggestefitv%h{lel
. L, ] - ive-nosed Simulated Value »
BB — TR L QU BV T 1 B , 20 S 8?88&25 Tested Vi /
A5 i e T A S L e S A 2] 3 12
R, B0 R A A 2%, B 1R 02 O, A N 2: },»/
g Zs . e L, E R T R A £ 4 g
S S\ N “ ~ 2‘_ -
KT — 2 19 R A0 R TR B S 3 i ——
SVE " \ s . 21 IR e S
SR 2 2 O DA 2 R SR B L e B 2 R . =
e 2 , 0 2 4 6 8 10
A T Z0 K T 3L 2 A0 2ok R 8 S Ml B o) 45 %o (B X L, ) Target Layer Number
T S5 AT 2R B T 30 228 285 0 e W JE2 /S 17 78% , 3% 13 BURR0 10 J2 B0 S 5 DR 1t 2%

W 2R HE SR AR 1 22 2 TR 5 b e v 8 35 R S 1
Behg o I MR TS SR T 3l e e Sk I R
AR WU AR A3 A Sk 8 52 T, AT 325 1) 91 % i A = 1)
Z AR SE R H .

X5 J2 B oA S 2 A AT R 22 0 A, BT B
A 6 F Y A X R 22 DL IR 14 3 F R 22 BR /N T
20% , IR LR A AT S B4 o A R A R

CHINESE JOURNAL OF ENERGETIC MATERIALS

Fig.13 Relationship between the Attitude angle of deflection
and the number of target layer of projectile penetrating

10-layer target

22 FEOR VT W7 T, — T 11 2 e e 18 52 A MR 22
73— 5 MR R S iR 22 o BRI B R
TR R P 2 45 BRI B Ok — 8 DR 2%, 1R 22 (H AT
[ R, T E0M 5% A /NI I AR X R 22 S O X 2
S

2021 4% F 294 #2484 (124-131)



130

M, FOKAE Y, B I R

Pl v 22 HE TR SER R R 22 B Y SR o il i e R 0 A
R PAFAE— B R 22, B A& T — UL flf i o e, T3 R
Zw R, REOTR R EZ I K.

% 257 —=—Qgive-nosed Projectile

S - jecti

_§ 20 Grooved Pro;ectlle.‘ "
E ’ —
-E 15 7 r" : //

b [

£ 10 /'

£ s —

P S

5 o0 :

5 5 3 2 6 8 10
£ Target Layer Number

B 14 BTG 1 i A I 5% AR 22X L
Fig.14 Comparison of the relative error of attitude angle of

deflection between numerical calculation and test

6 45t

2 Sk 2R R B s R it SRR T B9 2R
YBJE A HE AT X B 38 3 LS-DYNA FUHE A48 {2 1)
10 JZHEE , 73 (R )5 A vh SR 28 25 i A AR LA

(DTE 0T A 2T, th T3 # B0 J5 PR i A {2 70
I R A Al e T L 5 EOSRAR o O PR AL S 7 A
A o

(2) 7 {2 100 B0 2= 98 56 - W B o 7R o B0 B T A
3 O AR 22 2 O B o JBE 3 O, 20 R LA AR G 2R B I
LA I R R 2 2, A 8 O e R X /DN

(3)XF L= ) 10 JZ2 R Bk L0 i 50 45 2R, 20 R P o
PRARXE I B T A 3 i 2 A i A 5 B B Y
(R AR E Tk

SE

(1] JVobk, E I 8L R, 45 . SHOLRI A X R ABIR B i g ma ()] .
JRHE S i ,1998,18(1): 69-76.

YIN Fang-lin, WANG Ming-yang, QIAN Qi-hu, et al. Penetra-
tion depth of projectile oblique into target[)]. Explosion and
Shock Waves, 1998(1): 69-76.

[2] Chen X W,Fan S C,Li Q M. Oblique and normal penetration /
perforation of concrete target by rigid projectiles[]].Internation-
al Journal of Impact Engineering,2004,30(6):617 —637.

[3] FLHEAR, 58, S 5t . 5 AR A4 | ey 3 0 R T 282 DX B2 i) 1 ] 2 I

SR AR AR A0 G A B R ) ¢ B S BT ()], SR TR 4, 2014, 35
(6):814-821.
KONG Xiang-zhen, FANG Qin, WU Hao. Terminal ballistics
study of deformable projectile penetrating brittle material tar-
gets for free-surface and crack region effects [J]. Acta Arma-
mentarii, 2014, 35(6):814-821.

(4] AR, sh3M, F 00 25 8 [ iy 3 00 A0 04 310K R 100 1R B

Chinese Journal of Energetic Materials, Vol.29, No.2, 2021 (124—131)

LAIE RIS ] BRI 2R, 2016,30(2) :135-141.

XUE Jian-feng, SHEN Pei-hui, WANG Xiao-ming. Ballistics
study of projectile obliquely penetrating into concrete with
free-surface effect[J]. Chinese Journal of High Pressure Phys-
ics, 2016,30(2):135-141.

(5] AR, 2= DR W] AT A 5 0 98 468 e ) Sl f e 20 A [ ). S T
4 ,2014,35(2):33-38.

GAO Xu-dong, LI Qing-ming. Trajectory analysis of projectile
obliquely penetrating into concrete target at attack angle [J].
Acta Armamentarii, 2014, 35(2): 33-38.

(6] S, ZME €, 45 . T0f X o O RHR ) 22 28 TR RE 1 i i

AR 6% 52 i () BRI B B 3k ()], K KE 252541, 2018,41(2)
202-207.
WU Pu-lei; LI Peng-fei, DONG Ping, et al. Numerical simula-
tion and experimental verification on the influence of angle of
attack on ballistic deflection of oblique penetrating multi-layer
concrete targets for projectile[]]. Journal of Propellants and Ex-
plosives, 2018,41(2):202-207.

[7] Luk V K, Forrestal M J. Penetration into semi-infinite rein-
forced-concrete targets with spherical and ogival nose projec-
tiles[J]. Int J Impact Engng,1989,6(4):291-301.

[8] Forrestal M J. Penetration into dry porous rock[)]. International
Journal of Solids and Structures,1986,22(12):1485-1500.

(9] B/ SIREG RN B 12 BT C 1) AR /%5 WY B i

JEE5 B L) B4 5 il , 2005, 25(6) : 499-505.
CHEN Xiao-wei. Mechanics of structural design of EPW (1 ) :
The penetration/perforation theory and the analysis on the car-
tridge of projectile[J]. Explosion and Shock Waves, 2005, 25
(6):499-505.

[10] BR/M . SRR IR RS04 J1 25 Bt (D) < 46 b S2 36 0 r ) ] 4 4
5 ,2006,26(2):105-114.

CHEN Xiao-wei. Mechanics of structural design of EPW (Il ) :
Investigations on the reduced-scale tests [J]. Explosion and
Shock Waves, 2006, 26(2): 105-114.

(1] EWE R R IR L SR X SR BB 1A ST B2 1Y L £ 45

FORFR)]. B S uhi,2004,24(2):108-114.
WANG Ming-yang, ZHENG Da-liang, QIAN Qi-hu. The scal-
ing problems of penetration and perforation for projectile into
concrete media [J]. Explosion and Shock Waves, 2004, 24
(2):108-114.

[12] degede , o hh v , T BENG | G M 3R 100 1R B - 0 A9 T AR T A

B[], iz 42, 2016,37(6) : 1899-1910.
XUE Jian-feng, SHEN Pei-hui, WANG Xiao-ming. Engineering
calculation model for oblique penetration into concrete target
by earth penetration weaponl]]. Acta Aeronautica et Astronau-
tica Sinica, 2016, 37(6): 1899-1910.

[13] LSTC. LS-DYNA Keyword User’s Manual [G]. Livermore,
2007.

[14] BEBE, BRI, 2o, A5 28 S 3 R 0 3 A b o 1) R

BULLL) ] 4 45 TRE24R, 2019, 40(2):67-70.
ZHAO Geng, CHEN Zhi-gang, LI Shi-ji, et al. Numerical sim-
ulation of temperature rise during penetration process of half
armor piercing warhead [J]. Journal of Ordnance Equipment
Engineering, 2019, 40(2): 67-70.

[15] BREE, SR dt 42, B A, 45 Lk T H)C BEAL i) 5 i R o5 1 1R 10 5
RAMEN 5 250 L) ) R 5 5 ) 241, 2017, 39(2):100-105.
LIN Chen, XU Jian-jun, YANG Jin-wei, et al. The failure crite-

rions and parameters of HJC model based perforation simula-

Sttt

www.energetic-materials.org.cn



3RSk TR X 12 ) 22 2 L B4 B T 131

tion [J]. Journal of Detection & Control, 2017, 39 (2) : el for concrete subjected to large strains, high strain rates and
100-105. high pressures[ C]//14th International Symposium on Ballistics,
[16] Holmquist T J, Johnson G R.A computational constitutive mod- Canada,1993:591 600.

Influence of Nose Shape of Projectile on the Penetration Trajectory of Multilayer Target

LI Peng-fei', LV Yong-zhu', ZHOU Tao', XIAO Chuan’, SONG Pu'
(1. Xi'an Modern Chemistry Research Institute , Xi'an 710065, China; 2. Academy of Chinese Weapon Science , Beijing 100089, China)

Abstract: In order to improve the ballistic stability of projectile obliquely penetrating multi-layer concrete target, the structure de-
signs of grooved projectile and ogive-nose projectile are proposed. Numerical simulation was carried out based on LS-DYNA soft-
ware, and two projectiles penetrating 10-layer concrete target were tested. Research shows that in the process of penetrating sin-
gle-layer concrete thin target, the deflection angle of projectile attitude increases with the increase of initial attack angle, and the
attitude deflection of grooved projectile is relatively small compared with that of ogive-nosed projectile. Comparing the test re-
sults of two projectiles with different nose shapes penetrating 10-layer concrete target, grooved projectiles can reduce more sig-
nificantly the deflection of projectile attitude than ogive-nosed projectiles, which has a better ballistic stability. The study pro-
vides reference for the design of projectile with ballistic stability of multilayer targets penetration.

Key words: penetration;nose shape of projectile;multilayer target;angle of attack;deflection angle;penetration trajectory
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