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Fig. 1 Recovered bullets in experiments of high velocity impac
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Fig. 3 Pressure, deviatoric stress and stress on the boundary of the Lagrangian material

(b) TN T & T 53 6

o,=Nne*0CG°*n 9



532 5t 748 5 i i %375

(o) F¥EmIN )4 i R RL IR T2 I m ) S
Foe e o, A n o, <0 (10)
0 6, =0
Kb fo R fo RN,
(d) 2R R4 WIS EE ) f
fo=ft=min(uf s frmnt
t=v/ | v |
S =l v [ m/ At
vi=v,— (nev)n
T f opeom CAr 53 R T T Y 1) R AR R A T Y T R R AR £ RN v T
B s v, RN B b A7 IS BRI A BT A AR RS, S A R A BRBLA BT v, = — v v, B
T TG 4SBT A E . 3K S T I IS PR A B L ] LA R A BT RSE  1 r DG O A 3R TR SRS A . Y R
I BRAPLRA B v, =ve — v ,ve 4 E/L BITHIE O,
(e) B AT FAFIL IR ICZ K AN B TT f=fo+ f O Heis fAERIFERTTHIE O, # f BRI 3
T TG ES 25, BN G5 R0 1/ n W9 7 (n T JC R 25 550 .
(D XErA E/L BN BB [ il i F i 47 IR oo 2 2 R () ~ (o),
(@) 7% B LB E/L BITN KA B BESE T f o P B TE R A BN IR . B %
FE SCE/L $.7T A i I 5T Y B 1A n,

an

Z(Atjn])/EAE, (12)

XN ME—4E/L i)ﬁﬁ‘ﬁﬁdﬂ’]h&ﬁjﬁﬂ’]ﬁgq %‘éle_lkbhEEﬁan’Jﬁﬁ,n FoRG TN ) RHI
ICHICHY AN ], A, %5 0 BIPLIRIAIICTEZ E/L e BT AR . b m] 80, 7K A 5 Y B T % 1)

Ko T R LD A A T B Y B £y, BT
E<At,fl,>/2An, (13)
Rt FOR AR R TR RS . SRR AT AR o
—t,, - f/EA (14)
LR 45 o MR R B R BB 2 A b R T

2 &4

K H ks 3l 0 2 1) 8w UL AR P A () RS E B 1 9 CEL 3303k . B b, )@ M BHR FH Mie-Griineisen
R TR AN Johnson-Cook F¥APERIAY, 22 SR AU MRS T fE  JEZ5 R A TWL RS TR .
2.1 BRHAIER

A AZ ) SR b ok Bl 7 2 U i ) B —

U ] Pickutowski 41 (0 K FF A R 5: . I Lograngian _ Euleran
R K 88, 9 mm . B2 12,9 mm . H kK ya
21. 4 mm [R5 BIE SR BE A R 242 304 mm ,J& i -+

26.3 mm RIERMR . A SCEE T A 5 AR GE 6l Y

TP 00, SRR A ST 3R AR 341,396,508, L

730 1863 m/s, WS, FHIBRILF R EA :

AL R PR B H k. R B ORIE B Bl 4 49 5 20 0 4 s 7 T
R aP 1€ Ay i A Fig. 4 Initial grid



%3 £ W, JHEAE AR ) CEL J5 ¥k 533

PIUE I 220 47 G5 AL AR AN &T 4 iz o Bl 1 SN S TR Y AN BRI 2 1 A R T A
TEAW A L, &1 IWE TSE MRS CEL Mk it Hai R, 2% 3% 1, A 8 B M X 8 AR )
(341 m/s) AR BRZ BRI 1 5005 AL TR IHE 4 R /N T 2060 0 X IHE R R 1)
[Fa) RIS T 149 BT 19 A% 3 3 AN 08 JIr 380, B AN T ) R T A% 20 1 X T80 1 CA SR BUEE A 341 m/ ) i
AT BB RS f /N B G RSF Ol 2.1.,0. 5.0, 25 mm B, HIXE R 22 43510k 40, 74%0.5. 79% . 2. 42% .
1. 81 0% » 3k 1t B e 52 Bt 5 I 3l ok 4 /I W 8.5 1 ROSE AT DA /N iR 22

LA R REBOE AR R LR AL ) — S BRI B 5 WL T Pickutowski 8545 Y T00 2~5
4 B8R CZE MR B D S AT 20 CEL J7 ik m R8s R CRIE Gl A . B R4 R 5 SR
FrW) & B

£1ETRBGERRRR
Table 1 Residual velocity of the bullet

TH AR/ FIRBHL/ (m s AR 22/
(mes b i i %
1 341 164 173.5 5.79
2 396 266 270 1. 50
3 508 415 422 1. 69
4 730 665 674 1. 35
5 863 802 815 1.62
(a) Case 2 (b) Case 3 (c) Case 4 (d) Case 5

152.4 ps 153.6 s 141.2 ps 141.7 ps 75.0 s 74.5 s 85.2 us 86.4 s

PR 5 A S B AR B AR TR B X L

Fig. 5 Distortion of the bullet and the target

2.2 &R B SRR M AL

OB 4 X AR < 0 4 il 3899 3 U8R 09 — A~ BE ) B, 3 L A Neuberger
USSR G I 6 . AR W TNT A 2RI ool W £ 5 4P O I
B B A 25 0 R A 0 S B (R o P2 D)o W BRI — B TR (00 K% B8 R I it

TNT '
amp U amp
{Target plate ™ ty

| Lagrangian mesh

b Measuring comb|

Pl 6 S g PR 7 A6 I 220 8 25k FAF 30T ) IR0 A

Fig. 6 Experimental setup''®] Fig. 7 Initial grid around the plate



534 5t 748 5 i i %375

LR RN 0, i T AL M o MR AR T R, SR T BRRCRE J7 vk il 3t o T 9 B 45 A TR /DN L o SR R
7 1 5 BB PE O RS 20 T, TR B OB TS IR DR AR IR R A

P U I 20 47 G5 BREG RIAR A &T 7 iz o 26 2 B T SE g R 4 FR 00T & S B BUE L JF He R T sk
S B i 19 A e R A8 5 CEL J7 ik SCHRLI3 MR A R . AR 45 R 5 LR BT A 8. %
I 2 e — T R ) < e 2 A L 25 B DN ) B S B bR A R T AR Y SRR A L R AL A Y
PESEAZHR I3 o DALt o S5 96 00k P B RS2 A% B L LSS 2 2RV . 36 2w CEL ik i34 B A e R A2 A 24 K
T I AR A S T SRS O . i SCRRC L3 AT A R A M . B CEL JrikfE R
R-ZAG AR EL A P A TR A7) 9% BE 68 O B 2 8 B TSRS 2

K2 EIRLHSHERMBINEERZ XS

Table 2 Experimental and numerical maximal displacement of plates

T4 d/cm D/cm W/kg R/cm ord -
Exp. 0% LS DYNA® CEL
1 1 50 1. 094 10 4. 85 4.98 4.93
2 2 100 8.752 20 5. 35 5.15 5.49
3 1 50 1.094 6.5 7.45 7.72 7.67
4 2 100 8.752 13 8.25 8. 15 8.29
3 & it

Pt — Bl AT R B EC T S S S B BRI CEL Jy ik, I B Z S i AT A0L 1 19 28 B A ) o i
2y 75 T R« A 4 ) 0 235 A X hB A 2T PO MR 0L o e 5 2 6 R A B A B L AR SCHR 9 SR AR B Y
AR5 S RO AT B B L REAS S W IR R S5 K ) LS ) 22 AT 08

T2 KX CEL J5 ik SEAT BN AR G2 i 0 3 5 5 B 11 EQ A i A8 308 23 DX Jsk e 5 3] KR 7 R A%

S & Mk -

(1] s KRB XU T A% J5 i A8 whvidi 3h J1 2 v B B FHLC /7 58 = 4 B TH SR HE F1 2% 4510 5 5, 2006.

(2] EFHF. —FhH i s % m OE e LT ], BB 3 S5 BN L 2002, 23(4) :296-302,
Wang Ruili. An research in remapping techniques[J]. Numerical Computation and Computer Application, 2002,23
(4):296-302.

[3] Noh WF. CEL: A time-dependent two-space-dimensional coupled eulerian-lagrangian code[ J]. Methods in Compu-
tational Physics, 1964,3:117-179.

[4] Olovsson L. On the arbitrary Lagrangian-Eulerian finite element method[ D]. Linképing, Sweden: Linkopings U-
niversity, 2000.

[5] Hallquist ] O. LS-DYNA theoretical manual[M]. Livermore, CA: Livermore Software Technology Corporation,
1998:1-5.

[6] Fedkiw R P. Coupling an Eulerian fluid calculation to a Lagrangian solid calculation with the ghost fluid method[]].
Journal of Computational Physics, 2002,175(1) :200-224.

[7] Arienti M, Hung P. A level set approach to Eulerian-Lagrangian coupling[ J]. Journal of Computational Physics,
2003,185(1):213-251.

[8] Brown K H, Burns S P, Christon M A. Coupled Eulerian-Lagrangian methods for earth penetrating weapon appli-
cations: SAND2002-1014[R]. Office of Scientific and Technical Information Technical Reports, 2002,

[o] FHEE, FM. CTIHRBIE = ndt e SR, 122 5 5908,2012,34(1) :10-19.
Ning Jianguo, Wang Meng. Review on computational explosion mechanics[J]. Mechanics in Engineering, 2012, 34
(1):10-19.

[10] ol 31, 400 = IMEE LR L 45 L0 vos R DR B8 = A &0 S 56 [T ). 8 4E 5 b7 2010, 30(1) < 1-6.



b
w

b 5 0,45, JFES AR CEL J5ik 535

He Xiang, Xu Xiangyun, Sun Guijuan, et al. Experimental investigation on projectiles’ high-velocity penetration
into concrete targetsJ]. Explosion and Shock Waves, 2010,30(1) :1-6.

CI1] XU VT, RANEL. = o 0 SR A A Ty = 3 B R 7 e R 5 [0 ). oo R ) BB 241, 2008, 22.(1) - 72-78.
Liu Jun, He Changjiang. Liang Xianhong. An Eulerian adaptive mesh refinement method for three dimensional e-
lastic-plastic hydrodynamic simulations[ J]. Chinese Journal of High Pressure Physics, 2008,22(1):72-78.

[12] Piekutowski A J, Forrestal M J, Poormon K L, et al. Perforation of aluminum plates with ogive-nose steel rods at
normal and oblique impacts[]J]. International Journal of Impact Engineering, 1996,18(7/8) :877-887.

[13] Neubergera A, Peles S, Rittel D. Scaling the response of circular plates subjected to large and close-range spheri-

cal explosions. Part I: Air-blast loading[J]. International Journal of Impact Engineering, 2007,34(5) :859-873.

A CEL method with changeable computational domain

Fu Zheng, Liu Jun, Feng Qijing, Wang Zheng, Zhang Shudao
(Institute of Applied Physics and Com putational Mathematics, Beijing 100094, China)

Abstract: In order to improve the large deformation problem within the Lagrangian domain, a CEL
method with the capability of mapping Lagrangian materials to the Eulerian domain was presented.
The contact problem in the Eulerian-lLLagrangian overlapping region was converted to the multi-materi-
als problem in the Eulerian region. The construction of the CEL method was also simplified. The
method was verified by the calculation of two experiments (a steel bullet impacting an aluminous plate
experiment and a structure response to the blast wave experiment). It is found that the numerical re-
sults agree well with the experimental data.

Keywords: CEL method; mapping algorithm; computational domain; impact dynamics

(FfEdm £



