MHZRCF M TI5,50 38 & o 4 Applied Mathematics and Mechanics
2017 4F 4 H 15 H Vol.38,No.4, Apr.15,2017

X E 42 :1000-0887(2017)04-0410-11 © N FHECEEFN 124025 2, ISSN 1000-0887

BEREHFT TMZREE TR
BN N B E S #T T7 ik

oL, = ®m, FE4iE, MELEE, LBkF
(P RATRE RET RS #6E M-S 4B 5 505 %, K 300300)

WE: A RNE TR b T Az R A Al 3l A5 e B i BU(E 43 B 7 s, R T LS-DYNA
82 2= A R R R A i 2 R AR A AR HEA TR O B R R MR T AR AR
Lagrange-Euler ($4% 8] H -BRHL) A% (ALE) iz 20 5wk RS 4 77 20 it RS & 80 | A R
~F A RRITER T RIS R RS I GE T TG R S SRR S5 R A R L, RIWISR A van Leer+
HIS fiyiz A Ak T R EOI A 5 28 6 TR A% 5 45 4 G 22 (0] 2R FH 3 ARG o 45 F A RS 5
ARG R T LB 2 0 1 S5 TR 163 S5 ST ] IR vERb T A s A 4 F
MR AESRIE vh s Bfr T 1 shasma Rz, I B R HR TR 1 293 L

*x B W B, BEME; (T3 Lagrange-Euler 355 A4  MFERES
FESES. 0389; TG113 XEARER: A doi; 10.21656/1000-0887.370252

C1—

R o — ™ U B 2 00 RAT 2 4 AR i R R BRI 2 2k 28 s v fiE
JHTR] 2 K 5 e R 12 W e FH A 2 T 5 KR R A ROMIL P PR M s J L B i 1, A
T i A ke AR g PR AIEAIL B 32 1) A kg sl 280 B 2SR S A O BIE S 51 50 B9 1]
AILRAE 20 T2 N HARAR, RS — L8 52N BOREXT S E HLEY R IT T 5T, BRT 2 I i 26 4F
WFFEN SR B AR I 05 | RV So Rl T 28 S SR Kl A, SR e A58
DTSSR AR G B A R S 2 A R, DRI AR P A I 1 R R RE LS
HARADL HR S5 AL 15 0, TSR FH S 9807 125 A 3o w8 AU 7 L 1) L TR B3, S
FEN GAITFE N FR AT T BRI 45 4 8l 285 ey o7 15 B0 S A3 17—l O F 5 O 5L A K 15 il )it
P BUININ N8 A L R ] S A I S e N €l T D PN A Z U Y DB
TET A 4L % 25 Al ] T 8 A 3L, Xk g e 5 ol [ R ) S (AL L 30 )AL T~ (Rl R 25 Bl
A R R S AR By 0 2 IR S e 2

FRTA Z2 R i R E n] FSR AT K oh i D7 T 9 0 B AR, 3 LS-DYNA 33 J122 73
B, )32 0 Tk e oo (05 b R 3R R SR B, [ AR 22 3 XS UL i 7 v ]
BEESHGHAT T L T TRFTE 0, 05t Tl R A7 3 55 X ot e T 58 b YR 25 I A
AR 3 Tk AT TS il 5 2R3 N 3 LA, WIS 1 AN [ RS RS o R e s el 10

« UWFRBH:. 2016-08-17; &iTHHE: 2016-10-11
EE£WMB: RAUJHEZEAESEEIH (AADSA0019)
EE® Y. MI(1982—) 38 PRl 15 GEAIHAER . E-mail: xiejiang5@ 126.com) .
410



it L S J& A w4 LR F 411

WAL AN 5y L BE A1 30T T 28 SRS 2 B X TH R SR B, 2 SCR 25K 5 B e
K2 Lo WA BE |, IS R WD B DR (AU ARG B2, A% 2 2 BUE AN T 2 ke il o
XS S TNT KEZ AR R AU A S M R R HEAT 1208, e 1 2 SR 4 B RGBS 120 5
ESE DO KERAE NIbE AT

AE SRR F A ool ] B A 52 3 24 T2 <A th 3 R A BUE DT 57 IR A T B 5 EmT
BRI v ol D ) A2 LB T 23 TR LGS LB PR AL R ) A5, DU SR AL B 45 4
FERGEIE w2 T RO TE OO , ZEXTIZIRIEUR ] LS-DYNA #EA7 05 BT3RS BR 1 2RI K
P AT TR A HER 1 | 3 B AR UE il 2 e BE RS HE B -5 A HEA T AR ELAE A, B PR IR VR RS &
TR AR REAEL LB SR b 6 B 05 0TSO BIEFE, AUR BR 708 I A %85 B2 LA K 300 5 25 AR 4
G, X AR5 Bk BT BEAT WA BT , T IAC [T R 45 5532 AN RS 8 ) s 5 B 4 R 5
WAAR R HEA T R R A TS R v, TR PR A S50 5 R A S 5L S R & S AR 2 v 3
SRS P 7 HE S

ARSCHETSCHR 12 ] it zs 8 G i P AR A S B B K Bt | SR T LS-DYNA B, i ==
A PR EIHR T ALE MRS f95a 250k ARG 77 8 G RO H SR oG 2E R
BAICRSFHEATRIRGE , il 5 e R m HEA TS H e B, 5 20 A bl AT T AR AR
(L7 B AR AR RS S 8 R TR S 51k A5 A RS 280, LA 4 s AT BIL B A (LD
HITR RS,

1 & # g

1.1 ALE A8t
LS-DYNA FEAT8KE v ™ B9 25 F 0 RT3 ME25 s SAEIRAARCR FH ALE W45,
ALE AO¥H F FRALEE AR LA .

J BN E R
ap avi ap
—+p—+w — =0; |
ot paxi " ox, (1)
P E T
Jdv; v, o ; o)
o+ =1 3 e
P, P ax, "o, P
AEE ST AE
de de
pg+pwia—%=aﬂ% *pbv;, (3)

Horb p W BURRE , w RS IEREE | o, Ry Cauchy (FTPG ) N Sy 5k i, b, S B BT i ) AR AR
71, e AR LN AE.

ALE A% AT, Se AT — 80 JLA> Lagrange BT IS, BLTT A BEA HHAL
PR SR IE AT ALE 55 BIORAFARTE J5 B R S 55, 0 IR AR B oT R 47 1 43
RS, IS B HF D OC R IRFEANE K AR TE A rh B BT AR 5 (B L RE R 0 D TR B AR ) A AN
RO St i 126 B FE 03 I AR WO RS b BR s A0 s AP R R IR i | Sl i S RE BT IE Y SR
1E Lagrange A3 al b ib47 i iE 88 M RE & B9 F 8T 0Bl H /T LS-DYNA H R 205 M fpia iz 5
L, 231N donor cell+HIS Fl van Leer+HIS' *'*' Donor cell +HIS By R BEAE— W N 7Y
AR b SEAHE



412 SR T il IReg S e o o T L VA S R RS

ur . At
¢j+1]/2 = ¢j+1/2 + E(f;b - j‘ﬁl) s (4)

f;‘d) = %(d)},’l—lﬂ - d’jnﬂ/z) + 7]((;[);—1/2 - ¢;+1/2) > (5)
Horfr ot o s j TR ) A5 n R P SR AR B @l , SRR BRI SR ] 5 n B I S8 L 1,

J

jﬂ#ﬁl_ﬁﬁw JATERFE] R n + 1 AP S84 a, D % fih ) DT 2.
Van Leer+HIS LA B AOFH(E PR A donor cell+HIS H Y 43 BE pREL

d)jn+1/2 = J‘j‘ d)]-nﬂ/z(x)dx. (6)

1.2 REWBEEX

Y24 5 23 ST 5, A AU P AR TR SR P O T 5 D i A AR A P B 7 U 3
SURS A NES Y W RFAY e *@*ﬂmuﬁiﬁAﬁ'{ i, LA 2 St i A3 ) R TR B A 2
RT3 N « 2 SR 88 R 3 12 LA ] R A TR .

Ly OnE EE R ARG T SR AT R Bl S e 4 A A T Y T AR

M =M +h-M.. (7)
THERT R TAATY RO
M
Vvi=—. (8)
m;
LYRAER T ST
v, = z i‘shivf. (9)

structure  structure  fluid fluid
node couplmg node node couplmg node

1 RERE R
Fig. 1 Schematic of the fluid-structure interaction
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Table 1 Material parameters of 2024-T3
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parameter value

mass density p /(g/cm®) 2923
Young” s modulus E /GPa 68.7
strength coefficient K /GPa 0.69
hardening exponent N 0.16
initial yield stress o 340

failure strain & 0.2
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Table 2 Explosive parameters

density p, /(g/cm?) detonation velocity D /( ¢m/s) Chapman-Jouget pressure P, /GPa
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Table 3 JWL parameters

density p, /(g/cm?) A /GPa B /GPa R, R, ®
1.601 609.97 12.95 4.5 1.4 0.25
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Table 4  Air state equation parameters

Cy C (053 Gy ¢, Cs Ce € Vo
0.0 0.0 0.0 0.0 0.4 0.4 0.0 2.5E-6 1.0
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Table 5 The calculated values under 2 kinds of advection steps

advection method calculated value d,, /cm experimental value d, /em  percentage 8 /% calculation time T /h
donor cell+HIS 7.54 9.1 17.5 9.6
van Leer+HIS 8.72 9.1 5.4 18.5
3 R SRS MR TR I, FE 0~1.25 10
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Table 6 The calculated values under different coupling modes

B3 Pifhins B EIE T REAR O AL
Fig. 3 The central displacements of the plate under

2 kinds of advection steps

coupling type calculated value d, /cm experimental value d, /cm percentage 8 /% calculation time T /h
constrained 7.1 9.1 22 17.5
penalty 8.72 9.1 5.4 18.5

R7 AREE AT ER

Table 7 The calculation results under different numbers of coupling points

coupling points N calculated value d, /cm experimental value d, /cm percentage 8 /% calculation time 7'/h
3 8.72 9.1 5.4 19.2
4 8.72 9.1 5.4 20.6
5 8.72 9.1 5.4 25.26

MIE 4 Rl LA 1 0~1.25 ms P, IFFRE & 07 30T 4544 2218 i B2 A R Y, P A 46
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Fig. 4 The central displacements of the plate under Fig. 5 The central displacements of the plate under
different coupling modes different numbers of coupling points
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Table 8 The calculated values of the plate under different structure mesh sizes

mesh size ¢ /cm caleulated value d, /cm experimental value d, /em  percentage 8 /% calculation time T /h

0.125 8.90 9.1 2.2 69.5
0.25 8.87 9.1 25 355

0.5 8.75 9.1 4.4 18.5

1 8.72 9.1 5.4 9.5

1.5 8.31 9.1 8.7 7.2

2 8.12 9.1 10.76 4.8

9.0 10—

N\

displacement d. / cm
[o¢]
(o)
displacement d. / cm

8.4 /
/
L /.
82+
// —— Shelll63
r —=—calculated value ——Solid164
8.0 T : T . T . 0 . L . L . L .
2.0 1.5 1.0 0.5 0 0 5 .10 15 20
mesh size ¢/ cm time 7/ ms
N N Er YN R S AN 7 4 B 7 REFICIAT AR o
Fig. 6 The central displacements of the plate under Fig. 7 The central displacements of the plate under
different structure mesh sizes different kinds of elements
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Table 9 The central displacements of the plate under different kinds of elements

element type calculated value d, /cm experimental value d, /cm percentage § /%  calculation time T /h
Shell163 8.69 9.1 5.4 18.3
Solid164 9.0 9.1 1.1 125.5
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A Numerical Method for Dynamic Responses of Aviation
Aluminum Alloy Plates Under Blast Loads

XIE Jiang, LI Han, ZHOU Shu-ting, ZHENG Jin-guo, FENG Zhen-yu
(Tiamgin Key Laboratory of Civil Aircraft Airworthiness and Maintenance,
Civil Aviation University of China, Tiangin 300300, P.R.China)

Abstract: In order to explore the numerical analysis method suitable for dynamic responses of
aviation aluminum alloy plates under explosive impact loads, numerical simulation of the alumi-
num alloy plate under explosion was carried out with the LS-DYNA explicit dynamic analysis
software. Influences of different advection steps of the arbitrary Lagrangian-Eulerian method
(ALE) , the fluid-structure coupling mode, the number of coupling points, the mesh size and
the finite element type on the numerical results were detailedly studied. Comparisons between
the numerical results and the test results show that the dynamic responses of the aluminum al-
loy plate under explosive impact loading can be calculated accurately with the van Leer+HIS ad-
vection step, the penalty coupling method, 3 coupling points, a ratio of 2 : 1 between the struc-
ture mesh size and the air mesh size, and the Shell163 element. Simultaneously, the calculation

efficiency can be improved and computation time saved.

Key words: explosion; numerical simulation; arbitrary Lagrangian-Eulerian method; aluminum

alloy plate; fluid-structure interaction
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