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Table 1 Material parameters

Material pl(kgm™) E/GPa v A/MPa B/MPa n C
2024Al 2780 69.77 0.33 294.06 481.10 0.8810 0.008 3
6061A1 2700 74.31 0.33 96.49 341.11 0.626 6 0.0150

H62 brass 8520 101.78 0.31 288.87 167.24 0.435 1 0.0170
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064201-2



%39 % RIBERAE: MRSt Zr S AR AT SR A BB T A 5 A 5 6 M1

BB LR MAT SIMPLIFIED JOHNSON COOK & XU, 2 4> Je f i & S Wil 4A, R FH 56 gt =
*MAT_RIGID & X, ¥ B % B 4 7 800 kg/m’, B4R 54 200 GPa, JHAA LR 0.30, 76 T IR % &
[ 52 290
1.1 RIEE R

YE LRI S — A RN, = R PR A R R R, AE BCMEASE AL rh i 3 e S K 2 R s R, SR
FHL B4 4 (fluid-structure interaction, FST) Jy ¥k tEA A48l . SR FH Uit 16188 4 O 32 647 B AL RO, KE 2 |
23 S RS B 8 B B TG S S 300 S 1 18 R s o BB AR AR 5 SR = AR AR R s i), O LR R iy it
SEGEUR, R AE 28 ARG BRI T 00T, BT BRI

h T B BE B AT R AR, R Conwep B3, %5874 i Conwep 2 77 133 B 2k far U7, %
JET RIS L ASE R AR S B VE L, RS S B 2 R R A K AN A, T R

P(t) = Prerc0520 + pin(1 +c0s*0 —2cos6) (1)

K p() R BARIE T 32 BB ZRAT, proe AR TT, po FASTE S1, 00K whas Il A58 £

H i, LS-DYNA BUE AR 4 B T Conwep B3 AN 2k 7 3K, #8505 AR 75 ZA & TNT B9 JL
Al Ay, T 22 3E 3 *LOAD_BLAST &5 G T 8 FHiZ 30k, A6 G B vh i B AU 75 22 1% TNT Jit i
FNE 5 AR AR LA B 2 38 1 B AT
1.2 B RARHE AR BY 0 75 M B AR 00 9 A

TESEPR AR KE S v, d8 0 B K T R AR BLAR, DRLIE, o] DA (RUIA R 1 FE T (R AR 52 8 i %) 2 34 50 i
W o FEZ BN whah PR G, B o e Se A T IR0 i 0 R, AR T i rpO 1 O AR, e 8 U TR A
T e K AT A B4R 2, AR BE s 18] 09 289 = BN E 3 fizs . 163, 2024A1 & 4 R ELAE 4 30 mm,
JEFE K 0.2 mm, TNT ik 50 kg, &0 8 5 m.

900
000

K3 R A A

Fig. 3 Circular plate deformation cloud image
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Table 2 Dimensional coefficients of variables in large deformation of circular plates under impact loads

Dimension 1Y H E A B

n R p 1 w
M 1 0 1 1 1 0 0 1 1 0
L -3 1 -1 -1 -1 0 1 -1 -1 1
T 0 0 -2 -2 -2 0 0 -2 -1 0

B 2% 2 AT A AR M, 15 3 ) A AR s wh ook 2R VR T TR AR R AR I () 2P AR i Y 4R R BOCHE
w3 Fim.

®3 NFTHREATHETEATERAEHREETTENERNAY
Table 3 Dimensional coefficients of variables in large deformation of circular plates

under impact loads after elementary transformations

Dimension

Y H E A B n R p 1 w
M 1 0 0 0 0 0 0 0 1/2 0
L 0 1 0 0 0 0 1 0 1 1
T 0 0 1 1 1 0 0 1 1/2 0

[T e 2T LR R
[T=7dI1L1T1 1159 “4)
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> . = —, = —, = —, = ,1—1 :_’H :_’H =
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Ao A s LI, 5 2 T, 5 3 IR N A R Y PR A RE S O B N i, MR AL SR A v A 4
TR B AR 5 R B Z L, S U AR5 s A5 B 55 5 TRURN SRS 6 J01 ool 88 A 4 T 53 280 ) 4 3
AR, 25 1F
R, f = (5) 115, FETF Ao 0y whi 2 A VR T A 3R 1 AR I 58 BB AL Ny
v (AY BV BV (Y ()
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FIFE S B BLILEHE, XX (6) 4T Z ARG, 19 2175 R4 a, . by ~bsHIME, DAL E REKL
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So-w Do
5 i=1 1 i=1

R = n =1= n (7)
D=y D 0=y
Sy LS R, 3R, § B .
DL 75 ) ks B T D50 0 e 2 T 6 % A A
B A -0.6169 B 0.0700 030 R 14296 p 0.885 8 I 0.1092
w=21004() (5] (m) (F) (va—E) ®)
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Fig. 6 Comparison of numerical simulation and calculation results
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Fig. 9 Standard pressure sensor test results
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Table 4 Comparison of the dynamic test results with the calculated results of the relational model

Deformation deflection
TNT mass/’kg Pp/MPa 1/(Pa-s)
Test/mm Calc./mm Relative error/%
5.0 0.246 178.32 0.174 0.163 6.32
10.0 0.504 295.87 0.338 0.325 3.85
17.5 0.816 485.45 0.550 0.526 4.36
4 5
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RAHRXT IR 2Ry 6.32%, “F-IIAHXT IR 2k 4.84%, il & 52 b e 4 0 a0KG B2 225K, T LA 52 B il
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Analysis and Modeling of Plastic Deformation Characteristics of Sheet Metal
under the Combined Action of Overpressure and Impulse

SHANG Guihao, SHANG Fei, PAN Zhengwei
(School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, Jiangsu, China)

Abstract: The current research of shock wave pressure testing based on plastic deformation neglects the
combined effect of overpressure peak and impulse on metal sheet, and the application range of the model is
limited. To solve the above problems, the simulation analysis of three typical metal plates with different
thicknesses and diameters under different impact loads is carried out, and the positive and negative
correlations between the deformation of the plates and overpressure, impulse, diameter and thickness are
revealed. Considering the influence of overpressure and impulse on thin plate deformation, the relationship
model of deflection of circular plate deformation-overpressure/impulse is established by using dimensional
analysis method. The verification test data show that the average error of the model is 4.84%, which meets
the requirement of test accuracy in explosion field and can be used for actual shock wave test. The research
provides an effective test method and accurate data support for the evaluation of shock wave damage power
of high energy warhead.

Keywords: shock wave pressure test; metal sheet; plastic deformation; dimensional analysis
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