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Fig. 1 Geometry and FEM model of defensive structure with re-entrant honeycomb
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Fig. 2 Defensive structure with honeycomb Fig. 3 Size of honeycomb cell
and re-entrant honeycomb (local) and re-entrant honeycomb cell
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Table 1 Material parameters of 45 steel, TC4 and 921 steel

okt
E/GPa v o/ (kg e m™*) T./K T./K
45 W 200 0. 30 7 820 1783 293
TC4 113 0.33 4 510 1920 293
921 4 200 0. 30 7 830 1763 293
Johnson-Cook 7 4 #55 %1 2 %5
R
A/MPa B/MPa C n m
45 507 320 0. 064 0. 280 1.06
TC4 1130 250 0.032 0. 200 1. 00
921 4 898 356 0.022 0.586 1.05
Johnson-Cook 5 &tk 51 2 %
g

D, D, D, D, D;
45 0.1 0.76 1.57 0. 005 —0. 84
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TC4 0 0.33 0.48 0. 004 3. 90
921 0.8 2.10 0 0.002 0. 60
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Table 2 Residual velocity of missiles

JEE 01 34 5% 0 I 2 KO LN Bl 37 45

v, /(mes 1)

i 5 h/mm 5 4R
v, =80m-e*s ! 0, =200me*s ! ©,=300m-e*s '
5 45 0 131 249
8 45 0 110 239
IEJAAR L 10 45 0 90 236
5 921 44 0 74 236
5 TC4 0 101 253
5 45 0 125 241
8 45 0 103 227
URIEL /A= 10 15 0 86 208
5 921 0 71 240
5 TC4 0 80 252
LB 4 45 5 45 0 128 231
RI AEATEH TEERREEILL
Table 3 Residual velocity of missiles with different cell layers
v,/(m e s 1)
N
0, =80 m=*s ! 0o =200 m * s ! 0o =300 m=*s !
2 0 0 254
3 0 253
5 0 29.5 258

.;.;.
a0 020!

...
X >
3

33
)
...

...
o8

.-
9,
=<3

O,
R

S

XEFK
Xy
y X

XEIEX

.,..
3 3 ¢
x Xy

52

&

‘!’/'
3 4
7 gl

XY=
Ay X
Ky Xy XyX)

X
Xy

ZXxy
x:

X
X
S

K
X

L7

i
7



%2 W PEDC L 45 ¢ JULNE T 2 225 L T A Ak B e 6 A 7 4 45 247

RS SRR, ORI P LI B H RULE 200 m/s Ho 45 350 I 95 TE 0 P Lo e 85 4 AL Bt o o MR R TE AL L (H
P30T E AN BT b PERR AR AN A . X T AR I A Ll T L B A G5 A s R RE I B TCA W e LN B
FfLTC B AT A 2,305 )2 I T M e BE TR L (25 2R BT B T MR B O R A RRD A TR AT
TR AR IR 3, AEMITEEONZE A 500 8 2.3.5 J2) TR AL L I8 55 AN )7 47 45 #4453 155 4
WmE s FiR .,

'E
M)
o
M
M)
]
1
x

)

SExXyXyXyXy

L—

5 R I G MR A A
Fig. 5 Crevasse shapes of auxetic defensive structure with different layers of honeycomb cell
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A novel auxetic broadside defensive structure for naval ships

Yang De-qing, Ma Tao, Zhang Geng-lin
(School of Nawval Architecture, Ocean and Civil Engineering » Shanghai Jiao Tong University ,
Shanghai 200030, China)

Abstract: Broadside defensive structure is important for naval vessels to maintain vitality. A novel
broadside defensive structure with macro negative Poisson’s ratio is proposed to achieve higher anti-
shock and anti-blast performance by design of auxetic honeycomb configuration. The process of an an-
ti-ship missile impinging on and penetrating broadside structure is simulated by nonlinear finite ele-
ment software. Effects of different design parameters on broadside structure, like auxetic honeycomb
configurations, materials, sizes and thickness of honeycomb cell, are studied and compared. Numeri-
cal results indicate that counter-impingement capacity can be improved by adoption of auxetic broad-
side structure, and honeycomb cell with negative Poisson’s ratio is better than that of common honey-
comb cell on anti-blast performance.

Key words: solid mechanics; ship defensive structure; nonlinear finite element; honeycomb structure;
negative Poisson’s ratio; auxetic structure; anti-shock
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