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A simplified computational approach for modeling
the anti-shock response of porous acoustic covering
layer
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Abstract: There are numerous and urgent military demands to investigate the
response of porous acoustic covering layer (PACL) on the surface of ship or
submarine under the environment of under water explosion (UNDEX). The dimension
of the porous structure of the covering layer is far less than the ship or submarine and
the whole structure involves multi-scale feature. If solid element is used to model the
detailed structure of the covering layer, the computational cost can be intolerable.
Therefore an appropriate homogenization method is necessary and the method should
be able to represent the multi-scale feature of the problem, and thus can significantly
improve the computational efficiency with acceptable accuracy for engineering
applications. In this paper, the anti-shock responses of two types of covering layers
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with cylindrical holes (cylindrical PACL) and conical holes (conical PACL) are
numerically investigated using solid elements, and it is found that it is reasonable to
replace conical PACL with cylindrical PACL. Secondly, the cylindrical PACL is
treated by using Guo et al.’s constitutive model with homogenized strain energy and
the constitutive model is incorporated into the user material subroutine of ABAQUS
software. Lastly, solid model and homogenized model of cylindrical PACL are built
and the corresponding dynamic response of the PACL with a certain deformation field
and an explosive shock are modeled. The obtained displacement and stress with these
two models agree well. It is shown that the homogenized method with Guo et al.’s
constitutive model provides an efficient simplified computational approach for
modeling the anti-shock response for PACL.

Keywords : Acoustic covering layer, porous media, anti-shock, multi-scale
simulation, homogenization
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Fig 1 Atypical PACL with conical holes
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Fig 2 History output of RP's displacement referring to two kinds of PACL
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Fig 3 The RVE of real PACL and homogenized structure
0%, MABISMEAR TTRERE, 3R Bk Eid—> RVE Rl A& & E H 1
HIt. BB SISIM S, BT SR T H R ORI, 0 TR e
g5k, TR 2 O BTN .

3.3 FEDBRINGUAEMFIE

A RBESEN IR, X AT RN (AR EEEAT Ik 0, IR A%
AR (R I i R 2 %A T AR TR AT L P A BE PRI o AR SCRITI 78 2 FLAE R R ) L
(RS R PR A [ HA S TR (AR S FLIR 45, AE AR 9% A B BOUL % TR 1 1 o

BEFEA N neo-Hookean #5278, A B w] 54tk , LN ARRE S RIA AN

w=Cy,(1,-3) ®)



Hrr Cyy A%, 1, 44 Cauchy-Green JRE 5 — A& .
2% Guo % N LARDSY, DU R e A 1) 43 5 2008 A8 R HE 5 Rt F
2 ALt e B A e PR AR TR

F =diagli A" 1% (9)
TERAE PRI A

Hrb(r,0,2) HEFTIAEL, (R,0,2) AZHAL.
HI TR Rt RS BRI A2 (100, 2k (10) AR

JZ
o lor o
R RO oZ
F-|r 20 raoo oo 1
R Ro® oZ -
o loa o
| R ROO 07
A
AV 000
F =0 A% 0 (12)
0 0 2
FEEMAEE R, A
I, =A1+217" (13)
TR A1Z K LA RE B TN
W(R,©,2)=C,(1,+21;"*-3) (14)

FERERIR 5070 BT PR AT LA 215065 N 1 25 5 [ A8 e 2

W(R,0,2) j Cyo (1, +21,*7 -3)dQ"
(15)
_Clo:“m(|4+2|4]/2 _3)

Horh WO S NASREE B gy, =1 g > o AFLRREE, 1, 195E L5 (@)

Il o

SEBR b, FEME PRI RE h, [ 0 U A A A R R Ak AR,
X ERHRL A, TP SR AT AR AL A, T TR R XUz e AN BY D) AR I
ERATIRAUE, HTRER, XEAES HHES S,



A3 51N AR B R A Guo 2518145 H

J-v
Jv,

16

1-v, I (16)
+C, Tov. L-1,-2|=
+V; I,

4. B 5 ARBY B SCEUFSE E

T 50 HI) 2 2 350 S A A R AR Y S T BIR e AR RS o 40, 3 BRI FH v
B0 ABAQUS HEATSEHLRISIIE, 433 S 58 80 A2y S A BER HEAT LT 51
B A R R I 4w 5 ABAQUS FH 7 € X THEF KRB .

ABAQUS /& 27 9 A A $R 4L 1 5 K R I kT K Dhie. H
FPMEF TR B XA KRB FREFEOS TR
W AT B AR, 1% L B R R P HE UANISOHYPER_INY (Ba it 50
A VUANISOHYPER_INV (ERitE) WA TR, ¥ LiRkE 2% 510
A RE R RS NIX A PR, aT LAl TSR B a R ik 5.

4.1 B ERRXEESIMAEIE (BEMNTBA)

R TFER UANISOHYPER_INV BiFRa A, B4, Behigy, Wik
TERE N B3 FY SRR G 2. AR TR A 4 FrR AR A
0.3x0.15x0.02m°, 7 a {03 T H 6696, 7 b L5 Bt H 900, HcIsTHY
%18 8 145 6 MR HIT)

m

W =Cyov,, (1, +21,Y*=3)+Cy (I -1)1,**In

A . :
a) LA BIRTRE byt S L AR TR
a) Solid model b)Homogenized model
4 BIRTIHEER
Fig 4 FEM simulation model
BB A IEIL A AT (RIS F] B RLRS o B E AR B RIA AL R AN e 51D,
X R YRR AN 67 Sk 7 ) BEAT B e R, 20 31 EE AT I 2 R AA O R AR



— LA ZESolid Model

2 900l [=~ 2/ £ ZComposite Model /
(5] ',
& 150¢ 7
oy ,r
g /
3,100 A
9 57
w /
m 50

Ol 1.2 1.8 2

1:4 1:6
K [ (Stretch ratio)

5 SEARRRIAIIS)UARB M T REXTEE
Fig 5 The strain energy of the Solid model and Homogenized model
M 5 AT, EANFRIZIEREE T, PIRTRRRL ) N AR BE i (B #R ) &
RIF, mRKRZEMNEDL 5%. XFERIRZL TR LR 7ean HEZ K.

4.2 HEWER ERBEIMMEGIE Ok BEREREEMER)

SRIEFIHFTEF VUANISOHYPER_INV B84F 2%k fif R 34 S14b A2 (145 2%
P o I B H AP 55 B R IR S M i AT SEAR AR AN 2 ST A AR, X6 P R AR L AR
BN v o I BTV R e S HEAT S B . BRI R R s I 6 s

z

‘A‘V
%/Z—’E‘L%fﬁ
> dI F G neo—Hookean
] s A N
N h m / kw R ——neo—Hookean
IS IS SIS IIIIIIII I I It ]
Steel
5]tk neo—Hookean
) llamagenjzeld neo—Hookean neo~Hookean
S e 7 s
AR o
SV T e s —

Steel

6 JUTIEE (S ERSIEE, EREARTH0.3x0.3x0.04m°, FLERNEZEH

0.02m)

Fig 6 Geometric model (The 3D isometric view and cross-section view, the dimension of the
3
model is 0-3%0.3x0.04mM™  and the inradium of the cavity is 0.02m)



PR AR BT H 4 51 28168, 8464, HALTGIKRAINA K 8 T A 6 HAK I,
MEISEIME 1 SHMEZSEFTR.
x 1 BEMRSsK

Tab 1 Material constants

FHEHE R (Material) 4%} 2% (Constants)
neo-Hookean C,,=187377.51, D,=1.07E-7

%574k neo-Hookean

(Homogenized neo-Hookean)
£ (Steel) E=210e9Pa, v=0.3

C,, =187377.51, v, =0.223

E U FEFO B DD BB, I8 7% (T Py FIROTLAS . S O T
FEliZe, AHAE 7 DB 2% RS I DR 2%
ey

I 4 2L (Howogenized Nodol)

o, |\ " 4 n — WARMA (Solid Model)
u | (| | " \h ‘\.
~ 655 W | | {1V
< {f | ‘ O AN Y | . :
i oo, r (ni AN AT TS \;5"‘"\‘ N/
R (R, A WY
= A5 ANAY T Y
:.'f ‘l | V | \’ tN
< |
» ol ‘
% | | |
< .5 |l .
f
’.
260, |l
4
.60 (T 0,010 nors 0.020

B (Time) /s
7 SRR TS SR i
Fig 7 History output of RP's displacement under blast wave

Bl b AT DA H AR T SRASE AR P45 280 X A2 B8 I R i 27 i 22 1), (B2 PR RR T 5
PR P4 2 07 A AR AR FEAT o PR G2 SO A AR 5 925 P DA L3 FH T AU AN DA
P i K KR e R I B B B

XTI, 2% H 2 7% s AL 8% fe K 326 HCH: 36 B 775 1) R 1E 82 94 Dot
b BT 2% fl— @ Vu WM )2 LT i, 255 s i) 3 LT 0] 1R ) 1%
A LIS EOME. PTLL, X TRAER, E8 B ARk Bls KA E N Z], 709
B G B X 38N B BT 567G, SROFCEEE B 5 () 1 B ) B)SP350(E . IXFREGE 5 R 7
HI S AR, s G 1 AR RE

M 2 FRTLAE H, XT BRIk B KA I B 5T R R IER /g, Sk
B N-0.1302MPa, 35140 A -0.13MPa, 5 # lEH H2r, BE % R 7R £ X
BN BT AT REIG AR R 2, SRR AT 2V N .



_____ L___1

LA ..
8 KRINEI N IR0 R JTTHYIE BN X 5

Fig 8 The regine choosed to calculate average stress

*® 2 PMEXESETHBE RN

Tab 2 Element numbers and average stress
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