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ABSTRACT

In this paper, damage induced acoustic emission in the composite plate in numerically simulated by using

the three dimensional finite element method and explicit time integration. Acoustic source is modeled by

equivalent volume source. To verify the proposed method, dynamic displacements due to the elastic wave are

compared with the experiment when the fiber is broken in the single fiber embedded isotropic plate. For the

laminated composite plates, the results are compared between homogenized model and DNS approach which

models fibers and matrix separately. To capture high frequencies in the elastic wave, small time step size and

a large number of meshes are required. The parallel computing technology is introduced to solve a large scale

problem efficiently.
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Fig. 3 Flow chart for internal force vector.

Step I :
Step 2 :
Step 3 :
Step 4 :
Step 5:
Step 6:
Step 7:
Step 8 :
Step 9
Step 10 : Update counter n n+l1
Step 11 : Output, Go to Step 3

Initialization, FE domain decomposition
Compute initial force, mass and acceleration
Update time step

Update velocity at n+1/2

Enforce velocity boundary condition

Update nodal displacement and coordinate at n+1
Compute internal force vector (Figure 2)
Communicate internal force vector (Figure3)
Update acceleration, velocity at n+1

Fig. 4 Flowchart for parallel explicit fime integration procedure.

AL oAl ol dolHE Fi, RpREEH of
AAEA Aok g dejgE
Fig. 3 @} #t},

4 <(sub domain)C. 2
olg] g ol ‘/}9}
HgARe 4
A}ol x-];‘g]xlog
& BrI7E folstRE, B
u}-2} Po*LEHW 7 %4
BAME LEApE ZRAX
ﬂ/\VP A elafoFd
}Oﬂ “PHIL‘%IOPQ

3

£iid

M
= o o
ol oft £ 18
e on

o

)
e oox v

L

2
hiss
o o

_z o &

2x1f A
'r‘i =]

4
S0

fe

)

(o]
-

2
B oo A

L.

Sy

/\IAEI(JﬂylA /\)o]
%260 == 520 CPU (2cpwnode) o]=, Intel Xeon 2.2,
28, 3.0 Ghz 2 FAE o} Atk ALE A3 vYEYa
Giga Bit A28 ol&ste AAEo Yot HaAyS
Aoz B An, o 10008 AHE ZEofk
256CPU 7hA] A Q) ol4bA ¢l 43 =%(Speed Up) & RO

2o

2.4,

A
i

of, s BAe azxozn #2d £ b Aoz 4
Bhtoh B At A Xeon 22 Ghz 64 CPUR AL 2

sl et

Me olgF ST WE

1l
N9

o

X

2

oly
2
o 2 1o o

L

op
ot

Rt
ilted

4.1 34 =gl gl

4l mule Ti-6Al-4V 7] A Oﬂ
SCC-6 A& shufol= HH-7F
8l SWA AAZ A}83)o /149}
stlom, SH4, 48 g4 7HA b
Hel Foola, HA
AANA EHA skl 3
5} % th(Fig. 6).
olurek o F o]
, 2,790 Mpa2)
E‘E 2l E A

2

—"# J
acs
_E
lo

o AL A
60mm oAl
o 3

o 7
CEE]

1248} 5=
L}‘J‘

$e

L
ok
ot
lo
B i e SN

o

i)

I'O

rSL'

210 0
0 38 ¢
0 038

Nim

=

FAolA ok pe

T(source function)®] &
Bl e

2 8 Agsto, 2 2



19

L5218
1
0.5
@ i
2
-0.57 &
]
13
Al &
z
15l TIETO SEC i e S
(4 2 4 [} 8 10
{a) 0.6M DOF
15212
1
0.5
o (s
-0.5
?
BI]
=
E
sl 8
E
.2 e . . .
° MicF sec 4 -] 8 10
(b) 4.8M DOF
-
1.sX10
1
0.5
o e
-0.5 g
E
- £
=
15 %
micra sec
= . . e e
[} 2 4 6 8 10

(©) 12M DOF

Fig. 7 Time history of displacement induced by fiber breakage(solid
line : experiment [7], * : simulation - present).

4.2 sio Z3t

Slao R o Alztel B WelE wu, asav|eh
AzH aglo] Hopdaz Awdd 4% wWlel ¥ & 4K
sl Ao UehdrhFe 7). 12009 AHE AR Wele]
A o A4 ol e 2

YAIsHe Aoz Lehfel, ol
pal

L
NSO
joui
2
g
<
1743
a8
-J
ga
o
o
=
o

‘?‘.?l%‘- ) U]r/} HEHAA 71
He

2| ;uu b7 A&elgc). AHake

UI”‘V! %,?l Susﬁc //Vl I"ﬂ%}&’iv‘ft‘ll. °

9% $o= g 2}0171— gw % O‘% Aoz welh

51 HE5ENE 22 7|HHe vl

ofju

o

i
Hoooh B K opE do

~N
o

i
lo
il
2
o?rl
of
o
_8.
;QL

S 9la, 7&E

f
A
%

5 AR A9 old LUIRY A Y
AAE ERHeR BYYselFig §) 47 B

2}
_,] HE o]

a9t Zixel BA4E o A3 (homogenization)

E4)

slo] melygl 4 ek, A wF} Al(unit cell)
Aol wEdel AABERA 7Y gl A4S
ol 24254 (DNS : Direct Numerical Simulation)
olgtiE E¥rh

DNS 7|glollA shé 24 SR 714d 7 44
HpEs gelspy ek,

= 4’011"'1% DNS uhala @3e #aea S
AL P& o Ay AolE wlad] RaA gk 4 B
4.8 Figure 99 4] B dte} ol Zo] 80mm, & 20mme|
el ARl &AL [90,/0:) BEEA otk L EHUE AR
ZAola oF 60mm HE Wiz ol FABAE A8
ot fetas mde FodoA FASA ARESHAT
Agg Aol 2t b a4 AGE WE e dREE
AbgEhE FElA R BAES UR Ay dEed Y A
Hulg fAstEA W] & Af2 Zddsielch

F oA mdlw] ol oigh o] AWEY LR
W& Figure 100] ureRUi Sl iRgolA] K, A EHE
ndof | Mhz o4 1.5Mhz ApelofA] B £& UEF Ko
3o9deh ofmle G Fubgr o] It B4E B
gisbe] A widel FdstA HEs FAHI mEdAE
ArebA A ok e EIL 9le, 7] gE E4eR 27
%l DNS mdlof i ol A& 7H4d 9 BAlF o] oFitE =
BI7p el ®8el e R Amdd. ay, Fag

A

oolmalo) whebe] 29 sibel rise time t 9 ¥B}o|

WE A3 AolE wmstel Merh Be

>
o
&
(95)
=
LI
o
b
%
>
N
Pl
2
2
a4

AHOR 03 s AFE-3E3 Qltth Fig.
B4E A48T A5 wad 2d0 o)

BARANHE B
el A #28he

o] /&“ 0.006

i]ow a9l XPOI—%—

1104 LPEPLH‘—

Apol7k WA



20 Wes . wA Y - eR HEBAMB R
oxig*
8
4
2t
1.
z
Fig. 8 Direct modeling of composite with uniform fiber distribution. 2
e 3
R
dzmgelm:g - Senea lovalion % ) ) ) )
{ ¥ 60 5 10 18 20 25 20
F ﬁ-}mn ! micro second
Fig. 11 Nommalized displacement at sensor location for the rise time
Fig. 9 Glassfiber/Epoxy [902/0:]s plate with damage source at center. of 0.006, 0.003 and 0.3 respectively.
002 g B 4L, &9 ZypAzte]l 4dA ek 2
oW, 2 ol Waph 24 8% A1del Ao Jge
0018 homogenized o] 22 oE AL skt B AFoA AAE W
e R BE 34 U FALY APL TP Y
Z3)4o) W3 ATE Y Holch
}W{ 2.01
0.008
0.008
- o =
0004 HuEd
0.002
1) D. Sung, C. Kim and C. Hong, “Monitoring of impact
3
damages in composite laminates using wavelet transform,”
Fig. 10 Sp«.ctml density of response induced by point source of acoustic Composites Part B, Vol. 33, 2002, pp 35-43.
i0n(DNS vs. b D- 2) P, PAd, LALENNNEES ol 8F GrEp =
WA BB TEFA SHRA 2005 2 BB
T SECE IR EECE]
) - 3) J.H. Shih and AK. Mal, “Acoustic emission from impact
oA ALAENT 349 SFa LS ALLste] o5 damage in cross-ply composites,” Proc. Struct. Health
= N N . _ Monit., 2000, pp. 209-217.
WE mabo] Hgelw, Bxw 2 4 PP
o%h whés, whaluo] ot ¥ F& AFY 4 U A
o qltt

£ wedAe olEdh WHlE AbEste] Memd A &
FWE A4 FYSHAT 1 HE S AESE. 12
23, B Aol 44T WHOR SFUYE NMS W
Ho® BAG 4 Uge BAth 4azle A7 Ado]
Hol W52 AY 2o o 24 ey

Zk2ele] 3 o] Aol A
s 4 2dg andes oy 98, ¥y @iy
714 =dstdet. 458849 , A 71xE 7
7} mdgshe e A EL"oﬂ fth‘? ol g vl wa}
Atk IMhz ool A= ZolE Holu, IMhz F & o]3}o]
Ae St 29EY Bxrl JABM BEEstgc. 28

4

R

R. Burridge and L. Knopoff, “Body force equivalents for

seismic dislocations,” Bull. Seismol. Soc. Am., Vol. 64,
1964, pp. 1875-1888.

5) J.R. Rice, “Elastic wave emission from damage processes,”
J. Nondestr. Eval. Vol. 1, 1980, pp. 215-223.

6) M. Aberg, “Numerical modeling of acoustic emission in
laminated tensile test specimens,” International Journal of
Solids and Structures, Vol. 38, 2001, pp. 6643-6663.

7) D. titanium
composites, Ph.D. Thesis, University of Virginia, 1996,

8) M.A. Hamstad, A. O'Gallacher and J. Gary, “Effect of

lateral plate dimensionas on acoustic emission signals from

Sypeck, Damage evolution in matrix

dipole sources,” Jouwrnal of Acoustic Emission, Vol. 19,
2001, pp. 258-274.



