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Thenumerical analysison low-velocity impait
behavior of composite sandwich

Hsu Yao

ABSTRACT

The objectives of this study is to investigate the impact response, impact
behavior and failure mechanism of six kinds of sandwich materials consisting of three
kinds of facesheets (MAM, MCM, MRM) and two different core density( r =0.1, 0.2
g/ent) under low velocity impact.

In numerical investigation, by using the finite element software ABAQUS, the
dynamic responses of sandwich plate subjected to a spherical impactor is conducted.
Because it is a three-dimension problem, the plate is modeled in use of eight-node
solid element, and a reduced integration scheme is adopted to save the computer time.
At the beginning, under the condition without failure, the impact force history is
predicted. From the numerical results, it can be concluded that the impact behavior of
sandwich plates in this study are mainly controlled by core density. Further, to analyze
the failure problem of sandwich plates, the failure criteria and stiffness modified
method is incorporated into the program. After being compared with the experimental
results, the accuracy of this analyzing tool is verified, and then severa parametric
studies such as ratio of facesheets stiffness to core stiffness and the ratio of span to

impactor diameter are conducted.

keywords Sandwich Plate, Impact Responses, Numerical A nalysis

92



Core

Bending stiffness

Wave impact
Fiber breakage
Delamination Crushed

Debonding

[6-9]

effect

Faceshesets

Matrix cracking

Shear Crack

Analytic method

[1-5]

[10-16]

Coupling



Fracture initiation Failure modes

Post-failure behavior

ABAQUS
MAM, MRM, MCM M: Mat, R: Glass/Roving, A: Aramid, C: Carbon
p =0.1, 0.2 glen?
p =0.1, 0.2 glent
01 0.2
9cm 9cm 5cm’ 5cm
12.7 mm



L engthto-thickness 3~4
3D
14
Mesh
M, AM
1
MCM 01 02
0.5884Kg V=0.5 m/s 2

0.1

[17] 0.2

95



3
1.
1
E B
N2 Nz M1 N (N2 Nz N Na) G G Gp Gz

Y e Ddamination



Es N23
N32 N3 N31 Gz Gos
Xi Xe Zt S Sz S 1)
(©) (12 (1-3) (23
S11 Ss3 tp txz i3
()
p Cracks
Ei G np S1 X
b Yidding
E G S Xe
2.
4 MAM 0.1 3.234Kg

97



V=215 m/s
7 Joules
10° sec Order
6000~8000" 10° sec
4
5 MCM 0.2
element) (Plate element)

(Shell



(Length-to-thickness ratio) 3 4

ABAQUS
3D C3D8R
0.1

5 12.7

9 x 4.5
1.
[] 0.1 MCM
F-d OAB C
O-A
— A
Mat
Carbon A-B



B
Plugging B-C
C
C
2.
6 F-d
0.1
3.5mm
13.9mm  30% ABAQUS
Auto-remesh
7 d
13mm” 13mm 10

100



Layers

Layerl

d=1.2mm

Layerd4

Layer3~Layer5

d=1.8mm

Interface2

Mat

0.2

Layerl, Layer2, .etc. 7
Layerl
Layer3 Layerd
1.8mm
45
8
d 2.4mm
9 Interfacel
CIM
Mat
Mat
Cross

101

d=0.6mm

45

d=2.4mm

Layerl

M/C

10

Mat



[17] 0.2
0.1
2.
2mm
01 02
0.1

0.1

0.2
()

102



1
MCM
H80 H100 H130 H160 H200
1 MCM 20.21Gpa
scm
Coupling effect 2
H200 H130
H160 H160
H80
H130 H160 2

103



02 025

12cm 6cm

RIS

0.65cm

RIS

MCM 0.1

104

0.125 0.15



Lagrange multiplier

0.1 0.2

0.1

0.2

Auto remesh

105



Composite solid element

Sub-structure

106



[1] Donad F.Adams and Eric Q.Lewis, “ Experimental Study of Three and Four-Point
Shear Test Specimens’, J. of Composites Technology and Research, Vol.17, No.4,
pp.341-349, 1995

[2] Peter O.§oblom and J.Timothy Hartness, “On Low-velocity Impact Testing of
Composite Materids’, J. of Composite Materids, Vol.22, pp.30-53, 1988

[3]

[4]

[3]

[6]

[7]

[8]

[9]

[10]

[11]

P.Robinson and G.A.O, Davies, “Impactor Mass and Specimen Geometry
Effectsin Low Ve ocity Impact of Laminated Composites’, Int. J. Impact Engng,
Vol.12, No.2, pp.189-207,1992

Krishna Srinivasan, Timothy W.Coats and Jeffrey A.Hinkley, “ Shear Failure and
Impact Resistance in Graphite Fiber Laminates’, J. of Composite Technology
and Research, Vol.14, No.4, pp.231-234, 1992

Raph H.Zee and Chung Y.Hsieh, “Energy Loss Partitioning During Ballistic
Impact of Polymer Composites’, Polymer Composites, Vol.14, No.3,
pp.265-275, 1993

Young SKwan and Bhavani V.Sankar, “IndentationFlexure and Low-Velocity
Impact Damage in Graphite Epoxy Laminates’, J. of Composites Technology
and Research, Vol.15, No.2, pp.101-111, 1993

Bhavani V.Sankar, “Low-Velocity Impact Response of Laminated Beams
Subjected to Initid Stresses’, AIAA Journd, Vol.23, No.12, 1962

C.Allen Ross, Lawrence E.Malvern, Robert L.Sierakowski and Nobuo Takeda,

“Finite Element Analysis of Interlaminar Shear Stress Due to Loca Impact”,

Recent Advances in Composites in the United States and Japan, ASTM STP 864,
pp.355-367, 1985

JR.Kommineni and T.Kant, “Large Deflection Elastic and Inelastic Transent
Analyses of Composite and Sandwich Plate with a Refined Theory”, J. of
Reinforced Plastics and Composites, Vol.12, pp.1150-1170, 1993

C.T.Sun and W.J.Liou, “Investigation of Laminated Composite Plates Under
Impact Dynamic Loading Using a Three-Dimensional Hybrid Stress
Finite-Element Method”, Computers and Structures, Vol.33, No.3, pp.879-884,
1989

K.C.Jen and K.Mao, “Modeling Progressive Failure in Laminated Composites’,
Proceeding on ABAQUS User’ Conference

107



[12] Fu-Kuo Chang and Zafer Kutlu, “Strength and Response of Cylindrical
Composite Shells Subjected to Out-of-Plane Loadings’, J. of Composite
Materids, Val.23, pp.11-21, 1989

[13] W.C.Hwang and C.T.Sun, “Failure Analysis of Laminated Composites by Using
Iterative Three-Dimensional Finite Element Method”, Computers and Structures,
Vol.33, No.1, pp41-47, 1989

[14] SW.R.Lee and C.T.Sun, “A Quas-Static Penetration Model for Composite
Laminates’, J. of Composite Materids, Vol.27, No.3, 1993

[15] Yeruva S.Reddy and Junuthula No.Reddy, “ Three-Dimensional Finite Element
Progressive Failure Analysis of Composite Laminates Under Axial Extension”,
J. of Composte Technology and Research, VVol.15, No.2, pp73-87, 1993

[16] Youngchan Kim, Julio F.Davalos and Ever JBarbero, “Progressive Failure

Anaysis of Laminated Composite Beams’, J. of Composite Materias, Vol.30,
No.5, PP.536-560, 1996

[17]

108



109

19



2 MCM 0.1

3 MCM 0.2

110



4 MAM 01

111



5 MCM 0.2

6 0.1 MCM F-d

112



113



7 0.1 MCM

114



8 0.1 MCM

9 0.1 MCM

26

115

25



10 01 MCM

116



1DIVINYCELL

Yidding Strength Failure Strength

Core E(Mpa) (Mpa) (Mpa)
H80 80 1.2 2.2
H100 115 2.0 2.75
H130 140 25 4.2
H160 170 34 51
H200 230 3.8 5.8
2

Core Fa'lure(: I\ISt)rength Energy( \r]fjdg tofall Eailure Mode
H80 1560 3.889
H100 2153 4.899
H130 2456 6.787
H160 2939 8.392
H200 2480 5.387

3
RIS Fa'lur(-z Iial)rength Energy( Efljdg tofal Failure Mode
0.125 1537 4.331
0.15 1645 3.887
0.20 1889 3.772
0.25 2094 3.618
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