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Study on Impact Damage Behavior of Sandwich Composite Structure for aircraft

Hyunbum Park”, Changduk Kong™*

ABSTRACT

In this study, low velocity impact analysis on composite sandwich structure was performed. Sandwich
structure configuration is made of Carbon-Epoxy face sheets and foam cores. For validating study, the results
of an experimental and a finite element method analysis were compared previously. From the finite element
method analysis results of sandwich panel, it was confirmed that the results of analysis was reasonable.
Impactor velocity to initiate damage was estimated, and in order to investigate the damage at the predicted
velocity, impact analysis using finite element method was performed. According to the impact analysis results
of sandwich panel, it was confirmed that the damage was generated at the estimated impact velocity. Finally,
The comparison of the numerical results with those measured by the experiment showed good agreement.
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Fig. 1 FEM modeling of Carbon-Epoxy-Foam sandwich plate and steel
sphere impactor for impact analysis.

Table 1 Material properties for a sandwich plate structure

Material property Face sheet Foam core
E, 54GPa 180MPa
E, 54GPa 180MPa
E, 4.84GPa 180MPa
Gy 3.16GPa 70MPa
G 1.87GPa 70MPa
Gy 1.87GPa 70MPa
Vi 0.06 0.286
Vg 0.313 0.286
Vi 0.313 0.286

Table 2 Comparison of max contact force and impact energy

Max. contact force Impact energy
Experimental result 6100N 18)

FEM analysis 6210N 19.5)
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Fig. 2 Failure contour of sandwich plate due to rigid ball impact(3.6nvs).
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Fig. 3 Contact force histories of sandwich composite plate.
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Fig. 4 Sandwich structure specimen.

Fig. 5 Impact damaged specimen.

Fig. 6 Section view of damaged specimen at 10J impact energy.
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Fig. 7 Contact force versus time histories of sandwich specimen.

= A% 4FL 99 AW AR o)
Jol 8" Ao on
ez FEEE A7
AR AW A Aol
o A3 AR A" AF AT
A4 AT B4 me)
Sk x4 Al o3 Ao 37
4273No.2 HEEQOoW AH AlY Ail=
MONOoR HAE YT B AT AT §7 0b FE
a4 mEle el 4% olEA A=A BER) A8 T
x| 4k AIF Aol w4k ABE FEe| BT 4 k.

2 oo ofst 24 S5 ofE mule Bghyn prEe] A
A £8 ol olA o5 FAAG WR Asel ot &4
Agehe BSRE 7% AR %84T 5 e Ao BekEr),

_?L
32
T
>,
r’l
rlo
>
é
B
ot
ot
ofd
N
HT o ¥ H

d0 1Y ofN 1@
fo
o
fllo
Shs
1
_?L
2 g
w
N
3
w
1o

)
S
ol

ol

38

By

ofN

)
kl
ol

ol

% 7

o sofstn msteaT A9 wob 48

1) Park, K.S., Indentation and low-velocity impact damage of
composite panels, The Graduate Faculty of The University
of Akron, 2002.

2) Shyprykevich, P., Tomblin, J., llcewicz, L., Vizzini, AJ.,
and Lacy, T.E., Guidelines for analysis, testing and
nondestructive inspection of impact damaged composite
sandwich structure, Final Report, Federal Aviation
Administration, 2003.

3) Anderson, T.A., “An investigation of SDOF models for
large mass impact on sandwich composites,” Composites
Part B: engineering, Vol. 36, No. 2, 2005, pp. 135-142.

4) Abrate, S., “Modeling of Impact on composite structures,”



Vol. 26 No. 1 2013. 2 27 =

& A9 Ba Tae 34 &4

i

A% A7 41

5)

6)

7

8)

9)

Composite Structures, Vol. 51, No. 2, 2001, pp. 129-138.
Meo, M., Morris, AJ., Vignjevic, R., and Marengo, G.,
“Numerical simulations of low - velocity impact on an
aircraft sandwich panel,” Composite Structures, Vol. 62,
2003, pp. 353-360.

Kim, TW., Goo, N.S,, Yu, J.G, and Kim, S.G., “Impact
Response and Damage Analysis of Cylindrical Composite
Panels,” Journal of The Korean Society for Composite
Materials, Vol. 8, No. 1, 1995, pp. 34-42.

Lee, S.H., and Kang, T.J., “Mechanical Properties of
Textile Composite(II) - Mechanical and Impact Properties
of Nonwoven Glass Fiber Composite,” Journal of The
Korean Society for Composite Materials, Vol. 9, No. 3,
1996, pp. 58-66.

Yoon, S.H., Lee, S.J., and Cho, S.H., “Impact Behaviors
of Stitched Sandwich composites Under Low Energy
Impact Using Drop Weight Tester,” Journal of The
Korean Society for Composite Materials, Vol. 12, No.
5, 1999, pp. 54-64.

Lee, J.Y., Shin, K.B., and Jeong, J.C., “Simulation of Low
Velocity Impact of Honeycomb Sandwich Composite
Panels for the BIMODAL Tram Application,” Journal of

10)

11)

12)

13)

14)

15)

The Korean Society for Composite Materials, Vol. 20,
No. 4, 2007, pp. 42-50.

Shin, K.G., Ko, H.Y., and Cho, S.H., “A Study on
Crashworthiness and Rollover Characteristics of Low-Floor
Bus made of Honeycomb Sandwich Composites,” Journal
of The Korean Society for Composite Materials, Vol.
21, No. 1, 2008, pp. 22-29.

Kong, C.D., Park, H.B., and Lee, S.H., “A Study on Residual
Strength of Carbon/Epoxy Face Sheet and Honeycomb
Core Sandwich Composite Structure after Quasi Static
Indentation Damage,” Journal of The Korean Society for
Composite Materials, Vol. 22, No. 2, 2009, pp. 24-29.
Abrate, S., Impact on composite structures, Cambridge
University Press, 1998

Zenkert, D., Sandwich construction, EMAS Publishing,
New York, 1998.

Anderson, T., “Experimental investigation of low-velocity
impact characteristics of sandwich composite,” Composite
Structures, Vol. 50, No. 3, 2000, pp. 239-247.

ASTM D7136, Standard Test Method for Measuring the
Damage Resistance of A Fiber-Reinforced Polymer Matrix
Composite to A Drop-Weight Impact Event, 2005.



