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FEM Analysis of Smart Skin Structure Specimen

Ji Hoon Jeon', Woonbong Hwang“

ABSTRACT

FEM analysis of the smart skin structure, and application of the sandwich structures investigated. The
honeycomb manufactures only provide stiffness of thickness direction and transverse shear modulus. Although
these are dominant mechanical properties, the other mechanical properties are needed in FEM analysis. Hence,
this work shows procedures of obtaining those mechanical properties. Honeycomb material was assumed to be
an isotropic material and properties are estimated by its dominant honeycomb properties. The other honeycomb
properties are then obtained by mechanical properties of Nomex. Buckling test and three point bending test were
simulated by ABAQUS. Both the shell and solid element models were used. The results were compared with
experimental results and analytical approaches. They showed good agreements. This study shows a guideline of
FEM analysis of smart skin structure using commercial a FEM package.
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Fig. 1

Fig. 2 Direction of honeycomb.

Smart skin antenna structure.

Table 1 Mechanical properties of honeycomb
Property Modulus Strength
Compression(3 direction) 414 MPa 7.76 MPa
Shear(1,3 direction) 89.6 MPa 2.65 MPa
Shear(2,3 direction) 44.8 MPa 1.38 MPa
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Fig. 3 Dimension of honeycomb cell.

Fig. 4 FEM model of honeycomb structure.
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Fig. 5 Displacement of 3 direction under compression test.
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Fig. 6 Estimated mechanical properties of Nomex.
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Fig. 7 FEM Model of tension test at 1 direction

ot =929 B Fig 6dAAT Bl oE FAS 99
Ax FHEH Jt5T g 2AE FY T+ Uth wErA, o
JFeA et e2 FAIG 499 JMeHlE w29 FE

FAHsGoH, o] W FEL 3420 MPa, Eol$ul:
0.357F €}

Nl

3.2 st #e Huwo|WHMH E2M FH

T A T3 w29 BAS o]gdte s e
BE 4L 4 & Aok shvRe 19e B4E F
A7) AN Fig 73 Zo] 2de] 22& LTt ¢E
ZE9 1200 &Y dFS 7hsta, %o FL Fo=
EAE =soe 1% HAE 2RI, 2,398 o

# 07e 2AANG. FHes ANARE o484 Fig

704 Loz BAE $2e dol WHE SAsie] 19
4 38 B ok, LE EAE 329 ZousE ol
ste] Zoldul y,& FETh S FFRBAAY T
MBS ol §otE TolbH ype T S vk

Fig. 81 192 3152 7199 W shige ad
& BaFn gtk 33 dHel AHHem, A o]
WY T mgoldh ahlA 2&E9 9, o ol
ge

5+
S 1o 7 e
?_]'73'*‘] G723

A %lq' Fig. 9ell& A973A4 12‘% Tt J"g‘% =
EMP‘E} 38l ogree) FE HO2 EAW B
<)

[+}
*é—% o}‘iitk WH 7}?& stEe T Y 4EAT
1/4000]c},
Table 20]+&=
A st 1,
1/2009] %H%fs}i,

s].qaqgl 7} urgke] BAS
$Fe FE B, B 3
A9 Gu= e U a4

Table 2 Orthotropic mechanical properties of honeycomb

Experimental Estimatedvalue by

Property value {given) FEM Ermor
E; - 2.22 MPa -
Ex - 2.69 MPa -
Es 414 MPa 410 MPa 0.97%
G]z - 0.25 MPa -
(€5 44.8 MPa 51.2 MPa 14%
Gz 89.6 MPa 60.1 MPa 33%
Vi - 0.75 .
Vi3 - 46 x 107 -
Vo3 - 6.07 x 107 -
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Fig. 9 FEM Model of shear test at 1,2 direction.
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substrate: t=0.5 mm, E=26.9 GPa

[ DD iT] honeycomb: t=2.54 mm

substrate: t=0.5 mm, E=30.3 GPa

ML DL NN [1]] honeycomb: t=2.54 mm

substrate: t=0.5 mm, E=33.5 GPa

Fig. 10 Each layer of smart skin structure for buckling test. E
denotes Young's modulus and t thickness.
b (width P (buckling
of specimeny load)

=)

L (length of specimen)
Fig. 11

Length, width and buckling load of smart skin structure for
buckling test.

Fig. 12 Deformed model of buckling specimen at length of specimen

is 350 mm. (a) solid model under clamped B. C. (b) solid
model under simply supported B. C. (c) shell model under
clamped B. C. (d) shell model under simply supported B. C.
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Fig. 13 Comparison of buckling load at clamped boundary condition.
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Fig. 14 Comparison of buckling load at simply supported boundary
condition.
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substrate: t=0.5 mm, E=26.9 GPa
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Fig. 15 Each layer of smart skin structure for three point bending
test. E denotes Young's modulus and t thickness.
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Fig. 16 Dimension of smart skin structure for three point bending
test.
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Fig. 17 Normal strain at direction 1 (a) for solid model (b) for shell
model at top layer.

Fig. 18 Comparison of normal strain for direction 1 at 50 mm from
left side.
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