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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

F :M analysis of smart skin structure using commercial a FEM package.

z =

MENH F2EY S48 Feil ArlE A7 7H2ES ABAQUSE Fdtas #1435t Az »mo)= shyrhe
QRHez S A A B AD BAT A AL st AFEHC ol vigeR FUFP A5 4L 38}
o b g ATHA G EA4E ANsda o8 fak 44 B4 A5E Hgsidn i, ante A7)
TeEe #HE E 33 3 A%E sk vH**oP*OU% 71E9 Agda B ol@gtdt vl £4siich Hlud A
27 F dAHRAG B AFE B9 FUHe BAS A8 H7)70) H4es g 2 839 2AE A8,
o ARE BIYOZ £ntE A7 FEES FEHNAR FEas SN AdE AT

Key Words: 2=9tE 270 7225 (smart skin structure), 3k 73 ¥ 4J(mechanical properties of honeycomb), F3+Q 434
(FEM), =9 2~(Nomex)

1. A & TEEE TEHOR Mol v FFat daHo)7)

el =29 2% 3 A=7t 9459 5 5EAR 4

A EA Ve wen tiio] 9w BA Auad 3g wu dE FAolth ol StES olgd dEAA

ol 77F R Fogel w}é} B0 A& Hgw  FERES A0kE Age 485l BAS 02g 3 ¢4
LI

luivel i Av7h @ AP vk AFAA 4 A B =ERS uRe o o)§FAlvVe ALEFE o)

Foje chelthE F2A E dof

g5 dHEZ4 72 UE Agste, EE59 489S 2Rz AAgesy

k=)
N
Hoz Qs R@ @dol Utk £55uel AgHE  9¥ AY 9 TZAA A5G ol dHvel s

+ xgFd 7)AFst et
*o 2FY NAF T, 24 A AHE-mail:whwang@postech.ac kr)



60 A FEY

BT RE PO

FA wFA) 7= 7 .
2utE 27 ?Z"% 7i1Ee A=A FRES F8%

Helolt}, ol ©BAAHF/AIFA Ex 5 5o ARE 9

A2 s, J."'«I"L} dFulg sHE HAE e T2
B4 g3¢E Aga 2E A gAv 8% 48 4

Z 247 He &5 AdedA o0t 2A B3 Ak o]

:rL 2o AL AR A F7 ool & F

gy PR B2 F3 Aot Mg

29 o5& AWE + ol s HAe st

Z) st n ?SP%Q olujofl Adsty] zhEat Fefo T A

24 AAA 3 Qojof gk olF §43 AvE 23 TEE

of thgk Z1AH AFo] I ATV W& Folth3-4]
~0tE A7 FREE 579 Fom oo o]

flo j_

o, AFL oEHLE F3lt ol gl way #
Feiws ojgsld FRFoR ARL A45F F Utk
TF2Ee AR 2ol IYRL AxGHAM FEL &
Ae AFaA e dutdes T W e ZFr 2 7
A Ao 24 AAHD F ol orthotropic) A EE
4 stele 4 A3E B4 Yo g BEHE dopok 8t
ARk e BAL AFE BARY 08 Zia, 4R &
AB7IE ol¥7) wWiEd AFHA gerh ATE B4
e ATHA gE BEo @I @Adlze] AAF Ae
AL qlm, thE BE9 A4S Fae 2ol AAd A=
dTH5-6]. ol E AFAME ATHA v T EA
& fgasiyor Palazl ok ¢4 P AEE
sole =X (Nomex)E SHAHY ARE 7P, Fo7
B4 vigor 3y A9 B4 G 2 ?1 3
sopdrd oz A ol Algd &vtE &7 T=E

o B2aus 38 29 498 Fessases B
& AgAh ol AR vm Bk

2UE & Fig. 1% Z-2 Fgojth A
P29 gk FUF RE%‘?, Holge 988 8, 2
ofg BEd] whal 2l X7t gAK@k e A
2 g AU AololE ol AAsted|, ol A
o AL A B FAES 2w ol BHSE HAE
Wb opla}, quality factor”} ZFo} gidFHE F7RTIE o
g s "ok A B=s FAE U 52 Fd5
A% vlolaz2EY Aoz ry Aydezs A
oz o)Fo)NA AL o TR L HFRES FWA
ol F71g FA & B oy Fd &£2& FA g &
42 27 AL AAY o FHAEH o7t IW A
ol oy dAE @i ek E=g o T2E JAH
EdozE MeYx F2EY S48 FHEA 52 d9
744<e AUz Yok olgh Zo] zmpE 2312 o] WY
A 533 /1A :rbz_%.% shiz Ehd Fejolth

Topsheet ___
(composite laminate)

e e———————— Radiating fatch

Upper core
{Nomex honeycamb)

Middie sheet Coupling stot
{composite laminate) .
. Microstrip lne
Lower core
{Nomex honeycomb)
Bottom shaet . ‘ T
(shiefding plane)
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Fig. 2 Direction of heneycomb.
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. 6 Estimated mechanical properties of Nomex.
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Fig. 7 FEM Model of tension test at 1 direction
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Table 2 Orthotropic mechanical properties of honeycomb

Experimental Estimatedvalue by

Property value (given) FEM Eror
E: - 2.22 MPa -
E» - 2.69 MPa -
E; 414 MPa 410 MPa 0.97%
G2 - 0.25 MPa -
Gos 44.8 MPa 51.2 MPa 14%
Gi3 89.6 MPa 60.1 MPa 33%
Vi - 0.75 -
Vi - 46 x 107 -
Vs - 6.07 x 10 -
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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
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Fig. 10 Each layer of smart skin structure for buckling test. E
denotes Young's modulus and t thickness.
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Fig. 11 Length, width and buckling load of smart skin structure for

buckling test.
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Fig. 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. (¢) shell model under

clamped B. C. (d) shell model under simply supported B. C.
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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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