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Prediction of Mechanical Properties of Honeycomb Core Materials and Analysis of
Intedaminar Stress of Honeycomb Sandwich Composite Plate

Hyoung-Gu Kim®, Nak-Sam Choi™

ABSTRACT

Honeycomb sandwich composite(HSC) structures have been widely used in aircraft and military industry
owing to their light weight and high stiffness. Mechanical properties of honeycomb core materials are needed
for accurate analysis of the sandwich composites. In this study, theoretical formula for effective elastic modulus
and Poisson's ratio of honeycomb core materials was established using an energy method considering the
bending, axial and shear deformations of honeycomb core walls. Finite-element analysis results obtained by
using commercial FEA code, ABAQUS 6.3 were comparable to the theoretical ones. In addition, we performed
tensile test of HSC plates and analyzed deformation behaviors and interlaminar stresses through its FEA
simulation. An increased shear stress along the interface between surface and honeycomb core layers was
shown to be the main reason for interfacial delamination in HSC plate under tensile loading.
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Unit cell of honeycomb and boundary conditions for elastic
analysis.
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Fig. 2 Unit cell of honeycomb core for elastic analysis in thickness
direction.
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Fig. 3 Analysis model for FEA simulation.
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Table 1 Material properties of components
Material Young's Poisson’s Yield Stress(MPa)
Modulus(Gpa) Ratio(v)
Composite skin 235 017 4242126
layer
Adhesive layer 3.4 0.34 28.2
Core layer 1.69x107 0.99 0.3£0.7
Al material 70 0.33 190
Perfect bonding specimen
Glass fabric /epoxy prepreg (eight layers)
Honeycomb core \ Al tab
(@)
Interface delamination specimen
Unit: mm

Teflon film
30

(b)

Fig. 4 Schematic of (a) prefect bonding specimen and (b) interface

delamination specimen.

Temp. °C
125
80
0 0.5 11 1.5 3 hour
P
3atm.
Vacuum hour
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Fig. 5 Co-curing cycle for manufacturing.

T Displacement
control

Cross-head speed: 2mm/min

Honeycomb sandwich
composite plate

(lens: x40, x 100,

Controller

Video microscope system

Dala acquisition
Zwick testing machine

Fig. 6 Schematic diagram of experimental set-up.
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Table 2 Results of theoretical predictions and FEA for honeycomb materials

Poisson's ratio(v)

Ex(Mpa) Ey(Mpa) Ex(Gpa) e
FEA Theory FEA Theory FEA  Theory FEA Theory
AL1/8°-5052-.0015" 1491 1453 1488 1454 1975 1960  0.99 0.997
AL1/4"-5052-0015"  0.186  0.182 0.186 0.180 0.995 0.980 0.996 0.999
AL1/4"-5052-.003" 1.488 1453 1.491 1.443 1.989 1.960 0.994 0.997
AL3/4"-5052-.003" 00537 0.0538 0.0541 00537 0683  0.653  0.988 0.999
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Fig. 8 Load-displacement curves obtained by experiment and FEA(cell
size:1/8”, cell wall thickness: 0.0015").
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Fig. 9 Deformation results of honeycomb sandwich composite plate.
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Fig. 10 Von-Mises stress of honeycomb core as a function of cell
wall thickness(t=0.0381mm).
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Fig. 11 o« and Ty of honeycomb core as a function of cell wall
thickness.
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Fig. 12 Von-Mises stress of honeycomb core as a function of cell
size.
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Fig. 13 0y and Ty of honeycomb core as a function of cell size.
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Fig. 14 Tma of honeycomb core as a function of cell wall thickness
and cell size.

57} EdolE mae $Ud w2os $7} E
S A ClelT WY Ase L}wg + gsic

FUH A=A BPAR AR AF HF 4§ Al
AT gus 2 uE ARE goh
2o golA sy miHH P

Fig. 102 &3 2N sy Fol9] 4 %7
A 271e 18’2 U)ol e U M= BF
Az AgHe AolAF-o FholA B Feo FaAF
AAEF =o] £99 E.m4A S8 (Von-Mises stress)S H
oFa ok

Eoodx 82 of

4 10 Zol AoH =,

0,/ +(,~06,) +(0,~0.)

Ormn = 75100, -
+6(T‘2,‘ +’L'_‘2: +‘l.'_‘2:)]”Z (10)

= 30
% o5 csyield ,
\%’ a0 | (adhesive) —» Adhesive layer
2 yielding
T Wall thickness ¢
[72) . .
) increasin:
2 1} ® —2
T L e a
s ° . — 4
>

0 L 2 i

0 01 02 03 04 05 06
Displacerrent(rm)
Fig. 15 Von-Mises stress of adhesive layer as a function of cell wall

thickness.

D

Sr AT

o) Coewal /7 g Skin layer fracture
’g ; yielding Partial delamination
=< 15 ‘=
-g ‘\Adheswe layer
=10 yielding

Perfect bonding specimen(EXP)
5t
- - - Perfect bonding nodksl (FEA)
O 1 L L
0 03 06 09 12
Displacerrent(rm)
Fig. 16 Instant of fracture occurrence of I_oad-dlsplacement curves

obtained exPenment and FEA(cell size: 1/8", cell wall
thickness: 0001%

A 5 W wet BF
OLEU]E-,] SE 5o TEdty

4ol LAY ALdg dET
Z7rgel uhel st mole) FA
7 U 2R B AT =@sx Yok Fig 11
S AgH AolARe FY9 RAZREY Y P FoAE
oAM 7% &5 WE FHOHH A3 ()E UERTH
A F79 Z7bo] W Fig 11} Ze] s39de] &
H(on)2 TAsHe uhd AT (1) (Fig. 11(b)2 F7HE
€ ¢ F Ak ol A ZAFY E-mAx $Eghe

HE® 03 mm o] Aol A
3ol AT A HeA
. 4 ¥ FA7}
571 A R, Bt o

%k
P
T9\A
o =y
o

F7tl 2 4FE FE SEHL AQ $HaWY Y E
¢ 5 QA @ &, AEgEo] A Zolg LAWY
o 2 ¥%& 3, AFTHo2E EFAS AHFH 3o
Z Atole] FEEE dovlE 9ol B8 & 5 Utk
e 2E9 A%, 27 SHEE J944 sUP
Aol st TAANA Y 2F &8 & T(stress-free effect) =
A8 FAAME SZol RAFA ko, FojF X
olF H|7} wl-¢ AA AEH Z WgoF o & WHPFo]

A e



36 A9 FHG

Fig. 12& €333 249 ¢, AgH 3¢9 =AM
Fo BEF IR A ZolFelM 4 37] A4
7= 00381 mmZ FL)o w2 B-miAx S ¥z

& BoFan gt 4 A7} eSS s 3o
9 FEAPLS ga xoAY AH 035 mmolFAAE 2
E A 3rdA 35 d=d =28t 95 4 F Ak

Fig. 132 &3 & 22 ol&st 78 sz =9
o A 3719 F7HA ¥ FAE 00381 mmE ) =
€ U3 3059 89 £XE RAFu Jo. 4 77}
Zolds% 85 4§ e §H(ow(Fig 13(a) Fadt
£ dg $HyFig 130)S F7H8kR glen o
stz @ole] A A7 a4 S o & Adsge] T
AEe vekdt &, AZEAFAA R 20T
Ay As I A, 6}14%1 B @%8?‘01 534
g 99353 sy :e1Fe Fheed T8 %L 9
g ¢ F Atk

Fig 145 9278 292 ol g3t sz A=9
FAE AgE A9 57 2 A 7] Frhel ©g
B AGEH(Tm) S 7T Bl A7 twE HUA

o]}ll
(' i1

o] ¥l Sl §20] G5 Juol S A4
A 1,9 Huige drign. 4¥ S} 27 2845 Fig
4@t 2ol 1,9 Aol $¥E F7hebA Hn) 1% Ay

A9 B2 Aok S4B a0l Aol ARA ol

o 2 Zoty ®] &sle) BE 3139 gol AzI W
foz A7UD. weld A% ToJl 4SS we Au
AN AR 24 FBADe] Fig 105 2ol

wAEa, Ay FAZ 2545 52 ADEE (9E AN
Tolpe] aAMAo] NTh 4R WA AR Heol
99 & ALE ANV ET, A D} BAT
%(Flg 14(b)) T.\}"’] E]EH (Tma\)'— —7}6]'0:] };_:]. —‘f_”“

W3 A9 ARG FAD EFE Fu 488 HUT. 5

A =A7)17} FEFE FojFo & Aol LAy o
o 24 FF5EY)0l B 4y DPsm 53 dko)
ol ULS-& vEdh

Fig. 155 A3 2dg ol g3l ¢ Y7 =09
AY 27 Z7hAd 37)E v8'E )¢ wE mods Q)
A JAF 29 ZojAx 88 HoFa gk A9

FA7 Fbgel we FFAFe EuAs $Ho oA F
7kl -‘?4 0.3 mmo]delA 4AF FEAZ =Estn
ReE 4 9tk Fig. 107} #|ustd & wf, FoH F4
14l A= FYH :’oiiol o] o2& AlF(Fig.
10¢] W19 020 mm)EE =7 dE =dstn It ole
stz ZojFel i*é@?’hl} xqr;/]_-ga:}g] 17]'5 FH&Eo
A9 FEFGIE
Eg 5]"47&‘ o FolA

|t.10
O

N
&
r’E,

Fig 162 3&-¥¢ THL 437 118, 4 & %4
0.0015" ¢1 HSC A@He A 2 4F AFAE Yehic

WP o 03 mm Ao ojd HRF $ 24 A
Bl met SR ZolFT WAFAM FRol UoluF
3% Z7kl whe FRAQ B AL, A3
o2 9% }37 wAsE AL 432 F Yok

6. 2 &

AFolME st mele @9 4L Asta oy
°]-8-3t -rrIG‘_ F&H?ﬂ* ‘;‘ TobF Hl%‘— Tk
FESIR T & s v }%E‘r
°]§-8ko -’rLEP A7} wf&&i 34 7&49}
AEE & F YA =T o] dF4E& FEA
E01E 2dd Hgairh
g ot A48 A sE A=A 5RAR
2 A 3H5e dFH 5] THsstHA
3 3:ojg MY 7S RAEPlde o#eel
F AT ER 1T 4P P /8L
ol g AEolAe FHEY 4 AAE T
e 23E 2% 5 A%k

A sty zole Fde 2P A
3 F4E 2Ae 97 49 Zo vuste & o,
Uz A=A SFAR AQH ste-ae 4 3 W3
Ass 2 ZA € 5 Al

Ay £ 2 4 37] S7h] mE Y Fol 5o
HAHE NG Ao, AFAF] ARF AP ZAT
flol A $3e) Frhs s A=A FRAR AR
el 9T P FZoF Alole] F £ 2 9
€ % ¢ 7 AU EF A3 FAN IHESE, 4
A717F ZagFE A 313 AEF AR T 24
e A8y gl SMEE ¢ F AN

A7 &k stllA sE A=A

T e
tio
iy

4>

£ $3e

e e
>

o

(LRI < A )
t
ol
-

e 2
o ok 4
ol o dlo
o

oo ug 3O mx g
Hoto do 2

a

'OLO.L

o O oM
=

HJ
m

o

J¥~'
=

off 2% n&

uﬂ, -{u‘. olo

O;

0
Sy

_u

| %J A8 AP
M3 2 oa ABE Uy 2olET HAS0) AW R
AelA FBol WA HF Z7to] wpeh LA 37
2e7k Lol AFH o2 BPAE ISl Feste 2
qE LTk
Fagd
1) JK. Park, AK. Thayamballi. G.S. Kim, “The strength

characteristics of aluminum honeycomb sandwich panels,”
Thin-walled Structures, Vol. 35, 1999, pp. 205-231.

2) C.M. Ford, L.J. Gibson,
cellular materials an

“Uniaxial strength asymmetry in

analytical model,” International



E17% £ 1 3% 2004, 2

3)

4)

5)

6)

7

8)

9

Journal of Mechanical Sciences, Vol. 40, 1998, pp.
521-531.

PR. Onck, EW. ANdrews, L.J. Gibson, “Size effects in
ductile cellular solid. Part 1 : Modeling,” International
Journal of Mechanical Sciences, Vol. 43, 2001, pp.
681-699.

H.S. Kim, S.T.S. Al-Hassani, “morphological elastic model
of general hexagonal columnar structures,” Infernational
Journal of Mechanical Sciences, Vol. 43, 2001, pp.
1027-1060.

Matt H. Triplett, William P. Schonberg, “Static and
dynamic finite element analysis of honeycomb sandwich
structures,” Structural Engineering and Mechanics, Vol. 6.
No. 1, 1998, pp. 95-113.

T. F. Guo, L. Cheng, “Vapor Pessure and Void Size
Effects on Failure of a Constrained Ductile Film,” Journal
of the Mechanice and Physics of Solid, Vol. 51, 2003, pp.
993-1014.

Gang Li, P. L. Sullivan, “Nonlinear Finite Element
Analysis of Stress and Strain Distributions across the
Adhesive Thickness in Composite Single-Lap Joints,”
Composite Structures, Vol. 46, 1999, pp. 395-403.

H. T. HAHN, Introduction to Composite Materials,
TECHNOMIC Publishing Co., Inc. 1980, 265 Post Road
West, Westport, CT 06880.

Isaac, M. Daniel and Jandro L. Abot. “Fabrication, Testing
and Analysis of Composite Sandwich Beams,” Composite
Sci. and Technology, Vol. 60, 2000, pp. 2455-2463.

10) A. Petras, M. P. F. Sutcliffe, “Failure Mode Maps for

Honeycomb Sandwich Panels,” Composite Structures, Vol.
44, 1999, pp. 237-252.

Az g 714 4 A5 s =94 AR Yo 359





