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Bondline Strength Evaluation of Honeycomb Sandwich Panel
For Cure Process and Moisture Absorption
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Abstract

In this paper, through a series of comparative experiments, effects of two different cure processing methods,
cocure and precure, on the mechanical properties of honeycomb core materials for aircraft applications are
considered. Mass of moisture accumulated into the closed cells of the sandwich panel specimen from the
measured mass of moisture diffused to the full saturation state into the elements(skin, adhesive layer, Nomex
honeycomb), consisting the honeycomb sandwich specimen has been calculated. Water reservoir of 70 C was
used to have specimens absorb moisture to see the influence of moisture absorbed into the sandwich panel on
its mechanical properties. For the repair condition holding for 2 hours at 177°C(350°F) temperature, a
pressure due to the vapor expansion in each cell of the sandwich panel, which may result in the local
separation of the interface between laminated skin and the surface of the honeycomb, has been estimated by
vapor pressure-temperature relation from the thermodynamic steam table and compared to the pressure from
the ideal gas state equation. The bonding strengths of the laminated skins on the flat surface of the Nomex
honeycomb have been compared by the flatwise tension test and climbing drum peel test performed at room
temperature for dry, wet and wet-repair specimens, respectively.
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Table 1 Dimensions and cure conditions for moisture
absorption test specimens

Specimen Width x Length x(Thickness) Cure condition
(ply numbers)
Skin 3in x 3in x (2, 3plies) 350°F, 85psi
Nomex H/C 2in x 2in x (0.5in)
Adhesive 2in x 2in x (1 film) 350°F, 45psi
H/C:
3in x 9%in x 0.5in Cocure/
DPT Skin: Precur:il:)rndition
3in x 9in x (2plies),
3in x 12in x (Zplies)

1 in = 25.4 mm, lpsi= 6.895 kPa, 350°F= 177°C

2in

12 in

(b
Fig. 2 Schematic shapes of (a) flatwise tension/

compression and (b) drum peel test specimens,
(1 in=2.54cm)
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Fig. 3 Schematic diagram for moisture absorption and
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Table 2 Dimensions for bondline strength test and test
specifications
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Speed (ASTM)
(ply numbers)
H/C:
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Fig. 4 Typical (a) load per unit area-displacement curve

by flatwise tension test and (b) peeling torque per
unit width-displacement curve by climbing drum
peel test for honeycomb sandwich specimens
(1in=2.54cm, 1psi =6.895 kPa, lin-lbs/in=4.448
m-N/m)

3. 23 ¥ uF

Fig. 4a)x 4A48% 9 tddAdE FHd o
3 A ZHE FTT A|HY A2AgelA dojxn Ay
HQl AHe aFuy o WA 3.9y 2y
ojth, UMY AW H$ Y FHY ==
e s HFA £ M2 g3t A
FRcxe g3 PHo] wi$ dsdlog g &
A =gk £ 9] A3 (peeling resistance)
;e Bola qlon daAAY FAHA 4§ A
AHgE ¥ 42E JeEez g8y 3
2 FAE dAARE FAH ZxuddN 5
£ ¢ F g

g AAAYQ FSdeE Zazyo 99}



120 AEA4 -

Aaex Fo R dHo & IUF iy
et 2 Byt dNoz s U )
7b dEAEY o BoE uAds @y sisA
i Fefolr] Wil AFA FARE TeAA
3 AHEn AisHe sdog wdsm vk 4
rhatA] e OdAAE AHY ASE o1F A
2T FEH Y fillet o] Tl &R e
FHEG FAge 9%s F7) wFd 2
BEge] BF AMAdLE & Sk

Fig. 4b)= 3349 Aol zt& DPT A¥
of thigt d2olMe HFHQ vy G uigE
A-9Y HAEg BAF3 9t dAE AW
25 938 FEshey "ed oy gy
uka] E(peeling force)”} 74 A7 wiz] #4 Aw
(peeling crack tip)oll A <ol 2 H(propagation)ol]
e duAe Aol durgye] ma PP ¥

A(Fig. (@) FYA7ied 4Fg o} ot
¥ o] HAgGAA olF Evt28 ¥ (fluctuation)
€ Ze FUYEY 3-8y A= B 5 9t o
SAQE AHAE dY PAo]l BgAdsEnz
olzlgt drtEE Y e WES Huyoez
FH A Avigt AHY ASoe I 3
AL doivl=d aF ouixe] BEZo] o}
*% FUFAel Y (Fig 5b)EF) dAvhaka]
e A A gelo] Wojx7|RbeE F7 9
et A& 7AHA AAFe Eegez W
T2 AY Yebd ¥8L #EF £ A9 (Fig
HOEEIN

Fig. 5 = DPT ¥ ¥ Hu¥g #434¢ AHe
AAGE AW A ZeZ a9 o FA Fx
S AHAAZE M2 §F Fsteted 28 ety
FEYE BHoln Bl A FPUdANS 2
AE AFE ¢ 5 Ut A =g 4 o
I 3 AT FHelA Ho] Ml Bale
#H FgUE B £ o vhde) oAy
Avkgt A|HY A Lol HEwn HAAYL J1A
HA Af g3 F38A AFHA glon HE
A S AYUF HEANME Belo] dANPY A
HEoE ta st A g3 dREIA
g He BAEE Rolx glo] UMY AdE o
o2 % AFE Rolm Y& ¢ & Ut
a2 AntEtA ke guAAY *1“44 7ol
€ HAAY g3 BREAMETE H2ud Hat
A Aol FF3R B o] FRA —Eralﬂ
dojdE B # Utk & AL o83 Hg
€ HHEYE IAP9Y B HHA} TXW

fu

L

—I.I-F.H.oﬂfﬂm

AEFA - Gz

(®)

(©)
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Fig. 6 Moisture absorption behavior of Nomex
honeycomb sandwich panel elements ; (a) M%
(b) mass of absorbed moisture per unit square
centimeter of the surface
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Fig. 7 Moisture absorption behavior of DPT specimens
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cells of cocured DP specimen, estimated by the
thermodynamic steam table and the ideal gas
equation
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Fig. 9 Schematic diagrams for (a) repair of sandwich
structure and (b) definition of minimum repair
pressure
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Fig. 10 Flatwise tensile test for honeycomb sandwich
structure
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Fig. 11 Drum Peel Test result for dry/wet environmental
conditions and cocure/precure cure conditions
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Fig. 12 Mechanical behavior of honeycomb sandwich
panels under flatwise compression test
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eNomex H/C: 0.4857g/(2in x 2 in)=0.01882091 g/cm2
o1 ply adhesive : 0.0012277 g/em’

#2-ply woven ply laminate: 0.0524g/(7.462cm x
7.395cm)= 0.00094958 g/cm’
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2. AN Y DPT A PHA F5d

EE5S(Fig. 7 RE)

e total mass of moisture in laminate with area of two
2-ply woven fabric laminate skins(9 in+12 in) x 3in
=63 in’x (6.4516 cm*/in’) x 0.00094958 g/cm’=
0.38596 g

o total mass of moisture in adhesive with area of 2 x
(9in x 3in)
=54 in" X (6.4516 cm*/in®) x 0.0012277g/cm’ =
0.42771¢g

o total mass of moisture in H/C with area of 9in x 3in
= 27in” x (6.4516 cm”/in’) x 0.01882091g/cm’
=3.27847g
o total saturated mass in cocure DPT specimen with
no moisture accumulation in cells
=0.38596 g + 0.38596 g + 3.27847g= 4.05039g

. 4AXAEY DPT A8 HF FEEFTH(Fig7
ZZ)=4.8596g

. 9inx3in 3Tl HHE FE AHF
= 4.8596g - 4.05039g=0.80921g

CHEA - AR

5.0 SUB wY 9T F7E 4 AF

= 49.125c¢ells/in’
o AAY DPT AR I A
=(9in x 3 in) x 49.125 in’= 1326.375 cells

6. zt ARl £HE FETEEZHm

=0.80921g/1326.375 cells = 0.000610 g/ceil

A U5 A vy A

Bt AAZ: 0.5in x 9in x3in/1326.375cells
=0.01017812 in*/cell= 0.16678945 cm’/cell

o FFE A9 HFA =0.1mm

o T T WHT A H] =0.0695

o 5 0.lmm € g HHA HRAH,

V=0.16678945 cm’/cell x (1-0.0695)
=0.155198 cm’/cell

L3 R A UE A v=0.155198 cm’ Sl &

HE FE(m=0.000610g)e) 3 Kelvin 2% T
Ao A Wy Z74E pE V8 EE o
A7 B A B E APE 5 Aok



