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A study on the bonding strength of co-cured T800/epoxy composite-aluminum single
lap joint according to the forming and additional pressures

Dae-Sung Son’, Ji-Hun Bae’, and Seung-Hwan Chang

ABSTRACT

In this paper, the bonding strengths of co-cured T800 carbon/epoxy composite-aluminum single lap joints with
and without additional pressures were investigated using the pressure information induced by the fiber tension
during a filament winding process. The specimens of all the tests were fabricated by an autoclave vacuum bag
de-gassing molding being controlled forming pressures (absolute pressures of 0.1MPa, 0.3MPa and 0.7MPa
including vacuum). A special device which can act uniform additional pressures on the joining part of the single
lap joint specimen was designed to measure the bonding strengths of composite-aluminum liners of type IlI
hydrogen pressure vessel fabricated by a filament winding process. After the three different additional pressures
(absolute pressures of 0.1MPa, 0.3MPa and 0.7MPa) were applied to the specimens the effect of the additional
pressures on the bonding strengths of the co-cured single-lap joints were evaluated.
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Fig. 1 Additional pressure device; (a) component details of the additional
pressure device, (b) additional pressure device, (c) specimen
attached by the additional pressure device.
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Fig. 2 Shape of the co-cored single lap joint specimen.

Table 2 Mechanical properties of the T800 carbon/epoxy composites[9]

Mechanical Properties Value
E1 161.3 GPa
Ez, Es 8.820 GPa
G2, Gi3 5.331 GPa
Ga3 2.744 GPa
Vg, Vi3 0.33
Va3 0.45
Xt 2300 MPa
Yt 30 MPa
Density 1,580 kg/m3
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Table 3 The bonding strengths of the co-cured single lap joints with and
without the additional pressure at the forming pressure of 0.1MPa

Without With
additional pressure additional pressure

No Strength (MPa) Strength (MPa)
1 3.39 6.60
2 3.14 5.73
3 3.13 5.80
4 3.03 6.84
Mean 3.17 6.24
SD 0.15 0.56

*SD represents the standard deviation
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Table 4 The bonding strengths of the co-cured single lap joints with
and without the additional pressure at the forming pressure

of 0.3MPa
Without With
additional pressure additional pressure
No Strength (MPa) Strength (MPa)
1 7.79 10.20
2 5.99 10.62
3 7.75 10.52
4 5.08 11.63
Mean 6.65 10.74
SD 1.34 0.62

*SD represents the standard deviation



26 A - iR E - A R A R A R
sgo R, 4P 0TMPaz AR AW gAEel A gele) gt geuct BaHoR of Le 4RE kg
I= T7P0Pw4 fritol wheh SAe & ujasto] el ik & 4= ok ol éﬂlr% AR paAg-g dE871o AA
2 Sl sjuo) folet Jus ABY Ao wehE Ao
Table 5 The bonding strengths of the co-cured single lap joints with QAAS ANE Es ?:401{1 28-H3E Ax Fig. 4 2 Fig. 5
and without the additional pressure at the forming pressure .
of 0.7MPa oF
~ Without ~ Without
additional pressure additional pressure Table 6 Generated additional pressures acting on the specimens
No Strength (MPa) Strength (MPa) —
. Actual additional
1 6.34 11.18 No Average Strain pressure (MPa)
2 541 9.66 1 -0.00017 0.09
3 6.65 1051 EP: 0.1MPa 2 -0.00017 0.09
4 523 10.37 AP: 0.1MPa 3 -0.00019 0.10
Mean 5.90 10.43 4 -0.00021 0.11
SD 0.69 0.62 SD: 001
*SD represents the standard deviation 1 -0.00056 0.29
FP: 0.3MPa 2 -0.00051 0.27
sy, olAAlY TANA AL LAY ET Ao 9 AP: 0.3MPa 3 -0.00051 0.27
S Aol AL Holereel wslelnE selsts] Sis) 4 10.00049 026
- - SD: 0.01
A=A Beol 2y AEd9l AojAz Z4E WIES T 00030 T
sholagict. Fig. 3 7K (0.1MPa, 03MPa, 0.7MPa)o] 7} FPOTMPa | 000135 0.70
1 0. a
R AJHO A T oFA £ TR HIPES & 4 -0.00128 0.66
g Avtolch. o714 FPel APE 77 AR Roigt SD: 0.05
22 Uehdict.
14
— — FP:0.1MPa
-0.0014 Hamumserrnonit 2 = FP:0.3MPa
Tty n\wmu wmuv..“, 07 FP: 0.7MP
Ty A ) - I a
-0.0012 4 V““‘"‘*\:u‘mdjtf R M 12%771\@: 10
£,
-0.0010 4 g
w ?
o g 6
£ .0.0008 2 &
£ v . “Z8\
n 4 \
-0.0006 < 03 & , \ \\\
\
-0.0004 -
EP:0.1MPa ?JUOO 0601 0.002 0603 0.004
-0.0002 M,, AP 0.1MPa 01 ' ' ' ' '
Strain
0.0000 4 r T T : Fig. 4 Stress-strain relationships without additional pressures.
0 15 30 45 60
Time (s) "
Fig. 3 Generated strains at the joint during the test. __ FP:01MPa
12 AP: 0.1MPa
- N FP: 0.3MP:
9] Tezel A U WMPE HolEE Bl APNY A " ‘ — o e
oA | TheH AEARA] AR Awe] Yakie] shsal Z, ‘ o
ke Aelw Table 63 k. 3 \ AP:07MPa
H \
AAT A4S 0.7MPa, 7Kk 0.7MPag] 49 o} g’ \
2 ezl w3 Aoz 2 Jmﬁ Bolzl ot a4 /) \
MHOR T WskEo] Hx e O Wutmlw, AnpHo 4 ‘.
2 284 At BeA g -ﬂrﬂ Fejo] ol Y= Ut ‘
0 T T T T
A GA o] AF o] Axltgro] elgsiotn waEich 0000 0.002 0004 0006 0.008 0010
9 AIE RN TBOU|EA By Rl Sy st
Hz2zolES HAZEL Hylolel 7laRede ASo Rl Fig. 5 Stress-strain relationships with additional pressures.




$24% 35 5 B 2011. 10 HA HSPHOR AZE TB00/0IZA] EIAR-LRulE BHPA | zAES] JPUe @ Rridee] vE Yagwe] na Ay 27
14
12 4
10 E E
= SD:0.62 SD-0.62
o
= 84
£
=
HASIR. i
17 $D:0.56 )
4] ) SD:1.34 SD:0.6%
o
m  With additional pressures
2] sDoiIs
0 T T T

0.1 03 07
Forming pressure (MPa)

Fg. 6 Bonding strengths according to the forming and additional pressures.
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Fig. 7 Micrographs of the cross-sections of the co-cured single lap
joints; (a) composite surface (FP: 0.1MPa, AP: 0.1MPa), (b)
aluminum surface (FP: 0.1MPa, AP: 0.1MPa), (c) composite

surface (FP: 0.3MPa, AP: 0.3MPa), (d) aluminum surface
(FP: 0.3MPa, AP: 0.3MPa).
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