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A Parametric Study on the Strength of Single-Lap Bonded Joints
of Carbon Composite and Aluminum

Tae-Hwan Kim', Myeong-Su Seong*, Jin-Hwe Kweon' ', Jin-Ho Choi™

ABSTRACT

Strength and failure of adhesively bonded carbon composite-to-aluminum single-lap joints were studied by
experiment. The main objective of this study is to investigate the effect of various paramecters such as curing
pressure for bonding, overlap lengths, and adherend thickness on the failure loads and modes of the bonded
joints with dissimilar materials. Experimental results show that the bonding pressure for composite-to-aluminum
dissimilar materials should be 4 atm at the lowest. Failure load of the joints increases as the overlap length
increases, but the strength (failure load divided by bonded area) decreases rapidly after the overlap
width-to-length ratio is greater than 1. When the adherend thickness increase to double, bonding strength
increase 12~55%. Major failure mode of the joints is the delamination in the composite laminate and the
location of delamination goes deeper into the laminates as the bonding pressure and overlap length increase.
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Fig. 1 Configuration of a Typical Single-lap Bonded Joint.

Fig. 1914 1.8 o 217 g2ulEa 23 2o 57
£ uehdch EWR 2ae] HEEME [24590/0)s9t
[£45/90/01:s2) F ZHA R, A EAZ Qs dEulE
waje) Eaeh st SAE ATt 48 F 3 S0l
FREAE 0105 mmolch. Aol o3} FHY YdY
B3 USN-1259] A@Ab4l E=162 GPa, E=9.6 GPa,
Gi=6.1 GPa, 1,,=0.298, Xr=2652 MPa, Y1=43 MPa, S.=94
MPao|ct.

d2olE 2024-T3E B 2B I R
slgim, £HA g & Z= 1.58 mme}t 3.01 mmo|t} A 7A
4 E=73.0 GPa, G=26 GPa, v=033, X=434 MPa, $=268



36 Hefg - g4 - Ao

BERAWHEET

MPaolch, ¥ 7o) i Agew 7 BE Fejel WA
FM73me] £42]& E=2.8 GPa, v=0.38, S=34 MPaO]E} Cr]7]
A St ¥R FU F4-34 BUA W ARRY A
S7meldl AEAE Zﬂ’\lﬁ_ d BE 46.1 MPa[17]EE} s
< gholt

Aol AAe et %u}
EZo|B(6713h) e *é?f‘s
A AapRe] EuAE ALE #4000E Y A9 AR
o =7t 7% AdEE E?‘iﬁh B Apelde o 2HE
Zasiel 4¥E BYAR HEu FRolE FAS AEY
(AFE mesh #400)3F 3 oM ECR et UE P HE
A FMI3mE HAUHUE Aekslo] Aldo] AL o
Zylo|HoA AFW AAF=EHAN(120°C, IA7He.2 AHRIAjFITh
AEe] Xz ARG () 4719l s, AREelb)= 15, 20,
25, 30, 35, 40 mme] o4 7HRE sln AFYe artE
Aser] gal, AADol(b)=25 mm Al i, M2
daEe 2,3, 4, 7 ¥ 7S Agstoch gL o2
dojluz zugt

wA EgAs mAE 2
AArgtc). FIER[4]e0

Table 1 Dimension of a Bonded Joint Specimens
Thickness mm
Specimen ID tc ta ml;n nt:l:n mwm afm Sp];lgi,moeis
FM-28-4-15 | 1.68 1.58 15 [0.112] 25 4 5
FM-2S8-4-20 | 1.68 1.58 20 {0.123} 25 4 5
FM-28-4-25 | 1.68 1.58 25 |0.153] 25 4 5
FM-25-4-30 | 1.68 1.58 30 |0.132] 25 4 5
FM-28-4-35 | 1.68 1.58 35 10.137] 25 4 5
FM-25-4-40 | 1.68 1.58 40 |0.199] 25 4 6
FM-4S-4-15 3.45 3.01 15 10.168| 25 4 6
FM-48-4-25 | 337 3.01 25 |0.187} 25 4 6
FM-4S-4-35 |1 345 3.01 35 10.193] 25 4 6
FM-28-2-25 | 1.68 1.58 25 {0.141| 25 2 35
FM-28-3-25 | 1.68 1.58 25 [0.195] 25 3 6
FM-28-6-25 | 1.68 1.58 25 |0.185] 25 6 6
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Fig. 2 A Typical Single-lap Bonded Joint Specimen.

Fig. 3 A Typical View of Specimen After Water-jet Fabrication.
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Fig. 4 Set-up for Bonded Joint Test.
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Fig. 5 Failure Loads and Strengths of Bonded Joints with Different
Bonding Pressure (Overlap Length = 25 mm).
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Fig. 7 Schematic Diagram for Failure Mode Definition of Bonded Joint.
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Table 2 Maximum Tensile Stress in Aluminum Part of Bonded Joints

Specimen ID omax (MPa) oy (MPa)
FM-28-4-15 267
FM-25-4-20 322
FM-25-4-25 368
289
FM-25-4-30 355
FM-28-4-35 410
FM-25-4-40 415
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Fig. 12 Failure Modes of Bonded Joints with Thick Adherends with Different
Overlap Lengths.
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Table 3 Maximum tensile stress in aluminum part of bonded joints
Specimen 1D omax (MPa) oy (MPa)
FM-4S-4-15 158
FM-458-4-25 240 289
FM-48-4-35 286
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