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A study on adhesion property between metal and composite
material with interlocking structure

Moo-Sun Kim
Urban Railroad Research Department, Korea Railroad Research Institute
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Abstract The bonding characteristics between the metal (aluminum alloy) and carbon fiber composite
materials were analyzed when the interlocking structure on the bonding surface of the metal was formed
artificially. The test specimens were manufactured as the single-lap-joint test type. The metal part of
the specimen was manufactured using SLM technology, which is one of the metal 3D printing
technologies, to produce an interlocking structure. The interlocking structure was fabricated on the
metal bonding surface by repeating blocks of a rectangular cross-section at regular intervals. After
laminating the composite material prepreg on the metal bonding surface, the final joint specimen was
produced using an autoclave process. The single-lap-joint test was performed to obtain the adhesion
strength, and the result was compared with the control group having a plane bonding surface. The
results revealed an approximately 7.4 % improvement in adhesion strength. Numerical analysis was

carried out to analyze the stress distribution of the bonding surface.
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Fig. 1. Schematic diagram of SLM process
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Fig. 2. Specification of test specimen for single lap
joint test and shape of each material part
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Fig. 3. (a) Cross section and (b) upper surface of
interlocking structure of metal part and (c)
final test specimen
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Fig. 4. Fractured surface of specimen with (a)
interlocking structure and (b) plane surface
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Fig. 5. Lap shear strength of specimen with (a)
interlocking structure and (b) plane surface
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Fig. 6. Comparison of Displacement-Load curve of
specimens with (a) interlocking structure and
(b) plane surface
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Fig. 7. Comparison of (a) shear stress and (b) normal
stress
(6z2) distribution on composite adherend surface of
specimens with interlocking structure (left) and plane
surface (right)

4. ZE

1
T

p=k

.

AFolA= dFuEI CFRPE BAR slo] &+
A7 Fehdof interlocking 728 &39S wo
UEA BAS g9 AR 2 s Aes
Interlocking 7% R3E FH3] Y3l ¢FulE AR

< 3D ZAE 71490 SIM B4 7142 B8] A
WA, 34 T 9ol A BEe 94 10w W
so] Arstoich. el SE B4 AE Sl Tl

DI IE A3t RLEZE 0 VHoR T
HAFgAES Azl
HAEA &1L single-lap-joint Al@o= ZIe¥st
$.o™, interlocking +2&E2] ATy} HH HHO
HRE RO R XPSH AP} s orRE thaat
22 ATE sttt
1. ANET g2 BFRoA BEkAad A5 5919
o] WSt oH, AEEY S AlH BHa
A EEAY o=t #xlo] FFEo] FAX
F9E sttt HKo] FF:H I
interlocking +2& FEHIZ g 11 9o FFH
kA wEe] AR drrt oA A4
H 32 g7 o] F3H Aoz woErh
Interlocking 7+&& &2 Al@o] 2 o
H|sto] oF 7.4% 5715 A A& Btk ol=
interlocking &3& Qg He IHZA J71e} 7]

526

AR 74 517} A0 283+ ATfolrt.
Ag 7ol Wol-akE TA 7oA HojA M3
FEL interlcoking TR E9] HIPHA £217
o2 Wyshs mhehg HolEd,

AT} 0] 39 s aT=RE 4
2ol 2ok o Ae-8E2 fARt
ol= ®HH 99 Hdf 2882 Aol
15% P2 kS B} o= Agtd mohe
+ gz 283t

)
y
=2
X
™
o2
<t
olo
i)
P
)
:?é",

Zlo] = FA] 2 Hol= g ok 13 E3F "e
< Aot

References

M.R.Gude, S.G.Prolongo, A.Urena, “Hygro thermal
ageing of adhesive joints with nanoreinforced
adhesives and different surface treatments of carbon
fibre/epoxy substrates®, International Journal of
Adhesion & Adhesives, vol.40, pp.179-187, 2013.
DOI: http://dx.doi.org/10.1016/i.ijadhadh.2012.09.005

M.Song, J.Kweon, J.Choi, H.Kim, M.Song, S.Shin,
J.Byun, “Hygrothermal Effect on the Strength of
Carbon/Epoxy Composite Single-Lap Bonded Joints
" Journal of The Korean Society for Aeronautical &
Space Sciences, vol.38, no.2, pp.119-128, 2010.
DOI: https://doi.org/10.5139/JKSAS.2010.38.2.119

M. Kim, “A Study on adhesion properties between
composite material and aluminum according to the
physical surface treatment technique” Journal of the
Korea Academia-Industrial cooperation Society,
vol.21, noll, pp.334-339, 2020.

DOIL: http://doi.org/10.5762/KAIS.2020.21.11.334

S.Y.On, M.S.Kim, S.S.Kim, ‘Effects of post-treatment
of meta-aramid nanofiber mats on the adhesion
strength of epoxy adhesive joints”, Composite
Structures, vol.159, pp.636-645, 2017.

DOI: http://dx.doi.org/10.1016/i.compstruct.2016.10.016

S. Graziosi, F. Cannazza, M. Vedani, A. Ratti, F.
Tamburrino, M. Bordegoni, “Design and testing of an
innovative 3D-printed metal-composite junction”,
Additive Manufacturing, vol.36, 101311, 2020.

DOI: https://doi.org/10.1016/i.addma.2020.101311




Interlocking 25 7Hx S4-5%2A HY A #F A+

[6] K. Ramaswamy, R. M. O'Higgins, M. C. Corbett, M. A.
McCarthy, C. T. McCarthy, “Quasi-static and dynamic
performance of novel interlocked hybrid metal-composite
joints”, Composite Structures, vol. 253, 112769, 2020.
DOI: https://doi.org/10.1016/i.compstruct.2020.112769

[71 ASTM D1002-10, Standard Test Method for Apparent
Shear Strength of Single-Lap-Joint Adhesively Bonded
Metal Specimens by Tension Loading (Metal-to-Metal),
ASTM, International, West Conshohocken, PA, 2015.

DOL: https://doi.org/10.1520/D1002-10R19

2 2 M(Moosun Kim) (M3

+ 20029 2¢ : Aetista Fabost
71 ARE-53E (D

- 20084 29 @ AlZighu Zaehst
71 A}3-53HE (FEhEAD

20084 79 ~ 20124 8€ : At
At GFaTA HAATH

+ 20124 8¢¥ ~ EA : FHE]
£A7Y AT

2374, A3 dfe 9 7 54

527



