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Numerical Simulation of the Delamination Behavior of Polymeric
Adhesive Tapes Using Cohesive Zone Element

Jinhyeok Jang*, Minchang Sung*, Woong-Ryeol Yu*'

ABSTRACT: Metal and polymer sandwich composites, which are made of sheet metal sheath and polymer or fiber
reinforced plastic core, have been reconsidered as an alternative to sheet metal due to their lightness and
multifunctional properties such as damping and sound-proof properties. For the successful applications of these
composites, the delamination prediction based on the adhesion strength is important element. In this study, the
numerical simulation of the delamination behavior of polymeric adhesive tapes with metallic surfaces was performed
using cohesive zone elements and finite element software. The traction-separation law of the cohesive zone element
was defined using the fracture energy derived from peel mechanics and experimental results from peel test and
implemented in finite element software. The peel test of the polymeric adhesive film against steel surface was
simulated and compared with experiments, demonstrating reasonable agreement between simulation and experiment.
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Fig. 1. Polymer film peeling from a rigid substrate
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Table 1. Material properties of polymeric adhesive tape and steel

substrate
Thickness Elastic Elongation
(mm) Modulus %)
(MPa)
810 scotch magic tape 0.0625 450 25
Steel substrate 0.6 110000 43

o 10 20 30 a0
Hm

Fig. 2. AFM images of electro-galvanized steel surface
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Polymer tape

Substrate

Fig. 3. Experimental configuration for polymer tape peeling
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Fig. 4. Simulation configuration for specimen
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Fig. 5. Traction-separation law for cohesive element
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Fig. 6. The load-displacement curve for peel test of polymer tape



206 Jinhyeok Jang, Minchang Sung, Woong-Ryeol Yu

2re]7F 2P E 7] A AR Foll= Al = AARE e
ZE Holn o|uj 9] 315 £ yefdte] H-S o] uf
2|74 E AATSHH 0.2 + 0.02 N/mmo|c}. A|Hujc} 243k

_“I_

M[E 4 g Bo|1 Batol vl 2 9 Ho|x ¢ A
o mol ve] AFOR e ATbs A 4 UL AL
2 grehEch w2 =g ol g5to] ue] SloluA|E F
F=E 4 (60l Ag3te] 1A ol et 7k Abo] <] 5}
B4 okefet o] AL

G- 1 (0.2 N/mm)™+(0.2 N/mm)

2x(0.0625 mm)x (450 N/mm”’)

=0.2007 N/mm~0.2 N/mm
T T QIS A (7)ol Hgste] o]F HE L T 1
o] Q1A (G, o) AT HA oA 2AL 3
7] Y8 S 24 S-S g-E AY AA(K), H

2.0

—— K=10N/mm°
—— K=100N/mm°®
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Fig. 7. The peel force-displacement curve for peel simulation
according to the stiffness of cohesive element
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Fig. 8. The peel force-displacement curve for peel simulation
according to the size of cohesive element
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Fig. 9. The peel force-displacement curve for peel simulation
according to the critical length of cohesive element

Table 2. Properties of cohesive element

K (N/mm?)
100 0.5 0.8

0, (N/mm?) 0;(mm)

Fig. 10. Peeling analysis result of polymer tape; (a) before peel-
ing, (b) after peeling
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Fig. 11. Simulation result showing Von Mises stress around
delamination zone at steady state peeling
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Fig. 12. The peel force-displacement curve for peel simulation
and experiments of polymeric adhesive tape

AL
o}

éoﬁjﬂU%_&
> o & o O H

A urel A e] Aot AA St B e wEE o
o

2Ny
2
)

=1

o g
2
filo
£
>

ot

&
%

_>I:,

lo
é
o
i)
il

r

N

Q,
32

(o]

o
fot

o
ot
4

O o
32
)
o
offt
:?é
>
>

f
ac)
ek > g

o

lo
o
o
ne
rlo
=
i)
o
H1
o

i
i)

o
oft
o

Bogo
=
K
Q_LI
8
o

oo

i)

o 1 g
B of

o 1o rE
oo ox -

o > Jm 12

i ok
]
4
30 @
fr
!

>
N
=™
Ogj-.l“
i)
32 =
J

ro
_?L
2
o

B Ao A L8R} Hlo]xe] vt A% 84S 915
uhe] Aol A o) o5t PAl S Be w343} vt 4w
o] ALE EEaI). o2 Fa) A4 el AT
B Qoi7 oA S 8 4ol Hgato] R
olmeo] ute] 7% WA & s Hatart. e dEst AW 2
he} a4 AT} 2po) 7} ek AR O 2NE v E
2HE £E3 AHe) Bde S5k dgael 7
48 golshd 1A} glo]me) val AR g WA 4

B Q7 20159 mATO) UL EF V15 Ak
A 714 A DhAle] Agko = S ¢lToln], 2015 %
R (e zatshe] Ao B AAt-AEdT
AE] A YPAFGAFG (NO. NRFE-2015R1A5A1037627)2] A<
utol el Qlroln, A glof tja) Ao A=Yk

REFERENCES

1. Rao Mohan, D., “Recent Application of Viscoelastic Damping
for Noise Control in Automobiles and Commercial Airplanes’,
Journal of Sound and Vibration, Vol. 262, Issue. 3, 2003, pp.
457-474.

2. Kim, KJ., Kim, C.W,, Choi, B.I, Sung, C.W., Kim, H.Y., Won,
S.T,, and Ryu, H.Y,, “Formability of Aluminum 5182-polypro-
pylene Sandwich Sheet for Automotive Application’, Journal of
Solid Mechanics and Materials Engineering, Vol. 2, Issue. 4,
2008, pp. 574-581.

3. Li, H., Chen, J., and Yang, J., “Experiment and Numerical Sim-
ulation on Delamination during the Laminated Steel Sheet
Forming Processes, The International Journal of Advanced
Manufacturing Technology, Vol. 68, Issue. 1-4, 2013, pp. 641-
649.

4. Shon, M.-Y,, Lee, J.-K., and Hong, J.-L., “Investigation of Adhe-
sion Property between Glass Fiber Reinforced Plastic and Poly-
urethane Adhesives on Peel Strength under Cryogenic
Temperature,” Journal of the Korean Society for Composite Mate-
rials, Vol. 22, No. 4, 2009, pp. 13-19.

5. Shon, M.-Y., “Evaluations of Lap Shear and Peel Strength for



208

Jinhyeok Jang, Minchang Sung, Woong-Ryeol Yu

Epoxy and Polyurethane Adhesive Bonded Triplex Sheets at
Cryogenic Temperatures,” Journal of the Korean Society for
Composite Materials, Vol. 24, No. 3, 2011, pp. 39-45.

. Thouless, M.D., and Jensen, H.M., “Elastic Fracture Mechanics
of the Peel-test Geometry”, The Journal of Adhesion, Vol. 38,
1992, pp. 185-197.

. Galamas, P, Volker, B., Collino, R.R., Begley, M.R., and
McMeeking, R.M., “Peeling of an Elastic Membrane Tape
Adhered to a Substrate by a Uniform Cohesive Traction’, Inter-
national Journal of Solid and Structure, Vol. 51, 2014, pp. 3003-
3011.

8. Hanna Bruce and Christian Holmgqvist, “Modelling Adhesion

10.

11.

in Packing Materials Physical Tests and Virtual Tests in Abaqus,
Division of Structural Mechanics”, Lund university, Sweden,
2013.

. Pelfrene, J., VanDam, S., and VanPaepegem, W., “Numerical

Analysis of the Peel Test for Characterization of Interfacial
Debonding in Laminated Glass”, International Journal of Adhe-
sion & Adhesives, Vol. 62, 2015, pp. 146-153.

Kendall, K., “Thin-film Peeling-the Elastic Term’, Journal of
Physics D : Applied Physics, Vol. 8, No. 13, 1975, pp. 1449.

Ye, L., “Role of Matrix Resin in Delamination Onset and
Growth in Composite Laminates”, Composites Science and Tech-
nology, Vol. 4, 1988, pp. 257-277.



