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Abstract: Because of environmental issues, the regulations on
gas emission from fossil fuels become stricter. Some
investigations are being carried out actively to change the fossil
fuel power into electrical power. Researches on the reduction of
weight in the transportation machine is also executed. Weight
reduction is one of the methods of reducing the gas emission and
increasing the range of electrically powered machines. The
method of weight reduction includes the development of light
weight material and light weight structure design method. FRP is
the most representative light weight material. Among various FRP
materials, (CFRP) has the highest specific strength. Light weight
structure design method includes the method of designing the
structure by converting the bonding method with bolts and rivets
to adhesion method with the use of adhesives. In order to pursue
the research on the adhesive structure design method, the
research on adhesion exfoliation by using CZM needs to be
carried out. There are the researches with various methods in
accordance with the style of adhesion exfoliation load and
material designs. In this study, the adhesion exfoliation on the
tearing fracture of tapered double cantilever beam configuration
was applied to the research. Research model was composed by
applying the gradient angles of 6° and 8° to TDCB. The model
with the gradient angle of 8° has less fracture due to adhesion
than that of 8°. The basic data on structural design of adhesion
structure were provided by comparatively analyzing the research
models. This research was carried out by using finite element
analysis method in this study. Finite element analysis method has
the advantage of reducing the cost and time taken for experiments
in researches. Therefore, the finite element analysis program,
ANSYS, was used in this study.

Keywords Adhesive method, Finite element analysis,
FRP(fiber reinforced plastic), TDCB(tapered double cantilever
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I. INTRODUCTION

Many efforts are being made to reduce the use of fossil

fuels due to the ensuing environmental issues and depletion of
fossil fuels. In case of transportation machine industry,
particular efforts are made to reduce the quantity of emitted
gas. In addition, the rate of use of electric power source is
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being increased in order to reduce the quantity of used fossil
fuel. In order to reduce gas emission and increase the
efficiency of machines operated with electric power source, it
is essential to reduce the weight of mechanical
structure[1]-[3]. The means of weight reduction of
mechanical structures include the use oflight weight material
and the development of light weight structure design[4]. Fiber
reinforced plastic (FRP), which is a composite material, is a
representative light weight material in future[5]. Glass fiber
and carbon fiber are used most frequently for FRP materials.
Composite FRP material has the advantages combining the
tensile strength of fibers, compression strength of matrix and
shaping into particular configuration. It is possible to increase
the tensile strength of FRP material due to the tensile strength
of fiber, and the compression strength of matrix prevents the
buckling of fiber and provides convenience in shaping the
material[6]-[8]. In addition, carbon fiber reinforced plastic
(CFRP) has the highest specific strength among all the new
materials currently developed. However, according to the
compositional characteristics of the FRP aforementioned, it is
greatly affected by the directions of fibers in material[9], [10].
Accordingly, various FRPs with a diverse range of
mechanical characteristics that are different from ordinary
metals are manufactured by altering the directions of fibers. In
case of FRP materials, the adhesion method is most
appropriate at binding the materials due to the mechanical
characteristics of fibers[11]. However, there is a need for
researches on the bonded interface since the mechanical
characteristics at the bonded interfaces differ from those of
ordinary materials. In this study, TDCB model with mode 11
type was designed to investigate the characteristics of tearing
fracture shown at the bonded interfaces of FRP materials.
Double cantilever beam specimens were designed with the
gradient angles of 6° and 8°. Fracture characteristics shown at
the bonded interface in accordance with the gradient angles of
TDCB were examined to analyze the characteristics of CFRP
with woven type as FRP materials.
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Il. ANALYSIS MODELS AND CONDITIONS

A. Analysis Model

Fig. 1 shows the design drawing of research model for
analysis. As the design modelsof double cantilever beam
configuration with the gradient angles of 6° and 8°, the length
and the thicknesses of bonded interface are 200mm and
5mmrespectively, and the diameter of the hole is 10mm for
both of the models. However, according to the difference in
gradient angle, the height and inclined surface length of the
tapered cantilever beam differ between two models. The
height and the inclined surface length of the cantilever beam
with  gradient angle of 6° are 50.77mm and
150.83mmrespectively, while those of the cantilever beam
with gradient angle of 8° are 56.08mm and 151.47mm,
respectively.
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Fig. 1.Design drawing of analysis model

B. Analysis Conditions

Fig. 2 shows the analysis conditions. Analysis conditions
are same for all the design models. The displacement is
applied to the hole in the cantilever beam on one side while
the fixed support is applied to the other cantilever beam for
the composition of TDCB in which tearing fracture occurs at
the bonded interface.

Fig. 2.Analysis conditions
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I11. RESULT AND DISCUSSION
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Do not use hard tabs, and limit use of hard returns to only one
return at the end of a paragraph. Do not add any kind of
pagination anywhere in the paper. Do not number text
heads-the template will do that for you.

A. Analysis Result of Equivalent Stress

Fig. 3 shows the contour of equivalent stress of CFRP with
woven type for each analysis model. The maximum
equivalent stress of tapered double cantilever beam with the
gradient angle of 6° was 8.94MPa while that of tapered
double cantilever beam with gradient angle of 8°was
14.18MPa. Both models show the maximum equivalent stress
at the bonded interface. Accordingly, it was confirmed that
the equivalent stress was distributed in accordance with the
direction of fracture in the bonded interface.

B: MODE3_6_m0.975 Waven type CFRP
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 40
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(a) Analysis model with gradient angle of 6°

C: MODE3_8_m0.698 Woven type CFRP
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 40

14.177 Max
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(b) Analysis model with gradient angle of 8°

Fig. 3.Analysis result of equivalent stress at the complete
fracture of bonded interface

B. Analysis Result of DeformationRate

Fig. 4 shows the contour of the strain of CFRP with woven
type for each of the analysis models. The maximum strain of
double cantilever beam with the gradient angle of 6° was
0.13x10 mm/mm while that of double cantilever beam with
the gradient angle of 8° was 0.21x10 mm/mm. The strain was
distributed in accordance with the direction of fracture in the
bonded interface in both models. It was possible to confirm
that the strain was very low in both of the models.

B: MODE3_6_m0.975_Woven type CFRP
Equivalent Elastic Strain
Type: Equivalent Elastic Strain
Unit. mm/mm
Time: 40
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(a) Analysis model with gradient angle of 6°

C: MODE3_8 m0.698 Woven type CFRP
Equivalent Elastic Strain
Type: Equivalent Elastic Strain
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Time: 40
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(b) Analysis model with gradient angle of 8°

Fig. 4.Analysis resultof deformation rate at the complete
fracture of bonded interface

C. Analysis Result of Strain Energy

Figure 5 shows the contour of strain energy of CFRP with
woven type for each of the analysis models. The maximum
strain energy of tapered double cantilever beam with the
gradient angle of 6° was 0.013mJ while that of tapered double
cantilever beam with gradient angle of 8° was 0.011mJ. The
maximum strain energy occurred inside the tapered double
cantilever beam material in both models. That is, the fracture
energy, rather than deformation energy, happens at the
adhesive interface.

B: MODE3_6_m0.975_ Woven type CFRP
Strain Energy

Type: Strain Energy
Unit: m)

Time: 40
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(a) Analysis model with gradient angle of 6°

C: MODE3_8_mo0.698 Woven type CFRP

Strain Energy

Type: Strain Energy

Unit: m)
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(b) Analysis model with gradient angle of 8°

Fig. 5.Analysis result of strain at the complete fracture of
bonded interface

IV. CONCLUSION

In this study, the analytic research was conducted to
investigate the mechanical characteristics of tearing fracture
shown at the bonded interface of CFRP with woven type. The
tapered double cantilever beam was designed and used in the
research with the gradient angles of 6° and 8° for analysis.
The conclusions derived from this study are as follows;
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1)

2)

3)

4)

5)

When the equivalent stresses of the models with gradient
angle of 6° and 8° are compared with each other, the
model with gradient angle of 8° shows higher maximum
equivalent stress. In addition, the comparative analyses
on the equivalent stresses of two models illustrate that the
model with gradient angle of 8° shows greater
concentration of stress at the bonded interface than the
model with the gradient angle of 6°. That is, in case of
CFRP with woven type, the concentration of stress shown
at the bonded interface increases with the increase of
gradient angle.

When the strains of two models are compared with each
other, the model with gradient angle of 8° showed greater
strain than the model with gradient angle of 6°. In the
analysis, the strainmeans the deformation of material
against the load that manifests under the adhesion
exfoliation situation rather than the deformation of the
adhesives. Therefore, when the maximum strain and
contour of strains are analyzed, it is deemed that the
deformation around bonded interface is greater in the
model with gradient angle of 8° due to the greater
concentration of stress.

As the analysis results of strain energies of two models,
the model with gradient angle of 6° showed greater strain
energy than the model with gradient angle of 8°. Both
models showed the strain energy in the material itself
rather than in areas around the bonded interface. This
result means that the strain energy that occurs at the
bonded interface is not distributed since it is in the state
of occurrence of the release of strain energy. Therefore,
although the strain is greater in the model with the
gradient angle of 8°, the strain energy is greater in the
model with the gradient angle of 6°. It is deemed that the
reason for this occurrence is the greater delivery of the
force against the deformation at the fracture time of
bonded interface in the case of the model with the
gradient angle of 6°.

Based on the overallanalysis results of the model with the
gradient angle of 8°, it can be confirmed that the strain
energy is small due to manifestation of greater
concentration of stress. Although the maximum adhesive
strength becomes high when the fracture happens at the
bonded interface, the cohesive bonding force of adhesive
is quickly cut off. That is, it is possible to confirm that the
fracture occurs with the quick release of strain energy
with low durable property at the bonded interface.
However, there is the manifestation of high maximum
strength due to the high maximum stress.

When the results of comprehensive analyses are
examined, the magnitude of resisting force at the bonded
interface is found to be greater in the model with the
gradient angle of 8°. In addition, when viewed from
fracture dynamics, the fracture characteristics through
the strain energy and strain are dealt with more
importantly than the strength. When the strain energy and
strain are examined, it is deemed that the model with the
gradient angle of 8° has less fracture of material due to
adhesion fracture, thereby resulting in greater design
stability.
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