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Abstract

Background/Obijectives: CFRP is getting a great deal of attention with its next-generation lightweight materials. Weight lightening can
be greatly improved by designing the structure using the method of bonding lightweight materials.

Methods/Statistical analysis: This study was based on BS (British standard) 7991 for mode Il (Sliding mode). BS 7991 is a basic re-
search method for identifying the basic elements of CZM (Cohesive zone method). In the mode I1 as sliding mode of the inclined double
cantilever beam, the effects on the materials and the mechanical properties shall be identified when the sliding load working at the bond-
ed interface appears.

Findings: Unidirectional CFRP shall be designed in accordance with quasi-isotropic laminate in order for its elastic stiffness to be de-
signed similarly at all the coordination directions. Therefore, the laminate structure used in this study was designed to be [0 / + 603]s.
This is because the adhesion force acting on the bonded interface varies according to the progress of the failure when the interfacial fail-
ure occurs in the mode Il as sliding mode of the inclined double cantilever. Quasi-isotropic laminate structure has an advantage of not
setting differently elastic stiffness depending on the coordination in all the directions. The analysis condition of a restraint has been ap-
plied to one of the inclined double cantilevers with remote displacement excluding the rotation direction. The freedom of rotation direc-
tion along with forced displacement of sliding direction has been given to remote displacement in the other cantilever. Forced displace-
ment speed was set at 3 mm/min. Given the free direction of rotation in both cantilevers, the inclined double cantilever has been ruptured,
minimizing the interference between the elements.

Improvements/Applications: In this research, a database for the application of lightweight materials and the bonding method, which are
the design elements for lightweight structure, has been constructed.
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prospects, weight reduction must be indispensable for transporta-
tion machines. Reducing the weight of the machine structure can
not only improve fuel consumption but also greatly reduce the

1. Introduction

In the transportation machinery industry including the automo-
biles, researches on environment-friendliness have been actively
conducted. Most transportation machines are powered by internal
combustion engines using fossil fuels [1-3]. Internal combustion
engines inevitably create the emissions and have a fatal impact on
the environment. Modern technology for transportation has fo-
cused on improving fuel consumption and reducing emission s [4],
[5]. However, in the future, many efforts are being made to com-
mercialize the power sources, which do not create emissions using
the electric power sources [6]. The cruising range is important for
the transportation machine using the electric power source [7-8].
The cruising range of transportation machines using electric power
[9-10] directly affects the capacity of battery. The current technol-
ogy does not meet the requirements for the cruising range and
researches on this issue have been actively conducted [11-12]. In
terms of current technology improvement and future technology

amount of exhaust gases. In addition, it can significantly increase
the cruising range of transportation machines using the electric
power. Accordingly, this study provides the basic data for the
design of lightweight structures using unidirectional CFRP, which
is known as a light material, and adhesion technology.

2. Analysis models

Figure 1 shows the specifications of the model used in this study.
This study is about mode II (Sliding mode) based on BS (British
standard) 7991 showing the test piece of TDCB (Tapered double
cantilever beam) type. An angle was given depending on the vari-
able between the models. Research models with tilt angles of 6°,
8°, 10° and 12°were respectively defined as TDCB 6, TDCB 8,
TDCB 10, and TDCB 12. All the research models are the same
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with the length of the bonded interface of 120mm, this being due
to a factor which may affect the adhesive force, pertaining to the
area of the bonded interface. All the test pieces are the same with
the thickness of 5mm. Figure 1 shows only one cantilever beam of
double cantilever beam, which is the research model, being ad-
hered symmetrically to each other with reference to the adherend.
Figure 2 shows the structure in the direction of the fiber for ana-
lyzing and designing the unidirectional CFRP (Carbon fiber rein-
forced plastic), a fiber structure composite material. Figure 2
shows the unidirectional CFRP with laminate structure of [0/+603
]s and with fiber structures of -60 ° and 60 °. With the reference to
coordination direction, Z-axis direction being 0 °and to Z-axis
direction being +60°, the fibers of +60 °are laminated, which were
designed using the tool called ANSYS Composite Preppost. Also,
it shows the adhesive zone as an analytical model after all laminat-
ing is completed.
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Fig. 1: Design Drawing for Analysis Model.

Fig. 2: Fiber Structure and Adhesive Part for Unidirectional CFRP Design

3. Analysis conditions

Figure 3 shows the analysis conditions, and a forced displacement
at the speed of 3mm/min. was given to the one of the cantilevers.
A constraint was given to the other cantilever. A degree-of-
freedom was given to all the load-bearing areas in the direction of
rotation, which was conducted in order to check the data similar to
the actual experiment without causing interference and penetration
between the elements under analysis. All the analyses were con-
ducted up to a maximum displacement of 50mm, which were giv-

en in this way as the failure of adhesive may lead to lose adhesive
force by one third of the length of bonded interface. Thus, by pre-
dicting the results, it is possible to reduce the analysis time by
efficiently applying the analysis conditions. Figure 4 shows the
mesh of model used in the analysis. Since it is a study to confirm
the mechanical part at the bonded interface, the elements of the
bonded interface have been constituted with a minimum of
0.5mm. The lattice structure of parts other than this part has been
constituted larger for the efficiency of the analysis.

A : Displacement (3mm/min)
B : Support

Fig. 3: Analysis Condition.

Fig. 4: Mesh Configuration of Analysis Model

4. Simulation analysis results

Figure 5 shows the equivalent stress distribution of TDCB 6 mod-
el. The maximum equivalent stress of TDCB6 model was about
191 GPa. Additionally, the maximum equivalent stress occurred at
approximately 5 mm which was a somewhat early displacement.
Maximum equivalent stress occurred at the midpoint of bonded
interface. It is confirmed that many equivalent stresses occurred
regarding the bonded interface.
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Fig. 5: Equivalent Stress Distribution of the TDCB 6 Model.

Figure 6 shows the equivalent stress distribution of TDCB 8 mod-
el. The maximum equivalent stress of TDCB8 model was about
53GPa. Like TDCB 6 model, it occurred about 5 mm of forced
displacement. Its maximum equivalent stress is lower than that of
TDCB6. The distribution of principal equivalent stress and the
maximum equivalent stress also occur at the bonded interface, but
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the high equivalence stress is confirmed to occur in the neck of the
research model, which is different from TDCB6 model.
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Fig. 6: Equivalent Stress Distribution of TDCB 8 Model.

Figure 7 and Figure 8 show the equivalent stresses of TDCB 10
model and TDCB 12 model. Similarities can be noticed from the
equivalent stress distribution between TDCB 10 model and TDCB
12 model. Maximum equivalent stress and most equivalent stress
are noticed in the neck of the research model. Moreover, it is con-
firmed to undergo the large forced displacement compared to the
previous models. The maximum equivalent stress of TDCB 10
model is about 31 MPa and that of TDCB 12 model is about 35
MPa. TDCB 10 and TDCB 12 models show the maximum equiva-
lent stress lower than those of the previous models. The maximum
equivalent stress of TDCB10 model occurred at the forced dis-
placement of 50 mm and that of TDCB12 model at about 30mm.
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Fig. 7: Equivalent Stress Distribution of the TDCB 10 Model.
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Fig. 8: Equivalent Stress Distribution of the TDCB 12 Model.

Figure 9 shows the strain distribution for all models. All models
are revealed to have similar distributions of equivalent stress and
strain. Maximum deformation point and maximum intensity point
are the same. The maximum strains of TDCB 6, TDCB 8, TDCB
10, and TDCB 12 models were revealed to be 5mm/mm,
2mm/mm, 0.0007mm/mm, 0.0008mm/mm, respectively. Forced
displacement points at which maximum strain of all models occur
are also the same as in the cases of the maximum equivalent
stress.
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Fig. 9: Strain Distribution of Each Model.

Figure 10 is about the graph of the reaction forces of TDCB 6 and
TDCB 8 models. It is the reaction force in accordance with dis-
placement (forced displacement). Maximum reaction force oc-
curred at the displacement of about 5 mm to 6 mm in both TDCB
6 and TDCB 8 models. Maximum reaction force of TDCB 6 mod-
el is about 80 KN. Maximum reaction force of TDCB 8 model is
about 70 KN. After the maximum reaction force, reaction forces
are sharply lowered to ON in both models. The point at which
maximum reaction force occurs is the same as the point at which
the maximum equivalent stress occurs. Also, the reaction forces of
both models sharply increase at the onset of forced displacement
and then fall sharply, which can be thought that the sudden de-
struction had occurred at the onset of displacement before com-
plete destruction.
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Fig. 10: Reaction Force Graph by Forced Displacement of TDCB 6 and
TDCB 8 Model.

Figure 11 is about the graph of the reaction forces of TDCB 10
and TDCB 11 models. It is reaction force in accordance with dis-
placement (forced displacement). Both TDCB10 model and
TDCB12 model show a gradual graph at the onset of displace-
ment. TDCB 10 model shows a graph in which adhesion is sus-
tained without complete failure. TDCB12 model shows a graph in
which complete rupture occurs at a forced displacement of about
44 mm. Maximum reaction force of TDCB 10 model is about 450
KN. Maximum reaction force of TDCB 12 model is about 470
KN. Both models have similar maximum reaction forces, but the
maximum reaction force of TDCB10 model tends to be somewhat
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lower than that of TDCB12 model. Relatively similar graphs can
be noticed in TDCB10 model and TDCB12 model. However, the
difference between the TDCB 6 and TDCB 8 models and the
TDCB 10 and TDCB 12 models is remarkable to an appreciable
extent.
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Fig. 11: Reaction Force Graph by Forced Displacement of TDCB 10 and
TDCB 12 Model.

5. Conclusion

In this study, the mechanical properties in the sliding mode of
bonded interface have been confirmed by the analyses from the
finite element method using unidirectional CFRP.

1) Design of laminated structure shall be conducted in the de-
sign for the finite element analysis of unidirectional CFRP,
when the laminated structure design can be unconstrainedly
made to increase the degree of freedom of the user but the
design of structure shall be carried out in accordance with
the law of quasi-isotropic laminate structure. This is because
the material designs of the composite material are so diverse
that many analysis factors shall be taken into account.

2) Confirming the equivalent stress of models leads to know
that the maximum equivalent stress of TDCB6 model is
highest at about 191 GPa. Additionally, the maximum
equivalent stress of the TDCB10 model is the lowest at
about 31 MPa. However, maximum equivalent stress is re-
vealed at the forced displacement of about 5 mm in TDCB6
and TDCB8 models. Since the maximum equivalent stresses
of TDCB10 model and TDCB12 model occur at the neck of
the research models, the models that maintain the best adhe-
sion at the bonded interface may be considered as TDCB 10
and TDCB 12 models. That is to say, TDCB 6 model and
TDCB 8 model have a certain advantage over the other
models in the structure in which a huge impact is imposed
or a small deformation is not allowed. On the other hand,
TDCB 10 and TDCB 12 models are suitable for the struc-
tures which are somewhat deformable under the relatively
small loads. That is, TDCB6 and TDCB8 models may be
favorable in terms of adhesive stiffness and TDCB10 and
TDCB12 models favorable in terms of adhesive strength.

3) It is confirmed that the equivalent stress distribution and
strain distribution of all models are similar, which means
the maximum deformation occurs at the maximum strength,
and that the forced displacement at which the maximum
strain of all models occurs are in the same position where
the maximum equivalent stress occurs means that the adhe-
sive does not slip significantly in the sliding mode. If the
adhesive may be compared to the material, the maximum
equivalent stress can be formed as the brittleness of material
or rupture in the adhesive structure of TDCB type. Such
forms are noticed remarkably in TDCB6 and TDCB8 mod-
els.

4) Compared with the TDCB6 and TDCB8 models, TDCB 10
model and TDCB 12 model have remarkably low maximum
strain, which implies that all the ruptures do not occur at
once but slide slowly and form and withstand the maximum
equivalent stress. As this phenomenon is shown larger in
TDCB6 model than inTDCB8 model, TDCB6 model is a
bonding angle suitable for structures which withstand the
large load or impact with a slight chance being deformed.

5) With an glance at the reaction force graphs due to the dis-
placement of all models, TDCB 6 model and the TDCB 8
model are considered to withstand the impact loading.
However, cyclic loadings cannot be sustained and it rup-
tures immediately. That is to say, the TDCB6 and TDCB8
models may be said to be quickly destroyed even if they
withstand the large load as the forced displacement is given
and the reaction force is confirmed accordingly in the analy-
sis conditions. On the other hand, the TDCB10 and
TDCB12 models show a gradual graph at the onset. In other
words, the fractures of the bonding interface occur continu-
ously but the ruptures do not occur in an easy manner. In
particular, though the maximum forced displacement of 50
mm was given toTDCB10 model, the rupture did not occur
to the last. That is, the bonding angle of 10° is advantageous
in bonding the structure on which impact loading is not
conducted and at which a certain degree of deformation is
allowed.

6) In conclusion, the advantages of sliding loading are as fol-
lows in adhering unidirectional CFRP of 60 °to the struc-
tures using the composite materials in accordance with the
law of quasi-isotropic laminate structure. In the structure
where a large sliding load shall be withstood and the defor-
mation shall not be made to a certain degree. An angle of
6 ° at bonded interface is favorable, and an angle of 10 ° at
bonded interface is favorable in designing the structure
where little sliding load and some deformations are allowed.
A bonding angle of 6° may be favorable in designing the
structure whose stiffness is emphasized and a bonding angle
of 10° in designing the structure whose strength is empha-
sized.
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