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Abstract: Since, stainless steel, alumimun and bronze as a single matenial are directly connected with safety as
the materials most universally employed, sufficient advance experiments before use are an essential requirement.
Based on such point, notch tensile analysis with simulation was conducted in the present study by designing
notched tensile specimen models of the same specification for stainless steel, aluminum and brass. In the
present study, notched tensile specimen models made of stainless steel, aluminum and brass were subjected
to 3D modelling using CATIA design program for which notched tensile analysis in simulation was performed.
By designing notched tensile specimen models per material and conducting a notch tensile analysis, tensile
strength characteristic and durability of each material could be affirmed. According to the results of conducting
the notched tensile analysis, the loads were shown to have tendency for gradual increase until the maximum
load was exhibited in the case of aluminum notched tensile specimen model and brass notched tensile specimen
model. Tn the case of stainless steel tensile specimen model, the loads were rapidly increased until the forced
displacement progressed by about 3 mm followed by tendency for gradual increase shown subsequently. This
study 1s aimed at notch tension of universally employed materials such as stainless steel, alumimum and brass
among materials to identify material properties of heterogeneous materials and composite materials it is
considered that the data secured through the relevant study can be utilized as basic data for the investigations
to be conducted in the future.
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INTRODUCTION

Recently, the use scope of materials is gradually
being expanded with the use m diversified areas. At the
same time, material types are also being diversified. These
materials include materials consisting of a single metal and
the composite materials such as CFRP (Carbon Fiber
Reinforced Plastic) produced to simultaneously have
high durability and weight reduction characteristics
heterogeneous properties by employing the method of
combining and maximizing advantages of each material
with the materials of mutually different properties
(Ohguchi and Kurosawa, 2016; Ma et al., 2016, Komori,
2016, Kumar et al., 2016). However, since, staimnless steel,
aluminum and bronze as a single material are directly
connected with safety as the materials most universally
employed, sufficient advance experiments before use are
an essential requirement (Akbary et al., 2014; Perez et al.,
2014). Based on such a point, notched tensile analysis in
simulation was conducted in the present study by

designing notched tensile specimen models of the same
specification for stainless steel, aluminum and brass. It 1s
considered that the data derived through this procedure
in this study can be utilized as basic data in the actual
tensile tests as well as the comparative studies with
composite and heterogeneous materials to be performed
in the future (Bayley and Aucoin, 2013; Aslani, 2013;
Zhang et al., 2012a, b).

MATERIALS AND METHODS

In this study, notched tensile specimen models of
stainless steel, aluminum brass were subjected to 3D
modelling using CATIA design program for which
notched tensile analysis m simulation was conducted.
Figure 1 shows specification of the notched tensile
specimen model with the specification for all notched
tensile specimen models bemng the same. Namely, lateral
length of the notch specimen models 13 15 mm, the
longitudinal length 80 mm the width 0.5 mm with the
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Fig. 1: Dimensions of notched tensile specimen

Z-axis forced displacement 3 mm/min

Fixed support

Fig. 2: Boundary conditions of notched tensile specinen
models

Table 1: Material properties

Materials Stainless steel  Aluminum Brass
Density (kg/m®) 7750 2770 8300
Young’s modulus (GPa) 193 71 110
Poisson’s ratio 0.31 0.33 0.34
Yield strength (MPa) 207 280 280
Ultimate strength (MPa) 586 310 430

lateral length of each notch being 2 mm and the
longitudinal length 1 mm. In this study, tensile strengths
of such notched tensile specimen models were studied.
Also, Table 1 material properties of the
notched tensile specimen models (Katnam et al.,, 2012;
Abu-Farha et al., 2011; Elambasseril et al., 2011; Lee and
Cho, 2016).

shows

Boundary conditions: Figure 2 shows the boundary
conditions applied to each notched tensile specimen
model to conduct the simulation tensile analysis. All
boundary conditions applied to the specimen models were
the same where the specimen was first assumed to be
fixed to the lower load cell, the fixed support points were
given to the bottom part of the specimen model the forced
displacement condition of 3 mm/min was imposed on the
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top part of the specimen model with the specimen being
assumed to be pulled by the upper load cell to perform the
test.

RESULTS AND DISCUSSION

Figure 3 graphically shows the result values of load
as a function of forced displacement for a stainless steel
notched tensile specimen. According to the results of
conducting tensile analysis, the loads applied to the
specimen model showed tendency for gradual increase as
the forced displacement progressed and then a rapid
increase until the forced displacement proceeded by
about 3 mm, followed by a gradual increase in loads
subsequently until the forced displacement progressed by
about 10 mm. When the forced displacement progressed
by about 10 min, the maximum load of about 32500 N was
observed for the specimen model it could be affirmed that
loads acting on the specimen model were gradually
reduced as rupture occurred m the specimen model. Also,
Figure 4 and 5 show the stress and the total
deformation produced in the stainless steel notched
tensile specimen model it could be affirmed that the total
deformation was shown to be about 0.044 mm the stress
about 221.88 MPa.

Figure 6 graphically shows the result values of load
as a function of forced displacement for the aluminum
notched tensile specimen model. Although, a similar
tendency to that for the stainless steel notched tensile
specimen model was observed, the point of ocowrrence of
rupture, etc. were shown to be different. Whereas the
loads were drastically increased up to a given forced
displacement followed by gradual increase afterwards in
the case of stainless steel notched tensile specimen
model, the loads could be affirmed to constantly increase
as a whole. Namely, considering the graph, the loads were
shown to have tendency for gradual constant increase
until the forced displacement progressed by about 7 mm
the maximum load of about 21000 N was observed when
the forced displacement reached about 7 mm. After
occurrence of the maximum load, the rupture occurred in
the relevant specimen model with subsequent drastic
reduction n the loads. Figure 7 and 8 schematically show
total deformation and stress produced m the alummum
notched tensile specimen model it could be affirmed that
the total deformation was shown to be about 0.093 mm
the stress about 166.42 MPa.

In a similar way to the tensile analysis results
described earlier, Fig. 9 graphically shows the load result
values for the brass notched specimen model as a
function of forced displacement. As a result of
conducting the tensile analysis, the brass notched tensile
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Fig. 6: Graph of load due to forced displacement at tensile

Fig. 3: Graph of load due to forced displacement at tensile analysis (aluminum notched tensile specimen
analysis (stainless steel notched tensile specimen model)
model)

B: Static structural

Total deformation
Type: Total deformation
Unit: mm

A: Static structural
Total deformation

Type: Tota -

deformation Time: 1

Unit: mm

Time: 1 0.092555 max

0.082271

0.043831 max 0.071987
0.038961 0.061703
0.034091 0.051419
0.029221 0.041136
0.024351 0.030852
0.019481 0.010284
0.014610 0 min
0.0097403
0.0048702

0min

Fig. 7. Total deformation of aluminum notched tensile
Fig. 4: Total deformation of stainless steel notched tensile specimen model

specimen model

B: Static structura
Equivalent stress
Type: Equivaent (von-Mises) stress

A: Static structural

Equivalent stress _LI_Jir;rI]té MPa

Type: Equivalent (van-Mises) stress

unit: MPa 166.42 max

Time: 1 14815
221.88 max 120.87
197.49 111.59
173.09 93.311
148.70 75.032
124.30 56754
99.911 38475
75.517 20.197
51124 1.9183 min
26.730
2.3359 min

Fig. 8: Equivalent stress of aluminum notched tensile
Fig. 5: Equivalent stress of stainless steel notched tensile specimen model
specimen model
specimen model as well as the aluminum notched tensile
specimen model also showed tendency for load increase specumnen model where the loads were gradually increased
sinilar to that for the stanless steel notched tensile up to a given forced displacement and then drastically
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Table 2: Comparison analysis results of notched tensile specimen models

Notches

Maximum deformation (mim)

Maximum equivalent stress (MPa)

Stainless steel tensile specimen with notches
Aluminum tensile specimen with notches
Brass tensile specimen with notches

0.640000 229.44
0.000571 170.31
0.000650 258.96

30000

25000 1

20000 1

15000

Load (N)

10000 1

5000 1

O T T T 1
0 2 4 6

Forced displacement (mm/min)

Fig. 9: Graph of load due to forced displacement at tensile
analysis (brass notched tensile specimen model)

C: Static structural
Total deformation
Type: Tota
deformation

Unit: mm

Time 1

0.069684 max
0.061941
0.054199
0.046456
0.038713
0.030971
0.023228
0.015485
0.0077427
0min

Fig. 10: Total deformation of brass notched tensile

specimen model

reduced as rupture occurred in the specimen model after
appearance of the maximum load. Namely, the loads were
gradually increased until the forced displacement
progressed by about 6.2 mm could be affirmed to be
drastically reduced following occurrence of rupture after
the maximum load of about 24000 N was shown at the
relevant forced displacement. Figure 10 and 11
schematically show total deformation and stress produced
in the brass notched tensile specimen model where the
total deformation can be affirmed to be about 0.070 mm
the stress about 194.17 MPa.

Figure 12 shows mutual comparisons of load result
values as a function of forced displacement for stainless
steel, specimen
models while Table 2 15 shown to specifically compare the

aluminum  brass notched tensile
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C: Static structural
Equivaent stress
Type: Equivalent (von-Mises) stress
Unit: MPa
Time: 1

194.17 max
172.85
151.53
130.21
108.90
87.581
66.264
44.947
23.63
2.3131 min

Fig. 11: Equivalent stress of brass notched tensile

specimen model

Stainless steel notch tensile specimen
Aluminum notch tensile specimen
Brass notch tensile specimen
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2

Fig. 12: Comparison graph of load due to forced
displacement at tensile analysis (stainless steel,
alumimum and brass notched tensile specimen

model)

analysis results for each notched tensile specimen model
resulting from simulation tensile analysis. When the 3
types model were mutually compared, the maximum load
of about 32500 N was observed in the case of stainless
steel notched tensile specimen model when the forced
displacement progressed by about 10 mm the maximum
load of about 21000 N was shown in the case of alummum
notched tensile specimen model when the forced
displacement progressed by about 7 mm. And the case of
brass notched tensile specimen model, the maximum load
of about 24000 N was observed when the forced
displacement progressed by about 6.2 mm. Also, the total
deformation and the stress of the stainless steel notched
tensile specimen model were shown to be about 0.044 mm
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and about 221.88 MPa, respectively while the total
deformation and the stress of the aluminum notched
tensile specimen model were shown to be about 0.093 mm
and 166.42 MPa, respectively. Lastly, in the case of brass
notched tensile specimen model, the total deformation and
the stress could be affirmed to be about 0.070 mm and
about 194.17 MPa, respectively. Thus, this study 1s
directed to notched tension for stainless steel, aluminum
and brass which are universally used among materials
aimed at securing of basic data as a study to identify
material property values of heterogeneous materials as
well as diversified composite materials to be mvestigated
in the future. Based on the data secured through the
relevant study, comparative study can be performed with
composite materials such as CFRP and heterogeneous
materials combming features of mutually different
materials.
CONCLUSION

In this study, stainless steel, aluminum  brass
notched tensile specimens were produced to conduct
notched tensile experiments the following conclusions
have been derived by conducting a simulation analysis
for verification of the experimental results.

By designing notched tensile specimen models of the
same specification per material and performing a notch
tension analysis, tensile strength characteristics and
durability of individual materials could be affirmed.

In the case of stainless steel notched tensile
specimen model, the maximum load of about 32500 N was
observed when the forced displacement progressed by
about 10 mm while the maximum load of about 21000 N
was shown in the case of aluminum notched tensile
specimen model when the forced displacement progressed
by about 7 mm. And in the case of brass notched tensile
specimen model, the maximum lead of about 24000 N was
observed when the forced displacement progressed

by about 6.2 mm. Also, the total deformation and the
stress for stainless steel notched tensile specimen model
were shown to be about 0.044 mm and about 221 .88 MPa,
respectively while the total deformation and the stress for
aluminum notched tensile specimen model were shown to
be about 0.093 mm and 166.42 MPa, respectively. Lastly,
in the case of brass notched tensile specimen model, the
total deformation and the stress could be affirmed to be
about 0.070 mm and about 194.17 MPa, respectively.

According to the results of conducting a notched
tensile analysis, the loads were shown to have tendency
for gradual increase until the maximum load was observed
i the case of alummum and brass notched tensile
specimen models while the loads were shown to be
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drastically increased until the forced displacement
progressed by about 3 mm, followed by having tendency
for gradual increase 1 the case of stamnless steel notched
tensile specimen model. In all tensile specimen models,
rupture occurred at the same time as appearance of the
maximum load the loads acting on the specimen models
were drastically reduced subsequently.

RECOMMENDATIONS

This study 1s directed to the tension state in notched
specimens for stainless steel, aluminum and brass which
are universally used among materials  aimed at
identification property
heterogeneous and composite materials. It 15 considered
that the data secured through the relevant study can be
utilized as the basic data for the investigations to be
conducted in the future.

of material values for
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