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ABSTRACT

Most of people are riding on their own bicycle due to the health and environmental pollution problems. The weight
must be light in order to run farther and easier by bicycle. The durability will be reduced due to the light weight
of tubes and handles at bicycle. To solve this problem, the three bicycle handle models 1, 2 and 3 were compared

with each other for structural analysis. The structural analysis was carried out in this study. Among three models,
model 2 and model 3 had the highest and lowest strengths at the structural analysis results, respectively. At this

study result, model 1 is thought to be the balanced excellent model with no defect among three models.
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1. Introduction

Currently, due to various problems including
environmental pollution and health, people often
travel a short distance or ride on their own bicycle
for leisure sports. The weight of bicycle should be
lighter in order to go a long distance more easily
when riding a bicycle.

The material for light weight is used with the
thin-thick.

At this point,

reduction as the thickness becomes thin. Among the

there is a problem of durability
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various parts of a bicycle, there is a saddle applied
by the most load on which a person sits, a
seat-post which is the base of a saddle, and a
handle that is held and pressed by a person. This
paper aims at solving the problem of durability for
the light weight with respect to the part of the
handle that is held and pressed by a person. Three
models of the flat bar, bull-hone bar and rise bar
were designed among the popular bicycle handles.
These models were analyzed and compared with
each other in order to investigate which handle
model had the best strength. After modelling with
CATIA program, the study models were analyzed
with ANSYS program. This

which parts of each bicycle handle are the most

study result shows
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vulnerable and strongest. The purpose of the study
is to develop a durable model with light weight
among various bicycle handles through the analyses

of different types of bicycle handle models' .

2. Study Results

In this paper, the types of bull-hone bar, rise bar
and flat bar were modeled as the bicycle handles,
and three models were analyzed by applying the
pressure that can be exerted by a person to the
bicycle handle in order to examine the structural
deformation. All models were designed to match
with almost the same size of the real bicycle handle
and the same thickness of tube that was actually
being used on the market. Three models of bicycle
handles are clearly different in shape from the
naked eye. And flat bars are the most basic form of
flat bars used at many bicycles. The rise bar is
shaped like a cow horn, with a curved bar placed
at the middle. Each handles have their own different
shapes and the hand grasping parts become different
accordingly. In this paper, a structural analysis was
carried out by applying pressure to the handle while
a person holds the handle.

2.1 Study models

In this paper, the handle types of bull-hone, rise,
and flat are designed with models 1, 2 and 3.

(b) Model 2

(c) Model 3
Fig. 1 Models 1, 2 and 3 with bull-horn and rise,
flat types

(a) Model 1

(a) Model 1

(b) Model 2
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(c) Model 3
Fig. 2 Mesh configurations of models 1, 2 and 3

Table 1 Material properties

Intents Values
Modulus of Elasticity 68.0 GPa
Poisson's ratio 0.36
Shear Modulus 25.0 GPa
Compressive Yield Strength 460 MPa
Density 2810 kg/m3
Tensile Strength 530 MPa

The models and mesh configurations of models 1,
2 and 3 are shown as Fig. 1 and Fig 2
respectively. The material properties of model as
aluminium are shown at Table 1. And Table 2
shows the numbers of elements and nodes for each

model for the finite element analysis®®'".

2.2 Analysis conditions

Figs. 3, 4 and 5 show the constraint conditions of
all models. Figs. 3, 4 and 5 show the fixed and
pressurized conditions at models 1, 2 and 3
respectively. The lower part of the stem and the
fork with the wheel at model 1(Bull-horn) are fixed
as shown by Fig. 3 (a). When gripping the handle
as shown by Fig. 3 (b), the equivalent pressure was
applied to 7 MPa at the area applied by the weight

Table 2 Numbers of elements and nodes at models

Model Nodes Elements
Model 1 55080 30437
Model 2 76937 45743
Model 3 46050 24662

of a person assuming that a person took on board.
In the case of model 2(Rise bar), the constraint
conditions were applied as shown by Fig. 4. The
fixed condition was shown at Fig. 4(a) and the
pressure of 7 MPa as the same condition with
model 1 was applied to the grips on the handle as
shown by Fig. 4(b). In the case of model 3(Flat
bar), the constraint conditions were applied as
shown by Fig. 5. The fixed condition was shown at
Fig. 5(a) and the pressure of 7 MPa as the same
condition with model 1 or 2 was applied to the
grip of handle as shown by Fig. 5(b).

B: Static Structural —

Fied Support
Tirne: 1. =

P Fixed Support

(a) Fixed condition

B: Static Structural
Pressure
Time: 1. s

[ Pressure: 7. mMPa

(b) Pressure condition

Fig. 3 Constraint conditions of model 1
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B: Static Structural B: Static Striasctural

Fixed Support ?i"r_Er’_lS:_“;_E -
Tirne: 1. = T

I Fressure: 7. hiPa
[ Fixed Support

(b) Pressure condition
(a) Fixed condition Fig. 5 Constraint conditions of model 3

B: Static Structural

B: Static Structural Total Deforrnation

Preszure Type: Total Deforrmation
Time: 1. s Unit: mm
Tirme: 1

I Pressure: 7. MPa 46,177 Max

4106
35.915
F0.FES
253.254
20323
15.392
10262
51308
O Min

(b) Pressure condition (a) Contour of total deformation
Fig. 4 Constraint conditions of model 2

B: Static Structural
Equiwvalent Elastic Strain
Type: Equivalent Elastic Strain
Unit: mmymim
Tirne: 1

B: Static Structural
Fixed Suppart
Tirme: 1. =

0.016169 hMax
0.014z272
0012576
001078
0.00505820
0.O0F1877F
00053914
00035952
0001799
2.718%=-6 Min

I Fixed Support

(b) Contour of equivalent elastic strain
(a) Fixed condition
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B: Static Structural B: Static Structural

Equivalent Stress ) Equiwvalent Stress

Type: Equivalent (von-Rdises) Stress Twpe: Equivalent (von-hdises) Stress
Unit: MPa Unit: MPa

Time: 1 Tirme: 1

28181 Max 23822 Max

2505 2zos.3
1313 Zooe .4
18780 P
12557 1434.5
s 1147.7
ca 26081
s1z.48 273.92

Ze7.0z

0.40556 Min .
0. 12472 Min

(c) Contour of equivalent stress (c) Contour of equivalent stress
Fig. 6 Contours of structural analysis results at model 1 Fig. 7 Contours of structural analysis results at model 2
= B: Static Structural

B: Static Struc.tural Total Deformation
Total Defarrmation Type: Total Deformation
Type: Total Deformation Unit: rnrn
Unit: mm Time: 1
Titrne: 1 Mlax: 47 472

’ BAin: O

12.667 Max e

1Z2.14s 42197

10.63 3656.923

0.111= Jles

7 sazv 26.373

LT 21.099

15.824

4. 5556 2 10.549

=2.0271 5.2747

1.2185 o]

O Min

(a) Contour of total deformation

B: Static Structural
B: Static Structural Equiwvalent Elastic Strain

Equiwvalent Elastic Strain T}r;:_:e: Equiwvalent Elastic Strain
Type: Equivalent Elastic Strain Unit:=menyfrim

s Tirme: 1
Unit: mmeAmim Mg 00223158

(a) Contour of total deformation

Time: 1 Min: 2.1147e-&
0013092 hMax 0022158
0011638 0.0z20585
OolLOLES 0018012

0015439
OO08T2EG S GTbRes
O.00F274 0010293
00058194 D.O0F 7206
0003845 00051478
O.00291 02 D.0025749
00014556 21147e-5

1.0393=-6 Min

(b) Contour of equivalent elastic strain
(b) Contour of equivalent elastic strain
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B: Static Structural
Equivalent Stress
Type: Equivalent (von-hises) Stress
Unit: kP a

Tirme: 1

hAdax: 46049 .G

PAdin: 0274049
2019-05-03 258 9:23

4504 5
4093
35814
20659 8
2558.2
204 6.6
1525
10224
311.86
0.27404

(c) Contour of equivalent stress
Fig. 8 Contours of structural analysis results at model 3

2.3 Analysis results

As shown by Figs. 6, 7 and 8, the total
deformation, equivalent elastic strain and equivalent
stress are shown respectively at models 1, 2 and
30-13]

By comparing with the maximum total
deformations of all models, model 2 had the
greatest strength with the lowest total deformation
among three models. The maximum values of total
deformations were shown to be 46.177 mm, 13.667
mm, and 47472 mm respectively at models 1, 2
and 3. The values of model 1 and model 3 were
different each other by about 1.3 mm, but model 3
became the model with the greatest deformation. By
comparing with the maximum equivalent elastic
strains of all models, model 2 was also the best
model with the lowest equivalent elastic strain
among three models but model 3 became the worst
model with the highest value. The maximum values
of equivalent elastic strains were shown to be
0.016169 mm/mm, 0.013092 mm/mm, and 0.023158
mm/mm respectively at models 1, 2 and 3. By
comparing with the maximum equivalent stresses of
all models, model 2 had also the greatest durability
with the smallest equivalent stress among three

models and the maximum value of model 3 was far

larger than those of other models, indicating that
model 3 became the worst model. The maximum
values of equivalent stresses were shown to be
2818.1 MPa, 25822 MPa, and 46046 MPa
respectively at models 1, 2 and 3.

3. Conclusion

Through the structural analyses on three bicycle
handle models 1, 2 and 3 with bull-hone, rise, and
flat types, the study results were concluded as
follows;

1. For total deformations, model 2 was the best one
as the maximum value of 13.667 mm and model
3 was the worst one as the value of 47.472 mm.

2. For equivalent elastic strains, model 2 was the
best model with the maximum value of 0.013092
mm/mm, and model 3 was the worst model with
that of 0.023158 mm/mm.

3. For equivalent stress, model 2 had the highest
strength as the maximum value of 2582.2 MPa
and model 3 had the lowest strength as the
value of 4604.6 MPa. Consequently, it is thought
that model 2 has the highest durability and
model 3 has the lowest durability among three
models. Through the analyses of different types
of bicycle handle models, this study result can
be applied at developing a durable model with
light weight among various bicycle handles.
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