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ABSTRACT

This article analyzes the stress and displacement of the bicycle frame in response to the
gravitational load of the driver. As experimental frame testing is quite expensive, therefore numerical
methods such as Finite Element Method (FEM) are currently applied to predict the performance
of bike frame. Ansys Engineering Simulation Software are using for determining the maximum
deformation and stress with static analysis. The analysis is performed based on the model built by
Solidworks software. The bicycle frame used in this article is mountain bicycle form Asama called
Ranger 1.0. The frame is diamond shape and made of aluminum alloy 6061. The loading cases used
in this study consist of three different static loading cases with 100 kg rider weight. Static simulation
results show the maximum deformation 12.075 % 107 m. The maximum Von Mises stress from the
overall loading cases is 44.1 MPa. The minimum safety factor is observed as 6.35.

Keywords: Bicycle Frame; FEM; Structural Analysis; Static Analysis.
TOM TAT

Bai bdo trinh bdy viéc phan tich iting sudt tinh va chuyén vi cia khung xe dap ddp vmg theo
trong lye ciia nguweoi 1di xe. Khi viéc thi nghiém trén khung xe rat ddt tién thi viéc ding mé hinh sé
va phwong phdp phan tir hitu han dé kiém tra va dw dodn thé hién ciia khung xe la rdt can thiét. O
ddy, phan mém Ansys dwoc ding dé xdc dinh bién dang va g sudt 16n nhat trong bdi todn phén
tich tinh hoc. M6 hinh s6 ding trong phén tich phan tir hitu han dwoc xdy dung boi Solidworks va
chuyén sang mé hinh cia Ansys. Khung xe dwoc lam mdu chudn cho viéc nghién ciru la Asama
Ranger 1.0. Khung xe cé dang hinh kim ciong va lam bang hop kim nhém 6061. Tdi ddt lén khung
xe gdy ra béi trong lwong nguoi ldi 100 kg. Két qua phan tich tinh hoc cho thdy bién dang 1ém nhat
la 12,075 x 107 m. Ung sudt Von Mises lén nhdt la 44,1 MPa. Heé $6 an toan duwoc quan sat la 6,35.

Tw khéa: Khung xe; Phan tir hitu han; Phan tich két cau; Phan tich tinh hoc.
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1. INTRODUCTION

Bicycles have been employed for
many uses such as for transportation, bicycle
commuting, utility cycling. The bicycle is
also used for entertainment purposes, such as
bicycle touring, mountain biking, physical
fitness. There are a lot of types of bicycle
competition which are held all over the world.
Major multi-stage professional events are the
Giro d'ltalia, the Tour de France, the Vuelta a
Espana, the Tour de Pologne, and the Volta a
Portugal...

The bicycle has undergone continual
adaptation and improvement since its inception.
These innovations have continued with the
advent of modern materials and computer-
aided design, allowing for a proliferation of
specialized bicycle types, improved bicycle
safety, and riding comfort. A bicycle consists of
several main parts: frame, wheel, pedal, saddle,
brakes, and chain.

In this paper, theoretical approach
applied the method of Finite Element Analysis
(FEA) by acquiring data of force by rider applied
to the bicycle frame with a purpose to identify
the static structure of bicycle frame. FEA
involved the usage of Solidworks Simulation
to draw the frame following mountain bike
measurement with aluminium alloy 6061
material. Use Ansys, which is a software that
enables the adoption of finite element analysis,
to analyse the structural properties like stress
and displacement. From the results obtained,
we will try to find solutions to overcome
shortcomings when designing bicycle frames
as well as frame manufacturing materials.

2. REVIEW OF BICYCLE FRAME

The basic requirements for a bicycle
frame are top tube, head tube, down tube,
chain stays, seat stay, and seat tube. The double
triangle shape of bicycle frame is known as a
diamond frame. Various loads are acting on
the different parts of a bicycle frame. In this
study, the rider with 100 kg was considered to
analyze the static and dynamic analysis of the
alunimium alloy Al6061 T6 frame by FEM.

The material properties are shown in
Table 1. The primary dimension of the bicycle
frame are shown in Table 2. Figure 1 show the
diagram of tube.

Table 1. Material properties

Aluminium Alloy 6061
Data Symbol Value
Young’s Modulus E 70 GPa
Density p 2700kg/m?
Poission’s ratio v 0.34

Table 2. Dimensions of main part

Length puter .Inner
Part (mm) Diameter | Diameter

(mm) (mm)
Top tube 50 40 38
Head tube 10 40 38
Down tube 60 40 38
Seat tube 40 40 38
Seat stays 45 20 0
Chain stays 42.5 20 0
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Figure 1. Diagram of tube

3.FEA OF BICYCLE FRAME USING ANSYS

To wverify the analytical result of
deformation for bicycle frame it is compared
with FEA analysis and define the stress. The
problem to be modeled is a simple bicycle
frame shown in the following Figure 2. The
model then is meshed as in Figure 3.
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Figure 3. Meshed bike frame model

The static structural analysis is made by
applying loads and constraints to the frame at
several points and the positions and analysis is
done for the frame as Figure 4.

In the figure point D is the fixed support
where the front part of the frame goes and rests
on the fork of the steering. Point E is the fixed
support where the frame rests on the dropout of
the rear wheel of the bicycle near the dropouts.
Point A is load acting on the frame that is at the
area of the saddle location, the load considered
is 1000N on the frame which is 100kg of rider.
Point B is 150N load acting on the handle of
bicycle. Point C is 450N load acting on the
pedal of the bike.

Figure 4. Constrains and loads acting on the frame

After all the forces are applied on the
frame and the structural constrains given after
the meshing the deformation results, stresses
on the frame are obtained and the conclusions
are made based on the amount of maximum
deformation and stress (Figure 5,6,7).

- Deformation
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Figure 5. Deformation of bicycle frame

The result after analysis on Ansys
shows that the maximum deformation of bike
frame is on the seat stays and it’s value is
12.075 x 10”° m.

= Comment: The result of bicycle’s
deformation let us know the rigidity of bicycle
(the greater the rigidity, the smaller deformation
and vice versa). Based on that, in the future we
can find ways to increase the rigidity of the
bicycle frame.

- Yon Mises Stress

One of the outputs of finite element
analysis is Von Mises stress which can be used
to estimate the possibility of plastic deformation
in the structure. The output of the static linear
simulation is Von Mises stress distribution. It
can be seen that the Von Mises stress plot on the
frame model is depicted using color contours.
The lowest stress contour is depicted in blue,
while the highest stress contour is depicted in
red. The color contours displayed on the frame
model can be used to determine the stress
distribution in the frame.

Figure 6. Von Mises stress distribution

Figure 7. Von Mises stress distribution on sitting
position

Figure 8. Von Mises stress distribution between the
seat and down tube

Figure 9. Von Mises stress distribution between the
head and top tube
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Figure 10. Von Mises stress distribution on the
connection between the wheel and chain stays

= Comment: The simulation for the bike
frame model with static loading in the sitting
riding position shows that the maximum stress
that occurs is 44.1 Mpa. The maximum stress
concentration occurs around the area between
the seat tube and the top tube connection as
shown in Figure 8. Locations where notable
Von Mises stress values appear are shown in the
Figure 9, Figure 10, Figure 11 and Figure 12.

- Safety factor

Figure 11. Safety factor of bicycle frame

= Comment: The result shows that the
frame can endure all the loads acting on it. The
value at the top of the seat tube is the lowest
since the equivalent stress at this area is the
highest. Oppositely, the area which has the low
to medium equivalent stress has the highest
safety factor value. In conclusion, the frame is
safe for normal operation.

Figure 12. Minimum safety factor

4. CONCLUSION

The analysis of this bicycle frame was
based on the specific boundary condition of
adult's weight of 100 kg. The bicycle frame
is made from aluminum alloy Al6061 T6.
Ansys let us know exactly positions stand with
minimum, maximum Von Mises stress and
the area has minimum safety factor. Although
the deformation occurs, the bicycle frame can
still endure the stress without any damage on
the frame structure. In conclusion, the results
are acceptable and can be improved in the
future. Hence, the objective for the project is
achieved. <

References:

[1]. Saeed Moaveni, “Finite element analysis
— Theory and application with Ansys”,
Minnesota State University, Mankato.

[2]. P.D. Soden, B.A. Adeyefa, “Forces applied to
a bicycle during normal cycling”, Journal of
Biomechanics (1979).

[3]. W H Tan, M Ashraf and L E Ooi, and J Niresh,
“Static and dynamics analysis of bicycle
frame”, Journal of Physics: Conference Series
(2021).

[4]. Chien-Cheng Lin, Song-Jeng Huang and
Chi-Chia Liu, “Structural analysis and
optimization of bicycle frame designs” (2017),
Sage journals.

[5]. Mr. Rajeev Gupta, Mr. G.V.R. Seshagiri Rao,
“Analysis of mountain bike frame by F.E.M”,

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 314, thang 4 nim 2024 379
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

[6].

[7].

[8].

380

Mechanical Engineering, Indore/
RGPV, Bhopal, India.

M.N.V.Krishna Veni, M.Amareswari Reddy,
“Conceptual design of bicycle frame”,
International Journal of Engineering Trends
and Technology (IJETT) — Volume 38 Number
2 — August 2016.

Krishan Kumar Mishra, Prof. Vedansh
Chaturvedi, “Stress analysis of bicycle frame
using Ansys” (2021), International Research
Journal of Engineering and Technology
(IRJET).

Anup Kumar Dey, “Introduction to Von Mises
stress concept” (2021).

BMCT,

[9].

[10].

[11].

Nair Ajit, Irfanudeen S, Jeeva N G, Kavin
S, Karthikeyan R, “Design and analysis of
mountain bike frame” (2018), International
Journal of Pure and Applied Mathematics.
Akhyar Akhyar, Husaini, Hasanuddin Iskandar
and Farhan Ahmad, “Structural simulations of
bicycle frame behaviour under various load
conditions” (2019), Materials Science Forum
— Volume 961.

Derek Covill, Philippe Allard, Jean-Marc
Drouet, Nicholas Emerson, “An assessment
of bicycle frame behaviour under various
load conditions using numerical simulations”,
(2016) Elsevier, Science Direct.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)

TAP CHI CO KHI VIET NAM, S6 314, thang 4 nam 2024

cokhivietnam.vn / tapchicokhi.com.vn



