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Abstract— It is important to recognize that the design of any 

machine is an interdisciplinary process, involving 

aerodynamics, thermodynamics, fluid dynamics, stress 

analysis, vibration analysis, the selection of materials, and the 

requirements for manufacturing. The operation of any 

mechanical system will always produce some vibration. Our 

goal is to minimize the effect of these vibrations, because 

while it is undesirable, vibration is unavoidable. The result of 

excess vibration can vary from nuisance disturbance to a 

catastrophic failure. Bicycle chassis is a major component in 

a system. This work involves vibration analysis to determine 

the key characteristics of a bicycle chassis. The dynamic 

characteristics of bicycle chassis such as the natural 

frequency and mode shape were determined by using finite 

element (FE) method. Al material will replace the 

conventional MS material. Experimental modal analysis was 

carried out to validate the FE models. Predicted natural 

frequency and mode shape were validated against the 

experimental results. Finally, the modification of the updated 

FE bicycle chassis model was proposed to reduce the 

vibration, improve the strength and optimize the weight of the 

bicycle chassis. Tools used are catiaV5 for 3D modelling, 

Hypermesh for meshing, and Ansys for post processing..  
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I. INTRODUCTION 

Most modern bicycle frames have the simple form. This 

shape emerged in about 1895 following several decades of 

vigorous development and evolution and has remained 

basically unchanged since that time. The need for low weight 

coupled with high strength and stiffness has lead to 

continuing trail and development of high performance 

material for racing bicycles. Thus in trial and error method is 

costly and slow, and intuition does not always yield reliable 

result. A promising solution is to turn a proven tool of 

structural engineering; the Finite Element Analysis method. 

The method used for modelling will be described and 

theoretical predictions of frame stresses will be compared 

with F.E.A result for some simple loading cases. This design 

has been the industry standard for bicycle frame design for 

over one hundred years. The frame consists of a top tube, 

down tube, head tube, seat tube, seat stays, and chain stays. 

The head tube of the frame holds the sheerer tube of the fork, 

which in turn holds the front wheel. The top tube and down 

tube connect the head tube to the seat tube and bottom 

bracket. The seat tube holds the seat post, which holds the 

saddle. The bottom bracket holds the cranks, which hold the 

pedals. The seat stays and chain stays hold the rear dropouts, 

which connect the rear wheel to the frame. 

Riding a bicycle, and mainly at professional level, 

goes hand in hand with the improvement of state of the art 

technology. For instance, during a time trial the position of 

the cyclist is of big importance. For this reason, it is important 

how air resistance can be reduced. Tests have already been 

done in wind tunnels to search for the best position on the 

bicycle, eventually also small adaptations at the frame is 

possible. This is only one aspect, also research for better 

gears, brakes, tyres, wheels, etc. makes progress. All these 

aspects cause the cyclist to achieve better results. The main 

component on a bicycle is still the frame itself. Even if all the 

other aspects of the bicycle are of top quality, no top 

performance will be achieved without a frame of the highest 

quality. The cyclist wants his bicycle to be light, stiff, 

durable, strong, nice looking, weather resistant and it must 

also be comfortable. The developer of bicycle faces a great 

challenge, because designing a frame which meets all these 

requirements is barely impossible. For example, stiffness and 

comfort are each other's opposite, though a compromise 

between both must be found.  Depending on the used material 

for the Frame, one or other aspect can be fulfilled better. The 

behavior of the frame is of big importance for the perception 

on comfort of the rider. Because, the better vibrations coming 

from the road are absorbed by the frame, the better the rider 

will perform. Vibrations which are not absorbed by the 

bicycle (frame) must be absorbed by the rider and this causes 

fatigue of the muscles and thus diminished performance. 

Research to the aspect of the dynamic behavior eventually 

leads to a better frame, so one gets one step closer to the ideal 

bicycle frame. 

II. LITERATURE REVIEW 

The study of Vibrational analysis of bicycle chassis are given 

by various researchers are as follows  

M.V.Pazare [1] was studied the stress analysis of 

bicycle frame by using Finite Element Method. The analysis 

is carried out in Ansys; The F.E.A. results are compared with 

theoretical results. In theoretical analysis the frame is treated 

as truss like structure and the stresses in various members of 

frame like top tube, down tube, seat tube, chain stay and seat 

stay are determined, considering various condition like, static 

start up, steady state paddling, vertical impact, horizontal 

impact, rear wheel braking. Also Finite Element Analysis is 

done considering the above conditions. From the analysis it 

is found that there is a good agreement between analytical 

and F.E.A. results. Result of all the cases reveals that 

maximum stress is found in top tube of the bicycle frame as 

compared to the frame members and is equal to 24.84 MPa 

which is less than yield strength in tension (i.e.Syt = 290 

MPa)for the material (aluminum T 6061) selected. 

Sagar Pardeshi [2] was studied static and dynamic 

loads. Optimization of weight and structure of the frame is 

the best scope of optimizing the overall performance of the 

racing cycle. A test base has to set up in hydro pneumatic 

press by application of which loads will be provided on 

particular loading points and hence forth stress and 

deformation on the frame will be noted. Results of all case 

reveals that the maximum stresses in the member of bicycle 

frame in top tube is which is less than yield strength in tension 

for the material selected i.e. Mild steel . So there is also scope 
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to reduce the weight of the frame by considering the current 

stresses obtained. 

Nathaniel A. Jannettiet et al. [3] were investigated 

that tubes are then welded together to create the desired fork 

or frame geometry. This welding operation is done at high 

temperatures, which creates areas of degraded material 

properties called Heat Affected Zones (HAZ). The analysis 

and testing of these HAZs are performed in this study. 

Understanding of the heat affected region in welded bicycle 

forks and proper analysis of the dynamic loading allow for 

more rapid and effective part design. In addition, the 

increased demand for lighter bicycle components while 

maintaining a high level of safety requires an integrated 

mechanical-metallurgical analysis and validation of a given 

design and materials-process optimization. This paper 

presents a methodology for developing the necessary data to 

enable rapid design iteration of welded bicycle forks that 

meet current ASTM and CEN standards 

Joachim Vanwalleghem [4] was found flax-carbon 

reinforced composite as a frame material for Museeuw Bikes’ 

racing bicycles. Three different methods The frame as a 

shock absorption system, Whole-body -and hand-arm 

vibration and  Absorbed power - power loss of the cyclist to 

define/measure the cyclist’s comfort and the effect of the 

bicycle frame on comfort are discussed. The results from a 

numerical computer model of a racing bicycle frame 

(Museeuw Flax 1, MF1) are correlated to experimental 

results on that frame. No correlation between both is found 

yet because of the use of another frame material at the 

computer model. From experiments to assess material 

damping of different bicycle frame materials, it is obvious 

that aluminum has a much better material damping than steel. 

Andrew L. Hastert, Benjamin F. Barger, and Justin 

T. Wood [5] were studied the design, finite element analysis, 

optimization through analysis, and real-world prototypic 

verification of sandwich composites, particularly for use in a 

bicycle space frame. The investigation begins with the 

creation of a parametric cross-section and subsequent volume 

set that idealizes our final frame topography. While the core 

of the sandwich composite will be made of an isotropic 

material (high density polyester foam), the outside composite 

layer is made up of several layers of uni-directional carbon 

fiber. He used  mesh the foam with solid brick 186 elements 

and the composite layer with solid-shell 191 elements for 

future parametric optimization of the section data thus ply 

orientation of the composite sub-layers.  Then apply various 

loading conditions in bending, shear, torsion, and tension to 

qualify the beam in real-life loading situations. Finally, we 

will construct sandwich composite beams, apply similar 

loading conditions, and compare results. 

A. Doria and L.Taraborrelli [6] were studied the 

modal analysis approach is used for identifying the out-of-

plane modes of some bicycles with similar geometric 

properties: a utility bicycle with steel frame, a sport bicycle 

with Ergal frame and two sport bicycles in carbon. The tests 

are carried out with hammer excitation. The results show that 

in the range 10-125 Hz all the tested bicycles have some 

typical modes (e.g.: torsion mode, frame bending). The 

dependence of the natural frequencies and modal damping of 

the typical modes on the material and construction 

technology is analyzed and discussed. The new modes that 

sometimes appear when the structural properties of frame and 

fork are modified are presented and analyzed. Finally, the 

possible influence of the identified structural modes on 

bicycle stability is discussed. 

Alexandre Callens and André Bignonnet [7] were 

described the methodology developed by Decathlon, through 

its MKniX Engineering Center, to master the fatigue design 

of welded aluminum-alloy bicycle frame. To optimize the 

design prior to the standard testing by calculating the fatigue 

reliability of the bicycle frame. The fatigue assessment 

method is based on the Dang Van multi axial fatigue criterion 

combined with a unique S-N design curve independent of the 

geometry of the welded structure and the loading mode. The 

design stress is defined through a linear elastic finite element 

analysis using a specific thin shell meshing method. 

Derek Covill, Steven Begg, Eddy Elton, Mark 

Milne, Richard Morris, Tim Katz [8] were outlined a FE 

model using beam elements to represent a standard road 

bicycle frame. The model simulates two standard loading 

conditions to understand the vertical compliance and lateral 

stiffness characteristics of 82 existing bicycle frames from the 

bicycle geometry project and compare these characteristics to 

an optimized solution in these conditions. Perhaps 

unsurprisingly smaller frames (490mm seat tube) behave the 

most favorably in terms of both vertical compliance and 

lateral stiffness, while the shorter top tube length (525mm) 

and larger head tube angle (74.5°) results in a laterally stiffer 

frame which corresponds with findings from literature. The 

optimized values show a considerable improvement over the 

best of the existing frames, with a 13% increase in vertical 

displacement and 15% decrease in lateral displacement when 

compared to the best of the analyzed frames. 

Federico Giubilato and Nicola Petrone [9] were 

studied the development of a method for measuring and 

comparing the vibrational response of different racing rear 

wheels to the excitation caused by riding on irregular road 

surfaces. Four different rear wheels were selected for the 

study. Vertical accelerations at rear wheel axis and at the seat 

post were measured during field tests performed while 

cruising on different road surfaces at different constant 

speeds. Frequency analysis of acceleration signals was 

performed using random signal analysis methods. The results 

show that the ranking between comfort properties of different 

wheels varies with the road surface roughness and the 

cruising speed considered. 

A. Doria, L.Taraborrelli," On the structural 

vibrations of bicycles: influence of materials and construction 

technology on the modal properties "Proceedings, 

International Cycling Safety Conference 2013.  This paper 

deals with large difference between the modal properties of 

the utility bicycle and the e sport bicycles. The modal 

properties of the Ergal and carbon bicycle with monologue 

frame are similar and suited to high speed operation. An 

increase in the damping of the most important modes, which 

is beneficial for high speed stability. 

By study of this paper in this project we find out how 

structure (Bicycle frame) reacts on force with varying 

frequency. This can be done through computer 

simulation.(Finite Element Analysis, ANSYS). The 

aluminum material is applied at FEA model. These results 

will compare with experimental testing. 
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III. A COMPONENT OF BYCYCLE 

 
Fig. 1: Parts of Bicycle Frame 

A. Head Tube: 

The head tube is the part of a tubular cycle's frame that the 

front fork steer tube is mounted within. On a motorcycle, the 

"head tube" is normally called the steering head. On bicycles 

the manufacturer's brand located on the head tube is known 

as a head badge. Head tubes can use one of several size 

standards. 

B. Top Tube: 

The top tube, or cross-bar, connects the top of the head tube 

to the top of the seat tube. In a traditional-geometry diamond 

frame, the top tube is horizontal (parallel to the ground). In a 

compact-geometry frame, the top tube is normally sloped 

downward toward the seat tube for additional stand over 

clearance. In a mountain bike frame, the top tube is almost 

always sloped downward toward the seat tube.  

C. Down Tube: 

The down tube connects the head tube to the bottom bracket 

shell. On racing bicycles and some mountain and hybrid 

bikes, the derailleur cables run along the down tube, or inside 

the down tube. On older racing bicycles, the shift levers were 

mounted on the down tube. On newer ones, they are mounted 

with the brake levers on the handlebars. 

Bottle cage mounts are also on the down tube, 

usually on the top side, sometimes also on the bottom side. In 

addition to bottle cages, small air pumps may be fitted to 

these mounts as well. 

D. Seat Tube: 

The seat tube contains the seat post of the bike, which 

connects to the saddle. The saddle height is adjustable by 

changing how far the seat post is inserted into the seat tube. 

On some bikes, this is achieved using a quick release lever. 

The seat post must be inserted at least a certain length; this is 

marked with a minimum insertion mark. 

The seat tube also may have braze-on mounts for a 

bottle cage or front derailleur. 

E. Chain Stays: 

The chain stays run parallel to the chain, connecting the 

bottom bracket shell to the rear fork ends or dropouts. When 

the rear derailleur cable is routed partially along the down 

tube, it is also routed along the chain stay. Occasionally 

(principally on frames made since the late 1990s) mountings 

for disc brakes will be attached to the chain stays. There may 

be a small brace that connects the chain stays in front of the 

rear wheel and behind the bottom bracket shell. 

Chain stays may be designed using tapered or un 

tapered tubing. They may be relieved, ovalized, crimped, S-

shaped, or elevated to allow additional clearance for the rear 

wheel, chain, crank arms, or the heel of the foot. 

F. Seat Stays:  

The seat stays connect the top of the seat tube (often at or near 

the same point as the top tube) to the rear fork dropouts. A 

traditional frame uses a simple set of paralleled tubes 

connected by a bridge above the rear wheel. When the rear 

derailleur cable is routed partially along the top tube, it is also 

usually routed along the seat stay. 

 
Fig. 2: Bicycle frame and components 

However, the main component on a bicycle is still 

the frame itself. Even if all the other aspects of the bicycle are 

of top quality, no top performance will be achieved without a 

frame of the highest quality. The cyclist wants his bicycle to 

be light, stiff, durable, strong, nice looking, weather resistant 

and it must also be comfortable. The developer of bicycle 

faces a great challenge, because designing a frame which 

meets all these requirements is barely impossible. For 

example, stiffness and comfort are each other's opposite, 

though a compromise between both must be found. 

Depending on the used material for the frame, one 

or other aspect can be fulfilled better. Dynamic behavior 

means how the frame reacts when it is subjected to forces due 

to vibrations coming from the irregularities on the road 

surface. The behavior of the frame is of big importance for 

the perception on comfort of the rider. Because, the better 

vibrations coming from the road are absorbed by the frame, 

the better the rider will perform. Vibrations which are not 

absorbed by the bicycle (frame) must be absorbed by the rider 

and this causes fatigue of the muscles and thus diminished 

performance. Research to the aspect of the dynamic behavior 

eventually leads to a better frame, so one gets one step closer 

to the ideal bicycle frame. 

IV. CAD MODEL  

Computer-aided design (CAD), also known as computer 

aided design and drafting (CADD), is the use of computer 
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technology for the process of design and design 

documentation. Computer Aided Drafting describes the 

process of drafting with a computer. CADD software, or 

environments, provides the user with input-tools for the 

purpose of streamlining design processes; drafting, 

documentation, and manufacturing processes. 

CAD is mainly used for detailed engineering of 3D 

models and/or 2D drawings of physical components, but it is 

also used throughout the engineering process from 

conceptual design and layout of products, through strength 

and dynamic analysis of assemblies to definition of 

manufacturing methods of components. It can also be used to 

design objects. 

V. CATIA  

Computer aided three dimensional interactive application 

(CATIA) is software from Dassault systems, a France based 

company. CATIA delivers innovative technologies for 

maximum productivity and creativity, from the inception 

concept to the final product. 

CATIA provides three basic platforms- 

 P1 for small and medium sized process oriented 

companies that wish to grow towards large scale 

digitized product definition. 

 P2 for advanced design engineering companies that 

require product, process, and resource modeling. 

 P3 for high-end design applications and is basically for 

automotive and aerospace industry, where high quality 

surfacing is used. 

 
Fig. 3: CAD model 1 of bicycle chassis 

 
Fig. 4: CAD model2 of bicycle chassis 

 
Fig. 5: CAD model3 of bicycle chassis 

VI. DISCUSSION 

The CAD model of bicycle chassis has been prepared in 

CATIA V5 in this stage. In further stage this CAD model will 

be modified and analysed in simulation softwares for various 

loads acting on chassis in static as well as in dynamic 

condition for conventional steel. The model will be further 

analysed by using various alternate materials and 

composition and using the results achieved a suitable material 

will be selected. A prototype will be fabricated with the new 

material and will be tested and compared with conventional 

chassis to validate the result. 
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