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Abstract-- Bicycling is a popular and cost-effective means of 

human-powered transport. This also allows it to be utilized as 

a useful piece of workout and rehabilitation equipment. 

Bicycles are subjected to a variety of loads at different points 

throughout the frame. A simulation of a conventional 

diamond-shaped safety road bicycle frame was used for the 

analysis. 

A range of rider weights has been examined for the 

analysis when biking on level terrain conditions. The study 

took into account four different hollow cross sections: 

circular, stretched circular, spheroid, and ovate cross sections. 

The goal of this study is to assess the impact of important 

geometric elements such as frame cross section (profile) on 

mass, strength, stress, and strain characteristics, and to 

compare these varied cross sections to an optimized solution 

for a standard diamond "safety" framed bicycle. 

Different characteristics such as deformation, shearing, 

normal pressures and stresses, bending and torsional moment 

were used in the analysis. According to the data, the spheroid 

shape is the best shape for frame tubes among the four cross 

sectional geometries evaluated. 

Keywords: Bicycle, deformation, shearing, normal 

pressures, bending and torsional moment etc. 

I. INTRODUCTION 

1.1 Bicycle Frames 

Bike outlines were often works in many types of plans 

and geometry. It is due to the fact that the bike was 

operated by the number of clients and according to their 

preferences. The cylinder size of the edge is also affected 

by the breadth and thickness of the divider. 

The image's head tube edge represents the distance 

between the head tube and the ground. The head tube edge 

can be balanced by riding technique and tracks; the more 

extreme the head point, the less effort is required to steer it, 

implying that the bicycle can be controlled more quickly. 

The good-for-nothing head point, on the other hand, will 

take more effort to manage, and the bicycle will steer you 

more slowly.  

For the purpose of examining the head tube plot for 

various bikes as a model 71-72 degrees for touring cycles, 

73-74 degrees for road bikes, and 72-73 degrees for 

cyclocross or CX bikes. 

 

Figure 1.1 Frame for a Bicycle 

1.2 Cycles Of Various Types 

Sport bikes with drop handlebars and derailleur gears 

and standard roadsters with level handlebars and center 

gearing were the only two types of motorcycles available. 

Game bikes are divided into two groups: lightweight races 

with no frills and more solidly built tourers with pannier 

racks and mudguards. Roadsters were plentiful, and most 

featured a chainguard, mudguards, a carrier rack, and 

possibly implied lighting and a prop stand. There were 

more sub-types inside each categorization, except that just 

looking at a bicycle was enough to understand its type and 

purpose.  
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Today, there are a growing number of broad classes and 

sub-types, and refinements are usually lost in translation; 

an off-road bicycle designed and prepared for visiting, for 

example, can be identical to a street visiting bicycle in all 

but the tiniest details. A nice lightweight roadster city 

bicycle with centre point riggings might be able to show its 

heels to a game bicycle or two (different things being 

equal). Human-fueled vehicles (IHPVs) are a catch-all 

designation that encompasses a wide range of designs, from 

smooth, fast streamliners to large four-wheel quadricycles 

designed to transport freight or passengers. 

II. LITERATURE SURVEY 

G. Hernandez–Melgarejo et. al. (2020) is to create and 

test a virtual reality bicycle system using a functionally 

oriented mechatronic design methodology. To provide 

consumers with immersive experiences, the development of 

virtual reality technologies with haptic systems necessitates 

a proper integration of the related disciplines. The proposed 

design method establishes a formal method for assembling 

the subsystems in the mechatronic device. For the design 

process, the developed system is divided into a Virtual 

Reality System (VRS) and a Physical System (PS).  

Kailas Khutal et. al. (2020) Two simulation approaches 

were investigated linear static analysis with test rig 

boundary conditions and fatigue with harmonic analysis. 

The results of both approaches were compared to those of a 

laboratory test rig. The stress amplitude computed using 

harmonic fatigue analysis was one-third of the stress 

amplitude measured on the test rig (experimental). 

Furthermore, the stresses computed using FE static analysis 

were consistent with the results of the experiments. As a 

result, prior to prototype testing utilizing a "rapid vibration 

test rig," a fatigue employing harmonic stress calculations 

is recommended for reliability. These findings should assist 

the bicycle industry benchmark its design and testing, as 

the business is predicted to grow multi-fold and its design 

validation criteria could incorporate more limits. 

Bert Blocken (2018) studies the drag discounts in 

pelotons of 121 cyclists in a scientific manner. A cycling 

peloton is a large group of riders who work together to 

reduce aerodynamic drag and power consumption. Previous 

study on small groups of in-line drafting cyclists found 

discounts of up to 50% on the drag of a remoted rider 

travelling at the same speed, and those Fig: have been 

applied to pelotons. Large drag discounts can be expected 

inside a tightly packed peloton with a handful of rows of 

riders providing a safe refuge.  

Devaiah et.al. (2018) Stress analysis is a key part of 

product optimization, and when combined with Finite 

Element Methods, it makes solving complex structures 

much faster. The stress analysis of a bicycle frame was 

performed using ANSYS Workbench 14.5 with varied 

boundary conditions and the findings were compared to 

theoretical results presented. 

Sukmaji Indro Cahyono et. al. (2017) A simulation 

Finite Element Analysis (FEA) model of electric trike 

frames is presented by. The electric trike frame is based on 

a regular bicycle frame with modifications on the back side 

to accommodate the battery pack and passenger loads. For 

easy maintenance, the electric motor is operated to put in 

the front wheel. The frame is made of round steel tubes on 

the front side and square steel tubes on the back side to 

ensure optimal passenger safety and ease of assembly and 

many more literature reviewed in previous years. 

III. RESEARCH METHODOLOGY 

3.1 Numerical Analysis 

A frame element is defined to represent a straight bar 

with any cross-section that can flex not only in the 

longitudinal axis in orientations perpendicular to the bar's 

axis. Both transverse and longitudinal loads, but also 

moments, can be transmitted by the bar. As a result, a 

frame element appears to have qualities similar from both 

truss and beam elements. In reality, the structural system 

may be observed in many of our real-world structural 

challenges, because few structures flex and transport loads 

entirely in axial or transverse directions. 

Many industrial software products refer towards the 

developed frame element as the generic simple beam, or 

just the beam element. Although most business software 

programs have both simple beam as well as frame 

elements, frame structures are much more commonly 

employed in industrial applications. In practice, a tri spatial 

structural system may handle forces and moments from all 

directions. As a result, it can be called the most general 

type of one-dimensional geometry element. 

All these planar (two-dimensional) and space frames 

have skeleton iterators that can be analyzed using frame 

elements (three-dimensional frames). Welded connects 

frame members in a frame structure, allowing forces and 

moments to be transferred between them. 
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3.2 Finite Element Analysis Of Bicycle Frames 

The finite element approach has shown to be an 

important tool in the design of bicycle frame analysis. The 

research of a bicycle frame is carried out in this work. 

Physical trial-and-error design is expensive, time-

consuming, and limited, especially when new materials are 

introduced and new applications or demands are imposed 

on the structure. As a result, the finite element tool must be 

used to assist the designer in developing trustworthy 

properties in the design to match the demands of the 

consumers. Performing virtual prototyping instead of 

physical prototype with the finite element approach can 

save a lot of money, time, and effort. 

Numerous criteria, such as the frame's weight, maximum 

load carrying capability, and so on, may be considered 

during the analysis. 

The cycle frame's Finite Element Analysis can be 

completed in several stages: 

Modelling 

Figure 3.1 depicts the geometry of the Bicycle that was 

considered for the study. The point coordinate system, as 

shown in Table 3.1, was used to create the design. Ansys 

workbench was used to load the points into design 

modeller. The study's goal is to look at different cross 

sections or profiles for frame tubes. The study took into 

account four different hollow cross sections: circular, 

stretched circular, spheroid, and ovate cross sections. The 

circular section stretched circular cross section, spheroid 

cross section, and ovate cross section profiles are shown in 

Figure 3.2 to 3.5.  

 

 

To conduct a comparison analysis, the thickness of each 

cross section was calculated while keeping in mind that the 

cross sectional area and volume of each bike frame are 

constant, and the frame's weight is likewise constant. The 

dimensions of each cross section are shown in Table 3.2 

Table 3.1 

Considered for the bicycle frame design are point coordinates (all 

dimensions are in m) 

 

 

Figure 3.1 Bicycle Frame(Geometry) 
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Table 3.2   

Different Cross Section Dimensioning and Geometry 

Profile Standarised Cross Section with geometric 

Values 

Profile with dimension considered 

for the study 

Circular Cross Section 

  

Stretched circular cross section 

  

Spheroid Cross Section 

  

Ovate Cross section 
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Figure 3.2 Hollow Circular Cross Section 

 

Figure 3.3 Stretched Circular Cross Section 

 

Figure 3.4 Spheroid Cross Section 

 

Figure 3.5 Ovate Cross section 

IV. RESULT ANALYSIS 

4.1 Circular Cross Section Bicycle Frame 

Results for a Bicycle Frame with a Circular Cross 

Section and a Rider Weight of 65 kg 

Total Deformation, Total Shear Force, Total Bending 

Moment, Total Directional Axial, and Total Directional 

Torsional Moment are shown in Figure 4.1 to 4.5 for a 

Circular Cross Section Bicycle Frame with a Rider Weight 

of 65 kg. 

 
Figure 4.1 The total deformation for a circular cross section bicycle 

 frame and the weight of the rider is around 65 kg

 

Figure 4.2 The total shear force for a circular cross section bicycle 

frame and the weight of the rider is around 65 kg 
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.  

Figure 4.3 The total bending moment for a circular cross section 

bicycle frame is around 65 kg, and the weight of the rider is roughly 

65 kg 

 
Figure 4.4 The total axial force for a circular cross section bicycle 

frame is roughly 65 kg, and the rider’s weight is around 65 kg 

 
Figure 4.5 The total directional torsion moment for a bicycle frame 

with a circular cross section is roughly 65 kg, and the rider’s weight is 

around 65 kg 

Similarly, Software based simulation analysis for a cycle 

frame with different cross sections and different rider 

weight analysis was carried out and concluded. 

Discussion 

Bicycles are manufactured with considerable strength 

than the usual forces that result from riding in smooth 

roads. In various conditions like load carrying, the bicycle 

has to carry loads equal to or more then 5-10 people. In 

emerging nations like India, China the devastating volume 

of freight is still carried by bicycle, often in large unit 

multitudes. 

The beams in a bicycle's frame often experience a 

combination of bending, shear, torsion, tension, and 

compression while riding, hence for the analysis for the 

analysis, total deformation, shear force, axial force (tension 

or compression), bending, and torsion moment were 

measured. 

.  

Figure 4.6 Variation in total deformation as a function of rider weight 
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Figure 4.7 Shear Force Variation as a Function of Rider Weight 

V. CONCLUSION 

For different rider weights, numerical research was 

conducted to compare the different cross sections of an 

aluminium bicycle frame. Circular, stretched circular, 

spheroid, and ovate cross sections are the four different 

cross sections used. The thickness was modified for the 

comparative analysis to maintain the cross-sectional area 

constant. The following outcomes have been discovered: 

1) The Circular Cross-sectional Frame exhibits the greatest 

total deformation when compared to other cross-

sectional frames when the riders weight varies. In the 

Ovate Cross-sectional frame, the least overall 

deformation was discovered. 

2) It has been discovered that the circular cross section 

frame generates more shear force than the other sections 

frames. In a spheroid cross-sectional frame, shear force 

generation is minimal, which is a beneficial 

circumstance. 
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