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Abstract: 

The frame is an important part in a Two Wheeler and it carries the load acting on the vehicle. So it must be strong enough to  resist 

the shock, twist, vibrat ion and other stresses. In vehicle frame different types of failure occur due to static and dynamic loading 

conditions. Natural frequency, damping and mode shapes are the inherent structural properties and can be found out by 

experimental modal analysis. Experimental Modal analysis (EMA) is the process of determining the modal parameters of a 

structure for all modes in the frequency range of interest. The objective of this study is to determine the natural frequencies, 

damping and mode shapes of the chassis of two wheeler namely as Pression Plus by using modal analysis. These paper reflected 

different paper which having used different types of chassis and analysis as per functional requirement.  

 

Keywords: Chassis, Two Wheeler, Vibration, Modal Analysis, Modal Parameters, St ructure, Natural Frequencies, Damping, 

Pression plus Bike, Loading Condition. 

 

I.  INTRODUCTION 

 

A chassis serves as the basic foundation on which all the parts 

of a machine rest. In an automobile, the chassis acts as a 

skeleton on which the engine, t ransmission, driveshaft, 

differential, gearbox and suspension are mounted. The chassis 

should be structurally sound in every way and support the 

body panels over the expected life of the vehicle and beyond. 

The engine generally sits inside the frame, the rear swing arm 

is attached by a pivot bolt (allowing the suspension to move) 

and the front forks are attached to the front of the frame. The 

frame can also help to protect the more sensitive parts of the 

motorcycle in a crash. In the early days, motorcycles were 

litt le more than motorized bicycles, and consequently frames 

were tubular steel. While the use of steel tubing is still 

common, in  modern times other materials such 

as titanium, aluminium, magnesium, and carbon-fibre, along 

with  composites of these materials, are now used. As different 

motorcycles have varying design parameters (such as cost , 

complexity, weight distribution, stiffness, power output and 

speed), there is no single ideal frame design, and designers 

must make an informed decision of the optimum choice.  

 

II. LITERATURE REVIEW 

 

D.Kondayya (2016) [1] had represented to produce a 

lightweight and potentially stiff bike frame structure, which 

takes the structural response of the original bike frame into 

account. This is done by performing a topology optimization 

with the objective to improve the structural stiffness and to 

reduce the weight of the bike space frame structure. Four 

different load cases are applied to the bike frame, one rider 

weight case, one bump hit case and two fork moment cases 

which are, weighted equally when optimizing.  

 

When comparing  the result of the analyses, the maximal 

displacement, the Von Mises stresses, stiffness and the weight 

of the bike frame are considered. The final optimized bike 

frame has overall homogenous stress distribution with a 

reduction of the maximal d isplacement thus it increases 
stiffness . 

 
 

Figure .1. Proposed methodology 

 

Aparna Deshpande, Amol B. Gaik wad (2016) [2] had 

represented a globally popular sport and an economic 

transportation. The performance of frame is depends on the 

weight of the bicycle and frame design. Optimization of 

weight and structure of the bicycle frame is the best scope of 

optimizing the overall performance of the bicycle. When the 

rider ridding bicycle on rough surface, the induced vibrations 

will cause the fatigue of its rider and the fracture of its frame 

structure. This paper deals with the study of the structural 

design, modal analysis and optimization of b icycle frame by 

using composite material with help of FEA.  

  

 
 

Figure. 2. Bicycle frame and components  

 

Firstly structural analysis, numerical results obtained by 

applying dynamic loading condition. Secondly, the Modal 
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analysis is used to identify modes of bicycle frame to calculate 

natural frequencies and mode shapes by using Finite Element 

Analysis. Finally, the analyzed frames are then optimized to 

reduce weight without affecting their capacity to be resistant 

to mechanical stresses.  

 

Gaurav Vasantrao Bhunte and Dr. Tushar R. Deshmukh 

(2015) [3] had represented an effort is made to review the 

investigations that have been made on the different analysis 

techniques of automobile frames. That analysis may be, static 

analysis or dynamic analysis. A number of analytical and 

experimental techniques are available for the analysis of the 

automobile frames. Determination of the different analysis 

around different conditions in an automobile frames has been 

reported in literature. An attempt has been made in the article 

to present an overview of various techniques developed for the 

analysis of automobile frames and results of that analysis due 

to which further study on the chassis will become easy. 

 

Bhagyashri Adake, Dr. A. D. Desai, H. S. Bawiskar (2015) 

[4] had represented   this difficulty by using modular frames 

those are assembled by using welding joints which will help to 

reduce problems of customer with standard size frames. This 

paper represents analysis of modular b icycle frame using fin ite 

element method. This analysis carried out by applying beam 

and shell elements with the help  of software. Th is paper also 

deals with review on welding joints used for assembly of 

frame. 

 

 
Figure. 3. Catia Model of modular Bicycle frame Assembly 

 

Welding fatigue resistance is dependent on weld geometry & 

quality but it cannot be assured especially in d ifficult access 

joints. The choice of material is mainly  structural steel or 

chrome for this frame. Ashbey’s material selection method can 

be used, that is based on cost per unit properties or multiple 

properties values. If size of frame is reduced it will g ive 

favorable results. Strength to stress ratio of carbon fiber 

materials depends on fiber direction and stacking sequence. 

Stiffness is one of the important parameter for bicycle frame, 

to calculate it standard method was not available. Innovators 

developed standard multidirectional test method for 

calculation of stiffness. Analysis of this modular frame has 

been conducted to compare performance with normal standard 

size frame. Stiffness, stresses developed and other calculations 

can be evaluated by considering frame tubes as beam element.  

 

Lakshmi Srinivas. G, BSV Ramarao, M. Aditya Seshu, V. 

Gurushanker (2015) [5] had represented the best scope of 

optimizing the overall performance of the racing cycle, A 

monocoque design is advisable in racing utility hence we are 

targeting towards composite design and how its frame can be 

optimized by using static and Dynamic analysis, Thus a 

composite frame which is three times stronger and four times 

lighter than Steel will have a higher efficiency. Such bicycles 

can be categorized as Advanced Bicycles.  

 

 
 

Figure. 4. CAD Model 

 

 However, some of the composites have low compressive 

strength and this fact limits the full potential application of 

these composites. The compression testing of the composites 

is very challenging due to various reasons. The object of this 

research paper is to design a composite structural frame, which 

should take on the role of a frame in  a normal bicycle and 

compression test on the frame specimen under different 

conditions.  

 

Mohammad A Bukhari Marzuki, Mohammad Hadi  Abd 

Halim and Abdul Razak Naina Mohamed (2015) [6] 

investigates several methods of dynamic analysis to 

investigate the mode shape and natural frequencies in the 

chassis structure.  

 

 
Figure. 5. An example of s pace frame chassis structure 

 

Two methods are main ly used in the study, modal analysis and 

harmonic analysis with both analyses are performed using 

Fin ite Element (FE) method through Finite Element Analysis 

(FEA) software packaged, ANSYS v13 APDL Mechanical. 

The study identified five mode shapes extracted using Block 

Lanczos method, all mode shapes vibrated at a frequency 

above 150 Hz with the characteristic o f each  mode shapes is 

further exp lained in  this study. Amplitude vs. frequency graph 

is generated from harmonic analysis is utilised to determine 

the resonance frequency. The h ighest amplitude occurred in 

the third natural frequency with an amplitude of 0.375 mm. 

The outcome of this analysis can be used as a reference in 

improving the chassis design and performance against 
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dynamic behaviour of the structure by introducing stiffener on 

part of the chassis imposed with the highest displacement. 

 

V. Terzic, S. A. Mahin and M. C. Comerio (2014) [7] had 

represented   to satisfy minimum code requirements. The 

buildings are representative of widely used, low-rise steel 

commercial build ings and are located at a site with high 

seismic hazard representative of western North America. Life-

cycle cost analysis is performed considering three hazard 

levels: 50%/50 years, 10%/50 years, and 2%/50 years, 

assuming that the building owner is leasing the building 

property to businesses. Life -cycle cost is based on the initial 

cost, expected repair cost, and the monetary loss due to 

business interruption following an earthquake. The analysis 

reveals that the variation in losses main ly depends on whether 

the system was seismically isolated or not. It shows that 

seismically  isolated systems result in not only  superior 

performance compared to the fixed-based systems, but also a 

significant reduction in life-cycle costs and downtime. 

 

Sagar Pardeshi, Pankaj Desle (2014) [8] had represented 

prominent part in whole racing cycle system which is 

subjected to static and dynamic loads. The dependency of the 

performance is direct ly proportionate to weight of the cycle 

and frame structural design, Optimization o f weight and 

structure of the frame is the best scope of optimizing the 

overall performance of the racing cycle, A monocoque design 

is advisable in racing utility hence we are targeting towards 

composite design and how its frame can be optimizes by using 

static and dynamic FEA Analysis .using the knowledge from 

literature review, we can know how the CAD model is 

prepared.  

 

Derek Covilla, Steven Begga, Eddy Eltona, Mark Milnea, 

Richard Morrisa, Tim Katza (2014) [9] had represents 

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 b icycle geometry pro ject and compare 

these characteristics to an optimised solution in these 

conditions. Perhaps unsurprisingly smaller frames (490mm 

seat tube) behave the most favourably 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 optimised 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 analysed 

frames. The model has been developed to allow for further 

develop to include more detailed tube geometry, further 

analysis of more frame geometries, alternative materials, and 

analysis of other structural characteristics.  

 

Abhishek Singh, Vishal Soni, Aditya Singh (2014) [10] had 

represents chassis serves as a frame work for supporting the 

body and different parts of the automobile, it  should be rig id 

enough to withstand the shock, twist, vibration and other 

stresses & its principle function is to carry the maximum load 

for all designed operating condition safely.  

 
Figure. 6. Model of C cross section type of ladder chassis 

 

An important consideration in chassis design is to have 

adequate bending stiffness along with strength for better 

handling characteristics. Therefore, maximum shear stress and 

deflection are important criteria fo r the chassis design. This 

paper describes Structural analysis & optimizat ion of vehicle 

chassis with constraints of maximum shear stress and 

deflection of chassis under maximum load. In the present 

work, we have taken higher strength as the main issue, so the 

dimensions of an existing vehicle chassis of a TATA LP 912 

Diesel BS4 bus is taken for analysis with materials namely 

Steel alloy (Austenitic) subjected to the same load. The four 

different vehicle chassis have been modeled by considering 

four different cross-sections. Namely C, I, Rectangular Box 

(Hollow) and Rectangular Box (Intermediate) type cross 

sections. For validation the design is done by applying the 

vertical loads acting on the horizontal different cross sections. 

Software used in th is work Pro e 4.0 & Altair Hyperworks 

11.0.0.39 (Hypermesh).  

 

Jörg Kaufmann, Henning Rabe, Nicole Siebert, Peter 

Wolf, Holger Cebulla and Stefan Odenwald, (2012) [11] 

had represents a highly functional smart lightweight seat post 

with fully integrated taillight can be realized. The seat post can 

be designed with several layers of braided carbon textiles, 

which can drape around the single LED lights with a 

minimum influence on the mechanical properties and resulting 

in a h igh-quality carbon surface. Due to the integrated sensors, 

the seat post will detect the motion of the bike and the 

illuminance of the ambient light to activate the taillight when 

necessary. The thresholds for accelerat ion and illuminance can 

be programmed also using a timer function, so that the lighting 

stays constant even in discontinuous lighting conditions (for 

example due to traffic lights at night) but will turn on when 

necessary and stay off in a daytime ride. A prototype with all 

integrated sensors and electronics could successfully put into 

operation. The main innovation and advantage of the new 

smart and lightweight seat post is the automated activation of 

the taillight without intervention of the cyclist. This guarantees 

maximum safety and comfort especially while b iking through 

tunnels or underpasses. A second advantage is  the nearly 

unaffected performance because of min imum additional 

weight as well as no aerodynamic disadvantages resulting 

from external lighting, which allows the use of the new seat 

post in high-performance bicycle disciplines in training and 

competition.  
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Matteo Corno, Pierpaolo De Filippi, Valerio Turri, Giulio 

Panzani  and Sergio M. Savaresi (2012) [12] had represented 

Recent technology advances in the field of ride-by-wire 

technology for motorcycle (namely  active braking and fu ll 

electronic throttle) open the way to the design of innovative 

control strategies to improve two-wheeled  vehicles stability. 

As such, it is of growing importance to devise control oriented 

models of the bike dynamics to be employed for control 

design purposes. This paper proposes an analytical model of a 

two-wheeled vehicle tuned to capture the coupling between 

longitudinal variables (i.e. t raction and braking torque) and 

out-of-plane modes. The model is derived from first 

principles. The model parameters are identified  from a 

complete multi-body simulator. The proposed model offers a 

good tradeoff between complexity and accuracy.  

 

Pierpaolo De Filippi, Mara Tanelli, Matteo Corno, Sergio 

M. Savaresi (2012) [13] had represented four-wheeled 

vehicles, electronic stability control (ESC) was introduced in 

the recent past to improve passengers’ safety in crit ical driving 

conditions and it is now part  of most commercial cars. For 

two-wheeled vehicles, the design of such a control system is 

an open problem, and it constitutes quite a challenging task 

due to the complexity of two-wheeled vehicles dynamics and 

to the strong interaction between the vehicle and the driver. 

This paper describes an innovative control architecture which 

allows us to enhance the active safety while guaranteeing a 

good driving feeling. The proposed solutions are validated on 

a multibody motorcycle simulator on challenging maneuvers 

such as kick-back and strong braking while cornering at high 

speed. 

 

Marc Siebert (2010) [14] had represented an arm powered 

three-wheel-vehicle for disabled people. Most of the 

handbikes are for road-use only. Characteristics for these 

handbikes are the flat aerodynamic position of the rider and 

the big turning radius. Another problem of conventional 

handbikes with one front wheel is traction, because most of 

the weight is on the two  non-driven rear wheels. Analog to 

“normal” cycles, special handbikes for offroad-use do exist. A 

typical property of these offroad-handbikes is, that it is 

impossible to crank and control simultaneously. A purpose of 

this work was, to develop a new ad justable concept with two 

steerable front wheels and a powered rear wheel which allows 

to crank and to control with both arms simultaneously. 

Furthermore with the adjustable handbike chassis it is possible 

to investigate and optimize d ifferent rid ing characteristics like 

the trail, the steering rat io, the seating position, the position of 

the drivetrain  and traction. The concept enables to deduce 

several types of handcycles, a high-end race handbike is also 

possible than a “standard” low cost version for occasionally 

use. A future work will be the realisation of a full customized 

race mountain handbike with minimized weight. To reach the 

minimum weight level, carbon fibre reinforced plastics will be 

used.  

 

P. De Filippi, M. Tanelli, M. Corno, S.M. Savaresi, L. 

Fabbri (2010) [15] had represented the design of a novel 

control approach for a semi-active steering damper of 

motorcycles. The goal is to  improve two-wheeled  vehicles 

steering stability by damping the weave and wobble modes. 

The proposed control strategies stem from a parallelism 

between steering and vertical dynamics of a motorcycle. 

According to this parallelis m, the Sky- Hook and Ground-

Hook damping concepts are adapted to the control of steering 

dynamics. A detailed analysis of the two approaches is 

presented and the semi-active control strategies are shown to 

yield better attenuation of both modes than a passive steering 

damper. Further, both a multi-body simulator and 

experimental data are employed to validate the proposed 

control approach.  

 

Dipl.-Ing. Peter Reinold, Dipl-Ing. Vitalij Nachtigal, Prof. 

Dr.-Ing. habil. Ansgar Traechtler (2010) [16] had 

represented short survey of existing vehicle-dynamics control 

systems that is based on some examples and thus does not 

claim to be complete. There is a tendency towards an 

increased interlinking of these systems and, as a result, a need 

for flexib le automotive testing platforms. As an approach, an 

electric X-by-wire test vehicle which was designed and 

mounted for developing and testing new strategies of vehicle-

dynamics control is presented. It is built up modularly and 

provides numerous degrees of freedom that enable a control 

strategy which is based on an optimizat ion of the tire forces. 

That strategy is also presented. It  takes into account possible 

actuator breakdowns and uses the redundancy in the vehicle to 

realize the desired movement even in the case of such a 

breakdown. An outlook on future possibilities in vehicle-

dynamics control resulting from the use of self-optimization is 

also given. 

 

III. CONCLUS ION 

 

The research survey was reflected different types of structure 

such as bike structure, bicycle frame, modular bicycle frame, 

composite bicycle frame, and space frame race car chassis, 

racing bicycle chassis, ladder chassis, sports motorcycle etc. 

The research had survey on their design and analysis of frame 

and chassis. Some research paper indicated about performance 

of vehicle by using different types of material, geometric and 

manufacturing  process etc. Some research paper indicated 

about CAD tool use in analysis such as Solid Work 2015 and 

ANSYS.  
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