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Chapter-1

Introduction
Go-kart is a four wheeled small car designed specifically for recreation and racing.

It is introduced in 1956 by Art Ingles of California. Later on, this activity is spread to

Europe and other parts of the world. Go-kart as shown in Figure 1.1 has no suspension

and no differential. Different parts of it are: chassis, steering, brake, engine and

transmission. It is useful to learn driving techniques. The design of chassis plays an

important role for the safety of driver. There is a need for specification of FOS (factor of

safety) in the design of go-kart chassis so that the load carrying capacity should be

beyond its service load and the deformation should be within the permissible limits.

Figure 1.1Conventional Go-Kart

The body of vehicle should be steady with high torsional inflexibility and have

nearly high level of adaptability as no suspension. Furthermore, the structure ought to

have enough solidarity to withstand the impact load on frame. The case is planned in such

a way, so it can ride sheltered and smooth the heaps that are created without influencing

the basic quality of the suspension. The body is the foundation of a vehicle. The essential

concern is rider well being.
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1.1 Literature Survey

Zhicai Jiang [1] has emphasized the stability as one of the important factors in the

design of tubing constructions. He has performed bending and buckling analyses on tubes

using ANSYS. Babcock [2] has made analytical and experimental investigations to

examine the effect of buckling parameters for different loading conditions. Jafri et al. [3]

have modelled Go-Kart Challenges 2017 (GKC-17) using SolidWorks. They have

performed FEA (finite element analysis) to examine the deformation of chassis part under

static loads. Raghunandan et al. [4] have utilized SolidWorks to model the go-kart chassis

and performed dynamic analysis. They have opted circular-cross section to optimize the

AISI4108 chassis material having good machinability and ductility. Shrehari and

Srinivasan [5] have used ANSYS 16.0 software to carry out FEA of the go-kart

specifying practical boundary conditions. They have also covered in detail on the

fabrication aspects. Suresh Kumar [6] has carried out crash analysis on car chassis frame.

He has used CATIA software for modelling and ANSYS for analyzing the behaviour of

chassis during crash. Pamungkas et al. [7] have modelled a tubular space-frame chassis

using Solid Works. They have used ANSYS to examine the chassis behaviour in the

presence of impact absorbers. This assessment will help the designer on the chassis

absorbing energy when a collision takes place. Prasad et al. [8] have performed static

analysis to optimize the chassis and suspension of SAE Baja car. They have used Pro E-

software for modelling and ANSYS for optimizing the chassis. Karishma et al. [9] have

created the parametric geometry of a roll cage following the Baja SAE India Rulebook

and uploaded to ANSYS for optimizing under impact loading. Liu [10] has utilized LS-

DYNA for FEA modelling of a truss chassis and carried out the crashworthiness analysis.

Sunil Kumar et al. [11] have carried out the designing process of a go-kart vehicle chassis

utilizing CATIA V5. They have performed impact analysis using PATRAN/ NASTRAN

to ensure rider safety and the frame reliability. Narayana [12] has treated the chassis as

the backbone of entire vehicle, which should withstand stress, shock and twist.He has

performed analysis on a conventional chassis for different materials using ANSYS.

William [13] has introduced several key concepts on chassis frame design basing on the

road inputs and load paths of the vehicle. He has presented different modes of chassis.
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Jannis [14] has shown interest on the design and fabrication of a low-cost formula

vehicle for student racing competition by including ergonomic considerations. Navanth

palde [15] have modelled the chassis in PRO-E and performed analysis in ANSYS. They

have highlighted torsional stiffness of chassis and natural frequencies as the important

parameters to be considered while designing a chassis. Ryan [16] has carried out modal

analysis of SAE chassis and verified the structural stiffness of the mounting members

when subjected to vibration. Steven Tebby [17] has presented different approaches for

determining the torsion stiffness of an automotive chassis. To design strong, stiff and

light-in-weight formula student car, Apoorva Tyagi [18] has utilized ANSYS for

analyzing the vehicle in motion. Arunkumar [19] has performed 3D analysis on a golf

kart chassis. He has considered seamless cylindrical pipe for the chassis to safeguard the

rider from collisions and rollovers. AdityaPawar[20] has shown importance in the design

of a steering system for a go-kart vehicle, which provides a comfort zone for the rider in

dynamic events for completing the laps. Jawagar [21] has presented procedures for

failure modes and their effective analysis on Go-kart. He has presented the potential

failure effects for the kart components. Mihir [22] has provided the details on all

subsystems in go-kart and their assembly operations as per the guidelines of the racing

organization. Avinash [23] has presented the details on the design calculations of the Go-

kart and performed analysis in ANSYS. Jignesh [24] has provided complete information

on fabrication aspects of a go-kart useful for beginners. Meghana [25] has recommended

bumpers for Go-karts to safeguard the rider from impacts and also preformed analysis on

bumper made of different types of materials. Abhijit [26] has presented the information

for improving the FOS of a Go-Kart chassis during front impact. ISIE Rule Book [27]

covers all design considerations, rules and regulations. ANSYS Explicit dynamics user’s

guide [28]will be helpful in performing dynamic analysis. Solid Works [29] user’s

manual will be helpful while designing the chassis. Hibbeler [30] has published a

reference text book, which covers fundamental statics and dynamics calculations. Design

procedures and standards are in Bhandari’s Reference text book [31].
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1.2 Material Selection

The chassis construction materials selected by the earlier researchers are: Structural steel

[1]; AISI 1018 [4, 7, 11, 24, 26]; AISI 1012 [5]; IS 3074 CDS4 [8]; Glass Epoxy [9];

Chromoly 4130 [18]; AISI 4130 [22]; and Al, Stainless steel [25]. However, the

guidelines of racing agency (ISIE/SAE) recommend to use any AISI steel for the chassis

construction. Majority of the chassis fabricators reported the use of AISI 1018.As AISI

1018 possesses yield strength of 370 MPA and ultimate tensile strength of 440 MPa,

whereas, the locally available high strength AISI 4130 possesses yield strength of 435

MPa and ultimate tensile strength of 670MPa. Hence, structural response of AISI 4130 is

better than that of AISI 1018 under compression and bending and shows superior

characteristics . Only, structural analysis results on the superior AISI 4130 steel tubes are

presented below. The properties of AISI4130 are in Table-1.1..

Table-1.1: AISI4130 Properties

Material Property Value

Ultimate tensile strength 670 MPa

Poisson’s ratio 0.33

Yield Strength 435 MPa

Density 7.85 (g/cc)

Bulk modulus 140 GPa

Shear modulus 80 GPa

Elastic modulus 210 GPa

1.3 Response of the tube material

The adequacy of the selected material for the construction of Go-kart is examined

here considering 19000mm long, 25.4mm outer diameter and 2mm thick AISI4130 steel

tubes.
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Design calculations for critical buckling load:

 2
2

KL
EIPcr



 (1.1)

Here, crP is the critical load; E is the Young’s modulus; I is the section moment;

L is the length; the effective length factor, K =1 for pinned-pinned ends; K =0.5

for fixed-fixed ends; K =0.707 for pinned-fixed ends; K =2 for fixed-free ends.

The section moment,

 
64

44 dDI 

 =8123.99 mm4 (2)

Here D is the tube outer diameter and d is the tube inner diameter.

From (1.1), the critical buckling load for fixed-free column, crP =51.96N

Equivalent stress
A
Pcr MPa678.0

65.76
96.51



Linear buckling analysis is also called as the Eigen values-based buckling analysis. It
calculates the bucking load magnitudes that cause buckling and associated buckling
modes.The below buckling analysis is done for the complete materials length i.e. 19m, as
performing the analysis on small length material, it can be considered as the compressive
load.The Eigen buckling Values obtained from the Load Multiplier in two modes are
7.6299 and 7.6307. Maximum Total Deformation with load multiplier (Linear): 7.6307 of
AISI 4130 material is 1.3952mm as shown in figure1.2

In case of bending under different loading conditions one face geometry is selected under
global coordinate system with X component=0N, Y component=-3000N and Z
component=0N under ramped condition and in case of UDL the entire load is applied for
19000mm length. Figure 1.3 and Figure 1.4 shows the shear strain distribution and
deformation. Figure 1.5 and Figure 1.6 shows the equivalent stress distribution and
deformation for the case of uniformly distributed load.
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Figure 1.2: Global deformation under buckling load is 1.39mm

Figure 1.3: Shear Strain under Point load is 0.0550
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Figure 1.4: Deformation under point load is 2369mm

Figure 1.5: Equivalent stress under uniformly distributed load is 1.118e-6 Mpa
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Figure 1.6: Deformation under uniformly distributed load is 359mm

In a similar manner, the response of tube material is examined under simply

support conditions. Figure 1.7 and Figure 1.8 shows the elastic strain distribution and

deformation under point load.

Figure 1.7:Elastic strain under point load is 0.00655
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Figure 1.8: Deformation under point load is 49.55mm

The tubes are further analyzed by fixing the both ends.Figure 1.9 shows the

equivalent (von-mises) stress distribution for fixed-fixed condition under point load.

Figure 1.10 shows the global deformation for fixed-fixed condition under uniformly

distributed load.

Figure 1.9:Equivalent stress under point load is 1.88e-6 Mpa
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Figure 1.10: Global deformation under uniformly distributed load is 7.5mm

AISI 4130 steel tubes indicate good load bearing capacity when compared to the

structural response of AISI 1018 steel tubes. Hence, the low cost and easily available

AISI 4130 steel tubes are selected for Go-kart chassis fabrication.

1.4 Gaps Identified

The majority of the researchers concentrated on the design and analysis of different

chassis configurations with different materials, viz., Structural steel [1]; AISI 1018 [4, 7,

11, 24, 26]; AISI 1012 [5]; IS 3074 CDS4 [8]; Glass Epoxy [9]; Chromoly 4130 [18];

AISI 4130 [22]; and Al, Stainless steel [25]. Finite element analysis (FEA) has been

carried out on the designed chassis with specific loads using ANSYS software package.

Adequacy of the design through testing is not reported. From the above literature survey,

investigation on the design, analysis and realization of the go-kart at a glance is lacking,

which is a major gap to be filled. To fill the gap, it is planned to fabricate a go-kart after

its design checks and validation. The design standards of FMVSS, IIHS and SAE and

ISIE rule books are followed for safety of the rider. ANSYS software is used to check the
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adequacy of designs under specific static and dynamic loads.For safety and comfort of

the rider, the design standards considered are:

Federal motor vehicle safety standards (FMVSS No. 581)

Insurance Institute for Highway Safety (IIHS)

SAE (Society of Automotive Engineers) Rule book

ISIE (Imperial Society for Innovative Engineering) Rule book

Adequacy of designs under specified static and dynamic loads will be confirmed through

FEA using ANSYS R19.2 software.

1.5 Scope and Objectives

Different commercial software packages (like LS-DYNA, CATIA, PATRAN,

NASTRAN, Solid Works, ANSYS) are being used in the design and analysis of the go-

kart. However, in this thesis, the entire kart is modelled using Solid Works and carried

out the explicit dynamic analysis using ANSYS software package. The design is made as

per the ISIE IKR-2017 recommended parameters. The adequacy of design is examined

through FEA using ANSYS R19.2.For the safety of rider, several go-kart chassis designs

are examined and arrived the final one.In the competition, many vehicles will run on

same track with high speed. There is a possibility for the vehicles to collide causing

severe injuries to riders. Hence, the chassis should be designed to withstand the impact

from front side and rear side while driving the vehicle.

The objectives of this thesis are

 To examine the adequacy of design recommended by the racing organizations

 To provide bumpers for the safety and comfort of riders to withstand the impact

from front side and rear side while driving the vehicle.

 To provide complete information relevant to the design, analysis and realization

of the go-kart for future reference.

1.6 Outline of Thesis

The thesis deals with design, analysis and realization of a typical go-kart. It is divided
into 4 chapters.
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The introductory Chapter-1deals with literature survey on design and FE

modeling of go-karts, details of commercial FE software packages and material selection

for chassis fabrication through analyzing the buckling and bending of the seamless pipes.

This chapter presents the FEA results of cantilever and simply supported steel pipes

subjected to a concentrated load, as well as to uniformly distributed load. These results

are useful in material selection for the go-kart chassis.

Chapter-2 provides the details on static and dynamic analyses results on the

chassis for estimating the factor of safety. From FEA, the factor of safety on the design

load against yielding is worked out to be 1.04 (that is 4% margin over the design

loads).Prior to participation in the competition, several trail runs will be made to test the

performance of go-kart and the life of components in it. Failures of weld joints and

transmission belt are frequently reported. Belts will fail due to high acceleration and

skidding rounds in competition. They should be replaced in dynamics rounds.

Chapter-3 devotes on the fabrication, assembly operations, testing of the go-kart

under running condition, failures of components and remedial actions and Ergonomics.

Chapter-4 highlights on the summary of findings and future scope.
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