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Abstract:
A off road vehicle (Go-Kart) is a small four-wheeled vehicle with open-wheels. Go-Karts come in all shapes and forms, from motor fewer models to high-powered racing machines. Go-Karts can be powered by 4-stroke engines or electric motors. The modeling of the go-kart is firmly based upon the driver ergonomics and the weight of the components like engine, steering column, transmission system and other components required to promote the motion of the Kart. All the modeling has to be done in such a way that the weight of the kart is minimum and the parameters defined are as per the standards mentioned in the ‘World Karting Association’. The basic motto of the work is to design a go-kart which is safe and functional on rigid and torsional considerations by keeping a keen eye on the parameters mentioned as per the World Karting Association standards. The design chosen fits perfectly in the parameters as per the standards of the World Karting Association and which is also perfect in view of functional, safety and ergonomics according to driver feasibility. The design of kart is so easy that the chances of mistakes while manufacturing is reduced to a very lowest value.

 INTRODUCTION 
The Go-kart is a compact, simple, lightweight and easy to operate vehicle. The go-kart is designed for flat track racing so, its ground clearance is very small as compared to other vehicles hence it skips the suspension. The engine, steering, axle, tires, and bumpers are the go-kart components. The go-kart engine is either a two-stroke or a four-stroke engine. Instead of the car, known as the eco-kart, electric motors are also used. 
The chassis is independent of suspension to experience the thrill. Given its simplicity, cost and safer way to race, go-karting is a great outlet for those interested in racing. This kind of vehicle is specifically designed and manufactured for racing due to low ground clearance. Chassis should be bearded in one of the key components of this vehicle as the overall weight of the vehicle. Because of this, the chassis should have stability and power. For people who are interested in racing because of its low cost, simple construction and safer way of racing, go-karting is an exciting and great sports car. (Alex et al. 2001). There may be an indoor or outdoor race circuit. This venture is planned to be a model of the go-kart chassis which is constructed with the circular cross-section beams. Modeling is performed on SOLIDWORKS software. 
The chassis is built so that fewer pipes and the ability to withstand the optimum loads applied to it are needed. Usually, they are raced with no pits and speed breakers on almost every simple track. This is considered the first vehicle to begin a career in the world of racing.  In the USA and most of the developed countries in the world, these cars, now called "Go-Karts" have evolved into a billion-dollar industry. They are manufactured, marketed, and used exclusively as leisure racers. These vehicles are not, however, intended for transportation and transport, are considered illegal in most places to drive them on the road. 
History of Go-Kart
The father of karting is usually considered to be American Art Ingels. A seasoned hot rider and Kurtis Kraft race car designer, he completed his first Southern California kart in 1956. Karting, which is immediately popular, spread rapidly to other nations, and currently has a wide following in Europe.
An American company, Go-Kart Manufacturing Co., was the first kart manufacturer (1958). The first company to manufacture engines for karts was McCulloch in 1959. The McCulloch MC-10, its first engine, was an adapted two-stroke chainsaw engine. Motorcycle engines were also adapted for kart use later in the 1960s, before dedicated manufacturers, especially in Italy (IAME), began building engines for the sport.
Chassis
The chassis of a go-kart is a skeleton frame made up of seamless pipes and other materials of various cross-sections. The chassis of go-kart must consist of stability, torsional rigidity, as well as it should have a relatively high degree of flexibility as there is no suspension. It can also adequate strength to sustain the load of the operator and other accessories. The chassis is designed by convenience and safety for the operator. The frame was designed for a comfortable ride and without losing the structural integrity, the load is applied on it. Selection of frame material while designing any chassis, strength and lightweight is the basic consideration. So, the material used in the chassis is one of its important criteria. AISI 1018 is one of the suitable materials for go-kart chassis and it is used for mild/low carbon steel and having its high tensile strength and high machinability and offers a good balance of toughness and ductility.
The chassis is made of seamless tubing. There is no suspension, so the frame must be flexible enough to act as a suspension and rigid enough not to split on a turn or give way. In the United States, kart chassis are categorized as open, caged, straight or offset. All Commission Internationals de Karting - Federation International Automobile or CIK-FIA approved chassis are Straight and Open.
[image: ]
Figure: Go-kart chassis
LITERATURE REVIEW
In its design and use, a chassis consists of an internal structure that supports a man-made object. It is similar to the skeleton of an animal. The base part of a motor vehicle, consisting of the frame, is an example of a chassis (on which the body is mounted).The assembly is defined as a rolling chassis if the running gear, such as wheels and transmission, and sometimes even the driver's seat, are included.
The chassis takes the load from the user, the engine, the braking system, the fuel system and the steering mechanism, so that, in the event of an impact, the chassis should have sufficient strength to protect the operator. The driver's cabin must be able to withstand all the pressures that are exerted on it. This can be done either by using a material of high strength or by using better cross sections against the load applied. But with the optimum number of longitudinal and lateral members, the most feasible way to balance the dry mass of the chassis is. The chassis must be made of steel tubing with ASME dictated minimum dimensional and strength specifications (American Society of Mechanical Engineers). 
Prof. Alpesh V. Mehta, Mr.Nikunj  The fiber to take a load in the form of a structural element, but the matrix phase only sustains a small amount of applied load. In addition, besides the matrix material is ductile; it also protects the individual fibers from mechanical abrasion or chemical reaction with the environment which will cause surface damage. 
Koustubh Hajare et al. Studied that the designing of chassis for go-kart can develop many skills. The learning of 3-D modeling software like Solid works is essential to obtain desire design. The design analysis specifies the stresses produced in the chassis that play an important role in the safety factor. From the study, we can predict whether or not the chassis is secure and it is also possible to adjust the deformation and stresses in the kart chassis by seeing them.
Gautam Yadav et al examined that the X Frame we have used is most stable and has a factor of safety of 2.5 for the general case. As our first priority was the safety of the passenger and moreover the flexibility of the frame is high which helps the go-kart during turning. Hence rigid frame and strong roll cage structure optimizes the necessary task and gives the desired result. The weight of the structure is also less 
Sandeep Ramini et al. studied that go-kart as known is a single seated simple car-like a vehicle. Its size is a big factor, but its complete lack of a conventional suspension is one major feature of a kart. There is no differential (both rear tires spin at the same speed) here, the axle is securely attached to the frame, and although items such as camber and caster can be adjustable, there are no dampers or springs. Both camber and caster angles are included in the chassis design. To validate our design we have performed various crash tests to find when our model fails for a given chassis material and pipe thickness. A study has been made to optimize weight to strength ratio of the chassis. A slight variation may lead to problems and failure of the design. Our main aim is to maintain good ergonomics and safety.
METHODOLOGY
They were placed with respect to the wheels on the frame, given the weight and size of the engine and seat. The Weight distribution ratio (front: rear) is 37:63. On the basis of this, the transmission, braking, and steering systems are designed. Figure 2.2 shows the overall block level representation of the proposed go-kart.
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Figure: Design Methodology
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Figure: Chassis being analyzed
For various conditions, the stiffness of the chassis requires different handling features. Usually, a stiffer chassis is preferred for dry conditions, whereas a more flexible chassis can perform better in wet or other poor traction conditions. The track temperature may also influence handling and can prompt additional changes to the frame. The best chassis makes it possible to add or remove rear, front and side stiffening bars according to race conditions. 
A disc brake mounted on the rear axle achieves braking. In most shifter kart classes, front disc brakes are used and are increasingly common in other classes; some classes do not, however, allow them. Shifter karts have dual master cylinders, one for the front and one for the rear and are adjustable to allow for front/rear bias changes. 
Professionally raced karts typically weigh 165 to 175 lb. (75 to 79 kg), complete without driver. Avanti, Trulli, Birel, CRG, Gillard, Intrepid, Kosmic, Zanardi or FA Kart and EKS are a few well-known examples of the many European manufacturers of race-quality chassis. Emmick, Coyote, Bandit, Shadow, MGM, Titan, PRC, and Margay are American companies producing kart chassis.
RESULTS& DISCUSSIONS
MATERIAL SELECTION
The selection of the material is based upon the performance of the kart. As the kart is to be designed for high speed with less weight the chassis must be designed considering less weight of the chassis. To obtain less weight seamless tubes are because of their good properties.
Table: Comparison of Material Properties
	Materials
	Yield strength (MPa)
	Percentage elongation at
break

	AISI 1026
	260 - 440
	17 - 27%

	AISI 4130
	435 - 979
	18 - 26%

	AISI 1020
	230 - 370
	18 - 28%

	AISI 1018
	270 - 400
	18 - 29%


It is observed that material which has high machinability and inexpensive is AISI 1018 hence was a good choice but strength to weight ratio is greater for 4130. AISI 1020 was rejected because of its high cost. AISI 4130 was rejected because of its high carbon content and lack of Machinability, 4130 have the superior hardenability that other iron alloys like 4130 and 4140 possess. But 4130 is popular steel in the race car industry but is not easily available in India. Therefore, the material that the team chose to use is AISI 1018. The benefit of using the AISI 1018 is that it can be easily wielded than the 4130 chromyls. The AISI 1018 has the same Modulus of Elasticity (E) and density as the 4130, so using it does not affect the weight or stiffness in member with the same geometry. AISI 1018 has excellent weldability and produces a uniform and harder case and it is considered as the best steel for carburized parts. The 1018 carbon steel offers a good balance of toughness, strength, and ductility. Considering the above factors, we choose AISI 1018 for our chassis material.
The chemical composition of AISI 1018 is good when compared to other material standards. Welding and fabrication standards are appreciable. The below table mentions the properties and values of AISI 1018
Table: Physical Properties of AISI 1018
	PROPERTIES
	VALUE(Metric)

	Density
	7.87g/cc

	Yield tensile strength
	370 MPa

	Ultimate strength
	440 MPa

	Elongation at break (in 50 mm)
	15%

	Poisons ratio
	0.29

	Modulus of elasticity
	200GPa



CHASSIS MODIFICATION
As per the design constraints set out in the earlier section, the chassis has been updated. The chassis manufactured with the engine's bolting point and other accessories required a firm base on which the suspension system was mounted. The fabricated chassis along with the mounting point was then mounted on to the base frame and thereby welded firmly to it. The modification done in it is that the engine is placed backward of the driver and the members are also reduced providing the same amount of support and strength to the chassis.

[image: ]
Figure. Ergonomic consideration
Considering Ergonomics, the driver was made to sit in the actual scale model of the kart frame. The floor was considered as the base floor of the Kart. Driver sitting angles measured for a 5’7” Person and a 5’5” person. Both drivers remained in the position for 20 minutes, thereby simulating driving conditions. An optimum seat position was fixed considering their reviews and the other entire member’s reviews. Various measured angles and clearances of the body part were measured.
THEORITICAL CALCULATION
Thickness = 2mm
For O.D. =25.4 mm and I.D = 23.4 mm,
thickness=2mm. Mass of chassis =25 kg
Volume =0.003 mm2
C.G. of chassis: Gx = 24.308 mm,
Gy = 910.497mm, Gz = 53.41mm
If consider
Chassis = 30 kg, Driver = 60 kg, 
Steering = 10 kg, 
Rear axle & brake = 30 kg, 
Engine = 30 kg,
Fuel tank & battery =10 kg
Total weight=170 kg.
Now take the total weight of vehicle=170 kg.
Front impact=170*4*9.81 = 6670.80 N
RA +RB-6670.8=0
MA=0
-RB*381+6670.8*381/2=0 
RB=3335.4 N
RA=3335.4 N, FBR = 0 N, FBL= 3335.4 N
FAR= 3335.4 - 6670.8 = -335.4N
FAL= 0 N
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Figure: SF and BM diagrams

MC = 0
MC=-3335*381/2+17.5*381/2*381/4=0
MC = -635317. 5+317539.69
MC = -317.78*103N.mm
Now by taking s yield and calculate,
s yield =370 N/mm2
sb = M *b* y / I
370 = (317.78*103 *13.25)/ (π/64[26.44-di4]
18.16 = 4.21*106/(26.54-di4)
Di=22.61 mm
Thickness=26.5-22.6=3.89/2=1.92 mm
Check the design for dimensions of pipes available in market that
are as follows. Now for thickness =2.7mm and di=21.1mm,
do=26.5 mm
sb=4.21*106/ (π/64*[26.54-21.14])
sb=4.21*106/ (14.48*10)
sb=290.75 N/mm2
Working sb < sb yield.
FOS =370/290.75=1.27
Working sb < sb yield.
FOS =370/290.75=1.27.
Working sb < sb yield.
FOS =370/290.75=1.27.
FINITE ELEMENT METHOD
The step-by-step procedure for the static structural problem can be stated as follows:
Step 1:- Description of Structure (Domain). Dividing the structure of the solution area into subdivisions or components is the first step in the finite element process.
Step 2:- Selection of the correct model for interpolation. Since it is impossible to accurately predict the displacement (field variable) solution of a complex structure under any defined load conditions, we assume some reasonable solution within an element to approximate the unknown solution. The presumed solution must be easy and certain conditions for convergence should be fulfilled.
Step 3:- Derivation of matrices of element stiffness (characteristic matrices) and vectors of load.
From the assumed displacement model, the stiffness matrix [K(e)] and the load vector P(e) of element “e” are to be derived by using either equilibrium conditions or a suitable Variation principle
Step 4:- Assembly of equations of elements to obtain the equations of equilibrium.
Since the structure consists of many finite components, it is necessary to assemble the individual element stiffness matrices and load vectors in an appropriate way and formulate the overall equilibrium equation as K]φ = P
Where [K] is called assembled stiffness matrix, Φ is called the vector of nodal displacement and P is the vector or nodal force for the complete structure
Step 5:- Device equation solution to find nodal displacement values (field variable). The overall equilibrium equations have to be revised to account for the boundary conditions of the problem. After the incorporation of the boundary conditions, the equilibrium equations can be expressed as,
[K]φ = P
For linear problems, the vector „φ‟ can be solved very easily. But the solution must be obtained in a series of steps for non-linear problems, each step involving the modification of the stiffness matrix [K] and “φ” or the load vector P.
Step 6:- Computation of strains and stresses
 of materials. 
If required, the element strains and stresses can be computed from the known nodal displacements by using the necessary equations of solid or structural mechanics.
The terms indicated in brackets follow the general FEM step-by-step method in the steps above.
ANALYSIS
Front Impact Analysis
Using the gross weight of the vehicle is 180kg, 
The impact Load applied: 9000 N
Maximum stress induced: 252.2 MPa
Displacement: 0.91mm
Factor of safety: 1.82
After applying these loads on to the go-kart frame, the reports of stress analysis and the total deformation of the frame under these forces were observed in the ANSYS system. After several iterations and alterations the design of the frame was finalized when it has the required factor of safety and minimum amount of deformation.
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Figure. Front impact Stress Analysis
This figure gives the information after stress analysis of the frame in the ansys software. If the stress developed is more in any member, then some changes in the frame members were made and the stresses developed in the frame were reduced to minimum. If the stress developed is more in any member, then some changes in the frame members were made and the stresses developed in the frame were reduced to minimum. After several iterations and alterations the design of the frame was finalized when it has the required factor of safety and minimum amount of deformation.
Side Impact Analysis
The values are
Load applied: 5400N
Maximum stress induced: 113.4 MPa
Displacement: 0.18mm
Factor of safety: 4.05
[image: ]
Figure. Side impact Stress Analysis


Rear Impact Analysis
Load applied: 9000N
Maximum stress: 326.8 MPa
Displacement: 1.84mm
Factor of safety: 1.40
[image: ]
Figure. Rear impact Stress Analysis
This figure gives the information after stress analysis of the frame in the ANSYS software. If the stress developed is more in any member, then some changes in the frame members were made and the stresses developed in the frame were reduced to minimum.
CONCLUSION
A number of methods are adopted to design the chassis with all the stress factors. Not only the sustainability of chassis, but it is also designed according to the components function like brake linkage, acceleration cable linkage, etc. Our designed showed the output successfully with brake and acceleration parameters. 
With two main factors, they are turning radius and ergonomics. Turning radius plays a major role to control the kart. Ergonomics will be strictly followed. Without good ergonomics, automobile will not be defined. So, it is sure that we are not compromised in ergonomics. Turning radius helped us to proceed with good ergonomics. We placed our driver on the floor with comfort knee angle, elbow angle, neck angle and then it is finalized our driver compartment within the wheel base and track width. In the first step, our wheel base and track width are completed by considering turning radius and ergonomics. In the second step, we moved to a power train arrangement. It should not be harmful to driver and also transmission arrangement should be the optimum position for its theoretical output. For the arrangement, we used common secondary members for power train and brake linkages.
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