
DESIGN AND FABRICATION OF AUTOMATIC TWO-

WHEELER BALANCING DURING OVER SLIDING 

 

P. Sentilkumar
1
, R. Sivakumar

 2
, I. Anbarasan

3
, V. Madhusudhan

4
,  

M. Ramesh
5
 

1,2
Professor, Dept. of Mechanical Engineering, SVS College of 

Engineering, Coimbatore, Tamil Nadu. 

 
3,4

Assistant Professor, Dept. of Mechanical Engineering, SVS College of 

Engineering, Coimbatore, Tamil Nadu. 

 
5
Final Year Student, Dept. of Mechanical Engineering, SVS College of 

Engineering, Coimbatore, Tamil Nadu. 

 

Abstract 

During cornering of a two-wheeler under dynamic conditions when the vehicle is steered to 

the left or right, the axis of the wheels. Due to the action of these moments on the vehicles 

along with the centrifugal forces and gravity acting on it, the vehicle may either skid or 

overturn depending on the angle of tilt, velocity of the motorcycle, radius of the curve & mass 

of the vehicle. The main objective of this work is to ensure the safe negotiation and to avoid 

accidents while over sliding. 

Keywords: Dynamic, vehicles, velocity, overturn, wheel. 

 

INTRODUCTION 

The evolution of two wheelers over the time has been a product of requisite, inventiveness, 

materials and industrialization. Two wheelers have become a part of human life and that has 

been evident in day to day life. Riding a two wheeler gives a pleasant feeling but has adverse 

effects too. One can‟t comprise on road safety while riding. So this project aims on safety 
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riding on the road especially on the curve of corners. It‟s obvious that two wheelers are 

unstable vehicles. When it moves on a straight road there are high probabilities that it remains 

in the stable position due to the action of various forces acting upon it. It becomes more stable 

as the speed increases above its critical velocity. But during the curves on the road there are 

possibilities of skidding and thus results in tragedy. There are factors which limit the speed of 

the motorcycle during the curve on the road through which a motorcyclist can traverse that 

curve. They are the friction between tires and the road, the geometric limit. The later is 

defined by the lean angle that comes into contact with the road way. In simple words it is the 

geometry of the tire that prevents additional leaning. The third is the psychological factor on 

the rider‟s mind about the frictional limits of this motorcycle.  

At an instance for a motorcyclist traversing a flat curve, the friction limit will be reached 

when the lateral acceleration which is the in gravitational unit of motorcycle rider 

combination in equal to the coefficient of the friction between the road and the motorcycle 

tires. For an instance let us consider the peak friction coefficient as 1.2, with this level of 

friction a, motorcycle traversing a flat 250-foot radius curve should have a friction limit speed 

of 67 mph. Depending upon the friction coefficient the speed on the respective radius curves 

are defined. For the same foot radius mentioned above if the friction coefficient is 0.8 then the 

speed limit will be 55 mph. And also addressing about the geometric limit, a motorcycle that 

can 50 degrees would be able to achieve the friction limited speed of 67 mph. Let us conclude 

that the geometric limit will be more restrictive than the friction limit. In the relationship to 

the geometric limit it is worth mentioning that the suspension loading and compression during 

traversing a curve will have an effect on geometric limit for a motorcycle on a curve. As the 

load on the suspension increases, the springs will compress more and the ground decrease of 

the components on the motorcycle will decrease It is evident that if the suspension loading 

has an effect on the maximum achievable lean angle the effect was small and also the 

maximum lean angle for a motorcycle can be estimated from the manufacturers 

specifications. The lean angle can have measured then by leaning the motorcycle until a 

component contacts the test surface with the ranges got through the experimental results, the 

speed as a factor can be identified to traverse a curve for different foot curve radius. 
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MATHEMATICAL MODELLING OF A VEHICLE 

  

Figure: 1 

LEAN ANGLE MEASUREMENT 

Subject Normal Riding 
Leaning Body into 

Turn 

Leaning Body out 

to Turn 

1 -0.5° -1.6° 0.8° 

2 0.0° -2.9° 2.7° 

1&2 -0.3° -2.4° 2.0° 

 

Table - 1 
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LEAN BODY OUT OF TURN VS LEAN BODY INTO TURN 
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MOTORCYCLE LEAN ON A CURVE 

 

Figure: 2 

L=ϕ + θ 
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The lean angle required for a motorcyclist to a traverse a particular curved path is the angle that 

brings the overturning moment and the opposing moment. The overturning moment is 

generated by the tire frictional forces and the opposing moment is generated by the forces 

perpendicular to the road surfaces when these two forces comes into balance with each other 

the lean angle is produced. The lean angle that is required depends on the increasing speed and 

the decreasing path radius. Let the lean angle of the motorcycle and the rider relative to the 

vertical direction be L. It can be given by ϕ + θ. The other factors that impact on the lean angle 

is the motorcycles velocity, gravitational acceleration and the path radius. Here ϕ is the super 

elevation angle and θ is the lean angle of the motorcycle relative to the road surface. In the 

derivation ϕ + θ, the counter clockwise rotations are positive and therefore the super elevation 

lean angles for a leftward curve are positive. The other forces applied to concerning motorcycle 

are the combined weight of the motorcycle and the rider applied at their effective centre of 

mass, the lateral friction force F friction applied at the tire contact path and the normal force F 

normal applied at the tire contact path. And also in order to remain in equilibrium as the 

motorcycle traverse the curve the resultant of the normal and the friction forces must be act 

along the line connecting the tire contact path to the centre of mass of the motorcycle and the 

rider. 

SUSPENSION 

 

Figure: 3 
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Suspension system design is a challenging task for the automobile designers in view of 

multiple control parameters, complex objectives and stochastic disturbances. The problems 

stem from the wide range of operating conditions created by varying road conditions, vehicle 

speed, and load in general, the road handling and safety rules request harsh suspensions. There 

are three types of suspension system: passive systems, semi active systems, and active systems. 

Each of the type of suspension has different advantages and disadvantages. suspension system 

with air springs has been studied extensively. On the contrary, the design and analysis of the 

passive suspension system are fully established. Therefore, the air spring suspension system 

design problem can be converted to anode which produces suspension performance the same as 

a passive suspension system when using it without active controller or it can produce more 

efficient suspension system when use it with active controller. It is possible to convert a 

passive suspension system to an air spring suspension system and vice versa. 

 

PNEUMATIC CYLINDER 

 

Figure: 4 

Pneumatic cylinders are mechanical devices sometimes called as air cylinders. It use the 

compressed gas to produce a force in a reciprocating linear motion. Like hydraulic cylinders 

something forces a piston to move in the desire direction. The piston to move in the desire 

direction. The piston is c disc or cylinder, and the piston rod transfers the force it develops to 

the subject to be moved in front when the compressed air is inserted in the one end the 

pneumatic cylinder moves towards and the piston move forward .sometimes prefer to use 

pneumatic because they are quieter, and do not require large amount of space for fluid storage. 
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Because the operating fluid is a gas, leakage from a pneumatic cylinder will not drip out  and 

contaminate the surroundings, making pneumatics more desirable.  

 

ACCELEROMETER 

 

Figure:5 

An accelerometer is an electromechanical device that measures acceleration forces. These 

forces may be static or dynamic. These forces may be static or dynamic. There are many types 

of accelerometers available in the industry. The vast majority is based on piezoelectric crystals 

but they are too big and to clumsy. It is obvious people tried to develop something smaller that 

could increase applicability and they started searching in the field of microelectronics and 

achieved success. 

 

CONDITIONS BASED LEAN MEASUREMENT 

Subject Lean condition slope y-intercept SSE 

Model(Condition) -- 0.092s2/m2 -0.024 0 

Condition 1 All 0.085 s2/m2 -0.115 25.3 

Condition 2 Normal 0.090 s2/m2 -0.164 

 

2.5 
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Condition 3 Rider lean into turn 0.080 s2/m2 -0.568 7.3 

Condition 4 Rider lean out of turn 0.085 s2/m2 0.429 1.6 

Table: 2 

 

GRAPH BASED ON CONDITIONS 
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Graph: 2 

PARAMETERS OF TWO WHEELER 

Two-wheeler Parameters Value Unit 

Mass of a two wheeler 200 Kg 

Length of wheel base 1.54 M 

C.G in plane containing rear wheel (h) 0.6 M 

C.G in plane long x axis from P1 (a) 0.513 M 

Head angle(λ) 70 Deg 
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Trail (C) 0.117 M 

Sideslip angle(θ) 2 Deg 

 

Table: 3 

 

ACCIDENTAL DEATHS IN INDIA 

 The incidence of accidental deaths has shown an increasing trend during the period 2003 

-2012 with an increase of 51.8% in the year 2012 as compared to 2002; however 0.2% 

decreases was observed in 2003 over previous year 2002. 

 The population growth during the period 2003-2012 was13.6% where as the increase in 

the rate of accidental deaths during the same period was 34.2%.  

 Tamil Nadu, Uttar Pradesh, Andhra Pradesh and Maharashtra have accounted for 

11.6%, 10.9%, 10.8% and 10.0% respectively of total „Road Accident‟ deaths in the country. 

A total of 1,18,533 males and 20,205 females totaling 1,39,091 persons were killed during the 

year 2012 A total of 32,318 persons (23.2%) were died due to accidents of „two- wheelers‟, 

„truck/lorry‟ accounted for 19.2% (26,678 persons), „cars‟ accounted for 10.1% (14,110 

persons) and „buses‟ accounted for 9.4% (13,076 persons) of accidental deaths during the year 

2012 

 

CONCLUSION 

With this paper, a simplified model and the idea about our work has been presented. To obtain 

the accurate results and the real time implementation which would be the final cause for the 

development, more information about the motorcycle tire characteristics, moments of inertia, 

aerodynamic characteristics which probably differ from manufacturer to manufacturer and 

some other essential calculation information and indeed necessary. This paper ensures the 

essential ideas for the stability of the motorcycle during traversing a curve and the rider safety 
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by establishing real time feedback control for the safe negotiation of the curve. 
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