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Abstract— As any avid biker will tell you, motorcycle have 

a lot of advantages over cars – they use less fuel, accelerate 

faster, are more manoeuvrable, can be parked in more 

places, and don’t incorporate the weight of extra seating for 

passengers who are non-existent on solo commutes. As 

many other people will tell you, however, motorcycles also 

leave their occupants open to the rain and cold, and can 

potentially tip over and scatter those occupants across the 

road. It’s a proposed fully – enclosed two-passenger electric 

or IC engine motorbike that uses a gyroscopic stabilizing 

system. The goal of this project is to design and build a 

prototype self balancing bike for use as a teaching tool for 

someone learning to ride a bike and as a means for disabled 

person to ride a bike. The project consists of a research 

phase in which similar system have been investigated to 

help to determine sensible design approach and to establish 

appropriate design specifications; a design phase in which a 

prototype was designed to meet the aforementioned 

specifications and a construction phase. 
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I. INTRODUCTION 

Motor bike is an in demand transport around the globe. It 

has been adopted due to its energy efficiency, compact 

design, convenience and attractive look. People in the 

developing country often use it as a low priced bike with 

better fuel efficiency. However, despite of the features and 

popularity motor bike has lack of safety and is uncertainty. 

Therefore, motorbike accidents are fatal. An injury is must 

while death is more frequent scenario. The major lacking in 

motorbike addressing the safety features are the passenger’s 

body is exposed during ride time which allows the 

passengers to get off the bike and exposes him to impact 

with roadside elements and the chance of damage is 

limitless. On the other hand many people does not consider 

it as a transport as it does not have the comfort features like 

the car while two wheeled bike can save energy and space. 

This vehicle has both the cabin comfort of a car and the 

compactness of a motorbike. It has the safety features which 

can minimize the damage during an impact. 

Bikes are a common form of exercise, recreation 

and transportation used by billions. They can also serve to 

provide physical therapy, as they are a low impact form of 

exercise that can train balance, strength, stamina and 

coordination. Though one may consider riding a bike to be a 

fairly simple task, this is not the case for many people. This 

includes young children, adults who have never learned to 

ride a bike, injured people, or people suffering from 

cognitive disabilities. A system that could provide balancing 

assistance to a bike rider without otherwise affecting the 

experience of riding a bike could provide great benefit to 

these groups of individuals.  

Such a system could be used both as a teaching 

tool, and as a physically therapeutic device. This problem of 

balancing a bike is analogous to what is known as the 

'inverted pendulum' problem. An inverted pendulum is a 

pendulum which has its mass above its pivot. The pendulum 

can be anything forms a simple mass and rod, to a full 

system. While a normal pendulum is stable, an inverted 

pendulum is inherently unstable, and must be actively 

balanced to remain upright. 

In the case of a bike, it is a rigid body which can 

rotate around its contact point with the ground. Although a 

bike motion has multiple degrees of freedom, the particular 

type of motion which this project aims to stabilize is this tilt 

angle around the point of contact with the ground relative to 

the direction of gravity. 

There are many solutions to the inverted pendulum 

project that already exist, some of which provide complete 

stabilization of a system, others of which dampen the 

motion of the system enough to allow for human correction 

of any deviation in tilt angle. These solutions can be broken 

up into two groups, one of which can be considered Passive 

Balance Systems, and Active Balance Systems. 

An Active Balance System is defined as a system 

which actively senses the tilt angle of the system and 

provides a corrective force based on the tilt angle to stabilize 

the system, whereas a Passive Balance System simply 

dampens or mechanically limits the motion of the system 

without any utilization of a calculated tilt angle. Active 

balance systems may either provide complete stabilization 

for a system or dampen the motion of the system. Passive 

Balance Systems can only dampen the motion of the system. 

A. Problem Statement 

As any avid biker will tell you, motorcycles have a lot of 

advantages over cars - they use less fuel, accelerate faster, 

are more manoeuvrable, can be parked in more places, and 

don't incorporate the weight of extra seating for passengers 

who are non-existent on solo commutes. As 

many other people will tell you, however, motorcycles also 

leave their occupants open to the rain and cold, and can 

potentially tip over and scatter those occupants across the 

road. It's a proposed fully-enclosed two-passenger IC engine 

motorbike that uses a gyroscopic stabilizing system to stay 

upright when stopped, or even when struck from the side in 

an accident 

B. Objectives 

1) An overview of prior art related to the development of a 

self-balancing bike for use by people not capable of 

riding a two wheeled bike unassisted either due to 

inexperience or disability. 

2) A list of specifications and requirements for a prototype 

of such a vehicle, as well as a list of specifications and 

requirements for a marketable version of the finished 

product. 

3) A summary of the development of separate designs, a 

gyroscopic flywheel based design and an actuated 
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support arm design as well as the principles of 

operation behind each design 

4) A detailed description of the prototype and an 

explanation of the selection process for the components 

used in the product 

II. DEVELOPMENT OF SUPPORTING MEMBERS 

A. Development of an Actuated Arm Support System 

Particularly its high level of difficulty to manufacture a 

working prototype, it was determined that an alternative 

design for balancing a bike needed to be developed. The 

resulting design was required to produce similar results to 

the flywheel system while interfacing with the majority of 

the previously designed subsystems (excluding the chassis 

and actuation subsystems). 

The new design relies on two actuated support 

arms mounted behind the bike seat and laterally offset from 

the bike. The support arms are each directly driven by a DC 

motor such that they rotate around an axis parallel to the 

direction of forward motion of the bike , and are designed 

such that when the bike  and the support arms are in a 

vertical position they do not come in contact with the 

ground. When the bike tilts to one side, the arm on the side 

of the bike forming an acute angle with the ground is 

actuated such that the end of the arm remains in contact with 

the ground until the bike is brought back to a vertical 

position.  

This design works on the principle of stability 

which states that a system is stable if its centre of gravity is 

over the polygon formed by the system's points of contact 

with the ground. To ensure that contact with the ground is 

maintained at all times when the bike is tilted, the proper 

angle of the arm must be determined based on the current tilt 

angle of the bike.  

 
Fig. 1: CAD Model of Actuated Arm support system 

 
Fig. 2: Variables used in representing the motion of the 

system. 

Where, 

H - Height of the motor when bicycle is in vertical position  

D – Distance between motor and the bicycle   

L – Arm length  

ɸ - Tilt angle of the bicycle from the vehicle axis  

ɵ - Tilt angle of the motor from the line 90o from the 

crossbeam 

The dimensions of the bike necessary to calculate 

are known quantities, and the tilt angle is measured in real 

time. Because all of the information necessary to calculate 

the critical arm position needed to maintain contact with the 

ground at a given tilt angle is present, it can be stated that 

this design concept is capable of balancing the bike. 

B. Development of Suspension Systems 

Motorcycle's suspension serves a dual purpose: contributing 

to the bike's handling and braking, and providing safety and 

comfort by keeping the bike's passengers comfortably 

isolated from road noise, bumps and vibrations. The typical 

motorcycle has a pair of fork tubes for the front suspension. 

The most common form of front suspension for a modern 

motorcycle is the telescopic fork. Other fork designs are 

girder forks, suspended on sprung parallel links and bottom 

leading link designs. Some manufacturers used a version of 

the swinging arm for front suspension on their motocross 

designs.  

The top of the forks are connected to the 

motorcycle's frame in a triple tree clamp which allows the 

forks to be turned in order to steer the motorcycle. The 

bottoms of the forks are connected to the front axle around 

which the front wheel spins. On typical telescopic forks, the 

upper portion, known as the fork tubes, slide inside the fork 

bodies, which are the lower part of the forks. As the tubes 

slide in and out of the body they are telescoping, thus the 

term telescopic forks. The fork tubes must be smooth to seal 

the fork oil inside the fork, and typically have a mirrored 

finish, though some fork tubes, especially those on off-road 

motorcycles, are enclosed in plastic protective sleeves, 

known as gaiters. A shock absorber consists of springs 

which determine posture and cushioning buffer action and a 

damper which suppresses vibration. On 2-wheeled bikes, 

shock absorbers are separated into the categories of the 

“front fork” and “rear cushion”. The front fork: Front fork 

serves as rigidity component just like a frame. Bike specific 

rigidity given to present run out while braking and changing 

the direction of a wheel though handle operations. Maintain 
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balance of bike frames stability and secures straight running 

stability as well as rotationality of the bikes. The front fork 

prevents excessive weight on the front wheel during drastic 

sudden applications the break, softens bumping when 

driving on rough road surfaces. The front fork maintains 

proper damping through traction with the road surface. 

III. ANALYSIS  

Each impact test is a worst case scenario that could 

potentially occur to the bike. There are eight tests: 

a) Front Impact Test 

b) Rear Impact Test 

c) Side Impact Test 

A. Front Impact Test 

The front collision test simulates the bike hitting a solid, 

immovable object at a speed of 100Km/hr. as shown in 

Figure 3. This is the maximum top speed the bike is 

expected to reach. 

 
Fig. 3: Schematic of front impact test 

For front impact test, the force is calculated using 

the change in momentum equation. Consider car crashes to 

wall and came to stop in 0.2 seconds. 

Change in momentum=F×t 

Or mv-mu=F×t 

Where; m=mass of whole bike=280kg 

v=Final velocity of bike=0 m/s 

u=Initial velocity of bike=12.5 m/s 

t=Impulse time=0.2(for front impact) 

F=Force  

mv= Final momentum (the one it ended up with). 

mu= Initial momentum (the one it started with). 

The change in momentum =mv-mu  

 
Fig. 4: Analysis of Front impact test 

For front impact, the maximum stress obtained is 

66666 N/m2 

B. Rear Impact test 

Rear Impact test simulates the bike is got hit by another bike 

having same weight as 

 
Fig. 5: Schematic of Rear Impact Test 

For Rear Impact, a force equivalent to 4G is applied on rear 

portion of the bike. 

Where; G= mg  

            m=Total weight of bike =280Kg 

            g= acceleration due to gravity 

             F=4G =4mg 

 
Fig. 6: Analysis of rear impact test 

C. Side Impact Test 

The side impact simulates the bike is get hit by another bike 

of same weight from side as shown in figure 9 

For Side Impact, a force equivalent to 2G is applied 

on side portion of the bike. 

 
Fig. 7: Analysis of side impact test 
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IV. PROPOSED DESIGN 

A. Prototype  

 
Fig. 8: Side View of prototype 

1 Front suspension system 

2 Steering system 

3 Sitting arrangement 

4 Fuel tank 

5 Transmission system 

6 Rear suspension system 

7 Electric motor 

8 Flywheel 

9 Batteries 

Table 1: Part Specification 

The car is designed in such a way what a single person can 

easily accommodate in it easily. It is given the aerodynamic 

shape in order to enable it achieving great speed. It has one 

door on its each side. There are indicator lights placed on 

the side of the car. It also has a stand. If the car is not 

started, then it stands on it. As soon as it starts, the hub 

motors take the responsibility to balance it. It is designed to 

have two threshold angles while it is in motion. The angles 

depend on the speed. The motor will balance the car 

according to the threshold angle.  

The car has safety features in it such as seat belts 

and airbags. There will be an air conditioner to cool the 

cabin as it is a must feature to any car. The dash board 

includes an odometer, rpm meter and Speedo meter itself. 

There is a panel for display from rear camera as well as 

media source. This is a car driven by electrical system. The 

car is designed in such a way what a single person can easily 

accommodate in it easily. It is given the aerodynamic shape 

in order to enable it achieving great speed. It has one door 

on its each side 

There are indicator lights placed on the side of the 

car. It also has a stand. If the car is not started, then it stands 

on it. As soon as it starts, the hub motors take the 

responsibility to balance it. It is designed to have two 

threshold angles while it is in motion. The angles depend on 

the speed. The motor will balance the car according to the 

threshold angle.  

The car has safety features in it such as seat belts 

and airbags. There will be an air conditioner to cool the 

cabin as it is a must feature to any car. The dash board 

includes an odometer, rpm meter and Speedo meter itself. 

There is a panel for display from rear camera as well as 

media source. This is a car driven by electrical system. 

Rear part has brake lights and indicator lights on 

each side. There rear part of the body is extended to the 

length of the rear wheel. It provides some additional space 

for accommodating necessaries. The car is designed such a 

way that it needs less space for parking and in the road too. 

The gear system of the car is fully automated and operated 

internally. GPS system will be integrated for the purpose of 

navigation and can also be very useful to prevent theft. 

In the front side of the car two headlamps are 

placed on each side along with an indicator and the front 

axle holds the front wheel. The car’s body is extended and 

curved towards ground which actually covers the front 

wheel and works like mud guards. It gives an attractive look 

too. 

B. Gyroscope 

Within mechanical systems or devices, a 

conventional gyroscope is a mechanism comprising a rotor 

journaled to spin about one axis, the journals of the rotor 

being mounted in an inner gimbal or ring; the inner gimbal 

is journaled for oscillation in an outer gimbal for a total of 

two gimbals. 

The outer gimbal or ring, which is the gyroscope 

frame, is mounted so as to pivot about an axis in its own 

plane determined by the support. This outer gimbal 

possesses one degree of rotational freedom and its axis 

possesses none. The next inner gimbal is mounted in the 

gyroscope frame (outer gimbal) so as to pivot about an axis 

in its own plane that is always perpendicular to the pivotal 

axis of the gyroscope frame (outer gimbal). This inner 

gimbal has two degrees of rotational freedom. 

The axle of the spinning wheel defines the spin 

axis. The rotor is journaled to spin about an axis, which is 

always perpendicular to the axis of the inner gimbal. So the 

rotor possesses three degrees of rotational freedom and its 

axis possesses two. The wheel responds to a force applied 

about the input axis by a reaction force about the output 

axis. 

The behaviour of a gyroscope can be most easily 

appreciated by consideration of the front wheel of a bike. If 

the wheel is leaned away from the vertical so that the top of 

the wheel moves to the left, the forward rim of the wheel 

also turns to the left. In other words, rotation on one axis of 

the turning wheel produces rotation of the third axis. 

A gyroscope flywheel will roll or resist about the 

output axis depending upon whether the output gimbals are 

of a free- or fixed- configuration. Examples of some free-

output-gimbal devices would be the attitude reference 

gyroscopes used to sense or measure the pitch, roll and yaw 

attitude angles in a spacecraft or aircraft 

The centre of gravity of the rotor can be in a fixed 

position. The rotor simultaneously spins about one axis and 

is capable of oscillating about the two other axes, and, thus, 

except for its inherent resistance due to rotor spin, it is free 

to turn in any direction about the fixed point. Some 

gyroscopes have mechanical equivalents substituted for one 

or more of the elements. For example, the spinning rotor 

may be suspended in a fluid, instead of being pivotally 

mounted in gimbals. A control moment gyroscope (CMG) is 

an example of a fixed-output-gimbal device that is used on 

spacecraft to hold or maintain a desired attitude angle or 

pointing direction using the gyroscopic resistance force. 

In some special cases, the outer gimbal (or its 

equivalent) may be omitted so that the rotor has only two 
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degrees of freedom. In other cases, the centre of gravity of 

the rotor may be offset from the axis of oscillation, and, 

thus, the centre of gravity of the rotor and the centre of 

suspension of the rotor may not coincide. 

A gyroscope is a spinning wheel or disc in which 

the axis of rotation is free to assume any orientation. When 

rotating, the orientation of this axis is unaffected by tilting 

or rotation of the mounting, according to the conservation of 

angular momentum. Because of this, gyroscopes are useful 

for measuring or maintaining orientation. 

Applications of gyroscopes include inertial 

navigation systems where magnetic compasses would not 

work (as in the Hubble telescope) or would not be precise 

enough (as in intercontinental ballistic missiles), or for the 

stabilization of flying bikes like radio-controlled helicopters 

or unmanned aerial bikes, and recreational boats and 

commercial ships. 

Due to their precision, gyroscopes are also used 

in gyroscope to maintain direction in tunnel mining. 

Gyroscopes can be used to construct gyrocompasses, which 

complement or replace magnetic compasses (in ships, 

aircraft and spacecraft, bikes in general), to assist in stability 

(Hubble Space Telescope, bike s, motorcycles, and ships) or 

be used as part of an inertial guidance system. 

 
Fig. 9: Schematics of Gyroscope 

V. CONCLUSION 

The bike is self-balancing, using two gyroscopes to keep the 

bike upright when stopped. The bike has “landing gear” 

which is deployed when parked to keep the bike upright. 

The gyros are fully controlled by the bike, enabling a steer-

by-wire system that allows the bike to lean itself into and 

out of turns, maintaining stability at all times. 

Safety is one of our top priorities with this bike. 

The bike will have a uni-body chassis with reinforced doors, 

seat belts, and multiple airbags. Further, the most important 

safety feature is our gyro stability system, which allows the 

bike to resist the forces of a collision. To enhance our gyro 

stability system, the bike also employs a combination of 

mechanical backups, which may include the same “landing 

gear” that keeps the bike upright when parked. 
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