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Abstract— The emission caused by internal combustion
vehicle is increasing day to day and also the traffic due to
automobiles in urban areas has risen tremendously over the
years. Traffic congestion increases the vehicle emissions and
decreases the ambient air quality. There can be no immediate
solution to this issue but an alternate solution for the
conventional personnel transport is Personal Electrical
Vehicle. The transition from the conventional to fully
electrical vehicles will be a slow process but it is possible.
This project is focused on developing a Personal Electrical
Vehicle which will be useful for short distance travel. Most
people use the vehicle for shorter distance (i.e. 10kms), this
Personal Electrical Vehicle will widen the means of travel for
such short distances. This will also have a direct impact on
the fuel scarcity, which has led to the raise in the fuel prices
over the decade.
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I. INTRODUCTION

Due to-increase in-pollution-and fuel rates there is need of a
vehicle which is eco-friendly as well as cheap. Hoverboard
are the best vehicles for this purpose as they are eco-friendly
as well as cheap. The Segway Hoverboard is a two-wheeled,
self-balancing, battery- powered electric vehicle invented by
Dean Kamen. It is produced by Segway Inc. of New
Hampshire. The focus on personal vehicle transportation
transitioning to electricity was first discussed by Jack
Barkenbus. The transition from oil to electricity for personal
transportation is what every automaker is now seeking, to
produce an electrical automobile. It will take many years for
more advanced technologies, to result in significant overall
reductions in fuel consumption, due to their higher cost and
slower development. The move to full electrical vehicles may
progress in stages from hybrid electric vehicles (HEVS), to
plug-in hybrid electric vehicles (PHEVSs), and finally to full
electric vehicles. The safety, durability, and performance
depend on the batteries. Improper use of a battery can
significantly reduce its life and can be dangerous.

Personal Mobility is a fun for some and a need for
others. It is the freedom from the constraints of public
transportation systems and from the high risks and costs of
daily vehicles transportation. People who are free from these
constraints of daily commute are more relaxed and are less
stressed at home and at work. Elder people and the physically
handicapped who have adopted the personal mobility
transport can experience greater freedom of movement and a
happier lifestyle. Personal mobility vehicles include all types
of bicycles including hybrids, folding etc. and electric
vehicles like electric wheelchairs, e-scooters, e-bikes etc.
Folding bikes have been growing in interest in recent times
and its compactness and lightweight feature makes it very
easier for urban travel. Compact electric vehicles are gaining
some attention from the urban public as it provides a tireless
way of connecting people from their homes to their
workplaces or their neighborhood amenities.

A Hoverboard is a two-wheeled electric vehicle
which is powered by two motors mounted in the frame of the
Hoverboard. A potentiometer is used to turn the vehicle right
and left. By using DPDT switches and electric supply we can
go in forward and backward direction easily. The vehicle has
electric motors powered by batteries. It is balanced with the
help of small supporting wheel. There is no use of
Microcontroller, gyroscope and any type of sensors. The rider
accelerates or decelerates by using Dimmerstat. [2, 3, 4, 5]

A. Necessity

In Mechanical Segway, the aim of this project is to produce
at low cost and highly efficient rate. Also, aim of this project
is to prepare a Segway purely on mechanical base. In this
Segway there is no use of complex equipment’s and
programming parts, so it is easy to build up and handle also.

B. Objectives

The objectives of this project are:

1) To prepare a Segway at low cost and highly efficient.

2) To prepare a Segway without using complex and
electronics parts such as microcontroller, gyroscope.

3) To reduce the pollution caused by vehicles for shorter
distances.

Il. COMPONENTS USED IN SEGWAY & ITS SPECIFICATIONS

A. Segway Chassis & Material Properties: -

Chassis is made up of aluminum section and four aluminum
bars is used to make the frame. To make the chassis to
balanced, four aluminum bars of equal weight are used. It is
engaged firmly with the help of aluminum welding.
Aluminum welding is used to connect all the bars. Wheels are
attached to the middle of frame in order to withstand the load
capacity. Handle is also made up of same aluminum material
to which DPDT switch is fixed.

Details of Segway chassis:

1) Base Plate Thickness - 10mm

2) Aluminum Rod Diameter —

3) Rod Height —1016mm

Width* Length — (304.8 mm *508 mm)

Fig. 1: Mechanical Hoverboard Frame
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B. Motors: -

Motor is fixing with the chassis through screwed bolt and it
is the main source of power with is to drive the vehicle. There
are two motors, each for one wheel. Each motor is driven by
a separate 12v battery.

Motor Specification:

—  DC gear motor (Wheel chair motor).

— Voltage range- 12V-24V.

—  Current- 2-5 Amp.

—  Gear ratio- 1:50

—  Power- 150Watt

—  Motor RPM- 100-3200 RPM

— Noise- 60dBA

—  Weight- 1.75kg

Fig. 2: DC Gear Motor

C. Battery:

Battery is a main power source. Two 12V DC batteries are
used in Mechanical Segway. Each battery connected with
each motor. Battery supplies power to each motor to run the
wheels. Battery is rechargeable in both ways electric socket
and solar plates.

Battery Specifications:

1) Voltage range- 12V-24V DC

2) Current — 2-5Amp.

3) Battery weights- 5.9kg

4) Grid alloy lead- Calcium tin Alloy

5) Container cover- ABS resin

6) Electrolyte- diluted sulfuric acid

7) Size- 181*76*167mm

8) Battery type- AGM (Absorbent Glass Mat)

Fig. 3: AGM type Battery

D. DPDT (Double Pole Double Throw) Switch:

Double Pole Double Throw (DPDT) switch. It is used to
guide the direction of rotation of motor shaft. By operating
the switch the direction of vehicle can be controlled.
Connecting wires are used to connect switch with motor.
DPDT Switch Specifications:

1) Circuit- DPDT
2) Switch Function- On-off-on
Actuator type- concave (curved)

-

Fig. 4: DPDT Switch

E. Mechanical Segway tyres:

In Mechanical Segway two tyres is used in both the sides.
Scooter wheels are used in Segway reason behind that cost is
less, easily available and friction property is also less. Also
higher amount of weight gaining capacity and movements is
also very smooth.

Tyre Specifications:

1) Wheel diameter- 250mm

2) Material- Combination of rubber and leather.

3) Casing material — combination of fiber and plastic.

4) Thickness of tyre- 100mm

Fig. 5: Tyre

F. Supporting Wheel: -

Supporting wheel is used on Mechanical Hoverboard. The

purpose of small supporting wheel is to balance properly;

there is no need to gyroscope for the balancing purpose. Also,

easy to assemble and disassemble.

Supporting small wheel Specification:

1) Wheel diameter- 63.5mm

2) Material - Plastic hard rubber

3) Metal casing is used to supporting the wheels and one
fixing socket is provided

Fig. 6: Supporting Wheel
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G. Braking System: -

Brakes are used to stop the vehicle when needed. Rubber pad
friction type brakes generally used in bicycles are used in the
Hoverboard as it is a low speed vehicle.

I1l. DESIGN CALCULATIONS

A. Torque Calculation for Motor:

1) Maximum weight of rider = 80 kg
2) Chassis weight including batteries = 14 kg (approx.)
3) Therefore, Total weight=94 kg (approx.)

4) Coefficient of friction between road and tyre = 0.3
Torque required = Coefficient of friction*Friction Force *
Radius of Wheel
T =0.3*94(kg)*15(cm)

T = 4.23kgf-m (Approx.)
As two motor are used. Therefore, torque required
by each motor = 2.11kgf —m(Approx.).
Based on these calculations the motors and battery
for the hoverboard are selected.

B. Balancing Calculation:
1) Toppling force: -
F=(m/2) *a
Consider the stopping time t=2sec
Max Velocity vi=20km/hr=5.55m/s
Final Velocity v,=0m/s
So, acceleration of hoverboard is given by,
a= (V2-V1)/t
= (5.55)/2
=2.775m/s?
So toppling force is given by
F=40*2.775
=111 N
Moment about point O due to toppling force is
Mi= F*L=111*1.116
=123.87 Nm
2) Resisting Force
F=(80+14)*9.81
=922.14N
So resisting moment is
M,=922.14*0.152
=140.144 Nm -
From (1) & (2)
Resisting Moment > Toppling Moment
So, the designed Hoverboard is safe in toppling.

IV. ASSEMBLY

1) Two small wheels are fitted on front and back portion of
Segway.

2) A DPDT switch is fixing to handle bar.

3) Segway wheels are attached on the motor shaft.

4) Handled bar is fitting in the front side of chassis.

5) Speedometer & battery indicator is attached on the
handle bar.

6) Two motors are placed in the opposite side of chassis.

7) Battery & Circuit board is placed middle side of chassis.

Fig. 7. General view of the vehicle

V. RESULT AND DISCUSSION

Mechanical Segway presents the results of the project. First
comes a short discussion on the implementation of the
balancing without using any type of programming and
sensors.

This is followed by some initial driving results and
why the vehicle did not behave in satisfactory manner and
what was done to improve performance without using
programming and sensors.

A. Initial Driving Results: -

When testing the vehicle for the first time the controller gains
were significantly lower as a precaution. This test was mainly
performed to see that the system functioned as intended,
spinning the wheels in the right and left direction etc. after
this was confirmed the first riding test was conducted, and
already with this controller the vehicle was drivable. The
control strategy with the remaining error serving as a source
for speed turned out to be a success and speed control by
using DPDT switch forward and backward worked well.

VI. CONCLUSION

Basically, this investigation has successful achieved the
objective with the acceptable outcome. The main goal of this
project was a build a functional two wheels and two
supporting wheels transporter and this goal has been fulfilled.
The overall functionality and performance of the vehicle has
been evaluated thoroughly by a number of test drives. The
vehicle has been tested by a number of different weights. This
project is implementing with an idea to find an effective
solution to transportation problem.

All rights reserved by www.ijsrd.com 1840



Segway Hover Board using Two Supporting Wheel
(IJSRD/Vol. 7/Issue 03/2019/463)

ACKNOWLEDGMENT

We extend our sincere thanks to our Guide Prof. D. S. Pawar
and Head of Department Prof. R.R. Kharde for their support
and guidance.

REFERENCES

[1] A.Dineshkumar al. “International Journal of Recent
Research Aspects ISSN: 2349-7688, Vol. 4, Issue 4, Dec
2017, pp. 264-268

[2] Reilly, R., and Andrle, S. “Forces and Factors that
Require Consideration of New Paradigms”. In TCRB
Report No. 55, TRB, Transit Cooperative Research
Program, Washington, D.C. 1999, pp. 4-17.

[3] Cervero, R. “Walk-and-Ride: Factors Influencing
Pedestrian Access to Transit” Journal of Public
Transportation, Volume 3, No. 4, 2001. pp. 1-25.

[4] Koopman, John, “Dashing new device for delivering
mail Postal Service tries scooters on S.F. hills”, Jul.16,
2002.
http://sfgate.com/cgibin/article.cgi?f=/c/a/2002/07/16/B
A23242 5.DTL Accessed Jul. 24, 2002.

[5] Meyer, Caroline, “Rolling right along. Scooter meets few
obstacles but safety issues grow”, Apr. 25,
2002.http://www.washingtonpost.com/ac2/wpdyn?page
name=a rticle&node=&contentld=A47006-2002Apr25

[6] 1J. Searock, B. Browning and M. Veloso, 2004, “Turning
Segways-into-Robust--Human-Scale Dynamically
Balanced Soccer Robots”, in Proceedings of the Eighth
RoboCup International Symposium, July, 2004.

[7]1 M. Fiacchini, A. Viguria, R. Cano, A. Prieto, F. R.
Rubio, J. Aracil y C. Canudas-de-Wit, “Design and
experimentation of a personal pendulum vehicle”. In:
Control, 7 th Portuguese Conference on Automatic
Control. September 2006. Lisboa, Portugal.

[8] Brian Hughes, “The Unique Physics of the Segway
PT balanced at all times”, “Ergonomics of Segway.
Reaction of segway with humans.” Accessed on May 30,
2009.

[9] International Journal of Engineering and Technical
Research (IJETR) ISSN: 2321-0869, “Mechanical
Segway” Ankit S. Khanzode.

[10] “Design and Fabrication of Self Balancing Two
Wheeler”,Pravin Kumar Singh, Abhishek Jaswal,
Saurabh Chand, Ali Abdullah, Rishi Chakraborty .

[11]www.indiamart/dcgearmotors,www.indiamart/agm
batteries

All rights reserved by www.ijsrd.com 1841


http://www.indiamart/dcgearmotors,www.indiamart/agm

