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Abstract - Burning of fossil fuels and bad maneuverability of the vehicle has been a main concern in the automotive 
industry nowadays. Fossil fuels have proven to be a boost in automotive industry till now, but due to its side effects like 
pollution and availability etc. it’s proving to be a destructive agent for the industry, and because of the increasing population 
of the world which are rising the problems like parking etc. vehicles and people demand more flexibility, hence highlighting 
maneuverability of the vehicle to be a great concern. Furthermore, in this technologically rising era the term ‘selfdriving 
vehicle’ is proving to be an important part of the automotive industry. These days three aspects are of major concern, firstly 
pollution by the vehicles, secondly maneuverability of the vehicle and self-driven capability of the vehicle. What if we can 
take care of all these three major aspects in a single technique? In this paper, the author proposes a technique to get the 
solution of all these problems at a time. Through this process the author will be able to improve the maneuver of the vehicle 
by increasing the steering angle of it, make it fossil fuel free by employing electric motors for propulsion and provide it with 
an ability to drive itself by the use of electronic control unit and the proposed steering and propulsion mechanisms, which 
will be followed by the areas of improvement, advantages and disadvantages of the technique. At the end we will also see 
the reliance and durability of the system, hence proving it to be a technique and technology of future. 
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I. INTRODUCTION 
 
Depletion of fossil fuel over a great rate has raised a 
concern because of its limited supply, and the 
pollution due to burning of fossil fuels have added 
much more to the concerns. Pollution has not only 
taken many lives but has also caused destruction of 
huge forest cover, animal species and has a direct or 
indirect effect on many ancient monuments too. 
 
This paper will show the use of outrunner induction 
motors to propel the vehicles, hence eliminating the 
need of conventional internal combustion engine 
ultimately eliminating the need of fossil fuel to run a 
vehicle. This paper will then also tap on the problem 
to improve the maneuver of the vehicles. The author 
employees the technique to make the steering angle 
of the wheels up to 180o which istypically 130o in 
the existing vehicles [1],hence providing the vehicle 
an all-round 360o movement from a spot. It will 
employ just a few mechanical components, simple 
construction and working to achieve the task to turn 
the wheel by whole 180o. The technique will be 
flexible enough to allow the steering angle to extend 
up to 360o if needed. Then we will see how with the 
help of electronic control unit and steering technique 
we will be able achieve the task of providing the self-
driving capability to the vehicle itself. 
 
II. IMPORTANT COMPONENTS 
 
A. Outrunner Induction Motor: 
Outrunner induction motor is a conventional inrunner 

induction motor with a difference of being the stator 
and rotor switched. Here the rotor is outside and the 
stator is inside. Therefore, the body of this motor is 
the one which rotates. The advantage of outrunner 
over inrunner is that it has more torque, run cooler 
and can swing a bigger propeller. Whereas inrunner 
has advantage of providing higher RPM [2] . The best 
thing about using an induction motor is that it can be 
rotated in either direction with the same speed and 
torque, hence making the vehicle to move effectively 
in 3600 with just 180o steering angle. 
 
B. The Holder 
1) Front Wheel Holder: 
Front wheel Holder is a component which will 
transfer the rotational motion of the servo motor shaft 
to the wheels hence steering the wheel. It supports the 
wheel of the vehicle and indirectly connects the 
wheel to the chassis of the vehicle. The upper portion 
of the holder is connected to the servo motor shaft 
and the lower one is connected to the rotor of 
outrunner induction motor via bearing. Bearings are 
employed here to eliminate the chance of the transfer 
of rotational motional of the induction motor to the 
holder or else the holder will break off with the servo 
motor from the chassis. The lower portion of the 
holder is a fork type and is connected to the two sides 
of the wheels via bearings, as shown in the figure 1. It 
constitutes the suspension and damper system in 
between as shown in the figure 2 which performs an 
important task to absorb the shocks sustained by the 
wheels, as the shocks can damage the holder and 
reduce its life. 
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2) Rear Wheel Holder: 
Rear wheel holder are the same component as the 
front wheel holder, with only difference of the 
commands which can be different from the 
commands given to the front wheel servo motor by 
the ECU. 
 
C. AC Servo Motor: 
Servo motor here is employed to steer the wheels, 
providing with a steering angle of 180 degrees. It will 
be connected to the wheels via the holder. The 
rotational motion of the motor shaft will be 
transferred to the wheels via holder. The motor will 
be connected to the chassis of the vehicle rigidly. 
Every wheel will have its own servo motor. All the 
four servo motors will be controlled by the electronic 
control unit. An ac servo motor is employed here 
because it’s designed for high current surges and are 
usually suited for bigger applications [3]. 

 

 

D. Electronic Control Unit: 
Electronic control unit is the brain of the vehicle. It 
performs the vital operation to transfer the electricity 
to the induction motors and servo motors at an 
optimized rate depending on the situations and the 
requirements. 
 
E. Inverter: 
Inverter here is employed to perform its basic job to 
convert the DC current coming from the batteries to 
AC current before transferring it to the induction 
motor and servo motor. Since induction motor and 
servo motor used here runs on AC current, therefore 
an inverter was required in the setup. 
 
III. CONSTRUCTION 
 
A. PROPULSION UNIT: 
Here for propulsion outrunner induction motor has 
been employed. It’s connected to the electronic 
control unit via wires where it receives the current 
from. The wheels are connected to the induction 
motor, from where it obtains the rotational motion 
from. 
 
B. STEERING UNIT 
The steering unit consists of a holder and a servo 
motor. The servo motor is connected rigidly to the 
chassis of the vehicle. The shaft of the motor is 
connected to the upper portion of the front wheel 
holder as shown in the figure 1. The lower portion of 
the holder is fork type which is connected to the rotor 
of the outrunner induction motor on both the sides of 
the wheel via bearings. The rotational motion of the 
servo motor shaft is transferred to the wheels via 
holders for steering the front wheels. 
 
The rear wheel holder has its own servo motor and is 
connected rigidly to the chassis of the vehicle, and the 
shaft of the motor is connected to the upper portion of 
the rear wheel holder. 
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Here too the lower portion of the holder is fork type 
which is connected to the rotor of the induction motor 
on both the sides of the wheel via bearings.The 
rotational motion of the servo motor shaft is 
transferred to the wheels via holders for steering the 
rear wheels. Every description given above can be 
seen in the figures 4 &5. 
 
IV. WORKING 
 
A. PROPULSION OF THE VEHICLE: 
It starts with the dc electric currents being transferred 
from the batteries to the inverter, where the dc current 
is changed to ac current which is the actual necessity 
of the induction motor. After converting the current 
from dc to ac, it’s transferred to the electronic control 
unit. In electronic control unit as the name suggests 
the current flowing is optimized (or controlled) as per 
the motor requirements and as per the situations. The 
situations referred here are situations like one wheel 
being on slippery surface and other wheels not, in 
which the wheel on slippery surface will need more 
power in compare to other wheels, which will be 
learnt and provided by the ECU, and other situation is 
turning where the left wheels of the vehicle (if taking 
a left turn) needs to rotate slower in compare to the 
right wheels in which case the ECU will provide the 
right wheels with more power in compare to the left 
wheels (hence eliminating the need of differential 
too), and there are many other situations like these 
where ECU will assist. After optimizing the current 
it’s transferred to the outrunner induction motor. As 
the current passes through the induction motor coil it 
starts rotating the rotor, which in turn rotates the 
wheel connected to the motor’s rotor hence 
propelling the vehicle. 
 
B. STEERING OF THE VEHICLE: 
Steering of the vehicle is all controlled by the 
electronic control unit. Current is first passed by the 
battery to the inverter where DC current is changed to 
AC current. Then the current is transferred to the 
ECU which controls the current to be passed to the 
servo motor as per the required steering angle. When 
current passes to the servo motor it rotates the motor 

shaft hence rotating the front wheel holder which in 
turn rotates the front wheels at the required steering 
angle. The working of the rear wheel holder goes the 
same as front wheel holder with a difference of 
commands which can be different or same as that for 
front wheel holder by ECU depending on the 
situation. Situation here referred are high speed and 
low speed situation [4]. At high speed the command 
given by ECU to the rear wheel servo motor will be 
same as front wheel servo motor, since at high speed 
steering angle direction should be same of front and 
rear wheels i.e. in phase steering. And in low speed 
situation the commands are different, since at low 
speeds steering angle direction should be different of 
rear and front wheels, i.e. counter phase steering [4]. 
 
The use of induction motor here has also benefited in 
a way that only 180o steering angle is enough to 
move the vehicle in 360o from a spot. Let us assume 
the wheel to be straight and at 00. Let there be four 
quadrants which can define the movement of the 
wheel at a specific angle and direction as shown in 
the figure 6. Since the induction motor can rotate in 
either direction (i.e. forward and backward) the wheel 
can cover its movement in two quadrants by just 
steering in one quadrant. i.e. if the wheel steers in 1st 
quadrant it can move in both 1st and 3rd quadrant, 
similarly if the wheel steers in 2nd quadrant it can 
move in both 2nd and 4th quadrant. But in case the 
ECU isn’t able to rotate the induction motor in 
backward direction, the servo motors can be rotated 
in whole 360o hence steering the wheel by 360o, thus 
providing the vehicle its high maneuverability. 
Since the electronic control unit is a highly developed 
component with various sensors, so by getting data 
from the sensors the ECU controls the steering of the 
vehicle by varying the current to the servo motor at 
the correct time [5]. 
 
With the help of sophisticated electronic control unit 
added up by the sensors the ECU can alone control 
the steering as well as the propulsion of the vehicle, 
hence making the vehicle a ‘self-controlled vehicle’ 
or ‘self-driven vehicle’. 

 

 
Figure 6: Wheel Movements 

 
V. RELIANCE AND DURABILITY OF THE 
SYSTEM 
 
Electric vehicles have proven their reliance in the 
recent past. Its acceptance rate has gone very high 
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lately. In India alone the EV’s stock has climbed by 8 
times in a span of 6 years (Between 2009-2015) ,with 
NITI Aayog working on a policy to achieve an 
objective of all-electric car fleet by 2030 [6]. 
Bloomberg New Energy Finance (BNEF) recently 
stated that by 2022 electric vehicles would account 
for 35% of all new vehicle sales, which can be seen in 
the graph Figure 7 [7]. (Where, PHEV: Plug in 
Hybrid Electric Vehicles, BEV: Battery Electric 
Vehicles). 

 

 
Figure 7: The Rise of Electric Cars, by Bloomberg 

 
The evolution of global electric car stock can be seen 
in the graph below Figure 8. 
Figure 8: Evolution of Electric Car Stock 
In the important areas of power, torque, acceleration, 
speed and warranty distance they have matched the 
IC engine powered vehicles and in some cases even 
surpassed them. An averaged size passenger car 
specification goes: 
 
Power:125@6,000 (PS@rpm) BHP. 
Torque: 162@4,200 (Nm@rpm). 
Acceleration (0-100kmph): 9.89 seconds. 
Speed: 190kmph. 
Warranty distance: 100000 kms. 
An outrunner in wheel motor’s specification goes: 
Continuous output power: 86hp. 
Continuous output torque: 500Nm. 
Acceleration (0-100kmph): 6.5 seconds. 
Speed: 800rpm 
Warranty distance: 160000 kms. 
 
The specifications of the motor stated above are one 
of the best available and are used in vehicles which 
are mass produced [8]. Since we will be employing a 
motor for each wheel thus the data will be multiplied 
by a factor of four. Therefore, we can achieve the net 
power of 344hp which is well above the required 
limit. The major problems of an electric vehicles, 
which are range and charging spot has been 
efficiently countered by the day by day improving 
technologies. The EV with best range available soars 
to 480km in a single charge [9]. And with the 
development in solar power technologies and other 
renewable powered resources, availability of 

electricity and charging stations have increased. The 
whole structure here is mounted to the chassis of the 
vehicle hence a rigid connection is achieved. And the 
suspension system employed here will absorb all the 
shocks sustained by the structure, hence eliminating 
risks due to shocks. Thus with satisfactory 
specifications, rigid connection and suspension 
system, the system will prove to be a reliant and 
durable one. For more information about the motor 
refer Table 1 [10]  

 
Table 1: Motor Specifications 

 
VI. RESULTS 
 
A. Advantages: 
 
1. Parking ability of the vehicle increases. 
2. Maneuvers of the vehicle will be improved 

greatly due to high steering angle and 
sophisticated electronic devices. 

3. Use of fossil fuels for propulsion of the vehicle is 
eliminated. 

4. Vehicle will be a pollution free one. 
5. Fluctuation of power transferred to the wheels 

will be eliminated, which is a problem in IC 
engine powered vehicles. 

6. The steering angle is increased from 
conventional 1300 to 3600. 

7. The vehicle is lighter in compare to IC engine 
powered vehicle, since things like transmission 
parts, ic engine, turbocharger etc. have been 
eliminated. 

8. The vehicle will be cheaper as for maintenance 
and running because of the less mechanical 
complications and cheapness of electricity in 
compare to petrol or diesel. 

9. Since there is no need of transmission section, 
hence transmission loss will be eliminated too. 

10. Vehicle has the ability to drive and think itself. 
And with the connection of internet and other 
vehicles it can prove to a very effective solution 
of problems like traffic, accidents etc. 

11. Since it has electronic control unit therefore there 
are more opportunities for computerized vehicle 
dynamic systems like active cruise control, 
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collision avoidance, emergency brake assist 
etc.[5] 

12. With the systems like collision avoidance, active 
cruise control, bake steer etc. safety of the 
vehicle can be increased. 

 
B. Disadvantages: 
 
1. The initial cost of the vehicle will be high in 

compare to IC engine powered vehicle. The most 
expensive part of an EV is the battery, which can 
make up half the total cost, but with battery 
prices dropping by about 20% a year battery cost 
won’t be a problem after a decade or so. So in 
the coming decade initial cost of EV won’t be 
much of a problem. 

2. Range of the vehicle is less in compare to IC 
powered vehicles, which can be resolved by the 
recent developments in storage capacity of 
batteries. 

3. Charging of the vehicle is one of the greatest 
problem, especially in a country like India which 
are still under electrifying stage of the country. 

4. Overall battery life is expected to be around a 
decade, and replacement battery packs can be 
costly. 
 

5. Although we are eliminating the need of fossil 
fuel in the vehicle, but ‘well to wheel’ concept 
can still cause a problem. For generating 
electricity (used for running the vehicle), still 
fossil fuels are used the most around the world. 
But this problem can be tackled in near future 
since non-renewable resources are being tapped 
greatly nowadays. 

6. The major disadvantage is the weight of the 
electric motors would increase the unsprung 
weight, which adversely affects handling and 
ride (the wheels are more sluggish in responding 
to road conditions, especially fast motions over 
bumps). Each motor weighs 31kg, summing up 
to a net motor weight of 124kg, since four 
motors are employed.[12] 

7. Since four servo motors are used here for the 
steering of the wheels, it adds up to the 
electricity consumption which would have not 
been a problem if a single servo motor was used 
to steer all the four wheels. But as there is one 
motor for each wheel the handling of the vehicle 
will be highly convenient. 
 

C. Areas of Improvement: 
1. The electronic control unit is an area which will 

require a special attention here, since it’s the 
brain of the vehicle. 

2. The battery capacity is an important area to work 
on. It can help in increasing the range of the 
vehicle which has always been a major concern 
of an electric vehicle. 

3. Since it’s a self-driven vehicle so the sensors 
have to be highly accurate and reliable, so the 
sensors are important things to work on. 

4. The suspension system here has the ability to 
absorb only axial forces perfectly but not the 
lateral shocks. Therefore, a profound suspension 
system is an important part which requires 
improvement. Because a good suspension system 
can increase the life of the system great 
 

CONCLUSION 
 
With the help of the technique offered by the author 
the vehicles were made more maneuverable by 
increasing the steering angle from conventional 1300 
to 180o hence providing the vehicle with an ability to 
move 360o from a spot, also providing with a 
flexibility to extend the steering angle to 360o if 
needed. The use of electricity to propel the vehicle 
helped in eliminating the use of fossil fuels in it. 
Major problems like parking etc. were taken care of 
by employing the technique. Using electronic control 
unit added by all electric steering and propulsion 
mechanismhelped in providing the vehicle with a 
self-driving capability. Many advantages were 
offered by the technique like self-driving capability, 
less maintenance cost, better maneuvers etc. But it 
also came up with some disadvantages like mileage, 
initial cost, range etc. and also with some areas of 
development which can make the technique much 
more efficient and accessible in the coming future, 
such as the electronic control unit, sensors etc. 
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