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Abstract. The current technological improvements are playing an important role
in transportation industry and making it more advanced at each and every seg-
ments. At present the transportation industry is developing rapidly and its growth
is increasing every year. Government is focusing on the environment friendly
vehicle. For that electric vehicle (EV) is a game changer. For the past few decades
electric vehicles and hybrid vehicles are improving rapidly in a vast manner. But
also it carries some drawbacks as well. The drawbacks of electric vehicles are
improving and changing day by day. There are many factors affecting the perfor-
mance of the electric vehicles like battery efficiency, charging methods, and price.
In our chapter we have developed a self-charging system for improving range of
all-wheel drive electric vehicle by applying a method by which the vehicle get
charged by itself when it’s in motion.

Keywords: Electric vehicles · Limited range · Battery efficiency · Quad motor ·
Self-charging

1 Introduction

Due to the drawbacks in internal combustion engines (ICE’s) like unstable fuel price,
causing severe pollution and CO2 emission people are really interested in buying electri-
cal vehicles [5]. And also we are facing oil crisis sometimes, so it pushes everyone to the
electric vehicle (EV) side and in upcoming few decades this will replace EV and hybrid
vehicles [6]. But electrical vehicles have it’s own disadvantages which are undeniably
huge [1]. So we have to make it work effectively because of few charging stations and
low range. The charging of electric vehicles needs around 30 min to charge fully that is
a time consuming task.

Then we are going to talk about range, electric vehicles are only store limited energy
according to it’s battery capability, due to limited energy the range is also limited. There
is lot of new study shows a prominent growth in energy saving technology [2, 4]. And
also comes with a lot of challenges with it. For efficient performance and long range
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regenerating the system is necessary. At present a normal EV will travel up-to 100 km to
200 km range in single charge and there is not many charging stations like fuel stations
and it takes a lot of time to charge [7].

This makes an inconvenience for users. There is also a lot of drawbacks are in
electric vehicles and one of the main problem is it’s range [8]. On the other hand in
upcoming years the all-wheel drive electric vehicles will replace rear and front wheel
drive electric vehicles due it’s advantages and extraordinary performance, before getting
into the topic we have to know about the advantages of all-wheel drive electric cars.
The major advantages of all-wheel drive electric cars are reducing stopping distance,
and ability to give a smooth ride on low friction surfaces and give better performance
with low load and another main advantage of all-wheel drive electric vehicles are their
performance and low maintenance [9]. So in future there is lot of advancements are
going to come in all-wheel drive electric cars, so it is important to improvise it’s model,
working and performance. But like all other electric cars quad-motor electric vehicles
also face some serious disadvantages like shorter range, charging time, few charging
stations and price [7]. By solving one or two of the issues as mentioned above it will
make electric vehicles more viable. In this proposal we are making quad-motor system
that is going to produce regenerative power through generators while the motion of each
wheels and storing it in the battery. The main concept behind this project is to improve
the range in all-wheel drive electric vehicle by charging itself during the trip of the
vehicle and our main goal is to achieve this system in a cost efficient way.

2 Methodology

The key idea of the concept is to improve the range of all-wheel drive electric car with
minimum components. To represent the all-wheel drive concept we are going to use four
motors for each wheels and the shaft of the each motors are connected to a pulley system
which is connected to the generators that is placed in the center of the car each wheel is
connected to each separate generators, so we are going to use four separate generators.
When the car is in motion with the help of pulley system the generators will produce
electricity and charge the battery. In this concept we are using two sets of battery. The
battery 1 and battery 2 are connected to the control system of the model. The control
system has battery connections, controller system and battery switching systems. The
battery 1 is connected to the motors which are installed at each wheel. When these car
batteries are fully charged that can facilitate the movement of the car.

Simultaneously with the help of pulley system the generators will powered, which
in turn produce electricity. The battery 1 is connected to the motors and battery 2 is
charging with the help of generators, when the battery 1 is depleted with the help of
switching system the battery 2 will take over the control of motor and battery 1 will be
charged by the generators.

The proposed system is simple and cost efficient and if we want to implement this
concept in real life car we have choose appropriate parts and components that matches
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the size of the car. If the manufacturer decides to implement this system according to
his car size, he has to choose correct set of batteries, motors and generators.

System Layout and Components

Fig. 1. Basic system layout

The above diagram represents the basic representation and gives a understanding about
the concept, The A represents the wheel that is going to power the motor like that each
wheel got each motors to represent all-wheel drive concept. B represents the wheel
of the vehicle then C represents the battery 1 of the vehicle which is connected to the
center control system of the vehicle.D represents the control system of the vehicle which
consists of vehicle controlling system, charging system for vehicle and switching system
for the batteries which are all connected to the control system that placed at the center
of the vehicle. E is the pulley system that is connected with the motors that are going to
control the vehicles. F is the generators which are connected with the other end of the
pulley which is going to power the car in motion. Then the last part G, which is battery
2 that is also connected with the center control system of the vehicles. This is the brief
explanation of the parts and their place in the project and their role is clearly represented
in this part (Figs. 1 and 2).

Fig. 2. Layout of four wheel hub motor drive system
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The above diagram will give you a example of how each separate motors will be
implemented in a car without our system. This will give how the axle mechanism works
in a real life car with separate motors for each wheel. The above image will explain
the suspension, front-axle movement and suspension of the car with two set of battery
packs.

Block Diagram
Here is the block diagram of the prototype to help you understand the working logic of
the prototype. Now we’ll go over the working logic that is involved in the car. On the
control system side you have the controller system in which the inputs are passed and
the operation is received by the module and with the controller help the data sends to the
motor driver which drives the motors. The generator connects with the control system
to charge the battery (Fig. 3).

Fig. 3. Functional block diagram

3 Components Description

1. ARDUINO UNO
For this work we have used ARDUINO UNO ATmega328P programmable microcon-
troller and have 14 digital input/output pins, 6 analog inputs and reset button. It is placed
in the control system of our prototype which has been interfaced with motor driver,
Bluetooth module and battery system for our prototype.
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2. Bluetooth Module
For this work we have used HC-05 Bluetooth module, because it is well enough to
perform the operation when combined with ARDUINO, and we can get our results as
expected and another reason to use Bluetooth module instead of ARDUINO BLE is the
errors can be easily identified in separate models that’s whywe are using ARDUINO and
Bluetooth module separately. The major advantage of HC-05 modules communication
is via serial which makes an easy way to interface with the controller. And it is able to
use neither receiving nor transmitting data.
3. Motor driver
The motors that we are using is connected with the motor driver. The motor driver is
the interface between the motors and the control circuits. It takes low-current signal and
then turns it to a higher-current signal which drives the motor.
4. Motors
For this work we have used DC motor, DC is nothing but a type of electrical machine
that converts electrical energy into mechanical energy. In our projects we are using 12 V
dc motor to operate our prototype, so we are going to use four individual motors which
are going to power each wheels. To replicate the all-wheel drive concept we are using
each separate motor for each wheel.
5. Generators
The generator’s function is to change the mechanical energy into electrical energy. The
control gear associated with the generator regulates the current output according to the
systems specification. Which are installed in the body of the prototype with connection
to the motor.

4 Experiment and Analysis

Analisis of Concept
The above proposed system in this chapter is applied in a prototype with each wheel
is powered by each separate motors to replicate the concept of all-wheel drive electric
car and the each motor shaft is connected to the generators using pulley and at center
the controlling system and battery switching system is placed. The prototype is just to
understand the concept of the model and analyze the system. The applied motor is DC
12 V with rated current of 410 mA with these information.

Power of motor = V × I
Power of motor = 12 V × 0.410
A = 4.92 W–5 W
According to the above equation and comparing it with our concept, we are using

four motors for each wheel. so the total power of motors will be 20 W. in this concept
we are using a 24 V battery for our prototype the battery have a capacity of 4.5 Ah

P battery = 24 V× 4.5 A.h = 54 W.h

We can calculate the discharge time of the battery connected to the four motors from
the following calculation.

Time = (54 W.h)/(20 W)
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= 2.7 h = 162 min
From the above calculations we can know about the power created by the motors

and power of battery and battery’s discharge time.

Features of the System
The model and design that we have provided above is different by having some key
features that will give more advantage to the electric vehicle users, when compared to
the current system cars. The system that we have given here is completely different for
all-wheel drive electric vehicles. The main feature of our proposal is the simplicity in
concept and design, this is achieved here. The concept here will have a great and huge
appeal due to its simplicity and design. In this we did not add any new components or any
special complicated design, we just made this with available and existing components.

At present, all people have a negative perspective opinion on electric vehicles due to
its limited travel range and price. In the current production the electric car which having
long range is teslamodel 3with a range of 568 km [11]. But still now experts are claiming
that it is not significant enough when compared to its charging time because it takes a
long charging time [12]. People don’t want to spend their time in charging the car for
hours currently there is lot of new technologies are improvised in self-charging electric
vehicles [13], so we focused on implementing a self-charging system for all-wheel drive
electric vehicles. Electric cars will able to travel between places and longer distances
this will encourage and attract people to use electric cars rather than internal combustion
engine cars.

The self-charging system for quad-motor electric vehicle system that we developed
in this chapter is capable of achieving these goals. Most of the components and systems
are currently used in the normal two-wheel drive electric cars, with only couple of new
components and along with simple design. This system can be implemented in the real
life quad-motor electric vehicle. By adding this system in the current all-wheel drive
electric vehicle the consumers for electric vehicle will increase drastically and this will
be a major change for internal and two-wheel drive electric vehicles. By applying this
concept in real life production line, many changes will occur in transportation field and
main environmental issues like air pollution, global warming, fossil fuel usage will be
completely reduced. At present there is not lot of electric charging stations and it faces
lot of difficulties in deploying charging stations. The deployment of electric charging
stations will need a huge sum, we don’t want to spend this much amount when we have
a car that charges itself that is the main concept and features of our system.

5 Result and Discussion

In the above design and calculations we can know the layout of the prototype and some
calculations related to the prototype and after the result we came to know the drawback
of the proposed system is speed, when the vehicle moves faster it quickly drains the
battery. So we have to maintain the speed or limit the speed of the vehicle to a certain
level, that is the main drawback of the concept and even though it improves the range
the initial charging of the battery in a real life car will take up to 1–2 h that is roughly
120 min and our discharge value is around 162 min which is more time than refueling
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a internal combustion engine cars. But with proper parts and adaptive design the model
that we have proposed here which can be implemented in a real life all-wheel drive
electric vehicle that will really improve the range the vehicle during the trip.

6 Future Scope and Conclusion

The future scope for self-charging system improves in a greater phase because people
really don’t like to spend much of their time in charging their vehicles, so the only option
is to improve the range is by charging the vehicle during it’s trip, by using some new
upcoming researches and implementationswill give a huge scope and great improvement
in self-charging system for all-wheel drive electric vehicles.

In this chapter we have proposed a way to self-charge the all-wheel drive electric
vehicle during it’s trip. At present the electric vehicle charging system have lot of issues
the current all-wheel drive electric vehicle system will have a huge travel range but
it also comes with a lot of issues like price, travel range, and charging time. Through
our concept we can eliminate one or two issues that we have mentioned above, if we
solve the above problems in future all-wheel drive electric vehicles in future will be
more affordable. Our main goal is to keep the design simple and choose cost efficient
components to make it work effectively. The concept is applied to a prototype, we can
implement this concept in real life all-wheel drive electric vehicles with scalable level
of components.
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