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Abstract: In order to reduce pressure on fossil fuel and reduce environmental pollution, the use of
electric vehicles (EV) is rapidly increasing, instead of combustion engine vehicles. The main concern
issue of the EV customers is being addressed through various charging methods. The key difficulty in
implementation of EV is arrangement of charging infrastructure. The wireless charging system (WCS)
is a favourite option in the growing EV market. In this paper, a WCS for charging electric vehicles is
developed via inductively coupled power transfer technology. The performance of the system is
verified by the simulation results. Plug-in electric vehicles (PEVs) are growing in popularity in
developed countries in an attempt to overcome the problems of pollution, depleting natural oil and
fossil fuel reserves and rising petrol costs. In addition, automotive industries are facing increasing
community pressure and governmental regulations to reduce emissions and adopt cleaner, more
sustainable technologies such as PEVs. However, accepting this new technology depends primarily
on the economic aspects for individuals and the development of adequate PEV technologies. The
reliability and dependability of the new vehicles (PEVs) are considered the main public concerns due
to range anxiety. The limited driving range of PEVs makes public charging a requirement for long-
distance trips, and therefore, the availability of convenient and fast charging infrastructure is a
crucial factor in bolstering the adoption of PEVs. The goal of the work presented in this thesis was to
address the challenges associated with implementing electric vehicle fast charging stations (FCSs) in
distribution system.
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I. INTRODUCTION

The transition towards electric mobility offers India not only an occasion to ameliorate effectiveness and transfigure
the transport sector but also addresses several issues that the country is presently scuffling with. The enterprises
regarding energy security and rising current account deficiency (CAD) on account of rising reactionary energy
significances can be addressed with the uptake of electric mobility. India is a power fat country and is presently
witnessing lower factory cargo factors due to lower capacity application. As per the conservative estimates, demand
from electric vehicles (EV) could greatly ameliorate the application factor of underutilized power shops, as charging
pattern of EV druggies is considered to coincide with power demand during thenon-peak hours in the country. Also,
India has a clear intention of multiplying its generation from renewable energy (Shaft) sources which are innately
intermittent.

Several reports suggest that EVs can round the intermittent nature of power generated from Shaft by absorbing power
at out- peak hours. The batteries in EVs can act as ancillary services for the proliferation of distributed generation
coffers (DER). Piecemeal from supporting Shaft generation, EVs with doable vehicle to grid technology can act as
a dynamic storehouse media and can enhance the grid adaptability through ancillary request. This can reduce the
burden of bankroll to produce static energy storehouse systems, especially in distribution networks, to support
proliferation of grid connected roof top solar and DERs. The new ecosystem offers India the openings to come a
leader in domestic manufacturing and job creation as electric mobility is still in incipient stages in numerous
advanced requests around the globe.
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Further, transition to electric mobility can really help India achieve its global commitments of reducing carbon
footmark and hothouse gas (GHG) emigrations. Still, to accelerate the relinquishment of electric mobility in India,
a lot of medication needs to be done so that the request grows in a tone-sustainable manner with minimum civil
support and interventions.

The study undertaken by BEE involved a consortium of consultants led by Ernst & Young LLP to conduct a study
encompassing the technical and commercial aspects of sustainable operations of EV charging infrastructure by taking
a cue from business models that are prevalent globally, technological interventions as well as technical and testing
standards. It also includes assessments on the degree of federal support required and the role distribution utilities
play in facilitating the growth in advanced markets such as United States (the US), Germany, Finland, China and
Japan. The study further dives into development and assessment of commercial viability of business models for EV
charging infrastructure. Moreover, assessment of readiness of the industry was undertaken by conducting a
consultation with several stakeholders to identify the challenges and barriers in embracing the transition to the era
of electric mobility. An analysis on the impact of transition to electric mobility on distribution infrastructure of Delhi,
Lucknow and Nagpur was assessed using statistical models followed by a development of a city-agnostic
implementation model.

An IPT system is inherently less efficient in terms of power transfer efficiency if compared to a conventional wire-
based system. Indeed, due the magnetic coupling between the coils, there is an unavoidable minimum leakage
magnetic field, leading to an energy loss. Furthermore, some technical aspects need to be taken into account in the
practical implementation of an IPT system: for example, in order to obtain the maximum coupling, the misalignment
between the coils must be as small as possible. As far as safety is concerned, even if the IPT allows to reduce the
electrocution risk, some care is required regarding the magnetic field exposure. In addition to design-related issues,
other important considerations should be made, such as costs, infrastructural implications, standardization and
customer reception.

The different present exploration workshop haven't studied the case of the two- receiver system rightly nor delved
its energetic yield. For illustration, some questions should be answered, similar as if a two- receiver system is
developed, is it possible to have a binary energy model? Is it possible to extend the battery life cycle? and is it
possible to extend the vehicle’s autonomy? These questions haven't yet been answered rightly, and indeed the results
presented weren't justified in the literature. This is why this paper has been drafted. This paper deals with the
possibility of using two receiver coils and compares this approach to the traditional approach, grounded on only one
receiver coil. This study is grounded on a new fine representation of the wireless power transmission system. In the
new proposed model, the effectiveness of the recharge tool was delved given all the parameters mentioned before,
where resistance, inductance, pitch angle, coil confines, the distance between the coils, and the receiver coil
relegation speed were delved. This new model helps to find the necessary information on the right number of wireless
coils to completely charge the vehicle if it's on a rechargeable road.

II. PROBLEM STATEMENT
IPT is seen as a key enabling technology to increase the adoption of electric vehicles. Through different applications
of IPT there is great potential to displace petroleum currently used in transportation. So, to eliminate dependency on
petroleum products an alternative way needs to be proposed.
Wired Charging Station
Different types of EVSE provide different speeds of charging. Level 1 charging stations use a 120 volt (V),
alternating-current (AC) plug and require a dedicated circuit, offering about 5 miles of range for every hour of
charging. Level 2 stations charge through a 240V, AC plug and require home charging or public charging equipment
to be installed. Level 2 stations provide 10 to 20 miles of range for every hour of charging. Level 2 chargers are the
most common and charge at approximately the same rate as a home system.
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Figure 1: Wired EV Charging

Applications of Wireless Charging System

The wireless solution represents an ever-growing method of battery charging in several applications. The lack of
wires is desirable whenever the power cable is inconvenient or even impossible to use. Wireless battery charging
can be employed in different applications, ranging from the ultra-low power levels of the wireless sensors to the
ultra-high-power levels of the Railway Applications and passing through the following examples: electrical
toothbrush, mobile phone, laptop, television, electric bicycle, electric car, and electric bus.

The wireless battery charging for low-power devices ranges from ultra-low power applications, such as wireless
sensors or implantable devices, to consumer electronic devices, such as smartphones or notebooks. The ultra-low
power devices range from uW to mW power levels, whereas the power levels of the consumer electronic devices
range from some W (e.g., mobile phones) to tens of W (e.g., laptops).

1. Consumer Electronic Devices and Household Appliances

The following range of power levels is represented by the electronic consumer devices, such as mobile
phones and notebooks. For these applications, the power level ranges from some W to tens of W. The
wireless battery charging for mobile phones is fully commercialized and standardized [19]. This wireless
charging is based on the Inductive Power Transfer (IPT) between two coupled coils: one of them is placed
inside a pad and connected to the electrical grid, the other one is placed inside the device and connected to
the electric battery. By positioning the mobile device upon the pad, the charging operation automatically
starts through magnetic induction. A standard has been created by Wireless Power Consortium (WPC) to
build a common platform that helps the compatibility between wireless charging stations and mobile
devices. More than 200 companies have joined WPC [10]. One of the most attractive benefits brought by
wireless battery charging for consumer electronics is the opportunity to simultaneously charge different
devices on the same pad.

Figure ‘2: Multiple Wirele;s Charging Pad
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2. Wireless charging for Electric Cars

If compared to the consumer electronic devices, the electric vehicles (EV) charging occurs at notably higher
power levels, ranging from a few hundreds of W (as in the case of the E-car) to several tens of kW (as in
the case of the electric buses). The Wireless Electric Vehicle Charging (WEVC) is still far from a full
commercialization and standardization. Nevertheless, being implemented through Inductive Power Transfer
(IPT) between two coupled coils, it provides benefits in terms of safety and comfort to all the users.

The EVs can be recharged or supplied by IPT exploiting mainly three alternative options [05]: static wireless
charging, quasi-dynamic or dynamic wireless charging. The static IPT consists of the EV charging
whenever the vehicle is stationary and nobody stays inside it, e.g. in the case of a parked car. In the quasi-
dynamic IPT, the recharge occurs when the electric vehicle is stationary but someone is inside it, e.g. in the
case of a cab at the traffic light intersections or a bus at the stop. The dynamic IPT consists in supplying the
vehicle during its motion, e.g. in the case of a car running on a highway or of a moving train.

\ N
AL

Figure 3: EV Charging tation

EVs, Connectors and Charging Power Levels

A selection of available EVs and their charging powers are provided in Table 1.1, sorted by charging power3 . A
few important facts are clear from the table: All EVs have an onboard charger, meaning they can charge from a
regular AC outlet. Most EVs have a relatively low charge level of around 3.3kW or 6.6kW, and at these rates, single-
phase charging is always used. Many vehicles rely on an off-board charging mechanism to support higher charge
levels, especially those that have a low AC charge level. This is often offered by DC charging or in the case of the
Fluence ZE, battery swap4. However, it is also evident that some manufacturers use faster AC chargers, including
Tesla, BMW, Volvo and Renault.

Tesla uses three-phase chargers in Europe. They use single-phase chargers rated for 20kW in US, since three-phase
service is not typically found in residential locations in the US. The BMW Mini-E was developed with a powertrain
from the American supplier AC Propulsion, who also uses a single-phase onboard charger rated for 19kW
(240V/80A). Volvo uses powertrains from the Swiss manufacturer Brusa, who develops three-phase onboard
chargers rated for 22kW (3x32A at 230V). Renault has developed their own high power onboard charger known as
Chameleon. referring to the fact that it charges at many power levels ranging from 3kW to 43kW (3x63A at 230V).

Table 1: Some EVs, their range and charge options
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AC charger Energy storage Approximate Off-board
(Phases/kW) (kWh) range (km) charge option
Renault Zoe 3/43 22 210 (NEDC) | No
Volvo C30 Electric 3/22 24 150 (NEDC) No
Tesla Model S 1/3/22 85 480 (Tesla) | Yes (Tesla)
BMW Mini-E 1/19 35 160 (BMW) | No
Nissan Leaf 2013 1/6.6 24 135 (EPA) I Yes (CHAdeMO)
Ford Focus Electric | 1/6.6 23 122 (EPA) | No
Think City 2011 1/3.6 24 160 (Think) | No
Renault Fluence ZE | 1/3.6 22 | 185 (NEDC) | Yes (Bat Swap)
Chevy Spark EV 1/3.3 21 132 (EPA) [ Yes (Combo)
Mitsubishi i-MiEV 1/3.3 16 100 (EPA) | Yes (CHAdeMO)
Chevy Volt (hybrid) | 1/3.3 16 60 (EPA) ] No

IPT System Design
typical schematic of an Inductive Power Transfer system is shown. The DC-DC stage is highlighted in following
figure. For battery charging applications, the electrical power flows from the DC-link to the battery.
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DC Link  Compensation Compensation
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Figure 4: Functional Model of Proposed System

The inductive power transfer occurs between two magnetically coupled coils. Their self-inductances are L1 and L2;
the mutual inductance is M. L1 and L2 correspond respectively to the primary and the secondary coil. The primary-
side DC voltage source is connected to the electrical grid; the secondary-side DC section is the load representing the
battery to be charged. Since the power transfer between the coupled coils is in AC, two intermediate stages are
needed: a DC-AC in the primary side and an AC-DC in the secondary side. Since the coils are loosely coupled, a
reactive network is needed in order to maximize the power transfer efficiency and to optimize the power factor, if
the system works at the resonance. This reactive network is named compensation circuit and includes two capacitors,
one for each side. In the example of the figure, both the compensation capacitors C1 and C2 are connected in series
with the primary and the secondary coils. Following are the main parts of the IPT system.

Coil Simulation

Different structures of inductive coupling are investigated in terms of system efficiency and tolerance to
misalignments. The goal is to find the best solution in compliance with an E-bike wireless battery charging system.
The investigated solutions consist of two flat winding coils; each of them features a copper wire, with a 3 mm
diameter section. The pitch between two consecutive turns is 3.5 mm. The proposed structures imply two identical
coils, thus minimizing the total leakage flux and well-fitting the case of a bi-directional power transfer. No
ferromagnetic material is used in order to lighten the weight of the structure, taking into account the E-bike
application.

As for the previously proposed structure, one coil is supposed to be placed upon a wheel of the bicycle; the other
one is supposed to be placed on the support holding up this wheel during the parking time. The equivalent electric

Copyright to IJARSCT DOI: 10.48175/IJARSCT-4508 356
www.ijarsct.co.in



K/ IJARSCT ISSN (Online) 2581-9429

*( ). International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)
IJARSCT

Volume 2, Issue 8, May 2022
Impact Factor: 6.252

model concerning each investigated option is gained after several magnetic field simulations. The software
COMSOL Multiphysics has been used as modeling and simulation tool working in a 3D geometry [30]. Different
distances and misalignments between the primary and the secondary coil have been taken into account to obtain
thorough models in terms of self-inductances and mutual inductance. The first option to be considered consists of
two circular coils. This solution is applied on the actually assembled prototype of E-bike wireless charger. Each coil
consists of a flat helix winding, featuring 9 turns and a 15 cm outer diameter.

As for the next considered options, the coils lie on the x-y plane, whereas the distance between them belongs to the
z axis. The other investigated solutions are based on the DD shape [98]: each coil is made of two square parts, the
so-called “D”, which are connected in series. The result is that there is a continuous magnetic flux loop inside the
structure including the two DD coils. This should create a structure inherently tolerant to misalignments between the
two coils. The longest dimension is kept under 30 cm in order to well fit the size of a bicycle wheel. Fig. I1.7 shows
the 3D model of the DD option. The whole winding coil consists of two “D-shaped” parts.

Each “D” is a flat square winding made of 9 turns. In compliance with the size of a bicycle wheel, for the proposed
option three different sizes are tested. Keeping the shape and the proportions of the whole structure for each coil, the
length of the shortest side belonging to the smallest square (labeled “s” in the figure) is modified according to the
following three values: 4 cm, 5 cm, 6 cm. The corresponding values of the longest size, that is the side along the y
axis, are the following ones: 21 cm, 23 cm, 25 cm. For each proposed option, the magnetic field simulations are
carried out considering different distances and misalignments between the two coils. The air gap between the coil’s
ranges from 1 cm to 3 cm on the z axis, whereas the misalignment on the x-y plane ranges from 0 to 2 cm for each
of the two axes.

Figure 5: 3D Simulation of Coils

A

Figure 6: X-Y plane of Coils
III. MATLAB MODEL AND SIMULATION RESULTS
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Figure 7: MATLAB Model of Wireless Charger
File Tools View Simulation ‘

gl ¢ @ ®slallm £ @l

= |1 v Signal Statistics

Figure 8: SOC Simulation Results
Since the determination of the SOC of a battery is a complex task depending on the battery type and on the application
in which the battery is used, much development and research work has been done in recent years to improve SOC
estimation accuracy. Accurate SOC estimation is one of the main tasks of battery management systems, which will
help improve the system performance and reliability, and will also lengthen the lifetime of the battery. In fact, precise
SOC estimation of the battery can avoid unpredicted system interruption and prevent the batteries from being over
charged and over discharged, which may cause permanent damage to the internal structure of batteries. However,
since battery discharge and charge involve complex chemical and physical processes, it is not obvious to estimate
the SOC accurately under various operation conditions.

The general approach for measuring SOC is to measure very accurately both the coulombs and current flowing in
and out of the cell stack under all operating conditions, and the individual cell voltages of each cell in the stack. This
data is then employed with previously loaded cell pack data for the exact cells being monitored to develop an accurate
SOC estimate. The additional data required for such a calculation includes the cell temperature, whether the cell is
charging or discharging when the measurements were made, the cell age, and other relevant cell data obtained from
the cell manufacturer. Sometimes it is possible to get characterization data from the manufacturer of how their Li-
ion cells perform under various operating conditions.

Once an SOC has been determined, it is up to the system to keep the SOC updated during subsequent operation,
essentially counting the coulombs that flow in and out of the cells. The accuracy of this approach can be derailed by
not knowing the initial SOC to an accurate enough state and by other factors, such as self discharge of the cells and
leakage effects.
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Figure 9: Output Voltage of Primary Circuit

IV. CONCLUSION

This paper presents a basic representation of the IPT Technique for stationary applications with current researched
technology. In addition, a variety of core and ferrite shapes of coils have been demonstrated, which have been utilized
in current wireless charging pad design. Health and safety issues have been raised and current developments in
international standards are tabled for IPT. State-of-the-art stationary- and dynamic-PITS have been studied and
tabled, with current research and development from a variety of public and private organizations. Finally, upcoming
future technologies are investigated and simulated with the utilization of MATLAB Overall, the latest developments
in the area of IPT are included in this project. The successful simulation results shows that the IPT system is capable
of charging the EV batteries wirelessly. The objective of the project can be fulfilled using this technique.
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