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CHAPTER |
INTRODUCTION

This chapter introduces the current issues with the transportation system, evolution of
electric vehicle, solution of rising energy cost, electric scooter drawbacks, and a thesis

organization.

1.1 General

The industrial revolution brought forth a great deal in terms of technology,
society, and service provision, but it also brought about a great deal of negative
outcomes, including environmental pollution and the production of hazardous gases
that could prove dangerous to the public's health. Without a doubt, contaminants on a
massive levelare regarded asa serious public health challenge at the international le vel.
This major concern hasto do with lifestyle decisions as well as economic, social, legal,
and legal issues. The industrial revolution was immensely successful in terms of
technology, society, and the provision of many services, but it also insured the
manufacture of considerable amounts of components that cause air pollution and are
hazardous to public health. Without any question, contaminants are a complicated
global public health issue. This important matter has a bearing on social, economic,

legal, and lifestyle decisions.

Two negative effects of road traffic include pollution and a degradation in air
quality. Motor vehicle exhaust emissions from fossil fuel and oil-powered engines are
the main air pollution sources. Among the pollutants released by motor vehicles are
carbon monoxide (CO), carbon dioxide (CO,), nitrogen oxide (NOy) in the forms of
nitric oxide (NO) and nitrogen dioxide (NO), hydrocarbons (HC), and sulphur oxides
(SOx) in the forms of sulphur dioxide (SO) and sulphur trioxide (SO3) (PM10). These

carsrelease harmful gasesthatover time may have anegative impacton people’s health.

Accordingto traffic research, motorist vehicles are the primary source of the
greatest amount of carbon monoxide in the atmosphere, and when nitrogen oxide and
Sulphur in the air are taken into account, trucks are the primary source of these

pollutants. Air pollution is a problemin our day and age since it not only contributes to



climate change but also has a detrimental impact on public and individual health by

raising the rate of illness and death in society each year.

1.2 Current issues with the transportation system

1.2.1 Environment and climate change issue

Regardless of whether itis the North or South Pole, the entire earth is gradually
heating up. The average surface temperature has increased by more than 1.6 °F (about
0.9°C)since 1906, and in sensitive polar regions, this rise in temperature isaccelerating.
The resultsand effects of thisare currently beingseen in the shrinking water bodies and
melting glaciers that are posing problems for aquatic life and altering weather pattems

(source: council.scence).

Many people are unable to distinguish between global warming and climate
change, although scientists define the latter as the complex processes that are currently
adversely influencing the weather and the climate system. In addition to rising mean
temperatures, major weather events, the relocation of wildlife creatures and their
habitats, rising sea levels, and numerous other effects are all part of the climate change.
As a result of humanity continuously releasing greenhouse gases into the atmosphere,

all the changes outlined are taking place.

Private vehicles, of which scooters make up the majority, are to blame for more
than half of the air pollution. Since electric scooters don't burn fuel, they are
advantageous for enhancing air quality. The emissions produced during the
manufacture of an electric scooter are frequently higher than most of those produced
during the manufacture of a typical scooter. This has to do with producing lithium-ion
batteries, which play asignificantrole in the electric vehicle sector. This transformation

is bringing revolution, just like with cutting-edge technology.

The battery industry is constantly evolving, and a repurposing and recycling
system is also currently being established. Used batteries are becoming a research issue
for ways to make them more usable for new technologies and good power storage.
Accordingto current trends, batteries will be employed in common households to store
our own energy one day. This type of research will aid in reducing the harmful effects

of the environment.



1.2.2 Rising Energy Cost

The recent years survey of fuel prices shows a sharp increase in fuel prices, this
increase is expected to be more in future it affects all the class of the families in India.

Fig 1.1 shows the increase in price of petrol in recent years.
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Fig 1.1 Increase in petrol prices in recent years (source : Mycarhelpline)
1.3 Possible solution for climate change and rising energy cost

The solution of rising energy cost is by developing certain vehicle which is
powered by electric source that help in reducing tail pipe emissions and should be
cheaper in running cost per km, in that case the electric vehicles are the most suitable
one to replace the petrol vehicle with the same characteristics. Table 1.1 shows the

comparison of electric scooter and petrol fueled scooter.



Table 1.1 Comparison of electric and petrol fueled scooter

Comparison Point Electric powered Petrol fueled
scooter scooter

CO; Release Nearly zero Comparatively high

Fuel charges Low priced High priced

Maintenance Cheap Costly

No of moving parts Few Many

Friction losses Low High

Performance Better Good

Range More range in the city More range on highways

Purchase cost Expensive Cheaper than EV’s

1.4 Motivation of work

Seeing the circumstances of environment and rising fuel prices, it become
difficult to operate petrol fuelled vehicle when we see the Indian scenario the number
of vehicles are more as comparing with other countries so the need to acquire type of
vehicle which depends more on electricity has become beneficial. To overcome these
drawbacks of petrol fueled vehicle there isaneed to develop HESwhich runs on battery

and also on engine, which majorly solve the problem.
1.5  Evolution of Electric Vehicle

Electric vehicles have been around a lot longer than today’s Tesla or the Tata
Motors Nexon EV. In fact, electric cars appeared long before the internal-combustion
sort in the 1830s, the Scotland’s Robert Anderson, whose motorized carriage was built
somewhere between 1832 and ’39. Batteries were not rechargeable. Rechargeable
batteries came in 1859, making the electric-car ideamore feasible. In India in 1996, the
first electric vehicle was a three-wheeler, invented by Scooter's India Pvt Ltd, and it
was named VIKRAM SAFA. In 2000, BHEL developed an electric bus, which became
popular. Electric vehicles began to exist in the 19t century. Earlier, they did not make
space in the market because of their high cost, low speed, and short-range which causes

the demand declined worldwide.



Automobile companies confront a major challenge: environmental
sustainability. Regulations have been implemented as a consequence of this new
approach to encourage users to switch to an environmental sustainable electric vehicle
(EV) as opposed to a petrol engine. EVs serve in the sharp decrease of "greenhouse”
gas emissions and fossil fuel dependence. Electric vehicles are regarded to be the best
alternative for transportation in this regard because they release no exhaust gas, despite
a number of technological obstacles.

Implementation of battery powered vehicles in the immediate future will reduce
traditional fuel usage $60 billion, resultingin a drop of 1 gigatonne of carbon emissions
by the end of 2030. By the time India celebrates its 100th year of independence, the
Indian automobile industry will have adopted a revolutionary solution of shared-
connected electric mobility, resulting in a 100 percent electric vehicle (source: The
Economic times, 12/05/2017)

When India celebrates its 100t year of independence, the Indian automobile
industry, in partnership with the government, would have embraced an innovative
shared-connected solution for electric mobility, resulting in a 100 percent pure electric
vehicle. Electric vehicles (EVs) use distributed power to assist reduce CO, and NOy
emissions and so establish an energy-efficient transportation sector. Even though
electric vehicles contribute to a cleaner environment, several obstacles remain. Battery
degradation and charging infrastructure are the two most pressing issues that must be

solved (sources: Energy & Etron).
1.6 Electric scooter drawbacks

In recent days many Electric Scooter (ES) are catching fire because of burning
of battery due to high heat produce in battery. The investigation done on those ES
clarifies the incident caused by fire in battery due to exceeding the level of heat in Li-
ion battery as shown in Fig 1.2. The high temperature of battery not only increase the
chances of fire but also decreases its efficiency and life span. The adverse effect of this
level of increase in temperature can cause battery to blast which can be the worst case

Scenario, that eventually effect the future customers & customers who are using ES.



Fig 1.2 Fire in Electric Scooter on Indian roads (source: News18, 30/09/2021)
1.7 Thesis Objective

To carry out the research work following objective are selected:
1. To convert conventional scooter into Hybrid Electric Scooter (HES).
To study the performance of developed Hybrid Electric Scooter.
3. To develop CAD model of battery for HES and CFD analysis for optimized
cooling of battery for HES.

1.8 Organisation of Thesis

The present work involves of conversion of old scooter to Hybrid Electric
Scooter (HES) by using electric motor, Li-ion battery, controller, etc., testing the
performance and using computational fluid dynamics study on battery CAD model to

access battery cooling strategy.
The thesis work is organized in the following manner as discussed below.

CHAPTER | presents an overview of the motivation towards present work,

specifies problem statement, justification and objectives.

In CHAPTER Il review of literature related to the work is presented, a brief

overview and case study is presented about the research gaps identified.

In CHAPTER |11l materials and methodology adopted for the work to be done is
presented. In this chapter the selection of scooter, motor, battery and a battery CAD

6



model is given and design, conversion and testing of Hybrid Electric Scooter(HES) unit
is given. The performance evaluationand effectiveness of battery coolingis determined

and its computational fluid dynamics study is presented in this chapter.

In CHAPTER 1V results obtained from experiments and analysis work has been
described. Effect of varying speed of HES on temperature of battery and motor and
effect of increase in temperature of battery is discussed. The effect of varying air flow
rate on battery temperature is also discussed. The study of cooling the battery inside

and outside the battery case is also presented in this chapter.

In CHAPTER V finally the thesis has been concluded with the suggestions for

the future work.

Furthermore, at last references related to literature used in the thesis along with
a brief of the recommendations for the future work, summary, abstract of the thesis has
been presented.



CHAPTER II
REVIEW OF LITERATURE

This chapter relates to the past work with a brief overview of previous researchers,

developments and case study is presented about the research gaps identified.

2.1 Electrical Vehicle in Indian scenario

Electric vehicles are the vehicles those are fully or partially operated by using electric
power. Electric vehicles are the replacement of conventional IC engine vehicles, to
address the issue of pollution, depletionin natural resources etc. Benefits of EVs such
as low noise, high efficiency make ita promising technology for sustainable transport
sector in the future.

Electric vehicles (EV) have become more frequent in the transportation sector.
The electric vehicle has the potential to replace internal combustion engine (ICE) in
the near future, as the current trend indicates (Un-Noor et al., 2017 and Khuranaet al.,
2019). Since EVs can significantly reduce greenhouse gas emissions from the
transportation sector, there may be enormous environmental benefits as well and also
some disadvantage of their high price, lack of infrastructure for charging, and concem
related to time and range. By 2030, the Indian government wants "only electric

vehicles" on Indian roads.

There are numerous potentials for electric vehicles in India as stated by Jiby
and Shirase (2019), the Indian auto industry is promoting alternative fuels by utilising
cutting-edge technologies like battery-powered electric and hybrid vehicles, among
others. The Indian government has supported new initiatives, incentives, and policies

to grow the country's automobile industry.

One of the most important areas of research for industrialists in recent years
has been the electrification of transportation. Dhinakaran etal. (2021) in his research,
the advancements in electric vehicles and its personalization over time to this point
have been made. Focuses is given on many batteries that are used in electric vehicles
(EVs), as well as the advantages and disadvantages of the various driving systems and

charging methods.



To improve the fuel efficiency vehicles can be modified to hybrid, plug-in
hybrid, and electric vehiclesas suggested by Goel et al. (2021) although these vehicles
are more expensive to acquire than conventional vehicles but with over the course of
their lifetime, customers, society, automakers, and policymakers generally benefit
economically from their decreased petroleum consumption and greater production.
The Indian government's recent measures and several incentives will support the

country's move toward e-mobility.

The research by Chakraborty and Chakravarty (2023) employs a discrete
choice survey methodology to collect responses from Indian residents. The findings
derived from a random-parameter logit model analysis indicate that factors such as
price, refueling time, availability of infrastructure, vehicle taxes, and fuel prices
significantly influence the choice of two-wheelers. The results suggest that
government policies, including price subsidies, preferential tax treatments, and
infrastructure enhancements, should continue to be implemented to promote the
adoption of electric two-wheelers in India. Furthermore, implementing differential
pricing for petrol and electricity could further enhance the appeal of electric two-

wheelers.
2.2  Electric and Hybrid Electric Scooter:

Electric scooter is type of electric vehicles which is fundamentally a two wheeled
vehicle that contain battery to provide power to motor. Scooter is the most compact
version of vehicles which makes them easy to use in traffic and rural areas. A major
part of vehicles on road in India consists of Scooter, Electric scooter are the best
implementation in order to spread awareness among peoples and reduce pollution as
the reach of scooters are more than that of other vehicles. The electric scooter can be

divided into two types, based on the level of power employed as a primary source:
e Electric scooter
e Hybrid electric scooter

2.2.1 Electric Scooter

Electric scooters(ES) are drove by a battery and an electric motor. To recharge



the battery, they use an external electrical charging port. Regenerative braking re-
energizes the battery in ES. It has the benefit of a quick and smooth acceleration. It is
an environmentally beneficial since it emits less CO,. The block diagram of power

flow in Electric scooter is shown in Fig 2.1.

Power Motor

Fig 2.1 Power flow in Electric scooter (fig modified after Khande et al., 2020)

Due to the ongoing rise in gasoline prices, electrically charged vehicles are
thought to be more affordable than regular vehicles. E-scooters are better suited for
rural locations where there are insufficient gasoline stations as said by Khandar and
Kosankar (2014) so that the residents can use electricity to charge the vehicle.

The design process and outcomes of E-scooter's motor had been provided,
taking affordability into consideration production. Stator was the focal feature of the
design preserving the core change for automated winding. Rotor properties and output
features are vigour and effectiveness. The outcomes of design by Woo et al. (2017)
satisfy those aside from the fact that cogging torque was significantly decreased. The

study aid in the development of in wheel motor for an e-scooter.

The research by Racewicz et al. (2018) presents tests and the design of a
lightweight, two-wheeled electric vehicle. The vehicle was propelled by a 3 kW
brushless DC motor (BLDC). The vehicle is built on a sturdy steel bicycle frame and
has pedals as an auxiliary driving source. The built-in E-top bike's speed during
laboratory tests on the chassis dynamometer was almost 80 km/h. The wheel's
measured torque and mechanical power were 3.6 kW and 132 Nm, respectively. 78

km/h is reached in less than 7 seconds of acceleration.

Pilot research carried out by Hardt and Bogenberger (2018) in Munich,
Germany, by giving e-scooters to test subjects. Trip diaries showed that the cars were

primarily used for commuting, recreational travel, and even local business excursions.

10



Roughly one out of every four participants took advantage of the opportunity to use
the electric provided vehicles. According to trip data and survey responses, both
commuting and business trips can be handled by e-scooters, while leisure excursions

can be partially handled by the number of travellers.

Inthe research several voltage and currentcontrol systems for electric scooters
multi-pack batteries were comparison. Two control strategies based on energetic
macroscopic representation and inversion-based control have specifically been
introduced by Vo-duy etal. (2020). In the first system, each battery pack's two current
controllers share the reference value generated by a single voltage controller.
Meanwhile, in the second scheme, the voltage controller is handled by a specific

battery pack.

2.2.2 Hybrid Electric Scooter

As the term describe hybrid which means integration of two power sources an
internal combustion engine and an electric motor. The battery provides power to the
drivetrain, when required and controlled by the controller allowing the engine to run
more efficiently. The battery can be charged by the engine or by Kinetic brake energy
recovered during regenerative braking. Power flow and control system of Hybrid
Electric Scooter(HES) is shown in Fig 2.2, and block diagram of power flow for plug-

in Hybrid Electric scooter is shown in Fig 2.3.

Motors works at
slow speed or

( ~ when at rest
Electric
motor

Engine works at
higher speed

e

_‘ l
Fig 2.2 Power flow and control system of Hybrid Electric Scooter (source: Teambhp)
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Controller
Generator

Battery

Fig 2.3 Power flow of plug-in Hybrid Electric Scooter (fig modified after Singh et al.,
2019)

A parallel hybrid powertrain for a scooter that combines two planetary gear-
trains into a split-power system (Sheu, 2008). The hybrid designs presented support
six modes of operation. The goal is to use a simulation model to examine the

performance of various hybrid powertrains in a hybrid electric scooter.

A design concept for an auxiliary power-mode Hybrid Electric Scooter (HES)
as well as a dynamic simulation model for HES on drive cycles was created by Tseng
etal. (2014). The engine as the primary source of torque and the electric motor as a
backup source of torque. By connecting a servo motor and gearbox to the original
CVT framework, the prototype was simple and cost-effective, the results shows

improve fuel consumption rate up to 15%.

A series parallel Hybrid Electric Vehicle(HEV) model was created using
Matlab/Simlunk includesamodel of the tyre, an internal combustionengine, a battery,
a DC/DC converter, a motor or generator's drive, a speed coupling device (a planetary
gear mechanism), and a model of a torque coupler device (Yaohua et al., 2015)
simulated the model to know the effectiveness. The simulated results helps to know

how to use series parallel connection and when to use the motor and engine.

Light electric vehicles, such as electric scooters, had demonstrated significant
promise for short-distance travel. Hybrid electric vehicles (HEVs) and electric
vehicles (EVs) had proven effective inenhancingfuel efficiency. The researchby Saju
et al. (2022) focuses on optimizing power management techniques in parallel
configurations of HEVSs, highlighting their potential benefits in various vehicular

applications, while addressing existing research gaps. The integration of hybrid
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electric drive with efficient, low-cost solutions can lead to the development of

environmentally friendly and marketable vehicles.
2.3  Battery for Electric vehicle:

Batteries are essential for all types of electric vehicles, Batteries for electric
powered motors are characterised with the aid of using their extraordinarily high power
to weight ratio, precise strength and strength density, smaller and lighter batteries are
more ideal to use to the fact that they lessen the load of automobile and consequently

enhance its performance.

Types of batteries commonly used are discussed as follows :-

2.3.1 Lead-Acid Batteries

Lead-acid batteries may be designed to be excessive strength and are
inexpensive, safe, and reliable. However, low precise energy, terrible cold-temperature
performance, and short calendar and lifecycle hinder their use. Advanced excessive-
strength lead-acid batteries are being developed, however those batteries are handiest
used in commercially to be had electric-pressure motors for ancillary loads. Fig 2.4

shows all three types of batteries market share.

100
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40
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0 NS

Lead Acid Nickel Metal Hydride Li-ion
Batteries

Fig 2.4 Market share of types of batteries (Source: research nester)
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The dual prospective of li-ion battery performance and optimization and system
feasibility, includes the thermal design regarding the different types of environments
was presented by Shimamura et al. (2007). a simulation model combining electrode
reaction and charge transport was constructed for analysing the battery performance,
the resultshows that chargingelectrode parameter make it more suitable forwide range
of envisioned environmental vehicle. It is concluded that the li-ion battery are best
suitable for the use in the electric vehicle.

The lead-acid battery represents the oldest rechargeable battery technology.
Lead acid batteries can be found in a wide variety of applications including small scale
power storage such as UPS systems, for automobiles (Enos and George 2014). While
inexpensive when compared to competing battery technologies, lead-acid cells have a
significantly lower power density and higher weight, along with a lower cycle life. A
variety of commercially available systems use carbon-containing Pb-acid ultra batteries
as their principal storage device.

2.3.2 Nickel-Metal Hydride Batteries

Nickel-steel hydride batteries, used mechanically in laptop and scientific
equipment, offer affordable unique power and unique electricity capabilities. Nickel-
steel hydride batteries have a far longer lifestyles cycle than lead-acid batteries and are
secure and abuse tolerant. These batteries were broadly used in HEVs. The essential
demanding situations with nickel-steel hydride batteries are their excessive cost,
excessive self-discharge and warmth era at excessive temperatures, and the want to
manipulate hydrogen loss.

The research by Tarabay and Karami (2015) demonstrates the fundamentals of
Nickel Metal Hydride (Ni-MH) battery structure, components, and internal processes.
Ni-MH batteries are industry leaders because they are ubiquitous in today's technology
areas, powering everything from cellphones to hybrid electric vehicles. A brief
examination of the chemical reactions inside Ni-MH batteries was presented, with a
focus on its specifications and a mention of some of the most important applicable
applications of suchbatteries in today's business. Furthermore, the electric circuit model
of Ni-MH batteries must be discussed and considered to ensure that the reader retains

all of the necessary basic information about Ni-MH batteries.
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2.3.3 Lithium-lon Batteries

Lithium-ion batteries are presently utilized in maximum transportable customer
due to their excessive power in step with unit mass relative to other electric power
garage systems. They even have a excessive power-to-weight ratio, excessive power
efficiency, desirable excessive-temperature performance, and low self-discharge. Most
of today's all-electric vehicles and HEVs use lithium-ion batteries. Research and
development are ongoing to lessen their surprisingly excessive price, make bigger their

beneficial life, and deal with protection issues in regard to overheating.

The Battery Thermal Management System (BTMSs) for EVs and Hybrid
Electric Vehicle (HEVs) and PCM applications, the difficulties, possibilities, and
prospects for EVs and HEVs are described by Malik et al. (2015). Key findings and
conclusions between 2012 and 2013, EV sales increased annually in the US by more
than 100%. At the moment, Li-ion batteries are the most popular and promising EV
battery type. Battery prices are continuously falling across the board the cost of the
battery pack utilised by top EV manufacturers decreased by 8% every year, reaching as
little as US$300 per kWh. Numerous studies are being conducted to address a number
of problems with present battery technology, particularly with Li-ion batteries.

The primary research topics in lithium-ion batteries were outlined in the paper
of Chenetal. (2019) includingestimation of battery capacity, battery sorting, remaining
battery life, battery circuit model, and SOC methods. A new approach and model for
categorising retired batteries and estimating their SOC and RUL, lengthens the battery
cyclelife, reducesretired battery degradation, and improves retired battery consistency.

Experiments will be conducted in the future to validate the efficacy of this approach.

2.4  Battery cooling systems:

As the number of electric vehicles increases on road their advantage and
drawback are able to seen clearly one of the major drawback was catching fire in the
battery pack due to thermal runaway which is mainly caused by increases in
temperature in battery pack. Thisincrease in temperature ismainly due to their compact
structure and high energy discharge causing high heat and due to high environmental
temperature as in India during summers, so to overcome the problem a cooling system

needs to be developed.
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The study by Cicconiet al. (2013) focuses on a PHEV Li-lon battery cooling
simulation. The thermal analysis is based on the single cell's physical parameters as
well as experimental data. the methodology involves an analytical approach for
determining the average heat generated by a single cell during operation. A thermal
simulation of one cell and a CFD study of a battery module are the two aspects of the
investigation. The analytical calculation of heat generated by electrochemical reactions
is used in the battery thermal analysis.

The use of numerical simulation forced air cooling of a tightly packed battery
box was explored to examine the impact of air cooling on temperature uniformity and
hotspot mitigation under various flow pathways and airflow rates. The research by
Meng et al. (2016) may lead to the following inferences: The magnitude of the
temperature decreases gradually as cooling channel sizes increase, demonstrating that
this is not the best way to reduce the maximum temperature; the maximum temperature
and maximum temperature differential of the tightly packed battery box with 59 vents
are obviously lower than they were with just 15 vents.

The cooling strategies for EV battery with forced air are calculated numerically
in the paper by Lu et al. (2016) tells the size of cooling channel increases the
temperature starts to drop in significantamount with the increase in number of vents
increases the heattransfer decreases the maximum temperature. These models was then
improved using a multi-objective optimization strategy to identify the best plan for an
air-cooled battery module. The methodology will help know minimum and maximum
temperature, temperature differential, and battery pack volume during the design of
industrial battery packs. the air-cooling battery design in ANSYS.

The transient thermal behaviour of a Li-ion battery module had been
investigated numerically in three dimensions in the current study by Jilte and Kumar
(2018). The three-dimensional transient thermal, temperature regimes and flow field, a
comprehensive analysis of localised hot spots had been presented. The local heat spots
are confirmed when the temperature rises from the supplied cooling condition (22 °C)
to the local temperature maximum of 26.37°C at some zones. The local temperature
maxima zones are located in the centre of the module depth. Acrossthe battery's depth,
there are differences in the degree of flow separation. Despite the high discharge rate

and low cooling air flow condition, the highest cell-to-cell temperature non-uniformity
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in the examined BTMS is limited to 0.11°C, and the battery temperature is lower than
28°C.

The battery thermal management system(BTMS), including air cooling BTMS,
liquid cooling BTMS and refrigerant direct cooling BTMS presented by Lu et al.
(2020). The new battery thermal management system uses phase change material-based
BTMS, heat pipe-based BTMS, and thermoelectric element-based BTMS. The ideal
operating temperature range for lithium-ion batteries is rather limited because of their
unique properties is between 20 and 40 °C. Temperatures that are too high or low will

have an adverse effect on the battery's performance and present a serious safety risk.

2.5  Impact of Electric Vehicle:

The impact of EVs in market with their promising effect on the environment
shows the increase in sales of EVs in Indian automobile market in recent year as more
advance and safer EVsare made still there is more to be worked on specially the range
of EVs, their price and charging infrastructure.

Based on the empirical investigations in the literature, the range anxiety profile
is a nonlinear function. Xu et al. (2012) created a compact model for the first time with
a polynomial number of restrictions in order to reduce the cumulative range anxiety of
worried travellers over the course of all trips. To do this, we clearly formulated the
charging logic and path diversion behaviour in the model. an effective outer-
approximation technique was suggested in order to find the underlying problem’s -
optimal solution.

The paper by Noel et al. (2019) explained that by building and expanding the
Rhetoric of Reaction, creates a deeper understanding of range anxiety that would
complement the technical and psychological frameworks. Range anxiety acts as a
rhetorical device that is neither solely technical nor psychological.

The Battery Electric Vehicle (BEV) subsidies have very favourable effects on
both accelerating economic growth and BEV adoption. Chen et al. (2020) findings also
highlight the significance to take into accounttechniques for loweringnon-tailpipe CO;
emissions from car productionand emissions from power generation if we wantto fully

benefit from the environmental advantages of BEV adoption.
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The model of bi-objective nonlinear programming problem the range anxiety
that drivers experience when travelling. Liu etal. (2020) measured the requirement of
planned travels, suggested a specific function. An interactive branch and bound
approach is used to solve the model after it is reformulated as a bi-objective MILP.
They discover the model developed can plan the routes with high reliability and low
risk of profit loss and accidents.

The study showsthatif e-scootersweren'tan option, roughly half of users would
be walking or riding bicycles, and roughly one-third would be driving a personal
vehicle. Therefore, e-scooters are probably impacting health in both positive and
negative ways as researched by Glenn et al. (2020). This research may take the form of
a health impact assessment.

The findings provided light on the ideal distance between nearby charging
stations in order to reduce range anxiety. The findings by Pevec et al. (2020) can be
used by business and government to increase consumer interest in EVs and encourage
more people to buy them instead of conventional ICE vehicles, also find this to be very
helpful because when developing appropriate scientific models, the ideal span between
nearby charging stations must be taken into account.

Todetermine the effects of non-psychological markers on range anxiety, hourly
weather data from more than 1.7 million EV charging and driving records were
compared by Zhangetal. (2021). They come to the conclusion that the charging rate
is inversely connected with the SOC, demonstrating that quick charging can
significantly lessen range aversion. With an increase of charge piles, the impact of
charging rate on range anxiety decreases. Fast charging might be more successful at

easing anxiety in users who have severe range anxiety.

2.6 Case study

Looking into the article in THE TIMES OF INDIA dated: 28th September 2022
with a headline of “Govt pushes EV battery safety norms deadline to
December”(source: Times Of India, 28/09/2022).

The article focused on the recent burning incidents of electric vehicle fire in
April this year, cases of two wheelers such as Ola, Okinawa and PureEV catching fire

were reported. It prompted the government to form a panel to examine. The
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amendments include additional safety requirements related to the battery cells, design
of battery pack and thermal propagation due to internal cell short circuits leading to a
fire.

In return the Society of Manufacturers of Electric Vehicles (SMEV) said “There has
been an acute shortage of good quality battery assemblers in India” and many more
things, new safety measure for batteries will brought into effectin phase wise 1
December 2022 & 31 March 2023.

The step taken by Government of India will help in reducing the fire incidents and also

increase in the efficiency of battery.

2.7  Summary of literature review

The literature overview portrays the design and modelling of an electric scooter,
types of batteries and Electric vehicle EVs, impact of EVs, recent sales and accident,
while the constructed electric scooter suggested an in-wheel motor design and the use
of Li-ion battery packs for the electric scooter, which provide greater charge storage
capacity and longer life than other batteries, and also developed guidelines. The BLDC
motor is the most commonly used motor as it takes up less space. The Hybrid Electric
Scooter (HES) has two different types of connecting systems: series and parallel. The
researchers used CFD and thermal analysis to evaluate several aspects of cooling the
battery with air, locating the heat spot and areas of excessive cooling. Researchers had
also looked at the scope and limitations of electric vehicles, as India is a very large
market for Electric Scooters (ES) and as the support from the government increase the
sales pattern clearly seen a rise in sales graph, but the biggest barriers is the lack of
charging infrastructure, less range causing range anxiety and the high cost of an EV

scooters.

2.8 Research gaps
From the above literature survey research gaps are found as follows:

o Researchers had worked on design and fabrication on making electric scooter, but
the detailed study on converted conventional scooter to electric hybrid scooter is

still lacking.
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Researchers had worked on the different aspects of placing the motor and battery
in the scooter, but more suitable place needs to be found out.

Researchers analyzed the barriers of EV which needs to be overcome.

The studied work shows the cooling technique of EV battery however the cooling
approach needs an improvement.

The studies show the CFD & thermal analysis of battery by air cooling result need
more studies to become more effective.

The studies show the safety standards imposed by government to make electric

vehicles more safer this aspect needs to be studied.
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CHAPTER 111
MATERIALS AND METHODS

This chapterdiscuss the approachutilized for converting Hybrid Electric Scooter (HES)
from selection of motor, battery to testing the performance and calculating battery heat

generation as well as simulation of battery cooling method.

3.1 Introduction

An old scooter was taken into consideration and was converted into Hybrid
Electric Scooter (HES) for reducing the environmental impact caused by burning of
fossil fuel. Another factor taken into consideration was the cooling of battery of HES
by making an air flow design air vent and making changes in placement of battery

differently from other Electric Scooter (ES).
3.2 Selection of scooter

A convectional scooter was selected to convert it in Hybrid Electric Scooter
(HES), the selection of conventional old scooter was to reduce the waste of those
scooter which are to be discarded due to pollution under Bharat Stage Norms. The
selected scooter was 2010 launched TVS Scooty Teenz which has a 2 stroke, single
cylinder, forced air cooled Sl Engine. The front and rear wheel has drum break, the size

of wheel is 10 inch, the specifications of scooter are shown in Table 3.1.

Table 3.1 Specifications of selected scooter

Items Specification

Engine cc 59.9 cc
Maximum Power 3.5Bhp @ 5500 rpm
Maximum Torque 4.5Nm @ 5000 rpm

Number of Cylinders| 1

Transmission Automatic
Kerb Weight 82.00 kg
Fuel Tank Capacity | 45L

The scooter had a analogue speedometer and odometer, throttle and breaks at the

handle, it has two person seating capacity. The top speed of scooty is around 50 kmph.
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The suspension at the front was link type. So, in order to fulfil the power and range

criteria the motor and battery of similar properties was selected.
3.3 Selection of Motor

The Electric scooter driven by electric motor which should be of sufficient
capacity, similar to the power available at the wheel in case of engine driven scooter.
The engine can runthe vehicle atwide range of speed up to 100kmph. But, in the present
study the vehicle speed was limited to 50kmph looking to the driving road conditions
and crowd on road. Looking into the availability of motor for HES in the market there
were mainly two types of motor used one is Brushed Direct Current Motor(BDC) and
another one is Brushless Direct Current Motor(BLDC). Now looking into the
characteristics, the BLDC motor is based on newer technologies that perform better

than BDC motor with high efficiency, better power to weight ratio, produce less noise.
The power required for motor is given by Eq. (3.1).

P=1Xw (3.1)
Where, P = power (W), T =torque (Nm) and o = angular velocity (rad/s).
The angular velocity is given by Eq. (3.2) :-

o =2 (3.2)

Where, V = linear speed of vehicle (m/s), and r = radius of wheel (m)

Force is calculated using the coefficient of static friction value takenas 0.7 for dry road

and normal reaction on the wheel in Eq.(3.3):-
F=uXxN (3.3)

The overcoming torque is given by Eq. (3.4):-
T=FXr (3.4)

After, finding the value of angular momentum and torque we use it in Eq.(3.1) for

finding power required for motor.

Where, F =force (kg)
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N=normal force (N)

p= coefficient of friction

V = linear speed(m/s)

r = radius of wheel (m)

T =torque (Nm)

o = angular momentum (rad/s)
P = power (W)

The power required for the motor is directly proportional to force applied on the wheel
i.e., vehicle and rider weight. So, three constrained were made by varying the force
applied on wheel in kg according to it calculation was done to determine the power for

motor.

The motorselected for Hybrid Electric Scooter (HES) wasa 750W in wheelhub BLDC
motor having size which can fit the 10 inch wheel size of the selected scooty.

3.4  Selection of battery pack

The motor of Hybrid Electric Scooter (HES) which drives the scooter was power
by a battery. Now, for the selection of battery for the driving range same as of old

scooter. Two field were considered for the selection are:
3.41 Battery pack chemistry

For selection of battery for Hybrid Electric Scooter HES different types of
battery was examined to be most suitable one to satisfy demand of their high power to
weight ratio, high power efficiency, wide availability, and ability to recycle.

Comparing different types of Li-ion batteries considering several characteristics, with
the larger area beingmore desirable is shown in chapter 4 section 4.3. The major factors
considered are specific energy, specific power, safety, performance, life span, and cost.
Specific energy represents how much energy a battery can hold per unit weight, which
is directly proportional to driving range the driving range. Specific power is the ability

to deliver high current on demand as during acceleration. Safety is one of the most
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important aspects when choosing a battery because of the recent incidences.
Performance refers the condition of the battery when used in extreme temperature
conditions. Life Span refers cycle count and longevity. Cost presents the feasibility,
with safety, and the 9-10-year warranty adding to this challenge. The detailed
comparison of types of cell design is shown in section 4.

3.4.2 Selection of Battery pack

The battery pack capacity is defined as the total amount of electricity generated
due to reactions in battery also the battery capacity demonstrates how much power the
battery can produce froma fully charged state under specific discharge conditions. The
selection of battery pack was done consideringthe characterises of battery to satisfy the
motor requirements, range and life. The capacity of battery pack was decided using the

Equations given below.
The battery pack capacity is given by Eq. (3.5):-

P, = P X travel factor (3.5)
Where, P =power (W)
P, = battery power (Wh)

Finding the current drawn by motor by Eq. (3.6):-

[ = Pm (3.6)

v

Now, considering the current losses during acceleration as 10%
[ =1x0.90 (3.7)
Finding the power required by the motor to run at desired top speed by Eq. (3.8):-
P =vxlI (3.8)

After finding power, for designing the battery pack for certain km range we require

travel factor which is given by Eq. (3.9):-

totalrange (km)

Travel factor = (3.9

total speed (kmph)

After finding the power and travel factor, we use it in Eq. (3.4):
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Also, considering the charging and discharging efficiency is about 85-93%. Then
considering efficiency 85%, the battery pack capacity is given by Eq. (3.10).

Battery pack capacity = OPTbS (3.10)

Where, Py =motor power (W)
V = motor voltage (v)
| = current (Ah)

As the Eq. 3.10 the battery pack capacity is directly related with power of motor and
speed on which the consideration was done. A definite power of motor has limited top
speed. So, for the selection of battery pack the vehicle travelling range was assumed as
80 km.

The battery cell selected was 18650 Li-ion cell, Fig 3.1 shows the dimension of 18650
Li-ion cell, the selected cell had @18mm diameter and 65mm height and a CAD model

was made on Solidworks.

@la#—-——|

Fig 3.1 CAD model with dimension of 18650 li-ion cell

The battery pack made had a capacity of 20 Ah and 48V which was made with
arrangement of cells 13nosin series and 12nosin parallel connection making it a pack
of 156 cells shown in Fig 3.2 with a battery pack of dimension 275x245x100mm. The
battery operates between 53v to 43v.
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Fig 3.2 CAD model of Li-ion cells arrangement in Battery pack

3.5 Conversion of an old scooter to Hybrid Electric Scooter

The selected Petrol fuelled scooter as described in section 3.2 was converted
into Hybrid Electric Scooter (HES) for reducing the environmental impact caused by

conventional internal combustion engine. A sketch of HES is shown in Fig 3.3.

Alternator/Battery

/ N
T
Controller /_\7 / Battery Pack
/

Fig 3.3 Sketch of Hybrid Electric Scooter

The BLDC motor was attached at the front wheel which drives the scooter on electric
mode, the motor was placed with few arrangements such as changing the wheel with in
wheel hub motor and removing the old front link type suspension by adding a new

damper suspension as shown in Fig 3.4.
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Fig 3.4 In wheel hub BLDC motor placed on Hybrid Electric Scooter

The battery through which power transfers to the motor was placed in the boot of the
sooter safely as shown in Fig 3.5, The battery was also equipped with a Battery
Management System (BMS) which ensures automatic switching off the current supply
to the motor from the battery if battery temperature exceeds the safe operation limit.
This safety precaution is for protection against overheating of battery and prevention of
fire. which is controlled by the controller to take care of depth of discharge factor and
BMS.

Fig 3.5 Battery pack placed in the boot of Hybrid Electric Scooter
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The motoralso works asan alternator which re-charges the battery duringre-generation
and during plug in charging mode. This was achieved with the help of an
alternator/motor controller. The most optimum placement of this controller was at the
front panel of the scooter as shown in Fig 3.6.

Fig 3.6 Controller placed at the front panel of Hybrid Electric Scooter

The throttle for the battery was at the left-hand grip side of the scooter handle. Through
this throttle, the amount of current to be sent to the motor is controlled, the placement
of controller is shown in Fig 3.7. When the load on the scooter is increased, for extra
power, it can be driven on Hybrid Mode, i.e., power will be delivered by both, the

internal combustion engine as well as the electric motor.

-

Fig 3.7 Throttle placed at the left hand grip side of Hybrid Electric Scooter
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To show the voltage of battery an adition display was attached on the console which
contineously displays the voltage left in the battery, the screen is a three digit display,
the placement of display is shown in Fig 3.8.

——.

PLLFUBL

Fig 3.8 Voltage display placed on console of Hybrid Electric Scooter

3.6 Power train configuration of Hybrid Electric Scooter

The power-train used in Hybrid Electric Scooter (HES) where the battery is used
to power the BLDC motor of HES, engine is used as an alternative to power the rear
wheel in case when there is no electricity and in emergency situations of no voltage left
in battery. The engine power also used to charge the battery through regeneration of
electric energy when the vehicle is drive in the internal combustion engine mode. The
HES can be driven by both IC engine & Electric motor, the power train configuration
of HES is shown in Fig 3.9.
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Fig 3.9 Power-train configuration of Hybrid Electric Scooter
3.7  Battery charging Methods

The battery is charged by 3 methods:
(@) Plug in charger

(b) By Engine power

(c) By regenerative breaking.

3.7.1 Plug in charger :-

An AC to DC 220 V, 50Hz charger which can be plug in in any & regular
electric socket charges the battery in rest position of scooter.

3.7.2 By Engine Power:-

The transmission of engine power from engine to the rear wheel takes place with
the help of Continuously Variable Transmission (CVT) system. Unlike a conventional
transmission system, the CVT does not make use of gears. Instead, it has two pulleys,
whose diameters are variable and are connected by a belt or a chain. One end is
connected to the engine and the other one is linked to the wheel, where the power is
delivered. The pulleys are movable and as they come closer to each other, the belt or

the chain rides higher making the diameters of the pulleys larger and vice-versa.

When the scooter is being driven with engine power at the rear wheel, the front wheel

also rotates due to which the alternator attached to the front wheel generates electricity,
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hence the battery is re-charged. During braking and vehicle moving on down slop/hill,
also recover the energy via battery charging through alternator attached to the front

wheel.
3.7.3 By Regenerative breaking :-

The Same BLDC mater which powers the HES is used to generate electricity at
the time of deacceleration which also helpsin stoppingthe HES increasingthe life span

of brake pad.

With the help of regenerative brakingsystem, kinetic energy thatwould have otherwise
been converted to heat is recovered and turned into electricity. In this system, when
accelerating the engine propels the wheels, and when slowing down, the wheels propel
the motor. Flow of energy from wheel to motor is shown in Fig 3.10. The picture of the

alternator/motor controller is shown in Fig 3.11.

POWER FLOW DIRECTION

BATTERY
PACK /

MOTOR

CAPACITOR
BANK

WHEEL

Fig 3.11 Alternator/motor controller

3.8  Testing the Hybrid Electric Scooter

The converted Hybrid Electric Scooter was tested at Maharana Pratap
University of Agriculture and Technology, Udaipur premises on 17t September 2022,
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the environmental temperature at the time of testing was 32.2°C. The instruments used
while testing was Temperature gun and smart phone GPS with the Zeopoxa tracking

application available on android play store.

The HES was fully charged before the testing. The criteria decided for testing was
measuring the temperature of battery, motor, and scooter also measuring the distance
travelled while varying the speed of a fully charged battery until it drain out. The test
characteristics was noted for a duration of 10 minutes each. The surface temperature of
single cell in the battery pack and on the battery pack surface was measured using
temperature gun shown in Fig 3.12, with temperature measuring range of -50°C to
750°C and least count of 0.01°C.
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Fig 3.12 Using temperature gun to measure battery temperature

For tracking and measuring the range and speed of HES the smart phone GPS with the
Zeopoxa tracking application the screen shot shown in Fig 3.13 available on android

play store was used for accurate measurement.
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Fig 3.13 Speed and range tracking on Zeopoxa application

3.9 Heat generation in battery

The heat generated in the battery at the time of discharge with a certain C4 due
to enthalpy change and chemical reaction. When current flow in resistive component
of cells it will produce Joule heat which will be released inside the cell which will
ultimately result in increase in temperature of cell and hence battery pack.

Joule heating is considered as a parameter for heat generation in battery pack.

The joule heating Q in the cell is calculated using Eq.(3.11):-

Q =12 x N (3.11)
Where, Q = Heat generation (W)

I. = Cell current (A)
Q =end resistance (Ohm)

The power, current and rated current of motor I, is calculated using Eq. (3.12) and

(3.13):-

P=VXxI, (3.12)
P

L=< (3.13)
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Now finding the charge rate C4 using Eq. (3.14) and (3.15):-

Crate Tated = IIL (3.14)

b

Crate PEAk = ;3 (3.15)

b

Considering each cell capacity, the cell current is given by Eq.(3.16) :-

I, = each cell capacity X Cyqte (3.16)

After finding the cell current and considering the standard end resistance of cell we use
itin Eq.(3.11).

Where, I, = Rated motor current (A)
I, = Peak motor current (A)
I, = Battery pack current (A)
Crate rated = Charge rate
Crae peak = Charge rate
P = Motor power

V = Motor voltage

3.10 Steady State Thermal analysis of battery cell

To understand the heat flow on the cell surface the steady state thermal analysis
was performedon the cell a CAD model of cell was made on Solidworks shown in
section 3.4.2 was imported in Ansys 2021 R1 software. The value of heat flow was

calculated by Joule heating factor in Watt in section 3.9.

The temperature distribution in the cell can be seen in Ansys software usingsteady state

thermal, using steps shown in Fig 3.14.
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Importing
geometry in ansys

Solving the model

Taking out the
results

Fig 3.14 Steady state thermal methodology
A grid independent study was performed on the CAD model of cell in Ansys where no
such deviation in results were noticed when meshing with fine and coarse mesh. So, to
make solution fast coarse mesh of 0.005m mesh size with 8226 nodes and 4472

elements was used on the cell in Ansys as shown in Fig 3.15.

0.000 0.030 0.060 (rr)
[

Fig 3.15 Meshed model of cell used in Ansys
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3.11 Convection heat transfer on cell surface

The convection heat transfer helps to know the temperature with factors
considering material heat transfer coefficient, heat, and initial temperature.
For finding the temperature on the cell surface convection heat transfer equation was
used considering Joule heating results as discussed in section 3.9.

The convection heat transfer equation is given in Eq. (3.17) :-
Q = hA(Ts — Tf) (3.17)
The value of Q is found using Eq. (3.11).

The temperature of cell is given by Eq. (3.18):-

T, = (%) + T (3.18)

Where, Q = Heat transfer (W)
h = Convection heat-transfer coefficient (W/m2K)
A = Exposed surface area (m?)
Ts = Surface Temperature (°C)

Tt = Fluid Temperature (°C)

3.12 CFD analysis of battery cooling

The rise of temperature in Li-ion battery causes thermal runaway that leads to
fire in battery, the temperature at which thermal runaway occur and the battery catches
fire is given by Tete etal. (2021) where the information provided by the study was that
60°C is the trigger warning for BMS and 80°C is the limit set by BMS because it is the

critical temperature above that fire can be seen in the battery.

To get more precise results HES was tested again at Maharana Pratap University
of Agriculture and Technology premises where the HES was fully charged and HES
was made to run on its full speed, the environmental temperature at the time of testing
was 32.2°C. The criteria decided for testing was measuring the temperature of battery

and measuring the distance travelled with the speed. The test characteristics was noted
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fora duration of 10 minutes each. The temperature was measured using temperature
gunwhich had temperature measuringrange of -50°Cto 750°C and measuringaccuracy
of 50 feetaway, fortrackingand measuring the range and speed of HES the smart phone

GPS was used for accurate measurement.

The CAD model of cell inside a battery pack was made on Ansys software with the
dimension similar to the battery pack and cell arrangement, the meshing performed had
a physical preference of CFD and solver preference for Fluent while meshing also a
grid independent study was performed where the fine mesh of mesh size of 0.001m
with 117636 nodesand 113344 elements on the cells inside pack shows a greater results
and was selected but in case of battery pack there is no such variation in results so the
coarse mesh of 0.003m size with 2392 nodesand 7477 elements was selected for faster

processing, the meshing of the models are shown in Fig 3.16 and Fig 3.17.
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Fig 3.17 Meshed model of battery pack
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Experimental Validation :

A surrogate model of cells and battery pack was developed. In order to validate
the effectiveness of the present CFD method, the experimental results were compared
by comparing the temperature of battery from experimental and numerical data. The
compared data shows the difference in temperature of experimental and numerical data
which was acceptable considering the experimental measuring of battery temperature
was on the battery cell surface measured with temperature gun whereas the numerical
data shows the temperature of the cell generated inside the cell. The platform created

was consists of three parts, i.e., the air, the battery model, and the measured section.

Inthe system the equivalentheatsource of battery cells was replaced with atemperature
surface. Several iterations are performed to mutually validate the benchmark and
optimized case. Twenty five surfaces was included in the system, with the identical
spacings as 3 mm, an air inlet to supply the cooling air. VVarious inlet airflow speeds are

considered.

When evaluating the cooling efficiency of battery, the flow field and the temperature
field of the system should be obtained. Computational Fluid Dynamics (CFD) method
is an effective way to calculate the flow field and the temperature field. In the present
study, CFD method was introduced to evaluate the cell temperature difference. The
Reynolds number referred to the inlet air speed was usually larger than 3000, so the

status of the airflow in the model was turbulence flow.

For the air-cooled, the following boundary conditions were used. The inlet condition
was the air flow inlet with constant temperature. The outlet condition was the pressure
outlet. Non-slip conditions and the adiabatic conditions were imposed on the
surrounding walls of the system. The assigned temperature on the surface was found
using Eq. (3.18). The air inlet is shown in Fig 3.18 and on the wall of battery pack
shown in Fig 3.19.
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Fig 3.18 Air flow inside battery pack on cells surface

Enclosure

0.075 0225

Fig 3.19 Air flow on walls of battery pack

The CFD simulation was performed in Ansys2021 R1 fluent with methodology shown
in Fig 3.20.
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Fig 3.20 CFD Simulation methodology
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CHAPTER IV

RESULTS AND DISCUSSIONS

This chapter shows the results obtained from experiments and analysis work. Effect of
varying speed of Hybrid Electric Scooter (HES) on temperature of battery and motor
and effect of increase in temperature of battery is discussed. The study of cooling the

battery inside and outside the battery case is also presented in this chapter.

4.1 Introduction

The results of testing and simulation of the suggested Hybrid Electric Scooter
(HES) are presented in this chapter. The Li-ion battery is composed into six types
according to battery chemistry after that battery capacity is selected then comes the
selection of motor. Testingwas done in real environmentand resultsare plotted, battery
cell steady state thermal analysis was performed and according to that the CFD

simulation results are displayed in the following section.
4.2  Motor Power

The numerical calculation was performed to calculate the motor power, the
major factor considered are previously discussed in chapter Il under section 3.3.
As the selection of motor will directly influence the performance of HES and vary with
different type of speed and weight on the wheels.

The weight on wheels combining the driver and scooter weight used as a factor
to plot the graph to clearly visualise the power of motor to be selected the graph is
shown in Fig 4.1.

Weight 1: 120kg.
Weight 2: 150kg.
Weight 3: 170kg.
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Fig 4.1 Power of motor w.r.t. vehicle speed

The calculated results suggest that for a certain weight on wheels the power of motor
linearly increases to match the speed of vehicles, the summarized results shows high

power motor is required to carry heavy weight at high speed.

4.3  Li-ion battery chemistry

As per the factor decided to find out the most suitable Li-ion chemistry battery
the comparison of different type li-ion battery as per the research carried out by Miao

etal. (2019) is shown in Fig 4.2.
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Fig 4.2 Comparison of different types of Li-ion battery used for EVs (modified
from Ali et al., 2019, Miao et al., 2019 and Zhang et al., 2018)

The selection of cell is made with reference to advantages and disadvantages given in
Table 4.1.
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Table 4.1 Cell types and Relative advantage and disadvantage

Diagram Ny,
~ 7 [
- ' g 1'
/ :
Electrode Wound Wound Stacked
Arrangement

Advantage Low cost, high | Lighter in design, high High specific
production rate, | packing efficiency, high | energy, moderate

high energy density energy density

mechanical

strength

Disadvantage | Low energy Prone to swelling Less mechanical

capacity, low strength, low

heat energy density,

management poor thermal
management

Consideringall the factors NMC(Lithium Nickel Manganese Cobalt Oxide) battery was
selected due to high specific energy, costing and easy availability. Considering the
advantagesand disadvantages of types of Li-ion batteries, the cylindrical cell was most

suitable due to its low cost, high strength, and ease to make a battery pack is considered

best for HES.
4.4  Battery pack capacity

The calculation of battery pack capacity for Hybrid Electric Scooter (HES) for
a fixed range of 80km considering different power of motor, continuously working on

their top speed.
The motor selected for different speeds are shown in Table 4.2.
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Table 4.2 Top speed of vehicle w.r.t. motor power

Motor Power (W) Speed (Km/h)
750 30
1000 40
1200 50
1500 60
2000 70
3000 80

To identify the battery pack capacity for a range of 80km considering the top speed and
motor power a graph been plotted between battery pack capacity and speed of vehicle
shown in Fig4.3.

4
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Fig 4.3 Battery pack capacity w.r.t. vehicle speed for 80 km range

The calculated results shows the capacity of battery pack depended on power of motor
after that there is increase seen in battery pack capacity with speed of vehicle increases
as calculated numerically, for 80km/h speed and 80km of driving range the capacity of
battery pack calculated to be 3.8kWh.

4.5  Converted Hybrid Electric Scooter

A Hybrid Electric Scooter(HES) was made using conventional scooter as the

base and the placement of battery, motor and controller are according to the
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methodology. The power train of HES was also according to the block diagram in the

methodology, the picture of converted HES can be seen in Fig. 4.4 and4.5.

Fig 4.5 Photograph of Hybrid Electric Scooter at DME (Pic 2)
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4.6

Performance of Hybrid Electric Scooter

4.6.1 Driving performance

the discharge rate, speed, range, and temperature of different areas.

Testing of HES was done to carry out the driving characteristics for knowing

The test characteristics carried of the scooter on the electric mode in a single charge

shown in Table 4.3.

Table 4.3 Test characteristics

) Vehicle )

Time Battery | Motor Average | Distance | Battery
Sr. | Body

intervel | Temp. Temp. Speed Travelled | Voltage
No. ) Temp.

(min) (°C) (°C) . (km/hr) | (km) (V)

(°C)

1 0 29.5 30.1 32.9 - 0 52.6
2 10:05 30.6 36.2 39.1 15.6 2.88 51.6
3 10:00 32.6 41.8 34.8 14.4 5.38 51.1
4 10:05 33.7 44.6 39.7 17.6 8.67 48.3
5 10:05 34.4 44.3 35.3 20.3 12.28 45.5
6 11:20 35.7 44.8 36.5 16 15.49 43.9

The road testing of vehicle was carried out at various speed and temperature of battery,

motor and vehicle body was measured Fig 4.6 shows the various temperature at

different driving speed.
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Fig 4.6 Temperature comparision of battery, motor and vehicle body with average
speed of HES

The test results shows the temperature of motor and battery changes as the speed of
vehicle increases, the battery temperature increases normally with the increases in
vehicle speed which is not in case with motor and vehicle body temperature which is
due to forced convection of air which works as a cooling effect on motor and vehicle

body the fluctuation in temperature was been clearly seen.

The change in temperature of battery and motor with the distance travelled is shown in
Fig 4.7 where the enviornmental temperature was 32.2°C at time of testing. The test
results shows the temperature of motor and battery increases with increase in running
time and continuous acceleration, as 5km travelling distance the temperature of battery
was 33°C and motor temperature was 42°C while at 15 km travelling distance the
temperature of battery increases to 36°C and motor temperature is 45°C, the motor
temperature doesn’t rise more because of forced convection of air on motor increases

with increase in speed and time.
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Fig 4.7 The variation in temperature of battery and motor against the distance

travelled by vehicle
4.6.2 Performance of battery during charging and discharging

At the time of testing the vehicle was fully charged to nearly 53v the charging
of battery was done using the DC charger connected to 220v power source. The drop
in battery voltage with the distance travel by vehicle increases shown in Fig 4.8.
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Fig 4.8 Characteristics for drain in battery voltage vs distance travelled by vehicle

The drain characters of battery shows the range of vehicle was about 16km by testing

the vehicle at highest and lowest speed with incline and decline roads.
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After testing the vehicle till the battery last which was nearly 43v which was controlled
by the controller considering the depth of discharge for battery below this voltage it
takes a high power charger to charge the battery. So, the battery is charged once again
to understand the charging characteristics, require time to charge the battery as shown
in Fig 4.9.
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Fig 4.9 Increase in Battery Voltage w.r.t. charging time
The time required to charge the battery from 43v to 53v was about 150 min using 220v
charger.

To identify the increase in temperature of battery during charging the testing was done
by measuring the temperature of battery at the time of charging after every 30 minutes

using temperature gun, the temperature variation during charging is shown in Fig 4.10.
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Fig 4.10 Temperature Variation of Battery w.r.t. time during charging
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The test results show the temperature of battery increases with increase in voltage and
charging time, as the temperature of battery rises from 29.5°C to 34.2°C with the
increase in voltage from 43 to 53 V in 150 min.

4.7  Battery heat generation

The numerical calculation was performed to calculate the Joule heating, the
major factor considered are power, currentand Cy Of battery as previously discussed
in chapter Il in section 3.9. As the heat generation in battery is a major element in
finding out the highest temperature in battery. The calculation results was carried out

to find the value of heat generated on the battery pack with change in currentdrawn
from battery Fig 4.11.
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Fig 4.11 Heat generation in battery w.r.t. current drawn from battery by motor

The calculated results shows when the current of motor 16 Ah drawn from battery the
resistance in battery causes heat generation which is 0.1W at initial stage which

increases to 0.85W when the current drawn from motor is at its peak.

4.8 Convection heat transfer

The convection heat transfer equation was used to calculate the maximum
temperature on cell surface, the results carried out considering the joule heating value

as heat flow, material properties, and environment temperature. Considering all the
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factors a graph was plotted between temperature and Joule heat W using convection
heat transfer equation as shown in Fig 4.12.
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Fig 4.12 Increase in temperature in battery w.r.t. Joule heat

To simplify the understanding of increase in temperature the graph is plotted between
temperature and speed of vehicle as shown in Fig 4.13 the speed of vehicle is verified

by the current drawn by motor under section 4.7.
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Fig 4.13 Increase in temperature in battery w.r.t. speed of vehicle

The results obtained shows the increase in temperature in battery due to increasing the
speed of scooter, running the scooter at 55km/h generated the temperature of 80°C

which exceeds the critical temperature limit i.e., 80°C of battery before thermal
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runaway occurs as said by Tete et al. (2021), this shows the worst effect of high

temperature in battery or even at low temperature the efficiency of battery is affected.
4.9  CFD simulation

The CFD simulations were performed to find out the optimum air flow rate to
understand the heat distribution pattern in battery cell. To know the temperature
distribution on cell surface steady state thermal analysis was done and the temperature
distribution on surface is shown in Fig 4.14 Which indicates the heat generated inside
the cell was transferred to the cell surface which confirm that cooling the cell surface

directly cools the cell from inside.

0.025 0
Fig 4.14 The heat distribution on cell surface

Once again, the Hybrid Electric Scooter was tested at high speed on the next day 180
September 2022 where the environmental temperature was same 32.2°C, the test

characteristics are shown in Table 4.4.
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Table 4.4 Test characteristics for battery temperature

S. No. | Time interval | Battery Average Speed | Distance
(min) Temperature(°C) | (km/hr) Travelled (km)
1 0 29.5 - 0
2 10:03 30.6 23.5 3.94
3 10:08 32.6 24.9 8.15
4 10:27 33.7 24.4 12.42

The CFD simulation was performedto carry out the results of air cooling on battery

with a certain temperatures and air velocity with the boundary condition shown in
Table 4.5.

Table 4.5 Boundary conditions

No. of cases 1 2 3
Speed of vehicle (km/h) 0 15 | 25
Air speed (m/s) 0 |4.16|6.94
Joule heating(w) 0 [0.080.19
Experimental temperature(°C) | 29.5 | 32.6 | 33.7
Numerical temperature(°C) 295 | 35 | 45

ANSYS fluent solution was used to simulate solutions for all the boundary conditions.

In the present work the solution method was kept simple. Hybrid initialization and

calculations were done for 50 iterations, where solution was conversed. The results

were processed and observed by using the post processor in FLUENT where the results

simulated were computed, i.e. temperature volume rendering, velocity streamline and

contours.

The volume rendering of temperature along the cells and the battery pack, in both

enclosure is shown in Fig 4.15. The velocity distribution of steamlines for air flow

distribution for both cells and battery pack enclosures is shown below in the Fig 4.16.
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(b) Temperature volume rendering inside battery pack enclosure

Fig 4.15 The temperature volume rendering of air flow inside enclosure

(b) The velocity streamlines distribution inside battery pack enclosure

Fig 4.16 The Velocity streamlines distribution of airflow inside enclosure
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The comparison of inlet air flow effect for 4.16 m/s and 6.94 m/s air speed is shown

in Fig 4.17 & Fig 4.18, which shows the distribution of air inside the enclosures.

(i) Airinletat 4.16 m/s (i) Air inlet at 6.94 m/s
(a) Temperature volume rendering comparison inside cell enclosure

(i) Airinletat 4.16 m/s (i) Air inlet at 6.94 m/s
(b) Temperature volume rendering comparison inside battery pack enclosure

Fig 4.17 Temperature volume rendering comparison for battery cooling at different

inlet air speed
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(i) Air inlet at 6.94 m/s (if) Air inlet at 6.94 m/s
(a)Velocity streamline comparison inside cell enclosure

0.000
i
L4 EREIRY 1 ! ‘l]l’ I I
(i) Airinlet at 6.94 m/s (i) Air inlet at 6.94 m/s
(b) Velocity streamline comparison inside cell enclosure

Fig 4.18 Velocity streamlines comparison for battery cooling at different inlet air

speed

From the simulation performed by comparing the temperature volume rendering and
velocity streamlines atdifferentinletair speed as of the vehicle speed. The results show
decrease in temperature of battery, increases in heat transfer, and better distribution of
air as the speed of vehicle increases. These results validate the cooling system made

will decrease the temperature of battery as the vehicle speed increases.

Various inlet airflow speeds are considered, which were taken from the testing data.
The temperature was assigned with the inlet of air on cells and battery surface inside
enclosure to show the temperature distribution temperature contours were made the

results are shown in Fig 4.19 and Fig 4.20.
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a) Vehicle is stationary 0 kmph

(i) Cells isolated (ii) Cells exposed to forced air (4.16 m/s)

(c) Vehicle running at 25kmph

(i) Cells isolated (it) Cells exposed to forced air (6.94 m/s)

Fig 4.19 Effects of cooling on cells surface with inlet air flow at different speed of
vehicle
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(i) Battery pack isolated (ii) Battery pack exposed to forced air (4.16 m/s)

¢) Vehicle running at 25 kmph

(i) Battery pack isolated (ii) Battery pack exposed to forced air (6.94 m/s)

Fig 4.20 Effect of cooling on battery pack surface with inlet air flow at different speed

of vehicle

The comparisons results shown the decrease in temperature as the air inlet velocity

increases. This result helps to compare the case of cooling when the battery cells
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enclosures were isolated and when they were open for air flow, the decrease in
temperature lower the chances of thermal runaway and fire in battery. It can be seen
that the decrease in temperatures of the battery cells and battery pack surface is directly
dependent on the inlet air flow velocity. These results will also help in increasing the
efficiency and life of battery which is affected by temperature.
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CHAPTER V

CONCLUSIONS AND FUTURE SCOPE

5.1

CONCLUSIONS

The conventional scooter with a two-stroke engine was successfully converted

into the Hybrid Electric Scooter (HES). This scooter can be charged in Plug-in mode

with a very convenient 48 VV DC adaptor, which consumes just 5 A of electric current.

When the scooter was being used on the internal combustion engine mode, it charges

the battery through power regeneration in the front wheel.
In this thesis, the developmentof HES, testingof converted HES, CAD model of battery

cooling method was shown.

The key findings and results are:-

The calculation for selecting motor and battery for scooter was done and the
numerical results shown the increase in power and battery capacity requirement as
the weight, range and top speed increases.

The developed HES possesses the ability to operate in three operating modes i.e.,
a hybrid mode, fully electric mode and internal combustion engine mode.

The test results show promising range of 20-25 km in a single charge with rider
weight of 75 kg which makes it sufficient for rural and city driving.

The increase in battery temperature due to increase in speed and time of travelling,
was calculated on the cell surface using joule heating and convection heat transfer
equations but increase in temperature beyond 80°C causes thermal runaway which
may cause fire in battery.

To save the battery of scooter from thermal runaway caused due to increase in
temperature of battery, the CFD simulation was carried out for understanding the
internal cooling pattern of battery by using Ansys 2021 R1.

The CFD analysis was carried out for both battery pack walls and cells wall inside
battery pack. The different air velocity of 15km/h & 25km/h was considered for air
inlet, the results temperature was assigned to the cells and battery pack surface and

was verified by testing results. The results obtain shows promising results of
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reducingtemperature of cellsand pack about 3-4°C, with the more increase in flow
of air the more decrease in temperature.

The battery packing is required for cells but the proper cooling of them is also
necessary to make them more efficient and increase their life.

This scooter fairly reduces the dependence on the fossil fuels while overcoming

the problems of EV charging infrastructure, which is absent in rural India.
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5.2  Future scope

In consideration with the literature reviewed and present scope of thesis,

following areas can be worked and applied to the existing model :

o In the current scope the Hybrid Electric Scooter (HES) was charged though
three mediums. In the future, itcan further expandsto renewable energy sources
I.e., charging through solar panels.

o Toimprove the userexperienceof HES more researchcan be done on the battery
structure to improve its capacity.

o To improve the battery cooling the placement of battery can be varied to the

most airy location.
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ABSTRACT

As the number of vehicles on the road rises, so too does the problem of
emissions generated by vehicles tailpipes. These vehicles are primarily powered by
internal combustion engines (ICEs), which burn fossil fuels for power, releasing
harmful gases that affect both environment and humankind. For the sake of our
environment, now is the moment to transit from conventional vehicle to an electric
vehicle that emits no exhaust emissions. Since scooters make up a large fraction of the
vehicles on the road, changing them to electric scooter will contribute to the reduction
of toxic gases released into the atmosphere. Electric scooters come in three varieties:
electric scooter, hybrid electric scooter, and plug-in hybrid electric scooter. The hybrid
electric scooter (HES) is the most promising among these varieties since the hybrid
system can be installed on existing scooters, resulting in a low-cost conversion to an

electric scooter, no waste, a longer range, and reduced emissions.

The presented model in this thesis has been converted into hybrid electric scooter from
conventional scooter. The converted hybrid electric scooter will be powered by a BLDC
motor which drive the front wheel of the scooter, connecting with a battery placed at

the boot of scooter.

When electric scooter is driven for a long distance, its battery heats up and there is a
risk of fire, so in this thesis a CAD model of battery cooling has been developed and its
cooling has been numerically studied. The CAD model analysis results were validated
with the testing results of HES and numerical calculation results were used as it shows
the results inside the battery cell, using ANSY S Fluentsimulation cellsand battery pack
surface was providewith air flow and cooling pattern observed. It was found that proper
internal cooling of battery could reduce the overall battery temperature, which could

reduce the chances of Electric Scooter catching fire.
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IR

V-3 W g5 W agAl FT TEAT Todr ST W &, 3Q-3Q I8l & CaasT I
3cUeel ScHolel ! GHEAT 8 9¢ @ B T gl ATT §9 U HANh g6t Solel
(Internal Combustion Engine) GaRTHATTId 81 &, ST 3911 o [olT SHATeH S&eT STelTdl
g, BifeiehReh 1T T D15 & ST IATaRoT 3R ATeId S &let ol Fefaa i & | gaR
JITaRuT & fAIT, 319 U U Soifdce dTged &l 9T &l THT & Sl dg fohrg
3cHoteT 16T BT &1 | ok THe T TSeh TR ATged! hl Teh 93T & SeTd] ¢, SHTIT 3¢
Selforgeh THel H Taolel U TR o H STgloll 3T ol e it H Heg THeldl|
Solfage TRHeT diel [hEAT H AT &: SelTagdh THe, T3S FalTagd THeT X ToldT-
o1 g1sfos saifdee Thet| a3 Saifdgs TheX (HES) 5 foresAT 7 gad 31fUs
3MMRMSTteh § Fifeh AT Fohet TR grsies Feea T fovar S asharg, foraes
IRUTAETET FelfFgeh Tehed H FHH AT T FICNUTEIAT &, IS AATASCTET g
g, T odl I 3R A 3cqoTaldr gl

58 A& 7 TEJA AlSeT I IRIR TR A ET819S Felfdceh Thed A aeell IATE |
afkafdd arsfers gefage The Ueh BLDC Al GaRT HaTfold 8191 Sl FheX & ¢
T T Sl & 3 THeT & 9T Tl Y AT

Solfefigeh TR &l ST G W Tl I 3HHT S I glatell ¢ AR 38
3T ST T WA §f ST &, FATAU s N A S Hielarrvas CADAlS
forfaa frarg 3R 38F s gl &1 T&ACHAS HeT fhar a7 g1 JoTed,
JIfAd HATUGST I TISUH & GI&T0T IRUMAT & 1T AT fhar I/=r o471 3R
HEATcH IOTAT GIRUTTAT ST IYATIT THAT I1AT AT i ok g ST Aol & 37eT TIROmH
fe@Tdrg, ANSYS Feue faaererst shfRAerT3i &t 3Aer s 31T Jed U weAg
a1 aTg FGTeT TehaAT AT AT 3N 2cTolet Yot ST arm AT il A TE@TdT g araHTe 7

ST SeiTergeh Tohe & 3T Uehssl hl HHATAAT hl hdl el H HGG heal|
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