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Abstract. Regenerative braking is a function to recharge power bank on the Plug-in electric vehicles (PHEV) and
electric vehicles (EV). The weakness of this system is, it can only perform its function when the vehicle is slowing
down or by stepping the brake foot pedal. In other words, the electricity recharging system is inconsistent, non-

continuous and geography dependent. To overcome the weakness of the regenerative braking system, it is suggested

that to apply another generator which is going to be parallel with the regenerative braking system so that continuous

charging can be achieved. Since the ironless electricity generator has a less counter electromotive force (CEMF)

comparing to an ironcored electricity generator and no cogging torque. Applying the ironless electricity generator

parallel to the regenerative braking system is seen one of the options which creates sustainable charging system

compared to cored electricity generator.

1 Research Background

Non-renewable energy depletion is an undeniable fact
over the decade. The consumption of non-renewable
energy keep on increasing makes the non-renewable
energy deplete faster than expected. Obviously, fossil
fuels are natural resources that are not renewable and will
be exhausted in the near future.

Unlike the old days, only internal combustion engine
(ICE) was used in the past few ten years ago [1]. With the
rising concern in environment issue that is facing globally,
the automobile is required to be cleaner and more
efficient. [2]. The development of hybrid vehicles (HEV)
as well as plug-in hybrid vehicles (PHEV) technologies
had been carried out intensively by nearly all car
manufacturers and researchers around the globe for the
last 5 years. The industries of automotive have introduced
the hybrid car, for example, Honda Insight and Toyota
Prius which allows the vehicles to minimize the usage of
ICE by integrating them with an electric motor. [3]. For
instance, a hybrid vehicles (HEV), when the battery is
running low, the internal combustion engine (ICE) will
be the main power source for the vehicle to move and at
the same time, the engine charges the battery while
moving. While for the plug-in hybrid vehicles (PHEV), it
totally depends on the battery of the vehicles. The
depleted battery is then charged at a charging station to
top up the battery energy.

Although the demand of the HEV and PHEV is
increasing, the increment of charging station is not
2 Corresponding author: weeleong99@hotmail.com

proportional with respect to these vehicles. Not many
charging stations are built to cater the charging demand.
One of the reasons why, is, to avoid electrical surge issue.
Research elsewhere had shown that if the usage of the
EVs increases to 30%, there will be 54% of increment for
the national peak load when uncoordinated charging is
practiced [4]. This makes the developing of the charging
station possesses a risk to the National Grid potential
supply. Other than that, developing the charging station
required high capital and involved the whistleblowers and
policymakers to debate the policies and its mechanism.

The PHEV and EV are not just only charged by
plugged-in, it is also able to charge during onboard using
the system that is embedded on it. It is called a
regenerative braking charging system. The regenerative
braking charging system only happen when the vehicle is
slowing down and during braking or when there is no
force applied on the acceleration pedal [5]. The charging
is based on the concept of making use of the cogging
torque and counter electromotive force (CEMF)
resistance produced by the motor and capture the wasted
energy during coasting downhill or during braking to
produce electricity which is stored in an ultra-capacitor.
In other words, the motor of the vehicle act as an
accelerator during acceleration and act as a generator
during deceleration. However, the common foot-pedaled
hydraulic brake is still in use to assist the braking.
However, in a real driving situation, there will not be
downhill and braking all the way, or simply say, this kind
of charging process are non-continuous, non-sustainable,
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geography dependent and will greatly affect the driving
range efficiency.

To overcome the non-continuous charging issue of the
regenerative braking system, a system which mainly
found in the wind power generation technologies, ironless
electricity generator [6] is seen as a promising solution to
capture energy during in motion. Ironless electricity
generator has low starting torque, higher efficiency and
can produce the considerable amount of electricity based
on the size of the generator itself. This type of generator
has no cogging effect and low CEMF resistance [7] when
producing electricity because the generator itself doesn’t
have the iron core lamination which can be found in the
ironcored electricity generator. The ironcore used in the
cored system causes magnetic field between the ironcore
and the permanent magnet to resist the motion. It can be
concluded that the ironless design requires less energy to
spin and basically it is practical to be used as an
additional generator in PHEVs and EVs.

2 Literature Review

Several literature reviews had been done in the area
within this research. For part 2.1, it will discuss the non-
renewable energy and the crisis cause by it. As for the
part 2.2, discussion about the present response to the
crisis. For part 2.3, it discuss the demand and projection
for the hybrid vehicles which is further divided into 5
parts namely example of EV, HEV and PHEV, demand
and projection of PHEV and EV, characteristic of HEV
and EV, charging mechanism of PHEV and EV as well as
issue faced by PHEV and EV. As for the part 2.4, the
regenerative braking and energy captured/produced is
discussed. While for part 2.5, approaches taken to address
the issue to boost mileage for EV and PHEV and for this
part, system efficiency, advantage/disadvantage
comparison between cored and coreless electricity
generator is summarized. Lastly, coreless generator
design and performance is discussed in part 2.6.

2.1 Non-renewable energy and its crisis

Natural resources normally found in the specific area,
thus grievances are more prone towards open conflicts.
Study shows that Europe dependence on foreign sources
for more than 80% of its oil and reserves of conventional
oil are increasingly concentrated in the politically
unstable area. [8] The consumption of non-renewable
energy such as petroleum and diesel is an issue since it
involves the price of the oil and securities of oil supplies.
[9]. From a research elsewhere, there are around 1 billion
units of the automobile in use around the worldwide daily
[10]. According to some estimation, more than one per
five conflicts worldwide is based on the resources
conflict [6]. The usage of petroleum and diesel also will
produce greenhouse gas (GHG) and other air pollutants
such as NOy, PMo and volatile organic compounds [11],
representing the leading anthropogenic cause of global
climate change [12]. On late of the year 2011, there are 7
billion inhabitants around the world and it is estimated to

increase to 9 billion in 40 years’ time, which means that it
will obviously give an impact on climate change and
energy security [1].

2.2 Present response to the crisis

To counter the non-renewable energy crisis which is
experiencing worldwide, such as pollution caused by
usage of non-renewable energy, there are several
technologies those had been under developed or been
developed so that it can help to reduce dependency on
non-renewable energy. Renewable energy technology is
one of the methods which currently being widely
explored in many countries. Examples of renewable
energy technologies are tidal energy harvesting in the
ocean, a wind turbine to harvest energy via the wind and
the development of hybrid vehicles to reduce fuel
dependency. With the rising concern in environment
issue which is faced globally, automotive is required to
be cleaner and more efficient [2].

Governments around the globe have identified
electrified transportation industries as a strategic planning
for national security. [13]. It did increases the enthusiasm
in investment and research for alternative fuel vehicles
(AFVs). [14]. The hybrid vehicles or electric vehicles
those are powered by renewable energies, which only
emit natural byproducts but not exhaust fumes is able to
improve the air qualities and thus improve the health of
peoples. [15]. It is because with the hybrid vehicles or
electric vehicles that powered by renewable energies,
which only emit natural byproducts but not exhaust
fumes is able to improve the air qualities and thus
improve the health of peoples. [15]. Also, the cost and
benefits for potential benefits have been pointed out in
various research. [16-17]. Research elsewhere takes the
Portuguese power system as an example, a potential 23%
decrease in CO, as well as 31% increment on H,O
emissions are forecasted if the PHEVs/EVs are widely
used. [18].

In the State of Union address made by the President
of America, President Obama’s 2011, he had called for
putting one million units of electric vehicles on the road
by the year 2015, an affirming and highlighting goal aim
to build United States leadership in technologies which
can help to reduce the dependence on oil [19]. With this
kind of rate of penetration, PHEVs would carry about
2.5% of all new vehicles sales in 2015. [20]. For China,
according to their government’s plan, they will be
investing 100 billion RMB in new energy vehicles, which
includes PHEVs, HEVs, EVs as well as other types of
new energy vehicles on the road. This is an attempt to
make China as the largest green vehicles inventory by
2020 which their inventory might be as large as 5 million
units of green vehicles. [21]. The European Union (EU)
also in progress to making their nation a greener one by
develop a roadmap which defines the development of
PHEVS/EVs in EU through a three-stage program that
aim to set 5 million green vehicles on the road in next
decade. [22]. Other than that, Japan [23] and Korea [24]
also had their plan to making their country greener by
devising their plan for new green vehicles development.
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Transportation electrification also will bring up future
energy revolution, reshaping the traditional view of the
industrial power system. [25].

2.3 Demand and Projection of hybrid vehicles

2.3.1 Example of HEV, PHEV and EV

Toyota, one of the key automobile manufacturers around
the world, is also putting their money on this research
field. Not only Toyota, in fact, both Honda and Nissan of
Japan, BMW and Volkswagen of the Europe, as well as
Chevrolet and Tesla of the USA, they are all investing
their money towards maturing their EVs and PHEVs
technologies. The results of the researches are the high
end PHEVs such as Toyota Prius, a hybrid electric
vehicle by Toyota [26] Jetta Hybrid, made by
Volkswagen [27] and Honda CR-Z by Honda [28],
Chevrolet Volt by Chevrolet [29], and BMW i8 by BMW
[30]. Nissan Leaf [31] and Tesla Model S [32] are
grouped in the solely electric vehicles both developed by
Nissan and Tesla respectively.

For Toyota, they were able to develop a set of hybrid
car technologies called Hybrid Synergy Drive (HSD)
which combines an electric drive and a continuously
variable transmission with no direct mechanical
connection between the engine and the engine control,
which makes the gas pedal and the gearshift lever in an
HSD car send electrical signals to a control computer.
HSD replaces the gear box, alternator and starter motor
with a pair of electrical motor-generators which normally
being called as MG1 and MG2, a computerized shunt
system to control MG1 and MG2, a mechanical power
splitter that function as second differential, and a battery
pack that serves as an energy reservoir. The function of
each MG is to convert electricity to mechanical power or
vice-versa [33]. The regenerative braking system that
applied in the Toyota Prius is based on an electric
hydraulic brake system [34] and this system utilizes both
motor from the regenerative braking motor and hydraulic
braking to stop the vehicles. [35]
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Figure 1. Schematic diagram for Toyota’s Hybrid Synergy
Drive (HSD)

For Honda, they choose a simple parallel hybrid
design because they think that it can be made lighter and
thus helps to improve vehicle performance and fuel

efficiency. Since the engine serves as the main power
source, engine power and electric motor power can be
transmitted to the wheels directly. The motor and engine
works together in the different driving situation. For
example, during standing starting, electric motors offer
maximum torque but as motor speed increases, torque
output decreases, while on the other hand, the engine
torque output only starts to increase above a certain
engine speed, thus combining motor assistance with an
engine give the better efficiency. During deceleration, the
vehicle’s kinetic energy is recovered and converted into
electricity via motor/generator and this electricity is
stored in batteries and used to power the motor in later
time [36].

Y/ 2]

LT r———Engine
Battery
Electric motor

) r cvT

Figure 2. Schematic diagram for Honda’s Integrated Motor
Assist (IMA)

For BMW, their hybrid system, ActiveHybrid, is a
combination of their six-cylinder petrol engine, an
electric engine and a lithium-ion battery which
coordinated by intelligent energy management system.
The electric engine allows the vehicle is driving with pure
electric energy below 60km/h for around 3 to 4 km. The
electric engine also helps the ICE during overtaking,
inclined route and other driving situation like sudden
acceleration as well as in gliding mode. Their Brake
Energy Regeneration, regenerative braking system within
the BMW, allows the vehicles to save energy into the
lithium-ion battery during braking or decelerates [37].

2.3.2 Demand and Projection for PHEV and EV

In the BLUE maps scenario, one of the energy policy
scenario in International Energy Agency (IEA) Energy
Technology Perspectives analysis, aim to achieve 50%
global CO; emission reduction from 2005 levels by 2050,
was revised in 2009 to account both for the economic
crisis that began in 2008, which decreased projected car
sales, as well as for PHEV and EV product plans
announced since the ETP was published, which suggest
the possibility of a higher level of EV sales through 2020
[38]. Moreover, if using a moderate market penetration
scenario, the Electric Power Research Institute (EPRI)
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projected around 62% of whole U. S. vehicles numbers
are of the PHEVs/EVs by 2050 [39].

In the Malaysia’s National Automotive Policy (NAP)
2014, the government targets for Malaysia to become
regional hub for Energy Efficient Vehicles (EEV)
through strategic investments as well as adaption on the
high technology for domestic market and penetrate
regional and global markets by 2020. NAP 2014 also will
align the automotive industry development to future
technology direction and promote investments in green
automotive technologies. The initiatives that will be taken
are to increase the utilization of green technologies,
enhance strategic collaboration between Malaysia and its
Free Trade Agreement (FTA) partners, enhance expertise
in the areas of research, design and development and
provides relevant infrastructure and enabler for
development of green technology [40].

One of the roadmaps mentioned in the NAP 2014
which is the Malaysia Automotive Technology Roadmap
(MATR), has been developed to complement the
execution of the NAP 2014. The roadmap serves as a
guideline to achieve the transformation objective of the
local automotive industry. The MATR entails the latest
green technologies development that are in the line with
the development of the global automotive industry. The
figure shows that the forecast evolution of green
technologies in future time while for the Figure shows the
Malaysia automotive technology projection in 2013 to
2025 which analyzed by Malaysia Automotive Institute
(MAI) [41]. 1t is expected that the PHEVS/EVs will be
more frequently used since the public awareness for these
kinds of vehicles is growing. [42]. The usage of HEVs,
PHEVs and EVs in the passenger vehicle market will
involve meaningful shift in social and technologies [43].

2.3.3 Characteristic of HEV and EV

Although the electric vehicles and hybrid electric vehicles
look similar, but inside them, there are a little difference
within themselves. For example, EVs is powered by the
electric motor while for the HEVs, it is powered by

electric motor and back up by internal combustion engine.

For energy system inside the electric vehicles, it used
battery and ultracapacitor as energy source while for the
hybrid electric vehicles, not only batteries and
ultracapacitors were used as an energy source, but it has
additional internal combustion engine to charge the
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energy banks.

In terms of energy source and infrastructure in order
to power up the electric vehicles, the electric grid
charging facilities is required to do the charging. While
for the hybrid electric vehicles, it requires gasoline
stations. In terms of characteristics, electric vehicles have
zero emissions, high energy efficiency, independence on
crude oils, has the short driving range and expensive
compared to normal vehicles. While for the hybrid
electric vehicles, it has very low emission compare to
normal ICE vehicles, has higher fuel economy compared
to ICE powered vehicles, has long driving range,
dependency on crude oil since is still required to power
up its internal combustion units, slightly higher cost
compare to normal ICE vehicles and increase in fuel
economy and reduce in emission depending on the power
level of motor and battery as well as driving cycle.
Moreover, PHEVs/EVs had shown the much lower
lifecycle cost compare to either hydrogen fuel cell as well
as an internal combustion engine. [44].

There is some weakness in electric vehicles and
hybrid electric vehicles. For electric vehicles, it battery
and battery management is quite an issue since it required
a just battery to power up whole vehicles. The lack of
charging facilities and higher initial cost also the
weaknesses of the hybrid vehicles. For hybrid electric
vehicles, some efforts need to be made since multiple
energy sources control including electric and petroleum
to power up the vehicles, optimization and management
of these 2 energy sources can be quite complicated.
Battery sizing and management of battery is also a
weakness for hybrid electric vehicles since it required to
compact the size of the battery. [45].

2.3.4 Charging Mechanism of PHEV and EV

Within PHEV and EV themselves, the batteries cannot be
charged when at a certain condition, for example during
accelerating/coasting. The batteries can only be charged
when no power input is given to the vehicle, for instance,
during deceleration and braking. This function is called
regenerative braking system. As one of the key
technologies embedded in the electric vehicles,
regenerative braking concepts those applied in various
type of vehicles such as electric vehicles (EV), hybrid
electric vehicles (HEV) as well we plug-in hybrid
vehicles (PHEV) result in an effective improvement in

Plug-In Hybrid

2030 2035 2040 2045 2050

Figure 3. Expected annual sales for EV and PHEV in BLUE maps scenario
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the fuel economy by recuperating the braking energy.
[46]. Regenerative braking paired with the use of
ultracapacitors for energy storage purpose could reduce
the fuel consumption of conventional ICE vehicles
significantly and it can be deployed in the immediate
future. [5]. During braking for normal vehicles, the
frictional force made between braking pad and braking
disc became heat and dissipated to the surrounding. For
the hybrid electric vehicles which had implemented the
regenerative braking system, it recovers some of the
kinetic energy via the electric motor and stores it as
electrical energy in high voltage batteries. It is because
during braking, the vehicle’s electric motor acts as a
generator, producing electricity and charge the high
voltage batteries. The charging is based on the concept of
making use of the cogging torque and counter
electromotive force (CEMF) resistance produced by the
motor and capture the wasted energy during coasting
downhill or during braking to produce electricity which is
stored in an ultra-capacitor. In other words, the electric
motor acts as a motor to assist ICE during acceleration
and act as a generator during deceleration.

2.3.5 Issue Faced by PHEV and EV

2.3.5.1 Electricity for Charging the PHEV and EV

Although the demand of the HEV and PHEV is
increasing, the increment of charging station is not
proportional with respect to these vehicles. Not many
charging stations are built to cater the charging demand.
One of the reasons why is, to avoid electrical surge issue.
Research elsewhere had shown that if the usage of the
EVs increases to 30%, there will be 54% of increment for
the national peak load when uncoordinated charging is
practiced [4]. Developing the charging station required
high capital and involved the whistleblowers and
policymakers to debate the policies and its mechanism.
Thus, increases the difficulties on the development of the
charging station for PHEV and EV. When a larger user
community of PHEVSs/EVs, they will required more
electricity to charge the PHEVs/EVs. When a large
number of PHEVS/EVs is plugged into a system
randomly, significant uncertainties will be introduced into
the system. [47]. There will be an issue if a large number
of PHEVS/EVs are connected to the grid at the same time
which it may pose a huge threat to the quality and the
stability of the overall power system. [48-49]. Also, with
the market penetration of PHEVs/EVs, it is likely to
change the configuration of the power system. [50].

2.3.5.2 Non-continuous Charging Issue Faced by
Regenerative Braking System

The regenerative braking charging system is one of the
promising solutions in terms of electrical charging on the
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EVs and PHEVs. This is achieved by converting kinetic
energy into electrical energy. However it only happens
when the vehicles are slowing down and during braking
or when there is no force applied on the acceleration
pedal [5]. Logically, it is not possible to have a journey
completely going downhill all the way throughout the
driving period. In another word, this charging system is
not able to perform continuous charging.

2.4 Regenerative Braking and Energy
Capture/Produced

Studies shows that during urban driving, there are about
one third to one half of the energy from the power plant
that produce electricity for daily usage is discarded to the
atmosphere in the form of heat by a conventional braking
system while performing deceleration. [51]. In real life,
this scenario is not favorable since the heat energy is also
a source of energy which originally comes from kinetic
energy [52]. To avoid from happening, the regenerative
braking system is used to capture the wasted kinetic
energy, converts it into electric energy and charge the on
board batteries or ultracapacitor.

The key technologies of electric vehicles, which is the
regenerative  braking system, give the results
improvement in the fuel economy by recuperating the
braking energy. [45]. During braking for normal vehicles,
friction between braking pad and disc generates heat and
dissipates to the surrounding. For the hybrid electric
vehicles equipped with the regenerative braking system,
it recovers some of the kinetic energy via the electric
motor and stores it as electrical energy in high voltage
batteries. It is because during braking, the vehicle’s
electric motor acts as a generator, producing electricity
and charge the high voltage battery. [53]. It did recapture
kinetic energy during deceleration of the vehicles and
significantly improved the energy efficiency of the
vehicle. [54].

In Kim S. H. et. al. research, they using a 35kg with
diameter of 370mm and thickness of 20mm flywheel
connected to the 1.5kW, 4 poles 3 phases brushless direct
current motor as regenerative braking system to stipulate
the movement of vehicles. Regenerative energy at 2500
RPM shows the maximum current of 69A and the peak
voltage of 11.868V and constant current during the initial
7s. The voltage is reduced as the speed of rotation
reduces. At 2500RPM, the time to completely stop takes
about 16s. Since the regenerative braking energy is 2.8kJ
and the kinetic energy of flywheel is 11.57kJ, the
efficiency is 24.2%. While in the case of using the
generator as a regenerative braking system, the maximum
current generated is 60A and the current is almost linearly
gradually decrease. The voltage is almost constant at an
average of 26.3V during the regenerative braking. The
regenerative braking last around 9s and it is able to
generate 7.39kJ. Because the kinetic energy of the
flywheel which rotates at 2500RPM is 11.57kJ, the
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efficiency of the regenerative braking using a generator is
63.8%. [55].

2.5 Approaches Taken to Address Issue to
Boost Mileage for EV and PHEV

Regenerative braking system, the charging system that
occurs during vehicles is slowing down and no force
applied on acceleration pedal is used to prolong the
mileage of EV and HEV. Since the regenerative braking
system is a non-continuous charging system, it may not
charge the batteries continuously. Therefore, a number of
achievable mileage may not be as best as continuous
charging.

There is another technology that can be suggested to
boost the mileage of the EV and HEV, which is
technology that is used to harvest wind energy, the wind
turbine. A wind turbine uses a generator to convert
kinetic energy to electricity. There are 2 types of
generators commonly used on the vertical type of wind
turbine design, which are ironcore and coreless electricity
generator.

Since the coreless electricity generator has no cogging
torque as well as starting torque, it is suitable to apply on
the wind turbine. It is because there is no iron used in the
stator construction and this in turns avoids direct
magnetic attraction between rotor and stator [56].

For the axial-flux permanent magnet (AFPM)
machine, it is a type of coreless generator configuration.
It has less core material than the ironcore configuration.
Moreover, AFPM machine has thin magnets, means that
smaller than radial-flux counterparts [57]. In the D
Ahmed and A Ahmad research, they proposed the usage
of axial flux permanent magnet (AFPM) as a part of the
wind turbine. The proposed generator’s maximum
efficiency at the rated operating conditions is 96.6% as
compared to the value of 95.7% of the model of AFPM
generator proposed [58]. Compare to Radial Flux
Permanent Magnet (RFPM), AFPM has a smaller volume
and lower mass with same power rating. [56].

Figure 4. Slotless single-stator double-rotor APFM
configuration

For AFPM generator, it is made up of 2 different parts,

namely rotor and stator. There are five different types of
combination for coreless type generator, which is a

double-stator slotted type, a double-rotor slotted type, a
single-sided axial flux permanent magnet with stator
balance, a single-sided axial flux permanent magnet with
rotor balance and a slotless single-stator double-rotor type.
According to research elsewhere, two-sided axial flux
permanent magnet type is better than one-sided axial flux
permanent magnet [59]. High compactness and disk-
shaped profile make the model suitable for integration
with a mechanical components such as wind turbine and
internal combustion engine [60] as well as an additional
generator for hybrid vehicles. This type of generator has
no core and always has low inductance and thus, the
increasing of current does not affect the machine
performance [61]. It is cheap, easy to manufacture, and
can produce up to hundreds kilo watts of power in multi
disk operation. [62-63]. This type of generator also can
operate on a wide variable range of frequency for optimal
operation as well as provides an option to use the gearless
operation [64].

For the iron-core type inductors, or it can be called as
iron-core type generator, it has high electricity
conductivity due to the usage of iron in the lamination of
the core. Eddy currents cause additional core losses at
high frequency and cause the magnetic field in the core
become weaker and thus the main inductance decreases
[65].

Because of the compactness and lightness as well as
their high efficiency of the axial-flux coreless machine,
they are among the most suitable candidates for many
automotive applications [66]. It is because with the
absence of core loss that cause by the iron core itself, the
coreless stator axial-flux permanent-magnet (AFPM)
machine can operate with higher efficiency compare to
the conventional iron core machines [67]. With the
ironless generator pair parallel with the regenerative
braking system in the hybrid electric vehicles, the
continuous charging for the battery or ultracapacitor
expect to be achieved.

The advantages of the coreless type generator are
summarized as follow:

e Simple winding,

e Low cogging torque and noise,
e  Short axial length,

e High torque/volume ratio.

For the disadvantage of the coreless type generator, it

can be summarized as follow:

e Lower torque/mass ratio,

e Larger outer diameter,

e Required large amount of permanent magnet and
had to deal with structural instability,

e Difficult to maintain air gap for the large
diameter rotor and stator,

e Difficult in the production of the stator core.

For the advantage of the cored type generator, it can
be summarized as follow:

e  Available in small size (depending on desired
output),
e No moving parts.

The disadvantage of cored type generator are

summarized as follow:
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e Eddy current production cause magnetic field in
the core become weaker and main inductance
decreases,

e Cogging effect cause by the usage of iron-core.

2.6 Coreless Generator Design and Performance

The permanent-magnet motors are gaining a reputation
amongst the researchers because of their high-power
density, high torque-to-inertia ratio, high efficiency [68-
69] as well as their robustness. [70]. A special
characteristic of the axial-flux coreless permanent-magnet
generator is the usage of the non-ferromagnetic holder to
counteract the centrifugal forces acting on the magnet
during the rotation of the rotor disks. [71]. Coreless
configuration of axial-flux machine eliminates
ferromagnetic material, thus, it eliminates the eddy
current and hysteresis losses in the generator and it can be
axially stacked so that the mechanical construction of the
coreless axial-flux machine can be simplified, reduced
the weight of the stator so that small size actuator is able
to employ for winding shift [72]. But the usage of the
back iron core in the design did not totally eliminate the
cogging torque since the iron will somehow react with the
electromotive force during operation.

The output differs with a different number of poles
and which one is the strongest [73]. In the Kobayashi’s
research, they found out that 48 poles generate most
magnetic field compare to 12 poles and 72 poles. The
increase of poles number, the size of the coreless
electricity generator is also increased. For the large-pole
number, the diameter of the magnets and coils are fixed
and limit the radial length of the active area which makes
the generator has large radius but small active length.
While for the small-pole number, low-power turbines
tend to spin relatively fast, but as power increases and a
reduction in speed is required, the number of poles should
increase, which makes the radial length of the active area
can be small compare to the radius of the stator. This kind
of problem can be reduced by using trapezoidal or
rectangular magnets whereby this helps the pole pitch and
active length can be decoupled from each other [74].

Since the magnet carries an important role in making
the generator an efficient one, the choice of making
choose of magnet need to be considered well.
Neodymium Iron Boron (NdFeB) magnets are well
known as the best magnet to be used. The continuous
progress in the new high magnetic field rare-earth
permanent magnets such as Neodymium Iron Boron
(NdFeB) magnet, has given the automotive sector a great
opportunities on novel topologies for electric machine
[75]. Greater availability and decreasing cost of high-
energy  permanent-magnet  materials, which is
Neodymium Iron Boron (NdFeB) magnet, has resulted in
rapid permanent magnet generator development [76].
This modern magnetic material can easily be obtained in
the market with different shapes and grades, thus the
design of the usage for this magnet can be done easily.
There is operating temperature within the magnet itself.
Below the maximum operating temperature of the magnet,
the magnet works perfectly fine, which is full

magnetization, can be achieved. But when the
temperature exceeds maximum operating temperature,
the magnetic force depleted slowly until it reaches the
Curie temperature, the magnet totally lost its magnetic
force. When talking about the operating temperature of
the magnet, it closely related to the Permeance
Coefficient of the magnet. Permeance Coefficient is the
calculation to measure the shape of magnet since the
maximum operating temperature differs from the
different shape of the magnet. Generally, the Permeance
Coefficient will be higher if the magnet has long and
small cross sectional area. [77].

The arrangement of the copper winding should be
designed well so that maximum magnetic flux cutting can
be done and maximum the efficiency of the generator
itself. For the coreless electricity generator, coils of wire
are used instead of multiple interconnected wires where
the magnet rotates over them to produce the electricity.
For instance, when the north pole of a magnet passing
through a coil, the current flows in one direction, and
when the South Pole passes over the coil, current flow
through in the opposite direction. Based on the theories,
the most electricity is generated while the magnetic field
is at 90 degrees to the coil winding and no electricity is
generated when the magnetic field is parallel to the coil.
[78]. The magnet that currently at the North Pole is
pushing upward on the left radial leg of the coil and at the
same time, the magnet that currently at the South Pole is
pushing downward on the right radial leg. These two
clockwise motions cause the electricity being generated.
Notice that if both radial legs are pushing at the same
direction, for example, left and right radial leg is pushing
upward together at the same time, the motion is canceled
out each other and thus, no electricity is generated. That
is the reason which it is essential to arrange the magnet
poles alternatively so that the motion will not cancels out
each other. The coil is then connected with the three-
phase power connection for maximum electricity output.
In order to makes pole pitch equal to diameter of coil, the
thickness of the coil cannot be increased more than 33%
of pole pitch because of geometrical relation, or simply
say, the distance between coils must be equal to 133% of
the pole pitch. [78].

In order to eliminate the cogging torque as well as the
counter electromotive force (CEMF), the core element,
which is the iron had to be fully eliminated from the
generator. For the coreless electricity generator, although
the minimum usage of the core, but still, it is not perfect
since the cogging torque and CEMEF still significance
within the generator itself. To overcome such problem
facing by the most generator, the ironless configuration of
the generator is seen as a promising solution to be
considered. When talking about ironless configuration,
there will be no core material or iron used in both rotor
and stator. The cogging torque and CEMF can be
minimized and thus, increase the efficiency of the system
itself.
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3 Conclusion

One of the weaknesses of PHEV and EV is the charging
system. Just as explained earlier, the regenerative braking,
the electricity recharging system within PHEV and EV,
only can perform its function during the vehicles is
slowing down as well as without foot on the accelerator.
In other words, the electric charging system is inconstant,
unsustainable and non-continuous. By applying another
generator which is parallel with the electricity recharging
system, the continuous charging can be achieved. Since
the coreless electricity generator has less counter
electromotive force (CEMF) comparing to cored
electricity generator and no cogging torque, the
application of the coreless electricity generator parallel to
the regenerative braking system is the more suitable
comparing to cored electricity generator.

The coreless electricity generators currently already
exist. Some of them have different numbers of poles,
while some of them have a closer gap between rotors and
different in size. Although there are some differences in
different researcher’s coreless electricity generator, there
are some similarities — these coreless -electricity
generators have lesser cogging effects and CEMF
compare to cored electricity generator. Since the coreless
electricity generator is still facing cogging effect and
CEMF, it is suggested that using ironless configuration of
the generator can minimized the cogging effect as well as
CEMF to the lowest level since this configuration did
eliminate the usage of iron in both rotor and stator, which
believe that this system can bring better continuous
charging experience for the HEV and EV users in the
future.
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