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Abstract

Recently global warming and the depletion of fuel resources have accelerated
researchers’ efforts to produce more efficient and clean alternatives. This
research presents a comprehensive review of the different adjustments/con
figurations of electric vehicles (EVs) and hybrid electric vehicles (HEVs),
traction motors for power systems, and wireless speed control of traction
drive. Electronic installation of technology can reduce pollution efficiently
and effectively. The efficient operation has always been one of the most
common investigators’ objectives in the automotive industry and academic
areas. There are several renewable energy resources for hybrid vehicles that
will replace depleted gasoline worldwide. The purpose of this paper is the de-
velopment of more efficient pure EVs, HEVs, and fuel cell electric vehicles
(FCEV) present both a challenge and a definite solution to current mobility
issues. Fuel consumption in cars is a concern due to the harmful effects on
the environment. Among other battery sources, fuel cells (FC), super capaci-
tors (SC), and photovoltaic cells are studied for vehicle application. A com-
bination of these renewable energy sources can be used for hybrid electric ve-
hicles (HEV) in the next generation of transportation. With the significant
progress of automobile technology, the hybrid electric vehicle has already
become the main achievement of transportation electrification due to its ex-
cellent fuel-saving performance.
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1. Introduction

An emphasis on green technology is extensively demanded of modern cities.

Electric vehicles (EV) is a real vehicles involved with electric propulsion. With
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the rapid development of the economy and people’s living standards, the total
number of vehicles is continuously increasing day by day. With the rapid growth
of the economy and people’s living standards, the total number of vehicles is
constantly increasing day by day. Research and development focus on energy ef-
ficiency and reduction of use and pollution control and expansion of various
electric vehicles (EVs) is increasing worldwide [1] [2] [3]. Currently, the most
common vehicle type is still the conventional vehicles (CVs) powered only by an
internal combustion engine (ICE) [4] [5]. Many social problems are coming,
such as the overuse of oil resources and extreme pollution [6]. The above issues
have raised international attention and brought significant challenges to the au-
tomotive industry [7]. Therefore, automobile companies all over the world are
dedicated to developing efficient new energy vehicles. Therefore, automobile
companies all over the world are dedicated to developing efficient new energy
vehicles. Since the sale of lithium-ion batteries (LIBs), significant progress has
been made in increasing energy efficiency, reducing costs, and improving battery
performance. Since EVs can help remove automotive emissions and reduce fuel
dependence, almost all car manufacturers have introduced EV production. Var-
ious countries have declared policies to prevent internal fire vehicles (ICE) from
overcoming 10 - 30 years.

The paper begins by reviewing the status of EV and HEV, then focuses on the
engineering philosophy of EV development. The following mentioned vehicles
are new energy vehicles which are hybrid electric vehicles/plug-in electric ve-
hicles (HEVs/PHEVs), electric batteries (BEVs), and fuel cell vehicles (FCVs)
[8]. BEVs featuring new energy vehicles will be the best option to improve air
quality and reduce fuel consumption and future emissions. However, BEV per-
formance is severely limited by battery capacity due to immature battery tech-
nology. Currently, BEVs are not yet well-known. Applications on a large scale
still require older fuel cells, cost-effectiveness, and full support resources in
FCVs. They think the combination of ICE and electric vehicle (EM) is the most
likely way to detect hybrid topology. HEV/PHEV technology can be a different
approach to CVs that are widely used in urban transport [9]. HEV/PHEV essen-
tial part is its hybrid powertrain. A hybrid powertrain has two energy sources.

The manuscript is arranged as follows. Section 2 defines the design space of
HEV size when all electric mode is not required. Section 3 describes the band-
width based control strategy. Section 4 presents experimental work. Section 5
defines the optimization problem and constraints and presents the Pareto Fron-
tier applicable to the controller algorithm studied. Section 6 provides the con-
clusions of this work.

Hybrid powertrain configuration is commonly divided into three basic forms
based on the different topology combinations of electric traction and mechanical
traction: series, parallel, and series-parallel [10] [11].

a) Series; b) Parallel; ¢) Series Parallel.

EM, G, and BAT show electric-motor, gearbox, and battery, accordingly, in

the structure diagrams of these three powertrain structures shown in Figure 1.
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a b Cc
Figure 1. Configurations of hybrid powertrains.

As shown in Figure 1(a), in a series hybrid powertrain, the EM acts as the driv-
ing force source. In contrast, the engine-generator set provides the electric ener-
gy, allowing the engine to operate in its high-efficiency zone. Figure 1(b) por-
trays the parallel hybrid powertrain configuration.

One EM will generally fulfill five standard HEV working modes in a parallel
hybrid powertrain, including electric driving mode, engine driving mode, hybrid
driving mode, engine active charging mode, and regenerative braking mode. As
compared to the powertrain of CVs, the parallel design allows for a lot of versa-
tility in part selection. A power-split hybrid powertrain, as shown in Figure 1(c),
is a series-parallel hybrid powertrain with one engine and two EMs. It combines
a serial hybrid powertrain with a parallel hybrid powertrain, both typical in pas-
senger cars. The fuel-saving theory of a hybrid powertrain can easily be deduced
from the above definitions. The HEV switches between various working modes
regularly, and then the electro-mechanical energy is transformed into a hybrid
powertrain. In order to design an effective HEV, an energy management strategy
(EMS) that is embedded in the vehicle controller and governs the energy flows in
the hybrid powertrain is needed. Hybrid electric vehicle research is expected to
become more prevalent in the coming years with advancements in battery tech-
nology, control techniques, and government funding for car owners and manu-
facturers. So far, this paper has concentrated on the classification, history, bene-

fits and disadvantages, vehicle types, and energy usage of HEVs.

2. EV Topology Exploration

Recently different researches have focused on EV topology exploration, emis-
sion-reduction, efficiency maximization strategies, cost-minimization, and pow-
er conversion technologies and their integration into the electric power grid. As
shown in Figure 2, three major interconnected branches of EV technology have
piqued the interest of academic and industrial R&D researchers: 1) Advanced
electric drive system (EDS) [12]-[18], 2) Power generation and energy storage
system (ESS) [19]-[24], 3) EV Construction.
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Figure 2. Research disciplines in electric vehicle technology.

2.1. Existing Technological Fundamentals and Potential
Development Paths

Any electric propulsion system is built on a foundation of key components that
allow the concept to operate. The energy storage unit (battery system), the elec-
tric machine, the power electronics, and a suitable charging device are the most
critical components. In general, the energy storage system has a big influence on
technical characteristics like efficiency and range. The type of rechargeable bat-
tery (e.g., lead-acid, nickel-metal hydride, lithium-ion [Li-ion] battery), capaci-
tors, and hydrogen as an energy source with the fuel cell serving as an energy
converter can all be used to identify energy storage devices. The gravimetric
energy density (Wh/kg) and power density (W/kg) of the various battery options
vary. Secondary batteries have a slightly lower energy capacity than other energy
sources (such as hydrogen or gasoline). However, the electric drivetrain’s higher
performance compared to traditional combustion engines compensates for this
drawback to some extent. Figure 3 depicts one potential power electronics to-

pology and its relationship with the electric machine’s energy storage device.

2.2. Parallel Hybrid or Power-Split Hybrid

The classic hybrid concept is a parallel hybrid, also known as a power-split
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Figure 3. Electric drivetrain architecture.

hybrid. As seen in Figure 4, the electric motor serves as a backup for the com-
bustion engine. A parallel hybrid or a power-split hybrid drive train are two op-
tions for the drive train architecture. In certain cases, pure electric propulsion
over a short distance is feasible. The recuperation function recharges the battery.
These hybrid vehicles may be categorized as mild or complete hybrids depend-
ing on the electric motor’s degree of support. In mild hybrids, the electric power
range usually ranges between 5 and 20 kW. Total hybrids now have an electric
capacity ranging from 30 to 50 kW. The battery size normally varies from 1 to 2
kwh.

3. Characterization of HEV

Lukic et al. [25] [26] conducted research on the characteristics of a HEV.
where HF is defined as

HE = T
Pe +Plee

(1)

PEM is the peak power of the electric motor in Equation (1), while PICE is the
peak power of the ICE.
These types can be divided into different groups:

e Micro-HEV (HFO0.1): Micro-HEVs use the EM’s limited power as a starter
and alternator to provide a quick start-stop operation, enabling the ICE to
propel the vehicle, allowing the ICE to be turned off when the vehicle is in
stand mode. As a result, it reduces the vehicle’s fuel consumption by 9.9%,
particularly beneficial while driving in urban areas.

e Mild-HEV (HF0.25): Mild-HEV's have additional features such as using the
EM to lift the ICE during acceleration and regenerative braking. On the other
hand, the electric machine is not capable of moving the vehicle by itself [26].
It can save between 11 and 19 percent on fuel consumption.

e Power-assisted HEV (0.25 < HF < 0.5): Power-assisted HEV's will sustain ICE
by providing powerful electric propulsion. The car can be transformed into a

fully electric system or a zero-emissions vehicle (ZEV) for short distances.
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Figure 4. Electric propulsion system diversity vs. conventional propulsion.

The vehicle’s propulsion can also be assured solely by the ICE. The fuel
economy could be boosted by up to 50%.

e Plug-In HEV (HF > 0.5): A PHEV stores energy in a battery. A residential
power grid is used to recharge the battery. An onboard generator and ICE are
needed for these types of vehicles [27]-[32].

e Vehicles that do not use ICE, such as hybrid fuel cell vehicles, HFCVs, or
battery electric vehicles, BEVs (HF = 1): BEVs or PHEVS, fall into this cate-
gory. Since FC is a green technology part, HFCV is classified as an electric
vehicle. A reformer on board the vehicle will remove stored hydrogen. The
electrical machine will be powered by the electricity gained by the FC, which
will usually be aided by a SC to boost its low power response.

The EV’s structure is depicted in Figure 5, which consists of three main sub-
systems: electric propulsion, energy source, and auxiliary. The electronic con-
troller, power converter, electric motor, mechanical transmission, and driving
wheels make up the electric propulsion subsystem. The energy source, energy
management unit, and energy refueling unit are all part of the energy source
subsystem. The power steering unit, temperature control unit, and auxiliary
power supply make up the auxiliary subsystem. The electronic controller pro-
vides proper control signals to turn on or off the power devices of the power
converter, which acts to regulate power flow between the electric motor and the

energy source, based on the brake and accelerator pedals’ control inputs.

Longitudinal Dynamics of the Host Vehicle

HEV in Figure 6 can be propelled by the engine and electric motor together or

separately. Therefore, the torque demand Td at the wheels is calculated as

In Equation (2) 7,

. and T, are the torques of the engine and the motor,
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respectively, i, is the AMT ratio,  is the final drive ratio, and 7; represents

transmission efficiency, which is assumed to be a constant. The transmission

gear ratio 7, is believed to be a function of simplicity, and 7, is the braking tor-

que, which is always negative.
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4. Hybrid Fuel Cell

A series hybrid configuration is used in fuel cell vehicles. They are commonly
equipped with a battery or supercapacitor to provide peak acceleration capacity
while reducing the fuel cell’s size and power constraints (and thus its cost). Elec-
tric, hybrid, and fuel cell vehicles state-of-the-art are reviewed in [28] [29], and

topologies for each category’s enabling technologies are addressed in [30].

4.1. Advanced Electrical Drives

Electrical drives transform electrical energy into mechanical energy in a regu-
lated manner. An electrical machine, also known as an electro-mechanical ener-
gy converter, a power electronic converter, also known as an electrical-to-electrical
converter, and a controller/communication unit make up an electrical drive.
High-speed trains, elevators, escalators, electric ships, electric forklift trucks, and
electric cars all use electrical drives as propulsion systems today. Torque control
over a broad bandwidth is possible thanks to advanced control algorithms
(mostly digitally implemented). As a result, precise motion control is possible.
Drives in robots, pick-and-place machines, factory automation hardware, and so
on are examples.

Figure 7 depicts the electrical drive’s block diagram in which the electric mo-
tor is used to control electrical loads such as fans, pumps, trains, and so on. The
speed and torque requirements of an electrical load are calculated. For the load

drive, the motor that best fits the load’s capabilities is chosen.

4.2. Control of Traction Motors

The most critical and distinguishing feature of a high dynamic performance
traction drive is its rapid torque response. There are two operating regions in a
well-controlled electric motor drive, constant torque and constant power. The
typical torque/power-speed characteristic expected from traction motors for EVs
and HEVs is depicted in Figure 8. The inverter current rating determines the
maximum torque capability in the constant torque area. Due to inverter current

and voltage limits, flux weakening or constant power area is used instead.

Power
Source Modulator > Motor — Load
1
1 I
1
|
1
v
Control Sensing
Unit el Unit

I Input Command

Figure 7. Block diagram of the electrical drive.
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4.3. Advantages of a Hybrid Electric Vehicle

Here are some of the most significant benefits of owning a hybrid electric ve-
hicle:

Eco-Friendly: One of the most significant features of hybrid electric vehicles
over gasoline-powered automobiles is that these run smoother and get higher
gas mileage, making them more eco-friendly. A hybrid electric vehicle has
two engines: a gasoline engine and an electric motor, which reduces fuel
consumption and saves electricity.

Economic Benefits: Many credits and incentives are ready to support hybrid
electric vehicles becoming more competitive. Less money expended on petrol
results in lower annual tax bills and exemption from congestion charges.

Less Reliance on Fossil Fuels: Since hybrid electric vehicles are cleaner and
use less fuel, they emit fewer pollutants and are less reliant on fossil fuels. It
also assists in the lowering of oil prices on the domestic market.

Regenerative Braking System: As you apply the brakes in a hybrid electric
car, it helps to recharge the tank. An internal mechanism kicks in, storing the
energy emitted and using it to charge the battery, minimizing the amount of
time and the need to recharge the battery on a regular basis.

Lightweight Materials: Hybrid electric vehicles are built of lighter materials,
consuming less energy to work. The engine is also smaller in size and lighter,
resulting in significant energy savings.

Higher resale value: As the price of fuel continues to rise, more and more
people are opting for hybrid electric vehicles. As a result, these green vehicles
have begun to command and resale prices that are higher than average. So, if
you're frustrated with your car, you can always sell it for a higher price to

customers who are looking for it.
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5. Conclusion

Environment protection and energy conservation have urged the development
of EVs. As fossil fuel energy sources become scarcer and carbon emissions rise,
technology must shift to systems that incorporate renewable energy sources as a
design philosophy. Hybrid electric vehicles, among other innovations, are a hot
topic with benefits such as lower fuel consumption, lower running costs, lower
noise pollution, lower emissions, smaller engine capacity, and long operating
life. With advancements in battery technology, control techniques, and govern-
ment funding for car owners and manufacturers, hybrid electric vehicle research
is expected to become more popular in the coming years. So far, this paper has
concentrated on the classification, history, benefits and disadvantages, vehicle
types, and energy usage of HEVs. We looked at various EV/HEV configurations,
traction motor models for electric propulsion systems, and high-performance
speed sensors with less motor control. All three major HEV configurations, se-
ries, parallel, and series-parallel have advantages and disadvantages from a de-
vice perspective. Still, the implementation is dependent on the necessary opera-

tional characteristics of the implemented configuration.
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