SHODH SANGAM -- A RKDF University journal of Science and Engineering

Simulation Design and Analysis of Power Converters
for Hybrid Electric Vehicle Applications

Md Shahbaz Khan*!, Chirag Gupta“?, Abhimanyu Kumar*®

#M.Tech Scholar & Electrical Department & RKDF University
Bhopal, M.P, India

1 shahbaz.khan809@gmail.com

2cqupta.011@gmail.com

3ies.abhi@gmail.com

Abstract — HEVs (Hybrid-Electric Vehicles) are a new
technology in the automobile industry. It is vital to employ
contemporary principles of electronic power conversion to
create optimal converters in order to develop efficient yet
powerful HEVs that can be charged quickly. The current
project details the design and development of a suggested
converter, as well as a comparison of its performance to that
of other existing HEV battery charging converters. The
suggested converter's simulation results and analysis reveal
that it has a high output voltage and current, resulting in a
high output power. The suggested device can deliver up to
double the output power of a standard fly-back converter,
according to simulations.
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I. INTRODUCTION

A hybrid-electric vehicle (HEV) is a vehicle that has both
an internal combustion engine (ICE) and an electric
propulsion system [1]. The fuel efficiency of a HEV is better
than that of a normal car due to the inclusion of an electric
powertrain. In today's market, there are a variety of electric
cars to choose from. A automobile is the most frequent
example of a HEV, however other vehicles such as trucks,
carts, buses, and tractors can also be HEVS. The primary types
of HEVs are classed based on the systems' drivetrains. More
highly efficient HEVs have been created and made as a result
of the advancement of current technologies and engineering.
Power electronics have played a critical part in creating the
optimal amount of power converters for HEV systems,
according to |. Hussain in his book Electric and Hybrid
Vehicles Design Fundamentals [2]. Convertors come in a
variety of shapes and sizes and are used in the production of
HEVs.

The two systems that are commonly transferred from one
form to another or kept in the same form with their values
modified are Alternating Current (AC) and Direct Current
(DC). In HEVs, there are four different types of converters. |
AC to DC, (ii) DC to DC, (iii) DC to AC, and (iv) AC to AC
are among them.

Il. ENVIRONMENTAL EFFECTS AND ADVANTAGES

According to I. Hussain, current environmental challenges
provide a compelling incentive for the development of clean
and sustainable urban transportation wvehicles [2]. Low

pollutant emission rates are the primary benefit of HEV
automobiles. When compared to a traditional car, these
vehicles use electric engines that create little to no emissions.
HEVs' high-frequency electric equipment must be safeguarded
against Electromagnetic Interference to guarantee proper
operation (EMI).

I11.DIFFERENT TYPES OF CONFIGURATIONS FOR HEV

C. Mi et al. point out that a Hybrid-Electric Vehicle's
traction system consists of two types of transmission systems:
an Internal Combustion Engine (ICE) and an Electric Vehicle
(EV) [1]. A conventional car fueled by gasoline as a fuel is an
example of a classic ICE. Vehicles powered by electrical
engines, such as electric motors, electric converters, and other
sorts of light and heavy electrical machinery, are known as
electric vehicles. There are several ways to combine ICE and
EV technologies and components, each with its own
topologies and architecture. Electric engines, gearboxes,
clutches, and other mechanical and electrical components are
all considered in these designs. Series and parallel connections
are the two most common forms of connections. Hybrid and
sophisticated topologies can be created by combining these
two kinds.

A. Series Configuration

The ICE is the primary energy converter in this design. The
ICE's mechanical output will power a generator, which will
subsequently power a motor. The generator output can be
utilised to partially charge the battery storage unit and to
power other minor vehicle components. This is the simplest
configuration. The engine is disconnected from the wheels in
this design. A vehicle may attain optimum speed and excellent
fuel efficiency since the engine is disconnected. In addition,
the engine may be put in any location within the vehicle.
According to C. Mi et al. [1,] an all-wheel drive (AWD)
capability may be provided in this setup.

Controlling the electric motor in this sort of setup, however,
can be difficult. This is due to the unique modules and
instruments that must be incorporated in the system to handle
the electric motor's speed control and operation, resulting in a
larger and more complex system. Electric motors are not as
efficient as traditional ICEs at high speeds or on motorways.
Figure 1 depicts a series combination's architecture design and
component layout for a HEV.
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Fig. 1 The construction of a series HEV.

B. Parallel Configuration

The ICE and the electric motor can both give power to the
wheels in a parallel arrangement. Mechanisms such as a clutch,
belts, and pulleys connect the ICE with the electric motors. In
a single vehicle, both the ICE and the electric motor may be
used at the same time. If one of the traction systems fails, the
vehicle's whole weight can be transferred to the other system.
When the electric motor is braking, kinetic energy is saved
and used to charge the battery, allowing the electric motor to
function as a generator. Depending on the demands and speed
of the vehicle, this arrangement allows the vehicle to run in
ICE mode, electric motor mode, or a combination of both.
According to C. Mi et al., the key benefit of this vehicle is the
regenerative braking capability [1]. A short build of the
parallel combination for a HEV is shown in Figure 2.
Mechanical connection connects the ICE and the electric
motor. The traction power is subsequently sent to the engine's
final transmission via this mechanical link.
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Fig. 2 The construction of a parallel HEV.

C. Series-Parallel Configuration

Both the series and parallel HEV architectures are used in
the series-parallel arrangement. As a result, this design may be
used as a series or parallel HEV. A mechanical link between
the engine and the final drive is added to a series parallel setup.
The engine may directly drive the wheels thanks to this
mechanical coupling. This setup, as opposed to a parallel
layout, features a second electric motor that may be utilised as
a generator. Fuel efficiency and drivability may be optimised
in this mode dependent on the vehicle's operating state. This is
a popular arrangement among manufacturers. However, I.
Hussain claims that this arrangement is more costly than other
topologies due to its complexity [2]. Figure 3 depicts the
assembly of a series-parallel HEV and the positioning of its
components in the vehicle.
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Fig. 3 The construction of a series-parallel HEV.

IV.PSIM ANALYSIS TOOL FOR POWER
CONVERTERS

PSIM is a power electronics, motor drive, and power
conversion system that is particularly intended [3]. Even when
modelling complicated designed circuits, it offers a user-
friendly interface and is quick and powerful. PSIM has
various pre-built and add-on options, such as the Motor Drive
Module and the Digital Control Module [3]. PSIM was chosen
because it has the characteristics and components needed for a
straightforward design and comprehension of the HEV issue.
In PSIM, there is also a Hybrid Vehicle Design module . The
component's values may simply be changed depending on
how it's used in the circuit. As shown in Figure 4, the selection
of circuit components such as capacitors and resistors is
available at the bottom of the schematic window.
Transformers and motors, among other complex components,
are also available. These transformers and motors' attributes
and values may be readily adjusted by simply clicking on
them. A window showing the parameters of these components
will show up when clicked on, which can be used to modify
their internal properties. At last, a salient feature of PSIM is
the Sim-Coupler module that links a PSIM module to the
MATLAB software. By using the Sim-Coupler, a user can
directly access a PSIM control module in MATLAB and can
vary any parameters easily.
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Fig. 4 PSIM window for the circuit schematic
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V. SIMULATION OF A PROPOSED Dc-Dc CONVERTER

DC to DC converter as an electrical circuit, or a device that
converts a source of Direct Current (DC) from one voltage

level to another [4]. It is a type of a power electronic converter.

Similar to a transformer, it can either be a step-up or step-
down. With the development of power semiconductor
technologies, it is possible to convert a high voltage level DC
to a low power application and vice-versa.

A. Different Types of Converters and Construction

DC-DC converters can be grouped into many groups,
according to M. H. Rashid, depending on the type of
application. Convertors are divided into two categories: buck
and boost [4]. When converting a high voltage level to a low
voltage level, buck is employed. When a low voltage level is
turned to a high voltage level, boost is employed [7]. These
converters can also be separated into two types: non-isolated
and isolated converters. A buck or boost converter may be
created by adding a transformer to the circuit and adjusting the
turn ratio. A basic buck, boost, and Single Ended Primary
Inductor Converter are examples of non-isolated converters
(SEPIC). Push-pull, flyback, half, and full bridge converters
are examples of isolated converters. Both a buck and a boost
converter may be effectively built in one circuit if the internal
components are suitably arranged [8].

B. A High Voltage DC-DC Converter for Battery Charging
ina HEV

The phrase "battery charging” refers to the process of
charging a battery from any voltage level to its rated voltage
level for HEVs. A high current, high voltage DC-DC
converter is presented for the purposes of this article. PSIM
software was used to model the converter. Figure 8 depicts the
suggested model.

= L =

Fig. 5 Proposed circuit for the converter. This includes a
high frequency transformer
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The suggested converter in the diagram is a DC-DC
converter that is isolated and may be used as a buck, boost, or
a combination of the two. Because of the existence of a High
Frequency Transformer in the arrangement depicted in Figure
5, this design is unique (HFT). In the suggested model, the
IGBTSs have a switching frequency of kHz. A basic AC source
is used as the converter's input, which is converted to a high
pulsing DC using a simple rectifier circuit. This pulsing DC is
then sent through four switching devices (IGBT or MOSFET)
before being fed into the HFT.

The suggested system's distinguishing characteristic is this
HFT. The size and substance of the transformer are inversely
related to the switching frequency of the circuit: the bigger the
frequency magnitude, the smaller the transformer size. A
rectifier receives the transformer's output (secondary side). A
high frequency diode is used in this rectifier circuit. These
sorts of diodes are required for the high pulsing DC voltage at
kHz. Finally, an RLC load is applied to the final output curve
to smooth it out. The feedback loop will be created in order to
receive a constant voltage and current for the suggested
system, which will enhance the overall characteristics and
output. In HEVS, the use of this converter is critical for battery
charging.
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Fig. 6 Output current waveform for the proposed
converter

Figure 7 depicts an appropriate feedback loop for the
proposed converter. Even if there is a disturbance in the input,
a highly precise output can be generated by employing a
feedback loop [9]. In HEV systems, this is the most sought
characteristic. The gating signals of the IGBT are modified by
this system in order to maintain a very precise voltage and

current measurement during the charging of the battery [10].
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Fig. 7 Feedback loop for the proposed converter
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VI.TABLE I
PARAMETER VALUES FOR THE COMPONENTS OF THE
PrRorPOSED CONVERTER

Parameter Value (Unit)
Input Inductor (Lin) 0.1H
Input Capacitor (Cin) 4700 pF
Capacitor across IGBTs 0.01 pF

Transformer Turn Ratio (N)  17/7

Output Inductor (Lout) 20 pF
Output Capacitor (Cout) 4700 pF
Resistive Load (Rioad) 50 Q
Switching Frequency (fs) 5 kHz

VIl. PROPOSED MODULATION TECHNIqUE AND CIRCUIT
DESIGN FOR THE THREE PHASE INVERTER

A three-phase voltage source inverter using the SPWM
approach is shown in the proposed project. The suggested
inverter's fundamental block diagram is shown in Figure 8.
The PSIM programme is used to model the inverter, and its
functioning and benefits are explored. The creation of PWM
waves, as well as its circuit, is also discussed and
demonstrated. B. Majhi discusses the key components of the
inverter in the figure in a paper report titled "Analysis of
Single-Phase SPWM Inverter."

Three . Three
[ DC Source H A — H LC Filter > Phase Load

A

. Control Circuit
‘ Driver Card H for SPWM ’

Fig. 8 Block diagram for the proposed three phase
inverter

There are three branches in the three-phase inverter,
therefore a total of six IGBTs are needed. The inverter's
control circuit incorporates circuits for generating various
waveforms, including a triangle waveform generator and a
sinusoidal waveform generator. The sine wave will be
compared to the triangle waveform, which is a high frequency
carrier wave. Three separate waveforms are necessary since
the sinusoidal waveform is employed for all three phases.
Three separate waveforms that are phase-shifted by 120° are
created from a single sine wave source [11].
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VIIl. TABLE Il
SPECIFICATION OF THE INVERTER

Description Rating
Input Voltage 450 v DC
Maximum Input Current 10 ADC
Output Voltage (Phase-to- 300V AC
Phase)
Output Current 75AAC
Inverter Power Rating 2.2 KVA
Maximum Power Rating 3.4 KVA
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Fig. 9 Schematic diagram of the proposed inverter
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Fig. 10 Output waveforms of the circuit used for phase
shifting for sinusoidal waveforms
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Fig. 11 Pulses generated at the comparator output.
There will be six different pulses. Pulse 1 and 2 will be
complementary to each other similarly for every other

consecutive pulse for any IGBTs
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Fig. 12 Output current of the inverter. The phase
current and line current are equal

IX. CONCLUSION

Since the high frequency transformer (HFT) has a turn ratio
greater than 1, the suggested DC-DC converter is a step-down
or buck converter. This converter's main function is to convert
a DC voltage to a different level of DC voltage, which may
then be separated into four stages. The AC to DC conversion
is the first stage, which is necessary due to the low current
provided by the DC source. The converter may create a high
output current by giving a high input current. There is an
inductor at the output of the first stage that stores the energy
and makes it available for the following step. The high
frequency inverter is the second step. Pulses are sent from the
control circuit to the IGBTS at this point. Furthermore, the DC
voltage is transformed to a high-frequency AC voltage. The
HFT, which is the third stage of the system and the most
crucial portion of the proposed converter, has access to this
high frequency AC power. It's one-of-a-kind, and it's
composed of unusual materials for a transformer. The AC
voltage is stepped down by the HFT. The high frequency
diode functions as a rectifier in the final step, converting a
high frequency AC to DC voltage. The final voltage and
current outputs are provided at this point. The battery is
modelled as a single 2 V cell, with these single cells linked in
series to forma 12 V battery. Depending on how the converter
is utilised, it can also be used to control the speed of a DC
motor that can be used for traction.

REFERENCES

[1] C. Mi, M. A. Masrur, and D. W. Gao, Hybrid Electric Vehicles: Principles
and Applications with Practical Perspectives. West Sussex, United
Kingdom: john Wiley and Sons Ltd, 2011.

SHODH SANGAM -- A RKDF University journal of Science and Engineering

[2] 1. Hussain, Electric and Hybrid Vehicles Design Fundamentals. Boca
Raton, Florida: CRC Press LLC, 2005.

[3] Powersim Inc. (2015, April). PSIM User’s Guide. Powersim Inc.
Rockville, MD. [Online]. Available:

https://powersimtech.com/drive/uploads/2016/03/PSIM-User-Manual.pdf

[4] M. H. Rashid, Power Electronics: Circuits, Devices and Applications.
New York: Pearson Publications, 2013.

[5] N. Mohan, T. M. Undeland, and W. P. Robbins, Power Electronics
Converters Applications and Design. West Sussex, United Kingdom: john
Wiley and Sons Ltd, 2002.

[6] B. Majhi. (2012, May). Analysis of Single-Phase SPWM Inverter.
National Institute of Technology. Rourkela, India. [Online]. Available:
http://ethesis.nitrkl.ac.in/3464/1/Final025.pdf

[7] Khan S, Gupta C. An optimization techniques used for economic load
dispatch. Intj Adv Technol Eng Res (IjATER). 2014;4(4).

[8] A Hridaya; C Gupta, “AN OPTIMIZATION TECHNIqUE USED FOR
ANALYSIS OF A HYBRID SYSTEM ECONOMICS,” Int. j. Curr.
Trends Eng. Technol., vol. 1, no. 6, pp. 136-143, 2015, [Online].
Auvailable:
https://www.academia.edu/22728404/AN_OPTIMIZATION_TECHNIqU
E_USED_FOR_ANALYSIS_OF_A_HYBRID_SYSTEM_ECONOMIC
S.

[9] R Kumar; C Gupta, “REVIEW OF SHUNT ACTIVE POWER FILTERS
CONTROL STRATEGIES FOR ELIMINATION OF HARMONICS,”
IJESM, vol. 8, no. 2, pp. 225-230, 2018,
doi:10.17148/ijireeice/ncaee.2017.03.

[10] V. Meena and C. Gupta, “A Review of Design , Development , Control
and Applications of DC — DC Converters,” no. 2581, pp. 28—33, 2018.

[11] A. Hridaya and C. Gupta, “Hybrid Optimization Technique Used for
Economic Operation of Microgrid System,” Academia.Edu, vol. 5, no. 5,
pp. 5-10, 2015, [Online]. Available:
http://www.academia.edu/download/43298136/Aditya_pape_1.pdf.

ISSN No. 2581-5806

http://www.shodhsangam.rkdf.ac.in

Vol.-04, No.-06, December-2021, Page 69



http://www.shodhsangam.rkdf.ac.in/
ps://powersimtech.com/drive/uploads/2016/03/PSIM-User-Man
http://ethesis.nitrkl.ac.in/3464/1/Final025.pdf
https://www.academia.edu/22728404/AN_OPTIMIZATION_TECHNIQUE_USED_FOR_ANALYSIS_OF_A_HYBRID_SYSTEM_ECONOMICS
https://www.academia.edu/22728404/AN_OPTIMIZATION_TECHNIQUE_USED_FOR_ANALYSIS_OF_A_HYBRID_SYSTEM_ECONOMICS
https://www.academia.edu/22728404/AN_OPTIMIZATION_TECHNIQUE_USED_FOR_ANALYSIS_OF_A_HYBRID_SYSTEM_ECONOMICS
http://www.academia.edu/download/43298136/Aditya_pape_1.pdf

