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Abstract -

Due to the strict guidelines on carbon emissions and the gas financial system, fuel cell electric motors (FCEV)
motors are becoming an increasing number of famous inside the car enterprise. This paper offers the neural
network most electricity point monitoring (MPPT) controller of the

1.26 kw proton change membrane gas mobile (PEMFC), which affords electric car powertrain theusage of dc-dc
strength converters. The proposed neural network controls the MPPT radial basisfeature community (RBFN) the
usage of the PEMFC maximum powerpoint (MPP) tracking algorithm. High frequency switching and high dc-dc
converted energy are vital for FCEV continuity. For maximum energy benefit, a 3-phase power deliver
interleaved boost converter (IBC) is also designed for FCEV systems. The interleaving technique reduces the
contemporary enter stress and electrical strain within the semiconductor electric tool. FCEV gadget overall
performance analysis with RBFN based totally MPPT manage in comparison to fuzzy Logic controllers (FLC)
on the MATLAB / Simulink platform.

Keywords: Fuel cell electric vehicle, high voltage gain IBC, PEMFC, MPPT, RBFN etc.

l. Introduction

Due to The Environmental Pollution and Finite Reserves of Fossil Fuels, Automobile Industries Are Showing
More Interest In electric cell Electric Vehicles (FCEV). The Rapid Advancements in Power Electronics And
electric cell Technologies Have Empowered the numerous Developmentin FCEV. Fuel Cells Have the advantages
of fresh Energy Production, High Reliability, High Performance and Low Sound. counting on the kind Of
Electrolyte Substance Cells Are Categorized Into differing types like Proton Exchange Membrane Fuel Cell
(PEMFC), Alkaline cell (AFC), oxyacid electric cell (PAFC), Solid oxide cell (SOFC) and Molten Carbonate

electric
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cell (MCFC). within the midst of all of this, PEMFCS controls the automotive industry because ofits cold and fast
start.

. FUEL CELLS

Thanks to Environmental Pollution and also the End of Natural Oil Depot, the Automotivelndustry Shows
More Interest in Electric VVehicles.

Fuel Cells Have the advantages of unpolluted Power Generation, High Reliability, HighEfficiency and
Low Noise.

PEMFCs Are Dominating the car Industry due to Their Low Operating Temperature and alsothe fast Start-up.

. MPPT

The MPPT Algorithms, P&O is easy, popular and straightforward to use. P&O And Incremental Conduction
Methods Produces Oscillations at Steady State which is able to Reduce Efficiency of Cell System.

To overcome this problem, symbolic logic controllers and neural network algorithms were introduced to detect
MPPT with increased efficiency and accuracy.

Radial Basis Function Network (RBFN) MPPT Base Control Suggested PEMFC MPPT Tracking.

A high voltage gains three-phase non-isolated interleaved boost converter (IBC) for electric cell applications to
achieve low switching stress and high voltage gain. The fraudulent measure measures the reliability of the cell
and provides greater power. The output voltage of the proposedconverter is given to the electrical motor through
an inverter for propulsion of the vehicle. the electrical motor plays a vital role in FCEVs. An adequate motor

considerably reduces the price and size of the cell.

. Objectives

The primary objectives of this study are often summarized as follows:

1) To study the Neural Network Based MPPT Controller.

2) To understand the Boost Converter concept deeply.

3) To study MPPT topology, modulation strategy and operating principlesWidely.

4) To study simulation validations of the proposed system.
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1. Electric vehicle charging in fuel cell application

Like every electric automobile, FUEL cell electric cars (FCEVS) use electricity to electricity electric powered
vehicles. Unlike other electric vehicles, FCEVs generate electricity using a hydrogen-powered fuel cell rather
than drawing energy from a battery. During the vehicle design process, the vehicle manufacturer defines the
power of the vehicle by the size of the electric motor

(s) that receive the appropriate amount of electrical power from the fuel cell and battery combination.
Although vehicle manufacturers were able to design an FCEV with plug-in capabilities to charge the battery,
most FCVVs today use batteries to recover braking power, providing additional power during low acceleration
events, and lubricants with the option of deactivating the energy delivered from the fuel cell. Or turn off the fuel
cell during low power requirements. The amount of energy stored in the vessel is determined by the size of the
hydrogen fuel tank. This is different from an all-electric vehicle where both available power and power are

closely related to battery size. Learn more about fuel cell electric vehicles.

Hydrogen Fuel Cell Vehicle
Fuel Cell Stack ) x Battery Pack
{ A

Electric Traction Motor

DC/DC Converter

Thermal System (cooling) Fuel Tank (hydrogen)

Transmission

Power Electronic Controller

> Battery (auxiliary)

atde energygov

Figl. Fuel Cell Vehicle

FCEVs use a propulsion device much like electric cars, where the energy stored in the shape of hydrogen is
transformed into strength by means of the fuel cellular. Unlike traditional internal combustion engine vehicles,
these vehicles do not emit harmful tail pipe. Other benefits include increasing U.S. energy security and

strengthening the economy.
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The FCEV vehicle is filled with pure hydrogen gas stored in a tank. Like traditional internal combustion engine
vehicles, they can be refueled in less than 4 minutes and have a range of over 300 miles. FCEV is ready with
other advanced technology to growth performance including regenerative braking structures, which seize the
strength lost at some point of braking and keep itinside the battery. Major automobile manufacturers are offering
non-limited FCEVs in some markets, which will help develop infrastructure.

V. Literature Review

. Moe Moe Lwin and Htin Lin “Neural Network Based High-Performance Double Boost DC-DC
Converter in Using Renewable Energy System” International Journal of Science, Engineering and
Technology Research (IJSETR) Volume 7, Issue 5, May 2018

Different types of DC-DC converter are used on various electronic and multi-use devices for many years. But a
standard converter cannot pay for high voltage values and high current applications. Many investigators have
tried to meet the requirements. In this paper, a two-step reinforcement DC-DC converter is used for the
renewable energy system. Finding a way to control rather than the best performance under any circumstances is
always required. The Voltage mode control process is used to achieve a high output voltage with the help of a
high-level controller. The mainpurpose of this paper is to study the Neural Network Controller (NNC) under the

response of the various parameters of the proposed converter using MATLAB / Simulink Software.

" N. Sudhakar “High Step-Up Boost Converter with Neural Network Based MPPT Controller for a
PEMFC Power Source Used in Vehicular Applications” International Journal of Emerging Electric Power
Systems, 19(5), 20180015, 2018

This paper deals with the high mechanical replacement and the high-power conversion of DC-DCare required in
electric vehicles. In this paper, a new advanced step-by-step converter (HSBC) is designed for high-performance
electronic data processing (FCEV) applications. The designed converter offers the best gas power advantage
compared to a conventional converter amplifier and reduces the current input and pressure pressures on the
semiconductor candy power. Additionally, a neural-based Maximum Point Tracking (MPPT) controller was
developed for the 1.26 kW protonexchange membrane fuel cell (PEMFC). Network radical base function (RBFN)
algorithm is used in neural network control to extract high energy from PEMFC in different temperature
conditions. The performance analysis of the designed MPPT control is analysed and compared with the controlled
logic control (FLC) in the MATLAB / Simulink area.
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V. Problem Identification
" EXISTING CONFIGURATION:

The wheelwork Architecture of FCEV Is Shown in Fig 2. A Stack of PEMFC Produces an Unregulated Low Dc
Output Voltage.

Boost or step-Up DC-DC Converter Is Required to spice up and Regulate the PEMFC Output Voltage.

A quadratic boost converter composed of two boost converters is proposed to understand high voltage gain. But,
using of two boost converters may reduce the efficiency of the system. A 2- phase flexible converter amplified
between DC-DC protective is typically recommended. However, this topology suffers from poor reliability and
fewer efficiency.

Hall signals Wheel

BLDC Motor

= Current Sensing
Control

PWM Signals

[+ | +J-
‘ Vic D ('jD( "D(-|V Inverter
. Converter

Fuel Cell =

\'}'C-—i MPPT D 0 @
Trc =

Wheel

Sawtooth carrier wave

Fig 2. Conventional configuration of cell fed BLDC motor driven electric vehicle

DISADVANTAGES OF EXISTING CONFIRGURATION

Poor ReliabilityLess Efficiency.Expensive

For Law Power Applications, the standard Boost Converter is utilized as an influence ElectronicInterface Whereas
for prime Power Applications Boost Converter Won’t Be Compatible because of its Low Current Handling
Capability and Thermal Management Issues.

To Overcoming These Variable Voltage Gain Dc-Dc Built-In Information.
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VI. Proposed Configuration work

The project proposes excessive voltage acquisition of three single-phase interleaved increase converter (IBC) of
power efficient metals for low switching problems and high voltage gains. Themethod used to save time increases
the reliability of the fuel cell and provides high power of FIG.Proposed FCEV displays.

FCEV system with high level IBC. It features a 1.26 Kw PEMFC, IBC with a 3-phase high voltagepower supply, a
voltage source inverter (VSI) and a BLDC motor. The third phase of IBC serves as the interface between
PEMFC and VSI. The RBFN-based algorithm, designed to deliver high power to the fuel cell. The 1-3-phase IBC
provides BLDC vehicle power with VSI. VSI conversionis controlled using BLDC motor electronics. The motor
shaft for propulsion is attached to the carwheels.

3-Phase high gain IBC Wheel
YL .
oA S_El o | Electronic Commutation
-y I 5,..5, /l/ Hall Signals|
Cia 1. Hs

BLDC
Motor

o
—

=R ]

e e
A

C

F $

Three phase VSI

Ve Wheel

Irc —4

Sawtooth carvier wave

Fig.3. The proposed BLDC motor driven FCEV system with three-phase high voltage gain IBC
° ADVANTAGES OF PROPOSED CONFIGURATION

Clean power generation,
High reliability,
High efficiency

Low noise

S N A

High voltage gain
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° APPLICATIONS

1. Fuel cell applications

2. Solar power applications.

VII. FUEL CELL MODELING

A fuel cell is an electrochemical device, it converts hydrogen fuel into electricity. The inputs of the fuel cell are
converted into water and electricity by air and fuel and chemical reaction. A single fuel cell consists of two
electrodes (anode and cathode) and one electrolyte. The electrolyte separates the positively and negatively
charged ions of the hydrogen fuel. When hydrogen and oxygen are supplied into the cell, electricity is generated
at the cell's output in the presence of an electrolyte. The scattering fuel cell of the chemical reaction produces
only heat and water.

TABLE 1. 1.26kW PEMFC parameter specifications.

Parameter Description Rating
Maximum power (P [.26 kW
Maximum current {1y 51 A
Muaximum voltage (V) 423V
Temperature (T) 55°C
Number of cells 42
Nominal air flow rate 2400 Ipm

" Formulation

A fuel cell is an electrochemical device that converts hydrogen fuel into electricity. The inputs tothe fuel cell are
air and fuel and these are converted into water and electricity through a chemical reaction. The cell voltage of
PEMFC is given as,

"FC = ENernst —Vact —Vohm —Veon )
Where ENernst is the open-circuit (or reversible) thermodynamic voltage and is given as,
Epps = 1.229—8.5% 107 (T - 298.15 )+ 4.308 %107 T (In(By, ) +0.5In(By, )

Where T is absolute temperature (K), PO2 and PH2 are oxygen and hydrogen partial pressures (atm)

respectively.
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Activation voltage Vact is the combination of both anode and cathode activation overvoltage andis expressed as,
Vac‘! =—[€S; +£S;:-T +{S_;TEF}'H‘;[:_IDE }-!— é;;TﬂF??{IFC ]jr

Where

i (i=1,2,3,4) is empirical coefficient for each cell and CO2 is the dissolved oxygen concentrationat the liquid/gas
interface and is calculated by using the following expression,
. Foo

C = -
. (j. 08x 10° ]x exp (— 498/T)

Ohmic overvoltage Vohm is expressed as

Vot =L pc(Re +Ryy )

Where RM is the electron flow equivalent resistance and RC is the proton resistance. RC isconsidered as
constant.

VIII. THREE-PHASE HIGH VOLTAGE GAIN IBC

The proposed converter consists of three switches (S1, S2 and S3) and three diodes (D1, D2 and D3). L1, L2 and
L3 are filters for class 1, phase 2 and phase 3 respectively. VFC is the input volume, VO is the output power and
R is the load connector. The following considerations are considered in the analysis of the IBC high voltage
rating.

Mode-1 (t, < t < 1)
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During this time, all three shifts S1, S2 and S3 are turned on ON and all three diodes D1, D2, and D3 are turned
back as shown in Fig. 4 (a). VFC input source includes inductors L1, L2 and L3. Atthe moment using these 11, 12
and 13 spies has increased directly with the slope of (VFC / L). Thecapacitor input capacitor is disconnected from
the load and from supply.

The output capacitors C1 and C2 supplies energy to the load resistor and the voltage of output capacitors VC1
and VC2 decreases with a slope of (-VO/RC).

. Mode-2 (t; = t = b):
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In this mode, the S2 switch is switched on and the S1 and S3 switches are turned off. Diodes D1 and D3 are
forwarded and diode D2 is reversed as shown in Fig. 4 (b). Current within the inductorsL1 and L3 decreases with a
tendency to (VFC-VCin) / L and (VFC-VC2) / L respectively. What happens with inductor L2 increases with a
slope (VFC / L). Capacitor C1 supplies power to the loads and capacitors C2 and Cin are charged VFC input
voltage.

. Mode-3 (13 <t < 1y):

YT d
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This mode is similar to mode-1. All the three switches S1, S2 and S3 are switched ON and all thethree diodes
D1, D2 and D3 are switched OFF.

IX. SIMULATION DESIGN AND ITS OUTPUT

The Performance of The Proposed BLDC Motor Driven FCEV System Is Analysed by Using The
MATLAB/Simulink Platform. @ To Analyse the Dynamic Response of The FCEV System, Sudden Changes in
The Temperature of The Fuel Cell Is Considered as Follows: T= 320°K for APeriod Of 0 To 0.3sec, T=310°K
for A Period Of 0.3 Sec To 0.6 Sec And T=330°K for A PeriodOf 0.6sec to 0.9 Sec.
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Fig6. Neural network based MPPT Algorithm
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. T = 3020K for a period of 0 to 0.3sec,
. T = 3100K for a period of 0.3 sec to 0.6 sec and
. T = 3300K for a period of 0.6sec to 0.9 sec.
. The fuel cell produces 1080W for 0 to 0.3 seconds, 970W for 0.3Wec to 0.6W, and0.9Wec for
1220W for 0.6 seconds.

DC Link current, voltage and power using F FLC base MPPT technology. It produces 1000W, 830W and 1150W
of power at temperatures of 3200K, 3100K and 3300K respectively. The DC link output current, voltage and
power using proposed RBFN based MPPT controller are shown in the Figure 8. The proposed controller gives
1050W for 900W temperature and 1200W for 3300K temperature.

Fig7. Output voltage of Fuel Cell
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Figure 8. DC link output current, voltage and power at different temperatures using RBFN
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Figure 9 : Comparison of DC link power with both RBFN and Fuzzy based MPPT controllers.
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Figure 10: BLDC motor Power , Torque , Speed parameters

. In Figure 9, the Performance of the RBFN based MPPT controller for fuel cell is comparedwith fuzzy
logic based MPPT controller.

From Figure 8, it is observed that proposed controller generates the high DC link powerthan the FLC.
A comparative analysis of FLC and RBFN controllers is given in the table.

The initial and steady-state characteristics of the BLDC motor are shown at differenttemperatures in the fuel

cell,
Parameter 1.26 kW PEMFC with 1.26 kW PEMFC with
) fuzzy based MPFPT RBFN based MPPT

Period (sec) o 3 to 0.6 to [} to 3 to (L6 to
0.3 0.6 0.9 0.3 (.o iy

Fuel cell 320 30 330 320 3140 330

temperature

(K}

DC link 4.71 4.3 3.1 4.5 4.4 3.21

current {A)

DC link 212 193 225 2240 205 30

violtage (V)

DnC link | 1000 B30 1150 1050 904 1206}

power (VW)

In Figure 10, the motor parameters such as stator current (ISA), back EMF (E), electromagnetic torque
(TE) and load torque (TL) are displayed under the dynamictemperature conditions of the fuel cell. The BLDC
motor accelerates from O to 0.3 seconds
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at 3300 rpm, 0.3 seconds to 0.6 seconds at 2400 rpm and from 0.6 seconds to 0.9 secondsat 3700 rpm. The torque
of the BLDC motor remains constant for varying speed conditions.

X. CONCLUSION

In this paper, a three-phase high voltage gain DC-DC converter is proposed for FCEV applications. The proposed
converter has reduced the fuel cell input current ripples and the voltage stress on the power semiconductor
switches. RBFN-based MPPT technology for 1.26 Kw PEMFC is designed to extract maximum temperatures
from the fuel cell at different temperatures. The proposed MPPT technique is compared with the FLC MPPT
controller. The simulation results reveal that the RBFN based MPPT controller has tracked the maximum power
point faster when compared to the fuzzylogic controller. Also, different performance characteristics of the BLDC
motor such as electromagnetic torque, speed and back EMF are analyzed at different temperatures of the fuel cell

system.
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