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Abstract— The paper mainly focuses on the Design of Multi-Level Inverter Design for
Charging Stations of Electric Vehicles. The research challenges in this study are: the lack of
technology for higher level design of multilevel inverter systems for electric vehicles (EVS) is
facing to solve the high performance and robustness of the system in reality, the control
algorithm for maximum power observing is a crucial challenge in the designing and
implementing such kind of multilevel inverter design, the pure sine wave inverter approaches
with higher number steps could be a candidate for electric vehicles (EVs) in real world
applications. That problems could be solved based on the knowledge and idea of power
electronic circuits and systems. The implementation of this study was accomplished based on
the specific model especially based on the circuit theory and microelectronic devices. The
results confirm that the performance specification of targeted multilevel inverter (MLI) in real
world applications.
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1. Introduction

The With the demand for an increase in the requirements of high-power quality in industrial
applications and solar PV systems, the conventional inverters in meeting the desired conditions like a
pure sine-wave output and less harmonic distortions is a challenging task. The multilevel inverters
receive more attention in reaching the desired requirements and acts as an alternative in delivering a
quality of power. The number of components in the circuit is directly proportional to the number of
levels in MLI, which increases cost and complex structure. A wide range of research is reducing the
components of MLI, and several topologies are proposed based on the various levels which are having
their challenges [1-6].

The lack of technology for higher level design of multilevel inverter systems for electric
vehicles (EVs) is facing to solve the high performance and robustness of the system in reality. The
control algorithm for maximum power observing is a crucial challenge in the designing and
implementing such kind of multilevel inverter design. The pure sine wave inverter approaches with
higher number steps could be a candidate for electric vehicles (EVs) in real world applications. That
problems could be solved based on the knowledge and idea of power electronic circuits and systems.
[7-10]
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The research objectives are as follows:

(1) To model the mathematical analysis on proposed inverter design

(2) To implement the SIMULINK model for confirmation of the numerical analysis

(3) To design the developed model in SIMULINK with hardware elements

(4) To measure the physical characteristics of the implemented inverter systems

(5) To evaluate the performance of the developed system

The research methodologies are based on the following ideas.

(1) Study on semiconductor power electronic devices for high power applications.

(2) Design and construct of basic inverter systems with specific circuit models.

(3) Analyze the mathematical model for those inverter systems and developing the
SIMULINK model.

(4) Modelling and constructing of the novel design for efficient purposes for designing the
converter systems in EV fast charging station.

(5) Performance evaluating of the developed conditions.

2. Overall Circuit Diagram and Results

The DC to DC booster will take part in this system as the voltage booster for the
main system which is the 15-level multilevel inverter. DC-DC booster steps up the
source input voltage and regulate its average output voltage larger than the source
voltage. The regulator in this DC-DC booster will be a 7809 voltage regulator.
Moreover, the energy will be storing enough in the inductor so that the output is the
desired voltage throughout the switching action. The switch will be power MOSFET
IRF540 because of the reason that it can simplify the control of the booster. The output
voltage is also manipulated by Power Schottky Rectifier because of its negligible
switching losses and extremely fast switching abilities. The average output voltage, VO
is controlled by the duty cycle of the switch which in turn is controlled by the PWM
controller UC3842. Finally, the desired boosted output voltage 48V for multilevel
inverter will be obtained. Figure 1 shows the circuit diagram of DC-DC Converter.
Figure 2 illustrates the MOSFET Switching Circuit.
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Figure 1. DC-DC Converter
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2.1 Detailed Calculations for Oscillator Timing Capacitor

1.72
Ry % Cp
Where Rt = oscillator timing resistor
Cr = oscillator timing capacitor
Select fosc = 50kHz, Cr = 2.2 nF,

Oscillator Frequency, fosc =

1.72
50k = Ry x2.2n
Rr=15.6kQ
R4 = 15kQ

Therefore, R4 = 15kQ is chosen as the standard resistor value.

2.2. Detailed Calculations for Inductor
Cutoff frequency, f=—
2mVILC

Select f = 500Hz which is the cutoff from fosc,
C = 1000pF selected from Csg,

500 = 2mJ/Lx1000u
L =101pF
Therefore, L = 100uF is selected which is the standard value.

2.3. Design Calculation of Gate Resistor of MOSFET
From specifications of UC3842N,
OUTPUT voltage, V = 10V

Maximum Peak current, | = 1A
Gate resistor, Rg = 1—10 =10Q

Therefore, Ry is selected as 10Q2.
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Figure 2. MOSFET Switching Circuit

2.4. Circuit Diagram of Simulation of DC-DC Booster Design

The oscilloscope is connected to the PWM controller, UC3842N and simulated the output
wave from it. Figure 3 demonstrates the Simulation Diagram for DC-DC Converter.
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Figure 3. Simulation Diagram for DC-DC Converter

2.5. Design Calculation of Multilevel Power Source Battery Bank Circuit

The obtained 48V from DC-DC booster is treated as a overall input voltage which is divided
into 8 cells in order to obtain 15 steps. Therefore, an individual input voltage for each cell becomes
6V. High density mounting type photocoupler which PC817 is used in the circuit because of its high
isolation voltage between input and output. As for the MOSFET, IRF9540N is chosen because of its
features such as fast switching speed and fully avalanched rated. By combining them, they perform as
cascaded multiple MOSFET array. Figure 4 mentions the Circuit Diagram for DC Sources.

2.6. Design Calculation of H-Bridge Inverter

The H-bridge inverter is used to switch the polarity of a voltage applied to a load. It is built
with four switches in which include PC817 optocouplers and IRF540 MOSFETS. The operation of the
H-bridge inverters is that when U12 and U10 are opened while U9 and U11 closing which is vice
versa. Multilevel output can be detected from each side of the H-bridge inverter unit. 12V input is
provided for each switch. Figure 5 shows the H-Bridge Inverter.

2.7. Design Calculation of the Gate Resistor of MOSFETS
For the upper side of H-bridge inverter,

R — Vee— Varep— Ver 3)
I¢
Selecting required values from the specifications of IRF540 MOSFET,
R— 1271776
50m
R = 86Q

Therefore, Ry and R1; are chosen as 100Q which is a standard value.
For the lower side of H-bridge Inverter,

R= (V_CC-V_CE)/I C

Selecting required values from the specifications of IRF540 MOSFET,
R= (12-6)/50m

R = 120Q
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Therefore, R13 and R15 are chosen as 100Q as standard value. Figure 6 illustrates the Gate Resistor

Design.
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Figure 4. Circuit Diagram for DC Sources

2.8. Design Calculation for Bootstrap Capacitance

I b I
2[2Qq+ -+ g+ b

Vee= V= Vis— Vinin
where, Qg = Gate charge of high-side FET
f = Frequency of operation
Iebs = Boostrap capacitor leakage current

Cmin =

{== & CUTFUT

(4)
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lgps = Maximum quiescent current

Qis = Level shift charge required per cycle

Vce = Logic section voltage source

V: = Forward voltage drop across the bootstrap diode

Vs = Voltage drop across the low-side FET or load

Vmin = Minimum voltage on the bootstrap capacitor
Selecting required values from the specifications of IRF540 MOSFET,
Assume Vmin = 7.5V (2V < Vgs < 20V)

2[2 x65n+ 228 4 55+ 220K

50k 50k ]
12-1.7-1.5-7.5

Conin = 0.22uF
Therefore, bootstrap capacitance value is chosen as 47F which is standard, just above
the calculated value and enough for the MOSFETS. Figure 7 demonstrates the Optocoupler

Circuit Connection.
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Figure 5. H-Bridge Inverter

2.9. Design Calculation and Software Implementation of PIC Controller

Figure.8 shows the PIC controller circuit which controls the switching steps of the H-
bridge multilevel inverter. First of all, the input 5V is given and then regulated by 78L05
positive voltage regulator. A controller used in the circuit is PIC 16F667 microcontroller with
20 pins because of its high-performance and efficient features. Figure 8 illustrates the PIC

Controller Connection Design.
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Figure 8. PIC Controller Connection Design

2.11. Simulation Result of the DC-DC Booster

Figure 9 shows the Waveform of DC-DC Converter. The output waveforms confirm that the
performance of the inverter design for reality.

Digital Oscilloscope n

| Channel C |

Position A ’Tl

Figure 9. Waveform of DC-DC Converter

2.12. Circuit Diagram of PIC Controller for Simulation

Figure.10 and 11 show the simulation output result of PIC controller used in this
system by generating the output wave form using the digital oscilloscope. All of those signals
represent each part of the H-bridge inverter respectively. Blue and yellow signals represent
the high sides of H-bridge and the remaining twos are for low sides of the inverter. By
performing this simulation, whether the PIC program is being written the required.
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Figure 11. Waveform of PIC Connection with 15 MLI

Figure 12 describes the test and result of the output generated from IRF9540N power
MOSFET while figure 1 shows the output waveform. The tests and results of 15-level cascaded H-
bridge multilevel converter for variable speed 5kW wind turbine is described. The whole circuit
diagram was drawn by using computer-aided software such as Proteus and PCB designer software.
The results of hardware testing are described by oscilloscope and measured with digital meter. Figure
14 shows the waveform of the generated AC voltage which has minimum harmonic distortion.
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Figure 14. Waveform of Final AC Output Voltage
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3. Conclusion

The proposed 15-level cascaded H-bridge multilevel converter is performed as the final
important part in the whole wind energy conversion to electricity system because the result is the
smoothened and ready-to-use AC voltage for the practical usages. The proposed system is constructed
with 6V DC voltage batteries, optocoupler npn, MOSFETSs, regulator, PIC controller and other
necessary electrical components. The input voltage is obtained from the power source battery bank and
then the multilevel MOSFET array and H-bridge inverter, which are controlled by the PIC
microcontroller, generated and converted the input DC voltage into the desired output of 15-level steps
AC voltage with the minimum harmonic distortion and electromagnetic interference noise. A basic
three units will be cascaded and obtained a 15-level MLI configuration was designed. Multilevel
converter is of lower harmonics and electromagnetic interference noises. Therefore, multilevel
converter is the most promising topology for the grid connection of large wind turbines, especially for
offshore wind turbines.
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