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Abstract— Nowadays fuel cell technology is the emerging 

and developing for power production. Fuel cell converts 

chemical energy into electrical energy until the chemical 

(fuel) is supplied. Fuel cell produces dc voltage only, that is 

continuous voltage over the time period and also its 

produces lower output power which is not sufficient for 

larger utility. So the lower output from the fuel cell is 

needed to be step up into larger value. This can be achieved 

by using boost converter which gives higher voltage level 

from lower value with the help of energy storing inductance. 

The boost converter output is only dc it’s not useful for ac 

load so, by using inverter the dc voltage have to be 

converted into ac voltage. In this thesis diode clamped 

multi-level inverter is introduced which is differ from 

conventional voltage source inverter. The multi-level 

inverter gives ac voltage in multi-step manner. Due to this 

the harmonic content in the output of inverter is reduced and 

higher fundamental output voltage is achieved. It is efficient 

way of using renewable energy for power production. 
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I. INTRODUCTION 

A fuel cell is a device that converts the chemical energy 

from a fuel into electricity through a chemical reaction with 

oxygen or another oxidizing agent. Hydrogen produced 

from the steam methane reforming of natural gas is the most 

common fuel, but for greater efficiency hydrocarbons can be 

used directly such as natural gas and alcohols like methanol. 

Fuel cells are different from batteries in that they require a 

continuous source of fuel and oxygen/air to sustain the 

chemical reaction whereas in a battery the chemicals present 

in the battery react with each other to generate an 

electromotive force (emf). Fuel cells can produce electricity 

continuously for as long as these inputs are supplied. The 

chemical reactions for the SOFC system can be expressed as 

follows: 

Anode Reaction: 

2H2 + 2O
2−

 → 2H2O + 4e
− 

Cathode Reaction: 

O2 + 4e
–
 → 2O

2− 

Overall Cell Reaction: 

2H2 + O2 → 2H2O 

The first references to hydrogen fuel cells appeared 

in 1838. In a letter dated October 1838 but published in the 

December 1838 edition of The London and Edinburgh 

Philosophical Magazine and Journal of Science, Welsh 

physicist and barrister William Grove wrote about the 

development of his first crude fuel cells. He used a 

combination of sheet iron, copper and porcelain plates, and a 

solution of sulphate of copper and dilutes acid. In a letter to 

the same publication written in December 1838 but 

published in June 1839, German physicist Christian 

Friedrich Schönbein discussed the first crude fuel cell that 

he had invented. His letter discussed current generated from 

hydrogen and oxygen dissolved in water Multilevel inverters 

have been widely used in medium and high voltage 

applications. The general function of the multilevel inverter 

is to synthesize a desired AC voltage from several levels of 

DC voltages. As the number of voltage levels increases the 

harmonic content decreases significantly. Different 

modulation techniques have been proposed to control the 

multilevel inverter. This thesis presents switching strategies 

for multilevel inverters, based on multi-carrier sinusoidal 

pulse width modulation technique (MC-SPWM).The study 

of sinusoidal pulse width modulation technique reveals that 

utilizes DC bus voltage more efficiently and generates less 

harmonic distortion, improves harmonic performance when 

compared with other PWM techniques. The main objective 

of this paper is to reduce total harmonic distortion. 

Multilevel inverters have been attracting wide 

industrial interest. They are considered an attractive 

alternative in order to reduce switch stress. The main 

characteristic of these converters is an output waveform 

with multiple voltage levels.In recent decades, an extensive 

array of multilevel structures has appeared for instance, the 

cascaded H-bridge, neutral point clamped, and flying 

capacitor.The Cascaded H-bridge multilevel inverter is a 

popular topology and has found widespread applications in 

industry, for instance, in high power medium-voltage drives 

and reactive power compensation. Most multilevel inverters 

have an arrangement of switches and capacitor voltage 

sources. 

By a proper control of the switching devices, these 

can generate stepped output voltages with low harmonic 

distortions. These multilevel inverters are widely used in 

manufacturing factories and acquired public recognition as 

one of the new power converter fields because they can 

overcome the disadvantages of traditional pulse width-

modulation (PWM) inverters. 

A Boost converter is a switch mode DC to DC 

converter in which the output voltage is greater than the 

input voltage. It is also called as step up converter. The 

name step up converter comes from the fact that analogous 

to step up transformer the input voltage is stepped up to a 

level greater than the input voltage. By law of conservation 

of energy the input power has to be equal to output power 

(assuming no losses in the circuit). 

Input Power (Pin) = output power (Pout) 

SinceVin<Vout in a boost converter, it follows then that the 

output current is less than the input current. Therefore in 

boost converter, Vin<Voutand Iin>Iout 
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Fig. 1: Boost converter 

The boost is a popular non-isolated power stage 

topology, sometimes called astep-up power stage. Power 

supply designers choose the boost power stage because the 

required output is always higher than the input voltage. The 

input current for a boost power stage is continuous, or non-

pulsating, because the output diode conducts only during a 

portion of the switching cycle. The output capacitor supplies 

the entire load current for the rest of the switching cycle. 

The basic principle of a Boost converter consists of 

two distinct states: In the On-state, the switch is closed, 

resulting in an increase in the inductor Current; In the Off-

state, the switch is open and the only path offered to 

inductor current is through the fly back diode D, the 

capacitor C and the load R. This result in transferring the 

energy accumulated during the On-state into the capacitor. 

The input current is the same as the inductor current So it is 

not discontinuous as in the buck converter and the 

requirements on the input filter are relaxed compared to a 

buck converter. 

II. TOPOLOGY OF THE MULTI-LEVEL INVERTER 

The multilevel voltage source inverter is recently applied in 

many industrial applications such as ac power supplies, 

static VAR compensators, drive systems, etc. One of the 

significant advantages of multilevel configuration is the 

harmonic reduction in the output waveform without 

increasing switching frequency or decreasing the inverter 

power output .The output voltage waveform of a multilevel 

inverter is composed of the number of levels of voltages, 

typically obtained from capacitor voltage sources. The so-

called multilevel starts from three levels. As the number of 

levels reach infinity, the output THD approaches zero. The 

number of the achievable voltage levels, however, is limited 

by voltage unbalance problems, voltage clamping 

requirement, circuit layout, and packaging constraints. IN 

RECENT YEARS, industry has begun to demand higher 

power equipment, which now reaches the megawatt level. 

Controlled ac drives in the megawatt range are usually 

connected to the medium-voltage network. Today, it is hard 

to connect a single power semiconductor switch directly to 

medium voltage grids (2.3, 3.3, 4.16, or 6.9 kV). For these 

reasons, a new family of multilevel inverters has emerged as 

the solution for working with higher voltage levels. 

Multilevel inverters include an array of power 

semiconductors and capacitor voltage sources, the output of 

which generate voltages with stepped waveforms. The 

commutation of the switches permits the addition of the 

capacitor voltages, which reach high voltage at the output, 

while the power semiconductors must withstand only 

reduced voltages.  

 
Fig. 2: Circuits of three-level and Five Level Inverter 

A. Diode-Clamped Inverter: 

A three-level diode-clamped inverter is shown in Fig 2. In 

this circuit, the dc-bus voltage is split into three levels by 

two series-connected bulk capacitors, C1 and C2. The 

middle point of the two capacitors n can be defined as the 

neutral point. The output voltage Van has three states: 

Vdc/2, 0,-Vdc/2 and. For voltage level Vdc/2 , switches S1 

and S2 need to be turned on; for -Vdc/2 , switches S1’and 

S2’ need to be turned on; and for the 0 level, S2 and S1’ 

need to be turned on. The key components that distinguish 

this circuit from a conventional two-level inverter are D1 

and D1’. These two diodes clamp the switch voltage to half 

the level of the dc-bus voltage. When bothS1 andS2 turn on, 

the voltage across a and 0 isVdc, i.e., Vao=Vdc. In this case, 

D1’ balances out the voltage sharing between S1’andS2’ 

withS1’ blocking the voltage across C1 and S1’ blocking the 

voltage across C2. Notice that output voltage Van is ac, and 

Vao is dc. The difference between Van and Vao is the 

voltage across C2, which is Vdc/2 . If the output is removed 

out between a and 0, then the circuit becomes a dc/dc 

converter, which has three output voltage levels: Vdc/2, 

Vdc, and 0. 

B. Multi Carrier PWM: 

Having more than two voltage levels to build a sinusoidal 

shape it is intuitive that we can have reduction of the current 

harmonics in the load. Nevertheless, the actual improvement 

of the current spectrum depends on the control technique 

employed.The most popular control technique for traditional 

inverters is the sinusoidal or “sub harmonic” natural pulse 

width modulation (PWM) method. Its popularity is due to its 

simplicity and to the good results it guarantees in all the 

operating conditions, including “over modulation,” which 

allows first harmonic. A complete analysis of both bipolar 

(for two-level inverters) and unipolar (for three-level 

inverters) methods has been widely. We now develop a 

analysis of the MCPWM method for multilevel inverters. 

We refer to the system outlined in the proposed multilevel 

generalization of the PWM method; we take as a starting 

point the unipolar technique. The idea we follow is to use 

several triangular carrier signals, keeping only one 
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modulating sinusoidal signal. If an N-level inverter is 

employed, N - 1 carrier will be needed. 

C. Continuous Conduction Mode: 

When switch in ON the diode will be open circuited since 

the n side of diode is at higher voltage compared to p side 

which is shorted to ground through the switch. Hence the 

boost converter can be redrawn as follows 

During this state the inductor charges and the 

inductor current increases. The current through the inductor 

is given as 

 
Assume that prior to the opening of switch the 

inductor current is I’L, off. Since the input voltage is constant 

 
Assume the switch is open for ton seconds which is 

given by D*Ts where D is duty cycle and Ts is switching 

time period. The current through the inductor at the end of 

switch on state is given as 

             (1) 

Hence ΔIL = (1/L)*Vin*D*Ts. 

 
Fig. 3: Waveforms of continuous mode operation 

D. Discontinuous Conduction Mode: 

When switch in OFF the diode will be short circuited and 

the boost converter circuit can be redrawn as follows 

The inductor now discharges through the diode and 

RC combination. Assume that prior to the closing of switch 

the inductor current is I’’L, off. The current through the 

inductor is given as      

 
Note the negative sign signifies that the inductor is 

discharging. Assume the switch is open for toff seconds 

which is given by (1-D)*Ts where D is duty cycle and Ts is 

switching time period. The current through the inductor at 

the end of switch off state is given as 

IL, off = – (1/L) *(Vin-Vout)*(1-D)*Ts + IL, off          (2) 

In steady state condition as the current through the 

inductor does not change abruptly, the current at the end of 

switch on state and the current at the end of switch off state 

should be equal. Also the currents at the start of switch off 

state should be equal to current at the end of switch on state. 

Hence 

IL, off =IL, on, alsoI’’L, off =IL, off 

Using the equations 1 and 2 we get 

(1/L) *Vin*D*Ts = – (1/L) *(Vin-Vout)*(1-D)*Ts 

Vin*D=- (Vin-Vout)*(1-D) 

Vin* (D-1+D) = Vout*(1-D) 

Vout/Vin = 1/ (1-D) 

Since D < 1 Vout> Vin. Assuming no losses in the 

circuit and applying the law of conservation of energy 

Vout*Iout = Vin*Iin 

This implies Iout/Iin = (1-D), Thus Iout< Iin. As the 

duty cycle increases the output voltage increases and output 

current decreases. But due to parasitic elements in the 

lumped elements resistor, inductor, capacitor the step up 

ratio Vout/Vin 

 
   Fig. 4: Waveforms of Discontinuous Mode Operation 

III. SIMULATION AND RESULTS 

A. Simulation Model of Fuel Cell: 

Proton exchange membrane fuel cell model is simulated by 

using MATLAB/SIMULINK software .The fuel (hydrogen, 

oxygen) is supplied to the fuel cell .fuel cell is designed for 

1.26kw power rating and nominal voltage is set  as 

24.31volts and 42 cells is made connected in parallel. The 

stack efficiency is maintained constant and also fuel cell 

temperature is maintained 55˚C .the output voltage 

waveforms shown are below. 

 
Fig. 5: Simulation Circuit of Fuel Cell 
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B. Fuel Cell Simulation Parameters: 

 Type: proton exchange membrane fuel cell 

 Anode: Hydrogen (H2) 

 Cathode : oxygen (O2) 

 power rating: 1.26 kw 

 Nominal voltage: 24.31volts 

 Nominal current: 52 amps 

 No. of cells: 42 

 Operating temperature: 55˚C 

 Composistion:H2 and  O2 

C. Output Waveforms: 

 
Fig. 6: Output voltage waveform. 

D. Simulation of Boost Converter: 

 Type: boost converter 

 Switch: MOSFET 

 Modulation technique:  square pulse 

 Pulse period: 50% 

 Inductance value: 80µH 

 Snubber capacitance: 1.68µF 

 
Fig. 7: Simulation circuit of boost converter 

 
Fig. 8: Pulse waveform for boost converter 

 
Fig. 9: Simulation Output of Boost Converter 

E. Simulation of Three-Level DMLI: 

 
Fig. 10: Simulation Circuit Diagram of 3-level DMLI 

F. Inverter Specification: 

 Switch: IGBT  

 load type: induction motor 

 Level: three  

 modulation technique: spwm 

 Type: diode clamped 

 No of switches:12 

 No of diodes: 6 

G. Three-Level Inverter Phase Voltages and Current 

Waveforms: 

 
Fig. 10: inverter current and phase voltage 
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H. Inverter Linevoltage: 

 
Fig. 11: Inverter Line Voltage 

I. Inverter Line Voltage Harmonic Septrum 

 
Fig. 12: FFT analysis of inverter line voltage 

 
Table 1: THD and fundamental line voltage for various 

modulation indexes 

J. Graphical Representation of Three-Level Inverter: 

1) Modulation Index Veruses THD: 

 
Fig. 13: Modulation Index Veruses THD 

K. Diode Clamped Multi-Level Inverter Fed Induction 

Motor Drive: 

 
Fig. 19: Speed Waveform of DMLI Fed Induction Motor 

1) Stator Line Current: 

 
Fig. 20: Induction Motor Stator Line Current 

2) Electromagnetic Torque: 

 
Fig. 20: Active and Reactive Power Waveforms of Induction 

Motor Drive 
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L. Inverter Voltage for Various Modulations Indexes and 

Its Harmonic Septrum: 

Dc input=580v; Carrier frequency=3000Hz; Reference 

frequency=50Hz 

 
Fig. 21: Inverter Voltage for Various Modulations Indexes 

and Its Harmonic Septrum 

1) For Modulation INDE: 

X=0.6 

Dc input=580v; Carrier frequency=3000Hz; 

Reference frequency=50Hz 

 
Fig. 22: Modulation INDE 

IV. CONCLUSION 

Thus the fuel cell based multilevel inverter is simulated 

using MATLAB software and the three level inverter output 

voltage is fed to induction motor drive and the induction 

motor parameters such as THD of stator current and stator 

voltage, active power and reactive power for various 

modulation index are analysed. Then THD is reduced to 

lower value for three level inverter and induction motor 

efficiency is improved. Fuel cell energy is converted to 

electrical energy efficiently. 
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