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ABSTRACT: Heat treatment is a metal working processes used to alter the physical and sometimes chemical properties 
of a material. It also involves the use of heating or cooling, normally to extreme temperatures, to achieve a desired 
results such as hardening or softening of a material. This technique includes annealing, case hardening, precipitation 
strengthening, tempering, normalizing and quenching. The heat depth is controlled by the system output frequency; 
Lower frequencies are suitable for the deeper heating while surface heating needs high frequencies. 15 level cascaded 
H-bridge multilevel inverter is used for heat treatment in steel industries because of output voltage levels with minimal 
harmonic distortion, usage of minimum number of components, low switching losses, eliminate the problems of equal 
voltage sharing for series connected devices by connecting H bridge power cells in cascade to produce high ac 
voltage.The results are verified both by hardware and software.  
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I.INTRODUCTION 
 

Cascaded H Bridge multi Level Inverter is one of the most important inverters nowadays. They can generate output 
voltages with extremely low distortion and lower order harmonics. They draw input current with very low distortion. In 
addition, using sophisticated modulation types of methods, CM voltages can be eliminated. They can operate with a 
less switching frequency. In this topology Cascaded H-Bridge fifteen level Inverter is used. Cascaded H-bridge 
multilevel converters have been applied where high power and power quality are essential, for example, static 
synchronous compensators active filter and reactive power compensation applications, photo voltaic power conversion, 
uninterruptable power supplies, and magnetic resonance imaging. The number of phase voltage levels at the converter 
terminals is 2N+1, where N is the number of cells or dc link voltages. In this type of inverter the diode and the 
capacitors are eliminated and DC sources or voltage cells are connected across each H-Bridge cells. So the pre charging 
of the capacitor problem is eliminated and the voltage balancing problem also eliminated. It is composed of multiple 
units of single-phase H bridge power cells. The cascaded H bridge multilevel inverter requires a number of isolated dc 
supplies, each of which feeds a H-bridge power cell. 
 

II. MULTILEVEL INVERTER 
 

In general, increasing the switching frequency in voltage source inverters (VSI) leads to the better output voltage / 
current waveforms. Harmonic reduction in controlling a VSI with variable amplitude and frequency of the output 
voltage is of importance and thus the conventional inverters which are referred to as two-level inverters have required 
increased switching frequency along with various PWM switching strategies. In the case of high power / high voltage 
applications, however, the two-level inverters have some limitations to operate at high frequency mainly due to 
switching losses and constriction of device rating itself. Moreover, the semiconductor switching devices should be used 
in such a manner as problematic series / parallel combinations to obtain capability of handling high power. Nowadays 
the use of multilevel approach is believed to be promising alternative in such a very high power conversion processing 
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system. Multi-level inverters are the modification of basic bridge inverters. They are normally connected in series to 
form stacks of level. 

A multilevel inverter can be defined as a device that is capable to produce a stepped waveform. The 
generalized stepped waveform is shown in figure 1. 

 
 
 
 
 
 

 
 
 
 
 
 

Fig.1 Generalized stepped waveform 
 

III. CASCADED MULTILEVEL INVERTER  
 

The modularity of this structure allows easier maintenance and provides a very convenient way to add redundancy into 
the system. The multilevel inverter using cascaded-inverter with separate DC sources synthesizes a desired voltage 
from several independent sources of dc voltages, which may be obtained from batteries, fuel cells, or solar cells. This 
configuration recently becomes very popular in ac power supply and adjustable speed drive applications. This new 
inverter can avoid extra clamping diodes or voltage balancing capacitors.  
Multilevel converters are increasingly being considered for high power applications because of their ability to operate 
at higher output voltages while producing lower levels of harmonic components in the switched output voltages. Two 
well known multilevel converter topologies are the Neutral Point Clamped (NPC) Inverter and cascaded inverters. To 
operate a cascade multilevel inverter using a single DC source, it is proposed to use capacitors as the DC sources for all 
but the first source. Consider a simple cascade multilevel inverter with two H-bridges as shown in Fig.2 Single-phase 
structure of a multilevel cascaded H-bridges inverter. 
 
 
 
 
 
                                       
 
                         
 
 
 
 
 

Fig.2 Single-phase structure of a multilevel cascaded H-bridges inverter 
 
The DC source for the first H-bridge (H1) is a DC power source with an output voltage of Vdc, while the DC source for 
the second H-bridge (H2) is a capacitor voltage to be held at Vdc /2. The output voltage of the first H-bridge is denoted 
by v1 and the output of the second H-bridge is denoted by v2 so that the output of this two DC source cascade 
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multilevel inverter is v(t)=v1(t)+v2(t) By opening and closing the switches of H1 appropriately, the output voltage v1 
can be made equal to - Vdc , 0, or Vdc while the output voltage of H2 can be made equal to - Vdc/2, 0, or Vdc/2 by 
opening and closing its switches appropriately. 
The NPC inverter uses a series string of capacitors to subdivide a single high voltage DC bus into the required number 
of voltage levels, and each phase leg output can be switched to any one of these levels. In comparison the Cascaded 
inverter uses the series connection of a number of full bridge inverters to construct each multilevel phase leg. The main 
disadvantage of this topology is that each full bridge inverter requires its own isolated DC supply, which is generally 
achieved using a multi winding low frequency transformer or high frequency DC to DC converters. The need for these 
DC supplies has generally restricted the use of Cascaded inverters to the high power range of operation where several 
output voltage levels are needed and the Neutral Point Voltage balancing problem for a NPC inverter complicates the 
use of that structure. A further attraction of the Cascaded inverter is that the control and protection requirements of each 
bridge are modular. 
More recently, a new inverter topology (derived from the Cascaded structure) called the Hybrid inverter has been 
proposed, where the cascaded series inverters have different internal DC bus voltages, use different switching devices 
(IGCT’s and IGBT’s) and are modulated quite differently. 
 

IV.PROPOSED SYSTEM 
 

The proposed system is a solar powered high power three phase 15 level inverter for heat treatment in steel industries. 
The 15 level inverter requires three phase DC input fed from the solar panel. The elementary concept of a multilevel 
inverter to achieve higher power is to use a series of power semiconductor switches with several lower voltage dc 
sources to perform the power conversion by synthesizing a staircase voltage waveform. The commutation of the power 
switches aggregate these multiple dc sources in order to achieve high voltage at output. This power electronic circuit 
requires a gate pulse for functioning. However, the rated voltage of the power semiconductor switches depends only 
upon the rating of dc voltage sources to which they are connected. Three phase H-bridge multilevel inverter is like 
three single phase inverter and three H-bridge inverter are connected together. Therefore the maximum number of line 
voltage is 2m+1, where m is a number of phases.    
The proposed block diagram is a solar powered cascaded 15 level H bridge inverter used for heat treatment in steel 
industries. DC supply is taken from the solar panel through Maximum Power Point Tracking (MPPT) charge controller. 
This battery provides the DC supply for the cascaded multilevel inverter. And the output from the H bridge inverter is 
fed to the load that is the heat treatment of the steel. 
 

 
                                     Fig.3 Proposed block diagram. 
 

A. PROPOSED CIRCUIT DIAGRAM 
The solar panel output is connected to a DC converter. The gate pulse for the controller operates the converter 

circuit to track the maximum power. This DC output obtained is constant and is given as an input to the three phase 15 
level cascaded multilevel inverter. The solar PV produces electricity from the Sun and this output is given to the MPPT 
terminals. The MPPT ensures that the battery is not overcharged and the voltage is regulated perfectly. The battery is 
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charged with the MPPT. This circuit contains 36 number of switches. These switches are connected in H bridge shape. 
Each H bridge cell may have positive, negative or zero voltage. Final output voltage is the sum of all H-bridge cell 
voltages and is symmetric with respect to neutral point, so the number of voltage levels is odd. The cascaded H-bridges 
multi level inverter introduces the idea of using Separate DC Sources (SDCSs) to produce an AC voltage waveform. 
Each H-bridge inverter is connected to its own DC source Vdc. By cascading the AC outputs of each H-bridge inverter, 
an AC voltage waveform is produced. By closing the appropriate switches, each H-bridge inverter can produce three 
different voltages: Vdc, 0 and -Vdc. It is also possible to modularize circuit layout and packaging because each level 
has the same structure, and there are no extra clamping diodes or voltage balancing capacitors. Circuit consist of 36 
number of switches, separate dc sources for each H bridges and the output is given to the load. 

 
Fig.4  Proposed circuit diagram 

 
Each H-bridge inverter is connected to its own DC source Vdc. By cascading the AC outputs of each H-bridge inverter, 
an AC voltage waveform is produced. By closing the appropriate switches, each H-bridge inverter can produce three 
different voltages: Vdc, 0 and -Vdc. It is also possible to modularize circuit layout and packaging because each level 
has the same structure, and there are no extra clamping diodes or voltage balancing capacitors. The number of switches 
is reduced using the new topology. Circuit consist of 12 number of switches, separate dc sources for each H bridges 
and the output is given to the load. The working of this CHBMLI is operated in different modes. Mainly 8 modes of 
operation only for the positive half cycle and eight modes of operation for the negative half cycle. Here shows the eight 
modes in the positive half cycle alone. The three voltage sources has three different low level voltages 
V1,V2,V3.These three voltages passes through the cascaded H bridge MLI. So the output will have fifteen voltage 
levels. ie –Vdc/7, -2Vdc/7, -3Vdc/7, -4Vdc/7, -5Vdc/7, -6Vdc/7, - Vdc, 0 , Vdc/7, 2Vdc/7, 3Vdc/7, 4Vdc/7, 5Vdc/7, 
6Vdc/7, Vdc Because each H bridges can produce three different voltage levels. Here these three voltages passes 
through the CHBMLI and produces fifteen level voltage as output. Only 12 numbers of switches are used and no need 
of diodes and capacitors. So the voltage balancing problem and pre charging of capacitor problem all are eliminated. 
The switching losses and power losses also reduced. Voltage stress to a particular switch can also be eliminated.  
 

V.SIMULATION RESULTS 
 

Simulation is required for an accurate depiction of the reality. Anyone can perform a simple analysis manually. 
However, as the complexity of the analysis increases, so does the need to employ computer-based tools. While 
spreadsheets can perform many calculations to help determine the operational status of simple systems, they use 
averages to represent schedules, activity times, and resource availability. This does not allow them to accurately reflect 
the randomness and interdependence present in reality with resources and other system elements. Simulation, however, 
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does take into account the randomness and interdependence which characterize the behavior of your real-life business 
environment. Using simulation, one can include randomness through properly identified probability distributions taken 
directly from study data. For example, while the time needed to perform an assembly may average 10 minutes, special 
orders may take as many as 45 minutes to complete. A spreadsheet forces the use of average time, and will not be able 
to accurately capture the variability that exists in reality. Simulation also allows interdependence through arrival and 
service events, and tracks them individually. 
The simulation models are obtained for various parts of the proposed system. Solar PV, MPPT converter, three phase 
inverter (Using Trapezoidal PWM, Sinusoidal PWM and Space Vector PWM) and the motor load are simulated in 
MATLAB and the results are analyzed. 
 
A. VOLTAGE OUTPUT: 

For the 15 level cascaded H-bridge multilevel inverter the simulated output voltage result is as follows 

 
Fig.5 voltage output 

B.VOLTAGE HARMONICS 
The FFT analysis for the multilevel inverter (15) is done and the total harmonic distortion lies below 9% with the 

fundamental frequency 1143 at 50Hz. Thus the voltage harmonics is calculated by the simulation and represented in the below 
figure. 
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Fig.6 Voltage harmonics 

 
 
C. CURRENT OUTPUT: 

The simulated current output for the multilevel cascaded inverter is as follows. 

 
Fig.7 Current output 
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D.CURRENT HARMONICS 
The FFT analysis is done and the current harmonics are determined by the simulation of 15 level cascaded multilevel 

inverter. And the current harmonics are represented below in a graph where the fundamental frequency 1140 at 50Hz and the 
total harmonics lies below 2%. 

 

 
Fig.8.Current harmonics 

 
E.SIMULATION RESULT OF 15 LEVEL INVERTER 
 

 
Fig.9 Simulation Result of Fifteen Level Inverter 
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VI.HARDWARE RESULTS 
 

The nine level multilevel inverter prototype model is shown in fig.10 
 

 
Fig.10 Prototype model 

 
A.HARDWARE OUTPUT 

When switches (S3, S4) are ON the output voltage is as shown in fig.11 which is similar to the output of (S7, 
S8). 

 
Fig.11 Switching states of (S3, S4). 

 
When switches (S1, S2) are ON, the output is as follows shown in fig.12 and it is similar to the switches (S5, 

S6). 
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Fig.12 switching states of (S1, S2) 

 
VII.CONCLUSION 

 
This paper gives us the clear idea on the 15 level Cascaded H-Bridge multilevel inverter used for heat treatment in steel 
industries. It is observed from the output that the Total Harmonic Distortion (THD) is found to be least in the multilevel 
inverter. Thus the most efficient inverter for heat treatment that produces minimum harmonic distortion. The solar PV 
is also studied and is found to serve as an efficient source of power. Cascaded H-Bridge inverter finds its application in 
the steel industries for heat treatment. The hardware model built is found to be efficient in its application since its result 
did not deviate much from that of the simulation.  
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