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Multilevel inverters (MLIs) have been proposed for the purpose of increase power level
and to improve the power factor and total harmonic distortion (THD) in comparison with
conventional two-level inverters. This technological advancement helps to achieve high
performance and low cost, transformer less multi-level inverters which may commonly ex-
ploited in grid tied Photovoltaic (PV) generating systems. The application areas of MLIs
are residential use in uninterruptible power supplies (UPSs); All these applications require
increased reliability in terms of lower switching losses, increased power factor, and low
total harmonic distortion (THD) for ensuring robust and smooth operation. Selection of
control strategy for MLIs is one of the important aspects while designing of MLI. SPWM
(Sinusoidal pulse width modulation) technique has been selected and same is used in the
proposed transformer less switch capacitor based MLIs. SPWM which is based on compar-
ing the modulating and carrier signal for generating the switching pulses, is the funda-
mental switching and control strategy generally used in MLI control. The PWM method
used to control the switching sequences of inverters is directly responsible for controlling
the output waveforms of current and voltage, while defining the efficiency of the inverter
by managingthe switching losses and THD ratios. This paper proposes high efficient nine
level, eleven level, thirteen level fifteen level switched capacitor-based inverter. Further
total harmonic distortion for each level has been calculated using MATLAB simulation and
the value observed for the same is compared for each level of MLL
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1 Introduction

The paper is based on single phase switched capacitor based multi-level inverter
topologies which is being used for Photovoltaic (PV) applications for domestic usage.
The proposed topology is able to mitigate the leakage current and facilitating
continuous Grid frequency voltage. It does not have transformer which is being used
for galvanic isolation between load and source. Hence it is more cost effective, efficient
and not bulky is in size.The control strategies used is based on sinusoidal PWM
(SPWM). A distinctive aspect of MLI 100% DC bus utilization is achieved. In this
proposed paper nine level, eleven level, thirteen level and fifteen level inverter have
been designed using power electronic MOSFET switches for higher frequency
application. Simulation is done using MATLAB 2021a and Total Harmonic Distortion
(THD) is measured for all the above level Multi level Inverter.

Transformer less multilevel inverters are attracting lot of popularity, especially for
solar PV application. this is because the elimination of transformer, which is bulky
component, leads toreduction of the size, wight and cost of the system. Apart from this
transformer less system improves the system efficiency as transformer contributes to
significant amount of copper and Iron loss. Existing system has used 5 level Inverter
where 06 no power electronics switches are being used in H8 topologies. The existing
circuit as per reference paper is also simulated using MATLAB and THD for the same
has been measured for taking reference. Power electronic switch IGBT was used in
existing system and one of the drawbacks is TSC5LI topology can not be upgraded to
for higher level.

2, Matlab Simulation Circuit of Existing System
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Fig. 1: Circuit diagram of existing system
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3. Proposed System

The proposed Nine level inverter comprises of seven power electronic switch
MOSFET. Four switches are connected in H bridge configuration and three switches
are connected for level generation. R or R-Lload is connected parallel to the H —
bridge and input DC voltage is connected to the series of level generation. The inverter
utilizes the operation in nine exchanging/ switching states constituted by the SPWM
system. The proposed inverter is being simulated using MATLAB.

3.1 Control Strategies For Proposed Multilevel Inverter

3.1.1 Sinusoidal Pulse Width Modulation (SPWM): The most widely used
fundamental switching frequency methods are selective harmonic elimination PWM
(SHE-PWM), space vector PWM (SVM), angle calculation, and nearest level control
methods. While SHE-PWM and SVM are used in high-frequency switching, sinusoidal
PWM (SPWM) is another widely used method in this category. The carrier-based PWM
methods are operated in open loop without any feedback signal or in closed-loop
current control, where the load current is used as triggering feedback in the modulator.
This is the most commonly used method for inverter application. A carrier wave is
compared with Sine wave of operating frequency for generating the SPWM signal.

3.1.2 Multi level Inverter Operational Parameter: Multi-level inverter attracts
industry due to its low cost, easy to deigned, flexible power level. One of the operational
parameters Of MLI is Total Harmonic Distortion (THD). As The level of MLI increases
the no of switch also increases which further enhances the switching losses. On the
other hand, increasing level increases the power and decreases the Total Harmonic
Distortion (THD).

3.1.3 Total Harmonic Distortion (THD): The total harmonic distortion is a
common measure of signal harmonic level causing distortion at voltage or current
level. It is referred as the ratio of total harmonics to that value at the fundamental
frequency. It is usually given in percentage.
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4. Proposed Block Diagram for Nine Level Inverter
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Fig.2: Block diagram of proposed nine level inverter

5. Matlab Simulation Circuit Diagram for Proposed Nine Level
Inverter
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Fig.3: Circuit Diagram of Nine Level Inverter
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6 Output Voltage Waveform of Proposed Nine Level Inverter
with R & R-L Load

The output voltage wave form of proposed nine level with R and R-Lload is illustrated
in fig.4 below.

Fig. 4: Output voltage waveform of Nine Level Inverter
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7. Control Strategy Closed Loop SPWM Used for Proposed

Inverter
The control strategy used for proposed inverter is given in fig. 5 below
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Fig.5: Control Circuit for generation of Gate pulse for Power Electronics Switch

MOSFET

8. Control Strategy Subsystem

The control strategy subsytem is given below fig.6
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Fig. 6 :Control Circuit for Subsystem for Gate pulse for Power Electronics Switch
MOSFET
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8.1 Switching States: Switching states of proposed inverter is described in table
cited below for generation PWM signal.

Table. 1: Switching states of proposed nine level inverter

Vo S1 S2 S3 Sq S5 S6 S7
4V 1 0 0 1 0 0 0
3V 0 0 0 1 1 0 0
2V 0 0 0 1 0 1 0
\% 0 0 0 1 0 0 1
0 1 0 1 1 0 0 0
0 0 1 0 0 0 0 0
-V 0 1 0 0 1 0 0
-2V 0 1 0 0 0 1 0
-3V 0 1 0 0 0 0 1
-4V 0 1 1 0 0 0 0

8.2 Generation of Switching Pulse
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8.3 Generation of Pulses from Subsystem
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8.4 Simulation Circuit Diagram of Proposed Eleven Level Inverter

The circuit diagram of proposed eleven level inverter is illustrated in fig.7 below
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Fig. 7 :Circuit Diagram of Eleven level Inverter

8.5Proposed 11 Level Inverter: The propose model has total eight power
electronics switch MOSFET. The proposed model can be utilized for 11, 13 & 15 level to
generate AC waveform close to sine wave.

8.6 Control Strategy: Similar Control strategy like nine level inverter is being used
for eleven level, thirteen level and fifteen level inverters.

8.7 Output Voltage Waveform for Proposed Eleven Level Inverter with R
& R-L Load

The output voltage waveforms of proposed eleven level inverter for R and R-L load are
given below.
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inverter voltage
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Fig. 8: Output Voltage waveform of eleven level Inverter

8.8 Switching States: Switching states of proposed eleven level inverter is described
in table cited below for generation PWM signal.

Table. 2: Switching states of proposed eleven level inverter

Vo S1 S2 S3 S4 S5 S6 S~ S8
\% (4] 1) (1) 1 1 o (1) o
2V 0 o o 1 0 1 0 0
3V 0 o o 1 0 0 1 0
4V 0 0 0o 1 0 0 0 1
5V 1 0o 0o 1 0 0 0 0
4V 0 o o 1 0 0 0 1
3V 0 0 0 1 0 0 1 0
2V 0 o o 1 0 1 0 0
\Y% (o) o o 1 1 0 0 0
0 0 0 1 1 0 0] 0 0]
-V 0 1 o 0 0 0 0 1
-2V 0 1 o 0 0 0 1 0
-3V 0 1 0o 0 0 1 0 0
-4V 0 1 0o 0 1 0 0 0
-5V 0 1 1 o |0 0 0 0
-4V 0 1 o 0 1 0 0 (0]
-3V 0 1 0o 0 0 1 0 0
-2V 0 1 o 0 o 0] 1 o
-V 0 1 o o] 0] o] 0] 1
0 o] 0 1 1 0 0] 0 0
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8.9 Simulation Circuit Diagram Thirteen Level Inverter
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Fig.9: Circuit Diagram of thirteen level Inverter

8.10 Output Voltage Waveform with R and R-L Load

inverter voltage:
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inverter voltage
T

Fig. 10: Output Voltage waveform of thirteen level inverter

The proposed thirteen level inverter has nine power electronics switches. Four are
connected in H- bridge and remaining five are being used for level generation. Similar
closed loop SPWM control strategy like nine level is being used for generation of SPWM
pulses.

8.11 Switching States: Switching states of proposed thirteen level inverter is
described in table cited below for generation PWM signal

Table. 3: Switching states of proposed thirteen level inverter

Vo S1 S2 S3 S4q S5 S6 S~ S8 So
6V 1 o o 1 o o o o o
5V 0 0 0 1 o 0] o 0 1
4V 0 0 0 1 o 0] o 1 0
3V 0 0 0 1 0 0 1 0 0
2V 0 0 0 1 o 1 o 0 0]
\% 0 0 0 1 1 0] o 0 0]
o] 0 0 1 1 0 o] 0 0 0
0 0 0 1 1 0 0] 0 0 0
-V 0 1 0 o o 0] o 0 1
-2V 0 1 0 (o} o 0] o 1 0]
-3V 0 1 0 0 0o 0 1 0 0]
-4V 0 1 0 0 1 0] 0 0 0
-5V 0 1 0 0 1 0 0 0 0
-6V 0] 1 1 0 0] 0] 0] 0] 0]
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9. Simulation Diagram of Proposed Fifteen Level Inverter

It comprises of ten power electronic switch MOSFET as shown in fig. 11. Four are
connected in H- bridge and six are connected for level generation. Similar closed loop
SPWM technique is being used for generation of SPWM pulses.

Fig.11 :Circuit Diagram of Fifteen Level Inverter
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Output Voltage Waveform of Fifteen Level Inverter with R and R-L Load

inverter voltage

Fig. 12: Output voltage waveform of Fifteen Level Inverter
11. Switching States

Switching states of proposed thirteen level inverter is described in table cited below
for generation PWM signal

Table 4: Switching states of proposed fifteen level inverter

Vo S1 S2 S3 S4 S5 Sé6 S7 S8 So S10
7V 1 0 0 1 0 0 0 0 0 0
6V 0 0 0 1 (o} o 0 0 o 1
5V 0 0 0 1 (o} (o} 0 0 1 0
4V 0 0 0 1 (o} (o} 0 1 (o} 0
3V 0 0 0 1 0 0 1 0 0 0
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2V

-2V
- 3V
-4V
- 5V
-6V
-7V

Component Used During MATLAB Simulation

12.

Table. 5: Value of component used during simulation
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Kd=o0
15 50 10 100 1 24 220 10 Kp=10
level o o
Ki=20
o
Kd=o0

13. Results / Analysis

The analysis is carried out based on the simulation results observed in nine, eleven,
thirteen and fifteen level inverter. The THD are measured for each level both for R and
R-Lload and analysis of all the multilevel inverter is carried out.

(i) Comparison of THD Amongst Nine, Eleven, Thirteen and Fifteen Level

Inverter
Table. 6: Comparison of THD
Sr Level of | THD THD with =« Remarks
No | MLI measured Filter measured
Using Using MATLAB
MATLAB Simulink
Simulink
1 Nine level Current:3.686 Current: 0.508 In comparison with
Voltage:17.81 Voltage:1.483 5 level Inverter, The
Total Harmonic
level is decreasing
2 Eleven Current:3.314 Current: 0.543 Harmonic
level Voltage:15.66 Voltage:1.571 Decreasing
3 Thirteen Current: Current: 0.516 Harmonic
Level 3.034 Voltage:1.504 Decreasing
Voltage:14.29
4 Fifteen Current :3.13 Current:0.22 Harmonic
Level Voltage :13.26 Voltage :0.22 Decreasing
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14.Conclusions

A new switched-mode multilevel inverter, which is derived from conventional
multilevel inverter, has been introduced. The proposed model of nine, eleven, thirteen
and fifteen level inverter are designed for better efficiency and performance using
MATLAB 2021a Simulink. The proposed multilevel inverters are transformer less, so
the losses due iron & copper losses are restricted. The Total Harmonic Distortion for
each level was measured and compared with next level both for R and R-Lload. Control
strategy, SPWM is being used for proposed multilevel inverter. Further, close loop
control strategy has been used for better performance and to mitigate the harmonics.
PID controller with gain (vizKp =100, Ki = 200 &Kd=0) is also used in closed loop
control circuit for calculating present, past and future error and accordingly amplify
the error signal. Apart from this, THD value of all the above multilevel inverter are
measured based on R, R-L Load at the output of the inverter. The observed values
during simulation are tabulated below for reference. It is concluded that as level of
MLI is increased, the THD is decreased accordingly.

Table. 7: Comparison of THD

Sr Level THD THD THD with Final
No | of MLI measured measured Filter (R-L | results
Using Using load)
MATLAB MATLAB measured
Simulink Simulink with | Using
with R load R-Lload MATLAB
Simulink
1 Nine Current:18.75 Current:3.686 Current: Decreasing
level Voltage:18.75 Voltage:17.81 | 0.508 as Compared
Voltage:1.483 | to Five level.
2 Eleven Current:16.45 Current:3.314 Current: Deceasing
level Voltage:16.45 Voltage:15.66 | 0.543
Voltage:1.571
3 Thirteen Current:15.78 Current: Current: Decreasing
Level Voltage:15.78 | 3.034 0.516
Voltage:14.29 Voltage:1.504
4 Fifteen Current:14.17 Current :3.13 Current:0.22 Decreasing
Level Voltage:14.17 Voltage :13.26 Voltage :0.22
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Fig 13: THD Vs level of MLI for R, R-L load & with filter

15.Discussions

This paper is to provide technical information in details regarding circuit design of
TSCMLI viz. g level, 11 level, 13 level and 15 level, control strategy namely closed loop
SPWM used for generating various level and how it works to generate level with the
help of proper feedback from output current of respective MLI. Moreover, THD w.r.t
‘R’ and ‘RL’ load have been calculated for all respective MLI and same was compared.
Further, THD value has also been calculated for all level of inverter by connecting C-L-
C filter before the loadresulting which improve the THD.

This paper is also encouraged for the scope of future study on aspects likepower quality,
power factor and reactive power for MLI.
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