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Abstract

An asymmetrical type of multilevel inverter for generating 21 voltage levels has been proposed in this
paper. An asymmetrical multilevel inverter topology with PWM techniques using microcontroller with driver
circuit and each panel of conventional PV voltage source added with multilevel inverter structure by
additional switch and voltage source to obtain high voltage level. The objective of this project is to enhance
the voltage level at the output with reduced number of switches. To improve the output voltage level.
The advantage of proposed topology is to reduce the circuit complexity and also reduced numbers of switches,
gate driver circuits, lower EMI and less Harmonic distortion in the inverter output voltage. The converter
topology uses the midpoint voltage of the dc link to provide two more output voltage levels, decreasing
switching power losses and EMI. The performance results of proposed 21-Level Asymmetrical multilevel
Inverter are shown using MATLAB/SIMULINK software. The conventional control methods are mainly
restricted to the direct and indirect control of the inverter.
Keywords: Asymmetrical model, Multilevel inverter, Pulse width modulation, Photovoltaic cell.

Introduction

Large electric drives and utility applications ue@ advanced power electronics converter to
meet the high power demands. As a result, multilpgerer converter structure has been introduced
as an alternative in high power and medium voltsiggations. A multilevel converter not only
achieves high power ratings, but also improvespidormance of the whole system in terms of
harmonics, dv/dt stresses, and stresses in thingeaf a motor. Referring to the literature review
the multilevel inverter (MI) with separated DC soes is clearly the most feasible topology for use
as a power converter for medium & high power agpions due to their modularization and
extensibility. As a preliminary study the thesisexned and compared the most common multilevel
topologies found in the published literature. Stgrfrom the essential requirements, the

Different approaches to the construction of meMl inverter are explained and compared. In
particular, aspects of total harmonic distortiorHX) and modulation which are required or
desirable for multilevel converters are discusdedwer electronic converters, especially dc/ac
PWM inverters have been extending their range efinsindustry because they provide reduced
energy consumption, better system efficiency, impdoquality of product, good maintenance, and
so on. For a medium voltage grid, it is troublesammeconnect only one power semiconductor
switches directly. As a result, a multilevel powsmverter structure has been introduced as an
alternative in high power and medium voltage situest such as laminators, mills, conveyors,
pumps, fans, blowers, compressors, and so on.obstaeffective solution, multilevel converter not
only achieves high power ratings, but also enathiesuse of low power application in renewable
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energy sources such as photovoltaic, wind, and ¢edé which can be easily interfaced to a
multilevel converter system for a high power apgtiion.

The most common initial application of multilevebnverters has been in traction, both in
locomotives and track-side static converters [4brdrecent applications have been for power
system converters for VAR compensation and stgtdlithancement [5], active filtering [6], high-
voltage motor drive [3], high-voltage dc transmiss{7], and most recently for medium voltage
induction motor variable speed drives [8]. Many tileNel converter applications focus on
industrial medium-voltage motor drives [3, 9], milinterface for renewable energy systems [10],
flexible AC transmission system (FACTS) [11], amdction drive systems [12]. The inverters in
such application areas as stated above shouldledmbandle high voltage and large power. For
this reason, two-level high-voltage and large-powererters have been designed with series
connection of switching power devices such as matiegl gate bipolar transistors(IGBTs), because
the series connection allows reaching much higldtages. Howeverthe series connection of
switching power devices has big problems [I8mely, non equal distribution of applied device
voltage across series-connected devices that m&g the applied voltage of individual devices
much higher than blocking voltage of the devicesirdu transient and steady-state switching
operation of devices. As alternatives to effectiveblve the above-mentioned problems, several
circuit topologies of multilevel inverter and comtgx have been researched and utilized. The output
voltage of the multilevel inverter has many lev@lsthesized from several DC voltage sources. The
guality of the output voltage is improved as thenber of voltage levels increases, so the quantity
of output filters can be decreased. The concephufilevel converters has been introduced since
1975. The multilevel inverter was first proposed1i@75 [14]. Subsequently, several multilevel
converter topologies have been developed [16]. cdigilh the multilevel inverter was invented
earlier, its application did not prevail until thmid. The advantages of asymmetric multilevel
inverters were prominent for motor drives and tytiipplications. The 21 inverter has drawn great
interest due to the great demand of medium-voltagk-power inverters. The 21 level inverter is
also used in regenerative-type motor drive appboat[20, 21]. Recently, some new topologies of
multilevel inverters have emerged.

Multilevel Inverter

In Proposed system, twenty one level inverter alatained from less number of switches has
been implemented in existing system. This unit poed a staircase waveform with positive
polarity. It is connected to a single phase fuidge converter, which particularly alternates the
input voltage polarity and provides positive or aiidge staircase waveform at the outgitoposed
System consists of 4 solar panel of renewable Bnsogrces and twelve switches of Multilevel
Inverter and H-Bridge inverter. The gate signale @rovided by proper switching (coding)
sequences using PWM logic embedded MATLAB functidoltage and current rating of the
switches play an important role in inverters.

In this topology, current through all the switchee equal with the rated load current. This
converter architecture, known as the H6 bridge, ariginally developed in [22], in combination
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with a suitable PWM strategy, in order to keep tamsthe output common-mode voltage in case of
a transformer less inverter for photovoltaic apgimns. With the same purpose, another PWM
strategy for the H6 bridge was developed in [23] f4]. In this paper, this converter structure is
used to obtain a twenty one -level grid-connectmwverter for single-phase applications. In steady-
state conditions, due to the low voltage drop acthe inductanck of the output filter, the output
voltage of the converter has a fundamental compownery close to the grid voltage. The
frequencies of these two voltages are identicakredis the amplitude and their phase displacement
are only slightly different. Depending on the matidn index value, the power converter will be
driven by different PWM strategies and the outpoltage levels of the power converter will be
different. The comparison of multilevel inverterdaconventional inverter as shown in Table 1.In
each solar panel has two switches and which opethte positive semi period and negative semi
period the switched transistors such as Tlis ON Bads OFF. In T3 is ON and T4 is OFF
commutates at the switching frequency. In finalye tswitching of the transistor of multilevel
inverter generate either only positive or negatieeod of 21 level output voltage. Each inverter is
able to generate three output voltage levels IXdct -Vdc and 0.

Phase voltage (m) = 2n+1

the output signals is given to the H-Bridge ingerand which is operated also ON and OFF
operation like inverter which produce proper pesitand negative period of 21 level inverter of
output voltage and also generate the load voltagel@ad current which is produced by using RL
load. The gate a signal of switches takes from elohbg MATLAB with PWM is used.

Table: 1 Comparison of Conventional Inverter and Multileve Inverter

Conventional Inverter Multilevel Inverter
Higher THD in output voltage Low THD in output vafe
More switching stresses on devices Reduced swidtiesses on devices
Not applicable for high voltage applications  Applite for high voltage applications
Higher voltage levels are not produced Higher g#tkevels are produced
Since dv/dt is high and the EMI from systep8ince dv/dt is low and the EMI from system is
is high low
Higher switching frequency is used and Low switching frequency can be used and hengce
hence switching losses is high reduced switching losses

Asymmetrical Multilevel | nverter

This proposed system presents a new topology tflewel inverter which uses less number of
switching devices(twelve switches).In level invertesed only eight switches(S1,S2....... S8) are
operated at ON and OFF operation and to generdye2dnlevel of positive output voltage. Then
another four switches (S9, S10....S12) are usddtBridge inverter and it finally produces proper
21 level output voltage. In proposed system of @&l inverter with reduced number of switches
using PV source is shown in fig 1. It exhibits sevattractive features such as less components,
simple circuit, and modular structure. In proposextk, a method is used to compute the switching
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angles for a multilevel converter. Harmonic anaysidone on twenty one levels by using capacitor
based cross switched multilevel inverter. The psego circuit generates a high-quality output
voltage waveform and harmonic components of outpliage are low.

51
i TET
2 =y _JHSZ
i —
=Y s
vz TEL 3
> =iz J:%
" —
= @
Pva TET
S ==c3 Jh-ﬁb
- -
— Jtsm _JES”
P _TET |
.tl,:ﬂ;q J':_f'”

Fig.1: Asymmetrical H-Bridge Multilevel Inverter

A. Solar Panel

The proposed system consists of four solar p@mel PV panel is produced 50 V) and the one
solar panel which connects two auxiliary switch lefel inverter in series combination. It is
connected with parallel combination of other sg@anel and finally the two terminals of four solar
panel which connects to the H-bridge inverter. Tapacitor adder is connected between two
terminals of solar panel. In solar panel of simualatircuit is shown in fig 2.

Fig.2: Solar pand

B. H-Bridgelnverter

The H-bridge inverter consists of four switches arghould perform cross switched type o turn
on and turn off operation in switches. The inverteused to convert simultaneously ac voltage to
pure multilevel output voltage (ac voltage levatdéahe all type of switches get gate signals from
PWM logic embedded mat lab function. In H-Bridgegerter of simulation circuit is shown in fig 3.
Finally which inverter produces 200 V output voltad21 level output voltage).
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Fig.3: H-Bridgeinverter

C. MATLAB Function

The MATLAB function consists of PWM logic embeddsgstem and the gate signals of 1
lab function are mainly based on coding processnat lab. A switching sequence of cod
operation for HBridge inverter and multilevel inverter is swn in table 2 and 3.1t coding function
which included the both Wridge inverter and multilevel inverter operatidinthe PWM signals g
to the both type of inverter switches as a gateasysuch as 8 auxiliary switches of multile
inverter ( S1, S253, S4, S5, S6, S7and S8) and-bridge switches of inverter (S9, S10, S11 and
S12).In simulation of mat lab function circuit isosvn in fig 4

Fig.4: MATLAB Function Cir cuit

Table: 2 Switching Sequences of H-Bridgeinverter

If u>0 (voltage) If not u>0 (voltage)
S9 1 S9 0
S10 0 S10 1
S11 0 Si11 1
S12 1 S12 0
Table: 3 Switching Sequences of level inverter
Switching | a< | a<= | a<=2 | a<=3 | a<=4 | a<=5 | a<=6 | a<=7 | a<=8 | a<=9 | a>9 2‘3;
Sequence 9 18 7 6 5 4 3 2 1 0 0 0
S1 0 1 0 1 0 1 1 0 1 0 1 0
S2 0 0 1 0 1 0 0 1 0 1 0 0
S3 0 0 1 1 0 0 1 0 0 1 1 0
S4 0 1 0 0 1 0 0 1 1 0 0 0
S5 0 0 0 0 0 0 1 1 1 1 1 0
S6 0 1 1 1 1 1 0 0 0 0 0 0
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Circuit Operation
Control Circuit
A. Microcontroller Unit

Provides
SV supply

rc C
8051 Pin Diagram e
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A total of 32
pins are set
aside for the
four ports PO,
Pl, P2, P3,

where each
port takes 8
pins

)
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Fig.5: ATMEL 89C51 pin

The AT89C51 is a low-power, high-performance CM®&Bit microcomputer with 4 Kbytes of
Flash Programmable and Erasable Read Only Mem&R@M). The device is manufactured using
Atmel’s high density nonvolatile memory technologiyd is compatible with the industry standard
MCS-510 instruction set and pin out. The on-chipsHl allows the program memory to be
reprogrammed in-system or by a conventional nonN@laemory programmer.

By combining a versatile 8-bit CPU with Flash omanolithic chip, the Atmel AT89C51is a
powerful microcomputer which provides a highly flele and cost effective solution to many
embedded control applications. The AT89C51 provitiesfollowing standard features: 4 Kbytes of
Flash, 128 bytes of RAM, 32 I/O lines, two 16-bmér/counters, five vector two-level interrupt
architecture, a full duplex serial port, on-chipcilator and clock circuitry. In addition, the
AT89C51 is designed with static logic for operatidown to zero frequency and supports two
software selectable power saving modes.

Table: 4 Showing the features of AT89C51

Part Number ATB9C51
ROM 4K
RAM 128 bytes
1/0 Pins 32
Timers 2
Interrupts b

Ve 3V
Packaging 40
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B. Driver Unit

Fig: 6 Schematic of MCT2E

In contrast to bipolar transistors, MOSFETSs doreguire constant power input, as long as they
are not being switched on or off. The isolated ga¢etrode of the MOSFET forms a capacitor (gate
capacitor), which must be charged or discharget gae the MOSFET is switched on or off. As a
transistor requires a particular gate voltage treoto switch on, the gate capacitor must be cldarge
to at least the required gate voltage for the tstmisto be switched on. Similarly, to switch the
transistor off, this charge must be dissipatedthe gate capacitor must be discharged.

When a transistor is switched on or off, it doesimmediately switch from a non-conducting to
a conducting state; and may transiently support laohigh voltage and conduct a high current.
Consequently, when gate current is applied torssistor to cause it to switch, a certain amount of
heat is generated which can, in some cases, beglertoudestroy the transistor. Therefore, it is
necessary to keep the switching time as short ssifde, so as to minimize switching loss. Typical
switching times are in the range of microsecondse $witching time of a transistor is inversely
proportional to the amount of current used to chdhg gate. Therefore, switching currents are often
required in the range of several hundred mill arpeor even in the range of amperes. For typical
gate voltages of approximately 10-15V, several svattpower may be required to drive the switch.
When large currents are switched at high frequeneig. in DC-to-DC converters or large electric
motors, multiple transistors are sometimes provitedarallel, so as to provide sufficiently high
switching currents and switching power.

The switching signal for a transistor is usualgngrated by a logic circuit or a microcontroller,
which provides an output signal that typically isited to a few mill amperes of current.
Consequently, a transistor which is directly driv®nsuch a signal would switch very slowly, with
correspondingly high power loss. During switchitige gate capacitor of the transistor may draw
current so quickly that it causes a current ovavdrathe logic circuit or microcontroller, causing
overheating which leads to permanent damage or eweplete destruction of the chip. To prevent
this from happening, a gate driver is provided leetthe microcontroller output signal and the
power transistor.
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Results
A. Output Voltage Waveform of Solar Panel

The output voltage value of proposed solar paneraimn which has four solar pa (cell)
circuits is around 8€he output voltage waveform of solar panel is shawing 5.

s1
PV1 Ttk

# +E1 Jgsz

Fig.8: Basic Unit of proposed inverter

voltage(v)

time(ms)

Fig.9: Output voltage of solar panel

B. Output Voltage Waveform of 21level Inverter

The output voltage value proposed circuit is around 200 V. It is acrossltzal. If the outpu
voltage of both system is overall same but in psegdosystem has less number of switches wi
used for generating 21 levels output voltage isvshio,fig.6
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Fig.10: 21 leved output voltage

C. Output Value of Total Harmonic Distortion (Thd %)

The output value of total harmonic distortion (THID)proposed system is around 2.96 9
shown in fig 7 by using FFT analysis. If the vahfeTHD is based on output voltage of 21 le
inverter (act as input value) and which total hammovalue is reduced as compared to exis
system.Multilevel inverters also have several advantagkes teduced total harmonic distorti
(THD) as compared to existing system operation. gared to cecaded multilevel inverter,
proposed structure needs less number of comporarnt simple control methods. The main
advantages of capacitor switched multilevel invesrtare good output waveform, low switchi
stress as compared to existing system. Higoltages can be generated using the devices of lower
rating and switching frequency can be reduced YWiVPtechnique The advantages of the proposed
inverter are reduction of number of switches, réidacof gate driver circuits, reduction of isola
power supply unit for gate diver, lower EMI and less hamac distortion in the inverter outp

voltage.
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-Fi'g.l-l: Total Harmonic Distortion of 21 level Inverter

Conclusion
The proposed system which utilizes four asymmaetdcsources and twelve powers switc

with load. By proper switching sequence, the pregosiverter produces a 21 level output volt
with low switching losses; by operating the switla fundamentakrequency. The advantages of
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the proposed inverter are reduction of number oftches, reduction of gate driver circuits,
reduction of isolated power supply unit for gateedj lower EMI and less harmonic distortion in the
inverter output voltage. The computer aided sinmtastudy has been carried out to validate the
performance of proposed inverter. The proposedrievecan be recommended for distributed
generators, stand alone and grid connected renewablkgy power conversion applications.
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