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ABSTRACT:

A Multilevel structure with more than five levels
can significantly reduce the harmonic content. The
output voltage and power increase with number of
levels. Adding a voltage level involves adding a main
switching device to each phase.

The goal here is to implement the seven level
H-Bridge inverter with less number of switches. The
output of this circuit is fed to the induction motor
Using this scheme, we can control the speed ap
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ascaded. The main
ude the following :

applications.
b) They have higher eff
switched at a low frequen€y.
c) Power factor is close to unity for multilevel inverters
used as rectifiers to convert ac to dc.
d) No Electromagnetic Interference (EMI) problem exists.
e) No charge unbalance problem results when the
converters are in either rectification or inversion mode.
The multilevel converters require balancing the voltage
across the series-connected dc bus capacitors. Capacitors

cy since the devices can be

tend to overcharge or completely discharge, at which
condition the multilevel converter reverts to a three-level
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In the paper [7], the THD contents of 7, 11 and 15
evel cascaded multilevel inverters have been discussed.
harmonic distortion depends on the switching
or different units of multilevel inverters; hence, the
ching angles are calculated first by using Newton-
Raphson method where some of harmonic components

have been eliminated. Using the calculated switching

angles, THD analysis is carried out analytically as well as
using MATLAB simulation.
The paper [20] demonstrates how the reduced

harmonic distortion can be obtained for a new topology of

multilevel inverters. The new topology has the advantage
of its reduced number of devices compared to conventional
cascaded H-Bridge multilevel inverter and can be extended
for any number of levels. Here, the harmonic reduction is
obtained by selection of appropriate switching angles.

The paper [21] deals with the analysis and
simulation of the seven level inverter. The percentage total
harmonic distortion is calculated for seven level inverter.
The functionality verification of seven level inverter is
done using MATLAB.

I1l.  REDUCED SWITCHES SCHEME:

The main aim here is to improve the quality of
output voltage of the 7-level inverter with lesser number of
switches. An important point in this 7-level inverter design
is to eliminate lower order harmonics and to generate
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nearly sinusoidal output voltage waveform. A key issue in
the fundamental switching scheme is to properly and
carefully determine the switching angles for producing the
voltage with fundamental frequency.
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Fig. 1 Power circuit with only 7 switches for 7-level output.
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There are 3 modes of operation of this 7-level inverter.
These modes are described in details as below.

A.POWERING MODE :

e This mode of operation occurs when both
current and voltage have the same polarity
positive half cycle, when the output voltage
path of flow of current consists of: the lower
D6, Q1, load, Q4 and back to the lower supply

e When the output Voltage is

e When the output vol#a

one of the main
current needs to

obtained with the
switches and the loa is disconnected from the
source terminals.

In this mode of operation, the positive half cycle
current flow comprises: Q1, load and D2 or Q4, load and
D3. Whereas in the negative half cycle, the current flow

path includes: Q3, load and D4 or Q2, load and D1.

C. REGENERATING MODE:

During this mode of operation, part of the energy
stored in the load inductance is returned back to the
source. This occurs during the intervals when the load

current is negative during the positive half cycle and vice-
versa. During this period, the output voltage is zero.

The positive current flow path consists of: load,
D2, Q6, the lower source and D3. While the negative
current flow path consists of: load, D1, Q6, the lower
source and D4.
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(A) FOURIER SERIES AND HARMONICS ELIMINATION
THEORY:

orm of multilevel converters, which is odd quarter-
ve symmetric, we can find the Fourier expression of
ultilevel output voltage as given by equation (1). If the
DC voltages are equal in multilevel converter, the equation
for the fundamental frequency switching control method
can be given as:

Vi = X®n-135..4Vae/ nm (cos(n6)
(cos(nB3)+.cceeeee + (cos(n6s)) sin (nwt)

(cos(nB2)+

From this equation, it is seen that the output
voltage has no even harmonics because output voltage
waveform is odd quarter-wave symmetric. It also can be
seen from equation (2) that peak values of these odd
harmonics are expressed in terms of the switching angles
01, 02, and 0. Also, the harmonic equations produced from
(2) are transcendental equations.

Depending on the harmonic elimination theory, if
we want to eliminate the nt harmonic, then
cos (n61) +cos (n6z) +.... +cos (nbs) =0

That means to choose a series of switching angles
to let the value of the nth harmonic be zero. Hence, an
equation with 's' switching angles will be used to control
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the 's' different harmonic values. Generally, an equation
with 's' switching angles is used to determine the
fundamental frequency value, and to eliminate 's-1' low
order harmonics. For an equation with three switching
angles, equation (2) becomes

V (t) = Z%®4-1, 3, 5..4Vac/nm (cos (nB1) + (cos (nB2) + (cos
(n63))sin (nwt) s 3)

(B) TRANSCENDENTAL EQUATIONS TO SOLVE:

Here, we derived harmonic equations for
eliminating the 3rd and 5t order harmonics. The resulting

harmonic equations are as follows:

cos 01 + cos 02+ cos 03 =mVi/ 4Vye ... 4
cos 301+ cos302+cos363=0 ... (5)
cos 501 + cos 502 +cos 563=0 ... (6)

as
cosB1+cosB2+cosB3=m ... (7)
wherem=nVy/4Vee 0 ... (8)

These harmonic equations (4) to
transcendental equations. They are diffic
without using some type of numerical iterative te
Here Newton Raphson method is employed for so
these equations.

(C) SOLVING THE HARM(
NEWTON RAPHSON METH
To solve the harmo

Then, apply the e transcendental harmonic
equations above, and th

equations can be found.

ollowing polynomial harmonic

For the fundamental frequency harmonic:
P1(x1,x2,%x3) = £3,-1 (xp- m) =0 (14)

For the 3rd harmonic:
Pi(x1, x2,x3) = X3,-1 (4%03 - 3%0) =0 (15)
For the 5th harmonic:
P1(x1, X2, x3) = 23,21(5Xn— 20x,3 + 20x,°) = 0
(16)

The polynomial equations can be solved by using
the Newton Raphson method. The following are steps for
solving the equations. Substitute the initial guesses for
variables. Then form the jacobian matrix with Newton’s
formula. Repeat the same steps until the solutions to
converge. Thus, the switching angles 81, 62 and 63 are
obtained as follows:

61=8.766 °
62 =28.688 °
03=54.939°

From the fig. 2, th
Q1 to Q7 become clear,

ing patterns for switches
re, the fundamental frequency
ed, which drastically reduces

'
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Fig. 4 Overall circuit diagram of the complete arrangement
for single phase structure.
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VI. COMPONENTS AND THEIR FUNCTIONS:
A. PIC MICROCONTROLLER:
a) PIC (Peripheral Interface controller) Microcontrollers
are specialized microcontroller chips produced by micro-
chips Technology in chandler, Arizona.
b) The main function of the PIC microcontroller is to
govern the operation of embedded systems in motors,
vehicles, robots etc.
c) PIC16F887 Microcontroller is used in the hardware

- T n_‘_"PTr 1 j. ] circuit.
gt ‘ [ r—rll' | ¢ 4;»“1";7—]- : d) The operating frequenc 0-20 MHz.
3 ; I : L Trz_ _ 1 i-? |59 e) The required power ly for the PIC is 2.0 to 5.0 volts.
¢ , 1

[TERIISTT R et | i

ting of each IGBT switch is 12 amperes and 7 IGBT
es are used.

It switches electric power in many modern appliances.
e) It is designed to turn on and turn off rapidly.

D.DRIVER INTERFACING IC:
It is used for microcontroller and driver short circuit
protection.

E. CRYSTAL OSCILLATOR:

A crystal oscillator is an electronic oscillator
circuit which uses the mechanical resonance of vibrating
crystal of piezoelectric material to create an electrical
signal with a very precise frequency.

Seiected signal: 500 cycles. FET window (in red)
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S =2 or excessive heat from IGBT and cools it down.

Fundsmental (S0Hz2) = 149 , THD= 14.62%

VII. EXPERIMENTAL SETUP:

The last four IGBT's are connected in such a
manner so as to form an H-Bridge. The output of the circuit
is taken from this H-Bridge and is fed to the load. An

Mag (% of Fandamental)

Fig. 8 FFT Analysis
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induction motor is used as a load which gives a smooth c) Itis used in pump, fan, mills, chemical industries, etc.
running and an operation free of noise and vibrations. d) Itis used in electric and hybrid power trains.
e) CSI and VSI fed drives are nowadays largely used in the

industries for power quality improvement purposes.
f) They are used in variable speed drive applications.

IX. CONCLUSION:
a) By using the new scheme of multilevel inverter, we are
able to reduce the number of switches required.

b) It reduces the capital cost amd complexity.

c) Though there are 7 swi uired, only 3 switching
— l‘ angles 61, 82 and 63 ar fficient as calculated above for
a ;‘Lfg,{ this circuit. This is cl ible from fig. 2 above.

d) This scheme alized for any number of
levels.

e) 7-level
voltage J
sing this new scheme.

Fig. 9 Experimental setup of the 7-level inverter circuit.
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