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ABSTRACT — This paper presents a single —phase 11-level (5 H-Bridges) cascaded multilevel DC-AC grid —tied inverter.
Each inverter bridge is connected to a200w solar panel .OPALRT lab was used as the hardware in the loop (HIL) real-time
control system platform where a maximum power point Tracking ( MPPT) algorithm was implemented based on the
inverter output power to the power grid as well as a phase locked loop (PLL) for phase and frequency match. A novel
SPWM scheme is proposed in this paper to be used with the solar panels that can account for voltage profile fluctruations
among the panels during the day. Simulation and experimental results are shown for voltage and current during
synchronization mode and power transferring mode to validate the methodology for grid connection of renewable
resources.

1.Introduction:

The typical definition for a harmonic is “a sinusoidal component of a periodic wave or quantity having a frequency that
is an integral multiple of the fundamental frequency.” Some references refer to “clean” or “pure” power as those without
any harmonics. But such clean waveforms typically only exist in a laboratory. Harmonics have been around for a long time
and will continue to do so. In fact, musicians have been aware of such since the invention of the first string or woodwind
instrument. Harmonics (called “overtones” in music) are responsible for what makes a trumpet sound like a trumpet, and a
clarinet like a clarinet. Electrical generators try to produce electric power where the voltage waveform has only one
frequency associated with it, the fundamental frequency. In the North America, this frequency is 60 Hz, or cycles per
second. In European countries and other parts of the world, this frequency is usually 50 Hz. Aircraft often uses 400 Hz as
the fundamental frequency. At 60 Hz, this means that sixty times a second, the voltage waveform increases to a maximum
positive value, then decreases to zero, further decreasing to a maximum negative value, and then back to zero. The rate at
which these changes occurs is the trigometric function called a sine wave, as shown in figure 1.1. This function occurs in
many natural phenomena, such as the speed of a pendulum as it swings back and forth, or the way a string on a voilin
vibrates when plucked.
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Figure 1.1 Sine Wave
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The frequency of the harmonics are different, depending on the fundamental frequency. For example, the 2nd harmonic on a 60
Hz system is 2*60 or 120 Hz. At 50Hz, the second harmonic is 2* 50 or 100Hz. 300Hz is the 5th harmonic in a 60 Hz system,
or the 6th harmonic in a 50 Hz system. Figure 1.2 shows how a signal with two harmonics would appear on an oscilloscope-

type display, which some power quality analyzers provide.
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Figure 1.2. Fundamental with two harmonics

In order to be able to analyze complex signals that have many different frequencies present, a number of mathematical
methods were developed. One of the more popular is called the Fourier Transform. However, duplicating the mathematical
steps required in a microprocessor or computer-based instrument is quite difficult. So more compatible processes, called the
FFT for Fast Fourier Transform, or DFT for Discrete Fourier Transform, are used. These methods only work properly if the
signal is composed of only the fundamental and harmonic frequencies in a certain frequency range (called the Nyquist
frequency, which is one-half of the sampling frequency). The frequency values must not change during the measurement
period. Failure of these rules to be maintained can result in mis-information. For example, if a voltage waveform is comprised
of 60 Hz and 200 Hz signals, the FFT cannot directly see the 200 Hz. It only knows 60, 120, 180, 240,..., which are often called
“bins”. The result would be that the energy of the 200 Hz signal would appear partially in the 180Hz bin, and partially in the
240 Hz bin. An FFT-based processer could show a voltage value of 115V at 60 Hz, 18 V at the 3rd harmonic, and 12 V at the
4th harmonic, when it really should have been 30 V at 200 Hz. These in-between frequencies are called “interharmonics”.
There is also a special category of interharmonics, which are frequency values less than the fundamental frequency value, called
sub-harmonics. For example, the process of melting metal in an electric arc furnace can result large currents that are comprised
of the fundamental , interharmonic, and subharmonic frequencies being drawn from the electric power grid. These levels can be
quite high during the melt-down phase, and usually effect the voltage waveform.
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Fundamental of 60 Hz AC
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Figure 1.3. Additive Third Harmonics
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Tablel.1 Harmonic Sequencing Values in Balanced Systems.

HARMONIC FUND 2ND | 3RD | 4TH | 5TH | 6TH | 7TH ETC

SEQUENCE + - 0 + - 0 ) [l

How this electricity is used by the different type of loads can have an effect on “purity” of the voltage waveform. Some loads
cause the voltage and current waveforms to lose this pure sine wave appearance and become distorted. This distortion may
consist of predominately harmonics, depending on the type of load and system impedances. Since this article is about
harmonics, we will concentrate on those types of sources. “The main sources of harmonic current are at present the phase angle
controlled rectifiers and inverters.” These are often called static power converters. These devices take AC power and convert it
to another form, sometimes back to AC power at the same or different frequency, based on the firing scheme. The firing scheme
refers to the controlling mechanism that determines how and when current is conducted. One major variation is the phase angle
at which which conduction begins and ends. A typical such converter is the switching-type power supplies found in most
personal computers and peripheral equipment, such as printers. While they offer many benefits in size, weight and cost, the
large increase of this type of equipment over the past fifteen years is largely responsible for the increased attention to
harmonics. Figure .shows how a switching-type power supply works. The AC voltage is converted into a DC voltage, which is
further converted into other voltages that the equipment needs to run. The rectifier consists of semi-conductor devices (such as
diodes) that only conduct current in one direction. In order to do so, the voltage on the one end must be greater than the other
end.

Currenl ¥avelunn, O.BA

e

/\
L/

\J

Figure 1.4. Current Waveform
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Figure.1.5. Harmonic Spectrum of Current Waveform

If the rectifier had only been a half wave rectifier, the waveform would only have every other current pulse, and the harmonic
spectrum .
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