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Abstract: 
Inverters are used in a large number of power applications.  The function of an inverter is to convert DC power to AC, these 
are referred to as Voltage Source Inverters (VSI).  VSI are divided up into three categories: Pulse-width Modulated Inverters, 
Square-wave Inverters, and Single-phase Inverters with Voltage Cancellation.  This paper will talk about the different types of 
Inverters and how they work.  It will continue on with examples of some types of inverters and what types of factors affect 
their efficiencies.    

——————————      —————————— 
 

I. INTRODUCTION 

Within the last decade, there have been major 
advancements in power electronics.  Power electronics have 
moved along with these developments with such things as 
digital signal processors being used to control power 
systems.  An Inverter is basically a converter that converts 
DC-AC power.  Inverter circuits can be very complex so the 
objective of this paper is to present some of the inner 
workings of inverters without getting lost in some of the fine 
details.  A voltage source inverter (VSI) is one that takes in a 
fixed voltage from a device, such as a dc power supply, and 
converts it to a variable-frequency AC supply.   

Voltage-source inverters are divided into three general 
categories: Pulse-width Modulated (PWM) Inverters, 
Square-wave Inverters, and Single-phase Inverters with 
Voltage Cancellation.  Pulse-width modulation inverters 
take in a constant dc voltage.  Diode-rectifiers are used to 
rectify the line voltage, and the inverter must control the 
magnitude and the frequency of the ac output voltages.  To 
do this the inverter uses pulse-width modulation using it’s 
switches.  There are different methods for doing the pulse-
width modulation in an inverter in order to shape the output 
ac voltages to be very close to a sine wave.  These different 

methods will be discussed further with a focus on 
sinusoidal-PWM.  Squire-wave inverters have their input 
connected to a controlled dc voltage in order to control the 
magnitude of the output ac voltage.  The inverter only 
controls the frequency of the output where the input voltage 
is controlled the magnitude.  The output ac voltage has a 
waveform similar to a square wave which is where the 
inverter got its name.  Lastly, Single-phase inverters with 
voltage cancellation take in a constant dc source and output 
a square-wave like ac voltage.  They can control both the 
frequency and the magnitude of the output but do not use 
PWM and therefore have a square-wave like output.  These 
inverters have combined characteristics of the previous two 
inverters.  The voltage cancellation only works with single 
phase inverters, not three phase, this will be explained more 
further later on in the paper.   
 Switch-mode dc-to-ac inverters are used in ac-motor 
drives and uninterruptible ac power supplies where the 
main objective is to provide a sinusoidal ac output where 
magnitude and frequency can both be controlled.   

II. CLASSIFICATION OF POWER ELECTRONIC DEVICES 

There are five main groups of power semiconductors.  They 
are: power diodes, thyristors, power bipolar junction 
transistors (BJTs), insulated gate bipolar transistors (IGBTS), 
and static induction transistors (SITs).    Figure 1 gives a 
picture of each.  
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A. Power Diodes 
These devices function identically to any other 

standard diode except that they are able to handle much 
more current.  There are three main types of power diodes: 
general-purpose, high-speed (fast-recovery), and Schottky.  
Typical ranges for these devices are around 3000 V and 3500 
A for general-purpose diodes and 3000 V and 1000 A for 
high-speed devices.  High speed devices can switch on the 
order of a microsecond whereas a schottky diode is much 
fast and is in the nanosecond range.  The schottky diodes, 
however, are limited to around 100 V and 300 A.  The 
forward voltage drop over power diodes is usually 
negligible compared to the voltages that they are in.  But the 
voltage drop is similar to normal diodes and is between 0.5 
V and 1.2 V.  [1] 

B. Thyristors 
 These devices are similar to power diodes except that they 
have an additional gate terminal that controls the time when 
the device begins conducting.  Provided that the anode 
voltage is greater than the cathode voltage, a small gate 
current will allow the device to conduct.  The forward 
voltage drop of a thyristor is between 0.5  V and 2 V.  Once 
conduction is initiated the gate current has no further 
control.  In order to stop conduction the device must be in 
reverse-biased; the anode voltage is less than the cathode 
voltage.  These devices are rated up to 6000 V and 3500 A.  
The turn-off time of these devices is the time it takes for the 
device current to go back to zero after putting the device in 
reverse-bias.  The fastest turn-off times are around 10 
microseconds.  To achieve these turn-off times devices with 
lower power ratings must be used.  Thyristors are further 
classified into the following groups: force-commutated and 
line-commutated thyristors, gate turn-off thyristors (GTOs), 
reverse-conducting thyristors (RCTs), static induction 
thyristors (SITs), gate-assisted turn-off thyristors (GATTs), 
light-activated silicon controlled rectifiers (LASCRs), and 
MOS controlled thyristors (MCTs).  These devices are all 
basically a modification of the standard thyristor. 
 Shown in figure 1 is a triac device.  This is basically two 
thyristors connected back to back to allow control both 
forwards and backwards.  A triac is basically a bidirectional 
thyristor.  The gate turn-off thyristor (GTO), can be turned 
on by applying a short positive pulse to the gate, like a 
thyristor, and can also be turned off by applying a short 
negative pulse.  GTOs are very convenient in that they do 
not need to have other circuits to control in order to be 
turned off.  [1] 

C. Power BJTs 
 These devices are rated up to 1200V and 400A.  They 
operate very much the same as a normal BJT.  Power BJTs 
are used in power converters such as inverters as 
frequencies of up to 10 kHz.  Power MOSFETs can operate at 
somewhat higher frequencies (a few to several tens of kHz), 
but are limited to power ratings, usually 1000 V, 50 A.  
Insulated-gate bipolar transistors (IGBTs) are voltage 
controlled power transistors that offer better speed than a 
BJT but are not quite as fast as a power MOSFET.  [1] 

D. Device History  
The earliest switches used to oscillate were mechanical 

vibrators.  Essentially oscillating mechanical relays, these 
devices were not very efficient or reliable.  It was not until 
the 1960s when semi-conductors were being discovered and 
the transistor started to make an appearance.  Now the 
Silicon Controlled Rectifier was made that worked as 
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electronic latching relays.  Next the Darlington transistors 
were used.  These last two devices did prove to be both 
reliable and somewhat efficient but still had disadvantages.  
When the Metal Oxide Semi-conducting Field Effect 
Transistor (MOSFET) came out, it solved a lot of problems.  
These devices can handle high currents and have a low 
resistance.  They are easy to connect in a circuit and work 
well in parallel connections allowing for more current.  
Some inverters now use the newer IGBTs which are newer, 
high power, and low less switching transistors.   

III. HOW IT WORKS 

 
 

Figure 1 – Half-Bridge voltage source inverter. 
 

 
Figure 2 – Voltage outputs of half-bridge voltage source 

inverter. 

A. Simple Explanation 
Figure 1 shows a half-bridge voltage source inverter.  

The switches can be bipolar, MOS transistors, or thyristors.  
The circuit works by turning switch 1 on, the output voltage 
is then the positive half-cycle, meaning that it will be Vs/2.  
To get the negative half-cycle, switch 2 is turned on and 
switch 1 is turned off.  The order of this is actually reversed, 
switch 1 must be turned off first in order to avoid any short 

circuit.  Voltage outputs of this simple half-bridge inverter 
are shown in figure 2.  If the load is always inductive, the 
load current, io, will lag the voltage waveform, also shown 
in figure 2.  It is shown that the current is sometimes 
negative when the voltage is positive.  The diodes function 
to conduct the load current whenever it is opposite polarity 
to that of the voltage.  If the diodes were not present then the 
load current would not exist.  Figure 2 also shows that D1 is 
conducting during the first half of the cycle and D2 during 
the second half.   

 
Figure 3 – A Switching Mode Inverter with an AC-Motor 
Drive 
 

The switch-mode inverter used to drive an AC motor 
in figure 3 is actually a converter where power can flow in 
both directions.  Take for example if the motor was in a car.  
Normally it will require power as it must power the car, 
however, when the car is breaking it could be reversed, and 
used to generate power.  The idea is that the motor has 
kinetic energy, since it would of already been spinning, it 
can then be slowed down and used as a generator.  When 
this happens power would flow from the AC side to the DC 
side.  This can then be dissipated through a resistor or fed 
back into the power grid to be used.  In order to feed power 
back into the grid the converter that connects the drive to the 
utility grid must be a two-quadrant converter with 
reversible DC current.  It must be able to operate as a 
rectifier when it is driving the motor and as an inverter 
when the motor is being used as a generator.  [2] 
 

B. Basic Concepts 
Looking at a single-phase inverter, shown in figure 

4a, the output voltage of the inverter is filtered so that it will 
be much more sinusoidal.  This will take out some of the 
harmonics produced from the internal electronics of the 
inverter.  The inverter will supply an inductive load 
meaning that the output current is going to lag the output 
voltage (see figure 3b).  In intervals 2 and 4 the current and 
voltage have opposite signs meaning that power will flow 
from the ac side to the dc side of the inverter.  It is necessary 
to have the inverter operate in all four of these intervals.  In 
figure 4 it shows a full-bridge rectifier, where the output 
voltage can be of either polarity independent of the direction 
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of the output current.  Figure 6 only shows one of the legs 
from the full-bridge converter shown in figure 4.   
 
 

 Figure 4. DC-DC Converter 
 

 
Figure 5 – Single-phase switch-mode inverter 
 
 
 

  
Figure 6 – One-leg switch-mode inverter 
 

C. Pulse-Width Modulated (PWM)  
Inverters that use PWM switching techniques have a 

DC input voltage that is usually constant in magnitude.  The 
inverters job is to take this input voltage and output ac 
where the magnitude and frequency can be controlled.  
There are many different ways that pulse-width modulation 
can be implemented to shape the output to be AC power.  A 
common technique called sinusoidal-PWM will be 
explained.  In order to output a sinusoidal waveform at a 
specific frequency a sinusoidal control signal at the specific 
frequency is compared with a triangular waveform (See 
Figure 7a).  The inverter then uses the frequency of the 
triangle wave as the switching frequency.  This is usually 
kept constant.   
 The triangle waveform, vtri, is at a switching frequency fs, 
this frequency controls the speed at witch the inverter 
switches are turned off and on.  The control signal, vcontrol, is 
used to modulate the switch duty ratio and has a frequency 
f1.  This is the fundamental frequency of the inverter voltage 
output.  Since the output of the inverter is affected by the 
switching frequency it will contain harmonics at the 
switching frequency.  The duty cycle of the one of the 
inverter switches is called the amplitude modulation ratio, 
ma.  [3] 

 
Figure 7 – Desired frequency is compared with a triangular 

waveform 
 

   
Figure 8 – Pulse-width Modulation (PWM) 

 

 

     

 

m a
Vcontrol

V tri
where, Vcontrol is the peak amplitude of the control signal

m f
f s
f 1
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In figure 8 the switches Ta+ and Ta- are controlled based on 
the comparison of vcontrol and vtri (See equation 3).  The two 
switches are never off at the same time which results in the 
output voltage fluctuating between +/- Vd/2.  Figure 8 shows 
the fundamental frequency component (dotted line) for mf = 
15 and ma = 0.8.   

The harmonic spectrum of va under the conditions 
shown in figure 7 and 8 are shown in figure 9.  This plot 
shows the peak amplitude of the fundamental frequency 
component. 
 

 
Figure 9 – Harmonic Spectrum under conditions from Fig 7 
and 8 
 

A good switching frequency and frequency-modulation 
ratio, mf, is usually considered to be better higher than 
lower.  This is due to the fact that it is easier to filter out the 
harmonics at higher frequencies.  The major draw back with 
is switching losses in the inverter switches increase 
proportionally with the switching frequency fs.  In many 
inverter applications the switching frequency is taken to be 
either less than 6 kHz or greater than 20 kHz, which is out of 
the audible range.  If for some reason the best switching 
frequency turns out to be between these two it is often 
outweighed with the advantages of having it over 20 kHz.  
Take for example an inverter that is going to operate around 
60 hz, the frequency-modulation ratio mf would likely be 9 
or less.  The relationship between the triangular-waveform 
signal and the control voltage signal is determined by how 
big mf is.   

When mf is small it is thought of as synchronous PWM.  
The value of mf should be an integer so that it stays 
proportional to the desired inverter frequency.  When the 
control signal is not synchronous, sub harmonics will occur.  

This is usually not desired in most inverter applications.  
Take for example if the inverter output frequency was going 
to be 60 Hz and mf = 15, then the triangle-wave frequency 
should be exactly 15 * 60 = 900 Hz.   

When mf is large (> 21) the amplitudes of sub harmonics 
due to asynchronous between the triangle wave and the 
control signal are small.  Therefore as long as mf is large the 
triangle-wave does not need to be proportional to the 
desired inverter frequency.  This is called asynchronous 
PWM.   [3] 

D. Square-Wave Switching Scheme 
A full-wave inverter can also be setup to be a square-wave 
inverter very easily.  Once the PWM method is known, all 
the one needs to do to operate the inverter with a square-
wave switching scheme is turn one switch on and the 
other off, back and forth, with a duty cycle of 0.5.  The 
output voltage is limited to the input dc voltage given by 
equation 4. [1] 

 

 
E. Push-Pull Inverters 

Figure 10 shows a push-pull inverter, it requires a  
center-tap transformer.  If we assume the output current 
flows continuously then the switch T1 is on and T2 is off.  
Now, T1 will conduct for a positive value of io, and D1 
would conduct for a negative value of io.  This means that 
the direction of io does not matter then, the output voltage is 
simply vo=Vd/n.  In this equation n is the number of turns on 
the transformer between the primary-half and the secondary 
winding.  The other state of the inverter is when T2 is on and 
T1 is off, the output voltage is now the same as before except 
it is negative.  A push-pull inverter can be operated in either 
the pulse width modulation switching scheme or the square-
wave switching scheme.  The outputs are the same as before 
shown in figure 5.   

Figure 10. Push-pull inverter (single phase) 
 

vcontrol vtri> Ta_pos is on, vA
Vd
2

vcontrol vtri< Ta_neg is on, vA
Vd−

2

Vo
4
π

Vd⋅
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 The above equation 5 and 6 show the push-pull inverter, 
from figure 10, output voltage.  One of the main advantages 
of the push-pull inverter is that it is more efficient for low-
voltage input sources, such as a battery.  The reason for this 
is that the voltage drop across more than one switch in series 
would result in a significant reduction in energy efficiency.  
Also, the control drives for the two switches have a common 
ground.  It is hard to avoid the dc saturation of the 
transformer in a push-pull inverter.  The output current 
from the secondary current of the transformer is slowly 
varying current at the fundamental output frequency.  This 
is usually assumed to be a constant during a switching 
interval.  When the transistors are switched the current shifts 
from one half to the other half of the primary winding.  This 
required very good magnetic coupling between these two 
half-windings in order to reduce the energy associated with 
the leakage inductance of the two primary windings.  The 
energy will then be dissipated in the switches or in other 
circuits used to dissipate and help the switches.  It is 
important that the current in the windings has a place to go 
when the switches are switched.   
 When the push-pull inverter is used in pulse-width-
modulation switching scheme for producing a output 
sinusoidal output, the transformer must be designed for the 
fundamental frequency that the inverter will be running at.  
That is, the number of turns will be high compared to a 
transformer designed to operate at the switching frequency 
in a switch-mode dc power supply.  This will result in a high 
transformer leakage inductance that is proportional to the 
square of the number of turns.  These constraints make it 
hard to use a push-pull inverter for switching frequencies of 
higher than 1kHz. [2]   

IV. THREE PHASE INVERTERS 

Many applications that require an inverter use three-
phase power.  Two main examples are an ac-motor drive 
and uninterruptible power supplies.  One option for a 
“three-phase” inverter is to use three separate single phase 
inverters but vary their output by 120 degrees.  This setup 

would require lots of hardware including 12 switches for the 
three inverters used.   
It is much more common to use a setup shown in figure 11.  
This setup consists of three legs, one for each phase.  Each 
leg is basically setup in the same way as the one-leg inverter 
described above.  In three phase inverters pulse-width 
modulations is used in the same way as it is before except 
that it much be used with each of the three phases.  When 
generating power to three different phases one must make 
sure that each phase is equal, meaning that it is balanced.  To 
ensure this the same triangle voltage waveform is compared 
with three sinusoidal control voltages that are 120 degrees 
out of phase.   
 The Harmonics in the output are only of concern in the 
line-to-line voltages.  The harmonics in the output of any one 
of the legs are identical to the harmonics in Va.  Only the 
odd harmonics exist as sidebands, centered around mf and 
its multiples, provided, mf is odd.  Only considering the 
harmonic of mf, the phase difference will be equivalent to 
zero if mf is odd and a multiple of 3.  As a consequence, the 
harmonic at mf is suppressed in the line-to-line voltage vab.  
The same argument applies in the suppression of harmonics 
at the odd multiples of mf, if mf is chosen to be an odd 
multiple of 3.   

 
Figure 11. Three-Phase Inverter 

 
 Therefore, some of the dominant harmonics in the 
one-leg inverter can be eliminated from the line-to-line 
voltage of a three-phase inverter.  PWM considerations are 
summarized below: 
For low values of mf, to eliminate the even harmonics, a 
synchronized PWM should be used and  
mf should be an odd integer.  Moreover, mf should be a 
multiple of 3 to cancel out the most dominant harmonics in 
the line-line voltage.  Moreover, the slopes of Vcontrol and Vtri 
should be of the opposite polarity at the coincident zero 
crossings.   
During over modulation (ma > 1.0), regardless of the value 
of mf, the conditions pertinent to a small mf should be 
observed. [1] 

Vo ma
Vd
n

⋅ mawhere <= to 1.0

Vd
n

Vo<
4
π

Vd
n

⋅< where ma > 1.0

VT 2 Vd⋅
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V. POWER QUALITY 

Power quality was a critical part of power system 
analysis.  Power quality refers to the Total Harmonic 
Distortion (THD) as well as the presence of transients.  To 
determine how inverters impact power quality, special 
monitoring equipment called the BMI Dual Node was used 
to measure the power quality on a sample system.  The 
system used for measurement was a 20-KW photovoltaic 
array at Calvin College.  It is a grid tied 3-phase system that 
uses two 10-KW Xantrex inverters.   

A. Assumptions 
It was assumed that the operating state of the 

inverters is typical for the selected three day window in 
which it was observed.  This was a reasonable assumption 
since variations in the system over time will be minimal.  
Another assumption which was made was that the inverters 
would not be producing power during the night.  This was a 
reasonable assumption, since the photovoltaic modules are 
by definition energized by the presence of sunlight.   

B. Analysis 
The single phase voltage was measured for this test, 

since the current could not be attained without actually 
interrupting the building power supply.  The voltage 
measurements were taken from a breaker located adjacent to 
the photovoltaic system electrical panel interconnection 
points.  The following is a graph of what was observed 
during standard operation.  The peaks were during the day 
when the photovoltaic system was active, and the valleys 
were during the night when the photovoltaic system was not 
operational.  
 

 
Figure 12. Total Harmonic Distortion 

 
 
From this graph we can see that during the daylight 

hours, harmonic distortion of the system did not go over 2.1 
%, it should be noted that up to 5% THD is acceptable for 
IEEE power requirements (this is currently up for revision, 

with potential that it will be raised to 9%).  The spike near 
the end of this plot is due to the monitoring device being 
removed from the power circuit.  This means that the 
photovoltaic system did not detrimentally impact the power 
quality of the Interpretive Center over the observed time 
period.  Continued monitoring of the building will be 
necessary to verify these results and validate the assumption 
that there will be little variation over time.  

It was also important to note that the power quality 
in terms of transients will not be adversely affected by the 
disconnection of transformers during non production hours 
(over night).  This was because the inverters are not 
producing at the time of disconnection and they are not 
under load.  In discussing this issue with power systems 
expert Paulo Ribeiro, he said that he agreed that the 
automated shutdown of the transformers during the night 
was a terrific idea and would not introduce any big 
transients or harmonics due to the size of the transformers 
relative to the grid size.   

C. Conclusion 
In conclusion it can be stated, that the on-site source 

of power represented by the photovoltaic system will not 
detrimentally impact the building power quality.  This was 
important since the building has a laboratory located in it, 
along with a number of computer workstations which could 
be adversely affected by significant voltage fluctuations.   

Inverters by their nature are going to produce 
harmonics that are not wanted.  This must be considered 
when designing an inverter.  Xantrex makes a good inverter, 
as shown above, that can be tied into a grid and used 
without producing unwanted transients and harmonics.   

VI. INVERTER SYSTEM DESIGN 

A. The System 
Calvin College recently installed a 20-KW 

photovoltaic solar array as mentioned earlier.  This system 
was going to be installed on top of a new building being 
built, the Interpretive Center at Calvin College.   

The inverters were required to be grid connected 
and to provide some means of monitoring the production of 
the photovoltaic system in both kW-hr and peak kW for 
instrumentation purposes.  I was port of a design team that 
was in charge of selecting the inverter and associated 
balance of system components.  The layout and 
configuration of the inverters and the balance of system 
components (AC/DC disconnects, fuses, and wiring) was 
specified by the design team according to manufacturer 
requirements.  The inverters were the part of the 
photovoltaic system that converted the electrical DC voltage 
from the photovoltaic modules, to AC voltage for use in the 
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building and rest of the campus grid.  The Balance of System 
components included AC/DC disconnects, fuses, combiner 
boxes, and transformers.  Since these were specific to the 
inverter which was selected, these are derivatives of the 
inverter selection.   

B. Design Criteria and Requirements 
The inverters were required to be connected to the 

power system of the Interpretive Center, and to provide 
power to offset the building load.  The inverters and their 
isolation transformers must be installed on the outside of the 
building, to minimize the cooling load of the building.  The 
electrical power must be brought into the building in 3-
Phase 208 VAC configuration.  These inverters must be 
directly connected to the building electrical distribution 
panel.  All photovoltaic components must be grounded 
continuously and terminated to the building ground at the 
electrical distribution panel.  

C. Alternative Solutions 
The different solutions for the inverters which were 

explored were compiled before the final determination had 
been made as to the voltage that the inverters would have to 
interface with the building.  
 

Table 6. Inverter Solutions 
Model SMA Sunny Boy (SB-

2500) 
Unit Cost $2,499 
Voltage Input 600 VDC 
Power Rating 2500 Watts 
# Units Required 8 
Voltage Output 208/480 3-Phase 
Comm. Interface RS485/RS232 
Warranty 5 Years 
Model Trace PV Series (PV10208) 
Unit Cost $15,400 
Voltage Input 600 VDC 
Power Rating 10000 Watts 
# Units Required 2 
Voltage Output 208/480 3-Phase 
Comm. Interface 9 Pin RS232 and RS422 
Warranty 5 
Model Trace SunTie XR (ST-

2000) 
Unit Cost $2,100 
Voltage Input 48 VDC 
Power Rating 2000 Watts 
# Units Required 10 
Voltage Output 120 V 1-Phase 
Comm. Interface 9 Pin RS232 
Warranty 5 Years 

Model Trace SW Series (SW-
5548) 

Unit Cost $3,196 
Voltage Input 48 VDC 
Power Rating 5500 Watts 
# Units Required 4 
Voltage Output 120 V 1-Phase 
Comm. Interface RJ11-Serial Port 
Warranty 5 Years 
Model Outback Powre (FX2548) 
Unit Cost $2,245 
Voltage Input 48 VDC 
Power Rating 2,500 Watts 
# Units Required 8 
Voltage Output 120 V 1-Phase 
Comm. Interface RJ45  
Warranty 2 Years 

 
 

These options contained the primary inverters that 
are used for grid-tied photovoltaic systems.  It was for this 
reason that they were investigated.  Historically photovoltaic 
systems have been utilized mainly in standalone 
applications; as a result there were many more inverters 
available for small scale off-grid applications [5,6].  

D. Analysis of Alternatives 
The different alternatives which were listed above 

were rated as to their capability to meet a number of criteria, 
including costs, software interface, voltage, efficiency, PV 
module compatibility and warranty. The three inverters 
which were not 3-Phase capable were ignored as viable 
solutions because of the requirement to interface directly 
with the building power system. 

E. Decision 
The decision was made to use two Trace PV Series 

10208 10kW inverters.  We required two of these inverters, 
one for each side of the roof.  This allowed us to monitor 
each roof separately since the two systems were electrically 
isolated from each other.  

F. Test and Integration 
Once the inverters and the entire photovoltaic 

system had been installed, (including the inverters and the 
balance of system components) the system was inspected by 
the city of Grand Rapids electrical inspector.  Upon 
completion of this inspection a Grid-Interconnect study was 
completed for Consumers Energy.  Upon approval by both 
of these agencies the photovoltaic system was brought 
online.  Testing of the inverters prior to installation was 
accomplished by connecting them to a three-phase AC 
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source, and reading in the ac parameters.  Detection of DC 
parameters was not possible since a large DC source was not 
available. 

G. Implementation 
The photovoltaic manufacturer provided a package 

including all of the balance of system components.  Specifics 
regarding the wire size and conduit locations were 
determined and provided to the Physical Plant Department 
and the Wolverine Construction/Buist Electrical Contractors 
by way of the Large-Scale Photovoltaic Demonstration 
Project Drawing Set.  Since Uni-Solar utilized a new MC 
Connect termination on their photovoltaic modules, it was 
decided by Don Winkle the Physical Plant Electrician that 
these same connectors should be used throughout the 
system. 

VII. CONCLUSION 

Inverters are a practical device and are a useful piece of 
equipment for many different applications.  Anyone who 
wants to run a laptop or other electronic device within a car 
or RV an inverter is required.  Inverter types can be 
categorized by output waveform, switch type, switching 
technology and frequency.  In order to go from a constant 
DC voltage to an AC the input DC voltage is put through an 
oscillating circuit which creates the output AC.  The output 
of the inverter can be a square wave, or a sine wave.    
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