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INVESTIGATION AND TESTING OF THE WIND TURBINE AND
PHOTOVOLTAIC SYSTEMS INTEGRATED WITH MICRO-GRID AT
UTAR CAMPUS

ABSTRACT

The project is about the investigation and testing of the wind turbine and
photovoltaic system. The both systems were integrated with micro-grid at
UTAR campus. There were two types of wind turbine covered in this project
which was vertical axis wind turbine and horizontal axis wind turbine.
Throughout the project, the mechanism of wind turbine and photovoltaic
system had studied and investigated. These studies and investigation were
conducted by review the present technologies on the related book, website,
datasheet and journal for both systems. These were important to gain the
background knowledge and understood the basic principle of the system at the
beginning. Besides, a few different types of methodologies was conducted to
investigate and test the performance of the system. Two approaches used for
data collection in this project. The first approach used Power Analyzer and
second approach used DAQ platform. The Power Analyzer is a ready device
that used to collect data. The DAQ platform was constructed in this project and
it is mainly formed by a Current Transformer, a Current Transducer, a USB
chassis, a Current Card and a Voltage Card. The results had shown the
accuracy of DAQ platform was better compared to Power Analyzer for data
collection. The average efficiency of inverter that found in this project was
about 80%.The results also indicated the performance of PV system was
changing with the day time solar radiation where the performance of wind
turbine was changing with the wind condition. In conclusion, the energy source
of solar is more reliable compared to wind energy as the PV system is able to

generate at least 5.52 kWh per day and 324.63 kWh energy per month.
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CHAPTER 1

INTRODUCTION

1.1 Overview

An integrating of renewable energy with micro-grid at Faculty of Engineering and
Sciences (FES) of University Tunku Abdul Rahman (UTAR) is presented in this
project. The sources of renewable energy that had been chosen to use in this project
were solar and wind energy. Hence, a photovoltaic system and a wind turbine system
were used to convert the solar and wind energy into electricity. As the electricity was
generated, there is a need and importance to determine the output power of the
system. The performance of the system was determined through the investigation and
testing on the performance of the system. The project was more towards on data
collection and testing on the performance of photovoltaic and wind turbine system at
UTAR campus.

1.2 Background and Motivation

The total demand of the electricity is never enough and it rises rapidly every year. In
Peninsular Malaysia, the electricity has been growing between 5% and 8% every
year and it could face a power shortage by 2015 based on the government's targeted
growth rate of 6% per year for the next five years for the country's economy
according to the commission (Leong, 2011). Hence, more power plants have to set

up to overcome the rising demand of electricity. Other than the power plants, the
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implementing of Feed in Tariff which had been approved by Malaysian cabinet at
April 2010 also become one of the solution (Ministry of Energy, Green Technology
and Water, 2011). With the implementation of Feed in Tariff, it aims to increase the
generation of electricity from renewable sources of energy instead of using gas, oil,

and coal to create a new demand for clean and sustainable energy sources.

Among the renewable energy, the solar and wind power had experienced
remarkably rapid growth in the past 10 year. Both are pollution free sources of
abundant power and eliminate the greenhouse effect which can cause by the carbon
dioxide (CO,) emitted by fossil fuel plants. The solar and wind energy are available
in an endless supply compare to oil, coal and natural gas which are being rapidly
depleted and becoming more expensive to extract. Meanwhile, both of them are quiet
energy which means a reduction in noise pollution compare to conventional power
plants. Therefore, it is suitable and encourages people to install the solar panels and

wind turbines on buildings and homes to produce their own energy.

The solar and wind power have their pros and cons. The solar power is
limited to the daytime solar radiation and wind power is limited to wind condition.
Despite of other reason, the solar power is more suitable compare to wind power in
Malaysia. The reason is due to the natural properties of Malaysia. In Malaysia, the
average wind speed is low at no more than 2 m/s, non-uniformly of wind blow and
its various according to region and month which have affected the output power of
wind power (Ministry of Science, Technology and Innovation, 2011). Compared the
wind source, the solar radiation is uniformly throughout the year as location of
Malaysia is near to the equator. The common type of wind turbine and photovoltaic

are shown in Figure 1.1.
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il

Figure 1.1: Common Type of Wind Turbine and Photovoltaic (Concinnity Solar,
2013)

1.3 Aim of the project

The project is aimed to investigate and testing on the performance of the wind
turbine and photovoltaic system integrated with micro-grid at Faculty of Engineering
and Sciences (FES) of the University Tunku Abdul Rahman (UTAR).

14 Objectives

The objectives of this project are:

» To study the mechanism of the wind turbine and photovoltaic system.

» To build a platform in PC for acquiring both data from wind turbine and
photovoltaic inverter.

» To show the both wind and photovoltaic power output profile.

» To identify the maximum power output of the month for wind turbine and

photovoltaic system.
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15 Contributions

The contributions involved in this project are:

Created a platform to collect data from inverter
Developed the LabVIEW for data collection
Monitored the PV installation process

Assembled and disassembled the vertical axis wind turbine

YV V V V V

Developed the method used to test the wind turbine and PV system

1.6 Organization of the Report

Chapter | briefly described an idea of this project. It also defines the aim, background
and motivation, and objectives of the project. The literature review is written in
Chapter 2. The chapter described the research, concepts, information and theory
relevant on wind turbine and photovoltaic systems. The methodology of the project
laid in Chapter 3. The methods and techniques used to investigate and test the
performance of the systems are written in this chapter. Both system of photovoltaic
and wind turbine had studied and analysed in Chapter 4 and Chapter 5. Under these
chapters, several researches had done to understand the mechanism of the systems.
The results and discussions are laid in Chapter 6. The results adopted from Chapter 3
were processed, analysed and discussed in this chapter. The last chapter is about to
conclude the project. In this chapter, the problems encountered were listed and
several recommendations for improvement on the system are proposed for further

development.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

In this project, the electricity was generated through the wind turbine (WT), solar
photovoltaic (PV) and diesel generator as backup. The electricity generated was
stored in the batteries and integrated with the micro-grid. The micro-grid designed in
this project was operated either off-grid or on-grid. The Figure 2.1 shows the
overview of micro-grid system in this project. However, it was only wind turbine
and photovoltaic system will be covered in this report. Besides, there was an
assumption make on this project that the power factor involved in the project will
always consider as 1. Hence, all the power mentions in this project will be same

value either it is true or apparent power.

s
He |

Distribution Micro-grid system Battery
Grid level controller Storage

l | i
S
& “'T\QQX
|
||
|| s EEE SN
adiondie ENE RN
Wind Turbine Solar

GENSET

Photovoltaic

Figure 2.1: Overview of Micro-Grid System (General Microgrids, 2012)
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2.2 Micro-grid

According to Remus, Marco, and Pedro (2011), a micro-grid is similar to the
conventional transmission and distribution grid except the scale is much smaller. The
micro-grid works by integrating all the local electricity generation and supplied to
the load or grid. The electricity generation connected on micro-grid can be fuel cells,
WT, PV, or any other energy sources. The micro-grid can operate in grid-connected
mode or islanded mode without affects the operation of the existing grid. In this

project, the micro-grid is only covered for PV and horizontal axis wind turbine.

2.3 Wind Turbine

According to Pramod (2011), a wind turbine (WT) is a device that adopts kinetic
energy from wind energy into rotational form of mechanical energy and produce
electricity through an electrical generator. The following subsections have discussed
the basic knowledge of WT.

2.3.1  Type of Wind Turbine

According to the book written by Ahmad (2012), the wind turbine is classified based
on their axis either is it horizontal and vertical. The axis is refers to their main shaft
about which the rotating parts is revolve. The common type of wind turbines are
horizontal axis wind turbine (HAWT) or vertical axis wind turbine (VAWT). The
wind turbine is shown in Figure 2.2. The HAWT is sensitive to the direction of wind
blow although in most case the wind blows horizontally while the VAWT is able to
catch the wind no matter what direction of wind blow. The types of wind turbine

involved in this project are vertical and horizontal axis wind turbine.
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Figure 2.2: Type of Wind Turbine (a. Horizontal axis b. & c. Vertical axis)
(Bracken Meyers, 2011)

2.3.2  Major Components of Wind Turbine

According to the book written by Ahmad (2012), the major components for wind
turbine can be classified into two parts which are mechanical and electrical
components. The mechanical components are including tower, nacelle, rotor, shaft,
foundation, and brake. On the other hand, the electrical component considers is only
generator. All of these component are basically involved in this project either it is

horizontal or vertical axis wind turbine.

2.3.3  Wind Energy

The wind energy is the prime source/energy for WT to operate as mentions in the
book written by author Pramod (2011). The energy adopted from the wind is type of

linear kinetic energy and it can be expressed in equation 2.1.
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From the equation 2.1, it is obtained that the kinetic energy of wind power is
affected by the speed, air density and the rotor of wind turbine. Hence, it is possible
to increase the wind power by increases the size of rotor although the speed and air

density of wind are variable with the weather condition.

E =%pm‘2 3 (2.1)

where

E = kinetic energy of wind per second, Joule/s
v = speed of wind, m/s

p = air density, kg/m®

r = radius of the rotor, m

2.3.4  Conversion of Mechanical to Electrical Power

As the prime energy is defined, the linear kinetic energy is then converted into the
rotational Kinetic energy through the blade and shaft either with gearbox or directly.
According to Pramod (2011), the mechanical power can be expressed in equation 2.2

and the electrical power is expressed in equation 2.3

Tw = ek (2.2)

where

w = speed of generator, rad/s
e = overall efficiency of power transfer from wind to generator
E = kinetic energy of wind per second, Joule/s

T = torque transferred to the rotor of generator, Nm
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Tw = Vicosg (2.3)

where

w = speed of generator, rad/s

T = torque transferred to the rotor of generator, Nm
vV = AC voltage, V

i = current flow through the circuit, A

@ = phase angle between voltage and current, °

From the above equation, it is obtained that the current and phase angle are
depend on the amount of torque supply to the rotor of generator by assuming both
voltage and angular frequency are constant. However, the torque is depends on the
kinetic energy from the wind. As a result, the current and phase angle is still
depending on the wind condition.

2.3.5 Electrical Generator

The electrical generator is a machine used to generate electricity from the mechanical
source of energy. In the book written by Ahmad (2012), the generator used by wind
turbine is Alternative Current (AC) generator and it is commonly the generator is 3

phase synchronous.

According to the Pramod (2011), the frequency of the generator is relying on
the generator rotor speed. The frequency of the synchronous generator can be

expressed as shown in equation 2.4.

Based on the equation 2.4, is it obtained that the lower the number of pairs of
poles per phase, the faster the generator must be rotated in order to have same
frequency. Due to the fact that all the poles in synchronous generator must

accommodated in a circular area that forms the stator of the generator, the size and
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structure of the generator is depends on the number of poles. Therefore, a generator
with more poles will generally has a bigger size and shorter in length.

120 X
N_ = f
P 2.4)
where

f = frequency of generator, Hz
p = number of poles per phase

N, = rotational speed of generator, rpm

2.3.6  Modes of Operation of Wind Turbine

Mode of operation is explained as the way a WT connected to a grid as stated by the
author Pramod (2011). The modes of operation available for synchronous generator

are direct drive mode, fixed speed mode and variable speed mode.

In variable speed mode, the turbine is connected to the generator through the
same shaft without a gear box between them. This mode is able to change the speed
of rotor such that the turbine is operating at peak power for all wind speeds will yield
higher energy output. The overview of variable speed mode is shown in Figure 2.3.
The principle of variable speed mode stated by the author is written in next

paragraph.

In the Figure 2.3, the speed of generator is controlled by a pulse width
modulated (PWM) type of inverter. The control mechanism is works such a manner
that optimal values of current from rectifier are drawn by the inverter. These optimal
values of current determine the current flows through the stator coils which also
determine the optimal value of torque and angular velocity of the generator.
Therefore, the speed of rotor is increased by reduced the current drawn by the
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inverter and the speed of rotor is reduced by increased the current drawn by the
inverter. In addition, the variable speed mode is able to deliver reactive power to the
grid. The amount of reactive power is controlled by using an inductor and controlling

the inverter output voltage and its phase angle relative to the grid.

Measured Reference
Variables Values

- ; ' ' Utility Grid
Wind turbine Control System x
Coupling
i 1 1 Transformer
Wind DC L DC
; AC — AC

Full-scale power converter

Figure 2.3: Overview of Variable Speed Mode (Pramod, 2011)

2.4 Solar Photovoltaic

By referring to the book written by Mukund (2006), the solar photovoltaic is a
semiconductor device that uses the photovoltaic effect to generate DC electricity
directly from the sun radiation. The principle behind the direct use of the sun’s
energy for the production of electricity was discovered in 1887 by Heinrich Hertz

and explained in 1905 by Albert Einstein.

Mono Poly Thin Film

Figure 2.4: Types of Photovoltaic Cell (Mukund, 2006)
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The major types of solar photovoltaic are monocrystalline silicon,
polycrystalline silicon and thin film. The conversion efficiency of the
monocrystalline is the highest among other. The difference of solar photovoltaic can

be obtained by their surface’s colour as shown in Figure 2.4.

2.4.1  Output Power of Photovoltaic

According to the book written by Mukund (2006), the output power of a photovoltaic

module is direct current and it can be determined from the equation

B,=1,XV, (2.5)

where

Pew = output power of PV module, W
Vv =output voltage of PV module, V
lov = output current of PV module, A

From the equation 2.5, it is obtained that the output power is depends on the
voltage and current output. The output power is equal to zero if either one of the
value voltage or current is zero. The maximum power is adopted when the voltage
and current has the maximum current. However, this is not true based on the Current

and Voltage characteristic of PV module as shown in Figure 2.5.

Based on the Figure 2.5, the PV module is works as a constant current source
and generating a voltage to match with the load resistance. Until a certain level of
voltage, the current is drops rapidly with a small rise in the voltage to supply the
internal resistance. Therefore, it is necessary to vary the voltage in range of 0 t0 Vi

in order to adopt the maximum output power.
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Figure 2.5: Current versus Voltage (I-V) characteristic of the PV module
(Mukund, 2006)

In addition, the author also explains that the output power is directly affect by
the sun intensity or amount of solar radiation (W/m?). The amount of solar radiation
and the angle sun shine direct hits on the surface of PV module are affected the
current and output power of the PV module. During the sunny day, the solar
radiation is high, more current is flows inside the PV module and the output power is

higher compare to a cloudy day.

2.5 Inverter

According to the Remus, Marco, and Pedro (2011), the inverter is a devices used to
interface the DC power source into the grid system. Typically, the functions of an
inverter are tracking the maximum power point, anti-islanding, grid synchronization
and data logger instead of inverting DC power only. The types of inverter included
module integrated inverters, string inverters, multistring inverters, mini central
inverters and central inverters. However, there is only string inverters are covered in
this project. The string inverter has their own inverter for each string or multi string

unit to invert the DC power.
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CHAPTER 3

METHODOLOGY

3.1 Planning and Organizing

The project started from the May 2012 and ended at April 2013. The duration for this
project is two semesters. The overall planning and organizing of the project are
shown in Appendix A and Appendix B.

During the first semester, the progress was planned quite slowly due to
construction of the wind turbine and photovoltaic systems were not yet completed.
Hence, more time had used to study and review the system implemented by other. In
the first semester, the data collection, researches, investigation and testing were

focused on photovoltaic system.

The studies and researches of wind turbine had conducted in second semester.
The system of wind turbine were researched, tested and investigated in second
semester. At the end of semester, the time was used on the report writing and

analysing the results.
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3.2 Research and Understanding

In the previous chapter, it was known the project was more towards to data collection
and analysis of the data. In the meantime, the performances of the systems were also
been investigated and tested in this project. In order to ensure the investigation and
testing on the system can be safely been performed, the research was first
implemented on the systems. These research and understanding will allows the task
to be performs without damage the equipment and devices. Besides, it also helps on

analyses the results obtained.

All the researches were conducted by studying articles, journals, books and
manufacture datasheet to get more ideas and information. The detail’s researches of

photovoltaic and wind turbine system are written in Chapter 4 and Chapter 5.

3.3 Data Collection

This section will discuss on the methodology used to collect the data from output of
inverter. The data collected were the information of voltage and current from the
output of inverter. Based on Chapter 4 and Chapter 5, the inverters used for wind
turbine and photovoltaic system were similar where both outputs were in alternative
current (AC) form. Hence, the method used for data collection could be the same

type. In this project, two methods were used to collect the data from inverter.

3.3.1 Method 1 - Power Analyzer

The equipment power analyzer (model TES - 3600) was used to collect the data in
first method. This power analyzer is capable to sense the voltage and current in AC
form and store the data based on the setting set up. The data was collected by power
analysed as shown in Figure 3.1 and Figure 3.2. It is always keep in mind to switch

off the PV source and disconnects the grid system with the inverter before any
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further progress. If fail to do so, it may damages the devices or electric shock may
happens as the electrical power involved is high.

)
o O ’m--'—.
= E"Q
. Inverter

Current
Probe

Voltage test leads | Power Analyzer

Figure 3.1: Data Collection through Power Analyzer

NI RN
S——— ™

Figure 3.2: Internal Part of Control Panel

In these figure, the current probe (used to sense current) was clamped on the
line wire (red colour) while the two voltage test leads (used to sense voltage) was
connected to the line wire (red colour) and neutral wire (black colour). Both current
probe and voltage test leads were then connecting back to power analyzer to sense
and store the data in memory.



32

The detail of wiring diagram for power analyzer and inverter is shown in
Figure 3.3. In this figure, it had clearly shown the black and red voltage test leads
were connected to terminal “Ul” and “1”. The current probe output plug was

connected to the terminal “I1”.
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Figure 3.3: Wiring Connection Diagram of Power Analyzer (TES Electrical
Electronic CORP, 2008)

As the full wiring connection had done, the timing for power analyzer was
calibrated and it was set to store the data each second throughout the day. Then, the
switch for PV was switched on and feeds to the grid system. The data stored was
transferred to computer every two days as the memory size of power analyzer is
limited. The transfer process had done through the RS 232 interface.

The data transferred to the computer was saved and further been processed
through the program Microsoft Excel. These results are then analysed and discussed

in Chapter 6.
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3.3.2  Method 2 - Data Acquisition (DAQ)

The second method for data collection had done through the data acquisition (DAQ)
platform. The DAQ platform was formed by a voltage card (model NI 9225), a
current card (model NI 9227) and an USB chassis (NI cDAQ-9174). The voltage
card was used to measure output voltage while the current was measured by current
card. Both voltage and current card were slotted in USB chassis to communicate with

computer through the program developed in LabVIEW.

Based on the Chapter 4 and 5, the output of inverters was in AC form. Based
on the manufacture’s datasheet as shown in appendix D, the nominal output voltage
was 230 V and 13 A for nominal output current. On the other hand, the measurement
range for voltage card is -300 Vms to + 300 Vims and -5 Ams t0 + 5 Arys measurement
range for current card are shown in appendix E to H. Hence, it was not possible to
measure the inverter’s output current directly as it may spoilt the current card. The
problem was solved by adding a current transformer (ratio 250:5 A) to step down the

output current to range of current card before connects to the current card.

Current
Transformer
Live
WNeutral

Earth
0 =
Lab VIEW 25| EE
o g e da

L [

Figure 3.4: Wiring Connection Diagram of DAQ platform
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The wiring connection diagram for DAQ platform with the inverter is shown
in Figure 3.4. In the figure, the current transformer was hooked at the live wires to
sense the current and the output of current transformer was connected to the current
card. The output voltage was sensed by voltage card through the direct parallel
connection. Both cards were slotted into the USB chassis and connected to computer
through USB cable.

. un;,w-"u!

DAQ Platform

Computer with LAbBVIEW Program

Figure 3.5: Data Collection through DAQ Platform

In the computer, a program was developed in LabVIEW to display and store
the data. The actual connection is shown in Figure 3.5. All the wiring connection had

done when the PV source and grid system were disconnected from inverter.
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Figure 3.7: PV 1 Tab of DAQ Program User Interface

The developed DAQ program user interface in LabVIEW is shown in Figure
3.6 and Figure 3.7. This program was developed to collect data from three inverters
(PV 1, PV 2 and wind turbine) either single operating or simultaneously. In the
Figure 3.6, four tabs were created to display different data and uses. The “general”
tab was created as control and summary display purpose. It allows user to control the
program main switches, switches to adopt each inverter’s data, switches for each
logger for data storage and setting for data to be save. The graph in “general” tab was

used to shown the power (kW) against time for three set of inverter’s data.
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The user interfaces for other three tabs are basically same to each other. The
only different was the data was collected from different set of inverter. The tab “WT”
is shown the wind turbine output profile while tab “PV1’ and tab “PV2” are shown
the photovoltaic output profile from the inverters. These three tabs were indicated the
voltage (V), current (A) and power (kW) from the inverter. It’s indicated present’s
reading and previous reading in the result table. The three graphs display in each tabs

were indicated the voltage (V), current (A) and power (kW) versus time.
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Figure 3.8: Block Diagram Developed in LabVIEW
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The block diagram used for DAQ program user interface was developed in
LADBVIEW as shown in the Figure 3.8. The block diagram is quite complicated as a
lot of wiring are involved. However, the main function was to adopt and the data was
stored for every 30 seconds. Before storing the data, the data was calibrated and
calculated to get the final value. For example, the current transformer was calibrated
to the actual value as shown in equation 3.1. The inverter’s output power (KW) was

calculated based on equation 2.5.

I,..=CTratio X I,

° (3.1)
250

~ e

=50 X I
where
I.: = output current of inverter, A
I+ = Output Current of the Current Transformer, A
CT ratio = ratio of current transformer

The data stored in computer were processed in program Microsoft Excel.
These data were merged, recalculated to get the average data and categorised with
the date. Then, the graph of power (kW) versus time (hour) was plotted and the
output profile of month was created. These outcomes are further been shown and

discussed in Chapter 6.
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3.4 PV Testing

This section is about the methodology used to test the performance of photovoltaic
system. Under this section, the power losses along the photovoltaic system were
investigated and tested. The power losses in photovoltaic system were including the

losses along the wires and the losses inside inverter during power conversion.

Based on the joule’s law, the power dissipated in a resistor is in term of the
current flow through it and its resistance. It was known that the joule law can be
applied to any circuit that is obeys ohm’s law. Therefore, both equation of ohm’s law

and joule’s law can be combined as shown in equation 3.2.

(3.2)
where
P = power , W
R = resistance, ohm

| = current, A

The power losses in the PV system can be found by determine the values of
voltage, current or resistance along the system based on the equation 2.5 and 3.2. The
information of voltage (V) and current (A) were more reliable compared to resistance.
This is because the resistance may change as it was affected by temperature and
conductivity. Therefore, power losses in the PV system were determined in term of

voltage and current.

From the Chapter 4, the output power from photovoltaic was in direct current
(DC) form while the maximum output current was 16.84 A and maximum output
voltage was 296 V. The current transformer used in previous section was unable to
sense DC current as it only work for AC current. At the same time, the current card
(model NI 9227) also not suitable as the current involved was out of the
measurement range. Hence, an additional current transducer platform was

constructed in this section to sense the DC current.
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34.1 Construct of Current Transducer Platform

The Hall Effect current transducer (model CSL2DC) was selected to sense current in
this project. This type of current transducer had advantages to sense current in either
AC or DC form and most important the cost is low. The output of this current
transducer was voltage signal and it was open loop linear type. Hence, the output
voltage signal was proportional to the measured primary current. However, the
requirement of stable power supply to power up current transducer was its main

drawback.

Based on the manufacture datasheet as shown in appendix O and P, the
supply voltage required was 8 to 12 Volts. Besides, it was understood that the current
transducer was sensitive to the voltage supplied. Due to this issue, the voltage
regulator was constructed to provide a steady voltage for this current transducer.

Voltage_Regulator
L7805CV

+
+

Y

-V (=2}
g L
= C2 o
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Figure 3.9: Schematic Diagram of Voltage Regulator

The circuit diagram of voltage regulator is shown in Figure 3.9. The voltage
regulator were designed to output 8V (DC voltage) with input of 12 V (DC voltage).
In Figure 3.9, the input was supplied by a 12 V DC wall adaptor and the output
voltage was connected to current transducer. The 5V voltage regulator (L7805CV)
with resistors (R1 = 750hm and R2 = 120 ohm) were used to convert from 12 V into
8 V. The calculation for voltage regulator is shown in equation 3.3.
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R, +R,
Vrag output = Vrag X ( R. )
) (3.3)
75+ 120
-sx (1)
120
=8.125V
where
Vieg ourpur = OUtpUt voltage of voltage regulator platform, V
Vieg = output voltage of voltage regulator (L7805CV), V
R, = 75 ohm resistor
R, =120 ohm resistor

r

The monolithic ceramic capacitors (C2 and C4) were placed parallel on each
side of voltage regulator to reduce the ripple voltage amplitude and filter out any
noise. While, the electrolytic capacitors (C1 and C3) help the regulator deals with

surges in power and smooth the ripple voltage amplitude.

Voltage *“t :
DC Wall Regulator Current

Adaptor Transducer

Figure 3.10: Full set of Current Transducer
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The complete set of current transducer platform was built and shown in
Figure 3.10. The current transducer and voltage regulator were linked through wires
instead of built on the same board. Although, all the components were built in the
same board which can save some the cost and size. However, it was not flexible in
this project as the current transducer was required to hook on the wire for long period
to measure the current and it will be quite heavy if all the components were built in a

same board.

3.4.2  Power Loss along the Wires

The power losses in the wires were referred to the wires starts from output of PV
switchboard to the input of inverter. The total length of the wires along the PV
system was measured by using measuring tape and it is about 57 meter. The power
losses along the wires were determined by measures current, I, and the voltage, Vgrop

along the wires as shown in the equation 3.4.

sz'rss loss I’pz: X VE'?"ID',’!:I (3 4)
where
P ires loss = power losses along wires, W
Ly = output current of PV modules, A
Varop = voltage drop along wires, V

The DAQ method was used in this section to collect the data. The main
equipment involved were current transducer platform constructed in previous section,
voltage card (model NI 9225) and an USB chassis (NI cDAQ-9174). The wiring
diagram is shown in Figure 3.11. Based the Figure 3.11, the voltage (Vi and V3)
were measured by parallel connection between voltage card and the terminal. The

current transducer was hooked on the wire as shown in figure 3.12 and output a
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voltage signal, V3. The voltage V3 was measured by connecting to the voltage card.
Then, a program was developed in LabVIEW to store the data.

Vi

Vs

L [ i

Figure 3.11: Wiring Connection Diagram of DAQ platform for Power Loss
along the Wires

Figure 3.12: Current Transducer

The block diagram developed in LabVIEW is shown in Figure 3.13. All the
wiring connection was done when the PV source and grid system were disconnected
from the inverter. In the Figure 3.13, the block diagram was designed to adopt the
data from chassis, store the data for each second and performs some calculation to

get the final value before it was stored.
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Figure 3.13: Block Diagram of DAQ platform for Power Loss along the Wires

The calculations involve in the block diagram were the calibration for current
transducer, l,, and voltage drop along the wires, Vgrop. The calibration for current
transducer was based on the resolution provided by manufacture datasheet and it was
expressed in equation 3.5. Meantime, the calculation for Vg, is shown in equation
3.6.

V
T@ _ ( reg oumur}z)

1 =

By 0.033
(3.5)
where
- = output current of PV modules, A
A = output voltage of current transducer, V
Vieg ourpur = OUtpUt voltage of voltage regulator platform, V
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Vl'l'?"ﬂ'?.':l = (Vi - VE:]

(3.6)
where
Varop = voltage drop along wires, V
A = voltage at the start point of wires, V
v, = voltage at the end point of wires, V

By having these values, the power losses along the wires were calculated in
Microsoft Excel and graph of Vgrop Versus I, was plotted. These results are shown in
Chapter 6.

34.3 Power Losses in the Inverter

The power losses in the inverter can be determined by measures the input power and
output power of the inverter. The difference between the input power and output
power of the inverter will be the power losses in the inverter. The power losses in the
inverter was expressed as

P = 'Pz'n*pur - Poumur (37)

invertar loss

where
P, erterioss = POWEr losses in the inverter, W
Pirpur = input power of the inverter, W

S = output power of the inverter, W
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These input and output power of the inverter were determined by helps of
current transducer platform, current transformer, voltage card (model NI 9225), a
current card (model NI 9227) and an USB chassis (NI cDAQ-9174). The method

used was DAQ method which was similar as previous sections.

The output power was determined same way as Section 3.3.2 and the wiring
connection diagram is shown in Figure 3.4. While, the determination of input power
was similar to Section 3.4.2 but it was slightly simpler as only one voltage signal was
measured. The complete wiring connection diagram is shown in Figure 3.14 and the
block diagram is shown in Figure 3.15.

Output | Input

Current
Transformer

Live g n
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T 3 Computer

Figure 3.14: Wiring Connection Diagram for Power Losses in the Inverter
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Figure 3.15: Block Diagram of DAQ platform for Power Loss in the Inverter

In the Figure 3.15, the power of inverter was adopted and stored for every 10

seconds. The calibrations for input and output power of inverter used in block

diagram were shown in the equation 3.8 and 3.9.

|

rag output

|

'Pr b

c

a

ag autput},"z)

0.033

(3.8)

= input power of inverter, W
= voltage of inverter’s input, V
= output voltage of current transducer, V

= output voltage of voltage regulator platform, V
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Pourpur = 20X [ XV,
(3.9
where
Py ueput = output power of inverter, W
I = actual output current of current transformer, A
v, = voltage of inverter’s output, V

These data were processed in program Microsoft Excel to find the power
losses and efficiency of the inverter. The graph of efficiency versus input power was

plotted as shown in Chapter 6.

35 HAWT Testing

This section is about the methodology used to investigate and test the performance of
HAWT system. Based on the Chapter 5, the wind turbine was generating the 3 phase
AC form power and it was converted into the single phase DC form power before
feed to the inverter. The performance of inverter was excluded in this section as it
was similar with the performance of PV inverter as done in Section 3.4.3. Hence, the

performance converter was much interest to be covered in this section.

The converter of these AC to DC power had done by three phase to single
phase full bridge rectifier as shown Chapter 5. The test was performed on this
rectifier to test the efficiency of the power conversion. It is only input and output
voltage will be measured as the electrical power was unable to determine due to the

malfunction of inverter.

The methodology used for this section was simple and it had done by
manually measure of voltage through conventional multimeter. The wiring
connection diagram is shown in Figure 3.16. In the Figure 3.16, the AC input source

of rectifier was come from the wind emulator than wind turbine. This is to ensure the
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input voltage was always constant at all the time. The AC input voltage source was
balanced so the line voltage can be measured within any two wires out of the three

wires. As mention in the Chapter 5, the circuit for generator was in star connection

where the line voltage was equal to /3 multiply phase voltage. Then, calculation had

done to find the AC phase voltage. The input and output voltage of rectifier were
measured with different level of speed. The speed was increased slowly from 0 to

400 rpm. The results were recorded and processed in program Microsoft Excel as

.ﬂ

Figure 3.16: Wiring Connection Diagram for Rectifier

shown in chapter 6.

AC Output

mding D

3.6 VAWT Testing

3.6.1 Determine the Speed of VAWT

The speed of VAWT was determined in this section instead of the wind speed. The
reason was the cost of equipment used to test the wind speed was high compare to
the equipment used for speed test. Hence, the information of VAWT’s speed was

used to define the relationship between the wind speed and output power.
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The speed mention here was about the speed of VAWT rotates or named as
rotor’s speed. The speed was measured in term of radius per minute (rpm). For
example, one rpm simply means the VAWT is rotates about a full 360 degree circle
in a minute. Based on the Chapter 5, the rotor was rotated together with the
synchronous generator. Therefore, the equation 2.4 in Chapter 2 can be used to

determine the rotor speed.

From the equation 2.4, the number of poles per phase and frequency of
generated EMF were both unknown. Hence, the both information were required to
determine before determine the speed of rotor. The frequency of generated EMF was
actually same as the voltage’s frequency generated by the generator. The frequency
for voltage can be adopted through the DAQ methods. The number of poles per
phase can be determined through experiment and DAQ methods.

Figure 3.17:Testing of VAWT with Two Industrial Fan

The equipment used for this section were two industrial fan, a voltage card
(model NI 9225), an USB chassis (NI cDAQ-9174), and a tachometer (model DT-

2236). The industrial fans were used to simulant the wind stream for VAWT to rotate
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constantly as shown in Figure 3.17. The experiment was done at in door to avoid the
natural wind act on the rotor speed. The height of both industrial fans was adjusted to
be same height with the centre of VAWT rotor. The distance between VAWT and
fans were arranged to be same. The wiring connection diagram is shown in Figure
3.18. It is only two wires were required to connect to the voltage card as the output of

VAWT were balanced.

Lab VIEW

L’ Computer

Figure 3.18: Wiring Connection Diagram for VAWT Rotor Speed
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The user interface and block diagram of DAQ platform were constructed in
program LabVIEW as shown in Figure 3.19 and Figure 3.20. The block diagram was
simply as it only adopts frequency of voltage and equation 2.4 was inserted to find
the rotor speed. The user interface was only used to adjust the number of poles,

indicates the rotor speed and frequency of voltage.

{3 Rotor Speed.i Front

File Edit View Project Operate Tools Window Help

S B |_1@| 15pt Application Font |~ Hgl o Hgv D~ l
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Figure 3.19: DAQ Program User Interface for VAWT Rotor Speed
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Figure 3.21: Measuring the rotor’s speed of VAWT through Tachometer

Once the wiring connection and DAQ program were ready, the industrial fans
were turned on to let the VAWT rotates. The speed of rotor was measured by
tachometer as shown in Figure 3.21 after 10 minute. The time waits for 10 minute to
ensure the rotor speed of VAWT is in stable status. The reading adopted from the
tachometer was compared with the reading shown in LabVIEW user interface. The
number of poles was adjusted to adopt the closest value of rotor speed with the one
measured by tachometer. The process was repeated with different speed of industrial
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fan to verify the speed adopts from DAQ is certain with the speed adopts from
tachometer.

3.6.2  Test the performance of VAWT

The performance of VAWT was tested through the DAQ method which was similar
as previous section. The equipment used for this section was included two industrial
fans, a voltage card (model NI 9225), a current card (model NI 9227), an USB

chassis (NI cDAQ-9174), current transducer platform and current transformer.

First of all, the height of both industrial fans was adjusted to be the same
height with the centre of VAWT rotor. The distance between VAWT and fans were
arranged to be closely as possible as shown in Figure 3.22. The wiring connection
diagram for testing purpose is shown in Figure 3.24. In Figure 3.24, a full bridge
rectifier was used to convert the AC form power into DC form. The output of
rectifier was connected to the load that is represented by 50W variable pure resistor.
While, the block diagram for DAQ is shown in Figure 3.25. The block diagram was

designed to adopt and store data for each 30 seconds.

Figure 3.22: Testing of VAWT Performance



Figure 3.23: 50 watt (10 ohm) Variable Resistor
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Figure 3.25: Block Diagram of DAQ for VAWT Performance Test



54

Several experiments were performed with the same DAQ platform and
program as shown in previous paragraph. All the experiments had done at in door to
avoid natural wind affects to the rotor speed. The results obtained from the
experiences were processed in program Microsoft Excel and it is shown in Chapter 6.

The detail procedures of these experiments are written as following subsection.

3.6.2.1 Experiment 1 — Fixed load with variable wind speed

The experiment 1 was conducted by fixing the resistance of resistor and tests the
performance of VAWT with different level of wind speed. First, the resistor was
adjusted to a fixed value and the resistance was measured through the multimeter.
Then, the industrial fans were turned on with lowest speed and the collection of data
was started. The steps were repeated after 10 minutes with different speed of

industrial fans.

3.6.2.2 Experiment 2 — Variable load with fixed wind speed

The experiment 2 was conducted by fixing the speed of fan and tests the performance
of VAWT with different level of load applied. First, the resistor was adjusted to a
fixed value and the resistance was measured through the multimeter. Then, the
industrial fans were turned on with maximum speed and the collection of data was

started. The steps were repeated after 10 minutes with different level of resistance.



55

CHAPTER 4

PHOTOVOLTAIC SYSTEM

4.1 Overview of Photovoltaic (PV) System

This section will be briefly described the mechanism and the function of each main
component in the photovoltaic (PV) system. In this project, the PV system was
formed by a solid structure to locate an amount of PV modules, two string of PV
array, 2 set of switchboard, 2 set of inverter and on-grid control panel. The overview
of PV system in this project is shown in Figure 4.1. Basically, the PV systems are
adopting the sun energy and convert it to the electrical energy. This electrical energy
was connected to a grid system through the inverter before it was supplied to the
consumer. The detail information about each component were studied and

investigated as following sections.

A

Switchboard

vAg

Figure 4.1: Overview of PV System
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4.2 Installation PV system

The installation of PV system had done by the contractor. However, the installation
processes were monitored for better understands of the PV system. The installation

processes for PV system are shown in Figure 4.2 and Figure 4.3.

Figure 4.2: Installation of PV Structure

Figure 4.3: Installation of PV System
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4.3 Construction of PV

The construction and design of PV were explained in this section. In this project,
there was total of 32 set of PV modules. The front and back view of PV modules
were shown in Figure 4.4. These PV modules were basically formed by internal

connection of 60 set of Monocrystalline solar cells.

Figure 4.4: PV Modules

There were 4 set of PV array formed by these PV modules. Each set of PV
array was formed by 8 set of PV modules through series circuit connection with each
other to gain the output voltage. Then, two strings were formed by these PV array.
Each string was formed by 2 set of PV array through parallel circuit connection with

each other to gain the output current. The PV strings are shown in Figure 4.5.

Figure 4.5: PV Modules in UTAR
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From the appendix K, each module had ability to create maximum power

voltage (Vmp) of 29.4 Volts, maximum power current (ln,) of 7.83Amps and
maximum power (Pnax) 0f 230 Watt. The open circuit voltage (Voc) is 37 Volts and
short circuit current (Isc) is 8.42 Amps. All these values were based on 1000W/m?

irradiance with cell temperature of 25 degree Celsius as stated in appendix K. By

having these values, the calculation can be made to estimate the maximum

production of power, voltage and current for each string. The maximum power

produces by each string is expressed as

P .1 = no.of PV modules in the string X P, ..
=16 X 230
= 3680 W
where
P, ..1 = PV string maximum power, W
P .. =PV module maximum power, W

The maximum voltage produces by each string is expressed as

Vae1 = no.of PV modules in single array X V,-

=8 X 37

=296V

where
%

maxl

= PV string maximum voltage, V

Vo, =PV module open circuit voltage, V

(4.1)

(4.2)
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The minimum voltage produces by each string is expressed as

Vinina = no.0f PV modules in single array X V,,,

(4.3)
=8 xX294
= 2352V
where
Vimina = PV string minimum voltage, V
Ve = PV module maximum power voltage, V
The maximum current produces by each string is expressed as
01 = no.of array in the string X I
(4.4)
=2 X842
=16.84 4
where
I...1 =PV string maximum current, A
I.- =PV module short circuit current, A
The energy produces by each string is expressed as
E =no of hour PV panel receive direct sun shine X P_ ., (4.5)
=4 X 3680
= 1472 kWh
where
E = energy of PV system produced in a day, kWh

P,.ax1 = PV string maximum power, W
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Based on these results, the maximum power produced by each string was up
to 3.68 kW with the operating voltage range of 235.2 - 296 Volts DC. The maximum
current of each string was up to 16.84 Amps DC. The energy produces in a day was
14.72 kWh with operation hour of 4.

4.4 Switchboard and Inverter

The Figure 4.6 had shown the external and internal view of PV switchboard. This
switchboard was contained the switches and the fuses. The switches were used to
connect/disconnect the PV output array to the inverter. Besides, it also acts to
connect/disconnect the two set of array to form a string. The fuses were used as
protection in case of system failure. The output of switchboard was connected to the

inverter through the wires.

Array
|  Switches

Figure 4.6: PV Switchboard

Basically, the inverter was acts as a converter to convert the DC power into
AC power. However, the inverter used in this project had ability to track the
maximum power point of the PV array to improve the power before feeding the
output power into the grid system. There were two set of string inverters (model TL
3) used in this project and the detail specification is shown in appendix C and D.
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Based on the Figure 4.7, the LCD display was used to display the reading of power
and terminal (negative and positive) was connected with the PV output.

From the Appendix C and D, the inverter had input voltage range of 120 —
500 V DC and MPPT operating input voltage range of 150 — 500 V DC. These
values mean any incoming voltage less than 120 V DC, the inverter is not producing
any output power. The maximum input current can supports is up to 22 A DC and the
maximum output current is up to 13 A AC. The maximum output power is up to 3
KW.

LCD
Display

Output
Terminal

Positive Input Terminal

Negative Input Terminal I

Figure 4.7: PV Inverter

The output terminal of inverter was connected to the main control panel as
shown in Figure 4.8. The connection of grid system and the control panel had done
by the grid cable as shown in Figure 4.8 and 4.9. The switches on the control panel

and main switchboard will be used to on/off the inverter feed to the grid system.



PV 1

PV 2

Wind Turbine |

Grid Cable

Wind Emulator
Switches

Figure 4.8: Control Panel

Figure 4.9: Main switchboard
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Grid Switches

Grid Cable
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CHAPTER 5

WIND TURBINE SYSTEM

5.1 Wind Turbine

This section will briefly describe the connection, mechanism and operating system of
wind turbine system. In this project, there were two type of wind turbine involved.
There were Horizontal Axis Wind Turbine (HAWT) and Vertical Axis Wind Turbine
system (VAWT). The operating systems of both wind turbines were different. The
output of HAWT was feeds to the grid system while VAWT was operated in off grid

mode.

Other than that, the wind emulator was also involved in this project. The wind
emulator was used to simulate the operation of wind turbine in case the wind stream
is not strong enough to support the wind turbine. The details of each wind turbine

and wind emulator are written in following section.

5.1.1 Horizontal Axis Wind Turbine (HAWT) System

Generally, the HAWT is a machine that generates electricity by adopting the energy
the natural wind. However, a system was built to allow the HAWT to produce
maximum electrical power to feed to the grid system. The overview of HAWT

system is shown in Figure 5.1.
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The HAWT system used in this project can be separate into two parts which
were mechanical and electrical. The mechanical parts shown in Figure 5.2 were
including towel, nacelle, yaw, brake system, blades and shaft. On the other hand, the

electrical parts were including generator, flight controller and inverter.

g — Flight Controller \'|'\,_|

U 1l
Wind Turbine or —
Wind Emulator nverter

J

Grid system

Figure 5.1: Overview of HAWT system

5.1.1.1 Horizontal Axis Wind Turbine (HAWT)

The Figure 5.2 has shown the HAWT in this project. The wind energy was adopted
through the blades and the blades were rotating together with the rotor. Inside the
nacelle, the rotor was connecting with the shaft of generator. As the blades were
rotating, the linear kinetic energy adopts from wind was converting to the mechanical
energy. This mechanical energy was transferred into electrical energy through the

generator inside the nacelle.

The design of X wind chassis allows the wind turbine to capture the direction
of wind blow and change the direction through the yaw. This was important as the
maximum wind energy was adopted when the blades are 90 degree perpendicular
angle with the wind stream. From the Appendix L, the HAWT used in this project
was downwind type. The downwind type allows the wind energy to be adopts from
the backside of wind turbine. Hence, the wind stream will first flow through the X

wind chassis to change the direction of wind turbine before rotates the blades.



65

Blades

Yaw

X wind ' \

Chassis Design

Figure 5.2: HAWT (left side is side view and right side is front view)

From the Appendix L, the 3 phase permanent magnet generator was used in
this HAWT and the output was 3 phase AC power. The connection of generator was
in star connection circuit as four wires were present. The minimum wind speed (cut
in speed) requires to generate an output power was 3 m/s while the rated output
power was 1100 kW at the speed of 8 m/s. The rotor and generator were rotating in
variable speed mode as natural wind stream was changing all the time. Hence, the
output voltage and current were varying in magnitude and frequency. These variable
output was unable to direct feed to the grid system. Therefore, other devices such as

flight controller and inverter were needed as written in next section.

5.1.1.2 Wind Emulator

/i | Controller |y | Motor |

| |
|—| N
AC Power
Supply Generator
3 Phase AC Power \ v

Figure 5.3: Overview of Wind Emulator System
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The Wind Emulator is simulator of wind turbine. It was used to duplicate the
function of wind turbine to generate electrical power. It was operated when the
condition of wind stream was not ideal. The overview of wind emulator is shown in
Figure 5.3. The wind emulator was formed by a speed controller, motor and
generator. The generator was directly attached with the motor as shown in Figure 5.4.
In Figure 5.5, the controller is used to control the speed of motor and indirectly
control the output power of generator. The output of generator was 3 phase AC

power with star connection circuit as four wires are present.

Generator ‘ Motor

Figure 5.4: Generator and Motor of Wind Emulator

Figure 5.5: Wind Emulator’s Controller
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5.1.1.3 Flight Controller

Basically, the flight controller used in this project is acts as controller, converter and
protector of the HAWT system. The picture of flight controller and inverter are
shown in Figure 5.6. This flight controller was allowing the operator to control the
operation of HAWT either off or on. The conversion of 3 phase AC power into DC
power was done by converter and the HAWT system was protected by the protector
from the system overload or over speed. The detail mechanism of flight controller

were studied, investigated and written in next few paragraphs.

' -LCLE FCC |

Flight Controller

Figure 5.6: Flight Controller and Inverter

' R a , Flight Controller
7IGOR o
' Switch Boxes
Short Circuit
I . L
’ . I’
9 - J‘
Input Switch Selector

Figure 5.7: Overview of HAWT control system
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The overview of HAWT control system is shown in Figure 5.7. In the Figure
5.7, the output of generator and wind emulator were both connected to an input
switch selector. The output of this input switch selector was connected to the flight
controller. This input switch selector was built to allow the operator to select the
input for flight controller. There were three selections which were off mode, wind

turbine and wind emulator.

In Figure 5.7, the switchboards were connected parallel with the output of
generator and wind emulator inside the input switch selector. Inside the switchboards,
either two phase of the input phase were short circuit to stop the wind turbine from

rotating.

The interior view of flight controller is shown in Figure 5.8 and each main

components was labelled with numbers for further explaination as following:

1

Main input AC power (240 V 50 Hz) source is used to supply components

4 and 6.

2- lsolation transformer with ratio 1:1 is used to reduce the noise in power
lines before the main AC power passed through other components.

3- A fuse is used to protect the whole system.

4- An adaptor or converter is used to supply 24 V DC power for components
5and 10.

5- A xLogic SuperRelay is used to control the switching of components 6b
and 6c. The xLogic SuperRelay is a compact and expandable CPU
replacing mini PLCs, multiple timers,relays and counters. This xLogic
SuperRelay is programmed to trigger the component 6¢ (stop the wind
turbine) and trigger the component 6b (allow some current flow through
the dump load) when the output current is over the pre-set limit. Hence,
its works as controller and protection in this system.

6- Three set of power relays are used to work as switches to either connect

or disconnect the input power with other components . All the input

source for these power relays are connecting with component 11. The

output terminal of
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Component 6a is connecting with component 8 and its controlled by
power source.
Component 6b is connecting with component 9 and its controlled by
component 5.
Component 6c¢ is short-circuit to shut down the wind turbine and its

controlled by component 5.

7- Input power (3 phase) from input switch selector

8- A three phase rectifier is used to convert AC power into DC power. This

rectifier provides the output DC power for inverter in figure 5.7.

9- A three phase rectifier is used to convert AC power into DC power. This

rectifier provides the output DC power for dump load in figure 5.9.

10- A DC Hall Effect Current Tranduscer is used to measure the output DC

current and output an dc voltage signal which is proportional to input
current signal. The output voltage is connected to component 5 as input

reference.

11- A switches is used either connect or disconnect the flight controller from

the input power 7.

Figure 5.8: Interior View of Flight Controller
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Figure 5.9: Dump Load

The inverter model WINDZET SP2 K shown in Figure 5.7 is used in HAWT
system. The inverter was used to convert DC power in AC power. Besides, its also
regulates the frequency and voltage in order to feed to the grid system. Other than
that, it also had ability to track maximum power point (MPPT) to improve the output
power. With the feature of MPPT, the speed of HAWT was indirectly controlled by
the inverter. This MPPT was able to adjust the amount of current draws from HAWT

and indirectly affect the amount of torque applied on the generator.

Based on the manufacture datasheet, the inverter was able to produce nominal
output power of 2 kW. The inverter able to support maximum input voltage up to
500 V DC and maximum input current of 18A DC. The MPPT voltage range were
150 — 370 V DC. Therefore, the speed of HAWT was under control of inverter when

the incoming voltage was within the range of MPPT.

The input terminal (DC power) was connected to the Flight Controller.
While, the output terminal (AC power) was connected to the control panel as shown
in figure 4.8. The connection of grid system and the control panel had done through

the grid cable as shown in Figure 4.8 and 4.9.
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5.1.2  Vertical Axis Wind Turbine (VAWT)

The connection and operating system of VAWT were mostly similar with HAWT
system. The main different for HAWT and VAWT were their axis (main shaft) about
which the rotating parts was revolved. In this project, the VAWT was used for off-
grid purpose which means the output power was directly connected to the load
instead feed to the grid system. Therefore, it’s much simple compared to the HAWT.
The overview of VAWT system is shown in Figure 5.10. The VAWT system was
formed by VAWT, charge controller, battery and load.

Y — Charge | .
|| Controller ) |
“
Wind Turbine - |; Load
~_
Battery

Figure 5.10: Overview of VAWT System

Darrieus Blade
with built-in S-type
Airfoil Savonieus
rotor
3 Phase
generator
3 Phase output wires
permanent
Magnet
Generator Mast

Figure 5.11: Vertical Axis Wind Turbine (VAWT)
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The VAWT used in this project is shown in Figure 5.11. In the Figure 5.11,

each main component was labelled as expressed as following:

1-
2-

3-

4-

5-

A S-type Savonieus rotor acts to adopt wind energy and rotate the rotor.

3 set of Darrieus Blade with built-in Airfoil are designed to improve the
speed of rotor.

A 3 Phase permanent Magnet Generator is attached with rotor to rotate
together and generate 3 phase AC electrical power. The connection of
generator is in delta connection circuit as only three wires are present.
Based on the manufacture label, the generator is output power is rated at
400 Watts.

A 3 Phase generator output wires are connects to the charge controller as
shown in figure 5.13.

A mast is used to holds or locates the HAWT in place.

The charge controller and wiring connection of charge controller are shown

in Figure 5.12 and Figure 5.13. The charge controller acts like center unit to connect

VAWT, battery and load with each other. The type of charger controller used in this

project were wind and solar hyrid controller. This controller had two input source

(wind turbine and solar panel), battery input and two output load.

Figure 5.12: Charge Controller and Battery

This charge controller was works as a converter, a voltage regulator and a

charge controller. It helps to converts the AC 3 phase power from VAWT into DC

power. The DC voltage was regulated before charging the battery or supplied to the

load. Hence, the output power was always a fixed DC voltage. This controller had

capables to charge the battery without spoilt the battery by sensing the battery’s

voltage level.
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Figure 5.13: Wiring Diagram of the Controller’s Terminal (TIMAR Technology

Co.,Ltd)

On the other hand, the charge controller was intelligence enough to automatic

stop the VAWT by short circuit internally if the input source voltage was over limit.

It also intelligence to automatic trigger the power supply to the load based on the

battery’s voltage level an

d timing that pre-set by operator.

The LCD of the controller was used to indicates the information of input

source (voltage, current, power and speed of rotor), battery voltage, output load

(voltage, current and power) and some setting to trigger the output load either by

voltage level or timer.
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CHAPTER 6

RESULTS AND DISCUSSIONS

6.1 Comparison of Power Analyzer and DAQ platform

In the Chapter 3, two approaches were used to determine the inverter output power.
Both approaches were successful to collect the data from the inverter. The accuracy
of these approaches were compared based on the results adopt from each approach.

These results were presented in the Graph 1 and Graph 2.

Graph 1: PV Inverter Output Power (kW) versus Time (Hour) through Power
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Graph 2: PV Inverter Output Power (kW) versus Time (Hour) through DAQ

platform
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The Graph 1 has shown the results adopted by Power Analyzer and Graph 2
has shown the results adopted by DAQ platform. Both graphs were plotted as the PV
Inverter Output Power versus Time. The graphs were plotted from 7:00 am to 7:00

pm as the power generated after or before these periods were smaller than 0.1kW.

Based on these graphs, the starts and end time of power generated by PV
system was different. In Graph 1, the power started to generate at 8:30 am and the
amount of power generated started from 0.6kW. In Graph 2, the start time of power
been generated was around 7:30 am and the amount of power generated started from
0.1 kw.

Hence, the results obtained from the DAQ platform was much reliable than
power analyzer as it was not generally for PV system to generate power directly from
0.6kW instead of few Watt power. The reason for power analyzer to adopt power at
minimum of 0.6kW may due to the limitation of current probe where it was only

capable to sense at minimum current of 2.5 A AC.
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Although, the accuracy of power analyzer was lower than DAQ platform but
it still had advantages of simple wiring connection, lower cost and ease to set up.
However, the approach of DAQ platform for data collection was still preferred in this
project as it had higher accuracy. In addition, the DAQ platform had advantage to
combine or display the output of 3 set inverters come from PV system and HAWT in
a single program. This can be seen by using the program LabVIEW to design DAQ
platform user interface. The program had made the life of operator ease as the

monitoring system for both PV and HAWT system can be done in a single computer.

6.2 PV Output Profile

The accuracy of DAQ platform was better than power analyzer. Therefore, the PV
output profile was done by the approach of DAQ platform. The PV output power was
collected for 30 days (8/29/2012 — 9/27/2012). These data were processed in program

Microsoft Excel to get the monthly output power profile.

Based on the Graph 2, the output power had a fixed pattern although the
amount of power produced was varying with time. The pattern of power was
obtained from the Graph 2. It shown the power started to increase from 7:30 am until
2:00 pm. After 2:00 pm, the power started to decrease until few watts at around 6:30

pm. These patterns were almost same for each day.

From the Graph 2, it also noticed that the PV system was still generating the
power with very few watts at the night time. However, this can be understood as the
PV system was generating the power from the light source of street light. In order to
ignore the factor caused by the street light, the real production hour of PV system
from the sun light was set to start from 7:30 am to 6:30 pm with total production

hour of 11 hours.

The monthly output power profile of PV system was captured from Microsoft
Excel as shown in Figure 6.1. Meantime, the daily output power profile of PV system

was captured from Microsoft Excel as shown in Figure 6.2.
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MONTHLY OUTPUT POWER PROFILE OF THE PV1

Period : 2- No. of Days 30 days

Peak Energy of the month
Valley Energy of the month
Total Energy of the month 32

MAX Power of the month
MIN Power of the month

Less than 6 kWh per day
Inbetween (8-11kWh) per day 9 days

More than 11 kWh per day 16 days

Figure 6.1: Monthly Output Power Profile of PV System

Average | Energy Based on Data 2 (PEAK MINUTE) Amount of Energy
Naos| DATE Power | perday IMAX Time e Time Generated per day (%)
tow=h) | pewn) Jgw-ming] ang | Y] i [MAX = 15 kW-h]

1 Bf29/2012 0.85 9.35 262 1141 0.00 1407 62.32%
2 Bf30/2012 113 12.47 276 12:58 0.13 17:54 83.11%
3 Bf31/2012 101 11.16 257 11:03 0.11 74.39%
4 9/1/3012 109 1184 2.66 1351 0.11 T9.57%
5 9/2/3012 112 12.30 271 14:27 0.11 81.99%
6 9/3/2012 0.98 10.78 261 12:12 0.11 71.88%
7 9/4/2012 0.50 5.52 162 1509 0.10 36.80%
& 9/5/2012 091 10.04 267 13:59 0.12 66.91%
9 9/gf2012 122 13.42 270 13:26 0.12 89.44%
10 9/7/2012 0.96 10.53 270 12:07 0.11 70.18%
11 9/8/2012 0.58 641 272 13:39 0.10 42.76%
12 9/9/2012 116 1273 274 12:21 0.11 84 .88%
13 9/10/2012 115 12.60 268 12:11 0.12 84.00%
14 9/11/2012 110 12.08 270 14:35 0.10 B80.54%
15 9/12/2012 073 7.99 267 12:46 0.10 53.29%
16 9/13/2012 128 14.05 263 11:37 0.09 93.64%
17 971472012 0.93 10.18 251 15:33 0.10 67.86%
18 9/15/2012 1.00 11.04 264 11:10 0.11 73.57%
19 9/16/2012 0.86 10.54 274 1359 0.10 70.28%
20 9/17/2012 0.85 937 2.36 12:31 0.10 18:24 62.46%
| 21 9/18/2012 113 12.39 257 1253 0.10 82.55%
22 9/19/2012 104 1143 253 12:57 0.11 T6.17%
23 9/20/2012 0.52 574 2.35 13:34 0.10 38.30%
24 9/21/3012 117 12.87 277 12:56 0.10 1807 B5.77%
25 9/23/3012 0.95 1041 273 13:31 0.10 1748 69.42%
26 9/23/2012 102 11.24 273 12:32 0.10 T453%
27 9/24/3012 122 13.46 282 13:37 0.09 89.73%

Figure 6.2: Daily Output Power Profile of PV System

Based on Figure 6.1 and Figure 6.2, the total energy produced by a PV
system was 324.63 kWh in 30 days and it was based on 11 hours of production per
day. The range of energy generated in a single day was 5.52 — 14.84 kWh. There
were 25 days out of the 30 days the energy generated in a single day was more than 8
kWh per day. Hence, the 11kWh can be considered as average energy produce in a
day.
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Graph 3: Amount of Energy Generated per Day versus Date

Amount of Energy Generated Per Day
Versus Date

Based on the Graph 3, it was obtained that the amount of energy produced by
PV system in each day was different. This can be explained as PV output power was
varies with the solar irradiance and the solar irradiance was varies all the time. It was
also depends on the weather. The maximum energy was produced in sunny day while
the minimum energy was produced at rain day. Hence, it was not possible to get a

constant energy throughout the day.

6.3 Power losses along the Wires in PV system

The results adopted in Section 3.4.2 were processed in program Microsoft Excel and
the graph 4 was plotted. The graph had shown the relationship between voltage and
current as linear graph. The current was increased as the voltage was increased. The

relationship between voltage (V) and current (I) was expressed in equation as shown
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in the graph. By compares this equation with the ohm’s law equation. It was found

that the value 0.393 was referred to resistance along the wires.

Graph 4: Voltage drop along the Wires (V) Versus Current (A)

Graph Voltage (V) versus Current (A)
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Hence, the power losses along the wires can be calculated based on the
joule’s law equation. The Graph 5 was plotted based on the equation of joule’s law.
It was obtained that the power loss along the wires was increased as the current was
increased. In the Chapter 4, the maximum current produced by the single string of
PV array was 16.84 A. Therefore, the maximum power loss along the wires could be
up to 111.45 Watts at the maximum current state. From the Section 6.2, the
maximum power generated by the single strings of PV array was 2.83 kW. Then, the
calculated percentage of power loss along the wires was about 4% with the equation
3.2.
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Graph 5: Power loss along the Wires (W) Versus Current (A)

- Graph Power loss along the wires versus
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6.4 Power losses in the PV Inverter

The results of inverter either input power or output power were determined in
Section 3.4.3 and the Graph 6 was plotted based on the results. From the Graph 6, it
was obtained that the output power was increased as the input power was increased.
The relationship between input power and output power was linearly proportional to
each other when the input power was 200 watts onward. Then, the equation in the
graph was representing their relationship. The gradient of graph had shown the
general efficiency of the inverter which was about 96% when the input power was

above 200 watts.
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Graph 6: Inverter’s Output Power (W) Versus Inverter’s Input Power (W)

Output Power (W) versus Input Power (W)
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Another Graph 7 was plotted to see the relationship between inverter’s
efficiency and output power. From the Graph 7, it was obtained that the efficiency of
inverter was not fixed at 96% and it is slowly increased with the output power until it
reaches up certain level. The higher efficiency was obtained when the output power
was high. The efficiency was below 70% when the output power was below 500
watts and the 96% of efficiency was showed when the output power was above 1500
watts. In other word, the minimum input power for efficiency to be 96% was 1800

watts.
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Graph 7: Inverter‘s Efficiency (%) Versus Inverter’s Output Power (W)

Graph Inverter's Efficiency (%) versus
Output Power (W)
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The low efficiency at the low input power can be explained as the power
were consumed by inverter as power source to power up the internal electronics
device, consumed by electronics component during power conversion and some 10ss

in the heat dissipation form.

In the ideal case, the efficiency was 100% where the output power is same as
input power as there is no power loss in the inverter. However, in real world there
must have some losses. For example, let assumes the power source for inverter was
30 watts which was fixed, 5 watts for heat dissipation and 20 watts for switching loss.
Two different input powers of 200 watts and 2000 watts were supplied to the inverter

to compare their efficiency. The efficiency was calculated based on the equation 6.1.
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Output Power

Input Power

Ef ficiency =
(6.1)

_ Input Power — Power Loss

Input Power

145
Ef ficiency with 200 watts input power = 300 * 100%

=73%

1945
Ef ficiency with 2000 watts input power = 3000 * 100%

=970

The results had proved the efficiency was higher when the input power was

high as the ratio of power loss was reduced as the input power was high.

From the Graph 6 and 7, it was obtained that some points or data were
strangely plotted in the graph. However, it can be ignored as minor error during data
collection as the results were plotted based on four days reading. Therefore, it can

focus and analysed on the regions the most points lay on.

Although, the efficiency of inverter was vary with input power but the
average efficiency of inverter can be considered as 80% with 20% of power loss in

the inverter.

6.5 Efficiency of PV System

From the Chapter 4, the ideally energy generated in a single day was 14.72 kwh and
the average energy generated in a single day was 11 kWh as shown in Section 6.2.
The average efficiency of the PV system can be calculated based on these values as

following.
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Average energy generated in a day
Average Ef ficiency = : ® 100%
Ideal energyv generated in a day

= X 1009 =75
1472 % %

Hence, the efficiency of PV system was only about 75% even though the
operation hour for real case was more 6 hour than ideal case. The other 25% can be
explained as the losses along the PV system or the hours of PV panel receives direct
sun shine was less than 4 hour as stated in ideal case. From the Section 6.3 and 6.4,
the average power losses in the PV system were 24% which was approximately same

as calculated value which had proved the power were losses in the inverter and wires.

6.6 HAWT System

The results from Section 3.5 were recorded and processed in program Microsoft
Excel. The graphs were plotted based on these results as shown in Graph 8 and 9.
From the graph 8, the voltages of converter were plotted with the wind emulator’s
speed. It was obtained that the voltage was increased as the speed was increased. The
relationship between voltage and speed was linearly proportional to each other. This

relationship was further represented by the equation shown in the Graph 8.

In ideal case, the input voltage and output voltage was same as the efficiency
of converter was assumed to be 100%. However, in practical there must have some
voltage drop during the conversion so the efficiency was not 100%. This had
explained the input voltage was always higher than the output voltage with the same

level of speed as shown in the Graph 8.
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Graph 8: Converter’s Voltage (V) versus Speed (rpm)

o8 Graph Converter's Voltage (V) versus Speed (rpm)
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Another Graph 9 was plotted to determine the efficiency of converter for
voltage. From the Graph 9, the relationship between DC voltage and AC Phase
voltage was obtained to be linearly proportional to each other. The efficiency of

converter was represented by the gradient of the graph which was 81%.

In general, the efficiency of converter should be expressed in term of power
instead of voltage. However, it was unable to feed the HAWT system to the grid
system due to the malfunction of inverter in this project. Therefore, it can expressed
in voltage term as the circuit was incomplete where no current flow through the

system and no power were generated.
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Graph 9: Converter’s Output DC Voltage (V) versus Input AC Phase Voltage
(V)
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The objectives to show the wind power output profile and identify the
maximum wind turbine power output of the month were failed. The main reason was
due to the malfunction of inverter in HAWT system. Besides, the wind stream at the
UTAR was not so ideally to allow the operation of wind turbine which means the

percentage of wind turbine to rotate in a day was less.



6.7 VAWT Rotor speed

87

In the Section 3.6.1, the frequency and number of pole for the generator were

determined through the DAQ platform. The results was recorded and shown in Table

6.1.

Table 6.1: Results adopted from Section 3.6.1

Industrial Fan | Obtained from LabVIEW | Tachometer
Difference
No.of Speed No.of Speed of rotor | Speed of rotor | of rotor’s
fan Pole (RPM) (RPM) speed (%)
1 L 8 127 135 5.9
1 M 16 210 208 1.0
1 H 16 248 249 0.4
2 L, L 16 285 285 0
2 L, M 16 323 319 1.3
2 M, M 16 338 342 1.2
2 M, H 16 368 370 0.5
2 H,H 16 398 393 1.3
H — Highest Speed Mode M- Medium Speed Mode L-Lowest Speed
Mode

From the Table 6.1, the number of pole for the generator was 16 poles. The

results of speed determined through the DAQ platform was verified by tachometer.

The difference between the results speed obtained from DAQ platform and

tachometer were less than 1.4 %. This small difference can be explained as the

resolutions of sensitive for DAQ platform and tachometer were different. Hence, it

had proved that the rotor speed can be determined through the formula with the

known values of frequency and number of pole for the generator.

Besides, it had obtained that the speed of rotor was increased as the speed of

fan was increased. The fans were used to create the wind stream where the higher fan

speed been adjusted, the stronger the wind stream or wind speed created by the fan.

Therefore, in the other way the rotor speed was increased as the wind speed was

increased.
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6.8 Performance of VAWT

6.8.1 Relationship between the wind and rotor speed

The results adopt from the Section 3.6.2.1 were summarized in Table 6.2. Although,
the specific value of wind speed and volume of speed were unknown but it can
represented by the number of fan and the mode of speed that were applied in the
Section 3.6.2.1. The relationship between the wind and rotor speed was roughly
analysed as the specific value of wind speed and wind volume were unknown. From
the Table 6.2, it had obtained that the rotor speed was increased as the volume and
speed of wind were increased. Therefore, it had proved the rotor speed was affected

by the wind speed and the volume of wind acted on the blades.

Table 6.2: Fixed Load with Variable Wind Speed

Industrial Fan Rotor Input AC Output Efficiency
No. of speed,(RPM) Power DC Power (%)

%no Speed | PE¢ (W) (W)
1 L 120.04 1.61 1.08 67.17
1 M 144.07 2.54 1.79 70.48
1 H 172.31 3.89 2.85 73.20
2 L,L 262.93 10.11 7.93 78.41
2 LM 281.56 11.75 9.30 79.13
2 | LH 301.14 1362 | 1086 | 074
H — Highest Speed Mode M- Medium Speed Mode L-Lowest

Speed Mode

6.8.2  Relationship between the input power and output power

The Graph 10 was plotted based on the Table 6.2. From the graph 10, the power was
increased as the speed was increased where the load was fixed to be constant load.
However, the input power was not same as output power where its means some

power was lost during the conversion process in the rectifier.
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Graph 10: Converter’s Output DC Voltage (V) versus Input AC Phase Voltage
(V)
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The power losses in the converter can be explained as the voltage drop along
the diode as there were diodes in the converter to do the conversion and some were
lost as heat. The Graph 11 had shown the relationship between the input power and
the output power. The relationship between them was linearly proportional to each

other and it was represented by the equation as shown in the Graph 11.

From the Graph 12, the efficiency of the converter was varying with the
output power. However, the efficiency was increased as the output power was
increased. The efficiency was below 70% when the input power was around 3 watts.
Therefore, the power loss should be reduced in order to improve the efficiency of
converter.



Graph 11: Converter’s Output DC Power (W) versus Input AC Power (W)
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6.8.3  Relationship between rotor Speed and load
The results adopted from the Section 3.6.2.2 were summarized in the table 6.3. The
Graph 13 was plotted under this section to analyse the relationship between rotor

speed and load applied.

Table 6.3: Fixed Wind Speed with Variable Load

No | Load, SRl’Ooeté)dr Current (A) | Voltage (V) Inllza\t/ver o(\lj\t%ut Efficiency
’ 0,

ohm rpm AC | DC | AC DC AC DC (%)
1 0 0 0 0 0 0 0 0 0.00
2 | 190 | 8162 | 055|071 | 223 | 130 | 211 | 0.92 43.37
3 | 320 | 191.87 | 1.16 | 1.42 | 530 | 5.20 | 10.60 | 7.40 69.78
4 | 410 | 24342 | 1.36 | 1.66 | 6.75 | 7.08 | 15.91 | 11.76 73.95
5 | 470 | 26856 | 1.42 | 1.73 | 7.47 | 8.02 | 18.33 | 13.87 75.69
6 | 580 | 299.30 | 1.40 | 1.70 | 8.37 | 9.25 | 20.35 | 15.73 77.31
7 | 7.30 | 319.34 | 1.23 | 1.48 | 9.01 | 10.17 | 19.14 | 15.04 78.58
8 | 820 | 32532 | 1.10 | 1.31 | 9.22 | 10.50 | 17.50 | 13.81 78.90
9 | 880 | 32895 | 1.01 | 1.23 | 9.37 | 10.69 | 16.35 | 13.17 80.54
10 | 9.80 | 337.57 | 0.93 | 1.14 | 9.66 | 11.09 | 15.56 | 12.62 81.13

Graph 13: Rotor speed (rpm) versus Load (ohm)
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From the Graph 13, it had obtained that the rotor speed was increased as the
load was increased where the level of wind speed was fixed to be constant. Hence,

the rotor speed was affected by the amount of load applied to the circuit.

6.8.4  Relationship between Output Power and load

The Graph 14 was plotted based on the result from Table 6.3. From the Graph 14, the
power generated by the VAWT was increased as the load was increased until 5.8
ohm of load. In the Table 6.3, it had obtained that the rotor speed was increasing with

the load. The graph was explained as written in next paragraph.

Graph 14: Power (W) versus Load (ohm)

25 7 Graph Power (W) versus Load (ohm)
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=
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=
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5
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=—4—AC Power =ll—DC Power

From the equation 2.3, the generator’s output power was related to torque and
speed of the generator. In order to generate more power, the speed and torque of
generator must be increased. Meantime, the torque was related to the current where

more current were produced when there were more torque. From the Graph 14, the
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maximum power produced by the generator at this fixed level of wind speed and
volume was 20.35 watts. However, the inertia of blades had kept the rotor speed
continues raises. This had caused the output power been reduced as the torque was
reduced to keep the acceleration of generator. As torque was proportional to the
current, the current was followed been reduced as shown in table 5.0. All of these
had leaded the output power to be less although the rotor speed was increased.

6.9 Overall Results

The results showed in the above were not complete version. The reason was due to
the original results were too many and it may not necessary to display all the value in
the report. However, almost all the results were arranged in the Microsoft Excel file
and named according to the section name. Hereby, the full version or original
versions of the results were attached inside the softcopy CD-ROM according to the

section name for reference.
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CHAPTER 7

CONCLUSIONS AND RECOMMENDATIONS

7.1 Conclusions

As a conclusion, the project is considers quite successful as it had done within the
period. Although, some objectives such as determine the output profile and
maximum power of the month for the HAWT system were failed to achieve.
However, these objectives can be determined once the new inverter is replaced as the

platform was already been built and tested with PV system as shown in Chapter 3.

By doing this project, it was understood that the both output power from PV
and WT systems were strongly dependent or affected by the factor of natural energy.
However, the PV system was much reliable compare to WT system as the potential
of solar energy was much more reliable than wind energy in UTAR campus. The
results had shown the average efficiency of PV system was 75 % and the total energy
produced in a month was 324.63 kWh.

Besides, the mechanism of WT system was much complicated compared to
the PV system. The PV system only requires one inverter at the output while the WT
system requires a converter and an inverter. It was understood that there was always
a power loss during the power conversion. Hence, the efficiency of WT system was
eventually much lower than PV system as much power was lost during the power

conversion process.
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7.2 Recommendations

The power output of PV system can be improved by replaces the present PV panel’s
structure into a structure that can move according to the position of sun shine. This
can helps to increase the percentage of direct sun shine to the PV panels and improve
the output power. Besides, the heat ventilation system can be involves into PV
system to reduce the temperature of solar cell. This is because the performance of

solar cell is reducing when the temperature is increasing.

Based on the Chapter 6, none of the results were adopted based on the natural
wind as the potential of wind stream at the UTAR campus was not ideally to suit
wind turbine. The suggestion to improve the wind turbine system are increases the
potential of wind stream acts on the blade by relocates the wind turbine at much open
area and much higher place at the UTAR campus.
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APPENDIX A: Gantt chart (Semester 1)
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APPENDIX C: PV Inverter Datasheet A

SINGLE PHASE INVERTERS

SUNZET TL
Single-phase on-grid solar inverters range

Dascription

100

The SUNZET TL combines design and versatility with ease of opsration, An cutstanding feature of SUNZET TL invertars

Is their 86% efficiency wilhout transformer,

The SUNZET TL stands out because of its RS-485 communications with the centralised supervision and control system
and all its parameters can be configured locally (optional).
The SUNZET TL offers a range of input DC voltagas of between 120-500 vde and IP65 watertightness.

e

‘= :

Sunzet 5TL

Features

Range of input voftages (120-500 VDC)
Maximum power point tracking (MPPT)

- High energy efficiency, higher than 96%
Very low harmeonic dislortion, THD < 4%
Direct mains connecton
Uniimited parallel connection arrangements
Antl-islanding protection with autematic shut down
Manitaring fraom the unit with LCD
Protection against: inversa polarity, shart-circuits,
overvoltages, isolation fadure

- RS-485 communication port {aplional)

- Compact size, light weight
Remote SCADA (SWS 200): communications system,
parameter display, inverter records control. production data
storage elc. (optional)
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APPENDIX D: PV Inverter Datasheet B

ELECTRICAL CHARACTERISTICS

Model Sunzet TL 2 SunzetTL 3 Sunzet TL 36 SunzetTL 4 SunzetTL 5
Referance 20104 20105 20108 20147 20108
hi=oe. output powsr E W S W 3.6 KW 4 KW SEW
‘Comserzion mods High freguancy PWR

Elactromechanical .

mathad Low koss transformer {optional}

Mominal OC voltzgs 3800

heodmum DC voltags Soav

Operating rangs OC 1 20-500W

Oparating rangs DC E0-4S0

for MPFT !

Mo. input circuitz 1484 Max x oircuit) 10224 Mam xcircwit) 21225 Max 2 circuit) 20144 Mas x circuit) 2(17.85A Max. x

circuit)

Mo, phasssMao. wirss 1- phees/E- wirss or 1 - ghass’ 3 - wrss (LNGE)

Mominal voltage AC 50V

Mominal frequency S0yE0 Hz

hemne s aTA 134 1524 T4 A HTA
Power factor Crver 0.9% (gt nominal output current)

Eurnpean efficiency 96%

Input Ground fault / DC isolation fault

Output COwer-undenvoltags’ Cver-uncer freagusncy | |zlanding

Protsction class IPES

Anti-izlanding

g s Agtiva mathod: reactive powsr conmrol

Standard REZ32

Optional RS435

Temparstens -10°C 1o +80°C

Relative humidity 0-80% without condenzation

Altituds < 2000m

Dimeanzions (MWeHxD) mm 170550430 1700445510

Weight kg 22 24

Cooling Fres convection

Certificates CE Marking. UL, VOE

N T EE- EE

Ciractivas 3"2235&1699%625
EME01TE

Srandarcs EM §1000-5-2, EM §1000-6-3,EN £1000-3-2 EM 81000-3-3
IECE0148

Countries standarda

UL1744, IEEE1E47

Hes Hatal

Ialy EMEL

Germany WDED126-1-1

PR ASMZSHLOE080, AGNZSATTT 22005
ASMNISA4TT 52005

Fowsr dsrating protsciion ar low DC input & high room tsmpsratuns.
Theze specifications may be changed withowt notice.

ZE@E www.zigor.com

1



APPENDIX E: NI 9225 Specification A

Product Name

Product Family

Form Factor

Part Number

Operating System/Target

LabVIEW RT Support

Measurement Type

RoHS Compliant

Signal Conditioning
Analog Input

Channels

Single-Ended Channels

Differential Channels

Resolution

Sample Rate

Bandwidth

Max Voltage

Maximum Voltage Range

Maximum Voltage Range Accuracy

Simultaneous Sampling

Input Impedance
Analog Output
Channels
Digital 1O
Bidirectional Channels
Input-Only Channels
Output-Only Channels

Number of Channels
Counter/Timers
Counters

Physical Specifications

N1 8225 Measurement Bundle

Industrial O

Wireless , CompactDAQ | Ethernet , USB
000000-00

Real-Time

Yes

Voltage

Yes

Anti-aliasing filter

3.0

0

3

24 hits

50000 Sis

24 .56 kHz
300V
-300V, 300V
0.034

Yes

1 MOhm
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APPENDIX F: NI 9225 Specification B

Length

Width

Height

WO Connector

Minimum Operating Tem perature
Maximum Operating Temperature
Minimum Storage Temperature

Maximum Storage Temperature

Scm

9cm

2.3em

MINI-COMBICON, 3.5 mm (2-Position)
-40°C

70°C

-40°C

85°C
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APPENDIX G: NI 9227 Specification A

Specifications Summary

General

Product Name

Product Family

Form Factor

Part Number

Operating System/Target

Measurement Type

RoHS Compliant

Termination Type

Signal Conditioning
Analog Input

Channels

Single-Ended Channels

Differential Channels

Resolution

Sample Rate

Bandwidth

Maximum Current Range

Maximum Current Range Accuracy

Simultaneous Sampling
Input Impedance
Analog Output
Channels
Digital /O
Bidirectional Channels
Input-Only Channels

Output-Only Channels

Mumber of Channels

NI 9227 Measurement Bundle

Industrial LO

Ethernet , USE , Wireless , CompactDAQ
000000-00

Real-Time , Windows

Current

Yes

Screw-Termination

Anfi-aliasing filter

4.0

0

4

24 bits

50 kS/s

246 kHz

-5 Arms |5 Arms
0.011 mA

Yes

12 mOhm
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APPENDIX H: NI 9227 Specification B

Counter/Timers

Counters
Physical Specifications
Length
Width
/O Connector
Minimum Operating Temperature
Maximum Operating Temperature
Minimum Storage Temperature
Maximum Storage Temperature
Timing/Triggering/Synchronization

Triggers cDAQ Chassis

Qcm

23cm

Screw terminals
-40 °C

70°C

-40 °C

85°C

105



APPENDIX I: NI cDAQ-9174 Specification A
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Specifications

Specifications Documents

Specifications
Data Sheet

Specifications Summary

General

Product Name cDAL-9174

Form Factor CompactDAQ

Product Type Chassis

Part Number T81157-01

Operating System/Target Windows

LabVIEW RT Support Mo

Operating Relative Humidity 10 percent , 90 percent
Chassis

Number of Slots 4

Total Available Power 15W

Input Voltage Range gV, 30w

Builtdn Trigger Mo
Counter/Timers

Counters 4

Resolution 32 bits
Bus Interface

USB Specification USE 2.0 Hi-Speed

High-Performance Data <

Streams

Types Available E:‘:::L?:s::t , Counter/Timer Input , Digital Input , Analog Output,
Shock and Vibration

Operational Shock 30g

Random Operating Frequency 5 Hz, 500 Hz

Range

Random Vibration 03g




APPENDIX J: NI cDAQ-9174 Specification B

Physical Specifications

Length 159 cm
Width §81em
Height 5.89 em
Weight 574 gram
_T_H;mr;:rr: t.?r':ratmg 20°C
Maximum Operating 55 °C
Temperature

Maximum Altitude 5000 m
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APPENDIX K: Photovoltaic Module Specification

Electrical and Mechanical Characteristics

VBMS230AEOQ1

108

Electrical data

Packing Specifications

Depandence on Irradiance

Maximum power (Pmax) W] 230 [ pr———ry
Max. power voltage {Vmp) vl 254 -
Max. power current {Imp) Al 7.83 ik A
3
Open circuit voltage [Voc) vl 370 ) } \
wsowm | !
. . 4 + L
Short circuit current (Isc) A 842 e : ! \
Warranted minimum power (Pminl W] 2185 E st EES \\
Maximum over current rating |A] 15 P S t - \
Output power tolerance (%] +10/-5 \
Maximum system voltage [Vdc) 1000 ] = \ &
Noct [“Cl 46 l
proy S = a=t===
Temperature coefficient of Pmax [362C) -0.44 e 'm:_m' et B S G
Voc [36/°C] -0.36
Isc {%a/*C] 0,14
Note 1: S1andard Tast Conditions: Air mass 1.6, Iradiance = 1000Wm?,
Coll ternperature = 25°C
Note 2. The waluses in tha abave table arm naminul Power OUtpU‘:

10 years {90% of Pmin)
25 years (80% of Pmin)

Number of modules per paliet |pcs| 19 Product workmanship'

Number of modules per 40ft container  [pes] 404 (180 Vegrs ;
ased on contracl terms

Number of modules per 201t container  |pes) 228

Dimensions and weight

Certificates

Waight: 23kg
# unit: mm
W B
of .
pE S e IEC 61215 c €
! A [ he IEC 61730-1
O N | IEC 61730-2
I O
S ? A "\_3% El-xu-v(.:’:‘:-:nmm
| ' Ve
W N Coamerr
ﬁ"‘.‘as .. ""‘" I
o2 JET
%% l",-"fmv Japan Electrical Safety &
i —— A - Enviranmant Technology Laboeatories
{Front ) (side) (Backsida |

A CAUTION!

ase raad the operating Instructions

arefully befora using the products.

Due to our policy of continual improvement the products covered by this brochure may be changed without notice.

Panasonic Asia Pacific Pte. Ltd.

Panasonic

Al Rights Reserved £ 2012 COPYRIGHT SANYO Electrc Co., Ld
Specificatans are subject 10 dhange without note
032012

Panasonic Eco Solutions Asia Pacific

=101 Thomson Road, #25.03/05, United Square,
Singapare 307391

wlel ~h5£2555473

wFan: +65-6253-5689
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APPENDIX L: HAWT Specification

ELECTRICAL CHARACTERISTICS

Maodel LET 300 LET 600 LET 2000 LET 6000
wlﬂg;"“-—«______f“‘“dﬂ‘ LET 200 LET €00 LET 2000 LET 000
12V 2030 - - -
24V 2013 g hed 20136 -
48 Y - 2133 204357 -
QOn-grid - - 20138 -
Rotor Type 3-Blads upwind 3-Blecs downwind
Blade IMaterzl Glass Rsinforcad Mylon Glass Asinforced Composits
Rated Output 2owats 180 wetts 1 100watt= S000watts

@ 8m/e (18mph) & 7.2me (16.2mph) @ 8m/z (17Tmph} @ 11my's (24dmgh)
Pask Qutput 300 watts T00 wattz BE00 watts E000 wats
Cut-in spesd 3mfs (6.7mph)
Eztimated AEP (par year)
Dapanding on 2E0-40000Wh 250-1900kh 2000-4500kWR TO00-20,000KWh

Eits location & wind

Genarator Typs 3-Prnaze Brushiszs MIS notor FRA

3-Prazs Brushissz MIEB dual rotor PAA

Oif-grid cutput valtsgs 12 ar 24v 24 ar 48V

24 or 48V

On-grid cutgut voltags - -
GEMERAL FEATURES

200V DC Grid tia

Lifetime & Sarvicing 20 y=ars. Annual inspsction recommanded

Warranty 2 yEsrs

Control systam Elight Cemputer, Auz Shus- Flight Dumﬁ:; Auto Shut-
h h O'u'acrlmaga Over Vaoltage,

IMecharizal Braks

Grid-Tie Eguipmant:
ENVIRONMENTAL AND MECHAMICAL FEATURES

Wingzst inverter of Zigor

Weight 85Kg 19.8Kg Blug (hesd) 28Ekg (head)
Flotor Dizmstar 1 metre 1.584 matras 5 matres g0 merss
Acousts aval - - S3dB(A)
ACCESSORIES
Maodel LET 200 LET G600 LET 2000 LET G200
Fres Standing Towsr Hydrau-
Guysd tower kit Guyed tower kit liz Lift Arm Frams -

Windzet invarier SP 2 KW
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APPENDIX M: VAWT Specification A

OICALLY ¢

%

eosmreon F.co-$mart, Inc.

‘,\? TOLL FREE: (888)329-2705 FAX: (941)377-9460 info@eco-smart.com

%
ticant®

Vertical Axis Wind Turbine System

WE-CXF-400 WE-CXF-600 WE-CXF-1000 WE-CXF-2000 WE-CXF-3000

Concept

A COMBINATION OF TWO BLADES

e Darrieus Blade rotates at high efficiency: Chosen
from specifications in aircraft blade data bases and
optimized by Computational Fluid Dynamics systems, the
Darrieus Blade is 10% to 20% more efficient than
comparably sized Darrieus blades.

e Savonius Blade rotates at high torsion: Optimized by
Computational Fluid Dynamics systems, with a re-
designed radian shape that reduces noise and vibration.

ALTERNATOR

Direct-drive permanent-magnet synchronous generator
is integrated precisely with the blades. This design
requires less starting torque, improves efficiency and
lowers cost by eliminating the need for a gear box.

ELECTRICAL CONTROL

e Maximum Point Power Tracking

e Advanced computer cooling system enhances
performance and prolongs the life of the machine.

e Full function anti-storm mode operates in strong wind and
can be customized to local weather.

Features

e Can generate up to 50% more electricity per year than conventional turbines with the
same swept area.

e No need to “right themselves” into the wind.

e Unique damper design overcomes noise and vibration.

e All aluminume-alloy construction:

~ Lighter weight, easier to install.

~ More strength and power.

~ Better generator cooling.

~ Improved electromagnetic shielding.

All components are recycleable.



Vertical Axis Wind Turbine System
WE-CXF-400 WE-CXF-600 WE-CXF-1000 WE-CXF-2000 WE-CXF-3000
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Specifications

Rated Power Output Voltage Output Current Diameter Height Weight
400W 24V =20 Amps 496" 1240MmM | 44.8" 1120mm 29KG
s00W 24V <20 Amps 60"  1300MM 52.8" 13z0MMm 40KG
1000W 48v <50 Amps 96"  24c0MmMm | ©3.6" 23s0mm 188KG
2000W 48V <80 Amps 132" a3zoomm | 129.67 z240MM 329KG
3000W 48V <130 Amps 144" aspomm | 141.2" 3630MM 419 KG
Start-up Wind Speed: im/s Rated Power Wind Speed: | 12m/s

Survive Wind Speed: 60m/s Cut-out Wind Speed: | 15m/s

Blades: Aluminum Alloy

Generator: 3 phase AC, permanent magnet

Braking system: 3 phase short-circuit by NFB braking

Eco-Smart, Inc.

TOLL FREE: (888)329-2705

FAX; (941)377-9460 infq@eco—smart.com

2
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Solid State Sensors
Linear Current Sensors
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CS Series

FEATURES

L]
L]
L]
L]
»
L]
L]

L]

Linear output

AT or DC current sensing
Through-hole design

Fastresponse time

QOutput voltage isolation from input
Minimum energy dissipation
Maximummn current limited only by
conductor size

Adjustable performance and built-in
temperature compensation assures
reliable operation

Accurate, low cost sensing
Operating temperature range —25 o
a85°C

LINEAR CURRENT SENSORS

MICRO SWITCH CS series linear current
sensors incorporate our $18512-2 and
S59441 linezr output Hall effect iransduc-
gr (LOHET™). The sensing elemant is as-
sambled in a printed circuit board mount-
able housing. This housing is availzble in
four configuration as shown in mounting
dimension figures 1, 12, 2 and 2a. Mormal
mounting is with 0.375 inch long 4-40
screw and sguare nut (not provided) in-
seried in the housing or a2 6-20 selftap-
ping screw. The combination of the sen-
sor, flux collector, and housing compris-
g= the holder assemioly. These sensors

Housing: PET polyester

arg ratiometric.

ORDER GUIDE — BOTTOM MOUNT WITH 955 SENS0R, S0URCE OUTPUT

Sansed Sensitivity

Mtg. Supply Supply Current Offset mvN* Difset Responsa
Catalog Dim. Volt. Current (Amps Volt. At12VDC Shift Tima
Listing Fig. (Volts DC) |(mA Max.) Peak) Volts=10%) Mominal = TOL | {uSac)
CSLAICD 1 Bto 16 18 57 Voo/2 496 5.8 =05 3
CSLATCE 1 Bto 18 12 I7s Vo2 |ag4 14 =05 3
CSLATDE 2 Bto 18 12 I7s Vo2 IEER 28 =05 3
CSLAICF 1 Bto 16 18 100 Voo/2 207 27 =05 3
CSLA1DG 2 Bto 16 18 120 Voo/2 248 21 05 3
CSLAICH 1 Bto 16 19 150 Voo/2 10,8 148 05 3
CSLATDJ 2 Bto 16 19 225 Voo/2 13.2 12 05 3
CSLATES 1a Bto 16 19 225 Voo/2 13.2 15 05 3
CSLATDK 2 Bto 16 18 325 Voo/2 2.1 17 05 3
CSLATEK 1a Bto 16 18 325 Voo/2 9.4 14 05 3
CSLATEL 1a Bto 16 18 g25 Voo/2 58 14 =05 3

BOTTOM MOUNT WITH S

59 SENSO0R, SINK/SOURCE OUTPUT

Sansad Sensitivity

Mig. Supply Supply Current Offset N Difset Responsa

Dim. Valt. Current | (Amps Volt. AtBVDC Shift Tima

Fig. (Volts DC) |(m& Max) |Peak) (Volts=2%) Nominal =TOL (%~C) {uSac.)
CSLA2CD 1 Bt 12 20 72 Voo/2 a27 3.0 =02 a
CSLAZCE 1 Bt 12 20 2 Voo/2 25.1 21 =02 a
CSLAZDE 2 Bt 12 20 2 Voo/2 255 22 =02 a
CSLAZCF 1 Bt 12 20 125 Voo/2 198 13 =02 a
CSLA2DG 2 Bt 12 20 150 Voo/2 15.2 11 =02 a
CsLazDd 2 Bt 12 20 225 Voo2 a7 0.6 =.020 2
CSLA2DH 2 Bt 12 20 235 Voo2 98 1.1 =.0125 3
CSLAZEJ 1= Bt 12 20 310 Voo2 76 07 =.0125 3
CSLAZDK 2 Bto iz 20 |00 Voo/2 I 05 = 0125 2
CSLAZEL 1z Bto iz 20 ) Voo/2 43 04 = 0125 2
CSLAZEM 12 Bt 12 20 765 Vo2 aq 0.3 =007 3
CSLAZEN 12 Bt 12 20 950 Vo2 23 0.2 =.007 3
MOTE. When monlttoring FLII‘E|)"J'—.': current with zero DC component, & capacior can be Ingerted In seres with the output of the current sensor. The capectior will biock

out the efiect of The terfperature varation of the offsel voRsge which Increases the sccuracy of the device.
= N = number of fums
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PCB bottom mount
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