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Abstract

This paper presents modeling of wind turbine driving | kW
Permanent magnet generator. The system design consists of 3 parts,
namely rectifier circuit, boost converter and inverter. To control the DC
voltage, boost converter is carried out the constant at the rating DC
voltage. Inverter is AC-to-DC converter for generating the line voltage.
Synchronous rectifier frame and PI control are used to control the wind
turbine system by using MATLAB with Simulink. The results show that
the control circuit and control the D(,; voltage with boost converter and
AC voltage with inverter circuit. This development is the first of
research. Next step will build up the hardware for observing the

performance of the system.

Keywords: Wind turbine, Permanent Magnet, Rectifier circuit, Boost

converter, Inverter circuit
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Fluctuation Voltage Control of Wind turbines via STATCOM
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Abstract

This paper presents distributed STATCOM for controlling voltage in
distribution line with wind turbines generations at 48 volts. The connection of wind
turbine to distribution systems may affect the voltage quality offered to the consumers.
One of the factors contributing to this effect is the rapid variations of the wind turbine
output power, which cause respective fluctuations in the supply voltage. This paper
presents the design, control and analysis of a Distributed STATCOM when combined with
a wind turbine comprising small variable speed generators, in this paper it is shown that
the distributed STATCOM, controlled via a rotating referent frame: RRF and recursive
DFT are simple method to DSP control technique. The result of experiments the
STATCOM can improve the transient stability voltage of wind turbine, that we have
referred the IEEE1159:1995 standard of power quality.

Key words: STATCOM, Recursive DFT, Wind turbines
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1. Introduction

Voltage fluctuation is a power
quality problem in a power transmission
system which could effect to sensitive
loads such as electronic loads, control
board of a machine etc. The loads might
malfunction, lose control or stop. Most
industrial factory has many machines in
a production process. [1] In the case,
malfunction of a machine in the process
could lead to the whole process failed,
product damaged and a lot of money
lost. Like the power transmission
system, a system of power generating by
a wind turbine might have the
fluctuation voltage depending on the
condition of wind which is the power
source. An example of the voltage from
a wind turbine is shown as Fig.1. [2]

Figl.Voltage of a wind turbine generator

Many solutions for solving the power
quality problem including the fluctuation
voltage have been researched in order to
protect the loads which are connected
into the system. The power flow control
in a transmission line is an interesting
solution. Recently, power electronic
devices play an important role in the
power quality solution. They make an
efficient way to control the power flow.
The complete topology is known as
UPFC (Unified Power Flow Controller)
which combines two sub-topologies, i.e.
SSSC  (Static  Synchronous  Series
Compensator), STATCOM  (Static
Synchronous Compensator) [3]as shown
in Fig.2. SSSC is connected in series and

STATCOM is connected in parallel into a
system.

s | STATCOM sssC_ _

F%?‘ —————

| !
» un T
Substation 3 A | |_______ :_l "'T“ :
|

I

I

Fig.2 Power flow control topology

Fluctuation voltage could be solved by
only a sub-topology; SSSC or STATCOM
which each sub-topology has their advantage
and disadvantage over the other. The
interesting sub-topology in this research is
STATCOM. It will be used to solve the
fluctuation voltage of a wind turbine
generator.

2. STATCOM
STATCOM is a device which connected

in parallel into a system and could be varied
both generating and drawing reactive power.
Generally, STATCOM is used to regulate
the AC voltage level at PCC. STATCOM is,
furthermore, also used to maintain the
stability of a system. A structure and
installation of STATCOM into a system are
shown in Fig.3. STATCOM consists mainly
of VSI (Voltage Source Inverter) and has a
DC capacitor which is a power source. VSI
will be connected into a system via three
interface reactors; Lc. By this method, VSI
could be controlled as CSI (Current Source
Inverter) in order to control power flow. R¢
is defined as losses of the inverter. Mainly,
STATCOM could exchange only reactive
power with a system. In case of active
power, it could not be exchanged by this
structure due to small power source.
STATOM could, however, be modified in
order to control both of reactive and active
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power by changing the DC source such
as battery instead of the existing DC
capacitor.

LoaDd

Fig.3 Structure and installation of
STATCOM

3. Principle of operation

Fig.4 shows an operation diagram of
STATCOM in this research. IPM is a
power electronic module which is used
as the inverter. The DSP (Digital Signal
Processor) board is TMS320F2812.

LIL

777

P 4
¥
"——_7#—0— /74
777
| Filter I

Current sensor l:u DSP board K:{ DC voltage sensor

lT\C voltage sensorf
Fig.4 Diagram of STATCOM structure

The system voltage is measured and
sent to the processor unit in order to
detect voltage fluctuation and control the
flow of reactive power for regulating the
voltage. The fluctuation voltage will be
detected on d-q axis or rotating referents

Page

frame (RRF). Furthermore, the voltage
signal will be improved by filtering which is
called “recursive discrete Fourier transform
or recursive DFT” [4], [5], [6]- The reactive
power flow will be control via controlling
the current of STATCOM which is injected
via the power module and through passive
low pass filter into the system. The principle
control of the STATCOM according to the
operation principle could be explained
briefly as following.

3.1 dq detection method

The voltage detection method in this
research is referred to the previous research
[7] which detects a voltage vector on the
rotating reference frame. The three phase
voltage of a system will be transformed to a
vector voltage on the stationary reference
frame (SRF) according to equation (1). The
vector on SRF consists of V and Vp. Next,
it would be transformed to be the vector
voltage on RRF which consists of Vd and
Vq via equation (2). Fig.5 shows an example
of d-q voltage component.
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Fig.5 Signal of d-q voltage component
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3.2 Recursive DFT

A voltage signal in a system might
consist of the symmetrical components,
harmonic components as well as some
noise depending on each individual
system. So the filtering process has to
perform in order to eliminate the
undesired signals. Recursive DFT
(RDFT) which is a filtering method is
applied in this research in order to obtain
only the positive component of the
voltage. RDFT could easily implement
in the digital world and does not quite
effect to the control. The voltage signal
obtained from the d-q detection method
on d-q axis rotates at fundamental
frequency in  positive  direction.
Therefore, the positive sequence which
has the same frequency will become a
‘DC signal on d-q axis. On the other
hand, the undesired periodic signals,
negative and zero sequence as well as all
harmonics will still oscillate around the
DC signal. This means that the DC
signal, positive sequence, could be
obtained easily by using the moving
average filter as equation 3. The block
diagram of RDFT is shown in Fig.6.

+

1 I
| I
ﬂ | Moving Average |
b e o o et e —— - ——— —— —— o ——

Fig.6 Recursive DFT Method

AB
V—p

A simulation[8] of the RDFT with
window length of 10ms is shown as
Fig.7. The voltage of the simulation is
modulated by some harmonics and its
magnitude is modulated by 0.1pu., 15Hz
sinusoid as shown in Fig.7a. The
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fluctuation voltage starts at 0.1* second and
end at 0.4™ second.

iy

Voltage (pu)
=

.
=

—
n
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, Voltage (pu)
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F—p

T — 1
. g-axis -

Voitage (pu)
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:
Fault Begin -+« Deteclion
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. 1 .

0.05 0.06 0.07 0.08 0.09 d.1* 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18 0.19 02
Detection at 0.05 sec

d)
Fig.7 Simulation of fluctuation voltage
detection
a) Fluctuation voltage with harmonics
b) d-q voltage c) d-q voltage by RDFT
d) Delay time of the signal

Time

Fig.8b shows the voltage on d-q axis
which consists of the positive sequence and
harmonics. Fig.8¢ shows the d-q voltage
which is filtered by RDFT. The signal has
only the positive sequence. This means that
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the RDFT could eliminate the undesired Next, the d component of the voltage is
signals which are harmonics in this case. controlled by the current on q axis which
Fig.7 shows the result of delay time will be injected into the system in order to
of RDFT that it could detect the control the reactive power flow via PI
magnitude change of the voltage at control. Finally, the q current signal will be
0.105"™ second after the magnitude of the converted to a voltage signal via Decoupling
voltage started to increase at 0.1% control to control VSI acting as CSI. At this
second. This means that the method state, the actual current on d-q axis is also
could detection the magnitude of voltage required. For DC bus voltage control, the
within 0.005 second or 0.4 cycle and it DC voltage is controlled by controlling the
could detect the change of voltage injected current on d axis in order to draw
magnitude between 0.9pu. and 1.1pu.. the active power from the system. Like the q
Therefore, the d-q detection method current signal, the d current signal will also
could be applied for detecting the be sent to the Decoupling control.
voltage fluctuation in order to control
STATCOM. Its accuracy and delay time, 4. Experimental setup and results
however, depends on the window length These experiments just show the
of the moving average filter and the possibility of the proposed algorithm that the
frequency of voltage fluctuation. voltage could be control. There are two
: cases of the experiments. First case is to
3.3 Software connect the STATCOM into the low voltage
DSP is applied in this research in system which is supplied from the electricity
order to implement the algorithm of the network. And the STATCOM is connected
principle control via C language. A flow into the system which has a wind turbine as
chart of control software is illustrated in a power source. A target is to regulate the
Fig.8. line to neutral voltage as 48V. Line
— impedance is 9mH. The results are shown as
following.
4.1 Network with STATCOM
M ! The STATCOM is connected into the
jLewa-ftode |1 [Dsppox | network of the electricity authority through a
(i :/ three phase variac and there is a three phase
(m=—=F-=2 ! resistive load; 400 W at 400V. Fig.9 shows
—t— B ! the experimental setup.
T T b e e
N = ¥
i Desovplisg 1o ¥ 1 teDcBn | -
;

: Conteol Signal SystemPWM | ¢ PI Contol [
__________________ I e s RN

[ Posnc Modote gamstes fo]  putectne voltege sgnat K
i

I

After' DSE receiy ed the system Fig9. Experimental setup for connecting the
voltage signal, they will be transformed STATCOM to the network
to d-q component and filtered by RDFT.
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Fig.10 Voltage and current of the voltage
regulation experiment when under
voltage
a) before compensation
b) after compensation

AT TR S T M 5 00w

b)

Fig.11 Voltage and current of the voltage
regulation experiment when over voltage
a) before compensation
b) after compensation

Fig.10 shows the result of the
voltage regulated by the STATCOM
when the voltage is under 48V L-N.
Fig.11 shows the result of the voltage
regulated by the STATCOM when the
voltage is over 48V L-N. The results

illustrate that the STATCOM could regulate
the voltage as 48V.

4.2 Wind Turbine with STATCOM

The STATCOM is connected into the
wind turbine system and there is a three
phase resistive load; 400 W at 400V. Fig.12
shows the experimental setup.

Fig12. Experimental setup of the wind
turbine system with the STATCOM

517 /MiPOS; 2200705~ MEASURE

TR el S TUILT

Fig.13 Voltage and current of the voltage
improvement experiment of Wind Turbine
a) before compensation
b) after compensation

Fig.13 shows the result of the voltage
improvement by the STATCOM when the
voltage is under 48V L-N. The green signal
is the voltage of the generator and the blue
signal is the voltage of the load. The purple
signal is the current in the system. The result
illustrates that the STATCOM could
improve the voltage to 48V.
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5. Conclusions

This research illustrates that the
STATCOM could regulate the voltage
both of coming from the network and the
wind turbine. The RDFT is applied to
improve the d-q detection method to
immunize the undesired signals.
Moreover, it is very easy to implement
in DSP; however, the response time and
accuracy of the detector depends on the
window length of the moving average
filter and the frequency of voltage
fluctuation. Although, the actual voltage
fluctuation experiment is not performed
but the possibility of the improvement of
the fluctuation voltage is tested. The
further aim of the research is to regulate
the voltage to achieve the international
standard; IEEE1159[9] in order that all
loads which are connected into the
system could work properly and be safer.
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Abstract

This paper presents how to design and build electrical protection equipment to apply
for a wind turbine generator system which is modeled on low voltage 3 phase 380 volts
system. This electrical equipment acts as a switch to open-close an electrical circuit to
prevent an electrical system as well as equipments or devices in the system. It will open the
circuit quickly and decrease the contact arcing of a circuit breaker. The implementation of
power electronic properties is used instead of mechanical parts which is called “Solid-State
Beaker”. This article presents a method of solid-state breaker simulation on the mathematical
analysis via MATLAB/ Simulink program in the cases of fault occurring in an electrical
system. The simulation is used as a comparison when it is brought into the system. The fault
voltage is detected by RMS Method which is implemented in LAB View program. The
detection signal will be sent to the solid-state breaker and order it to cut off all three lines
simultaneously to confirm the efficient running of solid- state breaker. But this paper has not

yet considered the effect of Harmonic.

Key words: Solid State Circuit Breaker, IGBT
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1. Introduction

From low voltage faults
protection system study, when there is
fault in the electrical system, protection
equipment is required to decrease
damage to the electric system and loads.
The concept is applied to power
generation systems from wind to protect
a wind turbine generator. That act of
cutting fault from electrical system must
be fastest. Therefore, the protection
equipment must be designed to be high-
performance. The present circuit breaker
tries to apply new technologies to get the
property performance and the best
protection in the electrical system. The
study of the problem of the conventional
circuit breaker caused to the concept of
using power electronic device in a power
system. Moreover, the study of power
electronic devices is currently to have
developed the capabilities of each device
type to withstand higher voltage and
current. We can use the properties of the
semiconductor device which could
conduct the current and stop the flow of
the current in order to implement
according to the conditions of a
protection equipment in a system to
create a reliable power protection and
reduce the impact on electricity in case
of voltage sag, voltage swell, surge,
voltage interruption or noises that result
in rapid voltage changes and voltage
waveform distortion as well as effecting
on consumers. Most of the electric loads
in the present are sensitive to the
occurrence of abnormal voltage caused
damage to the equipment.

2. Short circuit current analysis
of each fault

The occurrence of short circuit
current is the condition which protection
devices have to quickly interrupt a
faulted system. [2]

1. Three Phase Fault is the three
phase short circuit which is very difficult to
happen in the distribution system. But if it
happens, the short circuit current will be
more serious than other faults as shown in
Figure 1.

Figure 1: Three Phase Fault

Three phase fault can be found in the
following equation:

[ =—t (1)
Z+Z,

2. Line to Ground Fault is the
simplest short circuit that could occur easily
and may be caused due to lightning flash
across the units of insulator or a conductor
touching the structure on the ground as
shown in Figure 2

T L

Figure 2: Line to Ground Fault
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following equatlon

1 2 I/f
B=I=I"= 2)
Zy+Z,+Z,+3z,

3. Line to Line Fault is the short
circuit between phase and phase.
Figure.3 show an example of Line to
Line Fault between phase b and ¢

through the impedance between phase b Figure 4: Double Line to Ground Fault
and phase ¢ shown in Figure 3

Double Line to Ground Fault can be found

A " b in the following equation:
14 - C
T Iabc = Alc(znz (4)
+ + T+

Y% Y g [ N The purpose of analyzing each fault
=0 b L and their violence is the basis to calculate
fault current and fault analysis in order to
L determine the suitability of the associated

equipment such as circuit breaker.
Figure 3: Line to Line Fault

Line to Line Fault can be found in the

Load Power (kW)

following equation:
H Line to Ground Fault
I, = /- 3) [——)
i

Wc to Ground Fault

e

Three Phase Fault

4. Double Line to Ground Fault
is the short circuit between phase b and
phase ¢ through the impedance to the
ground as shown in figure 4

Time (sec)

Figure 5: The stability of the system
of each fault

Each individual fault will make the
different change of system loading equal.
Figure.5 show that the three phase fault will
decrease the stability of electrical system
more than single phase to ground fault.
Thus, during the operation of protective
equipment need to trip at higher speed. [3]
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3. Comparison of a solid-state circuit
breaker and the conventional circuit

breaker
From study of circuit breakers to

be foundation for designing power
systems, it is important to know the main
function of the circuit beaker which is to
protect the over current situation arising
from overload or short circuit conditions.
The circuit breakers used in Thailand is
referred to IEC 60898 standard. The
circuit breaker according to this standard
is used for the residential homes and
buildings. according to that when the
short circuit the current flowing through
the circuit breakers in large amounts. If
the amount of electricity that flows
through is overcorrected instantaneous
tripping of circuit breakers will cutting
cycle is now within 0.1 seconds.

Table 2.3 IEEI Std 242-2001:
Estimated clearing times of protective
devices.

Working conditions | Current range size
of circuit breakers 225-600 A (AT)
Instantaneous, cycles 2-3
Short time, cycles 10-30
Long time, cycles Over 100
Ground fault, cycles 10-30

4. Preliminary analysis

Basic properties of single phase
equivalent circuit when fault happens is
analyzed in an ideal case as shown in
figure 6. During the fault time, the
voltage drop across circuit breakers will
be up and waveform of current decreases
to be zero amp. [4]

SSCB
l.rw ZLine E
T
v, —
14
& ™ Fault Ricad “ V toaa

Figure 6: Equivalent circuit of solid-state
circuit breakers

15

osf-

VamdlInpae

B AV AV

1 g.ﬁl 0.03 2.04 0.05 006 0.07 0.08
Time {sect

Figure 7: Ideal interruption simulation of
solid-state circuit breaker

From the simulation of low voltage
distribution system in Thailand nowadays,
the equivalent circuit is shown in figure 8.
The fault in the electrical system simulation
starts at time of 0.2 seconds and its period is
0.05 seconds.

_________________

Figure 8: Simulation of a fault at
downstream

Testing via MATLAB / Simulink
program, voltage testing with low-voltage
distribution system in per- unit starts at the
beginning time to 0.05 seconds. It is found

Green Technology and Productivity
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that when the three phase fault occur in
the system at 0.05 seconds to 0.25
seconds shows how to detect the RMS
voltage after RMS voltage less than 0.9

p.u.

Vokage {p.u.}
1

f

0.6]
0.4
of
0.2
0.4
o8]

-0.8]
4 YYVUYI
o 6.65 X3 5.9 [E] EES a.3
Time(s)

Figure 9: Three phase voltage when
three phase fault is occurred

i
8l Flalt Begin ¢
i

Voltage (p.u.}

©.15
Time(s)

Figure 10: Simulation results for
detecting voltage on the RMS value of
voltage less than 0.9 p.u.

Testing via MATLAB / Simulink
program, current experiment with low-
voltage distribution system in per unit
starts at the beginning time to 0.05
seconds. It is found that when the three
phase fault occur in the system at 0.05
seconds to 0.25 seconds shows how to
detect the RMS current after RMS
current higher than 0.2 p.u.

Figure 11: Three phase current when
three phase fault is occurred
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Figure 12: RMS current with the fault of
phasea, b, ¢

Current (p.u.}

¥
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G185
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Figure 13: Signal from RMS current sensor
when three phase fault is occurred

Operation condition of the circuit
interruption will detect the short circuit
current or over current of all three phase and
use of fault detection by Root Mean Square
(RMS) Method. It is found that the time of
RMS measurement lower than 0.9 p.u.
equals as 0.0543 seconds when fault at 0.05

seconds. [5]

11+T 5 B 1 N )
Vv, = \/? jv ()dt = ﬁzv” (5)

=0 n=l

=L ©)

4. Building technology
The basis of semiconductor with

high-speed switching is brought and
nowadays current rating of semiconductor is
high. Figurel4 shows an overview circuit
design of solid-state circuit breakers
including: -

-2 IGBTs

- RC snubber
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- 2Diodes
- Varistor
ZuO Varistor
A it
Controller l\/\/\r I

GIIGBTZ
Diode 2

220 VAC

¢ E N
ul/l

Diode 1

Controller IGBT1 |G

Figure 14: IGBT solid-state circuit
breakers circuit

Fault detection by RMS Method,
when voltage is lower than 0.9 p.u., short
circuit current is higher than 0.3 p.u.
sends signals to drive the gate of IGBT
simultaneously to interrupt the circuit
from the system. From the above
principle, it can lead to design the
voltage and current detection using Lab
View program when there is fault in the
system. Figturel4 shows a program
which is written on the Lab View
program, called “Visual Instrument
(VI)”. The appearance on a computer
screen  looks like a  common
measurement tool. Another section
shows the block diagram  for
programming using the G-Programming
(G Language) to write a program
scheduled to run Lab View program and
external devices to bring external data
into computer using:

I. Analysis by measuring
voltage and current through the CT, PT
and processing

2. Use of automatic control
systems by computer to create the

l ﬂ E ’— \.C
Load

— —e
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conditions on and off of the signal SSCB
and send to the gate of the IGBT.
-Create virtual instrumentation for
monitor the operating state of the system
-Create Data Logger to collect data
The above operating conditions is used
together to create SSCB and a virtual wave
in the virtual instrumentation laboratory
Programming by connecting to the
wind turbine system and the detection signal
is checked by comparing to the scope.

Case 2: SSCB on the condition OFF
Figure 17: Show Instrumentation Lab View
program of SSCB

Figure 15: ON OFF test of the SSCB when
connected to a Lab View program

5. Results
The result of using MATLAB /

Simulink program, when fault for a phase to
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ground on Phase A shows that 2 phase’s

voltage changes, the phase A and phase X

B but phase C has not changed %

1. Fault case of one phase into the s

ground P st

(d) Simulation result of the current when
the solid state breaker opening-closing
the circuit

0eo00

Voitage,Current (p.u)

Lbobe

Figure 16: Simulation results of opening-
closing the circuit of Solid-State circuit

(a) Simulation results of voltage and breakers in case of the phase to ground fault
current on the load when the solid state
breaker opening-closing the circuit Test results from the actual system

when connected to wind turbine is compared

' X ?—— between the Lab View program and the
g ] 1 scope
I
"o 0.0 CX] 1?.,'1‘;(:;5) oz 0.25 03
% o.el- ::‘Em
} o :

Time(s)

(b) Simulation results of RMS voltage
detection when the voltage is
less than o9 p.u.

. Vosge(v)

IERONEE

Figure 17: Test when normal system

Load voltage measurement shows
) ] that the voltage is 220 volts per phase, while
(c) Simulation results of the voltage the SSCB is not workin
when the solid state breaker opening- &
closing the circuit
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Figure 18: Test when SSCB cut the load
off from the system

Load voltage measurement
shows that the load voltage is
approximately 0.5 volt.

5. Conclusions

The SSCB is implemented in this
paper in order to test its performance and
response time without the contact arc
phenomenon. Operation states of the
SSCB have the timing of switching on
and off which are controlled by the
signal from fault detector. Lab View
program is applied to detect a fault
condition in the system and send the
ignition signal to the IGBT gate so as to
stop the conduction of current.
According to the analysis of the
protection device, SSCB will interrupt
the circuit immediately when there is
some instant change of voltage. Both of
symmetrical and asymmetrical faults
could be detected by the RMS detection
method. The fault signal will be used for
controlling the SSCB to cut three phases
off at the same time.
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Abstract
The paper presents a development of monitoring system for a prototype wind

turbine system. The proposed monitoring system is developed under Labview
environment. The system can connect to the wind turbine online via internet. The system
will collect the monitored values and install values into memory. Simultaneously, the
system can show the values in Real-Time. The operator can observe the wind turbine by
the monitoring system and can take an action on time if the wind turbine is not working
properly. The results of the monitoring system indicate that the monitoring system is be
able to working properly, the data can be used to investigate the wind turbine for system
analysis. This is very important for wind turbine in order to supply energy to consumer

stably.

Keywords: Wind Turbine, Monitoring system
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1. Introduction
Renewable energy sources such

as solar energy, wind energy provide
realistic alternatives for electrification
especially in remote area. One of the
most  promising  applications  of
renewable energy technology is the wind
energy system. As the wind turbine
system 1is increasingly used, thus, it has
to be a technically reliable energy
system to the consumer. To keep the
wind system working reliably, it is
necessary to have a monitoring system to
continuously monitor the wind system.
The goals of monitoring are normally to:
e Ensure that the system is operating

properly
e Assess the performance of system

components, pinpoint faulty devices

Permit the calibration of tools

Reveal improvements to the design

and increase the understanding of the

designer

In most monitoring systems, the
information is collected from the remote
station to master station. Commonly
systems in such rural areas are
supervised by yearly visits in
conjunction with a data logger. But this
method leads to the inefficiency of
response time for maintenance as well as
the product improvements is poor. There
are already some monitoring systems
have been presented such as SCADA
(Supervision  Control and Data
Acquisition). However, the known
problems for those methods are: high
investment cost, need special software
for Client stations, and difficulty with
communication  link.  These  all
disadvantages make the hybrid system
ineffective in economic performance.
Thus, to fulfil remote monitoring
requirements, a suitable monitoring
system for the wind energy system has
to be developed.
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2. Concept of propose monitoring
system

The concept of proposed
mentoring system is combined to the
wind turbine prototype. The developed
wind turbine prototype is included a
power quality control unit, a converter,
and simulation load. The monitoring
system will be integrated to the prototype
as shown in Fig. 1.

Power Quality Unit ~ Converter Consumer
- - e - AN N b
FEEA R ‘[ F ‘
3.
Moritoring Data
Real-Time Display T

Real-Time Monitoring
System ﬁ w

Fig. 1: The proposed monitoring system
and the developed wind turbine system.

From Fig.l, the monitoring
system will be connected to three points:
wind turbine, PQ unit, and the converter
which is the output supply of the wind
energy system. All monitored data will
be stored in the monitoring memory.
Operators can access the data at the
monitoring system as well as operator
can observe the wind turbine by a visual
display in Real-Time. Moreover the
monitoring system can provide the
monitored data to internet via
communication link over a TCP/IP
network or wireless network.

There is no need for any special
software for viewing the system. The
proposed monitoring system is composed
of a monitoring unit (sensor unit), a data
acquisition unit, and a communication
unit. The data acquisition unit will
collect the monitored data from the
sensor unit and then stores the monitored
data into its memory. After the
determination of monitoring system, the
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system can be developed accordingly to
the design.

3. Develop of the system

Data monitoring software is
written by Labview programming tool.

Fig.2 Circuit of data monitoring in
Labview program.

The monitoring unit must be able
to work with the developed hardware
compatibly.Fig.3 shows the development
of whole prototype wind system
including monitoring system.

Fig 3: Developed prototype wind system
including monitoring system

The prototype wind system as
shown in Fig.3 is developed according to
the design diagram in Fig.1. The wind
speed simulator unit will simulate the
wind situation and drive the generator
accordingly to wind speed profile from
operator. The PQ unit will control the
power quality of wind turbine by using
STATCOM configuration. The power
from wind energy system will be
connected to the developed converter
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then supply to simulation load. The
monitoring system is a key of whole
system. All parameters will be observed
by the monitoring system. The operator
can analyze and investigate the wind
energy system via the monitoring
system.Therefore, the monitoring system
must work properly and provide real-
time data to the operator.

4. Implementation

The implementation of the
system is simulated by a selected wind
profile. After inputting the wind profile
to the generator, the PQ unit will control
the quality of the power and supply to
load via converter. The monitoring
system provides the visual display which
can immediately observe the power
quality of the system. The monitoring
system provides very useful graphic
windows for the operator. The graph will
show at the point of monitoring. The
operator can just open the program then
the data will be immediately displayed.
The feature of monitoring system is
shown in Fig.4.

Figure 4. The monitoring system display

Fig4 shows the test of the
monitoring. The data analysis can be
started as soon as the operator runs the
wind system via real-time display. The
operator can also point out at the values
which want to investigate by clicking to
the area of monitoring then the graph
will be displayed as show in Fig. 5. The
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monitored data are also stored to the
main station. Data analysis can be done
on a routine basis, for example once a
day or a week. This will help the
operator to make sure that the system is
working properly and when problems
occur, the operators can enable an
immediate action to the system at the
right time.

Fig.5. Display of real-time monitoring
investigation

As mentioned, the monitored
data, which is stored can be comfortably
implemented with several programs such
as Excel program tool. The operator can
download the monitored data from the
main station both directly and wirelessly.
The monitoring system provides a
communication link. The operator can
access the data via internet, the operator
need only a password to enter the
download area. This is very useful for
remote monitoring.

From the implantation as shown in
Fig. 4,5 the results show that the wind
prototype is working properly and the
monitoring system can provide the
correct data, the operator can investigate
the characteristic of the system in order
to analyze and for future applications.

5. Conclusions

The paper implemented the real-
time internet web based technology for
monitoring of wind energy system. The
concept of the proposed monitoring
system is that the monitored data is
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stored into main memory at the site. The
operators can access the monitored data
directly or via internet. The monitoring
system allows the operator to download
the monitored data via internet. While at
the station, the operator can observe the
system as real-time via graphic display.
The investigation can be done on time at
the station. Moreover, the operator can
collect the monitored data for future
investigation. From the experiment, the
results illustrate that the developed
Labview based monitoring system shows
itself to be a very suitable solution for
wind energy monitoring system.
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Distributed STATCOM for controlling
Voltage of Wind Turbine Generator

W. Srisongkram, N. Phanthuna, K. Bhumkittipich Member, IEEE, W. Pusorn and K. Chiangchin

Abstract-- This paper describes analysis and control design of a
distribution level static synchronous compensator (DSTATCOM)
to control the voltage at the PCC in order to keep the power
constant at the load from intermittent wind speeds. For fast
response requirement, a feedforward compensation scheme is
derived and employed in the paper. Firstly, the mathematical
model of the DSTATCOM is derived. Then the compensation
principle is described with applying RDFT in order to immune
any undesired signals. Accordingly, a hardware prototype is built
with a fix-point DSP TMS320F2812-based system. Use of a
current-controlled PWM inverter as the power stage of the
DSTATCOM generates needed compensation currents for real-
time load compensation. Finally, experimental results confirm the
performance of the proposed DSTATCOM.

Index Terms-- DSTATCOM, Distribution Line, Wind Turbine

1. INTRODUCTION

Recently, Thailand recognizes the importance of using
more renewable energy like many countries which are
developing renewable energy work more currently. Wind
energy is not only free but it is also clean. Wind turbines were
established in many areas of Thailand with a capacity from 1
kW up to 2 MW. Due to the climate of Thailand which is
tropical country, it affects the wind speed and volume to be not
stable. Sometimes the speed only 1m/s but sometimes is 14
m/s, Voltage from wind turbine is, therefore, not good enough
to connect to the grid of the network as shown in Figure 1
which is the problem for electronic devices.

Many solutions for solving the power quality problem
including the fluctuation voltage have been researched in order
to protect the loads which are connected into the system.f1]
The power flow control in a transmission line is an interesting
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solution. Recently, power electronic devices play an important
role in the power quality solution.[2] They make an efficient

Fig.1. Wind turbine generator at Koh Lan Island in Thailand
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Fig.2. Power flow control topology

way to control the power flow. The complete topology is
known as UPFC (Unified Power Flow Controller) which
combines two sub-topologies, i.e. SSSC (Static Synchronous
Series Compensator), STATCOM (Static Synchronous
Compensator) [3] as shown in Fig.2 SSSC is connected in
series and STATCOM is connected in parallel into a system.

Fluctuation voltage could be solved by only a sub-topology;
SSSC or STATCOM which each sub-topology has their
advantage and disadvantage over the other. The interesting
sub-topology in this research is Dstatcom. It will be used to
solve the fluctuation voltage of a wind turbine generator. The
principle, analysis and implementation of the Dstatcom are
described. Finally, the experiment of the Dstataom is
performed by connecting it with a wind turbine; 1 kW, 48V in
order to test its performance regarding voltage regulation at
various voltages.

II. MATHEMATICAL MODEL OF DSTATCOM

The STATCOM and the sensitive load are connected at
PCC as shown in Fig. 3. To analysis the system, we have to
assume the fluctuation voltage and STATCOM to be ideal. So,
the equivalent circuit of STATCOM can be written as shown
on Fig.4. The output voltage of voltage source inverter is
defined as Vi, The resistor and inductor filter are defined as



Ry and Ly, respectively. The grid voltage, Vg, is the voltage at

LOAD

Fig.3. Shunt connection of the STATCOM to the distribution line.

Rf Lf

Vgrid.

Physical Model
Power System

Fig. 4. Equivalent circuit of shun-compensator.

PCC. On Fig. 3 can also transfer to algebraic equation as
shown in equation (1) to (11) for creating the STATCOM
mathematical model. The model is defined from the stationary
to synchronous reference frame [4].

Fig. 7. Mathematical model of decoupling control.

d
Ly—i,~L@-ig+Rs-i, =Vyv,—Voq (6)

.4 is voltage i d voltage at P
Vria 18 voltage in power system and voltage at PCC Fine current in dq0-axis from equation (2) to (4) as shown
& equation (7) and (8)

LE R -i=V,y —V, ()

dt 1 . .
id:“[lfinvd—ng-,_wa.lq—Rf ‘ld] (7)
Lf Ny

Stationary reference frame to synchronous reference frame

r . 1 . . '
v, A 1 lqz?;[Vinvq_ng+wa"d_Rf"q] ®)
0 0 0 |7 And equation (7)-(8) can be model in the block diagram as
shown in Figure 6.
v,| [cos@ sing
[V—djl= —sing 61:;—“] (©)] The objective is to produce a sinusoidal ac output whose
g | L7SING COSG} Py magnitude and frequency can be controlled. The decoupling

control has been implemented in the synchronous reference

From Equation (1) can be transferred dq axis model by using frame because the synchronous frame controller can eliminate

Park’s Transformation in equation (2) to (3). steady state error and has fast transient response Cross-
coupling on d and q components are shown in Fig. 7.[5]

d . . A . 3 B The feed-forward component as shown in Fig.7 is the

Ly [Z(’d + g ) tJje (‘d + g )] + Ry (’d i q) scheme that is used to eliminate the initiate sample value. The

PI regulators, namely K, and K; [5], are designed to keep the

stability margin of the entire system by getting the eigen values

=Wuvy + jVipv, )~V d + jV 4
( m¥d S in q) ( £ / gq). @ on the left hand side of the S-plane. The DC-Link voltage must
Then separated equation (4) can be algebraic equation of da- e controlled to keep the constant DC voltage that used for
axis; d-axis as shown equation (5), g-axis in equation (6). generating the desired voltage component of shunt
compensator.

d, . .
Lf-‘—{—t-ld‘—‘Lfa)'lq""Rf'ld=V,-nvd'—ng (5)



III. COMPENSATION PRINCIPLE OF DSTATCOM

Figure 8 shows the configuration of the Dstatcom which
consists of a three phase voltage source converter (VSC), a DC
capacitor Cous and an interface inductor on the ac-side. A low
pass filter which consists of a capacitor Ct, an inductor Lt and
a damping resistor Rr is added to the ac-side of VSC. The
reactive power output of the DSTATCOM in each phase,
which is inductive or capacitive, can be independently
controlled by the controller of the DSTATCOM for real-time
load compensation. For fast real-time compensation, the
DSTATCOM needs to detect the line-to-line voltage data very
quickly to calculate the needed compensation current. So the
dq detection method with RDFT [6],[7] is applied. By this
way, any undesired signals such as harmonics are reduced.
Moreover, this method can be implemented very easily by a
high performance DSP-based system

After DSP received the system voltage signal, they will be
transformed to d-q component[8] and filtered by RDFT. Next,
the d component of the voltage is controlled by the current on
q axis which will be injected into the system in order to control
the reactive power flow via PI control. For DC bus voltage
control, the DC voltage is controlled by controlling the
injected current on d axis in order to draw the active power
from the system. Combining the above two currents generates
the needed d and q current command signals for the
DSTATCOM. Finally, the d and q current signals is converted
to a voltage signal via Decoupling control which is shown in
Fig.7 in order to control VSI acting as CSI. At this state, the
actual current on d-q axis is also required.

IV. HARDWARE IMPLEMENTATION

The compensation principle is implemented by using a fix-
point DSP TMS320F2812-based system. The execution
program of the controller is firstly developed in the host
computer with a mixed form of C language and assembly
language. Then the completed execution file is downloaded to
the target DSP via a data link. A simple rate is 10 kHz. The
execution time is fast enough for the real-time control of the
DSTATCOM. Block diagram of control software is illustrated
in Fig.9.
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Fig. 8. Overall schematic diagram of proposed Dstatcom
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Fig.10. Hardware prototype of the proposed DSTATCOM.

Fig.11. Experimental setup of the wind turbine system with the Dstatcom

The circuit parameters of the Dstatcom in Fig. 8 are Cr=10
uF, Rr = 23.5 ohm, Lr = 4mH and Couss = 5,000 pF. An
Intelligent power module (IPM) is employed for the power
stage of the Dstatcom. The switching frequency of the inverter
is 10 kHz.

V. EXPERIMENTAL SETUP AND RESULTS

The experiments setup is shown in Fig.11. The Dstatcom is
connected into the wind turbine system which there is a three
phase resistive load. A target is to regulate the line to line
voltage as 48V. The system parameters are shown in Table I.

Table I shows results of the voltage improvement by the
Dstatcom when the voltage is under 48V L-L. Vs is the line-to-



line voltage at the terminal of the wind turly
shows results of the voltage improvement b
when the voltage is over 48V L-L. The resul
the STATCOM could regulate the voltage at 48

TABLEI
SYSTEM PARAMETERS FOR EXPERIMENT
System Quantities Values
System Voltage Level 48V
Load 400 W at 400V

Line impedance 9 mH

DC-bus Voltage 200V
TABLEII

EXPERIMENTAL RESULTS OF 48V REGULATION FOR UNDER-VOLTAGE.

Vs(Vems Veco(Vems) IArmg Ve (Vavg) f(HZ)
28 47.8 7.56 200 16.23
29 47.8 7.10 200 16.54
30 479 6.79 200 16.98
31 47.8 6.38 200 17.19
32 479 5.98 200 17.64
33 47.8 5.56 200 18.05
34 479 5.12 200 18.41
35 48.1 4.78 200 18.89
36 48.2 4.29 200 19.22
37 47.8 4.01 200 19.68
38 479 3.72 200 20.01
39 47.8 3.16 200 20.11
40 479 - 2.61 200 20.39
41 48 225 200 20.85
42 47.8 1.78 200 21.12
43 47.8 1.22 200 21.39
44 47.8 0.58 200 21.85
45 48.2 0.42 200 22.58
46 47.8 0.32 200 23.49

47.8 0.30 200 24.05
TA78. . 028 | 200 | 2481 |
TABLEII

EXPERIMENTAL RESULTS OF 48V REGULATION FOR OVER-VOLTAGE.

Vs(Veme

i VI’CC(Vrms) Vdc (Vavg) f (HZ)

478 0.38 200 25.69
47.8 0.45 200 2598
47.8 0.67 200 26.41
48.1 1.25 200 26.87

48 1.85 200 27.23
479 2.31 200 27.65
479 2.69 200 27.99
47.8 3.21 200 28.35
47.8 3.79 200 28.89
47.8 4.20 200 29.31
47.9 4.68 200 29.75
47.9 5.21 200 30.12
48.1 5.64 200 30.58
48.2 6.09 200 30.89
48.1 6.48 200 31.23
48.2 6.81 200 31.65
48.1 7.29 200 32.06
48.1 7.50 200 32.49

48.1 7.85 200 32.95

V1. CONCLUSIONS

research illustrates that the STATCOM could
the voltage coming from the network the wind turbine.

oreover, it is very easy to implement in DSP; however, the
response time and accuracy of the detector depends on the
window length of the moving average filter and the frequency
of voltage fluctuation. The further aim of the research is to
solve the fluctuation voltage in a wind farm.
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