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modular resources by utilit , utility customers and third parties in applications that
benefit the clectric system, s ific customers or both" [3]. A number of other
definitions have been formulated in the literature (e.g. [4,5]) as well leading to some
confusion. Therefore, a general definition for distributed generation was suggested
recently in [6]. It has bcen defined therc as "electric power generation within the
distribution network or on the cus  mer side of the network.” An example of a futurc
power system with different types of distributed gencration, including some form of

energy storage, is shown in ire 1.1.

Cle

Fig.1.1: Examplc of a fu power system with distributed gencration

monash.cdu.au/2005)

Distributed gencration power losses in distributing and delivering clectric
power because the electric t 2ris usually generated close to delivery points. It also

reduces the number of power lines that have to be constructed. In gencral, power

2












consumption to maintain its output voltage. Also, other generation units will change
their reactive power generation in response to the system voltage variation.
Eventually the system reactive power will arrive at a new steady state. Voltage —

reactive power controller is implemented by proportional-integral (PI) controller.

Vm

DG unit and
P| power system

Vom _,Qm

Q-V droop -

Voltage-reactive power control

|
|
|
Km,v 4—'
'

Fig.1.2: Q-V droop plus voltage-reactive power controller.

The DG control unit will control the system voltage by,
V= Vom - Kiny Qm
Where,
Vom= System voltage at unit power factor
Qm= Reactive power

Ky 1s the reactive power droop coefficient of the DG unit.
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Fig.1.3: Single-phase PLL a” rithm based on the use of a transport delay to generate

the quadrature signal.

Orthogonal filter, which has been proposed for three-phase systems [20] (also
referred as a multivariable fil , employed for improving the PLL performance
when the grid voltage is distortt © The operation of the system requires a real-time
detection of grid atus (su -’ out. : over/unc vo' d over/under-
frequency). Zhang et al. [21] propc d a control method of grid connected string
inverters based power plant. The power unit is controlled by a 32bit DSP
(TMS320F2407) and intelligent cluster controller (ICC). The DSP operates grid
current with SPWM working beyond the human audible frequency at 20 kHz, data

communication and system protection has been executed. ICC monitors the operating












response of the ADR control algorithm. Effect of ultra capacitor storage in the DC

link is also standard.

The main objectives of th thesis are to devclope and demonstrate a low cost remote

power control method for a small grid connected inverter. It is also required to

demonstrate the applications of the developed m¢ ~ d for distributed generation.

1.4 Thesis Outline

In chapter 2, system modeling :  :ontrol for grid connccted inverter arc presented.

In chapter 3, the selecti control, and its design and implementation issues

are discussed. System simulation | control design arc also presented.

In chapter 4, an experimental t 1 t of remotec control for inverter based DG 1s

prescnted.

In conclusion, a sumn y of the 1 arch work in the thesis is presented. The outline
of the contribution and achie t from this  :carch work are also highlighted in
chapter 5. The chapter also I_. the recommendations for further investigations.
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input voltage versus ou power  racterized, so the installed power curve can be
changed and adjusted acc 11 o the selected wind turbine. The communication is done
via a hyper terminal through serial cable connected to the inverter. This requires some
calculations to change the steepness of the curve. The steepness is expressed as a number
of voltages per amp . F ire 2.4 shows power curve for Green and Red color CPU.
Green curve shows for the wind turbine whichis st: 1 at 27 volts and supplied power to
the grid is 200 watts 49 volts as well as Red curve shows with starting voltage 27 volts

and supplied power to the grid is 200 watts 49 volts.

W out
500 i
400 | B 5
&) N .
o e LR
300 |
200 /
100
0 (/{C-DC in from wind turbine

0 10 20 30 40 50 60 DCIN

Fig.2.4: Power curve for Green and Red color CPU

The inverter was programn ~ for a « ired input DC voltage versus output power. The
installed power curve stcepness J was char  d and adjusted by using serial

cable RS232.



Power Curve Steepness A | stment:

Start-up voltage (B) = 24 V DC (representing a DG system)
Power fed to the grid at 51V output is 180 W

Difference between start till end voltage= (51-24) =27 V
Currentat 180 Wat51 VDt  S5A

The stecpness of the curve (A) =27 V/3.5 A=7.7 V/A

Figure 2.5 shows power curve  epness adjust  nt into the CPU.

250
> — Steepness, A
S 5
o
2B
5
2
a O
3
DC into the idtic inverter (Vin)

—_—

Fig. 2.5: Power Curve Steepness Adjustment into the CPU
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single phase bi-directional watt hour meter are used. The Watt-hour power mcter 1s a
very useful device that allows checking the used power. The meter has a large LCD
display that is used to show consumption by the Kilowatt-hour (kWh). Meter also allows
monitoring the quality of the electric - by displaying voltage, linc Frequency and power
factor. Single phasc bi-directior  watt hour meter is used to the grid side. The meter
measures active energy in single-phase two wire or three wire alternating current power
grids. Bidirectional active energy  :asurement is indicated by LED forward and

backward direction.

2.5 Summary

The selected single phase inverter, system instrumentation, operation and installation are
described in this chapter. The block diagram of the system parameters and measuring
circuits arc presented in details. Fir y, typical installation requircments for a gnd

connected system are described in terms of voltage and power.
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Chapter 3: Selection of System Control, Design and

Implementation

3.1 Introductton

This chapter presents the design of a new, simple and economical controller to control
power supplicd to the grid frc  an inverter based on a control command from a dispatch
centre. The designed control system had been developed using a DC-DC converter and
data acquisition card ADR101 which was programmed using Quick basic. The chapter
also focused on implementation of the design controller under grid connected modc and

system simulation.

After the introduction of net-metering laws, a consumer can install a small wind
gencration system at his/her premises and thereby utilize all the generated cnergy or can
supply to the grid. It reduces the to ~ cost althot ~ the cost/MW increases, making it an
attractive investment for small investors. Therefore it is important to obscrve and
investigate the system controller behavior in order to provide rcliability, quality and
power at the grid and also to provide safe opcration of the wind power gencration systeim.
The operational requirement of grid connected inverter based wind turbine includes the
automated power supplied to the grid. This situation  y occur due to the level of wind

power available and also due to the gr  availability. In order to meet the opcrational
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requirements, 1t 1s necessary to control and monitor the system bchavior in such a way,
that controller has the capacity to control power supply to the grid under any stipulated
condition. The system controller operates by measuring the system parameters (such as
DC/AC output voltage of a wind turbine), converter output voltage, and the current and
power flow between generation and the grid sides. Therefore, it is challenging design the
proper instrumentation, to measurc the control variable of a gencration system; cnsuring

accuracy with low cost budget.

These 1ssues can bc overcome by ¢ designed controller as the system could be
monitored from remote/near control | ce. This chapter describes the implementation of
the proposed control system. To investigate the feasibility of the proposcd topology and
control algorithm, inverters simulation was incorporatcd in this study which is discussed

in the following sections.

3.2 Selection of System Control

In order to obtain the proposed implementations there are scveral types of control system
availablc. For example, PC based ntrol, DSP bascd controller and micro-controller. A
cost cffective solution to inverter design is found in [49] et.al Liviu Mihalache, and Mihai
Chis based on digital signal processor (DSP). A 15kVA IGBT-based DSP-controlled
inverter method was built and the control was implemented with an ADMC401 DSP.
Figurc 3.1 shows the inverter control technique uscd in this approach. The control system

was implemented without using a current loop. So, the main output filter introduced very
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Fig.3.2: Full Bridge (4-pulsc) Single Phase Inverter Topology

Microcontroller controlled switch S1 and S4 by generating SPWM 1. Switch S2 and S3
also operated through designed microcontroller by generating SPWM 2. Both SPWM 1
and SPWM 2 used the samc control signal gencrated by the microcontroller. The
difference is SPWM 1 signal 1t ling SPWM 2 by half cyele or 180 degrec of the

switching signal

The discussed DSP and micro-controller systems are expensive and not suitable for low
cost DG system. The proposed PC based controllcr requires very low computing power.
A data acquisition card with RS232 serial cable is the cheapest and QuickBasic the most
convenicnt program as compared to other available options. Therefore, a low cost data
acquisition card ADR101 has been selected to des’ 1 the proposed controller. ADR 101
is a low cost seral data acquisition and control interface device. This device has two 8-bit

analog inputs (0 /DC) 8 d [/O lines individually programmed as output or
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input. It requires low power (5 volts 15mA). ADRI101 can be easily used with Quick
Basic and TURBO C programs [51]. The digital input/output voltage of ADR is adjusted
by a Quick Basic control al_ ithm. Interface to PC through threc wirc RS232 serial
cable. In this research ANO is used as an analogue input and PAO to PA7 are used as a
digital output. The D/A converter AD558 conversion of the digital output signal results in
a corresponding 8 bit analogue signal. The TCP/IP link is used to access an ADR card on
a remote computer. In this research Quick Basic 1s used for programming the controller.
The desired method for the system controller is PC based and the input power fed by the
inverter to the grid is controlled by the control voltage using ADRIOL. Inverter output
current is measured by a current t 1sducer. The output of the current transducer is sent to
the analog input of the data uisition card ADRI101. Subsequently, the result of the
ADR is adigital signal which is sent to the digital to analog converter (DAC). The analog
output of DAC is connected to control voltage of DC-DC converter to be sent to the gnd
in order to adjust the grid power. Qutput reference current signal comes from the Internet

or existing data files in PC and indicates the total power.

3.3 Controller Design for ¢ 1 Connected Inverter

The number of wind power un installed in power systems around the world has grown
significantly in the last two decades. The trend today is to construct large wind power
farms offshore. Many of the installed plants arc, however, small farms or individual
plants on land connected to the di ibution systems. In Europe a few countries, with

cconomic and politic p  juisites, distinguish themselves from the rest; Spain, Holland,
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Germany and Denmark. In western Denmark the capacity of installed wind power has
developed as presented in Figure 3.3. The maximum load in the same area is
approximately 3600 MW. The present figure of 2400 MW shall be compared with peak

load of 3600 MW in the same area, (Eltra 2000).

Pofly
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Figure 3.3 Wind Power Developments in the Eltra Service Area

Source: www eltra.dk

In a distributed power gene :ions system such as wind turbine, the output power is
controlled and conditioned by ah  power converter. Power clectronic converters (PEC)
can control both active and reactive power. The short-circuit current magnitude from a
PEC is not considerably larger than the rated current; a typically value mentioned is

115%. This is due to the low ability of s iconductors to withstand over currents.
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The interface is very important as it affects the operation of the DG system as well as the
power grid. In addition to that, different controllers for the interfacing power electronics
circuits in DG also need to be designed for the overall system to improve its performance
and to meet certain operational requirements. Those requirements are output voltage
control, active power output control, reactive power output control, peak-load shaving
control, etc. The circuit diagram as shown in Figure 3.4 represents the designed remote
control system of grid connected. It consists of a DC-DC converter, a ADR101, a PC and

the system parameter measuring in .ments.

0
Master Disable . ! Z.K! +OUT | ¢ +Vour
o—rOylisable - —— { + SENSE
[ J
o—U™ V
0C Ipi O i+ TRIM 10k ToLoad
? V- — SENSE
Earth Ground o O|GND —oUT[ F—————Vorr

Fig 3.5: Block Diagram of the DC-DC Converter

The power converter shows in F* ire 3.5 s __ ies power from DC power supply and
provides a optimal power solution to meet the voltage, noise, and transient protection
input requirements of con al, industrial, military, and telecommunications
applications [52]. Its normal operating input voltage range is 21V to 32V, 13 amps. The
Master Disable input is o} ly isolated and  :orporates a reverse polarity protection

diode. It also has a single output and volt : trimming arrangement. The converter rated
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3.4 Implementation of the System Controller

The proposed control algorithm for gnd connected inverter was implemented in the
laboratory using ADRI10!, which was controlled by PC via the internct. Reference
current signal, I..r was stored into the existing file on a PC or can come from a dispatch

center.

The control algorithm in which power control decision is taken based on input phase
current and digital output of ADR101. To get the output from the controller the ADR
necd to be configured first. The data input for the ADR can be ted from any reference
sources. After that the port A of the ADR was configured as output port and with the
input data it can be initiated. The ADR then can read the current input as analog signals.
The measured current then compared with the reference sct current of the input data. If
the measured current is higher than the reference current then the digitalized output of the
voltage will be decrease, if not then there will be increase in the output. There will be a
time delay for the data transfer. The program will continue to generate the outputs until
the end of data. The flow chart of the implemented control algorithm is shown in Figure

3.7.
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Fig 3.7: Flow C art of the Control Algorithm
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The variable being adjusted is called the manipulated variable which usually is cqual to
the output of the controller. The output, U of a proportional integral derivative controller
(PID) will change in response to a change in measurement or sct-point. The
characteristics of the parameters, the proportional (P), the integral (I), and thc derivative
(D) controls are used to obtain a desired response. In Figurc 3.9 DC-DC converter and
gnd connected inverter were considered as a plant. The controller provided the excitation
for the plant and designed to control the overall system behavior. The transfer function of

the PID controller looks like the following:

Kp + Ki/S +Kp=(KpS~ + KpS +K)/S.cc v v (3.2)

Where,
Kp = Proportional gain,
K, = Integral gain, and

K = Derivative gain

By tuning the threc constants P, I and D in the PID controller algorithm, the controller
provided control action desigi  for 2 proposed syst . A PID controller also called a
PI, PD, P or I controller in the ab : of the respective control actions. The controller
tuning was done by SIMULINK. In« ipter 4 simulation results were discussed.

Figure 3.9 shows the step response of DC-DC converter in channel 1 and current
transducer in channel 2. A~ "1g the output responsc, the first order transfer function of

the DC-DC converter and grid connected inverter can be expressed as,
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DC-DC converter transfer function G(S) = Gp/(t;*S+1)....... (3.3)

Here,
Gpc = DC gain for DC-DC converter
7, = Time constant = 50 m.sec, which was determined from channel | in figurc 3.7.
=0.05 sec
Gpe= Output voltage/input voltage. . ........oooooi i (3.4)
== 2/50=1/25=0.04

Hence, Gi(S) = 0. (0.05s + 1)

Grid connected inverter transfer function G»(S) = G/ T*S+1) ... ... (3.5)

Here,
G 4¢ = gain for Grid connect  inverter
7= time constant =180 ms, which was determined from channel 2 in figure 3.7.

=0.18 sec

G>(S) =Output voltage/input voltage
=0.2/2=0.1

Hence, Go(S)=0.1/(0.18s + 1)
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Fig. 3.9: The Experimental Step Response of DC-DC Converter and Current Transducer

Figure 3.10 shows Matlab Simulink block diagram of the proposed model used to
perform the simulations. The  er :c control signals R(S) are shown by unit step
block. This block contains reference current s 2l coming from dispatch center or
existing data filc into the PC. Two types of current and power steps can be applied using
this simulation scheme. In a . )ortional controller represents the controller as a gain,
Kp. The control action is prc, i 1l to the error and provides a decrcase tn system rise
time. This signal U(s) sent to the plant and the new output Y(s) will be obtained. DC-DC
converter and grid connected inverter transfer functions are shown in dotted line referred

as a plant.



This new output Y(S) will be sent back to the sensor again to find the new error signal
E(S).The controller takes this new error signal and computes its proportional again. This
process goes on and on. Scope shows the reference control signal and overall system

output.

' Scope

R(S) ES) usy | [ oo 01 |Vs)
K' ]
» ’{> P e

Sty —Pf° Proportional Lo e e Grid Connected imerter
Controller i " wFen Transter Fen

Fig. 3.10: Matlab Simuli  Block Diagram of the Proposed Control System

3.5 Test Setup

In Figure 3.11 shows the test setup photograph for the designed remote control system.
The remote power control system was PC based and the input power fed by the inverter
(c) to the grid was control | by the control voltage (V.on) using ADRI101 (e). Inverter
output, _ 1 current (Igig) v / a current transduc  (f). The output of the

currt  transducer v sent to t input of tt data acquisition ¢i  ADRI101.
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Subsequently, the result of the ADR was a digital signal which was sent to PC through
the DAC (h). The analog output of DAC was connected to the voltage divider (g). The
output of the voltage divider was applied to V,, of DC-DC converter (d). By using Vcon
DC-DC converter controlled the inverter input voltage in order to adjust the grid power.
The DC-DC converter was powered by 24 V power supply instead of wind turbine. The
output of the converter boosted up the put voltage to 48 V DC and passed through the
grid tie inverter. According to the inverter characteristics the output power to the grid was
changed depending on the distributed generation system (DG). The system was
connected through the AP-box (b) and the dump load (d). Single phase watt-hour meter
(j) measured the cnergy fed to the grid. Watt-meter (k) showed the grid current, phase
voltage and power supplicd to the grid. Current probe (i) was used to monitor the grid
current into the oscilloscope. OQOutput reference current signal, I.r, comes from the

Internet or existing data files in PC and indicates the total power.
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Chapter 4: Performance Test Results

4.1 Introduction

This chapter describes several test results and discussion of remote control of grid
connected inverter based distributed  :nerator. The control system was tested to supply
power to the grid using a command from an imaginary dispatch centre. The laboratory
test result was also verified by simulation. The simulation result based on a Proportional

(P) controller is also presented in this « apter.

The operation of the control system described in Chapter 3 has been implemented and
tested in laboratory cnvironment  1g PC and data acquisition card ADRI101. It was
discussed in Chapter 3 that, thc co. ol system supplied power to the grid based on
control signal from dispatch centrc. The proposed control system worked as cxpected
which also indicated the perf nce of the developed low cost instrumentation.
Morcover, an investigation was a  nccessary to test the closed loop control system. The
investigated result shows the performance of the proposed remote control strategy and
proves the cffectiveness of small  id connected inverter performance. The cntire
experimentation was done using a 250 watt grid connected inverter system coupled with

— Z-DC conwvi I 1AcidBa y, PCand ADRIOI. The discussion of the test results
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achieved from the proposcd remote control technique based on simulation result is also

included.

4.2 Simulation Results

After building the proposed model in Simulink, simulation results showed its dynamic

behavior and cxpected results. Controller tuning method and simulation output are

discussed in the following sub-scction.

4.2.1 Tuning Method of the Controller

Controller tuning 1s thec way of selecting the controller paramcters to meet given
performance specification. A well  own Zieglar-Nicol’s (ZN) closed loop tuning
method 1s chosen in this research because the output of the system exhibits sustained
oscillations for whatever value of the proportional controller. A closed loop system s
also able to rcgulate itself in the  :sence of disturbance or variations in its own
characteristics. The following steps are taken while tuning controller using ZN mcthod

[53]:

= Start controller with a low gain
* Gradually increase the gain, v\l the saturation start

= Adjust thc 1in to make the saturation continue with a constant amplitude
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= Record the proportional gain (K,) and time constant ( 7).
The above described tuning method is done by Matlab Simulink and the gain and time
constant (1) arc from experimental result. The proportional gain (K,) is obtained from
tuning the controller. K, adjusted the proportional responsc by multiplying the crror.

Table 4.1 and the calculated valuc are used to obtain Proportional (P) controller value.

Table 4.1: Simulation Parametcrs

P Controller Gamn Time constant

K~=1700 | Gpc=0.04 |  Gu=0.1 1005sec | ©=0.18scc

The control system consists of PC cc  sined with a ADR101L. The Simulink model for
the proposed remote control system driven by the grid connected inverter and DC-DC
converter derived in chapter 3 is used as a pl . PC received thc  ‘erence current signal
from dispatch centre and the simulations were performed to track a reference current. The
simulation for the plant with a P controller to track a reference current of 0.68 amps is
shown in F re 4.1. The proportional gain uscd in the simulation is Kp = 1700. This is
the best Ky obtained when tuned for the grid current to go to a steady state without much
over shoot. The simulation results in Figure 4.2 has initial overshoot because there ts

always a tradeoff between overshoot and the current tracking the reference current signal.
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4.3 Control System 7 t Results

The control system was tested while ADR101 adjusted the power supplied to the grid
based on the output current isting data file into the PC. The user sets the reference
current on the data file. Depending on the reference current the controller (ADR101)
generates the output by varying the control voltage in the control loop. The test results of

the proposed control system: d  ssed in the following sub-section.

4.3.1 Voltage Feedback Controller

The proposed remote power control system is PC based and the input power fed by the
inverter to the grid is controlled by 1  output voltage of DC-DC converter using

ADRI01. The control volt: :was  culated according to equation {4.1).

Vion = Vinx Decimal output/255......................... (4.1)

Where

Veon = control voltage,

Vin=input voltage,

Decimal Output = outputs from thc ADR101 data acquisition card, 255 i1s a constant

valuc for tf  card. Controlalge | v implemen  in Quick Basic.
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Table 4.2 summarizes the cxperimental results of the control system based on voltage
feedback. After getting the power signal from reference data file via internet; controller
controlled the power to the grid using ADR101. The Internet Protocol Suite, commonly
known as TCP/IP. TCP/IP is the set of communications protocols used for the Internet
and other similar networks. This li  was used to access thc ADR card on a rcmote
computer. The client program (ADRSockclient is the client that runs on the remote
computer) accepts a command parameter, transmits it across thc network to the scrver
program (ADRSocSrv is the server at runs on the computer hooked up to thc ADR
card) which issues it to the ADR card. Table 4.2 shows that controller control the
converter output voltage at 47.6 volts by controlling the control voltage at 1.961 volts.
The converter output voltage also changed the inverter output current which was 0.23
amps. With the increase of control voltage to 3.922 V, the converter output voltages
increase to 51.4V and inverter output current was 0.57 amps. Similarly for 4.902 V

control voltage DC-DC output is 53.3 V and inverter output current was 0.78 amps.

Table: 4.2: Experimental Test Results

Ref. Control Grid pC-DC >upplied Power | Phase Voltage

Current Voltage | Current C(c))nvcrtcr to the gnd (Vao)
utput

(Irer') (Vcon) (IGrid) (Vnr‘pr)c) (WGnd)

0.23 1.961 025 47.0 27.6 120

0.32 2.941 0.5 49.5 384 120

0.57 362 0 57 1.4 68.4 120

0.68 4.902 V.00 | 533 81.6 120
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Figure 4.5 shows the waveforms obtained from the oscilloscope as control voltage vary
from O volt to 5 volt. The channel 1 waveform is the DC-DC converter output voltage
and channel 2 is the current transducer output current gencrated from the grid connected

inverter. The control voltage of the ADR101 linearly increases with the output voltage.

Tek Al [ Scan CH1
Coupling

Fqvolt 52 vnit o

48volt g wmm——d T pee——— BW Limit
I:ITT'
GOMHZ

Volts/Div

Probe
10%
YVoltage

ks Invert
CH1 10.0% CH2 100mY k4 1.00s CH1 ./~ 0.00%
13-Mar-03 18:06 <10Hz

Fig. 4.5 DC-DC Com and Current Trar ucer Continuous Output

Figurc 4.6 shows thc waveforms obtained from the oscilloscope at control voltage 3.9
volts. It is obscrved that the DC-DC converter’s output voltage has decreased from 52
volts to 48 volts due to control voltage. The current transducer output also changed from

0.57 amps to 0.23 is shown in channct 2.
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4.3.2 Controller Based on Power Measurement

The control technique evolves on the measurement of power fed by the grid connected
inverter to the grid. The experimental test results are shown in table 4.3. Table 4.2 shows
inverter input voltage during the variation of DC-DC converter and power supplied to the

grid.

Table 4.3: Inverter DC Input and Supplied Power to the Grid

m Vi Power to the grid=W,,,,
47.6 27.6
49.5 38.4
>1.4 68.4 o
533 51.6

At the very beginning inverter DC inp  voltage was 47.6 volts and power fed to the grid
was 27.6 watts. As the DC input voltage increasing supplied power to the grid was also
increased and it was 81.6 watts. Figure 4.9 shows power curve for the installed CPU of

the inverter.
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Chapter 5: Conclusions and Recommendations

5.1 Introduction

The main focus of this study was the development of a low cost remote control system for small
grid connected inverter and distributed generation system (DG). An ADRI101 controller i1s
preferred as a controller which was prograr 1ed to make a grid tic inverter generation system
operational and supply power to the 'd. The controller operation was based on the reference
control signal from dispatch cer (it was assumed that information is available in a file). An
inverter based DG was also developed to provide the test platform of the proposed control
system and associated instrumentation in lab  tory environment. The summary of the proposcd

control system is described in the following sub-scctions.

5.1.1 Grid connected Inverter

In the first phasc grid connccted inverter for distributed gencration systcm such as wind turbine
was implemented. The voltage verses power  aracteristic of the wind turbine was incorporated
to a wind turbinc inverter. To reflect the fixed speed of a wind turbine the DC power supply was
considered. A control algorithm was  )lemented to control the system which cnsures that the
inverter follows the control signal from remc  ‘dispatch centre. The test results on the inverter

were performed at DC powcer supply and ncar to the control system which showced acceptable
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performance. Such an inverter 1s very cffective in implementation of distributed gencration

system.

5.1.2 Feedback control system

In the second phase PC based control system was developed and tested to connect DC-DC
converter and also maintain the connection between the gencration system and the grid. The
control system was developed for both control signals from dispatch centre vic internct and from
an cxisting data filc in a PC. In voltage fi  back control system, DC-DC converter controlled the
grid connected inverter output based on control voltage of the system. To protect the generation
system and adjust voltage to the grid side, the control system always monitored the phasc current
between the inverter and the grid. The control system response was studied by obscrving phase
current and inverter input. Test results were performed on feedback control system based on a

DC power supply.

5.1.3 Controller Based on Power Measurement

Control system was implecmented to connect the inverter with the grid. In this control method,
PC reccived the required output power signal from a dispatch center via the Intemnet. The PC
measured the power being fed by the inverter to the grid and used an ADR101 to control the de-
dc converter to adjust the power flow to the grid. TCP/IP link was used to access the ADR101.
Powecr flow to the grid depended on the inverter input. The control system kept power supply to

d until the e docs not ¢ o ~ Pow : : othe CPU provided



quick response for maximum power out from distributed gencration system. Investigations were

carricd out on this control system which showed the results as expected.

5.1.4 System Instrumentation

At this stage, low cost system instrumentation was developed and tested for the system
controller. The purpose of the instrumentation was to measure the system paramcters such as
voltage from gencration side, current and power flow between the inverter and the grid. Such
instrumentation was very uscful for reliable operation of the control system. Otherwise the
improper design of the instrumentation may  d incorrect parameter value which affect smooth

operation of the control system.

The summary of outcomes of this rescarch can be outlined as,

1. Instrumentation of a grid connected inverter provided a test bed for the control system.

2. A 250 watts grid connected inverter based remote control for distributed gencration
system was designed and developed.  wo different techniques (laboratory environment
and simulation) werc implen L

3. Development of instrumentation to me ure the system parameters and tests were done to

check the performance with the control system.

4. Design and test of the control system 1 :iving reference command via internct.
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5.2 Conclusions

The developed remote control system presented a novel remote control technique of a distributed
generation system. In this thesis a remote control system which can be used for small grid
connected inverter and DG system has been designed, tested and simulated. In industry it is hard
to find a typical PC based remotc system, and even when one is found it may not be
cconomically feasible for a small lab to purchase. This thesis takes controller cost into
consideration. In this thesis the traditional controller with DSP has been replaced with a low cost

controller. In this thesis Proportional (P) control has been applied.

The Matlab simulations of the model for di rent reference current are shown. The output grid
current arc also obtained and compared to the experimental results. The simulations were
performed by applying P control to track a reference current, and the results of such controls
were discussed. The P control was implemented experimentally and compared to the simulation

results.

The proposced system has presented good performance and capability for remote power control of
asmall id connected inver . The illustrated technique is also capable of remotcly monitoring
the system performance of the gnid tie inverter and power control via the Internet from a dispatch
center. A successtul implementation of this system can be used to control remotely located

distributed power generation system.
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5.3 Future Work

In the developed remote control system, voltage verses power characteristics of the grid
connected inverter are incorporated. The inverter was programmed only for one wind turbine.
Therefore to reflect the real time behavior of the wind turbine, it is very significant to add the
dynamics of the wind turbine. This requirement in a remote control system could make it more
rcalistic which would be another good option to test the proposed remote control system for
distributed generation system. In order to expand thc power supply to the grid for high power

applications thc development of a control strategy to connect converters in parallel is required.

From the point of view of the softw:  user interface, the number of monitored variables can be
upgraded to meet specific demands (for example phasc current and frequency). In order to
improve the system performance and efficiency data transfer over the RS232 need to be studied.
Furthermore, the control system is to be investigated for a grid connccted inverter input voltage
for over and under voltage condition. In addition, the control system is also nceded to be further
studicd during abnormal frequency situatic  The control system was cxpected to implement

according to the installation standard described in chapter 2 which needs further improvement.
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Test results have been published in the following publication during the course of the Master of
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Proceedings, Eighteenth Annual Newfoundland Electrical and Computer Engineering

Conference (NECEC), November 6th, 2008,St. John's, Newfoundland.

2. Farhana S. Lina, M. T. Igbal, “R ote Control of Power Fed to the Grid in a Small
Distributed Generation System™, Proceedings Canadian Conference on Electrical and

Computer Engineering, May 6th, 2009 St. John'’s, Newfoundland.
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