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ABSTRACT 

In a Conventional-ELC (C-ELC), usually a chopper with a dump load is used in parallel with the consumer 

loads to provide regulation of voltage and control of the frequency. However, in the C-ELC configuration 

excess generated power may be wasted in a dump load. The objective of this research is to design a 

simplified ELC for the community to transfer the wasted power for domestic consumption in addition to 

providing voltage regulation. Hence, a new ELC topology is proposed. This topology can be split into two 

parts. The first part is a regular ELC of low rated power, which should be installed at the generator site and it 

is responsible for precise voltage and frequency regulation and dealing with unexpected failure conditions. 

The second one is a simplified and inexpensive ELC, which is installed near the center of the community, is 

in addition to participation in voltage regulation by maintaining constancy of the load power. This concept is 

referred to here as the Distributed ELC (DELC). One significant advantage of the proposed DELC approach 

is that the waste power can be utilized for drinking water with a minimum capacity of 250Kg water per day 

and minimize health benefits related to drinking water. Simulation results demonstrate that even with 

unbalanced three-phase loads (assisted with bi-directional switches per-phase), the proposed topology has 

the capability to regulate voltage from no-load to full load. 

Key word: Convectional Electronic load Controller (C-ELC) and Distributed Electronic Load Controller 

(DELC) and Self Excited Induction Generator (SEIG). 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background 

Power is the vital input for economic development for any developing country. The technologies being at its 

zenith, many methods for the generation of power have been developed. Owing to the perpetual increase in 

energy needs, it is difficult to meet the growing demand by exploiting energy from the limited conventional 

sources such as coal, oil, gas etc. 

Approximately one fourth of the world’s population live in homes without access to electricity, and a 

slightly higher fraction is dependent on traditional biomass for their daily energy requirements, such as 

cooking, heating and lighting [1]. Especially in developing countries, heavy reliance on traditional biomass, 

such as wood, may negatively impact average life expectancy due to the effects of different health problems 

[1]. 

In consequence a greater emphasis is now being given to the harnessing of energy from non conventional 

energy sources such as wind, micro & mini hydro power and solar. Distributed power generation has 

received greater attention in recent years for use in remote and rural communities due to the cost and 

complexity of grid systems with related transmission losses and reduced reliability. Thus, suitable stand-

alone systems using locally available energy sources have become a preferred option. They are usually 

installed to supply electricity to small communities in remote areas that the grid fails to reach. Self excited 

Micro hydro power plant (SEIG) is one of standalone power generation units for the community far from 

Grid source. For SEIG with a constant input Speed from Turbine the variation of Load is the main problem 

for the regulation of voltage and frequency [2]. There are two main electrical alternatives for voltage 

regulation the first is a VAR source, which requires more expensive control circuitry and more skilled 

technicians for maintenance and the second one is a simple method is Using Electronic Load Controller [3]. 

Several different methods of voltage regulation based on the ELC approach have been proposed among them 

are: phase angle control, binary weighted switch resistors, and a variable mark-space ratio chopping method, 

all reported by Smith [4] generator site to keep the SEIG output power constant. Electronic Load Controllers 

(ELCs) employ power electronics to adjust power in the dump load. The underlying operating principle of 

ELC is that it always maintains a constant load which is the rated load on the generator irrespective of the 

consumer load variations. It diverts the difference between the rated power of the generator and consumer 

load for dissipation in the dump load. ELC Control the voltage by controlling the Load, i.e Actual load plus 

Dummy load in this thesis the wasted power for controlling the voltage at the dummy load is transferred to 

the Consumer load for the purpose of the water heater as well as controlling the voltage and minimizes the 
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stress of the Conventional ELC at the generator side by using DELC at Community side. DELC is electronic 

Load control System installed at different Location. For this thisis around 3 DELC at installed at different 

location. 

In self-excited mode, output frequency and voltage are affected by speed, the load and terminal capacitor. 

Changing any of the above parameters will change the frequency and magnetizing reactance of induction 

generators. It is observed that as the load increases the induction generator terminal voltage decreases. To 

maintain the constant or minimum voltage changes from no load to full load, the reactive current need to be 

increased. The amount of reactive current need to be increased depends on the machine electrical 

parameters. 

The voltage regulation of one SEIG with fixed capacitor excitation is poor, due to an insufficient reactive 

current during the load condition this situation normally occurs when the system is loaded with inductive 

load or heavily loaded. On the other hand the system may have an excess of capacitors, current of the system 

is loaded with a leading power factor load or lightly loaded. Both these situations require reactive power 

voltage regulators to regulate the voltage of the system Modeling and analysis of SEIGs has been carried out 

extensively over the years, encompassing steady-state analysis, capacitor estimation and transient analysis. 

The case study site, Alo Micro hydropower Plant is located in the SNNP Regional State in Sidama Zone in 

Bensa woreda in Alo Kebele. Alo Micro hydro power project site is far 120 km from Hawassa city. And a 

plant has stood alone self excited induction Generator with Generation capacity of 15KW. 

1.2 Statement of the problem 

In our country government and NGOs Start constructing Pico/Micro Hydro Power for the rural Areas far 

from the Main grid line. In SNNPR around eight (8) Micro hydro powers plants are available. In the Sidama 

Zone, Bensa woreda, Alo Micro hydropower 15KW Generation Capacity, Murago Micro hydropower 

20KW Generation Capacity and Bona Wereda, Ererete Micro hydro power 33KW Generation Capacity, 

Gobicho 1 micro hydro power 10KW Generation Capacity and Gobicho 2 micro hydro power 33KW 

Generation Capacity. Also in Gedio Zone, Bule Woreda Rasa Dango Micro hydropower 30KW Generation 

Capacity and at Kochere wereda Rango Senate Micro hydropower 30KW Generation Capacity is available. 

From them, only Ererte and Alo Micro hydro powers are functional, the remaining of them due to a problem 

with ELC, generator and distribution line. 

From data taken from the site for the six months (data are attached on appendix) from September-February, 

2018 unless peak hour demand more than forty (40) percent of the power wasted to the dummy load. From 

the Alo kebele Health station (Tena Kela) information gathered around 38% of health problem is due to lack 

of a clean water problem. 
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Proposed ELC is designed for transferring, Controlling and minimizing the stress to the generator. The first 

is a simple Conventional Electronic Load controller to the generator side and a distributed Electronic load 

controller to the consumer side. The DELC is responsible for control of the water heater. 

1.3 Objective of the Research 

1.3.1 General objective 

The objective of this Study is to Design Distributed Electronic Load Controller (DELC) to Micro hydro 

power plant (MHP) to transfer the wasted power to the Community. 

1.3.2 Specific objectives 

 Mathematical Modeling of Convectional Electronic load Controller and Distributed Electronic Load 

Controller system. 

 Design of Simplified Convectional Electronic load Controller (C-ELC). 

 Design of Distributed Electronic Load Controller (DELC). 

 Simulink Modeling of Convectional Electronic load Controller and Distributed Electronic Load 

Controller system 

 Simulate the Regulated Voltage at no load and full load Condition Using Matlab at different 

Scenario. 

 Analyze the effect of voltage Regulation during Balanced and Unbalanced loading Condition. 

1.4 Outline of Thesis 

Chapter 1 gives the introduction of Convectional Electronic load Controller (C-ELC) and Distributed 

Electronic Load Controller (DELC), Statement of Problems, General and Specific objectives. Chapter 2 

Describes Literature reviews, voltage regulation problems of standalone SEIG and different approach of 

Voltage control mechanism, selection criteria of controller and finally modulation and switching 

mechanisms. Chapter 3 gives Methods and methodology. Chapter 4 gives mathematical modeling approach 

of induction machine, Load, Excitation capacitor, Electronic Load Controller (ELC) and Distributed 

Electronic Load Controller (DELC). Chapter 5 gives Simulink models of every part of the system. Chapter 6 

gives Discussion and results, finally in Chapter 7 the conclusion are given. 
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CHAPTER TWO 

LITERATURE REVIEW 

The objective of this thesis is to regulate the voltage using Distributed Electronic Load Controller (DELC) 

and transfer waste power to the community. The following literature review highlights the design aspects of 

the Electronic Load Controller employed in various applications. Load Controller employed in various 

applications. The associated merits, demerits, assumptions, design considerations have been clearly 

highlighted. 

In July 1984, Kormilo and Robinson described the role which ELC plays in the cost reduction of the small 

hydro plants. The analysis was done with reference to the site in Papua New Guinea. The description of a 

prototype based on the AIM 65 microcontroller has been given along with the associated algorithm and 

program for the input and output circuit. Conditions necessary for the stable operation of ELC have also 

been discussed and quantified. 

On July 1999, Wekhande and Agarwal demonstrated a voltage regulated, variable speed electronic load 

controller for self-excited induction generator. The control is based on the PWM generation scheme for 

regulating the terminal voltage of the generator. Analysis has been done for variable rotor speed, transient 

load conditions and inductive loads. The proposed scheme reduces the cost of ELC design considerably due 

to minimization of the hardware. Starting from 1984 to now a lot of research is carried out to regulate 

Voltage and to transfer excess power to consumers. 

In September2008, Singh, Kasal, and Gairola [5] described the power quality improvement in a conventional 

electronic load controller (ELC) used for isolated pico hydropower generation based on an asynchronous 

generator (AG). The conventional ELC is based on a six-pulse uncontrolled diode bridge rectifier with a 

chopper and an auxiliary load. It causes harmonic current injection resulting distortion in the current and 

terminal voltage of the generator. 

The proposed ELC employs a 24-pulse rectifier with 14diodes and a chopper. A polygon wound 

autotransformer with a reduced kilovolts ampere rating for 24-pulse AC-DC converter is designed and 

developed for the harmonic current reduction to meet the power quality requirements as prescribed by IEEE 

standard-519. The comparative study of two topologies, conventional ELC (six-pulse bridge-rectifier-based 

ELC) and proposed ELC (24-pulse bridge-rectifier-based ELC) is carried out in MATLAB using 

SIMULINK and Power System Block set toolboxes. Experimental validation is carried out for both ELCs for 

regulating the voltage and frequency of an isolated AG driven by uncontrolled Pico-hydro turbine. 
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In January 2011, Rajagopal and Singh [6] described an implementation of an electronic load controller 

(ELC) using a digital signal processor (DSP) for regulating the voltage and frequency of an off grid 

induction generator system (IG) that can supply electricity in remote areas of countries with high year-round 

rainfall. The proposed generating system consists of IG, ELC and nonlinear consumer loads. The ELC is a 

combination of three-leg VSC with a DC link capacitor, a chopper and an auxiliary load at its DC bus. It 

regulates voltage and frequency of the small hydro plant, besides this the ELC balances the IG system under 

unbalanced loading conditions and eliminates the harmonics of the loads thereby acting both 

as a load leveler and a harmonic eliminator. The proposed IG along with its ELC is implemented on a 3.7kW 

IAG system using a DSP. 

In June 2011, Serban, and Marinescu [7] presented an aggregate load-frequency controller for an 

autonomous micro grid (MG) with wind and hydro renewable energy sources. A micro-hydro power plant 

with a synchronous generator (SG) and a wind power plant with an induction generator (IG) supply the MG. 

Both generators directly feed power into the grid without he use of additional power electronics interfaces, 

thus the solution becoming robust, reliable and cost-effective. An original electronic load controller (ELC) 

regulates the MG frequency by a centralized load-frequency control method, which is based on a 

combination of smart load (SL) and battery energy storage system (BESS). SL and BESS provides the active 

power balance for various events that such systems encounter in real situations, both in cases of energy 

excess production and energy shortage. Moreover, the proposed ELC includes an ancillary function to 

compensate the power unbalance produced by the uneven distribution of the single-phase loads on the MG 

phases, without the use of extra hardware components 

In October 2014, B. Nia Roodsari, et al [8] designed an ELC for SEIG in order to reduce the stress on the 

stator winding. In this technique, a part of the dump load is being connected in parallel with the consumer 

load so that stress on the stator windings can be reduced. The duty cycle varies with the variations in main 

load, which requires a constant connection and disconnection of the ballast load. 

In February 2014, M. Prabhu Raj, et al [9] developed ELC for SEIG driven by a wind turbine operating in 

isolated mode. The control strategy aims to extract the maximum energy from the turbine and 

simultaneously regulating the terminal voltage, over a wide range of speed variation. 

In March 2015, Anurag Yadav, et al [10] developed a Simulink model of an electronic load controller for 

three phase alternator. The control circuitry comprises of an uncontrolled bridge rectifier in series with an 

IGBT based chopper switch and resistive dump load. In the scheme, the output of fuzzy logic controller is 

compared with a sawtooth carrier wave with a frequency of 1 kHz in order to generate the pulses which are 
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then given to the gate of the IGBT. The fuzzy logic controller gives superior performance compared to other 

conventional controllers in terms of peak overshoots, transients and settling time. A new concept of 

Distributed Electronic load Controller to regulate a voltage in micro hydropower and to transfer 

excess power to the Community is proposed by B. Nia Roodsaria, E. P. Nowickia* and P. Freereb, 2013 

world Solar Congress. 

In February 2018, Babak Nia. Roodsari [11] try to improve the Distributed Electronic Load Controller 

(DELC). As with the original DELC, the proposed improved DELC is used for two purposes: (a) consuming 

the excess generated power individually by each Community, (b) operating as a complementary device for 

voltage and frequency regulation of the SEIG. Presented here is the detailed design and experimental 

verifications of the proposed improved DELC including the design of an appropriate input filter to minimize 

the network current distortion Additionally, MATLAB simulations are used to study the interaction between 

the proposed improved DELC and the powerhouse controller (the ELC). V0885-8969 (c) 2018 IEEE. 
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Voltage regulation is a measure of change in the voltage magnitude between the sending and the receiving [image: image30.jpg]Voltage
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end of a component, such as a transmission or distribution line. In electrical terms, [image: image31.jpg]Voltage
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a regulated power supply provides a constant output voltage, independent of the output current. Regulated [image: image32.jpg]Current
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power supplies maintain the voltage at the desired level and are ideal for almost all types of electronic [image: image33.jpg]Voltage
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devices because of the smooth, steady supply of voltage they offer. Unregulated power supplies by their [image: image34.jpg]500
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nature do not produce a clean (i.e. Constant) voltage like regulated power supplies do. Without a regulator to [image: image35.jpg]voltage
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stabilize the output voltage, any change in input voltage will be reflected on the output voltage. These small [image: image36.jpg]voltage
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changes in the output voltage are called “ripple voltage” and are, essentially, electrical noise. If the power [image: image37.jpg]Genereted Voltage
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supply and load requirements are closely matched, there is usually not a problem. However, if the ripple [image: image38.jpg]load 1 Voltage Load 3 Voltage
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voltage is large enough in relation to the output voltage, it will impact the behavior of circuits and devices. 

2.2 Voltage Regulation problem of Standalone Self excited induction Generator 

The most serious problem with an induction generator is that its voltage varies widely with changes in load 

especially reactive load. The voltage regulation problem of SEIG is due to Load and speed variation. 

2.3 Voltage Regulation of Induction Generator: 

The voltage regulation of the SEIG with fixed capacitor excitation is poor, due to insufficient reactive 

current during varying load condition. This situation normally occurs when the system is loaded with 

inductive load or heavily loaded on the other hand, one system may have excess of capacitive current if the 

system is loaded with leading power factor load or the generators are lightly loaded. Both these situations 

require a reactive power voltage regulator to regulate the voltage of the system. 
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2.4 Voltage Control of Induction Generator: 

It is observed that as the load increases the induction generator terminal voltage decreases. To maintain the 

constant or minimum voltage changes from no load to full load, the reactive current need to be increased. 

The amount of reactive current need to be increased depends on the machine electrical parameters. The 

voltage regulation of one SEIG with fixed capacitor excitation is poor, due to an insufficient reactive current 

during the load condition this situation normally occurs when the system is loaded with inductive load or 

heavily loaded. On the other hand the system may have an excess of capacitors, current of the system is 

loaded with a leading power factor load or lightly loaded. Both these situations require reactive power 

voltage regulators to regulate the voltage of the system. 

2.5. Voltage regulation methods of SEIG. 

The controllers for variable VAR sources are designed on the assumption what, once the generator is 

excited, the variation in voltage above the operating point is linear, with changes in the amount of 

capacitance i.e., reactive power connected to the machine. 

2.5.1 Series capacitors scheme: 

The self-regulating feature of a Self Excited Induction Generator (SEIG) by connecting additional capacitors 

is examined. The system consisting of both shunt and series capacitors for voltage regulation of SEIG. 

Block diagram of SEIG with a series connected capacitor is shown in Fig 2.1. 
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Figure 2.1 Block diagram SEIG with a series connected capacitor 

Figure 2.1 Block diagram SEIG with series connected capacitor An important criterion is that the machine 

should deliver the needed power at desired voltage levels without exceeding the permissible electrical and 

magnetic loading.. 
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2.5.2 Thyristor switched capacitor bank:

This scheme utilizes the concept of a continuously controlled capacitor and is called the controlled shunt 

capacitor SEIG. An anti-parallel IGBT switches are used across the fixed excitation capacitors to regulate 

the voltage of induction generator. The experimental results and those obtained by simulation are similar. 

The experimental results are proven that the controlled shunt capacitor SEIG maintains a constant terminal 

voltage, over a wide variety of loads and changes in speed, and hence is a reliable and cost effective electric 

generator controlled system. 

2.5.3 Voltage Control using STATCOM: 

Fixed excitation capacitors are selected to generate the rated voltage of SEIG at no load. STATCOM can be 

connected to the SEIG for meeting reactive current demand with a change in load. The STATCOM consists 

of a voltage source inverter, DC bus capacitor and AC inductors. The AC output of the inverter is connected 

through the AC filtering inductor to the SEIG terminals. The DC bus capacitor is used as an energy storage 

device and provides self-supporting DC bus, whose block diagram is shown in Figure 2.2 
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Figure 2.2 Statcom based SEIG 

2.6 Speed Governors 

Governing system or governor is the main controller of the hydraulic turbine. The governor varies the water 

flow through the turbine to control its speed or power output. Generating units speed and system frequency 

may be adjusted by the governor. 
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The speed governor is adopted to keep the turbine speed constant because the speed fluctuates if there are 

changes in load, water head and flow. The change of generator rotational speed results in the fluctuation of 

frequency. The governor consists of speed detector, controller and operation. There are two kinds of 

governor to control water flow (discharge) through a turbine by operation of guide vane or to control the 

balance of load by interchanging of actual and dummy load as follows: 

2.6.1 Mechanical type 

Control water discharge always with automatic operation of guide vane(s) according to actual load. 

There are following two types. The Pressure oil operating type of guide vane(s) is Motor operating type of 

guide vane(s). The primary functions of the hydraulic turbine governor are as follows: 

i) To start, maintain and adjust unit speed for synchronizing with the running units/grid. 

ii) To maintain system frequency after synchronization by adjusting turbine output to load changes. 

iii) To share load changes with the other units in a planned manner in response to system frequency 

error. 

iv) To adjust the output of the unit in response to the operator or other supervisory commands. 

v) To perform normal shut down or emergency over speed shut down for protection. 

In isolated systems the governor controls the frequency. In large system, it may be needed for load operation 

control for the system. In Micro hydro power plant Dummy load governor is now employed. 

2.6.2 Dummy load type 

To control the balancing of both current of actual load and dummy load by ballast i.e. to keep the 

summation of both actual and dummy load constant always for the same output and speed of the generator. 

The dummy load control system is Electronic control System (ELC), which control the speed by balancing 

the generation and consumed power. . i.e: generated power is equal to Dummy load plus Consumed Load.2.7 

types of electronic load controller (elc): 

The main function of ELC or IGC is to control the ballast load according to load variations. Three main 

techniques are there to control the ballast load. 

2.7 Regulation Methods 

2.7.1 Phase Angle Regulation Methods 
The phase angle control provides a very inexpensive method to control the average voltage of an AC source. 
Phase Angle Control uses a low frequency switch to chop an AC sine Wave. The firing angle of the switch is 
varied. The average voltage is proportional to the area under the sine wave. 
At Figure shows, at a specific moment (phase angle) during each half period, a trigger signal is sent to a 
TRIAC2, which opens the circuit connecting the dump load/s. The pathway remains open and power flows 
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to the dump load/s until the current flowing through it drops to zero at the end of the AC half period (zero 
crossing). Calculating the correct phase angle at which the dump loads should be activated is vital, as this 
governs exactly how much power is sent to the dump load. 



Figure 2.3 Half cycle triggering of the dump load using phase angle regulation (Adapted from [3]) 
Any combination of dump loads may be used, opening up the option of using food dryers or battery 
chargers. However, when a large dump load is switched on part way through the AC half period, serious 
harmonics are created within the generator current (this is worse when the voltage is at its highest, i.e. at a 
phase angle of 90), thus the generator has to be oversized by approximately 25% to cope [16]. 

2.7.2 Binary Load Regulation 
In Binary Load Regulation the ballast load made up from a switched combination of binary arrangement of 
separate resistive loads. This involves using a series of dump loads, in which each subsequent dump load has 
twice the capacity of the previous one (see Figure). 


Figure 2.4 The summation of the ballast load steps in response to changes in Consumer Load (6) 
Back to back thyristor pair operates either as an open or closed switch. Form this scheme smooth 
Variation is not possible and complexity is increasing as no of dump load increases. 
With n dump loads, a total of 2n can be activated, with each separate combination representing a different 
total dump load power. Power is dissipated in small steps by switching on and off different combinations of 
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the dump loads. Thus, each dump load is switched either completely on or completely off, avoiding serious 
harmonics and also the drawback of the number of dump loads and wiring is high and achieving smooth 
regulation would require that the entire dump load to have the same capacity. With a limited number of 
dump loads the steps between switching combination become too large resulting a poor regulation. 
Figure 2.5 Switched binary –weighted load controllers 

2.7.3 Mark Space Ratio Methods 
A circuit that exhibits smoothly varying ballast load with unity power factor operation is shown in Figure 
2.6. In this circuit, the electronic switch operates at a high frequency, thus chopping the rectified AC 
voltage. The effective resistance of the ballast load can be changed by varying the duty ratio of the switch. 
Figure 2.7 shows the voltage across the ballast load and the AC side current when the consumer load is only 
50% of the rated load of the machine. The electronic switch may be a transistor, a MOSFET or an IGBT. 
Most of the latest circuits employ IGBTs. When employing IGBTs, extra care must be taken against spikes 
generated during the switching transients as IGBTs are easily damaged. The scheme is suitable for IGC 
because it produces a variable unity power factor load with just single ballets. It is also used to minimize 
cyclic voltage fluctuations due to uneven turbine power output. 
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Figure 2.6 IGBT based dump load controller 

Supply side current 


Voltage across the ballast 


Figure 2.7 Voltages across the ballast load and supply side current for high-frequency dummy load 

Due to the advantage of Mark Space ratio in this thesis Mark Space Ratio Method is selected. 

2.8 Control methods and System 

In case of an isolated micro-hydropower plant for rural electrification, the occasional control, manual control 

and governor control with dummy load is usually adopted because no person can monitor the plant in full 

time basis and also to save on the cost of control equipment. This means that the operator can visit the plant 
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occasionally to start and stop its operation if it is equipped with governor control and when some trouble 

occurs, the operator could conveniently inspect the plant to take some necessary measurements. 

In the case of an ELC, either frequency or voltage is the variable that needs to be controlled. The difference 

between the measured value, MV, (i.e. The actual frequency / voltage generated) and the desired value, DV, 

(i.e. The reference frequency/voltage) gives the error, e: 

e=MV-DV 
The error is used by the controller to decide how much power to send to the dump loads. There are four main 
automatic control modes suitable for MHp ELC designs. 

2.8.1 Types of control systems 

There are two types of control systems namely:

1. Open loop control systems (non-feedback control systems) 
2. Closed loop control systems (feedback control systems) 

2.8.2 Open loop control systems (non-feedback control systems) 
If in a physical system, there is no automatic correction of the variation in its output, it is called an open loop 
control system. That is, in this type of system, sensing of the actual output and comparing of this output 
(through feedback) with the desired input does not take place. The system on its own is not in a position to 
give the desired output and it cannot take into account the disturbances. In these systems, the changes in 
output can be corrected only by changing the input manually. 


Figure 2.8 open loop control System 
These systems are simple in construction, stability and cost cheap. But these systems are inaccurate and 
unreliable. Moreover, these systems do not take account of external disturbances that affect the output and 
they do not initiate corrective actions automatically. 

2.8.3 Closed loop control systems (feedback control systems) 
A closed loop control system is a system where the output has an effect upon the input quantity in such a 
manner as to maintain the desired output value. 

13 


Figure 2.9 closed loop control System 
An open loop control system becomes a closed loop control system by including a feedback. This feedback 
will automatically correct the change in output due to disturbances. This is why a closed loop control system 
is called as an automatic control system. The block diagram of a closed loop control system is shown in 
figure 2.9 
In a closed loop control system, the controlled variable (output) of the system is sensed at every instant of 
time, feedback and compared with the desired input resulting in an error signal. This error signal directs the 
control elements in the system to do the necessary corrective action, such that the output of the system is 
obtained as desired. The feedback control system takes into account the disturbances also and makes the 
corrective action. These control systems are accurate, stable and less affected by noise. But these control 
systems are sophisticated and hence costly. They are also complicated to design for stability, give oscillatory 
response and feedback brings down the overall gain of the control system. 

2.9 Selection Criteria of Controller 

• Integration with current installed base 

The existing installed base is one of the prime considerations when selecting a control system. Certain 

controller products may not be compatible with others. Making sure existing products are compatible with 

any new products will save time and money. 

• Integration with business systems’ capabilities and limitations 

Business systems are part of management reporting tools, and most companies use these. Control systems 

should have capabilities to work with various business system applications currently available in the market. 

Most of such applications now work on open protocols like open connectivity (OPC). So control systems 

have to be at least OPC-compliant. 

• Availability of support, training, and spares 

Companies face a lot of issues if they decide to use a control system that is a low-cost but unreliable brand. 

Brand reliability is very important, and existing customer profiles of potential brands should be available 
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while making the decision making part. Customer feedback and support mechanism details should be clearly 

checked. In addition to this, the training options and future spare parts’ lifecycles should also be known. 

• Product life cycle and obsolescence 

Product lifecycle details should be available during the decision-making process. Additionally, the 

obsolescence of product is a major aspect to be covered while selecting a control system as this can have a 

financial impact if an upgrade or migration to a newer product is required. 

• Standards compliance 

We have too many standards available in the market, and manufacturers are rapidly certifying themselves on 

these standards to promote their product features. Compliance requirement should be clear so as to look for 

the product having that specific compliance; e.g., if the requirement is to have a SIL3-certified system, then 

you should only be looking for SIL3 systems rather than a general purpose PLC. 

• Environmental considerations 

Certain environments may affect the operation of a controller. For example, typical controllers have an 

operating temperature of 32 to 130 F. If your application will include any extreme environmental conditions, 

or you have specific codes at your facility that must be met, you will need to either research products that 

meet those specifications or design the installation to meet requirements. 

• Robust design and architecture 

The selected vendor should have a robust architecture of his product line. This is very useful when 

expanding the system and its features in the future. This helps to select the required feature or product 

category from the same vendor having ease of integration rather than selecting a new manufacturer and 

putting you in a difficult situation. 

• Reliability and scalability 

The control system should be reliable; this can be checked for its current users. It has to have a prominent 

user base. Moreover, it should have scalability in terms of expansion; i.e., it should have sufficient 

expandability limitations cater your future needs. 

• Ease of deployment and maintenance 

Deployment should be easy, having a user-friendly interface supported by decent operating manuals and 

documentation. This helps people work and maintain the system in a better way. 

• Overall cost of ownership and viability in the long run or return on investment (ROI) 

This is one the most important point and is fully linked with financial numbers. The budget to be consumed 

or allocated for meeting the requirements through a control system should have a well-defined and 

documented ROI otherwise you might have to revisit the requirements to make the ROI heavy enough to 

defend the budgets. 
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2.10 Micro controller Control System 
A Microcontroller is an IC chip that executes programs for controlling other devices or machines. It is a 
micro (small size as its an Integrated Circuit chip) device which is used for control of other devices and 
machines that's why it is called 'Microcontroller' 
2.11 PID controller 

2.11.1 Proportional Controller: 
It is a simple regulating type; tuning is easy. But it normally Introduces steady state error. It is 
recommended for process transfer functions having a pole at the origin, or for transfer functions 
having a single dominating pole. 

2.11.2 Integral Control 
It does not exhibit steady state error, but is relatively slow responding. It is particularly effective for: 
(i) Very fast process, with high noise level 
(ii) Process dominated by dead time 
(iii) High order system with all time constants of the same magnitude. 

2.11.3 Proportional plus Integral (P-I) Control: 

It does not cause offset associated with Proportional control. It also yields much faster response than integral 

action alone. It is widely Used for process industries for controlling variables like level, flow, pressure, etc., 

those do not have large time constants. 

2.11.4 Proportional plus Derivative (P-D) Control: 
It is effective for systems having large number of time constants. It results in a more rapid response and less 
offset than is possible by pure Proportional control. But one must be careful while using derivative action in 
control of very fast processes, or if the measurement is noisy (e.g. Flow measurement). 

2.11.5 Proportional plus Integral plus Derivative (P-I-D) Control: 
It finds universal application. But proper tuning of the controller is difficult. It is particularly useful for 
controlling slow variables, like pH, temperature, etc. in process industries. In this thesis, because of its 

Advantage and simplicity PI Controller is Selected for ELC and Proportional controller for DELC. 
2.12 Pulse Width Modulation 

Pulse Width modulation is a way of describing a digital (binary/discrete) signal that was created through a 

modulation technique. 
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2.13 Switching Devices 

There are four main types of switching devices: Metal Oxide Semiconductor Field Effect Transistors 

(MOSFET), Gate Turn-Off Thyristors (GTO), Insulated Gate Bipolar Transistors (IGBT) and Integrated 

Gate Commutated Thyristors (IGCT). Each type has its own benefits and drawbacks. The MOSFET requires 

a high on-resistance and has fast switching times [19]. It is capable of working beyond the 20 kHz frequency 

[19]. The limitations are that the increasing on resistance with increasing voltage limits the device to 

applications with just a few hundred volts. The GTO is a latching device that can be turned off by a negative 

pulse of current to its gate [20]. The GTO is best suited for high voltage applications [21]. The disadvantages 

of the GTO are that GTO based devices are not able to meet the dynamic requirements of an ELC. The 

IGBT is considered to be a newer device compared to the MOSFET and GTO. In essence, it is a three 

terminal controllable switch that combines the fast switching times of the MOSFET with the high voltage 

capabilities of the GTO. The result of this combination is a medium speed controllable switch capable of 

supporting the medium power range. 
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CHAPTER THREE 

METHODS AND METHODOLOGY 

3.1 Overall Method 

The overall concept of the Electronic Load Controller is that the generator always ‘sees’ the same load on 

the demand side of the system. To do this Author needed to provide a means of drawing power that could 

control, to ensure that the total power drawn was always equal to that supplied by the turbine. 

A logical means to solve this problem was to power dump load of resistors that could switch to change the 

demand. This is an efficient way of giving an effective resolution of power dissipation whilst still limiting 

damage to the quality of the supply voltage. The goal of the Author is to use the wasted Power to heat 

produced to provide hot water to the village. Thus the dump load options and possible switching 

mechanisms are crucial work of this thesis. 

Transferring wasted power at dummy load to water heater will regulate Voltage using simple ELC and 

DELC involves the step of the procedure. First, it starts the collection of power consumed per day data from 

SNNPR, Mines and Energy Agency and Alo Micro Hydro power plant site. Alo MHP has three (3) 5KW 

Distribution line and one electronic load controller. For transferring the wasted power to the community side 

for the water heater purpose by using DELC and ELC was designed by sizing all the equipment and 

component which is utilized in this system depend on the load. During the load off the result of voltage and 

current magnitude of Generator, main load, Dummy load and Heater load With ELC, DELC and without 

ELC, DELC was shown by Matlab/Simulink modeling. 

3.2 Self Excited induction Generator (SEIG) 

Most of the electrical power in the industry is consumed by the induction machines for driving the load and 

in rural areas for supplying water for the fields. Hence, these can be run as induction generators by 

employing renewable energy source ones producing power, which can be catered for potential needs. 

The main problems with the Induction generators are self-excitation voltage control for stand-alone 

induction generator. Various approaches have been proposed for overcoming these problems. When the rotor 

speed of induction machine is greater than the synchronous speed of air gap revolving field, then the same 

Induction machine can be act as induction generator. As a generator induction machine has severe 

limitations. Because it lacks a separate DC field current, an induction generator needs AC excitation current. 

If an appropriate capacitor is connected across the terminals of an externally driven induction machine an 

emf is induced in the machine winding to the excitation provided by the capacitor. Induced voltage and 

current will continue to rise until the VAR supplied by the capacitors is balanced by the VAR 
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demanded by the machine, a condition that is essentially divided by one saturation of the magnetic circuit. 

The magnetizing current Im required by an induction machine as a function of terminal voltage can be found 

by running as a motor at no load and measuring its armature current as a function of no load terminal 

voltage.

Advantages 

the primary advantages of SEIG are 

(1) Less maintenance cost, 

(2) Better transient performance, 

(3) Without DC power supply for field excitation and Brushless construction (squirrel cage rotor), etc. 

With continuing energy crises, utilities in Ethiopia are finding it increasingly difficult to establish rural area 

electrification. The cost of supplying electrical power through a grid to such areas is becoming excessively 

high for the large investments in transmission lines, centralized power generating stations & transmission 

line losses. For these reasons the stand-alone decentralized power generating stations using non-conventional 

energy sources line wind, micro & mini hydropower are being considered for electrifying rural / remote 

areas. The conversion of the mechanical power of wind or micro hydro system into electrical power can be 

accomplished by either synchronous machine or induction machine. All these machines work on the 

principles of the electromagnetic action and reactions. The resulting electromechanical energy conversion is 

reversible. The same machines can be used as the motors for converting electric power into mechanical 

power or as generator converting the mechanical power into electrical power. Most of the electrical power in 

the industry is consumed by the induction machines for driving the load and in rural areas for supplying 

water for the fields. Hence, these can be run as induction generators by employing renewable energy source 

ones producing power, which can be catered for potential needs. The Main problems with the Induction 

generators are self-excitation voltage control for stand-alone induction generator. Various approaches have 

been proposed for overcoming these problems. When the rotor speed of induction machine is greater than 

the synchronous speed of air gap revolving field, then the same induction machine can be act as induction 

generator. As a generator induction machine has severe limitations. Because it lacks a separate DC field 

current, an induction generator needs Ac excitation current. If an appropriate capacitor is connected across 

the terminals of an externally driven induction machine an emf is induced in the machine winding to the 

excitation provided by the capacitor. Induced voltage and current will continue to rise until the VAR 

supplied by the capacitors is balanced by the VAR demanded by the machine, a condition that is essentially 

divided by one saturation of the magnetic circuit. 
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The magnetizing current Im required by an induction machine as a function of terminal voltage can be found 

by running as a motor at no load and measuring its armature current as a function of no load terminal 

voltage. 

The most serious problem with an induction generator is that its voltage varies widely with changes in load 

especially reactive load. In order to maintain constant voltage reactive current must be controlled from no 

load to full load. 

Hence special technologies must be employed to increase the effective capacitance during starting and 

decrease it during normal operation. The reactive power supplied to the machine can be controlled by 

connecting a VAR (Volt Ampere Reactive) generator of adjustable type to the stator terminal for getting the 

constant voltage and constant frequency. For designing these controllers, Reactive power must be known. 

This reactive power requirement can be obtained by the analysis of induction generators. Because of the 

nature of induction machines, torque speed characteristics (as shown in Fig 3.1), the frequency vary with 

changing loads, the torque space characteristics are very steep in normal operating range, the frequency 

variation is usually united to less than 5%. This amount of variation is quite acceptable in many isolated 

generator applications. 


Figure 3.1 Torque Vs Speed characteristics of Induction machine 

In self-excited mode, output frequency and voltage are affected by speed, the load and terminal capacitor. 

Changing any of the above parameters will change the frequency and magnetizing reactance of induction 

generators. 

3.2.1 Effect of Terminal capacitance: 

In this case, the machine operates between two values of terminal capacitor. If c is very small or Xc is large 

the load impedance will dominate the parallel combination of load and Xc canceling the effect of the 

terminal capacitance as c approaches zero and driving the machine into cut off. On the other hand, if c is 
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very large or Xc is small, the Xc dominates the parallel combination of the load and Xc. Further increase in 

'c' will result in reducing line capacitive component in the circuit driving the machine into cut off. 

3.2.2 Effect of Load Impedance: 

Most of the Induction generators are used only for resistive loads. When the load resistance (R|) is small then 

Xc will dominate the parallel combination of re & C connecting the effect of C. As R1 approaches zero, the 

machine is driven into cutoff. If Rl is very large the circuit will be equivalent to, be opened that is output 

current is zero and output power is zero, i.e., between these two extremes only optimal choice for R| exists. 

3.2.3 Classification of Induction Generators and Generating Schemes: 

On the basis of rotor construction, induction generators are two types (i.e., the wound rotor induction 

generator and squirrel cage induction generator). Depending upon the prime movers used (constant speed or 

variable speed) and their locations (near to the power network or at isolated places), generating schemes can 

be broadly classified as under 

 Constant-speed constant-frequency (CSCF). 

 Variable-speed constant-frequency (VSCF). 

 Variable-speed variable-frequency (VSVF). 

 Constant-speed constant-frequency (CSCF): 

Constant-speed constant-frequency (CSCF) 

In this scheme, the prime mover speed is held constant by continuously adjusting the blade pitch and/or 

generator characteristics. An induction generator can operate on an infinite bus bar at a slip of 1% to 5% 

above the synchronous speed. Induction generators are simpler than synchronous generators. They are easier 

to operate, control, and maintain, do not have any synchronization problems, and are economical. 

3.3 Methodology 

3.3.1 Analysis 

In order to solve the voltage and Current for distribution system the quantitative research methodology was 

used. This type of research methodology is used to calculate the Voltage with Standard ranges. 

The activities of this study will be classified into two steps: 

First step: Review, Data collection and Analysis: 

Data was collected from SNNPR, Mines and Energy Agency, Alo Micro Hydro power plant site, general 

literature, website, international journals, different books, You Tubes and online information. 

Second step: result and simulation are specified. 

Based on Controlling the generated voltage with standard range DELC and Simplified ELC are designed. 
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The simulation model for the proposing system is developed in the MATLAB / Simulink software. 
Figure 3.2 Conceptual framework of the study 
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CHAPTER FOUR 

SYSTEM DESIGN AND MODELLING 

4.1 Mathematical Modeling of a system 

4.1.1 Single line diagram of the proposed model 
Figure4.1 single line diagram of a proposed System model 

4.2 Mathematical Modeling of Self Excited Generator 

It is well known that the three phase induction machine can be made to work as a self-excited induction 

generator provided capacitance should have sufficient charge to provide necessary initial magnetizing 

current. For self excitation to occur, the following two conditions must be satisfied, 

I. The rotor should have sufficient residual magnetism, 

II. The three capacitor bank should be of sufficient value 

In this d-q modeling of three phases SEIG has been proposed. The d-q equivalent circuit with inductive load 

is shown in Figure 4.2. The state space approach has been found better representation of transient equation 

of SEIG. The d-q axes stator-rotor voltage and current as in equation (c) are the functions of machine 

parameters. This is four first order differential equations. The solution of such an equation has been obtained 

assuming all the nonlinear parameters as it is. The effect of main flux and cross flux has been taken into 

consideration. Different constraints such as variation of prime mover speed and load have been taken into 

account and accordingly the effect on generated voltage and current has been analyzed. The effect of 

excitation capacitance of generating voltage has been analyzed. Different constraints for analyzing transient 

conditions: 
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1. The machine is run as an induction motor and then increase the speed above synchronous speed to make it 

as a generator, after complete excitation, the variation of generated voltage is observed by application of 

various loads. 

2. The machine is started as an induction generator with the rated load and transient response is observed 

with various excitation and rotor speed. 

3. The machine is started as induction generator with no load and the voltage variables has been observed by 

applying the load after complete excitation. 

4. The transient periods of voltage build up and voltage collapses has observed when switching periods 

between excitation and application of load variations 

4 .2.1 Single phase equivalent circuit of SEIG 

A single phase equivalent circuit of SEIG as shown in Fig.4.2 is called a negative resistance oscillator. The 

oscillation occurs at a particular frequency where the capacitive reactance equals the inductive reactance of 

the generator. The oscillations are more pronounced if the R-L load is disconnected at the time of start and is 

switched in after normal voltage build up. The induction generator produces as small voltage due to residual 

magnetism which initiates oscillations. The change in capacitance will change the frequency of oscillation 

therefore the machine speed. It is found that at a particular shaft power input, decrease in capacitance causes 

the speed to increase. The change is more for heavy load than for light loads. 
Figure 4.2 Single Phase Equivalent circuit of Self-excited Induction Generator 

4.2.2 Steady-State Equivalent Model of SEIG 

The conventional equivalent circuit is used to analysis the induction generator under steady-state operation. 

However, as the operating frequency of the generator varies with the driving speed and the load. The per 

phase equivalent circuit has to be modified as shown in Figure 4.3 Where ,all the parameters refer to the 

rated frequency. Also the following assumptions are made. 
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1. Only the magnetizing reactance is assumed to be affected by magnetic saturation, and all other parameters 

of the equivalent circuit are assumed to be constant. Self excitation results in the saturation of the main flux 

and the value of Xm reflect the magnitude of the main flux. Leakage flux passes mainly in the air, and thus 

these fluxes are not affected to any large extent by the saturation of the main flux. (Murthy et al., 1982) 

2. The leakage reactance of stator and rotor, in per unit, are taken to be equal (i.e. Xlr = Xls = Xl) to simplify 

the analysis. 

3. MMF space harmonics and time harmonics in the induced voltage and current are ignored. This 

assumption is valid in all designed machines. 

4. Core loss in the machine is neglected. Infect, the machine must operate at the threshold of saturation for 

the minimum capacitance requirement. Therefore, ignoring such losses will result in no serious errors in 

estimating Cmin. 


Figure 4.3 P.u per phase Steady- state equivalent circuit of Self Excited Induction generator 

D-q Representation of induction Machine Electrical System of Squirrel cage machine 
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Figure 4.4 d-q representation of induction Machine 

4.2.3 Equations for Developing Induction Machine Model 
The simultaneous solution of this system of equation can be obtained using the Runge-Kutta 4th order 
integration method with automatic adjustment of step. This gives the instantaneous values of d-q axes 
voltages and currents for stator and rotor. The following assumptions are made in this analysis: 
I. Core and mechanical losses in the machine are neglected. 
II. All machine parameters, except the magnetizing inductance (Lm), are assumed to be constant. 
III. Stator windings, self-excitation capacitors and the load are Delta connected. 
IV. The variation of the magnetizing inductance is the main factor in the dynamics of the voltage build 
Vds — Rs ds — Vld  Rr  dr  wr Lm  qs  L r qr —
1

lslr Lm2

………………………………………………….........................Eqn 4. 

…………………………………………………………………….......................................................Eqn 4. 3 

Ls
LsLr Lm2

………………………………………………………….....................................................................Eqn 4. 4 
.The SEIG operates in the saturation region and its magnetization characteristic is nonlinear in nature. 
Therefore, the magnetizing current should be calculated at each step of integration in terms of the stator and 
rotor currents as: 

1
Im  [  sd   dr 2    sq   rq 2  2 … … … … … … … … … … … … … … … … …. 
4. 5 

26 




the magnetization characteristic between Lm and lm 

10 2H 

………………………………………………………………………………………………………..Eqn 4. 6 
Where the developed electromagnetic torque of the SEIG is expressed as 

 4

7 



representation. 

Vl  i  — il … … … … … … … … … … … … … … … … … … … … … … ….....................Eqn 4. 10 
Vl  i  —
Or 

p Vds   —1/C  ids — 1/C  Vds………………………………………………….............................Eqn 4. 12 

p Vqs   —1/C  iqs — 1/C  Vqs……………………………………………………..........................Eqn 4. 13 

For sizing the SEIG first the principle of Induction Machine working Principle is basic. Induction motors to 

work as generators the induction speed have, to greater than synchronous speed. For example, for 50HZ, 4 

poles, 15KW motor run at a speed of 1480 RPM to work as a generator the minimum speed of a prime 

mover (in this case Turbine) have to be 1480RPM plus Some percentage of motor RPM. 

Many Research prepares have been Developed to select a suitable Value of Capacitance for the Self 

Excitation process [12], [13] - [15]. During this investigation, a simple way to calculate this is suitably used. 

When the SEIG is loaded the switch is close, the self-excitation currents are obtained as in [15], from which 

a stator current is given by:

Any of the roots has positive real parts, then there will be a self excitation [15]. In this way, is possible to 

determine the minimum Speed and capacitance for the self – excitation process. The speed- capacitance 

characteristics is obtained using this technique and resistance of consumer (9.6 ohm) as shown below. 

Note: For Alo –MHP capacity of 15KW and 230/400Vrms, resistance of Load per phase is 9.6 ohms. 

Once the suitable capacitance and speed values for the Self-excitation process are selected, the program 

which identifies the roots with the real positive parts can be used to calculate the value of Lm which gives a 

zero real part (Steady State condition). The imaginary part of the root determines the frequency of the self-

excitation process [15]. Using the above mentioned technique, the selected values are C= 565 micro farad 

and F=50 Hz. 

4.3.1 Method 1: algorithm for calculating capacitance Value 

Step1: Get the following input values from the data on the machine, 

Xr,Xm,Rs,Rr,Xs,Xr,Zb,N,Fb,RL,XL,b,v,f. 

Step2: Calculate the L1, L2, L3

Step3: Calculate the coefficient of equation using the above values. 

Step4: Calculate the roots of the equation using Runge-Kutta method. 

Step5: Calculate the values of M1, M2, and M3 using the values of step2. 

Step6: Using equation finds the Cmin 

Step7: Print the Cmin value 

Where,  1                 …………………………………………………………..Eqn 4. 
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 2       ……………………………………………………………………………Eqn 4. 17 

 3       …………………………………………………………………...................Eqn 4. 18 

 1       —    —    1…………………………………………………........Eqn 4. 19 

 2        3      —    2……………………………………………………Eqn 4. 20 

 3    2   12   2……………………………………………………………………Eqn 4. 21

 4      2 —  2     —    1…………………………………………………...Eqn 4.22 
1
M4
M3

Where, Cmin is minimum Capacitance. 

4.3.2 Method2: Sizing of excitation capacitance of an Induction Generator Excitation capacitance for 
Delta connection 

……………………………..…………………………………………Eqn 4. 24 
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Or 

1000    s n  os  1     
 2           

Where, Xc(Ω)=V/Im 

V (V) = Rated Voltage of the motor (V) (phase to phase voltage, 380/400/415) 

Im (A) = Magnetizing Current = I rated at full load current (A) * sin (cos-1 (power factor)) 

I rated at full load current = Rated power (kW) * 1000/(V*pf) 

   = rated efficiency of the motor at full load for star connected capacitors, the excitation capacitance is 

three times that for the Delta connection. [18] 


Parameters Name 

Magnetizing Induction 

Magnetizing Current 

Rotor Self –Inductance 

Stator self-inductance 

Rotor Leakage inductance 

Stator Leakage inductance 

Rotor resistance 

Stator resistance 

Stator,Rotor and load current in d-q axes 

Stator and Rotor Voltage in d-q axes 

AC voltage for Phase R 

AC voltage for Phase S 

AC voltage for Phase T 

Electrical Rotor Speed 
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Synchronous Speed    
Electromagnetic torque    - 
Shaft torque        - 
Machine- Specific shaft torque parameters a 


b 


Moment of inertia J 0.08389 p.u 

Effective Load resistance      
Self excitation capacitance C 275Ω 

Rated RMS voltage for phase -r        400 V 
Rated RMS power for Phase -r        5 kW 
Blank values (“-“) are time dependant 

Table 1 : 15KW induction Generator parameters: 

4.4 Mathematical Modeling of Electronic Load Controller 

4.4.1 Design and Mathematical Modeling of Electronic Load Controller (Governor) 

The design procedure of the proposed ELC is explained in this section. The speed governor is adopted to 

keep the turbine speed constant because the speed fluctuates if there are changes in load, water head and 

flow. The change of generator rotational speed results in the fluctuation of frequency. The governor consists 

of speed detector, controller and operation. There are two kinds of governor to control water flow 

(discharge) through a turbine by operation of guide vane or to control the balance of load by interchanging of 

actual and dummy load as follows: 

Mechanical type: To control water discharge always with automatic operation of guide vane(s) according 

to actual load. There are following two types. Pressure oil operating type of guide vane(s) Motor operating 

type of guide vane(s) 

Dummy load type: To control the balancing of both current of actual load and dummy load by ballast i.e. to 

keep the summation of both actual and dummy load constant always for the same output and speed of the 

generator. 
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For this project electronic load controller was adapted which use electronic device that maintain the 

electrical load on the generator in spite of changing loads. The load controller maintains a constant 

generator output by supplying a secondary Dummy load with the power not required by the main load. A 

load controller maintains the system speed and frequency at its design value degradingness the fluctuating 

mechanical and electrical loads. 

Electronic load controller sense turbine speed by measuring the frequency of the voltage waveform, the main 

advantages of Electronic load controller it that the overall system becomes simpler and less costly. 

The capacity of Ballast (Dummy Load) was calculated 

PD=PG*SF.......................................................................................................................................Eqn 4. 26 

Where PD is the capacity of dummy load in kW 

PG is Rated output of the generated in KW 

SF is safety factor which is from (1.2-1.4) 

In this case S.F=1.3 the average Safety Factor is selected. 

. The total consumer instantaneous load resistance for each phase can be estimated by measuring phase 

current and voltage. The load resistance is: 

R  load t   ………………………………. ………..................................................Eqn 4. 27 

Where: Rload (t), Vs (t), iRLs (t) and s=a,b,c are the estimated total consumer loads, phase voltage and 

phase current, respectively. 

The minimum consumer load resistances can be calculated based on the selected generator rated power and 
its corresponding output voltage by the following equation: 

…………………………………………………..............................................Eqn 4. 28 
Where RLmin is the resistance corresponding to the minimum loads which should be connected to the 

generator to consume its rated power (Rdump). V and P is rated power and rated voltage of the 
selected generator. 

4.4.2 Electronic Load controller (ELC) Modeling parameters 

The following ELC equations are presented in the three-phase form instead of the dq space. Table 

42 provides nomenclature and simulation values for the ELC model explored here. 

31 


Parameters Name Variable Value 

ELC Voltage Sensor Reading Vsens -

ELC Reference Voltage Vref 400V 

Voltage Filter Capacitor Cf 1500µF 

ELC error Voltage Ver -

Proportional gain constant Kp 4 

Integral gain constant KI 7 

PI controller output VPI -

Sawtooth waveform voltage VST -

Sawtooth Amplitude Am 2V 

Sawtooth Period TST 0.01s 

Switch status S 

Dump Load resistance Rdump 50Ω 

Effective Resistance on generator Ref -

Dump Load Safety factor SF 0.3 

Blank values (“-”) are time dependent. 

Table 2: Electronic load Controller Design parameters 


The sensed voltage (Vsen) after rectified and filtered is compared with a constant reference voltage (Vref), 
which is proportional to the nominal voltage of Vrms to yield the error voltage (Ver): 
         —      …………………………………….............................................................................Eqn 4. 

29 

         ………………………………………………………………………………………….…..Eqn 4. 
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This error voltage (Ver) is the input for the proportional-integral (PI) controller [23]. 
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        —          ………………………………………………………………………..Eqn 
4.31
Where KP is the proportional gain constant and KI is the integral gain constant. The PI controller's output 

voltage (VPI) is compared with a saw tooth waveform (VST) to yield a PWM output controlling the switch's 

binary status (S) as “on” or “off” - the dump load connected to the generator when on. 

4.4.3. Calculating the value of Kp and Ki value good gain (GGM) controller tuning methods 

In the year 2010,Finn Haugen Developed a new PID tuning method called the good gain method [24]. it is a 

simple experimental method that work for real and simulated process using a mathematical model of the 

system. 

The Good Gain method aims at giving the control loop better stability than what the famous Ziegler-Nichols’ 

methods — the Closed-loop method and the Open-loop method [25] — gives. The Ziegler-Nichols’ methods 

are designed to give an amplitude ratio between subsequent oscillations after a step change of the setpoin 

equal to 1/4 (“one-quarter decay ratio”). This is often regarded as poor stability. The Good Gain method 

gives better stability. Furthermore, the Good Gain method does not require the control loop to get into 

oscillations during the tuning, which is another benefit compared with the Ziegler-Nichols’ methods. 

the advantage of this method is that the control signal is not drien to saturation limit which might the 

proportional gain Kp value too large to provide good stability when the control system is under normal 

operation. the rocess is brought closed to a specified operating point by adjusting the control signal in 

manual mode. the controller parameter is first set to proportional controller only with Kp =0 or 1 , integral 

time Ti =infinity and derivate time Td=0. the proportional gain value Kp is then adjusted until the the control 

loop has some overshoot and a barely observable undershoot . the response is assumed to represent good 

stability of the control system with the gain value denoted as (KpGG). the integral time Ti is the computed 
from eqn (4.32 and 4.33). 

                         ……………………………………………………….Eqn 4.32 
the relation of equation (a) is the continuous S-domain transfer function of a PID controller. 

             ……………………………………………………………………………Eqn 4.33 
Where      and (   ) are integral gain and derivate gain respectively. 

Ti =1.5* Ton…………………………………………………………………………………………Eqn 4.34 

Where Ton is the time between the overshoot and under shoot of the step response with only proportional 

controller. 

The introduction of I-terms in the loop having P-I controller in action might reduce the system stability than 

with the proportional controller only. the compensate for this, Kp is reduced to 8 0% of the original Value. 

Kp = 0.8*KpGG…………………………………………………………………………………….Eqn 4.3 1 
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Figure 4.5 the overshoot and undershoot of the response 

S= {1, if VPI ≤ VST}……………………………………………………………………………......Eqn 4.36 

The effective resistance (Ref) ‘seen’ by the generator corresponds to the switch's binary state as follows [8], 

Ref (t) = {RHH-tot∥Rdump if S=1, RHH-tot, if S=0}………………………………………………..Eqn 4.37 

Where RHH-tot is the total equivalent resistance of all the to the community connected to line 1. R dump is 
the time invariant dump load resistance, approximately sized as 

      ~  ..............................................................................................................Eqn 4.38 
 Using resistors for fine tuning: This design involves using a number of kettle-heating elements and 

a fixed number of resistors in a binary configuration. These can all be switched independently to 

achieve the desired resistance and hence power dissipation of the load dump. The heating elements 

contribute towards heating the water and simultaneously provide large steps when changing the 

resistance. Meanwhile, the resistors in binary configuration act to fine-tune the resistance of the load 

dump to achieve a high resolution. They do not contribute to heating the water. 

Possible limitations of the design: The large number of heating elements and resistors each require 

a switch, increasing the cost of the ELC. In addition, the power dissipated by the resistors is wasted 

since they do not contribute towards heating the water. 
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 Using Pulse Width Modulation (PWM): An alternative design is to use PWM for fine-tuning, to 

achieve the desired load resolution. Here the resistors are removed and one heating element 

undergoes PWM. The PWM is carried out using a high quality switch such as a solid-state relay. The 

remaining heating elements rely on less expensive switches, which is acceptable since they are not 

switched as frequently. Thus, the cost of the ELC is kept to a minimum. The power is also used 

efficiently, as all of it is dissipated into the water. 

Possible limitations of the design: Only one heating element can undergo PWM, making its lifespan 

significantly shorter than the remaining elements. This increases the frequency of required 

maintenance. A possible fix is to install high quality switches for all the heating elements. This drives 

up the initial cost, but means that PWM can be carried out on each resistor in turn for a set time. This 

increases the time period between replacement cycles, reducing cost in the long term. 

4.4.5 Selecting Switching Control 

In deciding the circuitry to control the heating elements, the following criteria were assessed for each 

technology: cost, harmonics generated, impact on the alternator, response time, durability, and complexity of 

circuitry. The options considered with their respective considerations and reasons for being discarded are 

listed below. 

 Relays: 

Relays provided good isolation between our control circuitry and the power lines. However their 

response tends to be in the ms range at best and they cannot be used for PWM effectively since they 

wear out quickly [25]. 

 Thyristors: 

Thyristors in an active rectifier configuration with phase control (a bridge rectifier using thyristors) 

would have allowed a single load configuration giving more flexibility on the dump-load, although 

generating higher amplitude harmonics. The configuration of the circuitry required the load to be 

switched on for a fraction of the half cycle [26]. Despite the low frequency switching having no radio 

interference, it adds low frequency components, which are difficult to filter out effectively. 

Furthermore, the required thyristors would cost £305, much higher than the alternatives[27]. 

 Triodes for Alternating Current (TRIACs): A further option involving thyristors was to use 

TRIACs for switching each heating element separately. The maximum switching frequency for these 

components is in the µs range, allowing for PWM or phase control. They have a good power factor 

and can be found at prices below £6.4-10. [27]. However with respect to the alternatives, they have a 

much more limited power rating and would hence require more heating elements. Additionally, they 

are slower than alternatives and need a substantial turn off current. This makes PWM impractical, as 
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more power will be dissipated in the control circuitry rather than in the resistors. Lastly, the control 

circuitry required is more complex than other alternatives. 

 Metal-Oxide Semiconductor Field Effect Transistors (MOSFETs): MOSFETs are the fastest 

option and will allow for very high frequency PWM. Although this can cause significant radio 

interference, the high switching frequency means components can be filtered easily. This 

implies that both interference and any harmonics generated are reduced. To ensure correct biasing of 

the components possible to use a bridge rectifier with no filtering. Filtering would use capacitors and 

therefore introduce a bad power factor. Moreover, by connecting each heating element separately, we 

can reduce the high frequency components by PWM of only one of the elements. An advantage of 

this system is that the changing load means a poor power factor is not introduced, if filtered properly. 

Comparatively, this is a more expensive option, as it requires a rectifier, several snubber circuits (to 

minimise large instantaneous fluctuations) and a considerable filter. 

 Insulated Gate Bipolar Transistors (IGBTs) -the Author option: 

IGBTs are a valid substitute for MOSFETs in the same configuration and are more effective for 

higher 

power ratings. . In essence, it is a three terminal controllable switch that combines the fast switching 

times of the MOSFET with the high voltage capabilities of the GTO. 

4.5 Mathematical modeling of Distributed Electronic Load Controller (DELC) 

The mathematical modeling of DELC is almost the same as ELC controller, but the feedback system is a 

Proportional controller method. 


Parameters Name Variable Value 

DELC Voltage Sensor Reading Vsens -

DELC Reference Voltage Vref 400V 

Voltage Filter Capacitor Cf 1500µF 

DELC error Voltage Ver -

Proportional gain constant Kp 5 

P controller output VP -

Sawtooth waveform voltage VST -
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Sawtooth Amplitude Am 2V 

Sawtooth Period TST 0.01s 

Switch status S 

Effective Resistance on generator Ref -

Blank values (“-”) are time dependent. 

Table 3: Electronic load Controller Design parameters 
The sensed voltage (Vsen) after rectified and filtered is compared with a constant reference voltage (Vref), 
which is proportional to the nominal voltage of Vrms to yield the error voltage (Ver) are same with equation 
Eqn 4.29 and Eqn 4.30. 

This error voltage (Ver) is the input for the proportional (P) controller [23]. 

         ……………………………………………………………………………………..Eqn 4.39 

Where, KP is the proportional gain constant. The P controller's output voltage (VP) is compared with a saw 

tooth waveform (VST) to yield a PWM output controlling the switch's binary status (S) as “on” or “off” - the 

dump load connected to the generator when on. 

In this thesis DELC is used as a water heater. A load limiter is usually implemented in remote villages 

instead of electricity meters; hence, a constant monthly maintenance fee is paid by consumers related to the 

power rating of the installed load limiter, which means, in effect, that consumers pay for excess generated 

power which is directed by the ELC to a dump load at the generator site. Hence, transferring this excess 

generated power to the community, to be used for domestic hot water, instead of the dump load may have a 

direct impact on the health of these small communities, as Authorll as increasing the system efficiency. To 

determine if the 2.5KW power level provided to power lines to consumer side 1 is sufficient to heat an 

adequate amount of water for domestic purposes, consider the following: A mass of water is heated by a 

2.5KW heating coil for 6 hours (approximately over night) with a temperature change from 10C to 50C. The 

mass of water can be found by: 

Where m is the mass of water that is heated, ∆  is the heat energy given to the water, c is the specific heat 

capacity of water and ∆  is the change in temperature of the water. For a developing country with a 

domestic hot water container of about 200 kg of water (i.e. less than the 257.9kg above, assuming some 

losses in the heating system) should be quite useful. 


Component Discreption 

Vishay VS-36MT 40,3-phase Bridge Rectifier, 35A 

,400V, 5 pin D 63 

Toshiba GT50JR22 IGBT, 50 A 600 V, 3-Pin TO-3P 

RS PRO2 x 3.3 mH 6 A Common Mode Choke 25mΩ 

RSPRO,470μF,ElectrolyticCapacitor,400Vdc Through 

Hole 

C-2000 real time control MCUs 

RE520-HP, Single-Sided Stripboard FR-2 100 x 160 x Pcs 

1.5mm FR2 1

Heatsink,Universal Square Alu, 2 (Forced),Horizontal, Pcs 

Top Mount 1

Nylon Cable Tie, 300mm x 4.8 mm Pcs 15 

RS PRO M20 Cable Gland With Locknut, Nylon, Pcs 

IP68 2 

Rittal KS, Glass Reinforced Plastic Wall Box, IP66, Pcs 

150mm x 300 mm x 200 mm 1

miselecelouns cost Ls 1

Total Material Cost(£) 

Total Material Cost(ETB) 
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Component Discreption 

3-phase Bridge Rectifier, 10A ,400V 

Infineon IRG4BC20KD-SPBF IGBT, 16 A 600 V, 3-

Pin D2PAK (TO-263) 

RSPRO,100μF,ElectrolyticCapacitor,400Vdc,Through 

Hole 

C-2000 real time control MCUs 

RE520-HP, Single-Sided Strip board FR-2 100 x 160 

x 1.5mm FR2 

Heatsink,Universal Square Alu, 2 (Forced),Horizontal, 

Top Mount 

Nylon Cable Tie, 300mm x 4.8 mm 

RS PRO M20 Cable Gland With Locknut, Nylon, 

IP68 

Plastic Waterproof 6 Position Terminals Electric 

Junction Project Box 

miselecelouns cost 

Total Material Cost(£) 

Total Material Cost(ETB) 

Table 5: Material Cost of Distributed Electronic load Controller (DELC) 
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CHAPTER FIVE 

SIMULINK MODEL 

5.1 Simulation model approach 

A time-domain model was developed for an isolated village supplied by a self-excited induction generator. 

Analysis of such a system can be approached by separating the MHP system into a generator-side and load-

side (Figure 5.1), where the generator inputs its voltage to the load-side, and the load-side will return an 

impedance value as a feedback input to the generator side. 

Krause's induction generator model, reformatted in [22], with ELC logic based on proportional-integral (PI) 

control [23], is used to observe how the generator reacts to changes in resistance it ‘sees' and 

the voltage value it feeds back to the load-side, to identify the range of changes in effective 

impedance (ΔRHH-tot) the ELC can tolerate while still performing within the limits of Ethiopia regulations. 




_


Figure 5.1 Simulation approach Resistance Phase a, b.c 

5.2 Simulink Model of SEIG 

The Simulink model is done using simscape, ode45 modeling technique 

The Simplified modeling of SEIG, when squirrel cage induction machine work as a generator using Matlab, 

Simscape 2016. 


Figure 5.2 Matlab, 2016 modeling of squirrel cage Induction Machine Tm is negative to work as generators 
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5.3 Simulink Model of Excitation 
Figure 5.2 model of excitation Capacitor 

5.4 Simulink Model of Load 
Figure 5.3 15KW Resistive Load Model Load Model 
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Figure 5.4 Load Model 

5.5 Simulink Model of Electronic Load Controller 


Figure 5.5 Electronic Load Controller model (ELC) 
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5.6 Simulink Model of Distirbuted Electronic Load Controller (DELC). 


Figure 5.6 Distributed Electronic Load Model (DELC) 

5.7 Simulink Model at different Scenarios 

5.7.1 Scenario 1 

5.7.1.1 Simulink Model of a plant when Excitation is low and Consumed Load and Generation power is 

equal 
Figure 5.7 Model of SEIG with excitation capacitor and load. 
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5.7.2 Scenario 2 

5.7.2.1 Simulink Model of a plant when Consumed Load and Generation power is equal 
Figure 5.8 model of SEIG when load is equal to generated power 

5.7.3 Scenario 3 

5.7.3.1 Simulink Model of a plant when Consumed Load and Generation power is not equal with ELC 


Figure 5.9 Simulink model SEIG with Electronic Load Controller 
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Figure 5.10 General Modeling of SEIG with DELC and ELC 

5.7.4 Scenario 4 

5.7.4.1 Simulink Model of a plant when Consumed Load and Generation power is equal is not equal 

with ELC and DELC 

5.8 Detail Simulink model of a System with one DELC 
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Figure 5.11 Detail Simulink Model Of SEIG with DELC and ELC 
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CHAPTER SIX 

RESULT AND DISCUSSION 

6.1 Result at Different Scenario 

The Simulation is done with mat lab simscape ode45, the output Waveform of the 15KVA, 400V, 50 HZ 

generator. The performance of the proposed DELC has been evaluated by simulation investigations. Results 

are presented here to validate the operation of the proposed system configuration. 
a) Generated Voltage and Current 


b) Generated Voltage and Current 

Figure 6.1 Simulation outputs of SEIG without Control system when excitation Capacitance is low 
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a) Generated Voltage and Current 


b) Load Voltage and Current 

Figure 6.2 The Simulation output SEIG when the generated Voltage is equal to consumed Power (load). 
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a) generated voltage and current output 


b) Load voltage and current output 

Figure 6.3 The simulation result of SEIG when consumed power (2.5KW) is less than generated power 

(15KW) without ELC and DELC 
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a) Output Voltage and current 


b) Output Voltage on Load and ELC 

Figure 6.4 Simulation output when they're not connected load to SEIG, but ELC is connected. 
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a) Generated Voltage and Current 


a) Load Voltage and Currents 

Figure 6.5 Simulation result of SEIG with Connected load and ELC. 
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a) Rotor Speed Per unit 
b) Sample (IGBT) switch output 

Figure 6.6 Simulation result of Rotor speed and Sample gate generated (IGBT) when no load & ELC 

connected 
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Figure 6.7 Simulation result of SEIG Voltage and Current, load Voltage & Current and DELC Voltage and 

Current when Load 1 is off for 2.5t-5 second and Load Line3 ON after 8 second. 
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6.2 Discussion 

A set of Simulation Results are presented here to investigate the feasibility and performance of the proposed 

DELC approach. The Simulation was done in MATLAB/SIMULINK environment and the proposed 

technique was applied to voltage control of a 15KW, 400V Induction Machine. The Selected IG is driven at 

a torque of -1.7N/m2, with three phase excitation capacitor bank equal to 500µF. The generator output 

Voltages and Frequency reach steady state values at t = 0.6 sec. The number of considered DELC is equal to 

3, and allocated current for each household based on the generator nameplate is approximately 0.9A. The 

household’s three phase loads, the proposed DELC, and the low-power rated ELC are connected to the 

generator at t = 0.89sec. 

As mentioned in the previous Section, the control strategy can be Split into two modes: a simple open loop 

controller which should be installed at three center points of kabele, and a low power rated ELC based on 

closed loop Control strategy which must be installed at the generator site. And to study the system 

performance, different fault scenarios are considered and the system performance for voltage regulation is 

investigated. 

The objective of the controller is to maintain the output voltage equal to 400V (Set point to 

ELC and DELC controller), Hence in each scenario situation, the percentage of the voltage fluctuation is 

calculated based on this reference values. Shown in Fig 6.1(a) the output Voltage and Current of generator 

and Fig 6.1(b) the output voltage and current of loads when excitation capacitor is Low (100 µF) is 

presented. The result indicates that the generator not reach at Steady state with very low Minimum capacitor 

value. The outputs of Fig 6.2 (a) and (b) indicate the output Voltage and Current of Generator and loads 

when excitation capacitor and the capacity of Generator and Loads are equals are presented. The output 

voltage and current of generator and loads when the loads are 2.5KW less than KW generator capacity is 

illustrated in Fig 6.3(a) and (b). In this mode, the voltage is fluctuate 22.5% (490V) than rated 400V. 

Performance of Convectional Electronic load controller (C-ELC) without any load Connected to the SEIG 

are depicted in fig 6.4 (a) and (b), the output voltage of generator (a) are fluctuated 9.5%. The output of fig 

6.5 (a) and (b) shows, the values of voltage and current when Loads and Simplified C-ELC are connected to 

SEIG, the output Voltage and Current of a generator and loads are fluctuate 2.5%. Simulation results of 

Rotor speed per unit and the switching output of IGBT when Only C-ELC is connected are presented on 

figure 6.6 (a) and (b). The figure describes the rotor speed stabile after 1.7second and the Swathing IGBT on 

off period. And finally the system performance in figure 6.7 shows the output voltage and Current when a 

load is ON/OFF for different time interval. The output Voltage fluctuate 1.2% from rated voltage when 

DELC and ELC are connected. The detail Voltage value is presented Table 6. 
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power vairation time,sec ELC DELC Generator peak Voltage when Load variat Parcantage of variation (%) from 400
ion for time V 

0-1 1-5 5-8 8-10 
Nill ON ON ON OFF OFF 
Nill ON ON ON OFF OFF 
Nill ON ON ON ON OFF 
Nill OFF ON OFF 
Nill ON ON ON 
Nill ON ON ON 
Nill ON ON ON ON OFF 
Nill OFF OFF OFF 419.2 419.2 419.2 4.8 
Nill ON ON ON 419.2 419.2 419.2 4.8 
Nill ON ON ON 419.2 419.2 419.2 4.8 
Nill ON ON ON ON ON 405.5 397.4 418.2 1.375 
Nill OFF 405.5 397.4 418.2 1.375 0.65 -4.55 
Nill ON 40.5 397.4 418.2 -89.9 0.65 -4.55 
Nill 405 397.4 418.2 1.25 0.65 -4.55 
Nill ON ON ON ON ON 406 397.3 397.3 1.5 0.675 0.675 
Nill OFF OFF 406 397.3 397.3 1.5 0.675 0.675 
Nill ON ON 406 397.3 397.3 1.5 0.675 0.675 
Nill ON 406 397.3 397.3 1.5 0.675 0.675 

Table 6: Output Value and Percentage of Variation at Different Scenario 

Where, PL1-1 is Load Consumer line 1 sub 1, PL1-2 is Load Consumer line 1 sub 2, P2 is Load Consumer line 2 and PL3 is Load 

Consumer line 3. 
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CHAPTER SEVEN 

CONCLUSION AND RECOMMENDATION 

7.1 Conclusions 

In this paper, the proposed model is DELC with Simple ELC at power house system to regulate the voltage 

while transferring the wasted power to the community is presented. The main Objective for this proposed 

DELC approach is the transfer of wasted power for water heater, in addition to providing voltage regulation. 

This has been achieved using IGBT switches in each power lines. Since the DELC makes use of available 

power that otherwise would go to a dump load, the proposed system can be considered more efficient 

compared with convectional ELC, in the sense that the DELC system capacity factor will be much higher 

than for the convectional system. Thus, based on the applied methodology and results obtained indicates by 

using DELC it is possible to transfer the wasted power to the community and address health hazards 

associated with indoor air pollution, deforestation, and time-consuming firewood collection. 

The designed three DELC heat a minimum of 600 Liter water per day and satisfy for a twenty four (24) 

person water demand per day according to Ethiopian ministry of water resource guide. 

7.2 Recommendation 

 By installing DELC to the Alo MHP and other Micro hydro power sites in Ethiopia it is possible to 

solve Health issue problem due to water and minimize the wasted power at dummy load. 

7.3 Future Work 

The future scope of the calculated and simulated results can be done experimentally and practically. And 

also there is the limitation of DELC which is not overcome for Harmonic injected to the Water heater. 
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Appendix 


Year: 2011 EC 
Month: September 
Ts 6am 9am 12am 3pm 6pm 8pm 10pm 12pm 

A ML D L ML D L ML D L ML D L ML D L ML D L ML D L ML D L 

vg (IL (ID (IL (ID (IL (ID (IL (ID (IL (ID (IL (ID (IL (ID (IL (ID
, I ), A ), A ), A ), A ), A ), A ), A ), A ), A ), A ), A ), A ), A ), A ), A ), A 
14. 12. 18. 8.5 19. 8.0 10. 16. 26. 0.8 4.0 17. 20.

1 1 96 5 63 05 13 6 46 2 63 23 63 9.3 763 6.5 56 
9.2 17. 13. 13. 16. 10. 12. 14. 25. 1.7 3.0 16. 21.

2 3 83 56 50 2 86 6 46 32 43 24 63 11 06 5.3 76 
11. 15. 11. 15. 14. 12. 18. 8.4 23. 3.1 20. 6.4 8.9 18. 8.4 18.

3 65 41 25 81 6 46 6 63 95 13 63 33 5 11 2 64 
18. 8.8 10. 16. 12. 14. 19. 7.1 24. 2.8 23. 3.8 9.6 17. 7.6 19.

4 2 63 41 65 39 63 96 03 23 33 2 63 84 37 9 37 
A

vg 13. 13. 13. 13. 15. 11. 15. 11. 24. 2.1 22. 4.3 9.7 17. 6.9 20.
,I 29 76 43 63 56 50 44 62 92 38 70 55 33 32 77 08 
49. 50. 49. 50. 57. 42. 57. 42. 92. 7.9 83. 16. 35. 64. 25. 74.
% 126 87 62 37 49 50 05 95 1 00 91 09 96 03 78 22 


Year: 2011 EC 
Month: October 

Ts 6am 9am 12am 3pm 6pm 8pm 10pm 12pm 
A ML D L ML D L ML D L ML D L ML D L ML D L ML D L ML D L 

vg (IL (ID (IL (ID (IL (ID (IL (ID (IL (ID (IL (ID (IL (ID (IL (ID
,I ), A ), A ), A ), A ), A ), A ), A ), A ), A ), A ), A ), A ), A ), A ), A ), A 
10. 16. 12. 14. 16. 10. 15. 11. 23. 3.4 20. 6.3 11. 15. 18.

5 61 453 25 813 25 813 2 863 64 23 74 23 25 813 8.3 763 
6 7.6 19. 18. 8.6 18. 8.1 13. 13. 25. 1.7 24. 2.1 13. 13. 7.3 19.
59 

413 38 83 889 
15. 16. 10. 19.
813 28 783 58 
17. 10. 16. 17.

713 71 353 29 

17. 14. 12. 18.
34 40 65 00 
64. 53. 46. 66.

1 22 77 51 


6am 9am 
ML D L ML D L 
(IL (ID (IL (ID
), A ), A ), A ), A 
10. 16. 11. 15.
82 24 82 24 
7.8 19. 17. 9.3
03 26 73 26 
11. 15. 15. 11.
47 58 71 35 
9.5 17. 12. 14.
37 52 43 63 
9.9 17. 14. 12.
09 15 42 63 
36. 63. 53. 46.
61 38 30 69 




6am 9am 

ML D L 
(IL (ID
), A ), A 
18. 8.1
95 13 
16. 10.
33 73 
19. 7.4
65 13 
17. 9.7
36 03 
18. 8.9
07 90 
66. 33.
77 22 



Year: 2011 EC 
Month: January 
12am 3pm 6pm 8pm 10pm 12pm 
ML D L ML D L ML D L ML D L ML D L ML D L 

(IL (ID (IL (ID (IL (ID (IL (ID (IL (ID (IL (ID
), A ), A ), A ), A ), A ), A ), A ), A ), A ), A ), A ), A 
19. 7.8 14. 12. 25. 1.8 5.0 10. 16. 8.1 18.
25 13 65 41 23 33 22 63 85 21 1 95 
15. 11. 15. 11. 24. 2.4 22. 4.5 13. 13. 7.6 19.
35 71 68 37 66 03 54 23 38 68 5 41 
16. 10. 10. 16. 25. 2.0 19. 7.5 14. 13. 6.9 20.
84 22 65 41 02 43 54 23 01 05 8 08 
16. 10. 10. 16. 25. 1.0 22. 4.5 13. 13. 10. 16.
99 07 68 38 99 73 5 63 6 46 23 83 
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10. 16. 14. 12. 17. 9.9
88 18 27 78 10 55 
40. 59. 52. 47. 63. 36.
21 79 74 25 21 78 



Year: 2011 EC 
Month: Feburary 
6am 9am 12am 
ML D L ML D L ML D L 
(IL (ID (IL (ID (IL (ID
), A ), A ), A ), A ), A ), A 
11. 15. 17. 9.4 18. 8.1
35 71 65 13 95 13 
13. 13. 19. 7.4 16. 10.
2 86 6 63 33 73 
17. 15. 11. 19. 7.4
10 06 2 86 65 13 
12. 14. 12. 14. 17. 9.7
3 76 22 84 36 03 



11. 15. 16. 10. 18. 8.9

71 35 16 89 07 90 
43. 56. 59. 40. 66. 33.
27 72 74 25 77 22 
Data From Alo Micro Hydro power 

Table 7: Row Data from Alo Micro hydro power plant 
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The magnetic saturation is a very important factor in voltage stabilization. Without any magnetic 


Saturation, the voltage would not reach a steady State. Magnetizing inductance (Lm) is calculated from 


Lm  —6. 89  10 6  Im4  1. 38  10 4  Im3 — 1. 22  10 3  Im2  1. 28  10 3  Im  4. 62  


Te   3p   Lm   qs —  dr …………………………………………………………………………Eqn 4. 


4.3 Capacitor mathematical Modeling 


The equations (4.9) and (4.11) represent the self excitation capacitor currents and voltages in d-q axes 


i   i   il … … … … … … … … … … … … … … … … … … … … ….......................Eqn 4. 8 


i   i   il … … … … … … … … … . . . . … … … … … … … … … ….........................Eqn 4. 9 


il … … … … . . … … … … … … … … … … … . … …..........................Eqn 4. 11








i    .......................................................................Eqn 4. 14 


Where S is the Laplace operator and U represents all the terms in the numerator and is independent of the 


initial condition of the capacitors and the machine’s parameters [14]. If the denominator of (eqn 4.14) is set 


to zero, 


AS  BS  CS  ES  FS  GS  H  0 ……..……………………………………………...Eqn 4. 15 
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Where Pgen is the power generated and Vrms is the root mean square voltage, sf is a safety factor, and n is 


the number of in the community with a DELC unified [22]. 





4.4.4 Selecting Tuning option 
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Pcs 1
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4 
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Unit QTY 


Price (£) 





Pcs 3 5.23








3 1.017 








Pcs 6 1.023 








Pcs 3 15.23 





3 3.18 


Pcs 








3 2.4 


Pcs 








Pcs 20 0.073 








Pcs 3 0.73








Pcs 3 10.2 





Ls 1 15 





4.6 Cost of ELC and DELC 


N.B :- the Discriptipn and cost of material is token from [27, 28 and 29]. 


Table 4: material Cost of electronic Load Controller (ELC) 


Unit Total 





Price (£) 





15.69 








3.051 








6.138 








45.69 





9.54 











7.2 











1.46 








2.19 








30.6 





15 





136.59 





4,734.5 
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Voltage 
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Scenar Load P(Kw


io ) 











1 PL 15 


2 PL 15 


3 PL11 2.5 


PL1-2 2.5 


PL2 5 


PL3 5 


PL11 2.5 


PL1-2 2.5 


PL2 5 


PL3 5 


PL11 2.5 


PL1-2 2.5 


PL2 5 


PL3 5 


PL11 2.5 


PL1-2 2.5 


PL2 5 


PL3 5 





1-5 5-8 


0 2750 


401 401


405 396.9 


405 396.9 


405 396.9 


405 396.9 


419.2 419.2 





8-10 1-5 5-8 8-10 


0 -100 -588 100 


401 0.25 0.25 0.25 


417 1.25 0.775 -4.25 


417 1.25 0.775 -4.25 


417 1.25 0.775 -4.25 





0.775 -4.25 


-4.8 -4.5 


-4.8 -4.8 


-4.8 -4.8 


-4.8 -4.8 


0.65 -4.55 





417 1.25 


418 4.8 
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15.


46 
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14 





34 23 9 63 65 
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17.
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16.
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18.
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74 28 





5 


11.
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8 5 


A





18.


6 


19.


96 








16.


76 
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1.7


73 
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2.4
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